
CENTRAL LIBRARY 

Biria Institute of Technology & Science 

PlLANl (Rajasthan) 

Call No. 
620.0025 

B57 
V. 1 

Accession No. 33340 







THE EKGJSEnjrS Yli.HrEOOK, IQY) -ADVLETISLMhMs. xviii 

BRIGHT STEEL BARS 
Qualities : 

SPECIAL FREE CUTTINC; QlTAIJTV 
SPECIAL HIGH CARBON OtTALITY 
SPECIAL SHAFTING QUALITY 
SPECIAL CASE-HARDENING QUALITY 

Bright Cold Rolled Strip 
'i" to 20" wide coiled or flat lengths 

FOR ALL PURPOSES 

SPECIAL DEEP STAMPING QX’ALITY 
SPECIAL HIGH CARBON QUALITY 
RIM AND MUDGUARD QUALITY 

Hot Rolled Steel Hoops & Strip 
I'l" to 20" wide 
FOR ALL PI RPOSES 

I W. WESSON & CO. 
1 LIMITED 

j Victoria Iron and Steel Works 

I MOXLEY, near WEDNESBURY 
j Telephone : Weclnesbury 0.?5I, 0252 & 0253 (Private Branch Exchange) 

• Telegrams : “ Iron, Phone, Wednesburj- ” 
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MACHIB^E TOOLS 

NEW, USED AND 

RECONDITIONED 

• 

LARGE STOCKS 

PROMPT DELIVERY 

FULLY GUARANTEED 

Reconditioned tools our speciality 

MARTIN BROS. (Machinery) LTD. 
EMPRESS WORKS, EMPRESS STREET, 

GORNBROOK, MANCHESTER. 

(Established 1916) 

i 
’Phone TRAfford Park 1091. 
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SPECIFY 

«BETTLES” 
ALL STEEL PRODUaiONS 

MILD STEEL STAIRCASES, LADDERS 

BETTIES & SONS, LIMITED 
ARCWEL FACTORY 

STAFFORD ROAD WEST 
FORDHOUSES 

WOLVERHAMPTON 

TYPICAL ILLUSTAA- 
TION OP SETTLES 
PRODUCTIONS 

PATENTED 
ELECTRICALLY 
ARC WELDED 
NON-SLIP OPEN 
TYPE STEEL 
FLOORING AND 
TREADS • MILD 
STEEL STAIR¬ 
CASES, LADDERS 
• PLATFORMS • 
MILD STEEL 
CHEQUER 
PLATE FLOOR- 
I N G AND 
TREADS • FIRE 
ESCAPE AND 
SPIRAL STAIR¬ 
CASES • MILD 
STEEL RACKS • 
TRUCKS • PAR¬ 
TITIONING, Etc. 

PATENTED TAPERED 
TUBUUR HANDRAIL 

STANDARDS 

TUBULAR OR 

SOLID HAND 

RAILING, BENDS 

AND FITTINGS 

T«Uphon«; Fordhoutct 2278 - 2279, T«l*gramt: **Arcwelflor" 
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Specialists 
IN THE PRODUCTION OF 

HIGH-CLASS 

VALVES AND FITTINGS 
FOR ALL PURPOSES 

INCI.UDING FITTINGS 
TO CUSTOMERS’ DESIGNS IN ALL METALS 

FIRE EQUIPMENT 
FOR 

PUBLIC BUILDINGS, FACTORIES 
AND OFFICES 

FITTINGS FOR FIRE ENGINES and TENDERS 

SPECIALIZED 

SANITARY EQUIPMENT 
FOR 

FACTORIES - MINES - PUBLIC BUILDINGS 

ALSO FOR PASSENGER AIRCRAFT 

DRINKING AND ABLUTION FOUNTAINS TO 
LATEST REQUIREMENTS 

Charles Winn & Co. 
GranvUle Street, BIRMINGHAM,! 

Established 1859 
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THE CROCKATT PATENT 

ELECTRIC 
SALINOMETER 

keeps a continuous check on 
the purity of the feed supply— 
from as many sources as you 
care to employ—condensate, 
distillate, heater drains, etc., 
and gives immediate warning of 
danger. 

SALINOMETERS supplied to 
test any number of points or 
single point. 

Also made to indicate Boiler 
density and Evaporator Brine 
density. 

INDICATING or RECORDING 
TYPE as required. 

In use in Power Sutions at home and 
abroad ; in the British and Foreisn 
Navies and in Merchant Ships, 
including-- R.M.S. ** QUEEN 
ELIZABETH," " QUEEN MARY." 
“MAURETANIA," " ORCADES," 
“ NORMANDIE," " STATENHAM," 
and many others in Service and being 
built. 

We also manufacture 
VALVE RESEATERS 
FEED WATER FILTERS 
TUBE BRUSHES 
MARBLE POLISHING MACHINES 
MARBLE SAWING MACHINES 
TERAZZO FLOOR POLISHERS 

W. CROCKATT & SONS LTD. 
GLASGOW, S. 1 

Eldon Street House, Eldon Street, LONDON, E.C. 4 
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WATER METERS 
Manufacturers of various types of 

meters and recording apparatus 

for waterworks, including Venturi 

Meters, Weir and Flume Re¬ 

corders, Electrical and Mechanical 

Level Recorders, etc. 

INTEGRATING AND 
RECORDING 

DEACON BULK 
METERS. 

Sizes 10" lo 30". 

DEACONS RECORDING 
METER, 

for waste detection and 

bulk supplies (sizes 3" 

lo 18"). 

The Deacon’s Recording Waste Detecting 

Metering system conserves water supplies 

by 

(1) Ensuring systematic waste detection. 

(2) Employing inspectors to the best 

advantage. 

(3) Obtaining accurate records of peak 

and night flows into each area. 

(4) Preventing the misappropriation of 

water* 

PALATINE ENGINEERING CO. LTD. 
Talegraais 
WASTB, 

LITBRPOOL 

BOOTLE* near Liverpool 
(ENGLAND) 

Tdepbona 
BOOTLB 

9077 ft 9078 
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SPECIALITIES INCLUDE 

BOILER FEED REGULATORS 
(See article in DescriptiTe Sections) 

REDUCING VALVES 
RELAY OPERATED AND SELF-CONTAINED 

(See article in Descriptive Sections) 

TEMPERATURE REGULATORS 
PRESSURE CONTROLS 

DESUPERHEATERS 
(See article in Descriptive Sections) 

PATENTED NOZZLE-TYPE SAFETY VALVES' 
(See article in Descriptive Sections) 

ROCKWOOD UNIONS 
PRESSED STEEL 

Sherardised all over including the Threads, 
and Rustless—Two Bronze or Stainless 

Steel Ground Seats 

INDICATORS 
For Steam, Gas or Oil Engines—All pressures 
various types with inside or outside springs 

(See article in Descriptive Sections) 

LITERATURE FREE ON REQUEST IP YOU MENTION 
* ENGINEER’S YEAR BOOK' 

CROSBY VALVE & ENGINEERING CO. Ltd. 
CROSBY WORKS. EALING ROAD. WEMBLEY, MIDDX. 
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SPECIALISTS IN . . . 
FOUNDRY EQUIPMENT . . . 
CUPOLAS • STEEL CONVERTERS * LADLES ’ 
ROOTS BLOWERS * MOULDING MACHINES * 
SAND MILLS * CHARGING MACHINES * BELLOWS 

SMITHY EQUIPMENT 
PNEUMATIC HAMMERS STEAM HAMMERS 
RIVETING HAMMERS * PLANISHING HAMMERS 
FORGING FURNACES * SMITH'S HEARTHS ’ 
ANVILS • VICES • FORGES * TOOLS * ETC. 

FANS . . . 
MULTIVANE * DUST * PROPELLER ’ HIGH- 
PRESSURE * FORCED DRAUGHT * 
INDUCED DRAUGHT • ETC. 

FURNACES 
ANNEALING • NORMALISING * TEMPERING * 
MELTING ' ETC. ' GAS • OIL & SOLID FUEL 

SPECIAL PURPOSE PLANT 
GREAT WESTERN WORKS 

BIRMINGHAM, 11 
'Phone. Victoria 2251-.1. 'Grams. ‘ AlWay?, Phone, Biriu.' 

London Office: 

2 QUEEN ANNE'S GATE, WESTMINSTER, S,W. 1 
’Phone Whitehall njaj-s. 'Grams ‘ Typhoon, Pari, London' 
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Bolts, Nuts and Screws 
BLACK, MACHINED AND GALVANISED 

All Types and Sizes from to diameter 

ENGINEERING SHIPBUILDING 
RAILWAYS • CONSTRUCTIONAL WORK 

On Admiralty, War Office and Air Ministry Lists 

Walker fe Wilson 
LIMITED 

IMPERIAL WORKS • HAMILTON • SCOTLAND 
London Office: LAWRENCE LANE E.C.2 ’Phone: MONARCH 1466 



Improved Full-Lift Safety Valve 
—— Evolved from Continuous Experiment - 

In this Valve the maximum efficiency is 
combined with minimum size. 

COCKBURNS LTD 
CARDONALD - GLASGOW 

The World Renowned Steam Valve Specialists 
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Post-War Problems 

call for Titan Plant 

The ** Sand Wizard ** 
airless Shotblast Machine for 

cleaning castings and de-scaling 

forgings, pressings, etc., saves 

power, labour, and time. Proved 

economies of 80^o- Made in 
Rambler, Rotary Table, and con¬ 

tinuous types. 

The TITAN Core 

Blowing Machine 

makes cores of all types —ten times 

faster than by hand. 

Titan Core <S Mould Stoves 

Perfection of core and mould 

drying,increased output and 

considerable saving in fuel and 

labour. 

TITAN 
CUPOLAS 

CUPOLETTES 

MECHANICAL 
CHARGING 

GEARED LADLES 

CORE AND 
MOULD STOVES 

CORE 
MACHINES 

CORE-SAND 
MIXERS 

SAND-DRIERS 

THE WIZARD 
(Airless Shotblast Machine) 

CENTRIFUGAL 
CASTING 

MACHINES 

Etc., Etc. 

We are actual makers 

of complete foundry 

plant — Specially 

designed for utmost 

labour economy. 
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MILES AHEAD 
B. K. L. ALLOYS LTD. 

Kings Norton, Birmingham, 30 
PHONE: KIN 1161-5 ’GRAMS: TESTAL, BIRMINGHAM 
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■_g_ 
Behind products of the railway 
SIGNAL COMPANY, LTD., LIES A WEALTH 
OF SPECIALISED KNOWLEDGE GAINED 
FROM OVER HALF A CENTURY OF 
EXPERIENCE IN THE MANUFACTURE 
OF RAILWAY SPECIALITIES ^ 

UNITED 
KINGDOM 

PATENT 

METALLIC 
PACKING 

AIR COOLED 
TYPE. 

InclMCted in the United Kincrdom rangre are 
other types in addition to the Cast Iron Pack¬ 
ings described in the text oT this book. The Air 
Oooled Typef shown abovoi is characterised 
by the ease with which heat is dissipated and 
the consequent durability of the packings 
ringss. This packings is fitted to the largsest 
and most powerful locomotives in the world. 

■ MANUFACTURES: ■ 

RAILWAY SIGNALLING APPARATUS 
STEEL LATTICE MASTS k LIGHT STRUCTURES 

CROSSING GATES & BARRIERS. 
IRON. ALUMINIUM & NON-FERROUS CASTINGS 

ELECTRICAL TOKEN INSTRUMENTS 
FOR SINGLE & DOUBLE LINE RAILWAYS. 
DROP STAMPINGS GENERAL FORGINGS. 

U.K. PATENT METALLIC PACKING 
ELECTRICAL INSTRUMENTS. INDICATORS 
m_ETC.. ETC.■ 

THE RAILWAY SIGNAL C? L™ 
FAZAKERLEY, LIVERPOOL 9 
ESTABLISHED IN 1881 

- - - - 

c 
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The above illustration shows marine vegetation elevated by Brackett Band 
Screens at Cape Town Power Station, 

BRACKETT PATENT AUTOMATIC WATER AND 

SEWAGE SCREENS are Installed In over 500 Power Stations, 
Waterworks, Factories and Sewage Works all over the 
world. 
A wide range of types Is available, and our unrivalled ex¬ 
perience In screening problems Is available to all enquirers. 

Enquiries are also invited for Pumps for Water, Air or 

Vacuum, Diaphragm Pumps, Elmore Samplers for ores and 

slurries and precision machined work. 

F. W. BRACKETT& CO.^ LTD. 
COLCHESTER 

Telegrams: “BRACKETT.” Phone: 3958 
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BURTON’S patent 
Scaffolding Fittings 
afford maximum 
strength and safety with 
ease of operation and 

minimum weight. 

A single spanner is the 
only tool necessary. 

The ideal form of modern safety first utility 
scaffolding for shipyards, ship-repair establish¬ 
ments, engine and boiler shops, aircraft works, 

etc., etc. 
Suitable structures readily and simply erected 
for fixed exterior stagings, interior stagings, 
fixed and hanging, travelling horses for dry- 
dock work, launching platforms, gangways, 
temporary buildings, water towers, storage 

racks, etc., etc. 

THE LONDON & MIDLAND STEEL SCAFFOLDING CO. LTD. 
ST, LUKE'S WORKS. OLD HiLL. STAFFORDSHIRE, 

London OfTices: BURWOOD HOUSE. CAXTON ST,. S W, I 
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^ESC^ 

TWENTY 
OTHER 

“WESCO ” 
MODELS 
FOR EVERY 

OILING 
PURPOSE 

No. 60 MODEL 

Nr. 1 QUART 

WESCO 

ENGINEER'S MODEL 
No. 320 

1 PINT 

LISTS ON APPLICATION 

A. E. WESTWOOD LIMITED 
WESCO WORKS, HALL GREEN, 

BIRMINGHAM 26 
SPRIncfleld 2905 ** Wespump B'ham ** 
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t/emane/d -condid/eni^ -e^iccen^ hil/iicaiicn 

<j^mueAine^.^^^ca/em^ 

./^^ec^^intcu/^i^otHfled ^lulcma^ 

catlio/iee/ /tf^dica/ccm tomee^ 

44 mcdt^rac/^fi^ 

/le^^eii/temen/d 

20 unir Brentford Mechanical Lubricator. 

Tecalemi'1' 
THE AUTHORITY 
ON LUBRICATION 

GREAT WEST ROAD. BRENTFORD. MIDDLESEX 
Hydraulu and Mechanical Designing and Manufacturing Engineers, 

Phone: EALing 6661 (16 lines). Crams: Tecalemit/ Phone, London. 

T.206b 
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SECTIONAL 
CATALOGUES 

SENT ON 
REQUEST 

TELEPHONE 
MIDLAND 
0083-4-5 

TELEGRAMS 
“ LATHES 

BIRMINGHAM * 

kTA^Rl 

PRODUCTS 
CHUCKS 

CAPSTAN LATHES 
AND TOOLHOLDERS 

MACHINE VICES 
KENNEDY 

BENDING MACHINES 

CUTTING'0?r MACHINES 

BPASS FINISHERS'LATHES 
MILLING MACHINES 
PLUGGING LATHES 
CaK BORING MACHINES 

SPINNING LATHES 

METAL SAWING MACHINES 

COLLETS 
AND FEED FINGERS 

JIGS AND FIXTURES 

AGENTS-: 
AUSTRALIA—GIBSON BATTLE & CO. LTD., SYDNEY. N.s.w. 

DEMCO MACHINERY CO. PTY. LTD., SYDNEY & 
MELBOURNE. 

McPhersons PTY. ltd., Melbourne. 

CANADA—WILLIAMS & WILSON LTD., MONTREAL, TORONTO 
& QUEBEC. 

MUMFORD & MEDLAND LTD., WINNIPEG, MAN. 

INDIA-MACHINE TOOLS (INDIA) LTD. ; ALFRED HERBERT 
(INDIA) LTD. 

SOUTH AFRICA-D. DRURY & CO. (1930) PTY. LTD., 
JOHANNESBURG. 

(BmMM)LTD 

BIRMINGHAM S ENGLAND 
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• Alr-Conditloning 
• Aircraft Accessories 
• Antivibratlon 
• Centrifugal Pumps 
• Chemical Pumps 
• Coal & Ash Handling 
• Cocks 
• Gaskets 
• Hose Pipes 
• Jointing Materials 

• Lining Rubber 
• Mills (Ball & Pebble) 
• Plastic Materials 
• Pumps & Pumping 

Machinery 
• Pumps, Chemical 
• Pumps, Sludge 
• Rubber 
• Seals & Sealing Sections 
• Valves & Fittings 

See Descriptive Section XLVIL 

WILKINSON RUBBER LINATEX LTD., FRIMLEY ROAD, CAHBERLEY, SURREY 

Tel. Cambericy 1595. Also tn Canada. Australia. South Africa, U.S.A., Belgium, Malaya, etc. 

Also makers of Flexatex Hose, the Unatex Ball Mill, and the Linatex Pump, 
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MULTIPLEX Patent 

Film EVAPORATORS 

Manufacturers of complete SUGAR FACTORIES, 
REFINERIES, DISTILLERIES and ABSOLUTE ALCOHOL 

PLANTS. 

Also Plant of every description for the CHEMICAL BY¬ 
PRODUCTS and ALLIED INDUSTRIES in Cast Iron and all 

Non-Ferrous Metals 

TtUphong: 
Qotui 361 (4 linMi'. 

TeUffrmmt: 

** BlMon-OlMgow *' 

BLAIRS LIMITED 
GLASGOW ENGINEERING WORKS 

GLASGOW, S.W.l 
London Office: 

7 Grotvenor Gardens, S.W.l 
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MACHINE TOOLS of DISTINCTION 

For 
every drilling operation 
there Is a 

<<CORONA’’ 
Drilling Machine 

SUPER HIGH-SPEED BENCH 

AND COLUMN MODELS 

SENSITIVES OF ALL 
TYPES 

HEAVY DUTY MODELS 
HORIZONTAL, VERTICAL, 

RADIAL 
AND SINGLE PURPOSE 

r 

ELEaRIC MOTOR DRIVE 

ON ALL MODELS 

Illustration shows Heavy Duty 
Model. Nine Speeds. Six 
Feeds. 

OVERSEAS AGENTS : 
AUSTRALIA. DEMCO LTD.. MELBOURNE AND ADELAIDE. 
CANADA WILLIAMS & WILSON LTD., MONTREAL. 
INDIA. KILBURN & CO.. P.O.B. 61, CALCUTTA. 
NEW ZEALAND. J. C. RIDDELL A CO. LTD., WELLINGTON. 
SOUTH AFRICA. S.A. GEN. ELECTRIC CO., JOHANNESBURG. 

LONDON I COASTAL CHAMBERS. 15 ELIZABETH STREET, BUCKINGHAM 
OFFICE f PALACE ROAD. S.W.1, 

FRED'^ POLLARD&.C?LTD 
"CORONA' MACHINE TOOL WORKS 

LEICESTER ENGLAND 

MACHINE tOO^ 
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£CONOM)fI> 
EFFtetENCy 
are needed 
today more 
than ever I 

LIME SPRAYERS 
Made In six sizes. Wells' 
lime sprayers supplied to 
firms more chan twenty- 
five years ato have been 
used resularly 
and still are in > 
constant use —a 
tribute to their 
robust construe* Jw 

SPRAY GUNS 
Wells' latest type 
spray fun Is made 
carefully for quick 
work. Faster than 
most, it will spray all 
day and every day— 
its perfect fi nish bei nc 
a definite insurance 
against any possi¬ 
bility of mechanical 
breakdown. 

LATHE CANS 
Made of iron, these lathe 
cans will withstand years of 
wear. Two sizes are made— 
2-pint and 1-gailon. both 
fitted with brass universal 
fittings. 

^WASTE OIL FILTERS 
Wells' waste oil filters re¬ 
duce oil costs to the mini¬ 
mum. The same oil can be 
used several times over—ail 
dirt and foreign matter being 
completely removed. Do not 
use cotton waste or similar 
crude materials in the filter 
boxes. ALWAYS REFIT 
WELLS' FILTER PADS, and 
ensure efficiency of filtration 

.WELLS 
Mount Street. P.O. Box 5. HYDE. CHESHIRE 
Phone: HYDE 953 Grams: UNBREAKABLE. HYDE 
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'^Kansomes 
Af£l4f FORKLI FT 20 

TRUCK 

• Designed to meet the demand for a modern 
high-lift fork stacking truck, having all the 
advantages of electric battery drive. Handles 
goods or materials on pallet or direct on forks. 

• Capacity—20 cwts. at V 3" centre from heel of 
forks. 

Minimum height—1' Wheel base 3' 6". 

0 Height of lift—10'. Tilting 10^ back and 3° 
forward. 

Speed of lift—22' per minute (20 cwt. load). 

Illustrated leaflet and all information will be sent 
on application. 

CAPACITY 

I TON ON 

30^ FORKS 

ansomes 
TRUCKS 

RANSOMES, SIMS « JEFFERIES LIMITED • ORWELL WORKS • IPSWICH 
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KIRKSTALL FORGE K9 
LEEDS 

TELEPHONE 
H0R8F0RTH 282t 

tm 
H reputation for over 150 
3i>ears for Quaiitv cannot 

Cbe KtrftstaU Brand of 
Briaht Steel Bars is still 
the best obtainable.- 

SPECIALISTS IN 
HEAT TREATED 

CARBON & ALLOY 
STEEL BARS 

m 

BRIGHT STEEL BARS 
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/■■■ ENGINEERING TRAINING——s 

The Royal Technical College 
GLASGOW 

Director: 
David S. Anderson, B.Sc., Ph.D., A.R.T.C., M.I.Mech.E. 

DEGREE COURSES 
The College is affiliated to the University of Glasgow, and 

the Degrees of the University in ENGINEERING, APPLIED 
CHEMISTRY, ARCHITECTURE and PHARMACY are obtain¬ 
able by attendance at the College. 

DIPLOMA COURSES 
The Diploma is granted in all the branches indicated by the 
following headings. 

Professors and Heads of Departments 
CIVIL ENGINEERING. 
MECHANICAL ENGINEERING. 
CHEMICAL ENGINEERING. 

Professor Adam S. T. Thomson, D.Sc., Ph.D., A.R.T.C., 
M.I.Mech.E. 

Associate Professors—John C. Orkney, B.Sc., M.I.Mech.E., 
M.I.E.E. Alexander VV. Scott, B.Sc., Ph.D., A.R.T.C., 
M.I.Mech.E. 

ELECTRICAL ENGINEERING. 
Professor Stanley Parker Smith, C.B.E., D.Sc., M.I.E.E. 

MINING ENGINEERING. 
Professor George Hibberd, Ph.D., A.R.T.C., M.I.Min.E. 

NAVAL ARCHITECTURE. 
Lecturer, Ian C, Bridge, B.Sc., A.M.I.N.A, 

CHEMISTRY. 
Director of the School of Chemistry and * Young' Professor 

of Technical Chemistry, William M. Gumming, O.B.E., 
D.Sc., F.R.LC., M.I.Chem.E.. F.R.S E. 

Professor F. S. Spring, D.Sc., Ph.D., F.R.I.C. 
METALLURGY. 

Professor Robert Hay, B.Sc., Ph.D., F.R.I.C. 
BUILDING. 

Superintendent, Professor Wm. J. Smith, M.C., F.R.I.B.A. 
TEXTILE MANUFACTURE. 

Superintendent, Mr. Eric G. Taylor, B.Sc.Tech., A.M.C.T,, 
A.T.I. 

INDUSTRIAL ADMINISTRATION 
Head of Department, James M. S. Risk, B.Com., C.A., 

A.C.W.A., A.M.I.I.A. 
A Course for a Joint Diploma in ARCHITECTURE has 

been arranged in conjunction with the Glasgow School of Art. 
Full Courses of Instruction are also provided in the Schools of 

Navigation, Pharmacy and Bakery. 
l^ospeetuscs (free) will be sent on application to the Secretary. 

■ AQnr^w J 
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MANCHESTER MUNICIPAL 

COLLEGE OF TECHNOLOGY 
Principal: J. E. Myers, O.B.E., D.Sc. (Manchester), A.R.I.C.,J.P. 

Degree Courses in Technology 
Departmental Prospectuses of University Courses give particulars of 

the courses leading to the Manchester University Degrees (B.Sc. 
Tech., M.Sc.Tech., and Ph.D.) and Certificates in the Faculty of 
Technology, in the following Departments:— 

MECHANICAL ENGINEERING. 
(Professor H. Wright Baker, D.Sc., M.I.Mech.E., M.I.A.E.) 

ELECTRICAL ENGINEERING. 
(Professor J. Hollinoworth, MA., D.Sc., M.Sc.Tech., 
F.C.G.I., M.I.E.E.) 

MUNICIPAL ENGINEERING. 
(R. J. Cornish, M.Sc., M.Inst.C.E., A.M.I.Mech.E., 
A.M.I.Stnict.E., F.R.San.1.) 

APPLIED CHEMISTRY, including General Chemical Tech¬ 
nology, Metallurgy and Assaying, Fermentation Processes 
(including Brewing), Colouring Matters, Foodstuffs, and 
Chemical Engineering. 
(Professor J. Kenner, D.Sc., Ph.D., F.R.S.) 

TEXTILE CHEMISTRY (Bleaching, Dyeing, Printing and 
Finishing. Paper Manufacture). 
(F. SCHOLEFIBLD, M.Sc., F.R.I.C., F.T.I.) 

TEXTILE TECHNOLOGY. 
(Professor W. E. Morton, M.Sc.Tech., F.T.I.) 

BUILDING. 
(W. B. McKay, M.Sc.Tech., M.I.Struct.E.) 

INDUSTRIAL ADMINISTRATION (Post-Graduate Certifi¬ 
cate Course). 
(A. Roberts, M.Com., Ph.D., F.I.I.A.) 

Part-time (Evening) Courses are provided in Engineering, 
Mathematics, and Physics, leading to the external degrees ^ 
London University in Engineering and Science. 

MATHEMATICS DEPARTMENT. 
(F. Bowman, M.A., M.Sc.Tech.) 

PHYSICS DEPARTMENT. 
(H. S. Lipson, D.So., M.A., F.Inst.P.) 

Fof further information apply to the Registrar, College of TeekneHogy, 
Maneheeter, i. 
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University of London 
King’s College 

FACULTY OF ENGINEERING 

Civil, Mechanical, Electrical and Chemical 
Engineering 

Courses of Study extending over three years are arranged 
for the Engineering Degrees of the University of London 
and/or for the Diploma and Certificate of the College. 
Students must complete or obtain exemption from the 
Intermediate Science Examination in the subjects of Pure 
Mathematics, Applied Mathematics, Physics and Chemistry 
before they can be accepted for the courses. 

DEPARTMENT OF CIVIL, 
MECHANICAL AND CHEMICAL ENGINEERING 

Professor of Mechanical Engineering and Head of the 
Department: 

S. J. Davies, D.Sc. (Eng.), Ph.D., Wh.Ex., M.I.Mech.E. 

Professor of Civil Engineering : 
A. D. Ross, B Sc., Ph.D., A.M.Inst.C.E., F.R.S.E. 

Director of Studies in Chemical Engineering : 
S. B. Watkins, M.Sc., F.R.LC., M.I.Chem.E. 

DEPARTMENT OF ELECTRICAL ENGINEERING 

The Siemens Professor of Electrical Engineering : 
J. Greig, M.Sc. (Eng.), Ph.D., M.I.E.E. 

Postgraduate courses and facilities for research are pro¬ 
vided in each of the above departments, which arc fully 
equipped with modern plant and apparatus. 

For full information and prospectus apply to the Registrar, 
King’s College, Strand, W.C. 2. 
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SHOWS THE WAY TO 

TECHNOLOGICAL SUCCESS 
IN ENGINEERING BRANCHES AND PROFESSIONS. The 
T.I.G.B. courses are widely used by engineers for the purpose 
of acquiring the knowledge necessary for professional or other 
technological diploma success. 

RA over fifty first places gained in engineering institution 
examinations testify that The T.I.G.B. issues highly successful 

\ courses. Write to-day for “The Engineer’s Guide to Success,” 
m mV covering careers in all branches. 

A.M.I.C.E. 

A.M.I.Mech.E. 

. A.M.I.Chem.E 

» I AMir:«F 

I ites*s 
A.M.I.Gas.E. 

A.M.I.P.E. 

City & Guilds 

B.Sc. (Eng.) 

The professional Engineering Tutors 

The Technological Inslltuteof Great Britain 
227, Temple Bar House, London, E.C.4 
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-ENGINEERING TRAINING--v 

Heriot - Watt College, 
EDINBURGH. 

^Affiliated to The University of Edinburgh) 

Principal: J. Cameron Smail, O.B.E., LL.D., F.R.S.E. 

DEGREE AND DIPLOMA COURSES 
Full-time Day Courses are provided in Mechanical, Electrical 

and Mining Engineering, extending over three years, and in 
Applied Chemistry over four years. Students may enrol in the 
College for Degree Courses in the University of Edinburgh and 
for Diploma and Associateship Courses of the College. 

HEADS OF DEPARTMENTS 
MECHANICAL ENGINEERING. 

Professor \V. G. Grei n, B.Sc., Ph.D., M.I.Mech.E. 

ELECTRICAL ENGINEERING. 
Professor xM. G. Say, Ph.D., M.Sc., A.C.G.I., D.I.C.. 

M.r.E.E., F.R.S.E. 

CHEMISTRY. 
Profe.s.sor H. B. Nisbet, D.Sc., Ph.D., F.R.I.C., A.H.W.C., 

M.Inst. Fuel, F.R.S.E. 

MINING ENGINEERING. 
Professor Robert McAdam, B.Sc., Ph.D., M.I.Min.E., 

F.R.S.E. 

PHYSICS. 
Profe.ssor W. IT. J. Childs, D.Sc., M.Inst.P. 

MATHEMATICS. 
Raymond Sm.\rt, M.A. 

BUILDING. 
Thomas Brown, A.R.I.B.A., A.I.Struct.E. 

EVENING CLASSES 
Civil, Mechanical and Electrical Engineering, Physics, 

Chemistry, Building, Sanitary Science, etc., leading to National 
Certificates and profes.sional qualifications. 

E'uli particulars regarding both Day and Evening Classes 
may be obtained from the Principal of the College. 

EDINBURGH’ J 
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YOUR BEST SOURCE OF SUPPLY 

FOR 

MACHINE 
TOOLS 

IF you’re held up for Machine Tools let us know 
your requirements—with our reliable sources 
of supply we may be able to satisfy your needs 

immediately. 
Write us—we are in a position to give good 
delivery of many available tools including : 
AUTOMATICS, CAPSTANS, DRILLING 
MACHINES. GEAR SHAPERS and PLANERS, 
HEAVY DUTY LATHES. WOODWORKING 
MACHINERY, POWER PRESSES, SHAPERS, ETC. 

Send for list. 

130, MOSELEY RD., CAMP HILL 
BIRMINGHAM 12 

Telephone : Victoria 1278 (3 Lines). 



CRAWFORD SPRING WORKS ROCHDALE LANCS 
PHONE• ROCHDALE-2424 GRAMS^ RECOIL-ROCHDALL 

REGISTERED TRADE MARK 
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Vm- 

STEEL 
SECTIONS 
SHEETS 
PLATES 
HOOPS 
£ STRIP 
IRON 8 
STEEL 
MERCHANT 

BARS 
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COLD SAWIXG 
MACHINES 

The Two Cold Sawing Machines 
illustrated have been specially designed 
and are in universal use for dealing with ail types of rolled steel sections and 
plates up to the largest sizes. Square cuts and also cuts at an angle, in either 
direction with relation to the web are provided for in one or other of these 

machines. Machines can be supplied 
mounted on swivelling bases if desired. 

No 5 SPECIAL Capacity 24 X 7^ Joist web horizontal, also plates, etc. 

S. RVSSELL & SOJVS, LTD. 
Bath Lane 

LEICESTER 
Phone : 20657 (3 lines) 

Grams : 
“RUSAr^SONS LEICESTER" 
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loHN Macdonald & (o. Ltd. 
POLLOKSHAWSy GLASGOW 

Drilling Machines 
Reaming Machines 

Grinders 
Sanders Riveting Hammers 

Chipping Hammers 

A complete range of- 

Pneumatic Tools and Accessories 
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EVERYTHING for the ENGINEER 

FACTORY 
THERMOMETERS 

MAGNIFYING 
LENS 

TOOLS for all TRADES 

LARGE STOCKS 

FINDLAY & CO. 
Broadway Chambers, Hammersmith Broadway, 

London, W.6 
Riverside 4024 (3 lines) *' Faynlld, Hammer, London ’* 



SPECIALISTS IN THE MANUFACTURE OF 

HEADED AND PLAIN KEYS 
SOLID AND SPLIT TAPER PINS 

WOODRUFF KEYS SHAFTING COLLARS 
CAPSTAN AND AUTOMATIC BAR WORK 

Hadfield Street Works, 
CoRNBROOK, Manchester, i6 

TELEPHONE : TRA P. 1615/6 
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MADAN’S 

-1^ 

Variable static fluid 
pressure up to 15,000 
lbs. per square inch. 

Works automatically 
from your shop air line. 

Single and double 
acting models aveulable 
in 34 types. 

Compact design. 

Weight from 110 lbs. 
to 330 lbs. 

Full details from:— 

Charles S. Madan & (0. Ltd. 
VORTEX WORKS • BROADHEATH • ALTRINCHAM 
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DAVIE & HORNE 
LIMITED 

JOHNSTONE 

Near GLASGOW 
Telegrams: “ Evaporator, Johnstone ** 

Telephone : Johnstone No. 54 

Makers of:— 

SEA-WATER EVAPORATORS 

FEED-WATER FILTERS 

FEED-WATER HEATERS 

CENTRIFUGAL CIRCULATING 
PUMPS 

AND OTHER 

MARINE AUXILIARIES 
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FOR SHEET METAL WORK 

27MA 
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Screwing Machines 

« BOLT AND TUBE 

PRODUCTION 
MACHINES 

V^^H^H^^^^general purpose 

CONTRACTORS’ 
machines 

Special patented feature* 

RADIAL or TANGENTIAL 
No. 3 SIZE. FIG. 6197-BE DIES 
ELECTRICALLY DRIVEN ELECTRIC, BELT, 

LEVER RELEASE SCREWING MACHINE HAND-POWER DRIVE 
(Registered design). ^ 

65 Years* experience built 
into every machine 

-ALSO- 

TUBE CUniNG-OFF MACHINES 

Charles Winn & Co. II** 
Granville Street eet : BIRMINGHAM, I 

Established 1859 

(See Descriptive Section) 
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STEEL 
PRESSINGS 

I ★ Wished and Flanged Boiler Ends 
I A Standpipes 

I ★ Manhole Doors 8c Compensating Bings 

I ★ f/anges and Pressings for 
I Motor Vehicle Trade 

* Pressed Steel Fabricatec/ Va/ves 
I (pAreNTEo) of all iypes 

BARR, THOMSON 
AND CO. LTD. 

NETHERTON IRON WORKS 

KILMARNOCK 
'G;,ims & Cablcgr.ims : - " Barr, Kilmnrnock/' 

Telephone : 791 Kilmarnock. ■ 
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W»;"i po'*'^ \\e*V''f of'**'* 

E^Mjr’'jrji»M^CI .S 
HYDRAULIC DUNDS 
97Z Vo/umMc efficiency 

TOWLER BROTHERS (PATENTS) LTD. RODLEY NR.LEEDS 

TR20a 
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The MAVITTA 
Drafting Machine 
stamps your draw- 
i ng off ice as 
EFFICIENT. Made 
of steel tube with 
adjustable ball¬ 
bearings. The main 
angles are located 
automatically, inter¬ 
mediate angles by 
lock. Scales have in¬ 
laid celluloid edges 
and are divided to 
order on two edges. 

THE MAYIHA DRAFTING MACHINES LTD 
HIGHLANDS RD., SHIRLEY, NR. BIRMINGHAM. Tel. SOLIHULL 2231/2 

HAVITTA 
DRAFTING MACHINES 

VOL. I 
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TIME LAGS 
THE important part In so 
■ many processes played by 

delayed action timing mechan¬ 
isms, has led to a demand for 
much greater accuracy than is 
afforded by the Oil Dash Pot 
Method. Many engineers have 
found such problems com¬ 
pletely answered by Rotherham 
Time Lags. For accuracy and 
reliability these ingenious in¬ 
struments are worthy products 
of the famous House of 
Rotherham & Sons of Coventry. 

Details of the various types 
available, and also of Instru¬ 
ments, Recording Clocks, Pres¬ 
sure Gauge Movements, Eight 
Feed Lubricators,Grease Cups, 
Brass Taps and Unions, Pumps, 
etc., will gladly be supplied on 

request. 

ROTHERHAM & SONS LTD., COVENTRY Tel. 4154 

PRECISION MANUFACTURERS SINCE I7S0 
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HERBERT 

MAKERS OF ; 
Capstan and Turret Lathes * Automatic Chucking 
Machines * Horizontal and Vertical Milling Machines 
All-Electric Drilling Machines * Coventry, Tangic, Tangel 
& Tangar Self-opening Dieheads * Coventry Unbreakable 
Chucks * Atritor Unit Pulverizing Machines. 

SOLE AGENCIES : 
Heald Internal Grinders and Bore-matics • Norton Cylindrical 
and Surface Grinders • Lumsden Surface Grinders • Fellows Gear 
Shapers • New Britain Multi-spindle Automatics • Landis Thread¬ 
ing Machines • Keller Automatic Die-Sinkers • Gorton Milling 
Machines and Duplicators - Chambersburg Hammers • Daniels 
and Francis Shaw Equipment for the Plastics Industry • Reed- 
Prentice Injection Moulding and Die-casting Machines • Sagar 
“UnIsaw” Metal-cutting Toolroom Bandsaws • Scrivener Centre¬ 
less Grinders • Smallpeice Production Lathes • Avery Hardness 
Testing Machines and Dynamic Balancing Machines • Devlieg 
Jigmils. • Orcutt Gear and Spline Grinders • Sentinel M/c Tools 

ALFRED HERBERT LTD. COVENT 



Ixvii THE ENGINEER'S YEAR-BOOK, i()^q -ADVERTISEUESTS. 

BRAT-JCHiS AT 

B A R N F. T 

BRISTOL & 

GLASGOW 

YOU CAN RELY ON SWAIN’S 

• ART V/ORK — Retouctung & Originnl Dr.^wings 

• PHOTOGRAPHY — Black & White — Colour- 

• BLOCKMAKING — Line. H Tone, Colour 

• typesetting — Day & Night Service 

• ELECTROTYPING and STEREOTYPING 

•OFFSET DEEP PLATES 

For /orfOr r 'oFt?rov;rlO-O yduf r orn/coo.r ot'orir fo So 'c', ACjorr^'.'r 

JOHN S'.VAIf-y SON LTD . TA NOfA STHfn. Wl (,LRr„,,i 8141 

SWAIN’S BLOCKS ARE BEST 



rilE ENGINEER-s YEAR.. 
^OOK. 

POWER OUILLOTINE 
SHEARIN6 MACHINES 

arrangement. 
trade 

mark 

'<EET0N. sons & CO /Tr^ 
SHEFFIELD, ENGUNd™’ 
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Established 1856. Registered as a Newspaper. 

(OBTAINABLE FROM ALL NEWSAGENTS) 

PROVIDES 
THE LATEST AND THE 

MOST RELIABLE 

INFORMATION 
FOR 

ENGINEERS 
IN ALL BRANCHES OF THE PROFESSION. 

Annual Subscription Rates 

Home and Abroad ... . ... lo o 

Canadian Subscriptions U 5 o 

pro rata for 6 or 3 montlu. 

28 Essex Street, Strand, London, W.C. 2 
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CONVEYORS 
OF EVERY 

DESCRIPTI ON 
CLEVATOlE$-$a(tH$ 
IUH» & CLCCTUK 

WIM<UC$ • <Ar5TAN5 
ilUHWAYi>K>hTAKLE 
CIEAHE5 • ELECTRIC 
HOITT BLOCKS* 

RITCMIE ATLAS 
m\mm company limp 
ATLAS WO R KS • T EMP L E 
C L A 5 (I O W W-3 
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All classes of 

WIRE WORK 
ENGINEERS & SHIPBUILDERS 

WM. RIDDELL,COUSUND & CO. LTD 
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HOUSE ANGUS 

Power Transmission, Gear, Fire and 

Fluid sealing Engineers 

TRANSMISSION BELTING 
NORTHUMBRIA 

GATEX 

TEXCELA 

INVINCIBLE 

SUPERANGUS 

Leather 

Filastic 

Hair 

Balata 

Rubber and Canvas 

SUPERANGUS V-ROPES 

MACHINE CUT GEARING 
DURANGUS & RAWHIDE Silent Pinions 

MAAG Precision cut gears 

Spur, spiral, helical, bevel, and worm gears 

FIRE EQUIPMENT 
FIRE CHIEF Canvas Hose 

FIRE FIGHTER Reinforced Rubber-lined Hose 

INVINCIBLE Fire Extinguishers 

Suction and delivery hose, accessories and fittings 

of all descriptions. 

FLUID SEALING UNITS 
GACO OIL SEALS for rotary shafts, Hydraulic 

Packings, Seals and Gaskets, Precision synthetic 

rubber Mouldings. 

George Angus & C? Iip 
ESTABLISHED 1788 

IWGVNCHES 
«IKDS ♦ 

MANUFACTURERS 
Htad Office: 

NEWCASTLE upon TYNE, 1. 
Telephone 22656 - 9 

• BELFAST BIRMINGHAM CARDIFF 
LONDON • MANCHESTER • NEWCASTLE • 

• GLASGOW 
JOHANNESBURG 



Ixxv THE ENGINEER'S YEAR-BOOK, ig^g—ADVEBTlSKMENTS. 

Chesterman Equipment 
—foremost for more than a century—1829-1949 

HARDENED STEEL COMBINATION SET 

JAMES CHESTERMAN & CO., LTD. 
_: SHEFFIELD. 11 
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CONTRACTOIIf TO 
NMCOVIANMaifi; 

MARKING DEVICES 

c-f-- 
STIEl LETTERS 6 FIGURES 
STEEL NAME PUNCHES- 
TRADE MARKS-RUBBER 
STAMPS-NAME PLATES- 
BRANDING IRONS-STENCIIS 

EYRE & BAXTER 
SHEFFIELD STAMP 

55 BROWN ST.' 
Tticgrami 

** Sumpcnift'* Shcfn«ld 

tt BRAND WORKS 

^SHEFFIELD I. 
T*t«pho»i« 

25S83 
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John Broadfoot 
& SONS LTD. 

BRASSFOUNDERS & ENGINEERS 

INCHHOLM WORKS 

FERRYDEN STREET 

WHITEINCH 

GLASGOW,’ W.4 

SUPPLIED BLACK OR MACHINED . . . 

INCLUDING LINERS & STERN TUBE 

BUSHES, VALVES & WATERTIGHT DOORS 
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DESIGNERS AND MANUFACTURERS OF 

FINE FURNITURE 
AND ARCHITECTURAL WOODWORK 

TV/JORRTS 
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RONALD TRIST & CO. LTC 
ENGINEERING SPECIALISTS 

BATH ROAD. SLOUGH. ENGLAND 

S E A T R I S T 
RINGS. CUPS. COLLARS 

ENGINE AND HYDRAULIC 

PACKINGS 

AND 

OIL SEALS 
FOR ALL PURPOSES 

M O B R E Y 

RTEGU LATORS, 

ALARMS. 

CONTROLS, 

PUMP GOVERNORS 



devised and Price (two volumes in case) 60s. net 
Published Annually /„ Great Britain 

THE 

ENGINEER’S YEAR-BOOK 
OF 

FORMUL/E, RULES, TABLES, DATA, & MEMORANDA 

FOR 1949 
A COMPENDIUM OP THE MODERN PRACTICE OP 

CIVIL, MECHANICAL, ELECTRICAL, MARINE, GAS, 

AERO, MINE, & METALLURGICAL ENGINEERING 

I {Originally compiled by 11. R. KEMPE^ M.Inst.C.E.., MJMech.E., 
\ arid \V. HANNEFORD.SMITfi, F.R.S.E., Assoc. Inst.C.E.) 

55th ANNUAL ISSUE 
j (IN TWO VOLUMES) 

Revised under the direction 
of 

B. W. PEN DR ED. M.I.Mech.E., M.I.S.I. 
EDITOR IN CHIEF ol ’THE ENGINEER- 

Volume One 

PUBLISHED BY 

MORGAN BROTHERS (Publishers) LTD. 
PROPRIETORS OP * TUB KNOINRBR ’ 

AT 28 ESSEX STREET, STRAND, 
LONDON, W.C. 2 
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FUEL SYSTEMS, LTD., 

COMBUSTION ENGINEERS 

— Pressure Jet, Low Pressure Air, Medium 

Pressure Air, and Steam Jet Systems, Hand-Controlled 

or Semi-Automatic for Fuel Oil. for all types of Marine 

and Land Boilers, Shipyard, Plate and Bar Furnaces. 
Forging Furnaces, etc. 

Outputs per Burner from 2 lb. to 2 tons jer hour. 

FULLY AUTOMATIC OIL BURNERS for light oil and 

fuel oil for all types of Steam and Hot Water Boilers. 

Clyde ” Underfeed Coal Stokers for all 

types of Steam and Hot Water Boilers, Shipyard Plate, 

and Bar Furnaces, Forging and Annealing Furnaces. 

Hand-fired Force Draught Systems for Steam and Hot 

Water Boilers. 

CLYDE 
FUEL SYSTEMS, LTD., GLASGO' 
Head Office : 30 Queen Elizabeth Avenue, MilMngton,,Glasgow, ^ 
rc^cgtM^n■ " AtQMiSeR, GLASGOW: ,HAtfw3y I 



PREFA(JE TO FIFTY-FIFTH EDITION, 1949. 

Slowly thu business of publishing ‘ Kernpe ’ is becoming less troublesome. 

Ihit normality in the publishing trade is still far off. If we had been able, 

\v (^ should haviy liked this yc'ar to liave su])jected the whole of ‘ Kernpe * 

complete revision. But fate, the printers and the binder's forbade it. 

Were we to xi... /e made m wholeheart(‘d an attempt, we were assured that 

Kernpe ’ was unlikely to a])[)(‘ar at all in 1949, so mueh delay must full 

revision have imposed. 

But do not let it be thought that we have bec ii idle! Last ye ar, ‘ Kernpe * 

;ipp<'ared in a new guise, divided into two volumes with a single index, 

'this year'^ve have found it possible, without creating too great a delay in 

publication, to make a wry complete revision of the second of the two 

volumes. Aroi’oover, following the modcu’ii fashion, we have drawn up a 

‘ plan ’ for ‘ Keinire.’ This y<‘ar, as wv have just noted, Volume Two has 

b(‘en fully revis- d and V’^olume One has received only minor attention. 

Xext year, it will b(^ Volume One that will reerdvr^ full revision whilst 

Volunu' Two gets only tin* slight revision that a year’s developments in 

engineering may demand. In 19ol we shall rest content only with minor 

revision of the whole. Ibit in 1952 th(‘ cycle will begin again with a full 

revision of Volunu^ Two. 

In this way we plan to ensui’(‘ that every jrart of the book vill receive 

pi’oper frdl scale revision I'egularly at thrNM* yc'ar intru’vals. But there is 

always, of cours(', Burns’ oft (juot<*d r’crnark about the i>lans of mice and 

men. We have not foi’gotten it ! If engineer ing (h'veloimients requii'e it 

-and at tinu's developments have been very rapid - any section that may 

be eoncerned will reeeivi; attcuition whethct* or not the ‘ plan ' r’tajuirt'S it to 

be don(‘ that year oi’ not. We intend to keep ‘ Kernpe ' up to date so that 

any engineer consulting it, whcthc'r he lives in a Western community with 

every engineering facility in easy I’cach, or tar ti’om civilisation whei’e he 

must depend ujron the few tools he has available, will have available to 

guid(‘ him information based upon the very latest pi'actiee. 

B. WL PENDllED. 





rUEFACE TO FlliST EDITION (]W)4). 

The importance and value of such a work as The Engineer’s Yf.ar 

Book need hardly ho insisted on. Perhaps there is no professional man 

who 7i€€d8 a Year-Book more than the Engineer of the present day, 

seeing that his duties are so multifarious and the requirements of his 

position so constantly varying. Yet, wliile oilier professions have their 
Year-Books, until now none has been provided for the Engineer; it is 

confidently believed that the present volume will meet a want that is 

constantly experienced by Practical Men in every branch of Engineering. 
The aim of the compiler lias been to produce a work which, being 

carefully brought up to dat«‘, shall take its place as the standard Book of 

Reference in the profession, and include only such Modern Formulae, 

Rules, Tables, and Data as are required by the Engineer from day to day 
in the practical work of his calling, including Civil, Mechanical, Marine. 

Fdectrical, and Mine Engineering. The work is accordingly divided into 

Thirty-one Sections, each Section forming practically a comideie treatise 

on its particular subject, and the whole embracing the present practice 

of Engineering. 

The great advances made in Science, as applied to Engineering, during 

the last quarter of a century have fixed immutably many new principles, 

laws, and practical data. These, as well as the like particulars of older 

practice, have been carefully compiled from the best authorities, and find 
their place in The Engineer’s Y"ear-Book, whilst a large amount of 

original matter, presented in a handy and concise form, is also included in 

the volume. 

In the work of compilation, most valuable assistance has been rendered 

by numerous practising Engineers, including those of the principal English 

Railway Companies, and of the Queensland Government, as well as by 
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Girder Manufacturers, Boiler and Engine Makers, and many other 
persons of experience. Every available work has been searched through 
and consulted for information, but in making use of particulars so 
obtained the compiler has been at pains to trace the matter to its 
original source, so as to determine its authoritative value, and in every 
case where it appeared necessary he has redrawn existing figures 
and verified current formulae, so that clearness and accuracy might be 
ensured. 

Obviously a work of this nature, to fulfil its purpose of being kept up 
to date, will require periodical revision, and it is accordingly intended 
to REISSUE IT FROM YEAR TO YEAR. The facilities thus afforded for 

thorough revision throughout the volume will make it practicable to 
insert every year new matter of importance in any Section^ and render 
the book at all times a safe and reliable Daily Reference Book for the 
Practical Engineer. 

Kindly criticism and help towards making the work as complete and 
as useful as possible are earnestly invited, and any suggestions, addressed 
to the care of the Publishers, with this object, will be gladly received, and, 

as far as possible, acted upon. 
I have to thank Mr. H. Hartnell Technical Officer of the Engineer- 

in-Chiefs Office, for great assistance rendered in the work of compilation. 
Einally, I think more than a word of thanks is due to the printers, 

Messrs. Spottiswoode & Co., for the able manner in which they have 
executed the difficult task of concisely and clearly arranging the letter- 
press. 

Engineer-in-Chief’s Office, 

General Post Office, London : 

January 1894 

H. R. KEMPE. 
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SECTION I 

UNITS OP MEASUREMENT (pp. l-U) 

(Revised by 8. A. Wood,M.Sc., M.I.Mech.E.) 
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The suggestion that WARDS might have just the 

equipment you need Is a broad general reminder 

that Lathes, Shapers, Millers, Drills, Planers and so 

on of many types, new, used or reconditioned, 

are usually on offer at one or another of WARDS 

machinery showrooms. 

It also quite regularly applies to other machinery 

and equipment, so that it is always good business 

to remember that WARDS can plan and provide 

a comprehensive service in machinery of all kinds 

—no matter what you may require. 

Write for a copy of the current issue of the 

Albion Machinery Catalogue. 

THO; W.WARI> LTD 
ALBION WORKS SHEFFIELD 
'fifpMONf; (IS 1. n,-s) I ( i ( c, P A r.-:(-op ward, suFffKiD 

lOUU' <r, flWI IK KrIAM SIW ANfi 



SECTI0>7;, I 

UNITS OP MEASUREMENT 

(Revined by 8. A. Wood, M.Sc., M I.Mech.Ej 

LENGTH. 

English. 

Legal BrnmnnoN or 8tandakj>. 

The length of the Mtuiularil yard of 36 inches is such that a pendulum rihtating seconds of 
mean time, temperature 62* F., at the lerel of the sea and latitude of Greenwich, has a length of 
39*1393 Inches. 

Equivalent LiEAsniiEa or Length. 

Hilts. Furlung-. (.liuins. 1 Yards. 1 Kupt. Inches. 

1 SO :;2o 1 1.760 1 6,280 63.340 
•125 1 10 lo 1 220 1 (’»60 7,930 
•0126 •1 1 } j 22 66 799 
•(K)312.'> 1 •025 ! 1 16-6 198 
•0<)066H1« i 1 •OOlul.')! •0-161.'>4 .181818 ! 1 3 36 
•»K)018939 ! : -OOlSlol?) •it|.51.')lM •060606 j 1 12 
•oowl :)78:} •(Mil262626 j *0 l.'iO.'M if) , -0277777 •os;{3.38 1 

l niioro-inch " 1 millionth of .an inch. 
1 mil = 1 (hoimndth of an inch. 

QUNTEH’S SUBVETlNa CHAIN, 

7-03 inches -■ 1 link. 100 links — 1 chain, 4 rods or 13 yards. SO chains — 1 mile. 

ROPES AND OADIiSS. 

1 cable-length — 130 fathoms — 730 feet. 1 fathom — 6 feet. 

Geographical and Nautical measures. 

1 nautical mile — 6,080 feet 1*1S16 statute miles. 1 degree of a great circle around the 
equator — 69-17 itatute miles — 60-07 nsutlcal miles. 1 point — llj degrees of arc. 

Log-line. 

The log-line should be about 150 fathoms long and 10 fathoma from the log to the first knot 
on the line. If half-mlnnte glass Is used, it will be 50 -66 feet between each succeeding knot. For 
38-seconds glass it will be 47-39 feet - 7-88 fathoms per knot. This Is the length of knot by 
calculation but praoiioaUj it is shortened to 7-6 fathoms per knot for a 38-aeoonds glaaa. 

1 knot — 1 nautical mile per hour. 

M180ILI.ANE0US 

10 penny diametera - 1 foot halfpenny - 1 Inch ; 5-«hUUng piece - H inch 
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Spc. I LENGTH 

Metric System. 

Metrfo Unit. Ina. Feet. Tarda. Miles. 

MlUlmetre* . . *08987 *008381 
Oentimetref . *89370118 *083808 
Decimetre 8*9870118 *3380848 *10986 
Metre X 89*870118 3*880843 1*0936148 
Decametre . 898*70118 33*80848 10*986148 
Heotometre . Bead 838*0848 109*86143 *06318718 
Kilometre meaanres. 8380*848 1093*6148 *6318718 
Myriametre . 83808*43 10986*148 6*318718 

* Nearly the th part of an inch. t Full i Inch. 
X Very nearly B ft. Si ina., which la too long by only 1 part in 8,0B6. 
1 micron (otherwise ‘ /u, ’) *= 0’001 millimetre. 

RILATION BKTWnN KNQLXaH AND MVTRIO UNITS. 

The legal relatione of Bngliah Imperial to International Metric Measorea are thus giren by the 
Standarda OlBoe of the Board of Trade: 

1 Inch - B6*S99978 mm.; 1 metre - S9-870118 Inohea; 1 gallon - 4*6469631 litrea; 1 Utie 
■■ 1*76980 pint j 1 pound ■■ 0*46369S4S kilogram ; 1 kilogram ■> 9*3046398 ponnda. 

In 1893 the Unl^ Statea of America recogniaed the metre aa the fundamental standard of 
length, and adopted the oonveraion Talue of 1 metre ■> 39 *37 Inohea. 

OOMTSBSION or BNOLIBB INOHB8 INTO USNmfNTKBS. 

Ins. 0 1 3 3 4 6 6 7 8 9 

Om, Om. Om. Om. Cm. Om. Om. Om. Om Om. 
0 *00 3 -64 6*08 7 •63 10 •16 13 70 16 •34 17 •78 30- 88 33 -86 

10 36*40 37' -94 30*48 38 •03 86 66 88- 10 40 -64 43 18 46- 73 48 •96 
30 60*80 63 84 66*88 68 •49 60 96 68 60 66 •04 68 68 71- 13 78 •66 
SO 76*30 78- 74 81*38 83 83 86 36 88- 90 91 -44 93- 98 96- 63 99 06 
40 101*60 104- 14 106-68 109 33 111 76 114- -30 116 84 119 88 131- 93 134 -46 

60 137*00 139* 64 133*08 134 63 137- 16 139* 70 143- 34 144- 78 147* 89 149- 86 

60 163*40 164* 91 167*48 160- 03 163- 66 166* 10 167- 64 170* 18 179* 73 176- 96 
70 177*80 180- 34 183*88 186- 43 187- 96 190- 60 193* 04 196* 68 198- 13 300- 66 
80 303*30 306* 74 308*38 310- 83 313* 86 916* 90 918- 44 920* 98 933* 69 936- 06 
90 338*60 331* 14 333*68 236- 33 338* 76 341* 30 343* 84 346* 88 348* 93 361- 46 

100 364*00 366* 64 369*08 361- 63 364* 16 366* 70 369* 34 271* 78 974* 83 376- 86 

The abore table la oorraot thronghont to within 1 part In 1,000,000. 

OONTEOSJON or CKXTlMETaSS INTO BNQLL9B I.NCAJH. 

Om. 01 33466789 

Ina. Ina. Ina. Ins. Ina. Ina. Ina. Ina. Ina. Ina. 
0 *0000 *3937 *7874 1*1811 1*6748 1*9686 3*3633 3*7669 3*1496 3*6438 

10 3*9370 4*3307 4*7344 6*1181 6*6118 6*9066 6*3993 6*6939 7*0866 7*4803 
30 7*8740 8*3677 8*6614 9*0661 9*4488 9*8436 10*936 10*630 11*034 11*417 
80 11*811 13*306 13*698 13*993 18*386 13*780 14*173 14*667 14*961 16*364 
40 16*748 16*143 16*636 16*939 17*333 17*717 18110 18*604 18*898 19*391 

50 19*686 30*079 30*473 30*866 31*360 31*664 33*047 33*441 93*836 38*998 

60 33*633 34*016 34*409 34*808 36*197 96*591 96*984 36*378 36*773 37*166 
70 37*669 37*963 88*846 38*740 39*134 89*638 39*931 30*316 80*709 81*109 
80 81*496 81*890 38*383 33*677 33*071 33*466 33*868 34*963 34*646 36*039 
90 36*488 36*837 36*331 36*614 37*008 87*403 37*796 88*189 88*683 88*978 

100 89*370 89*764140*168 40*661 40*946 41*839 41*783 43*136 49*630 43*918 
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Sec. 1 I.KNfJTIT ' 5 

UONVBBSION Of StraUBE Fbmt into MBTaSS. 

FL 0 1 3 3 4 8 6 7 8 9 

Metref. Metres. Metres. Metres. Metres. Metres. Metres. Metres. Metres. Metres. 
0 •0000 •8048 •6096 •9144 1-3193 1-5340 1-8288 3-1336 3-4384 3-7482 

10 3-0480 3-8538 3-6576 3-9634 4-2672 4-5720 4-8768 5-1816 5-4864 5-7912 
20 6-0960 6-4008 6-7068 7-0104 7-3153 7-8200 7-9348 8-2396 8-5344 8-8392 
30 9-1440 9-4488 9-7536 10-058 10-363 10-668 10-973 11-278 11-583 11*887 
40 13-193 13-497 13-803 13-106 18-411 13-716 14-031 14-836 14*630 14*985 
6Q 15-340 15-545 15-850 16-154 16-459 16-764 17-069 17-374 17-678 17-988 
60 18-388 18-593 18-898 19-303 19-507 19-813 30-117 20-432 30-796 31-031 
70 31-336 31-641 31-946 33-360 23-556 33-860 23-165 33-470 38-774 24-079 
80 34-384 34-689 34-994 35-398 35-603 26-908 26-313 26-518 36-833 37-137 
90 37-433 97-787 38-043 38-346 28-651 38-956 39-361 29-566 39-870 80-175 

100 80-480 30-785 81-090 31-394 31-699 82-004 89-309 83-614 83-918 33-333 

OONTKRSION Of MjfTRM LVTO BNOLISH FKin*. 

Metres. 0 1 3 3 4 6 6 7 8 • 

Ft. Ft. Ft. Ft. Ft. Ft Ft. Ft, Ft. Ft. 
0 •0000 3-2808 6 5617 9 8425 13-121 16-404 19-685 22-966 26-247 39-520 

10 32-808 36089 19-370 42-651 46-932 49 213 52-493 66-774 59 056 62 336 
30 66-617 68-898 73-179 76-469 78-740 82-031 86-302 88-583 91-864 95-144 
10 98-435 101-71 104-99 108-27 111-56 114-83 118-11 121-S9 124-67 137-96 
40 131-33 134-51 137-80 141-08 144-36 147-64 160-93 154-20 157-48 160-76 
50 164-04 167 33 170-60 173-88 177-17 180-45 183-75 187-01 19039 193-57 

60 196-85 200-n 203-41 206-69 209 97 213-26 316 .”>4 219 83 233-10 226-38 
70 329-66 233-94 336-22 289-50 242-78 246-06 249-34 352-63 255-91 269-19 
80 262-47 265-75 269 03 272-81 275-59 278-87 283-15 386-48 288-71 293-00 
90 295-28 398-56 801-84 806-12 808-40 811-88 814-96 318-24 831-63 824-80 

100 328-08 831-87 884 65 337-98 841-21 844-49 847-77 351-05 854-33 357-61 

roNVKUHioN OF Enough Statkib Mii.ks into Km.omhtuks. 

Miles*. 0 1 2 3 4 5 6 7 8 9 

Kiltniis. Kiloni!*. Kilouii*, Kiloms. Kiloiij'*. Kiloins. Kilonis. Kiloin^. Kiloni. Kiloin. 
0 •OOoO 1-6093 3*3187 4-8280 (i-4374 8-0167 9-6561 ll-2‘-5 12-875 14-4M 

10 Ui 093 17*703 19 31*J 20-921 22 531 21-14" 25*7 19 27 359 28*96.8 80-678 
2(1 32-1H7 33*796 35*406 37-015 38.624 40-234 41-813 4 3 452 45-062 4t:-o71 
SO 4S-2M0 49*890 51 499 53*108 ; 51-713 56-327 57-936 69 .5 46 61-155 62*764 
40 64-374 65*983 67-692 69*203 ; 7'1-811 72-42U 74*"30 76-63.» 77**248 78-858 

60 80-467 82*076 83-686 85*295 , 86-905 88-614 vO-123 91*733 '.'3-342 9 5.951 

CO 96-561 98-170 99*779 101-39 I0.3-OO 104-61 106*22 107-8;', 109-4 4 111.04 
70 112-65 114-26 115-87 117*48 119-09 120-70 122*31 123 92 12.5•^3 127.14 
80 128-75 130.36 131*97 135 58 135 1.8 136*79 lo8-40 140.01 U:-62 113*23 
90 144 84 146*45 : 148*06 149-67 151-*28 152*89 151-50 156 11 157-72 159 32 

100 160*93 162-54 ! 164*15 j 165-76 ! 167-37 168-93 170-59 172.20 175 81 175-42 

CX>NYERSION or kilometres INTO ENQL/SR STATUTE MlLB5t. 

Kllom.s. 0 1 3 3 4 5 6 7 8 9 

Miles. Miles. Miles. Miles. Miles. Miles. Miles. Miles. Miles. Miles 
0 •0000 •6314 1-2427 1 8641 3*4855 3-1069 3-7282 4-3496 4-9710 5-5933 

10 6*2137 6-8351 7-1665 8-0778 8-6993 9-3206 9-9419 10-563 11-186 11-806 
30 12-427 13*019 13-670 14-293 14-913 15-r,34 16-156 16-777 17-398 18-020 
10 18*641 19-263 19-884 20-605 21-137 21-748 32-t69 23-991 33-613 24-234 
40 24-855 25-176 26098 26-719 27-.340 27-062 28-583 39-204 39-826 30-447 

50 , 31-069 31-690 83-3] 1 33-933 33-554 34-175 84-797 35-418 86-040 36-651 

60 57-282 37-004 88-525 39-146 39-768 40-380 41-011 41 632 42-253 43-875 
70 43-496 44-117 44-739 45-360 45-983 46-603 47-224 47 846 48-467 49-088 
80 49-710 50-331 50-953 51-574 53-195 52-817 53-438 54-059 54-681 , 55-803 
90 i 55-933 56-545 57-166 57-788 j 58-409 59-030 69-653 60-273 eo-894 : 61-616 

100 62-137 , 62-759 63-380 64-001 64-633 65-344 66-865 66-487 67-108 ! 67-730 



6 ABEA Sec. 1 

ABBA. 

English. 

8q. MUee. Acres. Sq.Ohalns. Sq. Bods. Sq. Yards. Sq. Feet. Sq. Inches. 

1 640 6,400 102,400 3,097,600 27,878,400 4,014,489,600 
001662 1 10 160 4,840 43,660 6,272,640 

•0001662 •1 1 16 484 4,366 627,264 
•000009766 •00635 •0626 1 30-26 272-26 39,204 
•000000333 •0002066 •002066 •033 1 9 1,396 
•0000000369 •00003296 •0002296 •00367 •1111111 1 144 
•00000000026 •000000169 •00000169 •00002661 •0007716 •006946 1 

Metric. 

iletrio Unit. Sq. Ins. Sq. Ft. Sq. Yards. Acres. 

Sq. Millimetre •00166 •00001076 -0000012 
Sq. Centimetre •1660 •0010764 •0001196 
Sq. Decimetre 16-60006 •1076393 •0119699 
Sq. Metre, or Oentlare 1660-006 10-76393 1-196992 •000247 
Sq. Decametre, or Are 1660006 1076-393 119-5992 •024711 
Sq. Hectometre or 

Hectare 107639-3 11969-92 2-471068 
Sq. Kilometre •3861029 > sq. — 1196992 247-1068 
Sq. Mytiametre 38 -61029 r miles — — 24710-68 

W EIQ HT. 

English. 

Legal Deftnition of Standard.—The pound is the weight In a vacuam of a platinum cjlinder 
called the Imperial Standard Pound. 

One cubic inch of distilled water (weighed in air against brass weights) at temperature 63* F., 
the barometer being at 30 ins., weighs 262-3‘J6 grains, of which 7,000 go to the pound avoir* 
dupois, and 6,760 to the pound troy. 

ATOIADXJPOIS. 

Ton. Owts. Pounds. Ounces. Drams. 

1 30 2240 35840 673440 
•06 1 112 1792 28672 
•00044643 •0C89386 1 16 266 
•0000279 •000668 •0626 1 16 
•000001744 •00003488 •003906 -0626 1 

teot. 

Pound. Ounces. Dwta. Grains. Pound Avoir. 

1 12 240 6760 •822867 
-083333 1 20 480 •068671 
•004166 •06 1 24 •00342857 
•0001736 •002083333 •0416666 1 •000142867 

1•216278 14-68333 291-6666 7000 1 

APOTHBOABIBS’. 

Found. Oimces. . Drams. Scruples. Grains. 

1 12 06 288 6760 
•08333 1 8 24 480 
•01041666 •126 1 3 60 
•0034732 •0416666 •3333 1 20 
•00017361 •0020833 •016666 •06 1 

Weight of 3 pennies, 1 crown, or 6 ■hillings each — 1 oz. 
N.B.>»The aroirdupois, troy, and apothecaries' grain are of the same weight. 
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G0N?BB810M Of FOUNDS TO TOMS. 

Tom — Poandf x 0*00044648. 

Pounds. Tons. Pounds. Tons. Potmds. Tons. Pounds. Tons. 

1,000 ' 0-446 34,000 10-714 47,000 20-982 88,000 39-386 
3,000 0-893 36,000 11-161 48,000 31-439 90,000 40-179 
3,000 1-339 26.000 1 11-607 49,000 31-876 93,000 41-073 

.4,000 1-78G 37,000 : 13-053 50,000 22-321 94,000 41-964 

8,000 2-233 38,000 ! 13-500 61,000 23-768 96,000 43-867 
6,000 3-679 29,000 i 13-946 52,000 33-214 98,000 48-760 
7,000 3-125 30,000 18-393 64,000 24-107 100,000 44-643 
8,000 3-671 31,000 13-839 66,000 26-000 110,000 49-107 

9,000 4-018 33,000 14-386 68,000 26-893 120,000 63-572 
10,000 4-464 83,000 14-733 60,000 26-786 130,000 58-036 
11,000 4-911 84,000 16-179 62.000 27-679 140,000 63-600 
12,000 6-887 85,000 15-636 64,000 28-672 160,000 66-965 

18,000 5-804 36,000 16-071 66,000 29-464 160,000 71-439 
14,000 6-260 37,000 16-618 68,000 30-367 170,000 76-893 
16,000 6-696 38,000 16-964 70,000 31-260 180,000 80-367 
16,000 7 143 39,000 17-411 72,000 32-148 190,000 84-822 

17,000 7 • 689 40,000 17 867 74,000 33-036 200,000 89-286 
18,000 8-036 41.000 18-304 76.000 33-920 210,000 93-760 
19,000 1 8-482 42,000 18-760 78,000 3i 822 220,000 98-216 
30,000 8-920 43,000 ]y 196 80,000 36-714 230,000 102-680 1 

31,000 ' 9-376 44,000 19-643 82,000 .'56 007 240,000 107-140 
33,000 ; 9-831 46,000 20-089 84,000 37-600 360,000 111-610 
23,000 1 10-368 46,000 20-636 88,000 38-303 360,000 116-073 

Weight—Metric. 
Legal Definition of Standard.—The (rrarnme Is the Inteniafional Protolppe Kiiogramme 

which is the mass of a cylinder of platinum-iridium kept at S^vros. 
1 gremme 15-433356 grains, and is the weight of a millilitre of distilled water at 4** Centi> 

grade, or 39* 3* Fahr., and 760 mm. of mercury pressure. 

Weight. Qrammes. Avoirdupois 
Ounces. 

Avoirdupois 
I.bs. Cwts. Ton. Grains. 

Milligramme . -001 — _ _ _ •016 
Centigramme . .01 — — — — •164 
Decii^amme . -1 — — — — 1-643 
Gramme . 1 •036 •0022 — 15-433366 
Decagramme . 10 -85 -033 
Heot^smme 100 3-637 •38046 
Kilogramme . 1000 36-3739 2-304622 •019 •00098 
Myriagramme 10000 — 22-04622 •1968 •00984 
Quintal . 100000 — 220-4623 1-9684 •0984 
MiUler or Bar. 1000000 — 2204-632 19-68413 •984306 

OONTBRSIOM Of METRIC TO ENGLISH WEIGHTS. 

Grammes to Grains. 
Kilogrammes to Ounces. 

(Avoir.) 
Kilogrammes to Pounds. 

(Avoir.) 

1->16-433366 6-92 694138 1-35-37396 6-311-64374 1-8-204632 6-13-327734 
3 « 30-864713 7-108-03649 2-70-64791 7-246-01770 3-4-409346 7-16-432356 
3-46-397069 8-133-46886 3-106-83187 8-382-19166 8-6-613867 8-17-636978 
4-61-739426 9-138-80131 4-141-09683 9-817-46661 4-8-818489 9-19-841601 
6-77-161783 6-176-86978 6-11-033111 

A milligramme Is about grain. 
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Conversion of BNaLisH to Metric Weights. 

Grains to Grammes. Ounces (Avoir.) 
to Grammes. 

Pounds (Avoir.) 
to Kilogrammes. 

Hundredweights 
to Kilogrammes. 

la.-0647989 1«» 28-34963 1= -4636924 1= 60-80236 
2»-1296978 2= 66-69905 2= -9071849 2-101-6047 
3«-1943968 3« 86 04858 3 = 1-360777 3 = 162-4071 
4 =.-2691967 4 = 113-3981 4 = 1-814370 4 = 203-2094 
6«-3239946 6 = 141-7476 6 = 2-267962 6-264*0118 
6--3887936 6 = 170-0972 6 = 2-721666 6 = 304-8141 
7«-1636924 7 = 198-4467 7 = 3-176147 7 = 366*6166 
8*--6183914 8 = 226-7962 8 = 3-628739 8 = 406-4188 
9=^-6831903 9 = 265-1457 9--4-0823S2 9 = 467-2212 

The Metric Carat. 

By deciviou of the Staudarde Department of the Board of Trade, the metric carat of UOO 
milligrams, and iU necessary multiples and sub-multiples, are standard weights in the United 
Kingdom. 

CAPACITY. 

English. 

Legal Definition of Standaud. 

Gallon.- The standard Imperial gallon {1 ntemaiional Bureau oj Standards^ Parity 1921.) 
contains 10 P s. (avoir.) weight of distilled water (weighed in air against brass weights) at the 
temperature of 62® P., the barometer being at 3{» ins. 

1 Imperial gallon 277 HI20 cubic inches. J ILS. gallon 2.31 0 cubic inches. 

DUY .Mr.a.^ure. 

Cu. Yard. Bushels. Cu. Pcet. Pecks. Gallons. Cu. Ins. 

1 21-0223 27 84 089 168-179 46656 
-04766b 1 1 28435 4 8 2219-35 
•037037 •7786 1 3-1144 «•22884 1728 
•011892 •25 32109 1 2 554-838 

•125 •16054 -5 1 277-420 
•000679 -001802 •0036047 1 

Liquid Measure. 

Gallon. Quarts. Pints. Gills. Cub. Ins. 

1 •1 s 32 277--420 
25 i 2 8 69•366 

•125 •0 1 ■1 34-677 
•03125 •125 -26 1 8-6693 
-r?036047 -014419 -028837 •11535 1 

.’('I ue« ami;.s' Mla.'I i:k>>. 

(>alloii (C> - H uiiii j ■,()) ; 1 20 fin. j fiiinco.s (c-/. weight of water*. 
Oioicc (fr) 8 ditn liins 4S<.> niinit.i- (m) 72()dro|i^ (gtt). 
One w’irie-glas.-: — '*• tnblC'iiiooiifiil.s .. 16 .c.'nx»oonfiil.-i iz: 2 ounce'?. 
Sifuibols.—i. or fJ.. fJ'-iid ; otic lialf; rui,. for c;vh, Thu-, f.ls.s. means ^ a fhn i oimcs. 

Metric. 

Di/lnitian of Standard.—The litre, the metric etandard of volume, is the volume occupied bv 
1 kg. of distilled water at 4® 0. and 760 mm. of mercury pressure. 

3 litre (1,000 mUlUltres) 1,000 028 cubic centimetres. 
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The original standard kllograiiime was intended to be equal to the utaes of one cubic decimetre 
of water under certain standai^ conditions. It was later found that the standard differed slighUj 
from this original definition, bot it was decided to adhere to the standard as the unit of mass, and 
to define the litre afresh as above. 

The difference between the millilitre and the cubic centimetre is thus negligible for ordinary 
purposes. 

Oo.vvERSiON OF Metric to Enqllsu Capacities. 

Cub. Centimetres 
• to Cub. Ins. 

liitrea to 
Fluid Ounces. 

1 Litres to Pints. 

! 

Litres to Gallons. 

1 =. -061024 1 « 36-1961 I 1-1 76980 1 r... -219976 
2 - -122048 2 - 70-3921 2- 361961 2 « -439961 
3 - -183072 3 « 106-6882 3- 6-27941 3 « •659926 
4 » -244096 4 - 140-7842 4 7-03921 4 => ‘<7990* 
6 =» -305120 D - 175-9803 6 --- 8-79902 .*) — 1-099877 
6 « -366143 6 « 211 •17r34 6 =* 10-66882 6 « 1-31986* 
7 « -427167 7 =» 246-3724 7 - 12-31862 7 « 1-639828 
8 » -488191 8 - 281-6686 8 - 14-07842 H — 1-769803 
9 -649215 9 =. 316 -7646 9 - 16-83823 9 - 1-979779 

OJNVERSION OF BNOUSH TO METRIC CAPACITIEh. 

Cub. Ins. to 
L’ub. Centimetres. 

Fluid Ounces to 
Cubic Centimetres. 

Pints to Litres. Gallons to Litres. 

1 -= lG-3870 1 28-413 1 a- •668245 1 = 4-54696 
2 32-7740 2 « 66-826 2 BS 1-136491 2 = 9-09193 
3- 49-1611 -- 85-239 3 ts 1-704736 3 “ 13-63789 
4 -3 66-6481 4 113-662 4 2-272982 4 = 18-18385 
6 81-9361 5 ^ 142-065 5 b: 2-811227 «> 22-72982 
6 - 98-3221 6 == 170-478 a rr- 3•409472 6 = 27-27678 
7 - 114-7091 7 198-891 7 3-977718 7 «= 31-82174 
8 « 131-0962 8 227-304 8 •1 646963 8 =. 36-36770 
9 - 147-4832 9 266-717 9 6-114209 9 -» 40-91367 

COMPARISON OF VARIOUS KOREIQN AND E.VQIJSIi MEASURES. 

Country. Measure. English Value. Country. Measure. English Value. 

America Bushel. 2160 -4 cu. Ins. Gennnrjiy Morgen 27,484 sq. feet 
Gallon (drv) 268-80 cu.ins. ,, Pfund . 1 01 to 1-23 lbs. 

„ (flu d) 231 cu. ins. India . Seer 32-914 02. 
Peck . 637 -60600. ins. „ Tola . 180 grains 
Pint 28-876 cu. ins. Netherlands Myle 3.281 feet 
Quart . 67 -760 cu. ins. Norway Centner 110-231 Ibe. 

Austria Joch . 1-422 acres ,, Mile . 4-6803 miles 

M Klafter 6-2213 feet ,, Morgen 27,484 sq. feet 
Kengal Maund. 82 -2 lbs. Piissia. Archlne 28 inches 
Canada Mino . 2,339 cu. ins. ,, Dessatine 2-69977 acres 
China . Catty or t in 1-3333 lbs. ,, Dola . •68673 grains 

M Li 608-6 Yds. ,, Pud or Pood 36-112 lbs. 
Picul . 133-33 lbs. • » Sagene. 7 feet 
Tael . 683 grains n Verst . 3,500 feet 

Denmark Centner 110-231 lbs. Fpain . Arroba 96 -36 lbs. 
Mile 4-6803 ndlee „ ,, 2-77 gallons 

»»' Morgen 27,484 sq. ft. Sweden MUe . 6 -64 miles 
Prance Anne . 47 -246 inches ** Tunnlaud . 1-2198 sore* 

♦♦ Brasse . 5-S28 feet Turkey Arhoin. 26 -9 inchss 
Lieu 6.077 yds. •• Oke 2-829 <bs. 

Qennany Centner , 110-231 lbs. 91 Pio 96-69 Inches 
»* Mile . 4 -6803 miles Vienna Oantae 193 -46 lbs. 

1 
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12 PRESSURE 8ec. I 

PRESSURE. 

CONVBII0XON OF KILOOKAMMES PER SgUARE CENTIMETRE TO 

Pounds per Square Inch. 

Kilos. 
*■ 

per 
Sq. Cm. 

0 •1 *2 *1 4 6 •6 •7 -8 •9 

Pounds per Square Iiicli. 

U 0*000 ! P4223 2-8447 4-2670 6-6893 7-1117 8 53-((l 9-9663 11*379 ' 12*801 

1 14-S23 16-646 17-068 18-490 19*913 21-33.5 2*3-767 24-180 26-602 27-0*31 

2 3i*447 29-869 31-291 32*714 31-1.36 36-568 36 981 38-403 39-825 41 248 

3 42'67(» 44-092 45*616 46937 48*369 49*782 51*204 52*626 54-049 65-471 

4 66*893 58*316 69-738 61*160 62*683 64-005 65-427 66-860 68 272 69-691 

6 71-117 72-639 73-961 76.884 76*806 78-228 79 651 81-073 82-495 83-918 

C 85*340 86-762 88-186 89*607 91*0*39 92*452 93*874 95*296 96*719 98 141 

7 99*663 100*99 102*41 103-83 106-25 106-67 1U8-1U 109*52 110-91 112-36 

« 113*79 115*21 118*63 118-U5 119 48 120-90 122 32 123 71 126*17 126*69 

9 128*01 129-43 130*86 132*28 133-70 136-12 1.36-61 137-97 139-39 140*81 

10 142*23 143*66 145-08 146-60 147-92 149*34 160-77 
1 

152*19 163*61 165*03 

OONVKRaiON OF POUNDS PkR SQI aIIB INCH TO KlI.OflUAMMKM PER 

Square CuNnuKTUE. 

Lbs. 
per u 1 2 3 4 6 6 7 8 9 

Sq. lu. 

K ilogramines per 1 Square Centimetre 

U 0-0000 ; 0*07u31 i 0*14061 i 0-21092 0-28123 0*3.5164 0*42184 0 49216 0-66246 0*63276 

10 0*70307 1 0*77338 0*84369. G-91399 0*98430 1-0546 1*1249 1*1952 1*2665 1*8358 

20 1*4081 j 1*4764 1*6468 : 1*6171 1*0874 1*7577 1-8280 1 M9H3 1 *9686 2-0389 

30 2*1092 1 2*1795 2*2498 ; 2*3201 2-3904 2-4607 •2*6311 2*6014 •2*6717 2-7420 

40 2-8123 ; 2-8826 2-9529 ; 3-0232 3*0936 31638 3-2341 3 3044 3*3747 3-4150 

60 3*5164 ! 3-6857 
1 

3-6560 i 3-7263 3*7966 3-8069 3*9372 4*0076 4*0778 4*1481 

60 4*2184 4*2887 4*3690 4*4293 4*4997 4-6700 4*6403 4*7106 4*7809 4*8612 

70 4*9216 4*9918 6-0621 ; 5-1324 6 2027 6-2730 5-3433 6*4136 6*4840 6*6648 
80 ^ . 5*6246 66949 6*7662 i 5 8355 6*9058 6-9761 6-0464 6*1167 6*1870 6*2373 
90 1 1 6*3276 6*3979 6*4683 6-5380 6*6089 6*6792 6-7496 6*8198 6*8901 6*9604 

100 j 7*0307 7*1010 7*1713 : 7-2416 7-3119 7*3822 7*4528 7-6229 i 7*6932 7 6886 

I kilogTAioina pet $q. cetHlavtre — 0*91 tom per iq. tU 
1 ton per sq. ft, 1*09 kilograminM per iq. oentimetre. 

I ton per sq. ft. — 16 -56 lbs. per «q. In. 
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OoRBaapoNDiNO Heights or BiaoinBrsB m milumetbes ahd bmolisb iecbes. 

Mini- English MJUi< 1 English MUli' English 
metres. Inches. Oietres. Inches. metres. Inches. 

720 28-347 739 29-096 768 29-843 
721 28-386 740 29-134 769 29-882 
722 28-426 741 29-174 760 29-922 

. 723 28-466 742 29-213 761 29-961 
724 28-604 743 29-262 762 30-000 
726 28-643 744 29-292 763 30-039 
726 28-683 746 29-331 764 30-079 
727 28-622 746 29-370 766 30-118 
728 28-662 747 29-410 766 30-168 
729 28-701 748 29-449 767 30-197 
730 28-740 749 29-488 768 30-236 
731 28-780 760 29-628 769 30-276 
732 28-819 761 29-667 770 80-316 
733 28-868 762 29-606 771 30-366 
734 28-898 763 29-646 772 30-394 
736 28-937 764 29-686 773 30-433 
736 28-976 766 29-724 774 30-473 
737 29 016 766 29-764 776 30-612 
738 29-066 767 29-803 

1>T - 
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SECTION 11 

PART I 

MECHANICS - STATICS ~ COEFFICIENT OF FKICTION - 
DYNAMICS - THE PENDULUM - THE CENTRIFUGAL 
QOVERPJOR IMPACT OF BODIES-WORK AND ENERGY 
RADIUS OP GYRATION-VECTORS-GEOMETRICAL AND 
INERTIAL PROPERTIES OP SQUARES, ETC. 

(Revised by S. A. Wood, M.Sc.. M.I.Mecli.T.) 

MECHANICS. 

DifmUion.—OerUre of GravUy : tho point of applioation of the resultant graTitation il force 
acting on a body ; its position is independent of attitade of the body. 

Areas, Voluiibs Ain> PosmoNS of Oentbb of GaAViTT fob plane figubbs and solids. 
(Centre of Qrarity (0.0.) denoted by O.) 

Flgore. Description. Area or Volume. Distance X. 

. (a f ft 
ft ^ 2o 4- b . 

3 \ a 4- fr / 



MECHANICS Sec. II (i) 

abiaa voujmis AifD Poatnom ov onixu ov oiATirT roR piari Piauass ahd souds. 
(Centre of Onrity denoted bj O).—«0fil. 

Deeoription. Aree or Yohime. DIetenoe X. 

'i 
(}Iroaler Se^ent Kv—)] [r-.i-x] 

9 Is in radians 

K- 

Pembolio Segment 

Spherical Secior- 

Snifaco f ,rrA + 1rr^/r» - (r- A)* 
A* + (r-A)(S» + ') 

1-* !(-;) 

A-r(l-co.;) [J''(l + <>«i)] 

Spherical Segment— 

Conrex nirfece 

TrA*(8r — A) 
A /4r-A\ 

4 Ur-A/ 

Pyramid {or Cone)— 

Blent larfeoe 

Ar<^a A Yolame 

X ^tteight of G 
above base 

^ elent height 

X perimeter of beee 

(O le on Une Joining 
epex toOO of beee) 
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ARKia, VOLU1CB0 AKD POSmOMS OF OlMIBB 07 OJUTZTir FOR PLANJE FiQURBS AND SOUDS. 

.(Oultre of OnTltj denoted by Q.y^conu 

Figara. DeeoripUon. Area or Volume. DIetance X, 

Aiea A 

X " Height of G 
above base 

ConU Fruttufn— 

Oonrez Surface rr(B-f r)v/A“ + (B — r)* 

(ir(B* — r*)coeeo n] 

I 

soUd: 

( 

"i*(B*4-r*+Br) 

h_h fR-r] 

» eU^^rj 

h rB« 4- 8r* 4* 2Rr } 
4 [. R« 4- f* 4: Br J 

(Points IS centre of 
gravity of base) 

Open 
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STATICS. 
W«lfhU sutpttndtd by inclined strings. 

W sin a W sln^ ^ 
sin (a + /sV ^ “ sin (a -f ft) 

W« - P> + /• + 2P/OOS (« + ft) 

W sin ur sin /!j 

^ “ Bin (<) + «//)"" Bln (a 4- ft) 

Ooeffloient of friction i- fx. 
Limiting angle of friction — </>. 

^ W (sin a + M COB a) _ W Bin (</» 4 
“ // sin ft 4- cos ft " oob(/3 — </') 

— ton <f>). 

^ » W Bin a 
■ 

Itft^O also, P ■■ W sin n. 

Ooeffloient of friction — 

P — 2B (/X COB a 4* tin '0. 

If ,u - O. P - 2R sin a. 

K 

W 

force applied to arm. 

2rrP 

■■ of frii tioii .if -on w 'hi 

mil Ts -■ r t'liu' oi Ihriwl. 

• I. 

LlQHr LBYBB. 

In cases 1, 2 and 84 

W - FL^ 
I * 

Heavy Levsh. 

Centre of graritj of lerer at G. 

^^PL|Qx 

LSVBB WITM BBVBBAL WRIGHTS. 

_ W,/, + W,/, 4- W,/, 4^ . . . 
F 
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The pullit. 

(vi » Toioolty of poiot of •ppliofttion of force F, v, m relooltj ot weight W.) 

Oaw I.—S-dfomeMr fyXLty, 

Case I CaseU 

r.; St'777 Casell 

Can III.—Oompoutiil tingle 
jnUUnft. 

n mm DO. of moreble pallefa. 

Can IV.—Movable muUiple 
pulley. 

n mm no. of palieji ui morable 
block. 

OoBmamrr ow Fwonow. 

De/lnition.—The oooffloient of stetio frlotion between two aoUd sorlAoee If the rwtlo ot t he 
I iii^entiel foroe required to produce reletire sliding morement to the reaction between tho 
surfaces 

Owing to the rariation in frlotion with the condition of the rubbing anrfaoes, and the oont ad 
I )i efsore, it is i mpoaaible to speoifj aooorate ralnes without i ndiridnal eTpertmente, The follow iutr 
i)>])roximate Talaes are tboae genaraliy aooepted; 

Sorfaces. OoeflSolent of Friction. 

Dry masonry on brickwork 0»-0-7 
Masonry on dry clay . 0>t 
Maaoniy on wet clay . 0-1 
Barth on earth . O-Sb-10 
Timber on stone 0-4 
Timber on timber 0-b-0«J 
Timber on metals O-g-O-l 
Iron on stone . 0-7-0-8 
Metals on metals (dry) 
Oiled metal aarfaoes . 
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Oaat oMVMMAl hM btfoa, 41m ootflUbal«( friotlDii otiMlly faUa sUcbilj. Hit foUvwIafr 
addMoo TalMt wt gifaii for udlng friotfon: 

XbtM ndoM ten with InoriMM of robbing ipood. Tho Talot of the ooeflioiont of friotlon mmj 
eaweed onitj. 

DYJSAMICS. 

Definitions, 

Mass Ib tho nmooBi of matiarln a body. 

fFsilfAt la tbo foraa exartod on the maaa of a body by grarity. 

Fofpc^ la the dlatenoe icaToUad por onlt Umo. 

JeedsnuioM la the Inenaaa of relodty per onlt time, 

ifomanfiim la the prodoot of maaa and reiooity. 

Foobs la the prodoet of maaa and aooeleration, thna force ie the time>ra|||f^^|dereafe or loaa 

If the eqoatkm * force -■ maaa x aeoeleiatlon ' la to hold when force li ezpieaaed in poonda 

weight, aaaaa mnal be ezpteaaed la aftipi, or 

Jfamanf ofinortta or Sooond Momoni,—If m., ete^ are the maaaea of the partlolea oompoaing 
the body, and ft, r,, etc., their perpendloolar diatanoea from the azia, the moment of Inertia aboat 
theaxtele 

(mtf,* + «Hr,* 
BrnMas of QfraMm or dfwteg Brndius,—^Tbe diatanoe from the azia of rotation at which the 

wbete maaa of a body moat be eonoeatvated ao that the moment of inertia will be onohanged. 

(Badioa of gyration)* 
moBMnt of inertia 

AlonoN uiTDER URATrrr. 

^fpe of Hotloa. Velodtyfe). e» 
(at diatanoe «) Diatanoe Iterelled (r). 

Motion nnder grarity 
from reat 

. " id* 

Motion nnder grarity, 
with initial downward 
reiooity V. V + <n V* + ay* Vl-f Jyl* 

Motion under grarity, 
with initial upward 
relodty V. V-yf Sy* Vl-ld* 

f mm aooeleKaUon doe to graTlty (•» S9 *9 feet per aecond per aecond). 
tmm tiaae teen beginning of motloB. 
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THB PBNDULUll. 

(1) Bmpia Pi2fi>in.inf. 

DtfinUim.—k wttigbt oonoentimtod at ona and of a waigbtlaaa atrinf, tha otbar and of wbicb 
la fixed. 

If I length of airing la ft. 

9 "■ aooalaratlon doe to giaritj (ft. par aae. par aae.). 

Tima for a eomplata oaoillation (to and fro) 

- MO. 

- p«iod otOMUUUoa - 

If L fa the latitude of tha point of obaarration, tha length of tha almpla pandnlom with a period 
of laao.(inlno.)le 

- 89 0S«ft 4- 0 1608ain*L. 

Vii.uig or f AND I nr VABioua LocAiinsa. 

fin am. par aae. par aae.; llnom. 

Plaoa. Latitude. f* 1. 

Bqoator 0 978*1 99*108 
Gieanwioh . bl*99* 981•17* 99*4187 
Parla . 48« 80' 980*94 99*89 
BerUn M*80' 981*28 99*488 
DnbUn 88* 81' 981*83 99*499 
Olaa^w 88* 88' 981*44 99*448 
Bdlnbuigh . 88* 87' 981*84 99*481 
Noffth Pole . 90* i 988*11 99*81 

• Bqaala S9*1909 ft. par aae. t Bqnala S -9615 ft. 

(S) OOMPOUVD PailDULUM. 

Da/lnirian.—A rigid bodj auapandad at a bmiaontal axla ander tha Influanoa of grayitj. 

IV 

»o 
Casel Casell 

If O la the eantia of aoapanaion. length of aqulralant 
almpla pandohua 

_ w.* (Om. I. 
Wa — wb 

_W.* + w»*. (UmH.) 
Wa + wt 

moment of inertia about oantra of aoapanaion 
"* maaa x diatimoa of 0.6. from oantnaof aoapabaion* 

The Oenirt of OtciUation la tha point at whioh If all tha maaa ware oonoantratad. the period of 
oaoillation would be unohangad. Thna tha length of tha aqulTalant almpla pendulum la tha 
diataaoa between tha oantcea of aoapanaion and oioUlation, whioh are Intaiebangmbla. 
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(S) oomoAL PnrDULUM. 

hmry partloto nupendad from a ttnd point and made to more in a horizontal 
oirdloatoonatantfpeed. 

j Jih^m height in feet, 

j I end g «> gravitj In feet per eeo. per eeo. 

Period of rerolntlon — Ijt *®®* 

j I |.e. period le Independent of length of euepending rod or itring. 

OBNTRIFUaAL FOBOB. 

D^/Inlftofi.'^Tho radial force acting on a bodj traTelling on a ourre, dne to the tendency of 
the twdy to oontlnne traTelling in a eteaight line. 

OBNTBIFUOAL FORCB AOEING ON A CONCBNTRATBD MABS. 

Velooity on ourre e; radiue of ourrature — K. 

Oentrifugal force ■■ F ■■ ^ lb. 

-1— If n -• rerolutione per mlnnt^ 
' ^ WEn* 

MSS '** 

Tm OmVTRITUOAL GOfVENOR. 

__• %iT n ^ f coe a 

OBNTBIFUOAL TENSION, 

n « B.P.M. 

0 rsnmferential tension in a hoop «■ me* •- mw'r*, 

where m is the mass of onit length; e its linear relocity; 

w its angular relocity (same for all particles); 

Oentrifugal Tension (In Lb.). 
W — mass in lb. 

, \ (B* + r«) 
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OmmifuaAL TBsiaioH>-«Mii. 

Body. 
Ofiitriiiisol Tioaloii (In Lb.>. 

W M jnoMio )b. 

DiflO About 
ooBtn. 

W»>B 
4150 

-JSE 
Oyllnder 

About 
dlometer of 

oao oad. 
loieo 

mPAOr ov BODiBs. 
Mma of tbo two bodiol M M And m. 

Voloottloi bAforo And after impact ■> T and r. T' and v' req>«etiTa)y. 

1 Indasiie >• V\ no aeparatJon after impact). 
. 1£V -i- m* 

M +m * 

f. KfaUie Bodiit.—(K «■ ooeffloiantof raatitation baiwern tha bodiei, i.a. v' — V' * E (V — r;) 
V (M -- Km) 4' **o (1 K), 

“ M-fm 
#(m-KM) + VM(l + K), 

M + m 
(N.B.~Tbo Taloottlaa muit ba takan aa poaliiTa in ona diraotion and nagatiTO in tba opposite 

(lireotioD. Tha aboTa formula coTar ail oaaea If this rala la obaarred.) 

OBMTRI Of PKRCUBnOK. 

Whan a body racalraa a blow on a Una paaalng through the centre of pcn^u^^uni) 
tluj roiiulting motion ii purafy ona of translation and not rotation. 

Cylinder iutpfndtd at pm end. 
Oantra of paroosaion is at 0, whara 

/-> 
4a 

If r la small, i3 ‘ 

0 is also tha centre of oscillation <aaa p. S9). 

WOBK AND BNIBOT. 

DeflnitUm^-^l. The uork done by a force la equal to tba product of tba force and tha distance 
lr;i relied by ite point of application in tha diraoUon of tha force. 

3. (a) Fcunttal tntrgy Is the energy possessed by a body in virtue of ite position relative to 
some zero position. 

(6) Kfrifiip nern is the energy poaseaaed in virtue of its motion (either rotatory or tranalatory). 
l *otential energy of a body of maai W lb. at height h feet above the aero position <m WA ft."lb, 

iWV* 
TrandatUtn.-Ai linear vetooity is V ft. per sec., klnetio energy of body •» ^ - ft.«>lb. 

/tofdften.—If angular velocity is w radians per aao, Wnetlo energy of body •- f t.-lb. 
fl ak mAKuint of tnifftia In lb. y ft.*) 
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RADIUS OF OTRATION AND MOMBllT OF INBBTIA FOB PLANB SECTIONS 
AND SOLID B0DIB8. 

Moment of Inortin of plane eeotion «• eree x (radim of gyvatlon)*. 
Moment of Inertia of aolid body « maaa x (ladioa of gyration)*. 

Plani ssonovii. 

Fignie. Badliu of Gyration. Moment of Inertia. 

Axis parallel t 
to side B 0*f8®D la 

Axis perpen> 
to . 1 

pUneof llgtire 0 S89+ D» (BD* + DH«) 
through centre 

Axis a 
diagonal 0-398D 0-08S8D* 

Axis perpeo' 
dioolar to O-SSSD 0 0876D* 
plane of figure 

Ajdsa 0-88D 
diameter. 

Axis perpen> 
dioolar to 0-8ft4D 
plane of figure 

ttD* 
. 0-0491D* 

83* " ® <>***^* 
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plaki sionora— 

Wigan. Bftdiai of Q jimllOB. Ifomont o( Inertta. 

▲xlao 
dlvmetor 

Axis pen>en> 
dioalor to 
planoofflgart 

O M V®* + 4*) 

0-8ft4Vl>* + j,(D*-d*)-0-0M3(D-- rf*; 

Varrou/ ring 

Ajdi ft dJamotftr. 

0*884 D MD* 
8 

Omtrai fmmaia; For plftna flgnna, the sum of Uie M.I. ftboot two perpoDdicular ftZM throogli 
tbft oftntra of groTity, in th« plftne of tbe figure, ie equal to the Id.l. mboot an azift throogb tbe 
O.O., perpendiooiar to Uiii plane (the polar MJ.). 

SOLID BODDBS. 

(Speoiflo graritj of material 9.) 

fiodj. BatUna of Qyimtton. Moment of Inertia 

Axis 

Hollow ojlinder, Inner radlua •• r 
V + 
> 9 

rl(B*-r*)9 
9 
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Solid BomsA-^cotu, 

(SpMtflo gATitj of mfttoriaJ S.) 

iUuliot of Oyntlon. Moment of Inertia. 

. + SR* 
' 12 

TrR>i(4<= + 8R“) 

IVhen R is smalt (thin rod) 
nVLK^ .8 

S 

* l»-J-8R> 

' 12 

.rR*/(i«-f SR') 

iVhfin R ,s small (thm mn): nR'l'.S 
12 

Spherical 
aheU 

Thich spherical shell 
inner radius ^ r 

. , K* - r- 8 
'Vr._h „ 

About axis of 

About a dia¬ 
meter of bale 

About an axis 
through rertex 
parallel to base 

* 2A' + 3R» 
^ 20 

* /12A« 4^ 3B* 

^ 80 

nR«A(2A« f SR') 
60 

»rR»A(13A» + 8R') 
60 
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Solid Bopim com. 

(BpMiflo gravity of matorlal S.) 

Body. Badlos of Gyration. Momont of loortla. 

About azia 
of oonlo 
Craatam 

About a 
diamotar A-i 
of baaa 

o-ft48 y B‘- r* 
B*- r« 

•/A*/B*+IIlr+er*\ » 

10\E* +Br + rV aoVB*-W 

nh 
10 

j^(B«4-r* f Bf)x*‘.6 

Pacpandioular azia 
in plana of ona and 

!• +6* 
13 

41* + b* 
13 aw( „ j.a 

Parpan- 
dicular 
azia in 

plana of 
largo 
and 

0-804v'131* + B» + 6* (il(B+6X13i*+B»+(»*) . 
*8 

Roftion atunu an Axis cu m DUUmet, 
Moment of iaartla moment of inertia about a parallel azia through the oantro of grariCy -f 

where M — maaa and A m, perpandionlar diatanoa from 0.0. to azia of rotation. 

VECTOKB. 

(By J, B. if. BoB, A,JfJ,CJF,) 

Vector quantitiea. aa diatinct from aoalar quantitiaa, bava direction aa wall aa magnitude, 
and are repraeentad by atraight linea of given length, in given diraoUona, with arrow hea^ to 
den ote their aanae along the reepective direetiona. 

ADDITION or VBcrroBa. 

a t — r 

SUBTRAOnOM or VBCTOBr. 

A vector la aald to be eubtraotad when it >a added with 
ta direction revereed. 

Ifc- - r 
a -f 6 .. f - 0 

+ c — 0 
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TfaiNQUI or FOBOI8. 

If three forces meeting at a point are In eqalUbrlnm* the forces can be represented in m^itude 
and direction by the aides of a triangle, the sides of which are parallel to the reepeotiTe forces. 

POLTUON OF FORCrEa. 

rt f. ft j c j d — r 

If # — r 

a b -\- e d e 0. 

If a number of forces, acting at a point, be in 
equilibrium, the sum of their yeotors » 0, or 
they may be represented in magnitude and 
direction by the sides of a closed polygon. It 
is immaterial in which order the vectors are 
added. 

Link Polygon. Vector Polygon. 

1, 2 ; 2, 3 ; 3, 4 and 4, 5 are a number of parallel forces, such as ooncent^ated loads oarriod 
by a beam, the snpporU of which are 0,1 and 6,0. 

The forces are represented to a convenient scale In the Vector Polygon, and a pole P selected 
at a convenient distance from the line of loads, representing, say 10 tons, to the same scait as 
that osed in plotting the vertical loads. Join PI and In the Link Polygon draw AB paralli • to 
it. Join PS 1^ across the space marked 2 in the Link Polygon, draw BO parallel to It, and pro¬ 
ceed in a similar way with Pi, P4, and P5. Join AF and draw PO parallel to It In the Vector 
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Polygon. Then 0,1 and ft. 0 are the reactlone at the Mpporta. Produce AB and FB to meet at 
(i, which marks the position of the resultant of the four forces eonsidored. If GK mcafiures 
y feet and the polar distance represents h tons^ the bending moment at-K Is hy foot>tons. 

Truss. Force Diagram. 

H 

The above Force Diagram determines the forces In the members of the truss shown, due to 
loads applied at the lower chord. Set out the loads as in the prerlous example, and determine 
the reactions as there Indicated, or by taking moments about one of the bearings. Draw 0, 11 
parallel to the corresponding member of the truss, and 1, 11 parallel to the member thus deslg* 
nated In the lower chord. Then 0, 1, 11 is a triangle representing the three forces acting at the 
left abutment, I.e. the upward reaction 0, 1, the tension In the lower chord 1, 11, and the com¬ 
pression in the raker 11, 0. Draw 11,10 parallel to the member marked 11,10 and 0, 10 parallel 
to the upper chord member 0. 10. Then 0, 11, 10 Is a triangle representing the three forces 
acting at the top of the raker. Draw 10. 9. parallel to the corresponding member, to meet 3, 9. 
drawu parallel to the lower chord. Then 0,10,11,1, 9, is a polygon, the sides of which represent 
the four forces acting at the panel point next the abutment on the lower chord. By proceeding 
in a similar manner the diagram is completed as shown. 

Tub OBOMBTBIOIL AND iMBTUh PROPKaTIBS OP SQUABB8, OOTAOONS. IIBXAOON8 
A.vD Omeuss. 

{By C, L. 7*. QHJJUh^ laU Professor of Civil Engineering^ iiaJnu,) 

The following tables contain a comprehensive set of lactors relating to squares, octagons, 
liexagoDB and circles. Octagons and hexagons occur in some oases of engine^ng practice In 
Steel and wooden shafts, concrete and brick chimneys, and In foundations. 

The size of a square, an octagon or of a hexagon may be determined or described in four 
different ways, as:— 

(1) The width across flats, F. 
(9) The width across corners, O. 
(3) The length of the side or edge, B. 
(4) The area of the figure, A. 

Table I gives each of these moasursmentsln terms of the other three. 
Table 11 gives the Moments of Insrtia about an axis passing throagb the centre of the Ugure 

in terms of P, 0, B and A; to which has been added the Moment of Inertia of a circle In terms 
of its dlamet^, D, and its area, ▲. For all these four figures the Moment of Inertia Is invariable 
for any axis paining throoffb the centre, In the plane of tJte figure. 

Table III gives the Badll of Qyration, p, and their squares, p*, in terms of the four systems of 
measurement. Here also the p's are in variable, or, in other words, the ellipse of gyration is a 
circle. 

Table IV shows the ' neutral axis distance,* n (sometimes written pX snd the same thing as 
' the distance of the extreme fibre,' and is the maximum distance of ^e boundary of the figure 
measured perpendicularly from the neutral axis. These dimensions depend on the direction of 
the neutral axis, and are giren for two oases, first, when the neutral axis is parallel to two of the 
sides of the figure, and eeoond, when the neutral axis is perpendicular to the line Joining two 
corners. 

Table V gives certain * core * or * kern' distances, q. The core of a section is that small area 
in the centre of the section, hatched in the Ulustratious, within which the centre of preaeure must 
pass to oompi/ with the oondition that no tension exists in any part of the cross section. As 
regards squares and rectangles this is often loosely referred to as * the middle third *; but It is 
not always realised that tlte middle third is a diamond, and that the * third * (of the side) is 
measured acroM oornere. In the case of squares, a deviation of the centre of nreaiura towards 
the eorner of the square mast be 99 per cent, iess than the peimisalble deviation towards the 
middle of a tide If the oondition of no tension Is to be compiled with. 

Table VI gives tsoion for finding the dimensions of octagons and bexegons the areas of which 
<'qii.'il the area of • Miole of diameter D. 

Vol., I 0 
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HOUiOW BQUARBB, OCl'AOOMS, HKXAQON8 AND OiRCLBS. 

For these hollow fitnues tiie areas and tnomenis of inertia are the dijftvencei between the l*s 
and A*a of the extumal and internal figures, the wall thicknesses being uniform all round. 

The sfpuorvtf of the radii of gyration are the turn of the 9^**8 of the outer and Inner figures. 
Hence, the radius of gyration of a hollow octagon 

where F is the external, and / the internal, width across flats. 
The neutral axis distances are, of course, those of the external figure. 
The core distances for hollow figures, like the radii of gyration, are larger than those of solid 

figruxes of the same outside size, and can be obtained from the fact that the core distance equals g* 
divided by n, the neutral axis distance. Or we may nse the factors given in Table V, and replace 
F, O, B. D and A by 

F* +/• C*+ «• B« + e* 
F * 0 ’ B * 

n* -f. gi A + « respectively 

VA 

Tablb I.—The Ratios of P, C, E and A to Bach Other. 

Squares. Octagons. Hexagons. 

P =- 0-70710 P « 0-92390 F - 0-86600 
as B - 2-4143B - 1-7321E 

« 1-0987VA - 1-0746VA 

C - 1-4142P 0 - 10824F C - 1-1647P 
» 1-4142E « 2-8131B » 2B 
« 0-7071\/A - I 1892VA « 1-2408VA 

K - P K <i -4142F E -= 0-67741’ 
« 0-7071(J - 0-38270 - 0-60 

-VA 0 -4661V A O -02O4VA 

A « P* A- 0-8284F* A - 0 -8660F* 
- 0-60* - 0-7071C* -- 0 -66260* 
- E* - 4-8284B* - 2-6981E* 

Table H.—Moments op inertia, I, about ant Axis tiirougii 
PLANE OP THE FIGURE. 

THP. Centre in thk 

Squares. Octagons. Hexagons, Circles. 

I - 00833F* I - 0-0347F* I - O-OGOIF* T - 0-0491D* 
- 0 -02080* 
- 0-0833B* 
- 0-0833A* 

= 0-0.3990* 
- 1-8596E* 
= 0-0798A* 

= 0-03380* 
- 0-6413K* 
= 0 0802A* 

~ 0 0796A* 

Table ut.—Radu op qvration, g. a.nd thrir squares, g*, about ant axis through 
THE Centre in the Pi.anr op the Pioure. 

Squares. 

g« 0-2887F 
« 0-20410 
-0-2887E 
-i O-2887-v/a 

g« » 0-0888F* 
• 0*04170* 
«.0-0882B* 
- 0*0888A 

Octagons, 

g - 0-2571P 
- 0-23760 
» 0-620GE 

0-2824^ A 

g» - 0-06fllF» 
« 00664C* 
« 0-3851B* 
<«0-0708A 

Hexagons, 

g « 0 2636F 
0-22820 

» 0-46C4B 
« 0-2832VA 

g*«0 0064P* 
0 06210* 
0-2083B* 

- 0 0802A 

Circles. 

g « 0 -261) 
- 0-282lv'A 

g» 0-0626D* 
0 -0796A 
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Table iv.—nbutbal axu distanob, n» or Distance to Extreme Fibbe. 
OoM A.—KeaUtil Axis Ib parallel to two aidea of tbo figure aa in flga. lA, IIA and IllA. 

Squarea. Octagona. Uexagona. 
n»0'5F naO'fiP n — 0*6F 

>0*85860 > 0-46160 > 0-43300 
- 0*6B > 1-3071E - 0-8660B 
-.O-fi^A -0-6493v'A -0-5373v'A 

Oaae B.—Neutral Axia is perpendicular to line ]oining two opposite ooroera aa in 
figs. IB, IIB, Illn. 

Squares. Ootagona. Hexagons. 
n> 0-7071P n>0-6419F n - 0-5774P 

>0-60 -0-60 -=0-60 
- 0-7071B - 1-3066B - 1-OB 
- 0 • 7071Va « 0- 6946V'A > 0 • BMIVA 

F/G.IA. FIG.IIA. FIG.IUA. 

riG. IB. FIG UB. FIG. IllB. 
Table V.—Oorb DI8TA^x’BP, g. 

Oaae A.—Centre to corners of core, figures set as In figs. lA, IlA, IIIa. 
Squares. Octagona. Hexagons. 

- 1-1667P g-01331P g - 0 1389P 
-0-11790 >0-13210 > 0 12080 
> 0 - 1667B > 0 • 3190P. > 0 • 2406B 
« 0 • lC67<v/A -- 0 • 14 53Va =• 0 • 1493VA 

Oaae B. — Centre to side of core, figures set as in figs. IB, IIB, IIlB. 
g>0-1179P g«-0-1221F g»0 1208F 

>0-08330 > 0-11280 > 0-10430 
« 0-1179B « 0-2948K > 0-3088B 
>0-1179v/A >0'1341-v/A > 0 1293\/A 

Table vr.—Favors for dimrn.sio.ns of OcrAGo.N.s and Hexagons bating 
Arras equal to thr Arra of a Circt.e of DiAinmcR D. 

Octagons. Hexagons. 
F - * '97371) F > 0'96330 
O «. 1 06.301) U -1-09961» 
K * 0 10331) M> 0-64980 
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SECTION 11 

PAKT II 
THE MEASUHEMENT OP POWER. 

(Revised by S. A. Wood, M.Sc-, M.I.Mech.E.) 

1. ANIMAL POWER. 

Work dovb bt Mkn and Animam. 

Nature of I/abour. 

Dally 
Dura¬ 
tion of 

Work In 
Hours. 

No. of 
iTnits of 

Work per 
Day. 

No.of 
Units of 

Work 
per 

Minute. 

Weight 
rais^ 

or Mean 
Preesure. 

Velocity. 

Feet 

(1) RaUing weighti rerticoUy. 
A man mounting a gentle incline 

or ladder trltbout burden, i.e. 
raising bis own weight . 8-0 2.032,000 4,230 146 29 0-33 

Labourer raising weights with 
rope and pulley, the rope re¬ 
turning without load flO 663,000 1,660 40 39 0*44 

Labourer lifting weights by hand « 0 631,000 1.480 44 34 0-38 

Ijabourer oarrying weights on 
his back up a gentle incline or 
up a ladder and returning tin- 
laden . flO 406,000 1,130 145 8 0 09 

Labourer wheeling materials in a 
barrow up an incline of 1 in 13 
and returning with the empty 
barrow .... 100 313,000 620 130 4 0 045 

Labourer lifting earth with a 
spade to a mean height of ft. 100 281,000 470 6 78 0*9 

(3) Action on Machines, 
Labourer walking and pushing or 

pulling horisontally 80 1,600,000 3,130 27 116 1-32 

Labourer turning a winch . 80 1,260,000 2,600 18 144 1-64 

Labourer pulling and pushing al¬ 
ternately in a Tertical direction 80 1,146,000 2,390 11 216 2-70 

Horse yoked to a oart and walking 100 16,688,000 26,160 160 176 2 00 

Do. to a whim gin . 80 , 8,440,000 17,600 100 176 2 00 

Do. do. trotting . 4 6 ; 7,036,000 26,060 6C| 391 4*44 

Oz yoked to a whim gin and 
walking .... 80 ! 8,127,000 16,030 146 117 1-33 

Mule do. do. 8 0 1 6,627,000 11,720 66| 176 2-00 

Asa do. do. .... j 80 ! 2.417,000 6,030 30 168 1 06 
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The following tnble giree the oieful eiteot of men end anlmala omplmd In the horlsonta) 
transit of hardens. The second and third oolamns giro the oaefal enact, rla. the product 
of the weight In Ihs. and the distance In feet. Thlemast not be mistaken for the units of work 
done by the agent, the agent being employed not in raising the weight, bat in oTerooming the 
passive resistances, friction, etc., which depend on the weight indeed, but ai9 only a fraction 
of it. 

UnruL BFTBor ow agsnts Bmplotrd in tbs Horizontal TRANgpoicT of burdbns. 

Agent. 

Daily 
Dura¬ 
tion of 

Work In 
Hours. 

Useful 
Effect 
Dally. 

Useful 
Effect 

per 
Minute. 

Weight 
trans¬ 

ported.* 

Velocity. 

Feet Miles, 
per&lln. per Hr. 

Man walking on a horisontal road 
without burden, I.e. transport* 
ing his own weight 100 1 26,308,000 42,330 145 292 3 32 

Labourer transporting materials 
in a truck on two wheels.return¬ 
ing with it empty for a new load 100 13,025.000 21,710 220 99 1 -I'i 

Do. in a wheelbarrow 100 7.815,000 13,030 130 160 114 

Labourer walking with a weight 
on his back .... 70 5,470,000 13,030 90 145 1-64 

labourer transporting materials 
on his back and returning un¬ 
burdened for a new load 60 6,087,000 

! 
14,110 145 97 1-10 

Do. on a handbarrow 10-0 : 4,298,000 
t 

7,160 no 65 0-74 

Horse transporting materials in « 
cart, walking, always laden 100 

! 
|200,582,000 334,300 1,500 ; 233 2-53 

Do. trotting .... 4-5 . 90,262,000 
j 

334,300 760 ! 44 506 

Do. transporting materials in a 
cart returning with the cart 
empty for a new load 10-0 109,408.000 182.350 1,500 121 1-38 

Horse walking with a weight on 
his back . . j 10 0 84,385,000 57,310 270 212 2-41 

Do. trotting . . j 70 32,092.000 76,410 180 1 424 4-82 

* Exclusive of the weight of the barrow, truck, cart, etc. 

In advocating the employment of mechanical tractors on the farm, i/odem Farming ototeB 
that the horse eats annually the product of five acres. According to Edison, the efficiency of 
the horse is about 3 per oent. 

DATA ON MAN-POWEU. 

The mean effect of the power of a man, unaided by a machine, working to the beat practicable 
advantage, is the raising of 70 lbs. 1 foot in a second, for 10 hoars in a day. 

Two men, working at a windlass with the handies at right angles to each other, can raise 
70 lbs. more easily than one man can 30 lbs. 

A man of ordinary strength exerts a force of 30 lbs., for 10 hours in a day, with a velocity o 
feet per second ■■ 4,500 lbs. raised 1 foot In a minute ■>> 0 • 2 of the work of a horse. 
A man can travel, without a load, on level ground, during 8^ hours a day, at the rate of 

3'7 milesanhoar, or 31^ miles a day. He can carry 111 lbs. 11 miles in a day. 
A porter going short distances, and returning unloaded, can carry 135 lbs. 7 miles a day. He 

can transport, in a wheelbarrow, 150 lbs. 10 miles in a day. 

WBIOOT ow CBOWD.S. 

Experiments carried out by Professor L. J. Johnson, of Harvard University, show that it is 
possible tor this to reach the high figure of 181 *1 lbs. per square foot of floor surface. If the 
crowd jumps, the apparent load may be 50 per cent, more than the steady load, and running four 
abreast will show a similar result. A weight of 140 lbs. per square foot is quite possible where 
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there are throngs ol people ; while a load of HO lbs. per square f<*ot Is quite coinuaou io biilldiugs 
and private houses where social gatherings are frequent, and a maximum of 40 Ihs. or 4ft lbs. ts far 
short of what aotoallj does prevail. 

Some experiments carried out in America show that a crowd of men pushing against a 
balustrade may exert a horlsontal preasuro of 168 lbs. per foot run when they are three deep.’^ 

Costs and Oapaoitibs os Vabious Methods op Tkanspost. 

Transport Unit. 
Total Daily Total Dally Capacity i 

In.Ton-Miles' 
Charges ! Gross 

Load. Mileage Mileage per Daily 
Capacity. Laden. a Day. i Ton-MUe. Takings. 

Porters . 60 lb. 15 Assumed 
always laden 

0-4 6«. to Is. lid. 2s. to 7d. 

Pock animals 200 to 400 lb. 21 12 to 18 1 to 3 !is. t o 2s. 55. to 65. 
Animal-<lrawn 1 to 6 tons 16 8 to 12 8 to 60 Is. Cd. to 9d. 125. to 21.55. 

vehicles 
Mechanical pneu¬ 

matic-tyred 
1 to 1 ton 80 40 to CO 20 to 60 2s. Cd. to 

Ir. 6d. 
21. 105. to 

41. 105. 
wheeled vehicles 

Roadless vehicles 1 to 2 tons 70 36 to 60 35 to 100 li. 6d. to Is. 21.12s. 6d. to 
61. 

SI. to 71.1G». Roadless rehlolea 2 to 5 tons 60 30 to 45 60 to 225 Is. to 8d. 
Roadless vehicles 6 to 20 tone 00 to 40 30 150 to 600 Stl. to 4d. 61. to 10/. 
Roadless vehicles 20 to 200 tons 40 to 32 20 to 24 400 to 4,800 id. to 2d. 6/. 1S5. 4d. 

to 401. 
Arterial railway 

goods trains 
200 to 

500 tons 
150 to 300 76 to 225 16,000 to 

112,500 
2d. to Id. 1251. to 

468/. 155. 

NoTB.—The C4ilumn of total daily mileage Is based on no-return loads as a minimum up to 
half-return loads as a maximum. 

(Philip Johnson ; paper read at a Joint Meeting of Section 0 (Kngineering) and Section F 

(Economies) at the Southampton Meeting of the British Association^ August 31, 1925.) 

Data on Horse-I’owkk. 

A horse can travel 400 yards, at u walk, in 4} minutes; at a trot, in 2 minutes; and at a 
gallop, in 1 minute. A draught horse can draw 1,600 lbs. 23 miles a day, weight of carriage 
included. The ordinary work of a borae may be stated at 22,500 lbs., raised 1 foot in a minute, 
for 8 boors a day. In a horse-mill a horse moves at the rate of 3 feet in a second ; the diameter 
of the track should not be less than 35 feet. The strength of a horse Is equivalent to that of ft men. 

Table op the amount of Labour a Horse of AyERAOB STREKaxH is capable of 
PERFORMINO, AT DIFFERENT VELOTITIES, ON CANALS, RAILROADS, AND ROADS. 

Useful Rffect for 1 Day, Useful Effect for 1 Day, 
drawn 1 Mile. drawn 1 Mile. 

Velocity 
per Hour. 

Dura¬ 
tion of 
Work. On a 

Canal. 

On a 
Rail¬ 
road. 

On a 
Roatl. 

Velocity 
per Hour. 

Dura¬ 
tion of 
Work. On a 

CanaL 

On a 
Rail¬ 
road. 

Road. 

Miles. Hours. Tons. Tons. Tons. Miles. Hours. Tons. Tons. Tons. 
H 11-6 530 115 140 6 9-000 30-0 48-0 6-0 
3 8-0 243 92 13 0 7 1-600 19-0 41-0 5-1 
4 4-5 102 73 90 8 1-135 13-8 36-0 4>5 
5 2-9 62 67 7-2 10 0-760 6-6 28-8 3-6 

A horse in a mill can produce an effect of 106 lbs., at a yeloclty of 3 feet in a second, for 8 
hours in a day. A male can produce, under a like velocity and time, an effect of 71 iba.; and 
an ass, 37 lbs. 

An ox, walking at a velocity of 3 feet In a second <1 >84 miles per hour), will exert a poll of 
154 lbs. for 8 hours in a day. 

The draught of man and animals by traces is as follows: 
Man, IftO lbs. Horse, COO lbs. Mule, ftOO lbs. Asa, 860 lbs. 

» Engineering Xrirs-Herord^ Vol. 01, Xo. 5 (1025). p. 2iHi. 
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A. man rowliiK a boat 1 mile In 7 ininnics pcrfomia tbe labour, wlille ro\^iuf;, of 6 fully-worketl 
labourers at ordinary occupationB of 10 boars. 

Labour upon ESmbankmonts. 

Single Hwee and Cart,—A horse with a loaded dirt-cart, employed in excavation and embank¬ 
ment, will make 100 lineal feet of trip, or 200 feet in distance per minute, while moving. Tlic 
time lost in ioading, dumping, awaiting, etc. -* 4 minutes per load. 

A medium labourer will load with a cart in 10 hours, the following earths, measured in ttie 
bank: 

GrareUy Earthy 10 ; loam, 12 •, Sandy Earthy 14 cubic yards. 

Carts are loaded as follows ; Descending IIanting^ | of a cubic yard in bank ; Level Hanting^ 
} of a cubic yard in bank ; Ascending Hanting^ | of a cubic yard in bank. 

lAMsening^ etc.—In Loam, a three-horse plongh will loosen from 260 to 800 cubic yards per 
day of 10 hours. 

Power Required lor lMoug:liinp:. 

_ nedv 
norse-power -■ 

where, 
r mm soil resistance in lbs. per sq. In.; b total width in ins. of all furrows ploughed at once 

d ■= depth of furrows in Ins.; r ■» speed of travel In miles per hour. 
Tbe quantity rvd is the draught of tbe plough, and at steady speeds it equals tbe pull exerted 

at tbe draw-bar of the tractor of the haulage rope. 
The soil resistance r varies according to the type and condition of the soil. It is measured 

in lbs. per sq. in. of furrow cross-section, and may vary as much as 40 per cent, in one field. 
Values of r are as follows 

Sandy 
Loam, Tright. 

Drv 
Clay 

Troarn. 

Heath 
Land. 

Heavy 
Clay 
Sod. 

Heavy 
Loam. 

Firm 
Olay. 

f 3 3-C 6-7 7-8 8-8 10-11 12 16 

Tbe * angle of hitch ’ is most Important. When the hitch is not correct vertically, either the 
share digs into the ground too deeply or docs not penetrate at all. 

A re-pointed and re-sharpened share will show a less draught than a dull one, while a iiew' one 
may reduce the draught by 36 percent, over the re-sharpened one. 

Experiments carried out at Kotbamsted indicated that the R{)eed of ploughing could te con¬ 
siderably increased without proportionately increasing the draught. In fact, an increase of speed 
of from 1 to 2| m.p.h., or 160 per cent., increased the draught by 14*6 percent. 

It was found that the draught in heavy clay could be reduced some 16 percent, by chalking 
the soil* 

See also * Electric Ploughing,* by Borlase Matthews, Journal of the Institution of Electrical 
Engineers, No. 383, Nov. 1928. 

(/?. Borlase. Matthews.) 
See also ‘ Electricity in Agriculture ’ Section \ \ V I. 

2. MBCHANTOAL POWER. 

Mechanical power may be determined by measuring either a force or a torque, the second being 
ihp more common method. 

ITorse-power 

Power EXPENDED by a force. 

force (In lbs.) y distance travelled per minut-e (in feet! 
33,000 

Power expended by a Torque. 

„ torque (In Ib.-feet) X 2»r x R.P.M. no™, power 

T. Dynamometers measnring a Force, (Traction or drawbar dynamometers.) 

(a) Spring Type.—A coil or laminated spring Is incorporated so that its deformation is a 
measure of the force transmitted hy the drawbar. Prevloos calibration is necessary. 
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llie ipriDg djuatnometer has the disadvantage of needing beavj damping. Mechanical 
multiplication is used to give a more open scale on the indicator. The t}rpe is useful when there 
are no sudden vaiiations of load. 

(6) llydraulie Type.—The force is transmitted through a piston to fluid in a cylinder and 
measured as a fluid pressure on a gauge. The force Is deduced from the pressure either directly 
t)y multiplying it by the piston ares, or by a calibration. 

Dynamometers of this type include : 
(I) The Uyatt d3mamomcter, which uses a rubber bag connected to a recording Bourdon gauge 

with a radial chart. 
(it) The Ameler traction dynamometer, which has a ground and polished piston and cylinder 

with a coil spring pressure indicator giving a cylindrical chart. 
(ill) The Watson traction dynamometer, boMd on an experimental dynamometer designed at 

the National Physical Laboratory, which uses a steel cylinder and plunger and a remote steam 
engine type pressure Indicator. 

(c) Pendulum Type.—The force to be measured is balanced by the restoring force on s pendu lum. 
This type is often used on dynamometer cars to measure the work done by the locomotive, when 
it is known as an ergometer. The tangent of the angle made by the pendulum with the vertical 
is proportional to the algebraic sum of the force of gravity and the force causing acceleration or 
retardation on the track. 

(tl) Strain Cange Type.—A sb/cl tension l>ar is fitted with electricfilisLrjiin giiut-'i'S, which may i;* 
of the induction (iiuiving coil or moving iron) or the rcsisbincc typ».'. The gaiigc-s are connectefi 
either b) an indicuting inilli-anirneter or an os<;illograph fDuddell or Cathode Kay). Thus inoitia 
effoct.s due to the dynamometer iteelf are uvoidc-1, since the natural frequency of the deformed 
element of the dynamometer is high. 

Speed-Recording Device, 

The ordinary type of centrifugal speedometer is not accurate enough for use with a traction 
dynamometer. The method used la to record the distance travelled in a known time, by col- 
necting the reoording drum to a roadwheel and causing a pen to draw a continuous line with 
sideways kicks at known time intervals, the pen being worked magnetically or by clockwork. 

Rail Dynamometer Cars, 

These are used for traction tests on locomotives and resistance tests on roiling stock. They 
are usually interposed between the locomotive and the train and are fitted with facilities for 
measuring drawbar pull, buffer thrust, speed, and work done by the prime mover, as well as 
boiler pressure, flue gas analysis, etc. 

The dynamometer is usually of the spring type, but sometimes hydraulic. Tbs reoording 
drum usually integrates the puli with respect to distance, giving a measure of the work done. 
An * ergometer ’ (see above) is also fitted to measure work done in acceleration and deceleration. 

II. Dynamometers meaturing a torque. 
These conoist of; 

(a) The transmission or shaft type., interposed between the prime mover and the driven apparatus 
and (6) the absorption type^ where all the power measured is converted to beat or electrical energy. 

Transmission or shaft dynamometers are ohiefly useful where the power to be measured is sc 
large that an absorption dynamometer would be woateful or inconveniently large. They may 
he classed either as torsion meters, measuring the torque by means of the elastic twist of the shaft, 
or as direct torque meters, measuring the driving force at a given radius from the shaft centre. 

(a) Torsion Meters,—Thews consist essentially of two sleeves concentric with the shaft and 
attached to it at opposite ends of the length over wlUch the twist is measured. 

(1) The PoUinger torsionmeter multiplies the twist by levers and records it on a drum con- 
oentrlo with the shaft. This instrument shows variations in torque during each separate 
revolution. 

(il) The Eopkinson-Thring torsion meter (sec fig. 1) uses two mirrors attached to the ends 
of the test len^h of shaft, which successively reflect a beam of tight on to a fixed scale. The 
distance between the two spots illuminated on the scale is a measure of the twist. The instru¬ 
ment la calibrated by appl^ng a known twist to the shaft, or by calculation from the elastic 
constants of the shaft. 

(lil) The Bevis-Oibson torsionmetrr passes a beam of light parallel to the shaft through radial 
slits in two discs fixed at the ends ol the test length. The twist is read off by a * finder,' con¬ 
sisting of an eye-piece which can be moved circumferentially round the shaft. The finder is 
routed until the beam of light, IntemipUd owing to the twist, is again visible. The movement 
of the finder measures the twist. 

(Iv) The Amsler torsfonmeter has two discs, one attached to each end of the shaft, which are 
illuminated by a spark synchronised with the rate of revolution, so that refetence scales on the 
diHca appear to sUnd still and can l»e read off with a telescope. 
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(i> The Ayrton-Perry torquemetercooaisit of two parallel diaca on the enda of Uie driving an«l 
driven aliafta* oonnecUKl by three tangential coil apringa, whoee deformation under load eweea 
relative twist between the discs. This is multiplied by a lever system so as to give a radial ale- 
ptaoement of a bright bead observed against a graduated dark disc. 

(II) The AtmUr hydraulio torquemeter works similarly to the above, the ooil springs ^ing 
replaced by oil cylinders connected by an axial bole In the shaft to an indicator of the steam 
en^ne type. 

(III) A simple type ol torquemeter useful when the driven shaft is parallel to the driver but at 
a distance from It Is one developed at the National Physical Laboratory for nse witli an abm^on 
testing machine. Here an Idler gear is interposed between gears on the two sbafte and the side- 
waya thmst ia measured by a weighted lever extension on the idler honslog (see ^* 9). The 
thnuii Is approximate^ double the load at the pitch circles of the driving and following 
gears. (See N.P.L. Annual Bsport for 1933, p. 181.) 
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(It) The Thomycrop or Fronds belt djiiemoraeter usee two puilem Intcrpownl between the 
driTing and driren piilleye and arraniied on a ewinging frame with a ieTer arm carrying weights 
which balance the belt tension. 

(t) Bailey and Bowen* torquemeter is designed fotlighi loads such as the drires of certain 
types of textile maobiiicry. it operates by transmitting the torqae through two conoentrlu 
rings, relative motion of ahich is opposed by a pendulum connected through linkage. 

FlQ. S. 

1 I i. .1 ^isoi fttinii ///.>( liinki s i. 

Where the power to be measured is not inconveniently large, the alworptlon dynamometer is 
the moat accurate means of measurement. 

The power may be absorbed by solid friction, fluid (water or air) friction, or electrical realstanoe. 

Solid Friaion Broket, 

(i) Hini't or KeMn*t Rope Brake. (For small powers.)—A band of rope encircles a pulley on 
Mie power shaft. One and of the rope holds a scale pan and the other is attached to a spring 
balance, as shown. 

where 

B.II.P. 

W ■■ weight on sch'>c pan; 
w ■■ load sprim balance; 

(W - W) X ttDN 
33,000 

D -• diameter to centre of rope; 
N - H.P.M. 

The arrangement shown h:\s the a^ivantags that an increase in friction tends to slsckeu the 
rope, giving stuhility. 
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(II) Tht Frony lirakf.— A cou^tle ol wooden blocks rlippod upon the pulley or sholt tranainlttlnjf 
(he power to be Indicated. The diameter D In the formula for Illrn’s brake Is, In tlie raae of the 
Proiiy brake, double the radius II measured to (he point of suspension of the pan. 

The difficulty with the Prouy brake is the constant vibration of the weighted arm. 'i'ho 
difficulty hag been reduced at Purdue University by the addition of a pendulum lever weight, ii, 
hg. &, the quadrant of which may be divided by actual weight determination. 

Fig. 6. 

Fig. 6 shows a form of stabiilser which, It Is stated, a ill dump down t he vibrations to a very 
coarked extent. Between the balance and the brake arm are placed in series a heavy weight A 
and a resilient coil spring B. The pointer of the balance Is then set back to offset the initial 
force, or tare, exerted by the weight. When the motor being tested is in motion, the average 
torque is transmitted through the spring and suspended weight, and Is accurately’indlcated on 
the dial of the balance. The momentary vibrations, however, are not of sufficient duration (o 
more the weight, and their motion is dissipated by the auxiliary spring. By employing this type 

of sUbiliser, an oil dashpot may be dis¬ 
pensed with entirely, and readingB of a 
high degree of accuracy may be obtained. 

(lii) rhf Balk Brake.—Muny methods 
have been used to compensate tor raria- 
tlons to the friction coefficient between 
the brake blocks and wheel. In the Balk 
brake (see fig. 7) the tlghtnctM of the 
band is control!^ by a compenaating 
lever A with a suspended weight, working 
between fixed stops X-X. An Incrense 
In friction causee the band to carry the 
levtr downwards on to the lower stop; 
it then rotates clockwise and slackens tbs 
band by causing B to move upwards 
relative to 0. A fall in friotlon causes tbs 
opposite effect. 

Weifjht 

ffM. T. 
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Sec. II (ii) KROITDK HYDRAULIC DYNAMOMETER 

Cooling Brake Rims. 

Id many caiM the iiuiide of a brake rim If of 
trough form (fig. 8^ which will hold water 
when revolylDg, by virtue of the centrifugal action. 
The trough being filled with water la kept to (at 
moat) 212** F. by the evaporation of the water, 
which is kept constantly running into the rim in 
a small stream. 

Another means of cooling is to encircle a 
9iieet<ateei brake band with iron wire netting, 
which holds by capillary action water poured on 
it; this evaporates and cools the strap. Surplus 
water runs off at the bottom of the band. 

Pullen's lirake uses a wbit6>motal brake lining 
with interior water cooling. 

Fluid FuiunoN biukbb. 

A simple fluid friction brake can be furnished by causing a series of metal discs to rotate in 
a water bath. The power absorbed at a given speed can be varied by altering the amount of 
water in the casing. Unsteady action due to splashing can br. reduced by radial interior vanes 
on the casing ; the reaction on the latter will then be equal to the resistance to rotation of the 
vanes, and can bo measured by allowing the casing to swing about the shaft axis and balancing 
the torque by weights on a lever arm. This principle is used in the ‘ Brotherhood * absorption 
dynamometer. 

The Froude hydrauijo dtnamometeb. 

In the Froude Water Dynamometer the engine to be tested it direc?tly coupled to the main 
Ahaft, transmittiag the power to a rotor revolving inside a casing, through which water is 
circulated to provide hydraulic resistance and Bimultaneously to carry away the beat developed 
by absorption of power. 

In each face of the rotor are formed pockets of serai-elliptical cross-section divided one from 
another by means of oblique vanes. The interoal faces of the casing are also pocketed in the 
same way. 

When in action, the rotor discharges water at high speed from its periphery into the casing 
pockets, by which it is then returned at diminished speed into the rotor pcKdiets at a point near 
the shaft. Thus, the pockeU in rotor and casing together form elliptical receptacles round which 
the water oourses at high speed, creating vortices which dissipate the power of the engine ss quickly 
as it Is developed. 

Hence the rotor causes a reaction on the casing, which endeavours to revolve, but is resisted 
by a weighing machine calibrated to read the power absorbed. Several types are made. 
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THB Pan DTNAMOMNTEIl. 

Owing lio the Important influence of atmoroberio conditions and of environment, the fan 
brake is more frequently used for applying a load to a rotating shaft than for actually measuring 
the torque. The power unit is usually mounted on a swinging frame or ‘ reaction bench ’ and 
the torque is measured by a weighted lever on the frame. . 

The load is adjusted either by altering the radius of the vanes or by fitting vanes of a different 
sise. Where the fan is to be used for measuring torque, the following constants and fonnulin 
may be used: 

If 
ts — torque driving the fan in iii«'h*Ibs.; %ea resisting torque duo to the anna iilonc ; 

tSA >■ resisting torque due to the blades alone ; N ~ revs, per min. of the fan ; 

j «• length of side of square blades or diameter of round blades in inches; 
r, a, 6, f, and e are other dimensions in inches; 

W 

H.P. 

K 

density of the fluid in which the fan rotates, in lbs. per cubic foot. 

63-33 for water at 50* P. 
1-317 X barometric pressure in in., for air 

(460 d- temp, in • F.) 
horsc'power absorbed by fan ; 

a ooef&cient depending upon the value of r/» and upon the shape of the blade ; see 
values tabulated below for square and circular blades having square edges. 

Values of r/r . .8-6 S-0 S-5 ^4-0 ^4-5 6-0 5-5 6-0 6-5 9-0 13-0 

K X 10-* for circular 
blades . . 1-68 1-69 1-66 1-63 1*60 1-59 1-58 1-575 1-575 1-576 1-575 

K X 10-? for square 
blades . 8-85 8-88 8-34 3-18 2-16 2-18 3-10 8-08 3-04 3-04 2-04 

rr a coeffloient depending upon the ration bjt. 

Values of hft 3 
1 

3 6 

Values of a 1-S 0 •94 0-63 

then, 
w. — 0 -85 + 10-*<tN*o*<W ; ws - KNWW ; w . - ; H.P. - wN/68,<X)0. 

ilTefes en %h€ Fan Dynamometer* 

Care ahonld be taken that the anna and fastenings are amply strong enough to withstand 
the centrifugal stresses. For reasonably aooutate work, with fans rotating in air, one side of 
the fan should bs completely free from obstruction for a distance of at least ‘Sr* inches from the 

For this relation to hold,! roust be less than «/7. 
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plane of roUtioo,ftnd on fcheoibereide' 0 'should notezoeed *a* Also the floor should be distant 
at least * r * inohes. The linear Telocity of the centre of the blades must not exceed, say, 860 ft. 
per second. In order to compute W with accuracy, the barometric pressure, and the tempera* 
ture of the air at the periphery of the fan should be taken. Fans rotating in water must have 
at least as much clearance around them as is specified aboTe, and must not be rotated at such 
a speed as to produce cavitation. To facilitate work in the test-shop the f HJP., Rev.' curves 
for each blade used should be plotted on logarithmic paper for some standard value of W. Since 
the H.P. varies approximately as N*, N should be observed with great accuracy>-a speedometer 
Is usually not sufficiently accurate. 

‘See also Hodgson, Proe. Inst. Automobile Bngineero^ March 
(/. A. Hodgoon.) 

BUEOTRICAL DTNA1IOM1TXB8. 

1. Cenerator 7'>/p6’.- Aneleoiriogeneratormaybeadaptedasadynamometer,butthisinvolves 
knowing its efficiency and electrical measuring instruments are needed. When high accuracy is 
not required, the method is sometimes economical, especially when the current generated can be 
used. Higher accuracy is obtained by mounting the generator field frame to swing freely about 
the sliaft axis and measuring its reaction torqne by a weighted lever. The electrical power is 
then absorbed by resistance mats. A suitable mounting may be obtained either by fitting ball¬ 
bearing trunnions to the bearing caps of the frame or by arranging the frame to swing i n a cradle 
i n which it rests on its base, l^e weight of the field frame must be balanced so as to be Just 
stable when the torque is sero. 

The range of power and speed available with the electric dynamonoeter is usually compara¬ 
tively small, unless complicated auxiliary electrical equipment is provided, but this disadvantage 
is balanced in that the generator may be used as a motor to determine the power used in driving 
a machine. 

2. Eddy Current Type. -X ooinpurativcly rvcoiit <lovelopuit*nt (at any iat4i for high powL*i>> 
is f hr eddy current, or • d viialnatie ’ dyiiitiiioiiieter, in v lileh a riiugneti< Held set uj> hy rhe action 
of a relatively amall control current in the stsUor windings. A special rotor operating in this 
magnetic iicld provides the power-absorbing torque through the acti(*u of eddy currents, the energy 
ladrig disposed of partly hy air and partly by water cooling. Thi.s system has the advantage of 
providing high tonpie down to relatively low speeds. 

Hkcknf.hativk mt rnuii.AijM, 

I'or loiing geart;oM-i or traiisnii.— ioM^ it i- e. ouoniii- d to i',e;,..urt j.owt r !i.,*-e> iiv eniM!.'*;; ing 
oui|<tit to input hy a return cin uit (either ele( frie.dl> or me.dianie.dl; », .wid ."Upplx mg only tl:e 
power loss ill the ^y.steiu from an out>i<le .-amree. 'I’lie fe>t load ^,^^ied i-itlier !•> in.^ertiiiu' 
nieeiianieal disttiHion in the eirvuit (/belt slip or .-li itt tor-ion) or !■} \\ ard-l.i onaid eonirol if 
liie return cireiiit is electrieal. 

(For further information on power measurement, see Batson and Hyde, * Mechanical Testing,’ 
vol. ii, chaps, i-lx, also Drjsdale, Joum. Jun. Inst. Engineers. (Loodon), voi. 48, part ii, p. 499 
(August, 1938), ‘The Measurement of Mechanical Power.'! 

Set' al.so Deseriptive Section 11, Part II. 
(■ro.sl>y Valve A Engineering Co., Ltd. 
Meoiiaii Kroudt', Id'!. 





SECTION III 

HEAT — OPTICS (pp. 49 C6) 

(Revised by S. A. Wood, M.So., M.T.Mech.E.) 





49 

SECTION IJf 

HEiLT—OPTICS. 

(Revised by S. A. Wood, M Sc , M.T.Mech.E.) 

BEAT. 

Temperature Scales. 

The loUowiiig three tempeimtore scales are those most commonly in use:— 

Scale. Fahrenheit (F.). Oenti^rade (U.). lUaumur (R.). 

Preeaiug point of water S2* 0“ 
Boiling point oi water. 313* lOO* 80* 

Thxbmomsibb Boalb OoimauuoM Ouabt. 
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Conversion Factors. 

®0. contain ‘’F. “F. contain ®0. 

] « 1.8 4 = 7-2 7 12-G J -- 0 -56 4- 2*22 7 - 3*89 
2 == 3 0 6 = 9 0 8 14-4 2^-111 r)^ 2*78 8 - 4*1 1 
3.= 6-4 6=r]0-8 9 -- lG-2 3 — 1.07 0- 3-33 9 6*00 

5 ®F - 32“ 9 
y rF-32“)r.. 

1-8 
•'F = “0 { 32“ - 1*8“ 0 1 32". 

Colour of Different Temperatures. 

Colour. ®P. ! ®C. Colour, ®F. ■ “0. Colour. ; "P. : ®0. 

Faint Red . ; 960 CIO Bright Oherrv Red 1830 < 999 
Dull Red . : 1290 • 699 Orange i 2010 1 1099 Bright White 2650 : 1399 
Brilliant Red : 1470 | 743 Bright Orange . 2190 i 1199 1 

Cherry Red. 1660 899 White 2370 i 1299 
1 

Brilliant White ; 2760 1610 

(lifcqaerel.) 

Absolute Zero of Temperature. 

Definition.—The temperature at which the pressure o! a giren mass of an idoal gas, tnairiiaiiicd 
at coDStant volume, becomes zero. 

Absolute zero is — 460* P. or — 273® 0. 

Freeaing Temperatures. 

Sra water, — 2 • U* C., 27 • 6® F.; Mercurj, — 38*8'" O.. — 37-8° F. ; Acetone, -* 06® (1., — 13y“ F.; 
No. 1 motor spirit, — 12.'^® U., — 198'' F. 

Melting Points. 

Melting Points of Vaiuous Substances. 

Solids. ®F. "C. Solids. "F. ®C. 

Litharge . 1612 877 Ice of milk 30® - 1-1“ 
Slag of copper . 2462 1360 „ sea-water. 28 - 2 • 2 

,* tin 2402 1318 „ vinegar 28 - 2-2 
Puddle slag 2606 1430 ,, strong wine 20 - 6-C 
Sodium nitrate . 691 3i0*6 „ „ brandy . 7 - 13-9 
Potassium nitrate 612 339 1 snow, 1 salt . 000 - 17*8 
Beeswax (white) 155 68 1 alcohol, 1 water - 7 - 21*6 

„ (yellow) 142 61 Cyanogen - 31 ~ 36 
Spermaceti 11.3 45 Sulphuric acid, density 
Paraffin wax 131 65 1-65 - 30 -- 35 
Olive oil . 92 33 Sulphurous acid. - 105 — 76 
Tallow 111 44 Nitrous oxide . - 160 - 101 
Ice of water 32 0*000 

MELTLS'C point,OK lO-’KItVCTOHIK.-i.- s.-. p. 371 
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MCl/i'lNQ POINTS OF CnXMlCAL ELEMENTS. 

Element. «F. ®G. Element. •p ®C. 

Helium . <-450 <-271 Barium . 1299 704 
Hydrogen — 4ru -260 PraseodymkirT!. 1725 940 
Neon -416 - 240 Germanium 1756 958 
Fluorine - .'169 223 Silver 1761 960-5 
Oxygen . - -218 Glucinuin — > Ag 
Nitrogen. -316 -210 Radium . 1760 960? 
Argon — 306 -188 Gold 1946-5 1063-0 
Krypton -272 - 169 Copper . 1981-5 1C83-0 
Xenon — 220 — 140 Manganese 2268 1242 
Chlorine -150- r> -101-5 Yttrium . 2720 1490 
Mercury - 37-7 - 38-7 Samarium 2370-2550 J300-1400 
Uromine 1 i8-» - 7-3 Scandium 2190 1200 
Oflpsium . 70 26 Silicon 2588 1420 
Omnium . SO .30 Nickel 2646 1452 
lliibidiuni 100 38 Cobalt 2697 1480 
Phosphorus 1111 44 Chromiu!ii 3326 1830 
Potassiutn 1 14 62-3 I ron 2768 1520 
Sorlium . 207-5 07-5 I'alladium 2820 1.549 
Iodine . 236-5 113-5 Zirconium 3100 1700? 

( S. 236-0 1 12-8 Thorium. .3066 1690 
Sulphur . S„ 24(5-6 110-2 Vanadium 3110 1710 

( Si,,224-2 106-8 Platinum 3191 1755 
Indium . .311 155 Beryllium 23.37 1281 
Lithium . .367 186 Ytterbium — 9 

Selenium 122-428 217-220 Titanium .3272 1800 
Tin 4iy -1 231-0 Rhodium 3552 1955 
Bismuth .'■>20 •271 Ruthenium .3453 1900 
ThalliuTu r)7(< .302 I Columbium 
Cadmium 60!)-6 .320-0 (Niobium) .3540 1950 
Lead 621-1 327 - 4 Boron pi()0-4.5OO 2200 250U 
Zinc 786-1) 410-4 Iridium . 4170 2300? 
Tellurium 846 452 Urnniurn . — ? 
Antimony 1166 630-0 Molybdenutn 4147 2450 
Cerium . 1163 623 Osmium . 4900 2700? 
Magnesium 1217 659 Tantalum MOO 2850 
Aluminium 1217-7 658 • 7 O’ungsten 5972 3S00 
Calcium . 1563 851 / >6500 

' >3600 
I forp«lAt. 

Lanthanum 1 520 826 Carbon for 
Strontium 1410 771 ' p - 1 At. 
Neodymium 1514 840 
Arsenic . 1197 814? ? Volatilise, but do not melt. | 

Melting points of Low Melting-point a.li/OTS. 

Melting Point, j Melting Point. 

Bismuth. Lead. 'I’in. 
^F. ®C. 

BiRmuth. Lead. Tin. 
"F. ''C. 

60 31-2 18-8 201 94 16-6 33-2 60-2 316 158 
47 35-5 17-7 208 98 16 36 4S 311 156 
42-1 42-1 16-8 220 108 16-3 38-8 45-9 309 154 
40 40 20 236 113 14-8 40-2 45 307 153 
36-5 36-6 27 243 117 14 43 43 309 154 
33-3 33 - 3 33-.3 253 123 13-7 44-8 41-5 320 160 
30-8 38-4 30-8 266 130 13-3 46-G 40-1 329 166 
28 • 5 43 28-5 270 132 12-8 40 38-2 312 172 
25 60 25 300 149 12-6 .50 37-5 352 178 
23-5 47 29-5 304 151 11-7 46 8 41-6 333 167 
22-2 44-4 33-4 289 143 11-4 45-6 43 339 165 
21 42 57 289 ; 113 11-2 44-4 44-4 320 160 
20 40 40 i 293 ; 145 10-8 43-2 46 ; 318 159 
19 38 ; 43 ! 208 i 148 in-6 42 47-6 320 160 
181 36-2 45-7 : 304 ; 161 10-2 41 49-8 823 161 
17-3 : 34-6 48-1 311 ; 155 10 40 50 S3i 162 
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The addition of cadmium gives allojs of still lower melting point. 
The following table includes the best known of these:— 

i 
1 1 Melting Point. 1 

Alloy. Cadmium. | Lead. { Tin. Bismuth, i - .... 

! 1 i 
O 1,.^ ® 0. 

Fusible alloy . 12-5 25 { 12-6 50 149 66 
lipowits’s alloy 10 26-6 13-3 60-1 158 70 
Woods' alloy . 15-4 .30-8 1 16-4 38-4 100 71 
Fusible allov 34-6 27-6 ! 10 27-6 107 75 

,, .... 6-2 34-6 9-3 50 171 77 
25 26 60 — 187 80 
16 6 — .33-3 50-1 203 95 

„ .... 111 — 3.3-3 r*5 6 203 95 
26 — 25 50 203 95 

(Parkes and Martin.) 

Boiling Points. 

BoiUNG Points op Saturated Solutions OF Various Salts, 

Salt. 0" F.» Salt. 0.® P.* 

Sodium nitrate 120-7 249-6 Sodium dl-phogpliate 106-6 224 
Potaasinm nitrate . 116-7 240 Sal-ammoniac 114-2 237-6 

„ chlorate 104 219-2 Calcium chloride . 179-4 355 
Sodium chloride 108-2 227 Potassium acetate 169 336 
Potassium chloride . 108 226-4 carbonate 1.34 7 276 
Sodium carbonate . 104-6 220 Calcium nitrate 161 301 

„ acetate 124-6 256 Strontium chloride 118 244 
Barium chloride 104-2 220 Potassium tartrate 114-4 238 

BoitiNQ Points of Water at Various Pressures. 

r— 
Baro.mktkr I.V I.NCH 

Boiling- 
point. 

F.o 

Barometer. 
Inches. 

Boiling- 
]>oiiit, 

V° 

Barometer. 
Indies. 

Boiling- 
point. 

F.® 
Barometer. 

Inches. 

Boiliiig- 
jKiint. Biirometcr. 

Inches, 

186 17-047 193 20-254 201 23*937 •209 28*183 
186 17-421 194 20-087 202 21*441 210 •28*714 
187 17-803 19.1 21-121 203 •25*014 211 ‘29-3.'; 1 
188 18-196 196 21*670 •204 21*408 212 29-92*2 

189 18-693 197 22*030 20.1 25*992 213 30*516 
190 18-992 198 2*2*498 206 26*529 214 31120 
191 19-407 199 22*96,1 •207 27*008 215 31*730 
192 19*822 2<» 23*414 208 27-614 216 32-310 

BAROMETKH in MlI.I.IMfelRlX, 

Boiling- 
point. 

C.° 

j Barometer. 
! Millimetres. 

Boiling- 
point. 

BaronifP-r. 
Millimetres. 

Builiiig- 
Barometer. 

M illimetrcs. 

Boiling- 
point. 

C° i 

[ Baronietcr. 
j .Millimetres. 

; 441-02 89-,1 51.1.1*.; 93*5 .199-19 97*1 1 691-.16 
86 4.10-34 90 .12.1*4.1 91 610-71 98 707-26 
86-5 t 469*21 9IC.1 .13.1*,13 9I-.1 6-2217 98-1 7*20-11 
87 1 468*22 91 .141*78 91 633-78 99 733-21 
87-5 1 477-38 91*5 .1.16*19 95*5 645-57 99-5 746-60 
88 486-69 92 666*76 96 657-54 KMl 760-00 
88'5 1 496*15 92*6 677*50 96*5 669-69 100*5 773*71 
89 j 605-76 93 j 688*41 97 682-03 101 787*6:1 
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iRnUion Temperatures. 

Name of Substance. • F. •0. Name of Substance. •F. •0. 

Phosphorus, transparent 112 44-4 Rifle-powder 660 287-8 
Bisulphide of carbon . ! 300 143-3 Forced gunpowder 560 293-3 
Fulminating powder . 1 370 187-8 Picrate powder for torpedoes 

Charcoal from willow wood. 
570 299-0 

Fulminate of mercury ! 390 198-9 660 349-0 
Gun-cotton i 430 221-1 Picrate powder for cannon . 720 382-2 
Nitro-glycerine . i 490 254-4 Very dry pine wood . 800 426-7 
Phosphorus, amorphous 600 260-0 Dry oak wood . 900 480-2 

Flash Temperatures, 

Dr. n. ITolm finds that the temperature at which substances in contact with atmospheric 
air at ordinary pressures will catch fire are, among others .-—Lighting gas, 600* 0.; benzine, 
415* 0.; petroleum, 880* 0.; gas oil, 350* 0.; machine oil, 380* G.; coal tar, 600* 0.; tar oil, 
580* 0.; and benzol, 520* O. These temperatures are greatly influenced by the presence of other 
substances, which act as catalTScrs. This is especially the case with hydrogen, methane, and 
ethane, not ethylene or acetylene. Among solids it Is the substances with the biggest mole¬ 
cules which most readily burst into flame. As a broad rule, the nearer a substance is to a gaseous 
condition, the higher the temperature to which it must be exposed before it will kindle: but 
this depends also on the chemical constitution. 

Freezing Mixtures. 

Mixture. 
Ke«iucuon in 
Temperature. 

Mixture. 
Ketiuctiou in 
Temperature. 

1 part nitre t 5 parte hydrochloric acid 
. 50* F.; 28* C. L part sal ammoniac [ . 40* K ; 33* 0. 8 parts ('rystalUseii siil- 

2 parts vviitor 1 phate of s<>«1h 
Kqual parts crystallised 2 parts powdered ice or •1 temiH-rMture 

nitrate of uinmonia and fresh snow . . of - 4* P.; 
water .... 4(i* F.; 26|*0. 1 part common salt -20*0. 

Equal parts orystalliai-d 3 pai-ts crysbillised chlo-' , a temperature 
[ of~60°F.; 
1 -46*6*0. 

nitrate of ammonia (pow¬ ride of calcium (coolel 1 

dered). crystalliseil car¬ to 32*) . . . .1 

bonate of 80<lu( powdered), 
and water .... 

570p ; 33«o. 2 parts fresh snow . . j 

Anti-freezing Mixtures. 

k Common Salt (Sodium mmsmam Commercial Oslciam Chloride. | 

ner* Freezing 
Lbs. Freezing Lbs. Freezing Lbs. Freezing | 

Gal. Po F.* (ST. Point, P.* per 
Gal. Point, F.* 

1 24 above zero 2 6 above zero i 29 above zero 34 6 below zero! 
1 18 n 3 „ 1 27 
U 15 2* 1 »t U 23 
U 12 3 3 below zero 2 18 
1* » 3* 6 >, H ^ •> Ui eMI 

The salt should be thoroughly dissolved, or the results will not be satisfactory. Calcium 
chloride is said to be superior to sodium chloride in that it does not corrode steel tanks and 
barrel hoops. Where calcium chloride is used, the wooden barrels should first be well coated 
inside with aspbaltum, or a mixture of crude parafllD and resin, to prevent the shrinking of 
the staves and subsequent leakage. 

Olycerine is recommended for use in chemical fire extinguishers. It has no effect upon metals, 
but has a tendency to disintegrate rubber. It has been stated, however, that the continued use 
of glycerine in water renders it liable to a decomposition that would develop compounds having 
a corrosive action on metals. The following proportions may be used :— 

Glycerine, pounds per gallon . . S| 5| (One gall, of glycerine 
Temp, solution wiil withstand . . + 10'" F. — 10* F. weighs 10| lbs.) 
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Denatured alcohol has uiivatil-ngee over both glvoeiiur and chIcIuiu chloride, in water boIu- 
tlons, as It has no injurious effeot on either metal or rubber. A solution of about 50 per rent, 
is inflammable, but it would rarely be nect^ssary to have a sohit ioii of over .^0 per cent. 

A 30 per cent, solution freezes at I 10" F. I A 40 per rent, solution freozc.s at — 30® J*’. 
30 „ „ „ - 5®r. 1 50 „ „ „ - 35® F. 

Temperature of the Atmosphere 

diminishes according to the height above the earth’s surface. In the Temperate Zone a diminu¬ 
tion of 1® 0. corresponds in the mean to an ascent of 180 yards. As the mean of a series of 
observations made during balloon ascents, a diminution of 1® (J. corresponded to an increase in 
height of 232 yards. 

According to Kropotkin, the temperature above the earth’s surface decreases 3® to 5® F. for each 
1,000 ft. The average temperature at an altitude of 20,000 ft. is 13® below 0® F.; at 26,000 ft. it 
is 35® below 0® F.; these low temperatures prevail all the year round. The ratio of decrease in 
temperature, which is 3® P. for each 1,000 ft. at the lower strata, is twice as great at the highest 
levels, but varies from summer to winter to the extent of about 20" P. 

TAe Mean Pailtj Temperature is that obtained by adding together twenty-four hourly observa¬ 
tions and dividing by 24, the temperature l)eing taken of the air, and not of the ground. The 
temperature of a month is the mean of those of thirty days, and the temperature of the year is 
the mean of those of twelve months. The mean temperature of I.ondon is 8 • 28® 0., or 46 • 9® F. ; 
the mean in summer is 62® P., and in winter 40® F. 

Temperature of Se.as and Lakes. 

The temperature of the sea under the Torrid Zone is alway.s about 20® to 27® 0. at the surface ; 
it diminishes as the depth increases, aiid in temperate as well as in tropical regions the tempera¬ 
ture of the .-Jea at great depths is between 2 • 5" and 3 • 5" O. The average winter temperature of the 
sea round the coast of England is higher than that of the land. The mean annual temperature 
of the surface of the sea round England is 49® F.; the mean surface temperature of the Indian 
Ocean is 89® F., and of the Red Sea 9t® P. The temperature of lakes at their stirface may l)e 
20® to 26® C. in .summer; the temperature of ihc r*ottoLj, 4® O., which is that of the raasimuni 
density of water. 'I'he Orent Oeyser, in Iceland, at a depth of 66 fret, has a temperature of 121® (\ 

Temperature of the Earth. 

Tb'i average increase in temperature is 1® 0. for every 27-4 metres of dfiscerd., \vhi»'h is at the 
rate of 100® P. per mile. Cordier says I® for every nit metres, or 1® P. in 45 feet. 

Another statement is that the, itjcrcjxse in temperature, at the earth's strata sliows a mean 
average for ttie entire earth surface of 1® P. for every 66 feet of (l«?pth. 

Thermal and Other Properties of Ga.ses, &g, 

(TF. N, Booth.) 

In the tables, pages 56 to 59, arc given many figures relative to the gases chiefly, which arc of 
interest in questions of heat, combustion, and the gas engine. The figiire.s are principally based 
on Bertbelot’s thermal lieterminations cf the calorific capacity of the gramme molecule, the figure 
for which,if divided by the molecrdur weight, gives the heat generuttid per pnmme of the substance. 
An attempt is made to give the correct values of the specific heat at high temperatures, with a 
view to the bearing of this property on the theory of the gas engine, and the possibly erroneous 
ideas as to the supposed effects of dissociation, which have been much overrated. The thermo- 
phytical properties of carbon are more fully tabulated than has hitherto been attempted, with 
a view to explain the variations due to allotropism. 

HEAT AND COMBUSTIO.V. 

There are in practice only two elementary fuels, carbon and hydrogen. They generate beat by 
union with oxygen, and their compounds arc also available as fuels. 

Heat is measured in units. The British thermal unit B.Th.U. is the amount of heat necessary 
to raise 1 pound of water from 60® F. to 61® F., and its mechanical equivalent is J == 778 pounds 
raised 1 foot in the latitude of Manchester.* 

The metrical or French calorir, is the amount of heat necessary to raise 1 gramme of water 
1 ® 0. This is the * gramme calorie.' The kilogramme calorie is the beat neci^ary to raise 1 kilo¬ 
gram of water through 1® C. Its mechanical equivalent Is 427 kilograms raised 1 metre at the 

* The latitude need not be oonsidcred by engineers. 
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latitude of Paris; this latter refinement being unnecessary in engineering. The following table 
giy^es the ratios oi English and French unite: 

I Calorie — *001 kllog. calorie. 
1 Wiog. calorie - 8*968 B.Th.U. 
1 B.Th.U. -» 0 • 262 kilog. calorie. 
1 kilog. calorie » 127 kilog. metres. 

1 B.Th.U. a* 1065 joules 778 foot-pounds 
(until recently the accepted value was 772). 

1 kilog. calorie 3087 • 3 foot-pounds. 
1 B.Th.U. -107 *6 kilog. metres. 

Chemists use somewhat different terms and state calorific measurements in terms oi the mole- 
ci^le. The gramme molecule of hydrogen is the unit employed. One gramme molecule of hydro¬ 
gen, Ut, taken at O'* 0. and 760 mm. of pressure of a mercury column, weighs 2 grammes and has a 
volume of 22 • 32 litres. The molecular weight of any other simple or compound gas la the weight 
which occupies the volume occupied by 2 grammes of hydrogen, that is 22*32 litres. The mole¬ 
cular specific beat of a gas is the heat of this volume in ‘ petit calories.* Then the molecular 
heat divided by the molecular weight will give the specific heat per unit weight or gramme; 
and the molecular heat divided by 22*32 will give (he specific heat per unit of volume. 

The specific heat of a gas is usually stated at constant pressure and at constant volume. In 
perfect gas the ratio of these two is about 1 * 4 at ordinary temperatures. This is an erroneous way 
of patting it. The difference is really due to work done on the atmosphere in expanding to con¬ 
stant pressure. This work is invariable at 1*91 calories. The true ratio of specific heat at 
constat pressure or Cp to that at constant volume O, is thus properly elated, Cp » Cv + 1 ■ 94, or 
usually — Oo -h 2. Thus, If 22* 32 litres of gas are heated 1* 0. from 0® 0. they will perform work 
against a column of mercury 760 mm. high to the extent of 1*94 calories at all temperatures. 
A gas expands when heated 1** 0. to an additional bulk — J. of the bulk occupied at O'* O. Hence 
the Invariable quantity 1*94. 

The specific heat of a gas Increases with temperature. The number of calories generated by 
the combustion of a unit weight of a substance if divided by the specific heat of the products of 
combustion and by the total weight of such products, will give the nominal temperature. The 
* theoretical * temperature of combustion t.s the nominal temperature found by using the specific 
heat at ordinary temperatures. These nominal temperatures are never attained. The ordinary 
specific heat of carbon dioxide is quadrupled nt 4000* 0., and the tenjperature that might theoreti¬ 
cally reach 18000* 0., la oxygen In a certain <*ase would not go beyond 4500* 0. or thereabouts. 

The oaloriflo capacity of fuel may be approximatovi by calculating the capacity of iU con¬ 
stituents of carbon and hydrogen. This is absolutely accurate, subject to allowance for the heat 
of formation. Thus in the formation of some hydrocarbons, heat is evolved. When these hydro¬ 
carbons are burne<l, tlio beat which wa.s produced in their original formation cannot be again 
produced, and the coinbu.stion i.s productive of so much less heat. Others, such, for example, as 
acetylene, absorb heat when formed, and this substance when burned gives out more heat than 
corrraponds with its carbon and hylrog-n. 'I’liis is one reason for Its brilliance, and accounts for 
its explosive tendency. 

ilKAT OP Combustion of .Substances. 

Oellulose . 

Oalories 
per gramme. 

4,200 
6,050 Soft resinous wood 

Hard wood 4,780 
Peat 5,940 
Oane sngar 3,961 
Asphalt 9,5.32 
Pitch 8,400 
Naphthalene 9,690 
Paraffin 0 800 
Tallow 9,500 
Sulphur 2,500 
Petroleum . 0,600 to 11,000 

0,000 to 10,00U Schist oil . 
Heavy coal gas oil 8,900 
Uotton oil 9,500 
Rape oil . 9,489 
Olive oil . 9,473 
Sperm oil . 10,000 

B.Th.U. 
per lb. Authority. 

7,560 
9,090 
8,650 

Bertbelot 
Gottlieb 

10,692 Bainbridge 
7,130 Bertbelot 

17,159 Slossom & Clolbiim 
16,120 Anon. 
16,842 Bertbelot 
17,600 Mahler 
17,100 Stohmann 
4,500 Bertbelot 

17,280 to 19,800 
16,200 to 18,000 

Various 

Ste%laire Devtlle 16,020 
17,100 Anon. 
17,080 
17,061 

Stohmann 

18,000 Gibson 
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X 
Required to burn one 

Name. 

S
y

m
b

o
l 

Lbs. per Cubic Grams Litres 
unit. 

1” is cubic . 
ft. 

ft. 
per lb. 

per 
litre. 

per 
gram. Weight. Volume 

1 Air. Ox. Air. Ox. 

Air 
l;?l 

14-44 - •08073 12-38& 1-29318 •773 - - - - 

Ammonia NH, 8-6 17 •06324 18-783 •761 1-313 613 1-41 3-58 •760 

[ Diamond . - - 12 - - _ J 
i 

to CO 
„ CO, 

6-797 
11-694 

1- 334 
2- 667 1- - 

O 
Graphite . — — It — — — to CO, do. do. — - 

Amorphous — 92 - - - i b) CO 1 
„ 00, \ •1 - - 

, Vapour - 12 t» •06696 14-930 1-0727 •932 »* 9-64 2-00 

Oarbon dioxide CO, 22 44 ■12344 8-147 1-967 •608 - - , - - 

Oarbon mon< ■ 
oxide i CO 14 28 •07817 12-80 1-2615 •800 2 484 •671 2-381 •600 

Oarbon i 
blaalphide | cs, 38 76 •21242 4-706 3-4068 •2947 5-478 1-26 14-30 3-00 

Hellom . He 1-98 4 •01116 89-8 •1786 6-69 - - - 

Hydrogen : n, 1 2 •00669 178-83 •08961 1M6 34-786 8-000 2-39 •500 

Oxygen . 0, 16 32 •08926 11-203 1-4298 •609 _ _ _ _ 
Nitrogen N, 14 28 •07846 13-763[I-26616 •796 — — — 

Steam . H,0 9 18 •06022 19-912 •8047 1-242 - - - “ 

Steam at 2,000* ' H,0 _ _ _ _ _ _ _ _ _ 
Steam at 4,000* ’ H,0 

0,H, 
_ — — — —. _ _ — _ 

Acetylene 13 26 •07267 13-466 1-190 •840 13-378 3-077 11-93 2-600 

Benzene C,n, 39 78 ■208 4-808 3-,333 •303 13-378 3-077 35 80 7-500 

Htbyiene C,H, 14 28 •07814 12-797 1-2619 •799 14-903 3-428 14-30 3-000 
Ethane . cn. 16 30 •08665 11-960 1-3416 •740 16-484 3-733 16-70 3-600 
Methane OH, 8 16 •04466 22-391 •7166 1*397 17-392 4-000 9-64 2-000 
Ethylene i 

chloride [ 0,H,C1, 49-5 99 •2767 5-631 4-4367 •22626 3-866 •808 11-93 2-600 

Ethyl Alcohol C,H,0 23 46 •12867 7-776 2 061 •287 9 074 3 037 14-30 3-000 

Methyl Alcohol OH,0 16 32 •08926 11-203 1-4298 •699 6-531 1-600 7-16 1-600 

Cyanogen 0,N, 26 62 •1463 6-88 2-338 •427 6-348 1-23 9-64 2-000 

Glycerine 0,H,0, - 92 - - - -* 18-148 4-174 16-70 3-600 

Blast Fnmace Gas. i 
14± - •079 12-65 1-2616 00

 
§

 1-00 
•721 

•2-2 
•166 

1 -82 •164 

[00„] , 
Producer Gas, 
[Sundry]^., 

N„ 
[00,]2J 14± - •079 12 66 1 2616 ■800 j •99 

•721 
•21 
•166 - 

con,], » 
Water Oas, [00]„ [OH J, 
[Sundry ],.• (00,)„N2t 8± - •046 22-6 •726 1-40 3-878 •788 - - 

Coal Oas, Ac., 16 1 
H.[0HJ„[00]„N4 t 4-7 - •032 31-6 •616 , 1-976 13-89 2-81 6-lG 1-23 

Natural Gas [OH,],, N, t 
[Sundry] » 8 •046 22-6 •726 1-40 16-00 3-06 - - 
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Nominal temp, of combustion. Heat generated by combustion i if one Heat of 
formation 

atl5*» 
Air. Oxygen. Lb. Cub. ft. Qram. Litre. Molecule. per Molecule. 

F.* 0* F.» c.® B.Th.Tl. D.Th.U. Cal. Cal. Cal. Cal. 

376 2090 8278, 4699 9666 611*6 5-371 4-087 91-3 J 12-3gas 1 
1 16 6I!q. f 

240 2 1317 6880 3804 3916 — 2176 — 26-1 •60* i 
4786 2718 17780 0870 14146 — 7-869 — 94-31 3-34* 1 

4812 2669 17876 0931 11222 — 7-901 — 94-81 ( 2-84» 
( 60* 

1 2673 1486 7726 4292 4416 — 2 463 _ 29-44 - 3-84»l 
1 4988 2763 18440 10226 11647 — 8-137 — 97-66 - 3 S4*r 

695R 3846 26762 14290 20461 1410 11-367 12-103 136-41 -38-76* 1 
-42-1 •; 

68-20«) 
94-81* 
97-66*) 

3494 1923 12892 7144 4383 342 2-436 3-047 68-2 (26-l». 
129-4*1 

6690 3661 24271 13484 9344 1986 5-197 17-66 394-6 -26-4gaa i 
-19 liq. 1 

_ (Water Vapour) 62290 293 29-15 2-612 (68-3 gas ) 
4812 2674 12108 6727 62100 347 34-60 3-091 >0 Hq. — 

(70*4 sol. 1 
— — — Water Liquid. — — 

( Solid - 70 •4 , 
— — — — — — — i Liq. - 69 •0 per 11, 

_ .. _ __ , 
(Qas «68 •3) 

50-6 

6120 3400 20340 11300 21866 1624 12-142 14-46 316-7 
37-1 

-68-1 

6022 2790 16830 9350 j 
18094 
17930 ] 3764 1 10-062 

9-960 [ 33-496 ' 784-lgas I 
(776-9 liq. | 

— 1 -Ssol. > 
- 4 111q. 
-11 -Sgas ) 

6400 3000 16886 9381 21927 1744 12-182 16-260 341-1 -14-6 
4364 2419 14848 8249 22338 1912 12-410 16’641 372-3 23-3 
4036 2246 14348 7971 24017 1073 13-343 9-647 213-6 18-9 

6144 2858 13179 7321 6490 1611-8 3-060 13-63 302-0 1 34 ■ 4 gas f 
41 llq.j 

4630 2673 12683 6690 12744 1639-1 7-080 14 64 326-7 j 59 * 8 gas ) 
69-9 liq. i 

4186 2325 10216 I 6676 9696 866-6 5-331 7-627 170-6 j [ 63-3gas) 
i 61-7liq. f 

6099 3388 18222 10126 9086 1230-6 6-048 12-02 262-6 1 — 73-9 gas 1 
-68-6 liq. ^ 

4000 2222 8078 , 4488 7770 — 4-317 — 397-2 j 101*7liq. ( 
166 <6 sol. 1 

2160 1200 
i 

4600 
! 

2600 
( 1223 ) 

to 
( 1237 ) 

96-7 1 
97.8 1 •700 •900 - 

13440 
12160 

1910 1 
1200 ( 4600 2500 

(1266 
; to 
(2630 

100 
to 
200 

•773 
to 

1-370 

•9674 
to 
1-713 

) 

) 
- 

1 I 4230 330 236 3-00 ) 
4860 2700 — 1 — •: to to to to — 

I 6458 700 3-03 6-36 1 ” 

4600 2600 — : - 21400 685 11-9 6 099 •- — 

4200 2333 
i 

■■ i -- 24444 1100 13-58 iO-0 - , - 

Prom Oraphlie. * From \tnorDhoas Carbon. From Diamond. * Kn>m Carbon Mouoildo. 
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5R PROPERTIHB OF GABBB, BTC. Sec. Ill 

Critical T.® and Preasure (Atmospheres). Temp Density 

Name. Lower limit. Upper limit. 
Boll. Fusion. 

liquid. 

T.® 0. 
Absol. Atmos. T.® C. Atmos. 0.® C.® 

Water—1. 

Air 133 39 -192-2 - -192-3 - •933 

Ammonia 403 115 — _ - 38-6 - 76 -636 

Diamond . - - - - 3600 - - 
d 
a 
o 

Graphite . - - - - - 

s Amorphous — _ — _ ,, — — 

Vapour - - - 1. - - 

Oarbon dioxide 306 77 - - 78-3 -116 •83 

OarboQ monoxide 137-5 36-6 _ - -190 -207 - 

Carbon bisulphide 646 77-9 277-6.5 95-86 46-2 -116 1-398 

Helium . 5 2-3 - - -269 — -13 

Hydrogen 39 20 - - -243 - -0714 

Oxygen . 164-2 60-8 _ _ -181-4 -21J + 1-134 
Nitrogen 137 .3.5 — - -194-4 -203 •866 

Steam . - 370 196-6 100 0 I-OO 

Steam at 2,000® _ _ _ _ _ _ _ 
Steam ab 4,000® —. — — — 
Acetylene 310 68 — — -86 - 81 •461 

Benzene 669-7 60-5 - 80-8 4-5 •809 

Ethylene 383 61 _ _ -103 -169 — . 

Ethane . 307 60-3 — -- - 93 -151 + — 

Methane 200 66-8 - - -164 -1S6-6 •416 

Ethylene chloride - 283 - 84-9 - 1-28 

Ethyl Alcohol 2.35-33 f.C-78 - -- 78-8 - OOf •809 

Methyl Alcohol 203-76 73-86 233 69-7 66-8 - •H14 

Cyanogen 7-2 3tt 124 61-7 - 20-7 - 40 •87 

Qlycerine - - — 290-4 37 l-2f;7 

For all yasrcjj, 

For air, 

Where 

VISCX)S1TY OF GASKH. 

Sutherland's Formula. 

1273 + 01 / e \3/2 
-‘’’373 [-,+ oJ (an) 

B absolute temperature TC.). 
^ dynamic (not kiiiematlo) viKcosii 

e =- a constant . 

at23" <^ 18.30 >: units. 
/■-- 117 

I’lMupcratiirc ooortii:ient of ij — 4-!) x 10“^ O.G.H. units per 
dynamic viscosity^ 

Kinematic vlsa^sity 
density 



Sec. in PaOPBRTIES OF OABB8, ETC. 59 

SpeciOc heat. 
- - ■ - 

S'ater • 
Miementary 'I’eiup. Heat 

of 
solution. 

\ 1. i Molecular. sp. boat of 

Liquid. Constant Constant 
at 

high temp. 
Igni¬ 
tion. 

Press. Vol. Press. Vol. 

- •2376 •1686 - - - — - •0010 

Sol.* •608 •3M 
/ 9*64 gas . 
U6-1 liq. f 

6-86 at 

7*6 8-.'il + -006.37 _ 4-4 •0071 
*14681 

1 *286 f - - 200® jn-3 at 1000® 1 
ll4-2 „ 2000®; — - - 

•2018 - - 712 at 200® 18-8 „ 3600® — - 

•2415 — — 4-6 nt 100® — — _ 

~ ' -286 — 6 85 — / 8-42 + -00114 7 \ 
\ at 1000® to 3600® | — — __ 

- •216 •171 
( 8-4 4- 
1 -01067 

6-4 4- 
•01067 

(19-1 + -0030(7 - \ 
j 2000®j» 26-lat 
i 4000® J 

— 6-C •(J08I 

— •216 •173 6-8 4-8 4-8+•0032(7-1000®) — — •0010 

•20884 •167 •130 
(21-7 gas 1 
118-2 liq. t - ( 10 + *0716 7 1 

1 80® to 230® 1 
— - 

— 2-45 1-74 9-80 6-9 — — — •0010 
1 4-8 -f -0032(7“ 1 

— 3-410 2-4146 1 6-82 4-H 1600®)-14-1 at 
' 4600® 1 

— •0010 

— •217 •1648 6-96 4-96 4-96 f -00324(7'1600®) — __ — •OOlO 
— •244 •173 6’83 4-8 4-8 + -0032(1-1600®) — __ ... •0010 

( 1-Oiiq.) 
•604 

1 solid 1 
•479 •370 8-66 6-66 16-2 f •038(7” 2000®) — — 

__ — •9 
1-32 z 

16-2 
23-8 

— 
zz 

— 

— •373 — 9-7 — — 680- 6-3 — 
1 34 liq. ) 

•3764 350 { 29-2 gas 
'(ll6®to218®) 

1 
1 " 

17-46-t -07987 — — ■05lu 

- •404 •332 
/ 9 42 at 0®1 
’14’0at200®/ - 9-42+-02317 

616— 
- •0137 

! j 1 -693 •468 ( 9-6 1 
1100®to200® 1 

__ 667- - - 

•23 j liq. = 28 -9-f 00447 
1 ga3 = 22-7atlll®to311® - - -- - - 

i -eoilq. \ 1 
1 -SOgas 1 1 •461 •320 161-2 liq. t 

120-8® (110® to 220®) f - -- 2-6 - 
J-661iq.ll 131-4 liq. ) 2-0 1 •46gas/ 114-7808(110®to226® . 

6 • 8 gas 1 _ _1 
1-4 liq. 1 

— — — — — — 5 4 — 

[Note.—Oases expand by heat to the extent of of their bulk at 0*^ 0. for each degree 

Centigrade, or ^ of their bulk at 32® F. for each degree Fahr. 

^ The specific bent of gases varies with the temperature, being more for higher tempemtiires. At 
the absolute zero the values of the molecular beat of all gasee seem to converge at C- fi for constant 
pressure values. Lechateller therefore gives a formula for speclflo beat Op •• 6 • 6 4- uT, where T U 
the absolute temperature Centigrade and a is a coefficient greater aocordlng to the complexity of 
the molecule. For values of a see table. This has an important bearing on the theory of the gas 
engine.] 

[T *= Temperature Centigrade.] 



GO COMBUSTION OP CARBON 

Combustion of Carbon. 

Sec. HI 

OarboQ exists only as a solid aud is found in three foruisior allotropic modifications : (a) the 
diamond; (6) graphite; (c) amorfhous, as charcoal. The heat generated by the perfect combus* 
tion of each of these forms is peculiar to that form. Carbon exists in liquid form only In com¬ 
bination with other substances and does not vaporise except at 3600° 0. The total beat of 
combustion of carbon is 11-616 calories per gramme from the state (a). Of this amount -2783 
calories disappear in converting the diamond to the amorphous state (e); 3-231 calories are 
absorbed in vaporising the carbon ; and 2 - 4633 calories are set free bv its conversion into monoxide 
00. 6 ■ 684 calories are then produced by the second oxidation of this CO into dioxide CO,. In 
practice the only available heat is that which is set free after vaporising the carbon, i.e. 8-137 
calories. The following table gives these characteristics I n brief, of converting 1 gramme of carbon. 

Calories. 
1. Converting diamond to graphite.» -041 
2. „ graphite to amorphous -237 
3. „ diamond to amorphous (1) 1 (2) . . = -278 
4. „ amorphous to monoxide CO.= 2 -463 
5. „ monoxide to dioxide . . - ^ 5 • (>84 
6. Vaporising amorphous carbon (6) — (41 . . . . . r- 3.231 
7. Total energy generated converting carbon vapour to dioxide (1)4 (2)4 (4) ! 
(6)4(6).- 11 046 

8. Total available heat In practice (7) — (3) — (6). . . . 8-137 

The difference between (7) and (8) represents expenditure in unlocking the crystal form of 
the diamond (3) and in converting the carbon to gas (6). The latent heat of vaporisation of 
carbon is t^us 3*231 or about half that of steam. 

Hydrogen is known in three states, liquid, solid, and gaseous. The liquid and solid states 
are those of low temperature. All practical determinations start from the gaseous state, d'hc 
following figures are found in the combustion of 1 gramme of hydrogen : 

(Calories goneratcil. 
1. Converting hydrogen to water gas, H,0.29-16 
2. „ „ „ liquid.34-60 
3. „ „ „ solid.36-2 

The ordinary available heat is that of (1) only ; (2) being only partially secured when the 
products of combustion are cooled considerably below 100“ C. 

Stated per pound, carbon yields 11,600 British Thermal Units, and hydrogen 62,000 to 62,100 
according to the final temperature. The first oxidation of 1 lb of carbon to monoxide yields barely 
4,600 heat units, the further oxidation of the resulting carbonic oxide yielding fully 10,000 units. 

The difference of the two oxidations is due to the rendering latent of about half the heat of 
the first oxidation in gasifying the solid carbon. The following equivalent units are useful: 

1 Calorie per square metre . 
1 B.Th.U. per square foot , 
1 Calorie per kilogram 
1 B.Th.U. per pound 

= 0-309 B.Th.U. per square foot. 
= 2*713 calories per square metre. 
“ 1-800 B.Th.U. per pound. 
= 0-566 calorie per kilogramme. 

These calories are kilogramme calories (p. 66). 

For thermo-chemical tables of gases see pp. 66-57. 

The temperature produced by combustion is largely dependent upon the weight of the resul¬ 
tant product. Thus 1 lb. of hydrogen when burned to water vapour will produce 62,380 heat units, 
which have to be divided among the 9 lbs. of water. The nominal temperature is 14,376“ F., 
which, however, is based on the suppositious constancy of the specific heat; 1 lb. of carbon, 
however, which only generates about 14,600 heat units,produce8 only 3 '^ lbs. of gas,and the nominal 
resulting temperature is 18-467. These are for combustion in oxygen. With air the additional 
weight of nitrogen still further reduces the nominal temperatures to about 6,000“ in each case. 

The percentage of each constituent of a mixed product must be multiplied by the specific heat 
In order to find the true valency of that product in the calculation of temperature. To find the 
mean specific heat of a mixture of gases, the weight of each gas is to be multiplied by its specific 
heat. The products are to be added together and divided by the sum of the weights of al 1 the gases. 
The result is the mean specific heat. Then the temperature of combustion is found by dividing 
the total heat of combustion of the combustible gases by the weight of products and by the mean 
specific heat. 

Similarly the calorific value of a mixed gas is found by multiplying the weight of each gas by 
its calorific value per pound, adding the products together and dividing by the total weight. The 
result is the thermal value per pound of the mixed gaa. 



Sec. Ill SPEOIPIO HEAT 61 

Speoifio Heat. 

Definition.—The amount of heat required per nnft mas?) to oauee unit riae of temperature 
over a small temperature range. 

DlETBBlflNATTON OF SFBCIFIO HBAT. 

M ~ weight of body. T = temperature of body. 0 * tpeciflo heat of body. 
in - weight of cold water. t = temperature of cold water. 
9 — temperature of water after body has been plunged into it. 

O = 
M(T-^) 

Specific Ubat of Substances at Ordinary Tbupbiiatuher. 

Specific Specific Specific 

Element. Heat of 
Bqual Element. Heat of 

Equal Element. Heat of 
Equal 

Weights. Weights. Weights. 

Diamond 0 1468 Cast-iron (white) 0*1298 Palladium 0*0623 
Graphite 0*2018 (Krey) 0*1216 Rhodium 0*0680 
Wood charcoal 0*166 Oaatrsteel (bard) 0*1186 Osmium 0*0306 
Coke 0*2000 „ fsoft) 0*1166 Iridium 0*0326 
Average coal . 0*2412 Mild steel . 0*1168 Iodine . 0-0641 
Slag . 0*2036 Wrougbt-lron 0*1146 Bromine (solid) 0*0843 
Petroleum 0*611 Niokel . 0*1086 „ (liquid) 0*1060 
Silicon ffuaed) 0*1760 Cobalt 0*1070 Potassium . 0*1696 

„ (crystalliscMl) 0*1767 Manganese . 0*1217 Sodium 0*2934 
Boron (crystallised) 0*307 Tin 0*0662 Idthium 0*9408 
Firebrick 0*2000 Tungsten 0*0334 Phosphorus . 0*1887 
Sulphur (native) . 0*1776 Molybdenum 0*0065 Arsenic 0*0814 

„ (purified) . 0*2026 Copper 0*0966 Antimony 0*0608 
Selenium 0*077 Gunmetal 0*0962 Bismuth 0*0294 
Tellurium 0*0474 Brass . 0*0940 Thallium 0*0326 
Magnesium 0*2499 Lead . 0*0314 Silver . 0*0668 
Zinc 0*0966 Mercury (solid) 0*0319 Gold . 0 0312 
Cadmium 0*0667 „ (liquid 0*0333 Water . 1*0000 
Aluminium . 0*2143 Platinunt 0*0324 Ice (O^O) 0*492 
Asbestos 0*20 Ebonite 0*33 Glass (crown) 

1 
0*16 

Rubber 0*48 Wood . 0*42 

Specific Heat of Gases at High Temperatures. 

Oalories per Gramme per Degree Centigrade, at a constant presaiiro of oue atmosphere. 

{Baaed on Mallard and Le Chotelier'$ results.) 

Temperature 

CO,. CO A N. O. “"h. 

P.* C.» 

200 93*3 0*198 0*241 0-211 3*37 
400 204 0*210 0*246 0*214 3*41 
600 316 0*222 0*247 0*216 3*46 
800 427 0*236 0*260 0*218 3*49 

1,000 638 0*247 0*262 0*220 3*63 
1,900 649 0*260 0*265 0*223 3*67 
1,400 760 0*272 0*267 0*226 3*60 
1,600 871 0*286 0*260 0*227 3*64 
1.800 981 0*297 0*261 0*230 S*67 
2,000 1,093 0*310 0*266 0*231 3*70 

CO. B. am.) 

D Vol-. 1. 



62 THERMAL EXPANSION Sec. Ill 

Iiatent Heat. 
—The heat absorbed per anlt mass In change of state from solid to liquid, or from 

liquid to gaseous. 

Latent heat of fusion of toe at 0* 0. 80 gramme calories. 
Latent heat of eTapoiation of water at 100** 0. — 640 gramme calories. 

Equal weights of ioe and water at 0° 0. and 100* 0. respeotiyely, have a temperature after 
Dslzingof 10*6*0. 

Thermal Expansion. 
Dilatation ob expansion of substances per Dbgbbb of Fahrbnbxit scale. 

Temperatures. SoUds. 
Linear. 

(«.) 
Surface. 

(5.) 
Volume. 

(c.) 

S2* to 312* ) 0*00000478 0*00000956 0*00001431 
818 893 \ Glass . 0*00000546 0*00001093 0*00001639 
S9S 573 ) ‘ 1 0*00000660 0*00001330 0*00001980 

83 SIS 
1 Wrought iron 

0*00000656 0*00001313 0*00001968 
818 »9 578 0*00000895 0*00001790 0*00002686 

88 » 
fl 

313 Soft, good iron 0 00000680 0*00001360 0*00002040 
88 313 Oast iron 0*00000618 0*00001836 0*00001854 
88 313 „ steei 0*00000600 0*00001300 0*00001800 
88 313 Hardened steel 0*00000689 0*00001378 0*00003067 
88 313 

1 Copper , 
) 0*00000955 0*00001910 0*00003865 

818 ff 573 0*00001098 0*00003184 0*00003376 
88 • 8 

98 
313 Lead 0*00001680 0*00003160 0*00004740 

88 313 Gold, pure 0*00000816 0*00001630 0*00008445 
33 98 313 „ hammered 0*00000830 0*00001660 0*00003490 
83 91 313 Silver, pure . 0*00001060 0*00008130 0*00003180 
88 99 

99 
313 „ hammered 0*00001116 0*00008333 0*00003348 

83 313 Brass, common cast 0*0000104.1 0*00003086 0*00003139 
83 99 213 ,, wire or sheet 0*00001075 0*00003150 0*00003385 
83 99 313 

i Platinum, pure 0*00000491 0*00000983 0*00001473 
818 99 

99 
573 0*00000630 0*00001040 0*00001560 

38 313 Palladium 0*0000063 0*0000134 0*0000186 
83 ft 313 Roman cement 0*00000797 0*00001594 0*00003391 
83 99 313 Platinum, hammered 0*00000630 0*00001060 0*00001590 
88 19 313 Zinc, pure or cast . 0*00001633 0*00008366 0*00004899 
88 99 312 „ hammered 0*00001732 0*00003444 0*00005166 
38 313 Tin, caat 0*00001807 0*00008414 0*00003631 
33 313 „ hammered 0*00001500 0*00003000 0*00004500 
.S2 212 CJoncrete 0*000006 0*000012 0*000018 
83 313 Fire-brick 0*00000276 0*00000470 0*00000705 
83 99 213 Good red brick 0*00000305 0*00000610 0*00000915 
83 91 318 Marble . 0*00000613 0*00001336 0*00001839 
83 99 313 Granite 0*00000438 0*00000876 0*00001314 
83 99 813 Bismuth 0*00000773 0*00001546 0*00003.119 
88 99 313 Antimony 0*00000603 0*00001804 0*00001806 
88 99 813 1 1 — — 0*00010000 

818 99 893 f Mercury 1 
• 1 — 0*00010350 

338 • 9 578 ) ( — 0*00010500 
33 99 

99 
813 1 1 — — 0*00036430 

818 893 - Water . , . ( — — 0*00051080 
893 99 573 ) ( — — 0*00056713 

88 ft 312 Salt, 36 per cent, solution 
Suiphurio acid, 100 per cent. 

— _ 0*000348 
33 99 313 — — 0*00033838 
88 99 313 Turpentine and ether — — 0*00038900 
88 99 318 Oil, common . — — 0*00044444 
88 99 313 , Alcohol and nitric acid — — 0*00055656 
38 99 813 ! All permanent gases — — 0*00803350 
88 99 313 Alnmlnintn . 0*0000142 0*0000284 0*0000426 

5* 99 313 ; Ebonite 0*000039 0*000078 0*000117 
88 99 813 Bobber. 0*000055 0*00011 0*000165 

The Buperfleial expansion is twice the linear, and the cubical expansion three times the linear. 
The ooeffleient of expansion of an alloy is equal to the mean coeffloients of expansion of the 
Tolnmee of the metals oomposing it. 
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If a bar ia increased In length from f to L bj an increase of temperatara of <*, then 
L - f(l + oO. 

If a bar ia decreased In length from L to / bj a decrease of temperatore i*, then 

L 
1 -f 01* 

Thbbmal Expansion of Am. 

Dry air expanda or contracta uniformly 0'002089 ita Tolnmf per degree F. difference under 
consta^ pressure. 

If the volume is constant and the preaaure Tariea, then the coefficient per degree F. ia 0 '002086. 

Thermal Conductivity. 

Deifiniticn,—The quantity of heat per unit area conducted per aecond through a slab of the 
jubatance of unit thickneaa, per degree of temperature differenoe. 

1 gram calorie per aeo. per aq. cm. per degree 0. per cm. » 0*0066 pound caloriea per see. 
per aq. Inch per de^e O. per inch. 

VALUBi OP Thermal Oonduotititt. 

(Gram caloriea per aec. per cm.* per degree 0. per cm.) 

Subatance Oonductiyity. Substance. Conduotlrity. 

Aluminium 

Metalaand Alloya (at about 100 ° 0.) 

0*49 Magneaium 0*88 
Antimony 0*04 Nickel . 0*14 
Biamuth 0*016 Platinum 0*17 
Cadmium 0*22 surer 0*99 

; 
0*91 Tin . . . 0*15 
0*70 Zinc 0*96 

Iron, wrought 0*16 Duralumin 0*36 
„ caat 0*11 Brass (70-30) 0*38 

Steel (1 per cent. 0.) 0*11 Bronze 0*18 
Lead . 0*08 German eilrer 0*09 
Mercury 0*02 Manganin 0*06 

Qlaaa, crown 
„ flint 

Miacellaneoua Solida and Liqutda (at room temperatureB). 

. . 0*0026 Porcelain 0*0025 
. 0*002 Quarts . 0*028 

„ aoda 0*0016 . Rubber 0*00045 
Aabeatoa aheet 0*0006 ; Sawdust 0*00012 
Brick (Fire) . 0*0008 ! Silk . 0*0001 
Cork 0*0001 j Slagwool 0*00010 
Ebonite . 0*0004 1 Timber (dry). 0*0005 
Felt 0*0001 Alcohol 0*0004 
Qaa Carbon 0*010 Glycerine 0*0007 
Ice 0*006 Timnafonuer oil 0*0008 
Mica 0*0018 Turpentine 0 *0008 
Wax, paraffin . 0*0006 Water . 0*0015 
Paper . 0*0003 ' Concrete 0*004 

Air 

Gaaea (at room temperatuiea). 

0*00006 Hydrogen 0*00035 
Ammonia 0 *00006 Nitrogen 0*00005 
00, 0*00003 Oxygen 0*00006 
00 . 0*00005 SO, . . . 0*00009 
Helium . 0*00085 Water rapour 0*00004 

ErrsOT Of Tbmphraturh on Thermal OoNDUonviTT. 

For pure metala, oonductiTity falla with riae of temperatore. 
.. alloya. riaea .. 
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OPTICS. 

Decomposition of Iiight in the Spectrum. 

Colours. Maximum Ray. Combination of Colours. 

Violet 
Indigo 
Blue 
Green 
Yellow 
Orange 
Bed 

Chemical 

Electrical 

Light 

Heat 

Primary. 
Blue 
Yellow 
Blue 
Bed 
Yellow 
Bed 

Secondary. Tertiary. 

' Green . 
I f Dark Green 

Purple 
, [ Brown 
- Orange ' 

All the colonra of the spectrum mixed together make white. 

Velocity of Light. 

Velocity of light — 3-004 x 10** cms. per sec. Mean wave length 6-3 x 10-* cms. 
The velocity of light through the atmosphere is 186,330 miles per second {Newcomb). The 

velocity of light through transparent bodies is not known, but probably varies inversely as the 
square root of the specific gravity of the transparent substance. 

Light passes from the sun to the earth (1-487 x 10** cms. 92,390,000 miles [EvereUj) in 
eight coiDutes, at which velocity light can pass around the earth in one-eighth of a second. 

To find the Focal Length of a Convex Mirror. 

Use as object an opaque screen, with a hole and pin-point, and painted white, or covered with 
white paper. 

Set up on the bench, In line, say, with the left edge of the hole, the convex mirror and an 
auxiliary biconvex lens of short focal length (6 ins. or so), and adjust the lens so that the image 
of the hole and pin-point is formed side by side with the object. The centre of the mirror is now 
at the point at which the imtigo would be formed by the lens alone ; this position may either he 
calculated or found (after noting the position of (he mirror and then removing it) by means of a 
screen. Thus the radius is easily measured. 

If the focal length of the mirror be greater than /, that of the lens, the simplest way of 
adjusting is to put the lens as close as possible to the mirror, put the object at principal focus 
of lens, and move the object back until the image is formed as above. 

If, however, the focal length be less, we can be sure of finding the position by putting the 
mirror at a distance of 4 / from the object, and the lens at 2 / and moving the lens back until 
the desired position is reached. 

To find the Focal Length of a Concave Lens. 

Use an object like the one mentioned above, an auxiliary convex lens (say, 0 ins. focal 
length) to produce a convergent beam, and an auxiliary plane mirror, placed beyond the concave 
lens. 

Adjust until the image is formed side by side with the object, as before ; then the rays must 
bo emerging parallel to one another from the concave lens, and hence the convergent beam from 
the convex lens will (when the concave lens and mirror are removed) form an image at the 
principal focus of the concave lens. A direct measure can th\is be made of the focal length. 

(E, Budden.) 

Relation between Positions of Object and Image. 

Distance of object from lens or mirror ■=- »/. 
„ „ image „ „ « v. 

Focal leni^h of lens or mirror f, 
Radius of curvature of mirror r 

- 2/. 

Distances measured on the same side of the lens or mirror the object are taken as pogfllTe 
and those on the opposite side as negative. 

11 2 
Spherical mirror.— ^ ^ u r 

(For concave mirror, r is positive. For convex mirror, r is negative.j 

1 I . I 
Utu.- t> ” « + / 

(For oonoave or divergent lens, / Is positive. For convex or convergent lens, / is negative.) 
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Photographic Lens Apertures. 

Stops or apertures are opeuini^ in the lens diaphragms which determine the amount of light 
udmitted to the sensitive plate in a camera. They are usually expressed as fractions of the 
lens focus, i.e. with an 8-in. focus lens a stop or aperture 1 in. in diameter would be known as 

vtr. it would divide into the focal length eight times ; /IG would bo |-in. diameter, and so on. 

The exposure required varies inversely as the area of the opening. The apertures mostly in 
use are/5-6,/8,/ll,/16,/22,/32,/45 and/64, and each will be half the area and require twice 
the exposure of the next larger aperture. A'.g., if /II requires 1 second /16 would require 
2 seconds and /8 only half a second. 

If the diameter of any one aperture be known the remainder can be ascertained by the method 
bhowu in fig. 1. 

Say the diameter of /II is | in., set off/II as one side of a right-angled triangle ARC ; then 
11D, at right angles to the hypotenuse, would give the diameter of /16, DE would give /22 
FA the diameter of /8, and ao on as indicated. 

. 
F 

Fio. 1. 

'riieoretically /8 in one lens should be of the same exposure value as /» in any other lens of 
whatever make or focus, hut loss due to refraction, etc., must vary according to the number of 
component parts, and a compound lens containing many surfaces would obviously be slightly 
slower than one of the simplest form. 
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ACOUSTICS, VIBRATION AND NOISE (Pp. 60-81) 

(By C. W. Glover, M.I.C.E., M.I.Struot.E., Membor 
Aoouttioal Society.) 



THE ESC.JSi.l.H'S VI'.AE fiOOK, 11)40 //>r/;/v-//.s/:A//v/s. 

keep it ^yiltlT 
Coming off the machines is the new method of keeping things cjuici : 

glass, drawn by a special process into Hcxihle threads, which are 

then made up into quilt of varying thickness: light, incomhustihle, 

vermin-proof, and simple to install. 

“ Fibreglass ” quilt has already been widely used in houses, ofliccs, 

hospitals and institutions—wherever noise is a nuisance. Anyone 

who hasn’t heard of it, however, and would like details of 

FIBRrCLASS'»~^i)iiD 
should write to: 

riBREGI.ASS LIMITED. U AVENHLAD, ST. HELENS, LAN( S. Telephones : St. Helens'122-1 

FIBREGLASS LIMITIID, 13'j RI^XMlvLD S I'., (iLASGOVV. lelcphones: Maryhill 2141-4 

LONDON office: IO princes ST., WESTMINSTER, S.W.L TELEPHONE! ABBEY 6803 

F.69 
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SECTION IV 

ACOUSTICS, VIBBATION AND NOISB. 

(By C. W. Glover, M.I.C.E., M.I.Strupt.E., Member 
Acoustical Society.) 

SroFK. 

'J'iic scope of the subjotH is set out (iiugranimatically below *. 

The Science of Souiui. 

I 
.\tuio8phenc :tcou8t it s. i’hysiologica 

Hcouatii*. 

Listening oqiupnient. 
I Navigation by sound. 

National defence. j Sound rangiii 
I Mirage and weather. 

Design of high-speed 
machinery. 

Speech. 
I 

riearing. 

A rchitectural acou.stic8. 
I 

Subaqueous sound Aids to the 
ranging and signalling. deaf. 

Sound nieasuremen'. 
I 

Absorption and 
dissipation t>f 

noise. 

Sound recording. Sound reproducit j. 
Filtration of sound. 

I 
Design of equipment. 

lOxterior 
noise. 

Interior 
noise. 

Provision of proper acoustit-a 
conditions in auditoria. 

I ’roblems demanding 
acoustical study 

in design. 

Sound Insulation. 

Acoustical correct)t>n 
of auditoria after 

tH)nstruction. 

Oontact noises 

Structural vibration. 

Air l.x'i’Mo 
sound. 

SUUNU. 

Sound is a form of energj which tiinls its origin in the vibration of matter. 

For the propagation of sound energy matter is necessary, 

Sound is propagated radially outwards from the source on spherical wave fronts with a velooitv 
whlch depends upon the elastic properties and density of the vibrating medium. 
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VBLoamu or Sound at 0* 0. 

Air . . 1,090 ft. per second. 
CkMlgas . . 1,600 „ „ „ 
Water . 4,700 „ .. 
Pinewood . . 10,900 „ „ 
Brick . 11,960 „ ,. 
Iron . 16,000 „ „ 
Steel . 16 860 „ „ 

Aote.—The Telocity le in- 
y dependent of both the 

fn^nenoy end empH- 
1 tnde of Tibretion. 

SOUND WATB8. 

Sound waTei ere of the oonipre«ion or tongltadlnel type. The distance from * peak to 
*peak*of preoeoree is called the wave-lengtk and this depends upon the/rs^tiencr or the number 

of complete wares passing In one second. 

LDCEES or AUDIBILITT. 

The slowest ribratloo prodnoing audible sound Is 20 cycles per second, the corresponding 
ware-iength being 6d ft. 

The higheet aadible frequenoy is 20,000 oyoles per second (10 oetares higher), oorresponding 
to a ware-length of 0*0S6 ft. 

The mazimnm particle dlsplaoement from the normal is ciilled the amplitude and thiF 
is only 0*00^ Ins. for the loudest sound and 0-00000006 ins. for a sound barely audible. 

The Telocity can be calculated from the formula V ■« 

where E is the modulus of elasticity of the medium 
In solids B is Young’s Modulus; 
in liquids B is the bulk modulus; 
in gases B Is the pressure modulus, 

iliu adiabatic elasticity must be used and 

V — ^' where p, is the pressure. 
^ P 

is the density of the medium. 

If the temperature of the medium is raised, in air the velocity becomes V -> 332 -f 0*0^ 
nietres/sec., where t is the temperatnre in degree O. 

There are three principal oharacteristlos of audible sound : pitch, loudness and tone quality. 

PITCH. 

The pitch of a aound is the frequency of ribraUon measured ai the number of complete 
ribrations passing in one second, lb is Independent of the amplitude. 

LOUDNN88. 

The loadnees of sound is described as a comperative statement of the strength of the sojjs^it iuii 
reoeired through the ear. 

Its measurement in phy:4oai ralues is not simple, loudness being largely a physiological efiteet 
which depends upon the ear. It corresponds to brightness in optics and depends upon the amount 
of energy hi the sonnd wsres entering the ear. 

The smoont of energy In ergs whiob passes in one seoond through an area of 1 sq. cm. Is called 
the ^ntensitj of the sound. 

The loudness of a sound rarisi as the square of the ampiltade and inrenely as the square of 
the dleianoe from the source. This latter does not apply to sound in a olossd space like an 
auditorium or to sound propagated from a sooroe of dimensions comparable with its distanoe. 

The ear perceiree generally on a logarithmic basis, but loudnoss sensation also rariss with 
the pitch. Fechner's law states that 8 — e log,« p + a; 

where is the exosss pressure (dynes per eq. cm. and c and a are parameters depending 
upon the frsqosiioy. 

This law is nnnaldnrsMj in error for loud sounds. The fundamsntal relstionshlp between 
the toodaess of a sonnd and the eooostlo energy prodneiag It is still much in dispute, but ss a 
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luudamenUl baala for the meMuremeni of loudneae, aurcU eompariton ytUh a standard ssaU is 
adopted Internatlonallj. 

The equiralent loudneee of a sound Is then meaeured in * phone' by the intensity of a standard 
reference and pure tone in d.b. considered by the obaerrer to be as loud as the sound being assessed. 

Dniis. 

A * bel ’ is the decimal logarithm of the ratio of two powers. 
W 

'J'wo powers diff(tr by log,« a ‘ bel * Is a 10-fold increase in power or energy. 

A ' decibel * is a tenth of a * bel * and equals a transmission unit. 
The number of T.U.'s or d.b. 10 Iog,« ratio of powers in watts, 

or SO logic ratio of roltages. 
or SO logic ratio of oonent intensity. 

Twenty times the change in photographic density in sound films equals the change in electric 
power In d.b. 

The ultimate standard of reference is an acoustical pressure of 0*0002 dynes per sq. cm. for 
a 1,000 cycles pure note. This is the adopted arbitrary zero for the d.b. scale at 1,000 cyoles 

THK DeCIBBL SOALB. 

Bstlo of Sound Power to 
that at Threshold. 

Decibels aboTe 
Threshold. 

Sound pressure at 
1,000 /-V. in dynes 

per sq. oin. 

Ratio of Sound 
Freesure to that 
at Threshold. 

Threshold of feeling, 10** 130 2 X 10* » 10* •* 
« .. .. 10** 120 2 X 10* 10* 
» .. .. 10“ 110 2 X 10* 10* •* 
» » 10** 100 2 X 10» 10* 

10* 90 2 X 10 10* •» 
H .. H 10* 80 2 X 10 - 3 10* 
. 10* 70 2 X 10-** 10* •* 
.. .. 1. 10* 60 2 X 10-i 10* 
. 10* •0 2 X 10-* • ‘ 10** 
„ .. 10* 40 2 X 10-* 10* 
.. H » 10* SO 2 X lO-** 10* •* 
„ 1. M 10* 20 2 X 10-* 10> 

10* 10 2 X 10-* • 10*.* 
Threshold of sudi- 

biUty, 10* - 1 0 2 X 10-* - 0 0002 10* - 1 

The loudness of a tone Is giren in ' phons.' 

An squivaUnt loudness of * n phons * is equal to that of the standard tone when operating at 
‘ii decibels * above its zero. 

APPBOZniATB LOUDNIBS SOALl Of * PHOM8. 

ISO phons Threshold of feeling. 
120 Heavy gun-firs. 
110 „ Near aeroplane engine. 
100 •f Near express train. 
90 Pneumatto drill at 4 ft. 
80 «» In tabe train (windows open). 
70 ff In ezprees overland train (windows open). 
SO •« Loud eoaTenation. 
50 If Average conTereatlon. 
40 ft Suburban hooee. 
30 II Very quiet room. 
SO Wliiq>titDg. 
10 »» Rustling of learea in quiet garden. 
0 Threshold of aodlblltty. 
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«/ Lmtdn49t to effected bj the aie of— 

(a) Obieaive noiu mtUrt^ In which the sound received bj a calibrated microphone li 
converted into electric energj, amplified and rectified and measured on a mlero> 
ammeter. 

(&) Subjective noise meters, in which the sound to be measured is matched with a pure 
reference tone produced by the instrument or altematlTely masked by the latter. 
The degree of adjustment required affords the means of measurement. 

Ghuroher suggests a scale of loudness such that the magnitude of a sound in phons to given bj 
the d.b. above thieahold pressure of 0>000a dynes per sq. om. of the tone of 1,000 cycles per sec., 
wldch, heard in free space with both ears, sounds as loud as the noise when the two are heard 
aitunately. 

Loudness — (phons)* x 10-*. 

TONB QUAUTT. 

The tone quality of a sound is that charaotertotio which distinguishes it from another sound 
of the same loudness and pitch. Nearly all sounds are composite and can be analysed into their 
separate component tones called partlato. Those partiato which have the lowest frequency are 
called fundamentals, the others being the overtones. Those overtones, having a frequency 
which is an exact multiple of that of the fundamental, are called harmonics. 

The higher frequencies are essential to Intelligibility in speech and to brilliance In music, whilst 
the lower frequencies contribute timbre or volume. 

HBtUEcmoN OF Sound. 

The laws of sound generally conform with those of light, but owing to the greatly increased 
wave-leogth of sound diffraction resulti^. The higher frequencies are more dli^tional in effect 
and the lower are not so subject to sound shadows. 

Befleotlon and inter-reflection of sound within an auditorium Introduces reverberation, which 
is dsalrable except when excessive. 

Opttmum reverberation times for auditoriums of the volumes tabulsted are given below. 

When the sound to reproduced or amplified, deduct 15 per cent, from the times given. 

Volume of 
Auditorium. 

Oub. Vt. 

Optimum Reverberation In Seconds with Auditorium Two-thirde 
FuU. (513 Oyelee.) 

Music and Speech. Choral Music. Music. Speech. 

50.000 130 1-68 1-38 1-00 
100,000 1-45 9-00 1-67 1-93 
900,000 1-80 9-50 9-10 1-55 
900,000 3-00 9*80 9-30 1-70 
400,000 310 9-04 9-40 1-80 
500.000 1-90 S-IU 9-50 1-87 
600,000 3-.SO 3-90 3-65 1-95 
700,000 3-86 9-80 9-70 9-00 
800,000 3-40 3-86 9-76 9-05 
900,000 3-45 8-44 9-84 9-10 

1,000,000 3-50 3-50 
1 

9>88 9-13 
! 

.Special auditoria require reverberation times as below :— 

Radio Studios.—0 to 10 secs, to suit the broadcast. Studios of various siaes, oihars with 
adjosCablo absorbents and others with echo rooms attaobsd, provide the scope required. 

Sound Film ffiiuMor.—About hell the period given in the * speech ’ ooloma shove. 

Oramophone Studios.—Speech tscs. gradueted to batidH at 4 ssos. 



Sec.TV ACOUSTICS, VIBRATION AND NOISE 73 

The optlmufii rererberstJoii time is not the same at all frequencies but baring aaoertained 
optiiuam at 512 as above, that at the other frequenoles can be calculated by using the appro* 
priato multiplier tabulated below. 

Frequency In Cycles : Multiplier Multiplier Multiplier Speech 
per See. Speech. Music. and Music. 

64 1*75 2*30 2*03 
128 1-38 1*55 1*47 
256 1*15 1*20 1*18 
512 1*00 1*00 1*00 

1,024 1*00 1*00 1*00 
2,048 100 100 100 
4,096 1*14 1*04 1*09 
8,102 1*35 1*16 1-25 

16,384 1*60 1*35 • 1-47 

Ueverberation varies directly as tliu volume and inversely as the acoustic absorption present. 

When the average coetllcieut of acoustic absorption is less than 0 • 2, the W. 0. Sabine forumla 
may be need. 

V 
* ■" 20 (SjU, + s,o, + . . .) 

where I is the time in seconds. 
y is the volume in cubic feet. 

^a* ^to., are the respective soiuid absorbing coetlicients of the various materi:tI^ 
having surfaces r,, rt, r,, etc. 

For ‘ dead * ounditions the Eyring formula is more correct. 

^ V 
“ 20 Sy ( - iog^ (1 - a), 

where is the total interior surface and a is the total absorption 

When a standard strength of source Is used rather than an initial loudociis, tiiu P. h), Sabina 
(ormula is the more applicable. 

00083 V 
A 

(a i — log,, A 

where A la the total absorption iimvcni. 

Absobpwon. 

The absorption cuefllcieuts at 012 are now available for most materials and range from 
marble at 0*01 to fibre boards at 0*36 aud the open window at 1 >00. 

'L'he ooefllcieut is uot the same at all frequencies. 
Draped and porous materials absorbing principally in the upper register. 
Re^ient materials like carpet—in the middle register. 
Stretched membranes and resonating panels in the lower register. 

Dptimum absorption at all frequencies can only be secured by a Judicious selcctiou of acoustic 
materials. 

It is desirable to dispose reflecting surfaces about the origin aud to incline them in suoh a 
way that the acousUo images of the source of sound are as near as possible to the origin. 
Absorbent surfaces should be remote from the source. 

The general requirements lor good acoustics in buildings may be briefly stated as below— 

(1 Uniform distribution of sound throughout the room without distortion 

(2) Proper reverberation time. 

<8) Adequate loudness of sound throughout the room. 

(4) Absence of disturbing extraneous noise. 
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A sammaij of aooiiftioal dalectfl, their oeoaee, reoommendetione for their aToldeuoe in deeign 
and the remedy to be ^>plied In ezleting building to giren below. 

SUmiABT O? ACOUSTICAL DEFBCTTS. 

Defect. Oaueee. Avoidsnoe in Design. Remedy for Existing 
Buildings. 

BxoeedTe Be> 
▼erberetion. 

A. Exoeaeive Tolume. Keep ▼olume down to 
100-150 cub. ft. 
per seat. 

Increase eeating, reduce 
volume or inoreaee in¬ 
terior surface by bold 
decoration. 

B. Insuffloient 
nboorptfon. 

Add absorbents. Add absorbents. 

Bohoee A. Unauiteble ahape. Avoid curves in de¬ 
sign. 

Alter shape or use ab- 
■orbante on offending 
Burfaoea. 

B. Diatant Bafleoting 
surfaoee. 

Make distant surfaces 
h^hly absorbent. 

Ditto. 

Sound Foci ConoaTc reflecting in¬ 
terior aurfaoea. 

Avoid curvilinear in¬ 
teriors. 

Alter shape or U9e ab¬ 
sorbents on foouaaing 
areas. 

Deed SpoU A. Poeltiona denuded 
by aound foci. 

B. Screena. 

Avoid curvilinear In¬ 
teriors. 

Reflect aound Into 
Bcreened areas. 

Alter shape, make focus¬ 
sing area absorbent, nee 
parabollo sounding 
boards, or directional 
epeaken. 

Interference UndliEuaed reflections 
of auatained note. 

DeaigD bold breaks in 
wails and ceilings. 
Use resonating wal! j 
oovering. 

Add bold decorative and/ 
or resonating interior 

eatment. 

InmfBoient 
Sound Volume. 

A. Too voluminous a 
building. 

Use orchestra of ap- 
priate size. 

B. Lack of reflection , 
oloee to origin. 

Use electrical ampliflcation. 
Dispose hard reflecting surfaces about origin. 

0. Ezocaaire abaorp- 
tion. 

Adjust absorption to give optimum rsverberation. 

Dietortion A. Seleotire abaorp- 
Uon. 

Use of ooUeotion of absorbente to obtain desired 
reverberation oharaoteriitic. 

B. Screening of higher 
frequencies. 

Avoid obatniotiona. Reflect higher frequenoiee 
into aound ehadowe. 

0. Uncontrolled re- 
aonnnoe. 

Select board abaorbente which reaonate over wide 
range and fix on battens at Irregular intervahi. 

Beeonence Fiimay partitione and 
linings 

Adopt rigid oonatruotion with etude, etc., at 
irregular epaoingB. 

Maeking Noiae InaufBoiant aound in- 
filiation, bad fltthkg 
doors and windows 
or badly designed 
▼ents. 

1 

Select eonitruotion having least overall insulation 
value of 50 d.b. 
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SomffD mmunoir. 
Air>b<Mra« ■ouncli maj b« braamlttod to an adjoining room in three waja r— 

(a) By dlieot paaeago of air warea through openlnga In the wall, throngh TentUatora, eta 
(b) By Tlbration of the dlrldlng medium Itaelf aa a diaphragm whleh by Ita motlan 

re-oraatea aonnd waTaa on the farther aide: and 
(e) By diraot taranamiaalon of elaatlawaTe modoa throngh the dirlding medinm whlah 

imparta to the air at the farther aide a ware motion exaotiy timed to that of tibe 
origin. 

Air-bome aoonda are moat efleotirely stopped by rigid walla that do not hare openlnga for 
pipea or rentllatora, thongh the oonstructiou of tiie wall Itaelf, apart from the qneation of rigidity, 
haa an Important bearing npon the degree of inanlation. 

For the tranamltted aonnd to be a minimnm—for the greatest sound insolation—^tbe saenid 
energy dissipated In otlier ways moat be a maximam. 

(а) The refleoted sound will be large in proportion to the Incident sound If the refleeting 
surface la * hard.' 

(б) The sound abaorbed by convendon to heat energy will be increased by oalng * laminated * 
couBtructioii with ttm Inner layer very absorbent of sound. 

(e) The sound energy abaorbed as mechanical energy will be Increased by n«ing heary 
* maasiTe' oonstmotion. 

(d) The diaphragm-llke Tlbration can be minimised by the adoption of * rigid * oonstmotion. 

RIOIDITT. 

A partition may be bulged by pfeaaure of sound, and if the periodicity of the sound wares 
corresponds with the natural p^od of ribration of the partition, the transmitted eound will 
be * increased ' in londnees by reaonanoe. 

MSASUBEMBirr or 3ou2n> Insulation. 

There is no simple formula for the caloulation of sound iuialation of oompoaite construction, 
b ut the i nsulation of homogeneous partitions is proportional to the log. of the weight per square foot. 

The inaulaton la d.b. 14*3 log,, wt. persq. ft. f 23*7 d.b. and the following raluee are 
uf interest:— 

per sq. ft. of 
wall area. 

1 lb. wt. 
* ft 

Insolation in d.b. 
at 813 

. 33*7 

. 38 
10 . 37 
30 „ . 41 
40 „ . 4ft 
60 „ . 48 

100 „ . ftl-3 
400 „ . 60 

lu porous-flexible materials the sound insulation in d.b. is proportional to the thickness of 
the material. 

Thus a 10-fold increase in the thloknem of a flexible porous material like hair felt will bring 
about a 10-fold inoraaae in the aonnd insulation, wbaraaa a 10-fold inoreeae in the thioknnea of a 
rigid non-porotts partition, say from 10 to 100 Ib. wi. per sq. ft., wiil only bring about an 
increase of tosniation from 37 to ftl*S d.b., O. leas than a g-fold increase. 

Note that to prorlde an insulation of 00 d.b. by means of a solid non-porous wall, a mass of 
400 lb. per sq. ft. would be neoemary—say a 40-In, brick wall. 

Owing to the alow rate of Increase of insulation with weight of partition, it is generally 
aneoonomio in practice to proTlde lor insulation greater than 4ft d.b. solely by mass and rigidity. 

In panels of homogeneous nature, mast and rigidity are the determining factors, bat when 
the eonstnotion departs from homogeneity, straotore beoomee of predominating importanoa 

Teste on eoostmotion of rariona kinds appear to show quits deflnltely that In practioe 
refraction effeota may be ignored, and that it Is necessary only to consider the dlaphnigm-like 
Tibrationa 

An increase in stiflnees and/or mass will therefore ixnproTe the sound insolation of a walL 

Qroas oonneotlons aiv racy detrimsntal to the soand-insulating Talue of lath and plaster or 
partitiona The one tide should be oonstruoted entirely independent of the other by the 

use of staggered atndding. 

An air space is gensrally batter tbaii a filling material, unless the filling material is quilted 
(to prerent ite settlement and tight paokinc) and fixed to one side only. 
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OONOLOSIOBTS. 

Undoubtedly tbe Important pointf for the prerentlon of sound transmission in avails and 
partitions are;— 

(a) A hard reflecting surface on the outside of the wall. 
(ft) A non-homogeneous structure containing inert air ceils. 
(e) An air gap to prerent continuity. 
(«) A layer of insulating material. 
(«) A sound-absorbent surfuio facing the other room. 
(/) A masslre and rigid oonstmcUon. 

It is quite certain that the Important points for the prevention of sound transmission through 
floors are:— 

(1) A floating floor Isolated from the walls« 
(2) An Isolating material of non-homogeneous nature between the floor covering and iJu: 

floor proper. 
(S) The floor proper (of maselve and rigid construotion); and 
(4) A suspended celling. 

For theadequate Insulation of structure borne sound or* contact noise ' in floors, the * floating ' 
surface must have sufBoient inertia. 

To isolate the noise of footfalls the ‘ floating * surface should weigh not lees than 15 lb. 
per sq. ft. 

INSULATION AQAINffl VIBRATION 

Structural VihraHcns. 

The full effect of eound tranamisaion through tbe members uf a structure are but imperfecfJy 
realised. Vibration in one part of the structure la conveyed eaeily through the continuity of 
solid material and by eetting up resonant vibrations recreates sound waves In a position often 
very remote from the ori^nal eource of sound. 

If the design of the stnicture precludes any possibility of brealrlng continuity of struotarai 
oontsct, very special endearoura must be made to prevent linings of all rooms coming in structural 
contact with the framework of tbe bulidings. 

An effective method of oontroi lies In the interposition of an elastic discontinuity in the path 
of ths vibrations. 

Scund Insulation in a Steel-framed Building. 

Isolation of struotarai vibration in tbe various mernbers of a steel-framed building may be 
effected by the use of lead and osbestoe cloth sheete. 

Note that in isolated oonnections, bolts sheathed in asbestos and bitumen must be used in 
plaoe of rivets which would provide structural contact. 

Tbe use of isolator pads on every principal joint in a steel-framed building would reduce the 
general rigidity of the whole and so permit greater freedom in vibration. 

It will ojnially be sufflolent to isolate only tbe member shaken in the case of localised vibration, 
but to use pads under all foundations when earth vibrations have to be dealt with. 

Sound Inoulaiton of Reinforced Concrete Buildings. 

The use of resilient pads under the bearing of pre-cast reinforced concrete unite of s stnicture 
offers a solution in this type of construotion, and the reinforoed concrete floors in brick buildings 
oaa be almilaiiy dealt with. 

On the other hand, in situ oonstruoted monolithio reinforoed oonorete buildings, from the 
saare nature of their design, are admirably suited to the effective transmission of vibrstion, 
and loaded reinforced oonorete floors may act as very effective sounding boards in a framed 
reinforced concrete structure. 

The effects of mass and rigidity have, however, a damping influence and it is not easy to 
determine in any particnlar deaign just tlm degree of discontinuity of structure, effecting ae it 
does the overall ri^dity, which would be productive of the greatest resistance to the transmission 
of noise and vibration. 

The oonoensns of opinion inclines to tbe view that structures of reinforced concrete give less 
canae for complaint than tboae of steel-framed construction. 

There is no doubt that, for the minimisation of vibration and noiae in reinforced oonorete 
buildings, ths following points need careful attention 

(1) Foimdationa should be built upon a resilient layer having the requisite elastic strength 
and ’ compilaooe,* and particular care should be taken to prevent the arrangement 
becoming waterlogged, ae water tranamita vibration with the greatest facility. 

(S) The various members of the structure should be Isolated from each other by resilient pads 
of lead and aabesUM, where such an arrangement would not result In serious loss in 
straotnral rigidity. 

(S) The interior surface of all rooms should be oarefally isolated from the stnictural elements. 
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Maohiniqit Vibration. 

lu rotating parU ecoantricitiei give rise to vibratione at frequencies equal to the speed of 
rotation, and at the * oritioal * speed the frequencj of the vibration ooiresponds to the natural 
period of the machine on ite support—a coincidence which is marked by an alarming increase 
in the amplitude of vibration. 

There are as many ' oritioal speeds' as there are modes of vibration. 
Quiet machinery is usually secured by close attention to the following points 
(1) The vlbromotlve forces should be kept down to the minimum by 

, (a) carefully balancing reciprocating parts, 
(6) keeping reciprocating parts as light as possible, 
(e) dynamically balancing all rotating elements to eliminate unbalanced centrifugal 

forces and whipping efleots, and/or 
(d) by the provision of a dynamic absorber tuned to neutralise the unbalanced vibration. 

(2) Heavy, rigid frames should be provided. 
(3) Loose and worn parts should bo replaced. 
(4) Smooth-meshed gearing and quiet, well-lubricated bearings sliouid be used. 

Human Susceptibilitif. 

Susceptibility to vibration is dependent upon the velocity of motion, the amplitude of 
vibration, the acceleration of movement, or the total impulse of the vibrating mass. 

The intensity of vibration is the product of the amplitude in m.m. and the frequency in 
cycles per second. 

An intensity ofone or more constitutes a nuisance. 
In practice it is best to ascertain the dominant vibration of a machine at normal operating 

speeds and to design the mounting accordingly, since haphazard installation may aggravate the 
vibration. 

Isolators, 

The most Important properties of good isolators are elasticity and deflectiou, and the degree 
of success in isolation of vibration will depend upon the manner in whieh the relative magnitudes 
of these properties are adjusted. 

It is usually fonnd that a redaction in area of supporting pads will result in an improvement 
ill isolation of vibration. 

The Design of DAifPiNO Devices. 

If a machine of mass m be supported on a resilient pad, the natural frequencj of the mass m 
on its clastic supports must be low compared with the frequency of the vibration to be isolated, 
otherwise the pad may be worthless. 

The amount of vibration transmitted to the floor or foundation is determined by the elastic 
nr viscous properties of the pad, and the * transmissibility' of the support is given by the ratio 
of the vibratory force communicated with and without the isolating pad. 

Transmitted vibration with pad / ^ 4;T»n*c* 
Transmitted vibration without pad “ /\ / / i i 

where c is the * compliance ' of the pad (i.r. the reciprocal of tlie force constant or of tlie modulus 
of elasticity). 

(Rubber has low elasticitv but considerable oomplianoe. Steel has high olastiolty but little 
compliance.) 

r is the internal meohanical resistance owing to the viscous forces withiu the pad, and 
n is the frequency of the vibration to be isolated. 
The compliance c is calculated by observing the elastic deflection of a specimen loaded in 

compression for each additional unit of compressive force. 
The oompliance e for any elastic material will be directly proportional to the thickness and 

inversely proportional to the area of oross-section. 
The internal resistance r can be ascertained from the ' decay ’ ciu-ve by observing the successive 

amplitudes of the free vibrations of a known mass on a measur^ specimen of the resilient material, 
or by measurements of the rate of return of the displaced mass. 

The internal resistance is directly proportional to the area of oroas-section of the flexible support 
and inversely proportional to its thickness. 

The resistance factor r is not so important as (he compliance (actor, and in approximate 
calculations may be regarded as zero. 
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The relation between the tranamleilbllltj r and the ratio of the freqaenhj of the foreed 
▼Ibratlon to that of the natural vibration of the maehine on ite elaetio support is giren In the 
tablebelow: 

1 
Ratio of Forced to 

Natliral Frequencies. Transmisslblltty. Remarks. 

0 10 
06 3-2 Amplification 
10 S-1 
1-5 1-7 
30 0-8 Damping 
2*5 0-3 
SO 0*1 
3-6 0 05 
40 0 005 

Examination of these flgores will show that when the ratio of forced to natural rlbratious 
le 1, when the natnxal ft^uenoy of the maohine on its elastic support corresponds with that of 
the Tibration to be isolated, a oonoition of resonance obtains and the vibration submitted will be 
three times that of tiie matddne direct upon the door without an isolator. 

It will also be seen that when the ratio is 3 or more, there will be rery little of the forced 
Tibration transmitted to the floor or foundation. 

la general, the elastic support should be suffidently compliant and the mass supported should 
be sufficiently heary to make the natural frequency of the arrangement low in comparison with 
the Tibration to be isolated. 

The Isolator should baTe a relatiTely large compliance, ahould be loaded to its safe maximum 
within the elastic limit, and should hare as large an Internal resistanoo as Is consistent with the 
aboTe conditions. 

The elastio support transmits all frequencies below about twice the natural frequency of 
the maohine on ite support, but isolates all frequencies above about 

1 

rr^flK 

In the design of spring damping deyices the following data will be useful. 

Coiled Sprinfft. 

D » mean diameter in inches. 
d diameter of round material or aide of square material. 
H free height as made and nnloaded. 
h « height when pressed down solid. 

R range of deflection (H—A). 
W « Load in tons (test load for deflection U). 
N as Number of free coils. 
^ a- deflection per ton in inchee. 

Round Section*. 
N.D* 

^ 30<i 

W 

700<^ 

20d» 
D 

Square Sectiont 

n 
N.D» 
48d. 

N.D* 
“"lOOOd* 

W - 
^ " D 

The natural frequency of a loaded spring is a function of the deflection pet ton ( 

Natural fraquenoy /I « i S » Spring factor (Force in absolute unite causing 
0 2. ▼ m mjit deflection of spring). 

and m maM in absolute units. 

.r/^-3 13\/ 
Load ^rluring X deflection. 

10 
D.dMtloa lo«l - ^ (•I'l'™* > 
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Building VtitraiionM, 
TbMe toke place in the three planes dae to machinery, traffic and other caosea. 
The frequencies are between 1 and 10 per sec., the full amplitudes being from 0*0014' to 

0*00004'. Vibrations at audio frequency may be induced in wall panels. 
A ribrating telephone membrane produces audible sound when ribrating with full .'impiitudee 

between 0*000006'and 0*04'. 

NOX8B. 

Noise Is a ubiquitous accessory of the age and may be defined as any unwanted sound. 
Noise is usuaUy of rery complex nature, the aoonstio spectrum being deroid of harmonic 

relationship. 
Sounds are unpleasant on acoount of their pitch, their pereistenoe and/or th^ loudness. 
High-pitched tones are more annoying than low-pitched tones of the same equlralent loudness, 
'fbe effect of masking noise on the Intelligibility of speech is shown In the table below. 

Background of Percentage Syllable Remarks. Noise in Phone. Artioulatlon. 

0 to 16 96 to 86 Good bearing. 
16 „ 36 86 ,. 65 Satisfactory with attentive listening. 
36 „ 70 66 „ 16 Unsatisfactory hearing conditions. 

'raamc Noiax. 
A oompreheneire noise survey of London shows daylight noise IstsIs to be from 60 to 86 d.b.; 

day arera^ being as high as 78 d.b. in some plaoes and the night arerage only 11 d.b. lower. 
Isolated peaks, areraging 7 d.b. high, oooor at the rate of 2 to 8 per minute. 
Very roujoNly, up to 60 rehlclsa per second, twice the number of vehicles passing per minute 

equals the noise lerel in d.b. 
Between 60 and 130 rehicles per minnte the increase is only some 36 d.b. 
If the number of commerciai rehicles increase the traffic uoise Increases in proportion. 
Vor a glren total number of rehicles, if the percentage of commercial vehicles to total 

rehicles increase from aero to lOU per cent., the traffic noise Inoresses preportionately 
by an amount up to 30 d.b. maximum. 

The construction of lofty buildings, by the introduction of rererberation within street spaess, 
tends to maintain the sound lerel until the height of the surroandiug buildings is passed. 

Oonllned sites are mors noisy than open ones, and tramway orossings and trafflo starting 
plaoes are the most noisy. 

Ths greatest energy in srsrags traffic noise oocurs between 600 and 2,000 ^, though the 
higher freqaencies (up to 15,000 <^) are the most annoying. 

NOISB ABATEICIUIT. 

SupprsMion of noise at its source is always mors effioaoioos than abatement by acoustic; il 
methods. 

In an snolosed space, luoreasing the absorption reduces the noise. 

Noise reduction in d.b. — 10 logi« 

where ^ is the absorption ratio; doubling the abeorption only reduces the noise 3 d.b. Ten 

times the absorption would be required for a 10 d.b. drop in equlralent loudnees, though thb^ 
would usually represent an annoyance reduction of orer 60 per cent. 

Abeorption of the higher freqaencies renders the noise more acceptable. 
The effect of the absorption is grsater the more remote from the source. 
The absorption has a localising effect and reduces the ' fear reaction.' 
The use of sound absorbing oeilings in noise abatement in bnildings can be shown in extreme 

casts to efleot a 6 per cent, increase in effioienoy and to pay lor itaelf in 6 months. 

Train noisxb. 

Train noises are due to wheel rumble and Joint Impaote and inereaae largely with speed, 
lintwcpu 60 and 80 m.p.h. the noise level In a carriage with windows open is 74 d.b., and in the 
corridor 84 d.b. Closing the windows reduces ths noiss soms 6 d.b. In tunnsls ths noiss level 
inerpsses by about 10 d.b. 

The use of rubber treads on the wheals, offsrs tbs most sffsstivs rsmsdy. 
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Id the London tubea the noise levels averam 87 d.b., with peaks up to 100 d.b. when running 
at SO in.p.h. At points and orossings these values are up 7 d.b. 

Aooustio treatment in the lower sections of the tube reduces the noise level some 8 d.b. The 
use of rubber pads under chairs on the sleepers and well-packed ballast, has quietened the track 
to some extent, though reverberation of air-bome sound seems to be the principal difficulty. 

For the princlpies of insulation for the vehicles, see notes on aeroplane noise. 

ASROPLANS NOISB. 

Aircraft noise originates in en^e clatter, exhausts, air-screw noise and * flutter ’ of parts of 
the airoraft caused bj airspeed eddies. 

The frequenoj range is from 100 to 3,000 cycles per sec., the minimum energy occurring on 
a band between 300 and 800 ojcles per sec. 

About a third of the total noise is attributable to engine clatter, one-third to the airscrew 
and the balance to exhausts and * flutter.* 

The modem all-steel monoplane is more rigid and produces lees noise than the older type of 
biplane, with its multifarious struts and ties, which, despite careful streamlining, set up * flutter.* 

The engine nacelle fitted directly into the wi^ stmoture of a monoplane having tractor 
propellers, with the thrust axis in line with the centre line of the wing, gives the least interference, 
the greatest propulsive efficiency and the least noise from flutter. 

Engine exhausts should preferably be located over the wings and over the cabin. If engines 
are kept well forward the noise level in the cabins from this source may be reduced by from 
5 to 10 d.b. 

SlLBNOERS. 

The general principles involve the provision of sound absorbing baffles and a capacity effect 
for removing the explosive pulsation of the exhaust gases without introducing excessive back 
pressures. 

Silencers of the long perforated tube type may be relied upon for no more than a 10 d.b. 
reduction in loudness level, but a special type of fencer, weighing 76 lbs., reduces the exhaust 
noise of a 600-h.p. engine by 36 d.b., the ba^ pressure at full throttle not exceeding 3| lbs. per 
sq. Inch. 

Pbopkiaebs. 

For some time air-screws were thought to be the principal souroe of aircraft noise, tspecially 
as high-speed thick propellers produce such s loud and irritating note. 

Tests carried out by the National Physical Laboratory in coujunotiou with the Koval 
Aircraft Itotabliahment show that air-screw noise is generally oonsisteut with the following 
rough miss:— 

Noise reductions in propeller design. 
10 d.b. per 100 ft./sec. reduction in tip speed. 
1 d.b. per degree decresse In pitch setting. 
10 d.b. for change from thick to thin section. 
6 d.b. per foot increase in diameter. 
10 d.b. for change from 3 blades to 4 blades of the eame diameter. 

Capon reports that in a cruising flight at a distance of 16 ft. from a two-bladed propeller, the 
noise level was approximately 30 + 0 -1 V- d.b., where V was the tip speed In feet per sec. 

It is desirable to keep the tip speed down to 600 ft. per seo., reducing the noise level to 80 d.b. 
from tide source. 

CABIN Insulation in AiBCRAirr. 

(a) Isolation of Structure-borne Noise in Aeroplanes. 

The noise vibrations arise from engine torque recoil or from flutter. 
The former can only be dealt with by the mounting of the power unit in vibration damping 

devises and the latter by the provision of the most rigid design of structure. 
Hxe interior of the cabin can, however, be isolated from the stmeture if the lining is flxed to 

it through cork or sorbo-rubber pads or gukets. 

(6) Insulation against Air-bome Sound, 
The cabin is a box in an atmosphere of noise and unless the interior is absorbent of sound the 

noise level inside will eventually build up to that outside. 
In famt, equilibrium is reached only when the rate of sound admission into the cabin is equalled 

by the rate of sound absorption inside. 
For the best resnits, therefore, the oabin walls must be insulating and the interior absorbent. 

The exterior Intensity X area x ( *> the Interior Intensity x area x a; 
where f Is the coefficient of transmission and a is the coefficient of absorption, whenf e 

lOiog,, 
absorption 

transmittance 
d.b. reduction. 
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By tUe adoption of laminated construction ; - 
(Cbmigated duralumin exterior skin on 3-ut. duralumin channel framing, loose Oiling of kapok. 

Inner duralumin lining in sorbo rubber packing on frame. Lined with fireproofed upholstering 
fabric on .,\-in. cork sheets.) 

On a 13-seater plane, an aildn reduotiou of 25 d.b. can be obtained at 37 lb. weight of treatment 
por passenger. 

This allows for transmittance through windows and doors. 
Lighter treatment, not exceeding 10 lb. per passenger, results in an insulation of some 12 d.b. 

EXHAUST SlLUNOKRS FOit IHTKKNAL COUBUSTZOX EXOIHES. 

The impulses in the exhausts from internal combustion engines may have a frequency of from 
10 to 200 per second. 

The noise created may cover the entire audible range, the lower frequency-bond being 
attributable to the exhaust impulses and the upper to the vortex effects and the vibration of 
metallic parts. 

The pressure in an exhaust system may rise momentarily to 50 lb. per sq. in., thus causing 
expansions in the casings of silencers timed to the impulses and causing low frequency sounds 
and their concomitant overtones. 

Silencing is best affected by the use of a sound absorbent lor the higher frequencies coupled 
with a capacity type silencer or expansion chamber with perforated baffle for damping oat the 
low frequency components of the noise. 

Motor oyde engine silencers using perforated tubes, surrounded with glass silk, through which 
the ezliaust gases pass to expansion chambers before discharge to the atmosphere, have been 
found to reduce the noise some 20 d.b. without impairment of engine performance. 

In large stationary installations the ‘ capacity * exhaust silencer can conveniently be provided 
by a large pit filled with rubble, through which the exhaust gases are discharged after passing 
through the ordinary engine silencers. 

A low velocity of discharge to atmosphere is desirable if air pulsations are to be removed. 

SILENC31NG EXHAU8T3 FllOM VlSNTlLATlNO FAKS. 

In exhausting a noisy atmosphere into a quiet sone it is desirable to keep the velocity of 
discharge from the fans down to 1,000 ft. per min. and to use an expansion chamber arranged 
to discharge to atmosphere tiirough weathered louvres at a velocity not exceeding 300 ft. per 
minute. 

The expansion ohiunber should be packed with sound absorbing tubes (of, say, Seapak on 
perforated zinc) carefully aligned to the flow of air so as to prevent air turbulence and to dlvldv 
the flow into passages such that the mean dimension of the passage If not greater than one-tenth 
the mean travel of the air through it. 

NoiSJi Dus 1*0 Blsothiual Maohinbrt. 

In transformers the laminations are attracted to each other twice each electrioai cycle and 
therefore give a note of double the supply frequency. 

A 100 k.v.a. outdoor distribution transformer, designed fur quiet operation, gave the following 
reeults:— 

Frequenoy. Ix)udnes8 Value. 
Uycles per Second. Phone. 

100 18 
200 7 
300 6 
600 14 

Note the cumparatively high equivalent loudness of the upper harmonics. 
The cases must be stiffened to prevent amplification of the noise by vibration. 
Analysis of the frequenoy oomponents of noise from electrical machinery enable the c.iusts 

to be traced with certainty. 

B. Q. Ohurcher quotes test results on an induction motor as below : - 

Frequenoy of Frequency. Corresponding to 
Oomponent. Be vs. per Sec. 

225 9 9 blades on fan. 
676 27 Third harmonic of fan note. 

1,120 45 45 rotor slots. 
100 - Vibration of stator puncliiugs 

at twice supply tr<M]usncy. 

See also Descriptive Section IV. 
Fibreglass, Ltd. 





SECTION V 

FROPEBTIES OF FNOINFFBXNO MATEBIALS 

(Bevisedby B. A. Wood, M.Sc., M.I.Meoh.B.) 

PART I 

DIMENSION STANDARDS (pp. 85-118) 

PART II 

WEIGHT OF MATERIALS (pp. 118-157) 

PART III 

STRENGTH OP MATERIALS ^pp. 158-18S) 
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SEC^JION V 

PAKT I 

PROPERTIES OF ENGINEERING MATERIALS. 
(Revised by S. A. Wood, M.Sc., M.I.Mech.E.) 

DIMENSION STANDARDS. 

(tt) WIUIO AND SHKKT METAL GAUGES. 

iMruiUAii Standaki) Wiius ciAuaa • (S.w’.a.) 
(Legaliaed by the Board of Trade, March 1, 1884.) 

l»i;mu‘D*rs. I l)iuinctor.s I )iiiiiict< 

X<;. . 
2 z -z •jj ^ 

No. 
■ii 

N.t. 

6 C iJ 
r', 3 1 ^ 

r', Q. Z 

T'l K1 12-70 92 • 12 2-34 10-8 •H •274 
nuu,(X>0 11-78 11 SO . 12 2-'0l ] 0*0 -.8 •254 

•1 .'t’J 10-07 15 72 ! H 1 ;>! ‘.'■•J •8 •231 
IHMM) -OKI h‘_' 10-10 10 01 J. KOii 25 si •s •213 

<KM) ‘JK ii-ir. 17 .50 1-42 ■.;o 70 •s •193 
IM) :ns '1 J 8-Hl IS 4S 1-22 ::7 0-8 •s , -173 
o :!-ji ! 8-2;{ 10 to 1-"10 ;'.s 0->.) t -.8 -152 
1 3lK» •J1 7-02 20 a*; •1 -M 1 i'-'.i .'.“J ■8 ■1.32 

•J7ti ‘Jl 7Mtl 21 i.j •1 •->i:: 40 4-S •4 •122 
;; •Jl i;-10 J-J JS 4 •711 4 1 4-1 •4 ■112 
i •JO J'.J 21 •1 42 •1-0 •4 •loj 
it li 1 ‘J JO 2 1 22 2 i:: o'O •4 ■0911 
Cl 1 i»-j JO 4-ss 25 2' 1 -.‘•i.S 44 IP — * •4 •Osl3 
7 17G 10 4 47 20 IS - i -5 7 4-5 2-8 •1 ■o711 
8 100 k; ! 4-00 i:7 10-4 1 •117 10 2 1 •4 •oolo 
*) 144 10 j 3-00 2S i It'S 1 •.ir*; 4 7 ‘JO •4 ■0508 

10 1-28 10 Ii'U5 20 j i::-o 1-2 •34.5 IS I-o ■4 •oiOu 
11 llO 12 J-'J.'i 30 1 i-j-i 1-2 •:n;. 49 1-2 ■1 •o3o5 
1*J KM 12 ' 2-0-t :;i 1 11-0 •s •295 ! 5'J 1- • •2 •0254 

* Tills Lr!i:i‘:(' is tin* ojilv Irtral staiiiianl \\ for !iu- r,. ii.'O Kiiisj-ilorij. 
f I Mil. . of an 

BIUMINOJIAM Wire gauge i (B.W.G.) 

1 1 )iiiu‘usit>iis.| NiiiniK'r. Diinon-iitus. NutuKcr. 1 unions. NiimOer. Dimeiision!».| 

r Mil Mils Mils. 
1 OOHII ! -iri 7 ISIl i; >s 27 10 

UW 4‘Jr 8 10.5 18 4'J 28 14 

00 SKii 0 HS 19 4‘2 29 13 
0 :iiu 10 154 •JO 35 30 12 
] XOW 11 120 21 32 31 10 

a •J81 IJ 109 22 28 S-i 9 

3 •Ti' 13 95 •23 *ri 33 8 

4 •JUS 1 I S3 24 •j-j 31 7 

5 •i‘J0 15 72 •J» i •Jo 35 5 

G •2o:i 10. i;;, -JO Is 30 4 

t The Birmingham Wiiv Gauge diflera from the Blrmiogham Gauge (eeo next page). 

(See a!go pages 88 and 1S2.) 
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BlBMQIOBAM Wna OAuea por Silvkr and »01J). 

No. Ins. No. Ins. No. Ins. No. Bds. No. Ins. No. Ins. No. Ins. No. Ins. 

”1 •004 6 •OIS “! 
•099 18 •051 91 •079 95 •095 99 •190 33 •145 

9 •005 7 •015 11 Em 17 •057 22 •074 26 • 103 30 •196 84 •148 
S •008 8 i Eon 13 •0361 18 •061 23 •077 97 •113 31 •133 35 •158 
4 •010 9 BTo 14 Eni 19 •064 94 •089 98 •120 39 •143 30 •167 
4 •013 10 •0941 15 •047, 20 •067 

SHBET ZINO TBADR OAUOB. 

No. Ins. No. Ins. No. Ins.' No. Ins. 1 No. Ins. No. Ins. No. Ins. No. Ins. 1 

1 00395 9 •0177 19 15 •0375 18 •0.596 91 BJ3 24 
9 00554 6 0114 10 •0196 13 •0299 16 •0496 19 •0677 99 95 •0980 
8 0067 
4 0089 

7 -0139 
8 *0149 

11 •0998 14 •0323 17 •0478 20 •0639 93 H 96 1069 

BIRMIKOUAM OAUQR POB SHBSn AND HOOPS. 

{LegoliMi by iht Board 0/ Tmdo, Bop. 1,1914.) 

DsBorlptifs Bqulrslents in DcSdipilTS BqnlTslsnts in 
Nmnbtr. ps^ of sn In<^. Nnmbsr. parts of an Inch. 

Ns. Inch. No. Inch. 
15/0 B.G. 1-000 90 B.G. •0893 
14/0 B.O. •9583 21 B.G. •0849 
11/0 B.O. •9167 99 B.O. •03196 
19/0 B.a. •8750 S8 BJG. •03783 
11/0 B.O. •8333 94 B.G. •03476 
10/0 B.Q. •7917 t6 B.G. •03204 

5/(1 B.O. •750 96 B.G. •0196J 
8/6 B.Q. -7063 97 B.Q. •01746 
7/0 B.O. •6666 98 B.O. •016626 
6/6 B.(!. •695 99 B.a. •0189 
I/O B,G. •6883 SO B.O. •0198 
4/0 B.G. •6416 81 B.Q. •0110 
1/0 B.G. •506 89 B.Q. •0098 
9/0 B.G. •4459 88 B.O. •0067 
1/0 B.G. •3964 84 B.O. •0077 

1 B.O. -3589 85 B.G. •0069 
9 B.G. •8147 86 B.G. •0061 
3 B.O. •9804 87 B.G. •0054 
4 M. •950 88 B.Q. •0048 
5 B.O. •9996 89 B.G. •6048 
4 B.Q. •1681 40 B.G. •00884 
7 B.O. •1764 41 B.Q. •00848 
8 B.Q. -1670 49 B.G. •00806 
8 B.G. 1398 43 B.G. •U0978 

10 B.G •1960 44 B.G. •00943 
11 B.G •1118 45 B.G. •00315 
19 B.0 •0691 46 B.G. •00192 
18 B.G. •0889 47 B.G. •00170 
14 B.G. •0785 48 B.Q. •00152 
16 B.Q •0699 49 B.Q. •00186 
16 B.G. •0695 60 B.Q. *00130 
17 B.Q. •0556 61 B.G. •00107 
18 BLO. •0495 63 B.Q. •00096 
18 B.G. j -0440 

1 
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Wire Gauges used ik the United States. 

DitnennonM of Sioet <n Docimai Parts of an Indt, 

Number 

( 
i American 
! or Brown 
1 and 

Sharpe. 

Birming* 
ham or 
Stubs* 

Iron Wire. 

Washburn; 
and Moen Imperial Stubs* 

! ; 

G.8. Number 
of Wlrs M4r.Co., Wire Steel Standard of Wire 
Gauge. Worcester. 

Mass. 
Gauge. Wire. for Plate. Gauge. 

000000 •464 •46875 000000 

00000 — — — •432 — •4375 00000 

0000 •46 •454 •3938 •400 — •40635 0000 

000 ; *40964 •4J5 •3625 •372 — •375 000 

00 ; *3648 •38 •3310 •348 — •34375 00 

0 •33486 •34 •3065 •324 — •3135 0 

1 •3893 •3 •2830 •300 •327 •38135 1 
3 •35763 •284 •2625 •276 •319 •365625 3 
S 1 *33943 •259 •2437 : •353 •312 •25 3 
4 •20431 •238 •2253 •232 •207 •234375 4 
S •18194 •32 •2070 •212 •304 •31875 5 
% •16303 •203 •1930 •192 •201 •203125 6 
7 •14438 •18 •1770 •176 •199 •1875 7 
8 •13849 •165 •1620 •160 •197 •171875 8 
9 •11443 •148 •1483 •144 •194 •15635 9 
10 •10189 •134 •1360 •128 •191 •140C25 10 

u •090743 •12 •1305 •116 •188 •125 11 

13 •080808 •109 •1055 •104 •185 •109375 12 

13 •071961 •095 •0915 •092 •182 •09375 IS 
14 •064084 •083 •0800 •080 •180 *078135 14 
15 •057068 •073 •0720 •073 •178 •0703135 15 
16 •05082 •065 •0625 •064 •175 •0635 16 
17 , *045357 •058 •0540 •056 •172 •05635 17 
18 •040303 •049 •0475 •048 •168 •05 18 
19 •03589 •042 •0410 •040 •164 •04375 19 
30 •031961 •035 •0348 •036 •161 •0375 20 

31 •038463 •033 •0317 •033 •157 *034375 31 
33 •035347 •038 •0286 •028 •155 •03135 23 
33 •033571 •035 •0358 •024 •153 •028125 23 
34 •0301 •033 •0230 •023 •151 •025 24 
35 •0179 •03 •0204 •020 •148 •021875 25 
38 •01594 •018 •0181 •018 •146 •01875 36 
37 •014195 •016 •0173 0164 •143 :*0171875 37 
38 •013641 •014 •0163 0U8 •139 i *015635 38 
39 •011357 •013 •0150 •0136 •134 •0140635 39 
SO •010035 •013 •0140 •0134 •137 •0125 SO 
31 •008938 •01 •0132 •0116 •120 •0109375 31 
S3 •00795 •009 •0128 •0108 •115 •01015625 32 
S3 •00708 •008 •0118 •0100 •113 •009375 S3 
34 •006304 007 •0104 •0093 •no •00859375 34 
35 •005614 •005 •0095 •0084 •108 •0078125 35 
38 •005 •004 •0090 •0076 •106 •00703125 36 
37 •004453 — — •0068 •103 •0U6640625 37 
38 •003965 — — •0060 •101 •00625 38 
39 •003531 — — 0053 •099 _ 39 
40 •003144 0048 •097 — 40 

Oare thoold be Ukeu to distinguish the difference between Stubs* Iron Wire Gauge and 
Stubs* Steel Wire Gauge. The former is oommonij known as the Birmingham Wire Gauge, 
and designates the Stubs’ Soft wire siies. 

The Stubs* Steel Wire Gauge is the one employeii in tnsesuring drawn eUel wire or drill rod, 
of Stubs* Bake, and is also usm bj some maker* of Ainerioao drlU rod*. 

{Brown and Sharpe.) 
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WARRlNaXON WIUEGADCK. 

Mark. Size. Mark. Size. Mark. Size. Mark. Size. 

No. Inch. No. Inch. No. Inch. No. Inch. 
7/0 \ 2 •274 lu •133 IG •0626, or A 
6/0 11 3 •26, or i 104 •126, or i 17 •O.'iS 
6/0 sV 4 •229 n •117 13 •047 
4/a H 6 •209 12 { *10, or 19 •041 
3/d i 6 •191 13 •OWj 20 •03C 
ivo U 7 •174 14 •079 21 1 -0316, or ^ 

0 •326 8 •169 16 •069 2*2 ; -028 * 
1 •3(MI 9 •146 

1 1 

WHITWOBTH’8 WIRE OAUGE, IM DEOIMALB OF AN INOB. 

Mark. Size. Mark. Size. Mark. ^ze. Mark. Si-ze. Mark. Size. 

J •001 14 •014 34 •034 85 •085 240 •240 
2 •002 16 •015 36 •036 90 •090 260 •260 
3 •003 16 •016 38 •088 95 •096 280 •280 
4 •004 17 •017 40 •040 100 •100 300 •300 
5 •005 18 •018 45 •045 110 •110 325 •335 
6 •006 19 •019 60 •050 120 •130 360 •350 
7 •007 66 •066 136 •136 376 •375 
8 •008 60 •060 160 ■160 400 •400 
9 •009 ns 66 •066 166 •166 425 •436 

10 •010 26 •036 70 •070 180 •180 450 •460 
11 •Oil 38 •038 76 •076 200 •200 475 •476 
12 •012 30 •080 80 •080 330 •220 500 •600 
1.3 •013 32 •033 

{b) SCREW THREADS AND SCREWS. 

Forms of Screw Threads. 

Kiga. 1, 3» 3, an<l 4 show four osoal forms of thread, eaoh of 1 inch pitch. 

Flo. l.-i'Whibwwth Thread-form. Kig. 2.~Amerioan Thread-form. 

Fio. 3.—Swiae Thread-form. Via. 4.—Steinlea Thread-form. 

In the WhUmorth or RngUih Standard thread (fig. 1) the angle made bj the two aidea of the 
thread is 55* for all aiaes of thread. One-eUth of the depth of the triangle la rounded off the top 
and bottom, so that the angle of 66* giree for the aotoal depth rather more than three-flftba and 
leee than two-thlrda of the pitch. 
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lu the Am^can (S4lUr»*) thread (fig. a> the angle made by the two sides of the triangle is 
60*, and one>eighth of the depth is cut off the top and bottom of the triangle, leaving a flat one- 
eighth of the pitch in width. 

In the Swist or Thury thread (fig. 3) the angle made by the two sides of the thread is 47t 
and one-fiith of the depth is rounded off the top and bottom of the triangle. 

For screw-plate Swiss threads the depth of the thread is three-fifths the length of the pitch. 
The top of the ridge is formed by a circular arc, the radius of which equals one-sixth of the 

pitch. The space between two consecutive ridges is formed at the side next the core by a circular 
aro, the radius of which equals one-flfth of the pitch. 

The Swiss thread for screws made in the lathe is the Steinlen thread (fig. 4). The angle 
made by the two sides of the thread is 68* 8', and the radius of the connecting arcs is -lOll of 
the pitch. The generating figure is an isosceles triangle, of which the base and the height are 
equal to the pitch. One-eighth of the depth is rounded off the top and bottom of the triangle. 

The British Association thread is similar to that of Thury, except that the top and bottom of 
the threads are both rounded to the same radius, namely, two-elevenths of the pitch. 

Hritish standard .S(mKw H’hreads. 

OEFlNmONS.* 

The Effective Diameter of a parallel thread is the diameter of the imaginary co-axial cylinder 
which iutersects the surface of the thread in such a manner that the intercept on a generator 
of the cylinder, between the points where it meets the opposite flanks of a thread groove, is equal 
to half the nominal pitch of^the thread (tig. 6). 

The Major Diameter of a thread is the diameter of the imaglitury co-axial (ylinder which Just 
touches the crest of an external thread or the root of an internal tlu-ead (lig. 0). 

The Minor Diameter Is the diameter of the cylinder which just touches the root of an external 
thread or the crest of an internal thread (tig. 6). 

The Crest of a thread is the prominent part of a thread, whether external (jr internal (tig. ti). 
The Root is the bottom of the groove between the two flanking surfaces of the thread, whether 

exoemal or internal (fig. 6). 
The Planks of a thread are the straight sides which connect the crest and the root (fig. 6). 
The Angleot a thread is the angle between the flanks, measured in an axial plane section (fig. 6). 
The Pitch ot a thread is the distance, measured parallel to its axis, between corresponding 

points on adjacent thread forms, in the some axial plane (fig. 6). 

Definition of Whitworth Form of Thread. 
The British Standard Whitworth form ot thread is a symmetrical V-thread in which the angle 

between the flanks, measured in the axial plane, is 55* ; one-sixth of the sharp vee is truncated 
at top and bottom, the thread being rounded equally at crests and roots by circular arcs blending 
tangentially with the flanks, the theoretical depth of thread being thus 0 • 640327 times the nominal 
pitch. 

The basic thread depths calculated from the above definition are rounded off to the nearest 
0*0001 inch. 

Tolerances. 
British Standard Specification No. 84—1940 gives dimensions for standard Whitworth threads 

of * close,' * medium,* and ‘ free * fit respectively. The tolerance on effective diameter for 
* medium * fit Is caicidated from the formula: 

Tolerance in inches =» 0'002\/ll I 0 003\/L -f 0 005\/r. 
where D major diameter of thread, 

L — len^h of engagement, 
P a* pitch. (All in inches.) 

* By permission of the British Standards Institution. 
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Tolenuices for * cioso ’ fit. ur« Iwo-thirdB of those for ' inediuui ’ fit, and for ' free fit,’ tlines 
those for * medium * fit. 

When the above formula is applied to B.S. Whitwortli threads from J In. to 3 in. and to B.S. 
Fine threads from | In. to If in. diameter (taking the length of engagement an equal to the 
diameter of the thread), it gives tolerances in agreement with the * standard * effective diameter 
tolerances In B.S. SpeclJQcatlons 92—1919 and 84—1018 (now superseded by B.S.B. 84—1940). 

ATofe.—Tn introducing B.S.B. No. 84—1940, it was made clear by the British Standards Institu* 
tion that caution should be exercised in chan^ng over to the new standard if, during the present 
emergency, such a change might hamper production in any way. If Its adoption is likely to 
introduce any difficulty in production or In gauging, arrangements can be made, by discussion 
between the manufacturer and the Government inspector, for production to continue to B.S.B. 
84—1918 and 92—1919 or to other authorised specifications operative at the time of the intro- 
duction of B.S.S. 84—1940. (See also Amendment Slip, 1942.) 

BRITISH STANDARD WHITWORTH (B.S. WHIT.) SCREW THREADS.* 
(B.S.S. No. 84—1940.) (Abstract.) 

Nominal 
Number 

of 
Pitch. 

Depth of Major Effective Minor 

Cross 
sectional 

diameter. threads thread. diameter. diameter. diameter. 

In. 

per Inch. 

in. in. in. ia. ill. 

thread. 

in. 
40 0-026 00 0-0160 0-1260 0-1090 0 09.30 0-0068 
24 0-041 67 0-0267 0-1876 0-1608 0-1341 0-0141 

i 20 0-060 00 0*0320 0•2500 0-2180 0-1860 0-0272 

18 0-065 66 0-0.366 0-3126 0-2769 0-2413 0 0457 

I 1(1 0-062 60 0-0400 0*3760 0-3360 0-2950 0-0683 
14 0-071 43 0-0467 0*4376 0-3918 0-3461 0-0911 

k 12 0-083 33 0-0534 0•5000 0-4466 0-3932 0-1214 
12 0-083 33 0-0534 0*5626 0-6091 0-4657 0-1631 

1 11 0-090 91 0-0682 0*6260 0-6668 0-.5086 0-2032 

f 

11 0-090 91 0-0582 0-6875 0-6293 0-5711 0-26G2 
10 0-100 00 0-0640 0•7600 0•6860 0•6220 0 - 3039 

i U 0-111 11 0-0711 0-8760 0-8030 0-7.328 0-4218 

1 8 0-125 00 i 1 0-0800 1-OOOO 0•9200 0-8400 0-5,542 

H 7 0-142 80 i 1 0-0916 1-1260 1-03.36 0-9420 0-6969 

U 7 0-142 86 i 
i 

0 0915 1-2500 ]-1586 1-0670 0-8942 

U C 0-166 67 ! 0*1067 1•5000 1-3933 1•2866 1 - 3U0 

li 0 0-200 00 I 0 1281 1 - 7500 1-6219 1-4938 1 • 753 
2 4-5 0-222 22 0*1423 2-0000 1-8577 1-7151 2 311 

n 4 0-260 00 i i 0-1601 2-2.500 2-0899 1-9298 2-925 

2.i 4 0-260 00 i 0 1601 2-6000 3-3399 2-1798 3-732 

22 3-5 0-285 71 0-1830 2 • 7,500 2-.5670 2-3840 4-464 

3 30 0-286 71 0-18.30 3-OOOC 2-8170 2-6340 5-449 

31 3-26 0-307 69 0-1970 3 - 2600 3-0630 2-8560 6-40C 

H 3-26 0-307 69 0-1970 3-6000 .3-.3030 3-1060 7-677 

31 3 0-333 33 0-2134 3-7600 ?- 5366 3-3232 8-674 
4 3 0-333 33 0*2134 4-0000 ;i-7866 3-6732 10-03 

u 2-870 0-347 83 0-2227 4-5000 4-2773 1-0546 12-91 

5 2*76 0-363 64 0 2328 6-0000 4-7672 4-6.344 16-15 
2-626 0-380 96 0-2439 6-6000 6-2661 5-0122 19-73 

« , 
2-6 0-400 00 0-2661 6-0000 6-7439 5-4878 23-66 

* By permission of the 1 ritlsh Standards Institution. 
t Dimensionally the J-In. v 40 t.p.l. thread belongs more appropriately to the B.S. Pine 

series, but it has for so long been associated with the Whitworth series that it is now included 
herein. 

X To be dispensed with wherever possible. 

VoL. T. K 
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WhiiwoftTii’rt Standaud ScRKwa FOR Watch and I.vstkumknt Makkrm. 

British standard Finb (B.S. Pine) screw Tftreads. 
(No. 84—1»40.) iAbHraa.) 

1 3 3 4 6 6 7 8 

Cross 

Nominal 
diameter. 

Number of 
; threads 
per inch, i 

Pitch. Depth of 
thread. 

Major 
diameter. 

KlTec-tive 
diameter. 

Minor 
diameter. 

sectional 
area at 
bottom 

of thread. 

in. in. 1 in. in. in. in. sq.in. 
32 ! 0031 25 0-0200 0-1875 0-1675 0-1475 0-0171 
28 0-036 71 0-0229 0-2188 0-1969 0-1730 0-0235 

i 26 0-038 46 0-0246 0-2600 0-2264 0-2008 0-0317 

T>*5 26 0-038 46 0-0246 0-2812 0-2666 0-2320 0-0423 
22 0-046 45 0-0291 0-3126 0-2834 0-2543 0-0608 

V 20 0-060 00 0-0320 0-3760 0-3430 0-3110 0-0760 

7 18 0-066 66 0-0366 0-4375 0-4019 0-3663 0-1064 
i; 
V’l 

16 0-062 60 0-0400 0-6000 0-4600 0-4200 0-1386 
16 0-062 60 0-0400 0-6626 0-6226 0-4825 0-1828 

?, 14 0-071 43 0-0J57 0-6260 0-5793 0-5336 0>2236 
14 0-071 43 0-0457 0-6876 0-6418 0-5961 0-2791 

V 12 0-083 33 0-0534 0•7500 0-6966 0-6432 U-3249 

I .< 12 0-083 33 0-0634 0-8125 0-7591 0-7C67 0-3911 
i" 

1 
11 0-090 91 0-C682 0-8760 0-8168 0-7586 0-4620 
10 0-100 00 0-0640 1-0000 0-9360 0-8720 0-6972 

u U 0-111 11 0-0711 1-1250 1-0639 0-9828 0-7686 
u 9 0-111 11 0-0711 1-2600 1-1789 1-1078 0-9C39 
1} 8 0-125 00 0-0800 1-3760 1-2960 1-2160 1-169 

u 8 0-126 00 0-0800 1-6000 1-4200 1-3400 1-410 
8 0-126 00 0-0800 1-6250 1-6450 1-4660 1-686 

If 7 0-142 86 0-0916 1-7600 1-6686 1-6670 1-928 

2 7 0-142 86 0-0916 i i 3 0000 1-9086 1-8170 2-693 
2f 6 0-166 67 0-1067 2-2600 2-1433 2-0366 3-268 
2* 6 0-166 67 0-1067 2-6000 2-3933 2-2866 4-106 

2f 6 0-166 67 0-1067 2-7600 2-6433 2-5366 6-064 
3 5 0-200 00 0-1281 S-0000 3-8719 2-7438 6-913 
H 5 0-200 00 0-1281 3-2600 3-1219 2-9938 7-039 

H 4-6 0-222 22 0-1423 1 1 3-6000 3-3677 3-2164 8-120 
3f 4-6 0-222 22 0-1423 1 3-7600 3-6077 8-4664 9-432 

4 4-6 0-222 22 0-1423 i 1 4-0000 3-8677 3-7164 : 10-84 
4i 4 0-260 00 j 0-1601 : 4-3500 ' 4-0890 ; 3-9298 ; 12-13 

Hote.—It Is recommended thst for larger diameters In this lerlM foar threads per Inch be used 



Sec. V (i) BOBBW THBBADB 

British standard Brass Thread. 

'ruia is a pipe thread astern adopted for thin braae tubing, gas burner fittings, and general 
brass work; it has a Whitworth thread of a constant pitch of or 2« threads per inch. 

Diameter. In. 1 i I i » f 
Threads per inch 26 throug bout 
Depth of Thread In. 0*02461 throughout _ _ _ 
Core Diameter . In. 0-0768 0-2008 0-3258 0*4608 0*5768 
Tapping Size . In. No. 47 No. 6 Q n n 

Diameter. In. i 1 n u u 
Threads per Inch 26 throughout — — 

Depth of Thread In’. 0-02461 t hrougbout — -- _ — 
Core Diameter . in. 0-8268 0-9608 1*0768 1*2008 1*4608 — 
Tapping Size In. _^ I.K Hi I'-i? — 

British Association (B.A.; Screw Threads. 

(No. ys—isno.) (Amended 1940.) (Abstract.) 

Approximate 
Dimensionu Exact Dlmen- Approximate i Exact Dimen- 

N.'. 
in Decimals 
of an Inch. 

Threads 
per 

slons ill 
M illimetres. No. 

in Decimals 
of an Inch. 

Threads 
per 

sions in 
Millimetres. 

Inch. Inch. 
Pitch. l>lam. Pitch. Diam. Pitch. Dlam. Pitch. 

25 •010 •0028 353 0*25 0*072 13 •051 •0110 90-7 1-3 0*28 
24 ; -Oil •0031 317 0*29 0 080 11 •059 *0123 81*9 1-6 0*31 
23 1 -013 *0036 285 0*33 0*089 10 •067 *0138 72*6 1*7 0*35 
22 *016 *0039 269 0*37 0*098 9 •076 •0164 65-1 1-9 0*39 
21 i *017 •0043 231 0*42 0*11 8 •087 *0169 59*1 2-3 0-43 
20 1 *019 •0047 212 0*48 0*12 7 •098 *0189 62*9 3-5 0*48 
19 *021 •0065 181 0*64 0*14 6 •110 *0209 47*9 2*8 0*63 
18 *024 •0059 169 0*62 0*16 5 •126 *0232 43*0 3*2 0*59 
17 •028 *0067 149 0*70 0*17 4 •143 ■0260 38*5 3*6 0*66 
16 *031 •0076 * 1.34 0*79 0*19 3 •161 •0287 34*8 4*1 0*73 
15 •036 •0083 ; 121 0*90 0*21 2 •186 •0319 31*4 4*7 0*81 
14 •039 •0091 110 1*0 0*23 1 *209 •0364 28*2 5-3 0*90 
13 *047 *0098 101 1*2 0*25 0 •230 •0394 26*4 6*0 1*00 

A<’mb Screw I’iireads. 

l<n^ K.!, 

The contour of the Acme thread is siren in fis. 7. Et is the subject of the B.S.T. Standard 
1104»1043. (Now withdrawn, but to be re-issued.) The angle is 29^ and the depth of the thread 
ouo-half the pitch. The standard series goes from ^-In. up to 5 Ins. and from 10 threads per Inch. 
<Iowu to 2 per inch. 



94 SCREW THREADS Sec. V (i) 

Sorew Heads. 
BRITISH STANDARD HEADS FOR SMALL SCREWS. 

(No. 460—1939.) iAhstract,) 
For all classes of heads except cheese, the diameter to be 1 ‘76 times the full diameter of the 

thread ; for cheeseheads, 1 • 6. 
The width of saw-cuts to be according to the formula, 

S «= *2 D -f *1 mm., 
where * ’ 

' S width of saw-cut, and D <= full diameter of the thread in millimetres. 
The standard depth of saw-cut to equal one-half the total depth of the bead in all cases, such 

depth being measured at the centre of the head. 

OYCIJ5 BNOINEEas’ iNSTTrUTB STANDARD THREADS. 

FlO. 8. 

The dimensions giyen below are for right-hand threads except those marked** which are 
for left-hand threads only, and that marked * (I.e. ^ in.) is for right or left band threads. 

Diameter In Inohea. No. of Diameter in Inches. No. of Diameter In Inches. No. of 
Decimals and Threads Decimals and Threads Decimals and Threads 

Fractions. per In. Fractions. per In. Fractions. per In. 

•066 — 62 •164 40 •376 i 26 
•064 — 62 •176 — 32 •'5626 20 
•072 — 62 •1876 32 1-000 1 26 
•080 — 62 •250 X 26 ••1-290 — 24 
•092 — 66 •266 — 26 1-370 — 24 
•104 — 44 •281 _ 26 *•1-4876 24 
•126 i 40 •3125 fS 26 1-6000 li 24 

Continental and American Threads. 

INTKHNATIONAL SYSTEM OF METRICAL SCRKW TnUKAr>S. 

(Sop Ti.S.S. 1095—1013. Amended 1941-15.) 

{Sytikme IrUemational,') 

Dia. of Pitch Dia. of Pitch Dia. of Pitch Dia. of i Pitch Dia. of Pitch 
Bolt in Bolt in Bolt in Bolt in Bolt in 

in mm. mm. in mm. mm. in mm. mm. in inm. ' itim. in mm. mm. 

1 0*66 8 1-26 18 2-6 36 4 60 6-6 
S-f 0-56 9 1*25 20 2-6 39 4 64 6 
4 0-7 10 1-6 22 2'6 42 4-6 68 6 
4-6 0>7 11 1-6 24 3 46 4*6 72 6-6 

0-86 12 1 76 27 3 48 i 6 76 6-6 
6 1 14 2 30 3 6 62 1 6 80 7 
7 1 16 2 83 3 6 66 6-6 



8CKEW THREADS 95 Sec. V (i) 

FUJ. 0. 

Fig. 9 <*how<i t.he shape and proportions of the threads of the International System of 
metrloid screw threads, also the maximum and minimum deviations allowed from the normal. 

FBENOH standard THB8ADS. 

DiiUit. rite.h ill Mdliiiu'tretA. I hialii. ill Milliiiii tr 
ill _ in .. 

Milli- ^ ^'1 i 1 1 ir 
T>iu'oinmuii. 

Milli- 
n litres. Kail way. eaiid’.'. nn li.ihvuy. ..... s^aiiii's. 

3 •5 25 3 :: 
4 •75 2H 3 
5 1 •75 II 30 3 ;;-4 
6 1 1 :’i2 j 3 . : • 3-5 
7 1-25 1-2 - 35 3 5 ' ; 4 3-8 
7-5 i-«; 38 3‘5 1 4 1 
8 1-25 1-25 40 4 ! 4 . 4-2 
9 1-6 1-5 12 : 4 ^ 4-5 ' 

10 1-5 1-5 1-8 45 ! 4 4-5 : 4-G 
12 1-5 i 1-75 i 17 i 4 5 5 
12*6 'J 50 i 4‘5 j 5 5 
14 2 55 1 - ' 5 ' 5-4 
15 2 2 2-2 (ill ! - : (5 5*8 
17-5 — - 21 (i5 i ■ ; i; ' ^•2 
18 2 2*5 7o I - - 7 Gd 
20 2 2-6 2-lJ 75 7 7 
22-5 
23 2*5 3 

2-H 

l 

80 1 7-4 



96 SCRKW THREADS S(’c. V (i) 

U.S.A. NATIONAL OOABSB ThBEADS. 

Size. 
Threads 

per 
Inch 

Major 
Diameter 

Pitch 
Diameter 

Minor 
Diameter Pitch 

Basic 
Depth ot 
Thread 

Basic 
Width 
of Flat 

i 30 0*2600 0-3175 0*1850 0-0500000 0-03248 0-00626 
18 0*3135 0-27C4 0*3403 0-0656550 0*03608 0-00694 

i 1C 0*3760 0*3341 0*3938 0-0625000 0-04069 0-00781 
U 0*4376 0*3911 0*3447 0-0714280 0-04639 0-00893 

i 1.3 0*6000 0*4500 0*4001 0-0709231 0-04996 0-00962 
12 0*5625 0-6084 0*4542 0-0833333 0-06413 0-01042 

is 11 0-6260 0-5GC0 0*5069 0-0909091 0-06906 0-01136 
10 0*7600 0*0850 0*6201 «)• 1000000 0-06495 0-01260 

f i 9 0*8760 0*8028 0*7307 o-imiii 0-07217 0-01389 
1 8 1*0000 0*9188 0*8370 0 • 1260000 0-08119 0-01562 

! n 7 1*1250 1*0323 ! ! 0*0394 0*1428571 0-09279 0-01786 
■ li 7 1*2600 1*1572 : 1*0044 0*1428571 0-09279 0-01786 
MS c 1*3760 1*2667 1*1585 0-1000607 0*10826 0-02083 
U C 1*500() 1*3917 : 1*2835 0•IGG00G7 0*10825 0-02083 

'll 5 1*7500 1*6201 1*4902 o-20ouoon 0-12990 0-02500 
2 'li- 2-0000 1*8657 I*?!!.*! 0-3222322 ()• 11434 O-0277S 

I3i 'li ■ 2*2300 2*1057 1*9013 0-2222222 0-14431 O-0277S 
'2| •i 2-6000 2*3376 2*1752 0*2500000 0-10238 O-03125 

4 3*7600 2*5876 2*4252 0-2500000 0-16S38 0-03126 
•( 3-0000 2*8376 2*0752 0*2500000 0-16238 0-03125 

h 4 3-2600 3*0876 2*9253 0*2500000 U-1G238 0-03125 

H 4 3*6000 3*3376 3*1752 0*2600000 0-162.38 0-03125 
32 4 3*7600 3*6876 3-42.52 0-2500000 0-16238 0-03125 
4 4 4*0000 3*8376 ; 3-0752 0-2500000 0-16238 0-03126 

All diiiionsious given in inches. 

Swiss ScRKW Thkkads. (Thury.) 

Exact j 
Dimensions in ; Ratio ’ Approx.| 

MUllmetres. : i Millimetres. 

Pitch. Dia. meters o* 
meter.' 

Threads] 
per 

Inch 

S5 
94 
33 
33 
31 
30 
19 
18 
17 
16 
16 
14 
13 
15 
11 
10 
9 
8 
7 
6 
8 
4 
8 

O-O/IS 
0*0798 
0*0886 
0*0983 
0*109 
0*133 
0*136 
0*130 
0*167 
0*183 
0*306 
0*329 
0*254 
0*383 
0*314 
0*349 
0*887 
0*480 
0*478 
0*681 
0*390 
0*666 
0*739 

0*334 
0*389 
0*328 
0*873 
0*436 
0*479 
0*648 
0*616 
0*699 
0*794 
0*901 
1*03 
1*16 
1*82 
1*49 
1*64 
1*93 
3*18 
3*48 
J*81 
8*19 
8*63 
4*11 

0*879 
0*881 
0*883 

’ 0*873 
; 0*889 

0*883 
0*883 
0*881 
0*880 
0*881 
0*883 

; 0*879 
; 0*879 

0*886 
0*909 
0*834 
0*881 
0*879 
0*883 

; 0*881 
> 0*881 

0*881 
0*683 

i 0*0100 
! 0*0114 

0*0139 
i 0*0146 
! 0*0168 

0*0189 
0*0214 
0*0243 

I 0-0275 
0*0813 

; 0*0333 
I 0*0403 
I 0*0467 
! 0*0330 
I 0*0687 
; 0*0646 
: 0*0766 

0-0838 
0*0976 

I 0*1106 
'• 0*1366 

0*1433 
: 0*1618 

333*70 
i 318*30 
; 386*63 
i 333*33 
i 333*03 

308*19 
188*40 
169*33 
133*32 
137*29 
123*30 
110*91 
100*00 

90*07 
80*89 
73*77 
66*63 
39*06 

! 63*13 
I 47*86 
I 43*03 

38*71 
34*84 

i Exact 
Dimensions in Ratio Approx 

Millimetres, i qj Dlam. 
gyg ; in 'Threads] 

JcesBlvei | per 

1 
0 

- 1 
- 2 
- 3 
- 4 
- 3 
- 6 
- 7 
- 8 
> 9 
-10 
-11 
-13 
-13 
-14 
-13 
-16 
-17 
-18 
-19 
-30 

Pitch. 

Exter¬ 
nal j 

Dili- I 
meter. 1 

0*810 
0*900 
1 
Ml 
1*23 
1*37 
1*52 
1*69 
1*88 
2*09 
2*32 
2*68 
2*87 
8*19 
3*34 
8*93 
4*37 
4*86 
6*40 
^00 
6*66 
7*40 
8*38 

4*66 
5*29 
6 
6*81 
7*78 
8*77 
9*93 

11*3 
12*8 
14*6 
16*6 
18*7 
21*2 
24*1 
37*4 
31*0 
83*3 
40*0 
43*4 
31*3 
38*4 
•8*8 
73-3 

Dla- mals 
meters o* 

1 Inch. 

0*881 0*1833 
0*883 0*3083 
0*881 j 0*8362 ^ 

0*881 I 0-2681 
0*881 i 0*3043 
0*881 ! 0*3468 
0*880 ! 0*3917 
0*883 i 0*4449 
0*883 0*3039 
0*879 1 0*3709 
0*883 
0*883 
0*880 
0*880 
0*884 
0*881 
0*880 
0*881 
0>883 
0*883 
0*881 

0*6496 
0*7363 
0*8346 
0*9488 
1*0787 
1*3048 
1*3838 
1*3748 
1*7874 
3*0376 
3*3993 

0*883 2*6108 
0*883 3*9607 

Inch. 

61*30 
28*33 
25*40 
22*83 
20*63 
18*34 
16*73 
15-03 
13*48 
12*13 
10*94 

9*84 
8*83 
7*97 
7-17 
6*46 
3*81 
3*23 
4*84 
4*23 
3*82 
3*43 
3*08 



Scr. V (i) PIPK THREADS 97 

OOMPARlflON OP U.8. STANDARD AND WHITWORTH SORIW THRBADi. 

The difference In iorm that exiete between the Whitworth and the U^. standard icrew thread 
is shown In flg. 10. The comparison Is baaed npon a screw with 1 thread per Inch. Olearanoes 
and Interferences for the two forms of threads haring any other pitch may therefore be obtained 
by dividing the respective valnes given in the diagram by the number of threads per inch nndet 
consideration. 

Pio. 10. 

.V now sorloft of ITnidod Sorow Throjida has now liron .'u-'rooil on for ooinmon nso ns on nltorn.tiiv 
to tlio oxistint? Whitworth and IJ.S. Standards. 

PIPE THREADS. 

OAUOK Diameter. 

The full diaiueter uf the Standard Male Parallel Screw Qauge which the Parallel Ooupler, to 
he used with a tube of that size, is required to fit. 

U.S.A. National Pipk Threads. 

Nominal Outside No. of Nominal Outside No, of 
Diameter Diameter Threaiis Diameter Diameter Threads 
in Inches. in Inches. per Inch. in Inches. in Indies. per Inch 

i 0*406 27 n 2-876 8 

i 0*64 IK 2i — — 

1 0-676 IK 3 3-6 8 
A 0*84 14 4*0 8 

S — 4 4-6 s 
1 1 06 14 4A 6-0 8 

i — 6 6-663 8 
1 1 316 lU H 6-625 8 

n 1-66 lU 7 7-626 8 

u 1-9 Hi 8 H-626 K 
— 9 9-6vS8 8 

2 2-376 Hi 10 10-75 1 8 

— 12 12-76 8 



PIPE THREADS 

BAaiO Sizus FOB PIPB Thrbads. (B.S.S. No. 21-1938.) 

Sec. V (i) 

Note.—Tubes ^ in. and uptvards : The ends shall be specially sized prior to screwing, 
in order to ensure ample thickness below the root of the thread. This condition shall be. 
complied with for the screwing of cut tube at site. 

BOLTS AND NUTS. 
According to the Whitworth system of standard sizes of bolts and nuts, the thickness of the 

bolt>head is seven^eighths of the diameter, and that of the nut is equal to the diameter. 
In the Sellers’ (American) system the heads and nuts are hexagonal, the thickness ot the 

heads and of the nuts being equal to 1 diameter minus one-slxteenih Inch. The breadth across 
the flats is equal to diameters plus one-sixteenth inch. 
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See. V (i) BOLTS AND NUTS 1)0 

J)IMHNSIONS OF B.S. BLACK BOLTS, NUTS AND DOCK NUT3 
(Hexagon and square). 

Dimension 
j across Flats Approx. 

Nuuilttjr of I of Bolt Maximuin 
'J’hread.s p« r Heads ami Ditm-nsion 

Iiifh. Nuts(Hexa- arross 
^'on and fornr.rs. 
Square). 

' Thickness of 
■ Bolt Heads 
I (Hexagon 
and Square). 

Tljl<;kness of 
N uts 

(Hexagon 
and Sfpjare). 

'1'hic.kiiess of 
Look Nuts 

(Hi^Vagcni) 1', 

- 
B.S. 

Whit. 
B.S. 
Fine Ma.\. Min. 

llexa- 
agon. 

s q- Max. M in. .IX. Min. M iX. Mill. 

in. in. in. in. ill. ill. in. in. in. n. in. 

i 20 2<; (i •415 0 435 0 51 0 63 0 20 0 IS 0 22 0 20 0 14 o 12 
IS 22 0 •525 0 515 (> 61 0 74 0 li*.> 0 21 0 27 0 25 0 18 1) 16 
J('> 20 0 •600 0 585 o 69 0 85 0 28 0 2<; o o :;i o 22 u 20 

M IS (I •710 0 695 0 82 1 00 0 31 0 32 0 0 37 0 26 0 24 
,1 12 J(i 0 •820 0 SOO 0 95 1 16 o 40 o 37 0 46 0 )3 0 3J 0 28 

j'.. 12 b; 0 020 0 900 1 06 :>o 0 16 0 43 o r>'i o 50 0 .3.5 32 

i: 11 11 0 010 0 98.5 I 17 J 13 O 51 0 IS 0 60 0 56 o 11 o 37 
JO 12 1 200 1 175 1 39 1 70 o 62 0 5*.» (.» 72 0 68 0 49 0 15 

1 it 11 ] 300 1 270 1 50 1 81 0 69 t.) 05 0 ."1 " 75 0 55 0 19 

S 10 I 180 1 450 1 71 2 09 0 SO 0 76 o 'X\ 0 S7 0 6.3 0 57 

Ji 7 u J 670 1 640 1 93 2 36 0 91 0 S7 1 or. 1 Oo 0 73 0 65 

13 7 i» 1 800 1 815 - 15 2 63 1 02 0 96 1 20 J 12 0 SI 0 73 

3h s 3 050 2 005 2 37 2 90 1 13 1 07 1 a:. 1 25 0 89 0 81 
1.1 (» s 2 220 2 175 2 5ti 3 14 1 21 1 18 1 •15 1 37 0 9S 0 90 

• i; 
r,tt s 2 110 2 365 2 78 3 JI 1 39 1 29 1 58 1 5(1 1 06. o 98 

»t 
r, 7 2 • 080 2 •520 2 98 ;{ •65 1 50 I 10 1 1 62 1 16 1 06, 
4 5 7 •J ■ 760 2 ■700 :> 19 3 •90 1 61 1 51 J 85 1 TT) 1 27» 1 15 

•ii 
"J 1 <; 3 •150 3 •090 •3 61 1 •45 1 1 67 1 97 1 S7 1 i;; 1 3,3 

IM .j 0 3 •5.50 3 ■190 4 JO 5 •02 J ',•9 1 89 2 22 ! 1 2 12 1 60 I 5o 
2\ ;; r. 6 3 ■890 •S.’U) 4 49 5 ■50 i 2 16 2 06 2 47 ! 2 37 1 77 1 67 

:( 3 , 5 4 •180 4 •080 1 83 5 •91 3 .i;; 2 28 . 3 77 o 62 1 9S 1 8.3 

•’>.} 25 4 ■530 4 ■ 43CI ' 7, 2;{ 6 •41 2 75 2 50 r, 12 2 S7 2 15 2 l»0 

34 3 25 1-5 4 ■850 4 •750 5 6i) 6 •86 : 2 84 2 71 3 27 12 o , 32 2 17 
3J 4'5 5 ■180 5 ■080 98 •33 3 08 2 93 •’• 52 3 .37 2 46 - 33 

1 3 ! 4*5 5 ■550 5 ■450 6 •41 7 ■85 j 3 30 3 15 3 77 3 62 2 65 2 60 
41 2 875: 4 6 ■.S80 6 ■255 7 37 9 •02 3 73 3 53 4 20 , 4 00 3 03 2 83 
t> 2 75 4 7' ■300 7 ■175 8 43 10 ■32 ; 4 17 3 97 4 70 50 •* 37 3 17 

3- 
! 

625 4 8' ■350 , 8 ■225 9 61 11 •81 ; 4 60 1 40 5 20 5 00 .3 70 3 60 
() 

1 
4 ;» ■450 if •325 10 91 13 •.36 ; 5 01 1 81 0 70 50 •1 03 S3 

• The Institution recommends that for general use those sizes be dispensed %Nith, 



loo bOLTS AND NUTH SeC. V (l) 

Whitworth standard Bolts and Nins. safb Load in Lbs. 

APPROXIMATE SAFE LOAD I.N LBS. 
s Diam. at Area at 

Bottom Bottom 
ol ot At At At At At At s 

c8 Thread. Thread. 4,000 Iba. 6,000 lbs. 6,000 lbs. 7,000 lbs. 8.000 ibs. 9,000 lbs. 

5 per Sq. In. per Sq.In. per Sq.In. per Sq. In. per Sq. In. per Sq. In. 

InH. las. Sq. Ins. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

A 0-134 0-014 66 70 84 98 112 126 

i 0-186 0-027 108 135 162 189 216 243 

A 
0-241 0-046 184 230 276 323 378 414 
U’Sdft 0-068 272 340 408 478 546 614 

A 0-346 0-094 376 470 604 628 752 846 
'{ 0-393 0-121 484 606 726 850 970 1,090 

A 0-455 0-155 620 775 930 1,085 1,240 1,395 
1 0-508 0-204 816 1,020 1,221 1,418 1,620 1,824 

U 0*571 0-256 1,024 1,28U 1,636 1,792 2,048 2,304 

1 0*622 0-804 1,216 1,520 1,824 2,126 2,430 2,7.34 
0-684 0-367 1,468 1 1,836 2,202 2,569 2,936 3,303 
0-733 0-422 1,688 2,110 2,532 2,954 3,376 3,8<V) 

H 0-795 0-496 1,984 2,480 2,976 3,472 3,968 4,464 
i 0*840 0-554 2,216 2,770 5,324 3,880 4,430 4,990 
l| 0-943 0-697 2,788 3,485 4,182 4,880 5,675 6,270 

1-067 1 0-894 3.576 4,470 5,364 6,250 7,145 8,035 
If 1*162 1-068 4,232 5,290 6,348 7.400 8,465 9,510 
i{ 1*287 1-299 5,196 6,496 7,794 9,030 10,330 11,610 

i{ 1*369 1-472 6,888 7,360 8,832 10,290 11,760 13,2.30 

li 1*494 1-763 7,012 8,766 10,518 12,210 13,950 15.700 

If 1*590 1-986 7,944 9,930 11,916 13,900 15,890 17,875 
2 1*720 2-311 9,244 11,555 13,866 16,170 18,480 20,790 

H 1-930 2-926 11,704 14,630 17.556 2'),47f) 23,400 26,326 
2*180 3*7.3.’t 14,982 18,665 93,398 26,125 39,855 33,590 

21 2-384 1 4-464 17,856 22,320 26,784 31,220 35,680 40,140 
3 2-634 5*450 21,800 . 27,260 32,700 38,080 43,520 48,960 

2-856 6-402 25,608 1 32,010 38,412 44,814 51,216 57,618 

H 3-105 7-563 30,262 37,816 45,378 57,940 60,504 68,065 

31 3-320 8-673 34,692 43,365 62,038 60,710 69,384 78,057 
4 3-573 10-027 40,108 50,136 60,162 70,190 80,216 90,240 

1 3-804 11-365 45,480 66,825 68,190 79,576 90,960 102,305 
44 4-054 12-908 51,632 64,640 77.448 90,356 103,264 116,172 

4 4-284 14-404 57,616 i 72,020 86,424 100,830 115,2.32 129,636 
6 4-534 16-146 64,584 80,730 96,870 113,020 129,168 115,314 

H 5-013 19-720 78,880 i 98,600 118,320 138,040 157,760 177,480 
6 5-487 i 23-640 94,560 I 118,200 

1 
141,840 165,200 189.120 212,760 





J()2 BOLTS AND NUTS Sec. V (r) 

AJfBRIOAN STANDARD HBZAOON NdTS AND BOLTS (SelUrt*). 

r PimensloM in Inches. 

Silt of 
Bolt and 
Thickness 
of Nut. 

Nut Nut 
across across 
Flats. Comers 

Tapping 
Hole. 

Thicknese 
of 

Bolt-head. 

Sise of 
Bolt and 
Thickness 
of Nut. 

Nut 
across 
Flats. 

Nut 
across 

Comers. 

Thickness 
of 

Bolt-head. 

•6 •677 •186 •197 2 3-126 3-609 1-711 1-676 
A •697 -686 -340 •3473 3-6 4-042 1-961 1-7628 

1 •687 •794 •394 •3954 3-876 4-475 2-175 1-97 
A •781 •902 •346 •3447 2! 4-25 4-908 2-426 2-1628 

4 •876; 10106 •4 •394 3 4-626 6-341 2-628 2-.*t64 
A •968 1-1187 •464 •4433 H 6 6-776 > 2-878 2-661 

f 1062 I 1-327 •606 •4926 6-376 6-208 1 3-1 ! 2-768 
1 i 1-26 ! 1-443 •62 •691 6-76 6-641 1 3-317 2-964 

1 ' 1-437 i 1-66 •731 •6895 4 6-126 7-074 I 8-667 1 3-162 
1 1-626 1 1-876 •837 •788 H 6-6 7-607 ! 3-798 < 3-349 
1 1-813 ! 2-093 •939 •8864 6-876 7-94 1 1 4-027 ! 3-6266 
1 3 2-31 1-064 •986 7-26 8-373 4-266 1 3-743 
1 2-187 * 2-626 1-168 1-0764 6 7-626 8-806 4-48 3-94 
1 2‘876 i 2-743 1-283 1-182 H 8 9-24 4-73 ! 4-137 
1 2-56S 1 3-959 1-389 1-2806 H 8-376 9-67 4-963 4-334 
1 2-76 : 1-176 1-49 1-179 6t 8-76 10-106 ; 6-203 4-531 
1 2-987 : 3-393 1-615 1-477 6 9-126 10-639 1 ! 5-423 4-728 

({Sco also Jj.fc?. .'^pec. “ (J«ip oiul C’ouiilei'snnk Bolts, etc.*) 

Huitish Standard Whitworth Casti.k and Si.otted Nuts.* 

B.S.8. 1083/1942. (Abstract.) 

FlO. 11. 

• By perxniMioD of the British SUndards IniUtutioD. 



Sec. V (i) HOLTS AND NUTS 103 

DUlBMfllOMa 09 SLOTTED NUTS AND OA8TLB NUT'S. 

Dimensiona in Innhpa Dimeu don:< in inches. 
Number Number 

of'Threads of'Threads 

B. 0. D. 
1 

E. F. per Inch. B. C. n. K. F. per Inch. 

i 1 f 14 n 21 t s f 11 
fi If r. „ 9% 14 H 3,‘, 

31 
2 11 

1 "’l „ k 14 n i & „ 11 
i If 1 f 11 9 3* 1 ,, 11 
1 1| “f „ ll n 4 1 T 1 A s’a 8 
u 9 • A 11 Sf 4| U 8 
1* '"f 99 1 “ 3! 4| If f f 8 
If \l 1 « ! 11 3 H u 8 
If n t 99 11 

* A pair of these nuts la ased fur lucking piuposee. 



H).| HOLTS ANP NUTS Sor. V (l) 

BOUKD BOVS likads. 

PlO IS. 

PBOPOBXIONS OK ROUND-UBADBO BOLTS. 

Oappbd Nuts 

D ^ dia. of bolt; 11-D; 

T = D ;X R ; in. 

wiNo Nuts. 
(See B.S.S. 86G—1939.) 

/ 

FIO. 14* 

WlNQ KUT FBOPOBTIOMS. 

The following table gives varioas 
(Hmenaioas for wing nuts threaded 
for bolts from |>incb to l>incb 
Whitworth. The dimensions chosen 
are representative of osoai praotioe. 



Sec. V (j) SPANNERS 

SpannerB, 
BRiTiSH STANDAHU BpanN8RS.« (No. 192—1943.) (Abslract.) 

The angle between tbe head and the •ibank of spannera abould be 30o, or 45”. 
Dimbnsions of British Standard SrANNBRs. 

FIG. 16. 

Single-ended B.8. Spanner. 

FIG. 17. 

Double-ended B.8. Spanner. 

"35U 35^' 

FIG. 18. 

Limiting Size of Spanner Head. 

\ 

box Sl’A.N'SKR.^ OK KKYS, 

Dimensions In Inches. 

Nut. H. 0. 1 1). 1 K. F. H. : j. 

1 U 1 i i 1 
1 H U 1 H I*- 
1 It 4 n H ; "i i u ! w 

1 2 2 H 1 u 3 

2| n i 2} i ii 
u •’i ij i a H ! n 
4 3 

1 
; *4 i i H li ; n 

By |>ermi8sinn of tbe Britlib Standard! Instltntion. 



SPANMEKS See. V (I) i(m 

DIMENSIONS AND PROOF TEST MOMENTS 

I 2 3 , 4 S 1 7 s 9 ' 10 

Nominal size 
of spanner 

(dia. of 
correspondin}; 

bolt) t 

Width between 
jaws 

W 

rhickness of 
spanner bead 
(see Clause 5) 

(T. Fig. 1) 

I'urninK 
l.enKlIi of spanner moment 

(see Clause 6) for 
(1.. l-iKs. 1 and 2) proof 

test 

B.S.I. 
' 

and war 
emer- 
genc> 

B.S.W. 

Mill. Ma\. j Mill. Max. Normal 1 -ong l-Mra 
Ions 

ill. in. in. in. in. in. in in in. inch- 
poiinJs 

..... ■ 0-416 0419 0 10 0-12 2]., 110 

>4 0448 0-45J 0 J2 ON 5 2'.') 

'' J (, ()-530 0 5.33 0 15 0 10 3';, 580 

' 1 (. 0-604 0-608 0-19 02:’ 4y 560 

/S ‘ Kj U-71> 0720 0-2 •> 027 5 780 

' i'.. 0-82J 0830 0-27 0 3J 0 1 000 

n. 092b 0 932 031 0-36 7 8 9 1 300 

■ * 1 ^7 ''e? i-OlG 1-0^2 0-35 0-40 8 9 10 1 700 

% I'lOT 1-114 0-39 0-44 9 10 11 2100 

1-207 1-214 0-39 0-44 9 10 11 2 500 

% 1-308 1-316 0-47 0-53 101/2 iiy 12/. .3 100 

1-398 1 1-406 0-47 055 ioy> nvii 12»/ 5 800 

% 1 1-489 1-498 0-55 0-62 12. 15 14 1 700 

— 1-589 j ̂ J 598 0-55 0-62 12 1 15 14 5 7U) 

I ! iy« 1 680 ' l-G'90 0 63 071 13/ ^4!f. 16/, 7 000 

i 
l‘« 1 ly 1-871 ; J-882 0-71 0-8U 15 16*/, 18 JO 000 

ly m* 2062 2 074 079 U-88 161--f i» 1 20 1j 000 

Ws* ■ W2 2-233 2-246 08/ 0-97 18 2U 22 21000 

m i%* 2-424 2438 0-95 l-t>7 20 
ryr^ i.jCf 1 24 50 000 

2-595 2-610 1-03 1-14 22 : 24 26 41000 

m 2 2-776 . 2-792 1*11 ' 1-23 24 26 ! 28 55 000 

IVe* — 3-037 • 3054 1-22 1-35 26 ' 28 31 75 000 

2 2y 3-168 3-186 1-27 1-40 28 1 1 31 1 54 96 000 

* In the relevant speclQcations for bolte and nuts, It is recommended that, for general use, 
these sizes be dispensed with. | , I , J 1 I 

t For the period of the war emergency, the standard widths across Hats of B.S.W. bolts and 
nuts have been reduced to the standard widths across flats for B.S.P. bolts and nuts (see war 
emergency B.S. 016 ‘ Black Bolts and Nuts’ and 1083 ‘ and B.fi.F. Machine Bolts.’ 



Sec. V (i) WOOU SCREWS f07 

Wood Screws. 

a’WIM DRILL SifEfl FOR WOOD SCREWS. 

Size of Shank Drill for Mean Gore Drill for 
Screw. Diam. Shank. Diam. Gore. 

4/0 0-054 No. 64 0-036 No. 65 
. 3/0 0-067 1-46 mm. 0-0376 No. 62. 

2/0 0-060 1-65 mm. 0-0396 No. 60 
0 0-063 No. 52 0-0416 No. 68 
1 0-066 No. 61 0-0435 1 -16 mra. 
2 0-080 No. 46 0-062 No. 66 
:i 0-094 No. 41 0-061 1-65 mm. 
4 0-108 2-75 mm. 0-0706 1-80 mm. 

0-122 3-10 mm. 0-0785 No. 47 
0 0-136 No. 29 0-088 2-25 mm. 
7 0-160 No. 24 0-0975 .No. 40 
s 0-164 4-20 mm. 0 • 106 2 - 70 min. 
<( 0-178 No. 15 0-115 No. 32 

10 0-192 4 - 90 mm. 0-1245 i 
11 0-206 6-25 mni. 0-1335 3-40 mm. 
12 0-220 6-60 mm. 0-143 No. 27 
13 0-234 A 0-152 No. 24 
M 0-248 6-30 mm. 0-160 No. 20 
15 0-262 7 -00 mm. 0-170 \« 
10 0-276 .T 0-179 No.‘l5 
17 0-290 L 0-189 No. 12 
IS 0-304 7-76 mm. 0-197 No. 8 
20 0-332 Q 0-216 0-60 mm. 
22 0-360 9-20 mill. 0-2335 A 
24 0-388 9 • 90 mm. 0-252 (5-60 mm. 
26 0-416 0-2696 6-90 mm. 
28 0-444 11 50 mm. 0-288 L 
30 0-472 12-00 mm. 0-306 7-80 rnni. 
32 0-600 

.f 
o-;;26 8 - 30 mm. 

34 0-628 0-337 It 
36 0-686 I*. 0-360 9-20 mm. 
38 0-684 16 00 mm 0-378 9-60 ram. 
40 0-612 f 0-397 X 

Shank and Gore Diameters are ^iven in decimals of an inch. 
Fractions in Drill sizes are fractions of an inch. 
Mean Core Diameter, is the mean of the variations which the Makers give as possible, but these 

variations are only in the third place of decimals. 

Bolt Spacing. 

Fig. 20 shows minimum 

spaciugsand pitches for Whit* 

worth studs, bolts, and nuts, 

which will give sufficient 

space to enable a standard 

spanner to be used. Beiii^: 

for use with hex<igonal nuts 

a movement of 70® full is 

Jillowed for the spanner. 



108 PIPB FIiANGBB Sfc. V (i) 

Pipe Flanges. 

Plangks and Bolts of Oast-iron Pipks. 

Diameter of 1 Diameter of' Flange Size of 1 Number of 
Bolt Circle. Weight per 

Pipe. ! Flange. Thickness. Bolts. Bolts. Foot. 

Ins. 1 Illit. Ins. Ins. Ins. Lbs. 

14 6 4 44 — 
2 64 i 4 4 4 8-74 
24 74 1 a 4 64 10*68 

8 1 e » 64 14*8 

H 84 1 i 4 64 22-1 
4 n liV 5 6 74 :io*8 

10 i H 7| 36-3 
S 11 14 1 6 8} 62 
6 124 14 J 6 — 58*7 
7 14 2 8 114 71*8 
8 15 2 8 124 79*1 
9 164 li 2 8 14 — 

10 174 U 2 10 14} — 

11 19 1 i lU 16 — 

12 20 f 10 17 — 

For steam pipes allow inches per 100 feet for expansion. 

Bkitish Standakd PiPK Flv.voks. 

(No. lO—Part 1—1947.) 

Belaies to Pipe Flanges (for Land Use) for Gas Pipes ap to SO Ibe. pressure per square inch, 
and Water Pipes op to 173 Ibe. preseore per square tnoh. 

(No. 10—Part 2—1926.) (Abatraci,)* 

TABU! IL—Welded'On Flanges lor Pipe Llnee for Working Steam Freeeores up to 250 lbs. 

Nominal 
Pipe 
6te. 

ins. 
2 

V 
n 
4 
5 
6 
7 
8 
9 

10 
12 
14 
15 
16 
18 
SO 
21 
24 

Actoal 
Outside 

Diameter 
of 

Wrought 
Pipe. 

ins. 
2| 
S 

44 
5 
6 

l\ 
10' 
124 
15 
16 
17 
10 
21 
22 
25 

Diameter 
of 

Flange. 

Diameter 
of 

Bolt 
Olrole. 

Number 
of 

Bolts. 

Diameter 
of 

Bolts. 

Thioknesi 
of Flange. 

Steel 
(stamped or 

foig^). 

Bolt holes.—For f-ln. and |>bi. bolts the diameters of the holes to be j’jfin. larger the 
diameter of the bolta» and for IsigsrslBeool bolts l-ln. Bolt holes to be drilled oil oentre lines. 

Tables L and P relate to preasuree up to 150 lbs. and 350 lbs. per sq. In., respeetirely. 

• By permission of the British Standanis Inijtitutiori. 



Sec. V (i) riPij FLANOKS JOO 

Table D.—For Working SteBin rrewnrui np to 50 lbs. per aq. In. 

Thickuees of Flanges. | 

Nomiiml 
Pipe 
Size. 

^ Diameter 
1 of Flange. 

Diameter 
of Bolt 
Circle. 

Number 
of Bolts. 

Diameter 
of Bolts. 

t'ast Iron. 
Cast Steel 

and Bronze. 

stamped 
or Forged 
Iron or 
Steel. 

file. IllH. Ins. Ins. Ill.-. Dis. Ins. 

i 3^ 4 * 1 
1 4 2a 4 8 

1 H 3* 4 * J *<• 
u 

ai 
4 i * 

u 4 4 * if * i 
'2 G 4* 4 1 
-’i 5 4 I • 

3 H 4 1 
» 

8 6 A 4 s! i 1*1 il 
i 8; 7' 4 I i IT 

1 •} i ft 10' «i 8 i i * 
(> 11 H 8 % i * " 1 1 

* 
7 12 10* H 1 1 * 
8 13i 111 s % 1 t * 
<) 14* 125 8 t 1 ! 

10 1G u 8 1 ! 
i 1'2 IH IG 12 1 U 1 

14 soi 18* 12 1 u 1 2 
15 21J I9I 12 A H i 1 
10 22J 20l 12 a H 1 i 
18 25* 23 12 A ij( 1* 
20 27i 251 IG > i.i 1* 
21 20 2(U IG i 1* u 1 
24 32 29* 16 1 i5 lii I* 

Tablw B. F, H, and J ralata to preaauree op to 100 Ibo.* 150 Iba., 350 lb«^ and 350 lbs., reapec 
tWelj. 

Tablb K.—For Working Steam PrcKsures op to 450 Iba. per eq, in. 

Nominal 
Pipe 
Sise. 

Actual 
Oatdde 
Diameter 

o( 
Wrought 

Pipe. 

Diameter 
of 

Flange. 

Diameter 
of 

Bolt 
OIrole. 

Number 
of 

Bolts. 

Thickness 
of Flange. 

Diameter oaatSti^l 

Bolts Bronae; 
Stamped or 

Forged 
Steel. 

Ins. ins. ins. ina. ins. ins. 
* 3* ! 
1 il 4* 1 ! 

1 1** 5 * 1 
Ji V 61 A 4 * 1 f 
il lii; 6 4J i 1 
2 31 5 8 1 1 
n 8 7* 5 8 U t 3* 8 6 3 * ! 1* 

4 9 7 3 1* 
4 4| «* 7 8 * 1 If 
6 5 11 9 13 If 
• 6 13 10 \ ^3 * * If 
7 7 18* 11 13 1 If 
8 8 lA 13 i 13 1 1| 
2 9 16 14 16 1 t 

10 10 17 15 16 1 2 
12 12 19* 17 16 1* 2f 
14 15 23* 20 16 1* 2] 
15 16 281 \ SO 1* 2] 
15 17 341 22] 20 li 31 

Bolt holcfl.>-For l-in. and l-in. bolts the diameters of the holes to be larger than Uia 
(liatueter of the bolts, and for laiger aises of bolts i-in. Bolt boles to be drilled off eentrellnea 
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112 DIMENSIONS OP STEAM AND GAS FITTINGS Soc. V (l) 

APPROXIMATE DIMENSIONS OP FITTINGS 

Size of Tube. ins. i 1 1 

A Centra to Face of Elbows, i 
Tees and Crosses . '( 

Lightweight ins. 
Heavy Weight „ 

I 
i 

t. 1 i 

l‘" 
11 
H 

B Oatside Diam. of Elbows, ( 
Tees, and Grosses . 1 

Light Weight „ 
HEAVY WEIGHT „ 

i 
! * 

i.‘. 
11 

Ba Outside Diam. of Sockets | Lightweight ) 
Heavy Weight i ” f j 1:.” 

0 Length of Nipples 1 Light and 
(Heavy WRIGHT i »♦ i 1 I 1 

D Length of Barrel Nipples . i| IJ 1! 31 

E Length of Sockets f 1 U U 

J Centre to Face of Bends . 21 31 

K Badli of Bends »» »♦ »» H If 11 21 

L Outside Diam. of Bends and 
Springs »» »» f» 1 I ■V i 11 a t 

Noa 
6,7,8, ft 

Length of Tube in Bends 
and Springs . »i »» n 41 61 

M Centra to Centre of Wrought 
Double Bends Heavy weight „ 2 21 31 

N Back to Face of Wrought 
Doable Benda Heavyweight „ 2 21 2! 4 

O Centra to Centre of Malle¬ 
able Doable Bends Heavy Weight „ — _ 11 



iSec. V (l) DIMENSIONB OF 8TKAM AND GAS FITTINGH 

FOR 80RBWBD AND SOCKETED TUBES. 

(Stewarts ami LlvyJs, Ltd,') 



114 SPECIFICATION FOR CAST-IRON PIPES Sec. V. (t) 

HTDiuuuc Test Pressure for B.S. Steeu Tubes. 

The test pressure for tubes of all classes is 700 lb. per sq. in. 

BRITISH STANDARD SPBdflOATION FOR OAST-lRON PIPES AND SPEOIAL OA81INQ.'! FOB WATERi 
GAS, AND BBWAQB* 

(No. 78—1988.) (Abttraa.) 
8. The metal used for casting the pipes shall be a suitable mixture of pig iron and scrap, and 

shall be mdted in the oupoia or air-fnmace, or may, if approved by the puxohaser, be refined in 
a molten condition in a mixer of an active type. The pig iron shall be best touuh grey foundry pig 
iron, and the scrap shall be clean, unbnmt, and of go^ quality. There shall be no admixture 
of cinder iron or any material calculated to render the metal infmor in quality, and the resulting 
casting shall not be white or vitreous on fracture. 

10. Hie tensile breaking strength of the metal shall be not less than 10 tons per sq. in. for a 
test pieoe of 0-876 In. diameter or lees, or 9 tons per sq. in. for a test piece between 0*876 in. and 
2*1 in. in diameter. 

12. Straight pipes shall be cast vertically, in dry sand moulds formed from turned iron patterns 
and in sccuiately faced and truly Jointed boxes, and without the use of core nails, chaplets, or 
thickness pieoes. or any substitute therefor. They shall be cast with a sufficient head of metal 
to ensure soundness, which head shall be afterwards cut off in a lathe and the finished pipe left 
the length and shape required. Straight spigot and socket pipes shall be oast socket downwards. 

26. The straight pipes shall, before being coated, respectively withstand the following hydraulic 
test pressures without showing any leakage, sweating, or other defect:— 

Gas. Water & Sewage. 

Class A. Class li. Class C. Class D. 

Test pressure in feet head . . 1 200 400 600 800 

While under the test pressure each pipe shall be smartly struck with a suitable hand hammer 
weighing not lees than one and a half pounds. 

STANDARD DIAMETERS, THIOKNBSSBB, AND TEST PRESSURES FOR STEEL PIPES TO BE 
INTBROHANOBABLB WITH OAST-IBON PIPES. 

Notes.—(i) This table applies only to spigot and socket pipes which are required to be interchange¬ 
able with cast-iron pipes in accordance with B.S.S. No. 78—1938, Oast-Iron Plpe.<i 
for Water, Gkks and Mwage. 

(li) Where weldless pipes are ordered to be made of steel of from 36-41 tons/sq. in. tensile 
strength the test pressures set out in the table may, if desired by the purchaser, 
be Increased by 40 per cent, with a maximum of 2,300 ft. head. 

In mm III s 
• ' * 

io li >11 IS 1-. 

Non 
Sim. 

fak 

BxtiMWl 
Piiirnttr. 

fa. 

1 CUit A. CU*sB. CwttC. CUi* D. 1 

1 Thickm... pTwt Thtekessft. TB6t Thickneti. Tert Thlckiwft. Te.i 
PrMfu.-« 

ft. 
b«ad. til. kSlit swo. in. ■tail WESSm m Hlrfil In. 

3 3*76 11 0-116 2100 9 0144 2JOO 7 0176 6 0192 2300 
4 4*80 10 0-128 1800 9 0144 2000 7 0-176 m^M 6 0192 2300 
5 5^ 9 0-144 1600 8 0160 1800 7 0-176 2000 6 0192 2200 

6 6*98 8 0-160 1500 7 0176 1700 6 0192 1900 5 0212 2100 
T 8*06 7 0-176 1500 6 0192 1600 0212 1800 — 0-250 2100 
8 9-14 7 0176 1300 6 0192 1400 b 0212 1600 0-250 1900 

Bl 
10-20 6 0192 1200 5 0-212 1400 _ 0 250 1600 0281 1900 
11-26 6 0192 1100 5 0212 1200 0250 1500 0-281 1700 

12 13-14 6 0192 950 5 0212 1000 - 

Li 1360 - 0250 1200 0 281 1400 

* By permisBion of the British Standards Institution. 



Sec. V (i) SPECIFICATION FOR CAST-IRON PIPES ITT) 

UBinsu Standard Oast-Ibon Pipes for Watbb. qas. and sbwagb. 

Standard Thloknewes and External Diameten for Spigot and Socket and Flange 

Straight Pipea. 

Qaa. Water and Sewage. 

i OlaM A. Olaaa B. OlaaeO. (?laiiB D. 
al 

SI 
a" 

III 
T9at PieMiira Teat Praaaare T4at Preaaoxe Teat Pieaanra 

as 

SOOfLbd. 400 ft. hd. •00 ft. hd. 800 ft. hd. 

Thick- ! External Thick- ! External Thick- 
i 
! External Thick- External 

(Ins.) 
> Diameter, 

(ina.) 
neeR 
(Ina.) 

1 Diameter. 
(Ina.) (Ina.) 

i Diameter. 
(Ina.) 

nem. 
(Ina.) 

Diameter. 
(Ina.) 

Q 

t •88 8-76 •88 S-76 -88 8-76 -40 8-76 8 
4 •89 4-80 •89 4-80 •40 4-80 •46 4-80 4 
i •41 5-90 •41 6-90 •45 5-90 •62 5-90 5 

« •48 ••98 •43 ••98 •49 6-98 •57 6-98 • 
7 •45 806 •45 806 •58 8-06 •61 8-06 7 
8 •47 914 •47 9-14 •57 9-14 •65 9-14 • 

9 •49 10-80 •49 10-30 -60 10-20 •69 10-30 9 
10 •52 11-36 •53 11-36 •68 11-36 •78 11-36 10 
18 •55 1814 •57 1814 •69 18-60 •80 18-60 13 

14 •57 15-33 •61 15-88 •75 15-73 •86 15-73 14 
15 •59 16-36 •68 16-36 •77 16-78 •89 14-78 15 
16 •60 17-80 •65 17-80 •80 17-84 -98 17-84 !• 

18 •63 19-88 -69 19-88 •85 19-96 •98 19-90 18 
20 •65 81-46 •73 31-46 •89 83-06 1-08 38-06 30 
21 •67 32-50 •75 23-50 •93 28-13 1-06 88-13 31 

28 •68 38-54 •77 23-54 •94 24-16 1-08 84-16 , 38 
24 •71 35-60 •80 26-60 .98 26-36 MS 26-86 ' 84 
26 •74 27-66 •88 3766 1-02 28-86 1-18 28-86 26 

27 .75 38-70 •85 38-70 1-04 29-40 1-30 29-40 27 
28 •76 39-73 , •86 89-73 . 1-06 30-44 1-82 80-44 38 
SO •79 81-78 1 -89 81-78 1 1-09 83-59 1-36 83-53 80 

83 •83 83-84 1 -93 83-84 { 1-18 84-68 1-81 84 63 83 
88 *88 84-88 •94 84-88 1-15 85-66 1-33 j 85-66 88 
86 •87 87-96 •98 87-96 1 1-30 38-76 1-88 88-76 86 

88 •90 1 40-08 ; 1-01 1 40-02 1-88 40-84 1-42 40-84 88 
40 •92 i 43-06 108 43-06 1*26 42-93 1-46 43-93' 40 
42 •95 44-12 106 44-13 , 1-80 46-00 1-50 46-00 43 

44 •98 46-16 108 46-16 1-88 47-06 1-58 47-06 44 
46 100 48-33 ill 48-38 1-86 49-14 1-57 49-14 46 
48 108 j 60-26 

1 
MS 50-86 1-88 51-30 i 1-60 

i 
51-30 

1 
48 
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116 STANDARD DIAMETERS, ETC. Sec. V (i) 

BBinSB STAKDABD SlVBL SPIOOT AMD SOOEET PIPES FOR WATER, OAB AMD SEWAGE. 

(B.&a No. 6S4—1934.) 

SECAMDARD DlAlfBTBRS, THXOKMEBSBS AMD TEST PRESSURES. 

N0TBS.~Weldl68B pipes of the tjpe dealt with in this Speoifloatlon are not at present manufaotored 

larger than 15 ins. nominal sise. 

When weldless pipes are ordered to be made of steel of from 85-41 tons sq. in. tensile 
strragih, the test pressoies set oat in the table may, if desired by the pnrohaser, be 
tnersased by 40 per oent., with a maximom of 3,300 ft. head. 

Refaienoe should be made to the Table on p. 114 for pipes which are required to be 
interchangeable with cast-iron pipes in accordance with B.SB. No. 78—1938, Oast-Iron 
Pipes for Water, Gas and Sewage. 
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Keys and Key ways. 

e 
FIO. 91. 

BB11I8B STANlUilO KSTS* 

(No. 46~Part I~1929.) (A6«fnict.) 

The depth of immetsion of the key on the centre 
line (A-B) Is oaloolated so ss to giro approximately 
half and half immersion at the sides. 

In 1929 the British Standards Institution issued a revised specification, No. 46, Part 1, for keys 
and kevwajs. The Specification indndes exhanstira tables for Bectangolar ParaUel, Sqoare 
Parallel, Rectangular and Square Taper Keys, aib>headed Keys, Woodruff Keys, etc. The 
tables are far too long to reprint and users are advised to consult them. It is, however, to be 
noted particularly that the depth of immersion of a rectangular key is no longer half and half at 
the tangent of the shaft as was the old practice, shown in Uie sketch, but as near as possible 
half and half at the edge of the keyway. A few typical dimensions are tabulated below. 

HBOTANilULAB PARALLBL KEYS. 

Designa¬ 
tion. Shaft Diam. Key. Keyway. 

B.S.K.B. Over Up to Width. Thickness. Width. 

Depth. 

Shaft. Hnb. 

1 14 0-3136 0-2187 0-3126 i 0-1826 0-0883 
u U 0-4376 0-28126 1 0-4376 0-1721 0-1122 

2 24 0-6626 0-376 1 0-6625 0-2269 0-1611 
H 24 0-6876 0-46876 > 0-6876 0-2822 0-1906 

3 84 , 0-876 0-626 i 0-876 , 0-3746 0-2644 
6 84 ; 1-376 0-9376 1-376 0-6629 ! 0-3796 
7 74 i 1-875 1-26 1-876 0-7613 ; 0-6047 

11 12 3 2 3 1-2031 i 0-8049 

FOUR AND SIX SPUNKS. 

Shafts with four au l six splines are covered by tables in Specification No. 46, Part 2—1929. 
These tables begin at 4 io. diameter over splines and go up to 6 in. diameter. The fit is on the 
minor hamster, but throughout the entire range of sizea the whole dimensions and the limits 
on the shaft diameters for the various fits are in accordance with British Standard Limits and 
Fits for Engineering Rtpori^ No. 164—1924), whereae the splinee standardised for the 
automobile industry are based on the standards of the American Society of Automotive Bngineeis. 

In another Table in No. 46, Part 2, tentative standards for multiple spline shafts and for 
serrated shafts are given. (See also B.S. Aircraft Standard A20—1946.) 

GONJSD AND KSTBD SHAFTS. 

The standard taper of the cone is 1 in 10. The key is parallel to the side of the cone, and its 
sise coiresponds with tha diameter at the larger end of the cone. The length of the key should 
not be less than one and a half times the larger diameter of the cone. 

TAPRB pins. No. 46, Part 8.-1936. 

The taper is 1 in 48 or 4 in. per ft. In split taper pins the split ahould be one-fifth of the 
length. 
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SECTION V 

PABT II 

WEIGHT OF MATEBIALS, 

(Bevised by 8. A. Wood, M.Sc., M.I.Meoh.E.) 

A.~DEN8ITY AND SPECIFIC GBAVITY. 

Deftntiioni,—DentUtf is maaa per unit Tolome. In the 0.8.8. system this is expressed in 
grammes per millilitre, and the F.P.S. system. In lb. per cab. foot. 

Spedfle gravUif is the ratio of the mass of a given volume to the mass of the same volume 
of some refersnoe substance (usually water or air) at a fixed reference temperature and pressure. 
The reference conditions for water are 62* F. and 80 inches of mercury. 

BBLATION BBTWBIN VOLimS AND WBIOBT Of WATER. 

Detail. Fresh. Sea. 

Greatest density at 
1 cable foot at 62* F. weighs 
1 cnbio inch „ ,, 
1 cubic foot ,. equals . 
1 gallon 62* at F. weighs 
1 ton equals 
1 ton contains 
Freeses at .... 

89-2* F. 
62-288 lbs. 
0 -036047 lb. 

6- 
10 lbs. 

35-962 cub, it. 
224 gals. 
82® F. 

Freeeing-point 
64 lbs. 

0-037087 lb. 
2288 gals. 

10 -8 lbs. 
88 cob. ft. 

217 gals. 
27-4* F. 

From 4* 0. water expands regnlarly as the temperature rises; so that 1,000 parts at 0* 0. 
becomeatO* - 1,000*00,at4* » 999-88,at 10* » 1,000 14, at 20* 1,001-67, at80* - 1,004-21, 
at 40* - 1,007-01, at 80* - 1,011-93, at 60* - 1,016-86, at 70* » 1,022-48, at 80* - 1,028*73, 
at 90* - 1,086-88, at 100® - 1,048-08. 

DSNSITT OF ATMOSPHBRIO AIR. 

1 cnbio foot of dry atmospheric air at 62* F. and 30 inches of mercury weighs 532-8 grains 
(7,900 grains 1 lb. avoir.). 

W - 
S - 

then. 

To find Bpeoifio Gravity. 

Sdidi. 
weight of a body in the air, W ■■ weight of the body (heavier than 
specific gravity of the body, water) immersed in water; 

S 
w . 

“w- F* 

When the body Is lighter than water, annex to it a heavier body that Is able to sink the lighter 
one. 

S specific gravity of the heavier W •=> weight of the two bodies in water; 
annexed body; w « weight of the heavier body in air; 

s -> specific gravity of the lighter body; w ■» weight of the lighter body in air; 
W ■> weight of the two bodies in air; 

then, 
w 

W- if- ^ 
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▲ iliiifito wajr to obtoUi tho ipeoiflo gn^ltiy of « wood ii to form It Into • pamllol rod, and pl^ 
It Twtloiklly In water; then, wnen in eqoilibrinxn, the tmmened end la to the whole rod aa the 
apeoillo gimTltj la to 1. 

Liquids, 

Measure the weight of a atoppered-glaaa bottle; then fill the same with diatllled water and 
weigh it again; the diflerenoe between the two meaaoiementa ffiyee the weight of the diatllled 
water. Then oompletelj emptj oat the water and refill the bottle with the liquid whose apedflc 
gravligr is requhed and again weigh; this weight lees the weight of the bottle gives the weight 
of ^e liquid; this weight divided bj the weight of the water gives the speoifio gravity of the 
liquid. 

In praotioe It is convenient to emplov a bottle (called a speoifio gravity bottle) that holds 
exactly 10 grammes of distilled water at 4* 0., beoanae, when such a bottle la filled with the liquid 
under trial the weight in oentigrammes of the liquid taken at 0** 0. represents the apeolflo gravity 
at once, without cidculation. For convenience a counterpoise of brass is adjusted to the weight 
of the bottle. 

Oiises, 

Measure in the same way as liquids, taking Air as the standard. A large and very light, 
thin, glass vssmI moat be used for the purpose, otherwise the weight of the glass will swamp, 
aa it were, the weight of the enclosed gas, and accurate results cannot be obtained. Certain 
conections have to be made in practice, for great accuracy. 

ATomo Wbiohis and Spboifio oravitees ov tub ohbmioal elbicbnts. 

Kame. 8ym- Atomic Bpeciflo Name. Sym- Atomic ' Speoifio 
bol. Weight. Gravity. bol. Weight. Gravity. 

A InmlnfaiTn A1 
1 

36-97 3-70 Holminm Ho 164-9 
Antimony Sb 131-76 6-68 Hydrogen H 1-008 0-0000899 
Argon . A 39-94 0-001783 Indium la 114-8 7-3 
Arsenic Aa 74-91 6-7 Iodine . I 126-93 4-98 
Barium Ba 137-86 3-6 Iridium It 193-1 33-4 
Biamoth Bi 209-0 9-80 Iron Pe 66-86 7*86 
Boron . B 1 10-83 3-6 Krypton Kr 83-7 0-00371 
Bromine Br ' 79-93 3-12 Lanthanum . La 138-92 6-15 

Cd 113-41 8-6 Lead . Pb 207-21 11-34 
OMium Cs 183-91 1-90 Tiithinm Li 6-94 0-63 
Cslqinm Oa 40-08 1-66 Lutetium Lu 176-0 — 

/ Diamond Magnesium . Mg 34-32 1-74 

Carbon 0 1301 ] 8«61 
1 Graphite 
(3-2& 

Mimganeee Mn 64-93 7-4 
Mercury 
Molybdenum 

Hg 
Mo 

200-6 
96-96 

13-66 
10-2 

Cerium Oe 140-13 6-90 Neodymium . Nd 144-3 6-9 
Chlorine Cl 36-46 0-00331 Neon . . , No 20-2 0-000900 
Ghrominm Cr 63-01 7-1 Nickel . Ni 68-69 8-90 
Cobalt . Co 68-94 ; ; 8-9 Niton (radium | Nt 222 
Colombinm . Ob 93-91 8-4 emanation) 

(ATioMum) Nitrogen N : 14-01 0-00126 
Copper Ou 63-67 8-93 Osmium . i Os 190-3 23-48 
Dysnroafaim . 
Bmum Er 

163-6 
167-3 

— Oxygen 
Palladiam 

0 
Pd 

16-00 i 
106-7 ! 

0-001429 
13-0 
YeUowl-83 
Bed 3-20 

Bnropium 
Fkicsm 

, Eu 
' F 

163 0 
■ 19-0 i 0-001696 Phospboms . P 30-98 : 

Gadolinium . : Cd 166-9 1 — Platinum Pt 196-3 ! 31-45 
Oalliam 1 Oa I 69-7 : 6*91 Fotaasium K 39-10 0-86 
Gennanium . i Oe i 73*6 6-46 Praseodymhim Pr ; 140-9 6-6 
Gludniom . Gl 9-03 1-8 Badium Ba 236-06 6 

- , 197-3 19-3 
Bbodium 
Bubidlum 

Bh 
Bb 

103-9 ' 
86-48 

13-6 
1-63 

•RAfnhitn 1 Hf ! 178-6 Bothenfum . Ba 101-7 i 13-3 
Helium ; He i 4-00 0-000178 8amarfam Sa,Bm 160-4 ; 7-7 
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▲TOMIO WuaBTS AND BPlOlflO OBATlTlBa Of THB GDamOAL BUMUnnS (C9nHmt$d), 

Name. Sym- 
1 

i Atomic Specific Name. Sym* Atomio 1 Speoille 
bol. 1 Wei^t. Gravity. bol. Weight. i Gravity. 

Boandium So 48-1 3-8 Thulium Tu 169-4 
Beienihim 
Bllloon . 

6e 
Si 

78-96 
88-1 

4-8 
8-4 Tin Sn 118-70 /White 7-31 

•Grey 6-78 
BUver . Ag 107-88 10-8 Titanium Ti 47-9 4-8 
Sodium Na 33-0 0-97 Tungsten . , W 183-98 19-3 
Strontium . , 87-63 2-6 Uranium U 338-07 18-7 
Sulphur . ' ' S 33-06 3-0 Vanadium V 60-98 , 8-96 
Tantalum Ta i 180-88 16-6 Xenon . Xe 181-3 0-00886 
Tellurium Te 137-6 6-34 Ytterbium Yb 178-04 _ 

Terbium Tb 189-2 — Yttrium y, Yt 88-9 3-8 
Thallium T1 204-4 11-88 Zinc . Zo 66-38 7-14 
Thorium Th 383-13 11-3 Zirconium Zr 91-3 6-4 

N.B.—Speoiflo graWtlefl glren above are thoee for the state of the element at normal tempera* 
tores (4.e. gas, liquid or solid). 

SPJBOIFIO OBAVmBS OF MBTALfl AND ALLOTS OF CX>lfiailOB. 

Iron, cast 

Iron, wrought . 

Nickel, malleable 
Flatinnm, hammered 

„ wire 
Silver, cast 

,, drawn . 

Steel, carbon . 

,, phromlom 
„ nickel'Chromium 

Lead-antimony 93%-8% 
Lead-tin-antimonj 

80%-«o/^-15O4 . 
Tin-antImony-copper 

Speciflc 'Lbs. pc 
Gravity j cn. ft 

( 6-90 to 4S0to 
i 7*60 I 467 
* 7*40 to 461 to 
1 7-80 486 

8-86 881 
21-8 1,340 
SI-4 1,334 

. 10-80 688 
10-44 681 

( 7-7 to 483 to 
I 7-9 493 

7-7 483 
7-84 488 
10-7 667 

. 10-04 631 

7-34 487 

To Disoover the Adulteration in Metals, or to find the Proportions of 
Two Ingredients in a Compound. 

W^S(W^ IF) 

Examplk.—A metal oompoauded of silver and ?old weighs, Ws6 pounds In the air, and In 
water, If'ss8-886 pounds. Rmnired the proportions of silver and gold. 

S« 19*36 speoiflo gravity of gold. sslO^Sl speoiflo gravity of stiver. eoiflo gravity of gold. sslO^Sl speoiflo gravity of silver. 
6-10*81(6 - 6-686).. 

Weight wm--fes-' ■•4*788 pounds of gold. 
sod 1*348 pounds of silvsr. 
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SPIBOIVIO GHAVI11B8 Of VARIOUS SOLIDS AND LIQUIDS. 

1 It 
Substance. Bp. 

Or. 
l| 

Substance. 

! ^8 

Alabaster, white. 
,, yellow. 

Alum 
Amber 
Ambergris 
Asbestos, starry. 

Asphaltom •{ 

Barytes, sal- / 
pmtte \ 

Basalts | 

Borax 

Brick . \ 

„ fire . 
„ (pressed) in 

cement 
„ work In i 

mortar ' 
Cement, Portland 

„ Roman. 

Chalk . \ 

Chrysolite. 
day 

„ withgraTel 
Coal, anthra- I 

cite i 

Derbyshire 
Kewcastle. 

Scotch 

W^e8,mean 

S-07 ! 191 
0-91 67 
1-66 103 
4 00 349 
4-87 803 
9-74 171 
3*86 178 
1-71 106 
1*90 118 
1-87 86 
3*30 137 

3*17 136 
1-80 113 
3-00 136 
30 187 

3-78 i 173 
1- 93 130 
2- 48 ; 164 

Coke 
Concrete, mean 
Copal 
CoraLred . 

„ white 

3*34 140 
1-06 66 
3*70 168 
3-66 169 

Oomeiian . 
Diamond, Orientai 

„ Brazilian 
Emery 
Flint, black 
„ white 

Garnet 
„ black . 3-76 

GIsm, bottle . ' 3-73 
„ Crown . ! 3-49 

„ flint (: 3-93 
1 : 3-30 

„ green 
„ optical . 
„ white 
„ window • 

Ghsnite, Scotch . 
Grindstone 
Gypsum, opaque 
Hone, wUte, razor 
Hornblende 
Jet . 
Lime, hydraulic. 

„ quick- 
Limestone, green 

,, white 
Magnesia, car¬ 

bonate . 
Marble, Carrara. 

,, common 
„ French . 

Mica 
Millstone 

Mud 
Nitre 
Opal • 
Oyster-shell 
Paring-stone 
Pearl, Oriental 

3-64 164 
3-46 ; 316 

3*64 164 
3-63 164 

3-76 171 
0-80 , 60 
8-18 I 198 
3-16 197 

3-40 149 
3-73 169 
3-69 I 168 
3-66 I 165 
3-80 ; 174 
3-48 ! 164 
1-38 86 

Peat . I 

Plaster of Paris . 
Plumbago 
Poroelahi, China 
Porphyry, red . 
Puimoe-stone 
Quartz 
Red-lead . 
Resin . . 
Rookcrystal 
Rotten-stone 
Ruby 
Salt, common . 
Saltpetre . 

Smalt 
Spar, calcareous 

„ Feld 
„ Fluor . 

Stalactite . 
Stone, Bath 

„ Basalt 
„ Bristol . 
„ Caen, Nor¬ 

mandy . 
„ Oraigleith 
„ Kentish 

rag . 
„ Portland. 
„ sandstone 

Sulphur, natire . 
Talc, mean 

„ black 
TUe » 
Topaz, Oriental. 
Trap 
Turquoise . 

3-80 148 
3-77 173 

8-94 667 
1-09 68 

4-38 367 
3-13 183 

3-07 129 
3-83 144 

Atmospheric air. 
Beeswax . 
Butter 
Osmphor 

Fat, animal 
Gamboge . 
Gum Arabic 

•00131 
Lbs. 
•076 

0-97 60 
0-94 69 
0*99 63 
1*3 75 
1-6 100 
1*09 68 
0-93 57 
1-33 76 
146 90 

Misetiktneinu Solids. 

Gutta-percha 
Horn 
Ioe,at83« 
Indigo 
Isinglass . 
iTory 
Lard 
Mastle 
Myrrh 

Lbs. 
1-56 97 
1*80 113 
0-98 61 
1>69 106 
0'93 67 
1>01 68 
1-11 69 
1-83 114 
0*95 69 
1*07 67 
1-88 86 

Opium 
Rubber . 
Soap, Castile 
Spermaceti 
Starch 
Sugar 

„ 0-66 . 
TAUow . 

Wax, parafBn 
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Braomo aBAynm oi VAinoui souds axd uquim (eMMniMd). 

Sp. ;gl5 

Add.M«tlo 

citric, solid 1-84 96 
oxalic .. . 1-66 108 

Substance. Bp. 
Gr. i 

1^5 
Uquidt. 

Lbs. 
Alcohol, proof \ 

spirit, [ 
60 per [ 
cent. 80V 

0*88 88 

Ammonia, 97*9 
per cent. 

Aquafortis, 
0*89 66 

double 1-30 81 
„ sin^e 1*90 76 

Beer 1*03 i 64 
Bitumen, liquid. 0*86 1 63 
Blood (human) . 1*06 66 
Brandy, S of spirit 0*99 87 
Cider . . | 1*09 64 
Hther, acetic . | 0*87 64 

„ muriatic . 0*86 63 
„ sulphuric. 1 0*79 46 

Glycerine . . | 1*98 ; 79*6 

petroleum 

numower 
taxpentine 

Spirit. reotUled 

Water,Dead Sea 1*94 
„ 60« 1*00 
„ 918« 0*96 
„ distmed,89* 
„ Ifeditora- 

1*00 

nean . 1*08 
„ rain . 1*00 
„ sea . 1*08 

Wine, Burgundy 0*99 
„ Champagne 1*00 
.. Madelxa . 1*04 

TDIBBBS in THS AUl-DBl CONDHION (Ift FBB OBNT. HOUnrUBN OONTBNT.) 

(For desoriptioiui of thew timbers, see Section IX, Pert I.) 

It 
Substance. Sp. 

Gr. 

Lba. 
Aider, common or 

black . 0*63 83 
Apitong (Bagac) 0*70 
Ash, Boropean 0*70 ; 44 

„ Amerioan white 0*67 49 
Bago (see Apitong) 

0*16 10 
Basswood 0*49 26 
Beech, Boropean 0*74 46 
Birch, Buxo^n 

„ Canadian 
0*67 49 

yellow 0*70 44 
Black Bean 
Blackwood, Austra- 

0*76 47 

liaB. 0*70 
Boxwood 
Camphor, Borneo 

0*98 

^ (Kapur) 0*78 49 
Oamphorwood,Ba8t 

African 0*68 88 

Cedar, Borneo (see 
Seraja) 

Cedar, Oen. Amerioan 
(oigar<box cedar) . 0*48 SO 

Cedar, Port Oxford . 0*60 81 
„ Western red. 0-88 94 

Chestnnt, Sweet or 
Spanish . 0*56 86 

Chaglam, White . 0*69 48 
Crabwood (Andiroba 

mahoganj) . 0*69 48 
Deal, red or jellow 
(see Bedwood, Baltic, 
and Pine, Scots) 

Deal, white (see 
Whitewood, BiUtio) 

Douglas flr (see Fir, 
Douglas) 

Bboaj . . 11*19 74 
BIm, CommonBagUrii 0*88 88 i 

Substance. Sp. 
Gr. 

i W
ei

g
h

t 
C

u
b

ic
 F

4 

Blm rook 0*89 
Lbs. 

51 
„ wyoh 0*69 48 

Bng^) 
Fir, Douglas (Oregon 

0*88 68 

pine, Columbian 
pine) . 0*63 38 

Fir, silyer 0*48 30 
Gaboon 0*43 97 
Greenheart 1*04 66 
Gurjun . 0*74 43 
Hei^ook, Western . ,0*80 81 
Hickory 0*89 51 
Hornbeam 0*74 46 
Horse Chestnut ,0*61 39 
In (see Bng) . 
Iroko (MTule). 0*66 41 
Jaxndi . 
Kapur (see Camphor- 

0*86 63 

wood, Borneo) 
Karri . 0*98 86 
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Non oir anKSfio Qmkwmm of Woods. 

lbs spadlte gnrity or wd^t oer oolilo foot of wood Tsriet with tbe amount of water it oon- 
taini. £b tha preoedina list toa flguas rafer to timber at a moistiue content of 16 per cant, of 
tba Offen-dry weight, wmoh lepieecnta a condition intermediate between kiin-oeaaoned and air- 
seasoned. A short list showing tha change in weight which takes place when green timber is 
snsenniMl Is given on page S83. Befetenoe may also he made to the number of oaMo feet in 1 ton 
of timber in the green and seasoned conditions on p. 383. 

In any partionlar timber there is a. oonsiderabis range of weight owing to the natural variation 
which ocean in different trees and in different parts of the same tree. It most be emphasised 
that the ilgorss gfren are aveiagn only. 

(J^ersil Proiuat Bsitatth Xeterelery.) 

Bnmo OBiTBOi of OiAHiniAi maxibulb. 

The valnes given in the table on p. 183 for granular materials, such as cement, are those of the 
solid material, and Should be disthiguisbed from the density of the material in bulk, which Is 
aieotsd by the voids between the parMoks. 
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BULK DBunni ov aBiinnjji ifiTiiiAMi. 

! 
IfaterlaU BoIkDeMity 

Lbs. perOQb.Ft. IfhtsrIaL 
nnft Deasltr 

Lbs. per Oub. Ft. 

Oement, Portland 90 
i 

Gunpowder 60 
,, Bonan 97 Grarel 109 

Barth, loose 9S Sand, ooarse . 113 
„ rammed 100 „ damp, loose . 

„ dried, loose . 
87 

„ with moist 97 
sand . 138 ,, siliceous • ' 106 

Hydrometer Soeles. 

LieUlDS UOBTBB TSAN WAimU 

The Tagliabaa formal^, adopted by the American Petroleum Institution and in fairij general 
use, is 

141-e 
Degrees A.P.I. - ^ ^ - ISl-ft 

The Btuceau of Standards formula, less generally used, is 

144 
Degnei BKiin« - - 144 

(See page 136 for liquids heaTler than water.) 

SPBomo GiRAvmBs or Oises and vapoubs. 

(Vapoon at the saturatioii (boiling) point.) 

Speoiflo Speoiflo 
Fluid. Grarlty 

oompaiM Fluid. Gtapity 
oompared 

with Air. with Air. 

Atmospheric air . 1 Sulphuretted hydrogen 1*19 
Ammnwln .... 0-689 Sulphur dioxide 3*31 
(htfbon dioxide 1-63 Steam, 313* .... 0*4888 

,, monoxide 0-973 Smoke of bituminous ooal 0*103 
Oaiburetted hydrogen(Methane) 0-669 „ ooke 0*106 
Ghloiine .... 3-47 „ wood 0*09 
Oarbonyl chloride (Phoegene) . 3-889 Vapour of alcohol 1*618 
Qyanogm 1*816 „ bteilphide of carbon . 3*64 

Oas, ooal . . • j 
0-4 
0-763 

„ broniine , 
„ ohlorio ether 

6*6 
3*44 

Hydrogen .... 0-069 „ ether 3*686 
HydroOhlorio sold . 1-378 „ hydroohlorio ether 3*3ii 
Hydrooyanio „ . 
Nitrogen .... 

0*943 
0*973 

„ iodine 
„ nitiio aoM 

8*6Ti 
3*18 

Nitric oxide . 1*086 „ spirits of tniMtine . 
„ solphurieaoia . 

4*763 
Nitrous aoid . 3*688 8*89 

„ oxide ' 1*637 „ ,, ether. 3*586 
Omen .... 1*103 „ sulphur . 3*314 
Phosphorstted hydrogen 

(Phosphine) 1*17 
„ water 0*638 
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HTDBOHmB SOIUOI. 

Liquid! hMLTier th«n water. 

iCwipUed bp i/u K^stnar Evaporator and Engintning Co,y Ltd,) 

Degree! 
Twad- Sp. Gr. 

Degree! 
Baum6, 

▲pprozi- 
mate 

Degree! 
Degree! 
Twad- 6p. Or. 

DegTM! 
Baum4. 

Approxi¬ 
mate 

Degree! 
Biix at 
16«0. 

deU. * Rational.' Brlx at 
15* 0. 

deU. 'Rational.' 

1 1*008 0-7 1*8 82 1*260 99*7 66*8 
9 1-010 hi 9*8 64 1*270 80*6 66*6 
\ 1-018 2*1 8*7 86 1*280 81*6 58*6 
4 1*080 8*7 4*9 58 1*290 88*4 60*8 
I 1-088 8*4 8*9 60 1*800 88*8 69*0 • 1*030 4*1 7*8 68 1*310 86*9 686 
7 1*088 4*7 8*8 64 1*880 36*0 66*4 
8 1*040 8*4 9*8 66 1*880 86*8 66*8 
• 1*046 40 10*6 68 1*340 86*6 68*6 

10 1*080 6*7 12*0 70 1*860 87*4 70*0 
11 1*088 7*4 18*4 78 1*860 88*2 71*8 
19 1*080 8*0 14*8 74 1*870 89*0 78*6 
11 1*088 8*7 18*8 76 1*880 89*8 76*0 
14 1*070 9*4 17*0 78 1*890 ^*6 76*4 
18 1*078 lO-O 18*8 80 1-400 41*8 77*6 
18 1*080 108 19*8 88 1*410 48*0 79-6 
17 1*088 11*2 804 84 1*420 48*7 81*0 
18 1*090 11*9 81*6 86 1*480 48*4 82-6 
19 1*098 12*4 88*0 88 1*440 44*1 888 
80 1*100 18*0 28*6 90 1*460 44*8 86*4 
81 1*108 18*6 24*6 92 1*460 46*4 86*6 
88 1*110 14*8 88*6 94 1*470 46*1 88*0 
88 1 1*118 14*9 868 96 1*480 46*8 1 89*6 
84 1*180 18*4 87*6 98 1 1*490 47*4 1 90*8 
88 1188 16*0 98*6 100 1*600 48*1 1 98*2 
SO 1 1 1*180 16*8 89*6 102 I 1*610 48*7 98*8 
87 1*188 1 17*1 80*8 104 1*680 49*4 j 1 96*2 
98 1*140 17*7 81 8 106 1*680 60*0 1 1 96-8 
99 1*148 18*8 32*8 108 ; 1*640 60*6 
80 1*180 18*8 88*4 110 , 1*660 61*9 _ 
11 1*188 19*8 84*4 119 1 1*660 61*8 _ 
89 1*180 19*8 i 88*4 114 1*670 62*4 _ 
88 1*188 20*8 86*2 116 1*680 68*0 1 
84 1*170 80*9 j 87*4 - 118 i 1*690 68*6 
U 1 1*178 81*4 ! 88*4 180 i 1*600 64*1 _ 
88 1*180 28*0 89*4 128 1 1*610 : 64-7 
87 1*188 28*8 1 40*4 184 i 1*620 : 66*2 
88 1*190 28*0 1 41*4 186 1*680 65*1 1 
89 1*198 28*8 1 42*2 128 1*640 66*8 
40 1*200 24*0 48*2 ISO 1*660 i 66*9 
41 1*808 84*8 44*2 188 1*660 i 67*4 
48 1*810 88*0 48*2 134 1*670 67*9 _ 
48 1*818 28*8 46*8 186 1*680 i 68*4 
44 ; 1*280 26*0 47*0 138 1*690 68*9 — 
48 i 1*888 96*4 47*8 140 1*700 69*6 _ 
48 ! 1*880 86*9 48*8 148 1*710 i 60*0 
4? 1*988 87*4 49*8 144 1*790 I 60*4 _ 
48 l*84i0 87*9 80*6 146 1*780 60*9 
48 1*248 88*4 89*0^ 148 1*740 61*4 
80 1*880 88*8 88*4 160 1*760 

lT — 



Sec. V (ii) WRIGHT OF OABT IBOM 

B.-WHiaHT OF ENGINlDEBINa MATXBIAIiS AND FITTINOS. 

Weicht of Sheet, Ber, end Bell Metelc. 

Weiobt of Sheet, Bab, and Ball Oast Iron, 

(1 cubic foot weighs 460 lbs.) 

Sheet. Bur. Ball. 

Tliickiiess 
or 

Diameter. 
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Jus. Ft. Lbs. Lbs. Lbs. I.bs. 

A •0026 1173 ■ •003 •002 .— 

*14 •0062 2-344 •012 •010 — 

•0078 3-616 •027 •021 •0001 

* •0104 4-687 •048 •038 -(MM13 

iV •0130 6-8»;i •076 •060 •0<»06 

h 
•0166 7032 •no •086 •t)009 
•0182 8-203 •160 •118 •(K)14 

i •0208 9-375 •195 •184 •0021 

A •02.84 10-64 •247 •194 •(N>30 

A •0260 11-73 •306 •240 •0042 
•0287 12-89 •370 •290 •0066 

i •0313 14-<Hj •440 -.346 •0072 

«T •0339 15-24 •516 •4(K) ♦(H192 

T* •0366 16-41 •698 •470 •0114 

\Y •0391 17-66 •687 •640 •0140 
i •0417 18-75 •781 •610 •0170 

tV •0469 2110 •989 •777 •0243 
•0621 23-41 1-221 969 •0331 

H •0673 26-79 1-478 1-161 •0444 
•0625 2812 1-758 1-381 •0675 

Hr •0677 30-47 2-064 1-621 •0732 

4 •0729 32-81 2-393 1-880 •0913 

H •0781 3616 •2-747 2-168 •1124 

1 •0833 37-50 3-126 2-455 •1363 

iV •0886 39-84 3-528 2-771 •1636 
•0938 4219 3-955 3-107 •1942 

A •0990 44-53 4-407 3-461 •2284 
i •1042 46-87 4-883 3-836 •2664 

A •1094 49-22 5-384 4-229 •3084 

i •1146 61-67 5-909 4-640 •3546 

A •1198 63-91 6-461 6-073 •4068 

i •1260 56-26 7-033 6-523 •4603 

A ' •1302 58-60 7-632 6-993 •8204 

^ 1 •1364 60-94 8-263 6-484 •5862 

ii •1406 63-28 8-900 6-991 •6666 
•1468 66-63 0-572 7-518 •7310 
•1610 67-97 10-27 8-064 1 -8122 

j! •1663 70-32 10-99 8-630 •8991 

it •1616 72-66 11-73 9-215 •9920 
2 •1667 76-01 12-60 9-821 1073 

h •1771 79-70 14-11 11-09 1-308 
i •1876 84-40 16-83 12-43 1-664 

i •1979 89-07 17-68 13-86 1-827 
i •2083 93*76 19-54 1 15-34 2131 

i •2188 98-44 21-64 16-66 2-467 
f •2293 103-2 23-64 18-66 2-836 

.X •3396 107-8 26-84 20-29 3-241 
1 •2600 11-2-6 28-13 22*10 3-682 

44’33 1 10-4: 
46-99 1 11-4: 

62-52 i 13-49 
6.6-39 1 14-02 
58-34 1.V81 

196-9 i 86-14 67-66 ! 19-73 
•201-6 i 90-29 70-52 1 2118 

•G667 3O0-0 200-1 
•6875 309-4 212-7 

h •7083 318-8 225-8 
•7292 328-2 239-3 
•7600 337-4 253-1 
•7708 346-8 267-4 

A •7917 356-2 282-1 

[■ •81*26 365-6 297-0 
•8333 376-0 312-5 

1 •8642 384-4 328-4 

k -8760 393*7 344-6 

\ •8968 403-1 361-2 
•9167 412-6 878-2 
•9375 421-9 396-5 

210-0 107-9 
221*6 116-8 
233-3 126-3 
245-6 136-3 

440-6 431-4 
460-0 4600 
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WaiGBT or IBON AND BTNBD Sec. V (u) 

WnoHT or Wrouobt Ibon and Stvbl. 
« 

(The Table (rives the weights for wrought iron, 1 oubio foot of wrought iron being taken to 
weigh 485 lbs. For steel an addition of about 1 lb. in 100 lbs. must be made to the tabular 
amounts.) 

*1 s|. 
a |5| 
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‘0026 _ 
‘0104 — 

*0238 •0001 
•0414 •0008 
‘0646 •0006 
•0930 I ‘0009 
‘1266 •0015 
‘1663 •0023 
‘2093 •0033 
‘2683 •0046 
‘8126 •0060 
‘8720 •0078 
•4366 •0098 
‘6063 •0123 
‘5813 •0151 
‘6613 ‘0184 
‘8870 i •0262 

1-038 1 1 0369 
1-260 ! 1 0478 
1‘488 I 1 ‘0620 
1'746 •0788 

SI ‘2604 
J *2708 

1 -2813 
1 *2917 
f -3021 

4 -3125 
2 *8229 

4 ‘3388 
I ‘8488 

2 8542 
3 -3646 
* ‘3760 

I ‘8864 
i *3958 

I *4063 
'4367 

i ‘4271 
i -4876 

S -4479 
A ‘4683 

f *4688 
i -4792 

I ‘4896 
1 ‘6000 
{ -6208 

A '6417 
f ‘6626 

‘6838 
i ‘6042 

A *6260 
I ‘6468 

( ‘6667 
i '6876 

A -7083 
a '7292 

•7600 
i ‘7708 

A ‘7917 
i ‘8126 

•sm 
A -8642 
i ‘8760 

i ‘9683 



Sec. v(n) WBioHT ow flat iron 129« 
Wbobt or A Squam Foot or Shbbt Kbtals. 

Thickness. 1 Weight in Lbs. | Thickness. 1 Weight in Lbs. | 

Inch. Iron. Oopper, Brass. Inch. 1 Iron. i Oopper. 1 Brass. 

1 S0*81 88*18 81-87 A j r68 8-89 1 8*78 
•460 18*19 80-80 19-68 •066 1 8*88 8-64 [ 8-40 
•487 17*66 80-80 19-11 *048 1*94 889 9*10 

1 1616 17*84 16*40 *048 1-60 1*94 1-88 
•840* 13*74 16‘78 14-87 ‘036 1*41 168 1*68 

18-68 14-46 18-67 •083 1*88 1-62 1-44 
•884 11-47 18*18 18-48 •089 1*17 1-84 1-87 
•261 10-56 18-06 11-41 •088 1‘18 1-99 1-98 
i I0‘10 11-66 10-94 •086 1-01 116 1-09 

•217 8*77 10-08 9-49 -081 -86 •97 •98 
•808 { 1 8-40 9*68 9-10 •080 •81 *99 •87 
A i 7-57 8*67 8-80 •018 •78 •88 j 1 -79 

•166 6-71 7*67 7-26 •016 •60 -69 i •66 
•168 ! 6-88 7*80 6-91 •018 ‘68 •60 •67 
•187 1 5-64 6*88 6-99 *018 ‘48 -66 •68 

i 6-06 6*78 6-47 •010 •40 •46 ‘48 
•109 4-40 6*04 4-77 ‘009 •86 •41 -40 
•004 3-80 • 4-34 411 •008 •38 •87 •u 
•080 8-88 8-70 8*60 •007 •88 ‘39 •80 
•078 2-01 8-88 3-16 •006 •80 •98 •99 

WgQHT or Bound, OoTAOoyAL, akd Sqoabb St»kl p«r Foot Buir. 

BUm. Bound. Ootag. Square. 
- 

Diam. Bound. Octag. Square. Diam. Bound. Octag. Square. 

In. Lb. Lb. Lb. Ins. Lbs. Lbs. Lbs. Ins. Lbs. Lbs. Lbe. 
A •010 •Oil *018 1 1044 Uml 1*329 11 6-063 6-880 6.488 

•041 •044 •063 H 1-263 1-332 1*608 ll 6*018 s-8a 7-f68 
A •094 •099 •119 1 1-603 1-686 1-914 If 7-087 7-444 8-986 

i •167 •176 •213 il 1-764 1-861 2*246 ll 8-186 8*688 10-481 
A •261 •276 •332 1 2046 2158 2*606 U 9*396 9-910 11-961 

1 •376 •39C •478 It 2*349 2*478 2 991 2 10-690 11-876 11-611 
•611 -639 •661 1 ! 2-673 2-819 3-403 H 13-630 14-271 17-287 
•668 •706 •861 U 3382 3*568 A 16-708 17-618 81-267 

A •845 •892 1077 1 4-176 4-406 6*317 2I 1 20-211 i 21-318 86-734 

(DiAinoter of ootagon steel is meMnred across sides.) 

vVkiqut or Flat Kollsd Ibok pkii Foot Kun. 



ISO WEIGHT OP PEAT lEON Sec. V (n) 

Wkiuht t>K Fi.AT RuliLBD IRON l*Jm Jj’uoT llUN {CU Hi in Util). 

W
id

th
.!

 

T*S k Vh 

Thi 

1 * 

ckness o 

A 

f Metal 

i 

ill Part 

7 
Iff 

of au J 

i 

nch. 

i 2 i 1 

Ins. Lbs. Lbs. Lbs. 1 Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
4 •8333 1-666 2-600 3-333 4-166 6000 6-833 6-666 8-383 10-00 11-66 13-33 

•8595 1-719 2-578 3-438 4-297 5-166 6-016 6-876 8-694 10-31 12-03 13-75 

■8855 ir-i 2-656 1 3-542 4-427 5*312 6-198 7-083 8-854 10-62 12-40 14-16 

■9115 1-823 2-734 i 3-616 4-567 5-468 6-380 7-291 9-114 10-94 12-76 14-58 

1 ■9375 1*875 2-812 i 3-750 4-687 5-624 6-562 i 7-500 9-374 11-25 13-12 16-00 
•963ti 1-927 2-891 i 3-851 4-818 5-782 6-745 ! 7-708 9-636 11-66 13-49 15-42 

f •9895 1-979 2-968 1 3-958 4-947 5*936 6-926 ; 7-917 9-894 11-87 13-86 15-83 

i M)1G -2-031 3-(H8 4-062 6-080 6096 7-112 j 8-125 10-16 12-19 14-22 16-25 
6 1-042 -2-083 3-125 1 4-166 5-210 6-25 j 7-291 8-333 10-42 12-50 14-58 16-66 

k 1*0(58 2-136 3-204 1 4-271 5-310 6-408 I 7*476 i 8-542 10-68 12-81 14-95 17-08 

i 1-094 2-188 3-282 k 4-376 5-470 6-564 ! 7-658 ! 8*750 10-94 1313 15-31 17-50 
1 1-120 2-240 3-360 ! 4-478 ; 5-600 6-720 1 7-840 ; 8-958 11-20 13-44 15-68 17-92 

1-U6 2-29-2 3-438 j 4-684 1 5-730 6-876 ! 8-022 i 9-167 11-46 13-76 16-04 18-33 

f M7*> 2*344 3-516 ; 4-687 ! 6*860 7 032 8-204 , 9-375 11-72 14-06 16-40 18-75 

i M98 2-396 3-594 ! <'?91 1 6-990 7*188 8-386 ; 9-583 11-98 14-37 16-77 19-16 

i l-2->4 2-448 3-672 ! 4-896 6-120 7-344 8-568 9-792 12-24 14-69 17-13 19-58 
6 1-250 2-50() 3-750 ; 6-000 6-250 7-500 8-750 i lo-oo 12-50 16-00 17-60 20-00 

1-276 2-552 3-828 1 5-104 6-380 7-656 8-932 iO-21 12-76 15-81 17-86 20-42 

i 1-302 2-604 3-906 i 6-208 6-510 7-812 9-114 10-42 13-02 15-62 18-23 20*83 

if 1-328 -2-657 3-984 i 5-313 6-640 7-968 9-297 10-63 13-28 15-93 18-69 21-25 

h 1-354 2-708 4-063 i 5-117 6-770 8-126 9-480 10-83 13-5 4 16-25 18-96 21-66 

i 1'381 2-701 4-143 1 5*521 6-906 8-286 9-668 11-04 13-81 1657 19-33 22*08 
i 1-406 2-813 4-218 i 5-625 7030 8-436 9-843 11-26 14-06 16*87 19-69 22-50 
i 1-433 2-864 4-296 ' 5-729 7100 8-592 10-02 11-46 14-32 17-18 20-04 22-92 

7 1-458 2-916 4-375 1 5-833 7-291 8-750 10-20 11-66 14-58 17-50 20-42 23-33 

i 1-484 2-969 4452 5-938 7-420 8-904 10-39 11-87 14-84 17-81 20-78 23-75 

i 1-511 3-021 4-533 i 6-012 7-555 9-066 10-58 12-08 15-11 18-13 21-16 24-16 

' 1 1-536 3-073 4-608 1 6-146 7-680 9-216 10-75 12-29 15-36 18-43 21-50 24-58 
i 1-562 ^ 8-125 4-6H6 , 6-250 7-810 9-372 l«)-93 12-50 15-62 18-74 21-86 25-00 
i 1-588 3-177 4-764 j 6-364 7-910 9-528 11-12 12-71 16-88 19*06 22-24 26-42 
i 1-616 3-229 4-845 , 6-458 8-075 9-690 U-31 12-92 16-15 19-38 22-62 26-88 
i 1-641 ! 3-281 1 ! 4-923 1 6-562 8-205 9-846 11-48 i 1 13-13 16-41 19-69 22-96 26-26 

8 1-666 3-333 5-0()0 ! 6-066 8-333 |0-(M 11 -66 13-33 16-66 •20-00 23-33 i •26-66 
1-693 3-386 5-079 1 6-771 8-455 10-15 11-85 13-54 16-91 20-30 •J3-70 1 27-08 

i 1-719 3-438 6-167 1 6-875 8-595 10-31 12-03 *13 75 17-19 20-61 24*06 27-50 
i 1-745 3-489 6-235 1 6-979 ; 8-725 10-47 1 12-21 13-96 17-45 20-94 -24-42 i 27-92 1 

i 1-771 3-542 5 313 1 7-083 1 8-855 10-63 j 12-40 14-17 17-71 2I-J6 24-80 i 28-38 

i 1-797 3-594 6-391 1 7-188 1 8-985 10-78 i 12-68 14-37 17-97 21-56 26-16 1 28-75 
i! 1-8-23 3-646 5-469 i 7-292 9-115 10-94 1 12-76 14-58 18-23 21-88 25'52 1 29-17 
i 1-849 3-698 5-547 1 7-396 9-245 11-09 12-94 14-79 1 18-49 22-18 25-88 1 29-58 

9 1875 3-760 5-6-25 i 7-500 9-375 II-J5 13-12 15-00 18-75 2-J-50 26-24 30-00 

i ! 1-901 3-802 5-703 ! 7-601 9-505 111-41 13-31 16-21 19-00 •J2-8I ; 26-62 > BO-42 1 
i 1-927 3-854 6-781 i 7-708 9-635; 11-56 13-49 15-42 19-27 123-12 26-98 ; 8G*BS 

9 1 1-953 3-906 5-859 i 7-812 9-765 1 11-72 13-67 15-62 19-53 1 23-4 4 1 27-34 i 31-26 

i 1 1-979 3-968 5-937 ! 7-916 9-895 11-87 13-85 16-84 19-79 ! 23-74 27-70 : 31-67 
6 : 2-005 4-010 6 015 8-021 10-02 12-03 14-04 16-01 20-04 1 24-06 28-08 , 3-2-08 

1 3 i2'031 ; 4-062 6-093 8-125 i 10-16 I-J18 14-21 16-23 20-32 24-36 28-42 1 32-60 
i 2-067 4114 6-171 8-229 ; 10-29 12-34 14-40 16-46 20-58 1 24-68 28-80 i 32-92 

lU 2-083 4-166 6-260 8-333 i 10-11 12-50 14-58 16-66 20-82 1 •28-00 29-16 : 33-33 
i 2-109 4-219 6-327 8-438 i 10*55 12-65 14-76 16-87 21-10 1 25-30 29-6-2 j 33-76 

i 2-135 4-370 6-405 8-541 i 10-67 12-81 14-94 1 7-08 21-34 : 25-62 29-88 1 34*17 
s 2-16-2 4-323 6-486 8-646 ! 10*81 12-97 15-13 17-29 21-62 , 26-94 30-26 ! 34-68 

i 2-188 4-376 6-564 8-750 j 10-94 13-13 15-31 17-50 21-88 i 26-26 30-62 ; 35-00 1 
§ 2-214 4-427 6-642 8-854 ! 11-07 13-28 1 16-50 17-71 22-14 i 26-56 31-00 j 36-42 

f 2-239 4-479 6-717 8-968 1 11-20 13-13 15-67 17-92 22-40 i 26-86 31-34 : 35-83 
i 2-266 4-531 6-798 ! 9-062 1 11-33 13-59 15 86 18-12 22-66 127-18 31-72 i 36-26 

11 2-291 4-583 6-873 9-166 ! 11-46 13-75 16-04 18-33 22-90 127-50 32-08 i 36-66 
i 2-318 4-63G 6-954 9-271 ! 11-59 13-91 16-22 18-54 23-18 27-82 32-44 1 37-08 

i 2-344 4-688 7-032 9-375 i 11-72 14-06 16-40 18-76 23-44 :28-12 32-80 ! 37-50 
i 2-370 4-740 7-110 9-479 11-85 14-22 16-69 18-96 23-70 ; 28-44 33-18 1 37-92 

i 2-395 4-791 7-185 9-582 11-97 .'4-37 16-76 19-16 23-94 28-74 33-62 1 38-33 
1 2-42-' 4-844 7-266 : 9-688 12-11 14-63 16-96 19-37 24-22 29-0« 33-90 ; 38-75 

I 2-448 4*896 7-344 9-792 ; 2-24 i 14-68 17-13 19-68 24-48 29-36 34-26 i 39-16 
{ 3^74 4*948 7-422 1 9-896 ] 12-37 ! 14-84 17-32 19-79 24-74 29-68 t 34-64 ! 39-68 

“ 
9-500 - B-000 7-600 j 10-00 ] 12-50 j 16-00 17-60 20-00 25*00 80-00 35-UO 140-00 1 



Sec. V{ll) WEIGHT OF ROLIiBD LEAD, BTC. 131 

Wbioht Of Flat Steel per Foot Run. 

Widtli. 
'J'hiokm*.s.s of Metal in Parts of au Inch. 

" 1 
h § i 1 

1 

Ins. Lh.s. JJ)S. Lh.s. Lh.«. l.b.s. Lbs. Lbs. Lbs. 
* -0632 •1063 ■1596 •2127 •2868 •3190 •3722 •4263 

•2127 •4283 •6380 •8607 1-083 J-276 1-489 1 1-701 
k •265S -.6317 •7975 1-063 1-325) 1-595 1-881 : 2-127 
i •315)0 •6380 •9670 1-276 1*596 1-914 2-2.33 1 •2-562 

1 •3722 •7443 1-117 1-489 1-861 2-233 2-606 2-977 
1 •1253 8507 1-276 1-701 2-J27 2-552 2-976 ' .3-10.3 

••17H.'i •9670 1-436 1-914 2-393 2-H71 :;-35f» : .3-828 
H •.')3!; 1-063 1-.595 2-127 2-668 3-190 :’,-7‘22 4-2.53 
in •.'isr.) 1-170 1-756 2-339 2-924 3-505) 4-05»4 , 4-679 
li •63HO 1-276 1-5111 2-552 3-190 3-828 4-466 6-! 04 

•7111 l-lK'.t 2-233 2-5)77 3-722 4-466 5-211 5-965 
u * i •Sr)07 ; 1-701 2-562 i*403 4-263 5-101 5-955 , 6 806 
h ! ; •!)670 ! 1-914 2-871 3-828 4-785 5-742 , 6-699 7-666 
‘JA i l-0<)3 2-127 ! 3-15)0 4-253 .5-317 1 6-38^» 7-441 8-.••07 

1-170 j 2-3351 3-.505) 1 ! 4-679 5-815) 1 7-018 8-188 ■ 9-358 
3 1-276 2-552 3 828 1 .5-104 6-380 ' 7-666 8-t)32 10-208 

: 1 -.382 ' 2-765 1117 5-530 6-912 8-2'94 9t577 11 -0.59 
:u l-lHi) 2-977 ! 4-466 j 1 5-955 ' 7-114 8-9:12 1 10-121 11-910 

: 1 •55»r) ' 3-190 4-785 6380 7-975 9-570 i 1M65 ' 12-760 
1 1-701 i 3-103 5-101 6-S06 : 8.507 1 (i-2< »8 ’ 11-910 : 1:1-611 
n l-SOH 3-615 j 5-423 7-231 5*o39 10-HI6 : 12-654 14-462 

1-5)14 ! 3-828 5-742 7-6.56 1 9-670 11 -484 13-.398 1.5-:il3 
2-020 4-041 ! 6-06! J ’* lo-lttj 12-122 14-113 16-163 

.•) 2-127 4-251 6-380 8-507 : 10-631 12-760 1 1-887 17-0i4 
1 2-339 ; 4-679 1 7-018 9 358 i 1 1 -65)7 M-o;{7 16-378 18-715' 

r," 2-552 1 5-101 j 7-856 10-208 ! 12-761 15-313 1 7-865 20-417 

WBIGHT or STEEL WIRE HOPES. 

The weighb per fathom (6 ft.) iu lbs. of the usual exigineermg wire rope is approximatelj the 
square of the circumference, i.e,, for example, a 3'Id. rope would weigh 9 lbs. per fathom, 
approximately. 

WiHQHT OF Hexagon Hod Metal. 

Weight of hexagon rod metal, measured across sides «» weight of square rnettil x 0-88602. 

Weight of Ootaoon hop aietal. 

Weight of octagon rod metal, measured across sides =- weight of square metal x 0-82843. 

WKK'.HT of HOLLEII LK.VD, ColTKIl, AM) BUAJSri : SllKKI'S AM) 11 MIS. 

Thick- ! 
Lkad. (5»rrKu. 

i 
Brass. 

Thick- 

ness or 
Dia¬ 

meter, 
or Side. 

Sheets, Square Hound Sheets. Square Houinl Sheets, Square Hound 
ne.'.-< or 

1 )ia- 
per 

Square 
Bars, 

1 Foot 
Bars, 

1 Foot 
per 

Square 
Bars, 

1 Fo<»t 
Bars, 

1 r<*ot 
l«r 

SqLiare 
Bars, 

1 Foot 
Bar.-i, 

1 Foot 
meter, 
or Si'le. 

Foot. long. long. Fo(»t. long. long. Fot»t. long. l<*ng. 

In.s. Lbs. Lbs. Lbs, L1)S. Lh.s. Lbs. Lbs. Ll». Lbs. Ins. 

*s 
X 

1-86 •006 •004 1-44 •004 •im i-;i8 •1M14 •003 1 

.3*72 •019 •016 2-89 •016 1 -012 2-71 •014 •Oil ). \ * 
A 6-68 •044 1 o:u 4:13 •0.31 ! -027 4-06 •032 •025 s\' 
{ 7 44 •078 * \ -061 6-77 •060 ' -047 5-42 •t)66 , -044 k 

f,v 

9-:io •121 096 7-20 •094 ■ -074 6-75 •088 •069 

11-2 •174 •137 8-6G •i:i.'» •108 8-13 •127 1 -KV) 

1:1-0 •237 •187 10-1 •184 1 -144 9-60 •173 1 -136 

14-9 , -lllO •244 i J16 •240 ■189 10-8 -226 j '17* ! 1 
X* 18-6 •486 •381 14-4 •378 •296 1,3-6 •363 ' -277 

32-S •698 •5 48 1 17-3 •541 •426 16-3 •608 •399 1 



132 WEIGHT OF BOLLED LEAD, ETC. SeC. V (ll) 

WiiOHT OF Rolled Lead, Copper, and Brass : Shee'fs aku Bars—eonMnu#(f. 

Thick- 
Lead. Copper. Brass. 

Thick- 
ness or 

Din- 
Sheets, Square Round : Sheets, Square Round Sheets, Square Round ness or 

Dia- 
per Bars, Bars, per Bars, Bars, per Bars, Bars, 

meter, 
or Side. 

Square 1 Foot 1 Foot Square IFoot 1 Foot Square IFoot IFoot 
Foot long. long. Foot. long. long. Foot. long. long. 

Ini. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Ins. 
280 •950 •746 30-3 *738 •578 19*0 *691 •643 A 
29*8 1-24 •974 33*1 *982 •755 21*7 •903 *709 
33*5 1-67 1-23 36-0 1*22 '956 24*3 1-14 •900 A, 
87*2 1-94 1-53 38-9 1*60 1*18 27*1 1-41 1*11 

H 40*9 2‘34 1*84 31-7 1*82 1*43 39*8 1*70 1-34 i n 
1 ”| 44*8 2-79 , 3-19 34*8 2*18 1-70 1 32*5 i 2*03 1*60 I 

n 48*3 8-27 ; 3.57 37 6 3*56 • 1*99 85*3 i 2*38 1-87 ! iS 
82*1 1 3‘80 3*98 40*4 2*94 2*31 1 37*9 2*76 2-17 1 
68*0 4-87 8-43 43*3 3*38 : 2*65 40-6 : 3*18 2*49 1 u 1 69*6 4‘98 3-90 , 46*2 3*85 3*02 48*3 8*61 2*84 1 

u 88-9 8-27 4*93 82*0 4*87 3*82 48*7 4*67 i 3*60 1 
l{ 74*4 1 7-75 6*09 i 57*7 8-01 4*72 54-2 ; 5*64 4-43 ; h ; 
1. 81-8 9-37 1 7-87 63*6 ; 7*28 6*72 50*6 j i 8*82 6*37 1 li 
u 893 11-2 8-77 89*3 1 8-65 6*80 ‘ 1 66*0 8*12 6*38 11 
If 104 15*2 11*9 80*8 11*8 9*25 76*9 1 1 11*1 8*68 1! 
3 119 j 19*8 15-6 93*3 1 15-4 12*1 86*7 114-4 1 ! 11*3 3 

WdOBT OF SHUT ZlNO. 

Approximate Approximate weis^t of Bheele. 
Approximate Tbicknees. welfl^t per 

square foot. seins.x? 2 ine. Sf ins.x H4 ins. 86 ins. X 94 ine. 

1 In. Mm. i i t 
•o i i 1 i i 1 1 i 1 

8 0*007 d-ni 8 15 4 6 14 5 2 11 5 14 
4 0-008 0-209 IS 5 t 10 4 5 1 7 8 
i 0-010 0-247 11 6 4 4 7 7 7 8 
6 0*011 0-291 11 7 8 0 8 12 7 10 0 
7 0*013 0-887 12 8 11 8 10 2 12 12 10 
8 0*015 0-880 8 14 9 15 12 11 10 1 18 6 
9 0*018 0-450 10 • 11 9 10 IS 8 9 15 7 

10 0*080 0-500 11 7 18 18 14 15 0 17 3 
IS 0*086 0-660 15 2 17 0 19 IS 10 11 
14 0*088 0-820 i 12 21 1 24 9 12 ! 88 2 
Id 0*048 1*000 1 12 27 18 8 82 7 I 2 
18 0*068 1*840 1 14 11 84 8 40 4 0 
SO 0*068 1*000 2 10 41 8 4 48 1 2 64 ! is 
ss 0*077 1*980 18 i 14 50 7 I 18 58 14 6 
u 0*091 8*880 . i 1 8 59 18 1 0 49 12 18 12 
sd 0*105 2*080 8 18 ’ 7 89 1 14 80 10 8 Jsj 

SraomoATioN OF Sheet Metaih. 

Wbsa ^^eolfyiiig for sheet metals, care should be taken that the nature of the gauge is stated, 
whatber it to 8.W.G., B.G., or Trade Oaoge. In the case of * Sheet 2Uno,* for eiample. the 

Thada Qaiif* No. SO to 0<06S in. (see aboFe, and Index, * Sheet Zino Trade Gauge *), but this if 
aapismed la aW.G. to 0*t6 in. (see Index, * Imperial Standard Wire Gauge *). 



Sec. V (II) ALUMIMIDU BAR AND STRIP 1S3 

WKlOirr AKD BLBCIRIOAL OlLUUOTIRlBnCB OV ALUMIMIIJM BAB AVD SZBIP. 

DIMENSIONS SECTIONAL 

AREA 
WEIGHT 

RESISTANCE 

AT 20*C. (1) 

CURRENT CARRYING 

CAPA’CITY (2) 

AMPERES FOR 40‘C. RISE 

H'iM 
ins. 

Thickness 
ins. Sif. ins. lbs.!ft. 

Microhms 
per ft. Bi iglit Dull Black 

6 1 4-500 5-27 2*98 2780 3400 
6 3*750 4 40 3*58 2540 3110 
6 3 000 3-516 4-48 2280 2790 
6 1 2*250 2*637 5*97 1980 2425 - 
6 \ 1*500 1 *758 8-96 1635 2000 
5 4 2*500 2*930 5-38 1930 2365 
5 1 1-875 2*198 7-17 1675 2050 1 
5 i 1 250 1 -465 10 8 1380 1690 ! 
5 h 0-9.38 1 099 14 3 1205 1475 ; 
41 4 2-250 2-637 5-97 1755 2150 

4i i 1 688 1 978 7 96 1520 1860 

i 1-125 1*319 119 1250 1530 
;i 
l« 0-844 0 989 15 9 1090 1335 ; 

4 3 
4 3 000 1 3*516 ; 4*48 1945 2380 j 

4 4 2-000 2*344 i 6*72 1575 1930 
4 i 1 -500 1 *578 j 1 3-96 i 1370 1680 ' 
4 i i 1 -0(X) M72 i 13*4 j 1 1125 1380 j 
4 Ii’T 0-750 i 0*879 17-9 i 980 1200 

4 4 ' 0 .500 1 0-586 26-9 810 992 

31 J 1 750 1 2 051 ' 7-68 1400 1715 

H 4 0-875 ! 1 026 j 15-4 995 1220 

3J 1 1 -625 1 905 ; 8-27 1310 1605 , 

31 i 0 813 i 0 953 i 16-5 i 925 1135 1 
3 i ; 1*125 i 1319 ■ 11-9 1 1055 1290 

3 \ : 0*750 I 0 879 i 17-9 1 862 1055 

3 ;t 
!«'• 1 0*563 . 0 660 i i 23-9 750 919 

n i 1 0-688 0 80(» 1 ! 19*5 797 977 

2)':; 1 0 961 • 1 126 14-0 915 1120 

1 21 1 1 *250 1 *465 j 1 10-8 i 1040 1275 1 
! 21 
i 

i 0-938 1 099 14-3 

i 
(X

 

I 1 

1100 1 
... 

{The Britith Ahtminium Co, Ltd,) 

(1) Based ou an average rosistivltj o/ 2 *845 in’crohuis per oin. cube. 

(2) Where a rise of 50* C. is permisalbie these capacities should be multiplied by 1 ■ 135. 



134 ALUMINIUM BAR AND STRIF 8ec. V (ii) 

WBIQHT AND ELEOIRICAL OHARAOKBRIsnOS OF AXUMIMIUM BAR AND STRIP. 

DIME NSIONS SECTIONAL 

AREA 
WEIGHT RESISTANCE 

AT 20 0.(1) 

CURRENT CARRYING 

CAPACITY 

amperes FOR 40 C. RISE 

Width 
ins. 

Thickness 
ins. 

Sq. ins. Ibs.ift. Microhms 
per ft. 

Bright ; Dull Black 

21 A 0*781 0-915 17-2 818 1000 
2i i 0-625 0-733 21-5 730 895 
2J 3 4. 1-688 1-978 7 -96 1195 1465 
2i A 1-125 1-319 11-9 952 1165 
21 2 0-844 0 989 15-9 818 1000 
2\ 16 0 703 0-824 19-1 745 913 
2i i 0-563 0-660 23-9 665 815 i 

2k 0-422 0 495 31-8 578 708 i 
1 2 2 1-500 1-758 8-96 1083 1330 
! 2 1 1-250 1 -465 10-8 975 - 1195 j 
i 2 * 1 000 1-172 13-4 862 1055 ! 

2 3 0 750 0-879 17-9 738 ‘;05 
! 2 , A i 0-625 0 733 21-5 671 822 i 

2 1 1 1 0 500 0-586 26-9 598 . 733 i 
2 A 1 0-375 0-440 i 35-8 519 635 ! 

! 2 • 3 i 1 0-250 : 0 293 ! 1 >3-8 425 520 ■ 
! ^ i i 

« 0 242 0-284 55-5 ^ 413 506 1 

i Uif : 0-566 i 0 663 23-7 615 753 

j n « ! 
1 094 1 -282 12 3 875 1070 

1 I 0-875 1-026 15-4 770 943 1 

* ij ; 
L ^ 4 0-438 0-513 30-7 532 651 ' 

u ; 1 0-328 0-384 41 0 1 459 562 
; 12 i i i 0 219 0-257 61-4 i 377 462 

1 1 1 1 0-406 0-476 33-1 j 497 608 
! 12 i K j (- - U)5 0-357 44-1 ' 430 527 1 

12 1 
i 0-203 0-238 66-2 351 430 

1 ! 0-750 i 0-879 j 17-9 676 828 I 

i 0-563 j 0-660 j 23 9 575 j 704 1 

ii 1 i 0 375 : 0 440 i 
1 

35-8 463 1 567 ! 
.1 _ .. 1 

(2*/*^ British Aluminium Co, Ltd.) 

(I) Based on an average resistivity of 2 •4»5 microhms per cm. cubei 



Sec. V (ii) SHEET AND STRIP ALUMINIUM 135 

Weights per Square Foot# 

1 Gauge and Thickness Weight 

1 
1 Gauge and Thickness Weight 

Fractions l,l». per Lb. per 
S.W.C. of an 

Inch 
In. Mm. sq. It. S.W.f'.. 111. .Mm, •sq. ft. 

1 0-375 9*53 5-29 22 0*028 0*711 0-395 
3/0 0*372 9-45 5-24 23 0*024 0*610 0-338 
2/0 0-34.S 8-S4 4-91 24 0-022 9-559 0*310 

i/o 0*324 8*23 4-57 i 
0*020 0*508 0*282 

h 0*312 7-93 4-40 ■ 26 0-018 9*457 0-254 

I fc30<> 7-62 4-23 1 0-0164 0-417 0*231 

2 ()-27() 7-01 3-^9 0-0148 0-376 0-209 

3 0-252 0-4.. 3-55 1 2(j 0-0136 0-346 0-192 

i 0-250 <>•35 352 i 30 0-0124 9-315 0-175 

4 0-232 5*^^') 3-27 31 0*0116 0*294 0-164 

5 0*212 5-3« 2-Ot) ! 32 0*0108 0*274 0152 

6 0*192 4*88 2*71 ’ 33 0*0105 0*267 0148 

A 0-187 4-75 2-64 . 34 0-0092 9-233 0-130 

7 0-17O 4-47 2-48 .35 0-0084 0-213 o-ii8 
8 ()-l(*o 4-o(> .tA> i 1 ! 

0-0076 9-X93 0-107 

9 ' 0-144 3-(>() 2-(..3 1 37 1 0-0068 0-172 ! 0-0959 

TO 0128 3-25 I -80 ; /.s (>•0060 0-152 1 , 0-0846 

i 0-125 3-18 1-70 ; -iO ' . O-0052 0-132 00733 

II 0*11(> 2-05 : 1-04 ; i 40 : 0-0048 0-122 1 00677 

12 0-104 2*64 ' I 47 i 41 0-0044 0-II2 1 0-0620 

13 0-002 2-34 1-30 1 42 0-0040 0*102 j 0-0564 

14 o-o<So 2-03 1-X3 : ; 43 0-0036 0-0915 , 0-0508 

15 0-072 i-J<3 1 -02 ’ 44 ! 0-0032 0-0813 • 0-0451 

0-064 1 x-03 0902 i -<3 ' 0-0028 0-0711 00395 

()-u()2 I-5^8 0-874 j 46 

0-700 ! 47 

0-0024 o-o6io 1 0-0338 

i 0056 1-42 0-0020 0-0508 i 0-0282 

iS ... 0-048 T-22 OO77 1 i 0-0016 0-0406 ; 0-0226 

19 ! 0040 1-02 0-594 j 1 40 0-0012 00305 1 0-0169 

20 1 0036 0-t»I4 j tv5oS j : -5'’ 0-0010 0-0254 0-OI4I 

; 
_1 

0-032 

i_'-J 

0-813 j 0-451 1 

1 _1 _ i 1 ■ ... — .J 

{The British Aluminiwn Co. Ltd.) 

ALUMINIUM ALiiOT Sheet. 

BA/60A BA/40D BA/20 MQ/T liirmabriglit 
SpscifiC Qravity . 2-73 2>67 3-72 2-6S 2*68 



136 WEIGHT OF ANGLE AND TBB IRON Sec. V (n) 

WjEiQiir ojf Anulk and Tkk Iron pkii Foot Run. 

b
re

a
d

th
 

(F
la

n
g
e
s 

A
d
d
e
d
).

 

Thickness iu Fractions of an Inch. 

A 1 A i A 1 ^ i A * H J i H 

Ids. Lbs Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
2 1-ia l*4ti 1*76 2*03 

21 l-2fl 1*67 2*02 2*34 

21 ! 1-45 1-88 
1 1 

2*28 2*66 301 i 

2f i 1-6C j 2*08 2*64 1 2*97 3*37 

3 * 1-76 ' 2*29 2*80 j 3*28 374 4*17 

31 1-91 J2*50| 3*06 3*69 410 4*68 
1 

1 
1 

34 2*07 2-71 3*32 3-91 4*47 5-00 1 5*51 

31 2-23 ]2*92| 3*68 4*22 4-83 6*42 1 6*98 

4 2-38 j3*13 8*84 4*53 6*20 5*83 1 6-46 7*(»3 

41 2-54 1 3*3.3 4*10 4-84 6*25 i 6*91 7*5.5 

44 27U 3*54 4*.36 5 16 6*67 1 7*38 8-07 8*74 

4| 2*85 3*75 4*62 5*47 6*29 7*08 1 7*85 8*69 9-31 

5 301 3*96 4*88 5*78 6*65 7*50 8*82 9*11 9*88 10*63 

H 3-It5 4*17 6*14 j 6 09 7*02 7*92 8*79 9*64 10*46 11-26 

' >i 332 4*38 5*40 6-41 7*38 8-33 9*26 10*16 11-03 11-88 12*70 

3 48 4-5H 6*66 6-72 7*75 8*76 9*73 10-68 11*60 12*50 13*37 1 i 

6 3-63 4*79 6-92 7*03 8*11 9*17 10*20 11*2(» 1 12*17 1 1 13*13 14*b5 14*06 

81 3-79 5*00 618 7*34 8-48 9*58 10-66 11*72 12*76 1 13*75 14*73 15*68 

64 3-95 6*21 6*46 7-66 8*84 10*(X) 111*13 12*24 13*32 I 14*38 16*40 16*41 17*38 

61 j 4-10 5*42 6*71 7*97 9-21 10*42 11*60 12*76 13*89 1 15*00 16*08 17*13 18*16 

^ 1 4*2ti 6*63 6*97 8-28 9-57 10*83 1207 13*28 14*47 15*63 16*76 ! 17*86 18-96 20*00 

71 i 4-41 5*83' 7*23 8*59 ' 9-93 11*25 12*64 13*80 15*04 16*25 17*43 118*69 19*73 20-83 

, 407 6*04 ■ 7*49 j 8*91 ; 10*.10 11*67 13*01 j 14*82 16*61 16*88 18*11 19*32 20-61 21*67 

71 4-73 6*25’ 7*76 1 9*22 i 10*66 12*08 18*48 14*84 1618 17*60 18*79 20-06 21*29 22*60 

8 4-88 6-46; 801 9*53 1 11*03 12*50 13 98 16*36 16*76 18*13 19*47 20-78 22*07 23*33 

«i 6*04 8*27 9*84 1 11*39 1 12-92 14*41 16’8» 17*38 18*76 20*14 21*61 22-86 24*17 

H i 6*20 6*881 8*63 10*16 j 11*76 1 13*33 14*88 16*41 17*90 19*38 20*82 22*24 23*63 ! 26*00 

6*36 T-OsJ 8*79 10*47 1 12*12 13*76 15*36 16*93 18*48 20-00 21-60 22*97 24*41 26*83 

9 i 6*61 7*29j 9*06 10*78 j 12*49 1 14*17 16*82 I 17*46 19-06 20*68 23*17 33*70 26*20 1 26*67 

»i 1 6*86 7-60l 9*81 11*09 j 12*85 1 14*68 16*29 17*97 19*62 * 21*25 22*86 1 24-48 26*98 1 27*50 

H j 5*82 'H' 9*67 11*41 ' 13*22 16*00 16*7e 18*49 20*19 21*88 28*63 1 2618 26*78 1 28*33 

H ■ i'lai 7‘»8l 9-88 11*72 i 18*11 18*49 17*ll If-01 iO-77 2210 24*30 ' 26*88 27*14 1 281f 



Sec. V (ii) WBIOHT OF ANGLE AND TEE BTEEL 137 

Weight of Angle and Tuk Ibon per Foot Run (eoniinuai)’ 

lit 

Thickness in Fractions of an Inch. 

A k A 9 » i •- 2 ' 1 il 
1 

1 ii 
f 

1 i ii i ii 1 

Ins. Lbs.^.bs. Lbs, Lbs. Lbs. 
1 

Lbs. 1 Ll)!i. Lb.s. Lbs. Lb. Lbs. Lbs. Lbs. Lbs. 

10 6*13|813 10-09 12-03 13-95 15-83 1 17-70 19-53 21-34 ,23-13 24-88 26-61 28-32 30-00 

m 6 29; 8-33 10-35 12-34 14-31 16-25 I 18-16 20-05 21-91 23-75 25-66 27-34 29-10 30-83 

CO
 

O
i 

*
 

2
 

10-61 12-66 14-67 16-07 1 18-63 20-67 22-49 24-38 28-07 31-67 20*24 29*88 

lOjJ 6-60| 8*73 10-87 12-97 16-04 17-08 I 19-10 21-09 23-^H> i 25-00 26-91 28-80 30-66 32-50 

11 G-76|' 8-90 11-13 13-28 15-40 17-50 1 19-67 21-61 23-6.3 = 25-63 27-59 29-53 31-4.5 33-33 

Hi .. |9-17 11-39 13-59 15-77 17-92 1 20-04 22-13 -24-21 26-25 28-27 30-26 32-23 34-17 

Hi .. 19-38 11-66 13-91 16-13 18-33 ; 20-61 22-66 24-78 26-88 28-96 30-99 33-01 35-00 

iij 11-91 14-22 16-50 18-75 1 20-98 23-18 -25-35 
.... * 

.. ! .. 3.>‘79 3S ho 

12 
, 

12-17 i 14-53 16-86 1 19-17 1 21-46 ; 23*70 ; 25-92 2813 : .30-30 : 32-45 .34-57 1 36-67 

12i 
1 

14-84 17-23 1 19-58 1 21-91 . 24*22 26-50 28-75 i 30-98 ; 33-18 35-35 ; 37-.50 

m .. ’1.VI6 17-59 ! 
... 1 

‘20-<M» 22-38 21-74 27-07 ‘29-38 31-65 ; 
.__1 

33-91 1 36-13 1 38-33 

-- 17-96 ; ‘JO-12 22-85 ■ 25-26 ; -27-61 ■ 30-00 ‘ 3-2-33 ' 31-64 1 36-91 I 39-IT 

13 
• ' " 

.. 1 18-32 20-83 23-32 25-78 28-22 30-63 • 33-01 ! 35-36 ' 37-70 i 
1 __i 

■40-00 

13i 21-67 21-26 -26-82 ' 29-36 31-88 ! 34-36 ; 36-82 39-26 1 41-67 

14 .. 22-50 2.V20 27-86 .30-51 33-13 ; 35-72 38-2X 40-82 43-33 

14i 23-33 26-13 28-91 31-65 3f38 37-i;7 39-71 12-.38 i 45-00 

'u'"\ 21-17 ,27-07 29-9.5 32-80 3.V63 38-12 , 11-20 I 13-95 46-67 

( //r iniffsvn (lAtwj 

Weight of angle and Tke Steel teu Foot Run. 



138 WEIGHT OF ANGLE AND TEE STEEL Sec. V (ll) 

Wkiqht of Anomc and Tb« Stkkl pbr Foot Run—conrtnu^d. 

Breadth 
(Flanges 
added). 

A 1 ! 

Thickness in Fraotioni of an Inch. 

3 1 A * A fi i ! 1 

Ins. Lbs. 
3*7i 

Lbs. 
3-ei : 

Lbs. 
4*4f 

Lbs. 
6-28 

Lbs. 
6-M 

Lbs. 
8*80 

Lbs. 
7-63 

Lb.s. 
8-23 

Lbs. 
8-91 

Lbs. ; Lbs. Lbs. 

4| 2*91 3-83 4-72 6-{>8 6-42 7-23 8-01 8-77 9-60 

5 307 4'.)t 4-98 5-90 8-78 7-65 .8*49 9-3 i) 10-08 10-H4 

H 3-J3 4-25 6-25 6-i2 7-16 808 h-97 9 83 10-67 11-48 

3-39 4-46 551 6-54 753 8-50 9-4 4 10-34 11-20 12-11 12-95 

6| 3*55 4-68 5-78 0-85 7-90 8-93 9-92 10-89 11-83 12-7^ 13-64 

6 3-71 4-89 605 717 H-28 9-36 10-40 11-42 12*12 13-39 14-33 15-26 

6} 3*«7 5-10 6-31 7-19 8-65 9-78 10-88 11-95 13-00 14-03 15-02 15-99 

6i 4-02 5-31 6-57 7-81 9-02 i 10-20 11-34 12-48 13-69 r 4-66 15-71 16-73 

to 4-18 6*53 S'H 8 13 9 39 10-63 11-83 13-02 14-17 Ts-so lG-40 17-48 

7 4-34 5-74 7-11 8-45 9-76 11-05 12-31 13-55 14-76 15 94 17-09 18-22 

7J 4*50 5'95 7-37 8-77 10-13 11-48 12-79 I 1-08 16-.3 4 16-58 17-78 18-97 

7i 4-66 6-16 7-64 9-08 10-51 11-90 13-27 14-61 16-92 17-21 18-47 19-71 

7i _4-H2 6-38 i i 7-9U 9-40 10-88 12-33 13-75 15-14 16-61 17-86 19-17 1 20-45 

8 4-08 6-69 8-17 0-72 11-25 12-75 11 22 15-67 17-09 18-49 19-86 21-SO 

8i 514 6-80 1 8-43 10-(t4 ! 11-62 13-18 H-70 16-20 17-68 19-1:)" 20-55 21-94 

6*30 7-01 1 8-70 l<)-38 ’ 11-99 13-HO 16-18 16-73 18-26 19-76 21-24 i 2-2-68 

5-4fi 7'23 i 8*97 10-68 12-37 14-03 15-66 17-27 18-85 20-40 I? 1-93 ;23-« 

9 6-(J2 7-44 9-23 11-(X) ! 12 74 1 4-45 16-14 17-H(» i 19-43 21-04 22-62 I 21-17 

9i 5-78 705 y-.50 ir3-2 13 11 14-88 16-62 18 33 i 20-02 21-68 23-31 1 21-92 

H 5-94 7'0 9-76 11-G3 13-48 15 .30 17-09 18-86 ! 20-60 22-31 24-00 ' 1 25-66 

H 6-10 8-OH 10-tt3 11-95 13-85 15-73 17-57 19-39 ! 21-18 22 95 24-69 1 26-40 

10 6-28 S-29 10-30 12-28 14-22 16-16 18-06 19-93 121-77 23-69 25-.3H 127-15 

lOi 6-4£ n-50 12-59 1 4-6U 16-5.8 18-63 20-46 22-35 -24-23 26-07 27-89 

lOj 6-67 8-71 l')-H2 12-91 1 4-97 17-00 19-01 22-9 4 24-86 26-76 28-6.3 

lOj 673 «’93 11 09 13-23 15-.34 17-43 19-48 2V52 23-62 ! 25-50 27-45 29*38 

11 6-89 9-14 11-30 13-5.5 15-71 17-H.5 19-96 22-06 24 n 1 26-14 28-14 30-10 

lU 
n.fi' 1 t 1 OaQ7 11* «>rwAA “■ 1 1 f>x 1 IhDH oH Jb /O dO.o# 

Hi — 9-66 ifsiT 1 14-18 16-46 j 18-70 20^ 2.3-11 26-27 2^1 29-52 31.01 

— 12-16 U-50 16-83 j 19-13 21-40 23-64 26-86 28-05 30-21 

IS ~ — 1 12-42 , 14-82 ; 17-20 1 * 19-56 21-S7 24M7 28-44 ?8-69' 30-91 38*19 

(Hendgrion Jt Otau.) 



Sec. V (ll) WEIGHT OF EBONITE 139 

SBONITB SHEBT. 

▲ppiDX. W«lgbt p«r Sheet. 

ThlokncM. 
86 X 18 ina. 24 X 24 iiu. 86 X 24 ins. 

(914 X 457 tn/m.) (610 X 610 m/m.) (914 X 610 m/m.) 

Ina. Ins. m/m. lbs. kge. lbs. kgs. lbs. kgs. 
... ' 0*016 i 0*38 0*42 ' 0*19 0*37 0*17 0*56 ' 0*26 

1 0*026 { 0*64 0*70 0*82 0*63 0*29 0*94 0*43 
... 1 0*040 ! 1*02 1*12 0*61 1*00 0*45 1*60 0*68 
... : 0*660 : 1*62 1*68 0*76 1*50 0*68 3*25 1*02 

1 0*090 2*29 2*62 1*14 2*26 1*02 8*87 1*68 
r 1 0*126 3*18 8*61 1*69 3*12 1*42 4*69 2*18 

; ^ ' 0*187 4*76 6*26 2*39 4*67 2*12 7*01 8*18 
i'; 0*260 6*36 7*02 .8*18 6*25 2*84 9*38 4*26 

Id 0*812 7*98 8*77 3*98 7*80 8*64 11*70 5*81 

C 
0*876 9*53 10*66 4*79 9*87 4*25 14*06 6*88 
0*487 11*10 12*29 5*68 10*92 4*96 16*40 7*44 

V 0*600 12*70 14*04 6*37 12*60 5*67 18*76 8*61 
i 0*626 16*88 17*85 7*96 16*62 7*09 23*48 10*68 

I 0*760 19*06 21*06 9*66 18*74 8*60 28*12 12*76 
1 0*876 22*28 24*60 11*16 21*86 9*91 82*80 14*88 

1 1*000 26*40 28*12 12*76 25*00 11*34 37*50 17*01 

EBONTTB Rod. 

Diameter. 

■^proz. 
wdght Diameter 

Approx. 
W^ht 

per per 
ICO metres. 100 metres. 

Ids. Ins. m/m. Lbs. Ins. Ins. m/m. Lbs. 
0*0937 1*18 t 0*626 53*36 
0*0984 n 1*39 0*630 16 88*17 
0*126 2*09 ?.} 0*666 67*67 
0*187 94 3*64 0*669 17 60*00 
0*167 4 3*23 45 0*687 63*35 

^ . 0*187 4*69 0*709 18 67*30 
T ' 0*217 94 6*28 u 0*719 69*37 

r* 0*260 8*87 0*728 184 71*08 
0*266 «4 8*77 1 0*760 76*87 
0*282 10*66 0*768 194 78*98 
0*295 74 11*68 0*781 81*72 
0*812 18*05 0*787 30 83*08 
0*315 8 13*29 : 0*812 88*35 

‘S s 
0*844 16*86 ; 0*827 21 91*60 
0*876 94 18-85 0*844 96*45 

1 a 1 0*406 23*09 0*866 23 100*5 
0*418 104 22*90 4 0*876 103*6 
0*437 26*60 0*906 23 no 0 
0*468 114 27*47 f- 0*937 117*6 

1 f 0*468 29*35 0*946 24 120*0 
0*472 12 29 90 1 1*000 36*4 134*0 

4 I 0*500 38*50 14 1*126 28*5 170 
U ! 0*582 134 37 86 14 1*26 81*8 210 

1A 1 0*562 42*88 li ! 1*875 85*0 i 258 
1 0*571 144 43*66 14 1*5 88*0 ; 802 

1! 0 694 47*28 11 1 1*75 44 5 ! 410 
0*610 154 

i_ 

! 40*90 
1 

9 9 
1 1 

50*8 1 586 

1 
(Sitmtru Br09, ^ C«.) 



140 WBiaHT OF PIPBS Sec. V (ii) 

Weight of Pipes and Tubes. 

D outer diameter; b — bore; t — thickness; W » weight oi 1 ft. length; k *0S189 X 
weight of 1 cubic foot of metal. 

W - / (D - I) it - < (t + O*. 

APFROZDIITB WmOBTS Of GOLD DRAWN WBLDLB88 STSBL TOBIIS IN IiB. PRB FOOT. 
PLAIN AT ENDS. 

Out* 
side Thicknesses in Fractions of an Inch. 

Dia. : 
in ' 

Ins. A i i S i i’.. A 1 

1 •680 •914 1 •176 1 •638 3^017 
1 

1 •714 1 •04 1 •344 1 •89 3-863 3 •731 i 

1 •798 1 •166 1 •613 2 •143 3-689 3 •161 3 •639 
1 •883 1 •293 1 •68 3 •894 3-026 3 •671 4 •033 4 •411 
1 •967 1 •418 1 •848 3 •646 3-361 S •991 4 •637 6 •000 6 •378 
1 1 •061 1 •644 3 •016 3 •898 3-697 4 •411 6 •041 6 •688 6 •06 
1 1 •136 1 •67 3 •184 8 •16 4 034 4 •831 5 •645 6 •176 6 •733 7 •184 
1 1 •319 1 •796 2 •363 3 •403 4-37 6 •363 6 •060 6 •764 7 •386 7 •941 
3 1 •803 1 •933 3 •62 3 •664 4-706 6 •673 6 •664 7 •362 8 •067 8 •697 9 •348 
2 •887 3 •048 3 •688 8 •906 6 043 6 •093 7 •068 7 -941 8 •739 9 •463 10 •083 
3 1 •471 3 •174 3 •866 4 •168 6-378 6 612 7 •563 8 639 9 •411 10 •209 10 •938 
3 ■666 3 •3 3 •024 4 •41 6-714 6 933 8 066 9 117 1 10 -084 ’ 10 •966 : 11 •763 
3 ■ ,1 •639 3 •426 3 •193 4 •663 6-060 7 363 8 67 9 706 10 •766 11 •733 113 •603 
3j 1 723 3 663 3 •36 4 •914 6-386 7 773 9 074 10 293 11 428 13 •478 13 '444 

1 807 2- 678 3 •638 6 ■166 6-723 8- •193 1 9 678 lo¬ •881 i IS¬ •100 13 -334 14 -384 
1 891 3- 804 3 ■696 6 ■418 7 059 8- 613! 10' 083 ll 470 i IS 773 13 •991 16 -136 

8 ' 1- 976 3* 93 3 •864 6< ■67 7-396 9- 033 ' lo¬ 687 13 068! IS¬ 446 IS¬ •747 16 -966 
3i 3* 066 4< 033 &• •933 7-731 9- 463 ! ll- 091 IS¬ 646 IS- 117 IS- 603 16 806 
3 * i 3- 183 4- 30 6< 174 8 067 9- 873 1 Il¬ 696 IS- 3341 IS¬ 79 16- 369 17- 646 
3] ■ 1 8- 808 4* 868 6* 436 8-403 10 •29Sj ls- 099 13- 833 1 IS- 462 17- 016 18- 486 
3 8- 434 4' 636 6« 678 8-739 lo¬ 713 13- 603 14- 410 1 16- 134 17' 773 19- 836 
3 4' 704 6- 93 9 076 ll- 133 IS¬ 107 IS¬ 999: 16- 806! IS¬ 638 30- 166 
8 4- 873 7- 182 9-413 11- 663 IS- 611 IS- 687 j 17- 478 IS- 384 31- 006 
3 6' 04 7- 434 9-748 11- 974 ; 14- 116 16- 176 IS¬ 151 SO- 041 31- 847 
4 ' 6- 308 7- 686 10-084 13- 394; 14- 630 16- 763 IS- 833 SO- 797 , 33- 687 
4i 6- 876 7- 938 10-430 13- 814 ; IS¬ 134 17- 361 19- 496 31 663 38 637 
4| 5- 644 8- 19 10-766 IS- 334 1 IS- 638 17- 940; SO¬ 167 33- 809 34- 367 
41 i 6- 713 8- 443 11-093 13- 664 IS¬ 183 IS¬ 638; SO- 84 33- 066 36- 308 
41 6- 880 8- 694 11-498 14- 074 1 IS- 636 IS- 116; 31- 613 33- 833 36- 046 

SrANDARX) WkIQHTS A>'D DiMBNSIONS of OABT-IRON WATXR>MA1N PlPSH. 

Internal Length 
Depth of 1 
Socket. 

Thick- I Mean 1 Internal Lenirili' Thick- j M*-an 
Diam. of each ness of ; Wei ghtof 1 Diam. of each ness of i Weight of 

of Pipe. Pil>e. Metal, j eacli Pipe. 1 of Pipe. Pipe, i Metal. 1 each Pipe. 

I us. Ft. Iii.s. Ins. iiif?. ! ewt. ( irfs. Ibsl Ins. Ft. Ins.! Ins. Ins. ' cwt. (irs. ll>8. 
3 6 3 3 0 2 0 IH 12 ■U 2 I 14 3 16 
3 9 4 3 ^ I 1 <) 14 19 12 44 
4 9 4 3 1 2 () 20 12 •iJ n 20 0 0 
5 9 4 34 2 0 0 21 12 u .ji _ 1 
6 9 i 34 2 2 n 22 12 ‘4 •!* 22 3 14 
7 9 4 ' 3a i 3 1 11 23 ! 12 1 5“ 
8 9 1 4 h i 3 2 u 24 12 4 5 24 0 0 
9 9 4 4 4 2 0 26 12 5 5 _ 

10 9 4 4 5 1 0 28 12 5 5 _ 

11 13 4 i 4i i — 30 12 T) r> 1 35 3 0 
12 12 1 44 1 1 8 2 u 32 12 5 5 
13 12 4 44 34 12 5 5 . . 

14 12 44 44 It ’ 10 2 0 36 12 5 6 1 41 0 0 
15 12 4 4 A « 11 2 0 40 12 5 5 H 48 3 0 
16 12 4 I 4 i. 13 2 0 42 12 5 5 H 60 2 0 
17 ] 12 4 ; 4 -- i — 48 13 54 54 U 64 0 0 



Sec. V (ii) WEIGHT OF PIPES lit 

WSIOBT or OROtNART RraSS PIRM PIR FOOT BOW 

*-12*106. 

Bore. 
Thickness of Metal in Parts of an Inch (t). 

(») * * i A 'hi 
Ins. Lbs. Lbs. Lb.s. LIks. Lbs. Lbs. Lb£.. 
i . •22 •63 •94 1-43 2-01 2-68 3-44 
i •40 •89 1-47 215 2-91 3-76 4-70 

? •58 1-26 2-01 2-86 3-80 4*83 6-95 

1 •7G 1-61 2-5.'> 3-58 4-70 6-92 7-25 

u •04 1-96 3-09 4-31 5-64 6-98 8-46 
u 1-12 2-34 3-67 5-()I 6-49 8-05 9-71 

1-33 2-6G 4-14 6-70 7-.30 9-11 10-94 

2 1-48 3-04 4-«» G-44 8-27 10-20 12-21 
1-66 3-40 5-23 716 917 11-27 13-46 

4 1-83 3-75 6-77 7-87 10-06 12-35 14-72 

n 2-01 411 6-31 8-59 10-96 1 13-42 15-97 

3 2-19 4-47 6-84 I 9-31 11-ss j 14-69 j 17-42 

WirOHT Of ORniNART OOPfER PlfRS FIR POOT RUH. 

*—11*463. 

Thickness of Metal in Parts of au Tnoh (I). 

A h A ! i h I h 

Ins. Lbs. Lbs. Lbs. i Lbs. Lbs. Lbs. Lbs, 
i •23 •66 •99 ; 1-61 213 2-83 3-64 

h •42 •94 1-56 i 2-27 3-07 3-97 4-96 

i •61 1-32 213 3-02 4-02 6-II 6-29 

1 •80 1*70 2-69 j 378 4‘9C 6-21 7-61 
H •99 2-08 3-26 ! 4-64 5-91 7-38 8-94 

H 1 118 2-46 3-83 5-29 6-86 8-51 10-26 

If 1-87 2-84 4-40 6*05 7-80 9*64 11-68 

3 1 1-56 3-22 4-96 6-ttl ; 8-75 1 10-78 ' ' 12-91 

H 1-76 3-69 6-63 ' 7-66 9-G9 11-92 14-23 
1*94 3-97 6-10 8-32 10-64 13-06 16-66 

4 2-13 4-36 0-67 ; 9-os 11-59 14-19 16-88 

3 •2-31 4-73 7-24 9-83 , 12-53 15-32 18-21 

WBIOBT or lead pipes, S1UE8 AND WEIOBTB USUALLY liANUfAOTURIO. 

Weiglit and Thickuees of each Length. “1 
Bore. Length. Coiniuon. Middling. Strong. 1 

Thickne.ss. Weight. Thickness. W'eight. Thickness. Weiglit. 

Ins. Ft. In. Lbs. In. Lbs. In. Lbs. 
15 •11 16 •15 22 *17 26 

i 15 •12 24 •13 27 •16 30 
1 15 •12 30 •15 39 •16 42 
li 12 ! •14 36 •16 44 *20 53 

H 12 •16 48 •18 56 •21 67 
10 •15 50 •18 60 *21 ' 70 

4 10 •17 •21 86 •24 100 

Formula for Weight of Lkau Pifiko. 

16-617 (D —per foot*, S1980 (D -t)t llw. per mile : 36*676 (D-f) rtouspei* mile ; wUere 
D^exterual diameter in iuehe'4, / = thK*kne'S in inches. 
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jrhlckness, 
r S.W.Q. 
I XnKD 
I m/m. 

MbtinuU 
IDlMa. 1dm. 

WEIGHT OF WROUOHT-IRON TUBBS Sec. V (ll) 

APPROXniATK Weiortb 

(Based un the Imperial 

15 14 13 13 11 10 9 T 7 6 5 
•072 •OtiO •092 •104 *116 1 1 *l?«i 1 -144 •160 ' •176 •192 •212 

1*829 2*032 2-337 2*642 1 2*946 3-251 3*658 4-064 4*470 4*877 5*385 

Wkigut pkk 

0*700 0*771 0-875 1 0-976 1*074 1*169 1*291 1-407 1*619 1*624 1*749 
0*794 0*875 0*995 ! 1*112 1*226 1*336 1*479 1*617 1-749 1*876 2-027 
0*888 0*980 1*116 1 1*248 1-377 1*604 1*668 1*826 l-97» 2*127 2*304 
0*982 1*095 1*236 ! 1*384 1*629 1*671 1-85G 2*036 2*210 2*378 2*582 
1-077 1*190 1 356 : 1*5*20 1-681 1*839 2*045 2-246 2*440 2*630 2-859 
1*171 1-294 1*477 i 1-656 1*833 2*007 2*233 2*465 2-671 2*881 3*137 
1*266 1*399 1*597 1-793 1-985 2174 2*422 2*664 2-901 3*132 3414 
1*369 1*604 1*718 1*929 2*137 2*342 2*610 2*873 3*131 3-384 3-692 

— 1*608 1*838 2*065 2-288 2*609 2*799 3*083 3-362 3*635 3*969 
— 1-713 1*959 2*201 2*440 2*677 2*987 3*292 3*592 3*886 4*247 
— 1-818 2-079 2-337 2*692 2*844 3*176 3*502 3*822 4*188 4-524 
— — 2*199 2*473 2*744 3*012 3*364 3*711 4-053 4*389 4-802 
— — 2*320 2*609 2-896 3*179 3*553 3*921 4*283 1*640 6*079 
— — 2*440 2*745 3*048 3*347 3*741 4*130 4-614 4*892 6*357 
— — 2*661 2-882 3-200 3*514 3*930 4-339 4-744 5*143 5*634 
— 2*681 3-018 3*351 3*682 4*118 4-549 4-974 6*394 5*912 
— •2-802 3*164 3-503 3-860 4-307 4*758 6-206 5*646 6-189 
— — — 3*290 3*655 4-017 4-495 4*968 5-435 5*897 6*467 
— — — 3*426 3*807 4*185 4*684 5*177 5-666 6*148 6*744 
— — — 3*502 3-959 4-362 4*872 6*387 6-896 6*400 7*022 
— -- — 3-698 4*111 4*62(^ 5*061 6*696 6-126 6*651 7*299 
— — — 3*835 4*262 4-687 6*249 6*806 6-367 6-902 7*677 
— — — 3*971 4*414 4-855 5-438 6*015 6-687 7*164 7*864 

— 4*107 4*566 5022 5-626 6*224 0-817 7*405 8*132 
— — — 4*247 4*718 6-190 5-816 6*434 7-048 7-C66 8*410 
— - — 4-606 6*022 6-626 6*192 6-853 7*609 8*159 8*965 
— — 4*/ <6 6*325 5*860 6*.569 7*272 7*969 8-662 9*520 
— — 5-056 6*631 6*196 6*946 7*690 8*430 9-164 10*076 
— — 5-336 6*937 6*630 7*323 8*109 8*891 9*667 10*630 
— — — 5*600 6*243 6*866 7*700 8*528 9-352 1U-17U 11*185 
— — .— 6*876 6*549 7*201 8*077 8*947 9-812 10-672 11*740 
— — — 6*152 6*R*>7 7*536 8-464 9*366 10*273 11*176 12*296 
— — 6*432 7*IG4 7*871 8*831 9*785 10*734 11*678 12*850 
— — — ’ t;*7i5 7*471 8*21.3 9-208 10*204 11-195 12-18U' 13*405 
— — — 7*000 ;-77M 8-,')55 9*585 10-023 11*655 12-683 13*960 
— — 7*273 8-087 1 8*397 9*962 11 042 12*116 13-186 14*615 
— — 7*556 8*393 i 9*239 10 339 11-4G»> 12*677 13*688 15*070 
— — — 7*«34 8*7'.)0 I 9*681 10*716 11-880 13*038 14*191 16*625 
— — 8 115 9-^T 9*923 11*083 12-300 13*499 14-694 16*180 
— — — 8-383 9*314 10*265 11*460 12-720 1.3*959 15*196 16*736 
— — — i 8*664 9*621 10-6 7 11*847 13*1,35 14*420 15*699 17-290 

’ ~ j — 8*913 I 9*928 1 10-'940 12*224 13-554 14*880'j 16*204 17*845 
— — i 9-227 ! 10*235 1 11-291 12*601 13-973 15-340 1 16*710 18*400 
— — 9-516 10*542 11*633 lJ-078 14-400 15*800 I 17-216 18-955 

— J , 9*807 10*860 11*985 13*355 14-818 16-260 17-722 19-610 
— 1 — — . 10*073 1 11*158 12*327 13*722 16-230 16*720 18-2.30 20-066 
— i — — 10-342 1 11*466 12*669 14*109 16-666 17*180 18*738 j *2O-0*2O 
— — — 10*604 11*774 13*011 14*486 i 16070 17-640 19-230 1 21*176 

_ — — 10*878 1 12*082 13*353 14*863 ! 16-607 18*100 19-735 : 21*730 
— ! — — fn *J56 j 12*390 13*695 16*240 16*922 18*663 20*242 22-286' 

— '11*428 j 12*698 14-042 16*617 17*344 19-024 I 20*763 22*840 “ j 
— — 11*887 i 13-006 14*384 15*994 17*768 19-482 21-256 23*396 
.— 11*952 ; 13-614 14*726 116*371 18*185 19-940 ; 1 21-766 23*950 
— ____ 1 12*616 ' 13*930 15-410 17*125 19*016 20*860 ' i 22*768 25*063 

i 1 13*050 1 
1 

14*960 16-100 17*878 19*855 21*780 23*760 2I‘30U 



WEIGHT OF WHOUGHT-IKON TUBES 143 Sec. V (n) 

or WROUORT Iron TuBiea. (For Steel, edd 9 %.) 

Standard Wire Gauge.) W -■ I (D - <) 10*472. 

( TbicknesH, 
3 2 1 A i 8.W.G. 

•232 •262 •276 *300 •125 •187 •250 •376 •437 •6(KJ Ins. (0 
fi*K93 6-401 7*010 7-620 3-175 4-762 6-350 7-937 9-525 n-112 12-700 m/ni.' 

Foot IV l*oiTNr>a (W). Dla. Im. 
iD). 

V8n«; 1-974 2-092 2-199 1-146 1-595 1-963 2-250 2-454 2-577 2-618 1 
2-304 2-15 4 2-592 1-309 1-841 2-291 2-669 2-945 3-150 3‘9 7 *2 H 

2-473 2-634 2-815 2-984 1-473 2-086 2-618 3068 3-436 3-72.3 3-927 H 
2-777 2-963 3-176 3-377 l-()36 2-332 2-945 :4-477 3-927 4-295 4-581 
3-USl 3-293 3-538 15-7 70 l-Wiii 2-577 3-272 3 886 i-418 4-SOS 5 236 
3-384 3-623 3 899 4-163 1-963 2-822 3-600 4-295 4-909 5-440 5-890 1? 
3'«8H 3-963 4-260 4-555 2-127 3068 3-927 4-704 5-40() 6-013 6-.'-.15 
3-9l»2 4-2H3 4-621 4-948 2-291 3-313 4-254 5-113 5-890 6 5h»i 7-199 
4-296 4-613 4-983 5-341 2-454 3-559 4-581 5-522 G-:48i 7-159 7-.-54 

4-699 4-943 6344 5-733 2-618 3-8U4 4-909 5-931 ti-872 7-731 8-5o« 
4-903 1/273 5-705 6-126 2-782 4-050 5-236 6-340 7-363 8-301 9-163 
6*20ti 5-eo-2 G-067 6-519 2 945 4-295 5-563 6-749 7-854 S-877 9-817 2I 
6-610 6-932 6-4-28 6-911 3-109 4-541 5-890 7-159 8-345 9-449 10-472 
6-814 6-262 6-789 7-304 3-272 4-7.H6 6-218 7-568 8-836 10-022 11-126 
6-117 6-592 7-150 7-697 3-436 5-031 6-545 7-977 9-327 10-595 11-781 21 
6-421 6-922 7-612 8-090 3-600 5-277 6-872 8-386 9-818 11-167 ! 12-435 
6-725 7-262 7-873 8-482 3-763 6-522 7-200 8-795 10-308 11-710 13-090 3 

7-028 7-582 8 234 8-875 3 927 5-768 7-627 9-204 10-799 12-313 13-744 H 
7-332 7-911 8-596 9-268 4091 C-013 7-854 9-613 11-290 12-S85 14-399 H 
7-63G 8-241 8-957 9-660 4-254 6-259 8-181 10-022 11-781 13-458 15-053 3| 
7-940 8 571 9-318 10-053 4-418 6-604 8-508 10-431 12-272 14-031 15-708 H 
8-243 8-901 9-679 10-446 4-681 6-750 8-830 10-840 12-763 14-604 16-362 
8-847 9-231 10-041 10-838 4-745 6-996 9-163 11-249 13-25 4 16-176 17-017 
8-851 9 561 10-402 11-231 4-908 7-240 9-490 11-668 13-745 15-749 17-671 3| 
9-164 9-891 10-763 11-62-1 1 59)72 7-486 ! 9-817 12-067 11-235 16-322 18-326 4 

9-702 10-550 i 1-486 Y2-409' 5-4'oU 7^977 lU-472 12-885 15-217 17'467 19‘6:^5 
lU-369 11-210 12-208 13-195 ,5-727 8-468 11-126 1:4-704 1 16-199 18-612 2(.-944 \ 
10-976 11-870 1-2-931 13-880 6-054 8-959 11-781 14-522 ! 117-lsi 1 19-758 22 263 H 
11-684 1-2-630 13-654 14-765 6-381 9-450 12-435 15-340 [ i 18-162 1 20-9o:i 23-562 5 
12-191 13-189 14-376 15-551 6-709 9-940 j 13-090 16-158 19-144 ^ 22-048 24-871 
1-2-798 13-849 15-099 16-336 7-036 10-431 13-74 4 16 976 i -20-126 ; 23-194 -26-180 5I 
13-406 14-509 16-821 17-122 7-363 10-922 14-399 17-794 : : 21-108 2 4-339 27-489 
14-013 16-169 16-54 4 17-907 7-6S0 11-413 15-053 I.h-612 ' 22-090 25-485 28-798 6 

14-621 15-828 1*7-266 18-692 ! 8-017' il-90-ri 15-708 19430 23-)l71 26-630 30-lt)7 
16-228 16-488 1 17-989 19-478 ; 8-346 I 12-395 16-362 -20-249 21-U53 27-775 31-416 
16-835 17-184 : 18-712 20-263 8-672 j 12-886 17-017 21-067 25-035 28921 32725 Hi 

116-443 17-807 i [19-434 i 21-048 8-999 ! 13-376 17-671 21-885 26-017 30-066 34-034 7 
117-050 18-467 ! 2«)-157 21-834 9-327 1 13-867 18-326 22-703 26-998 31-212 35-343 7J 
17'668 19127 20-879 22-619 9-664 > 14-358 18-980 23-521 27-080 32-357 36-652 7| 

18-265 19-787 21-602 I 23-406 9-981 [ 14-849 19-635 24 339 28-962 33-602 37-961 "1 
118.-872 20-446 22-321 124-190 10-308 j 15-340 2U-2S9 25-157 29-9 44 34-648 39-270 8 

1 19-480 21-106 23047 24-976 10-636 15-831 20 944* 25*975 30-925 -35-793 40-579 84 
1 20-087 21-766 23-769 i 25-761 10-963 16-322 21-598 26-79 4 31-907 :-{6-93H 41-88-< 8{ 
[20-694 22-426 24-492 1 26-646 11-290 16-813 22-253 27-612 32-889 38-084 43-197 8{ 

21-302 23-086 352:6 ; 27-332 11-617 17-303 1 22-907 28-430 33-871 39 229 44-506 9 
21-909 23-745 25-937 1 28-117 11-946 17 794 1 23-562 29-248 3 4-852 40-375 45-815 94 
22-517 24-406 26-660 ! -28-903 12-272 18-285 ! 1 -21-216 30-066 35 834 41-520 47-124 95 
23-124 25-065 27-382 29-688 12-599 18-776 1 ' -24-871 30-884 36-816 42-665 48 433 9| 
23-731 25 724 28-105 I 30-473 12-926 19-267 : 25-525 1 31-702 37-708 43-811 49-742 10 

24-338 26-383 28-82ir 31-258 13-263 19-758 26-179 I 32-520* 38-780 '4*6-957 61-063 
24-946 27 042 29-661 82-043 13-680 20-249 1 26-833 j 33-338 39-762 46-io:i 52-361 lol 
25-535 27-702 30-274 82-828 13-910 20 740 27-487 34-156 40-744 47-250 53*670 io| 
26-162 28-362 31-002 33-613 14-237 21-231 28141 1 34-974 41-726 48-396 54-980 11 
27-376 29-682 32*445 S5-18S 14-897 22213 20-460 36-610 43-690 50-690 67-600 lU 
28-590 31-003 88-891 86-763 16-550 23-196 SO-768 38246 45-654 62-984 60-216 13 

(J$nn J^nctr^ lAJ. 



144 WEIGHT OF 0A8T-IB0N PIPES Sec. V (ll) 

WnoEx or OAfl!c-litoH Pma pib foot bum. 
Wt ThIokneM x (Bora -i- Thidknan) x 9*85. 
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146 BCRBWBD AND SOOEETBD TUBBS Sec. V (n) 

STANDARD THICKNESSES AND WEIGHTS OF 

SCREWED AND SOCKETED TUBES TO BRITISH 

STANDARD SPECIFICATION Nos. 788 and 789 

Nom. 
Bore 

Approx. 
Outside 

Diameter 
Thickness S.W.O. 

Weight j)o foot in lb. 

Steel to B.S.S. 789 Wrought Iron to B.S.S. 788 

Gas 1 Water Steam Gas 1 Water 

i- - 

j Steam 
i. _ 

Gas Water ; Steam 

r 14 

I ■ 
1 13 12 •281 

! 
•311 1 -338 •276 •:K)5 

T. 
1 -331 

V hy 14 
! 
i 13 12 •389 435 1 -477 •382 •426 1 -168 

r ir 13 ^ 12 11 •ofK) •6.S3 •713 •579 •611 1 -TtH) 
1 

V iy 12 H 10 •828 •t^)8 i -984 •812 •891 I -966 

r " 1 10 9 M82 1 287 
i 
• 1-421 1-159 1 262 1-393 

r ur 10 8 1 -878 1 -860 2 037 1 616 1 -825 1-997 

U' itt' 0 8 7 2-398 2-633 2 m 2-3.50 2-581 2-807 

U* i§r 8 7 r> 3 012 3-281 3-541 2-954 3-215 3-472 

2' 28' 8 6 3-828 4-175 4-514 3-753 4-093 4-427 

2*' 3' 7 8 ! 
5 5-372 5-819 6-369 5-267 5-705 6245 

3* 34' 7 
! 1 
i 8 i 

5 6 344 6-875 7-532 6-220 6-741 7-384 

4* 7 ! 1 5 7-:i09 7 923 8-685 7-165 7-768 8-515 

4' 44' 7 i 8 
5 8-297 8-996 9-863 8-J35 8-820 9-670 

5' •‘^4' 7 1 6 I 5 10-256 11 123 12-201 10 056 10-906 11-962 

6’ 64' 
_j 

7 
• 

; .. .1 

3 12 254 13-290 14-579 12014 13030 14-294 

The dimensions and weights arc subject to the tolerances given in the above specificati ons. 
The weights are based on a length (measured from end of tube to end of socket) 
of 14 feet for to jf" 

L. 
nom. bore inclusive and 20 feet for 4' to 6 nom. bore inclusive. 
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APPROXIMATE WKKJHT OF SOCKET PIPES AND PIITINGS. 

( Bailey, Fegg dg Ca,) 
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>ec. V(ll) WEIGHT OF BKABS TUBBS 151 
WXIOXT OV SXAMLRfM BBASB TURW. 

(Oontalning 70 % of copper.) 

Thickness of Brass 

s.\v.a. 1 
5 6 7 8 9 10 11 12 13 14 15 i 17 : 18 19 20 

Inches . \ •212 •192 •176 •16( •144 •128 •116 •104 •092 •OKoj -072: -064 •05( , -048 •040 •036 

Millim^itreB 6-386 

oc 4-470 4-064 |3*658|3-251 2-946 2-642 2-337 2-032|l-829|l-62G |l-422j 1-219 1-016 •914 

External 
Diameter. Weight of a Lineal Foot iii Pouncls. 

1 Ins. Mm. 1 

1 gs .. •21 •18 •16 •14 
IM .. .. •28 •25 ■22 •18 •17 

■ 7 12-7 L •36 1 -32 •29 ■25 ■21 •19 
16-9 .. ■51 •46 ! -42 •37 •32 •27 •25 

1 9 190 ■70 •G2 •57 •51 •46 ■39 •33 •30 

i 22-2 .. .. .. •93 •84 •74 •67 •60 •53 •46 •39 •35 
1 25-4 .. 1-19 1-08 •97 •86 •78 •70 •62 •53 •45 •4'.> 

28-6 1-49 1-36 1-24 Ml •97 •88 •79 •70 •GO •50 

■ 31-7 1-67 1-53 1-39 1-24 1-09 •99 •88 •78 •67: -66 
.34-9 • • .. Toa 1-86 1-70 1-64 »-37 1-21 1-09 •98 •86 •74 •62 
.S«l 2-27 2-04 1-87 1-69 1*51 1'.32 1-20 1-07 -94 •81 '68 
41*3 2*7.1 2-48 2-23 2-04 1-81 1-61 1*44 1-30 , M6 1-02 •88 

li 44-4 2-96 2-69 2-42 2-21 1-99 1-78 1-5G Ml 1-26 MO •95 
1 I 47-6 3-48! 3-19 2-90 2-60 2-38 2-14 1-91 1-67 ; 1-51 1 -35 M9 1-02 
1 2 .‘iOa .. 3-74 3-48 3-11 2-79 2-54 2-30 2-04 1-79 1C2 1-41 1-27 1-00 
1 2i 54-0 4-S2 .3-99 3-66 3-82 2-98 2-71 2-45 2-18 1-90 1-72 i 1-54 1-35 

G, 57-1 4-60 4-25 8-89 3-63 8-16 2-88 2-60 2-31 2-02'1-83 1-G3 1 43 
3] 60-3 6-34 4-88 4-61 4*18 8-74 3-3o 3-05 2-75 2-46 2-14 * 1*93 1-72 1-51 
2 63-5 6-66 6*16 4-76i 4-36 

6-02 4-59 
8-95 3*54 3-22 2-90 2-58 2-25 2-04 1-81 1-59 

2 66*7 6-96 6-44 4-16 3-72 3-39 3*05 2-71 2-37 2-14 1-91 1-67 
2 69-8 6-27 6-72i 5-28 4-83 4-37 .3-91 3-56 .3-20 2-85 2*49 2-24 2-00 1-76 

2 78-0 6-67i 6-00 5-63 6-06 4-58 4-09 3-73 3-36 2-98 2-60 2-35 2-09 1-84 
3 76-2 6-88, 6-28 6-79 6-29 4-79 4-28 3*90 3-51 311 3-72 2-45 2-19 1-92 

H 79*3 7-19 6-56 6-04 6-52 6-00 4-47 4-06 3-66 3-25 2-84 2-66 2-28 
82-5 7-60 6-84 6-30 6-76 6-21 4-65 4-23 3-81 3-38 2-95 2-66 2-37 

Sj 85-7 7-81 7-12 6-56 6-99 6-42 4-81 4-40 3-96 3-52 3-07 2-77 2-17 
88-9 8-12 7-40 6-81 622 5-63 6-03 4-57 111 36.5 o'll' 2-87 2-56 

3| 92-0 8-43 7-68 7-07 6-46 6-84 6-21 4-74 4-26 3-78 3-30 2-98 2-65 

H 95*2 8-73 7-95 7-32 6-69 6-06 5-40 4-91 4-42 3-92 3-42 3-08 2-7.'> 

3] 98-4 9-04 8-23 7-58 6-92 6-26 5-58 6-08 •4-57 4-05 3-63 3-19 2-S4 
4 101-6 9-36 8-61 7-84 7-16 6-47 5-77 6-25 4-72 4-19 3-65 3-29 2 93 
41 107-9 9-97 9-07; 8'.35 762 6-88 6-14 5-68 5-02 4-45 3-88 3-50 

4f 114-3 i 10-59 9-G3 8-86 8-09 7-.30 6-62 .5-92 5-32 4-72 1-12 3-71 

4f 120-6 1 11-20 10-19' 9-37 8-65 7-72 6-89 6-26 5-63 4-99 4-36 

5 127-0 ll-82!l0*75i 9-89 9-02 8-14 7-26 6-60 5-9.3 5-26 4-581 

H 133-3J 12-44 11-31110-40 9-48 >-•68 7-63 6-93 6-2.3 5-63 
1.39-7 1 13-05 11-87! 10-91 9-96 8-98 8-01 7-27 6-53 5-79 
146-0 13-67 12-4311-42 1041 9-40 8-38 7-61 6-84 

6 l.'}2-4 11-29 12-99 11-91 10-88 9-82 8-75 

1 Percent . I0S4 W5'lw2’J 
1 1 

102‘9 102-6 
1 

104'/ l0:i-3 I04'n 1031 W3-6 
1 

! 
m-oioi-s^ 103-^ 102-() W4 S 97'3 

The figures in italics show the {lifi'erence in percentage vf weight of brass tubes made to the 
and the S.W.G., the latter being taken at 100. 

The above weiffhta, multiplied by ‘991, give the weight of a brass tube 2 and 1 alloy. 
These weights are ealeulat»?d from the specitio gravity of 16 samples of tubes, from various 

makers, each of the samples being 1 foot long x 1 j inch external diameter x 14 which 
was found to be 8’66H, or *3089 lb. per cubic inch, for the alloy of 70 and 30, and 8-508 specific 
gravity, or *3071 lb. per cubic inch, for the alloy of 2 and 1 at a temperature of 60° F. 

To ascertain the weight of a seamless tube of copper, multiply the weight of a similar brass 
labebv 10188. 
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W^alghti In Lbf. per Foot Saper end B<|aiTaient 8.W.O. 

Mark. Weight. 8.W.Q. Mark. Weight , 3.w.a. 

10 0*614 so DXXX 1-1S8 33 
IX 0*«46 37 DXXXX 1-381 31 
IXX 0-786 36 SDC ' 0-738 26 
IXXX 0*8S6 36 8DX 0-836 36 
IXXXX 0683 38 SDXX 0-916 34 
DO 0-664 87 8DXXX 1-008 38 
DX 0-864 34 SDXXXX MOO 22 
DXX 0-396 38 

AppnarimoU Weight of Single PUtei 

Mark. Weight Sice of 
per Plate. Floieb Ine. 

lb. oa. 
10 0 8 
IX 0 10 
IXX 0 lU 14 X 10 
IXXX 0 18 
IXXXX 0 
DO 0 16 
DX 1 4 
DXX 1 7 17 X 12* 
DXXX 1 10 
DXXXX 1 14 , 

SDO 0 18 
8DX 0 161 
SDXX 1 0 16 X 11 
8DXXX 1 2 
BDXXXX 1 4 

Weight Sice of 
per Plate. Plate, Incw 

lb. 01. 
3 0 1 
2 8 
2 14 (. 28 X 20 
3 4 1 
8 10 J 
3 141 1 
6 0| 1 
6 14 - 34 X 36 
6 11* 1 1 
7 9 1 1 

— 

Weight Sise of 
per Plate. Plate. loe. 

lb. os. 
1 0 1 
1 4 
1 7 ' ■ 14 X 30 
1 10 1 
1 13 J 
1 16* 1 1 
2 8* 
3 16 

1 
^ 17 X 26 

3 6] 1 
3 13* ) 
1 10* 1 
1 14* 1 

1 

2 1* 
2 6 i 
2 8* ) 

16 X 32 



164 WEIGHT OF WIRE SeC. V (ll) 

WBIOHT ok WlRl PBB 100 Fmt. 

B. W. 
Gauge. 

Diaxn. in 
Decimals 

olau Inch. 
Iron. Steel. Brass. Copper. 

B. W. 
(lange. 

Diam. in 
Decimals 

of an Inch. 
Iron. Steel. Brass. Copper. 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
0 •540 30^582 30-919 33*427 36*170 19 *042 •466 *471 •610 *586 

1 •312 •26-763 •26-036 28*148 29*616 20 036 •324 *327 *344 •372 
3 •384 21-338 21-573 23*322 •24*539 21 *033 •288 •291 *314 •831 
8 •361 18023 18-220 19*698 20*725 22 *029 *222 *224 *243 *256 
4 •233 15112 15-278 16*617 17*378 23 *028 •207 *209 *226 •238 
• •217 1-2458 12*596 13*616 14*326 24 •0*25 ■164 *166 *179 *189 
f •208 11*446 11*672 12*610 13*173 25 *021 *116 *118 •127 *134 
7 •187 9-351 9*353 10-112 1 10*639 26 *020 i *106 •107 *116 *121 
8 •166 7*290 7-370 7-968 8-384 27 •018 i *086 *086 *093 •098 
• •168 8*604 6*677 7*219 7-595 28 •016 ' 059 •060 *065 •068 

10 •137 4*966 5*020 6*427 5*710 29 1 •018 1 044 *046 •048 •061 
n •125 4*134 4*179 4*518 1 4*764 30 *012 : *038 *038 •041 *043 
ly •109 3*143 3*178 3*435 3*616 31 *010 ; *026 *0-26 ‘028 •030 
18 1 -094 2*338 2*368 2*556 i *2*688 3-2 •009 ! *021 *021 •023 •024 
14 1 -080 1*693 1*712 1*851 1 1*947 S3 •008 •016 *017 •018 •019 

Id •072 1*371 1*387 1*499 i 1*577 34 *007 j 018 •013 *014 •014 
16 1 •063 1-050 1*062 1*148 1*208 36 *006 i 006 *006 *007 •007 
17 : •066 *800 1 -809 *874 *920 36 •004 *004 *004 *004 •006 
18 ! •048 *609 1 *616 ■666 *701 i 

Table ok Weight of CAiTisus ix Piioponrios to the Make of Pattkrks of 
Different MATKiiiAiii. 

A Pattern weighing I lb. 

Will Weigh when Cast in 

Cast Iron. Zinc. Co I »|’>ei*. 
Yellow 
brass. 

j Gun-metal. 

r.bs. Lbs. Lbs. I.bs. i Lbs. 
Mahogany .... 8 8 10 9*8 1 
White pine . . . ! ! !4 14*6 18 17*5 ! 17-8 
Yellow pine. 1 IS 12*6 16 ! 16-5 16 
Cedar . ! 11*5 11*4 14-.') 14 14*6 
Maple. i 10 9*3 l‘2o 12 1 .21 

Number of Cold Pitnched Nu’ib per loO Poukdb. 

8iM. Siioare. Hexagon. Size. Square. Hexagon. Size. Square. Hexagon. 

1 inch 2,694 2,944 f inch 412 496 1} inch 126 166 

i « 1,200 1,440 1 .» 268 314 104 121 

1 . 768 900 1 171 JOl it „ 60 68 

Weight of Nut and Bolt-headb. 

Diameter of Bolt in Inches. 

Nut. 1 i 
1 

i i i 1 u n 2 I n 3 

Lbs. Lbs. ! Lbs. Lbs. Lbs. Lb.s. I.bs. Lbs. Lbs. Lbs. 1 Lbs. i Lbs. Lbs. 
Hexagon . •017 •057 i *128 •267 •43 •73 11 214 3-77 6-62 ' 8*76 i 17*2 28*8 
Square •021 •070 1 -164 •321 •663 •882 1-31 2-56 4-42 7*00 10*6 i 21-0 36-4 



See. V (u) WKIQHT OF WAILB 155 

\Va4>iikus 1‘kh 100. 

Size. \V(M||fllt. Size. j Weight. .Size. Weight. Size. j Weight. 

III. l.Ws. 111. i l.hs. Ins. Lb.s. Ins. 1 Lbs. 
ii i i 1 10? Ii ' 24 

h h 1 Hh H 18? H 1 30 

1 1 1 '‘i 
1 
1 

1 
1 

WiiUJUT OK WKo^r^:nT-ll^o.\ NAiii> kkr 1,0u0. 

Name. i Lgth 
Weight 

Ijer JOOO. 

Ins. l.bs Ozs. 
Tackg, clout . j J 1 12 
Tucks, cut 

1'^ 
14 
12 
10 

Trunk 1 4 
»» 1 12 
M H 0 12 

yi b 0 
Ih ads, wrought 8 

12 
•» .1 1 14 
„ ,, H i 12 

.< H 12 
2 4 0 

Uratls, flooring 10 0 
.» ... 2; 15 0 
V M 20 0 

Himis, cur i 5 
„ .. i 12 
.. .. 1 1 U 

‘I 1 4 
Glaziers' sprigs h 4 

.1 .. J 14 
Horseshoe f b 8 

h 7 0 

'-ii ' 8 8 
.. n 10 0 

' 2i ll 0 
.. '2i 13 8 

Gart-tyre U .1S7 8 
4" 218 12 

Mop 5A ' 58 0 

Wrksht of Wroirmit C(*ppki: Nait.'? f-kr 

Name. Li'iigth. 
M’eiuht 

per KMMi. Name. ' 

i 

, ,, iw.-i'lit 
Name. Length. 

Weight 
per loOO. 

Diehcail 
liH. I.hs. ()/,s. 

SO r, Hose, strong 1 

.... l.b.s.Ozd. 
:? 4 Hose, fine . 

Ins. 
2 a 

Lbs. Ozs. 
18 11 

b 11(1 4 Hos<’, fine . | 1 12 n 3 30 1 
•4 SO 1 .j 1 2 5 .. .. 4 50 C 
3 10 0 ... I Ii 4 7 .Tnggeii 1 U ; « 4 

1 2^ 2'.» 4 u b b Brtuls , 2 6 S 
-9 2[ 14 12 .! 1? 6 3 3 U 

Rosa, strong 2 11 4 .1 10 2 Tiicks 1 I.*! „ „ H ft ft .. M . j h 10 3 M • 13 
„ 5 3 14 6 

- • • 1 10 

VOL. T. 
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WKIOHT ok SCKKWt I’Kll 1,000. 

Name. Length. 
Weight 
per UM«). Name. Length. 

Weight 
per 1000. Name. Lengtli, 

Weight 
per 1000. 

Ins. Lhs Ozs. 1 ns. Lbs. 0/s. Ins. Lba. Ozs. 
Strong 2S 0 Mhiaiiiig . -1 10 0 Fine . 2V It 0 

3 24 0 24 10 0 2 A 14 0 

n 21 0 •j 11 0 'A 13 0 
2A 22 0 u 14 0 13 0 
o 22 0 lA 13 0 u 12 0 
U 20 0 li 13 0 11 0 

i 18 0 1 12 0 A 10 0 
1 16 l> 1 11 0 1 8 0 

14 0 ' i 10 0 i 1 8 0 

»* S 1 13 0 ' ^ i y 0 i ; 
7 0 

s 13 0 A i y 0 i 1 s 0 
Muidling ! 1 5 24 0 ' i , 1 7 u A i ® 0 

11 4 ’ 20 0 Fine . 3A 1 18 0 1 i 3 0 

i> • 1 u 20 0 ! 3| 

1 
10 0 i ' ; 3 0 

M • 1 o 10 0 M . . ■ 16 0 

<’oMi‘osirioN Nah^s. 

Gauge Thick.' Length In 1 lb. < JllUgC Think. LeiigtU. 111 1 lb. h’jtuge Thick. Length In 1 Ib. 

No. In. In.s. < Num. Nn. In. Ins. N nm. No. ' In. In*'. ' Num. 
1 •04 1 1 j 21*0 7 •1 4 ISl 12 : -12 ' '2 64 
2 •or) . 260 H 1^ 168 1.3 •11] 1 '.'i 5y 
3 ; •06 l" ’ 212 •n : U no 1-1 ’ -11 24 .'»! 
4 ! •ti? U 1 2ol In •11 ' lol 1;') •If) 2? . 43 
5 1 •08 ii j I yy 11 •I2 • V 16 1 -16 3 33 

" i •O'J 1 1 11*0 
1 ; 

P.K\7.Tlil{s’ Cu> l ia? UlVKTi?. 

Gauge 
Dia¬ 

meter. 
l.eilL'th. 

In 
10 Ib.s. Gauge 

Diu- j 
nn-rer.. 

l.c-ngth.l In 
lo lbs. 

Gauge ! Dhi- 
ineter. 

Length. 
In 

lU IbB. _ 
No. Tn. Nniij. No. In. Ins. S'nin. N.. In. , N nm. 

1 A 2,381 7 ;i 334 I-J 1 1 r)38 

~ 1 1 r ! I,'>IH 8 1 ■ ’ 210 i;{ -• ' 416 
3 i 083 y i 1i 141 II i-' ' n» ! 32 8 
4 ! 373 10 " » ! 1)^ i yy-o L) A ' : 2.’i i 26-3 
5 I i r)16 11 1 71-y 16 ■ 1 1 23 1 16-7 
G \ 1 j 3S7 ! 1 i 

Ikon Kivkts 

Gauge 'meter. 
1 . _ 

Length. 
In 

In lbs. 
Gauge Dia¬ 

meter. 
/.ength. In 

lo Ib.^. .u..ier. Length. 
In 

10 lbs. 

No, ! In. In. Niiin. No. In ' In.s. Num. Ny. ' In. Ins. Ninn. 
0 ■ A 3280 6 ^ 1 3HO , it. 1 61-3 
1 1 i“ 1276 7 ! 230 12 . V 

13 ; I* 
h 
!{.! 

1 4;’3 
0, i i 1130 

^ 1 1 ! ^ i"*j j 160 37-3 
3 I -ip 654 y 

I 112 H 1 A 2V« 30 
4 

: J .580 lo i § ! 81-7 15 1 1 23 ly 
0 1 t ® ! * 

, 407 I_L 
I 

1 - 
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Apphoximais Wriout or Piine Jointino Matrhiau» rxR Joimt. 

I spigot iiml Faucet PipCM. Flangtnl Pipes. 

i Imlia Itubbor. ! Polts and Nuts. 
Inside ' 

Lcid 
I tope 
Vurii. 

1 

Iij.'ide Faeo<l 
siii ttver. 

1 
Fiieofl i 

on Strips.' 
No. ! hiain. Ungth. WsighfcJ 

in^. Jd)S. (t/s. hi'. O/s. Ozs. Ills. lug. Lbs. 
i A ■i 2 In i 4 A 25 

“4 

11 
I 

4 i 1 
1 
1 

2A 

A 
IJ •k 

li 

4 
4 

u 

U 
u 
H 

1 
1 2 

2 
2 

4 
4 

1 4 [| 
'2 U u a 2 2 4 P_ 

P 2s 

li 
2 \i 11 3 2 2 4 iX 
2 H 11 :sA 22 ]I 

2 lA ■4 4 A 1A 
2 U 4 4 21 1? 

2* 2 \\ 4 2 A 4 4 2f 
2i 2 •1 26 31 i ^ 21 11 

3 2 4 2i 31 ! 1 11 
3 ‘1 2 4 A '’.i 4 4 .i 
?A 2^ ‘-’i 1 ’’''i 4 4 A 3 21 
i 3i} 2v ;> 1 3A (, 

i 3 3A 
i 2i !> ; :;a o r, ! A 3 8A 
u 3^ :u H i c. 1 k .3 ! 
5“ <* » c. 1 1 ♦> c, A .3 

H .S 1 c. t t; u >, Cl >/ ! .3 Si 
H 1 7 (A c 

; 
G c, t 3 Si 

1 8 5 A 7 ! .>{ K *; ti' ' 3i •i 
Cl i ftii _ 
7 ' (>| ' 
7 sA 0} . 4/ir./-./' '. .sfrn>r/ <(• Co., 

• For thickness uf metnl.see oolumns (A) and (B), pnpe 145. 
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SECTION V 

PART III 

STBENGTH OP MATERIALS. 

(Revised bj 8. A. Wood, M.So., M.I.Mech.E.) 

A. STRENGTH AND ELASTICITY OF METALS. 

Uoouu 07 BujgnoiTT in Tension (Younq's modulfs) and Shbab fob Mibtals. 
(Lbt. per sq. in. x 10*.) 

MeUl. Modulus in Tension 
(H). 

Modulus in Shear 
(0). 

Steel (0-14% Oarbon) . 29-6 12*0 

:: 
302 
28-5 

1).0 
11‘2 

Iron (wrought) 30-3 10-9-11-8 
(oast) . 14-3-18-6 60-7-5 

Invar 200 — 
Alnmintnm 10-1 3-7 
Duralumin 10-4 40 
‘ Y ' AUoy (Ou-Ni-Mg-AJ) 10-6 1 — 
Braes (66-34) 13-8-14-6 6-0 
Bronse 11-4 1 4-9 
Phosphor bronse 14-8 1 6-1 
Copper (drawn) . 18*0 6-6 

„ (electrolytic) 17*3 6-6 
Lead (pure oast) 2-3 0-7 
Nickel 29-9 10-6 
surer 11-9 4-1 
Tin ... . 7-7 2-4 
Zinc .... 10-6-14-9 5*5 

Transykrsb Strbnqtu or Matbruls. 

If a beam is tested to destrucUon in bending, the maximum fibre stress / is oaloulated from 
the formnla 

.Mr 
i 

M — bending moment. 
r « distance from nentral axis of beam to extreme fibre. 
1 — moment of inertia of orois-eeotion. 

Tbis is not luually the same as the ultimate strength found by direct loading. 

Dejinition^—f is known as the Modulus of Eupture, and is generally understood as appiyinp 
to irctangular sections. 
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DATA ON TRANSTEBaH STRBNQTH OF METALS. 

Breaking Load. 

MaterUl. Applied at end 
of bar 19 ins. 
long, 1 In. tq. 

Applied at middle 
of bar 86 Ins. long, 

1 in. wide, 3 ins. 
deep. 

Modulus of 
Bupture. 

lb. cvrt. Tons per sq. in. 
OMt iron for general outinge ftOO-600 24 0-99 0 16-0-19-5 

,( „ engine frames . 700-800 S3-5-880 29-5-95-5 
M tf •• cylinders 750-950 36 0-45-5 94-0-30-0 
„ cold blast _ — — 

„ hot blast _ _ — 

Mild steel .... 840-970 40-0-46-5 27-0-81-0 
Wrought Iron 500-850 24-0-41 0 16-0-27-0 
Brass. about 950 12 8 

Breaking Strength of Wire. 
Sizes, Weights, Lengths, and Breaking Loads of Annealed and Bright Iron Wire (Rylands). 

Standard 
Wire 

Gauge. 

Diameter. 

1 
: Sectional 
i A rt-a. 
1 
; 

Weight of 
' Length 

of 
1 Cut. 

Breaking Loads. 
Standard 

100 
Yards. 

Mile. Annealed. Bright. 
Wire 

Gauge. 

In. ■ .Mm. ! Sq. In. Lbs. Lbs. Yiii’ds. Lb.s. Lbs. 
7/0 •500 J2-7 ; -1963 193-1 3,404 58 10,470 15,700 7 0 
6/0 •464 11-8 'ICitll 166‘5 2.930 67 9,017 13,525 6/0 
5/0 •432 no 1 -uou 141-4 2,541 78 7,811 11,726 5/0 
4,0 •400 10-2 ! -1267 123-8 2,179 91 6,702 10,062 10 
3/U •372 9-4 •1087 107-1 1,885 105 5,796 8.694 3/0 
1»,0 •348 8'S •0951 93-7 1.619 l2o 5,072 7,608 •2/0 
l.'O •324 8-2 •0824 81-2 1,429 138 4,397 6,595 1 0 

1 •3tK:i 7-6 •0707 69*0 1,226 161 3,770 5,655 1 
•276 7-u •0598 58-9 1.037 190 3,190 4.785 •J 

3 ••25iJ 6-» 0499 4 91 861 228 •2,660 3,990 3 
4 •232 5-J •0423 41-6 732 269 •2.251 3,381 •( 
i ‘212 5-1 •<.i363 ; 34-8 612 322 1,883 2,824 5 

6 •192 4-9 •0290 ‘ 28-6 50’J 393 1,541 ‘2,316 6 
7 •176 4'3 •0-J43 i 240 4-22 467 1,298 ! 1,946 7 
a •16U 41 : -O-inl 19-8 348 566 1,072 I.C08 8 
9 ■144 3-7 I -0163 ; l6-i> •J82 7oo 869 I.;i03 9 

10 •1-28 3-3 ! -0129 : l’2-7 223 882 687 1,020 10 
11 •116 3‘0 ! -0100 10-4 IS3 1,077 564 845 1 
12 •104 2-0 ! -ooso 8-1 I 18 1,333 4.51 680 12 
13 ■092 2-3 1 1 -0066 1 6'5 114 1,723 355 532 13 
14 •08() 2-M i 'OOSo ' 5-0 88 2,240 268 ■102 11 
16 •072 IS •tuHl 4 0 70 2,800 218 326 15 
16 ’064 1-6 1 1 -0032 ; 3*2 56 3,5f)0 17*2 •257 16 
17 11 •UH'.-. 2-1 42 4.667 131 197 17 
18 •048 1 "J •001.-^ 1-8 32 6,222 •.*7 145 18 
IJ •040 1-n 1 •otii.i: 1-2 21 0,3o3 i 67 100 19 
20 •(J36 0-y ■ 'WJlO I 1-0 Ift n,‘2oo 

1 
82 20 

BREAKING liOADS OF STEEL WlBS (^Rylands*), 

B.W.O. Annealed. Bright. S.W.G. j Anueiiled. Bright. S.W.G. Annealed. Bright. 

Lbs. Lba Lbs. Lbs. I.bH. lib.s. 
7/0 13,611 20,310 3 3,458 5,187 12 590 881 
«/0 11,723 17,683 4 2,930 4,395 13 461 691 
6/0 10,169 16,243 6 2,417 3,672 14 349 523 

8,712 13,067 6 2,007 3,011 16 384 1 424 
3/0 7,534 11,302 7 1,668 2,630 16 223 334 
2/0 6,593 9,891 8 1,393 2,091 17 170 ! 256 
1/0 6,736 8,573 9 I 1,130 1,694 18 128 188 

1 4,901 7,351 10 1 893 1,339 19 87 I 130 
2 1 4,127 ! 6,221 1 734 1,099 20 72 106 
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BRBAKiNO Loads or Habd-Drawn Ooppbb Wire. 

(JSrUM Standard SpreifUatUm Jfo. 174<~1988.)« 

1 Weight, per Statute ! inrilmiim Weight of esoh 
Mile. i Breaking 

Load of 
kfinimnni 
Number 

pisos (or ooU). 

1 Wire of d 
Stand- Mini- Maxi- Stand- Mini- Maxi- Standard Twists. Mini- Maxi- 

ard. mum. mum. ard. mom. mom. Weight. mnm. mom. 

lbs. lbs. lbs. : inch. inch. inch. lbs. lbs. lbs. 
800 784 816 1 0*2237 i 0*2216 0*2260 2,400 16', \ 
600 688 612 : 0*1988 1 0*1918 ; 0*1967 1,800 20 In 
400 392 408 ; 0*1682 1 0*1666 0*1698 1,240 26 1 6 rlOO 140 

1 ins. 
300 : 294 806 0*1370 0*1366 0*1384 946 30 1 1 
200 196 204 0*1119 0*1107 0 1130 646 20, 1 
150 147 163 0*0969 0 0969; 0 0979 490 26 1 In 

L 3 
1 
V 76 140 

100 98 102 0*0791 0 0783 0 0799 330 30 1 ins. i 
70 68-6 71-4: 0*0662 0*0656 0*0668 236 . 35) 50 140 

BRinsn STANDARD SPBOIPIOATION FOR STBUCTTUHAL 8TBEL FOB BRIPOES 
AND OBNBRAL B(TILDINO CONSTBUOTION.* 

(No. 16-lUlS.) (Abstract.) 

(See also No. 449—iy37. Amended 1938-1910.) 

No. 1 quality Steel shall be fnaJe by the Open iroartli Process (Acid or Basic) or Acid Bessemer 
J'roceas unless one of those processes is specially required or specified, and shall not show on 
analysis more than 0*06 per cent, of sulphur or of phosphoms. 

No. 2 quality (Copper Bearing) Steel shall conform to the above specification for No. 1 quality 
.Steel but shall in addition contain copper within the following limiting values, as may be specified : 

(a) 0 • 20 to 0 • 35 per cent., or (6) over 0 • 35 to 0 • 50 per cent. 

'rhe quality of the steel required shall be stated in the enquiry or order. 

Plates, sactions, and flat bars must abow a tensile breaking strength of 28 to 3S tons per 
sq. in., with sn elongation of not less than 20 per oent. for steel of '375 in. thickness snd upwards, 
and not Isss than 10 per oent. for steel below '375 in. thickness 

Round and square bars (other than rivet bars) must show a tensile breaking strength of 28 to 
S3 tons per sq. in.; the elongation must be not less than 20 or 24 per cent, (aooording to the form 
standard test piece osed for making the testX 

Rivet Bars, 25 to SO tons per sq. in. breaking strength, and uot less than 20 or 30 par oent. 
elongation (according to the test piece usedX 

I hi' iiiiiiiiLiiim yit'l<l stress is ;>lefo specified fur earh .v|i;»pf. 

BRITISH STANDARD SPBOIPIOATION FOR STRUOTURAL 8TBBL FOR KARINB 
BOILBRS.* 

(No. 14—1942.) (Abstrua.) 
riaUi.—The tenaile breaking strength of steel plates for sheUs, butt straps, and girders 

shall be between the limits of 26 and 36 tons per square Inch. For plates Intended for flanging 
or welding, and for oombnstlon chambers and furnaces, tbs tensile breaking strength abAii be 
between the limits of 26 and 30 tons per square inch. The elongation, maaaored on a Standard 
test piece baring a gangs length of 8 ins., shall be not less than 20 per oent. for material of 
0*375 in. in thickness and upwards reqaired to hare a tensile breaking strength of 28 to 35 tons 
per sq. in.; and not less than 23 per cent, for material of 0'875 In. in thickness and upwards 
reqaired to hare a tensile breaking strength of 20 to 30 tons per sq. in. 

Angle and Tee Bare and The tensile breaking strength of angis and tes bars shall bs 
between the limits of 28 and 32 tons per sq. In., with an elongation of not less than 20 per cent, 
measured on the Standard teat piece. For bus for longitudinal stays the tensile breaking 

* By permission of the British Standards Institution. 
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strength ehall be between 38 and 86 tone per ■(!. In., with an elongation of not leee than 30 per 
cent, meaeored on the Standard teet piece. 

For material under 0-376 in. in thickneea the elongation may be not more than 8 per cent, 
below the above-named elongations. 

Rivet Bart,—The tenalle breaking strength ol rivet ban shall be between the limits of 36 and 
30 tons per sq. in. of section, with an elongation of not lees than 36 or 80 per cent, (according 
to the test piece used). The ban maj be tested the full size as rolled. 

BRITISH STANDARD SPECIFICATION FOR STRUCTURAL 8TRBL FOR 
SHIPBUILDING.* 

(No. 18—1942.) (Abstract.) 

J'kUet.—The tensile breaking strength ol steel plates, determined from Standard test pieces, 
shall be between the limits of 28 and 33 tons per sq. in. or 26 and 33 tons per sq. in. For plates 
speciallj Intended for cold flanging the tenaUe breaking strength shall be between the limits of 
36 and 30 tons per sq. In. The elongation, measured on a Standard test piece having a gauge 
length of 8 ins., shall be not less than 20 per cent, for material of *376 in. in thickness and upwards, 
and not lees than 16 per cent, for material below *376 in. in thickness. 

Angles, Hulb Angles, Channels, ^tc,—^The tensile breaking strength of sectional material, such 
as angles, bulb angles, channels, etc., shall be between the limits of 28 and 33 tons per sq. in. 
The cuongation, measured on a Stan<lard test piece having a gauge length of 8 Ins., shall be not 
less tiian 20 per cent for material of <376 in. in thickness and upwards, and not less than 16 per 
cent, for material below *376 In. in thickness. 

Rivtt Bars.—Tht tensile breaking strength of rivet bars shall be between the limits ol 26 and 
30 tons per sq. in. of section, with an elongation of not leas tlian 25 or 30 pur cent. (a<’onr<Hng 
to the test pierc used). 

I'.Hl'l'lSlI STANDAIJD TENSII.K AM» IML'At l’ I’l-lS’J'S. 

I'or details, see iiritisli .Stfuidard Sipcciliealioiis No. 18 — (^’l.'ensile. Tests), No. l.;i - lit,;;; 
('N'<d< h».‘<l r.ar Test") :iiid .No. iaio - r.»17 ( linp:n-( l est for Inoi.) 

ADMIRALTY TESTS FOR STEEL AND IRON. 

(1925.) 

r£\STS FOR STEEL. 

Tests for siekl angles, angle Bulbs, Tees, Tee Bulbs, Zed bars, ship plates, 
AND BHip Sheets. 

(Abstract.) 

Strips out lengthwise or crosswise to have an ultimate tensile strength of not less than 26 
and not more than 30 tons per sq. in. of section, with an elongation of 20 per cent, in a length 
of 8 ins. For plates of 10 lbs. and sheets elongation may be not less than 18 per cent. 

One bar, plate, or sheet Is to be selected from evety charge, provided the number ol bars, 
piatee, or sheets does not exceed 60. If above that number, one for every additional 60 or portion 
of 60. A sample may be selected from every section of bar, or every thickness of plate or sheet, 
tmm each charge, but bars may be reoeiv^ or refected without a trial of every ee^^tlon, and 
plates or sheets without s trial of evoy thickness, on ths invoice. 

Strips cat crosswise or lengthwise 11 in. wide must stand bending cold in a press to a curve 
of which the inner radius is one and a half times ths thickness of Urs steel tested. 

Ilie steel shall stand such forge tests (hot and cold for bars and hot for plates and sheets), 
and other general usage testa as may be considered necessary to prove the soundnese of the 
material and its fitness to stand such treatment and bending as it may be subjeoted to in the 
shipyard. 

The strips may all be cut in a planing machine, and have the sharp edges biken off. 

The ductility of every bar or plate is to be ascertained by the application of such of the 
above tests as may be considered necessary. 

The steel to be free from lamination sad injurious surface defects. 

* By permission of the British Btandsrda Inetitutioc. 



PIO. 6. t'la. 7. 

(b) Flattening of the rivet head, while hot, in the manner shown in dg. 7, without 
cracking at the edgee. The bead to be flattened until its diameter is twice the 

of the shank* 
t«) The shank of the rivet to be nicked on one tide, and bent cold to show Uiw qualib}' of 

the material. 
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80H&DULC OP DlHRNSlOMa. 

With Pan or Snap 
Heads and Strsifl^t 

Necks. 
Fig. 1 or flg. 2. 

With Ooontetsunk 
Hsads. 

With Pan or Snap Heads and 
Conical Necks. 

Diam. 1 
8. Pig. 4 or flg. 5. 

of 
Rivet. 

DSsm. of 
Depth of 

Head. : Angle of 
1 ooonter- 

•ink. 

Depth of 
Head. 

Diam. of 
Depth of 

Head. Depth of 
Cone. Hssd. Head. 

Snap. Pan. Snap. Pan. 

Inch. Inches. Inch. Inch. Degrees. Inch. Inches. Inch. Inoh. Inoh. 
If 2 li JLA 

i 
— — 2 11 U ki 

li 11 1 48 1 k 1 
H 'J U 45 in A 5 ■ i*( 
1 JiV « A S y i 1 li it 1 1 i 

1 11 

c c 
46 V. m 

1 u 46 1 1 i 
1 n i iV 1 60 1- * ** 1 1 s_ 

1 60 A 5 1 1 ‘'i 
T« 

% 
fi 

—* — 

A 

1 60 1 
_ 

— ~ 
_ 

1 '■'i 
h 60 3 S 2 

- ~ - 

TMTS POR STEEL BARS, FLAT, SROMRMTAL, ROUND, SQUARR, AND HRZAOONAL. 

XMi piecM are to havt an ultimata atrangth of not Jem than 28 and not axoaedlog 82 toua 
par square Inch of section, with an elongation of 20 per cant, in a len^ of 8 ins. The steel to 
stand such foqrc testa, bo^ hot and oold, as maj ba sofficlant to prora aoandnasa of material 
and fltneas for sanrlca. 

Strips not less than I in. square or of the full thickness of section of the bar as rolled, must 
stand bmding double in a press to a curra of which the inner radius is one and a half times the 
thickness of the steel tested. To be tasted cold. 

£fof and Cold Forffe Test. 

The steel shall stand such fmge tests, both hot and cold, as may be sufficient in the opinion 
of the Oreraeer to proTs the soundness of the material and Otneas for the serrice for whioh It is 
Intended. 

WHding TeU, 

WhensTer the Orecseer may deem it neoessary, sample pieces are to be taken for testing the 
welding qualities of the steel 1^ welding two pieces together, and bending the resulting pieoe in 
way of the weld when cold. The result is to be satisfactory to the Overseer. 

INSTRUCTIONS POR TRIATMICNT OS MiLD STRRL. 

Ail plates or bars which can be bent cehl are to be so treated, aod if tbe whole length oanoot 
be bent ccdd, the portion to be bent hot must be of a uniform temperature throughout; the 
varying temperature from hot to cold portion le to be extended so as to avoid an abrupt termina¬ 
tion of the heat. 

If platea or bars have been so severely oold worked as to raise any doubts aa to their suitability 
for the service intended, eubeequent normalising may be required at the discretion of the Overseer. 

In eases where plates ox bars havs to be heated, the greatest care should be taken to prevent 
any work being done upon the matarial after it has fallen to the dangerous limit of temperature 
known as a * brae heat ’—s^y from 800* to 400* F, Bhoold this limit be reached daring working 
the platee or bars should be rriieated. 

Where plates or bars have bean heated throughout for bending, flanging, Ac., and the work 
has been completed at one heat, eubeequent nornudising is unnecessary. 

Where slmule forgo-work has been done, such as the formatioa of Joggles, corners, and easy 
curvet or bends, on portions of plates or bars, and the material has not been much distreased 
subsequent normalising may be dispensed with. 

Every care is to be taken, however, to allow the material to cool slowly and uniformly through¬ 
out the part which baa been heated. 

Flatee or bars which bare bad a large amount of work put upon them while hot, and nave had 
to be reheated, should be suoeequentl^ normalised. It is preferred that this normsiising should 
be done simultaneously ovtf the whole of esch plate or bar when this can be done oonTenleotly. 
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If it It inooiiTAiiieQt to perform the operation of aonaalising at ooa time for the whole of a plate 
or bar, porUone may be normalised separately, proper care being taken to prerent an abrupt 
termination of the line of heat. If the serere wmrking has been limited to a oomparatlrely small 
part of a plate or bar, normalisinff may be limited to the parts which have been heated, the same 
oare being taken to prevent an abnipt termination of the line of heat. 

• Normalising Mild Sfsel. 

The material la to be evenly and gradually heated nntU it reaches a temperature of about 
870* 0. It Is to soak at that temperature for about SO minutes. It is then to be removed from 
the furnace and allowed to cool in air free from draughts. 

In important oases where any bar or plate shows signs of failure or fracture In working, the 
details should be forwarded to the Admiralty, in order that Instruottmui may be given as to the 
disposal of the bar or plate. Failure need not be reported in every case. 

It is not generally necessary to anneal plates or bars after punohi^ as a means of making good 
damage done in punching. For mild steel plating which forms an important feature in the general 
structural strength, such as the inner and outer bottom plating, deck plating, deck stringers, 
Ac., the butt strafM should have the holes drilled or punched f-in. small and rimed. In such 
plating the countersunk holes should be punched about ^ in. leas In diameter than the rivets 
which are used, the enlargement of the holes bring made in the countersinking. All counter¬ 
sinking to be carefuUj done. 

Ail steel and iron work is to be carefully scaled, scraped, and cleaned before being painted, 
and each portion of it as it is turned out of hand is to have a coat of linseed ril, thin red lead, 
or other substance, as may be required, as soon as it is sufficiently completed to receive it, in 
order to prevent as far as possible the work from becoming in any degree injuriously oxidised 
during the building of the ship. The plates of outer and inner bottom and sides, vertical keel 
and longitudinals, the lower plates of bulkheads, including thoss above the inner bottom, all 
the plates of oil fuel, water ballast and freah water compartments, and the lower plates of frames, 
are to be treated as follows, with a view to removii^ the black oxide or scale:—The plates 
previous to their being taken in hand for working are to stand a few hours in a liquid oonrietlng 
of 19 parts of water and one of hydrochloric acid. The plates should be pickled on edge and 
not laid flat. When plates are removed from the dilute acid bath both the surfaces are to bs 
well brushed and wariied to remove any scale which may still adhere to them. They should 
then be placed in another similar bath Ailed and kept well supplied with fresh water, or he 
thoroughly washed with a hose, as may be found neoessary; the platee on removal from the 
frei^ water ahooid be placed on edge to dry. 

TESTS FOR IRON. 

Tmi POR BXR IBOM. 

The whole of the iron supplied Is to be of the description known as ' puddled * wrought iron. 
The whole of the samples of every description of iron when tested with the grain are to realise 

a tensile strength of 22 tons to tbesquars inch. Blongatlon 30 per cenu test piece * R ' for squares 
or rounds, and 30 per cent, test piece * A ' for flats. 

Forpe Tesl, Uoi, 
Bars are to be punched with a punch oue-lbird the diameter of the bar, at distances of one 

and a half and three diameters from the end of the bar, the holes 1>eing at right angles to one 

Fio. 8. 

another. The holes are tlien to bs drifted out to one and a quarter times the diameter of the 
bar. The sides of the boles are then to be spilt, and the ends must admit of turning back without 
fracture, as shown by (A). 

Broad thick flats may be flattened on the edge to admit of being punched. 
Thin flats } in. thick and below are to he bent to a radius of two and a hail times tbrir thickness 

with the grain, withont fracture. 

Forg€ T§n$t Cdd, 
Samples should be notched and bent, as shown by (B\ to show the quality of the iron. 
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Bar Iron. 

HuetUUy Test. 
Teat pieoea aa aeleeted by the OTeraear must withatand being bent cold through an angle ol 

90* by preaaure, or by a auoceeaion of light blowa, the inner radiua of the bend to be not greater 
than three>foartha the diameter or thlchneea of the teat piece, meaaured radially through the bend, 
without ahowing aigna of oraoking on the outaide of the bent portion. 

In all caaea the aamplea are to be bent with that portion in tenaion that ia neareat tothe outaide 
of the bar. 

Welding Test. 
Two piecea from eaoh quantity of iron aamplea are to be acarphed and welded and aubaequently 

bent whilat hot aoroaa the weld in order that the OTeraeer may be aatiafled with the welding 
qoalitiea of the iron. 

Fire-Bars. 
The bare are to be free from flawa and aiirface defecto, and are to be aubjeoted to such bending 

and other uaage teata aa may be considered neceeaary. 
The itandard weight of tbe bar iron le to be taken at 40 lb. per aq. ft. for bars of 1 in. thick, 

and in proportion for bars ol all other thiokne«ea. No bar iron ahould exceed this preacribed 
wallet, but a latitnde of 6 per cent, below this weight will be allowed for thioknoaaf of | an inch 
and upwards, and of 10 per cent, for leaa tbiokneeaea. The weight of the iron ordered will be 
ascertained by weighing tne parcel when its weight does not exceed 5 tons, and in ota of 6 tons 
when its weight exceeds S tons. 

Let, 
P 

d 
/ 

Strengtn of Tubes. 

preasure in lb. per aq. in. inside tube; 
outaide diameter of tube in inches; 
ineide „ 
maximum hoop tensile atrees in tube. 

Then, up to the elastic limit, 

Xf 

t mm thiokneaa of tube, and ti 

P 

d 

t* 

D* - d« 

D* f d*^- 

” + ^ + n t 1 
If 

$ ia small compared with d, 
2t 

then ” d /• 
D 

For a ralne of ^ ■■ 1 • 1, this ' thin cylinder ’ formula gives a value of p about 6 per cent. high. 

Streng^th of Thick Hollow Cylinders, 
For mild steel, 

\t p mm pressure causing yield, in lb. per sq. in. 
/ tensile stress at yield In lb. per sq. in.; 
k mm ratio ol external to internal diameter; 

p >■ 0*6/** ^ then 

For oast iron, 
if 
and 

p mm bursting pressure 
/ «• ultimate strength la tension 

1 
(Cook and Robertson^ Engineering^ Dec. l&, lyll. 

Strength of ILead Pipes. 

Intamal diameter in ins. 1 I 1 2 
Thiokness in ins. •2 •22 •2 •21 •24 21 
W4^bt per ft. .... 93 8-6 3-8 41 6-3 9-2 
Bocsting praasnre in lb. per sq. in. . 1,579 l,:il9 1,191 911 683 734 498 

(KirkaU) 
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Oollapaing Strength of Steel Tubes. 

Reaearohea by Prof. R. T. Stewart (Amer. Soc. Mecb.B., 1906) led to the following principal 
rcsulta; 

1. The of tnho, hetAveen transver-^e joints to hold it to a circular form, has no 
pmotleal iiitliieiice upon tlie I'ollapsirif^ I»ro-;.siire of a oouiiiicrciiil l;ip-\velde<l stoel tula? so long as 
this length is not lean than about six iliaiiu-iers of tube. 

2. 'I’he forninhe, as liasnl iijjon tlie |)rt>«*nt researcli. for the ^'ollapsing pressure oi ino»lerij lap- 
weUhNl Beiretni r stfs-l tnh«-sare !i« fulhiw^:— 

V l.r.u'> '.) . - lA) 1* ^ - l,38t) . . CB) 

P - collapsing pressure, in pounds per square inch; rf = outside diameter of tube in 
inches; / =; thickness of wall in inches. 

Fonuiihi fA) is h)r values of P less than 580 lUs., or for values of less than u*023, while 

formula (11) is for values greater tlian Oickc. 

Those fornmlw, while strictly Correct for tubes that are 20 ft. in length l>etween transverse 
joints tending to hold tlicin to a circular fonn. an* at the same time snh>4tantia!ly correct for all 
iengths greater than about six diameter-;. 'I’hev have Ishmi teste<l for seven diameicrg, ranging 
from :Mns. to 10 in.s., in all obtainable commercial lhicknes.ses of wall, and are known to Iw 
corrc<‘t for this range. 

3. Km- tlio mo't favourable praciii-al conditions—viz. wlicn the tube is «iibj»’t*'«l r>iil.v to stre»s 
<iue to tini'l prc'<‘-uro, ainl onb'the niO'> trivial los^ could result from its failure—a factor of 
•'afpt\ of 3 would appear siifflcicnt. 

•1. When only a mo lor.ito amoiuit of K»-=' conl l lesult fr»cn failure, u^c a fa'dor of i. 

5. Wlien cnnsid<Tfihlc damage to property ami lo:*-^ of Ide might result from a faihue of tht 
tal*e, tli*c H (actor of siifety of C. 

6. When the conditions oi service are such jia to cause the tube to become less capable of 
rc.sitfting collapsing pressure, such as the thiiunug of wall due to corro.siou, the weakening of the 
material due to overheatiug, the reating of internal stress in the wall of the tube due to unequal 
heating, vibration, etc., (ho above factors of safety should be Increased in pmjjortion to the 
severity of these actions. 

Strength of Iron Chains. 

( ihstrart. Safety Pamphlet So. 3 ; ‘ /Vw use of Chains awi other Uftiag Ocirf Issued by 

tV' Home Office, 1530.)• 

Ohaius, iiooks and other similar appliances for lifting purposes am generally manufactured 
from wrought iron or mild steel. The selection of a suitable quality of material is of the utmost 
importance. Material which Is ductile and suIBciently elastic to recover from the strain produced 
by shocks should always be used. (!^co B.S. specification for ' Short Link Wrought Iron Crane 
Clhain,’ No. 394--194 I.) 

link. 

3,VO 6D 

PIQ. 11.—Long Link. 

Ordinary short-Unk or clow-link chains usuaUy have links (flg. 9) with an overall length ot 
four and a half times, and a breadth of three and a quarter tlma the diameter of the bar. For 
chains designed to stand severe shocks, links with slightly oval sides, as in tig. 10» instead of with 
straight sides, as in flg. 9, should be adopted ; they give the chain greater elasticity. 

• His Majesty’s Stationery Office, Tork House, Kingswaj, London, W.O. t. 
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A ahwpw bat waabw (om of Uak (flg. 11) Is somstbasi ossd lor paoUnic dhobis sad to 
foonorj eteini in omm where it fti reqpired to hitch e hook in any Unk. The linke of eaoli 

ehaJae hoTe an oateide length of eiz tinea and an ontaide breadth of three and a half tinea the 
diameter of the bar. 

THI ULTDIAn STBUrOTH OF CHAIN IBON. 

The ultimate atrength of chain Iron Tariea from SI to 8ft tona per aq. in., but a reduction in 
atrength reaultafrem welding and bending aotionin allnk, to that the breaking atreaain aotnal 
teata ia about 1ft • ft tona per aq. in. for oloae>llnk crane chain. JBaaed on thia, the breaking atrength 

of thiaclaaa of ohalnia obtained by the formula W — nd* — S4d* toaa (approximately). 

Thla eorreaponda rery oloaely with the atandard adopted by the Admiralty, War Office, rail* 
way and dock oompanlea, and with that apeclfled In the Anchora and Chain Oablea Act, 189t, 
for ahort-link chain oablea, but moat authmltiea agree that thcrt-link or clo$o-link lifting chatnM 
of good guality should haoo a minimum strongth of apgtroxtmattlg tons, tor ohaina up to 1) in. 
diameter, butellghtly leea for ohaina exceeding this diameter (sss Table A, below). 

Safi WoRKiNa loads fob chains. 

The tensile test loads, generally known as the Admiralty Proof Loads, are approximately 
equal to lSd‘ tons for ahmt-link cable where, d la the diameter in Inches of the iron of the chain. 

The safe working load generally adopted for oloee-llnk welded chains la one-half the proof 
load, i.e. iko safo working load 8Jj, — 6d^ tons» With chain haring a breaking strength of ltd* 
tons thla allows a factor of safety • of 4*ft, which may be regarded as satisfactory if the chain 
la not subjected to shock or any abnormal use. 

Tabus a. 

BRBAKINa, PBOOF, AND MAXIMUM WORKING LOADS FOR SHORT-LINK CHAINS. 

Slae of Afltiimnim Maximum Slae of Minimum Maximum 
Chain. Breaking . Working Chain. Breaking Working 

Dlametwr Load. JiMlWAe Load. Diameter Load Load. 
of Iron In Tona. Tons. of Iron in Tona. Tons. 

ins. ins. 
(1) (7) (7) (4) (1) (7) (7) (4) 

k 1 * 1| ftl 22f 
A 1 ftft f 84} 131 
t i li 60; [ 27 18} 

71 1, 68 I 294 14} 
1 sl Ij jl 68 r 7ll Iftf 
u 2 il lU 78 ^ 74,*^ 17 
4 71 3 ii 4 79 1 M| 18| 
* 8 if lU S9| 19/o 
I lOl 4 1 4 91 42} 31 
H 17i’» ft *1 Ml 97i 4ft ! 22} 
V 6 [ 7| 8 100 48 1 24 
II 174 7 »i« li- 

106 ftl 3ft} 
4 701 • r 112 84 1 77 
H 7ti 10 r 4 119 ft7| 281 

1 87 12 6 2i 126 60| SOI 
10} 7f 138 64 88 

ij 74,^, ift] \ 71 *4 140 674 83} 
78 19. h 7| 149 71} 8ft{ 

i4 481 18j 99 24 186 7ft 87} 
i* 47i’j| 30j t lOAi 

• As a result of experiments on ohaina carried out at Ollnois Univeraity, the National Safety 
Cooncllof the United States of America has recommended that the safe working load for ohaina 
ahonld not eseeed where / Is the safe tensUe atrosa of the material; for good wrought 
iron this may be taken as 7 tons per sq. in., hence the safe working load would be S*iid* tons, 
whish allowsa faotor of safety o iorer 9, I.e. about twice the faotor of safety generally adopW 
In this oooatjy. 
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Wh«retb«r«li way ipaolal risk to life or limb ftmAzlmciiiiiafeworkiiig load of M” tool sbonld 
bf adopted, and where ohaloa are aabjeoted to shock or bear j wear, or work orer pnlloye, or 
are used for lifting ressels containing molten metal or heated liquids, the safe workingIdad sbould 
not exceed 8 * M" tons. 

Tht maximum saft working load for a long-link chain (fig. 11) should not oxcoed two-thbrdsof 
that for a short-link chain of ths same diamsisr. 

BINQS. 

(1.) 

The opening of a ring is determined, to some extent, by the sise of the book or shackle upon 
which It Is to be placed, as this should be sufficient to allow the ring to hang freely and without 
jamming the end links of any attached chains. 

Rings attached to sling chains are usually made with a mean diameter of four to fire times 
the diameter of the iron forming the ring. 

A ring must bs sufflasnUg strong to carry safsly a load equal to ths sum of the safe loads of all 
the attached ehainstoad^ moreover, must be capable of standing the total proof loads of these 
chains without deformation. When a proof load is applied to a ohain, it causes a alight 
elongation, but tMsis not objectionable, because in use the load on the links is always applied 
in the same direction, but a ring Is liable to be turned round, and hence deformation most 
be avoided. 

If the safe working load for a ring (flg. IS) is regarded as one-half the proof load; then if 
D a>mean diameter of ring and d, —diameter of the iron of the ring, the maximum safe load 

eon be calculated by the formula S.L. — 10 tons. This should also be equal to ths 

maximum safe load of the attached chain, l.e. where d is the diameter of iron in the chain 
links. 

BrEUOLl^. 

Byeboits should be used only for loads appUed in the axial direotlon unless given adequate 
aide anpport. The length of thread engaged with the article to be lifted should not be less than 
the diameter of the screwed portion. In a collared eyebolt, a neck equal in diameter to the core 
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dUuniter of the miow «ad with a flUot uadar tha ooUar ahoald ba prorided. Thia ia to preraat 
waaknaaa^daa to catting tha thread right ap to tha ooUar. 

If D ia the diameter of the ahank in Inohea, the aafe load (direct) ia W m 1*78 D* tona for 
irtooght iron, or W* -■ 8*9 D* tona for mild ateel. The diameter 0 of the metal of the ring ia 
aaaaU j 0 ■ 9 D, and the mean diameter of the ring 8 0. 

SWIVELS. 

Pig. is.—Swirel. Fig. 14.—Weldleaa Swire.. 

The Board of Trade Begulations* lor teatlag ohain cables, etc., require that the rarious 
parta of a awivel ahall ba of the following proportions: * The diameter of the iron in the common 
link being regarded as unity, the diameter of the iron in the eye of the awirel must be at least 

; the diameter of the iron in the pin at the bottom of the ttoead must be If ; the diameter 
of tha iron in the crown of the bow piece must be 14 ; the depth of the bow piece where bearing 
on the swivel nut moat be If ; the diameter of the nut of the ewivel pin must be If. The swivel 
pin ahoald be screwed to the Whitworth standard and the nut secured thereto by welding it 
to the end of tha pin or by fitting a tapered looking pin.* 

Tha not or collar on the shank of a swivel mast be rigidly secored so that it cannot work loose, 
and If the aKant is riveted at the end, an ample oounterrink most be allowed in the oollar to 
that the metal cannot be sheared and the shank pulled through. 

SLiEoa. 

The values of T for different values of W from f to 80 tona, caloalaied for different angles 
between the Icfs, and the alae of chain neoeaaary to lift theaa loads safely, without the tenalon 
eze^ing a safe working load of tons, it given in Table B. Table 0 shows the aotual 

AC 
loads calculated from the formula W •• 12d^ x safely lifted by slings ol 

different aiaea when used with two legs at various angles. 

Thna It wiU be seen from Table B that a load of 6 tons can be safely lifted with a two- 
lagged of Hio. chain if the angle between the lea does not exceed 80*, bnt when the 

ie increased to 90* a In. chain ia reqnired, wbibt with an angle of 150*, l.e. the sling 
nearly ffnt, « in. chain ia required if the tension in the ohain ia not to ezoeed the aafe 

• Tha Anebon and Ohain Cables Act, 1899, with Bagnlatlons aa to TeaUng, Scale of Maztmara 
OhaigML etc*, iaaoed by Board of Trade—to be obtained from B.M. Stationery Office, 7ork 
Hoosl^ingsway, London, W.C. 8. 
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Oftd 6d* ions. Again, Table 0 shows that, whereas a two-legged sling made from good quality 
1 in. chain can safely lift a load of 13 tons If tbs sling legs are rertioal, the load should not 
exceed'lO *36 tons if the legs are at an angle of 60*, nor more than 6 tons with an angle of 130*. 

SUOWIKU SlZKS or OBAIM fUCQUlEBD IM TWO-LXOQBO BUMtiS WUBM IBMBIOM DOBS HOT 

BXCBBo Satb Loads. 

Diameter of Chains in Ins. for giren Angles between Legs. 

n U 1 1 u 1 i u H 

i.*H 

i j ii 1 lA 1.’. 1/. 
t 
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lianj large esen of obains Isaue to ihelr enployeea printed rules containing instmotloiui as 
to the nee of moltiple slings and the loads which can safely be lifted at Tarioos angles of the legs. 
In some eases a role is adopted that the horiaontal distance between the points of attachment 
of the load shall not exceed the length of sling leg; this means, in effect, that the angle between 
the legs mast not exceed 60*. 

This is a simple rule which can be readily followed by the slinger, but it makes It necessary 
always to proxide chains which can safely lift any particular load at this opening of the sling 
legs. Thus, to lift a load of IS tons, H In. chains should be used. 

Tabls 0. 

SArit WORUKO loads fob TWO-LKUUKD SUNOS. 

Safe Working Loads in Toes and Owts. for glren ijiglea between Legs. 

A A 

t 
■1 
*. 

0* 80* 60* 90* 120* 160* 

(6) <») (i) (») (•) (7) 

0-8 0-8 0-7 0-6 0-4 0-2 
0-16 0-14 0-11 0-10 0-7 0-1 
1-8 1-1 1-0 0-16 0-11 0-6 
1-11 1-12 1-9 1-1 0-16 0-8 
1-0 1-17 1-11 1-1 1-10 0-16 
4<11 4-10 4-0 1-6 2-6 1-4 
6-16 6-10 6-17 4-16 8-7 1-14 
9-1 8-17 7-18 6-9 4-11 2-7 

11-0 11-11 10-7 8-9 6-0 1-1 
16-8 14r-ll 11-1 10-14 7-11 1-18 
18-16 18-2 16-6 11-6 9-7 4-16 
21-18 1 11-17 19-11 16-0 11-7 6-17 
17-0 16-1 28-8 19-1 11-0 6-19 
11-11 10-11 17-8 21-8 16-16 8-8 
16-16 16-9 81-16 16-19 18-7 9-9 
41-1 40-14 16-10 19-16 21-1 10-17 
48-0 46-8 41-11 11-18 24-0 11-7 
64-1 61-6 46-18 88-6 27-1 11-19 
60-15 68-11 61-11 42-19 80-7 16-11 
87-11 66-6 68-11 47-16 81-16 17-8 
76-0 72-9 66-0 61-0 17-10 19-7 

A few firms allow doable slings to be used for the normal working load, prorlded the angle 
between the legs does not exceed 90*. This is an unsafe practice, as at this angle the tension in 
esehiegls 0*7 times the total load, and unless the normal working load for &e sling is taken 
with a very ample factor of safety the chains may beoTeistralned. 

Shortening Slingg^Chain tUngt ikould never be ehartened by tying the chain into a knot, a 
method frequently adopted, but one which Gauses excessive bending stresses in some of the links, 
and may resnit in permanent injury or fracture. 11 it is neoesmiy to shorten a a suitaOle 
adllisur should be used,and the links bearing the load will then be subjected only to their normal 
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TBSTINa. 

tabiiB d. 

OBOm BT THB BOABD OV TRADE. 

Ttitt for Shmt-Link Chain Cablei. 

Ordtr of the Board of Trado daUd Juno 26,1900, under »• 8 of the Anchore and Chain Cables A ct, 1890. 
BhorULink Chain Cables, 

BrAftklng and TsdaUa Straini. 

Breaking 
strain which 

Breaking 
strain which 

Sltnkslneach Tensile 3 links in each Tensile 
Diameter 16 fathoms strain to Diameter 16 fathoms strain to 
of Iron moat withstand be applied of Iron must withstand be applied 

Common previous to to every Common IMrevions to to every 
Links. the tensile 16 fathoms Unks. the tensile 16 fathoms 

strain being separately. strain being separately. 
applied. applied. 

(1) w (8) (1) (8) 
i 

(8) 

Ins. Tons. Tons. Ins. Tons. Tons. 
2 96 48 s/. 

93 46* 27 isr 
90 46 26* 1*4 

MS 487*0 1 24 12 
42i n 22* lU 

\n 40* 8 8 21 10* 
78 i". 88i*o u \U^ OjTi 

lis 76 88 1 
78| 36| 17 ! 8* 

iff ' lU' \ 

1 fi 
I’i ^ \ 

7i^ 
,7/6 

Ji’ i j 1 i US 80A, ii 
1 u lU A 

68i 29* 10* A 
U5 66| 28* * 9* 4* 
l( 64 27 » » bh 
US 61| 26* 1 « li 3* 

49| 34| 1 7 
81 Si 

us 47,^ ! 23 6 8 
If 461 22J H 21 

US 43{ > 211 ■i'o 4* 2* 
uv 4l{ 

39{ 
20* 
191 if 

If 87* 1 m \\ 8r"c) Ifn 
1/* 1 17 ,*6 A 8* If 

88 ;o l«i-3 iV 
82 16 * 1* f 

li , 80* ! 16* 

Notes. 

Wood or other euiUble packing ahoold be provided to prevent the links coming in oonUoi 
with oomera of loads of hard material. 

All chains and other lifting applianoes shoald—(a) If need for lifting In connection with 
molten metal or molten slag, be examined at least once in every month and be annealed at least 
once in every six months; or (b) if used In connection with lifting machinery or plant operated 
mechanically or electrically, or used for lifting in metal foundries other than that menUoned 
in paragraph (a) above, be examined at least once in every three months and be annealed at 
least once in every twelve months; or (c) if used for classes of lifts other than those mentioned 
In (a) and (b) above, e.g., in connection with hand cranes, be examined at least once in every 
fix months and be annealed at le<Mt once in every two years; or (tf) if used for holding down 
any crane or other lilting machinery upon a stage or platform shoald be examined as far as 
reasonably practicable, fa sftw, at least once in every three months, and be fully examined and 
annealed at least onoe in every twelve months, nnlsm the natare of the operations prednde such 
examinations and annealing. 
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A obatn or other appUanoe thould not be need for lifting its mszimam working load if the 
wear at an7 part ezce^ 10 per cent, of the nominal dimension of that part, or for lifting anj 
load ii it has been snbjeoted to a seTere shook or is deformed or otherwise injured. 

A chain or other appliance which has been altered or repaired shoald be re-tested before use. 
Sling chains and other lifting appliances, when not in nse, shoald be stored under ooTer and 

kept on suitable raoks or pegs. 
A record with full partionlars shoald be kept of every chain. 

ANNSAUNQ AND NORMALISINQ WROUQHT IBON CHAINS. 

The surface metal of chain links becomes brittle as a result of repeated local impacts. When 
a link section is subieoted to bending strains, the hardened skin oraoks. Bither annealing at a 
duO red heat (1300* F.) or normalising at 1830* F. will effeotivelj restore the chain to a condition 
of great ductility. 

The best method is * close annealing.' The chain is placed in a gas* or oil-fired rnuffie furnace, 
heated to redness out of contact with the air, and then allowed to cool slowly, either In the fornace 
or by covering it with dry sand or ashes after removat Close annealing prevents oxidation and 
subSMaent soaling, and the chain is heated uniformly. Coal or coke may also be used for a close 
annealing furnace, and a fireclay gas retort makes a good moffia. 

Chains are sometimes softened merely by heating them on a smith's fire and allowing them 
to cool on the hearth for about 86 hours, lids method is faulty ; chains so treated cannot be 
considered to have been efleotually annealed. 

After annealing, the chain should be cleaned by brushing, and each link examined for faulty 
welds, craoks, eto. 

Chains at Low Tbhpbratures. 

Grave danger of brittle failure may be incurred at * frost' temperatures in chains with links 
which have received surface injuries. (See below.) 

Brittleness of Chains at Lowr Temperatures. 

Gough (Proc. /furl. Meek, Engineerg^ 19S0), as a result of investigationa on new wrought Iron 
chains at low temperatures, arrived at conoli^ons, of which the general trend is as follows : 

(1) Best quality chain iron does not develop brittleness in absence of notches at temperatures 
170^0. to —78*0. 

(3) The * notched-bar * value of best chain iron decreases slightly from 800* 0. to air tem¬ 
perature. Notch brittleness becomes increasingly evident as temperature Is farther reduced. 

(8) Brittleness of wrought iron at moderately low temperatures disappears when uonnal 
temperatures are again attained. 

WIRE HOPE SIJN<;.S ANI> I.n-TiN’<i J’.AUIvI-E. 

For ffcrit-nil iiiforinrtfion. hv Sfruidanl No. iDi*; tii.i Ilrifisli 
an.lard Hniidiioi.k. 1 (PMi.;. 

Strength of Bopes.* 

The following rules are iiaetul for very roughly e.stimating the safe working loads for ropes; 

Steel Ropes. 

C = Olrcumference of rope in inches; S = Safe working losnl in tons. 

S =: U' -r 2. 

The strength naturally depends on the quality of tlie steel, and the factor of safety upon the 
serrioe of the rope. 

See Section XXI, Part III, for haulage and loining ropea. 

£Iemp and Manila Hopes. 

For bmnp and Manila ropes the strength depends greatly on the age and oonditlon of the rope, 
also on the number of etrsnds and lav of the rope. The nltimate strength, in lb., of new Manila 
ropes for slings, etc., is approximately 0* x 700 to 0* x 1000. (C -- clrcunriforoiifo in iiichos.) 

See British Standard Specification No. 431—1946. (Amended 1946-1947.) 
The factor of safety for lifting ropes should be at least 6, and in advene conditions 7 to 8. 

• See paper read by Mr. Daniel Adamson, M.LMech.JC., befors the Inst, of Mecb. Bugn. 1913. 
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0 mi Cii'oiimfereiioe of rope in inchee : S = Safe working load in owta. (very roughly). 

S « C*. 

From a seriea of S68 teota of Manila rope in sisee from ^ in. to In. diameter carried out at 
the United Statea Bureau of Standarda it waa found that the areiage breaking atrength of a three* 
atrand regular lay rope ie very oloaely repreaented by the formula 

L - 6000 d (d + 1). 
where L la in lb., d in inohea. 

• . TEffnNQ Manila Bopb. 

Thia teat haa been adopted by the United Statea Bureau of Standarda: Free the rope from 
oil, aoak it for 20 aeoonda in a aolution of bleaohiag powder aoidulated with aoetio acid, rinae 
in water and then in alcohol, and Anally expose the Abrea of the r<^ for a minute to the fumes 
of ammonia. Manila Abre tuma ruaset brown, while all other rope nbres turn a cherry red. 

PRBSBBVATXON OP MANILA AND WiRB EOPBS. 

Bianila ropes and slings and wire cables through neglect do not last as long aa they should 
because they are allowed to deo^ and rust, and apart from the waste of not preserving them 
they are a source of accidents. Ordinary ropes should be painted over with beeswax and resin, 
about equal parts of each, melted together, and applied with a paint brush. The rusting of 
wire cables and ropes is arrested by treating them with a mixture of tallow and oil, aeven or 
eight pounds of melted tallow to a gallon of oil, lime being added, when the mixture is cold, 
until it is thick. The composition is then applied with a brash. 

Hemp ropes noay be preserved by being dipped when dry into a solution of 1 oa. of sulphate 
of copper dissolved in 2^ pints of water, and kept in this solution for four days, afterwards being 
dried; the rope should then be soaked in a solution of 5 oss. of soap dissolved in 2^ pints of 
water, and again dried. 

SlSAIi llOPKtJ. 

I'or (Ict-iil.-. <.mi -istl nt).*--, llriti-ih.<tiJ)i<l'ir<l i<)ji '."»s — ](aiii*'ij(U»*l 

Strength of Soldered Joints. 

It is generally recognised that the strength of soft^oldered Joints is increased ii the Aim of 
solder between the surfaces of the join is kept as thin as possible. Some experiments carried 
out by T. B. Crow and described in The Journal of the Society of Chemical Induatry^ No. 13, vol. 
xliii, showed that by keeping the Aim as thin as possible a tensile strength 2^ times as strong 
as the original solder is obtainable in a joint between copper pieces, although in no case was the 
strength up to the yield point of the copper. It was demonstrated that the tin of the solder 
difiCu^ into the copper. With solder Alms 0*1 to 0*16 mm. in thickness the strongest joints, 
in tension, were those made at 266* 0., while thoee made at a temperatore above 280* 0. were 
noticeably weak and brittle. 

Effect of High Temperature ou the Strength of Metals. 

For data relating to the strength of metals at high temperatures, see Section XXIIl, 
Part I. 

Stress due to Temperature. 
If change of temperature occurs when change of dimensions is prevented, eireee U Induced iu 

the material, of amount / — B a f 

where B >■ Youug'e modulus, a — coefficient of linear expansion, t change of temperature. 

TBMPIIRATUBB OHANQB in * FAHBXNHXIT CORBBSPONDlNa TO STREUS OT 1 TON 

PBR Square Inch. 

MeUl. * F. Metal. • F. 

Wrought iron . ! 12-0 Braae 17*0 
Mild steel 12-0 Copper . «. . 16-6 
Oastiron . : 21 0 

1 

Atnmininni 16-6 
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Corrosion of Metals.* 
RBLAXITB COKKOSION OP BOPT STBBL, WitOUOHT IRON, AND NiOKBl. 6TIK1.., 

tAKINO WROnOBT IRON AS A STANDARD. 

Metal. Sea Water. Fresh Water. Weather. Average. 

Wrought iron . 100 100 100 
Soft steel .... 114 94 103 103 
Pper cent, nickel steel . 
S6 per cent, nickel steel . 

83 80 67 77 
82 32 3U 31 

(ff, H. 
O0.MPABATITS Tests with Wrought Iron, Steel, and Delta Bronze No. IV., Immersed 

DURING A PERIOD OP 6| MONTHS IN AClD MlNB WATER. 

Details. Wrought Iron. Steel. 
Delta Bronse 

Ho. IV. 

Weight of bar when put in 
Weight of bar after 6} mouths . 
Loss in mouths. 

1-1805 
0-6303 ; 

46-3 per cent. 

l-3m 
0-6614 

46-46 per cent. 

i'rsr 
1-2633 

1‘2 per cent. 

OoRRosioM 09 Ikon Bona. 

Hxparieiios hss shown thst wir« ropes of compound oonstmotion, subjected to corrosion 
infloanoes, are likely to deceire engineers m to the strenc^h reBBsIning in them. Where redno* 
tion ol diameter or ciroumferenee of the rope has taken place, not accounted for by the epidenee 
of wear, the part of the rope under examination should tirrt be folly loaded and then rellered 
of the load. Any notioeable difference In oirooinferenoe in these olrcnmstanoes, and the slacken* 
ing of the outside wiree when the load is off, will indicate that internal oorroeiou has token place, 
The extent of oorrosion inside the strand oan only bs estimated by the ■lankna— of the ootaide 
wires. The oorrosion between the strands oan be further examined by untwisting the rope or 
displaying the strands suiOoiently with s marlln-iqi>ikB. 

Poisson’s Batio. 

The ratio of lateral to longitudinal strain under load, usually denoted by ^ 

(Strains are measured relatire to breadth and length respectirely.) The ralue of ^ for a range 
m 

of engineering materials is giren in the following table. 

Value op Poisbon^s Ratio ^ 

MaterlaL 
1 

Material. 1 
m m 

Alnmlnhim .... 0-84 Tin . 0*33 
Copper .... 6-33 Nickel. 0*81 
Brass .... 0-38 SUver. 0*38 
Bronse (phosphor) 0*38 Zine. 0*81 
Oold) .... 0*43 Qla« (Flint) .... 0*80>0*36 
Iron (east) .... 0*33-*0*37 Stone . 0*8(M>*80 
„ (wrought) 0*38 Concrete .... 0*08-0*18 

Stsel a%0.) 0*39 Indlarabber . . I 0*48-0*30 
Lsad. 0*44 

I 

• See also lCvrAiJ.uiiaT, Ssstlon XXm, Part I. 
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B. STBENOTH AND ELASTICITY OF TIBIBEB. 

The strength of timber veriee greatlv eooording to the condition end specific grcTitj. The 
following table glTcs approxtanate relauons between the specific gcaritj some mechanical 
properties in green and hj conditions. (Specific gravity ■■ d.) 

Modulus OompressiTe Shear Strength Modulus 
Oondition. of Strength parallel of 

• 
Rupture. across Grain. to Grain. Blasticity(B>. 

Green 17-6d' Sd« a*7d* S,860d 

Air-dry 88-7d‘ 4*6d< id* S,800d 

Unit ■■ 1,000 lb. per sq. in. 

The table of strength data below giTee typical ralaes of approziinate ranges. It should be 
noted that in the case of timber, increased rate of loading nsniJly gires an inoteaae in apparent 
strength. 

SnuBMQTu Data fob Tiujibbs. 

StresMS in thousands of lbs. per sq. in. 
Moduli B and 0 in millions of lbs. per sq. in. 

Besistanoe of Wood to Reversals of Stress. 
The limiting reslstanoe of spmoe (used for aeroplane wing spars) to alternate tension and com¬ 

pression eras proved by experiment to be above 1,600 lbs. persq. inch, and below 1,970 lbs. per sq. 
inch. For spruce of this quality the safe range of etrees under reversals of bending would be 
approzimstely ± 1,800 lbs. per sq. inch, or one-quarter of the ultimate strem, which was found to 

6,800 lbs. per sq. inch. In this cesp^t spruce appears to be at a slight disadvantage compared 
with mild steel, in which the safe limit of stress under similar circumstances is generally about 
one>thitd of the ultimate stress. (The national Phytioal Laboratoiy.) 

Holding Power of Spikes and Nails in Wood. 
The holding power of spikes varies roughly in proportion to the depth to which they are driven. 

Six-inch 8.W.(1. No. 1 smooth wire nails were found by Warren to require approximately 
1,000 lbs. per inch of depth for withdrawal, in Australian hardwoods. 

Screwed spikes exert 80-80 per cent, more rssistanoe than smooth. The rsslstaace is also 
higher with unseasoned than with seasoned Mmbar. 
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Holding Power of Glue. 

Wood. Pounds per Square Inoh aorom 
the Grain Bnd to End. 

Founds per Square Inoh with 
the Grain. 

Beech 3,163 1,096 
Blm 1.4S6 1,134 
Oak 1,736 668 
White wood 3,14» 341 
Maple 1,433 

1 
896 

C.--STRB1TGTH OP BDIIiDING MATERIALS. 

Mechanioal Properties of Building Materials. 
OnuhJng Strength and Modulos of Rupture In thousand lbs. per sq. in. 
Young's Modulus In million Iba per sq. in. 

Ultimate Modulus Young’s 
Modulus. Material. Onishlng 

Strength. 
of Rupture 
(Bending). 

Basalt. 88-60 
Granite. 14-88 1-6-2-9 6-6-81 
Marble. 11-31 1-4-3-7 3-8 
limestone. Argillaceous 30 _ — 

„ Portland . 4-3 1-1 3-6 
„ Bath 1-3 0-3 — 

Sandstone, Orslgleith 13 0-6 — 

„ miscellaneous . 6-21 0-6-1-4 3-6-90 
Slate. 10-20 2-3 8-7-13-0 
Oonorete, age 38 days, 4:3:1 26 0-46 2-8 

„ „ „ 6:8:1 . 1-4 — 1-8 
Oement(neat> .... 70 — — 

Brick, Staffordshire Blue . 6-0-100 1-0 — 
„ London Stock 1-6-2-8 0-6 
„ Fletton .... 2-e-3-9 — — 
„ Aylesford red pressed 3-3 — — 
„ Sud-lime 1-6-20 0-3-0-4 — 

Glass (Grown) .... 100-160 4-6-13 
1 

10-1 

Relation between Strength of Brickwork and Strength of Brick alone. 
(U.I.BA. Experiments.) 

Type of Brickwork. Omshing Strength 
of Brick alone. 

Oruahing Strength 
of Brickwork. 

Tons/ft.' Tons/ft. 
I^ondon Stocks in Urns mortar 

1 
12 

,, „ cement „ 17 
Barham Qaulte in lime „ 

ft f» cement „ 
LMcester Bads In lime 

I 182-3 1 

[ 383-1 1 

I 701 \ 

31 
34 
33 

„ „ cement „ 
StoooidaliJte Bines in lime mortar 

64i 
74 

•• .. cement „ 774 
Wmiom In lime mortar 1 330-8 1 30i 

„ osmsnt „ ... 66 

The aboT# flgares applj for artrage workmanship, except in the case of Flettons, where the 
'workmandiip was spedallj good, la general, good workmanship maj inorease the strength of 
brickwork np to 60 per cent., as against aTerage Talues. 
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Adhesive Strength of Mortars. 

Tensile Strength, After 
Mixture. 

Nature of Substance. In Pounds per 
Square Inch. 

Months. 
Common mortar to compact limestone 15 6 

„ brick 
Good hydraulic mortar .... 

33 6 
140 12 

Ordinary t* tf • * 85 12 
Good common mortar .... 50 12 
Portland cement from compact limestone and clay 30 to 50 

days after mixture .... 1,200 to 1,500 

Crushing Strength of Mortars. 

strength of 21*1x1. cubes tested at 28 days. The sand was Stonecourt Sand through I’^-in. siere: 

4 parts of Sand 6 parts Sand 8 parts Sand 
-A -o -1.1 j n ^ Grey ‘ Hydrallme/ 2 parte Grey ‘ Hydralime,’ 

1 part Portland Cement ^ Portland Cement 1 part Portland Cement 

17% Water (by vol.) 7% Water (by vol.) 17 -6% Water (by vol.) 

1200 lb. per sq. in. 760 lb. per sq. in. 400 lb. per sq. in. 
1200 „ „ „ 700 450 „ „ „ 
1100 „ „ .. 700 .^60 .. „ „ 

MOHS Scale of Hardness. 

This is the reco^^iiised scmiIc of niincraloglcal hanlness and is also used in mciailurgy. It is 
leased on the ability of a material to scratch those below it on the sesde. 

1 Material. , MOHS Number. 

Liquid 0 
Talc . 1 
Gypsum 2 
Calcite u 
Fluorite 1 
Apatite o 

Orthocla.se . C 

Quartz 7 
Topaz 1 i> 

Oorundum . ! • y 
Diamond . i 10 

FATIGUE IN METALS.* 

(By P. W. Thorne, B.Sc., A.M.I.C.E., A.M.I.Mech.E.) 

It is well known that metal parts, that may be tough and ductile and able to withstand seTere 
test loads, commonly break in a brittle manner after smaller loads bare been applied or revereed 
large namben of times. This mode of fracture, by which a ductile metal breaks in a brittle 
manner after repeated changes of a moderate load, is known as fatigae. 

Fatigue fractures may be recognised by the shell-like markings that radiate from the origin 
of the crack, and by the absence of ductile yield near the origin. Before actual fracture, the 
fatigue crack may often be observed ae a hair crack which grows slowly. In laboratory tests 
fatigae cracks often extend so rapidly that they are not observed on the surface before fracture. 

* For further information on this eubject the reader is referred to Tht Fatigu$ of Motali^ 
H. J. Gough, O.B.B. (Soott, Greenwood); Th* Fatiguo of MokUs, Moore and Kommere (MoGraw* 
Hill Book Oo.). Bibliographies in the above text-books contain req)eotively 183 and 448 individnal 
references to original papers. 
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Fatifot fraotoM it litbit to oooor wht& tho ftiMi toting tt tny point In tht part or teti-pieoa 
Tariii» In magnitada or la dinetioa. bajond oartaln taoanaintbla Umita. Tha obiaoi of fatigna 
tatting la to aaoartain thaaa Umita of atraa, or tba oonaaponding limita of Ttrlation of load that 
Ota ba par^tted without Uabilitj to fraotnre. 

Fat^a tatting praotioa oompriaaa two diatinot flalda of asparimaat with dUfaraat ob}aoti: 
(1) tha taatingof diSarant matal8,in taat-piaoaa of thaaimpleatpoaaibla ahapa aooh that tha atreaaea 
ara raUablj ealonlabia; and (9) tba taating of parta of oomplez ahape, for whioh the intandtiaa of 
■traaa ara only nominally oaloulabla. Tba aaoond field hat attained great importance in recant 
yaara, and la employed aa a method of daaign in Uea of calouiation. Fatigoa4aating machines 
war widely in alaa and daaign according to their appUcatioua, for taating amaU taat-piaoaa or 
larger modra of oomplez parta. 

Methods of Testing. 
To ascertain tha safe conditions of loading for a giTcn metal or a giran design of part, a nomber 

of identical samples are tasted under different conditions* «.p. with different ranges of alt«mating 
load combined with one and the same steady load. The * andoranoa' is defined as tha number 
of cycles of loading imposed before fracture terminates tha test. After carrying out a number 
of such teste on identical pieces* the ranges of stress or load and tha endiiranoe ara plotted as in 
fig. 16t A and B. A logarithmio base for endnranea, as first adopted by Sir Thomas Stanton 

and shown in diagram B, is osually preferred for its oonrenieDce, although both diagrams give the 
same data. 

The form of tha diagram osoally reveals the * fatigue Umit** defined as the semi-range of stress 
(or load in the case of a oomplez model) that can be applied continually without resulting in 
fracture. In different cases tests have to be continued to different numbers of millions of cycles 
to aaoartain any such limit, and in some few cases no such limit has yet bean established to exist 
even at 100 miuion cycles. In most cases the knee of the fatigue graph is already evident when 
tha endurance reaches about S million cycles in a Haigh machine or 10 million cycles In a WOhler 
rotating-beam or cantilever.* 

Testing Machines. 

Fatigue-testing machines may be roughly classified as follows: 
(a) WOhler machine lor rotatlng-beam or cantilever test-piece. The rotating test^ieoe Is 

gripp^ at one end in a chuck and loaded at the other through a ball bearing. The profile may be 

Line of Action 
of Load 

2L - - - ^ 
I 

O 

FIG. 17. 

varied at will, but is preferably of the form shown in fig. 17, in which case fractnre occurs at the 
section A, remote from sudden changee of seotion, so that the strees is more reUably calculable. 

* E. D. Franoie (Bureau of Standarde, Washington, A.S.T.M., 1081). 
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(6) B«T€ned plant btnding maohlntt, with adjoifcablt noglt of fltxoro. Thett hoTt bten 
uted in tbt n.S.A., and alto at the National Phjtioal Laborat^, for tettlng flat aprlngt. The 
range of streM it dedooed bj oalonlatioD from the obterred deflection. 

(c) Haigh machine tor direct pnah and poll, with adjoetable range of load and adjoetable mean 
or ' ateadj' load. The alternating load fa applied and meaeored eleetro-magnetioally, and the 
eteady load la applied and measured by means of a beary spring, which is adjusted in stittueas to 
compensate the force req iired to accelerate the moring parts. 

Although the machine operates on the * load principle * in respect that it repeats the same 
measured loads during each soccessiTe cycle, it operates on the * strain principle 'as regards the 
distribution Of*^k^ai load on the test-piece. As the ends of the test-piece are mored in parallel 
motion, all parts are equally strained when the piece is of uniform section. The machine is of 
large sise, suitable for testing models or eren full-sized parts. 

(d) Btromeyer or other direct torsion machines, with or without bending, are made in a variety 
of forma for s|^ai investigations. 

(tf) Botating stmt machine for wires (Haigh A Robertson Patent No. 3311S, Nov. SS, 1933). 
To eliminate the diffloolty that wires, being of uniform section, usually break at the gripe In other 
fatigue tests, the test-piece in this case is flexed as a strut so that maximum bending moment occnis 
at mid-span remote from the ends. The machine works at a very high speed of rotation, usually 
about 10 miUione per day. 

Fatigue Ijimit. 
It has been ehown conclusively that the fatigue limit bean no relation to the tendle elaetle 

limit, and in annealed metals may be higher than the yield point. 

As a result of great nnmben of teste it appean that the ultimate tensile stxength afloide the 
most consistent basis of comparison for different metals. The following table gives values for the 
ratio# between the fatigue limit and the ultimate tensile strength for stressss that reverse between 
equal valnec of pneh and pull. 

Fatigue limit 
as percentage 
of Ultimate 

tensile strength. 

Fatigue limit 
asperoentege 
of Ultimate 

tensile sirangth. 

Softest annealed iron, of high 
quality . . . up to 60% 

Ix>w carbon eteeis, annealed op to 60% 
Ditto. As rolled, or quenched 

and drawn . . about 00% 
Ditto. Poor qualities . down to 35% 
Moderate carbon steels, an¬ 

nealed . . up to 45% 
Ditto. As rolled down to 35% 
(hurt, steel and iron .45-35% 
Alloyed steels, 30 to 50 tons/ 

inch* ult. normalised 40-55% 

Alloyed steels, 40 to 70 tons/ 
inch* ult. quenched and 
tempered 35-50% 

Alloyed steels, 70 to 100 tons/ 
in^* ult. quenched and 
tempered 35-45% 

Aluminium alloys of good 
qnaUty .... 30-45% 

Duralumin, heat-treated 35-40% 
Rolled braseea, 70-30, 65-35 30-50% 
Monel metal, as rolled or 

annealed about 40% 
Nickel, as rolled or annealed about 40% 

At the frequencies usnallv adopted in fatigue-testing machines the fatigue limit appears to be 
sensibly independent of the frequency of teet. Professor Jenkin found an increase in the faUgne 
limit of 15 per cent, when working up to 9,000 oyolee per second and a further rise of 60 per cent, 
was recorded when working up to 30,000 cycles per second. 

The form of tlie specimen and the method of testing have a marked influence on the fatigue limit 
in some metals. Different investigators have found ratios as follows in steels: 

Fatigne limit in rotating beams 
Fatigue limit in reversed plane bending 

Fatigne li^t in reversed plane bending 
Fatigne limit iin dirwt push and puU 

Fatli^e limit in rotaU^ besm 
Fatigue limit in dir^ pull imd posh 

- 107tol-31 

- 1 00 to 1-36 

l OOtol -35 

Thus the rotating beam appears oonsistently higher and the direct pull and push conststsnUy 
lower when differsoeee are observed. 
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s—• Biaqbamb. 

When a atreae Tariet in magnitude between oneqnal extreme raluee It maj be deeoribed ae 
a combination of a tteiul j strem (S) equal to the mean between the extreraee, and an alternating 
•trcM to) equal to half the diflerenoe, aee fig. 18. 

datum 

Fia. 18. 

The two extreme ralues are then deeoribed ai (S + o) and (S~a). 
It ie found that the limiting safe alternating stress ralue depends on the ralue of the steadj 

stress ; and that the ralue can be expressed as follows : 

.(v)-^’(u)’l 
where a« fatigue limit when the steadv stress is aoting, and a» usual fatigue limit found 
when there is no steady stress. 

The ooefBoiente Kt, etc., can be ascertained only by direct experiment, and their earn is 
found to be usually greater than unity. Values are giren in the following table for a series oi 
metsds. 

Material. 

Tensile 
ultimate 

U. 

Tenailo 
yieid point 

Y. 

Ordinary 
fatigue 
limit 

CoefBcienta. 

Ton per 
sq. in. 

Ton per 
sq. in. 

_ 
Ton per 
sq. in. K, K, 

Kaxal brass .... 38-7 14*6 12*0 1 0 
Mild steel .... 36*3 21*0 13*0 0 1 
0*49 per cent. G steel normalised 40*9 21*1 14*7 1 0 

„ „ Sorbltio . 43*3 31*2 21*3 0*16 2*3 
8| per cent. Ni steel . 33*0 48*3* 26*8 0 1*47 

ft • 49*8 40*6* 36*8 0 2*26 
•» n • • 33*3 42*1* 26*8 
t« »i • * • 43*3 28*9« 22*0 1*87 0 

8>8 per cent. Ni steel. 
0*29 per cent. 0 steel- 

31*3 34-T* 23*0 1 0 

annealed .... 32*3 17 *41 13*0 0*37 0 
hard drawn 11 per oeut.X 38*3 33*3t 16*6 0*06 0*73 

(tension) 
0 

„ ,, 23 per cent.! 43*6 38 Of 18-0 0*1 
(oompression) 

0*73 
„ „ 33 percent.! 46*8 37*3t 19*0 0 0*703 

Oast iron ... 14*1 4*3 1*6 ■—0*6 
Wrooghtiron . 32*8 14*3 7*1 0 1 

• Limit of proportionality or elasUo limit, 
t Proof stress. 
J Bsdnotton of area in drawing. 
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a — a AND TiEIiD. 

The r«UtiTe taIum of the jiold ftreai And the fAtIgoe strength of a metAl here tn important 
beAring on the choice of a mAterisl for a given problem. Fig. 19 shows the S — a disgram for 
A high tensile steel, together with lines representing the yield (pp) end nltimste tensile strength 

PiQ 19. 

Fstigue occurs without yield if or when the state of stress is represented bv a point, P, in 
the Area a«YB, and yield oooun immediately if or when the state of stress is changed so that it is 
represented by a point, e.g. Pg on the line pp. 

Sffeot of Temperature. 

The fatigue limit does not appear to be greatly ofCeoted by rise of temperature, and os the 
yield polntlolla rapidly it follows that fatigue failure la anusual at high temperatures in prootioe. 
A.t still higher temperatures creep occurs slowly, and is liable to caote fracture after considerable 
elongation, or embritU^ent without eiongation. 

Fra. 90. 

F^. SO shows how Uis soft stress is bounded by the fatigue-yieid-creep graph for a 0-17 per 
cent. 0 steel. 
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Chemical Action and Fatigue. 

Atthough it WM long beliered that fatigu* was wholly meohanioal in nature, azporbnenti imblithed in 1917 showed : (1) that fatigue neoture is aooelerated in many metals, although not 
n all, when water or other reagents act on the surlaoe of the metal during the test: (9) that 

oorrosion prior to the test has much less effect, although the surface may be more sererely pitted: 
(8) that tbeatmoq;>hereappears insome oases toactas a ohemioal reagent. Such conjoint chemical 
and mechanical actions are now known as * oorrosion fatigue.' 

Among other features demonstrated in more recent research the following are outstanding: 
(4) the acceleration of fatigue is reduced when the reagents are heated, (5) the action is markedly 
influenced by gases in solution. (6) high-tensile carbon steels are affected more than milder in 
such degree that the oorrosion fatigue limit in carbon steels does not rary widely with ultimate 
tensile strength, (7) in stainless steels the ralue of the oorrosion fatigue limit is higher, particularly 
in fresh watw, (8) in lead fatigue can be delayed by using oil or grease to exclude atmospheric air. 
(9) in lead fatigue can be eliminated by appropriate chemical action, although this is aseoclated 
with Tiolent pitting and evolution of gas, (10) in vacuo, the fatigue limit in many instances is 
higher in air, (11) in hard-drawn wire, Uie reduction of the fatigue limit can be almost wholly 
eliminatsd by ' galvanising * the wire with sine. 

A series of round flgures have been taken from experiments performed by Dr. McAdam and 
are given in the following table: 

MateriaL 

! 

Ultimate tensile 
Oorrosion fatigue limit 

Ton/in.* 
strength. 
Ton/in.* 

Fresh water. Salt water. 

1 Oarbon steels 0-03 per cent.-0‘49 i I 
per cent. 0 . 19-60 6-7-11-3 — 

Nickel-chromium steels 47-86 12.1-12-9 — 

8i per cent nickel steels 41-66 11-2-13-9 — 

9 t* «» • • 64-69 8-6-13-0 _ 
Stainless irons . 37-48 13-4-17-8 6-3- 80 
High chromium steel . 49-6 31-4 — 

Stainless steels (chromium nickel . 
steels)., 38-66 14-3-22-8 6-7-16-2 
Nickel. 34-69 10-7-11-2 9-8-10-7 
Monel metal 37-67 11-3 12-3 
Nickel-copper alloys . . ; 21-38 9-1- 9-8 8-1-11-2 
Bleotrolytic copper 20-8 7-6 7-6 
Aluminium . . . ' 6-9 3-0 0-9-1-3 
Duralumin.| 16-81 3-6 2-9 

Fatigue Strength of Wires and Springs. 

The fatigue strength of wires depends to a large extent on the surface finish and strict attention 
should be paid to this point, especially in such oases as trolley wires, overhead cables and wire 
ropes which are subjected to alteixiating stress. 

The spiral q>ring presents a further diffloulty in so far that the spring must usually be heat- 
treated after it is formed. 

The wide discrepancy between the fatigue limit of prepared q>ecimen8 under torsional loads 
and the fatigue limit of the same steel when coiled into q>ring8 was noticed by Lea and Uey wood 
in 1937 (Uiech.B., April 1937). As a result of their investigations. Lea and Hey wood came to 
the following conclusions amongst others: (a) the range of repeated stress (A«) for a given mean 
stress (3) is given by A« » A« — B 8. where is the range of stress at aero mean stress; (6) in 
springs that have been quenched and tempered if the limiting safe range of stress is exceeded, 
a comparatively small number of repetitions causes failure: (e) defects of the wire not brought to 
light by the tewe test have a considerable effect on the life of the spring. Grinding of the wire 
preparatory to coiling seems desind>le, but does not preclude the possibility of cracks forming doe 
to subsequent heat-treatment. 

Bxparijnenta on Q>ring plates at the National Physical Laboratory by Batson and Bradley 
(I.MeolLB., 1931) were pertormed to detenniiie the effect of grinding away the outer skin of the 
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plate, and alao to aacertuin if the * aarface effect' of heat-treated spring plates was due to heat* 
treatment. As a result of theae invoatigations it waa found that the condition of the surface 
layer of the spring steel plates was the principal factor in causing the fati^e limit of the q>rtng to 
be considerably lower than that deduced from the proi>erties of the metal. The thickness of the 
layer was small, and when a thin surface layer was removed by grinding, after heat-treatment, the 
fatigne limiting stress was raised in ratios ranging from 4*75 to 1«76 in diCferent cases. Only 
slight improvement was observed if the spring plates were heat-treated after grinding. 

An interesting paper by Swan, Sutton and Douglas (I.Mech.B., 1931) on valve springs con¬ 
firms the results of Lea and Heywood in that the removal of the surface layer increases the safe 
range of stress and reduces the variability. It was found that longitudinal cracks caused premature 
fatigue failure. The results of torsional fatigue tests on wire at full diameter and on samples 
which had been reduced in diameter by grinding are given below. 

Reduction of 
diameter. 
Per cent. 

Maximum Values of Limiting Stress Range. 
Ton/In.* 

Ueat-treated in full Heat-treated in final 
diameter. diameter. 

0 36 
10 62(?) 43 
30 68 46 
40 64 47 

Stress Concentrations. 

In practice fatigue cracks almost always start from comers of key ways, sharp fillets, boles, or 
other discontinuitios of section where stresses are concentrated locally. Such stress concentra¬ 
tions being seldom calculable are commonly covered in design by allowing higher ‘ factors of 
safety * when dealing with * live' loads. 

The ratios in which different discontinuities and surface finishes reduce the apparent fatigue 
limit are indicated in the table below, in which the strength of a polished cylindrical test-piece ie 
used as a basis of comparison. 

Fatigue limit as 

Finish or Discontinuity. percentage of 
Fatigue limit of 

Polished specimen. 

Emery finish, different grades . . 'J0% upwards 
Filed finish, different roughnesees 80% 
Scratches produced by use of needle . »4% 
Sharp changes of section in shafts 60-76% 
Obangee of seotion with fillet . 70-90% 
Small round holes in fianges . 40-60% 

(Based on results given by Bden Hose and Ouuuingham (I.Mech.B., I'JIi), and W. N. Thomas, 
Engineering^ 1933).) 

Owing to the lower a«/Y ratio (and the high K| value), the weakening effects in high tensile 
steels of small holes and the like are more evident than in milder qualities. In mild steel in alter¬ 
nating pull and push, the difference in fatigue limit between polished and rough-turned piecee has 
i>een found to be less than 6 per cent., but even in mild steel, an unduly sharp radius of curvatura 
•»i a fillet will reduce the fatigue strength to one-third or less. 

Fatigue of Welds. 

Structural butt welds, made under practical conditions such os found in the shipyard or in 
general structural practice, can be relied on to give a fatigue strength of ± 6 Ton/in.*, provided 
the usual precautions are taken. Welds in boiler plates, machine-made under ideal shop oon- 
ditions, will idve a consistent strength of ± 10| Ton/in.*« 

Voh. 1. II 
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TIm «hap6 of lap weldi so oommoQ in ihip oonatnicUon has oonaiderable lofluenoe on th« 
strength of the weld doe to the bending etreeeee Introduced by eocentrloiW of loading. If the 
iotnt it of the ehallow doable ioggle type the fatigue strength Is only ± 4 Ton/in.*. The single 
joggled Joint often need in the outer bottom plating of ships has a fatigue strength of only 
db S Ton/In.*. In this case the fatigue cracks start from the edges of the deposited metal where the 
bending stressee are greatest and spread through the parent metal. 

These figures may be exceeded in special cases, but they afford a sound basis for design in 
stmetual work. 

Fatigue of Biveted Joints. 

When liyeted joints crack and fail by fatigue in laboratory conditions, the forms of fracture 
approximate closely to those of riveted joints cracked in service. Biveted joints rarely if ever 
fail in the manner observed in tensile tests. 

If the plates do not slip fracture occurs in the plate at 0 db ^ Ton/in.* reckoned on the 
gross crosS’Seetional area of the plate, or 0 db 4 Ton/in.* reckoned on the nett cross section 
between rivets. When slipping occurs, even slightly, under reversing loads failure is due to 
fatigue in the rivet caused by ^ding. In this case the rivets are bound to crack at mid-length 
and also under the heads and points, these often falling off in service. A half-inch diameter 
rivet under these conditions is found to fail at a load of db 5,000 lb. 

Hysteresis in Fatigue. 

Mechanical hysteresis is readily observed in many metals in a tensile test b v means of a sensi¬ 
tive extensometer in conjunction with a suitable testing machine. When the load is applied 
and removed a hysteresis loop is formed, the area of which is a measure of the quantity of work 
absorbed. In some metals in the annealed condition this * primary * hysteresis is considerable. 
In most cases the area of successive loops frequently becomes smaller with successive stress 
cycles and after about 260,000 cycles settles down to a much smaller value. Ck>nclusionB drawn 
from * static * loops or from tests in which the endurance is below 260,000 cycles might be, and 
often are, misleading when applied to engine vibration. Hysteresis plays an important part in 
damping forced oscillations such as are met with in crankshafts of engines and propeller shafts. 
It has been found that hysteresis can be represented very closely by the empirical formula 

H = C/»» 

where H is the hysteresis heat and / the semi-range of applied stress. In steel n lies between 
3 and 4. In brasses the values of n vary widely with composition and previous history, and may 
vary between 6 and IS. 
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SECTION VI 

METERING APPIilANCBS. 

(Revised by 8. A. Wood, M.Sc., M.I.Mech.E.) 

METERING OP WATER. AIR, GAS, STEAM, AND COAL. 

The metering of floids ii ondertaken to enable ronning ooete to be apportioned, Bales to be 
rffeoted on an equitable basis, the mixing of reagents in various chemical processes to be oon> 
trolled, wasteful or ineffloient use to be detected so that worUu:' costs maj be reduced and 
unneoeesary additions to plant obviated, etc. 

Various efficient and aoourate types of water and gas meters have been in use ior many years. 
It is only recently, however, that aocurate and reliable air, steam and oil meters have been 
developed. The first large installation of air meters was made on the Band in 1911, where now 
more than 400 million h.p. hours per annum are metered, at an ascertained annual aggregate 
money saving of over £130,000.* 

The following is a brief summary of tlte principal classes of fluid and gaseous meters, with 
notes as to their application. 

1. Mbtebs Baskd on Volume ob Wbiqht Mbaburembnt. 

(а) Tanka or weighing. p?or liquids, condensed steam.] 
(б) Beoeivers of uown capacity discharging between known pressures and temperatures. 

[ For air and gas.] 
te) Piston displacement meters. [For water and oil.] 
(d) Water-sealed drum meters. [For gas.] 
(i}) Bellows meters. [For gas.] 
(/) Overbalancing bucket meters. [For water or oil.] 
(p) O>nveyor weight meters. [Measure granu'ar material in terms of tiie weight carried per 

unit length of the conveyor.] 
Oonveyor volume meters [Measure granuiai material in terms of the height of material 

on flu; conveyor.] 

2. Metbrs which Mbasurb thk vklocitt at a Poi.nt OB Points in thb 
Oboss-Sbotion or thr stream. 

(а) Pitot tube meters. [For gases and non-viscous liquids.] 
(б) Hot wire, or hot wire plus thermocouple, velocity indicator. [For air and gas. ] 
(ei Impact meters. [For measuring air velocity in mine tunnels.] 
W Anemometer meters. [For water in open channels, or air in conduits aud passages.} 
(e) Floats. [For measuring the velocity of water in open channels. Balloons, smoke, 

heated air particles can be similarly used for measuring air velocities.] 
if) Chain meters. [For coal, etc.] 

3. MBTBBH WHICH DBPBND ON THB DUOP OF PRBaSV'KR DUB TO AN OBaTBUOnON 
Placbd in thb Stream. 

(a) Weirs. [For liquids in open channels where sufficient * head * is available.] 
(A) Venturi flumee. [For liquids in open channels where the available * head ' is small J 
(e) Venturi tubes. [For water, air, steam and gas in pipes.] 
(d) Noszles. [Forges, water, air, or steam.] 
(e) Olrcular, chord, or tongue orifices. [For water, air, gas, or steam.] 
C/) Variable orifices. [For water, air, gas, or steam.] 

• See Hodgson, Proc, Inst. G.K.. Vol. 001V, Part 2, and Mayor, Trans. Inst. Mining Enmneers^ 
VoI.L, Part 4. 
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4. BOUKT OB TOBBma UBXBB8. 

(a) Wbkh meaian the whole of the flow pewring. [For water, air, eteam or gee.] 
(b) Whidk are placed in a ehont oironit. [For water, air, eteam, and gas.] 

«. MKEBB8 BABID OK THB MOTXMKMT Of A SPRINQ OR WBIQHT OONTBOLLBD 
OBSIRUOnON PLACED IN THB PIPE LINE. 

(а) In which a disc moves axially in a cironlar chamber with conical or perforated walls. 
[For water, gas, steam or air.] 

(б) In which a shaped plug opens np an orifice. [For steam, water, gas or air.] 
(c) Li which a weighted hinged gate is opened by the flow. [For water, gas, steam or air.] 

6. MEIERS BASED ON THB DROP Of PRESSURE CAUSED BY FRICTIONAL LOSSES. 

(a) In which two preasuxe connections are arranged at the ends of a length of channel or pipeline. 
[For measuring irrigation water.] 

(b) In which the fluid is caused to pass thxoogh a large number of narrow passages arranged 
in pawel, so that the flow is viscous. 

7. METERS BASED ON THB iNTBODUCmON OF A MEASURED AMOUNT OF (a) HEAT, OR 

(6) Chemical Bbagent, and the Consequent Rise of Temperature or the Fluid 

OR Dilution of the reaqbmt at some point further downstream. 

(а) [For air and gas.] 
(б) A method nsed for measuring the discharge of rivers and canals, recently further 

devmoped for the measurement of air and steam flows. Salt solution is usually introduced 
whni measuring water-discharges, and ammonia or carbon dioxide gas when measuring steam 
or air flows. 

8. METERS Based on Increase or Weight due to Chemical Absorption. 

Notes. 

Meters of 'rlaiwiTts 1 («), («n and (#) can be made accurate to within plus or minus 1 per cent, 
from sero flow up to the mammum flow which they are designed to measure. The chief sources of 
error of meters of class 1 (d) are variation in the water level and wear of bearings, and of meters 
of clasees 1 (b) and 1 («) wear of the valves. 

Meters of classes 3 (a), (b) and (e) are usually only accurate down to one-third or one-sixth of 
the imrrimnnn flow for wUch they are designed, as their indication depends upon the square (or 
the fourth power) of the velocity of the fluid. Few anemometers are accurate when working at 
iesB than one-tenth of their maximum rated capacity. 

Meters of dasses 3 (c), (fr), (c), (d) and (e) are usually accurate down to one-flfth of 
the mAxitnnm flow. If Specify sensitive differential pressure-measuring devices are provided, 
such meters may be made accurate down to one-twentieth or one-thirtieth of the maxlmnm 
flow. By using a variable orifice, the range over which accurate measurement is possible with 
any given indicator or recorder is greatly extended. These meters have the very real advantage 
of having in the pipe line no moving parte which can be deranged bv dirt or erosion. The 
Venturi tube and flume, with their smooth contours which eliminate eddying, are valuable devices 
when measuring dirty gas or sewage. Meters of class 3 show many ingenious arrangements for 
obtaining an aocurate measurement of the differential pressure over a wide range and for com¬ 
pensating for ^uriations in the specific gravities of the fluids or gases to be measured. 

Meters of class 4 are not usnslly accurate in practice below one-tenth of the niATimnm flow, 
though many makers claim much higher ranges of accuracy. Endeavours have been made to 
increase the range of accurate measurement by raening up additional lets at low flows, or by 
introducing additional resistance at the high flows. While these devices frequently give 
excellent results under test conditions, they rapidly get out of adjustment under working 
conditions. Water meters of this class can often carry considerable overloads, thus greatly 
increasing the range over which accurate measurements may be obtained. Gas meters of this 
class can be fitted with devices which automatically correct for variations in gas pressure, or in 
gas pressure and gas temperature. 

Meters of dasses 6 (a), (6) and (c) are capable of high accuracy over a large range of flow 
when measuring dean fluids. They rapidly lose their accuracy, however, when measuring dirty 
fluids, owing to the small dearances becoming choked. 

The aocoracy of meters of class 6 (a) is draendent upon an accurate knowledge of the area of 
the chaand and its resistance coeflicient. These are apt to change owing to silting up and the 
growth of weeds, ^noe with meters of class 6 (6) the drop of pressure is directly proportional to 
the vdodty, the accuracy of measurement is mfuntained down to very low rates of flow. 

Meters of dass 7 (a) register in weight units irrespective of the pressure and temperatnrfs of tho 
gas. 
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In the foUowlng pages the main featoree of some of the best known, or the most noteworthf, 
maten aretlesorlbed and Illustrated. 

Water Meters. 

The Bboipbooatino Piston Water Meter. 
This meter is shown diagrammaticaUj In fig. 1. Its sequence of operations is as follows 
1. The piston A descends, and the disc P throws over the valve 0« 
9. The piston B descends, and the disc R throws over the valve D. 
3. The piston A descends, and the disc Q throws over the valve 0. 
4. piston B descends, and the disc S throws over the valve B ; and so on. 
Stops M limit the motion so that an exact quantity of water is measured off each stroke. 
Pnneotions E enter the outlet passage at the end of the stroke and prevent jar by slightly 

throttling the flow. 
The cylinders are lined with brass, and the valves and valve faces are made of gon^netal* 

The valves are caused to oscillate slightly each time they are thrown over in order to keep the 
rubbing surfaces polished. For the same reason the pistons are caused to rotate a slight amount 
at each stroke. 

The valves are held up against the port block by rollers L carried by springs which press 
inwards towards the valve faces. 

The meter body is jointed along the line XY, which enables all parts to be readily aoceaslble 
(actually the inlet and outlet passages are at right angles to the positions shown in the diagram). 

A recent modification of this tjrpe of meter, stated to have a high accuracy, uses four cylinders 
at right angles, their pistons driving a central crank pin by means of two 8ootoh*yoke connecting 
rods. 

FlO, 1. 

The MoYiNQ Flap Water meter. 
This meter (fig. 9) consists of a weighed gate pivoted on a horizontal axis and surrounded by a 

machined shield. The gate opens wi& increase In the flow, and takes up a definite position at 
each flow. Its motion is transmitted to the diagram through a stuffing box by means of link 
ineohanimn. 

It is possible with this meter to measure with accuracy down to very small fractiona of Utc 
full flow. 

Owing to the absence of all sliding parts in this meter, the friction of the mechanism is ex¬ 
tremely small. 

The bulk of the meter, and the lo« of pressure acroes it, are also ceduoed to a minimum by 
its arrangement, which allows of a direct flow between inlet and outlet. 

For di]^ water, the gate has been r^laoed In some coses by an aerotoa-shaped vane, the lift 
on which is halanoed by a coll spring. 
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THB OTUMDBIGAL P18TON llBTER. 

In this meter (flga. 3 and 4) the motion of n oyllndrioal piston baring a slot down the side 
ooostsained by external and internal oyllndrioal walls and by a radial partition. The meter Is 
suitable for measuring flows of water, ^rol or olL 

For greater uniformity of recording, especially In the larger sizes, the piston is made au 
elliptical insteotl of a circular cylinder. 

PlQ. 3. 

Trb NUTAxma piston or Swash>Platb Water meter. 

In this meter (figs. 6 and 6) the spherical ral^e cap V rocks ou its seating S, thus opening the 
lower parts of each of the three cylinders 0 successiyely to the inlet and discharge sides of the 
meter. 

The valve cap V is prevented from turuing round on its own axis by the projections Q, which 
engage in recesses left in the valve seat S. The ball-ended pin at the top of the valve cap thus 
•weeps oat a cone and drives the counter through the arm A and the spindle D. The length of 
the stroke of the pistons is limited by the flange P on the valve cap Y, which comes into rolling 
contact with a machined sortace on the valve seat S. 
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It will be seen that the valve cap V moves with a lens^mdiog action. This ensares that 
it and the seating will remain polished and nnsoratohed even when grittj water is iMing meiSKired. 

FiQ. 6. 

The valve oap and the pistons are made of hard gun<metal, the valve seat and bushes of vul¬ 
canite, and the cylinders of either vulcanite or gun-mctal, vulcanite being used for water of 
exceptional hardness. 

MOVING DlSO WaTMR meter. 

In this meter (fig. 7) a weighted disc or * float * movee vertically in a conical shield. Its motion 
is transmitted to the diagram by means of thin wire passing throngh a gland. Guide plates are 
provided to steady the flow at the entrance to the conical shield. This principle is also used in 
several air and gas meters. 

The Venturi Water Meter. 

This meter (flg. 8) consists of (a) a Veuturi tube VT through which the water passes; (6) a 
mercury U-tube provided with floats FU and FT (which are displaced by the differential 

pressure which exists when water is passing between the upstream and throat preasore holes 
of the Venturi tube); and (e) diagram counter and recording mechanisms, which are actuated 
by the movements of the floats. 

The motion of the floats is transmitted to the outside of the U'tube by means of gland spindles 
OU and GT, which actuate toothed wheels that engage with the racks RU and RT. 

The law of flow through a Venturi tube is given by the equation ; — 

no, r AW li 
^ 7-88Ln»-lJ 

where, 
Q flow in ibs. per sec.; il ==> coefficient of dbchai^e for the tube (usually about 0 -98); 

a, s area of tube at upstream pressure boles in sq. ins.; => area of tube at throat pressure 
n 

holes in sq. ins.; h difference of pressure between upstream and throat pressure holes in ins. 
of water; W weight in lbs. of 1 cub. ft. of the fluid passing. 

One form of counter recording mechanism for this meter operates as follows :—A cylindrical 
cam LO, which has a slightly raised portion, is rotated once every ten minutes by clockwork. A 
pivoted arm A, which carries the roller L, which is kept in contact with the surface of the cam by a 
spring (not shown), is lowered by the rack to whioh it is attached when the flow increases. The 
greater the distance the arm is lowered, the larger is the fraction of each revolution of the cam 
during which the roller is on the unnflsed portion of the cam. By means of mechanism (not shown) 
it is arranged that a toothed wheel which drives the counter is put into gear with the clock train 
during the period that the roller L is on the unraised portion of the cam. The boundary lino 
between the raised and the unraised portions of the cam is so shaped that when the pivoted arm 
A carrying the roller L moves down a distance H from its zero position an amount proportional 
to \/h is added on to the counter reading. In this way, with suitable gear wheels in the counter 
trail), a counter record of the amount of fluid that has passed is obtained. 

Valves U and T are provided so that the upstream and throat preesures may be shut off, and 
the meter cheeked by opening the equalising valve B. 
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Any nir thal tconmnintm in the pwnn plpai may bt blown off throogb tbo air Tonte 
pcoridod. 

Tovednet theebnnooof air faUing Into tbo pwoio pipai, tbeae ahoald bo takan off hort- 
aotttally, and not at the top« aa ibown for daamaii in tha diagram. 

ThM mataia will maaonia aoniratalj down to ona^foortaanth of tha mazimnm flow (and 
special metMTi of thia typa down to ooa*thlrtiath of tha marimnm flow). 

FIO. 8. 

The fonotlooa of the downateaam ocme of tha Vantori tuba la to reooTar tha Idnaiio aoargj 
wnioh aziata at tha throaty thoi enabling tha major portion of tha piaarora diflaraooa which ba« 
bean ewatad batwaan the opatraam and throat praaatira bolaa to be raooTarad. 

Tha frlotk» loai doe to tha insertion of the water Venturi taba ia about 2 Iba. par aq. in. 
at tba marimom flow. 

Ventori matara haTabaan oaad tomaaaoia water in all siaaaof pipaafrom about i in. to 20 ft. 
in diamatar. They piOTlda tha moat oooTanieut and aoenrata method known of maasuring 
tha flow of water in laiga mains. Tbaia is a minfanum of obatmotion to the flow, and ther^ 
ara no morlng parts in oontaot with tba flowing water. 

Automatic Water Weighers. 

In the automatio water waiflhrr iDostiatad in flg. 9 tha weight box B is sospandad at one and 
of an aqnal-annad beam A, and tba weigh hopper u at tha other. 

A qnantity of water, daterminad by tha waigbts in tba weight box B, Is allowed to enter the 
weiflhl^par C thsoogh tha lead Taira O. 

Whan tha oorveot amount of water is obtained, the snpply from tha lead Taira or Tairas D 
i&, to moans of a combination of laran, antomattBaiiy ant off. 

unnisdlataly after tba supply is out off, tba weigh hopper 0 sotomatloally tipa and dlsobargaa 
its load. 

AS soon ss the contents of the weigh hopper 0 hare bean disobaigad, tba weigh hopper auto- 
matloally latnnis and aaeumes tha weighing position, si tbs nms time opening tha feed Taira 
or ralraa O, and tha ojola cl oparatlona to repeated. 

On tha larga-capaoity marihinea there are two mlTaa at D, tha larger one feeding tha main 
flow into tha weigh hopper 0, than dosing, with tha xasolt that tha flnal dribble of liquid to 
ffTmplitf tha walpiing and anaoia aocoraoy is fad throogb tha aopplamantniy snail ralra D. 

A manhsninal aountar keapa aa exact record of the number of timaa tha maehlna opaiataa. 
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OrtbaUinfling baoket meters, which consist of two trlsagiiJer buckets fixed toKStber end 
plToted Mow their common centre of (pwsity, srs lergely used in oil messorsment. They opemte 

PlG. 9. 

wfthoat interniMn^ the fiow. and also nsoally take a small sample of the fluid passing each time 
they tip OTer. Where the oil Is Tisooos and sticks to the backets a correction is applied. 

Weir Recorders and Venturi Flumes. 

* V * NOTCH Weir Recorders. 

These recorders are specially suitable for the measurement of boiler feed water and condeii* 
sates, also rivers, streaml^ reservoir supplies, sewage effluents, etc., or In such cases where it is 
necessary to measure the water in some fonn of open channel. 

r 

r-U!. in. 
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Th« dlaohaxgv for • 90* V notch with sharp edges borelled at 46* on the downstream side is 
gjTsn by the equation. 

Q M disohaige In oob. ft. per seo.; H head» in It. above the bottom of the notch. 

In the Beoorder shown in fig. 10 the movement of the float F in the weir chamber, which is 
proportional to H, Is transmitted to a cyllndrioal cam 0. By means of this cam. a movement of 
the pen arm P. whidi is proportional to Q, is obtained. 

PiQ. 11. 

In another type of weir ro< order mechanism a flat cam is need, and the straight line movements 
are replaced by movements abont fixed pivots, while in a third type the notch is made of each 
a shape that the motion of the float is proportional to the quantity passing. In this last recorder 
there is, therefore, no cam between the float and the recorder pen. The approximate shape of 
the weir notch is shown in fig. 11. 

Weirs, when need for stream measarement, are liable to considerable errors dne to wind effecte 
and other oanses. A Ventnri flume, or a nest of Ventnri flames (such as may be formed by the 
apedaliy oonstmoted piers of a bridge) enable mnoh more reliable results to be obtained. 

The discharge of a Venturi Uume is given by the formula, 

Q - C\/2g 6u"a; } I 

where Q = discharge iu c.f.s., C — cooflicient of discharge (to be determined experimentally), 
b = width at throat (ft.), H == depth upstream of contraction, x and S — ratios of depth and width 
at throat to depth and width upstream,respectively. 

Gas Meters. 

THB * DBUM * TT» STATION QAS MiTBR. 

In this meter (fig. 13) gas enters through the hoUow axis in the tour oompartmente of the dnun 
in a pipe which is pot just above the watw level, and Alls each compartment suooemively, and by 

Fia. 12. FIQ, 13. 
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(to preisare causes the drum to revolTe in the direction of the arrow and to regteter the roloms 
passed on a ael of dials. 

Meters of this type are used to measure gas in mains of all sizes, from ( in. upwards. 

Owing to their costliness, the larger meters of this description are now being superseded by 
meters of classes 3, 4 and 7. 

The main eonrees of error of this meter are deformation or corrosion ol the drum, d^xMltlon 
of naphthalene In the drum, and rartations in the water level. There ate vaHous Izi^nioas 
derloes tor preventing the meters from being over-lilled» and for maintaining the oorreol water 
level. If the metor Is overloaded, the water level Is depressed, and the meter reads slow. 

Thb HiAT Injection gab Mnibb. 

In this meter (flg. IS) the gas is passed through a short length of pipe which oootalns two 
eleotrleal rsslatanoe thermometers Tj and T,, which form part of a Wheatstone Bridge. An 
electrical heator H is plaosd bstwera ths two thermometwi. Any increase in the flow of gas 
eansea a lowsr^ of the ttenperature of the downstream thermometer and a deflection of the 
needle of the galvanometer G. This is made automatically, by means of s soitabls msohanisro, 
to rsdnoe the resistanoe In the heater circuit, so that the temperature of the gas is always raised 
the same amoont (aboat 3* F.) by the heater. 

The readings on a Wattmster W, placed in the heater circuit, give the number of cable feet 
of gas reduced to standard tompsratora and premurs. 

THN VBNTUiu Gas Mitbr. 

In this meter (flg. 14) the * Venturi Head * (p, —is measured by means ol the bell B and 
an amount proportional to (p, is added on to the counter rea^ng bv means of the oam, 
feeler, ratchet, and pawl device O.K.R. every time the cam G, which is driven by the wet gmt 
meter W, makse one revolntion 

The speed of rotation of this meter is determined by the amount of gas that escapes to at* 
nuMq)here through a small oriflos at O, across which the pressure diflerenoe is maintained constant 
by means of ths regulating valve RV. 

In this way the counter it made to register the volnme of gas passing through the Venturi 
tube, irrespective of varlatfons in thespedflo gravity of the gas, ths re^tration of ths meter 
being Identical with that of the ordinary Dram type Btotton Gas Meter. 

A diagram, D, Is provided which shows the rate of flow of gas at any instant. The readingt 
of this diagram an, however, not oorreoted for variations in the specific gravity of the gas. 
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If tor, iwphthaltne, or other depoeitoble matter aettlee in the Venturi throat, the meter tends 
toiead net. It is found that when measuring ooal gas, such deposits can be entirely prevented 
by )we|Mog the walls of the throat at a few degrees higher tempeiatnie than that of the gas passing 
throngm 

The Venturi tube is installed on a by-pass, and the throat section VS Is made so that It can 
easily be swung out of the pipe line for inq>eotlon and cleaning. 

The loss of pressure at the maximum flow due to the Insertion of the gas Venturi tube is 
arranged not to exceed 1 in. of water gauge. 

The range of accurate registration is down to one-tenth or one-fifteenth of the maximum flow. 

If it is desired to reduce the meter readings to standard cubic feet of dry gas. corrections 
must be made for variations in the barometric pressure, atmospheric temperature, and the tension 
of aqueous vapour by means of tabular numbers, as Is the case with the Drum type Station 
Ifeter. 

The Venturi Gas Meter is also made in a cheaper form in which the integrating mechanism 
is driven by clockwork, and any variation in the specific gravity, temperature, and moisture 
content of the gas is corrected for by means of tabular numbers, i.e. the meter readings are 
multiplied by 

/Wp pt T8 

Pi v wa * Ti PS 
where, 

WD mm weight of a cub. ft. of dry gas at p, and Tt; Wa « weight of a cub. ft. of gas containing 
water vapour at pi and T|; pressure of water vapour at temperature T„ Ps and Ts the 
standard temperature and pressure. 

See Hodgnon. Proc. Insi. C.B.^ vol. oclv., pp. 164-16R. 

The Ompior Gas Mrter. 

This uses a plate orifice with upstream and downstream pressure tappings either to the two 
sides of a U-tube with dial indication or (for low pressures) to a ring balance, i.e. an annular 
chamber partly full of liquid, to each of the free suriacee of which the pressure from one side of 
the orifice is applied. The chamber swings to regain its balance and in doing so moves an indicating 
pointer. 

Taa BoTARY Gas Metbb. 

In this mete (fig. 15;, a counter 0 is actuated by an anemometer fan F, which rotates about 
a vertioal axis. 

The gas, after being carefullv guided by a series of nozzles N into a vertical direction, im¬ 
pinges on tbs underside of the blades, thus helping to take the weight of the fan off the bottom 
pivot. The rate of revolution of the fan is proportional to the actual volume of gas passing. 

except at low flows, when the friction of the mechanism is 
appreciable. At these flows a weighted valve V (which lifts 
at the higher flows) causes the whole of the gas to pass through 
a few jets J, and so to Impinge on the fan at on increased 
velocity. In this way the friction of the mechanism is com¬ 
pensated for, and accurate readings obtained down to one-tenth 
of the maximum flow. 

The dasbpot D is provided to steady the motion of the 
weighted valve. A brake B is attached to this valve, which 
stops the fan immediately the flow Is turned off, as the valve 
then falls. 

This meter registers the actual volume of gas passed, and is 
subject to the same corrections for variations in the temp^ture gressure and moistnre content of the gas as Is the ordinary 

mm type Station meter, or the Kent-Hodgson Venturi Gas 
meter. 

(Bogging of the nozzles throogh which the gas discharges on 
to the fan causes the meter to read fast. A special form of 
meter in which the nozzles can be cleaned from the ontside, and 
in wbiob any deposit thrown off from the fan does not aoenmn- 
late r. xdit, baa been devised for measoring dirty gaa. Fia 15. 
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THB SEUm QAS HaTBB. 

This meter (fig. 16) consists of % body osstlng inserted in toe msln, at by pieferenoe in • 
by-pass in the main, a turbine T plaoed in such a position that gas passing through the two noules 
J on the npstream side of the orifice K impinges on its blades, 
and a ooumter mechanism actuated by the turbine. The turbine, 
orifices, and nozzles can be inspected and deanad through 
the hand-holes proTlded. 

The meter carries the measurement of gas on the rotary 
principle to the utmost refinement. The speed of rotation of 
the turbing is kept low by means of the damping fan F, so that 
wear on the bearings is i^uced to a minimum. The weight of 
the turbine is carried on a mercury float, so t^t theall-important 
pivot bearing never wean appreciably, and is also protected 
by being covered with mercury. The upper thrust bearing and 
the high-speed wheels of the counter tmn run in an oil bath. 
The motion of the turbine is transmitted to the counter dial by 
means of a magnetic drive similar to that shown In fig. 16, thus 
eliminating all gland friction and the possibility of moisture 
depositing on the counter glass. 

The turbine chambem and the mechanisms they contain are 
identical, whatever be the size of the main. The only parts of 
Ibo meter which vary in size are the body casting which contains 
the orifice, the orifice itself, and the change wheels which are 
fitted into the counter train. The length of the body casting In 
practically all sizes is 24 Ins., so that the meter is very light to 
handle and requires only a short length of pipe line for its installation. It is aocorate down to 
one-tenth of full flow, and will stand considerate temporary overloads without damage. 

THB Hoi WlBB ANSMOMSTBR. 

In this Instrument a bare wire with a targe temperature ooeflBcient is heated electrically and 
exposed to the gas flow whose velocity it is required to measure. The velocity V of the gas 
can then be obtained from the relation 

wh«,. I--A»+B»[v.WK,]* 

6 — temperature elevation of the wire; 
T current in amps.; 

V e- velocity of the gas; 
W specific weight of the gas; 

Kp •m specific heat of the gas at standard pressure 
A A B » constants. 

Referring to the diagram (fig. 17), Ri, R*, and R« are 
resistances with no temperature coefficient, R« is toe 
anemometer wire which is maintained at constant temper¬ 
ature when the gas velocitv varies by adjusting the resistance 
Bg BO that the needle oi the galvanometer 0 remains at 
zero. The current through R4 Is thus proportional to the 
reading of the high resistance voltmeter V. Fia. 17. 

The formula given above holds for ordinary gas speeds (9 • 5 to 30 ft. per second). At apeede 
below these, free convection ourrents carry away a considerable proportion of toe beat, and 
the formula requires modification. 

The accuracy of the instrument is affected by changes in the temperature of the gas itself, 
and for this reason It is desirable, when high accuracy is required, to work at a temperature 
elevation of about 1,000« 0. In this case the anemometer wire ebould be of platinum. For 
ordinary work a temperature elevatlou of 200* O. or 800* 0. la soffioient, and toe anemometer 
wire may be made of electrolytic nickel. 

It wUl be noticed that the velocity of the gas is approximately proportional to toe lon^ 
power of toe current. This makes the aocuntte range of the Instrument small, and it also makes 
it unsuitable for obtaining the mean velocity of fiuctuating fiows. 

In a modifloatlon nf the instrument the four anna of toe Wheatstone bridge axe made of 
electrolytic nickel. The wires which compose the two opposite arms of the bridge are sUelded 
from toe air current, and the two remaining wires are exposed to It. "[nie instrument u thus 
automatically compensated for changes In the air temperatures, so that it is not neoessaiy for toe 
temperature of the wires to be more than 100* F. above that of the air ouirent to be measured. 
A oonstsmt poteutiid difference is maintained across the bridge, and the air velocity is measured 
in terms of toe out-of-balance current of toe galvanometer. 

FIO. 16. 
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In a fnrtber modifioation, an aleotrioallj heated platinum wire and a thermocoupie ore 
enclosed In a double bore quartz sbeatb« and exposed to the wind Telocity to be measured, li 
a constant curtent is sent through the platinum wire, the thermocouple reading will be a measure 
of the wind velocity. 

The instrument is calibrated against known velocities in a wind tunnel. 

An instrument of this type is adaptable for recording the proportion of any gas ie.g. 00,) in 
the air travelling through a duct, since the heat lost from the wire will vary according to the 
composition (and therefore heat conductivity) of the ambient gas. 

Thb Vifioous FLOW Air mbtbb. 

This meter is designed to eliminate the serious errors which arise with pulsating flow in air 
meters of the orifloe, Venturi, or other * kinetic * types unless a very large smoothing capacity is 
provided. Those errors are due partly to * root-mean-square' velocity effects and partly to the 
effect of the flow in and out of the connections to the indicating manometer as the pressure drop 
across the meter varies. 

La the viscous flow air meter, the ‘ meter element' is a honeycomb of long narrow triangular 
passages each about 0-02 in. in width, formed by windhig upon a core alternate layers of flat and 
corrugated strip metal. The manometer connections are tubes, spanning the upstream and down¬ 
stream faces of the element, each with a row of holes along one dde, those on the upstream con¬ 
nection facing downstream and vice versa. 

Within the working range of the meter, the velocity through the passages of the element is 
below the critical, so that the flow is viscous and the resistance of the element is directly pro¬ 
portional to the velocity; this automatically eliminates the * root-mean-square * error. The 
coastruotion of the manometer connections provides a reverse kinetic head which automatioaUy 
corrects the small pressure drop in the element due to entrj effects, and the error due to flow In 
the manometer connections is corrected by providing these with felt pads which render the flow 
in the connections viscous. 

Since the pressure difference across the meter is proportional to the flow rate, the range of flow 
measurable with reasonable accuracy is greater than with * kinetic * meters where the pressure 
varies with the square of the flow rate. Viscous meters are, of course, not absolute standards 
and must bo calibrated against a standard measuring nozzle or orifice. After proper calibration, 
a viscous meter can be relied on to repeat its reading to within 1 per cent. In order to prevent 
clogging of the meter element, an air filter is usually fitted upstream of the element. 

Steam Meters. 

Thb OllTFIOB STBOM FLOW MBTBR. 

A typical pressure-corrected steam-meter (fig. 18) consists of an oriflce O placed In the steam 
main, two cooling chambers OU and OD (whose function it is to condense any 8t>eam that passes 
into them and to serve as reservoirs of water), and pressure pipes PU and PD which transmit the 
difference of pressure between the upstream and downstream sides of the orifice, due to the steam 
flow, to the two sides of the differential pressure diaphragms D and to the inside of the pressure 
diaphragms P. 

Any increase of the flow causes an increase of the difference of pressure between the upstream 
and downstream sides of the orifloe, and conscqaently causes the diaphragms D to contract and 
the pointer B to move about its pivot 0 (the motion of the diaphragms D is transmitted to the 
outside of the diaphragm case through a stufling box Q); while any increase in the pressure of 
the steam causes the diaphragms P to expland and the arm H to descend. 

Air vents V and an equaUsiug valve B are fitted. 

The product of the angular movement of the arm B (which is proportional to the differential 
pressure (^i — p,)) and the travel of the roller Bin its slot (which is proportional to the absolute 
pressure of the steam pO is transmitted to the pen arm A, which is thus given a motion pro¬ 
portional to (Pi — Pt)p,. 

Since the rate of discharge of steam through an orifice is represented approximately by the 
equation, 

Q - K v^(p,-p,)p, 
where, 

pt «absolute pressure of the steam on the upstream side of the oiiflce; p, — 
absolute pressure of the stream on the downstream side of the oriflce; Q lbs. of 
steam per hour; E is a constant depending upon the size and proportions of the orifice 
used. 
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the diagnon oan be divided to show the rate of steam flow at any instant, automatioaliy oorreoted 
for Tariations in the pressore. ^^e oorreotlons for variations In the snperheat or wetness of 
the steam* are made by means of tabular nnmbers.) 

These meters can be arranged to record by connter also if desired. 

With any given orifice plate the meter is aocorate down to one-fifth of the maximum flow 
for which the plate is designed to deal. If It la desired to measure over a greater range of flow 
than this, a new orlfloe plate moat be inserted. Each meter Is designed to work in connection 
with any orifice plate. Bach orifice plate is calibrated with actual fluid before leaving the works, 
and tile accuracy obtained in practice with this meter is within plus or minus 1 per cent. 

With slight modifications, such a meter can be used for the measurement of compressed air. 

This meter, which is shown installed (fig. 19), and with the mercury pots in section (fig. 20), 
oonsista of an orifice, O, and cooling ohambera, CTd and OD, as In the case of the meter shown in 
fig. 18. The differential pressure across the orifice is measmred by the motion of a cast-iron float, 
F, which tnmamits its motion to the gland spindle, G. The motion of the gland spindle is made to 
indicate or record the flow as desired. Overload valves, OV, are provided to prevent the mercury 
being blown out. Levelling screws, L, are also provided. The downstream pot, D, is made easily 
intwohangeable so that a higher or lower maximum * head * may be worked at. 

This type of mercury pot unit is suitable for measuring air, gas, steam, water and oil flows. 

THE BOTABT STBAM FLOW MRBB. 

This meter is shown in section by fig. 91. A portion of the steam passing through the instra- 
ment is diverted by means of an orifice plate through noasles A, by means of which it Is caused to 

impinge on a turbine. The speed of this turbine is 
kept low by means of a damping fan,0,which rotates 
In water, resulting in a mlnimom of wear on the 
tnrbine bearings. The retarding torque at any 
given speed due to this fan is made so great 
that any variation in the corresponding torque due 
to the turbine, caused by vanations in the den¬ 
sity of the steam In which it rotates, can be 
nepected. The turbine rotates at normal flows 
with a imeed proportional to Q ‘v/W, wbsrs Q is 
the weight of steam passing per seoond, and W 
is the density of the steam In poonda m oobto 
foot. From this it wUl be seen that a variation 
of 2 per cent, in the density of the steam will 
Involve a oorreotlon of only 1 per cant. In the 
flow leading. Besldea rednolng wear on the 
plvote, the use of the damping mn increases the 
range of the meter, tinoe it inoreases the relative 
vtiooity between the impinging steam and the 
turbine. Hie counter B Is moontad in a oon- 
partmsnt below the main, a msgnetio drive D 
from the tnrbine behig employed so that leak- 
ege of steam or water into this compartment is 
impoerible. Radiating fins assist In keeping the 
connter cooL The maximam flow which the 
meter will measure can be altered hr dianging 
the orifice plate B; and 1^ fitting a blank plate 
in |daoe of this otlflcs plate, and putting the motor 
in a by-paas In a lar^ main Into wtaioh a salt- 
able orifice plate la inserted directly, the largest 
mains can be metered at a small cost. 

The ratio of the revolntions per minute to the 
rate of flow is constant. 

The meters are aocorate down to of the 
fnaxtmnm flow, and will stand temporary overloads 
of 100 per oenu without damage. 

The same type of meter is often used for com¬ 
pressed air in pipes np to 2 ins. diameter. 

* About 1 per cent, for every 2 lbs. change In the pressure, or 80* F. change In the snperheat, 
or9 per cent, change in the wetnees. 
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Conveyor Volume Meters. 

The object of this meter, illostiated In flg. 23, Is to measare the amooiit of coal consomed by 
a chain grate mechanical stoher. 

The coal, as it passes from a hopper ondemeath a movable fire door, assiimea the form of a 
continnoos stream of rectangnlar cross-section. The volume of coal, therefore, having passed 
daring any given time is the product of the width of the chain grate, the height of coal as it passes 
under the fire door, and the linear distance travelled by the grate. 

Of thdte three factors two are variable: firstly, the depth of coal passing over the grate (due to 
the variation in lilt of the fire door); secondly, the speed of the grate (or the distance travelled 
by the grate over a given time). The meter is so constructed as to take both these variables into 
account In the following manner:— 

A specially cut toothed drum, having at one end teeth cut round the whole of its periphery, 
and a uniformly decreasing number of tc»th out along the whole of its length, is driven by a sm^ 
driving chain ^m the grate itself; thus the speed of the drum is proportional to that of the 
grate, and accordingly proportional to the linear distance travelled by the grate over any given 
time. 

Meshing with this toothed drum is a sliding pinion, which is directly connected to the fire door 
by means of a steel cable; its position on the toothed drum, and consequently the number of 
teeth with which it engage is, therefore, dependent on the amount to which the fire door is raised 
or lowered. Thus, the rotation of this pinion is dependent on both the grate qpeed and the fire 
door lift, and, consequently, this rotation is In a direct proportion to the volume of coal having 
passed. 

The principle of operation of this Meter is as follows: 

If W ■■ width of grate in ft.; T ■■ thickness of fire in ft.; V » velocity of grate in ft. per 
hour; then, cubic ft. per hour —i W x T x V — cross-sectional area x V. 

The rotation of the pinion is transmitted directly to a row of seven counting dials, the move¬ 
ment of which gives a visible indication of the volume of coal having been fed on to the grate. 

Such Goal Meters can be fitted with a * Bate of Flow' Indicator, which, when worked in. 
conjunction with the various speeds of the Stoker drive, gives, on s^ially graduated scales, 
the actual amount of coal being consumed at any moment in lbs. per hoar. 

A modification of the above meter enables it to measare bulk supplies of coal, ores, grain, or 
any other similar granular material. In a continuous manner, in conjunction with elevators or 
conveyors, on which the material Is being handled. 

The principle of measurement is volumetric, and is as follows:— 

The material to be measured Is passed on to an endless belt, in a similar manner to the coal 
passing on to the grate of a chain grate stoker. The meter itself is similarly driven by a small 
chain uom this belt* 

As the material travels over the belt it passes ondemeath a swinging door, the lift of which 
varies with the thickness passing under it. Directly connected to this swinging door is a link 



206 AUTOMATIC COAL WEIGHERS Sec. VI 

motion which operates the sliding pinion In the meter. Thus the rotation of the meter dials is 
proportional to the speed of the belt, and also to the height of the material passing along it, the 
two factors being combined In the meter giring a true Indication of the volume of material havioe 
passed through the machine. 

These machines may be accurate within S per cent, by volume. 

In a meter of the volumetric type for measuring ooal the counter Is operated directly by the 
rams, or pusher plates, of stokers of the Proctor, Bennls, and other slmuar types. A granular 
substance such as ooal may also be measured volumetrloally by means of a counter, provided that 
this counter is so arranged as to take into account variations of both the speed at which the rams 
are operated and the differences of travel of the rams, so that a true record of the amount of ooal 
fed into the fumaoes is given. 

Such a meter may be made to be correct within 9*5 per cent, by volume. 

Conveyor Weight Meters. 

These are usually applied to belt conveyors. 

They record the product of the weight of stuff carried per unit length of conveyor nassins 
a given point, and the total length passSid. 

In one such conveyor weigher the pull on a steelyard arm Is balanced-by a cylindrical float 
immerMd in meroucy, the movement the arm being thus made proportional to the weight on 
the weigh-brldge. Integration Is effected by means of a feeler and f ree>wheel device, the steelyard 
arm being clamped while the feeler is In contact with It. 

Automatic Coal Weighers. 

A ooal weigher similar to the water-weigher shown In fig. 9 is shown in flg. 93. 
In this instrument a weight box B Is suspended at one end of an equal<armed beam A and 

the weigh hopper 0 at the other. 
A quantity of coal, determined by the weights in the weight box B, Is allowed to enter 

the wmgh hopper 0 through the feed shoot controlled by the valve D. 

When the correct amount of coal Is obtained, the supply from the feed shoot is, through 
a combination of levers, automatloaUy cut off by the valve D. 

Immediately after the supply Is out off, the door B of the weigh hopper 0 automatically 
opens and the load is dlsohaigod. 

When the load is clear of the weigh hopper door B it closes again and automatically 
opens the feed valve D, and the cycle of operations is repeated. 

A meohanioaloonnter F keeps an exact record of the number of times the machine operates. 

Chain Ttpi (;iiutr coal mbtbb. 

In this type of meter an endless chain paaies down the chute, embedded in the ooal, and t hen 
runs over a sprocket geared to an eleetrfo generator connected with a remote indicator or iv(M)n1er. 
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Notes oil the Uso ot Orifices, Nozzles, and Venturi Tubes 

for Tost Purposes. 

Q »=» discharge in lbs./see.; 
B *=» coeff. of discharge ; 
a I area of main in sq. ins.: 
a, s area of oriflee or throat of nor.Klo in sq. 

Ins.; 
n =-o,/a,; 
N - a, -r - 1; 
dj ■■ dia. of main in ins.; 
fi, ■» dia. of orifice on throat or nozaile in sq. 

ins.: 
h = differential pressure across orifice or 

nozzle in ins. of water ; 
p, aba. pressure in Ibs./gq. in. at upstream 

pressure hole; 

p, =» abs. press, in Itm./sq. In. at downstream 
or throat pressure bole ; 

T, « abs. temp, in F.® at upstream pressure 
hole; 

W, =» specific weight of fluid at upstream 
pressure hole In Ibe./cu. ft. — 
2'7p,,T, for air (values for water, 
steam, and other fluids can be ob¬ 
tained from various published tables); 

/i viscosity of the fluid in foot, pound, 
pec. units; 

y = ratio of the specific bests if the fluid is 
gaseous. 

The discharge through an oriflee, shaped no7//,le. or V'enturi tui)e for gaseous or liquid flows 
can be calculate from the formula: 

Q - 0-127 BN-v/^*Wi Iba./sec. 

The value of the coefficient of discharge, E, is the same for the same values of the viscous 
flow criterion Q/d,u, whatever be the density and viscosity of the fluid used, provided that when 
the fluid which is being metered is n gas, it does not appreciably change in density os It passes 
through the orifice or nozzle (t.e., Pa/P» should be between 1-0 and 0-98). 

For shaped nozzles and Venturi tubes, if the numerical value of the viscous flow criterion 
Q d^n is greater than 3,000, 

R * 0-96-1-00. 
For orifices; 

K -= 0-606-0-616, 
provided that: 

(a) The numerical value of viscous flow criterion Q/dfji is greater than 10,000 ; 
(b) d^di is not more than 0*6, and that oriflees are used which have ; 
(c) square edges if the orifice plate is thin (less than .;„th the diameter of the orifice); 
(d) square edges bevelled off on the downstream side if the orifice plate is thick ; 
(«) pressure boles not more than one pipe diameter upstream, and not more than half a pipe 

diameter downstream of the oriflee. 
(/) the oriflee or nozzle is installed with at least 10 diameters upstream and 6 diameters 

downstream of straight parallel pipe free from bonds, tees, branch pipes and control 
cocks. 

If the flow is gaseous and pulsating, sufficieut capacity or throttling must be introduced between 
the source of pulsation and the metering point to smooth out the pulsation of flow at the meter¬ 
ing point, otherwise the meter will read fast. In the case of liquid flows, an air vessel or an open 
tank may be used. 

If gaseous discharge takes place above the critical pressure ratio (».e. if p,/p, is less 

than r ^ \y-l when n =« co), the following formnlte bold for shaped nozzles ; 
y 1 / 

Q 0-326 BN-\/p,Wifor air; 

=* 0-310 BN\/j>iW| for steam. 

For fuller treatment see Hodgson on * The Orifice as a Basis of Plow Measurement,* Proc. 
I.C.E.t 1926 ; ' The Metering of Industrial Fluids,* Proe. Imt. Mining Kng., Nov. 1927. 

* The Measurement of the Flow of Gases and liquids bv Means of Orifices, Nozzles and Venturi 
Tiibcfl,’World Bnginccring Coniu'rcss, Tokyo, 1029, also Kiuniromc, Mcchomcal World, Vol. 120. 
1046, p. 371, No. 3 ns. ‘ Flow through standanl nozzles. j)rilicc plates and venturis.’ 

For further information on water and gas flow niejusiirement, see British Standanl Specifications 
690 -1930 (nmoiulod 1016) and 1042—1043 (amonded 1046-iS). 
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SECTION VII 

BEAMS — GIRDERS - STRESSES — BENDING MOMENTS - 

INFLUENCE VALUES —MOMENT OP INERTIA-DEFLEC¬ 

TION — COLUMNS — STANCHIONS — RIVETING — STEEL 

ROOF FRAMING AND COVERINGS—BRITISH STANDARD 

SECTIONS. 

(Revised by J. D. W. Ball, A.M.I.C.E.) 

aTJlESSBS ON BEAMS AND GIRDEBS. 

When doBigniiig Iramed structures, the external forces (or those acting on the simciure, 
are always known or assumed, and from these, and the configuration or design of the stractare, 
the internal stresses set up in the seyeral portions of the structure can be detemiined. 

The external forces may be assumed as acting transversely, i.e., at right angles to the beam, 
or girder, the supporting forces or reactions necessarily acting parallel to and in the opposite 
direction to the applied forces. Whereauy force acts other than transversely, it should be resolved 
into two component forces, one acting in the direction of the length of the beam (and causing 
compression or tension throughout the complete cross-section), and the other acting transversely ; 
to obtain the total stress at any section of the beam, the tension or compression due to the former 
component must be added algebraically to the stress from the trausverse component. 

The beam or girder, whatever its form may be, will tend to shear transveiselv, and to bend 
under any system of lining, and the values of these tendencies at any section are termed the 
'shearing stress ' and the * biding moment' values at that particular sectioiu 

At any vertical section throughout a beam the shearing stress to be resisted is the algebraic 
sum of all the vertical forces acting to the right or the left of the section chosen; the forces 
being reckoned, eay. as positive or negative as they act in an upward or downward direction. 

For any series of transverse forces W„ W.^, W.^, etc., acting to one side of the chosen vertical 
section, the general formula for the shearing stre^ is:— 

S=*2W»±W,±W,±W„ etc.(1) 

At any vertical section throughout a beam, the bending moment to be resisted is the algebraic 
sum of the moments of the several vertical forces acting to the right or left of the chosen action, 
these momenta being reckoned, say, as positive or negative os they tend to turn the beam about 
the section line in a clock-way or anti-clock way. 

Thus, for any series of transverse forces W„ W^. eta, acting at the sevgral horiaonta' 
distances I.,, etc., from the chosen vertical section, the general formula fofr the bending 
moment is:— 

M«2(Wi)“±W,f,±WA±W/„ etc..(2) 

(Id the case of uniformly distributed loads the value W is that for the total load under 
consideration, the horizontal distance being then measured from the chosen section to the centre 
of the load.) 

Where the supports to a beam are not more than two in number, and the ends of the beam are 
free, the reactions or supporting loads can readily be found by the law of the lever. These values 
are then added to the list of external forces, and the shearing forces and bending moment values 
calculated from fonnuln (1) and (S). 
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Example ;—a bMm 30 ft. cl«ar tpAn between reactions carries three oooosntrated londs of 
1 ftO lbs, each, spaced as shown (Og. 1>; welghtofbesm 60 lbs, per linear foot, /.-O'-O'. 

Reaction, left—W,. 

Beam - 30x60x^-900 lbs. 

Reaction, right—W,. 

- 80 X 60 X 1»900 lbs. 

Load W, .150x*^ - 16 

n W, -Ift0x*®“*«.105 „ 
so 

.,«,x» - 46 „ 

H ^4 -160x*®r”-U -l»0x“^» —136 „ 

Total-l.lft6 lbs. Total -1,096 lbs. 

Shearing stnai at section XZ, flg. 1, calculated from left 

Formula (1) 8* W, W.+W,) 
GM+130+(60x 18)}-.22ft lbs. 

Oalcolated from right S—W,-<W,-|-W,) 
-l,09ft--{160+(60x 12)]-22ft lbs. 

Bending moment at section XZ, flg. 1, calculated from left ^ 

FonnaIa(8) W3l,4 W.O 
-l,iMxl8-{(l«)xl6>4a«)x»)+(18x60x9)J- + 7,470 ft. IW. 

and from right, M- - W,I,+(WA+W,!,) 
-i-l,095xlJ+C(150x»)+(60xl3x6)}=.-7,470 ft. lbs. 

Graphio diagrams for shear and bending moment values can be drawn so as to represent 
these Taloes at all points throughout the leng^ h of a beam or girder, and such diagrams can always 
be used wb«n setting out some preliminaisr or trial design, or checking a design; when caiehiUy 
and accurately drawn they can be utilised directly in designing all ordinary structures^ thus 
saying a large amount of time and labour which would be necessary if all required yfdnce were 
calcalated arithmetically. Since theee diagrams show the yariations in stress throughout the 
beam, they can be further otilieed to set out the sections or scantlings of the web and flange 
memben, eoch as the thlcknesB of the web or shear resisting membenL and the cut-off in the 
flange plates or bending resisting memben. 
. The tabies oi banding moments sad shearing stresses giyen on pages S16 and 317 embrace all 
simple conditions for ooncsntested or uniformly distributed loads. Anr oomplez loading occurring 
Inpiactloe can always be rewiyed into a series of simple loadings; sothat diagramsforeachsimple 
loading can be drawn on one beae Mnt, and theee alagiams combined to produce the requir^ 
diagram for the oompleK loading by adding together the seyoral ordinates at any desired section. 
An ezamide of this Is giyen in fig. S. 

It should be noted that fbr any series of ooncsntrated loads the bending moment line will 
form a polygqp, the line changing Its direction over each of the loaded points; at each of these 
points the shearing strma la suddenly changed in yalne^ and the tbesi^ stress diagram takes 
a stepped outline. For s onUoimly distributed load, the bending moment line Is always s 
paiakwic enrye^ while the shesilng stress ebanges by a regular gradation. 

When beams or girders areof vaiyingdepth, the diagrams on pages 316 and 317, which are baaed 
on the oondltlon of onilorm depth, must be adjusted, for the following reaaon:—By formula (S) 
it will ba obyloua that the flange stresses an dependent on the depth, and, in fact, coiy inoertely 
a» ikt* dtpih; it is^ thereforsb necessary to alter the bending moment heights in the fneerse ratio 
to ike aUtnUon in doptk oj tht Warn, Redndiig the depth of a beam Increases tha extreme fibre 
atTML and narerttstes the incnaslng of the hdght of the bending momcDt diagiam. Fig. 3 
and tha brief explanation accompanying it will Inmci^ how thJa adjustment can be readily oarriad 
ont. 
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Whm tb« ibMrlnc itw dittgrua Is InUndsd to bo osodl In sstUng out tho vorjlng IhlekneMi 
of tho^wob pinto of n Doom, tho shonr atraa dingmm moot slnllnrij bo ndSnotoil bj nItstiiiK Its 
holghts In fmwrwraflo 10 Msottmtflon in iliplAo/cbsbsam; n shallosiorgiidor nsessiltntss n thtekcr 
wnbf whon tho sbonr Tnloo rsmnlns unnltsru (seo fig. fi). 

Whsn thsso mphiodlngmawon pngos S16 nnd 917 nro nsod In connection with poael or lottioi 
girdoiB, n modiflontlon Is necenair, since the flnnge stress rsmains constant between the points ol 
connection of flange to lattice ban; the diagram becomes stopped in ontiine and may not bo the 
same in both flanges (see fig. 4). 

For the majority of the simple pand or lattice girdon met with in piactioe» therarioos streaiPH 
can bo most really obtained by the rsciprocal diagram method or by the method of moments. 

This example shows a free- 
ended beam supporting a ani> 
formly distributed lo^ (see 
Table 1, type (d». the bending 
tnoment and shearing stress 
diagrrams being indicated by 
dotted lines; and a single con¬ 
centrated lo^ (see Table type 
(e)), the two diagrams being 
here indicated by broken lines. 
The combined diagrams for 
these two loads are ahown by 
fall lines, and are got by adding 
together the two heights at 
any section, to obtain the new 
height there. 

Fia. 3. In some cases, as for girders 
with fixed ends, negative mo¬ 

menta may occur, and these must obviously be added algebraically to the positive moments to 
•btain the required new combined height. 

This figure ahowa the adjnatment of the bending moment and shearing tfcrem diagrams due to a 
change in the depth of the girder, and a simple grimhio method of arrlring at this adjustment. 
The left half of fig. 8 shows diagrams for a free-ended girder of uniform depth carrying a uni¬ 
formly distributed load (Table 1, type (d)); In the right half of the figure the depth of the 
girder is reduced as indicated. 
From the centre to the first 
section line the depth is uni¬ 
form, so that the bending mo¬ 
ment line remains unaltered, 
but beyond this section the 
height of diagram mu$t be 
increased in proportion to the 
reduction in depth of the girder. 
This increase can bo obtained 
graphically thus : — Take 
the vertical section line at 
point a, and draw any line ab; 
on this line mark off ab equal 
to the centre depth of the 
girder, and ae equal to the 
reduced depth at this sectiou : 
join cd (d being at the point of 
intersection of original dia¬ 
gram line and section line), and 
draw be parallel to cd and 
cutting the section line at e. 
It is obvious that the new 
vertieal heights cse and ad are 
proportionate to the original 3. 
depth and the reduced depth of 
the grirder, or to the lengths ub and ac^ and consequently the adjusted bending moment diagram 
must pass through the new point e. Repeating this operation at a number of other sections will 
give a series of new points through which the complete adjusted diagram can be drawn. 

Similarly if tho shear diagram is to be used for determining the thickness of web plate 
required, its depth must first ^ increased in proportion to the redwdion in depth of the girder^ 
since the sectional area of the web plate is directly proportionate to its depth. Graphically the 
same operation as above explained can be followed, marking off on the line of the lengths af 
and ag equal to the centre and reduced depths of the girder, drawing the lines gh and fj 
paralld to one another, and deepening the diagram at this section line to the pointy. The 
complete adjusted diagram would take the form of the curved line otk. 

Ita determining the etremee on the leveral members of a lattice girder eubh m that outlined 
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FlQ. 4. 

Thte 8lrd«r testa on ftbatmenta at Its ends AG* and Is loaded at the points BODEF, say by 
means of exoM girders resting on and dxed to the top flange. ^ 

Considering first the at oentre point D, the upper flange does not support It, but the 
loadDSMSs ^wBwards through the Tertloai strut DM, and is carried by the two inoUned ties 
MO MB At the upper ends of these ties the tension due to load at D becomes resolTed into 
Mmnra^on streM between OB in top flange and compression stress in OL and BN, to which 
tatter strenes must be added a further compression due to loads at points 0 and B. This transfei 
^ is continued to the ends of the girder A and Q, the final compression stresses at each end 
behuc eaual to ball the total load, and acting on the bearings at toe abutments. 
^e dotted lines on upper and lower diagrams indicate toe bending moment diagrams, and 

toe foil lines touching the same show the adjustments necessary owing to the breakage up of flanges 
and web into a series of members Jointed together. The above referred to adjustment is made 
as follows '—The beading moment diagrams are divided np into sections to correspond with the 

of bays in the girder, and as the stress in any section of top or bottom flange must be 
oniform from joint to joint, the several lines in the diagrams representing the stresses must be 
nar«tHAl to the base line of the diagram throughout the lengths between the joints or junctions 
between flanges and lattices, all variations in stress taking place suddenly, and being represented 
bv vartioJltaes In diagram. The stress is the portion AB of upper flange is determined from 
toe moment at point B, and is eou^ to 66 j at BO it Is oQual to cc { and at oentre portion 
ODB it Is eaual to dd. Similarly in the lower flange, since the girder is complete without any 
members extending from K or O to the abutments (as dotted lines), the first stressed bar in 
lower flange is toe amount of stress being determinld from height 66; the oentre portion 
LMN bavmg its stress determined by toe height cc; the stress in the two inclined members 
OM and BM being eqnal—on the assumption of equal loads at all upper flange joints—must 

one ano^r, and conseqnently do not affect the lower flange stress at centre. 

Influence Value Tables. 

It has already been pointed out on page 212 that the several beading moment diagrams given 
on Dsges 216 and 217 may be combined to produce one diagram for a series of different loadings. 
S result may be readily obtained, particularly where the value at one particular 

ii by cftlcntating toe bending moment value at that section for each loading 
and the several values together. This process can be much simpllfled by the use ol toe 
tables on pages 218-219. where toe value is given of the effect or influence at a series of other 
Dointa or teSiiwm throughout the length of the beam, of a concentrated load applied at certain 
D^ta. These values are for a load ^ unit value for a beam of unit length, and for a beam with 
f^ ends. wHh one end flxed, and with both ends fixed: and reactions and inflection points 
are atoonoted. The brief notes aocompanylng the tables will explain their application. 
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INTERNAL STRESSES. 

The tendency of a beam to shear, or to deflect, imder any system of loading, is opposed by 
the resistance of the material of which the beam is composed to shearing, or to tension or 
comprenlon. 

It is the general practice to consider the flanges as resisting the bending moment stresses, the 
web proyidlng the required shear resistance only. 

Considering in the first instance the flange stresses, it is evident, if fallore is not to occur, 
that the moment of resistance at all points In every beam or girder must oppose and balance the 
bending moment there; this resistance moment is the sum of the momento of all the fibre resis> 
tances reckoned about the neutral axis. In a beam of ordinary section the resisting fibres lie at 
various distances from the neutral axis (owing to the thickness of the flanges) ; but the simplest 
cose is that of a girder with flanges whoso thickness is small in comparison to the depth of the 
girder, so that without material error all the fibr^ of one flange may bo considered to be practically 
at one distance from the neutral axis. Thus if <1 « vertical depth of girder between centres of 
gravity of the two flanges, M bending moment duo to the external loads, we have the general 
formula, 

.(3) 

F being the horizontal stress in either of the two flanges, being compressive stress in the one 
and tensile strength In the other. 

Where the flanges of a girder are of considerable thickness, in comparison with the depth of 
t he girder, or the beam is of a non-symmetrlcal or irregular cross-section, the fibres of either flange 
cannot be considered as practically at one distance from the neutral axis, and it is necessary to 
take into account the varying distances of the fibres from the neutral axis, in the following 
manner:— 

Under the action of any transverse bending, the intensity of the tensile and compressive 
stresses varies in different fibres of the beam, being greatest in the extreme fibres at the top and 
the bottom of the cross-section, while the fibre-stress will be zero at the * neutral axis.* 

WlialeviT may l»o the figure of the heam'.s cross-.stytion, the neutral axis will be a liorizontal 
hue drawn thnuigh its centre of gravity ; and the intensity of rlie stress in any fibre will be pro- 
j)ortional to the vertical distance w of t he fibre ab(»ve or Ix^low' tiie neutral axi.s. 

If a denotes the .sectional area Of any thin layer of flbre.s lying at the height v above the axis, 
the total stress in that layer will be proiH)rt)onal to «;/, ami its moment about the neutral axis 
will be proportional to x y = wy*. The summation of the quantities ay* for the different 
layers is the so-callcxl * moment of inertia ’ of the beam, or 

1 = 2 Onn.(4) 

When the bending moment, M, due to the external forces ha-? been found In the manner 
already described, the problem Avill often be to fir.d the maximum stressi^or square inch, /, in the 
extreme layer of fibres; and if y denotes the vertie:d distance of thuv layer from the flcutral 
axis, we have 

.(8) 

Where the section of the beam is symmetrical about the neutral axis, as in rolled jjoists 
y =» half the vertical depth of the beam between centres of gravity of the two flanges, or Jd, and 
for such sections the above formula rifay be written. 

Md 
21 

(6) 

In the case of cast iron, whose strength in compression is much greater than in tension, the 
tension flange should be made considerably larger than the compression flange. In rolled steel 
joists the two flanges are made of equal area, and an approximate value for the moment of 
resistance may be readily found by adding to the actual area of each flange ith of the area of the 
web, and then reckoning the depth d as the depth between the centres of gravity of the two 
flanges ; then with A => area of one flange and |th web, and F ==> max. safe stress on steel, 

Approx, resistance raomout »= A x F x d . . . . (7) 

When the thickness of the web is small in compiurison with the width of the flanges, the extreme 
tensile strength,/, under the breaking load, as determined by formula (6), corresponds nearly with 
the ultimate tensile strength of the material; but should the girder Imve a very substantial web, 
ur should the section be that of a solid rectangle, the calculated breaking load will generally be 
‘'o\mtl to be lower than t.}>e actual i>roaking load. For such cases see formula on page 222. 
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T&BLB 1.—BBKDINO MOURNTS, SHBAIlINa STRBSBBS, and DBFT.BCTION OF STBBL OlIiDXIlR. 
Grapbio Diagrams and Formnlee. 

> (<1 «i <» !• <n 

Formulie. 

Bending 
Moment. 

Shearing 
Stre;*^. 

Maximum 
Deflection. 

M » WL S = W 
\VL» 
3EI 

M = 
2 

S = W WL* 
8K[ 

M = 
4 2 

WL* 
48EI 

8=''’ 
2 1 

WL* 
. 76*8 Rl 

M = 
L 

s:; _ W 
‘ ' L 

s, = 

Wxi/(8L-.i) 
27'BIIi 

»< v'3.rr2r4-.r] 

Wj:(aL*-4x" > 
2 

M WL M.=: ^ 

2 

2 

48K1 

WL' 
192R1 
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TaHLU II. UK.VDINU MoMU.VI'H, SHKAUINU S'i'llKHbES, AND DKKLKCTIONH— 

Formulse. 

Bending 
Moment. Shearing Stress. Maximum 

Deflection. 

8 
WL" 

2 384 B7 

4 
1 S. - HW 

WL“ 
107*3 El 

d.-.^WL 1 I a,-.rVW 
at a point 

‘5628 L from 
Fixed End 

f o> 
' 8 

s. “ ;w 

1 

j WL» 
1 I84-6EJ 

8 
a, - |W 

at a point 
! 6786 L from 
I Fixed End 

Notk.—A/i curves in these tables as'e parabolic curves. 

For an example of the combination of bending moments and shearing stress diagrams, and 
adjastmant of same, see page 918. 
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Tablb YI.->Mombmts of Inertu, Sectional Area, etc., fob various Simple Sections. 



FAOTOB OF BAFBTY Sec. VII 

Solid Bootanfirular Boamt. 
Whara tlM atnngUi oan be ihowii to yxr dlieotly m the bxeedth of the beam and ae the 

iqoare of the depth, it Is better, simpler, and more direct to oalooiate the strength by means of 
ooeffloiants deitfed from direct experiments in croes-breaJdng; thus 

BiesMng load in tons . . . (lo) 

TiBia vn. 

IfbtariaL OodLe. Bnds of Beams. | Ooefl. k. 

Mild Steel 8*60 
Oastlioii 8*80 
firCSpruce) 0-60 
Ba^Oi^ 0-76 
Bed Pine 0*66 
Yellow Pine 0*60 
Pitch Pine 0-76 

One fixed, other end loaded 1 
M M load distributed l 

Both supported, load in centra 4 
t« n »t distributed 8 

Both fixed, „ in centra 6 
•« ,, ,, distributed 12 

The factor of safety for steel may be ith to |th breaUng load; for the other materials It 
may ▼aiy between ith and ^th breaU^ load. If the beam earries a heaxy liye load the safe load 
shoold be fortha lednoed. 

tablb vm.—bending stresses. 

In tons per sq. In. 
British Standards 449—1948, for the Use of Stmctnral Steel In Building.* 

High Tensile Steel. 1 

Mild Steel B.S. 648 B.S. 968. Other 
B.S. 16. Steels. 

Up to 1| in. 1 Over If in. Up to 1 in. Over 1 in. 
thick. thick. thick. j thick. 

Intension: Beams 

10 1 16 1 13 13-6 12-26 0-66/yt 

Plate girders 

10 14-26 1 1 
12-26 12-76 11-6 0-66/^1 

In eomfrettion : the above values or l,000Si -r l/r tons per sq. in., whichever Is the lesser, 
where I is the length between effective lateral restraints, r is the radins of gyration of the section 
pmpendlcolar to the plane of bending, and Ej is a factor taken as unity except for rolled steel 
jmst^ compounds and plate girders, symmetric^ about both principal axes and subject to bendiiig 
abontxwaxis. For these the value of Ej shall be:— 

rx»Ir„ 9-0 4*5 4 0 8-6 3-0 or less 
1 1.126 1.26 1-376 1 6 

Tliera are qpecial clauses dealing with cased beams and encased filler beams. 

Shear stress in Webs. 

8”*® section of the web rfiall not exceed the lesser of 
(1) and (2) bdow for unstiffened webs, and of (1) and (3) below for stiffened webs. 

(1) 6*6 tons per sq. in. for steel to British Standard 16. 
9 tons per sq. in. for steel to British Standard 648 up to and including If in. thick. 
8 tons per sq. In. for steel to Britiah Standard 648 over If in. thick. 
9 tons per sq. in. for steel to British Standard 968 up to and i in. thick. 
8 tons per sq. in. for steel to British Standard 968 over 1 in. thick. 
0*49/|^for other steels, where/y is the guaranteed yield stress in tons per sq. in. 

* By permisrion of the British Standards Institution. 
ifgiB the guaranteed yield.stress in tonsjper sq. in. 
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(2) ^ toofl per sq. in. for nnstlflened webs, where d la the dear distance between flange 

angles, or where there are no flange angles, the dear distance between flanges, and t is the 
thickness of the web. 

(8) ) 1^1 + l(a) J effectivdy stiffened webs, where a is the greater 

unsupported dimension of web in a panel, 6 is the least unsupported dimension of web in a panel 
and (is the thickness of the web. 

PBBiiissiBLB Stresses m Rivets and Boms. 

In tons per sq. in. 

Steel to H.T. Steel to 
B.S. 15. B.S. 548. 

In tension— 
Axial stress on gross area of rivets and net I 
area of bolts: I 

Shop-driven rivets .... 5 7-6 
Field-driven rivets «... 4 6 
Bolts 1 in. and over in diameto 6 9 
Bolts less than f in. diameter 6 7-5 

1 In shear— I 
1 Shear-stress on grass area of rivets and bolts: 1 

Shop-driven rivets .... ii 9 
Field-driven rivets .... 5 7-5 
Turned and fitted bolts 6 9 
Black bolts. 4 6 

In bearing— 
Bearing stress on gross diameter of rivets and 
bolts: 

Shop-driven rivets .... 12 18 
Field-driven rivets .... 10 15 
Turned and fitted bolts 12 18 
Black bolts. 8 18 

Permissible bearing stress for high tensile steel to B.S. 968 : 18 tons per sq. in. 

DEFliECTIOrr OP BEAMS. 

Deflection formate for varioas arrangements of loading are given in Tables I. and IL, pp. S16 
and 317. For strootoral steel the valne of E (the modnlns of elastidty) may be taken at 
80,000,000 lbs. and the value of W most then be expieamd in lbs. also. 

CONTINTTOUS BEAMS OB GIBDEBS. 

When a beam is carried upon more than two sapports the reactions of the several supports 
cannot be directly determined, and, in consequence, the bending stresses can only be found by 
reference to the changes of form which must aiwa^ accompany those stresses, and which are 
fixed or limited at certain points by the conditions of the atructure—-conditions which vaij in 
each case with the width and the number of apana, as well aa with the diq)oaition of the load. 

When the beams are of uniform section, auoh aa rolled steel Joists or rectangular timber beams, 
the strength or load which may be safely carried will depend on the greateat bending moment 
of either hind which oocuis throughout the whole length of the bridge, and the advantage of a oon* 
tinuoua beam to cover a number of spans will depero on the number and spadng of the supports. 
In oases where all the spans are of oniform length, and the load is uniformly distributed througbout, 
the maximum bending moment valnea for varying nombera of spans can be found in many text¬ 
books. 

For the General Problem, however, where Uie spans are of different lengths and the loads 
vary, the determination of the stresses in continuous beams is a very complex one. Tbs 
easiest solution is to be found In the Graphic Method, generally known aa the * M^od of Oharao- 
teristic Pointa,* deaoribed by Profeseor Ftdler in a paper read before the Inst. O.B. (Pree^ 
vol. Izxiv.), and treated in detail In Fidler'a * Bridge Oonstruoilon.* 

Before proceeding to detennins grapbiosUy the stresses In a oontlnnous beam. It is neoessary 
to find the Oharaoteiistio Points, and the following examples will illnstrats how these pointa can 
be fixed for any bending moment diagiem for a frse-sndea sln^ span beam. 
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In fig. g,AB rapwimtotlie ipan, nd the parabola AOB the bending lym^tdlyn^ due to 
a aniforadT dtetrlbotad load. Dlride the epan into three eqaal parte, AE, BP, and PB, Md at 
points B and F enot perpendloalan BJ and PX. The height of the polnta J and K (which lie 
on the line GH) aboTe the base line la fixed by the condition that th» me«Mn< e/ th* 
ebeal eiw end 0/ lAe wpwa 9haU equal the moment of the rectangle AQBB about the came point. This 

c 

diagram eymmetrioal about the vertical centre line, the centre of gravity of these two areas 
will fall on tra centre line, and the moment arm for each area will be equal to | AB, or one-half 
■pan. 

In ease of the parabolic B.M, diagram. 

Area AOB - } OD x AB, and area AOHB » AG X AB 
.*. BJ - PE - I OD. 

The (]haraoteriatlo Points for a uniformly distributed load, therefore, occur at a height equal 
to I the central height of the parabola. 

C 

Fig. 6 shows the diagram for a concentrated central load, represented by the B.M. diagram AOB, 
and by tfhe same roesoning as for a distributed load, the height BJ and FK will now be equal to 
^ the central height OD. 

Fig 7 shows anotfhe** symmetrical case where two equal concentrated loads are placed at the 
same dirtanoe from the centre line; here again the same reasoning as before is adopted. Assuming 
a snan AB «■ SO ft., with the two equal loads of 6 tons at 4 ft. from ends A and B. BM «■ 6 x 4 

34 ft.-tons ■■ height for OL and DM. Then moment of area AODB about A AM x 
384 

MD >» 16 X S4 884, and height of an equal rectangle AGBH » ** ^*** ** 

Where the B.M, diagram ie not eynrnelitUal about the centre vertical line, the two Oharacteristio 
Pdlnts, sUU situated on the two perpendicular lines at | AB from each end, are not none 
atSeoame hetghi above the baee line, since the moment of a non-symmetiloal B.M. diagram will not 
be the seme about the ends A and B. 
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For ozompto, llg. 8 ihowf • beom, 107,80 ft. long with • lood at D of, taj, 10 toM plaoMl at a 
dl8taiiooof8ft.fromB. ThoapwardreaotionatendA * .*Wof 8 tom-8-13 tona, and the height 
DO^of B.M. diagram AOB — 3*18 x S3 — 46*3 ft.-tom. Draw a line from the centre point 

C 

of AB to 0, and set off OL — } of the total length, then I« is the centre of graTitj of the B.M. 
diagram AOB. The moment of the area AOB will be greater about end A, thus h (— height of 
rectangle to balance the greater moment) will be found thus:— 

Area AOB X 17-0 - A X 80 X 16. 

or, 
80 X 4«-9 

X 17-6 

A- 
704 X 17«6 

Ax 460 

37-4, 

and atmUarlj about B, 
Area AOB x 13-6 - A X 80 X 16; 

A-l»*6. 

These Talues, therefore, glre the relatlre heights of the Gharacteristio Points K and J. 
This method of locating the Oharacteiistlo Point Is applicable for anj condition of loading, 

as it is only necessary to set up the combined B.M. diagram for any desired combination of loads, 
calculate the area, and the positiTe of the centre of gra^ty of this combined diagram, and proceed 
as indicated to calculate the height of the Ohoracteristic Points, noting that two calculations will 
be required if the BM. diagram is not symmetrical about the yertical centre line. 

In the case of any Bending Moment Diagram for a simple free-ended beam, the bending stress 
at any point in its length is proportionate to the rertical height at the requir^ point, measured 
from the original base or datum line AB, and Characteristic Points are unnecessary. Should the 
beam be rigidly fixed at the ends, use must be made of the new base or datum line found by draw¬ 
ing a line through the Gharacteristio Points and scaling the required balding moment values 
from this new Ihie (marked OH in figs. 5-7, and MN in fig. 8). The positive BJM. stresses 
^ the middle portions of the beam) are measured upwards from the new base line to that of the 
B.M. diagram, while the negative stresses are measured downwards. The B.M. is sero at the coatra- 
flezure points, where the bending stresses change from positive to negative. Thus theoretically 
each span consists of two end cantilevers supporting a hinged or free-ended beam. It being obvious 
that at the points where the bending directions change, the bending stress must be sero. (Note,— 
The bendirig stress in the end portions are generally termed negative stresses and r^resented 
thus —, while the centre portions are positive stresses and represented thus -f. In the diagram, 
negative stressed portions are indicated by horlsontal line shading, and positive stressed portions 
by vertical shading.) 

Bending Moment for Continuous Girders. 

If the rigid fixing at either end of a beam is altered or interfered with, the alteration in bending 
stresses which then follows throughout the length of the beam can be represented by an alteration 
in the position of the straight base line, so that it would pass above or below the Oharacteristio 
Points. When a oontinuous length of beam is carried over two or more spans, this interferenoe 
occurs at the points of support between the several spans, and FidlePs method enables the effect 
of this interferenoe to be graphically represented In the following manner: see fl^. 9, which 
represents a four-span continuous bridge canylng a distributed load; the B.M. diagrams in this 
case take the fonn of a parabola. For any other form of loading the suitable diac^mm must be 
used. 

Oalculate the bending moment for each span separately as for a free-ended beam, draw the 
corresponding diagram for each span on the base line AB, and set off the Gharacteristio Points, 
as previously explained, marking these points 1 to 8 as shown. If the outer ends of end spans. 
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At A and B, rat freely on the eapporte, the two end Obaraeteriftlo Fointe 1 end 8 are diategatded. 
The'problem now la to draw a eerfea of itralght linea, AO, OP, PQ, and QB, bot theie linen muti be 
io fflaeed that thep pass above and beUtWt or beUns and above the CharaeterisUe Points on either etde of 
the vertical lines over the supports B, (7, and D. at distances inversOp proportionate to the adfknirtg 
spans: for Instance, In fig. 9 the distance of the line AO above point S should be greater ttum 
that of the line OP onder point 8 la the proportion of the lengths BO to AB. These conditions 
are carried to the end, points 4 and 6 being at proportionate distances abore and below, and 
points 6 and 7 below and above the broken mie, which finally most end at B. This broken line, 
AOPQB, will now represent the new base line from which the positive or negative tending moment 
valfies for any point in the bridge can be scaled off. As in the simpler diagrams previously given, 
the portions sabjected to positive bending are shown by vertical shading, and negative bending 
by borlsontal shading. 

The sketch diagram WX (p. 326) Indicates graphically the system or combination of simple 
beams and cantilevers into which a continnoos beam over several supports may be divided. 

The sketch diagram YZ gives a graphic representation of the shears and reactions; the reac¬ 
tion is always equal to the shear. The shear at the points of maximnm holding becomes sere, 
or passes from positive (+) above the base line, to negative (~) below the base line at these 
points. 

The shear and reaction can be readily calcnlated from a consideration of diagram WX. 

Shear at A T-f) « reaction as from a free-ended beam WX; this value is set up on line TZ, 
at Ya, shear lot of B (—) ■■ total load on span lees left reaction (set off de on line YZ). Shear 
on right of B (4-) -> load on cantilever X„ x„ pins half-load on suspended span X8, XS (set up 
de on line YZ). Reaction on support B — sum of above (—) and (-f) shears. By the same 
reasoning, the remaining shears and reactions can be determined. Draw lines connecting the 
points oc, eg, jl, and np, to complete the shear diagram; and note that the shear sere points b,f, 
A, and e, should oocor at the centres of the Imaginary beams in diagram WX. 

COLUMNS AND STRUTS. 

BRITISH STANDARD 119 -1948, FOR THE USE OF STRUCTURAL STEEL IN BUILDINO.* 

Effective length of Struts. 

Effective Jjenglh.—The elTeotivo len^-h (f) of a compression member for the purpose of deter* 
mining allowable axial stress shall be eoiuplet-cd as follows :— 

Where both entis are held in position and restrained in direction, 0 • 7 of the actual length. 

Where both ends are held in position and one end restrained in direction, 0*85 of the 
actual length. 

\7here both ends are held In position but unrestrained in direction, the actual length. 

Where one end is held in position and restrained in direction and the other end is par¬ 
tially restrained in direction but not held in position, 1*5 t’rnes the actual lenj^. 

Whore one end is effectively held In position and restmined in direction and the other 
end is not held in position or restrained in direction, twice the actual length. 

The effective lengths of stanchions relative to end and beam connections are illustrated 
in fifteen pages of drawings, the effective length and slenderness ratio for design being indi¬ 
cated in each aise. 

Maximum Slenderness Ratio of Struts. 

The ratio of effective length to the appropriate radius of gyration shall not exceed the following 
values: 

(tt) For any Tnoiuber carrying loads resulting from dead weights and superimposed loads: 180. 

(6) For any member carrying loads resulting from wind forces only, provided the deformation 
of such member does not adversely affect the stress in any part of the structure; 250. 

(c)' For any member, normally acting as a tie in a roof truss but subject to possible reversal 
of stress resulting from the action of wind: 350. 

There arc separate tables for the permissible working stresses for discontinuous angle struts, 
both for single bolted or single riveted end connections and for doable bolted, double riveted or 
welded end connections. 

There are special clauses, also, relating to cased struts. 

• By permission of tha Britfdi’Staadards Institatiou. 
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TlBU IX. 
FEKmSSlBLB WOBKINQ STBB88BS FOB AXIAL LOADS ON STBUTS, IN TONS PEB SQ. IN. 

OP GROSS SBOnON. 

1 H.T. Steel to B.S. 548. H.T. Steel to B.S. 968. 
1 i Mild Steel I 
r 1 B.S. 16. 

Up to If in. 1 Over If in. 1 Up to 1 in. 1 Over 1 in. 

0 9-00 i:i-5 11-50 12 *60 1 11-06 
10 i 8-r,i 12*65 10*83 11*73 ! 10*37 
20 8*03 11*80 10*17 j 10*69 9*74 
30 7-61 10-94 i 9*60 10*19 9*11 
40 1 7-06 10-09 1 8*83 : 9*42 j 8*48 

50 ' 6*57 9-24 8*16 8*65 1 7*85 
60 6*09 8-39 7*50 7*89 7*22 
70 : 6*60 7-64 6*83 7*12 i 6*59 
80 5-12 0-68 6*16 6*35 ; 5*96 
90 , 4*62 5-77 5*10 6*54 6*26 

100 4-13 4-90 4*71 4*80 4*60 
110 3*67 4-27 4*09 4*16 4*02 
120 i 3*26 3-70 ! 3*67 .3*61 3*51 
130 I 2-89 3-22 j 3*12 3*16 3*08 
140 1 2*67 2-83 ; 2*75 2*78 2*72 

150 2*30 2-50 j 2*14 2*46 2*41 
160 i 2*06 2-22 ! 2*17 2*19 2*15 
170 ■ 1-86 1*98 1*96 1*96 j ; 1*93 
180 1*68 1-78 ; 1*76 1*76 1*74 
190 1*62 1-01 1 1*59 1*60 1 1*68 

200 j 1-30 1-46 1*44 1*45 1 1*13 
210 i 1-27 1*33 i 1*32 1*32 1 1*31 
220 1-17 1*22 i 1*21 1*21 1 , 1*20 
230 1-08 1-12 1 1*11 1*11 1 1*10 
240 0*99 1-03 1 1*02 1*03 1*02 

250 0-92 0-96 i 0*96 0*95 0-91 
300 ! 0-65 0-67 0*67 0*67 1 0 - 66 
360 0*49 0-50 0*60 0*60 0-40 

BccENTKrcrry for Stanchions and Solid Columns. 
The assumed eccentricity of loads on stanchions and solid columns shall be ; 
(i) At the mid point of stiffened seating of a stiffened bracket. 
(ii) At the outer face of vertical leg of an unstlffcned bracket. 
(lii) At face of strut in the case of cleat connections to web of beam. 
(iv) a. At the mid point of cap bearing continuous beams of approximately equalspan and load. 

b. At the edge of stanchion towards span of beam in the other cases, excepting roof trusH 
bearing. 

c. No eccentricity for simple roof truss bearings without connections capable of developing 
an appreciable moment. 

Axial Stresses in Tension, 
The direct stress in pure tension on the net area of the section in tons per sq. in. shall not exceed 

the following values: 

j H.T. Steel to B.S. 548. H.T. Steel to B.S. 968. 1 

MUd Steel 
to B.S. 15. 

! Up to If in. 
! in Thickness Over If in. 
1 or Diam. 

i 
Up to 1 In. 

In Thickness Over 1 in. 
or Diam. 

Other 
Steels. 

9 1 13*5 11‘6 1 12*5 U 0*59/y 

whole/y Is the guaranteed yield stress in tons pet sq. in. 
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Conthined Streuet, 

Bending and axial compression,—Members subject to both axial compr^'sslon and bending 
stresses shall be so proportioned that the quantity 

fa fde 
/•’« ^ Fbc 

does not exceed unity, 
where fa — the axial compressive stress. 

Fa = i'ho permissible compressive stress in axially loaded struts. 
• fbe = the sum of the comi^ressive stresses due to bending about both rectangular axes. 

=3 the minimum permissible compressive stress for members subject to bending. 

Bending and axial tension.—Mem>>ers subject to both axial tension and bending stress shall be 
so proportioned that the quantity 

ft . fbt 
Vt * Fftt* 

does not exceed unity, 
where ft =» the axial tensiie stress. 

F* the permissible axial tensile stress. 
fbt =** the maximum tensile stress due to bending about both principal axes. 

Fw *= the permissible tensile stress in bending. 

Permissible Stresses in Weltis. 

There are special clauses relating to the permissible stresses in welds for mild steel and tot high 
tensile steel. 

Stresses due to Wind Forces. 

The working loads and stresses per sq. in. specified for beams, pillars, and all their connections 
in B.S. 449, as computed for all loads and forces other than wind pressure may be increased by 
25 per cent, in cases when? such iucrease is solely due to stresses induced by wind pressure. 

Tabi.r X. -0A8T Iron OoIiUMNS. 

Maximum Safe Stresses per sq. In. of Sectioa. (london Building Act Amendment, 1909.) 

L Hinged Hln^sed L Hinged Hing^ Ji-ixed Is Hinged Hinged 
Fixed 

R Sxed. ends. R ends. fixed. 
ends. B ends. fixed. ends 

3 4*4 4*9 6-4 32 2*9 3*4 3*6 63 1*4 1*9 2*4 
4 4*3 4*8 6*3 Bl 2*8 3*3 8*8 (M 1*3 l*f 2*3 
« 4-2 4*7 6*3 Bn 3*7 8*2 8*7 66 1*2 1*7 2*3 
8 4*1 4*8 6*1 Bn 3*6 3*1 3*6 68 1*1 1*6 2*1 

mum 40 4*6 60 n 2.5 SO 3*6 70 10 1*6 2*0 
13 8-9 4*4 48 43 2*4 2*9 3*4 72 0*9 1*4 1*9 
14 8*8 4*3 4*8 44 2*3 2*8 3*3 74 0*8 1*3 1*8 
16 8*7 4*3 4*7 46 2*2 2*7 3*2 76 0*7 1*3 1*7 
18 3*8 4*1 4*8 48 2*1 2*6 3*1 78 0-6 1*1 1*6 

3*6 40 4*6 60 2*0 2*6 8*0 80 0*5 10 1*6 
33 3*4 8*0 4*4 63 ■ 1 ■7V 2*9 82 0*4 0*9 1*4 
34 3*3 8*8 4*8 64 KSfl 2*8 84 0*3 0*8 1*8 
38 8*3 , 1*7 4*3 mm KB Klfl HSB 88 0*3 0*7 1*3 
38 8*1 3*6 4*1 KB KSfl mSM 88 O-l 0*6 M 
80 80 8*6 4-0 <0 1*6 ■a Hyn 90 0-0 0*6 1*0 

Biveted Joints in G-irderwork. 

Tile flTeted loint ol a Unahm-membar ai^ fail eltiMr by the tearii« of the plato. or the 
■hoariog of the dTets, or in soma spooial oases by tlw oilppling of the bearing area between plate 
and ihrtk of rlTot 

The tearing of the plates is resisted by the tensile strength of the plate per eqnaie of 
area taken over the net ejjfseiite section between rixet boles. When the assumed Une of fkaotnre 
Is at right anglef to the dlreeiloii of the pnlL the seotioaal area meaenred on this llna between 
the riret-bolee Is the net effeetlTe teetlom Bnt when the Une of traotore may follow a aigsaff 
or inoUaad direotlon, tba efleotira aaetioaal area abonld ho taken at aboat thraa-fonrtha 7 tS 
area measured on eooh a Una. The traetlon le not uniTersally applhmble, hat wSI eeaaiallT 
meet the oeM of ordinary atgaagrlTeting. a««««ny 
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n* *MiiH «l th* iMM k iMktod hr th* dMutaf iliaacth tiM (irtt-iMtoitat pnitnn 
iMh «i MW takfB o?tr tiM «fl8otiT« leitHoo d Um iiT««e eimred. AMomiiv all the ilTete to 
take ttee^oalihaze lathe wort, the Biimber of fivtta engaged in reiletlag the total poll npon the 
tie will be the whole niuaber at rlTeti la the eeae at a leHofat eneh ae that ihowaIn llgi.lS 
andl4; while la the eaae oC a bolt lotat. aoah aa Ve. 9of flg.l5,lt will coaalet only of the rlTets 
eaployM oa either tide at the joiat. Bnt la any laige aaMmblege of rlTeta allowanee aaenid 
be aade lor aneqnat dletiibotion ol the wort whea ealoalattag the number of rirete required 
toe a jolatk 

For ilTete In * eingie ahear * as la the ease of lap Jolate, and In butt joints eoTered aj a slagle 
eorer^plate, the effeetlre leetloo of each rlret Is elmply the area of Ita oroiB asetloeu Bat wher- 
eTsr praetleable doable eorer>plates should be employed, plaoing the rlTete In * doable shear/ 
and In this ease the effeetlTs aeetlon of eeoh ilret shooid be reckoned at 1} times the seotional 
aisa of the liret 

In wroi^t»lron work the shearing strength of good riret iron per square inch is fully equal 
to the teaaOe strength of the plates; and the effeotlre rlret seetion Is often made equal to the 
effeetlre plate seetiaa, an allowanee of 10 per oent> being sometimes added la the ease of large 
jointa. ^ 

The fhearlng stiength of steel rlrets may be taken at 34 tons per square laeh, whOe the plates 
hare often a tensile strength of 36 to S3 tons; and the riret scotloa will geaeially requite to be 
somewhat greater than the plate eeotioB. 

The * eflMenoy * of a rlreted joint Is the ratio between ita stiength at the weakest part and 
the strength of the anpsflaiated plate. 

RIVETS AND RIVETING. 

Bivets. 

The heads (fig. 10) are uaaeUyeitber snap or pan. Snap heads ate used genenOly In maehlne 
rlTsUng. The points are oountenunk, conical, or snap; the former are iaigely employed In 
Iron shlpballding, where a flush sufaoeia required, the latter in ordinary boiler and bridge wort. 
Oonioal, also oalled ifqff or Aamewred, points are ehiefly used where the rsstrleted spaas only 
allows of hammering. 

The foOowtag figures giro eidlnary proportions of rlTst heads In terms of diameter of shank. 

SNAP READ. PAV HBAD. 

If d at shank of rirat, 

Length allowed for focming pan head 

oountenunk head 

- 2 to 3id( 

-lid. 

» Id. 

-IK 

Wfam a oonioal form Is giren under the rhret mad an additional length of about i' is usually 
aUowsd in amklnf the rlrth 
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BBTEiaB STANDABD SPBQIFIO^OH FOB DIMBNSIONS 07 BIVBTS.* 

(4 Inch to if Znoh DuimB.) 

(No. 975-1937.) iAbHnct.} 

(Tbii SpMifloatioa doat xu>t apply to BoUor Bitote.) 

/j 
1 
i 

-j 
\ T 
\ 0 / O A □ ! 

1 
-1-6 D — 

__ 

Snap Hoad. Pan Head. Pan Head with 
Tapored Neck. 

D «i Nominal diameter of riTet. 

FlO. 11. 

Bounded Flat 
Ooantennnk Oountenonk 

Head. Head. 

Diameter of Bivets or Bivet Holes, 

d— diameter of xiret hole; l — thteknuee of thiokeet plate. 

(When f la lem 1'. d ■■ 3i. 
Rule, cmmmanljf used I ig eqanl to, or greater than, d -■ 

under I' thiok. 

When mom than 3 platea, bealdea the oorera, are rireted together, aa In flangea of glxdeia, 
gffmg engineexa add to d tot eeoh extra plate. 

Umrtn*e Rule for RiveU; d — l*a v'l, 

RiTets of more than 1§' diameter axe raxely naed. 
The tlTet noiea are made about larger than the rireta, to allow for exnanaion when heated. 

Por^dSarJ iJork the proporUona of dla^ter of p^ tot^t ^ boto^raTto the diejra^ 
ftomlTia5tol:l-a; the gieater the diflerenoe, the leaa cleanly out wiUttobwlm, but^ 
metal round the hole will be Btronger, being leae reduced and more oomproamd. Theholewhen 
pnnohed is iUghtly conical. 

It ie haxdlT nraeticable to temper a punch so as to punch a gxeat number of holea if it ia of laaa 
diairtiffiS^J-^of th??latS. or •▼•ajrttfi ad^to of equal thic^ FmtM 

BhooldtteTer be lem than I# diameter apart or from edge to plate. Tor diflled helea the 
Umit may be 1 diameter. 

TroiomfmnUch — pitch at right an^ea to atreea. ztgtagpueM^m mlntmnm pitch whan 
aMtIy ex^ tSi txan^ ^ F«eh fine la n atmight line 

PySS^S^fhtlmceatxeaofalongito 

lilnlmiun pUeh-> a 1 dlametexa for punched or 3 for drilled hdea. 

pitch In eompreoBion plates - 13 ttama thickneaa of! 
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Strength of BiTets and Plates. 

Mean teDsile breaUog strength of beet iron, sncb as BBS Staffordshire, beet Yorkshire or 
Lowmoor (and the best only should be used), la from 26 *33 tons per square inch (Falrbairn) to 
86 • W tons per square inch (alrkaldy); while the contraction of fractured area should not be leas 
than 40 per cent. 

Forge Teste for Rivets.—When cold they should stand being hammered double, or being upset 
endways, a }' rivet 84' long being hammered down to a cylinder 1' long, without any sign of 
cracking. A rivet ready heated for use should now and then be taken, allowed to cool, and treated 
as above, to see if they are being overheated. Much overheating is detected by the burnt, 
scaly appearance of the surface of shank ; }' or even 1* rivets should not be over 20 minutes in 
the ore. Wben hot the heads should stand hammering down to less than thick without cracking 
at edges; and the stalks should stand having a punch, even more than their own diameter, driven 
through them without cracking round the hole. 

The foregoing teste are equally applicable to steel rivets. 
Oareful punching does not injure soft plates, but weakens hard or steely iron plates from 16 to 

so per cent. 

Sharp edges of drilled holes reduce the shearing resistance of rivets, but rounding the edges 
of the holes increases resistance of rivet. 

<rDrilled rivet holes reduce the strensrthof a plate by per cent., and punched holes about 
6per cent. Punching and counter-sinking reduce the strength 4 per cent., but if the holes are 
punched, reatneretl, and countersunk, there is little reduction in the strength of the plata 
Oomparative tests of high tensile plates, connected by iron and by high tensile rivets, show 
that J-in. iron rivets workeii cold in single shear have a shearing strength of 3*6 tons compared 
with 6*6 in the case of high-tensile steel worked cold, and 9*6 in case of the same steel worked 
hot. For double shear the same figures are 6*6, 13*1, and 18*4. Experiments show that the 
bearing pressure with high tensile steel rivets does not exceed 60 lbs. per square inch. 

(iWr P, Watts.) 

Biweting. 

Biveting gangs consist of a hoIder-up, two riveters, and one or two boys for beating and 
supplying rivets. Rivets are heated in a portable hearth or a reverberatory furnace. Before 
inserting the rivet the plates round the hole should be hammered into positive contact, and the 
holes ascertained to be oonoentrlo. 

Riveting hammers vary from 2 to 7 lbs., the holding-up hammer or * dolly' from 10 to 40 lbs. 
ISO to 160 rivets la a day's work of 13 hours of a riveting gang. 360 to 780 can be put in by 
a riveting machine^ 

Biveted Joints. 

The loss of strength is ordinarily, for chain-riveted joints (fig. 12), 16 per cent.; for double, 
riveted, 30 per cent.; for single-riveted joints, 44 per cent., as compared with the strength of the 
plate unpnnched. 

Fio. 11. Grouped Butt Joint. Ghain Riveting. Fia. 13. Lap Joint. Losenge Riveting. 

Zigtag Riveting,—la thU (fig. 14) the distance between the transverse pitch lines should be at 
Issst two-thirds the transverse pitch of the rivets. 
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lAnenge Arranging the rivets in this way^ as illustrated by the lap-joint of fig. 18, 
and calculating the plate strength and rivet strength at each of the possible lines of fracture, 
it is possible to obtain a strength of joint equal to the strength of the whole plate less one rivet 
bole. With the same efficiency a still better joint for a plate-tie may be made with two cover- 
plates of lozenge form, the maximum row of rivets being repeated on each side of the butt 
joint. 

Cover-PleUes.—In the special case last mentioned the united thickness of the cover-plates will 
have ^ be considerably greater than that of the main tie, and will be determined by the net 
section of cover taken through the maximum row of rivets. In chain riveting generally it 
would be theoretically sufficient to make the united cover thickness equal to the plate thickness, 
but in practice it is often made somewhat greater, both in single and doable covers. If there is 

1. 

2. 

c\r\rir\. 

yjKJKJKJ 

/:\r\r\r\ rinr\r\. 

Fio. 14. Lap Joint. Zigzag Riveting. FiO. 15. 

a whole plate on one side, as in No. 1, fig. 16, a single cover-plate may be used on the other lide 
equal in thickness to the jointed plate. When the member consists of several thicknesses of plate, 
as in No. 3, they may with advantage be all jointed l)etween one pair of cover-plates, arranging 
the several layers to break joint one with another, and leaving between every two joints a space 
containing a sufficient number of rivets to take up the pull of one layer of plates. 

STBEIi HOOF FRAMING AND COVBBINO. 

Some points to be considered in designing steel roofing :— 

(a) Nature of Covering.—It of corrugated Sheeting, either ridged or curved type may 
be adopted ; in the latter the joints near crown of roof lie nearly horizontal, and leakage through 
rain being blown in must uot be overlooked. A coutiuuous covering, such as tarred felt or 
asphalt laid on timber boarding, is applicable to ridged or curved types. 

With slates or tiles, the ridged type (except in very large spans) is necessary. 

(b) RUe of Roo/.—Where this is uot controlled by architectural requirements, a rise of about 
I span will generally prove most economical. Where water-tightness is essential. J rise may be 
adopted ; a rise of even ^ may be used with slates or tiles. lu very exposed positions a low rise 
of i has been provided, but hero leakage is likely to prove troublesome. 

(c) Lighting and Ventilation in RooA—Skylights can be arranged in any position on the slope 
of a ridged roof, or set low down on curved roofs. Lights are often combined with ventilators 
at the centre or ridge of the roof. Ventilation at the ridge may cousist merely In slightly 
raising the ridge cap above the sheets; by the use of special ridge sheeting (often curved) 
supported on raised purlins ; or where greater ventilation is desired, the cover may be raised to a 
considerable height and louvres provided for weather-tlgntness. See sketch examples. 

(d) Temporary Structuryi.—Kete the framing and covering oan be designed as light at 
possible, and factor of safety reduced to about 3, since allowance forrusiing and general lieterlora- 
tion need uot be considered. The self-supporting type of curved roof should be considered in 
this case. 

(e) Special Headroom generally requires a special type, as the main tie cannot eoonomioally 
be raised much over rise for ridged or curved trusses of ordinary d«8lgn. Two euggeations 
are given in sketch examples to meet this requirement. 
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StrvUt or membera in oomprewlon. ahonld be kept as abort in length as possible. The 
strength of ties to resist tension is independent of their length, and no consideration on this 
point is necessary, except that relating to the carrying of their own weight. 

Purlins (or horiaontal bearers which carry the weight of the root covering, and the wind 
and snow load on the same, and transmit these loads to the roof trussing) should rest, wherever 
possible, on the rafters close to the points where the struts and ties meet, and stiffen the same ; 
loads applied between these junction points (usually termed * joints’) may induce considerable 
bending stresses which must be carefully allow^ for, generally at considerable expense, owing to 
the large increase in section which may be necessary. 

The unsupported length of the Ref ter ^ that is to say the length between the joints, should not 
exoe^ 7 to 8 feet where the purlins are fixed close to the joints ; where purlins occur between 
the joints, this length should be considerably reduced, or the section of the rafter increased to 
resist the bending stresses. 

In the brief notes accompanying the outline types of roofs shown here, the application of 
some of the preceding hints will be evident. 

For ordinary conditions the iypes shown below are suitable up to the following q>ana :—A, 
14 to 16 feet: B, S6 to 80 feet; 0,46 to 60 feet: D, 65 to 60 feet; and B, 70 to 80 feet. 

The two rises indicated in B to B are ^ span and span. Where special conditions do not 
arise, the form of bracing should be decided by considerations of length and inclination of the 
sevendi struts, and convenience for designing efficient junctions between the struts and tiee. 

l^pes of ridged roofs designed to provide special lighting, such as is required in spinning and 
weaving factories, are shown in F and G ; the long slope is covered with sheets or slates, and 
the short, upright slope glazed and turn^ towards the north, thereby ensuring efficient light 
free from direct sunshine. These types are frequently called ‘Saw Tooth ’ or ‘ Northern Light* 
roofs, and are suitable for spans of 18 to 20 ft., and 26 to 30 ft. respectively. 

Types H and J show a high rise, with main tie raised to give increased headroom ; the former 
may frequently be adopted for factories, the lower slopes being glazed and the upper slopes 
sheeted or slated. 

K La Lb Ma Mb Na Nb 

The curved types K, L, and M, are similar to A, B, and 0, but arranged for a curved sheet 
covering, and may be adopted for similar spans. 

Types K are in reality curved lattice girders, and may be designed for large spans such as are 
aegoned for markets, railway stations, public halls, or the like. 
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Sketch R is that for a ‘Northern Light* roof, typee F or G. A valley detail (showingthis 
DMt supported on a rolled steel beam) with valley gutter is given, also an eaves shoe detail. 
The long slope is covered with timber and slates, and the short slope is glazed. 

OORBUOATBD 8HSBI8 AHD FEaHGS. 

Sheets oan be pioonred in lengths from 6 to 10 feet, and In thicknesses from No. 16 to No. 26 
B.G.: for special or very temporary ptiiposes. No. 28 B.G. might be adopted. 

Cormgatlons from 2 inches width in light sheets to 6 inches in heavy sheets may be got, 
but for osoal conditions the following sises will meet all requirements:— 

fr-O inch corrugated sheets (deptti of corrugations in.) 
n n •« ( w .• „ ) See Sketch S, Fig. 16. 

its:: n c : :: *r. ] 
For ordinary oonditions, a side lap of one corrugation (see right-hand of Sketch S) would be 

adopted, but for special water-tightness or stiffness, two corrugations lap could be given (see left 
band of Sketch S). The effective width of the above sheets would be 26 inches or 30 inches, for 
single lap, and 20 inches or 25 inches lor double lap. 

FlQ. 16. 

In the S-inch corrugated sbeete, the corresponding widths would be 24 and 30 inches lor single 
lap, and 21 and 27 inches for double lap. 

The end lap is generally given at 6 inches. 
Sheets should be connected together by means of galvanised rivets or bolts and washers; 

these would be placed about 9 inches apart along the side laps, and aft every second corrugation 
in the end laps, being in all cases pliu:ed on top of the corrugations to check leakage. For 
double corrugation aide lap, place rivets or bolts in edge of outer sheets 6 inches apart, and 12 
Inches apart in inner corrugation. 

Five-inch corrugations should always be adopted for No. 16 B.G. sheets, and may be nsed 
for No. 18 or 20 B.Q.; 3-inch corrugations may be used for 18 or 20 B..G., and always for 
No. 22 B.G. and upwards 

In very exposed positions, and particularly with light gauge sheets, Wind Ties of flat or light 
angle section are sometimes carried along the length of the root, and held in position by means 
of the pnriin bolts. A line of these wind ties near each eaves level will considerably strengthen 
the roofing; and it is sometimes also desirable to add ties over some of the intermediate borlsontal 
jointB in the roof sheets, to further resist excessive winds. 

In. addition to connecting the roof sheets together, they most be 
securely fixed to the roof purlins, and suggestions for doing this are here 
indicated:— 

Sketch T, simple book bolt, with nnt and washer outside, oonnectlng 
sheets to steel angle porlin. 

Sketch n, similar to above, but formed of flat clip bolted to sheets. 
Sketch V, a mom secum form of flat clip carried round purlin and con¬ 

nected to sheets by bolts and washers at ends. 
Sketch W, galvanised nail or wood screw and washer, for simple con¬ 

nection to timber purlin. 
Sketch X, flat stirrup carried round timber pnriin; generally made 

with slight clearance in width, to admit of adjnstment dne to change of 
temperatnm in the sheet covering. 

The washers used with the bolts am sometimes fonned of lead, or of 
some special form, to check leakage at the bolt holes. Bed lead putty, 
or rope yam soaked in md lead paint, is sometimes specified to be placed 
under the nut or washer, but such special smatment Is seldom Justifiable, 
Of really necessary. 

Gomigated Sheets am generally galvanised, bat in localitlea near the 
asa, or in manufacturing districts near chemical works whom acid fumes 
am likely to be given off, the galvanising quickly dlsappeani, and the 
dieets become eaten through and spoiled. In such conditk>DS the galvan¬ 
ised sheets should receive two good coats of metallio oxide paint shortly 
after erection, or plain corrugated sheets used, these being well tarmd 

and sanded after erection, end at such intervals as may be neoeasary to effloientiy protect the 
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SBLV-SUPPOBTZNG BOOflNCL 

This term Is generally applied to a type of carved roofing in which the carved rafters of the 
trosslng are dispensed with, weir place being supplied by the corrogated sheets themselves. 

In the smaller spans, say ap to 15 to 20 feet, the roof sheets are connected to timber or steel 
eaves beams, and the bracing (generally as types K or L) bolced direct so the curved roof sheets. 

In the larger spans angle purlins are securely clipped to the curved sheets and extend for 
the whole length of the roof, and the bracing is bolted to these purlins. 

By*thi8 method of construction, and the use oi corrugated roof sheets of saflScient strength 
to serve the double purpoeo of acting as a carvsd rafter, and as a weather protection, spans over 
55 feet have been erected. It will not, however, as a rule be found economical to exceed about 
35 feet span with this type of roofing; and as the life of this structure depends on the strength 
of the covering, it is seldom Jnstifiable to provide self-supporting roofS for permanent nse, as 
this would entail great watchfulnees and cost in protecting the sheeting a^nat corrosion or 
decay. 

The carved form of covering must be used for this type of roof, and for the larger spans the 
sheets may be arranged to break joint In the longitudinal Joints; greater stlffnese mav be obtained 
in the complete sheeting by this arrangement of Joints. The lower sheets of the roof, which have 
to resist a much greater strain than the upper ones, are sometimes made of a heavier gauge. 
Special attention is also necessary to ensure solBdent strength when bolting or riveting the 
several aheets together. 

RfDOBD Boor Taosfl IfULIlPLIEBa. 

Hie detennination of the otremea in the several members of any roof truss Is usually a com¬ 
paratively simple matter, although a oonsiderable amount of time may sometimes be required 

Oompieasion shown by heavy lines. Tension shown by light lines. 

to eany out this operation. Where any of the following types of trusses can be adopted, the 
above oaloolatlons can be much simplified and shortened. 

Vor special water-tightness with slate or tile covering, one-third rise (shown by capital 
Istteis) should be adopted; eae*tourth rise is usual tor oorrugated sheet ooveriag. 
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TIm mmx» jmttM qMO for aoj Im of tntfi to Indlooted by 
lootioiif fonnoa in tho laften bj tho Jomti in tbo luno bj 71 fe^ 
«i SO M nuo. qinn. and Typo D>b8x 7|*-60feof max. qmu. 

PmliBO on oMomod to bo set at tho Jointa; If not| allowanoo moat bo mado for tho extra 
•triH duo to tho bendtng tendenqj proddood. 

od by mnltiplrtot tho nmnbin of 
t foot Tbna Typo B giroi 4 x 7f 

It to atoo aaramod that the traaaea an flxod at both enda; If thto to not ao, tho atrooa In aonie 
momoon may bo inonaaod by abont 10 per oent. 

Tho moltipllen In tho fidlowliig table an oaloalated aa for onll toad and anU opan, Tbna 
for deaddoad atieae tho aotoal dead load of traaa ooToring. eto^ la mnitipllod by the part 
dead-load mnltl^pUer for tho nqaired member; tor Itn-load atnaa, tho lire load toom tho aotoal 
normal wind preaaonon onoBlde of thotioaBto oaed along with the paitloolar JlTo-load mi^pllor. 
Both atnmoD added together giro tho max. atnaa on tho member. 

i Type A. Type a. Type B. Typed. Type 0. Typec. 1 Type D. Typed. I 

1 
D.L. LX. D.L. L.L. D.L. L.L. D.L. L.L. D.L. L.L. D.L. L.L. D.L.| L.L. D.L. LX. 

•51 *68 •63 •69 •76 •70 •97 •86 •86 1-08 1-26 •90 1 *93 1*13 1-37 
•42 •29 •67 •48 •63 •81 •87 1-12 •72 •98 •96 1-36 •76 1*06 112 1-46 
•07 •06 •07 •06 •31 •34 •55 •45 •68 •63 •77 •92 •65 •81 •87 1-12 

4 — — — •24 •58 •33 •69 •12 •30 •66 ‘46 •42 •27 •72 •81 
5 — _ -- — — — •22 •60 •41 •46 •28 •56 •26 ‘54 •57 •47 
0 — _ — — — — — — •21 •60 •19 •43 •86 •81 •27 •66 
7 — _ — — — — — — •14 •34 •22 •60 •10 •26 •19 42 
8 — _ — 1 — — — — — — — •16 •31 •10 •26 •16 •36 
o — _ — — —- — — — — _ •10 •26 •22 •80 

10 
— — — — — — — — — — — — •21 •50 •17 i -87 

— — 1 — — •~ 1 — — — •10 •26 •11 i *26 

D. L. = Dead Load. L.L. s Live Load. 

ClALTlNlBBD Ck>BBUOATBD STBBL SHBBTS. APPBOXDfAIl WSiaHT. 

(Sheete 26 Inohea in width; 8-4 inch oorragatlona.) 

Britfah Standard 798, Galvanised Oorragatod Steel Sheete, speolflea that the weight of the 
galvanised coating shall be not leas than 1} os. per square foot of sheet (inolndlng both sides). 

In the case of 8-3 Inch oorrugationB tho width of the sheet befon corrugation shall bo not less 
than inches but may be i inch over. 

The tdoranoe on weight of blaok sheets shall be plus or minus 7^ per cent., so that the following 
flgnns an only approximate. 

Approximate Number of Sheets per Ton. 

Length of Sheet in Feet. 

5 6 7 * i 9 10 B.a.* 

70 58 50 44 1 39 85 16 
89 74 64 56 49 44 18 

114 95 81 71 63 57 30 
189 116 99 87 77 69 33 
168 140 130 98 84 34 
398 186 159 139 194 111 36 
940 1 900 173 150 188 130 38 

• Thleknsss of blabk shoot. 
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Approximate weight per 100 miperfiolal feet of Oalraoiaed Oorrugated Straight Iron Shoete 
wlMB fixed on root. 

*18 _ ??L _26 B.G« 
cwtisT qr. iba, cwt. qrs. Ibe. owt. qr8.'»». cwt. qr. Iba, cwt. qr. Iba. 
31 21 13 21 127 117 107 

One ton of Oalvanised Corrugated Iron Sheete will cover when fixed, and after olkmiiig for 
laps, the ondermentioned aieea 

16 18 20 22 24 26 28 B.Q 
, 600 800 1020 1280 1530 2100 2250 Square Feet. 

It le a bad praotloe to faeten ilno>lion eheete together with Iron or eteel riyete. Theee soon 
met if not painted, and the nut penetratee through the edges of the iron encircling the rirete, and 
thus proyee dieastroaa. Onlj aino, or ainoHsoyenkl riyete, should be so used. 

The great objection to iron aa a rooting material la the drip from the moisture whi<^ ocmdenaes 
on the underneath aide of it. 

Painting for Qalvanmkd Iron IIoofb. 

Paint adheres badly to new galvanised iron, but after a few years it will do so readiiv and 
will add greatly to its life, in order to make paint adhere to new galvanised iron, brush it over 
with the following mixture : Ohlorideof Copper, 1 part; Nitrate of Copper, 1 part, Salammoniac, 
1 part: Water, 64 parts, to which is added 1 pa^ of Hydrochloric A-cid. This mixture turns the 
galvanised iron black; -it should be left for at least 12 hours before being painted. 

It is stated that paint will adhere to galvanised iron if the surface is washed with vinegar 
before painting. 

(See also * Painting^* Section XLH, Yol. IL) 

YABHISB FOR aALVAHlSKD IBOW ROOFS. 

HeatlOOgailottSof tar to a low boiling point, and addlOO Ibe. of fresh aiaked lime, etfted over 
the top and then worked down. Boll ttde mixtnre until it becomes pasty. Let it settle for e 
few minutes and then add 20 lbs. of tellow and 5 ibe. of powdered resin. Stir until thoroughly 
mixed and all ingredients diaeolved; then allow to ockA The mixture ehonld not be raised to e 
higher temperature than 100 dega. V. If too thick, it can be thinned down with paraflln or 
naphtha. 

TRANSVBRaB STRENGTH OF CORRUGATED IHOV. 

If W«> breaking weight in tons (distributed); L «« unsupported length of sheet in indhes : t s 
thtoknesB of sheet in inches; 6 «■ breadth of sheet in inches; d » depth of oormgatione In inohee; 

- 44-6 t b d 

^ L • 

BRITISH STANDARD SECTIONS.* 

(B.S. 4,4A A 6.) (Abstract.) 

The British Standards IneUtution list of Rolled Steel Sections for etruotnral puipoees 
compriaas seven different seoUonB, via. (1) Equal Angles, (2) Unequel Angles, (8) Bulb Angles, 
(4) Bulb Plates, (6) Channels, (6) Beams, and (7) T Ban. 

The following are abbreviated tables ebowing some of the etaaderd dimenrions leoominended. 

* By permMon of the British Stenderds TnaUtation. 
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BRITISH Standard SBCfnoNS.—Bbahs. 

r . 1 Standard 1 1 1 
1 Size. 

A X B. 

Approx. 1 
Weight.' 
per ft. ! 

Thickness. , Sectional 
' Area. 

Moments of 
Inertia. 

1 Radii of 
Gyration. •Moduli of Section, j 

Web Flange ! 

1 ins. ibs. ; ins. ins.* ins ̂ 4 j ins. : ios- 
• Oirder Sections. 

3 xU 4 •16 •249 1177 1-660 •126 1U88 •326 1-107 •167 
4 xil 6 •17 •239 1*470 3-664 •186 1-679 -366 1-832 •213 
4ixl2 6-6 •18 •326 i 1-910 6-730 •260 1*88 •370 2-830 •300 
r> X3 11 •22 •376 3-260 13-680 1-460 2-060 •670 6-470 •970 
G X3 12 •23 •377 . 3-533 20-989 1*461 2-437 •643 6-996 •974 
7 X4 16 •26 •387: 4-760 39-610 3-370 3*890 •840 : 11-290 1-690 
8 X4 18 •28 •398 ! 6-296 66-629 3*606 , 3*241 •814 13-907 1-763 
9 X4 21 •30 •487 i 6-177 81*127 4-148 3*624 •820 18-028 2-074 

10 X4i 26 •30 •606 ! 7-364 122-338 6-486 ' 4-079 •939 24-468 2-883 
12 X8 32 •36 •660 9-460 221-070 9-690 i 4-840 1-010 36-840 3-880 
13 X6 36 •36 •604 10-298 283-507 10-816 6-247 1-026 43-616 4-836 
14 X6 46 •40 .-698 . 13-690 442-670 21-460 6-710 1-260 63-220 7-160 
16 X6 46 •38 •666 1 13-236 491-912 19 871 6-096 1-326 66-688 6-624 
16 X6 80 •40 •726 14-708 618-092 22-468 6-483 1-236 77-261 7-489 
18 X6 66 •42 •767 16-182 841-759 23-636 7-212 1-209 93-629 7-878 
20 X64 66 •46 •820 19-119 1226-172 32-669 8-008 1-306 133-617 10-018 
22 X7 76 •60 •834 i 22-064 1676-796 41-066 i 8-718 1-364 162-436 11-733 
24 x7i 96 •57 1-011 27-940 2633-040 62-640 9-620 1-600 311-090 16-680 

Heavy Beams and Pillars. 
4 X3 10 1 •24 •347 2-940 7-786 1-326 1-627 •672 3-893 •884 
5 X4* 20 1 •29 •613 5-882 25*025 6-590 2-063 1-068 10-010 3*929 
6 X6 26 •41 •620 7*370 43-690. 9-100 2-440 1-110 14-660 3-640 
8 X6 35 i •35 •648 10*296 116-068 19-640 3-343 1-378 28-764 6-613 
9 X7 60 , •40 •826 14*712 208*128 ^ 40*169 3-761 1-663 46-341 11-477 

10 X6 40 •36 •709 11-771 204-803 > 21-769 4-171 1-360 40-961 7-263 
10 X8 66 •40 •783 16*177 288 *688 Jr 64-743 4-224 1-840 67-738 13-686 
12 X8 65 •43 •904 19-122 487-769 66-184 6-061 1-846 81-395 16-296 
14 X8 70 •46 •920 20*689 705-676 66-674 6-864 1-800 100-796 16-668 
16 X8 76 •48 •938 22-063 973-909168-303 6-644 1-769 121-739 17-076 
18 X8 80 •60 •960 23-626 1292-073 G9-427 7-411 1-718 143-664 17-367 

The properties of British Standard Sections in above table are printed by permission of the 
British Standards Institution. 

B 

a >■ Sectional Area In square Inches. 

3*4 a Weight in lb. per foot (approzl- 
matelj). 

T 

Cm Op Distance of Centre of Gravitjlrom X axis and 

J ■■ al*Moment of Inertia. 

■■ Radius of Qyratloa. 

OmOp DIstonoedouter Sbresfrom X and Y axes. 

Z ^ Modulna of Section. 
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SECTION VIII 

SUBVBYINGh-SUBVBYING INSTBUMBNTS-ASTBONOMY 

ASTBONOMY IN PIBLDWOBK (pp. 149-274) 

(Bevised by Beginald Byires, M.Coxlb.B., and Percy M. Byves, 
P.B.A.8.) 
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SECTION VIII 
SURVEYING. 

(Revised by Reginald Ryves, M.Cons.E., and Percy M. Ryves, F.R.A.S.) 

. Chaining. 

Chains.—The survoylnj? ohaiu is 22 yards — 66 feet lon{?. Tt eonsists of 100 links, ntul each 
link = 7-92 inches. This cliain is known as ‘ Gunter's ’ cliain. 

Another chain is known as the ‘ 100-foot* chain,and consists of 100 links, eacli 1 foot long. Tt 
is used almost exclusively for work done abroad. 

A third form is tiie ‘Decimetre’ chain ; this is divided into 100 links,each of which measures 
a decimetre — •32H foot. 

Chain Afmsurevif‘nt.—The most careful measurement that can be made with the common sur¬ 
veying chain is liable to an error of jo’oa of the distance mcas\ired, and an ordinary measurement 
across flehls, &c., to an error of 

Chain measurement alone will not suffice for a greater extent than a square mile on a scale of 
6 inches to a mile ; or than square mile on a scale of 20 inches to a mile. 

Arrows.—With each chain 10 arrows or pins of strong wij'o about U feet long, and preferably 
having a piece of red cloth tied to the ring of each, are carried. 

Ranging. 

Polrs and Ranging Rods.—Tlic former are ixile.s of red pine about 15 feet high, 2 inches tliick at 
tlie bottom and | inch at the top ; each should be shod with an iron shoe. The ranging rods are 
about 6 feet high, and have a white and red flag about 9 inche.-? square at the top. 

Offset Staff'. -A narrow slip of deal about H inches wide, 1 inch thick, and 10 links long, divided 
into links. It is used for the purpose of measuring small distances from the line to hedges, Ac, 

The statute acre in I'iiiglatnl consists of IP .square chains, that is, of 10 square blocks of land 
wliose length and brciidth are 1 chain eatdi; or, taking 10 blocks as one whole block, then an acre 
is e(iual to the area of a rectangle whose ba.se is 10 chains and ])erpendicular 1 chain ; or to any 
other rectangle, tl)o product of whose base and j)erpeadicular also equals 10 chains : thus, 4 chains 
base with 2^ chains perpendicular, and 2 chains base with 5 chains perpendicular, are e^h equal 
to 1 acre. 

With any (}uautity less than 1 chain, to bring feet into links add \ more ; to bring links into 
feof. take ^ le8.s. 

MENSURATION. 

To find the Areaof a Triangle when the Base and Perpendicular Height 
are given.—Multiply the base by half the height, or vice versa. 

To find the Area of a Triangle when the Three Sides are given.—Take 
half the sum of the sides, subtract each side severally from this sum, then multiply this and the 
three remainders together, and take the square root for the area. 

To find the Area of a Rectangular Figure.—Multiply the length by the breadth 
the product will be the area. 

To hnd the Area of a Trapezoid.—Multiply half the sum of the two parallel sides by 
the distance between them. 

To find the Area of a Parallelogram whose Angles are not Right Angles. 
—Multiply the length of any one of the sides by the perpendicular let fall on it from the angle 
opposite that side. 

To find the Area of a Trapezium.—^Divide the trapezium into two triangles, and find 
the area of the latter by the tot rule. 

To find the Area of an Irregular Polygon,—Divide the polygon into trapeziums 
and triangles, and find the sum of the areas of each. 

To find the Area of an Irregular Figure.—Draw the figure on fine cardboard or 
thin sheet-metal, cut the same carefully out, and weigh it with an accurate balance. Then this 
weight, compared with the weight of a piece of the cardboard or metal of a definite size—say 
1 inch square—gives at once the area required. 

Calculation of Areas from Co-Ordinates. 
If necessary adjust the traverse so that the co-ordinates oonectly close the figure. 
Consider each line round the figure, not the stations. 
Take the total, or reduced, departures of the stations at each end of one line, add them 

algebraically, and divide by two. This gives the * middle departure * of that line. 
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Itapott lor all tlio Hnitt of tbo 0giiio. 
It maim no difUuonoo from wbot Initial p<Unt Uia dapartnma are reob>ned, whether from one 

of the ffcatloiia on the flgaie, or from another point either Inalde or oatdde the figare. 
Taking eaoh line round the llgote In order—It makea no difflarenoe whidh way roond—take 

the diflermioe between the lednoed latltades of the atations at each end of the Une. The resolt 
ia the aame aa the aotoal amoont of Northing or Southing made by that partlonlar Une. 

IfoltiplT theee reanlta for eaoh Une by the middle departure of the aame Une, paying attention 
to the al^bralo algn of eaoh faotor, and add aU the reaolta together algebraloally. 

The reaolt ia that the area of the figure in aquarea of the unite emplo^ in meaniing the length 
of thealdea. 

If theae are laet, then 
divide by 97,878,400 (Log 7-446 9678) for aq. ndlea; divide by 48,660 (Log 4-689 0878) 

for aorea. 
Li the iogarithmio omnputation of middle departurea by latitndea, it la oonvenient to uae the 

arithmetical oomplementa of the loga given in preceding paragraph, adding all three loga, and 
thua avoiding taking out diffexenoea. 

The teima latttude and departure are matually Interohangeable throughout the above. 

TBIANaULATION. 

For large eurveya a base line Is accurately measured and triangles bnUt upon it, the sides 
being for 6 inches scale from | to mile. Each point should, if possible, be fixed by three 
diatanoes. 

Bxjliiplb.—AB (fig. 1) is the base line: O, D, E, F are convenient points to be fixed by 
triangulation. 

A 
Fig. 1. 

AO, AF, BF and BO being obtained, two values of FO can then be found from FBO and PAG, 
and then two values of FB from FBB and FBO, and so on. In plotting the triangulation the 
long lines BF, FC, 60 should be first laid down. 

AB SB 6,230 feet measured by chain. 

jj. 26^*} measured by instrument. 
BOA = 60« 8' 20" 

BO ^ AB sin BAO 
sin BOA ' 

I^gAB= 3-7186017 
Log sin BAO » 9-9180164 

13-6346171 
* Log sin BOA = 9-9881368 

Log BO » 8-6963808 
BO - 4970 

The triangles are then broken up into smaller ones and measured by the chain. 

Sixnson’s Buie for Area Computation. 

7 8 1 4 5 6 7 q'I 

Divide bam into any even number of equal parts, and measure length of perpendiculars or ordi¬ 
nates through each division. 
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If B turn of lengths of first (/) and last (I) ordinates; B stun of lengths of intermediate 
eyen ordinates; K s sum of lengths of intermediate odd ordinates; d a common distance 
between ordinates; then 

Arm > X a. 

Bate of Surreying. 
The arerage daily progress of a good surreyor in England, surveying with one cbainman, for 

the 6-inoh-to-a-mile scale, is, according to Frome— 

Close large village.about 6 acres. 
Villages and surrounding fields, etc.. . . „ 14 acres. 
Close country, gentlemen's houses, etc.h' SO acres. 
Ifedium country, ordinary fields, and scattered farms . . . . „ 30 to 8S acres. 
Open moorland, with roads,streams, boundaries, cart tracks, etc. (no fields) „ fift acres. 

A survey of a piece of country of about 6 square miles, on a scale of 6 inches to a mile (which 
would comprise measuring and levelling baseline, triangulating, finding variation of the compass, 
traversing the principal roads, filling in detail by prismatic compass, contouring to every 86 feet, 
and completing fair plan), would take a good surveyor thirty working days. 

A greater takes less time in proportion, for the base is the same, as also variation of 
compass and part of the triangnlation. 

TO ASOXBTAIN THB DISTANCE OF AN INACCESSIBLE OBJECT. 

To measurs a Base lAine across a Biver. 
Let DA (fig. 8) be the direction of the line which has been measured up to the river. It is 

required to ascertain the distance BA at once upon the ground, so as to continue the measure¬ 
ment of the line. 

Fie. 8. 

On the line DA take any point, B, whence a perpendicular, BO, can be taken, which will be 
free from obstruction, so that BO oan be accurately measured; carry the range on across the 
river, and at A set up a flag; on BO take any point, 0, whence A can be seen; and at 0 erect a 
perpendicular to AO, intersecting the line AD on D. 

Measure DB; then 
ABm BO* 

BD* 

These angles oan either be taken by a cross>stafl or by the chain, with the distances of 
30 links, 40 links, and 60 links ; 60 being the hypotenuse of a right-angled triangle when the 
base and perpendicular are respectively 80 and 40. 

O 

Fio. 4. 

To meaaure the Width of a Biver with the 
Base liine alongside of it. 

Take at the ends of the ba?e line, AB (fig. 4), with a theodolite, 
the angles a and made between the base line and a flag, 0, placed 
at the edge, on the other side of the river; then width OF is 

OP = AB tan g tan 6 
tan a 4* tan 

VOL. I. K 
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To find the Diatanco* of one Object from another, where a Bivcr 
divides them, without using the Theodolite. 

O 

Fm. 5. 

liOt. O and A (flg. 6) be the given objectp, and Auihe dis- 
tanco required. From A draw AB at oinj angle to A(\ and pr<»- 
diioe OA to O,measuring A( ’about one-third lengtbof AB ; from 
C measure CD, parallel to AB, OBD being in one straight line. 
To make CD parallel to AB, at A and B erect ecjual perpen¬ 
diculars, which can be done either by a cross-staff or by means 
of the unit proportion of the sides of a riglit-angled triangle, 
viz. 3, 4, and 6, or any multiples of them whatever. Then 

AO^ Ali.CA^ 
01) - AB 

If the perpendicular distance OF be required, then this can be obtained by the formula— 

OF = FK 
AO 

Or we can so select the point A as to have OAC at right a»igIo^ to the river, and make AB and 
CD at right angles to OAi', when AO, given by the foregoing formula, gives, of course, the required 
perpendicular distance. 

To continue the Measurement and Direction of a 
given Line when any Obstacle stands in the 
way, which cannot be crossed but can be 
avoided by going to the right or left. 

At any iK>int, A (fig. 6), on the given line, AO, take an angle with 
the given line, of 120° if you would turn to the left, or 240° if to the 
right, as in the present case, and proceed measuring to B till an angle 
of 60° made with this line towjirdstlic first line, AO, will carry you clear 
of the obsta<de. Take this angle, ABC, 60°, and measure BO the same 

distance as AB ; the point 0 will then be on the given line, and AO will be equal to AB or BO. 
By taking an angle of 210° with the lino BO, the range of the line can be continued. 

Line and Angle Bisector. 
The following simple contrivance, based 

on Euclid, Proposition 3, Book 6, and 
devised by H. B. Kempe, may be found 
useful to draughtsmen. 

AB and AG are two links hinged at A, 
AB being pivoted at B; AO Is twice as 
long as AB. E and D are points on AO 
such that D is midway between A and 0, 
and E is midway between A and D. 

If, now, the end 0 of the link AO be 
slid along BP, then HB will always bisect 

. BO 
PIG. 7. 

GBP, and EB will always equal 

General Hemarks. 
2 ' 

1. Avoid taking bearings and distances along a circuitous Iwiuidary line like abc (fig. 8), but 
run the straight line ac, and at right atigles to it measure offsets to the crooked line. 2. If it 

is desired to survey a straight line from 
..._d.^ a to c, but the instrument cannot be di¬ 

rected precisely towards c, on account of 
intervening obstacles, first run a trial 
line, am, as nearly in the proper dirccN 
tion as c.an bo guessed. Measure me, and 
calculate a distance, p, say, so that am is 
to me as is 100 ft. to y. Layoff ao equal 
to 100 ft., and os equal to p, and run the 
final line asc. Or, if me is quiet small, 
calculate offsets like os for every 100 ft 

along am. 3. When c is visible from a, but the intervening ground difficult to measure 
along on account of marslies, <fec., extend the side pa to good ground at t; then, making the angle 
utcl equal to pac, run the line tn to that point, d, at which the angle tide is found by trial to be 
equ.'il to the angle atd. It will rarely be necessary to make more than one trial for this point d; 
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tor, suppose it to be made at or, sec where it strikes ac at i; measure ic, and continue from t, 
making a:d = tc. 4. In the case of a very irregular piece of land, or a lake (fig. 9), surround it 

straight lines. Survey these, and at 
right angles to them measure offsets 

5 crooked boundaiy. 5. When 
between two objects, m and n (flg. 10), 

— .1.. and it is wished to place oneself in 
m ^ d ^ range with them, lay a straight rod, eb, 

on the ground, and point it to one of 
the objects, m; then go to the end e, 
and see if it points to the other object; 

Fia. 9. Fio. 10. if it does not, then, by succ^sive trials, 
find the position, ed, in which the rod 

points to both objects, and consequently i.s in range with them. If no rod is at hand, two stones 
will answer, or two chain-pins. A plumb-line (a pebble tied to a piece of thread) will add to the 
accuracy of ranging the rod, or stones, <fec. 

TO MBASTTBE THE HEIOHT OP AN OBJECT. 

(1) WHen the Base is Accessible. 
Measure any distance from the base of theobjcH’t as nearly equal as possible 

to the height, and f.ako the angle of clevatit)n by the thco«iolite. 
Let BA (flg. 11) 'oe the object; measure BC, and take the angle a; then 

BA = BO tan a. 

(2) When the Object is Inaccessible. 
If thfi ohffcl b<> inacf^saihlr^ no that BB cannot be measured, 

range 1)B (fig. 12) on to (!, ami taking BU nearly equal to DB, 
measure BC, and at B and C take the angles of elevation, a and 
a,; then 

AD = BO tan / tan g_\ 
Vtaii a—tan a,/ 

Chaining on Slopes. 
A w angle of slope witli horizon. 
I =r length of lino reduced to the horizontal. 

: length of line chained on slope. 

I = L cos A. 

Table of Deductions or Additions to be made per 100 Feet in Chaining over 
Sloping Ground 

In order to reduce the inclined measurements to horizontal ones. 
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Ths foregoing table gives deductions or actions to be made everv lUO ft. as actually chained 
■long sloping ground in order to reduce the sloping measurements to horizontal ones. Bven when 
it is so nearly level that the eye cannot detect the slope, an over-measurement of an inch or two 
in 100 ft. may readily ocour. It is plain that if we measure all the undulations of the ground we 
shall get greater totals than if we measure horizontally, as is mppoied always to be done; but 
rtnoe few surveyors pretend to measure horizontalh' until the slope becomes apparent to the eye, 
their lines are usually too long by from 1 to S inches in 100 ft. To counteract this to some 
extent chains are frequently made from 1 to 3 inches longer than 100 ft.; and for ordinary 
purposes the precaution is a good one. When greater accuracy is required the ohainmen should 
be attended by a third person, with a rod and slope-level, for taking the inclinations of the ground. 
These deduotlons being made, the remainder will be the actual horizontal distance. 

For example, in fig. IS. each 100 ft. ao measured up or down the 
SB e 8l<^ os plainly corresponds to the shorter horizontid distance, oe, the 

difference or deduction bring cn. Taking ao as radius, then ae is 
I the cosine, and cn the versed sine of the angle can of the slope. There- 

' \' fore oe multiplied by the nat. cosine of the angle can gives the reduced 
! \| horizontal distance, oc, which, taken from on, gives the deduction cn of 
! I our table. 

^ ^ ^ But if, while chaining along the slope oc, we wish to drive stakes that 
shall correspond with horizontal distances, an, of 100 ft., it is evident 

• Fig. 13. that we must add cn to each 100 ft. oo, as shown at xe, and the stake 
must be driven at c instead of at o. Observe that arc s cn must be 

measured horizontally. 
When the ground is very sloping all this calculation may be avoided, where great accuracy is 

most required, by actually holding the chain horizontal, as nearly as can be judged by eye, and 
finding, by means of a plumb-line, where its raised end would strike the ground. A whole chain 
at a time cannot be measured in this way, but shorter distances must be taken, as the ground 
raquires—«t times, on very steep ground, not more than 5 or 10 ft. 

The fbUowing short rules may be used for finding the approximate correction to be made 

(1.) 
Square the number of degrees in the slope, multiply by 1^, and obtain correction in hundredths 

of a foot. 
Example^-^IQ^ slope. 10* x li =* 160, or 1*50 ft. correction. 

Square the rise In feet per 100 ft. horizontal, and divide by 3; this gives correction in 
hundredths of a foot. 

Example.—10 ft. rise in 100. 10* 2 = 50, or 0*50 ft. correction. 

SCALBB FOB. BXTBVBTB. 

Ordnance Survey Scales. 

Yahiotjs Scales of Maps of GIreat Britain. 

Natural | 
Scales. 1 
_ j 

Inches to Statute Miles Chains 
one to *' t<>'« Eemarks. 

Statute Mile one Inch. one Inch. 

jhxi 126-720 0-0079 0-631 1 
sir 120-000 : 0-0083 0*3 i 1 Town maps. 

60-000 O-Olft ! 25-344 0-0396 3136 ! Cadastral, or parish, maps of the United 
Kingdom. 

isHs 6-00 0-15 13-3 County maps of the United Kingdom 
and special maps. 

0-60 2-0 160 Contoured, 60 ft., 100 ft., every 100 ft. 
to 1,000 ft., above that every 260 ft. 
Boads coloured by classes; water blue. 
Normal sheets 27 in. by 18 in. 

0-25 4.0 
1 

320 A motoring map. Eleven sheets covet 
England and Woles. 

rrlra 4-000 0-36 30-0 Special index. 
1-000 

! ; 
80-0 i i General'map of United Kingdom, and 

1 iqieoiM maps. 
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BMALLrSOALB MiPB Of GRBAT BBIT4IN. 

Aerwwutical Maps: 1:500,000. Intended for general navigation use. Hallways emphasised; 
main roads are shown, road junctions specially marked. 

* Civil Air * Maps: Quarter-inch, covering England and Wales in 12 sheets. Railways,main 
roads, wepds, Inland water and high ground strongly emphasised. Golf links and race courses 
clearly marked. 

Ten Mile Maps: fl) The layered map. The whole of Great Britain is covered in two sheets. 
(2) Road map, in two sheets, showing Ministry of Transport road numbers. 

United Kingdom: 1 :1,000,000. 15-782 miles to an inch. Two sheets. 24^ X 341 inches 
each. Orkney and Shetland Lslunds shown on sheet J. Hills shaded in brown. 

One Inch Maps : Popular edition. Water blue ; main roads red ; secondary roads brown ; 
minor roads uncolourcd. Contours at 50 ft. intervals; woods green. iS'onnal size of sheet 
27 X 18 inches. 

Mips of thb ikdia survbt Department. 

One mile to one inch: Topographical maps; about one-eighth of the total number has been 
published (1914). 

Four miles to one inch: Prepared in sheets of one degree by one degree. 

Thirtff-two miles to one inch: The outline engraving of this new map of India and adjacent 
countries Is completed. The hills are shown in the * layer ’ system, (a) A new edition of the 
railway, canal, and road map of India. (5) A new map of India and adjacent countries, hills 
shown on the * layer ’ system, (e) A new edition of the map showing railway stations. 

Dip of Horizon. 

d = dip of horizon, in seconds. A = height of observer’s eye, in feet. 

s = distance of horizon, in statute miles. n = distance of horizon, in nautical milea 

d SB 67‘4 ^h ; approximate, varying with temperature. h = *666«® = 'Sen*. 

Table op Dip and Distance of Horizon at Various Heights. 

h. s. n. d. Ji. s. n. d. 

Feet. Miles. Miles. / tt Feet. Miles. Miles. / // 

5 2*739 2*411 2 8*36 80 10*969 9*644 8 33*4 
10 3*874 3*409 3 1*61 90 11*624 10*229 9 4*64 
15 4*746 4*176 3 42*31 100 12*263 10*783 9 34 
20 6*480 4*822 4 16*7 150 15*007 13*206 11 43 
25 6*126 6*391 4 47 200 17*329 16*249 13 31*76 
30 6*711 6*906 6 14*39 300 21*223 18*676 16 84*2 
35 7*249 6*379 6 39*58 400 i 24*607 21*666 19 8 
40 7*749 6*819 6 3*03 500 27*399 24*111 21 23*6 
46 8*219 7*233 6 26*06 1,000 38*749 34*099 30 16*1 
60 8*664 7*624 6 46*88 2,000 64*799 48*223 42 47 
60 9*491 8*362 7 24*62 3,000 67*116 69*061 61 23*9 
70 10*262 9*021 8 0*24 4,000 77*498 68*198 60 30*3 
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To reduce a Measured Base to the Level of the Sea. 
Let r represent the radius of the earth corresponding to the base & at the lerel of the sea, and 

r + a the radius refeiTed to the level of the measured base, B ; then 

r + r r :: B ; or, 6 =s B x , and, B — & = B — B —^— = b( 1- 
r + rt r + a \ r + a/ 

But the radius of the earth being very great in comparison with the difference of level, a, we 
have the correction, B -* &, or d, sivy, sufficiently accurate by retaining only tiie first term. Hence 

d as ^ is the value to be deducted from the measured base, 
r 

Spherical Excess. 

Ji, in seconds - . ab sin 0 

S s the area of the triangle. 

7*aSinl" 2r’siiil"* 

the radius of the earth. 

S« ab sin C a + b + e 

2 
: ~-a){s — bjis — cj, s being = 

Between latitudes 46® and 25® the spherical excess amounts to about 1' for an area of 75*6 
square miles. 

Hence, if the area in square miles be known, a close approximation to the spherical excess will 
be had by dividing the area by 75’5. Log mean radius of the earth in yards = 6*8127917. If the 
three angles of a triangle are assumed to have been equally well determined, the previous deter* 
mination of the spherical excess is not necessary for the calculation of the sides, though it will be 
required for estimating the relative value of the observations. For the sides of a spherical 
triangle may 1^ computed as if they were rectilineal if one-third the excess of the sum of the 
three angles above 180® is deducted from each of the three observed angles, in which case 

side b = side a siu (B — ^E) -r- sin (A — ^E). 

Surveying Soundings. 

To determine the position of any sounding, A (fig. 14), when afloat, 
take siraultaneousl.v the bearings of three known objects on shore, B, C, D, 
plot the ang1e>^ on tracing-paper, and move them on plan until the lines 
cut the points B.O, D. 

FIG. 14. 

Another method.—0, and D being known points on shore, and the angles BAC, CAD having 
been measured — 

Double the angle BAG, and deduct this doubled angle from ISOh Halve the remainder, and 
set ,off from B anil angles, each ec^ual to* che 
half remainder—that is, BCE, CBE ; then BE = EC. 
Witli B as a centre and radius EC, describe the circle 
BCA. Then the point A will be in the circumference 
of this circle. 

In like manner, double the angle CAD and proceed 
as before; the point A will be in the circumference of 
the circle CAD. Being in the circumference of the 
two circles, the point A will therefore be at the inter¬ 
section of the tw*o. 

Suppfwe the angle B\0 to have been 40®, CAD 30®, 
the double of BAC is 80® ; then 180®-80®= 100°, which 
divided by 2 gives 60°. Set off from B and C angles 
equal to 50°. In like manner, 2CAD=60®, and 180®—60® 
= 120®; half 120® = 60®; from C and D set off 60®. 
With E and P as centres ffig. 15), and radii EB, FO, 
describe the two circles, whose iu'^ersection determines 
the position, A, of the observer. 
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To reduce a Sounding to Low Water. 

h = vertical rise of tide, in feet. /i = height of tide above low water, iu feet, at the time t. 
=time between high and low water, {'a time from time of sounding to low water, in hours 

1 T coa =: /i'; — cos when c 90^^', and + cos when > 90°. 
2\ t ' t 

Example.—Low water occurring at 3.45, and higli water at 10.15 p.m., a sounding taken at 
5.80 P.M. was 18‘25 feet; what was the depth at low water, the vertical rise being 10 feet ? 

h = \Qfeet; / = 6A. 30m. — Zh. 45m. = lA. 4r)m. = 1’76 hours, 
t = 10/l 15m. — 3A. 45m. = 6/i. 30m. = 6-5 hours. 

Then 

1 T e03 ^ » 6(l-48« 270 = 6 X (1 - *662) = VG9fet>t. 
2 \ 0*6 / 

Sounding ..... 18*26 feet. 
Reduction.1*69 

16*56 

SUKVEYING mSTHUMENTS. 

ADJUSTMENT OF THE THEODOLITE. 

(i2. T. Hancock.) 

The^drst and moat important adjustment consists in correctly levelling the instrument with 
its vertical axis pointing truly to the zenith, every time it is set up. Other errors in adjustment 
can be corrected or compensated by special methods of observation, but correct results are 
impossible if the theodolite is out of level. This adjustment must precede all others. 

Set the instrument up firmly with its legs well apread and bring it approximately level by 
means of the base adjusting screws, with the aid of the bubble tubes on the vernier plate. Place 
the telescope as nearly horizontal as possible, with the vertical arc clamped to zero if desired, and 
bring it over one pair of the base levelling screws, or parallel to a pair in the case of a tribrach 
base, and observe the position of one end of the bubble of the telescope level in relation to the 
gradations on the tube. Select and use one end throughout, say, the end of the bubble nearest 
the eyepiece. Revolve the upper part of the theodolite through 180**, bring the bubble back 
half way, if it has moved, by means of the base levelling screws. Check by turning the instrument 
back to its original position. If the bubble remains in its mean position, turn t^e upper part of 
the instrument through 00**, so that telescope lies over the other pair of levelling screws, or the 
remaining one of the tribrach, and bring the bubble to the same position by these. Finely 
check by turning the instrument slowly through 360**, and see that the bubble remains unmoved. 
If not, repeat adiustment from the beginning. The bubble may not finally occupy the centre 
of its tube : this u unimportant. What Is important is that it should not move when the instru¬ 
ment is revolved about its vertical axis. If the bubbles of the levels on the vernier plate are not 
well centered when the instrument is thus levelled, it will be convenient to make tiiem so now by 
means of the turret screws at the ends of the cases, so that a close approximation to true leveis 
may be obtained when setting up on future occasions. It should make no difference in levelling 
up \vhether the two plates revolve together or whether the lower is clamped and the upper free. 
If it does, it shows that the cones require regrinding. 

Adjustment for parallax consists in moving the eyepiece in or out, altering the focus of the 
object glass to corre^ond, until the crosshairs of the diaphragm do not appear to move relative 
to the point viewed when the eye is moved slightly from side to side of the lens opening, (kire 
should be taken not to revolve the eyepiece tube in its casing, as this affects the optical centering 
of the system of lenses. For this reason the lens cell and its casing are usually provided with 
corresponding marks by the maker. 

The transit axis upon which the telescope swings should be accurately at right angles with the 
vertical axis of the instrument. The adjustment of this is effected by sliding bearings at the 
top of the standards, but in cheaper instruments no provision for adjustment in this respect 
is made, the makers supposedly securing it once and for all by correctly proportioning the height 
of the standards. Direct the telescope to some high object, such as the finial of a spire. Depress 
the telescope and mark on the ground the point where the intersection of the hairs falls. Transit 
the telescope, sight up again, and mark where the intersection falls on the ground the second time. 
Raisa or lower one bearing so that the intersection falls one-quarter of the distance between the 
marks from the second mark. Check, and repeat if neoeesaiy. 
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TIm ooUimatlon Une may be defined aa a line joining the optical centre of the object glaae and 
the intersection of the croo^aiie. To make It at right angles to the axis on which the telescope 
swings, set up, level, and sight to a well-defined mark about 100 feet away; transit the telescope, 
and mark where the intersection falls in the opposite direction, at about the same distance away 
and on Uie same level as near as may bo. Bevol ve the plates through 180** about, and sight to the 
original mark. Again transit, and mark the new point of intersection, if altered, near the former 
one. Measure a point one-fourth of the distance between the two from the latter, and move the 
diaphragm ourying the crosshairs by means of the adjusting screws holding it in the telescope 
until the intersection covers the measured mark. It will be necessary to loosen all four screws 
to do tills, but care should be taken not to move the diaphragm up or down more than can be 
helped, and to keep the crosshairs vertical and horizontal. Oheck by transiting back again to the 
original mark, which will now not fall under the crosshairs; bring it under the intersection by the 
slow motion tangent screw, and transit back again. The intersection should now fall haH way 
between the two original marks. 

Having perform^ the foregoing adjustment we now have the vertical axis of the instrument 
pointing truly to the zenith, the horizontal axis on which the telescope swings truly at right angles 
to the vertical axis, and the line of collimation truly at right angles to the horizontal axis. The 
coUtmation line then lies wholly in a vertical plane cutting the horizontal axis at right angles, 
but does not necessarily lie parallel to the axk of the level on t^ telescope in that plane. It 
can be made to do so by altering the lie of one or the other, and in order to avoid disturbing the 
adjustment just completed, it is better to bring tiie axis of the telescope-level parallel to the 
collimation line as it now lies. This is why it was recommended not to disturb the up-and-down 
position of the collimation line more than can be helped, so as to avoid the necessity for much 
alteration In the telescope level. This adjustment is not really required for the theodolite, unless 
it is intended to use it occationally as a level, and the surveyor who desires to effect it can proceed 
as described below for the level, except that after setting up beyond the levelled pegs, the telescope 
is lowered or raised by the slow-motion tangent screw of the vertical arc till the crosshairs reM 
the same on both pegs; the bubble of the telescope level is tiien brought to the centre of its 
run by altering the capstan-headed screws at each end of its casing. 

Subtense Measurements. Taoheometers. 
It is quite common at present to place a pair of webs—or much better, a pair of pointa—in the 

diaphragm of a theodolite or level, these being at such a distance from each other that they will 
by vision correspond to a measurement (upon a distant levelling staff), which is proportional 
to the base of the subtense angle, so as to show thereby, in the space between the lines or ©points, the true distance of the instrument from the staff. FIG. IG shows the 

form these points appear in focus of the eye piece. By the employment of this 
system chain measurements are entirely dispensed with, and the system has the 
merit of a simple sight measurement, as upon a rule, without any calculation. 
Theoretically it is scarcely as exact as the work of the Omnlmeter, as there is great 

pu -1 a dlfHcnlty of exact adjustment of the points without the use of complicated optical 
iriQ. 1C. means, but practically, as testified in some recent work by the Surveyor-General of 

Lagos and ^figeria, a gtxxl instrument in correct adjustment may be read within less than *00} 
oi total dlstauue, wtueb is nearer than is possible by chaining over uneven ground. One merit 
over the Omnimeter is that the instrument is not touched by the hand during the observation 
of the points, out by vision upon the staff, which give the distance. 

The DUMPY Level. 

This is a perfect knock-about Instrument. If stations are taken at equal distances apart, say 
one chain, tills form of level will act correctly although out of adjustment. Thus with the level 

at L (fig. 17), place a staff vertically at one chain distance from the instmment at 8. ^ in- 
aocozate insfimnent wiU read the atefl at o. Now place the staff vertIcaUy at S', It wlU read 
at o'. The distances and verticality being equal, a and o' will be level. If we now place the 
level at some distant position nearly in line and adjust the level by the bubble screw to read 
equal distances above o and o' and b and 6', the level must he true. 
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ADjrcBiifBiaT or the Lbvbl. 

(A. T. Haneoek.) 

Select a fairly level piece of ground, set op the instrument, carefully levelled up as described 
for the theodolite (p. 267), and drive a peg at a distance of 100 feet or so away. Hold the levelling 
staff on the peg and note the exact reading. On the opposite side of the instrc^ent, and exactly the 
same distance away, set another peg, driving it down till the staff held on it reads exactly the 
same as on the first peg. The tops of the pegs are then on the same level, independent of in* 
strumefit error. Set up on the prolongation of the line beyond one of the pegs, level op carefully, 
and make the crosshairs read the same on both pegs by raising or lowering the diaphn^nn cell 
by means of the screws holding it in the telescope tube. The collimation Ime is now horhsontal. 

It is not necessary to level the pegs if the difference in level is noted, and the crosshairs are 
altered to read the same difference. To facilitate the adjustment in this case, set up beyond the 
pegs at a distance which bears some simple relation to the distance between ^e p^^ make a 
sketch of the position of Instrument and staffs, insert readings and distances, and calculate the 
amount it is necessary to alter the reading on either staff ^y moving the crosshairs), on the 
principle of similar triangles. 

The telescope bubble may not finally occupy the centre of its tube when the collimation has 
been put horizontal as described. This is unimportant, as the instrument can always be correctly 
levelled up if the procedure as described for the theodolite is followed, in fact the central position 
of the babble should never be relied on as a test for levelling up, even if it has once been secured 
by adjustment. It may be brought to the centre of its run by adjusting the screws holding the 
level to the telescope, care being necessary not to disturb the instrument. 

Thb Plans Table. 

This instrument is now generally used in new countries and in our colonies, for filling in 
details of work with the theodolite. It has the great merit that an intelligent native without 
technical education can be instructed to do valuable detail work with it. In its simplest form 
it consists of a sighted rule placed on a small board supported by a light tripod, the work being 
performed on the surface of paper. Many civil engineers find its work extremely convenient, 
because this work being made most definite by sketches upon the paper used, from these sketches 
they have a certainty of position In making maps from the same; so that they employ plant 
tables with all the refinement of means of observation possessed by the theodolite. 

Prismatic Compass. 

Details of small surveys or filling-in work are made by this compass, which is sighted for 
observation of direction, so that the eye may also see the compass ring by reflection through a 
prism at the instant of sighting. A reflector is commonly fixed to the forward sight so that 
distant objects may be seen up or down hill. The instrument is generally held in the hand for 
work, but where greater refinement is desired it is supported on a tripod stand. 2) in. or 8 in. 
instruments are used by hand; SJ in., 4 in., and 4| in. are each set on a stand. 

To Find the Variation of the Compass. 

1. BT XHB POLE STAB (FOLABXB). 

The pole star is on the meridian, either above or below the pole, when a vertical plane passes 
through it, and the bright star at the root of the tail of the Great Bear e Ursas Majoris (Ahoth), 
Thus, during the twenty-four hours, two opportunities will be presented of finding the pole star 
on the meridian. Set up a fine plumb-line in a convenient place, free from currents of air, and 
the observer, placing himself behind the thread, waits until the moment when the two stars are 
hidden by the thread. If the bearing of the pole star be then read, it will show the variation of 
the compass. But as it is not very easy to read a oompass at night, it is best to fix a stick with 
a light on it in the line of the pole star, and as far off as possible, the line joining the obeemr's 
position, and the light is the meridian line, and its bearing may be read in the oofbrning. 

2. BT A Single aiaitudb or tbb Sun. 

1. Compare watoh with ehxonometer to get oorreet meen time. 
3. Note feedings of barometer end thermometer. 
8. Adjust thsodoUte sod note index error. 
4. Sot np instmment at.A stntioa; make the tamporery adjustmenta, 

and set Instrument at S60* on . ..A station. 
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6. About three hooni from 12 o'clock, morning or afternoon, unolamp upper horieontal plate 
and Tertioal arc. See that the dark-eye piece is down, and moTe upper part of instrument till the 
sun ia in the field of object glass. Oiamp upper horizontal plate and vertical aro, and with the 
two tangent screws follow (morning observation) the sun's movement till the sun's upper limb 
just touches the intersection of the cross-hairs. Note the time by watch, and read on horizontal 
aro the azimuth, and on vertical aro the altitude of "5?-, sun's upper limb. 

6. Unolamp horizontal plate, and either with a slight motion, or, if plate be clamped, wholly 
with tangent screw, follow the sun's motion in azimuth till the sun's lower limb (.<2 ) becomes 
tangent to the intersection of cross-hairs, the vertical aro being untouched. Note the time and 
the reading on the horizontal arc. 

7. The mean of the times and the mean of the azimuths will give the time and azimuth at 
which the vertical reading of the arc denotes the apparent altitude of the sun's centre . 

8. Oorreot apparent altitude, 
Correction 1. For index error of Instrument. Correction 2. For refraction, modified by 

barometric and thermometrio readings; corrections to be found in tables in Frome's 
* Surveying,' Drayson, or Chambers. Correction 3. For parallax. To be found in 
tables in * Nautical Almanac,' and modified to noted altitude by formula Sin par. 
in alt. -> sin hor. par. x cos. alt. 

9. Apparent altitudes thus corrected gives true ait. 

10. The true alt. subtracted from 90" gives the zenith distance Z3. 

11. As the altitude of the elevated pole is equal to the latitude of the place, 90" minus latitude 
zenith distance of the pole, viz. PZ. 

12. The declination of the sun is given in the ' Nautical Almanac' for each day at apparent 
noon. The variation of declination for each hour is also given, and the direction of declination, 
N. or S. Hence the declination at the time of observation is obtained. If the time of observation 
be 9 A.M., and declination increasing, the correction for three boars’ variation must be subtracted 
from the declination at apparent noon, vice versa if the declination be decreasing. 

13. Then we have the three sides of the astronomical triangle to ascertain the angle Z, which 
is the measure of the angular deviation of the sun from the true meridian. 

14. Compute the angle Z by the formula 

00.5 = ^ /.m8.in(S-PS) 
2 ^ sin PZ sin ZS 

where 3=^ sum of the three sides of the triangle. 

16. The magnetic bearing of the A station from which the sun’s azimuth was taken 
should be noted two or three times with great care. If possible a stand to be used for the 
compass. 

16. Then, knowing the sun’s azimuth from a station and the direction of that station as 
regards the magnetic north, we get the deviation of the sun from the magnetic north. The 
computed angle, Z, is the deviation of the sun from the true north, and the difference of the two 
deviations is the variation of the compass. 

17. Note that for afternoon observations the computed angle, Z, is to be subtracted from 360* 
before comparison with sun’s magnetic bearing. 

Magnetic FUements. 
At Abmger Magnetic Station, near Leith Hill, Surrey (in connection with the lioyal Ob¬ 

servatory, Greenwich). 

Mean values Oct<jber I'JIS. 

Declination, West, 9* 33^ Inclination (or dip) G6* 46'. Horizontal intensity, 0*1858 gauss. 
Vertical intensity, 0*4327 gauss. Average annual decrease in declination, 8' lil. 

Declination at Greenwich, 14*0' less than at Leith Hill. On any particular day, and even 
at different times of the same day, the departures from these values may be considerable. It is 
meaninglew to give estimated values to decimals of a minute or five significant figures of intensity. 

For other places in the British Isles, vciy rough values may be found by increasing 0*6* for 
each d^ree of longitude, W., and increasing 0 * 8* for each degree of latitude, N.; but local varia- 
tions are oonslderable. 
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To Determine the South by Means of a Watch. 
(hr hour Ii.'iikI nf (hr w{i(^-h ;«(» (iir siiii, (hm half'W.'iy rouml Ct<f‘r iio(<{ u) i>r(v\roii (hr. 

liour luiiid luul ‘ XJt ’ on llir i>oini!=; ‘Hon(h.’ 'J’Iiiik, snji])osr it, (o Ik* S p.m., poinf- tlir hour 
hniid at the sjim, thru the ‘ IJ11 ’ of Mm dial points to south. In souMmrn latitudes, to liud ‘ north,' 
l)oint ‘ X M ’ at the sun, then half-way round between ‘ X f f ’ and the hour is due * north.’ 

I’his metho<l is arxairate only about the times of the equinoxes. The allowanre for (he aetual 
times of the sun's southing (see Whitalver’e Almanack) iiierease to and decrease from aboul. J5 
minutes at th«! t imes of the solstices. 

(rt) The half-way round is clockwise in the forenoon and eonnterclorkwise in (he afternoon. 

To Determine a True East and West. 

Set up a vertical rod (any size) on a flat floor. Describe a circle round the base about twice 
(this varieswith the latitude) the height of the rod. Some time in the forenoon mark the point 
where the shadow of the rod just touches the circle, and repeat this in the afternoon on the other 
side of the circle; mark this point also. A line through these points will be true east and west. 

As a guide to the true north, the following notes as to the whereabouts of the pole star at 
• convenient hours in the evening or night will be useful, and correct enough for the purpose for 

the next hundred years. 

The times given (Local mean time) are for the first day of each month, and become about 
4 minutes (3 mins. 69*34 secs.) lets every day. 

Month, 1° W. TrueN. j 1® E. 

January 9*46 6*30 
February . 7*46 
March . . ! 11*16 ,. ,, 
April . 9*16 12*30 
May . . 1 716 10*30 
June . .. ' 8*30 ll’46 

Month. !• W. True N. | 1® E. 

July . 9*46 
August 7*46 
September . •• j 11*16 
October 12*30 9*16 
November , 10*30 7*16 
December . 8-30 6*16 

Equation of Time. 

'J’AnT.K SllOWlXd Tl.MF. TO BE AnOEll TO OU SUBTEACTED PROM SlTNDIAb TIME T.V ORDER TO 
OBTAIN True or Mean Time. (Ta)cal.) 

1— Minutes 1 Minutes 1 Minutes Minutes 
1 Date. (approxi- Date. (apviro.xi- Date. (approxi- Date. (approxi- 

mil(e). mate). mate). mate). 

Jail. I + 4 Miir. 28 
WEM 

Aug. 9 + 5 Oct. 27 -16 
+ 6 April 1 15 + 4 Nov. 15 -15 

5 + 0 „ 4 20 + 3 ,, 20 -14 
7 + 7 7 24 + 2 24 -13 
0 + 8 J, 11 28 + 1 27 -12 

12 + 9 15 0 31 0 
Dec. 

30 -11 
I.j -PIO 19 Sept. 3 - 1 2 -10 
l« + 11 „ 24 51 6 - 2 55 6 - 9 

•21 + 12 „ 30 9 - 3 „ 7 - 8 
25 + 13 May 13 12 — 4 9 - 7 
31 + U 29 15 — 5 11 - G 

Fob. lu + 15 June 5 >1 18 - G 13 — 5 
21 -(14 lu 21 - 7 „ IG — 4 

Mar. 
27 + 13 15 „ 24 - 8 IS - 3 

4 + 12 2d „ 27 - 9 20 - 2 
K + 11 25 ,, 30 -10 22 - 1 

12 + 10 29 Oct. 3 -11 •J4 0 
„ 15 + 9 .fuly 5 „ (i -12 2G + 1 

> 19 + 8 „ 11 10 -13 „ ‘2« + ‘2 
22 + 7 ,, 28 14 -14 n msM 4 3 

1 ■ 
25 + 6 

1 BHK ” 
19 -16 

_ 



LENGTH OF A DEGREE 

liURlIH or A DMBIB Of LOlfOltUDB AND LAXITUDB. 

Sec. vni 

48 50*670 i 
44 49*840 4 
45 48*996 4 

Length of a d^roe of longltode «t latitade «■ coe x 69*174 statute miles; whera 
tan •> 6 -i- a tan A*; a — equatorial radius (3968*86 milesX u^d b — polar radios (3950*06 
miles) ; 5 *!• a - 8950*04 -h 8968*86 «i 0*99664. 

JtmmpU: What is the length of a degree of longitude at 50** latitude ? 
tan 50** «• 1*1917586, therefore, 

tan di* - *99664 X 1*1917586 - 1*1877498 - tan 49* 54* 18*; oos 49* 54' 18*«> *6440569. 
therefore length of degree ■■ *6440569 x 69*174 44*558 statute miles. 

Length of a degree of latitude at A* latitude (A* being at the middle of the arc 69*174 x 
•99880 + *01005 sin* «* 08*711 + *6959 sin* A* atatote miles. 

What is the length of a degree of latitude between 80* and 31* 7 
A*Mi80*80',rfli80*80'aa *5075884, therefore length of degree i-68*711 + (*6958 x *5075884 

X •5075884) - 68*711 + *179 - 68*890 statute mUes. (N. E. JTsifip#.) 
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Approximatk Distance op Objects when first seen at Sea, tub OBfHEria*E 

being supposed at Sea Lbpel. 
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1*1 
1*6 
20 
2*3 
2-6 
2*8 
8*0 
8*2 
3*4 
36 
8*8 
40 
41 
4-3 
4*4 
4*6 
4*7 
4-0 
6*0 
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29 
80 
31 
32 
33 
34 . 
36 
36 
37 
38 
39 
40 
41 
42 

6-4 
6*6 
6*6 
6*7 
6*9 
6*0 
0*1 
6*2 
6*3 
G-4 
6*5 
6‘6 
6*7 
6'8 
6- 9 
7- 0 
71 
72 
7-3 
7-4 
7*6 

43 
44 
45 
46 
47 
48 
49 
50 
55 
60 
65 
70 
76 
80 
88 
90 
95 

100 1 
105 
110 
115 

120 
125 
180 
135 
140 
145 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

12*6 
12*9 
18*1 
18*4 
13*6 
13*8 
14*1 
14*5 
15*0 
16*4 
15*8 
16*3 
16*7 
17*0 
17*4 
17*8 
18*1 
18*5 
18*9 
19*2 
19*6 

300 
810 
820 
830 
840 
850 
860 
870 
380 
390 
400 
410 
420 
430 
440 
460 
460 
470 
480 
490 
600 

19*9 
20*2 
20*6 
20*9 
21*2 
21*5 
21*8 
22*1 
22*4 
22*7 
23*0 
23*2 
28*6 
23*8 
24*1 
24*4 
24*7 
24*9 

1 25*2 
i 25*6 

25*7 

620 
640 
660 
680 
600 
620 
640 
660 
680 
700 
720 
740 
760 
780 
800 
820 
840 ' 
860 
880 
000 
920 j 

26*2 
26*7 
27*2 
27*7 
28*1 
28*6 
29*1 
29*6 
29*0 
30*4 
30*8 
31*2 
81*7 
82*1 
32*6 
32*9 
S3*S 
337 
84*1 
84*6 
84*9 

Sxamfk: Vnm what distenos wlU s hUl SOO fset high bs riaihU to sa obBsrrsir 10 ftoi aboTS 
thosear 

To an obsenror ontho sommit of tho bill the horiion would be 11*1 mllea distant, and to the 
obserrer In the example it would be 0*0 miles distant, henoe two snob obserrem one 
another would Just see eaoh other at a distance of 11 *1 -4- 0*0 » S6*7 mllse. which Is Ihei^ie 
the distance the hill will be rWble. 

ASTRONOMY. 

The Earth and Sun. 

Bquatorlal radius of the earth » 6,378,200 metres (3963*30 miles) (Setmert) mm 6,378,388 
metres (8863*41 miles) (Hap/ord); mean ralue, 6,378,294 metres (3963*36 mllesi Polar radius 
of the earth 6,366,818 metres (3960*01 milee) (Bdmeri) — 6,866,909 metres (8960*06 mUes) 
(J7m/erd); mean ralue, 6,856,864 metres (3960*04 mitas. 

Equatorial horlsontal parallax of sun (angle under which the equatorial radios of the 
earth would appear at the sun’s centre) ■■ 8**80. Mean distance of sun from earth ■■ 8963*23 

Bine 8**80 
"**000^064 "^^* Maximum distance (Ist July) ■* 98,960,000 miiff Miaf. 

mum distance (Ist Jan.) * 90,960,000 miles. 
Angle under which the radios of the son would appear at the earths oentiUb at the earth's 
an distance from the sun ■■ 16' 1**18 (Ameers). mean 

Badios of son I- 3963*23 116'IM8 
sine 8**8 

- 8963*23 *0046699 
• 424,600 milesL 

*000042664 
None of the foregoing numerical Taloes can be accepted as absolute, as authorities are not 

agreed on the subject. 

Identifloation of Stars. 

In stellar obsenratlons for time, latitude, or asimuth, the etar sdeoted for obserration may 
be oonrenientlT found from the following notes, which deecribe the relatiTe positions of the 
larger stars in the constellations. The angular distance between two stars can be olosely estimated 
by comparison with half the distance between the oboerver*S senith and the hotlson*—4.c. 46*, 

(а) In the oonstellation Vna Maior the two well-known stars a and B (cun Pointbrs) point 
directly to POLASn, the Pole star. Tho latter also fonns the end or tail of Una Minute 

(б) If the cunre of the tall of Una Malar be oontinned, abont 30* along it will be found 
ABOfOBUB (a BoUtt), 
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(e) A line from foioBlfl at rlghl englei to the line from thb roQiTBRe glvee 00* from tUc 
former, 0APILL4 (a Auriga), 

(d) A line from Polarib tbroogh the lut iter bat one of the tell of Ursa Major paesee through 
SpiOA, SO* beyond ARoruRUg. 

(tf) The PODiTBRS’ line continued through POLARIS for 60* indloatea THE Great Square of 
PBOASUA The star In the comer oppoelte to the Pole Is Markab. 

(J) Midway between the Square and Polaris la the constellation Ctuoiopeia (Ats atara 
grouped like W). 

(y) A diagonal through the Square S.E. to N.W. produced 40* glyea Dbnbb (a Oggni), 
(A) 86* further and 10* to the right the same line glvea VBOA (a Lyros^ a large white star. 
(/) S6* south of Dense and VEOA Ls ALTAIR (a AquOae), This star Is between two companions, 

and narms the apex of an teoeoelee triangle with Deneb and Vega. 
(A) A line from Polaris through Gapella will touch Rioel, 66* from Oapella. This line 

paseea between Aldebaran (a Taw^ 10* west and SO* from Gapella, and Betslqeuse, 10* east 
and 40* from Gapella. Riqbl and Bbtelgbuse are diagonal stars in Orion. 

(h A line from Aldebaran through Orion*s Belt passm near Sirius (a CanU MaforU) at an 
equal distance from Aldebaran. This is the brightest star In the heavens. 

(m) 60* east of BBTBLQBUSB, forming nearly an equilateral triangle with Bbtelqbusb and 
SIRIUS, Is PROOTON. 

(n) 80* north of Prooton fa Gastor, and 6* S.B. of CASTOR Is POLLUX. 
(0) The apex of an isosceles triangle with Gastor and Prooton, 46* east. Is Requlus 

(a Leonii). 
(p) Eastward from Prooton to Requlus so* is Denebola. Denebola forms an equilateral 

triangle with AROTURUS and Spica. 

ASTRONOMY IN PIBLD WORK. 

(Frod» Simpson, A.MJ.CJB.) 

Choice of Instrument. 
Choice of Instrument,—The most suitable instrument is the Transit Theodolite provided with 

a delicate level attached to the vernier arms of the vertical circle, and a sensitive striding level 
for use on the pivots of the horizontal axis. The adjustments must be made as perfectly as 
poesible, and the residual index error carefully ascertained. The value of a division of each of 
the sensitive levels should be determined, and the position of the bubbles should be noted at 
the time of observing, and an allowance made for any variation In their readings. The most 
suitable form of diaphragm for astronomical work Is that with simple vertical and horizontal 
cross hairs. For night work on stars it is necessary to illuminate the cross hairs, if the Instni- 
ment is not provided with ap illuminated axis; a lamp held a little distance In front of, and 
a little on one side of the object glass, may be used for this purpose. 

Witti the ordinary eyepiece, altitudes exceeding 60* cannot be conveniently taken; for greater 
altitudes some form of diagonal attachment to the eyepiece is required. A makeshift arrangement 
can be improvised with a small piece of mirror held in the hand, or provistonally attached in front 
of the eyepiece at an angle of 46* to the axis of the telescope. 

In observing the sun, a very convenient method, less trying to the eyes, is to cast the image 
of the sun and cross hairs on to a piece of white paper or card (to act as a screen) held about 

three or four inches from the eyepiece; the telescope must be focused ror long-distance vision, 
with tlM cross hairs in focus; the telesc<^ Is then directed to the son, and the eyepiece drawn 
out on^ perfect Images of the eon and cross hairs are projected on the screen, the diameter of the 
image of the sun bel^ smaller as the eyepiece is withdrawn. U the telescope inverts with direct 
visimi, the image on the screen will be erect. 

The limbs d the son are observed when tangential to the respective cross hairs; the image 
of the SOB ehoald be allowed to leave one cross hair cdamped a little in advance and followed 
with the other cross hair, using the tangent motion, so that the moving hair is bronght tangential 
to the other limb as the first limb is Jnst leaving the fixed hair ; in this way only one hand Is 
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ooeapled with the tsnMt motitto. The oorreottoi for eeml-diemeter moet be applied to the 
readinge in altttode and aalmath. In the eaee «f the altttndea, the ocMneotkm for ec^-dhuueter 
la applied ai taken from the Almanac; In that of the ailmnthfl. the oorrectlon to be applied to 
the horisontel drole reading appnndmatelj the eemi-diameter, taken from the Almanac, 
malUplled bjr the eeeant of rae angle of altltnde. These ooneotions apply to obeerratioos taken 
on any one Umb of the san to rednoe the reading to the centre of the son; bat by taking the 
means of pairs of obsenratlons, on the apper and lower limbs for altltnde, and on &e right and 
left limbs for aalmntb, the neoesslty for oorrectlon for aemi*dlameter Is eliminated. 

In a double obserration on npper and lower and right and left limbs, a pair of bbserratlons 
are made, one in which the horizontal hair is fixed In adranoe, the Tertlcal hair being mored by 
the tan^t motion of the horlsontal drcle; the other obserration Is then made with the rertical 
hair fixed in adranoe, the tangent motion of the rertical circle being then used to toUew the 
lower or npper limb with the horiaontal cross hair, np to the time of the rertical hair, with the 
right or left limb which is being obswred. 

The cross hair which is being mored should always be kept slightly on the disc of the sun, 
up to the time of contact with the other hair, as it beoemes indistinct when olf the dieo. 

The means of the ohrcle readlngc of the iJtttadee and azimnthe taken in this way will be thus 
rednoed to the centre, and will correepond to the mean of the tlmee of obeerratUma, and do 
correction for semi-diameter le required. 

Altitudes require oorreotlon for index error (-|- or — for refraction corresponding to altitude 
(always ~), parallax (in case of son or planets) corresponding to altitada (alwara <f); semi- 
dlametmr In case of sun or planets, -f- If Iow«r Umb is obserred, If the npper; this oorrectlon 
Is eUminated If obserratlons on npper and lower limbs are combined. 

Refraaim.’^Th.t mean refraction yalnes are near enongh for ordinary pnrpoaee when the 
altitude observed Is over 20*, but for lower altitudes a correctieu may be neceeeary, oorrespondlng 
to the altitude, temperature, and barometric preesure; refraction decreasing with higher tem¬ 
perature and Inereaelng with higher barometric pressure. 

PttfaUax.—^The horizontal parallax of the son Is approximately 8*8*, and for any glren altitude 
8 -8* X cosine of altitude. In seconds. 
Dtdination as taken from the Almanacs must be corrected to correspond to the time of obser- 

ratlon refenM to time at the principal meridian adopted in the Almanac: generaUy It Is 
suflloient to know hla time to within ten mlnutee in spri^ or antomn, or within thirty minutes 
in summer or winter. 

To Find Latitude. 

LaiiiudM may be deduced from a single altltnde of a star, or the upper or lower Umb ef the 
sun, when croeslng the meridian. This altitude Is corrected for index error and refraction In the 
case of a star; In that of the sun a farther correction is required for paraUax and semi-diameter 
to rednoe the altitude te the sun's centre. The declination Is corrected to the time of obserration. 

In the case of the sun, and of stars with declination less than the latitude if of the same name 
Latitude — 90* (altitude 4- declination). If deeUnation Is of the opposite name to latitude. 
Latitude 00* — (altitude — declination), if declination U of the same name aa latitude. 
In ease of stars with declination of the same name, but greater than latitude 
Latltnde (altitude + declination) » 90* at the upper transit. 
Latltnde altitude 4- (90* ^ deeUnation) at lower transit of drcnmpolar stars. 

More exact determination of the meridian altitude can be obtained from a series of ex-meridian 
sUltndes taken about the time of the star or son's merldiaa passap, provided three altitudes are 
taken at equal intMrals of time, or equal Intervals of azimnth (ft is immaterial what intervala 
are taken, not they most be equal and not extend more than about twenty mlnotes <m either 
side of the meridian passage). 

The oorreoted altltnde at the meridian may be obtained by the following reduotlon 

Subtract the lowest altitude from the other two and let these dlflerencee, reduced to seconds, be 

denoted by diand d,; then the meridian altitude will be = lowest altitude 4 seconds, 
8(2d,—d,) 

ExAMPLK.—Three altitudes of the upper limb of the sun were taken at intervals of 6 minutes 
as follows: 

0/0 Oil/ O I It 
38 10 35 38 IS 40 88 IS 80 

4 correction 8 17 - 38 10 36 X 38 10 86 

altitude on meridian, upper limb 88 IS 63 

(4 X 186 - 116)* ^ ,g-„ 
8(8 X 186 - 116) 

3 06 = 126' 

2' 17" 

1 55 « lift 



ASTRONOMY IN TIEI.I> WORK Sec. Till m 
To Tind Time ead Asimuth. 

Tkm* and AMmuih from iim or ttor oltitudM. 

Lei a m altitnde obeerved (oorreoted for under error and refraction in case of star, as well 
aa for parallax and aemi'diameter in case of inn); 

p 9 polar distance s 90* - declination, if latitude and declination are of the same 
name, s 90* + declination, if latitude and declination are of different names. 

, = “±i±£; 
• ® * 

log Iln I Hour *«gi. s log log oo««o P 1^ oo» «-Hog rin (« - a) 

log 001) Azimuth = log “oo-*-log oog »■» log eoz (y-.) 

The Hour An^o in arc is reduced to time; if from a P.M. observation of the sun ibis will be 
Apparent Time P.M., but if from an A.M. observation this Hour Angle in time should be deducted 
from 19, the result being Apparent Time A.M. To arrive at Mean Time, the Equation of Time 
must be added or subtracted as directed in the Almanac, this Equation of Time being first cor¬ 
rected to oorreqMmd to the approximate time of the observation at the principal meridian to 
whieb the Almanao refers. 

In star observations for time, the Hour Angle found and reduced to time is deducted from 
or added to the Bight Ascension of the star (deducted from if before the meridian transit, but 
added to if after), inis gives the Sidereal Time of obs^ation. Take the Bight Ascension of the 
Mean Sun for the previous noon from the Almanac, and correct this to the meridian of the place 
of bbeervation; this deducted fkom the Sidereal Tune of observation, and the difference reduced 
to Solar Time, will give the Mean Time of the observation. 

b. m. B. 
E.g^ suppose Hour Angle found after transit of meridian . 4 30 24 

Bight Ascension of star . . .... 8 10 43 

Sidereal Time at observation. 13 41 07 
h. m. 8. 

B.A. Mean Sun. 1 35 28 
Oorreotion for longitude 9 h. 54 m. West. • • + 38 

- 1 36 06 

Interval in Sidereal Time from Mean Noon .... 11 05 01 
Oorreotion of interval. Sidereal to Mean Time . . ~ 1 49 

Moan Time of observation. 11 03 13 

The horiaontal circle reading of the asimuth found aa above should bo corrected for the 
inoilnatlon of the horisontal aMs of the vertical circle as duxoted by the reading of the cross 
striding level; the difference os level in seconds of arc multiplied by the tangent of the altitude 
faiAyn will give the oorreotion to the horisontal circle reading this being added if the left-hand 
pivot is hi^Mst, and subtracted if the right-hand pivot is hi^ieet. The circle reading of some 
distant wsu-deilbed obiect should be used as a Beference Point to which the asimuth observed 
will then be ooonected. 

In a seriea of observations where the sun has been utilised in the daytime, and it is desired 
to oonneot np a series oi observations on stars, the adiustment of the instrument should be 
oaxefidly gone over after sundown, and when the instrument has attained aa even temperature, 
the Berannoe Point being utilised to check the results of the day observations with those of 
the night. 

The digree of acousagy of the results will depend upon the care taken to eliminate slight 
eoeie in tlie data aammed or instrumental defects. In the case of observationa for time, the 
♦AMiy qI the mean of a combination of AJC. and r Jl. observations will to a great extent elimin- 
ate tfii esrors that may be due to instarumental defects, incorrect latitude assumed, or 

oQRedions to date. The same remarks apply also to Asimuth except that the cross 
level «rot eaa only be eliminated by obaervatioDB taken with reversed positions of vertical axis. 
In bbaervatloiia for latttude the erron of the instrument can be to a neat extent oorreoted by 
thkligr the msan of mstMian observations on stars to the north and to the south of the senith. 



ASTRONOMY IN FIELD WORK 267 Sec. VIII 

BXAMPUI (in time and azimnth; p.m. obsenration). Data: latitude (I) 53^ 39^ 06^'N.; 
oorreoted deolinatioUf 0^ 35' 13" S.; oorreoted altitude of the inn's centre (a) 20° 87' 18"; polar 
distance 90° + 0° 85' 13" » 90* 35' 13". 

Time, 
h. m. 8. 

a 20 37 18 
; B 58 29 06 log sec 0-22646 

s= 90 86 18 log oosec 0*00002 
2)164 41 36 

s xs 82 20 48 log 008 9*12444 
t-a « 61 43 80 log sin 9*94482 

2)19*29474 

I'hour angle 26 21 30 log sin 9*64787 

hour angle 62 48 00 in arc 
4 

hour angle 8 80 62 in time 

Atimui'h. 

as 2^ 87 1^ 
; = 63 29 06 
p = 90 36 13 

2)164 41 36 

'82 20 48 
(p-i) s 8 14 26 

60 68 30 
2 

log sec 0*02876 
log sec 0*22646 

log cos 9*12444 
log cos 9*99649 

log cos 9*68707 

Azimuth N. 121 47 00 W 

To Find Azimuth, from Greatest Flongation of Circumpolar Stars. 

At instant of greatest elongation 

sin Azimuth =s cos d sec I; 
COB Hour Angle =s tan I cot d; 

sin Altitude = sin d cosec 1, ' 

The Hour Angle, reduced to time, is added to the Bight Asceoaion of the etar if the Qreateet 
Elongation is to the west of the meridian, or subtracted if to the east; this will giye the Sidereal 
time of the Oreatest Elongation. The sidereal time of the mean son's passage of meridian for 
the succeeding noon subtracted from this will gire the sidereal interval of time from noon, 
which, reduced to mean time, will give the Mean Time of Qreateet Elongation. The altitude at 
Greatest Elongation is nseful in setting the instrument for the observation. 

Without knowledge of the latitude the Asimotb may be obtained from two observations on 
stars, one to the east, the other to the west of the meridian, and from the horizontal angle 
between them, which will be the sum of their AsUnoths. Let this angle be denoted by (A + A.), 
and let d and d* be the respective declinations of the stars used, then, 

tan (-^‘) = tan 1 ± x tan x tan 

giving the half difference of Azimuths, which added to and subtracted from the half sum of 
Azimuths will give A and A, respectively. The latitude can then be computed from one of the 
Asimuths and found by formula 

cos I ^ cm d coseo A, 

Example.—Taking stars ^ Orucis (d, ^ 59° 06' 30"B.); y Hydri (d =* 74° 33' 59' S.): angle 
between their Greatest Elongations 67° 33' 33" (= A + A,). 

= 66 60 14* 

= 7 43 44| 

^ = 28 46 46* 

» 9 63 06 
2 

± 28 46 46| 

I tan 0*86874 

I tan 9*13264 

I tan 9*73980 

I tan 9*24118 

Greatest Elongation y Hydri 18 68 41} 
fi Orucis 38 39 51 
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Tb« latitude maj then be caloulated as follows, from y Hydri 

Azimuth ll 58 411 I ooseo 0*48968 
d 74 38 59 I cos 9*42508 

I cos 9*91476 
latitude » 34 48 55 S. 

To reduce Mean Solar Time intervals to Sidereal Time intervals 
(approximate). 

Reduce interval into hours and decimals of an hour, multiply by 10 and diminish pro<iuct 
by : the result will be correction in seconds to be added to Mean Time interval. 

h. m. 8. 
Example. 16 SO 18 M.T. 16*505 x 10:« 165 05 
Oorreotion + ^ 42^7 -- 2*36 

38'00*7 Sidereal T. 162*69 sec 
» 2 m. 42*69 sec. 

To reduce Sidereal to Mean Time intervals. 

Reduce intervals into hours and decimals of an hour, multiply by 10 and diminish product 
by ^ ; the result will be correction to be mhtraeied from Sidereal Time interval. 

h. m. s. 
EXAMPU;. 16 83 00*7 Sid. T. 16*5502 x 10 - 165*50 
Correction - 2 42*7 - ^ 2*76 

30 18 M.T. 162*74 sec. 
■« 2 m. 42*74 sec. 

The error in using these approximations will be lees than f\, second in a 24-bour interval. 

To Find Iiongitude by Moon Culminating Stars. 

This is a convenient method for detonuinin» the longitude when the Mean Time at Orocnwich 
cannot be obtained by wireless tinie signals, the only requirements being a well-adjusted transit 
theodolite, a watch the rate of winch can be depended upon for a short Interval of time but the 
actual error of which need not be known, and a Nautical Almanac. 

The moon veries comparatively rapidly in Bight Ascension (B.A.), but its R.A. at the instant 
of Iti transit aoroH the plane of the meridian can be aoourately determined by oomparing its 
siinii ol transit with that of a star or stars whioh pass the meridian abont the tame time. 

Tha theodolite ie adjusted with its line of oollimation in the plane of the meridian by the 
aid of Mio of tho methods before deseribed for obtaining asimnths; the time of tzansit, over 
the centre thread, of the seleoted stars of reference and the moon’s bright limb are carefully 
noted. 

The intervels (reduced to Sidereal Time) between the times of transit of the respective stars 
and tho time of transit of the moon’s bright limb, added to the B.A. of the respective stars (in 
the oaae of stars which transit before the moon), or subtracted from the B.A. of any stars whioh 
transit after the moon, will give the B JL. of the moon’s bright limb at the instant of Its transit 
over tho meiidiaa. 

We have, under the heading of ‘ Moon at Transit at Greenwich,’ the ll.A. of the moon’s bright 
limb at its transit at Greenwich, and also the variation of the Moon’s ll.A. in one day exprcs.sed 
in seconds ; the difference between tho B.A. of the moon’s bright limb when ptissing tiie meridian 
of Greenwich and the R.A. as found w'hfui passing the moridiun at the place of observation gives 
the change of K.A., and this difference (reduced to seconds), being divided by the variation cor¬ 
responding to one hour difference yf longitude, will give the difference of longitude between 
Greenwich and the place of observation expressctl in hours and fractions of an hour. 

From the table * Apparent places of Stars ’ In the Nautical Almanac there must be selected 
convenient pairs of stars which transit within half an hour or so of the time of transit of the moon, 
and which ^ve a declination nearly that of the moon, so that a slight movement of the telescope 
of the instrument in altitude will bring them within its field. As these stars are generally of small 
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magnitiido and not easily distinguishable it is twlvisable to (approxinial<^ly) calculate the altitude 
at which t hey cross the meridian ; the instrument may then be set in advance so that the star will 
cross aiiproxinlately in the, centre of the field. 'I’lie moon’s right ascension ut the moment of 
f ransit will be. found in the Nanl ical Almanac under f lic h<‘ading: ‘ Moon: at Transit at Clrecnwich.’ 

When the longitude of the place of observation differs considerably from that of Greenwich 
the * variation for one hour * riven in the tables shonld be oorrected by interpolation to corre* 
spond to the approximate middle interval of time between the transit at Greenwich and that 
of the observed transit. 

Let 
f, be the observed times of transit of the star and the moon's bright limb; 

BA, BA, be the Bight Ascensions of the star and the moon's bright limb taken from 
the catalogue; 

e the hourly variation (corrected, If necessary, to the middle time); 

then the longitude in time 

the interval (t, ■— r,) if In Mean Time mast be redneed to Sldeieal Time, 

(BA, — BA,) must be expressed in seconds, 

the longitude will be expressed in hoars and fractions of an hoar, and to the west if positive 
and to the east if negative. 

Timing Observations. 

When working with an assistant the time may be noted at the instant a signal is given by 
the observer, but when observing alone it is diiOScult to note the exact time of contact or traniut 
on watch or ohronometer when the hands are employed in manipulating the instrument and 
the eye engaged in taking the sight. 

In this case a convenient method is to use a watch whose time of beat la known (in modem 
watches usually \ second) ; this watch should be in such a position that the beats are disUnctlj 
heard, for example, suspended over the ear from the cap, in a small bag or watch pocket. The 
beats are then counted from the instant of contact or transit and continued untiJ the <M>copdi 
Unger of the standard timepiece can be noted on some convenient second; this time noted, 
less the number of beate of the auxiliary watch, reduced to seconds and fractions, will be the 
aotuai time of the observation. 

As probably some little time may elapse after the observation before the standard timq>ieoe 
oan be read, especially at night where a lamp has to be used, this extended counting of beats 
of say 1 second becomes didlcuit when arriving at the doable syllable numbers; but by adding 
a * dummy * syllable to the first twelve counted and then continuing with * thlr-teen,' * four-teen,’ 
and so on, giving one syllable to each beat, the counting of ^ seconds becomes quite easy, even, 
if oarried to 100 beats and over, e.g. taking the dummy syllable as * and,' and starting the 
instant of observation with 'noughV the counting would continue:—*nought-and,' *one-and,’ 
'two-and," three-and,' . . . *’leven-and," twelve-and,'* thir-teeu," four-teen,* . . . *twen-ty, 
* twont'-one,' and so on. Then taking the flnt syllable as units and the second syllable as 
the counted beats multiplied by 4 and divided by 10 will give the required intervals in seconds 
and tenths, in the case of the auxlliaiy watch beating fifths of seconds. 

Taking examples, say the beats counted between the instant of observation and the time 
noted on the timepieoe was on the first syllable to thirty-seven, the time at that beat being 

3 hrs. 47 mins, lb sees.; then the interval to be deducted would be ^.7.^ ^ m 14*8 seconds. 

and the oorrected time of the observation would then be 3 hrs. 47 mins. 16 seos. — 14*8 secs, 
» 3 hrs. 47 mins. 0 • 2 secs. In another case, say the second syllable of * nine-and ' ooiresponded 

to 6 hrs. 22 mins. 66 secs, on the timepiece, the corrootion would then he ^ ^ 3*8 seconds, 

and the oorreoted time of observation 6 hit. 23 mint. 66 sect — 8 • 8 tect.^ 6 hrt. 23 mint. 61 • 8 tect. 

Thit method of meaturing short intervals of tims is useful In other Instanoes; for example, 
in estimating distaeces by the velocity of sound, etc. 
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Qraphio Method of finding Time and Asimuth from Altitude 
of Sun or Star. 

Describe a oircle« fig. 20, of any convenient radius: through the centre 0 draw diameter 
MOMj. From 0 draw PO making angle POM equal to the latitude ; draw OQ at right angles to 
PO. Through 0 draw OA., making ACM equal to the corrected altitude, and OD, making DOQ 
equal to the corrected declination, and on the side of OQ towards P if the declination and latitude 
are of the same name, or on the opposite side if of different names. 

Through A draw AA, parallel to MM, and through D draw DD, parallel to QO, intersecting 
AA, in «. 

Fia. 20. 
Data. Result. Data. 

Lat. 63° 30' N. Azimuth N. 98° 00' W. Lat. 34® 30' 8. 
Dec. 14® 60' N. Hour Angle 69® 06 Dec. 19® 60' N. 
Alt. 24® 20' P.M. Alt. 16® 40' P.M. 

Result. 
Azimuth S. 128® 30^ W. 
Hour Angle 63® 22' 

To find the Azimuth. 
Drop a perpendicular from A to OM, intersecting this latter in a ; from centre 0 and radius 

Oa draw arc as, and from s draw ts perpendicular to MOM,, intersecting arc os in s; through s 
draw Or. Then the angle M,Or will represent the azimuth from the elevated pole east or west 
of the meridian according as the time (A.if. or p.m.) at which the observation was made. 

To find the Hour Angle. 
Draw Dd at right angles to QO, and with centre 0 and radius Od draw arc dh; from s draw 

line perpendicular to QO, intersecting aro dhmh', draw line OA. Then QOA will be the 
hour angle at the time of observation before or after apparent noon. 

This diagrammatic method may be utilised for approximate determination of other problems, 
suoh as azimuth and time of sun or stars at instant of rising or setting; altitude and azimuth at 
a given time; or for altitude and time of passing prime vertical. 

Qeodetio Formulso. 
From measurement^ made of various meridians and parallels it has been found that the earth 

has the form of an ellipsoid of revolution with its greatest diameter at the equator and its least 
between the poles ; and that the radius of curvature of the meridian varies with the latitude, 
being least at the equator and greatest at the poles, so that the length of a degree of latitude is 
more at the poles than at the equator. Tlie length of a degree of longitude varies also with the 
latitude, being greatest at the equator and zero at the poles. 

In treating with measurements of an extensive character over the surface of the earth, it is 
necessary to take into account its ellipsoidal shape, and it is convenient to employ certain approxi> 
mations, so that spherical trigonometry may be used in the solution of the problems involved. 
The following formulas enable the radius of a spherical surface to be found that approximates 
most nearly to the ellipsoidal surface embracing the area under consideration. 

In these formulas 
a S3 the equatorial radius of the earth; e = the eccentricity: ^ 33 the mean latitude; A b the 
azimuth. 

Radius of curvature of meridian b Q ns - — 

Baditti of carvatare of normal section perpendioular to meridian b N b - 
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Radius of ourTHture of a uormal seotion which outs meridian at an an (fie A 

_ _ 
""q 8in» 1+N COB" a' 

Radius of curvature of an area of the earth's surface, or mean curvature s Q^* 

Radius of a parallel of latitude * N cos 0 = — - ” 
Vi—e* 8in“<^ 

The logarithms of the most probable values of the constants used above are as follows 
(taking a in statute miles) 

log. a = 3*19806. log. e* = 7*83047. log. (I - e*) = 9*99863. 

Adopting the radius which most nearly corresponds to the surface considered at the mean 
latitude % any measured length I on this surface may be reduced to arc by one of the following 
formnlsB, p being the radius adopted reduced to the same unit as Z 

1x67*8968^ ^ ^ 1x3487*747 , , ^ ^ Zx 20686*6 , ^ „ 
-.in degrees of arc ; -— in minutes of arc ; - in seconds of arc, 

P P P 
The table on page 268, * Length of a Degree of Longitude and Latitude/is calculated from the 

accepted dimensions of the earth. Values for intermediate latitudes may be obtained from this 
table, by interpolating, with sufficient exactitude for most purposes. The length of a degree on 
a great circle at right angles to the meridian at a given latitude may be obtained by multiplying 
the length of a degree of longitude (as taken from the table) by the secant of the latitude. 

Conwerfifeuce of Meridians. 
In traverses and route surveys, a survey line is referred to a meridian at a certain point 

crossing the meridian with an azimuth A, this line, if continued in the same direction, having 
incroas^ or diminished azimuths. The differences of azimuth can be approximately determined 
by calculating the convergence of the meridian corresponding to a given unit departure at the 
mean of the latitudes, and multiplying this by the departure as calculated from the traverse. 
To obtain the azimuth on crossing the second meridian, the convergence obtained in the manner 
just explained is added to or subtracted from the azimuth crossing the first meridian, being 
added where the longitude is increased and subtracted where the longitude is diminished. 

The convergence, corresponding to various unit lengths of departure, may be calculated by 
the following formulie, with sufficient approximation for use in ordinary traverse surveying. 
The length of a degree of longitude corresponding to the mean latitude is taken in miles from 
table, page 262, Interpolating if necessary ; then 

Log. of convergence in seconds per mile of departure 
B log. sin ^ + 3*55630 — log. miles per 1° longitude. 

Log. of convergence in seconds per 1,000 feet of departure 
s= log. sin ^ + 2*83367 — log, miles per 1® longitude. 

Log. of oonvergence in seconds per 1,000 metres of departure 
B log. sin 0 + 3*34966 — log. miles per 1® longitude. 

To range a parallel of latitude by setting out chords of a given length :— 
The chords are ranged making an angle to the meridian of 90®—half the angle of convergence 

corresponding to the length of the chord at the proposed latitude. The succeeding chords will 
have an angle of deflection from the preceding chord produced, equal to tlie oonvergence 
corresponding to the length of chord used. 

To range a parallel of latitude by means of offsets;— 
A line is run, perpendicular to the meridian, then the lengths of offsets are equal to the 

distances along this perpendicular line multiplied by the sine of half the angle of convergence 
corresponding to the lengths. 

If the offsets are equidistant the length of the second offset wiil be four times the length of 
the first; the third, nine times the first, and so on; the nth offset will be n* times the length of 
the first. 

Horisontal Sun Dial. 
On a line NS, fig. 21, mark off a convenient length NO; from 0 sot off a line towards L 

making an angle NOL equal to the latitude of the position (taken in diagram 53® 30'), and 
from N draw a perpendicular to OL, cutting the latter in point L. From N and with lengtli 
NL mark off a point 0 in the line NS, and with 0 as centre and the same length NL as 
radius describe the quadrant NQ and join NQ with a straight line. 

Divide the quadrant NQ into six equal parts (each corresponding to one hour) and from these 
divisions on the arc draw lines towards the centre C and mark the points at which these radial 
lines cross the line NQ. 

From 0 draw a line perpendicular to NS and mark off OE equal to CQ and join NE. 
From each division on line NQ draw a line paralle' to NS, marking where this line crosses the 

line NB in each case. 
Then iines drawn from O through each of these points, marked off in NB, will be the dial lines 

oerresponding to the boor divisions on the quadrant from which they were found respeotiyelj. 
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Having completed the dlviaions of one quadrant^hese anglea may be transferred to the 
other quadrants but In reverse order (VI-VII equals vI-V, 7I-VIII equals VI-IIII, and soon). 

An allowance must bo made for the thickness of the style between the AM and PM portions 
of the dial, the AM dial being exactly similar to the PM dial but drawn with the XII lines the 
thickness of the style apart. 

The style is constructed with the angle of inclination of the inclined face equal to the 
latitude of the site, its lower point at 0 and its upper towards the elevated pole, so that its 

Fig. 31. 

plane is in that of the meridian, the XII (noon) lines pointing towards the north in northern 
latitudes or towards the south in southern latitudes, and the VI-VI lines pointing east and west, 
so that the upper face of the style will be parallel to the Polar axis. The plane of the dial 
should be perfectly level. , , ^ 

(Methods of fixing the direction of the true north and south line will be found on page 261.) 
The time indicated by the dial is sun time, and to get mean time the table of Equation of 

Time,page 261, should be applied as there directed. To arrive at standard time a constant 
correction must be applied according to the difference of longitude between the dial and the 
standard meridian (Greenwich in Great Britain) adopted in the country (subtracted if to the 
east or added if to the west). 

The dial angles may be calculated if preferred by formula 

tan fssin { tan A 
MrliQro 
I Bangle at 0 from NO to the hour line on dial corresponding to A; latitude of position; 

A at hour angle. 
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flOUBOlB Of l8K»llAnO]l. 

GitdiHc .—The t«ialts of Yeiy preolie obserratlons are poblished annaally in (he 
GeodeUo Beport, inohided In thn Beport of toe Suirey of India. 

United dtolet.—ArtioleB relating to samying problems will be found in recent and current 
issuea of Enginming Nmee-Rewrd and Civil Engineering (UJSjL). 

Traneitim CufMt,—(See Section XVin, * Literature,' and XXXII, Parti). 

Photographg,-^) 'Bngineering Applications of Aerial and Terrestrial Photogrammetry. 
By B. B. Tolley. A book, roTiewed, The Surveyor^ March 24,1939. 

(3) * Aerial Photography applied to Sunreying.' By 0. A. Hart. A book, reviewed, Municipal 
Engineering^ February 6,1941. 

Civil Engineer^ Surveying, (1) ‘ Modem Surveying for Civil Engineers.* A book, by H. P. 
Birchall. Beviewed, The Engineer^ May 7,1935. 

(3) * Boute Surveying.' By G. W. Piokels and 0.0. Wiley. Second edition, 1939. A work 
assembling, in a single presentment, the information necessary with respect to purposes so much 
akin that both the operations and the computation are, to a large extent, common to all the 
purposes. Operations peculiar to, or more especially useful in, surveys ior roads and for railways 
respectively, or in those lor other classes of construction, are included in the scope of the book. 

(8) ' A Treatise on Surveying.' Vol. 9. By B. £. Middleton, and the late O. Chadwick. 
Fiftb edition, revised by M. T. M. Onnsby. 

(4) * Plane and Geodetic Surveying. Part I, Plane Surveying.’ By the late David Clark. 
Fou^ edition, 1946, revised and enlarged by J. Glendinning, London. Constable, price 30r, 

(6^ Photographic Surveying. ‘ Photographic Surveying in Belatioii to Hoad Engineering in 
Hlgmy Developed Countries.’ By B. F. J. Bradbeer and Professor 0. A. Hart. Paper, Inst. 
C.E,t March 1948. Covers ground photography and air photography. 

(6) Whitaker’s Almanack. 
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SECTION IX 

PART I 

TIMBEK - SBASOJffINO - PKESEBVING ~ STRENGTH 
PROPERTIES. 

(ReviBed by Forest Products Research Laboratory.) 

TIMBER. 

In all speciliGations for building materials and construction, it Is customary to use the terms 
‘ Timbering,* * Joiners* work,* and * Cabinet work.* The first-named applies only to t^ wood 
used in constructional work. These terms are again subdiflded into the following:— 

Baulks.—Pieces of sawn or hewn timber of equal or approximately equal cross dimensions of 
greater size than 4 ins. x 4^1 ins. 

Planks, (softwood)—Pieces of square-sawn timber 2 ins. to 4 ins. in thickness by 11 ins. and 
over in width. 

Planks (hardwood).—Pieces of square-sawn timber 2 ins. and over in thickness by 6 ins. and 
over in width. 

Deals.—Pieces of square-sawn softwood timber 2 ins. to 4 ins. in tnickness by 9 ins. to under 
j 1 ins. in width. Thicknesses less than this are termed boards. 

Battens.—Pieces of square-sawn softwood timber 2 ins. to 4 ins. in thickness by 5 ins. to 8 ins. 
in width, inclusive. 

Boards.—Pieces of square-sawn softwood timber imder 2 ins. in thickness by 4 ins. or over in 
width. 

Scantlings.—Pieces of square-sawn softwood timber 2 ins. to 4 ins. in thickness X 2 ins. to 
4^ ins. in width, inclusive. 

Squares.—Pieces of strictly equal-sided sawn timber of any stated square dimension. 

Timber Measures. 

Baulks and Toibbr.—Sold at per load of 50 ft. oubo. Deals, planks, battens, and scantlings 
at per Leningrad standard. (One standard 165 ft. cube.) 

PBBPABBD Floor boards.—These are usually sold at per square. This is a standard measure¬ 
ment which equals 100 ft. superficial. Till recently it was the trade custom to supply a specific 
number of feet according to the width of the board, which should approximate to the square. 
These were as follows:— 

4-in. board? . 

:: ; 
300 ft. 
370 „ 
240 „ 
220 „ 

6-in. boards 

7 

300 ft. 
130 .. 
180 „ 

This practice, which was always unsatisfactory owing to the inaccuracy of the figures, has now 
been disrontinued. 

Lumber (see above) and Australian Wood.—Sold at per 1,000 ft. of 1-in. superficial measure 
for all thicknesses of 1 in. and over. Under 1 in. at per 1,000 ft. superficial of their thicknesses. 
Teak at per load of 50 cub. ft. 
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Desoriptlons of Timbers.* 
(For spedflo quantltlei and weights per onb. ft, see Section Y, Part n, pp. 1S8-1S4.) 

ALDBR, OOIOCON or BiiAOK {Almu gjutinolo).—Bwope, including British Isles. A soft non* 
durable timber closely resembling birch. Light reddish-brown. Imported in the form of plywood; 
also used for turnery. 

APixoNa or BACiAO.—For desorlptioa see Qubjun. 
ASH, Buropban (JFraxin%ii excelsior).—J&vaope, inoluding British Isles. A straight-grained 

wood nearly white in colour, chiefly remarkable for its outstanding toughness and resistance to 
shook loads. A good bending timber. Used for motor vehicle framing, under-framing and bent 
work; aircraft construction; shafts and agricultural implements; handles of picks, shovels, 
etc.; sports goods. 

ASH, AMBBIOAN WHlTB (principally Fraximts americana).—North America. Similar to English 
ash but generally considered inferior for aircraft construction, sports goods and other work where 
bending properties of a high order are required. 

ASH, JAPAKBSB (Froxinus mandshuriea).—Japan. Similar to European and American white 
ash but not so strong. Used mainly for interior fittings, cabinet work and plywood. 

BAOAO or APXrOKG.—For description see Ghbjun. 
BAISA (Odtroma lagopus).—Central and South America. The lightest timber in general use, 

varyhotg from as littie as lb. per cub. ft. to 20 lb. or more. The lighter grades are very soft 
and spongy. Nearly white in colour. Used for model aeroplanes, fairings in certain types of 
aeroplanes, floats, sound and heat insulation, etc. 

Basswood (principally Tilia americana).—^North America. A soft, non-durable timber, nearly 
white to pale brown in colour. Used for turnery, cabinet work and especially pianoforte manu¬ 
facture. 

BHHOH, BUBOPBAK (Faffus syI«aliea).—Burope, including British Isles. A stralght-nained 
wood with a fine even texture. The natural colour is a light reddish-brown; the wood Is often 
steamed, giving It a darker reddish colour. Comparable to oak in strength but not durable in 
exposed situations. A good bending timber. Used for a great variety of purposes, including 
furniture and cabinet making; automobile bodies; general turnery; bent work; parts of textile 
and other machinery; pianoforte manufacture. 

Biboh, EDBOPBAH {Betula pubescens and B. penduia).—^Europe, including BriUsb Isles. A 
fairly straight-grained, fine-textured wood, white to light brown in colour. Large quantities are 
imported in the form of plywood. It is also widely used for turnery. 

Birch, Canadian Yellow (principally Betula itifso).—North America. Somewhat heavier 
than Buropean birch and darker in colour, light to dark reddish-brown. Extensively used for 
chair-making, furniture parts, framing for upholstered work, kitchen utensils, tool handles and 
general turned; also for automobile bodies; flooring and general utility work. 

Black Bban (Castanospermum auslrofs).—Australia. A handsome decorative timber, 
greyish-brown in colour. Used for cabinet work and paneling. 

BLACKWOOD, AUSTRALIAN (Acocia tnelonoxylon).—^Australia. A handsome reddish-brown 
timber marked with darker streaks. Used for interior decorative work. 

Boxwood (Buxus sempervirens).—^Europe (inoluding British Isles) and Asia Minor. Exceed¬ 
ingly hard and flne-textuxed. Used largely for blocks for wood engraving, turnery and mathe- 
maucal instruments. Other commercial boxwoods are West Indian boxwood (Oossypiospermum 
praeeox\ Knysna or Kamassl boxwood (Oonioma kamassi), and Cape boxwood (fiuxus maeowani)^ 
both frmn South Airioa. 

OAMPHOBWOOD, Borneo or Kapur (various species of Dryobalanops).—Borneo and Malaya. 
A light reddish-brown constructional timber, closely resembling gurjun (g.v.) and used for similar 
purposes. 

Oascphor, Bast Atbioan (Ocotea usomdarmrir).—East Africa. A cabinet timber of pleasing 
appearance, darkening on exposure to a deep brown colour. Used for interior decoration work 
and fittings. 

Obdar, Bornbo.—See Sbraya. 
QBDAR, Obntral Ambrican (principally Gedrela mrxieana).—Central America and West Indies. 

A soft, reddish, fragrant wood, somewhat resembling the lighter grades of true mahogany. Used 
for and cigarette boxes and also for boat-building, cabinet work and joinery. 

* More detailed descriptions of most of these timbers may be found in the official publications 
of the Forest Products Besearch Laboratory (Department of Scientifio and Industrial Research) 
entitled * Home Grown Timbers * and ‘ Empire Timbers,* obtainable from H.M. Stationery Office, 
York House, Eingsway, W.0.2, or through any bookseller. 

A more complete list of timbers used in Great Britain, their trade names, botanical names, and 
sources of supply, may be found in British Standard No. 881—1989 (Nomenclature of Hudwo^) 
a^ British Standard No. 689^1936 (Nomenclature of Softwoods), obtainable from the British 
Standards Institution, Publications Department, 28 Victoria Street, London, S,W. 1. 
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Oboab, Pobt Obfobd {Chanuucywurii la<r«<mfana).-—North Ameiioa. A high mde loftwood 
with ft strong oedar scent. Durable in exposed situations and resistant to adds. Used for 
Interior fitting furniture (especially for lining clothes chests) and for battery separators. 

Obdab, Wbsibbn Bbd n'huia plioata).—North America. A reddish-brown, non-reslnous, 
light-weight softwood noted for its outstanding durability under all conditions. Used for roofing 
shingles, weather-boarding, glass-house construction, and also for interior Joinery work and cabinet 
making. 

OHBsrmrr, sweet or Spanish (^Castanea toiioa).—Europe, including British Isles. Resembles 
oak, from which it may be distinguished by the absence of the silver-grain figure. Lighter in 
weight and not so strong as oak. Durable. Used for many of the same purposes as oak. Timber 
from old trees is often spiral-grained and liable to ring-shake. 

Ohuqlam, WniTB, and Indian Silveb-Qret Wood (Terminalia bioldto) are two varieties of 
timber furnished by the sapwood and heartwood respectively of the same species. White chuglam 
is a general utility hardwood. Indian silver grey wood has a fine ornamental figure and is used for 
interior decorative work and panelling. 

OBABWOOD or Andiboda MAHOGANY (jCarapa guianenais).—Tropical South America. Closely 
related to true mahogany and resembling a plain mahogany in appearance and general properties. 
Somewhat heavier and darker in colour than average Honduras mahogany. Used as a substitute 
for mahogany. 

DEAL, Bed or Yellow.—See Bedwood, Baltic. 
Deal, Whitb.—See WHiTEwooD, BALno. 
DOUGLAS Fm.—See Fra, Douglas. 
BBONT (various species of Diospyroa).—India, Ceylon, East Indies, Tropical Africa. The 

different kinds of ebony vary from brown, streaked with grey and black, to jet black. They are 
all heavy, hard and close-teztured. Principally used for turnery, and also in the form of veneer 
for cabinet work. 

ELM, Common English (Vlmua procera).—British Isles. Elm is inclined to be cross-grained 
and has a corresponding tendency to warp. High temperature steaming treatment is effective 
in reducing this tendency, and timber so treated can be used successfully for furniture and interior 
fittings. A fairly strong, tough timber, somewhat inferior to oak in all strength properties. 
Durable under water and exceUent for piles or dock and wharf construction. Other typical uses 
are for coffin boards; ends of packing cases and boxes ; carts, wheelbarrows and wagons; furni¬ 
ture, chiefly chairs ; barge and boat-buUding; sea gro;^es; agricultural buildings in the form of 
weather-boarding. 

Elm, Bock {Ulmua thomaat).—North America. A tough, dense wood, strong and durable; 
especially useful in resisting abrasion. Chiefly used in dock and wharf construction and as fenders, 
ships* belting, and in the construction of rowing boats and other small craft. Also for bent work 
as in motor body and railway carriage roofs. 

ELM, Wtoh (Ulmut glabra).—British Isles. Superior to other species of home-grown elm, 
being stralghter in the grain and not so coarse-textur^. Bends well and approaches ai^ in tough¬ 
ness. Used in chair-making, boat-building, for shafts and agricultural implements. 

Eng or IN iDipterocarpua tubereulatua).—Burma. A constructional timber very similar to 
gurjun (g.v.) but appreciably heavier and correspondingly harder and stronger. 

Fra, DOUGLAS {Paaudotauga Uuifolia).—North America. Also known as Oregon Fine and 
Columbian fine, a general utility softwood, usually straight-grained, moderately resinous. 
Slightly denser than Baltic redwood. Its more than average strength, combined with the large 
slxM in which it is available, renders it eminently suitable for heavy constructional work. The 
dense grades compare favourably with the best pitch pine. It is also used for interior fittings, 
joinery and a great number variety of similar uses. 

Fra, Silver (AbUa alba).—Europe, including British Isles. Similar to European spruce and 
market^ with that timber as Whjtewood (q.v.). 

GABOON or OKOUmE (Aueaumea klaitieana).—Gaboon and Spanish Guinea. Also known as 
Gaboon mahogany. Not a true mahogany, but widely used as a mahogany substitute, principally 
in the form of plywood and lamin-board. 

GREENHEART (Oeotea rodioef).—British Guiana. A timber of outstanding strength and dura¬ 
bility, especially In sea water, straight-grained and remarkably free from knots and other defects. 
Eminently suitable for marine work, piles, dock-gates and wharf construction. Also a first-class 
Bhip-bnil(ung timber. 

Gurjun, Kbruing, Apitong or BAGAO and yang (various species of Dipterocarpua).—Gurjun 
is the usual trade name tor the timber of this group of species from Burma and the Andaman 
Islands. The corresponding species from Malaya and Borneo are known as kerning. Apitong 
or bagao from the Philippine Islands and yang from Siam bdong to the same class. The timbers 
of this group are nearly indistinguishable for practical purposes. They are useful constructional 
timbers obtainable in large sizes. Used in rauway wagon and carriage construction, in buildings 
as a substitute for oak and for parquet flooring. 
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HiMLOaK, Wbbzbbn {Tiuga A<(«f0pAy22a).-*Biitiih Oolombia. A non-nainoiis loftwood 
Mmbar, ^lotdly atraight-i^ralned and of fairly aTen texture, euperlor in theee reepecte to Eastern 
hemlock \T9uga canaOmtU). Slinilar in streni^ properUes to Douglas fir but not quite so strong. 
Not durable in exposed situations. Useful as a building material and for interior work generally. 
Also for boxes and crates, especially for foodstufla. 

HIOKORT (yarious species of Uorya).—North America. Exceedingly tough, hard, smooth and 
straight-grained. Principally used for spokes and rims of wheels, tool handles, machine parts, etc. 
White and red hickory are respectiyely the sapwood and beartwood of the same tree. 

HORNBEAM (Carpintu hetulua),—Europe, including British Isles. A hard, strong, tough 
timber, superior to oak in all strength properties, equal to ash in resistance to shock. Turns well 
and takes a yeiy smooth finish. Used for cogs, wood screws, mallets, tool handles and other small 
articles, also for piano work and for fiooilng. 

HOBSB OBB8INUT (^Aesculut hippo<xutanum)»—Europe, including British Isles. Oreamy-whlte 
with a fine, uniform texture. Not strong or durable. Used for turnery, dairy and kitchen 
otensilB, ete» 

lN.~See BMO« 
IROKO {Chiorophora txeeUa).—West and East Africa. A useful constructional timber, 

similar to home-grown oak in strength. Fairly durable and of good appearance, being light to 
dark brown in colour. Suitable for joinery and building work. 

JABRAH (Eucalyptui maryinam).—Western Australia. A heavy, bard, dark red timber with- 
high mechanical properties and unusual durability. Obtainable in large dimensions and used for 
hmvy structural work, in railway wagon building and for fiooring. 

Kapur.—See Oamphorwood, Borneo. 

Karri {JEucalyptu» diversicoUtr).—Westem Australia. A high class constructional timber very 
similar to janah in appearance and properties but slightly stronger and not so durable. Suitable 
for structural work where strength, long lengths and large cross sections are required. For under¬ 
ground work or in damp situations preservative treatment is necessary. 

Kauri (various species of Agathis).—New Zealand, Australia, etc. A valuable softwood 
timber with a fine, even, silky texture and a lustrous surface. Very strong for its weight; durable. 
The beet variety is from New Zealand. Queensland kauri is lighter and softer. Other species 
occur in the islands of the Pacific. Kauri is obtainable in large sizes and is used for vat-making; 
also for deck planking and high-class joinery. 

KjerUINO.—See GURJUN. 
Larch (Larix decidtta),—Europe, including British Isles. The most valuable home-grown 

softwood on account of its strength and durability. Used for gates and fencing, mine timber, and 
out-door work generally. 

Lauan.—For desoriptioa see Sbrata. 
LAUREI^ Indian (^Terminalia akua^ T. crenuUda^ and T. coriaceay formerly known as T, tomen- 

tasa).—India and Burma. A handsome walnut-brown timber figured with irregular streaks of 
darker colour. Used for high grade interior decorative work, such as panelling, doors, staircases, 
etc. 

LIONUM VriM(principaUy Otuiiacum officinale).—West Indies. One of the hardest and heaviest 
timbers in commercial use. Heartwood dark greenish-brown to nearly black in colour, sharply 
defined from the yellowish sapwood. Used as bearings for propellor shafts for steamers on 
account of its natural lubricating property ; also for mallets and turnery. 

LniB, American.—See Basswood. 
Limb, Common European (Tilia vulgaru).—Europe, including British Isles. A fine-textured, 

white or pale yellow wood, soft yet compact, cuts cleanly without splitting. Not durable. 
Excellent for carving; also used for turnery and parts of musical instruments including pianos. 

IIAGNOLIA (various species of Magnolia).—North America. A fairly soft, fine-textured, white 
wood, used in cabinet work, for mouldings and interior fittings. 

Mahogany, Aprioan (principally Khaya ivorensis).—Tropical Africa. Commercial consign¬ 
ments are commonly classified according to the port of shipment or district from which they are 
derived, tf.g., Lagos and Benin (Nigeria), Axim, Half-Assinie and Takoradi (Gold Coast), Grand 
Bassam (Ivory Coast), etc. Colour varies from a light pinkish-brown to a deep reddish shade. 
Grain usually interlocked, producing the characteristic stripe or roe figure of quarter-sawn stock. 
Texture somewhat coarser than Honduras mahogany and the wood is not so stable under varying 
conditions of atmospheric humidity. Obtainable in large sizes. 

MAHOGANY, ANDIRODA.—See ORABWOOD. 
Mahogany, Cuban or Spanish {SwieUnia niahagoni).—West Indies. The original mahogany 

noted for its l^dsome appearance and remarkable stability. Denser and finer-textured than 
other commercial species of mahogany. Barely used nowadays except for the finest furniture 
and interior decorative work, having been largely replaced by Honduras and African mahoganies. 

MAHOGANY, GABOON.—See GABOON. 
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MAHOGANY, Honduras aad Obntral Aubbioan (Svietenia maerophyUa).—CenttsA America. 
The same or a closely allied species supplies the bulk of the mahogany imported from other parts 
of Oentral and South America, including Mexico, Kicaragua, Peru and Brazil. Lighter and softer 
than Cuban mahogany. Colour varies from light yellowish-brown to a rick dark shade practically 
indistinguishable from Cuban mahogany. Grain tends to be interlocked but there is a good pro¬ 
portion of plain, straight-grained timber. Bemarkably stable and does not shrink and swell as 
much as most woods. for furniture and interior decorative work; also for instruments of 
precision, aeroplane propellers, turnery, mouldings, printers’ blocks, and superior joinery. 

Mahogany, SAPEiiR (JErUandrophraynui cylindHcum).—Tropical Africa. A decorative wood 
of the mdhogany family, with a characteristic regular stripe or roe figure. Used almost exclusively 
in the form of veneer for interior decorative work and furniture. 

Mansonia (^Mansonia /"ttisnma).—Tropical Africa. Eesembles American black walnut and 
Is used as a substitute for that timber. 

Maplb, Hook or Sugar (principally Acer aaecharum).—North America. A light-coloured 
wood of fine, even texture; hard and strong. One of the best timbers for fiooring and widely 
used for that purpose; also for interior decoration and for a variety of industrial uses where its 
hardness makes ft particularly suitable. 

Matai {Podoearput $picatiL$').—New Zealand. Technically a softwood, but its texture and 
general properties place it in the hardwood class for many practical purposes. Used for flooring. 

Mbranti.—For description see Seraya. 
Oak, Ambrioan Red (Quercur borealis and other species).—North America. Differs from 

American white oak in being on the whole coarser in texture, less uniform in colour, not so strong 
or durable and generally inferior. 

Oak, Ambrioan White (Quercus alba and other species).—North America. Similar to Euro¬ 
pean oak in appearance and general properties but subject to more variation in quality. Con¬ 
sidered inferior to European oak for high-class work. 

Oak, European {Quercus rohur and Q. petraea).—Europe, including British Isles. The two 
species are not separated in practice. English oak is unexcelled by other varieties for construc¬ 
tional purposes demanding a combination of strength and durability. Various grades of Con¬ 
tinental oak differ as regards their hardness, ease of working and general quality. Uses too well 
known to be enumerated. 

Oak, Japanese (principally Quercus mongoKca var. grosseserrata).—Japan. Is characterised 
by the open, porous texture of the wood and easy working properties. Obtainable in large sizes. 
Used principsdly for interior work and furniture. 

Oak, Silky {CardweUia sublimis).—Australia. Not a true oak but has a somewhat similar 
appearance. Used for furniture and interior decorative work. 

Oak, Tasmanian (Eucalyptus abliqua^ E. regnans and E. gigantea).—Australia. Not a true 
oak but has a passing resemblance to plain oak. Used principally for flooring as a substitute 
for true oak. 

Obeche or AFRICAN WHITE WOOD (Triplochiton scleroxylon).—West Africa. A soft, light, 
nearly white wood, comparable to poplar in strength. Worto easily to a smooth finish and takes 
stains and paint well. Obtainable in large dimensions. Used principally in the furniture trade 
and for joinery. 

OKOUMft.->See Gaboon. 
OLiVB, East African (Oiea hochsteUeri).—'Eo&t Africa. A highly decorati «^e wood, light brown 

marked with irregular dark grey-brown veins or streaks of varying width. Used for flooring and 
ornamental purposes. 

Fadauk, Andaman (Pterocarpus dalbergioides).—^Andaman Islands. A distinctively coloured 
wood of a rich handsome hue. Very strong, durable and bard wearing. Formerly employed for 
constructional work; now principally used (in the United E^ingdom) for cabinet work and 
interior fittings and panelling in banks, offices, etc. 

Padauk, BURMA (Pterocarpus macrocarpus).—Burma. Bather harder and heavier than the 
better known Andaman padauk and used for similar purposes. Tollowish-red to brick-red. 

Pine, Corsican (Pinus nigra var. calabrica).—Widely planted in the British Isles in recent 
years. Yields timber similar to Scots pine but with a wider sapwood zone and usually somewhat 
coarser in texture. Generally similar to the low'er grades of imported deal or redwood and used 
for the same purposes. 

Fine, Jack (Pinus banksiatut).—Canada. Similar to Canadian red pine and Baltic redwood 
but inferior to the best grades of those timbers. Used for similar purposes. 

PINE, PARANA (Araucoria angustifolia).—South America. A close-textured softwood with 
some resemblance to kauri. Heartweiod often streaked with red. 

PINE, Pitch (varioas species of Pinus).—Supplies from the Southern United States consist 
principally of longleaf pine (Pinus palustris)^ shortleaf pine (P. ecMnata), and loblolly pine (P. 
taeda)f of which the first-named la considered the best. The thi^ species are often indlsoriminatriy 
mixed. The term Bosemary pine refers to coarse, fast-grown timber of inferior qnalitv. Hon¬ 
duras pitch pine is P. earibaea. Pitch pine Is strong hard and heavy and is used principally for 
constrootlonal work and to some extent for Interior fittings. 
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Fcm, Rbd Pintu r#«lnoM).—Canada. SLoiilar to BalUo redwood and tued lor the same 
porpoeae. 

. PlNB» Soots (Pinue ryleertfi#).—British blea. The same species as imported redwood. Used 
for liinilar purposes. 

Pont, SIBBBXAN (PinuM karaUmtis and P. edmbra var. siMrtca).—Siberia and Manchukuo. A. 
softwood of fine texture, generally similar to Baltic redwood but the best grades are superior to 
oorresponding grades of Baltic redwood. Used for general joinery work. 

FlNV, SUQAB ^intu lambertiana) and Fine, Wbstbbn Whitbi (Pinus monficola),—Western 
North America. Similar to the yellow or white pine of Bastem North America but slightly harder 
and stronger and obtainable in larger sizes. Used for high grade joinery, pattem-maklDg, etc. 

Fins, YsUiOW or Whitb (Pinut Orobui).—Bastem North America. A flne>t«xtured soft¬ 
wood, straight-grained, easy to work, catting cleanly in all directions of the grain. Shrinks and 
warps leas than most softwoods. Used for superior joined work of all kinds, pattern-making, etc, 

POPLAB (yarious species of Pojmlus).—Burope, including British Isles. Oomparatlyely light 
and soft, stmight-grained, rather woolly, not durable. Fairly tough and withstands rough usage 
without splintering. Used for the bottoms of carts and wagons, brake blocks, etc. 

PYINKADO (JCylia doldbri/ormu).—Burma. A very bard, durable timber, used for heavy 
constractlonal work including marine structures. 

Bbdwood, BALnc, or Red or Yellow Deal (Pfntis tylvettrii).-^B\uope, The standard 
timber for housebuilding, carpentry and joinery, railway sleepers, scaflold and transmission poles, 
etc. Quality depends largely on growth rate and Imottiness. 

Bbdwood, OALiPOBNiAN.>-See Sequoia. 
Rosewood (yarious species of DaXbergia). Various tropical countries. Very hard and 

durable, usually brown in colour with darker brown or black markings. Used for turnery and 
ornamental work. 

Sequoia or Oalutobnian Redwood (Segtioia temptrvinnsy.—North America. A high 
grade softwood, red in colour, of light weight outstanding durability. Used for out-door con¬ 
structional work and for interior fittings. 

Sbbata, Red. with Red Mbbanti and Red Lauan (yarious species of Slwrea).—Red seraya 
or Borneo red cedar is the usual trade name for the timber of this group of q)ecies from Borneo. 
The oorraeponding timbers from Malaya and the Philippine Islands are known as red meranti and 
red lauan respectiyely. They are largely used for interior constractlonal work, joinery, pandling, 
and as substitutes for mahogany in furniture. They are obtainable in large sizes. 

Sbbata, Whitb, with Yellow or Whitb meranti and Whitb Lauan (yarious species of 
PcuNuhorea and Shored).—White seraya or Borneo white cedar is the usual trade name for timber 
of this group of species from Borneo. Yellow or white meranti and white lauan are the names 
for the corresponding timbers from Malaya and the Philippine Islands respectiyely. They are 
obtainable in large sizes and are used for constructional purposes and also for ships* decking, 
]<^ery, and furaitare. 

Spbuob, Canadian (principally Pieea glauca).—Eastern Canada. An almost white, straight- 
grained softwood, without appreciable odour or taste and only slightly resinous, closely resembling 
Buropean spruce (Baltic whitewood). Not durable in exposed situations, us^ for general con¬ 
struction, boxes and packing cases, ladders, etc. 

Spbuob, Sitka {Pieea HteheneU).—Western Canada and Western U.S.A. A high class light¬ 
weight straight-grained, softwood, non-resinous, odourless and tasteless. Remarkably strong 
and tough in proportion to its weight and with high elastic properties. Not durable in ^osed 
situations. Used in aircraft construction and for masts, spars, oars and paddles. 

STOAMOBE {Acer pseudoplatamu).—Burope, including British Isles. A fine-textured, lustrous, 
white or yellowish white wood, often finely figured. Used for rollers in the textile industries and 
for laun^ work, mangles, etc.; also for fur^ture and deooratiye work. 

Teak (Teeuma grandis).—Burma, India, Jaya, Siam, Indo-Ohina. Combines the properties 
of durability, strength, moderate wdght and hardness with a pleasing appearance. Used for a 
great variety of purposes including dup-building, railway carriage work and house-carpentry. 

Teak, Rhodesian (Btdkiaea plwijitga),—Rhodesia. A handsome reddish-brown wood 
finishing with a smooth, hard surface. Usm principally for fiooring. Not a true teak. 

TUBPENTlNB {Synearpia latiri/olia).—^Australia. A strong, heavy constructional timber used 
principally in marine engineering work. 

Walnut, Afbioan (Lovoa iaaineana).—Weat Africa. A handsome golden-brown wood of the 
mahogany family. Not a true walnut. Used for chair-making, cabinet work, panelling and high 
dsEi joinery. 

Walnut, Ambbioan black (Juglant nf^).—North America. FurpUrii or greyish brown. 
Used for much the same purposes as Buropean walnut. 

Walnut; BUBOPEAN {Juglant regia),^Tixuop% including British Isles. Gtsyish-btown. often 
finely figured. Used principally for furnitoie, cabinet work and interior deoeration; also for 
gun and rifle stocks, alMorews and tnrnsiy. 
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Walnut, Queensland (Endiandra pabntr^enii),—^A.astxaUa. An ornamental wood reeemb- 
ling trae walnut In appearance and naed lor atmflar purpoaea, principally in the form of reneer. 

WHiTBWOOD, Amebioan, or Oanabt Whitbwood, or TBLLOwPOPLAB(AiriMi<ndroiittiZ^ara). 
—^North Amerioa. Pale ycAlow or greenlah, aoft, light, eaaily worked, takea a good p<wh and 
ataina well. Used for interior Joinery, mouldinga, furniture parte, eto. 

Whitbwood, BALHO, or BUBOPBAN Spruob (Pieea oMer).—Burope, including BriUah lalea. 
Used in Scotland and the north of Bngland for housebuilding, flooring and general joinery work, 
Baltic redwood being generally preferred for these purpoaea in the south. Slightly lighter in 
weight and not so durable as redwood. 

WILLOW(yarious species of Salix).—British Isles. A light-weight, fairly soft, perishable wood. 
Used for crioket bats, artifloial limbs, flooring, cart bottoms, crates, etc. 

TANQ.—For description see Gubjun. 
YEW (^Taxut baeeata),—British Isles. Beddish-brown, very hard, and exceptionally durable. 

Barely used on account of difficulty in working, but sometimes employed for funiiture, gatepoata 
and fencing, and turnery. 

number of OUBio Feet in l ton of Tdcbeb. 

Wood. 

i 
Oubio Feet per Ton. 

! Air-dry a6%) 
1 

Shipping dry 
(90%) Green. M.O. %. 

Ash, Bnropean . ! 61 4ft 43 46 
Beech „ . ; 49 47 37 80 
Bedwood 64 69 34 140 
Blm, Ck>mmon . . 79 70 6ft 60 
Mah<«any, Honduras 66 64 60 68 
Oak, Buropean 

•i ** 1 
47 S3 86 

OoEPABATmi WHIOBT OF GBEBN AND SEAEONHD TDIBEB. 

Weight of a Oubio Foot in Lb. 1 

Wood. • “ ■ — 

Green. M.O. Seasoned 
% (16%M.O.) 

Qreenheart 83 60 66 
Jarrah 68 60 63 
Beeoh, Buropean 60 80 46 
Gurjun . 69 73 46 
Oak, Buropean 67 86 46 
Ash „ 69 46 44 
Yew ... 70 100 49 
Iroko 68 41 
Pine, Pitch 69 60 41 
Teak 66 60 41 
Merantl, Bed 43 66 36 
Blm, Oommon English 66 140 86 
Mahogany, African 48 64 86 
Fir, DouglM 
Bedwood 

87 
38 

86 
60 

88 
81 

Whitewood 60 116 30 
1 Sequoia (Oalifornlaa Bedwood) 
1 Poplar. Black Italian 

66 
66 

111 
146 

9ft 
38 

Pine, Sum 
(Mar, Western Bed . 

61 180 97 , 80 69 94 
Obaohe * 84 

! 
94 

VOL. I. L 
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Durability of Timber. 

RnUUmc* of Fungal Attack,—Fungi &re low forms of plant life, oomparatively few of which 
attack wood. These are, however, responsible for the major part of the destniotion of timber. 
Fungi grow by means of hair^like threads termed hyphae, which travel through the wood, ulti' 
mately reducing it to powder. Under certain conditions they may form fruiting bodies which 
liberate minute spores to be blown about by the wind and spread infection. Fungi require 
certain conditions for development. They wiU not attack dry wood (under 20 per cent, moisture 
content) nor will they attack wood which is completely saturated. Oonsequently, practically all 
timber, whatever species, is extremely durable if kept dry (c,g, furniture), or if Jcept submerged 
(e.g. pier foundations and submerged piles). The durability of timber can only be compared, 
therefore, when it is under conditions favourable to decay. Under such conditions the following 
approximate olassifioation gives the resistance of various species to fungal attack. In all cases 
it applies to the heartwood, the sapwood generally being much less resistant to attack. 

High Besistance or very Moderate Besistance or Low Besistance or 
Durable. Moderately Durable. Non-Durable. 

Oak, European Soots pine Spruce 
Teak Kedwood Beech 
Pitch pine (Longleaf) Douglas fir Sycamore 
Tew Pitch pine (Shortleaf) Maple 
Larch Elm Ash 
Jarrah Bed pine (Canada) Birch 
^rinkado 
western Bed cedar 

Western hemlock 
( Poplar 

Bweet chestnut | 
Greenheart ; 

WiUow 

Sequoia 
Teak (Bhodesian) 
Turpentine 

! 

Dry rot is the name given to the decay of timber in buildings caused by the attack of various 
fungi, but in the majority of oases it is due either to the fungus Merulius lacrymanc^ i.c, the true 
dry rot fungus, or to Coniophora cerebeUa, the cellar fungus, which is only capable of attacking 
wood that is definitely wet. Outbreaks of attack are nearly always due to excess moisture 
coming in contact with the wood, and the most efficient way to prevent dry rot is by proper 
design and construction. Unseasoned timber should be avoided and all timber should be pro¬ 
tected from ground moisture by efficient damp-proof coursing. All under-fioor spaces should be 
well ventilated. Where there la any risk of timber becoming damp, a preservative should be 
used. 

For further details, see * Dry Bot in Wood,' Third Edition, price 1«. net, published by H.M. 
Btationery Office. 

ReHatance to Insect Attack,—The Oommon Furniture beetle may attack most species of wood, 
but the damage to external structural timbers Is not of economic importance. It is frequently 
found attacking rafters, joists, fioor boards and other structural timbers in buildings, particularly 
in old outhousesL bams and sheds where it may cause considerable damage, and is of course the 
main source of damage to old furniture. The Death-watch beetle (^Zeat^ium rufoviUoaum) will 
attack old hardwoods, suoh as oak, elm, walnut, chestnut, alder, and Is mainly found in old oak 
roofing timbers. Softwoods are unatta^ed except where in dh^t contact with seasoned hard¬ 
woods. The Lyetua Powder-post beetle attacks the sapwood of freshly seasoned hardwoods, 
mainly oak, ash, walnut, elm and hickory, and never attacks softwood. It is the most serious 
eoonomlo cause of damage to such hardwoods during seasoning and storage. Termites are the 
most serious cause of insect damage to timber in tropical countries. They are not aotiva in 
temperate climates, and do not exist in the British Isles. There are many different species of 
termites, varying in their powers of destructiveness. No timber is known to be absolutely 
immune from attack, although a few, suoh as teak, pyinkado and greenheart, are highly resistant. 
There are two classes of preservatives effective agai^t termites—coal-tar creosote oil type and 
oomponnds containing arsenic. In both cases impregnation treatment is essential, bitu^ treat¬ 
ment being of little value, 

Baaiatanee to Marina Bersnr.—There are two main organiams which attack timber in sea¬ 
water round Great Britain, the Teredo or Bhipworm (Teredo navalia\ and the Limnoria or Qribble. 

The Teredo is a long worm-shaped bivalve mollusc which bores into the timber, forming 
tunnels up to ^-in. diameter and 24 ins. long. These tunnels are lined with a caioelareous 
deposit, and may be so numerous as to completely honeycomb the timber without very obvious 
sign of attack on the external faoes. On the other hand, Limnoria only form tunnels about 
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i in. deep, bat these are so close together that the remaining wood is easily eroded hr ware aotion, 
exposing a fresh sarface to attack, and the aotion becomes oontinaons, resulting in the well-known 
* waisted * appearance of piles at water level. A similar borer called Ohelnra is often found 
associated with Limnoria. 

VeiT few timbers are Immune from attack by marine borers, but the following are generally 
reputed to be highly resistant: pylnkado, greenheart, Jarrah, teak, turpentine, opepe, Ironbark. 

Experiments carried out by the Sea Struotures Committee of the Institution of Civil Engineers 
tend to show that the most satisfactory method of protecting timber in sea water Is pressure 
oreosoting, and that the efficacy of such protection Is dependent on the depth of penetration of 
the creosote. Places of poor penetration and untreated surfaces exposed by cutting or drilling 
after trecftment are nearly always attacked by Limnoria. 

RetUtance to Fire,—All woods will decompose when exposed to heat of sufficient intensity 
and duration, and most woods will commence to char rapidly at about 270® C. Some species are 
more resistant to the passage of fire than others, and generally speaking hardwoods are more 
resistant than softwoods, and resistance increases with the density of the wood. Teak and 
pyinkodo are highly resistant timbers. The resistance to fire can be considerably increased by 
impregnation with various chemicals, and in fact with proper treatment timber can be rendered 
non4nflammable in that it will not flame or glow, but merely char, and will not, therefore, assist 
in the propagation of fire. Impregnation of the timber is necessary for such results, and surface 
treatment such as brushing or dipping has little value. The usual chemicals used for fireproofing 
timber are: aqueous solutions of ammonium ph<Mphate, sulphate and chloride, borax and boric 
acid. 

Some protection against the initial outbreak of fire la afforded by * Fire-resistant paints.* 
Generally these consist of aqueous solutions of sodium silicate with an mert filler such as kaolin, 
asbestine, lithopone, mica, whiting, etc. An exception to this type is the class of fire-retardant 
coatings consisting mainly of caldum sulphate plater. Fire-retardant paints are not suitable 
for timber exposed to the weather, and with the exception of some proprietary makes they are 
not compatible with ordinary oil paint. 

Wood PRESERVATmoa. 

Many chemicals have been suggested at one time or another for the purpose of preserving 
timber, but those which have found general application are remarkably few. 

There are three main classes of wood preservatives, which can conveniently be described as 
the ‘ oil,’ * water soluble ' and * solvent ’ types. 

Practically all commercial impregnation treatments are carried out with the oil or water 
soluble types, as the high cost of the solvent precludes the use of the third type for treatments 
involving high absorptions of liquid. 

Goal tar creosote is the most important preservative of the oil type, having been in use for 
over 100 years without having been seriously challenged by any other preservative for the pre¬ 
servation of structural and other timbers used under the most severe and exposed conditions. 
Goal tar creosote for preservation purposes is usua^ purchased to the British Standard Specifica¬ 
tion No. 144. * Greoaote for the Preservation of Timber,* (revised and extended in 1936). In 
addition to the specifications, standard methods of test are also described. Three types. A, A, 
and B, are described representing the normal types of creosote produced in this oountiy, and no 
superiority of any one type over another is implied. Naturally some users have preference for 
one or the other, but any creosote conforming to the specification can be regarded as a satisfactory 
preservative. 

Type A oils are the heavy oils, the specification allowing a specific gravity range of 1*010 to 
1*066 at 38® 0. when compared with water at 20® 0. As regards the distillation range not more 
than 78 gms. should distil over when 100 gms. are distilled under prescribed conditions up to 
316* 0.* 

Type A| oils are lower in specifio gravity, the range being from 0*996 to 1 *066 at 38* com¬ 
pared with water at 20® 0. The distillate up to 316® 0. is allowed to reach 86 gms. When low 
temperature creosote is specially ordered, the lower limit for the specific gravity is given as 0 * 936. 

Type B is the designation given to creosotes produced in Scotland, and the general require¬ 
ments of the specification are the same as those for Type A,. An extended specific gravity range 
is allowed for creosotes produced from Blast Furnace Tar, the range being 0*936 to 1*065 at 
36* 0. compared with water at 20* G. In all oases no upper limit for the tar acid content is 
specified. 

Other substances used for the preservation of timber which come under the heading of * oil 
type * preservatives include coal tar, wood tar creosote and petroleum oil. 

Coal tar from a preservative point of view Is by no means as efficient as the creosote derived 
from it. It is much less toxic to wood-destroying agencies, and being very viscous does not 
penetrate the wood deeply. When used alone it should be applied hot. Goal tar b sometimes 
mixed with ordinary creosote, and provided the mixture is not too viscous it is a satisfactory 
preservative for pressure treatments, although the surface of the treated wood is much blacker 
and dirtier than when creosote alone is used. 

• Revised 1941. 
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W9Qd tar amutn, thougb MtiiiMtoiy pMeirttiTM, am not uad to anj largo extent In tbie 
eoontiy. niainlt7 beoaoee thej are not iwodnoed in anj qnantitj nor am tney prepared to any 
•tandim quality. 

Pttroleum oHs by themeelTee are not eatisfactory wood preeervatiTee, ae they have but little 
tozioity. Onide petioleiun or petroleum fuel oila are, however, used in admixture with cieoeote 
in the U.8JL. for the treatment of railway aleepere with eatisfactory results. These oils, when 
used for preeervative puraoees, should be regarded rather as diluents than as preservatives. 

Water eoh^le scUU.—^These have, in certain cases, advantages over the oil tjrpe. They are 
easier to transport (since the solid or concentrated form can be used) and the majority involve 
very little fire risk. The treated wood, after drying, can generally be satisfactorily painted with 
ordinary oil paint. They are also for the most part odourless. On the other hand, being water 
soluble they are more readily washed out of the wood, if t^ is used in contact with the ground, 
and are therefore not so suitable as the oil type for use under severe conditions of exposure. 
Becent developments in this type of preservative have indicated the possibility of fixing to a 
fairly high degree some of the salts in the wood. Potassium dichromate has generally been the 
chemical used for fixing purposes. 

The common water soluble salts which have found application for the preservation of timber 
AM aino chloride, sodium fluoride, copper sulphate, mercuric chloride and arsenic compounds. 

Solvent prenrvativet consist of toxic substances dissolved in volatile solvents, and in quite a 
number of these the toxic material is insoluble in water. The solvent is used as a vehicle for 
carrying the toxic material into the wood, where it remains after evaporation of the solvent. 
Beiiig much more expensive than the water soluble type, these preservatives are usually applied 
by brush or other surface treatment. 

MSEHODS OP APPLYINO WOOD PBBSBEVATXVBS. 

The efflcient preservation of timber is dependent as much on the method of application as 
on the preservative itself. It is not alwa;^ practicable, nor is it necessary in the majority of 
cases, to obtain oomplete impregnation of the timber, but for permanent protection it Is essential 
to obtain suflSolent penetration of the preservative to ensure that at no time will unimpregnated 
wood be exposed by splitting, mechanical abrasion or cutting, and to provide a sufflcient reserve 
of antiseptio in the timber to allow for losses that take place owing to leaching, evaporation, etc. 
An impregnation treatment is essential in all oases wh^ long life is required in timber exposed 
to conditions favouring decay {Le. in all timber in contact with the ground, water or saturated 
air). For timber not in contact with the ground and exposed to ordinary atmospheric conditions, 
the environment is not so favourable to the growth of decay-producing fungi, and a surface 
treatment is often sufflcient. 

8UBFA0B TBBATUBNTB. 

Probably the best known and most widely used method of applying wood preservatives is t 
brush treatment. Bxoept for the sapwood of the more absorbent timbers, such application 
results in little more than skin deep penetration. A certain amount of protection is, however, 
afh»ded to the timber, but such protection is very slight compared with that afforded by impregna¬ 
tion treatments, and to the case of timber kept continually under conditions favourable to decay, 
it is n^Ugible. When applying an oil paint by means of a brush, it is usually applied sparingly 
and worked well into the timber. The same method should not be adopted with a toxic preserva¬ 
tive. The liquid should be applied liberally and swilled over the surface, the timber being allowed 
to absorb as much as possible. Brushwork is not necessary except to ensure that the preservative 
penetrates all cracks and crevices. A long-handled tar-brush is the best type for the application 
of creosote. 

Better penetration Is effected in moat cases it the preservative is applied hot, particularly in 
the case of preservatives of the oil type. Heating, however, is not essential, and most preserva¬ 
tives sold for surface application are reasonably penetrating at normal temperatures. Preserva¬ 
tives should not be applied while the surface of the timber is wet, and brush treating is best carried 
out in the sununer or autumn, when the timber is to a dryer and more absorbent condition. The 
higher temperatures obtaining to summer also aid penetration and obviate any necessity of heating 
the preservative. 

^e covering power of a preservative depends on its viscosity and on the species and condition 
of the timber treated. In the case of non-absorbent timbers, such as Douglas fir or oak, a gallon 
of liquid will cover a larger area than to the case of absorbent timbers, such as Soots pine or 
bee^ and a ma<ffltoed surface will absorb less than a sawn one.. It is of course not desirable to 
obtain maximum covering power with a toxic preservative. An approximate figure for one of 
the oil ^jrpo applied at normal temperatures on machined redwood (Pinue sylveetris) is 400 square 
feet to the gallon. This is for the first ooat, the covering power for a second coat applied within 
a few days being about twice as great. For sawn surfa^ the covering power is approximately 
hall that for surfaces, 

&^caylng la a convenient method of surface application, which probably results to a moM 
eSeenve covering of the timber than can be obtains by brush treatment to that the preservative 
is more Uk^ to penetrate craeks and its application is more liberal. In all other respects spraying 

Dtoping the tliSer in a bath of the preservative Is better than either brushing or spraying, 
and lesnlts in the efDsotive coating of all surCaoes of the timber. 
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SmPQfQ. 

Bj prolonging the duration of dipping, or ttoeping the timber, the absorption and penetration 
are Inoreaaed, but at a rery slow rate. 

The penetration obtained by fte(^>ing raries oonaiderably with the q>eoi88 of timber uaed. 
With letdatant timber, such as the heartwood of oak, larch or Douglas fir, steeping for as long ae 
200 days only results in slight penetration, whereas with permeable timber, soon as beech and tbe 
sapwood of Soots pine, practically complete penetration of 2-3 in. material can be obtained in 
this period. 

An absorption of 10-12 lbs. per cub. ft. can be considered as giving sufficient protection even 
under conditions favourable to decay. With many species this can be accomplished In using 
creosote by steeping for periods varying from 1 to 20 weeks. The actual time re<piired will 
depend mainly on the species and dimensiona of the timber and without extensive trial no 
definite times of treatment can be laid down. 

As a rough practical guide for steepi^ the more permeable species in creosote, one week per 
inch of thickness should ^ve good protection. This should be regarded as only very approximate, 
and if steeping is practised to any appreciable extent, the time of treatment to 0ve the desired 
absorption should be ascertained by trial for each individual case. 

Opbn Tank Tbbatmbnt. 

In order to obtain effective impregnation by steeping, the timber must be allowed to remain 
in the liquid for long periods often extending into weelD. Similar, if not better, results can be 
obtained in 24 hours by what is known as the open tank hot and cold process. Although the 
apparatus uaed consists of a tank open to the atmosphere, the impregnation is effected by 
means of pressure just as if a force pump hod been used, the only difference being that it is the 
pressure of the atmosphere which forces the liquid into the wood. This pressure is brought into 
effect by means of variations in temperature. Wood in an air-dry condition contidns minute 
air spaces totalling say 40-fi0 per cent, of Its volume. If this piece of wood Is immotsed 
in a liquid which is then heated, the air in the wood expands, and a certain amount is driven out 
and can be seen escaping as bubbles through the liquid. On cooling, the remaining air contracts, 
tending to form a partial vacuum, and the liquid is gradually drawn into the timber. In other 
words, during cooling the atmospheric pressure is greater than the air pressure Inside the minute 
spaces in the timber. Thus absorption takes pla^ during the cooling period. The greater the 
difference between the maximum and minimum temperatures the greater the difference in the 
pressure of the air inside and outside the timber, and consequently the greater the absorption. 
Immersion of timber in either hot or cold liquid maintained at constant temperature does not 
induce this pressure difference and, consequently, absorption is not by any means so great. 

This principle can be applied to impregnate timber with preservative in a very simple manner. 
The meuiod of treatment is essentially the same for all species, but the times and temperatures 
may be varied to obtain tbe required absorptions for the particular species and dimensions of the 
timber treated. Actual experience will determine which treatment Is the most suitable. The 
general method Is as follows:— 

The timber is immersed in the cold creosote, which is then gradually heated up to 180*- 
200* F. and maintained at this temperature for about 1-2 hours, dei^nding on the size and speodes 
of timber being treated. The creosote is Uien allowed to cool, care being taken that the timber 
is kept completely submerged during the cooling period, and if necessary, more preservative 
added to maintain the level. The timber is then removed and allowed to drain, after which it Is 
ready for use. Tbe total time taken depends on the size and species behur treated, but it la usually 
found oonvenlent to do one run every 24 hours. Heating is started in the morning and lasts 
8-4 hours, after which steam is turned off or the fire drawn, and the whole left to cool until the 
following morning. Thus the operator need only be in attendance for several hours each day. 
It may sometimes be found possible to carry two runs during tbe 24 hours, but this depends on 
the rate of heating and cooling of the tank and the ^leoies of timber under treatment, and can 
only be decided by actual trial. 

For the treatment of fence posts, efficient results can be obtained by what is known ae the 
' butt treatment.' In this case the lower end only of the post Is given an open tank treatment, 
and the upper end is either brushed with, or dippm in, the creosote. Thus the part of the post 
most liable to attack by fungus, i.s., at and below ground level, receives the heavier treatment. 
All the apparatus required oonstots of an iron drum which can be heated by a fire underneath. 

FBBSSURB TaBATMJBMTi 

The most effective method of Impregnating timber with preservatives is by means of pressure, 
and this process is always used when the quantity of timber to be treated justifies the oapital 
outlay of a pressure plant. It is much quicker than the open tank process, the treatment ts more 
easily controlled and better impregnation is obtained with the more resistant speoiea. Praotlcally 
all telegraph poles and railway sleepers uaed in Qreat Britain are impregnated under pressure. 

The prooem consists essentially of imprmating timber in olcsed qylindeis with a preservative 
under pressute. The qyole of preasure dilbranoas both below and above atmcspberlo and the 
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dnrmtion of tho pnman periods mej be end ere reried oonildereblj in order to obtein the desired 
results, bot pressure treetments ere generellj olasslfled under the following types 

(1) Bethell or Full Cell Prooess. 
(S) Bueping or Bmpty Cell Prooeai. 
(8) Boulton or Boiling under Vacuum Procese. 
The Bethel! or Full Oell Prooess Is the oldest process in use, having been introduced about 

1888, and it is probid>ly the most widely used pressure procees at the present day. The timber is 
enclosed in a cylinder and subjected to a vacuum of 18 to 26 ins. of mercury for a period varying 
from I to 2 hours. The cylinder is then flooded with preservative and pressures of 100 to 300 lb. 
per eq. in. applied for a pmod of i to 5 hours, depending on the species of timber being treated 
and the resolte desired. The cylinder is then emptied of preservative and a final vacuum applied. 

The Bueping or Empty Cell Process was introduced about 1904. It differs from the Full 
.Odl Prooese in that pressure of the air in the cylinder containing the timber is increased and not 
diminished. The usual oil-preesure treatment is then applied and on release of the pressure the 
compressed air In the cell spaces evpels the excess creosote, leaving a coating only on the oell 
wall^ Thus a deep impregnation is obtained without a hea^ absorption of creosote. 

The Boulton or Boiling under Vacuum Prooess is really a seasoning process and is applied to 
green timber. The timber is immersed in creosote at a high temperature and a vacuum applied 
for the purpose of removing moisture from the wood. After 19 to 24 hours of this treatment an 
ordinary full cell or empty cell pressure treatment is applied. 

The Full Cell Process is the most suitable for general purposes and for timber exposed to bad 
conditions and which is required to have as long a life as possible. The Bmpty Oell Prooess is 
only suitable for timbers which are very easily treated and where conditions of exposure are not 
too severe. It is not suitable lor instance for marine timbers. The Boiling under Vacuum 
Process is suitable lor timber which is difficult to impregnate and which Is used in large sixes. 
Its particular appUoation is for marine piling of Douglas fir. 

Different species of timber vary contiderably in their resistance to the penetration of liquids. 
Larch and oak heartwood are practically impervious, whilst beech and the sapwood of most 
species can be completely impregnated. Douglas fir and spruce are fairly resistant to impregna¬ 
tion, but the resistance of spruce seems to vary considerably in timber from different localities. 
Ifost of the non-duruble timbers, such as sycamore, birch, and the sapwood of Soots and Oorsican 
pines, are very easily impregnated either by means of pressure or by the open tank hot and cold 
process, and it is with these spedes that the economy of a preservative treatment is most 
pronounced. 

* Pressure Oreosoting of Timber ’ is now the subject of British Standard Specification No. 918 
—1940. 

INOISDIQ. 

Some timbers, such as Douglas fir, are difficult to treat even under pressure, as not only do 
they absorb but small amounts of preservative, but the absorption during treatment is very 
irregular. Several methods have been suggested for improving the treatment of such woods, 
most of which entail perforating the longitudinal surfaces of the timber. 

The method most commonly employed consists of making narrow incisions, usually about 
I in. deep, over all longitudinal surfaces of the timber by passing it under a spri^ loaded roller 
from whidi project the incising knives. The knives are fairly thin, and are dedgned to part the 
fibres of the wood, rather than sever them, so that the strength is not seriously impaired by the 
prooess. The spacing of the incUons varies somewhat, but an average arrangement suitable 
for Douglas fir is shown In the diagram, fig. 1. 

Such an arrangement allows the creosote to penetrate the | in. depth of the indstons and then 
spread in each direction so that the wood is eventually nniformly penetrated to the depth of the 
incisions. 

1- 

OEPTH OF INCISIONS Va “ 
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DHTUSION HKTHODS. 

These methods ol treetment are applied to timbers in green or damp condition, and their 
main use is tor timbers already erected which cannot otherwise be treated. Several methods of 
application have been suggested, but they all rely on the diffusion of a water soluble preservatire 
into the wood. One metiiod consists of iujeeting the preservative as a paste into the wood 
through a hollow incising tool. A similar method is to bore holes in the timber, which are then 
filled with the preservative paste. Another but slightly different method oonsuts of holding a 
quantity of the preservative in contact with the w<^ by means of a waterproofed bandage. 

Seasoning of Timber. 

WET TOIBEB IfUffT BB SBISOIOED. 

Freshly felled timber contains a large quantity of moisture. In ash, tor example, one-third 
of the total weight is water, and in the sapwood of some coniferous trees, only one-third of the 
weight is timber. If kept as logs, most timbers dry very slowly indeed, but If converted to 
scantlings, planks or boards and exposed to air in this form, they lose their moisture more freely, 
and sooner or later most, but not all, of the original moisture of the tree evaporates. This process 
is accompanied by shrinkage of the wood, hence if unseasoned timber is employed, the work tor 
which it is used will lack stability. Floors and framing laid on such material will sink, Joints 
in structures will become loose, and in pattern-making and decorative work, shrinkage will cause 
loss of shape and sise, and the wood wiU probably split and crack. 

Additional advantages of seasoning are that wood becomes lighter and stronger, more durable, 
better able to take preservatives, paints and polishes, and its machining qualities improve. 

SHRIKKAOB OF TlMBBR. 

The dUBculties caused by the shrinkage of timber during seasoning are Intensified by the fact 
that the movement is not the same In all directions. The greatest shrinkage occurs in a direction 
tangential to the growth rings of the tree. In the radial direction of the tree the shrinkage is 
roughly only half as much, while along the grain, that is the longitudinal direction of the tree, 
the movement is relatively very small, say only 2 to S per cent, of that tangential to the rings. 
The magnitude of the average shrinkage of timber can be seen from the chart on p. 290. Q^e 
differences in directional shrinkage are the main cause of distortion which occurs in drying. 
The square cross-seotion of a piece of wood cut from a log tends to become diamond shaped in 
drying if the growth rings are not roughly parallel to the faces of the square. A board or plank 
cut other than diametrically from the log tends to cup or curve across its width in drying. A 
board out along a radios or diameter of the 1(^, that is a quarter-sawn board, remains flat in 
drying. Such a board tends to shrink in width least in drying and to move least in subsequent 
service and is thus meet suitable for use where dimensional variation is undesirable as in large 
panels, etc. 

MoisTUBE Oozmurr. 

The only satisfactory way of expressing the degree of seasoning or dryness of timber is by 
moisture content. Terms such as * air-seasoned * or * kiln-seasoned ' may bear some conventional 
meaning, but they are too loose to use as specifications. The phrases * thoroughly seasoned,' 
* well seasoned ' and * bone dry ' are strongly to be deprecated. 

Moisture content is the amount of water in a piece of timber expressed as a percentage of the 
weight of dry wood substance. It is generally determined as follows:— 

(1) Out a full oross*6eotion from the board, f in. long in the direction of the grain and at a 
distance of 9 in. from the end. 

(2) Weight this sample as quickly as possible. This is the Initial Weight W. 
(8) Dry in a ventilated oven at 100* 0. (212* F.) until constancy of weight is attained. This 

is the Dry Weight D. 
W — D 

(4) Moisture content ^ x 100 per cent. 

Where it is inconvenient to cut the timber (as in large baulks, sleepers, etc.) a sample can be 
obtained with an auger or bit, but it ia advisable to collect the chips in a bottle to guaM against 
loss of moisture before they can be weighed. 

Blectricsdly operated machines are on the market that indicate moisture contents from about 
6 per cent, to 28 per cent. If used with intelligenoe and a knowledge of their limitations, they 
are sufficiently aoourate for commercial work. 

Moisiurb oobtbnt of Timber fob Various purposbs. 

The degree of seasoning desirable in timber depends on the use to which the timber will be 
put, and as a practical issue, upon the amount of shrinkage permissible in the finished article. 
For marine piling, and generally where timber is to be in contact with water, there is obviously 
no point in drying before use, unless it has first to be oreosoted, and even then, only a sufficient 
thickness of seasoned wood is necessary tor the required penetration to be obtained. 
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The diagnun on p. 390 shows the moisture contents that obtain in ratioas environments, and 
for important work, the timber should first be dried to the appropriate figure. The diagram also 
gives Mta from which specifications may be framed. For genend Joiners* uses, as an example, 
a moisture content of 16 per cent, is satisfactory, but for furniture and decorative woodwork, 
IS per cent, is a more suitable figure. Shrinkage consequent upon moisture change can be esti¬ 
mated from the scale on the right. 

An important point in builder’s work is Inmiunity from dry rot and other wood-destroying 
fungi. Umess the moisture content in the timber exceeds 30 per cent, these will not attack the 
wood, and if the Joists, etc., are seasoned to this figure or less prior to installation in adequately 
ventilated buildings, safety is ensured. 

MBKHOD9 OV SBASOZHNO TDIBIBIL 

Aif 5M«oni?ip.->Bound timber for telegraph poles, pit props, etc., should have the bark removed 
to accelerate the seasoning, and be staol^ In some open form such aa seLf-croeslng, with spaces 
between adjoining pieces in each row. 

Timber sawn into boards, planks, etc., is piled in the open or In a ventilated abed so that aii 
can circulate freely over its surfaces. 

The stacks should be raised about 13 ins. off the ground by level foundations, and for rapid 
drying the pile should not exceed 6 ft. in width; length and height, consistent with oonvenienoe 
and safety, are immaterial. Between individual piles a space of 9 In. to a foot will ensure ade¬ 
quate air movement, and It has been found that special orientation of the yard with req>ect to 
the prevailing wind is unnecessary. 

Within the stack the boards should be laid with slight gaps between them, and the rows should 
be separated by piling sticks about 1 in. square. Oertain refractory timbers such aa oak will 
benefit if the sticks are only k in. thick, but there is little advantage in increasing the thickness 
beyond 1 in. even with free-drying softwoods. The distance between the sticks depends on the 
timber, and as a guide, these may be taken as 9 to 18 ins. with ^ In. timber; 1 ft. to 3 ft. with 
1 in.; 1 ft. 6 ins. to 3 ft. 6 ins. with 3-in. stocks and 3 to 4 ft. with thicker material. 

If the timber Is stacked in the open, it is advisable to fit a good roof to prevent rain penetrating 
to the middle of the pile. It is very necessary that the ground beneath the stacks be kept clear 
of weeds and odd scraps of wood. These latter may decay and may infect the timber with wood- 
destroying fungus. 

The moisture content attained by timber in air-drying in the open varies with the season, 
30 per cent, being a fair average with upper and lower limits of about 33 per cent, and 17 per cent. 
Whilst the drying times depend on the time of year at which the timber is piled, the table gives 
approximate 'data for fresbiyrcut 3-in. material of a few common species under favourable 
conditions. 

Species. Time 
(Months). Species. Time 

1 (Months). 

Oak . 18 Ash ... . 6 
Beech 9 Blm . . . , 6 
Pitch pine . 6 Scots pine . 3 

KUn Snacning,—^The relative merits of air seasoning and kiln drying are frequently con¬ 
trasted, and there are many misconceptions regarding both methods. It can be stated definitely, 
however, that seasoning and drying are synonymous terms for all practical purposes and the 
manner in which moisture leaves the wood is the same in the two methods, the difference being 
merely one of speed and temperature. There virtually is no way of dlstin^liEdilng between air- 
dried stock and that which has been seasoned in a kiln under correct conditions and proper control. 
asBUTnlng the degree of seasoning, that is the moisture content of the timber. Is the same. 

There is no strict line of demarcation between the methods, for the two are frequently com¬ 
bined. Thus, freshly-converted timber can be dried directly in a kiln to say 13 per cent, moisture 
content, or it can be partly alreeasoned first and then finished off in a kiln or in a warm store, 
which is virtually a low temperature kiln. 

One point must always be remembered; air-seasoned timber is insufficiently dry for interior 
uses, and if shrinkage Is to be avoided, it must be given further treatment. 

BflSBNTrAifl or A TmBKB Drtino Xilr. 
The three essentials of a kiln are: Nest, Humidification and C^vtitafien, the terms applying 

to the air, which is the medium with which most dryers operate. 
Nest is needed to evaporate the moisture from the timber, and the use of high temperatures 

noreases the rate of movement to the surface from the interior. 
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Sumidiftcation of the air ii neoeesary to efleot a balance between eraporation at the earfaoe 
of the wood and the Internal tranafoelon of moisture to that snilaoe. 

CireulaUon is required to more air oontinuousl; orer the surfaces of the boards. If it remained 
stagnant in contact with the undried timber, the air would soon become too humid and drying 
of the timber would cease. 

In most Ulns, a large proportion of the air after passing once through the timber is recirculated, 
but some fresh air Is constantly introduced for ventilating the kiln, otherwise the air os a whole 
would become too humid. The volume introduced for ventilation is, however, small. 

Temperature and humidity should be under the complete control of the operator, and the air 
movement should be adequate and uniform. 

Ttpbs of Timber DBTiNa Kile. 

Progr«itW€ KUns,—The progressive kiln usually consists of a tunnel from 60 to 300 ft. or more 
in leng^ along which the timber, which is piled on trucks, is moved by stages. Below the trucks 
in a basement, steam heated coils run for about two thir^ the length of the kiln, and there are 
generally steam sprays for humidification purposes. 

Heated air rises from the coils at one end of the kiln, passes in a more or less horizontal 
direction along the kiln through the timber stacks, and falls back into the basement at the 
opposite end. It then returns along this basement and is again heated for recirculation. As 
the air passes through the piled timber, it becomes cooler due to the heat given up in evaporating 
moisture and more humid owing to the moisture taken from the wood. 

At one end of the kiln therefore, the air is hot and relatively dry and in passing from one end 
to the other it gradually becomes more humid and cooler. The timber is put in the kiln at the 
wet or cold end, and is moved by stages to the other, by which time, if the conditions are suitable, 
it will have dried. The air movement can be accelerated by fans and the drying rate thus speeded 
up. 

Progressive kilns depend for their efficient working on a continuous supply of timber of the 
same species and thickness, and will not work satisfactorily if only partly fulL Qenerally 
speaking, production conditions are on too small a scale in England to lend themselves to the 
efficient use of progressive kilns. 

Compartment Kilns.—In the compartment kUn, the load is not moved until drying is com¬ 
pleted, and the air temperatures and humidities are varied to suit the current moisture content 
of the stock. Such dryers are under more exact control than progressive kilns, and whilst it is 
not good practice to mix species and dimensions in any one charge, these kilns can be used to 
dry a wide variation of timbers and sizes. 

Kilns are usually built oi brick, but concrete, timber, asbestos sheeting or non-corrosive 
metals have been successfully employed. The walls must be reasonably heat- and damp-proof. 

Oompartment kilns are classified according to the means by which circulation is produced. 
In natural draught dryers, air movement is induced by convection currents. The type is not 
efficient for handling very wet timber, but in some of its forms, is suitable for completing the 
seasoning of partly-dried stock. 

Forced circulation kilns are fitted with fans for moving the air, and are designated by the 
type and disposition of these parts. The external fan pattern has a centrifugal blower that 
forces the air into the stacks tluough a duct and exhausts it for re-circulation t^ugh a second 
trunk. In the internal fan kiln, propellers are used to keep the air in motion. The fans are 
carried either on one shaft running lengthwise or on several spindles placed across the kiln, and 
the air is deflected into the stack by baffles or grids. The general practice is to use steam-heated 
coils for heating and steam sprays to control humidity, and in the case of external fan kilns, 
these are usually in unit form embodied in the fan casing or in the ducting. 

Internal fan kilns can be arranged with the fans, heating coils and humidifying sprays in a 
basement below the timber or they can be placed above the piles, f’he latter is generally pre¬ 
ferable, since the timber can be piled on a solid floor and the expense of excavating a basement is 
obviat^. The return of condensate from the heating pipes is facilitated by the overhead 
construction. 

The essential of a fan kiln is that the air blown into the stack should be uniform in rate of 
flow, temperature and humidity along the whole length and subject to this proviso, the methods 
employed are unimportant. 

Kiln Operation. 

Air conditions in a kiln should be regulated according to the species being dried, the thickness 
of the stock and the moisture content of the timber. An operation schedule based on time alone 
is unsound and may lead to disastrous results. Such a method can sometimes be evolved after 
long eiqierience with a particular class of timber, but where the loads vary In species and moisture 
oontent, it is strongly to be deprecated. 

flnooesrfol kiln operation depends on a sound knowledge of the pkinoiples of drying, and 
should never be regard as a mle-of-thumb process. 
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E^IIiN DBTXNa TDfBS. 

The times given in the table are lor drying 2-in. timber from the freshly felled state to a uniform 
moisture content of 12 per cent, in a moderately efficient fan kiln, the timber being then in a fit 
condition for immediate use for any purposes including resawing or moulding. Where the needs 
are not so exacting, or where uniformity of moisture content and stress-free state are unimportant 
the times can be reduced appreciably. 

Species. Time 
(weeks). Species. Time 

1 (weeks). 

Oak . 10-12 Ash ... . i 4-5 
Blm . 1 4-5 Pitch pine 3-4 
Beech . 6-6 

1 
Scots pine . 1-2 

STBAIONO or TnfBBB. 

The steaming of fresh timber is commonly practised in the belief that it accelerates seasoning. 
In practical terms, this .is erroneous, although the process is frequently of value in steriltalng the 
wood and in producing a more pleasing colour. 

Timber attacked by wood-destroying beetles and fungi can be sterilised by a suitable short 
kiln treatment. This killa all insects, grubs and eggs or spores, but does not necessarily render 
it immune from re-lnfestation. 

Stoiuob or Loos aiid Timbeb. 

The storage of timber in log form is common practice, and in broad terms is fairly safe. 
Oertain non-durable woods such as beech, ash, poplar, etc., are liable to fungus attack, whilst 
in valuable logs, end-splitting may seriously reduce their r^ue. The use of a water-proof end 
coating will reduce splitting, and if the point has toxic properties, the danger from fungus is 
lessened. Both dangers are eliminated by keeping the logs under water. Where water storage 
is impracticable, the timber should be placed on skids and not allowed to lie on the bare ground. 

On no account should wet sawn timber be closely stacked for any appreciable time, for such 
conditions may lead to staining and to the growth of wood-destroyiug fungi. 

Boards that have been air-seasoned (l.e. to a moisture content of about 20 per cent.) may 
safely be bulk-piled, but the ingress of rain must be prevented. Material dried to 15 per cent, or 
less will absorb moisture if stacked in the open air, and should for proforonce be stored in a warmed 
shed. Where this is impracticable, the absorption rat-e can be greatly reduced by bulk piling and 
covering the stack with tai*i)aulins. 

Strength Properties of Timbers. 

In addition to wide natural variation the strength properties of timber are sometimes con¬ 
siderably influenced by Its moisture content, by the conditions under which it is tested and by 
imots, cross gprain and other features, as found in any particular piece. In consequence, for the 
derivation of basic data for comparing the strength properties of various species of timber the 
conditions of test are standardised, the timber is tested at a specifle moisture content, and, owing 
to the impoeslbility of matching defects, the tests are made on clear specimens of timber, ».r.. 
pieces out straight with the gre^ and edected free from knots, splits, etc. The standard test 
pieces are out from planed etioks 2 ins. square in cross section, and the tests are, briefly, as 
follows:— 

STATIC BBBDXNO. 

The test piece is 30 ins. long and is supported over a span of 28 ins. and centrally loaded, the 
rate of inorease of deflection at the centre of the span being 0*105 in. per minute. Beadings of 
load and deflection are continued past maximum load, antU either the load has fallen to 200 lb. 
or a deflection of 6 ins. has been reached. The quantities computed are equivalent fibre stress at 
maximum load (sometimes referred to as Modulus of Rupture), modulus of elasticity and work 
expended in bending (a) to the point of maximum load (5) over the whole range of deflection. 
The work expended in bending ie a measure of the resilience of the timber. 

IMPACT BBNDING. 

The 30'ln. specimen on the same span of 28 ins. is broken by a weight of 60 lb. falling, in 
vertical guides, on to the specimen at the centre of the span, from heights starting with 2 ins. and 
increasing 1 in. at a time to 12 ins. then by 2 ins. at a time until failure oocuis. The maximum 
drop of the 60 lb. weight required to break the specimen is a measure of the strength of the timber 
to resist suddenly applied loads. 
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OoHPBoasioH parallbl to Grain. 

The Bpeolmen Is 8 ins. long and is crushed between parallel plates. The maximum load is 
recorded and the maximum crushing strength computed therefrom. 

Shbar. 

The q>eoimen is 3 ins. long (l.e. a 3-in. cube) and Is loaded so as to produce shear along the grain, 
tests being made with the plaiM of shear parallel to the growth rings and at right anglM to them. 

* HARDNB88. 

Measurement is made of the load required to indent the timber by means of a hemispheiicallj 
headed plunger 0 * 44 in. diameter to a depth equal to the radius of the head. 

OlAATAOE. 

The specimen is 3} ins. long with a notch | in. deep across one end. Hook grips inserted on 
the oppoi^te sides of the notch enable the specimen to be subjected to a tensile force at right angles 
to the grain which la Increased until the specimen splits. The splitting load Is recorded. 

For full details regarding these tests see * Project I. Mechanical and Physical Properties of 
Timbers. Tests of Small Clear Specimens' by C. J. Chaplin, published by H.M. Stationery Office. 

Above approximately 36 per cent, moisture content the strength of wood is uninfluenced by 
moisture changes. Below this value most strength properties vary inversely with the moisture 
content, the relationship being approximatel v logarithmic. The practice is, therefore, to record the 
strength of timber under two standards conditions: (1) as near as possible freshly felled (moisture 
content between 60 and 100 per cent., depending on the species) and (ii) at 13 per cent. The 
former relates In practice to all timber exposed to the weather and the latter to timber in a centrally 
heated building. From these data the strength at other moisture contents may be calculated. 

The accompanying table gives the average values of strength and shrinkage of a few important 
timbers. Many other species have been tested by various authorities under the same system of 
standardised tests, the results of most of these tests will be found in the following publications:— 

* A Handbook of Home-Grown Timbers,** H.M. Stationery Office, London. 
* A Handbook of Bmpire Timbers.’ H.M. Stationery Office, London, 1939. Price 8«. 6d. 
’ Strength and Belated Properties of Woods grown in the United States.* Technical Bulletin, 

No. 479. U.S. Dept, of Agriculture, Washington, D.O. Price 36 cents. 
* Mechanical Properties of Canadian Woods.’ Forest Service Bulletin No. 83, Dept, of the 

Interior, Ottawa, Canada. 
* The Physical and Mechanical Properties of Woods grown in India.’ The Indian Forest 

Records, vol. xvli, part 10. Govt, of India, Delhi. Price 7t. 
It is emphaslB^ that these figures are the ultimate strengths and other properties of ■ma.fi 

clear specimens, and as such are not to be confused with safe working stresses for which see p. 398. 

The Bffbot of Seasoninq on the Strength of Wood. 

The influence of seasoning on the strength properties of wood is shown by the difference between 
the values of each property at the two moisture contents in the table of mechanical and physical 
properties. The effect is most pronounced in the case of the crushing strength paralld to the 
gram, which is increased by approximately 100 per cent, in drying from 26 to 13 per cent, moisture 
content. Other properties are increased by less amounts and in certain cases, notably the strength 
in impact bending, the property is sometimes slightly reduced by seasoning. This latter Irregular 
beha^our is because ability to withstand impact loads depends not only on strength but *1^ on 
ability to absorb the energy of the blow by deflection. Timber at low moisture contents is stiller 
and therefore not capable of jrielding so far without breaking. These progressive changes in 
strength have been found to continue to molstnxe contents as low as 6 per cent, and probably also 
continue to zero moisture (oven-dry). 

Providing the timber is dried to the same moisture content and as long as the drying schedule 
employed in the kiln is suitable for the timber, Uiese changes in strengto are the same whether 
drying takes place In the open air or under controlled conditions. The employment of an un- 
unsuitable seasoning schedule involves the risk of impairing the resilience or toughness of the 
timber, and also, with certain species, of de^oping honeycombing, case hardening or collapse. 

SAFE Working btressbr. 

As the strength of structural timber is largely influenced by knots and other defects it is 
necessary to delme the extent to which these mav be permitted before safe working stresses can 
be evaluated. It follows that the derlTatlo]i of safe working stresses is greatly facilitated if timber 
is marketed in definite grades based on defects Qsi distinct from blemishes). Bmffi Is the posttloii 
la America where the practice baa been adopted of grading timber aooonUng to statod ediedules 
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of defoetf and eralnatlng safe working ttreeMe for each grade. Britieb Standard Specifieationa 
(B.S. 940, Parts 1 and £1) hare been pablished detailing stress grades for the speoies of timber 
oommonlj used for structural purposes in this countiy. So far, however, timber graded to 
these spooiflcations has not been available through normal trade channels. 

* 

Thb strength of Poles. 

Foies in the line are subjected to overturning moments arising from (1) the load at the top 
due to the pull of the wires, or the wire pressure due to snow on the wires, and (2) wind pressure 
causing a load distributed along the length of the pole and on sleet-covered wires. Theoietioally 
the maximum bending moment occurs either at the ground line, or, if the taper on the poles is 
eufiELdently acute, at the section at which the diameter is times the diameter of the top. In 
practice poles more often fail a little wav above the ground line, which suggests that the stresses 
set up dliler slightly from the theoretical. 

In testing poles for their ultimate strength the theoretical stress distribution of service con¬ 
ditions is obtidned approximately by suppord^ the pole at each end and applying a single concen¬ 
trated load at the point corresponding to the ground line. As the load on a pole is greatest at 
the wettest time of the year, when, consequently, the pole in, and just above, the ground is 
saturated with water, it is necessary, in order that test results shall indicate the strong of the 
pole under the worst conditions, that the poles should be soaked in water prior to test. 

The following results have been obtained from tests of creosoted and unoreosoted poles carried 
out under the above conditions at the Forest Products Research Laboratory 

Speoies. 
Ultimate Btiess 

in Bending, 
Lb. per 8q. In. 

Weight, Lb. per 
Oub. Ft. at $0% 
Moisture Content. 

1. Bedwood (Scots pine, Pinun tylvtxtrii) . 7,980 
1. „ Home grown („ ti ) • 7,750 
1. Home grown Corsican pine (Pinui Uuieio) 8,150 
1. „ „ Latch (Xofis deciduc) . . . 10,000 
2. Australian Iionbark (Buealyptut panieulata) 16,600 
9. „ Tallowwood (ifu<3alp|gia microeorpt). 15,800 f. „ (Suealyptiu pUularii) . 18,970 

37 
37 
37 
39 
7' 
(>5 
54 

1, Creosoted. 2, Uncreoeoted. 
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SECTION IX 

PART II 

HOOFS — FLOORS — PARTITIONS — STAIRS — BRICKWORK — 

LONDON BUILDING ACTS — FOUNDATIONS — MASONRY 

ROOFS. 

The Miniatiy of Health's Model Byelaws, Series IV, Bailding^ (1938), CSaases 78 to 79, relating 
to roofs are compulsory in many localities. Obtainable from H.M. Stationery Office, London, 
price Is. 6d. net. 

BOOflNG MATSRIAIfl. 
The chief roofing materials are 

(i) Slatss.—The following terms are used as in slaters’ work :— 
Head : the npper or edge top of slate. Back : the upper or exposed surface of slate when laid. 

Red: the lower or under surface of slate. Tail: the lower or bottom edge of slate. Marffin: the 
part of each course of slates exposed to view (o-^, fig. 1). Gauge i the distance battens are apart 
from centre to centre; required to determine the position of battens to receive the nails by which 
the slates are secured. Bofui..—Wlien a joint 
of two adjacent slates is Immediately in the 
centre of the slate, the tail end of which rests 
upon them, the slates are said to bond. Lap : 
the distance the tail of one slate overlaps the 
head of second course below, when slates are 
nailed near the centre, or the distance the tail of 
slate overlaps the nail-hole of second course 
below when slates are nailed near the head. The 
lap, in practice, ranges from inches to 4 inches, 
and averages as S inches. HsiHag: the piercing 
of slates to receive nails. —When roof 
is to be covered by slates of different lengths, 
they are regulated to proper dimensions, so 
that the largest slates may be nailed near the 
eaves, and the smallest at the ridge. Eaves: 
the lower part of slating hanging over a wall. 

See British Standard Specification No. 680. 

Sizes of Slatbs. 

The sises of slates in common use are as follovm:—* Duchess * slates, 24 inches by 12 inches, for 
moderate flat roofs of 2^ pitch ; * Countess * slates, 20 inches by 10 inches, for roofs of ^ pitch; and 
* Ladies,* 16 inches by 8 inches, for roofs of I pitch, the rule being, the steeper the pitch, the smaller 
the slate, and the more exposed the building, the greater the pitch of the roof. 

Slates are laid on boards (flg. 1) or baUens (fig. f), the latter being the cheapest. Boards, 
I indi thick for Countess slates, and rafters not more than 18 inches in the clear, 1 Inch or 
thicker, otherwise. Battens, 2 Inches by | Inch for 0>untess, with rafters 12 inches interval x 
S Inches by 1 inch for Duchess. Slates are often holed 1 in^ or 1^ Inch from the head, as in 
flg. 1, but are better centre-holed, l.e. just dear of head of slate below, as in fig. S. 

If a good slate Is stood half its depth in water for several hours the moisture should not rise to 
the top. 
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Ooaiporilton aails «ra reoomme&dad lor all food work; thej aro atifler than ooppar or aino. 
praoini a biMaj appaaimnoe, and aro ohoapor than ooppar naila. II iron naUa ara oaad, th^ ahonld 
ba galranlaad, or bdlad in Unaaad olL Two to aaob alata, 1| inoh long for amall alatao, 1| inob long 
lor Ooantaaa, and 1{ lor Dabheoa alataa. 

Fra. S. 

EUu and Copper CHpo.—When a alata that la nailed to boarding geta broken and has to ba 
rapidrad, narrow ollpa, about 4 inch wide, ara pnabad between the alatea to oatoh the head of 
alata bcdow. The new alata ia then inaertad, and the end of olip turned aa a hook orar the tail of 
the alata. When alatea are nailed to batten^^ and the interior ia acoeaalble, they may be repaired 
by maaao of a piece of ooppar wire which ia pointed at one and and driven Into the batten or 
boarding at the head of under alata, passed between the sida-joints of slates immediately above 
it, and lapped over the tail of the next slate but one above it. A man under the battens will 
seoure a piece of copper wire to the battens, and then posh the wire between the slates for the 
manlabove to^ollp’over the tail of the new slate. 

S»ZK ASD Weight of Slates. 

A thousand slates Tueans 1,200. A square is 100 super feet. 

Name. Size. 

Gauge 
for 3-in. 

Lap 
Nailed 

in 
Centre. 

No. of 
Squareti 
tjovered 
by 1,000 
of 1,200. 

Weight 
per 

1,000 of 
1,200. 

Weight* 
per 

Square. 

No. to 
Cover 
One 

Square. 

Nails 
required per 

Square. 

Iron. Copper. 

Ins. Ins. Cwts. Cwts. No. Lbs. 
Smalls 12x 8 2-8 17i H 430 860 5 
Doubles 13x 6 5 2*6 18 6 480 960 6 
Ladies 14x12 H 5 31 1 240 480 H „ ... 16 X 8 

7^ 
4-5 25 ] 6-5 300 600 34 

YlKountesses . 18x10 6 36 6 200 400 21 
Countesses 20x10 8* 7 40 j 5-7 171 842 4 
Marchionesses . . 22 X12 9| 9-4 55 6 180 260 H 
Duchesses . 24 xl2 10* 10 63 1 6 125 250 8 
Imperials . 33x24 134 25 48 96 8 
Bags .... 36x24 164 30 ,, 40 80 
<^ssns 36x24 16| 30 •• 40 80 2* 

♦ Tl»e weights are for first quality Penrhyn or Bangor ; second quality weigh about one-third 
more. Aa the sizes of slates of the same name sometimes differ slightly, the size required should 
he given as well as the name, when of importance. This Table allows about ^th for waste. 

See Brit. Stand. Bpedflo. for No. 680—1086,|WeIsh slates; No. 600—1040 for Asbestos aUtea. 
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(iO Asbetfot-eenuni in the form of ibeete (often known ee ‘ elntee *) of reotongolnr, hon^oomb, 
and diamond di4)e. 

These slates are made reotangnlar, honeyoomb, and diamond in pattern. They may be 
obtained in five rich ooloors, red, bine, grey, msset-brown, and brindled. 

The original weather-resisting qnallttes of some Asbestos Oement Slates are guaranteed for 
twenty years. 

These slates can be ont to fit hips, valleys, verges, round chimneys, and roof lights, etc. 
Beotangular sizes, 34 ins. x 13 ins. and 16 ins. x 8 ins. Diamond and honeycomb siaes, 

16| ins! X 15} ins. and 11} ins. x 11} ins. 
The lap to be given is determined by the pitch ot the roof, position and building, and prevailing 

weather conditions. 
British Standard Specification No. 690—1940 relates to asbestos-cement slates and also to 

nnreinforoed flat sheets and corrugated sheets. 

(ill) Roofing TUes,—Booflng tiles may be ptatn (I.e. rectangular and almost flat), or they may 
be wavy, as or they may have grooves or other structures which enable them to inurtoek 
with one another. Interlocking tiles are much heavier than plain tiles, but form a more weather¬ 
proof roof. (See also pp. 867 and 369.) 

The unit of measure for roofing tiles (when fixed) is a ' square* having an area of 100 aq. ft. 
Thus, if 4 in. is to be exposed on a plain 600 such tiles will form a * square,* but in flat roofing, 
where the overlap is nrach leas, only 310 tiles will be required for a square. 1 square weighs 
about 16 cwt. 100 plain tile laths 6 ft. long >• 1 bundle. 

For pantiUSt 180 to a 10-in. gauge, 164 to an 11-in. gauge, and 160 to a 13-ln. gauge. The lap 
of the tile over the one below it will be just the difference between its length and the length of 
the gauge. 1 square weighs about 8 cwt. 12 pantile laths 10 ft. long 1 bundle. Fir Wing 
laths are 14 in. by 1 in.; and oak tiling lams, 1} in. by } in. 1 square of tiling requires 
1 bundle of laths, 150 nails, 1 peck of tile-pins and 3 hods of mortar. (See p. 367.) 

Watt and Floor TiUa are usually glazed; they are not very suitable for external use. 

See also British Standard Specification No. 1281. 
Roofing tiles are also made of concrete (see p. 360). 

(iv) Corrugated Iron Sheets.—See pp. 336 and SOI. 

(v) Zine.—Boofh are not covered with zinc, but with galvanised Iron, i.e. zinc-coated iron. 
The gauges of zinc recommended for roofing purposes are Nos. 13,14,16, and 16, the weights 

per sq. ft. of each gauge being respectively 16 ozs. 15 drs., 18 ozs. 12 drs., 31 ozs. 13 die., and 
34 ozs. 13 drs. The sheets usually measure 8 ft. x 8 ft. See also p. 86. 

(vi) Lead.—Sheets of lead are used for some flat roofii (see p. 132). 

(vfi) Wood,—Wooden roofs are preferably covered with felt or mastic which are easily renewed 
(see also Table on p. SOI). 

(viii) FHt.—Usually impregnated with tar, asphalt, bitumen, or other impervious material 
(see Mastic). The felt is laid over matchboard, sometimes with a prepared paper between, (^c 
British Standard Specification No. 747.) 

(ix) MaaHe.—^The mastic compositions generally used for roofing are a form of asphalt, i.e. 
mineral grains (grit) embedded in a plastic binder, such as bitumen. The material may be * natural * 
or * syn^tlo.* 

The mastic may be applied direct to concrete roofis, but for wooden roofii it is applied to a 
layer of felt impregnated but not coated with bitumen. Expanded metal or wire netting is some¬ 
times laid over the felt. A paper underlay is often advantageous. 

HasUo asphalts tend to creep in wexm weather so some form of * key * to hold them in position 
is desirable. 

See British Stsmdard Specifications Nos. 988 and 1163. 

Heat-Insulating Value of Booflng Materials.* 

A National Physical Laboratory test of roofing by measuring the heat lost from a heated 
room leads to the remarkable conclusion that the rate of emission of heat by radiation fr^ 
tito covering surface has more effect on the inside temperature than the rate of oonducticn 
of heat through the material. This result is of importance in the roofing of large factories of 

* W. M. Thornton, D.Sc., D.Bng., Annstrong College, Newoaatle-on-l^e ; Engineering. 
Oetobar 19,1917. 
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% Mint-Mmuiaat natare, whan th* temperatun dapendi more upon the eoTerlng than in the 
oaie of ooUdlngi haring a olowd air apace under the roof. 

Old galraniaed iron allowa more heat to paaa than gleaa, a remarkable result. Slates are 
good, bat in prmrtion heary. Deal boarding covered with asphalted felt, though thick, is 
not so heavy as welsh slate, and is one of the bMt insulaton. In this case its poor conductivity 
is evidently not negligible, and in all thick roofing materials it is probably of importance. (See 
also British Standard Specifications Nos. 1304 and 1334.) 

HlAT TaiHBiaXTBD THBOUaH BOOflNG MATIRIAL BZPOSBD TO STRONG BADIATION. 

Material. 

Riseof j 
Temperature 

in Testing | 
Ohamber { 

British 
Thermal 
Units per 
10 sq. ft. 

per Hour. 

Thickness 
in Inchee. 

! Weight in 
i Pounds per 

Square 
Deg. 0. per ! 

Minute. 
Foot. 

1. Bright galvanised iron sheet 0*368 Ill 0*04 i 1*6 
3. Qalvanised iron, blackened below 0-40 108 0*04 1 1*6 
8. Galvanised iron, blackened above 
4. CkJvanised iron, blackened above 

0-93 386 0*04 1*6 

and below .... 1-40 681 0*04 1 1*6 
6. Qalvanised corrugated iron after 

one month*8 exposure to the 
weather .... 0^76 310 0*033 1*38 

6. Do. one year .... 103 433 0*033 1*88 
7. (6) painted black above 
8. Roofing glass, serrated 

1*18 473 0*033 1*38 
1*10 463 0*33 8*35 

8. Welsh slate .... 0*81 337 0*17 ! 2*0 
10. Westmoreland slate . 
11. |-in. T.G. deal covered with 

0*60 348 0*36 1 4*8 

asphalted felt 0*30 134 1*0 3*6 
13. Oormgated flbrocement after one 

month in use 0*78 336 0*3 1 1*8 
18. Do. after one year in use . 0*80 334 0*8 ; 1*8 
14. Do. painted dead black 
18. Do. 'aluminium-finished* out¬ 

0*83 341 0*3 1*8 

side . 0*80 307 0*8 1*8 
10. Do. laid on top of thin asphalted 

0*81 311 0 86 80 

A. suggestion was made in a National Physical Laboratory Report that air spaces in roofing 
materials might be advantageous. A eattrfaotory means of doing this is to lay corrugated 
asbestos-cement plates on the thinnest asphidted felt or other light sheet materisl supported 
by the roof frames. The effect of this te shown by the table to be equal to that of an aluininium 
sotfisoe, and where heat insulation and lightness are of the first importance a strong and efficient 
roofing can be made in this way at a reasonable cost. 

Load oh Boora. 

Description of 
Covering. 

Bcr Square ot 
100 Superficial 

Feet. 

Minimum 
Slope. 

Description of 
Covering. 

Per Square of 
100 Superficial 

Feet. 

Lbs. Degrees. Lbs. 
Lead covering weighs 784 4 Timber framing for 
Zinc. 168 4 slated or tiled 
Corrugated iron .... 336 4 roofs. 560 to 673 
Slates. 840 to 1,008 26^ to 30 Additional load for 
Tiles. 896 to 1,680 264 to 30 pressure of wind . 4,083 
Boarding f inch thick . 390 25 Ditto for Hurricanes, 
Boiurding 1| inch thick . 580 25 

“y.1 8,960 

The angle ot Qothio roofi should not exceed 60^. 
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RUBEROID Roofing Specifications . . . 

THE RUBEROID INSULATED STEEL ROOF 

Experience gained during more than half a century has enabled The 

Ruberoid Co., Ltd., to provide standard roofing specifications which meet 

every requirement. 

Single layer specifications for light structures; Built-up Roof Specifications 

for permanent buiidings; and where wheei or foot traffic is encountered, 

the Ruco-Ruberoid Roof—are ait fully described and illustrated in “Standard 

Specifications for Ruberoid Roofs ’’ (Brochure No. 326). 

As a light and rigid form of roof, the Ruberoid Insulated Steel Roof has 

many advantages over other forms of structure. It is economical to erect 

and maintain and combines maximum strength with minimum dead load. 

Technical data and illustrated details of construction are contained in 

Brochure No. 343. 

Estimates for the supply and fixing of Ruberoid Roofs on any scale, large or 

small, anywhere in the British Isles, will be sent free on receipt of particulars. 

RUBEROID ROOFING 
THE RUBEROID OOMPANY LIMITED, 

28, Commonwealth House, New Oxford 8t., London, W.0.1. Tel: HOLborn 9801. 

R.40. 
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raiE 
BUILDERS* MERCHANT & METAL TRADES 
ADVERTISER incorporating HARDWAREMAN. 

BSTABLISHBD 1859. 

PUBLISHED WEEKLY 

t8 ESSEX STREET, STRAND, LONDON, 

For over eighty years “ The Ironmonger ” has 
been the leading newspaper published in the 
interests of buyers and users of hardware, 
tools, metals and mill-fumishings. 

The faaory owner and his buyer will find it 
unequalled as a guide to the purchase of 

2V1ATERIALS AND STORES. 

Weekly Market Reports by special corre¬ 
spondents in the industrial centres cover 
ferrous and non-ferrous metals. General news 
pages deal with all trade developments, and 
promptly record the introduction of new 
goods. 

Yearly subscription (30s.) includes, in December, 
The Ironmonger Diary and Hardware Buyers 
Guide, the trade directory which is unrivalled for 
“Where can I buy?” information. Subscribers 
also have free use of the Enquiry Department, 
which can answer most “ Who are the makers ? ” 
questions by return of post. 

T0 anyone interested a specimen copy 
of “ The Ironmonger ” will be sent on 
application accompanied by trade card. 

in 

F.301 
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CORRUOAniED-lBON ROOFINO. 

B.Wire 
Gauge. Size of Sheets. 

Weight 
per 

Square. 

Square 
Feet per 

Ton. 

B.Wire 
Gauga Size of Sheeta 

Weight 
per 

Square. 

Square 
Feet per 

Ton. 

No. Feet. Lbs. No. Feet. Lba 
16 6 X 2 to 8 X 8 350 22 6 X 2 to 7 X 21 176 1,660 
18 . 6 x 2 to 8 X 8 268 24 6 X 2 to 7 X 2i 136 1,880 

6 X 2 to 8 X 3 204 26 6 X 2 to 7 X 2| 118 2,170 

One-tenth of the weight to be added for lapj^ge. Sheets should overlap about 6 inches, and 
be double riveted at joints. 8 lbs. of rivets required per square of roofing. Purlins sliould be 
6 feet apart. Curved roofs may be made up to 20 feet span without framing ; tie-rods 12 feet 
apart. 

ANQLBS 09 Boots. 

Pro|M)rtion of 
Rise to Span. Angle. Sloiie. Proportion of 

Rise to Span. Angle. Slope. 

O / o / 
1 18 25 3 to 1 f 68 0 {tol 
1 26 35 2 tol 1 66 20 Ito 1 
1 38 42 l^to 1 1 63 80 |tol 

45 0 1 to 1 

DmSNSIONS Of PARTS Of WOODBN BOOfB. 

Section. 

.Span. 
Principal. Tie Beam. King Posts. 

Queen 
Posts. 

Small 
Queens. 

Straining 
Beam. Stmts. 

Feet. Inches. Inches. Inches. Inches. Inches. Inches. Inchea 
20 4x4 9x4 4x4 8x3 
25 6x4 10 X 6 6x6 5x8 
30 6x4 11 X 6 6x6 .. 6x8 
35 6x4 11 X 4 4 *x 4 7x4 4x2 
46 6x6 13 X 6 6x6 7x6 5x3 
60 8x6 13 X 8 8x8 8 X 4 9x6 6x3 
66 8x7 14 X 9 9x8 9x4 10 X 6 6i X 3 
60 8x8 15 X 10 10 X 8 10 X 4 11 X 6 6x3 

Weight of Components of Boofs. 

Lead covering, including laps, but not boarding or rofls 
Zinc , „ „ 14 to 16 zinc gauge . 
Corrugated iron, galvanised, 16 W.G. 

„ „ „ 18W.G. . . . . 
„ „ „ 20 W.G. 

Sheet iron, 16 W.G. .. 
„ „ 20 W.G.^ 

Slating laid with a 8-inoh lap, including nuia but not battens or iron laths : 
Doubles, 18 inches x 6 inches, at 18 cwt. per 1,200.... 
Ladies, 16 inches x 8 inches, at 81*6 cwt. pOT 1,200. 
Countesses, 20 inches x 10 inches, at 50 cwt. per 1,200 ... 
Duchesses, 24 inches x 12 inches, at 77 cwt. per 1,200 • , . 

Per Square Foot, 
. 5|lb8.to8|lbSi 
. ll if » 
:i: 
• S n 

. ito 

8 
8* 

»» 
«> 
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Tiltt •plain (olaj) 104 inohea x 64 Inobes, hand-made: 
)a<d to S|-lnon gauge. 

«« 4 • . • • . 
maohine-made: 

laid to 8|-lnoh gaage. 

,, •Maxaeillea (interhxddng). 
, •pan- . 
„ •Poole. 

•Roman, alngle. 
„ • „ doable. 
„ •Spanidi, OTer. 
„ „ under. 
^ •Someraet (Intorlooking). 

Slate battens, 31 inches x 1 inch : 
For doubles. 
For countesses ........ 

Slate boarding, £ inch thick. 
„ „ 1 inch thick. 
„ M 1^ inch thick. 

Wrought-iron laths, angle irons: 
For duchess slates 
For countess slates 

Cast-iron plates, | inch thick ...... 
Thatch, incluiiing battens. 
Felt, asplialteil. 
Re4 . 
Rvlberoid. 
Lath-and-plaater ceiling. 
Ceiling joists. 
Common rafters. 
Collar beams. 
Flraming for wooden roots, including purlins and ridge board 

20 feet span, king post, rise one-fourth span . 
30 „ *y M ft • 
40 ,, queen post ^ 

«0 „ 

Tla baams: 90 feet span, king post • . . . . 
90 „ ,, ... 
40 „ queen post ... 
90 .. 
00 * . 

Per Square Foot. 

18*99 tol7-S8 lbs. 
19*89 to 16*40 „ 

11*76 to 10*94 „ 
10*96 to 16*19 „ 

«*9 

4 lb. to 1 lb. 
4 lb. to I lb. 
8 lbs. 

but exclusive of tie beams: 
. .9 lbs. per foot super. 
• • 2 „ „ „ 
• * * 49 
• • 3 „ ,, „ 
• • 4 „ „ „ 

. 11 lbs. per foot run of tie. 

• • ” »» 
• • 20 ,, „ 

. 30 

Angle! of Hoofs for Different Coyerings. 

Kind of Covering. 
Inclination 

to the 
Horison. 

Height 
of Roof in 
Parts of 

Span. 

Kind of Covering. 
Inclination 

to the 
Horizon. 

Height 
of Roof in 
Farts of 

Span. 

Copper 
• / 
3 50 Thin slabs of stone 

0 / 

Lead . . . 8 60 or flags. 29 41 4 
Zinc .... 4 0 * Pantiles . 24 0 1 
Slates, large . 29 0 i Thatch of straw, Ac. 46 0 4 

„ ordinary 26 33 i Plain tiles 45 0 4 
A Asphalted felt. 3 60 Vs Ruberoid • 8 60 

• flgnras pnbliahad by the BriUah Stoadaida Inatltation (aae B.SB. No. 648^1986) aa typieal 
of>Tenge tilea. bat oot legally btodiog. 
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Ridge 
Board. 

*CeUing 
Joist. 

Inches. 
7 X 14 
8 X 14 
8 xl} 

Inches. 
7x2 
8x2 
2x2 

Collar-beam Boof. 

Calliag carried on under side of rafter and collar ; collar best placed half-way up rarter; used 

Eidge piece 7" x 1^". 

For a pitch of 45° add to depth of rafters. 

flOAtPTtJwnn foR flntAAiuHieAM BOOM. 

PitohaptoSO*. 114»%addl'todepthofraftera 

centre to centre if very exposed Site. 

for roofs up to IS' 
8pan» under the 
same conditions 
as to wind, walls, 
and ties as given 
for couple roofs 
(fiar. 4). 

The rafters are 
nailed to ridge- 
piece and bird's- 
mouthed over 
wall-plate,1' apart 
in the clear, or 
from centre to 
centre on very ex¬ 
posed aitee. 

Thrust taken by Walls or 
Tics, Collars ^ way up. to prevent Walls sprea^ng. 

Collars. 

From J to 4 At any 
way up. Height. 

No Ceiling. CeUedto 
Collars. 

Inches. 2" wide X V' 
If X 24 added to 
2 X 24 for every loot 
2 X 2| run of clear 
2 X 3 A length of 

! 2 X 3) ' underside of 
j 2x4 collar. 

* When used they act as ties, B (Og. t), tmt withont K. 
t HliBne these collars on to rafters without cutting into latter. 
g These rafters allow of the tension joint. If the collar is reqnired halfway np, about one-fourth 

must be added to both breadth and depth of rafters, and | In. to depth of ooUart. But with 
unstable walla, ties are far cheaper, and may be at long intervals it seonred to wall-plates of 
sufficient width to take the thrust between the tiea. 
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Kinff-Foit Boof. 

o 

Ustd for apani from 20* to 30' (fiff. 6). 

Ay tie-beam: B, braces or struts ; O, purlins ; D, ridge-board ; B, pole-plate; F, wall-plate; 
Kyking post; P, principal rafter: r, small or common rafter; Sy eares boarding ; T, parapet. 

SOAHTUNaa POB Kxso-Posi Boors. 

Span. Tie Beam. 

A. 

King Post. 

E. 

Principal 
Rafters. 

P. 

Braces. 

B. 

Purlins. 

0. 

Common 
Rafters. 

r. 

Ridge. 

D. 

Pole-plate. 

E. 

Feet. 
80 
22 
24 
26 
28 
SO 

Ie 

}? 
Ill 
12 

lohes. 
X 4 
X 6 

r X 6 
X 6 

r X 6 
r X 6 

Inches. 
4x3 
6x3 
6 X 
5x4 
6x4 
6x4^ 

Inches. 
4x4 
5x3 
5 X 3J 
5 X 4t 
6 X 3i 
6x4 

Inches. 
3^ X 2 
si X 2i 
4 X 24 
41 X 24 
44 X 2f 
4| X 3 

Inches. 
8x4} 
81 X 5 
84 X 5 
8| X 5 
six 61 
9 X 5i 

Inches. 
84 X 2 
si X 2 
4x2 
41 X 2 
44 X 2 
4} X 2 

Inches. 
6x2 
6x2 
7x2 
8x2 
8x2 
8x2 

Inches. 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 

Trusses, 10' apart; angle of roof, 26* 33'; covering, slate; wood, Baltic pine. 
Wall-plates, F, 4" x 4" to 6" x 4"; if the trasses are over openings the wall-plates should be 

Inoreaeied. 

Queen-Post Boof. 

o 

Used for spans over 80 and ^ to 46 feet (fig. 6). The braces, 0, are generallj omitted, and 
straight straining-sill placed at v. 
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Scantlings tor Qubxn-Pobt Boons. 

Span. Tie Beam. Queen 
Posts. 

Principal 
Bafteri. 

Straining 
Beam. Brsoea Purlins. Common 

Rafters. Ridge. Pole- 
plate. 

A. Q. P. S. B. 0. r. D. B. 

Feet. 
32 
34 
36 
38 
40 
42 
44 
46 

Inches. 
10 X 4i 
TO X 5 
lOA X 6 
10 X 6 
11x6 
11^ X 6 
12 X 6 
12^ X 6 

Inches. 
4^ X 4 
6 x3i 
5 X 4 
6 X 3{ 
6X4 
6 X 4^ 
6x6 
6x5^ 

Inohee. 
6 X 4^ 
6x6 
6 X &| 
6x6 
6x6 
6i X 6 
6^ X 6 
7x6 

Inches. 
e| X 4^ 
6} X 6 
7x6 
7i X 6 
8x6 
84 X 6 

X 6 
9x6 

Inches. 
32 X 24 
4 X 2t 
44 X 2^ 
44 X 24 
4| X 24 
44 X 22 
4x3 
42 X 3 

Inches. 
8 x42 
82 X 6 
84 X 6 
8x6 
82 X 6 
82 X bi 
9x5 
9 X 5i 

Inches. 
34 X 2 
32 X 2 
4x2 
4x2 
41 X 2 
44 X 2 
4f X 2 
5x2 

Inches. 
6x2 
6x2 
6x2 
6x2 
7x2 
7x2 
8x2 
8x2 

Inchea 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 

Trusses, 10 apart ; pitch of roof 26° 33', or ^ ; countess slates : tiinber, Baltic pina. 
Wall-plates, F, 6 ' x 4" to 6" x 4"; more if trusses are over openings. 

Common Baftors. 
12" from centre to centre, or apart if not very exposed site. 

Bearing in 
Feet. 

Breadth in Inches. 

12 2 22 24 3 

Depth in Inches. Depth in Inches. Depth in Inches. Depth in Inches. Depth in Inches. 
5 3 H 2| 
6 H 84 82 3 t 
8 4f 4} 4 : 4 

10 6 62 64 6 6 
12 7 4 64 6; 6 
14 H 8 7} 7' 7 
16 94 92 8, 8 
18 104 102 10 9, 9 
20 112 114 11 loj 10 

Thin and deep rafters most economical; should not be thinner than to 2'\ or may split 
when boards are nailed to them. For stone nr tile covering should be one-third stronger. 

FrGsture of Wind and Weight of Snow on Roofs. 
The Wind Pratun Is usually sasumed to be equal to 40 lbs. per foot in oases where the inclina¬ 

tion of the roof is 60*; for less angles than this the pressure is taken as follows 
Inclination . .6* 10* 16* 20* 26* 30* 36* 40* 46* 60* 66* 60* 
PreSBureinlbs.persq.it. 6-1 9-6 14-2 18-4 22-6 26-3 30-1 33-3 36-0 38 0 39-4 40*0 

The WHffht of Snow io Qreat Britain varies from 6 to 11 lbs. per onblo foot. It is not likely 
to aocumulate on roofs to a greater depth than 6 inches; 6 lbs. per superlloial foot of hcnrisont^ 
surface covered seems a quite sufficient allowance to make. 

In Canada and the United States snow has been found In some instances to weigh sa much as 
30 lbs. per cnbio foot some hours after it has fallen, and an allowance of at least 12 lbs. per anpsr- 
floial foot of horizontal surface covered should be allowed for it. 

FLOOBS 

Wooden Floors. 
Wooden floors are of three ohief types, (1) aingle-jointed|floors, (11) double floors, and (ill) 

framed floors. They are described in architectural text-books. (See also British* Standards 
Nos. 1018 and 1297.) 

Jointless Floors. 
Various bltumastio and other materiala are used for oompotUion floor* or jointleas floors, but 

the chief material used for this purpose is a magnesium oxychloride cement heavily loaded with 
a fibrous or other organio filler such as wood-fibre or sawdust. This can be finished wltii a denser, 
hard weuing surface, to produce a warm, comfortable, and durable floor. As the material is 
laid in a plaetio condition it oan be used in large nnlntenrapted areas and worked ae a curved 
skirting to walls—a matter of some importance in hospitals and similar buildings. An szoess 
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of otiiorptiTo filler matt not be need or the fioor maj * sweat.' Magneelam o^ohlorlde floora 
need pioteotJoii by oiling or waxing to protect them a^mt hnmidlty and against deoompoiition 
by atmotpherio carbon dioxide. They shonld be polished, but not washed or sorabbed (Seep. 307). 

(0 Beinforoed oonorete throoghont. 
(n) Beinforoed oonorete between iron girders or rolled Joists (figs. 8, 9). 
(ill) Asobes of oorragated iron or steel supported by rolled Jowts or glMers (fig. 10). 
<iT) iirohes of briokwoik or stone sormoonted by oonorete (fig. 7). 
m Hdtow blocks of boxned day (terra'cotta) between rotted Joists, surmoanted by Just 

afnewst oonorete to piodnee a smootli ioTel saxfaoe withoat apparent Joints. This type of 
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^SAFETREAD’ 
WELDED 

S 
STEEL 
FLOORING 

Ideal for all types 
of Floors, Platforms, 
Gangways, Screens, 
Stairway and Ladder 
Treads, where 
strength, durability, 
economy and pene¬ 
tration of light are 
essential factors 

Installations for Power Stations, Factories, 
Aerodromes, Works, etc., are a speciality. Light 
Supporting Steelwork, Stanchions and Hand- 

railing also supplied at lowest prices 

Manufactured by 

AlUN KENNEDY!,? 
MARITIME STREET, STOCKTON-ON-TEES 

Phone, Stockton-on-Tees 67706. Crams, ' Crating, Stockton-on-Tees,' 
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MOST RELIABLE 
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floor it the most modem: it ie the moet reeletant to heat and ie relatirelj ineapenaiTe. liany 
different shapes of hollow blooks are used. 

See also 'Fire Resistant Ck)nBtniction/ Building Btuwch Boord Rmeri Sc. 8 (1997), 
published by His Majesty's Stationery Office, York House, Eingtway, Lonaon, W.O. 9; price 
1«. Get. net, uud British Standard Specification No. 476. 

The Ministry of Health’s Model Byelaws, Series IV, Buildings, 1938, Clause 77, relating to 
fioors is compulsory in some localities. Obtainable from H.M. Stationery Office, price Is. 6d. net. 

, Faoiobt Floors. 

Floors used in some industrial buildings are particularly liable to corrosion in addition to 
ordinary wear and tear. Such floors should not undergo changes in rolume or form shrinkage* 
cracks (produced in drying): for the sake of comfort, tiie floor should not be too hard, or too cold, 
slippery or noisy and should also look well and be easy to clean. 

To resist ve^ seyere abrasion, paving brick, dense concrete, or heavy asphalt, reinforced with 
steel or iron grids are often used. Dost is highly objectionable in certain trades, for example, in 
painting shops and in food-manufacture. Concrete floors are liable to be dusty unless suitably 
treated. Wear is greatly reduced if factory trucks are fitted with robber tyres with ball bearings 
and some means of steering; they also economise human effort, and are quieter in service. 

in cheese factories, dairies, etc., where the destructive agents are mainly organic acids and 
fats, and abrasion is caused by the rolling of heavy chums, the best construction appears to be a 
hard, acid-resistant granitic asphalt-mastic, with cast-iron grids laid to form paths for chums; 
the provision of rubber mats at unloading points reduces wear, and prolongs the life of the (drums. 

In factories handling animal and vegetable fats or sugar, jams or fruit juices, quarry-tiles with 
a thin, neat Portland cement joint, or * blue bricks * set in and jointed with luminous cement 
mortar, is advisable. Timber is not likely to be attacked chemically, but will absorb fats, etc., 
and be liable to become very slippery and unhygienic. 

In bacon, hide-tanning and other ouring factories, the washing water contains salt which makes 
it necessary to protect a reinforced concrete sub-floor by an impermeable surface, such as asphalt. 

The folluwiiit:c British Standards may be helpful: Mastio asphalt Nos. 1076 and 1410. 
Magnesia compeniuls No 77G. Pitch Mastic Nos. 109.1 imd 1177. Coloured Mastic No. 1375. 

Sound-proof Floors. 
The transmission of sound through floors can be minimised and in some instances prevented 

by providing a floating floor isolated from the walls, by the use of an isolating materM of non- 
homogenous nature between the floor-covering and the floor proper, by massive and rigid con¬ 
struction of the floor itself, and by the use of a suspended ceiling. The suspended oeUing can be 
dispensed with in ordinary builcUngB U the floor-surface floats upon a resilient layer and has 
sufficient mass to absorb the energy of impact vibrations. 

In converted flats and other locations where existing floors are to be made sound-proof a good 
result may usually be obtained by packing the space between the ceiling and the floor lightly 
yet fully ^th slag-wool. If the floor-boar^ are taken op in order to do this, strips of robl^ or 
hair felt should be laid on the joists before refastening the boards and joists. Prior to using 
slag-wool, precautions should be taken to ensure that the ceiling will carry the additional weight 
which may be 80-90 lbs. per sq. yd. 

See also ' Pugging ' on p. 814. 
Fire-resistant construction in floors normally provides adeijnate insulation against air-bome 

sound, but satisfactory insulation of the noise of footsteps and similar impact sounds can only be 
secured by the installation of a floor surface weighing some 90 lbs. per sq. ft. and floating upon 
a resilient medium. Normally this involves an increase of several shillings per square yard. 

See also Sound-proof Partitions (p. 309) and Sound Insulation (p. 311). 

Safe Loads on Floors.—see p. 318 and 437. 

Partitions. 

Partitions for internal use may be made of:— 
(i) Deal boards—^usually 9 ins. x 1 in. or 9 ins. square—placed about 9 ft. apart and covered 

with oheap canvas or calico, stretched tightly before nailing. The canvas may afterwards be 
covered with wall-paper applied In the usual manner. Such partitions are easily (damaged, but 
are quite satisfactory for many purposes, 

(ii) Slabs of highly porous concrete, sorel cement and sawdust, terra-cotta, plaster, or anhy¬ 
drite, each slab being of a siae convenient to handle, and fitted with a tongue and groove at 
opposite ends and sides so as to make a thin strong joint. (See Brit ish Standard No. 493.) 
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XightiMiB mfty b« Mound by mWng Uoaolgobr, distomite, flig-wool, or Mwdtut with tho 
eloT of wbloh tem-ootto slobs ore mode or with the ploster or sorel oeinont for othM kinds of 
■lobe. AltemotiToly, the plaster moy be mixed with some enbetonoe whloh pcoduoM o foom or 
lother when wetted end so intcodaoee o lorge volume of oir-oells into the wet plaster. 

FhuUr-board ie the most saitable form; pkuUr^beut Is a cheaper prodnot whloh is satlsfootory 
for rougher work. (See British Standard Specification No. 1230.) 

The slabs may be simple * all In one piece *) or they may be built up of two thin slabs of 
plaster, oonorete, or ten»ootta with a different highly porous material, such as spnn-glaaa. 

(iU) Wooden panels, though then are usually ezpenslTe and are not sufficiently sound*proof. 

(It) Wooden laths nailed on to timber axe cheap, but not sound-proof. The laths are usually 
ooTsred with plaster in the same manner aa ceiling. This kind of partition is stronger than 
0) and Is extensively used for bedrooms. In recent years, slab partitions C^b^e been much 
more popular as, though the slabs are more expensive than timber, the total t , ^^Jij^^he partition 
is leas and leas skill Is required in fixing. * 

(v) Multicellalar glass has been reported upon favourably. o? 
One of the lightest partitions on the market consists of very thin si? P'o ' ^ood about 

an inch apart, with the intervening space filled with compresMd wood flbreurf^ * ^ol. It is 
extremely fight and easy to fix, but very Inflammable. ^ 

It Is usually essential to avoid unnecessary weight in partitions, particplar/y when they are 
used in buildings not Intended for them. 

Where additional resistanoe to sound Is required, two partitions about 2 ins. apart, with the 
intervening spaoe packed with some light fibrous material, is usually satisfactory, but may form 
a home for mioe. 

When partitions are made of wood covered with canvas or other textile material they may 
be oonstmoted as shown in figs. 11,12 or IS. 

Partitions (fig. 11) should be framed so as to be supported only by the walls, b braces, 
H head, 8 sil, studs, Dal door-studs. 

Dimensions of principal timbers, 5, H, DU 

4 ins. X 8 Ins. for a bearing not exceeding 20 feet. 
® ^ ft ft ft ft 30 f» 
® ft ^ 4 „ ,, ,, „ 40 ,, 

The fllling-!n pieces, * studs,* or' quarterings,' need not be thicker than 2 ins., or just sufficient to 
nail the laths to. They are tennoned to the top and bottom plates, but butted and nailed on to 
the braces. If they exceed 8 ft. or 4 ft. in length they should be strengthened by short struts or 
horisontal ptooek as at p, p, called * nogging pieces,* or, what Is better, by a continued rail, h h, 
notched across the uprights and nailed to each. In a bxick-nogged partition the nogging pieces 
sreessentiaL They are much thinner than in a lath-and-plaster partition, being about f lu. thick 
and 2 Ins. wide, placed at every fourth course of the brickwork in height. 

The studs or quarterings for a lath-and-plaster partition should be spaced at from 12 ins. to 
18 ins. from centre to centre; in a brick-nogged partition they should be 18 ins., 2 ft. 8 ins., or 
8 ft. apart. If apartition is not well framed, or is made witii nnsesamed timber, the plastering wffi 
crack. WtUffikb of a square (100 feet super) of partioning may be taken at 1,480 to 2,000 lbs. 
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Figs. 19 and IS show arrangements for partitions having doorways; in both oases the main 
portion of the partition is suspended from the truss forming the upper part of it. 

Concrete Partition Slaba. 
British Standard Speoifloation No. 493-<-193S requires that pre-oast solid ooncrete partition 

slabs shall be made of a specified aggregate (clinker, coke-breeze, pumice, or granulatM blast- * 
furnace slag) and Portland cement. The slabs must be matured for at least four weeks. The* 
slabs shall be 171 or 93^ (i:i) ins. long, 8| or ll| ins. high,and 2, 24, 3, or 4(i: j/V)fns. thick, 
with bedding surfaces at right angles to the face. The edges forming tto verticai sides shall be 
provided with tongues and grooves of specified radii. The slabs shall conform to the following: 

For hollow concrete partition slabs, see British Standard ^wcificatlon No. 728—1937. 
Trantwru test of six saturated slabs each supported on rods 15 ins. apart to correspond to 

a modulus of rupture of 100 lb. per sq. in. 
Shrinkage on Drying not to exceed the following: 

Linear shrinkage. shrinkage. 
Type of Aggregate. Per cent. Type of Aggregate. % ' 'Wnt. 

Olinker.0*08 Pumice ... \ 
Ooke-breeze . • . .0*09 Granulated blast-fumaoe 

MoUture Movement or linear expansion after three days soaking in water 
Linear expansion. \ >’on. 

l>pe of Aggregate. Percent. Type of Aggngate. / 
Olinker ... . 0>08 Pumice ... ; u8 
Ooke-breese . . . .0*09 Granulated blast-fumar . 0>08 

Loee of Ignition of slabs made with clinker and crushed to ’^ass Standu... dieve No. 72 not to 
exceed 28 per cent. 

Density of the dried slabs not to exceed: 
Average weight. Average weight. 

Type of Aggregate. Lbs. per cub. ft. Type of Aggregate. Lbs. per cub. ft. 
Olinker.90 Pumice.70 
Ooke-oreeze.70 Granulated blast-furnace slag . 90 

A method for testing the suitability of clinker for use as aggregate Is included in an Appendix 
to the Specification. 

For Precast Ooncrete HoUow Partition slabs, see British Standard Specification No. 728— 
1937. 

Sound-Proof Partitions. 
The most effective sound-proofnees of wails is obtained by a hard reflecting surface on the 

outside of the wall, by a non-homogeneous structure containing inert air-cells, by an air gap to 
prevent continuity, by a layer of insulating material, by a sound-absorbent surface facing the 
other room, and by massive and rigid construction; this is too costly for general use. 

Other suitable sound-insulating materials are: 
Rigid AeousHeal Materials: boards of compressed straw and reeds, synthetic wood and other 

fibre boards, wood-wool boards made op with cement or plaster, and porous slabs of terra-ootta, 
stone or ooncrete. 

Flexible Aeoustieal Materialt; acoustic felts, eel grass blankets, slag-wool and vegetable fibre 
quiltings, glass silks, and sponge rubber. 

Plastie Materials: sprayed asbestos, and acoustic plasters. 
Tiling: porous tiling, perforated tiles with absorbent Interion, cork slabs, and fibre-board 

tiling. 
Fitting Materials: slag-wool and eel-grass, kapok, asbestos fibre, granulated cork, exfoliated 

mica, etc. 



310 tHERMAL CONDUCTIVITY SeC. IX (ll) 

No partitiou is perlectlj sound-proofi but sufficiently good results for most purposes may be 
obtained by using partitions of type (11) on p. 307. 

Partitions between rooms and flats and offices are commonly made of breeze two Ins. thick 
and plastered both sides, but a minimum thickness of three ins. is required for adequate sound 
insulation, which thus entails a possible increase in cost. * Party ' walls between flats and offices 
are commonly made of two 2*in. thicknesses of breeze plastered both sides, but a more satisfactory 
sound insulation is obtained by the use of two 4|<in. brick partitions plastered on their outer faces 
or by some equivalent construction, but it is much more expeiu^ve. 

Large oavities or plain spaces between a pair of walls do not produce good sound-proof 
partitions. The space should be filled with some porous or fibrous material so that a very large 
number of small separate atr-oelis is formed. It is important that as many as possible of the air- 
cells should be separate, as connecting cells are not nearly so sound-proof as are separate ones. 

The smaller the cells the better, provided the ‘ walls ’ between them are sufficiently thin. 
The larger the number of cells in a given volume (or weight) of partition the better will be the 

power of suppressing sound. 
It Is also impoxtimt to use fibrous packing between a partition and the walls or floor with which 

It comes in contact. 
* Solid to solid * fastenings destroy much of the value of an otherwise sound-proof partition. 

Hence, nails and screws should have rubber or other sound-insulating buffers. 

Sound Insulation. 
When a chamber is to be constructed so that no sound produced within it be heard outside, 

or no externally produced sound can be heard in the chamber, it is seldom sufficient to make the 
walls, floor and ceiling merely sound-proof in the sense in which this word is applied to partitions. 
It is usually necessary to surround the chamber completely by a larger one with a space at least 
4 fns. wide between the two and to make the walls, ceiling and floor of thia external chamber 
also of sound-proof materials. 

It is partloularly important to avoid direct (hard) contact between solid materials, so fibrous 
or liighly porous buffers must be used to prevent this. For some purposes rubber or asbestos 
cubes may be used as buffers, though they are neither porous nor highly fibrous. Metal-work 
should be aT^deu as much as possible as it is a good conductor of sound, and so is concrete unless 
it is jub-di^^^ with porous rubber, bituminous, or other sound-deadening materials between 
each seoWc^^^ 

Vent often a very difficult problem and much ingenuity is usually needed if adequate 
ventilat' '® secured. Usually some form of forced draught,such as that created by an 
eleotri «Atial. 

mentioned, there arc no general rules for insulating buildings 
so th&. - i o*" leave them as this subject is still in an early stage of development. 

See also j •/ Piurtitions (p. 809), and Sound-proof Floors (p. 307). 

Thermal Conductivity and Heat Transference. 
The ready passage of heat through materials is sometimes of great importance, e.g. the plates 

of bcdlers, the tubes of recuperators and the sides of retorts and crucibles. The ability to transfer 
or conduct heat is a function of the material itself (metals being the best conductors and air and 
other gases the worst), of its dei^ty, and of its temperature. The denser the material the more 
readily will it transmit heat, whilst the more porous a material the lower is its conductivity. 

Most inorganic building materials have a greater thermal conductivity when hot than when 
cold, but magnesian bricks are an exception. Oarbomndum has a much greater conductivity 
than fireclay, terra-cotta, silica or stone. 

The following Table shows the thermal conductivity in gram-calories transmitted in one second 
through a plate of one square centimetre area and 1 cm. thick, the difference in temperature 
between the two laces being 1* 0. (those figures can be converted into the British unit, viz. 
B.Th.n. per sec. per lin. cube for a difference of 1* F. by multiplying by 8 • 673). 

Thermal 
Material. 

Stoneware 
Oonductivity 
. 0-0046 

Oalals sand . 0-0036 
Oarbomndum , . 0-0146 
Fused quartz . . 0-0039 
Fireclay brick . . 0-0080 
Silica brick . 0-0030 
Kieselguhr . 0-0018 
Slag-wool . 0-0006 
Oaloined magnesia . 0-0034 
Porcelain . 0-0043 
Asbestos . . . 0-0034 
Graphite . 0-0360 
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A valuable series of Reports on the transference of heat through walls of various kinds has 
been made by the Building Research Boards Watford, and published by H.M. Stationery OfBce. 
Kingsway, London, W.O. 2. 

See also the Table on p. 300. 
A valuable paper on Heat-oonductivlty by R. H. Heilman appeared in Trant. Amer. Inst. 

Chem. Eng., 1935, 31, 166. 
The prevenHon of heat>transference is effected by the use of Heat Insulating Materials (p. 376). 

• • JOINTING BEAMS 

Fishing. 

To 7'fsuf Te7i.no)K -For leiigtlicniiig ties a plain fished joint is most economical for labour and 
material. The two cuds of the bcaius are butted together, and sectired on e-'ich side by means of 
bolts, as sliown bv fig. 14, whicli shows the fislnng of a 6-iii. x 4*in. beam with an iron plate on 
one side and a w<)od(«i plate on the other, the bolts being 1 in. in diameter with li*in. heads, and 
tl>e washers 2J ins. x J in. 

<-•--- 

^ irT'S: -13: 'h 
< ' ' 4' 4 : ‘EJ' ' h' 

- d ■; 
a?-- 

Another method is shown by fig. 16. 
In this method, in order to relieve the strain on the bolts, the beam is indented or tabled as 

shown on upper side, or joggles or keys, d, d, are inserted. In either case the effective area is 
reduced by the Indents or keys. The joint sectional area of the fish pieces, a, a, should equal that 
of the beam, b. The joint sectional area of bolts should be at least one>flfth that of timber minus 
bolt-holes. Bolts are better square than round. Large washers should be under bolt-heads and 
nuts; for oak the washers should be 2| times diameter of bolt, and for fir 31 times. 

Scarfi.ng. 
To resist Compression (fig. 18).—The bearing surfaces, r, r, should always be perpendicular to 

compressing force. Fig. 17 is a more elaborate form. 

The lengtliR of scarfs should Ijoar the following proportion.^ to tViO depth 

Wood. 1 
1 

Without Bolts. Witlj liolts. Bolts and 
Tiidonts Combined. 

j 

Hard wood (oak, ash, elm) . 1 6 i 
Fir and straight-grained woods 12 5 1 ^ 
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The sum of the depths of the indents should equal depth of beam. 
If assisted by fish-plates, it may be equal to the strength of a simple fished joint, which is as 

strong as the tie itself, less one rivet hole; and no advantage is gained by making the joint compli- 
eated, but it should be formed similar to that shown by fig. 16. 
^ To resist Tension.—Fig. 18. is often used. It will hold without bolts or straps. At e a key or 
joggle of hard wood is inserted, wedged in so as to tigiiten the joint moderately: depth of key 

FlO. 18. Pjq 

jne-third depth of beam. This joint has only one-third the strength of solid timber tie; it may 
be increased by bolting an iron fiish-plate on each side, as in fig. 19. 

To resist Compression and Tension.—Fig. 90 is 
suitable. The wedges at e are only required when 

1 " '_I" ^ added, in which case they are used to 
> L___H < bring- the parts together before the bolts are inserted, 
.- " !■ .1. 1 , ■ in jrder to prevent violent strains on the latter. 

To resist Cross Strains.—Fig. 91 is the best. The 
Fiq. 30 joint at a, being in compression, should be kept square; 

the lower, having to resist tension, may be oblique. 
There should be as great a thickness as possible at h c. To resist cross>strain, the scarf is 
strongest when made vertical, i.e., the pressure in the figure being at right angles to the paper. 

Pig, 21. Fto. 22. 

To rosist Crest Strain and Tenrion,—^The resistance to tension Is given by indenting the beam 
and Inserting wedg^ es shown In fig. 99. 

T Joint. 

A yvn effective method of securing two pieoee of wood, A and 
B, at right angles to each other, is to insert in a mortice hole in B 
a pieoa of aiumininm a which has been drilled with a bole into 
wmch an ordinary wood screw s is forcibly screwed. The alumin¬ 
ium being obmparativdy aoft enables the wood sorew to readily 
work ita way through the hole, whilst it forms a not which enables 
the sorew to be very tightly screwed up as shown in fig. 23. 

Building-up. 

For building-up or joggling beams the method shown by fig. 94 may be adopted. This figure 
shows a p<Hiion of a 9 x 18-uieh beam, 99 feet long, formed of two 9 x 9-inoh beams seoured 

gas 

Fig. 94. 

by wcou^t-lron atrapa, s,«, t, each 9 x inohea; keys, ft, each 9x9 inohea, prevant the two 
piaoss of whioh (ha bsam is formed from sliding on ons another. 
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Pig. 26 shows a similar beam with the two halves indented the one into the other so as to 
prevent ididing. 

— —-- B 
■ 
... 

Fin 26. 

Mortise and Tenon. 

Pig. 26. 

Mortising Upright into Horizontal.—The tenon, 1’ (fig. 26j, is usually one>third 
breadth of vertical. The pin-hole, if any, is generally placed at one-third lenj^h 
of tenon from shoulder, s s, and its diameter=:one-fourtli thickness of tenon. The 
mortise i's made a little deeper, so that the shoulder may bear well: r is the root; 
0, O are the abutment cheeks. 

Mortising Horizontal Beams.—Tlie tenon is a projection from the end of the 
cross-beam, fitting closely into a mortise out in the side of the main beam. It 
should be at the middle of its depth, so that the centre of the mortise may be at 
the neutral axis. Practically its lower edge is generally on the neutral axis. 

Shouldered or Tusk Tenon. 
To keep a cross-beam steady in its position a tenon requires length ; to bear its share of load 

it requires depth; bat a tenon long and deep would weaken the main beam too much. To avoid 
this a shouldered tenon is usc^l. G (fig. 27) is the girder of a floor, 
B the binding joist, a the shoulder, 6 the tenon. The shoulder pene¬ 
trates the girder about one-sixth depth of joist. Depth of tenon about 
one-sixth deptli of joist; length about twice its depth, or it may be 
carried right through a thin girder and pinned, as in the case of a 
trimmer running into a trimming joist. Care should be taken that 
both tenon and shoulder bear exactly. Tredgold says the tenor 
should bo one-third depth of joist above its lower edge. It should be, 
however, in the neutred axis. 

Post and Beam Joints.—To frame a horizontal beam into the side 
of post the * shouldered tenon' is used, but the long tenon should be on edge or have its narrowest 
dimensions horizontal. 

When the beam rests on the top of the post, a small tenon in centre of post may flt into mortise 
yn the under side of the beam. Or the post may lit into a shallow rectangular notch in beam, the 
notch being divide<l into two parts by a bridle left uncut in the middle of the notch, about one-flf th 
breadth of beam. 

Pig. 27, 

Wedges. 
When the end of the tenon is seen. It Is kept tight by driving wedges of hard wood dipped In 

glne or white-lead between tenons and sides of mortise. When end of 
tenon is not seem small wedges, called fax wedges (fig. 28), are inserted 
in saw cuts In end of tenon; when tenon is driven home, they enter and 
expand It. The mortise Is dovetailed or made slightly wider at bottom 
This loint, when properly made, has the advantage that the post or style 
shrinks towards the shoulder and not away from it, and for this reason 

FIO. 28 is sometimes employed for flrst-claei work. 

Fio. 29. 

<rolut of Straining-Beam. 
In oblique joints under compression ths joint should bs 

either perpendicular to one piece, as at a (fig. SI), or bisect 
the angle, as at d ; the latter is the best in the case given in 
the figure. With a thicker strut at 6 it would be as shown 
by the dotted line. 

Joints in carpentry should have white-lead applied with 
a brush over the surface forming the joint 
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Strutting. 

Joists laid with boards on top, and lath and plaster underneath, are not found to bo suflSoient 
•io pr«vent bending and vibration under pi-essure. To reiuetly this, which is injurious to walls 
and to timber, strutting is placed in straight,,eoptinuous rows, at intervals not more thati 4 feet 
apai*t, which reduces to a great extent the defect. 

The following are tln-ee methods of strutting 
Iffirring-hone Strutting.—This consists of piocijs alxmt 2 Inches sfiuare fixed as shown iu 

fig. 30. 

It is usual, ir.stcad of boring holes for nails, to make a saw cut at ends, and through thif 
channel to drive the nail. By doing tin's any «langer of splitting is avoided. This method has 
the recommendation tlmt it at^ts where its leverage to prevent bending is greatest, viz., at 

the edges (»f joists, and is used largely in <hvp11ing-houae.s. 
Solid Strutting.— 1 or 1 |-inch boards, nearly tlie same depth 

as .ioi.sts, are cut in tightly, and nailed between joists, as in 
fig- SI. Tnis method is largely used for floors of factories and 
heavy laiildings ; and if cut so that the entire shonhicr butts 
against the joists, is undoubtedly the firmest methed; hut unless 
care is exercise<l, the shoulders are apt to bite on the centre 
only. Sometimes long lM)lts, either of round bar or gaspipe, 
are passed through all the joists, and the strutting scpieezed 
together with the joi.sts and lield tightly. 

Key Strutting.—In this iiHithod struts are tenoned at their 
ends, and pass tlirough nu'rtises rut in tlie joists, and arc 
secured mth wooden keys. The method is expensive, weakens 

tbe joist, and altogether is a defective and unsatisfactory arrangement. 

t= 

/_ 
I SclidL StruJt 1 

G r 1 IVe bar- 
Sctvel Strut 1 b 

IS 
rio. 31. 

Fugging. 

To prevent souiul, sound-lK)ar(ling. sb (Ug. SO), is supported by lillet.s, r, y, cut diagonally out of 
2-inch X l|-inch stulf nailed to britiging joi.‘:ts lia'f-way betwwn floor-board.s ajid ceiling joist, 
a. a ; over these pugging, p. p, of coarse pla-stcr about 1^ inch thick is put. Dry moss or a mixture 
of Jiinc mortar, earth, and smitli's asiies, or cli<.;ppcd straw, is sometimes used instead of plaster. 
Strij'S of felt arc somcrinics placed ! ctweeii the joist.s and lutarding to deaden sound. 

kScc also p. y07. 

stairs. 
Stairs (fig. 32) are (h*scribcd according to their form in plan, viz. 
1. Straight—a. 
2. Dog-legged—6; when the flights rise alternately in opposite directions with no interval bo 

fween the flights. 
3. ()j>en newel—c; when the flights are ranged round an open well-hole, with a newel post 

each angle. 
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4. Oeometriatl *I; Hiiuihtr to tlie lat^t but with n(» newel posts ; tlie hainirail t unuing nniuter> 

rnptedly Xroiii bottom to tof). The angles of the well-hole are generally rounded. 
6. Circular vctrel—c. 
G. Circular geometrical—f; when without a ct*ntral newel. 
iTiVi^A -Stairs ahimld be 3' G" wide to allow two persons to pass easily. 
TrtadandRU*.—Tread shonld be from Sins, to 12 ina.. rise fromS fns.toTIIns. Rome arohitecte 

and builders increase the tread as the rise diminishes, but this is not satisXaotory as there is no true 
mathematical relation between the tread and rise. The tread should be sufficiently large to 
accommodate average adult feet and the rise should not exceed 8 Ins. for general use. Narrow 
treads and high rises are dangerous—^particularly to elderly people and children—and should be 
avoided. If a very steep stairway with narrow treads is required it is better and much safer to 
make it in the form of a Uat-runged ladder. 

Safety treads are increasingly used on public stairways. Their chief characteristic is a rough 
surface which will reduce slipping. This roughness may be obtained by using a cover of metal 
with a series of marrow grooves hdving sharp edges, but a still better meth^ is to use a fine 
concrete containing a suitable proportion of small sharp particles of a very hard aggregate, such 
as carborundum ; this grips the soles of the shoes sufficiently to prevent slipping, yet does not 
appreciably retacd movement. 

The tread should be level throughout, strips fastened on to the head and projecting slightly above 
)t are a cause of frequent accidents. 

Flights.—It is dangerous to have a stair between two floors more than 9' apart in one con¬ 
tinuous flight. It is desirable to limit height of one flight to about 7', and to avoid having two 
llighti»in one dirtiction. should be avoideii If possible. 

-Upper suibiee muiuhI be from 2' 7 ' to 2' 9" above the suriaco oL tlio tread at the 
nosings, and on landings from 3' to 3' 3". Or, taking the hoiglit at landings as 3' subtract ) the 
rise for heigiit of rail from nosings of steps. 

Materials.—in lofty dwellings it is de.siral)]e that stairs should be of stone or concrete, to be 
firepr<K)f, at any rate in tlie lower storeys. 

Stone Stairs.—Stejis are supported by a wall at one or both sides. Wlien at one si«le on'y they 
are called hanging steps, and sliould be built at least 9" into the wall, ^1le bottom step is bedded 

on the ft »or, and the lower front edge of eaeli otiiej step 
re.st.s on the upper back edge of tlie step below. I'lie best 
form for the joint is shown in fig. 32, where the face ab 
is at right angles to the general inclination of the stair, 
and about 1" wide. S])andrel steps slionld liave the 
sides which are bnilt into the wall left square. 

Itepairing Slone Steps uhen iro/'«.—One plan ivS to fill 
up the hollows withVortland ceun nl eoiicrcto made with 
fine .shurf) washed gravel abtmt tlie size of a pea, 1 part 
gravel, 1 part cement. Tlie worn part should be chiselled 
down, so as to give at h>fist }" thickness of concrete ii. 
every part. The edge of concrete steps should always be 
rouiideil. Another method is to insert and cement slabs 
of artificial stone in.stcnd of concrete. The surface of 

!. 33. the whole tread must be flat when finished as any appreci¬ 
able projection will probably cause accidents. 
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Woodtn Slaiifi —Fig. S4.—^Treads ihotild be of hard wood, l| in. thick, for etepe 4 Ini. long, in> 
oreaalng i in. for erery additional 6 ins. of length. 

The treads and rism are supported by a wail string and an outer string, the former 14 in. thick, 
the latter S ins. Treads and risers are housed into the wall string, and secured by weuges. The 
outer ends may be either housed into a oloae string, or may rest on and be mitred to the notches 
of an open string. 

When stairs are more than 3 ft. wide, treads should be supported by rough strings or carriages 
fixed underneath and framed into the trimming lolsts of the landings. Scantlings of rough 
strings are calculated as bridging Joists. Bough brackets are nailed to the side of the rough 
string to support the treads. 

Joints between treads and risers are grooved and tongued, feathered or rebated. The last 
Is the best Joint. 

BRICKWOBK. . 

For ReifukUioru couoeming Brickwork, see Ministry of Health Byelaws, Series IV, Buildings 
(1938), Olauses 8-13 and 35-63 (H.M. Stationery Office, London, price U. 6d. net); see also p. 318. 

For SUtM of Briekt see p. 866. 
Brickwork is usually quoted in terms of a wall 1| bricks or 14 ins. thick; such quotations are 

known as reduced briekicork. Thus, a wall of 330 sq. ft. area and 28 ins. thick would be quoted 
as 640 feet super of reduced brickwork. Such calculations only give roughly accurate results. 

The thickness of walls is regulated by the size of the bricks, and walls are ins. or half- 
brick thick, 6 ins. or 1 brick thick, 14 ins. or 1| bricks thick. 

1 rod of brickwork ■■ 373 sup^clal ft., 1^ bricks thick; — II4 cubic yards •> 296 cub. ft. 
330 ft. of bricks and 71 of mortar; — 4,600 bricks; — 16 tons average weight (see p. 817). 

( 1 cubic yard of stone lime, 34 cubic yards of sand ; 
1 rod of brickwork requires about 4 or 1| yar^ of chalk lime, 3 yards of drift; 

(or 1 cubic yard of cement, 3| cubic yards of sand. 

1 cubic yard of brickwork requires about | 

1 builder’s cart load of bricks 500 bricks. 1,000 stock bricks, closely stacked » 55 ft. cube, 
1,000 old bricks, cleaned and looeely stacked — 70 ft. cube. 1 ft. of r^uced brickwork « 16 
bricks. 1 ft. of euperflcial lacing 7 bricks. 1 ft. superficial of gauged arches >» 10 bricks. 
1 yard superficial in bricknogging, laid flat» 45 bricks and | cubic foot of mortar. 1 yard 
superficial in bricknogging, laid on edge 30 bricks and 4 cubic foot of mortar. 

1 yard of paving «> 36 stock bricks laid flat, — 52 bricks on edge. 82 paving bricks on edge 
■■ 136 Dutch clinkers laid flat, » 140 Dutch clinkers on edge, — 186 Dutch clinkers laid herring¬ 
bone. 

For crushing strength of bricks see p. 865, and for strength of brickwork see pp. 180, 866. 

NUMBEB of PAVINO bricks and TlLBS. 

(Required per Square Yard.) 

The number of Paving Bricks or Flooring Tiles required per square yard (if all the joints are 
the same thickness) may be calculated from the formula * 

1396 

where N » number of bricks or tiles required per sq. yd. 
L M length (in inches) of one brick or tile plus the thickness of one joint. 

W -> width (in in<fiies) of one brick or tile plus the thickness of one joint. 

When the tiles are square, L «■ W. It is often necessary to use some ‘ half tiles * to fit the 
desired space; this fact most be borne in mind when ordering. 

EamMAXiNa Bbiokwobk. 

A standard rod of brickwork is a wall 164 ft. long, 164 ft. wide and I4 bricks (approx. 134 in. 
thick. 

The number of bricks in a rod of brickwork of any thlckneM depends on the size of the bricks 
and the thickness of the joints; it may be calculated from the formula f 

• In this formula, no allowance is made for waste so that in practice a rather larger number of 
bricks or tiles ■bcnid be ordered. 

t No allowance is made for * doseis * or for waste, so that in practice a rather larger number 
of bilblai should be ordered. An allowance of 8 per cent, for waste is usually ample but much 
depends on the thickness of the bricks, the conditrons of transport and the manner m which they 
are handled. 
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"" H.L 
When N — Number of brioki. 

L — Length (in inches) of one brick plus thickness of one joint. 
H « Height (in inches) of one brick pins the thickness of one joint. 
T — Thickness (in inones) of the wall dirided by the width (in inches) of one brick. 

In a standard rod, T «i 8. 

When standard bricks (British Standard Speciilcation No. 687/1941) are need and all the 
joints are of equal thickness the number of bricks in a standard rod of brickwork Is shown in the 
Following table: 

NUMBBR Of Bricks in Standard bod« 

Height of brick (in.) 
Thickness of joint (In.) 
Height of 4 courses (in.) . 
Number of bricks * (no 

waste) 
Number of bricks (allowing 

3 per cent, waste)' 

2 2 2 21 2| 2* 2* 2i 2| 2} 21 
f i 1 i f * * * * * ! 

10 10* 11* 12 12* 13 12* 13 13* 14 

6810 6439 6086 4780 4646 4300 4070 3860 4180 3966 3770 3686 

6990 6600 6246 4930 4686 4430 4196 8980 4310 4090 3886 3696 

These figures are to tiie nearest fife bricks. 

Bricks absorb one-fifth of their weight of water, but the proportion varies greatly. Engineering 
bricks should be quite impervious to water. 

A bricklayer's hod will hold 20 bricks, } cubic foot of mortar, or nearly | bushel. 
In a day of 10 hours a bricklayer can lay about 1,600 to 1,600 bricks where the joints are left 

rough, about 1,000 when both faces are worked fair, or 600 when carefully pointed and faced with 
picked bricks. 

For ordinary purposes, assume roughly that a bricklayer and labourer can, if they choose, 
turn out 2 cubic yards per diem, containing 800 bricks. 

Bonds for Brickwork. 

(Beoiisd by B. A, W. FhOlipt, MJ,C.B,, U C.L) 

Bnoush thin-wall bond (fig. 36) Is the simplest for all ordinary work where the walls do not 
exceed three brick-lengths in thickness. The heading and stretching courses always alternate in 
this class of bond. No stretohers occur except those seen on faces of walls. No bricks in the same 
course should break joint with each other. All vertical joints in any course should be ooveied 
(by one-quarter brick laps at least) by the courses above and below, and this whether offsets occur 
or not. or other differences in the thicknesses of the walls. 

FusiOBH bond (fig. 86) shows headers and stretohers alternately in each course on the 
faces of walls. Is quite as strong as English ThinrwM Bondy since the quarter laps are in the 
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FlQ. 86. Bnglisb Bond. Fig. 36. Flemish Bond. FlO. 87. English Thick-wail Bond. 

same manner equally well maintained. FlsmUh Band gives a better appearanos tor 9-lnoh 
walls, as a smoother face can be shown on both sides. In doubts Flemish Bandf both back and 
front of walls show Flemish Bond; in single Flemish Bond^ one face shows Flemish, the other 
English bond, as above. 

Enolibh Thick-wall bond (fig. 87). In this bond, every brick in a stretcher oouris should 
be a stretcher, and every brick in a header ooutm should be a header. The bricks not only break 
joint, by ball their lengths, with the bricks in the same description of oourse (*a, stretcher or 
header) next above or Mow them, but also break joint, by half their lengths, in the same course. 
This is the strongest form of bond known, and should invariably be used in heavy walling, of 3^ 
bricks thickness and over. The quoin dlfflcnlty is best overcome by having a few specially 
moulded bricks, one brick-length In length, and f of a brick-length in width, and of the usual 
thickncea The half-bricks on faoss in fig. 87 are shaded. 

* In this formula, no allowance is made for waste so that in practice a rather larger number 
of bricks or tiles should be ordered. 



318 BRICKWORK Sec. IX (ii) 

QARDBN-wall Bond Ib the English Thick~vaU Bond adapted to thin one-briok walling, several 
eouxses of stretchers occurring to one course of headers. The same thing may be done with 
chimneys^ where the walls are 9 ins. thick. 

DIAGONAL Bond and HERBlNa Bone bond are only useful for paving. English Thtek-wall 
Bond is stronger than either. 

Header bond consists entirely of headers, and is used for sharp curved or quick-sweep walls. 

Stretcher Bond, entirely of stretchers, is used in I-brick walls of all kinds. 

Other bonds, Roman bond, and the Sussex bonds, are described in * Indian Engineering. 
See also papers in the Minutes of Proceedings of Civil Engineers, vol. clxxi. 

Closers, b (figs. 35, 36), are necessary in every alternate course to close the work on to any 
vertical line, or to start the bond from it; they run through the thickness of the wall. 

Queen Closers, as 6, are ^-headers formed by cutting a brick or a half-brick, called a &al, 
ongitudinally in half; {-stretchers, or can be used as closers, but not so economically. 

King closers are bricks cut to a splay, so as to obtain as strong a bond as possible in closing 
on recessed openings, as for doors and windows. 

HOOP-IKON Bond, for walls, is generally formed of hoop iron, from 1 in. to in. wide and 
18 B.W.Q. In.) to 16 B.W.G. (/., In.) thick ; it should be clean bright and bedded in cement, 
for if allowed to rust it swells and injures the wall; it holds better if the edges are jagged. Useful 
in erecting works on bad foundations, but must not be relied on to give permanent strength 
unless laid as carefully as reinforcement. 

LONDON BUILDINO ACT (AMENDMENT) ACT, 1035. 
(Abstract from the By-laws.) 

For definitions of terms, see the ‘ London County Council By-laws for the Construction and 
Conversion of Buildings ’ (obtainable from P. S. King Son, Ltd., 14 Great Smith Street, Vic¬ 
toria Street, Westminster, S.W. 1). 

SUPERIMPOSED LOADB. 

The minimum superimposed load on each floor and on the roof shall be estimated as equivalent 
to the following dead loads :— 

Class No. Type of Building or Floor. 
Slabs: 

lb. per sq. ft. 
Beams: 

lb. per sq. ft. 

1. Rooms for residential purposes, corridors. 

of Floor Area. of Floor Area. 

stairs and landings in r^idences or flats 50 40 
t. Offices, floors above entrance floor 80 60 
3. Offices, entrance floor and floors below, 

also garages for private cars of not more 
than 2{ tons net weight . 80 80 

4. Corridors, stairs and landings other than 100 100 
Class I or above.* or above.* 

5. Workshops, factories and garages for cars 150 120 
other than those in Class 3 or above.* or above.* 

6. Warehouses, book stores, stationery stores 200 200 
and the like. or above.* or above.* 

7. Any other purpose .... • • 

Roofs. 
Slabs: 

lb. per sq. ft. 
Beams: 

lb. per sq. ft. 

8. Flat roofs and roofs at an angle with the 
horizontal of not more than 20** 

of covered area. 

60 

of covered area. 

SO 

On steeper roofs, a minimum superimposed load (including the wind load) of 16 lb. per sq. ft. 
of surface acting normal to the surface on the windward side and 10 lb. per sq. ft. of surface acting 
separately and not simultaneously outward on the leeward side. Iri estimating the vertical 

• To be to the satisfaction of the L.C.C. surveyor. 
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saperimposed roof load on all other parts of the construction a vertical superimposed load of 
10 lb. per sq. ft. of covered area to be substituted. 

In all cases of floors where tbe^'positions of partitions are not definite]} located in the design, 
a uniformly distributed load to allow for them should be added to the dead floor load. For all 
floors of offices the minimum total allowance for internal partitions to be 20 lb. per sq. ft. of floor 
area. 

Slabs and beams. 

Slabs and beams should be capable of carrying the followiug superimposed loads in any position 
on an otherwise unloaded floor: — 

Class of Floor. 

Minimum superimposed Load. 

Floors of Class 1 (p. 318) 

Slabs. Beams.* 

1 ton imiformly distributed 1 ton unifonnly distributed. 

All floors of Classes 2 to 6 (ex¬ 
per foot width. 

} ton unifonnly distributed 2 tons unifonnly distributed. ! 
cept garage floors of Class 6) per foot width. 

Garage floors of Class 6 . 1*6 X maximum possible combination of wheel loads, but 
each wheel load not less than 1 ton. 

Buildings of more than two storeys in height, in which loads and stresses are transmitted 
through each storey to the foundations, the superimposed loads of the roof and topmost storey 
shall be calculated in full in accordance with the table on p. 318, but for the lower storeys a reduc* 
tion of the superimposed loads is permissible for all floors with a superimposed load of less than 
100 lb. per sq. ft. namely:— 

Next storey below topmost storey 
Next storey below . 
Next storey below . 
Next Btorey below . 
Each succeeding storey below . 

Where a superimposed load may move, proper provision to the satisfaction of the surveyor 
must be made. 

Where floors are constructed for superimposed loads exceeding 100 lb. per sq. ft. a notice (in 
terms stated in the By-laws) must be shown in each storey having such a floor. 

Wind Pressure. 

All buildings must be able to resist a wind pressure in each horizontal direction of not less than 
16 lb. per sq. ft. on the upper two-thirds of its surface up to the ridge of the roof and a further 
pressure in each horizontal direction of not less than 10 lb. per sq. ft. on all above the 
.general roof level or ridge. 

If the heignt of a building Is less than twice the width of the base, the surveyor may not require 
the wind pressure to be calculated on the building as a whole. 

10 per cent, reduction of its superimposed load 
20 
30 
40 „ 
60 

Rules for the Walls of Buildings not Public and not of the 
Warehouse Class. 

London Building Act {Amendment) Act, 1936, and Bg-latos 39-G2.) 

According to this Act the external and i)arty walls of dwciliug-lKUiscs must be made tJuough- 
out the different storeys of the thickness shown in the following Table, arranged according to the 
lieights and lengths of the walls, and arranged for walls up to 120 feet in height, and supposed to 
be built of bricks not less than 8i inches long or of stone or other blocks of hard and incombus¬ 
tible substance, the beds or courses being horizontal, the heights of the storeys being subject to 
the conditions given after the Table. 

* Beams and ribs not more than 21 ft. between centres shall be calculated for slab loads. 
Nondoad bearing beams, such as those used solely aa ties, are exempt. 
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Tabli L 

r Height. Length. Thickness. 1 1. Up to 12 ft. Unlimited. 8| ins. throughout. 
2. 12-26 ft. Up to 30 ft. 8} ins. throughout. 

Over 30 ft. 13 ins. in lowest storey ; 8| ins. for remainder. 
3. 26-30 ft. Up to 20 ft. 8^ ins. throughout. 

20-30 ft. IS ins. for lowest storey; ins. for remainder. 
Over so ft. 13 ins. for lowest two storeys; 84 ins. for remainder. 

4. 30-40 ft. Up to 86 ft. 134 throughout except top storey which shall be 84 ins 
*1 Over 36 ft. 174 ins. for lowest storey, 84 ins. in top storey and remainder 

134 ins. 
6. 40-60 ft. Up to 36 ft. Ditto. 

36-46 ft. 174 lowest two storeys, remainder 13 ins. 
Over 46 ft. 214 ins. for lowest storey, 174 the next storey and IS4 ins. 

for remainder. 
6. 60-60 ft. Up to 45 ft. 174 ins. for lowest storey; 134 ins. for remainder. 

Over 45 ft. 214 ins. for lowest storey; 174 ^or next two storeys, and 
IS ins. for remainder. 

7. 60-70 ft. Up to 46 ft. 214 ins. for lowest storey, 174 z^^^rt two storeys, and 
18 ins. for remainder. „ Over 46 ft. i Increased In thickness by 44 ins. except in top two stories.* 

8. 70-80 ft. Up to 45 ft. 1 214 ins. for lowest storey, 174 ^or next three storeys, and 
13 ins. for remainder. „ Over 45 ft. Increased in thickness by 44 ins. except in top two storeys.* 

9. 80-90 ft. Up to 46 ft. 26 ins. for lowest storey, 214 ins. for next storey, 174 
next three storeys, and IS ins. for remainder. „ Over 45 ft. Increased in thickness by 44 ins. except in two top storeys.* 

10. 90-100 ft. Up to 45 ft. 26 ins. for lowest storey, 21 ins. for next two storeys, 174 
for next three storeys and 13 ins. for remainder. 

11. 10(f-120 ft. : 
I 
i 

Over 46 ft. Increased in thickness by 44 ins. except in two top storeys.* 
Up to 46 ft. 30 ins. for lowest storey, 26 ins. for next two storeys, 214 ins. 

for next two storeys, 174 for next three storeys, and 
13 ins. for remainder. 

n 1 
1 

Over 45 ft. Increased in thickness by 44 ins. except in top two storeys.* 

Note.—If the thiclmess of the wall, calculated bj the above Table, is less than one-sixteenth 
of the storey height, the thickness of the wall shall be increased to one-sixteenth of the storey 
height and the thickness of the wall below sach storey height shall be increased to a like extent. 

The Ministry of Health’s Byelaws, Series 17, Buildings, 1938 (H.M. Stationery Office, London, 
piioe 64. net) are compulsory in many localities. 

Buies for the Walls.of Buildings of the Warehouse Class. 

(London Building Act (Amendment Act^ 1935, and By-law* 39-63.) 

, The external and party walls of buildings of the warehouse c/ass must at the base be made 
of not less thickness than that shown in the following Table, arranged for walls up to 120 feet in 
height, and supposed to be built of bricks not less tlian 8^ inches, or of stone or other blocks of 
hard and incombustible substance, the beds or courses being horizontal. 

In all walls exceeding 30 ft. in height the uppermost 16 ft. shall be less than 13 ins. thick, and 
the intermediate part between this 16 ft. and the base shall not be thinner than if the wall were 
to be built solid throughout the space between straight lines drawn on each side of the wall and 
joining the thickness at the base to the thickness at 16 ft. below the top or, where hereinafter 
spectfled, not lees than ins. in excess of such thickness. 

* Subject to By-law 63 respecting distribution in piers. 
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tablb n. 

Height. Length. Thlckneee. 

1. Up to 26 ft. Unlimited. 18 ine. 9 base. 
8. 26-30 ft. Up to 45 ft. 18 Ins. at base. 

„ ; Over 46 ft. 17i Ins. at base. 
8. SQ-40 ft. Up to 85 ft. IS ins. at^base. 

„ 8IM5 ft. 174 ins. al base. 
„ . OTer46ft. < 21| Ins. at base. 

4. 40-60 ft. i Up to 80 ft. 174 ins. at base. 
„ 80-46 ft. 2lt Ins. at base. 
„ I Oyer 46 ft. 26 ins. at base. 

6. 60-60 ft. Up to 45 ft. 81i ins. at base. 
„ I Oyer 46 ft. 26 ins. at base. 

6. 60-70 ft. Up to 46 ft. i 214 ^ 
,, Oyer 46 ft. i Increased in thickneas from base up to 16 ft. from top 

by 44 ins.* 
7. 70-80 ft. Up to 46 ft. 214 atbase. 

,, Oyer 46 ft. I Increased in thickness from base up to 16 ft. from top 
I by 44 ins.* 

8. 80-90 ft. Up to 46 ft. 26 Ins. at base. 
, I Oyer 46 ft. Increased in thidmess from base to 16 ft. from top by 

- 44 Ins.* 
9. 90-100 ft. I Up to 46 ft. 26 ins. at base. 

„ I Oyer 46 ft. Incteased in thickneas up to 16 ft. from top by 44 ins.* 
10. 100-120 ft. I Up to 46 ft. 31 Ins. at base. 

„ ! Oyer 46 ft. Increased from base up to 16 ft. from top by'44 ins.* 

None.—If in any storey the thickness of an external or party wall as calculated from the aboye 
Table is less one-foarteenth of the storey height, the thickneas of the wall shall be increas^ 
to that figure and the thiokneas of the wail bdow such storey shall be increased to a like extent. 

Buies for Permissible Stresses in Walls and Piers (where thicknesses 
are not determined as shown on pp. 320, 321). 

(^London Building Act (Am^ndmeni) Aa, 1936, and By-laun 69-61.) 

If in a storey, part of a wall is borne by a pier or a pier is borne by part of a wall, such pier 
together with the part of the wall of the storey directly aboye or below it shall be deemed to be a 
pier extending throughout such storey. Where a pier and a wall are in structural combination 
horizontally and the pier projects from the wall, if such projection from one face of the wall does 
not exceed one quarter of the wall thickness or if the sum of two projections from two faces does 
not exceed one-third the thickness of the wall such combination shall be deemed to be a waU. If 
such projections exceed the amounts mentioned aboye, the combination shall be deemed to be 
a pier, whose thickness or width shall be measured from the face of the projection on one side of 
the wall to the face of the projection on the other side. 

The tUndemeu ratio of a wall or pier is the ratio of the effectiye height to the horizontal dimen¬ 
sion lying in the direction of the lateral support. 

The effective height of a wall or pier is: 

Nature of WaU or Pier, Effective Height, 
(а) Wall without lateral support at the top. 14 times the actual height. 
(б) Wall with lateral support at the top. | of the actual height. 
(c) Pier without lateral support at the top. Twice the actual height. 
(<0 Pier with lateral support at the top. The actual height. 

Any storey-height of a wall or pier not haying a slenderness ratio exceeding 6, built of bricks 
or blocks, the total compressiye stress due to the yertical load, horizontal pressure and any other 
forces not exceed the maximum pressure shown in Table III in respect of the bricks or blocks 
or the proportions of the mortar, whicheyer is the weaker. If the storey-height is built of concrete 
Table I7 shows the maxinanm permissible compressiye stress. 

* See footnote to Table I, p. SfO. 
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Whtie the slendemees ratio is 12, the total compreesive atresB shall not ezcted 40 per cent, of 
thOMahown in Tables 111 or lY. 

Where the elendemeee ratio ia between € and 12 the maximum permissible pressure shall be 
proportionaio. 

TABLB m. 
Maximum Fermissiblb Frbssurbs on Walls op Bricks or bix)cks. 

Olaas Ctompiessive Proportion of Mixture of 
of 

Bricks 
or 

Strength of 
Bri^or 

Blocks. 

Mortar (in Volumes). Maximum permissible Pressure 
on Wall. Tons per sq. ft. 

Blocks. Lb. per sq. in. Cement j Ijime. j Sand. 

Special Over 10,000 1 - i 2 i of compressive strength of 
bricks f 10 but not exceeding 40 

First 10,000 1 — 2J 30 
Second 7,600 1 — ! n 1 23 
Third 6,000 1 — 1 3 1C 
Fourth 4,000 1 — 1 3 IZk 
Fifth 3,000 1 ! — ; 4 11 
Fifth 3,000 1 1 6 10 
Sixth 1,600 1 — 4 8 

Sixth 1,600 1 1 6 7 
Sixth 1,600 1 2 9 6 
Sixth 1,600 1 3 12 
Sixth 1,600 1 4 16 5 
Sixth 1,600 1 6 18 41 
Sixth 1,600 1 3 4 

Table IV. 

Maximum Permissible Fiusssures on Walls of plain Concrete. 

Cubic feet Aggregate per 
112 lb. of Cement. 

1 
Minimum Compressive Maximum 

Concrete# 
Fine Coarse 

Strength of Concrete 
28 days after 

mixing. 

permissible 
Pressure. 

Aggregate Aggregate. 

1. U 2.926 Ib./sq. in. 40 tons/sq. ft. 
II. U 3f 2,600 

2,260 
36 „ 

m. 2i 6 30 

lY. 1,480 20 
V. 10 1,110 „ 16 
VI. 12J 740 10 
vn. 16 370 6 

No solid wall of bricks, blocks or plain concrete shall have a slenderness ratio exceeding 12, 
btttjnpedal provisions are made for cavity walls and some partition walls. 

Where a wall or pier supports a beam or column and the stresses resulting from such local 
loading are distribute through adjacent material not so stressed, the compressive stress in the 
wall subject to local loading may exceed that shown in Tables HI or lY by not more than 20 
percent. 

Buies for the Use of Structural Steel. 
{London Building Aef {AmendmerU) Ad, 1985, and By-lau>i 63-91.)* 

The stmctural steel used shall comply with British Standard Specidcations No. 4—1932, 
4A->1934, or 6—1934, as the case may be. 

Loading supported, collected or transmitted by structural steel shall be distributed upon the 
earth by concrete in conformity with the By-laws. 

* For fuller details the Act and By-Laws should be studied. They are obtainable from P. S. 
King 4 Son, 14 Great Smith Street, Ylotorla Street, Weatminster, S.W. 1. 
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The following rules only apply to etructural steel which transmits the loads and stresses 
through each storey to the foundations: 

(а) A steel column or beam In an external wall or in a recess in a party-wall shall be completely 
encased In brickwork, terra-cotta, concrete, stone or other incombustible material laid in Portland 
cement at least 4 ins. thick except on the underside and the edges of flanges, plates and angles 
where not less than 2 ins. will suffice. 

(б) Other steel columns or beams shall be completely encased in similar material laid in Portland 
cement and to the satisfaction of the district surveyor, the cosing being at least 2 ins. thick except 
on the upper surface of the upper flange and on projecting cleats, projecting rivet-heads and the 
like where a thickness of 1 In. may be permitted. This rule does not apply to buildings of one 
storey less than 26 ft. high. 

(c) Except in buildings of one storey in which sufficient gussets and rivets are provided to 
transmit the whole load to the foundations, the foot of any steel column not of solid round section 
shall, after riveting, be properly machined over the whole area of the foot and shall have affixed 
thereto either— 

(i) A base plate in effective contact with the whole area of the machined foot—the gusset 
plates, angles, cleats and stiffeners (if any) in combination with the bearing area of the foot 
and the base plate being sufficient to distribute the load properly. 

(ii) A slab or bloom base-plate, in effective contact with the whole area of the machined 
column end. When the load under the slab is uniformly distributed the minimum thickness 
(in inches) of a rectangular slab shall be ;— 

./S»(B-6) 8»(D-<0 
</ D ' 4 B 

whichever is the greater 
Tn this formula 

to la the total axial load in tons. 
B is the length (in inches) of the slab, measured at right angles to the web of the column. 
6 is the width (in inches) of the pillar, measured at right angles to the web of the column. 
D is the length (In inches) of the slat measured parallel to the web of the column. 
d is the width (In inches) of the pillar measured parallel to the web of the column. 
/ is the working stress in the steel taken os 0 tens per sq. in. 

When the load under the slab Is not uniformly distributed or where the slab is not rectangular 
the specifled limits of stress shall not be exceeded. 

(d) Except in buildings of one storey, both the ends of each length of steel column (other than 
a column of solid round section) shall, after riveting up complete with all gussets and end angle 
cleats, bo properly machined over the whole area of the ends. All joints shall be close-butted 
and all caps and joint seating plates shall be in effective contact with the whole area of the column 
end. 

(a) The bearing stress in any steel packing or beam between the ends of a superimposed column 
and a column beneath shall not exceed the permissible stress In the superimposed column and the 
width across such steel shall not be less than the corresponding width of the superimposed column. 

(/) All joints in steel columns shall be as near as practicable to floor level. Where bending 
actions produce tensile stresses, the joints in columns shall be properly spliced to resist such 
bending. Column joints in which the resultant stresa of all loads and bending moments is wholly 
compressive shall be sufficiently spliced to retain the members accurately in place and the length 
of each splice plate on each side of the joint shall be at least equal to the maxtoum breadth of the 
column flange or at least 12 Ins. (whichever is the greater). 

(g) Solid round structural steel columns shall have properly machined shouldered ends and 
shall be provided with caps and bases with bearing surfaces properly machined after being shrank 
or screwed on. When the load imder the cap is uniformly distributed the minimum thickness 
(in inches) of a rectangular cap or base shall be 

/3W D 
'' 4/ B - (i 

where W Is the axial load In tons. 
B is the length of the shorter side of cap or base (in inches). 
D Is the length of the longer side of cap or base (In Inches). 
d Is the diameter of the reduced end of the column (In inches). 
/is the working stress in the steel, taken as 9 tons per sq. in. 

No cap or base shall be less than 1 • 5 (d + 3) tns. In length B or in diameter. 
Where the load is not uniformly distributed or the cap or base is not rectangular, the specifled 

limits of stress shall not be ext eeded. 
(A) Welding may only be used if carried out under conditions prescribed by the Council in that 

case. 
(0 Bolts and nuts shall conform to British Standard Specification No. 28—1932 (for black 

bolts) or 190—1924 (for tnrnsd bolts) except as regards the length of the threaded portion. Bolts 
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•liall be proTlded with waehen so that the thread is clear of the hole and the ahanhs shall project 
at least one foil thread beyond the nnts and shall be secnred so as to preyent the nuts from be¬ 
coming loose. Washers imall be tapered, adhere necessary, to give the heads and nuts a true 
beai^. 

The diameter of a rivet shall be taken as that of the hole. The distance of a rivet hole 
or bwt-hole to the edge of the member shall not be lees than the diameter of the rivet or bolt. 
Blvets shall not be closer (centre to centre) than three times their diameter. Tacking rivets (i.e. 
rivets connecting flaim plates and not subject to calculated stress) shall have a pitch not ex- 
oeeding S4 times the ^cknees of the thinn^t outside plate or 12 ins., whichever is the lesser. 
For other rivets the straight line pitch in rivet^ members shall not exo^— 

For parts in tension, 16 4 the thickness of the thinnest outside plate with a maximum 
of 8 ins. For parte in compression, 16 + the thickness of the thinnest outside plate with a 
miAEirrmin of 6 

Where two rows of staggered rivets occur in one flange of a single angle, the straight line pitch 
in the direction of stress ^all not exceed 1^ times the distances stipulated above for parts in 
tension and compression respectively. 

(k) Where two or more flange plates are employed, the edge-distance from the centreline of 
the nearest rivets connecting them to the web construction sh(dl not be greater than 12 times the 
thickness of the thinnest outside plate, but tacking rivets shall also be used where such edge- 
distances exceeds 0 times the thickness. Where a single flange plate is used, the corresponding 
edge-distance shall not exceed 9 times the thickness of the plate. 

(0 A flange plate or plate.web of steel less than | in. thick shall not be used in a column. 
(m) Snbject to spec^ provisions, the calculated working stresses upon structural steel ^hall 

not exceed: 

(a) Forpartt in temion. 
On the net section for axial stresses or extreme fibre stress 

of all beams. 
On the net section of shop rivets for axial stress 
On the net section of field rivets for axial stress, provided 

the rivets are of the usual type in accordance with British 
Standard Specification No. 276—1927, hot driven and 
that the parts when riveted are in dose contact before 
riveting. 

On the net section of bolts for axial stress, the bolts being 
not less than f in. diameter corresponding to British 
Standard Specification Ko. 28—1932 if black bolts, or 
No. 190—1924 if turned bolts, except as regards the 
len^ of the threaded portion and provided the parts 
to be bolted together are in contact before tightening 
the bolts. 

(6) For compreriion flanges of beams. 
On the gross section for extreme fibre stress of beams em¬ 

bedded in concrete or otherwise laterally secured . 
On the gross section for extreme fibre stress of uncased 

beams where the unsupported length L is less than 
20 times the width b of the compressive flange . 

On the gross section for extreme fibre stress of uncased 
beams where L is greater than 20 times b , 

Tons per 
square inch. 

8 
6 

4 

6 
Tons per 

square inch. 

8 

11 - 

8 

0 16L 
b 

Forbeams solidly encased, 6 may be taken as the width of the compression flange of the beam 
pins the lesser side concrete cover beyond the edge of the flange on one side only with a maximum 
of 41ns. 

The ratio L/6 shall not exceed 60. 
Tons per 

(e) For pans in shear, square inch. 
On the gross section of webs. 6 
On shop rivets and tamed bolts of driving fit . . 6 
On flela rivets. 6 
On block bolts ... 4 

The strength of rivets and bolts In double shear may be taken ss twice that for single shear. 
The webs of beams shall be sofflolently stiff not to.bnokle. 

Tons per 
(d) For parte in bearing, square inch. 

On packings, seatlngs and the like .... IS 
On shop rivets and tamed bolts of driving fit . • 12 
On Asia rivets. 10 
On blaek bolts .... ... 8 
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(n) The span of any filler fioor beam encaaed in concrete i^onld not exceed 82 times the depth 
from the bottom flange of the beam to the top of the concrete. The span of any other beam shall 
not exceed 24 times its depth unless the deflections of the beam is less than of the span. 

(o) The permissible ratio of eflectiye column length to least radios of gyration in a steel column 
shall not exceed— 

(a) For columns and struts forming part of the main 
structure. 150 

(5) For subsidiary members in compression . . . 200 
The working loads per sq, in. in the shafts of columns and other compression members of 

structural steel shall not exc^ those specifled in the following Table exc^t as provided in (o) 
and (p). 

WOBKDfQ LOADS OM PlLLABS. 

Batio of effective Working loads In Eatio of effective Working loads in 
pillar lenrth to least 
radius of gyration. 

tons per square inch pillar length to least 
radius of gyration. 

tons per square Inch 
of gross section. 

— Fj 
of gross section. 

r f 

20 7*2 130 3*6 
SO 6-9 140 3*3 
40 6*6 150 8*0 

50 6'8 160 1*8 
60 5-9 170 1*6 
70 5*4 180 1*5 
80 4*0 190 1*8 
90 4*3 200 ! 1*2 

100 8*8 
no 3*3 — 

ISO j 3*9 ““ 

Intermediate values may be obta'ned by luterpolaiion. 
(p) The effective column length shall be: 

Type of Column. Effective Column Length. 

Columns of one storey Properly restrained at both ends 0 * 76 x actual column length, 
in direction and position. { 

Properly restrained at both ends Actual colunm length, 
in position but not in direc- < 
tion. 

Properly restrained at one end in A value intermediate between 
position and direction and im- the actual column length and 
perfectly restrained in position twice that length, 
and direction at the other end. 

Columns consisting of | Properly restrained at both ends 0 • 75 x distance from floor level 
two storeys. in position and direction. to floor level. 

Propwly restrained at both ends A value intermediate between 
in position and imperfectly 0*75 and 1*00 X the distance 
restrained in direction at one from floor (or roof) level to 
or both ends. floor level. 

Properly restrained at one end A value intermediate between 
in portion and direction and ; the distance from floor level 
imperfectly restrained in both ! to floor level and twice that 
position and direction at the I distance, 
other end. j 

The above values are for typical oases only. 
(g) In the ease of eccentric loading on a steel column, the bending moment about each principle 

axis shall be calculated and the resulting bending stresses added to the axialload per sq. in. Tte 
working load may then be increased above that specified In (m) up to a limit F, where 
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F, 7-6 (l - (l - O OOs/) 

where Fj is the working load per sq. in. specified in (tn). /«is the total load on the column (in toitp) 

divided by the gross cross-sectional area of the column (in sq. in.) and ^ is the ratio of effective 

column length to least radius of gyration. 
(r) The working loads anii stresses speoidod for beams and oolnmns and all their connections 

may be increased by 33^ per cent, where such increase is due solely to stresses induced by wind 
pressure. This does not apply to the stresses calculated in grillage beams of structural stool 
wholly embedded in concrete nor to those mentioned in (1). 

(s) Whore a beam is connected to a continuing column, the bonding moment .n the column 
due to the eccentricity of the reaction from the beam may be regarded as divided between the 
column lengths above and below the level of the beam, proportionately to their stiffness. 

(0 In a continuing column all beading moments due to eccentricities of loading at any one 
door level may bo ooitsidered as entirely dissipated at the levels of the floor beams immediately 
above and below, provided that, at these latter levels, the column Is effectively restrained in the 
direction of the eccentricity. 

(u) Where structural steel is useu ana tne loads and stresses are not transmitted througo eacn 
storey to the foundations wholly by a skeleton framework of steel nor partly bv such a skeleton 
and by a party wall the standards of stability and protection of such steel shall be to the satis¬ 
faction of the district surveyor, but not inferior to those required in these mlee. 

Foundations. 
Within the area controlled by the London Ooimty Oounoil foundations must conform to the 

London Building Act (Amendment) Act, 1935, and the By-laws associated therewith (obtainable 
from P. S. King & Son, Ltd., I Great Smith Street, Victoria Street, Westminster, S.W. I). 

Bricii: walls are male wider at the base, in or«lnr to spread the weight of the building over p 
larger area and produce siii eipuilltv of settleuiorit. 

Figs 38 to 44 show scH!ti«.>ns oV footing.*, (the wiile courses at (lie base of a wall) of walls in 
Engli.sh bond from one to tlirce bricks in tbiokne-s. Trcm lics are excavated for beds of concrete 
usually from 2 feet to 7 feet in def»tli, and 12 iindies wider I ban base of footing.^ (G inclio.s on eaob 

FiG. 38. Elevation. Fia. 39. htH'thnL Fkj. 40. Frontaire f(*r 2J-Brick Wall. 

Fm. 43, Pm. 44. 
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MASONRY. 

Iiifting Stones. 
Tliere are yarioua ways of laying bold of stones which are too heavy to be moved by hand. 

The following are those most frequently used:— 
1. By a pair of nippers or iron claws or books» as in fig. 45, the ends of which catch in holes 

made, one in each side of the block, in the same vertical plane as, and at a convenient distance 
above, the centre of gravity of the block. 2. By a Letois^ or iron dovetail, as in fig. 43, made in 
three pieces, the two outer ones being first dropped into a corresponding dovetailed hole cut in 
the stone directly over its centre of gravity, then the centre-piece slipp^ in between them, the 
suspendfng-tacMe put in its place, and finally a bolt passed through the whole and keyed up. 
3. By two curved iron plugs, with a chain passing through eyes in their beads, placed in a 
dovetailed hole directly over the centre of gravity of the stone, as shown in fig. 47. 4. By an 
iron conical plug, with an eye at the top for a chain or hook to pass through, placed in a rather 

liirgpr conical hole directly over the centre of gravity of the stone, with an iron wedge curved so 
as to fit the plug and the circumference of the hole, tightly driven in by its side, as shown in 
iig. 48. This plug was used for setting the heavy granite coping on the Thames Embankment 

wall 6 Bv a single iron plug, very slightly tapered, and driven Into a cylindrical hole directiy 
overthe centee of gravity of the stone. By this simple means hard stones, sueh «a granite, may be 
lifted with ease, a few side taps being suflQcient to loosen the plug when required to be withdrawn. 

Setting Stones. 
AlUtones except under peculiar circumstances, should be laid on their natural or quarcy beds, 

or with their natural beds as far as possible perpendicular to the pressures they have to bear. 
idl dhy and porous stones shouW be well wetted before being laid, so as not to absorb the 

moisture reaulred for the proper setting of the raorter. Iron should never be placed in contact 
with stonework where, by rusting, in might disfigure It with stains, or split the stene, either by 
its increase in bulk during the process of oxidation, or by its expanding and contracting under 
the influence of beat and cold. 

Descriptions of Masonry. 
There are three descriptions of masonry in ordinary use, viz. 

Bubble. Block-in-Oourse. Ashlar. 
If the stone at disposal is thinly bedded, rough, or in^teble, It should be ^d aa RubU* 

work- W obtainable in blocks, and more or less easily wrought, it should be used as Block-tn-Couno 
or Athlnr socordlng to circumstances. 
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The various systems are Illustrated by figs. 40 to 68. 

Pio. 49. Common, Rough, Uncouraed, or 
Random Rubble. 

Fio. 61. Hammer-dressed Joints for 
Random Rubble. 

Fig. 60. Random Rubble, with hammer-dressed 
joints and no spalls on face. 

Fig. 52. Irregular-coursed, Random-coursed, 
tiueck^, or Squared Rubble. 

FlO. 66. Coursed Rabbfo 
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BUBBLI ICASOmif. 

Th* bait atODW lor mbble inMoiiij mo thoat tbot Miabbto fraelj, and aiiob m lie in 4 or 0 in. 
badi. BnaaltB and atonM of a oiyitalltiie ftmotore an troableaome to nw. aa they fly under the 
hammer; but granite and aandatonea work In welL 

Babble may be either uneourttdf itreffukar^ or fandeat'COtined, worked up to eourseet or eouriod» 
eblefly depending opon the oharaoter of the atone at dlapoaal; aome atonea, aneh aa Kantlah mg, 
from thdr Intnotable natnm, and the abaenoe of any dlattnot linea of bedding, are apedauy 
adapted for uneourted rabble, whllat othera readily work into oouiaea. and therefon ahoald be 
naed aa^ufaed rabble. 

In common, roagb, ancoaraed, or random rabble (fig. 49) the atonea are laid at random, 
withoat being brpa^t op to any lerel ooanea, the only toola reqaired being a trowel, waUer*a 
hammer, and plamb or battering rnlea, aa the caae may reqalie. 

One bond atone ahoald be oaed to at least erery yard saper of the face, and theae ahoald ran 
aboat two-thirda to tbme>foartha thioogh the wall, alternately from the opposite aides; this, in the 
ease of dweUing-housea, dlminiahea the chances of damp being transmitted to the interior and 
la in all cases much prwerable to a smaller number of through atonea. In boandaiy and 
walla throuph stones may, of coom. be used. In thick walla, such aa piers, abatmenta, and n- 
tnining walla, the bond stones ahoald taU into the work as far as poadbie; and the whole i-hould 
be bonded together in the best way the sLaea of the blocks will admit of. 

It is necessary to see the bond atones aotnidly built into the wall, for bollden are apt to set 
laioe atones on edoe, tanning only S or 4 ins. Into the wall. Instead of true bond atonea—a triok 
whioh cannot wdl be detected after they haTS once been oorered up. In random work (figs. ftO 
and 51) the atonea oleare Into imgalar shapes, and am fitted doaely together. Thas, In order 
to get A (fig. 51) into place the an^ ate, de6, am taken with the maaoirs berel, and the iolnts 
am hammered and punched to fit trolr. This la the most expenalTe kind of rabble work, and 
reqaires maoh nune skill to build propenr than any other class of mbble walling. 

If the rabble atone la distinctly bedded, the beds raiying mooh In depth, and often running 
Tory thin, the stones should be put together aa In fig. In 59, what la called irregular or random- 
eoursod rubble. The iolnts in thb caae am not neoeasarllT Teitieal; bat in a sapeiior daaa of the 
same work all the Jomts am apeolfled to be Tertical and the beds boiiaontal, by which a mom 
regular appearance is given to the work. The stones am all shaped and roughly sqnamd as r»> 
qulred, and hammer or axe faced, in the groaiL ready for the waller to set In the walL This daas 
of masonry is very bold and effectiTe for engmeering puipoaaa, when a good proportion of large 
stones am used, roughly hammer-dressed on face. 

Both of the kinds of rubble masonry Just described am very commonly worked up at Interrals, 
with the line and level, to level coarses, either regular or irregular tn depth, the latter being 
pmfemble on aocoant of its appearance and mom soltable to the irregular sues of the stones 
oaed. From 18 to 14 ins. am the ordinary depths of the courses, according to the natam of 
the stone. Figs. 53 and 54 show both common and Irregular coursed rol^le worked ap to 
coarses; the latter being also called courted header work when the headers, oooarring at Inteivals, 
ran the full depth of the oouzse. In fig. 55 a superior class of work Is shown, the Joints being 
all verUoal, by which means a mom regular appearance Is obtained. 

Banklne*s *Givil Bngineering,* speaking of cooraed rabble (sooh as fig. 55), says: * One-fourth 
part at least of the face in each course should consist of bond stones or headers, each header to 
be of the eaUm depth of the coarse, of a depth ranging from one and a half times to double that 
depUi, and of a length extending Into the bailding to from three to five times that depth, as in 
ashlar. These headers ahoald be roughly squared with the hammer, and their beds hammer- 
dressed to approximate planes: and earn shoold be taken not to plaoe the headers of sooceaslve 
coarses above each other, for that arrangement would cause a defidenoy of bond in the inter¬ 
mediate parts of the course. Between the headers each course is to be built of smaller stones, of 
which them may be one, two, or mom In the depth of the course. These am sometimes ronghty 
squared, so os to have vertical side-Jolata; sometimes the stones are taken as they come, so that 
the tide*Joints am irregular; but no side-joint tiiould form an angle with a bed«Jouit sharper ttimn 
60*. Oars should be taken, not only that each stone shall rest on its natural Wl, but that the 
tides paralld to that natural bed shml be the largest, so that the stone may be flat, and not be 
set on edge or on end. However small and irregular the stones may be, cam should be taken 
to make the coarse break Joint. HoUows between the larger stones should be carefully filled 
with ftApfSi complsttiy embedded in mortar.* 

The same aathoiity pves the retistence of good coursed rabble masonry to crushing at about 
four-tenths ot that cA siog% blocks of the stone it Is built with. 

Ooursad, or mgalar coursed rubble, as shown in fig. 55, is applicable where the beds, though 
thin, ere pretty rsgolar, so that a suiBoient number of stones of a onlfotm depth can be got to 
allow of teeir being laid In regular coorses of one stone only In depth. Larger stones, often of 
cat stone, equal in depth to two or three coarses of the rabble work, am generally used at the 

Whenever cut-stone is ased In connection with rabble work, as at the quoins of a building, 
the ends adjoining or tailing into the nibble should never be cat square, bat be left comparattveliy 
rough, BO as to harmonise with the masonry In the body of the wall, and not appear as If out 
from it by strict lines. 
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D'ry-walllng la the aimplett oUm of nibblo work, and oonaiata of atone rooghlj hammared, 
and bedded bj pinning wiw epalla, witboat anj mortar. It reqairea oonaiderable akill to build 
propeify, aa ita atabilltj dependa entirely on the flnn bedding and bonding of the different atonea. 
It ia ehiefly uaed for fencing land, for railway and canal embankmenta and cuttinga, or at the backa 

of retaining-walla, to dlminiah the pieeauie of the 
earth on them, and to allow of water ffnding ita way 
down to the draina below. Such walla—which are 
generally about 6 ft. high, increasing In thickness 
towards the bottom, and ayeraging about 18 ins. 
thick—are usually built to Hues strained between 
treaties (fig. 66), in order to avoid plumbing the face. 

Dry-mbble walling is generally built in courses 
about 13 ins. high, and should have a waterproof 

top, or coping^ to keep tne water from getting into the body of the work and bursting it in frosty 
weather. The coping may be made of stones laid on edge in mortar, bituminoiu concrete, 
or, for want of anything better, clay puddle, or even soda. 

When the stones come out in thin slabs the walls may be speoifled to be built of * good sound, 
flat bedded stones of a fair average else (none less than 6 ins. broad across the narrowest part), 
set dry, and ooped with stones, not leas than 9 ins. deep, set on edge; each coping atone to ex¬ 
tend acroea the full breadth of the wall, and to be properly set In good hydranUc mortar.' A 
high Joint with a projecting ledge la ve^ frequently used to mark the Joints of rubble work; 
this is a bad ayatem, and ia sure to peel off under the influence of wet and frost. 

A cubic yard of rubble masonry will, as a mie, require i cubic yard of mortar and 1^ cubic 
yard of stone. 

Flu. 6G. 

BLOCK-ar-COCRSS Mibonbt. 

Bioek-4n^ Course (flg. 67) Is a term applied by engineers to a class of masonry much used 
in piera, abutments, wing walls, Ac., when there is a suiUble stone in the district and good 
solid work is required. The stones are all squared and brought to good fair Joints, the faces being 
more or leas worked, according to taste, but generally meray hammer-dressed; and the courses 
consist of single stones only in depth. It chiefly differs from —hiar ia the smaller slse of the 
stones and depth of the courses, the stones at command being—ordinarily rougher and more 
thinly bedded—chiefly shoddies^ or stones under 13 ins, deep, whereas ashlar blocks range, as a 
role, from 13 ins. to 14 ins. in depth. 

The best stone for the purpose is a baud, self-bedded stone which will work easily into courses 
from 6 ins. to 10 ins. or 12 ins. in depth, the length of each stone being four or flve times ita 
depth. No attention is paid to nnlfonnity in the depth of the oouraes. 

ABHLAB masonry. 

The term ashlar ia applied to masonry built up of a thiok-bedded stone whloh admits of being 
scabbled, or sawn Into square blocks of given dimensions. It is also used to denote roughly 
squared blocks of stone over 12 ins. deep, as delivered from the quarry or stonecutter, or as 
prepared lor setting. Ashlar work (flg. 68) is built in courses of uniform, or nearly uniform, 
depth—generally from 10 ins. to 14 ins.—ranging throughout with the quoins and dressings. It 
goes by different names according to the face pot upon the stone, from quarry-pitched or rock 
ashlar up to wrought ashlar. 

No stone should be laid in mortar without being first fitted into place apd any irregularities 
in shape corrected. Large ashlars are first sccnrately fitted into place, and then set on a bed of 
mortar carefully spread out to receive them; after whicb the vertical Joints have to be filled by 
stopping them up on the outaideo with cement, and pouring in cement or mortar grout, which 
shoud be worked about with a piece of hoop iron, so as to ensure ita oompleU^ fillip the Joints. 
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The beds and joints are worked to plane surfaces, so as to allow of close-fitting joints. These 
surfaces should not be too smooth, otherwise the mortar will not adhere so well to the stones, but 
In good work should be true enough to allow of joints not over J in. thick ; they are generally 
either left as they come from the saw (if sufficiently true), or taken out of winding by ranning 
chisel draughts round the margins, and dressing them down with the point, as in half-plain work, 
taking off any parts left projecting beyond the level of the chisel draughts with a chisel. 

Stone Bridges and Arches.—See p. 4GG. 

Piers.-See p. 472. 

Slone Stairs.—See p. 315. 

Sa/e Load on Stone Wails.—See p. 43G. In many localities stone walls must comply 
with the Ministry of Health's Model Byelaws, Series tV, Buildings, 1938. See also the 
notes at the end of British Standard Speciftcation No. 449 - 1937. 

Strength oj Stones.—See p. 180. 

Artificial Stone.-- See p. 358. 

Concrete.—See p. 34S. 

Load-hraritit/ Musnnnj.— Sw British Stujulard Sprrilii Mtioji No. !1 i-». 

. Proportions for Stones, Bond, &c. 
In both block-in-coorse and ashlar masonry it is necessary to proportion the length, breadth, 

and thickness of the stones according to their hardness, in order to guard against their breaking 
across. Ranklne says that in the weaker sandstones and granular limestones the length of a 
stone should not exceed three times its depth, nor the breadth one and a half to double its depth. 
In harder stones—such as require 2^ or more tons to the inch to crush them—the len^h may be 
four or live times the depth, and the breadth three times the depth. 

The best bond in masonry is that which shows on the face of the work alternate headers and 
stretchers in each course, as in Flemish bond in brickwork, each header coming over the centre 
of a stretcher in the course below. In such work one-third of the face consists of headers, if the 
length of the stretchers is twice the breadth of the headers; but as stones are rarely out to 
exactly the same dimensions, it may be laid down that not less than one-fourth of the face of the 
wall should consist of headers, and that the stones should break joint from one to one and a half 
times the depth of a course. 

The thickness of the joints will vary from ^ to 1 inch, according to the smoothness of, or 
amount of work bestowed upon, the beds, as it must be sufficient 
to tnmsmit the pressures from stone to stone without permitting of 
actual contact at any point of their surfaces. 

Dowelling. 

For securing stones in places where the adhesion of the mortar 
or cement is not sufficient dowelling is the best method. Fig. 59 
shows a method of doing this. It consists in making, exactly oppo¬ 
site each other, in the two stones two boles, either circular or 
square in section, and fitting into them a dowel or pin. These may 
preferably be of good hard slate, ran with either brimstone or 
ccmieut. 

Measurement and Valuation of Masonry. 
In districte where stone abounds, and forms the principal material for building purposes, 

ordinary walls are built of rubble stone, and measured by the cubic yard, or some other local 
standard, such as, in Ireland, by the running peroh (21 feet), of a given height and thickness, or by 
the square perch of 21 feet super, at a standard thickness of 18 inches. In the West of England 
the square perch is employed, of 18 feet super, at a standard thickness of 2 feet, to which walls 
of any thickness are r^uced ; or the price per perch may vary with the thickness of the wall. 
In other parts masonry walling is measured by the rood of 36 square yards, or 34 cubic yards, 
the standard being 3 feet; or by the rod of 272 feet super, as in brickwork, at a standard 
thickness of 18 inches or 3 feet. 

In engineering, as distinct from architectural constructions, masonry is rarely valued other¬ 
wise by the cubic yard for the roughest descriptions of work, and by the cubic foot for 
superior work. 

The price in all cases varies with the quality and description of work, as ' coursed ’ or * un- 
oourtoed * in * walling ’ or * foundations.’ 
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The tmpeKflolal content of the enrface work is paid for eimarately by the square foot, yard, or 
rood of 86 square yards, including l^ointing or pointing, and such squaring to beds and joints as 
may be required, quoins, Ac., of sdeoted stones being often paid for at so much extra per foot 
run. 

Superior work, such as squared masonry, whether in wallings or dreasings. Is usually ralued by 
the foot cube as block stone, merely scabbled or sawn to the required dimensions and set. The 
work upon tt is taken separately by the foot super. 

When different descriptions of masonry occur in a wall, such as rubble faced with ashlar, instead 
of cubing out the rubble and ashlar work separately—in which case the latter is valuea by the 
cubic foot prepared and set, including all beds and joints, the facework being taken by the foot 
superficial as tooled, pointed, Ac.—the whole may be taken as rubble masonry, and so much extra 
allowed per foot superficial for the superior facing, including all extra labour, dressing, and 
pointing. 

When walls are built of rubble masonry it is cheaper to use bricks for such parts as jambs and 
arches. 

The block stone for use in a building is ordinarily sold by the cubic foot, or in large rough blocks 
by the ton, of from 13 to 17 cubic feet, 1 inch being allowed each way for irregularities and waste. 

Permissible Pressures on Masonry. 
The following are the pressures permitted in the Ministry of Health's Model Byelaws, Series IV, 

Bnildlngs, 1938, for walls constructed of bricks or solid blocks and having a tlendemeas ratio* 
not exceeding 6. 

Oolumn A shows the pressures allowed where the combined dead loading and superimposed 
loading can be assumed to be uniformly distributed over the area sustaining the load. 

Oolumn B shows the pressures allowed (subject to the average pressure not exceeding that in 
Column A) where the loading is a combination of the uniform pressure in Colnmn A with increases 
in pressures due to eocentrio loading and lateral forces. 

Oolumn 0 shows the pressures allowed at ginler bearings, stanchion bases or other similar 
places where there are concentrated loads, taking into aooount the pressures in Oolumns A and B. 

Omshing Strength 
of the individual 

1 1 
Maximum permissible Pressures in Tons 

Mortar proportioned by 
per Sq. Ft. of overall area of the Wall. 

Brick or Block in Volume not weaker than 
Lbs. per Sq. In. 

A. ' B. 0. 

Not less than Lime mortar or black mortar. 4 

1 ■ 
6 6 

1,600 1: 3 :13 cement-lime mortar. 5'6 8-26 8-25 
1:1:6 cement-lime mortar. 7 10-6 10-6 
Hydraulic lime mortar. 6-6 8*26 8-26 
G^ent mortar. 8 12 

Not less than Lime mortar or black mortar. 4 ' 6 6 
3,000 1: 3 :12 cement-lime mortar. 7 10'6 10-6 

1:1:6 cement-lime mortar. 10 16 15 
Hydraulic lime mortar. 7 10*6 10-6 
Oement mortar. 11 16*6 16-6 

Not less than | Lime mortar or black mortar. 4 6 6 
4,000 1: 3 :13 cement-lime mortar. 8 12 13 

1:1:6 cement-lime mortar. 10 16 16 
Hydraulic lime mortar. 8 12 13 
Cment mortar. 13-6 20-26 20-26 

Not less than 
6,000 

Cement mortar. 16 24 24 

Not less than Oement mortar. 33 34-6 34-6 
7,600 

Not less than 
10,000 

Oement mortar. 30 40 

i 1 
46 

For further information on Load-bearing Masonry, see British Standard Specification No. 1146. 

• The oUndorruu ratio is found by dirlding the height of a wall by its least overall thickness. 
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Weights of Various Stones. 
Data oolleotbd by thb britisb Standards iNsrirunoN. 

(See Standard Specification No. 648—1936.) 

Average Average 
Weight Weight 

per cub. ft. per cub. ft. 
• Wet* Dry Wet* 

lb. lb. tt). lb. 

Limeitonea. Sandatimea, 
Anoaster—Free Bed, Lincolnahire 141 160 Ackworth, Yorkshire 137 144 
Ancaater—Weather Bed Brown, Auchinheath, Lanarkshire 133 139 

Lincolnahire 150 160 Binnie, West Lothian 134 141 
Anston, Yorkshire . 150 166 Blaxter, Northumberland . . 138 136 
Bamack, Northamptonshire 143 149 Oomcockle, Dumfriesshire 131 138 
Box Ground, Wiltshire 131 133 Gonehiil, Dumfriesshire . 133 143 
Olipsham, Rutlandshire 140 160 OraigUeth, Midlothian 139 144 
Ooombe Down, Somersetshire . 137 138 Darley Dale, Derbyshire . 143 149 
Oomgrit, Somersetshire 123 137 Damey Northumberland . 135 141 
Oorsham Down, Wiltshire 124 137 Glanton, Northumberland 131 138 
Boulting—Ohelynch Beds, Greenlaw, Northumberland 137 144 

Somersetshire 145 161 Hennand, Midlothian 144 149 
Farlelgh Down, Wiltshire . 126 140 Hollington—Mottled, Stafford¬ 
Ham Hill, Somersetshire . 131 136 shire ..... 133 141 
Hartham Park, Wiltshire 127 140 Hollington—Red, Staffordshire . 130 138 
Headington Hard Bed, Oxfordshire 146 149 HoUii^ton—White, Staffordshire 138 136 
Headington Soft Bed, Oxfordshire 109 133 Leoch, Forfarshire . 153 166 
Hopton Wood, Derbyshire 163 156 Locharbrigga, Dumfriesshire 127 136 
Huddlestone, Yorksb^ . 135 143 Mansfield—l^d, Nottingham- 
Ketton, Rutlandshire 129 139 i^re ..... 147 163 
Eetton—Pink, Rutlandshire 163 164 Mansfield—White, Nottingham¬ 
Monks Park, Somersetshire 126 138 shire . 138 145 
Portland—Base, Dorsetshire Max. 146 \ Polmaise, Stirlingshire 137 144 

135 146 Woolton, Lancashire 134 140 
Min. 124) 

Portland—Whit, Dorsetshire Max. 149) 
143 h 145 Qranitea and other Igneoua Rocka. 

Min. 126) Aberdeenshire Peterhead . 163 163 
SiciUan Marble 169 170 Aberdeenshire Rubislaw 166 167 
Stoke Ground, Somersetshire 118 132 Oomish Grey . . . . , 165 165 
Tottemhoe, Bedfordshire . 113 131 Guernsey . . . . | 183 — 
Weldon, Northamptonshire 120 133 Norway Angite Svenite (Larvikite) 169 169 
Westwood Ground, Somersetshire 133 135 West of England Penrhyn 163 164 

Quantity of Stone equivalent to 1 Ton in Weight. 

Description. Feet Cube. Description. Feet Cube. 

Vein marble . . . , 
Statuary marble and granite 
Purbeck .... 
Yorkshire • • • • 

. 13 
I3i 
14 

. 12 to 15 

Oraigleith. 
Portland. 
Derby. 
Bath. 

14i 
15 to 16 

16 
16 to 17 

Description. 1 Feet Super. Description. Feet Super. 

Sl-inch York paving (tooled) . 581 3-inch granite .... 54 
a 
® ♦» »» »» II 6 „ „ . . . . ! 87 
2^ M Purbeck paving . 
3 W 11 w • • 

. 1 68 
56 

7 „ curb .... 23 

* The wet weight per cub. ft was oaioulated from the water abeorptkm meaaored after 24 
hours' complete iuuneision in water at the ordinarj temperature. 
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Weight of 

1 ton ol granite 1S| oub. ft. 

1 „ t, Moant Sorrel granite ■■ 13{ oub. ft. 

1 „ „ Stoke Hall sandstone — 14 cub. ft. 

Stone. 

1 ton of Huddersfield stone 14 cub. ft. 

1 „ „ Kentish Bag - 13i oub. ft. 

1 ,, „ Blue Lias limestone « 14^ cub. ft. 

Effect of Weather on Stone. 

Stones yarrgreatly in their resistance to weather according to the conditions to which they 
are exposed, l^us, some limestones will last for sereral centuries ' In the country,'* but are 
rapidly destroyed by corrosion in London and other large towns where sulphurous and sulphuric 
acids are present in the atmosphere. 

Stones which are not laid on their natural bed will corrode more rapidly than when properly 
laid. 

Where atmospheric conditions are trjring, as in most large towns, special care should be taken 
to use only stones which can withstand such conditions. The fact that they hsTe lasted for many 
years in some other locality is not a sound guide. Some very ancient buildings have corroded 
more seriously during the last fifty years than in the preceding 1,400 years t 

Preservatives for Stoneteork are numerous, but few are really effective. The best appear to be 
some form of sodium silicate or of silicon eUer, 

Gleanii^f SUmework should never be effected with strong alkaline or acid solutions. Hot water 
and brushes are the only safe cleaning agents and the brushes should not have very hard bristles. 

See also Descriptive Section IX, Part tl. 

D. Anderson & Son, Ltd. 
Boberoid Oo.,Ltd. 
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SECTION X 
MOKTARS—CONCBETBS—CBMllNTS—GLUES-PLASTBBS 

Bevisdd and amplified by Alfred B. Searle 
(Oon«aItln« Adrfajr on Oementttioiu Mateflala). 

MOBTABS.o 

Mortars aro pasty safestaaoes which gradoaUj hardra on czposnrs ; they art ased for nnltinf 
stones or bricks in the eonstmctlon of masonry or brickwork. 

The ohisf kinds of mortar are: 
Lime mortar^ oomposed of lime and sand • 
Tftui mortoft composed of iime, sand, and trass or brick-dust, or of lime and trass without 

sand. 
Cement tnortae^ oomposed of Portland cement for other silloious cenient) and sanA 
fffdrauUe mortar, oomposed of either hydxanuo Hme or cement, aad sand, and oharaoterised 

by its power of hardening under water.f 
Cloy mortar, consisting of a mixture of fire^ay and crushed firebricks, and used chiefiy in 

the eonstmctlon of furnaces, kilns, and other structures which hare to be heated to high 
temperatures. 

Lime Mortar.* 
The chief ingredients of ordinary lime mortar me lime and sand, but other materials, such 

as crashed bricks, ground stone or trass, and waste products such as ground slag, ashes, or coke, 
may, under suitable conditions, reidace some of the sanA The tenacity of the mortar may be 
increased by the addition of hair or other fibrous material. 

The best mortar for use in air f consists of a mixture of lime, sand, and brlok-dust, but the 
latter is usually omitted on account of its cost. 

Lime mortars made of fat or pure lime should not be used for roads, bridges, Tiadnots, water¬ 
works, or any structure exposed to water, and some authorities maintain that eren tor chnrobes, 
houses, and other buildings, it should not be used without the addition of trass or its equlTslent, 
so as to prerent the flaking, crusts, and csnkm which are produced when too fat a lime is used. 

HydremUe lime mortar fs composed of hydraulic lime and sand, the proportions rarying 
from 8 to fl measures tor each measure of the lime (see Lime Concrete, p. 848). The chief use 
of this kind of mortar is for structures exposed to water, but unless the hydiiMillo lime Is well 
selected, the structures may derelop crusts and canker. Portland cement mortar is usually 
much superior to mortar made with hydraulic lime. 

Trass Mortar. 
Trass mortar is but little used in Great Britain, but has been used extensixely abroad, 

and particularlT in the Bast. The term * trass murtar* is not confined to mortars containing 
true trass, but includes those containing similar materials, such as brick- or tile-dust, possolana, 
santorin earth, and other metamorphosed alumino-silicates, which combine with trie lime to 
form an indefinite compound haring cementitious properties. The use of trass or similar material 
orercomes the dlsadrantages whi<m accompany the use of fat-lime. The best proportions for 
trass mortars are shown in the table on p. 341. 

Trass was highly rained and grBatly used by the Ancient Somans, but for sereral hundred 
years later Its use was not understood and thto rslnable material fell into disuse. With the 
greatly extended use of Portland cement the importance of trass has again been realised, and during 
recent years the use of it has greatly increased in this country and abroad. 

Whra wetteA Portland cement liberates free lime, combines with the latter and so is retained 
in the mortar, ulie resultli^ mortar or concrete is stronger than that in which no trass is useA 

Trass Is, in no sense, an adulterant but is, on the contrary, a simple means of increasing the 
strsogth of concrete ana cement mortar. 

Oement, mortars and concretes containing trass are more waterproof, more resiatant to alkalis 
and to salt solutions than those in which no trass is used. The addition of trass is particularly 
important in concrete likdy to be subjected to the action of sulphates in solution, e.g. concrete 
to be used for maritime struoturas. 

Trass should not be added to aluminous cements, as to do so confers no benefit. 

* In many localities the Mlnist^ of Health Model Byelaws, Series IV, Buildings, 1988, 
Olausss 10-18 are oompnlsoiy (H.M. Stationery Office, London), 

t Mortars tor use under water are termed hfdramMe mortars. 
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When traee was dlfBoolt to obtain the Anoittit Romans need ground rooflng tiles as a substitute 
and, more recently, burned clay has been used as a synthetic trass. 

The natural material, when carefully selected and properly prepared, is superior to the artificial 
product and appears to contain a greater proportion of actiye colloidal material. 

The following mixtures (by volume) are now cnstomary: 

Trass-Ckmknt Concrete. 

1 Oement. Trass. Sand. 1 Aggregate. 

Mass concrete 1 ' i-i 3 0-10 
Bammed concrete 1 1-5 3-4 6-10 
Reinforced concrete 1 i _ 6 
Poured concrete . 1 1 h _ i ^ 
Solid foundations . 1 1 i 0 13 
Road (R.O.) foundations 1 3 6 
Pier foundations . 1 1 — 13-14 
R.O. piles . 6 1 7 8 

TRASS'LIMB and TllASS-LnCE-CBtfENT CONORETB. 

TrassT Lime. Oement. Sand. Qravel. | 

Concrete poured under water 
Quay walls 

2 3 3 
1 1 - 1 4-6 

l^ervoirs, etc. . 
Ranuned concrete for founda¬ 

1 1 “ 4 8 

tions .... u 1 1 5 7 
Walls and vaults 1 i 1 4 8 
Concrete .... 3 1 1 3 6 
Watertight vaults 1 1 i 3 

1 « 

Trass-Oement, Trass-Limb and Trass-LimE'Cement mortars. 

Trass. Lime. Cement. Sand. 

Masonry work. 2 3 3 
Masonry work ... 
Rendering. 

1 
1 : 

1 
1 

4 
3 

Watertight rendering .... 
Constmetion work above ground level . 

1 - 1 2 
1 2 - 4-6 

Masonry and brickwork 1| 1 - 2-5 
Foundations and ceUars 1 1 - 3 
Masonry. H u i 6 
Bendei^. li i 21 2 
Watertight rendering .... 2 1 1 4-8 

Cement Mortar."* 
Cement mortar cunslsts of a mixture of sand and Portland cement, the usual prraortlons 

being 3 to 6 measures of sand to 1 of cement, according to the strength required. The best 
proportioas for various purposes are shown in the table on p. 341. For structures exposed to 
the air there should be more than twice as much sand as cement, but for completely water¬ 
proof structures the proportion of cement should not be less than half the sand usm. 

Lime is sometimes added to cement mortar to increase its plasticity and to make it easier 
to use. The addition of not more than 30 per cent, of hydrated lime slightly increases the 

• In localities where the Ministry of Health's Model Byelaws, Series IV, Buildings, 1938 (H.M. 
Stationery Office, London; prioe Is. fid. net), have been adopted, all cement used in mortar must 
conform to British Standard Specification No. 12—1931 or No. 146—1932 or be a high alumina 
cemmit having the tensile strength, soundness and setting time mentioned in British Standard 
Speoifioatlon No. 13—1931 or any other cement not inferior to the cement first mentioned above. 
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strexigth of the oonorete, but If the latter is expoeed to water (loch rain)i the free lime may be 
washed out, leaving a porous material which soon flakes and disintegrates when exposed to 
frost. These drawbacks can be avoided by adding trass instead of lime—a cement mortar 
composed of two measures, of cement, one of trass and six measures of sand, being of wide 
application and easy to work. 

All cement mortars are hydraulic—they harden readily under water. 

Raw Materials for Mortars. 
The chief materials lor mortars are hme and rand, but Portland Cement (p. 365) is sometimes 

used to replace part or all of the lime. 
The lime should be made by burning a calcareous limestone low in magnesia; miigTieaiRn 

limestone, or dolomite, is much less suitable. Tbe burning should be efi’ected in such a manner 
that the lime contains at least 86 per cent, of calcium oxide In the form of quicklime. Limes 
which have been imperfectly bum^, and so contain 15 per cent, or more of nnn.itRrf>fi caloium 
carbonate, are not suitable foi mortar to be used on important w'ork. A very pure lime (con¬ 
taining 96 per cent, of free calcium oxide) is not necessary for building and is usually too costly. 
The idea that a pare lime is, in itself, objectionable, is incorrect, provided a suitable sand is used. 
If a very pure lime is used with a very coarse sand, it may result in a weak mortar. 

Lean {i.e, lees pure) lime * and hydraulic lime, on the contrary, harden in a manner similar 
to oement. The addition of trass or brick-dust to slaked lime has a similar effect on the manner 
In which the mortar hardens. 

liydraulxe litnet differ from the * fat' or quick limes In consisting of an indefinite compouj^d 
of lime and clay, which'may be regarded as a crude Portland cement (p. 306), coutaixdng a 
large excess of free lime. The hydraulic limes owe their power of setting and hardening under 
water to this llme-olay compound, and coiUMquentiy form a stronger brickwork or masonry 
than is produced by oommon mortar. Some hydrauuc limes consist of a mixture of quicklime, 
true hydraulic lime, and inert or unbumed material; for important work they should be tested 
and tbe proportions of these ingredients ascertained, as in hydrsulio lime the proportion of 
cementitious matter present is more important than the pexx^mtage of lime. 

Lias lime is hydraulic lime obtained from clayey limeetonee occurring in the idaa formations. 
(Quicklime should be slaked or hydrated before use; hydraulic lime should be bought in 

the form of a powder. To save the trouble and time involved Lu slaking and the risk of 
' blowing * and other defects due to imperfectly slaked lime. It Is becoming increasingly the 
custom to use hydrated lime. This has been slaked under skilled supervision, so as to produce a 
fino powder which is free from all coarse material and quicklime; it is sold in bags of 1 cwt. 
and is ready for immediate use. All limes used for building purijoses should comply with British 
Standard Specification No. 890—1940t and in mauy localities they must comply with the Ministry 
of Health’s Byelaws, 1938|1. 

Tbe sand used for mortars should consist of sharp (angular) groins of various slses. Hounded 
grains do not interlock sufilciently to produce a strong mortar.Xli 

Orystalline quarts sand is to be preferred to nuca or fetepar sand \ tbe usual desoription 
‘ good, clean, sharp saud ’ is muoh too wide. The grains of sand which are angular give tbe 
best results of tensile strength, those that are round give the highest compression strength. It 
la advisable to submit the saud to a miorosoopio examination to ascertain its suitability, os a 
considerable variation iu the strength of mortar may occur, owixig to tbe form and variety of 
the sand particles. From trials made with mortar composed of 1 of oement and 3 of sand a 
diflerence of strragth varying from 171 lbs. to 313 lbs. per sq. In. was found, owing entirely to 
the difference in the sand; normal sand mixed in above proportions gave 266 lbs. per sq. in. In 
28 days. 

It is very important that the sand used for mortars and concrete should be free from clay and 
decompoeed vegetable matter (humus). A simple test, devised by D. Abrams and O. Harder, 
consists in ahalring the sand vigorously with a dilute solution of caustic soda, allowing the sand 
to settle and noting the colour of the overlying liquid. If it is dark-coloured, the sand is probably 
unsuitable for use; a very pale yellow colour may be neglected. 

The grading of the sand, iJ. the proportions of grains of different sises, deserves far more 
attention has yet been p^d to it. By the use of s suitably graded sand, it is easy to reduce 
the proportion of the more expensive lime or cement by about 33 per cent, of that required for 
a less suitable sand. For most purposes tht sand should contain about 30 per cent, of air-spaces 
or voids between the grains. The proportion of voids may be estimated by filling a measure 
with sand, and then pouring iu water until the water is level with the top of the sand. The 
ratio of tbe volume of water, added to the volume of tbe saud, in that of the volume of the voids 
to that of the sand. 

The water used in the preparation of mortar should be free from decaying substances; hence, 
peaty water should not be used.tlj 

* limes which produce less than twice their volume of slaked lime in the form of au apparently 
dry powder are termed ' lean' or * poor' limes. 

t See p. 340. 
I See Sand and Gravely by A. B. Searie (Oontraotor’s Record Ltd., London). 
H In many localities the sand must comply with Clause 10 and the wcUer with Clause 11 in the 

Ml 
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BRITISH STANDARD 6PE0IEI0ATI0N FOB LDOBS.* 

(Abstract of B,S. 3psc(fieat<on No, 890—1940.) 

QUIOELDCBS AND HYDRATED UMES. 

OUsssifteaSicn—only two olaesee are recognised: 

Glau A,—Lime suitable for plastering fluishing coat, coarse stuff and building mortar. 

Class B,—Lime for coarse stuff and building mortar only. 

Either class may be of the non*hydraulic or the semi-hydraulic type. 
The purchaser &onld state:— 

(a) Which class and type of lime is required. 
Whether a magnesian or calcium lime is required. 

The rendor of lime containing more than 6 per cent, of magnesium oxide must always declare 
it as a magnesian lime. 

QUICKLIMES. 
Tssts Claes A. (Finishing.) 

1. The caicitm and magnesium compounds present, calculated as oxides, shall not be less than 
70 per cent, of the ignited sample. The remainder shall consist essentially of silica and alumina 
soluble in a 6 per cent, solution of sodium carbonate. 

2. The loss on ignition on lump quicklime not to exceed 6 per cent.; that on ground quicklime 
not to exceed 7 per cent. 

3. The carbon dioxide not to exc^ 7 per cent. 
4. The insoluble matter (after treatment with sodium carbonate solution) not to exceed 3 per 

cent. 
5. The residue on slaking left on a B.S. Sieve, No. 18, not to exceed 6 per cent.; the lime 

passing through that sieve not to leave a residue of more than 2 per cent, on a B.S. Sieve, No. 52. 
6. The volume yield of putty (made in the prescribed manner) not to be lees than 1 • 7 ml. per g. 

of quicklime for a calcium lime nor 1 ■ 4 ml. for a magnesian lime. 
7. The wtrkabilUy shall be such that the putty when prepared and ' bumped * in a prescribed 

manner shall require not lees than 13 bumps to cause a mass 11 cm. in diameter to spread to 
19 cm. in diameter. 

Tests reguireA—Glata B. (Coarse stuff and building mortar only.) 

Nos. 1-4 same as tor Class A. 
5, The residue on slaking left on a B.S. Sieve, No. 18, not to exceed 5 per cent. 
6. The hydraulie strength (of semi-hydraulic limes only) after 28 days damp storage to corre¬ 

spond to a modulus of rupture between 100 and 300 lb. per sq. in. 

HYDRATED LIMES. 

Condition,—The material must be in the form of a fine, dry powder. 

Tests regtiired—(identical for both Class A and Class B). 

1. The calcium and magnesium compounds present, calculated as oxides, shall not be lees than 
70 per oent. of the ignited sample. The remainder shall consist essentially of soluble silica and 

3. The carbon dioxide shall not exceed 6 per emit, by weight. 
S. The insoluble matter (after treatment with sodium carbonate solution) shall not exceed 

1 percent. 
4. The teorkabUity shall be such that the putty when prepared and * bumped * in a prescribed 

manner shall require not leas than 10 bumps to cause a mass 11 cm. in diameter to spread to 
19 cm. In diameter. 

5. Fineness.—^The residue left on B.S. Sieve, No. 72, not to exceed 6 per cent, and the lime 
passing through this sieve shall not leave a residue of more than 10 per cent, on a B.8. Sieve, 
No. 170. 

6. Soundness.—The expansion in a Le Ohatelier mould not to exceed 10 mm. There shall be 
no signs oi disintegration, pitting or popping. 

7. The Hydraulic strengih (of semi-hydraulic limes only) after 28 days' damp storage, to 
oooespond to a modulus of rupture between 100 and 800 lb. per sq. in. 

For details conoeming modes of sampling and making prescribed tests, see B.S. Specification 
No. 890—1940. 

• PubUshed by the British Standards Institution, 28 Victoria Steeet, London, 8.W. 1. 
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Proportions for lAortars.’^ 
Mortars are usuaUy made larRdj by gaess-work, bat to secure the best results—wbleh are 

often the cheapest, as a large saving can be effected by preventing a waste of lime—It la necessary 
to determine the best proportion of sand for the partlcnlar lime used. 

For many purposes, the most suitable proportions are from 2 to 5 measures of sand to 1 
measure each of lime and brick-dust, or trass, but the latter is usuaUy omitted, and large quan¬ 
tities of mortar consist of 1 measure of lime to 8 measures of sharp sand. When ashes t or coke 
dust are used, one measure of these materials usually replaces an equal amount of sand. 

According to J. A. van der Kloes, who has investigated the matter very thoroughly, the 
best proportions for mortars for various purposes are as shown in the following table:— 

Lime-Putty. 
' 

Trass 
Number. Lean 

Lime. 
Fat 

Lime. Trass. Portland orPosao- 
Cement. lana Sand. 

SoUd. Fluid. Cement. 

A.— WaUtproof Mortan for Work which U eoniinuatty under Water, 

I. . 1 __ U li 
n. . 1 — u — 3 

m. (o) — — 1 — 8 — — 4 
m. (6) — — — 1 3i — — 8 
IV. . — — 1 3 
V. . — — 1 1 2i 

VI. . — — — — — — 1 1-li 

B .—Mortars for Quays^ Sluice WaUs^ Damp-proof Courses^ etc. 

vn. 1 __ _ u j __ _ i 2-2| 
i 31-3 vm. — 1 — — li I — — 

IX. (a) — 1 3 j — — 5-6 
IX. (5) — — — 1 3* — i 3|-4i 
X. .— — i 1 — i 3 

XI. . -- — — 1 ! 1 j 4 
xn. . — — — — — 

i "" 
1 1 3 

1 
C. —Mortars for Foundations and Buildings, 

xm. . 1 ___ _ li _ _ 8-4 
XIV. . 1 — — u — — 4-5 
XV. (a) — — 1 — 3 — 8-10 
XV. (5) . — — — 1 3i — — 6-7i 

XVL . — —— — — 1 — 3 
xvn. . — — 1 1 — 4-5 

xvm. . — T" 1 1 3i-8 

For 1 on. yd. of cement mortar, the following quantities of sand and Portland cement will 
be required:— 

Proportions. Sand. Cement. 
Cement. Sand. Cub. ft. Lbs. 
10 — 3*800 
11 18'8 1,605 
1 8 24>0 1,120 
1 8 28*7 860 
1 4 80>S 688 
1 5 81-4 565 
1 6 83-2 488 

* See footnote on p. 338 and p. 843. 
t The use of ashes In mortar Is a frequent cause of soum or eflioreseenoe In brickwork. 

VOIi. T. N 
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0*87ea. ft. of OMt oement mortar will result from mlzlng 0*86 oa. ft. of water with 1 on. ft. of 
loose cement. 

1 on. ft. of loose Portland oement will make about— 

4*1 cu. ft. of oonorete mixed 1:2:4 
8 0 „ „ 1 : 2*: 6 
8*8 „ „ 1:8:6 
7-8 „ „ 1:4:8 

1 on. ft. of loose Portland cement neat as cement mortar will corer about 10*4 sq. ft., 1 in. thick. 
1 on. ft. of loose Portland oement to 1 sand will coyer about 17 sq. ft. 1 in. thick. 
1 on. ft. of loose Portland oement to 2 sand will cover about 26 sq. ft. 1 in. thick. 
1 on. ft. of loose Portland oement to 8 sand will cover about 84 sq. ft. 1 in. thick. 
1 on. ft. of loose Portland oement to 2 sand will lav about 146 bricks with f-in. Joint, and 247 

bricks with ^-in. loint. 
1 on. ft. of loose Portland cement to 8 sand will lay about 212 bricks with l-ln. Joint, and 317 

bricks with ^-in. Joint. 
1 yd. super, of pointing brickwork in neat cement requires about 8 lbs. of cement. 

The proporaon of water required varies with the nature of the lime and sand used. (See the 
par. on wuef^ on p. 839.) 

Mixing Mortars, 

Small quantities of mortar may be mixed by rei)catedly turuiui? over the materials with a 
shovel, and afterwards with a trowel, so as to mix them very thoronphly. Mnehine-made mf)rt;ii* 
is often more reliable than that mixed by hand. The most suitable machine for mixing mortnr 
consists of an edge-runner or pan mill of moderately light construction, in which the materials arc 
treated for 20 to 30 minutes. No pieces larger than \ in. diameter shouM bo iidrodueed into a 
rnoitar mill, and if any materials more than j‘. in. diameter arc j)resent, the mixing must he pro¬ 
longed until they have all been reduced to in. or less in diameter. 

Ready-made mortar is obtainable in some localities and has several mlvantagf'S. 

Choice of Mortar. 

Mortar made with ordinary lime should not be exposed to water. 
Mortar made with hydranlio lime should not be exposed to running water, unless the mortar 

also contains trass. 
Oement-mortar Is best where great strength is required a short time after completing the 

structure, but where a longer period of hardening Is permissible, lime-trass mortar is cheaper 
and equally durable. 

For the interior of kilns, furnaces, and flues, clay mortar or a refractory cement should be 
used. 

See footnote on p. 338 and p. 343 

Coloured Mortars. 

Tons arniM to Portland Obbunt Mortar ooNTAiNiNa Two Parts or bivbr Sand 
TO Onb Part of Obmbnt. 

Weight of Diy Pigment to 100 Pounds of Gement. I 
Pigment. 

iLb. ' ILb. ! 2 Lbs. 4 Lbs. 

Lamp black . light elate Light gray 
Light blue slate 

Blue gray Dark blue slate 
Prussian blue Light green 

slate 
: Blue slate Bright blue slate 

Ultramarine blue. 1 Light blue slate Blue slate Bright blue slate 
Light buff Yellow ochre light green — — 

Burnt amber light pinktsh Pinkish elate Dull lavender Ohocolate 

Venetian red 
slate 

Slate, pink 
tinge 

Bright pinkish 
1 skte 

pink 
light dull pink Dull pink 

Gbattanooga iron light pinkish Dull pink i Light terra Light brick red 
ore 

Bed Iron ore 
slate 

Pinkish slate 
1 
1 Dull pink 

cotta 
1 Terracotta 1 light brick red 

(L. O, Sabin, 

The pigments sbonld conform to British Standard Specification No. 1014—1942. 
Oolouzed cements can now be purchased. They are superior to amateur mixtures. See p. 848. 
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Specifloations of Mortars.* 
The Department of SoientlOo and Indostrial Beeearoh has leeaed in Building BeMearch Board 

Report No» 9—1927 (p, 840X the following tentative speoifioatione for lime: 
QniokUme for mortar—quicklime, Oase A or B. 
Hydrated lime lor mortar—hydrated lime, CSam A or B. Hydrated hydraollo lime Is not 

auitable. 
Hydraulic lime for mortaiv-hydraalio llm^ 02 or 03. 
See British Standard Specification for Building Limes (No. 890—1940) and pp. 339>S40. 
llortar for stmctural work (i.e. exclusive tA plaster, stucco, and parsing) to consist of a plastic 

mixture of lime, putty, or bydmted lime, sand, and water, with or wiraout posxolanio material. 
The lime for work above ground-level should be Olass 01, or preferably 02 or 03 (see table), and 
for below ground or water level, 02, 03, or a limo>eement mixture. Lime and hydrated lime of 
CSass A should not be used without a pevcolanlo material in suqh proportion that the lime, when 
mixed with three parte by weight of sand and the proposed proportion of poasolanlo material, 
shall have a minimum teniule strength of 60 Ibe. per sq. in. The poszolanio material may replace 
an equal weight of sand up to one>thlrd of the weight ol sand stated above. Mixtures containing 
less sand most have higher tensile strengths (see the Report), The eand shall not pass more than 
10 per cent, of its weight through a Standard I J£.M. No. 80 sieve, and the proportions of particles 
of different sizes shall be well distributed. Tn lieu of sand, hard rook, slag, clean bricks, clean 
clinker, coal-cinder of approved origin or bard-burned clay, may be used crushed so tiiat all 
the material passes through a Standard I J1.M. No. 6 sieve. The vater must bo tree from unusual 
proportions of dissolved salte and gases and must not be braokiah. 

In structures below ground or water level and subject to load, not more than one volnme of 
sand shall be used to one volume of hydrauUc lime. In structures above ground-level, subject to 
load, two volumes of sand may be used to one volume of hydraulic lime. In structures above 
ground not subject to load and in work ol less importance, three volumes oi sand to one volume of 
hydraulic lime may be used. Pozsolanic material may replace part of the lime by agreement 
with the architect. 

CONCRBTBB.e 

Oonoretes are very coarse mortars, containing stones, mvel or ballast, sand, and a binding 
agent such as lime or cement. They are known by vsulons names, according to the binding 
agent employed. 

Lime concrete usually oonsists of a mixture of 1 part lime, 4 parts gravel, and 3 parts 
sand. 

The best way of making lime concrete is by mixing together unalaked mr hot, fresh-ground 
lime with sand and ballast, tn the required proportions, on a stone, brick, or wooden floor, 
turning it over twice to dry, and then, as it is shovelled to a third heap, adding from the rose 
ol a watering-can suffloient water only to slake the lime and make the in^edlents cUng together 
in a pasty mass, taming it over well as the water is added. Oenerally speaking, it will take 
about I ffallon to each cubic foot of ballast, but much will depend on the nature of the concrete 
and the dryness of the ballast employed. 

Although frequently employed, fat or quick lime should not be used for lime concrete exposed 
to the weather, only hydrauUo lime being suitable. 

Beton is a French term, originally applied to lime concrete, but now used for any kind oi 
concrete. 

Cement concrete (more commonly known as concrete or maee concrete) Is a mixture of stones, 
gravel or ballast, sand, and cement. Ooke, clinker, and other materials are sometimes used to 
replace part of the stones, eta 

Breeze concrete consists of a mixture of 3 measures of small pieces of coke (preferably gas¬ 
works ooke breeze), 1 of sand, and 1 of Portland cement. It is cheap, and nails can readily be 
driven into it. Its great disadvantage is that, in the event of a conflagration, it may take fire 
and Increase the resnlfing damage instead of diminishing it. 

Oonorete made of ashes or clinker is sometimes, but erroneously, termed * breese concrete.’ 
SloQ concrete is a mixture of orushed slag and Portland cement. It has been reported as 

having a greater compressive strength, lees weight per cubic yard, and greater resiatanoe to 
impact than concrete made with natural atone, but varioos failures which have ocouned when 
slag oonorete has been used have made many engineers unwilling to employ it. According to 
Dr. J. B. Stead, these failures were chiefly due to (1) using too little cement and (2) the use of 
line slag contaminated with ashes and other deleterious substances. Biast-fumace slag for use 
in concrete should comply with British SUuadard Specification No. 877—1939. 

Reinforced concrete or ferro-concrete oonsists ol a oonorete stmotore, the strength of 
which is increased by the immersion of steel rods or wires in the oonorete (see Sectton XII, 
p. 881). 

* Apart from the Byelaws mentioned in the footnote on p. 337 as a general guide, there is no 
official specification which applies to all mortars and concretes used in the British Isles, but in 
localitlea where the Ministry of Health's Byelaws, Series IV, Buildings, 1938, have been adopted 
the mortar must conform to them. 



344 OONOBBTES Sec. X 

Foamed concrete is being increasingly used for sonnd-proof partitions and other light walls. 
Serezal prooesses are available for introducing air or hydrogen or carbon dioxide into the concrete 
paste and this imparts a spongy structure resembling pumice. 

Refractory concrete is made of aluminous cement and crushed firebricks. 

Baw Materials for Oonorete. * 
All ooQoretes consist sMentlally of a eoane aggregate* a fine aggregate, and a binding material 

or cement. 
The eoofu aggregau ehoold consist of suitable stone, gravel or ballast, coke breese,f clinker, 

or other hard material of ample resistanoe to crushing, low porosity (absorbing leas tnan 6 per 
cent, of its weight of water), and not liable to rapid disintegration by frost. The aggregate 
ehoold be dean, and if ncoeesary it should be washed before use. Except for the largest and 
rougheet work, all the pieoes of coarse aggregate should pam through a S-in. ring. 

The British Standard Specifications for aggregates for concrete are Nos. 877, 882, 1047 and 
1165. 

Oravd Is probably used to a neater extent for oonorete than any other one material. As it 
is a natural substanoe of very variable composition, even in the same deposit, care should be taken 
to asoertein Its suitability before use. Some mvels contain too luge a proportion of soft sand¬ 
stone to be aatlafaotoiy and should not be used. 

The best gravel Is that with the lowest prc^rtlon of voids, i.e. that which contains stones 
of many different sixes in sultaMe proportion. The preliminary washing and screening of the 
gravel is usually done by the supplier, but the user should test the proportions of pieoes of various 
sixes, the hardness of the softer pieces, and the percentage of vmds, so as to ensure a suitable 
gravel being used. 

The fine aggregate should consist of sharp, quartsose sand, similu to that used for mortar 
(p. 339). If tram Is added, the concrete will be more resistant to water. Wet sand requires 
mue cement than dry sand. The sand should be free from clay, and if necessary shoidd be 
washed before use. 

For some purposes, part of the fine aggregate may coneist of Trae* (p. 838) or other poeeuolana 
which combines chemicedly with any lime set free on wetting the cement and so forms an additional 
bond. 

The cement may consist of hydraulic lime, Pturtland cement, or one of the cruder cements, 
such es namral cement, Roman cement, Orappier cement, slag cement (iron Portland cement), or 
various mixtures of Pmtland cement with sand, blast furnace slag (Montan cement), iron ore, 
etc. Of these, Portland cement Is the strongest and most reliable. It should conform to the 
Standard Spcoiflcatlon Q». 356). • 

The water used for omierete should be the same u that lor mortu (p. 339). 
The pigments for concrete should conform to British Standard Specification No. 1014—1942. 

Proportions for Concrete.* 

It is being Increasingly realised that the best concrete is that in which the coarse and fine 
aggregatee are meet completely immeieed in e paste made of cement and water, no exoraeive amount 
ofso^ paste being present. ' A oonorete m^e on thia beeie is often much dieaper than those 
compounded on e * voids * basis. For the newer method no definite proportions can be prescribed 
In eavenoe: the best ones must be found by trial, u different batches of coarse and fine aggregate 
differ greatjy. 

To aeoore uniformly of oonaletenoy a slump test la generally used. In this, a conical tabs 
13 Ins. high, with a lower diameter of 8 ine. and an upper one of 4 ins.. Is placed upright and filled 
with the concrete to be tested. The filling is effected in three etagee, the layer formed in eaoh 
stage being lightly tamped with a metal 31 Ine. long and f in. in diameter. Immediately 
efterweide the tube is lifted off and the slump or eetUement Is measored. 

According to Duff Abrams, a concrete with a slump of 1 in. or less will contain a little more 
water is necessary for the maximum strength but will be too stiff for most oonetructlonsl 
work. If 10 per cent, more water is present, the slump will be increased to 3-4 ins., 25 per cent, 
more water will inoreaee the dump to 6-7 Ins. 

Insteed of using the amount of eubsidenoe or sltunp as a direct meaaore, some engineers prefer 
the tern coneistencig. The following table shows the relation between the two:— 

Slump in inches. Consistency. Slump in inches. Consistency. 
0-i 0-90 3-4 1*10 
f-l 1-00 5-6 1*15 
1- 2 1*05 6-7 1-25 
2- 3 1-08 8-10 1-80 

* In many localities only materials and proportions complying with the Ministry of Health’s 
Byalaws, Senes IV, Buildings, 1938, may be used. See also British Standard Spscifloation 

B83—1940. 
t On the danger of coke breese, etnders, and other ooal residues see p. 349. 
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8om« ^nglnaeni itUl prefer to base the proportlone of the Tarlooe meterlala on the roide of 
Intentioea between eeoh; othere make experimental mixtorea with Tattona proportlone and 
determine the omahlng atrength of the concrete after 38 daja. 

Aa the determination of the roide la often tronbleaome, manj englneera adopt definite pro* fortiona, aoob aa 1 of Portland cement to 3 of aand to 4 of coarse matorlai, or 1: 8|; 5, or eren 
: 4: 8. In large maaaea of concrete and In foondatloDa, large atones (commonly called * plnma *) 

can often be placed In the maaa some little diatance apart ao as to allow them to be sortonnded 
by the oopcrete; these economise considerably, without greatly reducing the strength of the mass. 

For oonorste to be naed under water, a mixture corresponding to a oement>traaa mortar is 
preferable (see the table on p. 338). 

The following table shows the relatlTS weights required to produce the proportions men¬ 
tioned in the first oohunn * from it the cost of materials per on. yd. of concrete for Tarioua mixtnrer 
can be ascertained. 

Matibiau fob 1 on. td. or Oomobbtb. 

Baaed on loose oement weighing 90 lbs. per on. ft., with an arerage speclflo gravity of 8 >12 
and a on. ft. of loose, moist, coarse sand weighing 89 lbs. whoi dried. (Onlf mpprotimcu,') 

Lbs. PorUand Sand on. yds. 
in 1 cu. yd. 

Coarse Mato- 1 
Proportions. Kind of Coarse Material. Oement In 1 

on. yd. 
rial 
in 

, cu. yds. 
1 eo. yd. 

1 : 1| : 1 Shingle (40 ptf cent. v<dds) 666 •41 •82 
Do. Broken stone (46 per cent, voids) 697 •43 •86 

1 : If : n Bhinglo .... 610 •42 •84 
Do. Brokon stono . 640 •44 •88 

1:3:4 fihingls .... 630 •43 •88 
Do.* Broksn stono . • 648 •46 •90 

1 ; 3* : 8 Bhinglo .... 430 •44 •88 
Do. Brokon stone . 460 •46 •92 

1:8 : • Shingle .... 864 •46 •90 
Do. Broksn stone . 883 •47 •94 

1:4 : 8 Bhlni^t .... 380 i '46 •92 
Do. Broken stone • 394 

i 
•48 _ •97 

This table does not apply to concrete made with a single aggregate, such as Thames 
ballast, to which no sand is added, but where proper scientifically proportioned concrete is 
employed, aa should always be the case, the ralues giren in the table correspond with experience. 

In measuring out the materials, the foot must not be orerlooked that about 34 on. ft. of atone, 
sand, and cement will be required for each cu. yd. of concrete, as the sand and cement oooupy 
the interstices between the pieces of coarse a^iregate. 

QrsTel passing the same screens as stone always has less voids thou the atone. 

Fine aand concrete has a smaller weight per cubic foot than coarse sand concrete. 

Fine aand plus large agnegate (without oement) glvea a tmallgr volume than coarse. Fine 
■and plus large aggregate (^th oement) gives a larger volume than coarse. 

Fine sand concrete is easier worked than coarse aand concrete for equal amouuts of sand. 

The finer the aggregate the more deleterious material and air it carries with it into the concrete. 

The finer the aand the less aboold be used. 

Mixing Concrete. 

Ooncrete may be mixed by hand, as described on p. 843, but large quantities are preferably 
mixed by maolmiery. Various typm of mixing machines have provra aatiafoctory, bat the 
ones most largely us^ consist of a ^linder, fitted with balDe plates internally and monnted 
on tninniona ao aa to be revolved raplmy. 
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OomiiNBD Table of wobuno OAPAorma and LsAoiNa Dlmbmsions of 
OONGRini MIXBBB. 

Ko. of Mixer. 00 0 
1 1 1 8 3 4 6 

Nominal batch capacity ' ■ 
(ou.yds.) . 0 08 i 1 1 3 

Hopper batch (cu. ft.) 
Approximate output per 

8 6*76 13-6 20 80 66 1 80 

batch of broken stone ; 
(on. ft.) 2 6 11 16 1 24 38 

I 1 64 
Approximate output per 

batch of ballast or 
grarel (cn. ft.) 

Approxinmte output per ! 
3*25 6-6 13 

! 

18 27 

1 1 
43 60 

10-honr day of broken J 
stone (on. yds.) . 33 66 118 180 1 270 416 693 

Approximate output per ; 1 
10-honr day of ballast ; 
or grays! (on. yds.) 

Capacity output which has 
been obtained per 10- ; 
hour day (cu. yds.) 

25 60 133 200 1 
i 

800 470 660 

60 120 266 400 1 600 940 1,820 
B.P.M. (driving shaft) . 
B.P.M. (drum) 

174 132 118 123 { 04 99 90 
34 18 16 15 1 14 13 

Mean speed of elevator 1 
(ft. per min.) 60 60 46 47 60 60 60 

61se of pulleys (ins.) 
Diameter of driving shaft 

16X2J 18x4^ 21X6| 24x7* 32x9* 42x10* 60x12* 

(ins.).... 
Oajg^ty of water tank 

U li 2* 2* 2* 3 3* 

4 10 20 30 85 86 70 
Diameter of drum . , 2' 9^ 8* 6' 4' 6' 6' 0' 6* 6' 6* 6' 7' 6' 
Width of drum 
Approximate B.H.P. ab¬ 

2' 0* . 3* 6^ 3* 0' 3' 6* 4' 6' 6* 0' y 9' 

sorbed (varies according 
to material) 3 6 7 12 15 20 40 

Note.—^In the prodaotion of conorete it !■ impoasibla to goarantee definitely the exact 
amount of mixed material wbioh will be produced from a giyen quantity of aggregate, owing 
to the Taried nature and else of the etone used, but the aboye figrures, based on actual results, 
may be taken as approximately correct. 

The mixing should be as rapid as possible, consistent with thoroughness, as the concrete 
should be placed in position before it has b^n to set. 

Bemixed concrete should neyer be used. 
For descriptions of mechanical mixers and further information on mixing concrete, see 

*Oement, Ooncrete, and Bricks,* by A. B. Searle (Oonstable). 

Placing: Concrete. 

In ordinary foundations, the concrete should be deposited in borixontal layers, not more 
than a foot thick, and care should be taken to coyer any Joints in one layer by the succeeding 
one, as the Joint between two days work is always a weak part; moreoyer, the last-laid layer 
should be well wetted, to ensure a proper connection with the next. 

The chief mistake made in placing mass ooncrete Is in failing to secure suffloient adhesion 
to the pteyiously placed material. In reinfoiced concrete there is often a danger of incomplete 
filling, partieul^y around the more complex portions of the reinforcement; this may be 
minimised b7 the use of a wetter mixture or by efficient damping or yibration. If the latter 
is effected mechanically, care most be taken not to continue it so long that the setting of the 
concrete is disturbed. 

Fine concrete or cement mortar may be sprayed on to the surface to be ooyered by means 
of a Cement Qun or Sprayer, operated by compressed air. This method is particularly eflectiye 
for * plastering' with cement mortar, or in the construction of walls about 2 ins. thick on a 
basis of expanded metal or wire netting. 

As the right placing of concrete is of great importance, it may be desirable to consult one 
or more text>books on the subject. 

Tarlous articles formerly made by earring stone are now made of ooncrete at a much lower 
cost (see * Artiflelal Stone,* p. 368). 
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Volume of Conorete 

The Toiume of s mass of oonorete la muoh leaa than that of the separate Ingredients, owing 
to the Toids or intentioes between the partlolea of coarse aggregate being occupied, in the 
oonorete, bj the sand and cement. Boughlj, 

Mixture. 
1:9:4 
1 : Si: 5 

• 1:9:8 

Volume of coarse aggregate. 
1 cn. jd. 
1 cn. yd. 
1 cu. yd. 

Volume of conorete. 
1*07 on. yd. 
1*09 cn. yd. 
1 cu. yd. 

1 eu. ft. of loose Portland cement will make about:— 
4 cu. ft. of 1 : 9 : 4 oonorete. 6 cn. ft. of 1 : 3 ; 6 concrete, 
ft cu. ft. of 1 : 9i: ft „ 7i cu. ft. of 1 : 4 : 8 „ 

Weight of Conorete. 

The weight of 1 cu. ft. of conorete Taries with the proportion and nature of the aggregate used. 

The average weight of 1 : 9 : 4 oonorete, using sand as fine aggregate and one of the following 
coarse aggregates, is: coke breese, 100 lbs. per on. ft.; clinker, 110 lbs. per cu. ft.; sandstone, 
130 lbs. per cu. ft.; bricks, 12ft lbs. per cn. ft.; limestone, 18ft lbs. per cu. ft.; shingle, 14ft lbs. 
per CD. ft.; granite, 14ft-160 lbs. per cu. ft. 

Strength of Concrete.* 

The proportion of water used in mixing concrete is much more important than is commonly 
realised, aa it has a great influence on the strength of the oonorete. According to D. A. Abrams, 

14,000 
Compressive strength of concrete in lbs. per sq. in. ■■ * 

where x is the ratio (by volume) of water: cement. If this is the case, a comparatively small 
excess of watar must have a very harmful effect. The American practice of using a very wet 
mixture Is not to be recommended where great strength is required. 

Too litUe water, as well as s large excess of water, are adverse to the production of strong 
conorete. 

Concrete containing too much cement may be weaker than that containing less cement. 
Badly mixed concrete is weak In some pa^ and strong in others. 
The addition of 10 per cent, calcium chloride to the mixing water increases the strength 

of mass concrete, but cannot be used for reinforced concrete as it corrodes the reinforcement. 

The compressive strength of most concretes, as commercially made, can be increaeed 2ft to 
100 per cent, or more by employing rigid inspection, which will ensure proper methods of fabri¬ 
cation of the materials. 

For equal working consistency and equal cement, gravel concrete la as strong as stone conorete. 
30-40 per cent, higher strengths are obtained with 8 • 16 in. cubes than with 6 in. cubes. 
Small onbes are more onoertain and inoonsistent in the strength values than larger cnbes. 
The requirements of the London County OonnoU and the Specification drawn up by a Joint 

Committee of the Boyal Institute of British Architect!*, District Surveyors* Association, Institute 
of Boildersylnstitntion of Municipal and County Engineers, War Office, Admiralty, Lfmdon Goonty 
Ooanoll,and the Oonorete Institute, call fora CTusUng strength of 1,800 lbs. nersq. in. at 98 days 
and 3,400 lbs. per sq. in. at 90 days, for a 1: 3: 4 mixture. 

The figures 1,400 at 98 days and 9,000 at 90 days more nearly represent the results obtained 
under orffinary working coodittons^ with an aggregate like Thames ballast. 

The strength of concrete ccatinneo to Increase long after it has been made, and Is by no means 
at its maximum after 90 days. 

Assording to the n.S. Bureau of Standards, if S.^, be the strength of oonorete at 38 days, 
tnd 8, the strsi^fth at 7 days, then: 

Weather conditions have a marked effect on concrete work. Heat hastens the hardening 
process; cold delays it. The affect of cold becomes noticeable when temperatures fall below 
ftO* F., and beoomes more marked with lower temperatnres. As a rnle, concrete does not show 
any terions effects from having onoe been frosen 11, after it thaws out, it is not again froien until 
•arly hardening is complete. It Is better, however, to protect the oonorete from freesing for 

* See footnote on p. 843. 
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from boon lo four or doys, dopending upon the degree of ibo oold, raihor iluui 
to ospoM It to tiM poHlbntty of fMMlng. Warmth and molatiira aro aaoMaary to tho proptr 
hardening of oonorato. 

It ia eepeoially Important to keep oonorete thoronghly aatmated with water for at leaat a 
week, aa If tt la allowed to dry too aoon, it neyer derelopo ita fall atrength. 

Colouring Concrete and Effect of Addition of Pigments. 

Ooloared oonorete may be obtained by adding the aabatanoea deaoribed on p. S43, or by using 
a ooloared Portland oeroenU 

Tilala hare been made by the Britlab Portland Cement Aaaoolation and others to teat the 
elfeet on the strength of oonorete prodaoed by the addition of placenta. Red oxide of iron pro- 
dnoed no effect; green chromtam oxide, altramarine bine, yellow oohre. and manganese dioxide 
slightly redaoed the strength. Carbon black redaoed the strength reiy noticeably. 

Effect of Sea-water on Concrete. 

The effect of sea<water on oonorete depends on the permeability of the latter, dense, water* 
proof concrete being largely resistant to sea-water, whilst porons oonorete corrodes readily. 
For expoaore to sea-water, the oonorete should contain a considerable proportion of trass, or 
eqolTafent, a aaitable mlztare oonalsting of 1 measure of trass, 1 of Portland cement, and 3| 
to t meaaores of aggregate. The aggregate shoald consist of coarse and moderately fine 
particles, In saoh proportions as to produce a oonorete of maxlmam Impermeability. 

Condensation on Concrete. 

Interior plastering will prerent condensation on onj sort of oonorete. A good method le to 
oorer the interior of the concrete walls with ordinary plastsnr*s lime and sand mortar (aboat 8 
of sand to I of lime), lightly koyed in the osoal manner to leorire the 0nal setting ooat. This 
ooal mast be left until stro^ pressare from the thumb makes no impression. It may be neoee- 
saiT to leare it for eereral days, aooording to the weather. The flnishing ooat ol lime, pat^, eand 
and plaster of Paris may then be applied with safety. Immediately before this latter ooat seta, 
it ahoold be flniriied with a soft hair brush, which produoss a granular surfaoe, a farther method 
of absorbing molstare. 

Hm best and most essfly obtainable flnishing ooat is the following: 

S parts of lima potty or chalk lime; 6 parts ot washed sand; 1 part of plaster of Paris. It 
ghres a good flniali, oete well, and works quloklj. 

Instead of making dense odnorete for walla, it Is mubh ohsaper and mors hyglenlo to use s 
rery poroos oonorete, and to render it with a cement waterproofed exterior ooating, for the 
flereest driring rain oannevt penetrate a f-in. pudloed cement rendering. Porous oonorete, like 
sU pofoos materials, has also the quality of retaining the heat engendered in the room, thns 
gtring a warmer dwelling. Therefore porous oonorete has the dual adraatage of amlithig the 
abeorption of condeneathm and of oonsenrlng heat. 

Preventing Scaling and Cracking of Concrete. 
The best method of preventing Moliiig ia to keep the eonorete thoroughly wet for a week 

or more after It bae been placed, the surfaee beiug proteoted with wet oloths, sawdueC, or other 
porous nmterisL The surfaoe may also be oorerea with about S in. of oaldum chloride. 

Cfodfin^ may be prevented in the same mauner, except In those oases where Insufflclent 
altowanoe has bsan made for stresios due to load of to expansion. 

Permeability of Concrete. 

The permeability of oonorete depends on the number and sIm of the pores or interstices 
between the grains. 11 all the partioles were spherioal and or the same sise, permeability wonld be 
at a maximam. It can be redaoed by the nse of very email partioles of sand or of lean clay, 
bat these tend to rednoe the strength of the concrete. The addition of lime-eoape (eold nnder 
registeted namea) or of tress also rednoee permeability and so does imraylag the surface with an 
impenneatkie medlam (iKioh as a laoqner) or with a snbetanoe which oombines with some con- 
slitaent In theeonoreto (snob as siUoon sstsr, some sUiooflnorldes and solnble siUoatea). (See 
p. S49.) 
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Bust Prevention in Beinforoed Conorete. 

Vsrtoas meth^ have bMnpnpoMd for pmntiQg the rdoforamBMit from ro^ Undor 
ordlnwy draamitanoes* no ip^ pnoaoUona aro nooemary, and If tho oorroaioa la do# to 
eleotrio oorronta no application of ohamioala can bo satlafact^. 

Tbo oat of galTanlaod reinforoomont haa been stated to prevent meting, and also to seonte 
greater adhealon between tUe metal and the concrete. 

aua eetinel rust when eiribedded in a strenglp alkaline substance. In the aetUng of Portlaad 
cement cpnorete a relstlvelj large qnantfty of cauatio lime (lime hydrate) la prodooed. and the 
concrete becomes aatnrated with It. This la strongly alir*Hn«i^ and by deoresaing the number 
of hydrogen Iona preaent makes any corrosion of the steel impooslbla. 

Coal Besidues in Concrete. 

A Joint Oommittee appointed by certain Inatltntea and aasodatlona to Investigate the sabjeot 
of the use of coal lealdnea in concrete, haa iasned a report • giving a summary of the objeotlona 
and dangers attendant on the nae of auch, especially in oonti^ with steel. 

The objections to this material arise mainly nnder two headings: (1) The corrosive efteot on 
the steel; (S) expansion. 

The report gives in Part 1 the existing laws in Great Britain. Part 9 gives the reanlts of an 
exhaustive examination as to oorrosion, and Part S se to expansion. Part 4 oontalna pemonal 
oommentarles arising on the two foregoing, together with practical experience of various authorities 
and individnals on the subject. 

There is no regulation whatever as to material used In other conorete in contact with steel. 

Treatment of Dusty Concrete Floors, 

Various hardening solutions are sold for preventing concrete floors from being dusty, and 
to give a better wearing surface. The composition of most of these solutions is a trade secret. 

Two excellent hardening solutions are the following:— 

(1) Mix 1 part silicate of soda to 4 or 6 parts water. Brush or sprinkle the floor well with 
this solution, and allow to dry. Then, after 4 hours and within 84 houis, wash 
clean with clean water. Bepeat the treatment three times. 

(9) The following solution has been recommended by Cmerete:— 
To 10 gallons of cold water add 1 fluid ounce of sulphuric acid. Heat the liquid to boiling 

point and stir In 96 lbs. of sulphate of alumina. Let the solution oool and strain. Sweep and 
thoroughly wash the concrete surface. After drying, lay on the hardener in four applications 
of var^ng strength, ranging from 30 per cent, solution and 70 per cent, water, up to 100 per 
cent, aolution. Tho above quantity sufflees for the complete treatment of an area of from 
50 square yards to 100 square yards, depending upon the porosity of the surface treated. 

To Waterproof Concrete. 

Concrete may be made waterproof by taking cars to use such proportions of the various 
ingredients as will prodace a dense and impermeable material. 

Aa this is not always practicable, it is often preferable to add a waterproofing agent prior 
to mixing the variona ingredients, llie chief of these additions are: 

(1) Oil or a aolntion of paraffin wax in bensollne or other cheap volatile solvent. 

(3) Insoluble soap such as a Ume^ap, * Pudlo ’ being one of the best known. It Is not 
advisable to attempt to prepare a soap in situ. 

(3) Water-glass (silicate of soda) applied In the form of a wash or spray, several applica¬ 
tions being necessary at suitable intervals. 

(4) Special mixtures sold under various trade names, such as Pudlo Waterex .Pnifito 
Pruflt, etc. 

Sec also p. 350. 

* Report of Joint Oommittee of BXBJL., Inst. O.H., and other Instltationa In eonjanotion 
with the Aaoolation of Floor Oonstmotors, Yietory House, Leioester Square, London, W.0.9. 
Prioe Is. M., postage l^d. 
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CONCRETE BLOCKS, TILES, AND OTHER ARTICLES. 

In addition to masses of concrete moulded in iitu^ large quantities of blocks, tiles, garden 
rases, fencing posts, troughs, and other arUoles made of concrete or of cement-sand mortar 
(p. 338) are in regular use, and afford clear proof of the manifold uses of this material.* 

5>tan<lnr(l Specifications Xos. 1H2 niitl S:}1; al^^o see pp. .'552, and below. 

BRITISH STANDARD SPBOIFIOATION FOR CONORBTB KERBS, CHANNELS 

AND QUADRANTS.! 

CNo. 340—1936.) {Abatract.) 

The kerbs, channels and quadrants shall be composed of one part by rolume of cement f 
and not more than four parts by volume of aggregate, thoroughly mixed in a dry state Clean 
water shall then be added and the materials again thoroughly mixed. All the mixing shall be Iji 

an efficient mechanical mixer. 

Fig. 6 

FIGS. 1-8. 

The Cement shall conform to British Standard Specification No. 12 (see p. 355) for Portland 
cement, or No. 146 for Portland blast-furnace cement or of rapid-hardening cement which com¬ 
plies with the foregoing specifications and, in the case of neat cement and cement and sand, 
attains the specified breaking strengths in not less than two days and eight days respectively. 

* For further details see Concrete and Conetructional Engineering^ Everyday Vaea of Portland 
CemerUy and various text-books on concrete. 

f By permission of the British Standards Institution. 
I The volume is based on an assumed density of 90 lb. per cu. It. If rapid hardening cement 

is osed, it most be assumed to have a density of only 80 lb. per on. ft., so that 1 • 19 volumes will 
be required to each 4 volumes of aggregate. 
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The Aggregate shall be of beet quality, thoroughly clean, and of a material approved by the 
purchaser. The whole shall pass through a sieve having meshes not more than l-in, square. 

The Motdda shall be accurate in size and form. The inner surfaces shall be clean and true. 

Moulding shall be begun immediately after mixing and shall be followed by couBolidatin»' 
by pressure, vibration, or other effective method. Hydraulically-pressed articles shall be subjected 
to an even pressure over the entire surface of not less than 1,000 Ib. per sq. in. 

The escape of fine particles shall be prevented as far as practicable. The material shall not 
be disturbed after the initial set has begun. 

No material subjected ho frost shall be used until it has been fully thawed. 

Dimenttan*.—Straight kerb* shall be 3 ft. long and to sections shown in figs. 1-7.* 

Radius kerbs BhallbQ made to the sections shown in figs. 1-7, and to radii of 6 ft., H ft., and 10 ft. 
respectively, these radii being measured half-way down the enter face of the kerb. 

Straight channels shall be 3 ft. long and to the section shown in fig. 8. 

Rodins channels shall be made to the section shown in fig. 8, and to three radii, 6 ft., 8 ft., 
and 10 ft. respectively, these radii being those of the inner faces of the channels. 

Quadrants shall be 10 in. deep, 18 in. radius, and with faces to match the sections shown in 
figs. 2, 6, and 7.* 

Angles.—All angles (except those resniting from the battered face In figs. 4-7) shall be true 
right-angles 

All edges shall be clean and, with the exception of the radiused edge, sharp. The wearing 
surfaces shall be true, out of winding, and free from excrescences and depressions. All fractures 
shall present a clean, homogeneous appearance. 

Maturity.—No kerbs, channels, or quadrants manufactured less than three months prior to 
delivery shall be supplied under this Specification unless the whole of the cement used is rapid- 
hardening cement. In which case they may be delivered fourteen days after manufacture. 

Tests are restricted to (1) accuracy of size ; (il) transverse strength; (iit) absorption; and 
(Iv) volume-weight. 

Transverse Strength.—Tha article shall bo supported on two steel bearers, each J in. wide 
on the supporting surfaces, placed parallel to each other and 30 in. apart. A kerb shall be 
placed with the greatest width of wearing face uppermost. A channel with the wearing face 
uppermost and with the longer sides at right angles to the supports. The load shall be applied 
to a space 2 in. wide in the centre of the article, extending across its whole width and parallel 
^.o the bearers. The load shall be applied steadily and uniformly at a rate not exceeding 112 Ib. 

er foot of width in 10 seconds. 

Where necessary the kerb shall be restrained from moving on the bearers, and on battered 
kerbs a taper strip shall be applied between the kerb and the weight, so that the weight may be 
truly applied. 

Absorption Test.—From each sample kerb or channel a test piece approximately cubicle In 
form, weighing between 4 and 6 lb. and having not less than three cut faces, shall be taken. 
The test pieces shall be dried for 72 hours in a suitably ventilated drying oven, the temperature 
of which, as measured by a thermometer suspended centrally, is belwetn 186® and 204® F. On 
removal from the oven they shall be weighed and immediately submerged in water, the 
temperature of which is between 68° and 64° F. for a period of ten minutes, at the end of which 
time they shall be taken out, immediately wiped with a dry cloth for a period of half a minute 
and again weighed. They shall then be submerged in water again for a total period of twenty- 
four hours, at the end of which time they shall be taken out, wiped with a dry cloth and 
weighed. 

Volume-Weight.—A sample which has been dried at IOC® 0. shall not weigh lees than 140 lb. 
per cu. ft. 

• The |-l‘ln. radii shall in each case be formed along the edge joining the two wearing facet. 
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BBlTlSa STANDABD BPBOIFIOATION FOB OONOBBTE FLAGS.* 

(No. 868—19S8.) {AbitraeL) 

The flagg shall be composed of one part bj volume of cement f cu[id not more than three parts 
by volume of aggregate. 

The cement shall be as for kerbs, channels, etc. (see p. 360). 

Flags made with rapid>hardenlng cement shall have the letter B impressed on the back. Thif* 
impression shall be 3 in. high and 4 In* deep. 

The aggregate shall be as for kerbs, etc. (see p. 861), but the whole shall pass through a sieve 
having m^es not more than | in. square. 

The conditions for moulds, moulding and freedom from frost and defects are the same as for 
kerbs, etc. (see p. S61> 

Dimensions,—The flags shall be of the following sizes:— 
3 ft. X 3 ft. X 3 in. 
3 ft. X 3 ft. X 3^ in. 

3 ft. 6 in. X 3 ft. X 3 in. 
3ft.6in. X 3ft. X 3iin. 

2 ft. X 3 ft. X 8 In. 
2 ft. X 3 ft. X 2^ in. 

1 ft. 6 in. X 2 ft. X 3 in. 
1 ft. 6 In. X 3 ft. X 2* in. 

Testt.—(i) The aggregate shall be tested for size and the flags for (li) transverse strength; 
(iii) rate of wear; (iv) absorption; and (v) volume-weight. 

Transverse Strength.—The flag shall be supported on horizontal hard, unyielding bearers, 
each i in. wide on the supporting surface, placed parallel to each other and 18 in. apart. The 
wearing surface of the flag shall be uppermost and the longer sides at right angles to the supports. 
The load shall be applied to a space 3 in. wide in the centre of the flag, extending the whole width 
and parallel to the bearers, and shall be applied at a uniform rate not exceeding 113 lb. per ft. 
of width per ten seconds. 

Flags 2-in. thick shall support a load of at least 1,120 lb. for each foot of width for at !oast 
one miniate. For flags 3| in. thick this figure shall be Increased to 1,736 lb. 

Rate of Wear,—The samples shall be 3 ft. X 1 ft. They shall be dried at not more than 37^ 0. 
and then tested by an apparatus which consists of two end-plates mounted on a shaft so as to 
form, with four samples, a rectangular drum with the samples as sides. 

A charge of 1,000 balls of hard steel or chilled cast iron, each with a diameter of In., is 
placed in drum, which is then revolved for 34 hours at a regular speed of 60 r.p.m. in one 
direction, and a further 24 hours in the opposite direction. 

The wear on the faces of the samples shall be uniform, and when the faces have been dried 
as before and the faces brushed free of dust, the loss in weight shall not exceed 3 lb. 

Absorption,—Samples about 18 in. square, having two moulded and two cut edges shall, after 
being dried at 37** 0., be weighed, immersed in water for 48 hours, wiped and re-weighed, and 
shall not show an increase In weight of more than per cent. 

Volums-W eight,—A sample, prepared as for the absorption test, shall weigh not lees than 140 lb. 
per ca. ft. 

iUMTLsri .STANI)Altl> SPECIF JO AT10N,S FOP. CONOPF/rE lil.OCKS.* 

(Nos. toa uiid 

The sizes, composition, mode of curing and tests are all specified. 

OoNCRBTB Pipes and Tubbs. 

Concrete pipes are of two kinds:— 
(1) Plain pipes made by simple moulding without reinforcement and only suitable Jur situa¬ 

tions in which great strength is not required. 

(ii) Reinforced pipes which are designed to resist any pressure likely to be applied to them in 
the ordinary course of use. 

For plain pipes see British Standard Specification No. 666—1934 X with a revised absorption 
test (described in OE(P\V)8124 % issued in March 1937), also No. 1194. 

* By permission of the British Standards Institution. 18ee footnote % tin p. 360. 
Issaed by the British Standards Institution. 
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Its chief provisions are:— 

A ttU>e is defined as a hollow cylinder of oniform diameter throaghout Its length or with an 
ogee or rebate at each end. 

A pipe is defined as a hollow cylinder with a socket at one end. 
The cement, aggregate, oompoaltion, some of the dimensions and conditions of maturing are 

speoifled. 
The> tests are : a hydraullo teat to show impermeability to water under pressure, an absorption 

test, and a crushing test. 

For reinforced pipes see p. 40&. There la no Standard Specification for reinforced conorete 
pipes. 

BKITISH STANDARD SPB0IFI0ATI0N3 FOR PIPES OP ASBESTOS OEMENT HTO. 

Rainwater Pipes, Gutters and Fittings,* No. 569—1934. 

Flue-Pipes and Fittings for Stoves,* No. 836—1939. 

Soil, Waste and Ventilating Pipes,* No. 582—1934. 

Pipes for Gas-Fired Appliances,* No. 667—1934. 

Pressure Pipes,* No. 486—1933. 

BRITISH STANDARD SPEOIFIOATION FOR ASBESTOS SHEETS. 

British Standard Specification No. 690—1940 relates to asbestos sheets—both flat and 
corrugated. 

BRITISH STANDARD SPEOIFIOATION FOR CONORETE ROOFING TILES.* 

For Plain Tiles—No. 473--1941. 

For Interlocking Tiles—No. 560—1934, 

In both these Specifications, the nature of the cements, aggregate, and pigment to be used, 
also shape and size of the tiles are speolfled. The only tests are for the modulus of rupture and 
the permeability. 

Adhesive Cements. 

Cements are materials used for uniting other materials or articles so that they adhere 
permanently. There are many kinds of cements, but the more important ones may be grouped 
as follows:— 

Mastic cementsy in which the chief ingredient Is a gum (such as resin, shellac, wax, or rubber), 
boiled oil, or bituminous material to which is added a ' filler,’ such as sand, rock dust, or other 
inert powder. If boiled oil is used red lead must usually bo added as well as tbo filler. Mastio 
cements are used for uniting leather, paper, wood and other materials to each other or to metal, 
stone or slate. They are also used to fill joints in building- and road-construction os they are 
waterproof. 

Rubber cements are chiefly made by dissolving shredded rubber in carbon disulphide or other 
solvent. They are chiefly used for uniting leather or rubber. 

Fish-glues or Ivpiid glues are made by treating fish bones with acetic acid. Seccotine is of 
this nature. 

Casein cements consist of casein (milk curd) and an alkali; they are resistant to moderate 
heat, water, and oil vapours, but not to acid fumes. For use, the cement is mixed with water; 
if mixed with a weak solution of gelatine glue the strength will be about 10 per cent, greater. 
Average breaking stress, about 1,000 lbs. per sq. in. 

Bituminous cements are those in which the chief ingredient is asphalt, tar, pitch or bitumen 
(see also Mastic cements). They are used for uniting glass for photographic and microscopical 
usee, also for coating wood, concrete, brick work, st^, stone, slate, stoneware, etc., and for 
caulking. 

Water-glass or silicate cements consist chiefly of an inert material mixed (such as asbestos, 
sand, glass-powder or silica flour) with water-glass (syrupy silicate of soda) or solid silicate of 
soda. 

* Published by the British Standards InsUtotion, London. 



354 ADHESIVK CEMENTS AND CLUES Soc. N 

Calcareous eaments^ Buoh as hydraulic lime» Bomaa cement, the various natural cements and 
Portland cement. Hydraulic limes are described on p. 339. Roman eet/ient Is a brown, quick* 
setting cement, made by calcining and grinding the septaria or calcareous claystonea found in 
London clay. It is one of the natural cements. 

Natural cements (BO*called) are made by heating natural mixtures of clay and limestone to 
redness, so as to effect a combination between the lime and clay similar to that in Portland 
cement. Sudi natural cements are comparable to a mixture of Portland cement with either 
an excess of lime or clay, as the case may be. Their composition is irregular and uncertain, so 
that they are Inferior to Portland cement for ^1 work of importance. 

Portland cement is described on pp. 355-357. 

Ciment Fondu or Electric Cement is composed of lime and alumina, heated to incipient fusion 
in an electric furnace and afterwards ground to powder. This high alumina cement attains a 
great strength very much more quickly than Portland cement, and is said to be miaffccted by 
sea-water. It should comply with the requirements of British Standard Specification No. 91b — 
1940. 

Rapid hardening cements are a special variety of Portland cement or of ciment fondu which 
attains almost its maximum strength in three days, and is, therefore, invaluable in road work and 
in some building construction (see p. 357). 

Qypsum cements include plaster of Paris, Keene's cement, Parian cement (see Plasters357). 

Oxychloride cements^ of which the best known is Sard cement^ are composed of dense magnesia 
and syrupy magnesium chloride, or zinc oxide and zinc phosphate. They depend very largely on 
the use of suitably calcined oxides and on the chloride or phosphate being of suitable density, so 
that it is wise to follow the manufacturers* instructions. 

Magnesium oxychloride cements may be diluted with, fillers such as china clay, or may be 
coloured with mineral pigments such as ultramarine, ochre, etc. 'L’hey are largely used for 
forming floors ; these should not be repeatedly subjected to the action of water as this tends to 
Soften them and causes them to wear badly (see p. 305). 

Pastes made of hour or starch are largely used for fastening papers to each other or to walls, 
and ceilings. (See p. 359.) 

Celluloid cements are made by dissolving celluloid or similar materials in a suitable solvent, 
such as amyl acetate. They are excellent adhesives for general use and will satisfactorily unite 
pottery, paper and wood, china, silk or cotton fabrics, leather, etc. They are waterproof. 

Uelluloid cements for various purposes are on the market; they are sometimes known as 
dopes. 

Refractory and fire-resisting cements are those which are specially resistant to heat and are 
used in repairing furnaces, etc. (see p. 373) 

Glues. 

Commercial glue is made by boiling animal flesh, bones, etc.,i n water, removing fat and other 
mpurities and concentrating by evaporating the greater part of the water. It is usually sold in 
thin ci^es or flakes, or in the powdered form, and should be kept in a dry place. 

See Britiah Standard Specifications Nos. 745—1937, and 617—1038. 

Ground glue should be soaked in cold water at least three hours, flake glue, eight hours 
and cake glue, twelve hours. It should then be placed in a glue-kettle and heated until soft and 
tacky ; its temperature should not exceed 150** F. 

After being heated, the glue may bo diluted with hot water to the required consistency. Glue 
should never be heated sutliciently to make it boil. It is also bad practice to prepare large 
quantities of glue at a time, because it loses its strength rapidly after being under heat for about 
four hoiiii. 

Glue that has cooled should never be reheated or it will lose about 60 per cent, of its strength. 

Core glues are largely used in foundries. They consist of sand mixed with an adhesive, such 
as dextrine, resin soap or powdered glue to unite the sand grains into a firm mass. 

Waterproof glues are best if bought ready-made, as most of the published recipes are un¬ 
reliable. Oss^ cements, celluloid cements, ard mastlo cements are all waterproof. 

Marine glue is a mixture of rubber, shellac, and naphtha. It has now been largely replaced 
by mastio cements. 

For fish glues and liquid glues^ see p. 353. 
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Portland Cement. 

Portland cement la usually made from a mixture of chalk, or limestone, and clay ground 
together to an extreme degree of fineness, and subsequently dried, calcined, and ground to the 
flnenera of flour. Pate or briquettes made from it should, when broken, exhibit a bloish-grey 
colour in the fracture. 

Portland cement * may be obtained quick or slow setting. If there are no special reasons 
which make quick setting desirable. It is advisable to employ a cement which requires at least 
two hours to pass from the pasty state into the hard, solid one, as quick-setting cements require 
exceptional care and skill in gauging ; otherwise they begin to set and to spoil before they have 
been placed in their proper positloD in the structure. 

Most manufacturers add a little gypsum when grinding the cement clinker, and thereby adjust 
the rate of setting of the cement to suit the user’s requirements. If required, the time taken 
for setting may be increased by exposing the cement to moist air before use, but this la not 
altogether satisfactory, and it is better to purchase a cement which seta at the desired rate. 

Temperature has a very great effect upon the setting time of cement. A sample tested in 
a temperature of 61** Fahr. and gauged with water at the same temperature took six hours to 
sot hard. The same sample gauged In a temperature of 90* Fahr. and gauged with water of 
equal temperature set hard in one hour fifty minutes. This Is a point wh n:h is often lost sight of. 

Testing Portland Cement. 

The tests suggested by the British Standard .Specification (below) are usually regarded as 
sufficient, but others are used for special purposes. The following notes indicate the purpose of 
the various tests: 

Chemical Compotition.—^Tbla teat is for the detection of adulterants, or to determine wlictber 
certain constituents are present in amounts exceeding that believed to be safe. 

Fineness.—The fineness of the cement Is a measure of its cementing value; a fine cemeni. 
will he much stronger when mixed into a mortar, or it can bo mixed with a larger proportion 
of sand than a coarse one, and yet attain the same strength. 

Crushing or Compression Strength.—The most generally comprehensive test of a Portland 
cement or of a mixture of it with sand would be a determination of the crushing strength of a cube 
of 4 in. side. Unfortunately, this requires a very costly machine, so that it Is usual to substitute 
a tensile test which can be made much more cheaply. 

Tensile Strength Is determined in order to gain some idea of the cohesion between the particles. 
This property is not required in cement and concrete, but as It Is roughly proportional to the 
crushing strength and the tensile strength is easier to determine, it is usually substituted for a 
crushing test. 

Time of Setting,—This is determined in order to ascertain whether a cement sets at a rate 
suitable for a given piece of work. If a cement sets before it has been properly placed in position 
the work will be defective; hence where there is any doubt, a slow-setting cement should be 
used. There is no necessary relationship between the time of setting and that of hardening or 
attaining the maximum strength ; a slow-setting cement may harden more rapidly than a quick¬ 
setting one, and vice versd. Rapid Hardening QQmvivda and the aluminous cements, such as Ciment 
Fondu^ set slowly but harden very rapidly. 

Soundness. - -The object of this test Is to hasten the rate at which cement or concrete attains 
its maximum strength and to subject it to conditions more severe than are likely to oocor in 
regular use. By thus exaggerating the conditions some idea is gained of the lasting properties 
of the material much more rapidly than would otherwise be the case. The soundness test is 
in some respects, the most important of all, for If a sample passes all other tests satisfactorily yet 
fails in the soundness test, it is worthless as a constructional material. To pass the soundness 
test a cement or concrete must retain a constant volume under the conditions of the test; failure 
is revealed by the test-piece cracking, swelling, or disintegmting in any other way. 

The actual testing of cement and concrete requires considerable skill. The methods described 
In the British Standard Speciflcatlon for Portland Cement (see below) are satisfactory, but require 
considerable practice before accurate results can be obtained. 

BRITlSn STANDARD SPECIFIOATION FOB PORTLAND OBMKNT.f 

Ordinary and Rapid Hardening—No. 12—1940. (Abs^et.) 

The cement shall be manufactured by intimately mixing together calcareous and argillaceous 
or other silica and alumina bearing materials, burning them at aclinkering temperature and grind¬ 
ing the resulting clinker, so as to produce a cement capable of complying with the specification. 

* The composition of Portland cements is highly complex. Some further indications of it 
are given in * Cement, Concrete, and Bricks,' by A. B. Searle (Constable & Co. Ltd., London.). 

t By permission of the British Standards Institution. 
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No addition of any material shall be made after bnmlng other than calcium sulphate, or water, 
or both. For a speolfloation which permits added slag, see No. 146—1932 {below). 

The sample or samples shall be tested for:—(a) fineness; (6) chemical composition; (c) tensile 
strength (cement and sand); (d) setting time, and {e) soimdness. 

Fineness.—^The residue on a sieve of B.S. Mesh No. 170 not to exceed 10 per cent. With 
a Rapid Hardening cement the residue not to exceed 5 per cent. 

Ohemical CwnposiUon.— 
(a) The percentage of lime, after deduction of that necessary to combine with the sulphuric 

anhydride present, not to be more than 2 • 8 times the percentage of silica + 1-2 times the per¬ 
centage of alumina -1- 0 • 85 times the percentage of Iron oxide nor less than two-thirds of that 
amount. 

(5) The Loss on Ignition not to exceed 3 per cent, in temperate climates, or 4 per cent, in 
hot climates. 

(e) Insoluble Residue not to exceed 1 per cent. 
(d) Magnesia not to exceed 4 per cent. 
(#) Total Sulphur (calculated as sulphuric anhydride) not to exceed 2*76 per cent. 

Tensile Strengtn {cement and sand).—3 :1 sand-c-ement mortar not less than 300 lb. per sq. in. 
at 3 days. Strength at 7 days to be greater and not less than 375 lb. per sq. in. 

Tensile strength of Rapid Hardening cement-sand mortar not to be less than 300 lb. per sq. in. 
at 1 day. Strength at 3 days to show an increase and not be less than 450 lb. per sq. in. 

Compressive Strength (alternative to Tensile Strength) on 2 • 78 In. cubes made of cement 186 g., 
sand 655 g., water 74 g. at 3 days not less than 1,600 lb. per sq. in. At 7 days to show an increase 
and not be less than 2,500 lb. persq.in. Rapid Hardening cement-sand mortar at 1 day not to 
be less than 1,600 lb. per sq. in. At 3 days to show an Increase and not be less than 3,500 lb. 
per sq. in. 

Setting Time.—^The normal Initial setting time should not be less than SO minutes and the 
final setting time not more than 10 hours. 

A quick setting cement shall have an initial setting time of not less than 5 minutes, and a final 
setting time of not more than 30 minutes. 

Soundness.—^The cement shall be tested for soundness by the Le Chatelier method, in the 
maimer specified, and shall not expand more than 10 mm. 

Ejfect of Climate.—Cement Intended to be used in hot climates may be tested at any tempera¬ 
ture up to 95" P. (Instead of 68-64" P. required in temperate climates) and shall then conform 
to the Standard Specification. The requirementa as to the setting time and strength may be 
altered if agreed between vendor and purchaser. 

British standard Specification for Portland BLAST-FiniNACB Cement.* 

{Ifo. UG—Revised 1941.) (Abstract.) 

This cement shall consist of a mixture of Portland cement clinker and granulated blast¬ 
furnace slag In such proportions as the manufacturer may prefer, but in no case shall the pro¬ 
portion of slag exceed 65 per cent. 

The Portland cement clinker and the granulated blast-furnace slag shall be thoroughly and 
intimately mixed, and shall produce a cement capable of complying with the specification. 

The cement shall comply with the following conditions of fineness:—100 grammes (or, say, 
4 05BS.) of cement shall be continuously sifted for a period of 15 minutes on a B.S. Mesh 170 sieve 
and the residue, by weight, shall not exceed 10 per cent. 

The cement shall comply with the following conditions as to its chemical composition. 
The percentage of insoluble residue shall not exceed 1 per cent.; that of magnesia shall not 
exceed 5 per cent. Sulpbor present as, and calculated as, sulphuric anhydride shall not exceed 
2 per cent., and sulphur present as sulphide shall not exceed 1*2 per cent, sulphur, these being 
equivalent to a maximam total of 5 • 00 per cent, of sulphuric anhydride. The total loss on Ignition 
•hall not exceed 3 per cent. The oomposition of the Portland cement clinker portion of the 
mixture shall conaply with the requirements of the current British Standard Specification for 
Portland Oement. 

Tensile Strath at 3 clays not to be leas than 300 lb. per sq. in. The tensile strength at 7 days 
shall show an inorease on the breaking strength at 3 days and shall be at least 375 lb. per sq. in. 

The methods of making the tests are the same as for Portland cement (see p. 355). 

* By permission of the British Standards Institution. 



Sec. X PLASTERS 357 

RAPID HARDENINQ CBMENTS. 

OoDcrete made with some PoitlaDd cements and also concrete made with aluminous cement 
ifiimeni Fondu) (see p. 364) are as strong after 24 hours as ordinary Portland cement concrete 
which days old. 

Concrete made with ‘ Perrocrete ’ (a rapid hardening Portland cement) has in 4 days the same 
strength as concrete made with ordinary cement has in 28 days; there is also a continuous 
increase In strength. Most rapid hardening cements and aluminous cements set slowly, but 
harden rapidly (see p. 364). 

The British Standard Specification for Rapid ITardening Cements is No. 12—1940; that 
for Aluininoiia Cements is No. 916—1940. 

Waterproof Cements. 

Strictly speaking, no calcareous cement Is wholly waterproof, hut concrete can be made 
sufficiently so for most purposes by using suitable aggregates and the correct proportion of water, 
cement and aggregate. Where additional certainty Is needed one of the materials described on 
p. 349 (waterproofing concrete) should be used. 

PLASTERS 

Plasters are pasty materials applied to walls, ceilings, etc., to give a hard, smooth finish. 
They resemble lime mortars in many respects but serve a different purpose. Common plaster 
is made of lime and sand, with or without J lb. of hair to each cu. ft. of plaster. It is made 
harder and has smoother finish if 20 per cent, of plaster of Paris is added. 

According to a tentative specification issued by the Department of Scientific and Industrial 
Research (Building Research^ Special Report^ No. 9, 1927) the lime to be used for plaster, fine and 
coarse stuff, should be Quicklime^ Clas* A, or High Magnesium Q^iicklime^ Class A, and, for coarse 
stuff only, Quicklime^ Class It (see p. 340). 

The iirifcish Standard .Sjtcciflcation for gypsutii and anhydrit<' f>lastc! ' ifi No. 11;)!. 

Por floors^ a hard-burned plaster of Paris is used, or a mixture of ordinary plaster with a slight 
excess of lime is laid, and then treated with v.inc sulphate (white), iron sulphate (red), boiled 
oil (mahogany), or copal varnish. 

Stucco for external use consists of 1 part of hydraulic lime to 3 parts of sand, hut for more 
durable work a cement mortar (p. 338) is often used. 

Rough cast is sometimes made of the same materials as stucco, or of cement mortar (p. 338). 

Plaster of Paris is made by calcining gypsum and grinding the product. The resulting 
powder, when mixed with water, forms a smooth paste which rapidly sets to a white, solid mass. 

IlARD PLASTERti. 

Keeners, Martin's^ and Parian cements are hard-setting forms of plaster of Paris. Keene’s 
cement is made by soaking calcined gypsum in a solution of alum or borax and cream of tartar. 
For Martin's cement, a solution of potassium carbonate is used, and Parian cement is an intimate 
mixture of gypsum and borax which has been calcined and then ground to powder. Both thee 
and other hard cements can be purchased and are more satisfactory than home-made preparations. 

PLASTERTNO. 

Coarse stuff is mortar composed of 1 part lime (carefully-slaked fat or pure lime is generally 
used) and 1 or 2 of sharp fresh-water sand, with 1 lb. hair to 3 cu. ft of mortar. 

Hydraied lime is usually superior to lime which has been slaked by hand and can be used 
at once, whereas ordinary slaked lime must be kept in the form of a putty until slaking is 
complete. 

Fine Stuff is made of pure lime slaked with a little water, after which water is added to bring 
it to the consistency of cream ; it is then left to settle, the superfluous water poured off, and the 
water evaporated until It is of proper thickness. In ceilings a small portion of white hair is 
mixed with it. 

Bricklayers' and plasterers' putty is fine stuff brought to the proper consistency. 
Gauged stuff is } fine stuff mixed with ^ plaster of Paris. 
Common stucco is 1 lime to 3 or 4 clean-washed sand. 
Bastard stuff Is } fine stuff and ^ clean sand, with a little hair. 
Lath-and-Plaster^ or One-Coat Work.—A coat of coarse stuff, J inch to | inch thick, laid on the 

laths and smoothed off with the trowel. 
Laith^ Plaster^ and Set^ or Two-coat IFork.—The first, or ‘ pricking-up ' coat of coarse stuff is 

scored with a birch broom or undercut with a lath, and a thin finishing coat of fine stuff or ganged 
stuff added. 
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XtflA, Pkutsr, Floatt and Sti, or Tfurea-eoat Work,—When the prioking-up coat it dry, the 
surface it toored, and dirided into 8>foot sqaaret by screeds of coarse stuff, 8 inches wide, oarefully 
leyeiled. These are then filled in with coarse stuff, floated carefully level. The finishing coat is 
then pat on at before. 

Materials. 1 in. Thick. i In. Thick. 4 in. Thick. 

1 bushel of cement, or 1 *28 cubic feet, will cover . 
1 cement and 1 sand n 

i ; sq. yds. 11 sq. yds. 21 sq. yds 
3 4{ „ 

1 cement and S sand „ .. 4| „ ,. 

1 cable yard of lime, 3 yards of sand, and 3 bushels of hair will cover 75 yards superficial, render 
and set, on brick, or 70 yards on lath. 

Reconstructed or Artificial Stone.* 

ARTIFICIAL Bcildinq STONE, No. 1.—Mix 100 parte of hydraulic lime which has fallen tc a 
powder with water to form a paste. To this add 250 parte of gravel and 50 of coal ashes or 
lixiviated wood ashes. The mass is then thoroughly mixed, and a sufficient quantity of water 
added to make the volume of the mass equal to 50<) parte. It is then poured into moulds made of 
pine*boards, where it is allowed to remain until set. 

No. 2.—125 parte of hydraulic lime which has fallen to a powder are mixed with a sufficient 
quantity of water to form a paste. To this are added 2t>0 parte of ground oyster ^ells and 150 
parte of ground peat ashes, and a sufficient quantity of water to make the bulk of the mass equal 
to 600 parte. It is then poured into moulds as in No. 1, and dried. 

Artificial stone from Quartz Sand and Plumbic Oxide.—Ground quartz sand is mixed 
with 2 to 10 per cent, of flnely>ground plumbic oxide. The harder the stones are to be, the more 
plumbic oxide must be used. The mixture is moistened with water>glass, again thoroughly 
mixed, and then pressed firmly into moulds. The resulting stone is dried and then burned. 

Victoria stone.—The refuse of granite quarries is broken up into pieces of suitable size, 
and 4 parts of the fragments thus obtained are mixed with 1 part of Portland cement, and 
sufficient water added to bring the whole to the consistency of dough. The mass is run into 
moulds, in which it is allowed to remain for several days, or until it h^ set solid. The blocks 
are then immersed in a solution of silicate of soda. 

BANSOMB’8 Artificial stone.—Glean and dry sand and other suitable silioeous and earthy 
Lngredlente are thoroughly incorporated in a mixing mill with silicate of soda. The resulting 
pasty mass is then pressed into moulds of any required pattern or size, and when set sullloiently 
immersed in a solution of chloride of calcium. In the ceu» of large pieces the saturation with 
chloride of calcium is facilitated by the use of an air-pump, 'i^e resulting reaction is the 
formation, by double decomposition of the ingredients of an insoluble calcium silicate out of 
sodium chloride. The first-named forms a solid and indurate binding material for the stone, 
and the sodium chloride is removed by a subsequent thorough washing with water. This last 
operation is Important, since, if the sodium chloride is not completely removed from the stone, 
it will make its appearance subsequently in the form of a white elllorescence on the surface. 

To IMITATB Variegated Marble.—Mix hydraulic lime and ground marble and Incorporate 
with the mixture a solution of alum and suitable colouring substances. Differently coloured 
manes are then mixed together and cut into slabs. 

ARTIFICIAL MARBLE.—The following mixtures have been recommended for making artificial 
marble. Grind and thoroughly mix comminuted stone, 280 parte; limestone or chalk, 140 
parte; burned calamine, 5 parts; oaloined felspar, 3 parte; fluorspar, 2 parte; calcium 
phosphate, 2 parte; water-glass, 40 parte. 

On the addition of the water-glass the ingredients are quickly mixed, and thereupon pressed 
into moulds. The finished pieces are dried at a temperature gradually rising to 125** F. 

RECONSTRUCTED STONE.—Many artificial or reconstructed stones sold under proprietary names 
arc really carefully preparod concrete which has been inonlded to the desired shapes. See p. .350 
and British Standard Specification No. 834—1939. 

* The mbnufacture of artificial stones, lime-sand bricks and blocks, is dealt with at length in 
'Bricks and Artificial Stones ofNon-Plastio Materials,’ by A. B. Searle (J. A A. Ohurchill, London). 
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To Remedy Dampness in Walls. 

Before attempting to cure dampness, serious efforts should be made to ascertain the cause 
which is often remote from the damp spot. For instance, a leaky channel or vsdley in the roof 
may introduce water Into the wall, but the water may not be revealed until It reaches a more 
porous <jf llic stnicturo or one from which if.i-.-imiol drain fr<«ly. 'I'lW) h.A ;i ll.ii-himr lahind a 
parapet wall is a. common cause of damjmos. Wln-n the sour<-c lias l•l•^‘n dcliniidy toiMid ir is 
usually easy to jircvcnl: further Irotihli-. 'The soiotis cums arc tliosc iu w 1 ich tlic -om.-c is not, 
discovered. 

Other methods of reducing or preventing dampness in walls include : 

1. Cut out a coarse of bricks foot by foot, Insert an asphalt damp-course (British Standard 
Specification No. 743—1937), and re-brick. 

3. Remove plastering and re-poiut wail outside after wall has become dry. If it is inconvenient 
to renew plaster, the latter (although wet) may be varnished over with a solution of shellac iu 
naphtha (4 ozs. shellac, 1 quart naphtha); this almost immediately hardens, and paper may be 
pasted over it. 

3. A good coating of hot coal-tar laid on the exterior of a brick wall will prevent the entrance 
of rain. Imt should only he applied wIutc ils ;»ppc;ii-;iiicc is jcd i.Iiji clioimiih-. .'•piayiii„' dc wall 
witli a silicon ester ('^ili'‘nMc) w ill offcn ]tr« \ •nt the lurlh<'r inlilfi'ai ion of rain -nd i less di'iiiniriii'.' 
ihaji tar. 

4. Cover the surface of the wall with a mixture of 1 part of Portland cement with 3 parts of 
fine sand, and water enough to bring the ingredients to the consistency of thick cream. Apply 
two coats of the mixture, and when it Is quite dry finish with a coat of paint. 

6. Re-plaster the wall with sand and cement impregnated with one of the special water¬ 
proofing agents, such as * Pudlo,’ * Bareau,* * Waterci,' or * Silicon Ester.’ 

6. Spray or paint the wail with ; (a) a solution of water-glass (sodium silicate), followed by 
a solution of calcium chloride, which forma an Insoluble silicate: (b) a solution of various fluo- 
siiicates with a subsequent application of calcium chloride to form an insoluble calcium fluosiUcata 
in the pores of the wall; or (c) one of various substances, dissolved In acetone, alcohol, or other 
volatile solvent, which remain in the pores when the solvent has evaporated ; (d) silicon ester. 

Each of these methods is suitable for certain walls, but some walls appear to resist every kind 
of treatment yet applied to them. 

British Standard Specification No. 743—1941 relates to Damp-Proof Courses, 

Effects of Moisture Changes on Building Materials. 

A Bulletin (No. 3) on this subject has been Issued by the Building Research branch of the 
Department of Scientific and Industrial Research. Price 1j. net.; postage extra. H.M. Stationery 
Office, London, York House, Kingsway, W.O. 2. 

KLOT'II PASTF. (Si c p. .’i.H.) 

The most satisfactory method of making llour paste is to mix flour with a little cold water, 
stirring until it forms a smooth cream. This is then poured slowly into boiling water, with constant 
stirring. The total weight of water is usually five times that of the flour (4 oz. of flonr to each 
pint of water). The mixture is boiled for a short time, with constant stirring, and is then allowed 
to cool. 

P*or some purposes an adhesive paste with twice as much water is satisfactory. 
Before the mixture is quite cold a little fonnalin or carbolic acid may be added and thoroughly 

stirred in : it acta as a preservative. 

See also Descriptive Section X. 
W. Orookatt Bona, Ltd. 





SECTION XI 

CLAYS AND ALLIED PKODUCTS USED BY BNGHNEEKS 

CLAYS AND EARTHS — BRICKS - TILES — BLOCKS AND 

TERRA-COTTA — STONEWARE, SANITARY WARE, AND 

DRAIN PIPES — ELECTRICAL WARE — REFRACTORY 

MATERIALS — FIREBRICKS — FURNACE LINIJN GS — RE¬ 

TORTS — CRUCIBLES — HEAT-INSULATING MATERIALS— 

FIRE.RESISTING CEMENTS. 

(pu 36S-STD 

Contributed by Alfred B. Searle 

(Consulting Advisor on Olay ProduouV 



THE ENGINEER’S YEAR-BOOK, 1949—Advertisements. 

The photograph shows a view 
looking down the Gas Uptake of 
a 65 ton Furnace. Tlie lining has 
been stripped to approximately 
18" below the stage level. From 
this point to the slag pocket arch 
the “Stein KM” lining has been 
in service for 5 years without 

repair. 

BASIC REFRACTORIES 
Stein KM (Chrome Magnesite) 
Stein Chrome 
Stein Magnesite 
Stein Dikro (Unburned 

Chrome Magnesite) 
Stein Dimag (Unburned 

Magnesite) 
FIREBRICKS 

Nettle 42/44% A12“3 
Thistle 35/37% A12‘'3 

HIGH ALUMINA 
REFRACTORIES 

Stein Sillimanite 
Stein 73 

STEIN REFRACTORY 
CEMENTS AND 

PATCHES 

Open Hearth Furnaces is 

in the construction of 

Gas and Air Uptakes. 

Several users havealready 

satisfied themselves on 

the economics of the use 

of Basic bricks for these 

parts of the Furnace. 
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SECTION XI 

CLAYS AND ALLIED PllODUCTS USED BY ENGINEEKS. 

CLAYS AND EARTHS—BRICKS—TTLES—BLOCKS AND TERRA¬ 

COTTA-STONEWARE, SANITARY WARE, AND DRAIN PIPES 

—ELECTRICAL WARE—RE PR ACTOR Y MATERIALS - FIRE¬ 

BRICKS—FURNACE LININGS—RETORTS—CRUCIBLES—HEAT- 

INSULATING MATERIALS-EIRE-RESISTING CEMENTS. 

Conlributod by AlfVcd 13. Soarlo 
(Consulting Advisor on Olay Products). 

CLAYS AND EARTHS. 

For ougiuceriug purposes, clays and earths may be regarded as (1) substances which must be 
excavated and transported from their present situation; (2) the raw materials from which 
eaxthwork, puddle, etc., are made; and (3) the raw materials used in the production of bricks, 
drain pipes and many other articles employed by engineers. The term ' clay' in the broadest 
possible sense is applied to a material which is tenacious and plastic when wet. Such clays 
may contain only a small proportion of true clay, together with a large proportion of inert 
material such as sand. For many engineering purposes a perfectly pure clay would be useless, 
as it might be of so fine a texture and so highly plastic that it would shrink excessively on 
drying, and it would be extremely diilicult to make into bricks or other desired articles. When 
made, these articles would be deficient In certain important properties, such as resistance to 
crushing, impermeability to w’ater, etc. 

The term * earth * is usually applied to a friable material partaking of the general properties 
of soil, though not nocessarily of any agricultural value. It usually consists chiefly of inert 
material, the particle of which are united by a very variable proportion of clay, humus, or other 
adhesive. Hence the * earths * are often regarded as * clays ' of low plasticity, but both these 
terms are used very loosely by many engineers and no really satisfactory definition of them has 
yet been formulated. 

In selecting a * clay ' or * earth ’ for any given purpose, the engineer must, therefore, decide 
what properties are essential to his requirements and must endeavour to hud a natural materia! 
possessing these properties, or to prepare a mixture of two or more materials which suit his 
purpose. 

The chemical and physical properties of ' clays ’ depend chieQy on the composition and 
plasticity of the materl^' it being obvious tliat a * clay * containing 00 per cent, of quartz-grains 
must behave very differently from one which consists wholly of * true clay.’ The plasticity of 
clays varies with the nature of the clay and the amount of water present. Dry clays are friable 
and devoid of plasticity ; on mixing clay with an equal weight of water a liquid durry or slip 
is formed wliich is not really plastic, but becomes so when a suitable propoi^ou of the water 
has been removed by evaporation or otherwise. No generally accepted explanation of the cause 
of plsistlcity has been published ; this property may be due to the presence of colloidal particles 
which may be derived from the clay Itself or from Impurities which have become aacKMiated 
with It. The purest clays—e.g. * china clay *—are very feebly plastio; the highly plastic ball 
clays which are supposed to have been derived from them are rich in carbonaceous matter, to 
wbioh their plasticity is sometimes attributed. The clays oommoz^y used for bricks, pipes, 
terra-cotta, eto., are never pure; they are naturally occurring complex mixtares possessing 
the requisite properties to make them useful for speoifio purposes. 

It is a great mistake to suppose that any plastio ' oiay * can be made into bricks, or that any 
‘system ’ of mannfaotnro Is eqiiallv »»nltahle for all * olavf.* On the contrary, the manufacture 
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of Olay products Is in reality so complex (notwithstanding its apparent simplicity) and the ordinary 
manufacturer depends on the simultaneous occurrence of so many fortuitous circumstances 
that it is not surprising that many Arms fail to manufacture clay goods of uniform quality.* 

BBICK8. 

Many kinds of bricks are in use. The most important are : Common Bricks^ used for ordinary 
building purposes; Facing Bricks^ used for external work where appearance is important; 
Paviours, used for yards, footpaths, and other locations where a hard-wearing and impervious 
brick is required (for Road Bricks^ see p. 662); Blue Bricks^ which are similar in many respects 
to * paviours * and are employed where exceptional strength and impermeability are important; 
Stock Bricks^ which are practically the same as ‘ common bricks,* but have usually been burned 
in a clamp instead of in a kiln; they have proved exceptionally resistant to the climatic con¬ 
ditions of London, but are seldom, if ever, used in other large industrial centres (in some localities 
the term ' stock bricks' relates to * facing bricks *). 

Bricks are also known according to the manner of their production. Thus, Malms contain 
a largo proportion of chalk, either naturally or artificially mixed with the clay ; Wire-cut Bricks 
are made by cutting up a column of clay issuing from a machine, by means of wires; Pressed 
Bricks have been made in presses; Semi-plastic or Stiff Plastic Bricks have been made from a 
paste which is stiffer and less plastic than that used for hand-moulded or wire-cut bricks; Semi¬ 
dry Bricks are made by compressing the powdered clay in powerful presses instead of first con¬ 
verting it into a pasto.f Place Bricks^ Grizzles^ and Chuffs are inferior bricks which are soft 
through insufficient burning; Crozzles are excessively bard, misshapen bricks which have been 
partially melted and overheated. Rubbers and Gutters are soft, sandy bricks. 

Glazed Bricks are used where a smooth and Impervious surface is required (see * Glazed 
Tiles’). 

Sand-lime Bricks.—Sand-lime bricks arc made of high silica content mixed with about 8 per 
cent, of lime. After pressing they are placed in autoclaves, or * hardening chambers,' fed by steam 
under pressure where an irreversible chemical change occurs and calcium is formed ; the absence 
of * burning ’ results in a brick of perfect shape and square corners. The efficiency of the manu¬ 
facturing process enables them to be sold at a price comparable with the cheapest clay bricks 
(see p. 366). Sand-lime bricks have been made in this country for nearly fifty years but their 
serious entry into the market became noticeable only in the last fifteen years, during which time 
they have made marked commercial progress. Their strength is equal to that of good quality 
clay bricks and their porosity is no higher. Unjustifiable doubts have often existed on the latter 
pohit through their tendency to show change of colour on immersion. 

Cement-concrete Bricks.X—^These bricks have attracted attention, but are not so suitable 
as larger blocks of concrete for general purpc^cs, as the cost of production is relatively high. 
See also p. 367. 

Engineering Bricks is the term usually applied to bricks of an exceptionally dense and vitreous 
character of which the best known are the Staffordshire blue bricks. These owe their unusual 
strength and impermeability to the fact that they have been burned under such conditions that 
the particles composing them are united very firmly by means of a film of clinker surrounding 
each. For purposes where a somewhat weaker brick has ample strength, well-made pressed 
or stiff plastic bricks are usually satisfactory and much less costly, but they are more porous 
and therefore less suitable for supporting heavy masses of material on a boggy or damp subsoil. 
Bricks for boilers should be accurate in size and shape so as to enable the thinnest pcssible joints 
to be used. In order to prevent undue leakage they should bo glazed or painted with tar or 
other impervious material. 

For fireboxes^ furnaces^ etc., firebricks and blocks are employed. 

Colliery Bricks are usually of very poor quality, due to their being made from unsuitable 
material, or from good clay which has been spoiled by mixing it with rubbish. 

Pan£l Bricks have a hollow portion (known as a frog or panel) which reduces the weight and 
may serve as a key for the mortar. Accordiugtothe Ministry of Health Model Byelaws, Series IV, 
Buildings (1938), the volume of solid material shall not be less than one-half of the total volunie 
and the aggregate width of the solid material (measured horizontally at right angles to the face) 
shall not be less than one-third of the width of the brick. 

Cavity Bricks usually have a larger hollow portion than panel bricks ; the same regulation 
as to the volume of the cavity applies to them as to panel bricks. 

Hollow Bricks and Blocks.—Bee p. 369. 

* For further information, see ‘ The Chemistry and Physics of Clays and other Ceramic 
Materials,* by A. B. Searle (E. Benn Ltd.,London). 

f For turner details rejecting the manufacture of bricks see 'Modem Briokmaking,* by 
A. B. Searle (B. Benn Ltd., London). 

X See * Bricks and Artificial Stones of Non-Plastic Materials,’ by A. B. Searle (J. dc A. OhurohiU, 
London). 
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OBusHura Stbbngth of Bbioks. 

Oplntons differ greatly as to the respective values of different kinds of bricks, and as the 
crashing strength of bricks taken from the same works at different times varies 25 per oent. and 
even more, It is clear that no comparison of crushing strength tests can be of much value in 
deciding between various kinds of bricks. The chief use of the tests is in fixing a minimum 
oruBhbig strength which shall ensure the safety uf the structure, but as the strength of even the 
commonest bricks is much greater than that of average brickwork (the mortar being usually 
weak), it is difficult to stipulate any satisfactory minimum strength for bricks. 

The following figures are the averages of a large number of bricks, but it must be clearly under¬ 
stood that bricks from any works may be either much stronger or much weaker tMn the 
ones mentioned. 

Description. Crushing Commences. Ultimate Omshing. 

Tons per square foot. Tons per square foot. 
Common stocks . . 40-fi0 80-120 
London best stocks . 80->140 100-180 
Gault white, wire-cut 40-120 136-200 
Aylesford, red pressed 70 140 
Manchester, common red 76 120 

„ wire-cut 86 260 
Aocrin^n, plastic * . 690 1006 
Leicester, wire-cut 116-26U 230-340 
Rugby, common red . 160 190 
Fletton .... . ; 126-200 170-260 
Notts. 60-300 120-400 
Ruabon. 360 _ 
Staffordshire blue bricks 260-460 400-760 
Terra-cotta blocks — 100-260 
Glased bricks 70-165 166-176 
Stourbridge fire bricks 90-160 110-210 
Saud-limo bricks , . 150-200 180-230 

The crushing strength of brickwork Is shown on p. 180. 
See also Building Research Special Report No. 22 (1934) (II.M. Stationery Office, London), 

and London County Council Byelaws, 1938. 

Sizes of Bricks. 
In many countries there is no official standard; the following are average sizes:— 

STANDARD SIZES OF BBIOKS IN DIFFERENT CODNTBIBS.t 

Country. Length, Inches. Breadth, inches. Thickness, inches. I 

Great Britain. 9 2i: 
Germany .... 10 21 
Anstria. 111 5 n 
France. 81 4 2| 
Italy. 
Holland and Belgium .... 

9 
9| 

2| 
2| 

Switserland. 10 4i 2f 
Russia (varies greatly). 11* 81 
United States. 8 4 2f 

STANDARD SPEOIFIOATION FOB BRIOKS. 

The sizes of bricks vary in different parts of Great Britain, but there are many advantages 
in adopting the British Standard Specification No. 667—1936 and 1941, summarised on p. 36G. 

Unfortunately, many users still order bricks of non-standard sizes and so fail to secure the 
advantages they might obtain, viz. readier and more accurate designing of clear openings in brick¬ 
work, more accurate assessment of the number of bricks required, reduction in the cost of bricks 
aud cost of laying which arise when different sizes are used for facings and backing, and quicker 
delivery from stock. 

* These flgoret supplied by The Accrington Brick and Oo., 1926. f See also p. 816. 
t In Scotland, In. or 3 in. 
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BRiTisn Standard SPEOiPiCATroN for brioks maj)k op Olay,* iVo. C5f—1941. 
(Abstract.) 

The dlmeneione of the bricks shall be as shown in the following table:— 

Depth. 

Length. Width. 

Type I. Type II. Type III. 

T„ Total 
in. 

T« Total 
to. In. in. '"to‘“‘ 

8! ±* 4,'., ± 2 ± ^ n ± 2| ± 

Method of Mea^surement.—The bricks laid dr^' shall measure as follows : - 
(a) Eight bricks laid dry, end-to-end, in contact, in a straight line. 

Maximum length, 71 in. 
Minimum len^h, Gd in. 

(b) Eight bricks laid dry, side-by-side, in contact, in a straight line. 
Afaximum length, 34 in. 
Minimum length, 33 in. 

(c) Bight bricks laid on edge, bedding surface to bedding surface, in contact, in a straight line. 
Type I. Type II. Type III. 

Maximum length 16|^ in. 2\\ in. 23| in. 
Minimum len^h 15^ in. 20} in 32} iUo 

Sruip Headers shall be 4^;, d: i\; in. in length, with width and depth as in the table. 

Closert shall hare the length and depth shown in the table, and the width shall be 2 d; iV in. 
All backing bricks should have the same dimensions as the facing bricks. 
Joints should be } in. thick, and an extra ,\,th, making ,V.th, for the bed joints to cover 

Irregolaritiee in the bricks. This gives a standard length of 9} ins. centre to centre of joints. 

Tests of bricks. 

All dry bricks should ring dearly when two, held in the hands, are stmek sharply together. 
If a dull sound is emitted the bric^ are either saturated with water or they have not been 
lofflciently well burned. 

The porosity of bricks is usually tested by soaking them in water, wiping dry and noting the 
increase in weight. Whilst many good building bricks will absorb one-fifth of their weight of 
water, this is no criterion of the value from an engineering standpoint; on the contraiy, engineers 
usually prefer bricks with low porosity on account of their greater strength. 

RatUer Test,—In the United States, and to a much smaller extent in this country, engineering 
bricks are tested for toughness and resistance to abrasion by placing a weighed quantity of them 
in a cylinder with steel balls and rotating the cylinder a thousand times in about half-an-hour.f 
The contents of the cylinder are then removed, all pieces of brick larger than 1 in. diameter are 
picked ont and reweighed. The loss in weight is regarded as a measure of the inferiority of the 
bricks. The rattler test is particularly applicable to bricks used for road making and for 
lining fnxnaoes. 

l'Y)r standard inctlujds of testing hrieks, s<-o Jiritisli Standard Vo. 1257. 

8PBCIPIOATION FOR SAND-LIMB BBIOKS. t 

(No. 187—1943.) (Abstrad.) 

(Sand-lime bricks are described on p. 364.) 
Four classes of sand-lime bricks are recognised: — 

Bricks for special purposes. 
Building Bricks, Glass A (i). 
Building Bricks, Glass A (ii).. 
Building Bricks* Glass B (for Internal use only). 

The length of the bricks shall be 8} in. ± }., and the width shall be 4,;, ± in. unless 
otherwise agreed. 

• The term ‘ clay ’ is used in a general sense to exclude sand-lime bricks and glazed bricks. 
t The weight of the balls, the number of revolutions, and the size of the rejected pieces, differ 

with various engineers. 
X By permission of the British Standards Institution. 
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The tbloknees shall be agreed between t he manafaoturer and the purchaser and shall not 
differ from the afl^reed figure by more than ± in. 

Samples.—Fifteen bricks per 100,000 (or other agreed number from stock) shall be taken; 
twelve to be used for the Orushing Test or Transverse Test and three for the Ohemical Tests. 

Fifteen other bricks to be sealed and reserved in case of dispute. 

Strength Test may be either Orushing Test or Transverse Test, as agreed. 

Crushing Test.—On twelve whole bricks tested flat in wet state after soaking in cold water 
for 24 hours :— 

Bricks for special purposes . . . 2,600 lb. per sq. in. 
Building bricks, Olass A . . . . 1,760 lb. per sq. in. 
Building bricks, Olass B . . . . 1,000 lb. per sq. in. 

Transverse Test.—On twelve whole bricks in wet state, laid flat with frog uppermost on rounded 
supports of I in. radius and 7 in. apart, the load being applied at mid-span through a similar bar 
of I in. radius. Modulus of rupture to be not less than 

Bricks for special purposes . . . 600 lb. per sq. in. 
Building bricks. Glass A . . . 350 lb. per sq. in. 
Building bricks, Olass B . . . . 200 lb. per sq. in. 

Uniformity.—The average crushing strength (or the sivera^ie modulus of rupture) of the seven 
bricks giving the lowest results expressed as a percentage of the average crushing strength of 
the twelve bricks should not be less than:— 

Bricks for special purposes . . .90 per cent. 
Building bricks. Glass A . . . .80 per cent. 
Building bricks, Olass B. 

Composition.—The bricks shall consist essentially of an Intimate uniform mixture of siliceous 
sand and slaked lime, combined by the action of liigh-pressuro steam and, after being crushed 
and screened tlirough a British Standard test-sieve No. 52, shall correspond on testing in approved 
manner to:— 

Total Calcium 
Total Silica Total Free Lime Oxide present 

not less than not more than as Silioate 
per cent. per cent. not less than 

per cent. 
Bricks for special purposes .76 1*0 3 5 
Building bricks, Olass A . . .75 1'6 3*0 
Building bricks, Class B ... 76 3 0 3*0 

For further details of the tests, see Specification No. 187—1942. 

Concrete Bricks. 

Bricks made of 6 parts of sand and 1 part of Portland cement are cheap to produce when the 
sand is on the building site. Ordinarily they cost more than clay bricks. They are made in 
plain moulds, and must be kept wet for a fortnight. Concrete bricks are as durable as sandstone : 
they are suitably made in Isolated places where sand is available and carriage is costly. Sec 
Hritish Standard Specification No. 657—1941. 

TILES. 

A *Code of Practice for Roofing with Plain Tiles,* published by the Building Industries 
National Council, 110 Bickenhall Mansions, W.l. (Trice 9d.) should bo read. 

Roofing Tiles are made of materials similar to those used for bricks, but of a somewhat finer 
texture. No official specifications have been published, but it is recognised that roofing tiles 
should be light. tough, and ring clearly when struck, be impervious to water in the sense that even 
under a continuous supply of water no dripping will occur from the underside of the tile when 
placed at the same angle as when in use on a roof. It is desirable that tiles should be moderately 
porous, so as to avoid undue condensation of their underfaces. (See p. 299.) 

BRITISH STANDARD SPBOIFICATION FOR OLAT OR HARL 
PLAIN ROOFING TILES.* 

(No. 102—1930.) {Abstract.^ (See ulso No. I 121—1948.) 

British Standard Plain Roofing Tiles may be either hand-made or machine-made, as specified. 
They shall be made from well-weathered and ground clay or marl. 
Particles of lime, visible to the naked eye, eiUier on a surface or a fracture, shall be a cause 

for rejection, nnless the lime has been water-slaked by docking the tiles as they come from the 
kiln. 

* By permission of the British Standards Institution. 
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The tiles shell be true in shape, free from flraoraoks, dense* tough, show a clean fracture when 
broken, and well>bumed throughout. 

Jfiba,—Hand-made tiles shall have not less than two nibs, each not less than | in. wide and a 
depth of f-i in. 

Machine-made tiles shall have not less than two nibs nut less than f in. wide or a continuous 
nib in. deep. 

Jiote,—Nibiess tiles may be used by agreement. 
NaU-hoUs.—Tyfo nail-holes shall be provided, the centre of each being 1-lf in froin the side 

of the tile and | in. from the under side of the nib. The holes shall not exceed ^ in. in diameter. 
Size.—^The standard size is 10^ in. x in., with a tolerance of rt | in. on the width and 

^ ^ in. on the length. 
Tiles 11 in. X 7 in. may be used if this size is definitely stated. 

TMckness*—Hand-made tiles shall not be less than |-in. thick. Machine made tiles shall 
not be less than fin. thick. 

Camber,—Hand-made tiles shall have a camber of in. 
Machine-made tiles shall have a camber of in. 
Transveree Test.—The average breaking load applied along the centre line of a tile at right 

angles to its length shall not be less than:— 
10^ X in. tile. 11 x 7 in. tile. 

Hand-made tiles . . . 176 lb. 189 lb. 
Machine-made tiles . . 1251b. 189 1b. 

The tiles shall be soaked in water for 24 houn prior to testing and shall be tested wet. They 
shall be supported on wooden bars 1 in. wide, rounded on the bearing edges to ^ in. radius, and 
placed at 7^ in. centres. The load shall be applied through a similar wooden bar, placed parallel 
to the supports. The average of six tiles should be taken. If the test fails a further six tiles 
may be tested. 

The test shall be made before delivering. 
Freeting Test.—Four tiles shall be soaked by gradual immersion in water, 4 hours being 

required for immersion, followed by a further 20 hours. The tiles shall then be wrapped in wet 
cloths and immersed in a freezing mixture of ice and salt (4:1 by volume) for 24 hours at a tem¬ 
perature below — 10** 0. They shall then be thawed for 24 hours at 16** 0. and be again immersed 
in the freezing mixture, the process being repeated ten times. 

The tiles shall not show any sign of lamination, pitting, or cracking. 
The test shall be made before delivery. 
PermeaMlUy Test,—^Three tiles shall be dried at 90-100* 0., then waxed on to a special metal 

eap with Faraday wax (fig. 1). The upper surface and sides shall be coated with Faraday wax 
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as far as the four sides of the cap. Tubing is used to connect the interior of the metal corer 
to a head of water and to a capillary tube. The rate of flow of water is deduced from the rate 
at which the water travels along the capillary tube when the tap, T, is closed. 

The rate of flow through the specimen with the tap, T, open shall not in 24 hours exceed that 
indicated by a rate of flow of 4 in. per min. along a capillary tube of 1 mm. bore under a bead 
of 20 cm. The test shall be made before delivery. 

Concrete Roofing Tilea should comply with British Standard Specification No. 473—1932 or 
No. 650—1934. 

Olaead Tilea are used partly for decorative purposes, but chiefly for sanitary reasons. The 
glass should be suflBoiently hard to resist all reasonable abrasion and It should not craze (forming 
bair^Uke cracks) after prolonged use. For chemical laboratories and other special purposes a 
felspathio glaze burned at about 1300^0. must be used in order that it may be suffloiently 
resistant to corrosive fluids, etc. (see * Stoneware,* p. 370). 

Paving Tilea, like paving bricks, should be very hard and resistant to abrasion. To 
prevent animals slipping on them, the surface may be channelled with small grooves forming 
a diamond pattern. 

Paving tiles are usually made of the same material and in the same manner as paving or 
engineering bridn. 

BLOCKS AND TERRA-COTTA 

The chief requirements of hlocka made of clay and allied materials are accuracy in shape and 
size, and ample strength to carry the superimposed loads. For external work, appearance is 
also important. 

Terra-cotta is largely used in conjunction with structural steel work, the latter taking the 
bulk of the stresses and the terra-cotta forming a sort of filler and cover of great resistance to 
climatic conditions and of pleasing appearance. There is no necessity to impose any conditions 
as to its strength, as in a properly designed structure it wou»d not bo exposed to any severe stresses. 

Solid Terra-cotta weighs 117-148 ibs. per cu. ft. 
Blocka for boilera are made of special shapes. They must be sufficiently heat-resisting not 

to be affected by the conditions to which they are subject when in use. They must be very 
accurate in shape and size or there will be a serious leakage into tho side flues. 

HOLLOW BLOCKS. 
For many years in France and in some of tho Colonies, but more recently in this country, 

the advantages which hollow blocks possess over building bricks have been realised. Such 
blocks are only one-third of the weight of the same number of bricks ; they can be laid about 
four times as rapidly, and they are of ample strength for all purposes for which ordinary bricks 
are used. In addition, they automatically form a cavity wall, with all its a«lvantage8 of warmth 

; ;j I. - ^: 
: ' I_r 

FIO. 2, 

and soundproofness. Their great strength is really due to the fact that the bricks in a solid mass 
of brickwork have about ten times the crushing strength of the brickw'ork as a whole. Con¬ 
sequently a large proportion of the solid Interior is quite useless and only adds to the cost of 
material, carriage, and labour ; these costs are saved when hollow blocks are used. 

Hollow building blocks are made in various shapes and sizes, according to the purposes for 
which they are to be used, and numerous patents have been granted in connection with them. 

The claya used for making hollow blocks are the same as those employed in the manufacture 
of terra-cotta and roofing tiles. Such clays must vitrify sufficiently to form a strong, weather- 
resisting mass when fired. They must retain their shape perfectly at any temperature to which 
they may be exposed in tho kiln, and whenever possible they shouhi have a pleasing colour so 
as to avoid the necessity of * rough casting.' Suitable clays and shales are found In various 
parts of the country, particularly in the Midlands. The lower grades of fireclays found in the 
various coalfields are also suitable, provided their buff colour is not regarded as objectionable. 

The proceaa of manufacture consists in preparing a clay paste of suitable consistency and 
extruding it through a die or mouthpiece, the interior of which is fitted with a number of cores, 
corresponding to the hollow portions of the blocks, fig. 2. The extruded column of clay Is then 
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cat by wires Into saitable lengths, and the resulting blocks are dried and burned iike bricks 
or architectural terra-cotta. 

No standard specifications for hollow bloclos have as yet been issued, but it is obvioi’S that 
If the crushing strength of such blocks when they are laid in the same position as that In which 
they will be used, is greater than the normal strength of brickwork, such blocks will have ample 
strength. In most cases the blocks themselves have more than twice the strength of normal 
brickwork. 

Where hollow bloc&s of exceptional lightness or great insulating power are needed, the clay 
is mixed with diatomite (kieselgiibr) or sawdust. 

Hollow Concrete Blocko 8^ In. thick weigh 4*25 lb. per sq. ft. for each inch of overall thickness 
of block, as laid. Similar blocks 2} in. thick weigh 6*26 lb. per sq. ft. for each inch of overall 
thickness of block, as laid. 

HoUoto Blocks of Diatomaccous Earth weigh 2 ■ 5o~2 • 65 lbs. per sq. ft. for each inch of thickness 
of block, as laid. 

STONEWARE, SANITARY WARE. AND DRAIN PIPES. 

Stoneware^ as used by engineers, is chiefly employed in chemical works in the construction 
of appliances for dealing with corrosive fluids both at low and high temperatures. 

The conditions under which it is used arc exceptionally severe and yet are so varied that 
no widely acceptable specifications have been found possible. For chemical and Indnstrial 
purposes, stoneware should consist of an impervious body of great crushing strength and with 
a minimum sensitiveness to sudden changes in temperature. The ideal is closely approached 
by the porcelain crucibles used in chemical laboratories, bat this is too costly and too fragile 
tor most commercial purposes and various coarser substitutes are therefore employed. To 
a very large extent the manufacturers of stoneware appliances may be relied upon to supply a 
satis^tory product if they are fully Informed as to the conditions to which it will be subjected. 
Where troubles arise, they are often due to an engineer requiring a piece of stoneware of a 
design or shape which Is incompatible with the nature of the material used. 

Sanitary Ware is not subjected to the same conditions stoneware, and may therefore 
consist of a porous body covered with a hard felspathio glaze, though an iropervions body is 
preferable where expense Is no object. It Is highly important that the glaze should be of a 
suitable character, earthenware and lead glazes sddom being sufflciently durable. In designing 
sanitary ware it is desirable to work In close co-operation with the muuufactnrer, as In i^ls way 
much delay In prodnotlon and a considerable saving in cost may be effected, and the ware is 
likely to be more satisfactory. As far as possible, joints and sharp arrises or corners should be 
avoided. 

Brain Pipes are frequently made of a porous body which is covered with a salt^-glaze, but tor 
the best work a vitreous or impervious borly should be used. If the glaze is defective or damaged 
an Impervious body will maintain the efficiency of (ho pipes, but a porous body may permit 
seepage of a disagreeable or even harmful character. 

British Standard Specifications No. 65—1937 and 539—1937, deal with salt-glazed drain pipes, 
bends, junctions and fittings, and No. 540—1937 deals with salt-glazed glass (vitreous) enamelled 
flreday pipes, i.e. pipes and fittings which have been glazed internally with a preparation of ground 
glass or other saitable materials and externally with salt-glaze. The required dimensions and 
permissible variations are stated and the hydraulic test and absorption test are described. All 
pipes marked * Tested ' must have been tested hydraulically and have shown no leakage when 
subject to a hydraulic pressure of 20 lb. per sq. in. for one minute. 

The Specifications are illustrated and are of such a nature that they cannot be briefly sum¬ 
marised so that direct reference to them is easeotial. 

According to the Ministry of Health’s Model Byelaws, Series IV, Buildings, 1938, nil drniii- 
pipes must conform to British Standard Specification No. 65—1937, or No. 540—1937,or No. 437, 
orN'o. o5«J, or No. 1191, u( cording as they are juad*; of Ijiuiied olay, cast iion nr 

BLiSCTRICAIi WARE. 

Electrical Ware Is chiefly used In the form of conduits, Insulators, aud fitl-lni^s. 'I’he conduits 
are nsually made of coarse stoneware and are similar in many respects to salt-glazed drain pipes 
{supra). 

Other electrical ware is made of fine stoneware or porcelain. Insulators must have a fine 
aud uniform texture and their fractured suriace should be free from holes and fissures; they 
must be able to resist the passage of electrio currents of the desired voltage without appreciable 
leakage, and should be tested at a considerably higher voltage to ensure thk. 

REFRACTORY MATERIALS.* 

The term * Refractory * is applied to various heat-resisting materials, such os firebricks, 
crucibles, and furnace linings. There is no official definition of this term, but it is becoming 
increasingly customary to regard 1580** 0. (2876** F.) as a minimum temperature, materials which 

* See sAboRefractory Materials^their Manufacture and Uses (:;ri I edn.), by A. B. Searle (Qriffin 
& Co., Ltd., London). 
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auller deformation when heated rather elowly to this temperatnre being ezclnded from whal 
tire generally regarded aa refractory materials. 

As Che race of heating has an important Inlliieuce on the temperature at which deformation 
occurs, it Is necessary, for comparattve puiposes, to specify the conditions of heating. 

MEi/rmo Ponns of Refractory materials. 

Alumina (pure) 
Bauxite 
Bauxite brick 
Bauxite clay 
Chromite 
Ciuromlte brick 

"0. 
. . 2010* 

. 1820* 
1566 to 1786* 

. 1796* 
. . 2180* 
. . 2060* 

Fireclay brick—Highest grade 1843 
General grade 1680 (average) 
General grade 1649 (average 

of 41 samples)* 

Qanister .... 
Kaolin .... 
Magnesia brick . 
^5111ca—Pure 

Pure (tine grains) 
Pare with 14*6 per 

r^nt. alumina 
I’m p with 6S*0 fx r 

('ent. alumina . 
Brink 

'0. 
nwto 1800 
1886 to 1740* 
2165 
1760* 
1650 

1690 

1790 
1700 to irr.o 

The term ' melting noiut' Is misleading when iipplit-d to refractory malorlals, as these are 
seldom, if ever, melt^, and the term is u'cnerally ui^ to indicate the temperature at wh>v-b a 
small pyramid or ‘ cone' of the material bends over until Ita apex is on a level with its base, or, 
alternatively, at which the angular edges of the pyramid begin to lose tiielr nngularlty. 

PIREBRICKS. 

Fireclay bricks are made of clays derived chiefly from the i-oal measures. 'J'hese clays are 
crushed to powder, mixed with water and made into bricks either by hand-moulding or machines 
uf the stiff-plastic or semi-dry type ; the bricks are then dried and are aftciwards burned in 
kilns. The temperature attained in burning should be at least as high os that to which the bricks 
will be Bubfected when In use, as otherwise shrinkage and other defeats may occur. It Is seldom 
that bricks burned at such high temperatures are obtained unless they arc definitely specified; 
and for some purposes, such as lining steel-melting furnaces, users must be r ontent with bricks 
firod at a lower temperature than that at which they will be employed. The highest temperature 
ordinarily attained in burning fireclay bricks is about. 1850** 0.; in silica bricks 1500* 0. 

Firebricks are also made of silica (In which case they are known as Qanister or Silica BricksX 
alumina (Bauxite or Semi-tiauxite Bricks\ magnesia (Magnesia or Magnesite Bricks)^ chrome iron 
ore (Chromite Brieks\ sllllraanite (SiUimanite Bricks)^ zirconia (Zireonia Bricks). 

Firebricks made of clay or siUoa are acid in character and are readily attacked by the lime¬ 
stone used as a flux in steel furnaces. 

The materials of which acid bricks are made may be classified into three groups; 
(a) Aluminous clays. 
(5) Siliceous clays. 
(c) Silica rock (sometimes erroneously termed * silica clays ’). 

The Aluminous clays include the Stourbridge, Yorkshire, Scoten, Welsh, and other Coal 
Afeasure fireclays, which contain, on an average, about C5 per cent, of silica. The Siliceous clays 
include those which contain 80-92 per cent, of silica, such as Ewell clay. Silica rock oontsins 
more than 92 per cent, of silica, such as Dinas rook and ganlster. The composition of some of 
these materials is shown In the following table f ; 

Stourbridge Ewell Dinas Black 
Olay. Olay. Olay. Ganister.X 

Silica . 64-62 87.67 ! 97.60 98*5 
Alumina 21*65 S-60 0*50 0*3 
Ferric oxide 1*48 4*80 1*60 1*3 
Lime . 1*88 0*74 0*20 0*3 
Magnesia 0*62 0*41 — — 

Potash. — 0*69 0*09 trace 
Soda . — 0*10 0*08 trace 
Moisture 9*63 — — — 

Combined water . 2*09 — 

* Kanolt. The temperatures are those at which the materials were first seen to flow easily, 
t Analyses of these and other heat-resisting materials will be found in Refractory Materials^ 

by A. B. Searle (Griflin & Go., Ltd., London). 
X The Dinas material is not a true clay, but a silica rock composed of almost pure quarts, 

ganlster is similar, but oonsists of much smaller particles. 
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Ordinary fireclays contain 68 to 76 per cent, of silica, 26 to 86 percent, of alumina, and J to 
3 per cent, of Iron oxide. Qood silica bricks contain upwards of 96 per cent, of silica, little or 
no alumina, and under 3 per cent, of lime. Ganister bricks contain about 90 per cent, of 
silica, 6 per cent, of alumina, and less than 2 per cent, of iron oxide. Magnesia bricks consist 
almost wholly of magnesia, unless about 6 per cent, of clay or iron oxide has been used to bind 
the partides together. 

Basic Bricks are made of magnesia, whilst Neutral Bricks are made of bauxite, slUimanite, 
siroonia, chromite, or carbon; the two latter ore chiefly used as an intermediate course between 
acid and basic bricks in furnace linings. The materials used for silica and neutral firebricks 
usuallT need a * binder * such as flreday or lime, but the clays are self-binding. Firebricks made 
of sillimanlte appear to be speclallT suitable for nse at very high temperatures. As natural 
silllmanlte (Al^^Og.SiO.) is a rare mineral which has to be imported from Northern India, an 
artificial material made by heating fireclay and bauxite in a blast-furnace Is frequently used 
instead { the artificial product is not true siliimanite, bat mote closely resembles millite 
(SAi.^0:,.2Si0.j). Those made of sirconia have proved disappointing—chiefly on account of the 
impnrities in the sirconia need. 

The imparities in fireclays, i.e. those constituents other tha.n the silica and alumina, have 
a most harmful effect on the refractoriness of the material owing to their low fusing point. These 
constituents should, if possible, never be allowed to exceed more than 4 to 6 per cent. Much 
must, of course, depend upon the type of clay, and it is possible to point to certain substances 
containing so much as 4 per cent, of iron alone, and yet they are highly refractory. Green clay 
when fired is subject to considerable shrinkage, and it is for this reason that chamotte, or * grog,* 
is added in varying proportions before the article is placed in the kite. This * grog * is usually 
prepared from a clay which originated In the same seam as the clay with which it is mixed. It 
should bo prepared specially for the purpose, and should not consist of the crushings from de¬ 
fective and broken articlee which have passed through the kiln. The quantity of * grog ’ added 
varies, of ccurse, with the material required and the kind of clay made use of. For firebricks 
and smaller articles it is usnally added in a proportion of 16 to 20 per cent, f'or larger articles 
each as retorts, the amount is increased to 30 to 40 per cent. 

The deformation or softening points of firebricks vary considerably. The following are fairlv 
typical 

Fireclay bricks, 1610M770**0.; SiUca bricks, 1670* 1790®C.; Magnesia bricks, 1730*-2000*C. 
Highly porovs fireclay trtekr—see p. 377. 

SPEOmOATION FOR PiREOLAT BRIOKS. 

(Institution of Gas Engineers, 1931.) 

(1) Refractoriness.—Two grades of material are covered by the specification :— 

Grade No. 1.—The material which shows no sign of fusion when heated to a temperature 
of not less than Seger Gone 29 (about 1660® 0.). 

Grade No. 3.—Material which shows no sign of fusion when heated to a temperature of 
not less than Seger Gone 26 (about 1680® G.). 

Firebricks with a refractoriness of Gone 32 are deemed to be ‘ Special Refractory 
Materials,* for which no Specification has been prepared. 

(3) Surfaces and Texture.—^The material shall be evenly burnt throughout and the texture 
regular, containing no holes or flaws. All surfaces shah be reasonably true. 

(3) Contraction or ExpamUm.—Two test pieces, when heated to and maintained for two 
hours at a temperature of 1410® G. shall not show more than the following linear contractioi; 
or expansion:— 

No. 1 grade, 0«76 per cent. \ No. 2 grade, 1*16 per cent.* 
The test pieces shall be 2J^3 inches long and 1^2 inches square, the ends being ground flat, 

and the contraction being measured by means of vernier calipers reading to 0*1 mm., a suitable 
mark being made on the test piece, so that the calipers may be placed in the same position before 
and after firing. ^ 

(4) Variations from Specified Dimensions.—In the case of ordinary bricks, 9 ins. by 44 ins. 
by 3 ins. or 2| ins. thick, there shall not be more than ± IJ per cent, variation in length, nor 
more than + 14 per cent, or — per cent, variation in width and ± 2 per cent, variation in 
thickness. In the case of special bricks, blocks or tiles, there shall not be more than ± 2 per cent, 
variation from any of the specified dimensions. 

(6) Crushing Strength.—Tha cold material shall be capable of withstanding a crusliing strain 
of not less than 1,800 lbs. per sq. in. when applied to whole bricks placed with their long side 
vertical between the Jaws of the machine, giving a vertical thrust. Not less than three bricks must 
be used. 

* A tolerance of 0*1 per cent, is allowed. 



Sec. Xt FUBNAOE lilNINQS 373 

Spbchfioation for Siuoa bbioks 

(Institution oi Gas Engineers, 1934.) 

The material covered by this speoiflcation is divided into tvo classes:— 

(<) Thatcontalning 02 per cent, and upwards of silica, and hereinafter called * silica ’ material. 

(tt) Thatcontalning from 78 to 92 per cent, of silica, and hereinafter called * siliceous * material. 

(1) Refractoriness.—^Test pieces of the material shall show no sign of fusion when heated to 
the following temperatures:— 

‘ Silica * material not less than Seger Gone 31 (about 1690** 0.). 
* Siliceous' material not less than Seger Gone 29 (about 1660^ G.). 
The test shall be carried out in an oxidising atmosphere, the temperature of the furnace 

being increased at the rate of about 60** G. per five minutes. 

(2) Surface and Texture.—The material should be evenly burned throughout, and the texture 
regular, with no holes or daws. All surfaces shall be reasonably true. 

(3) Contraction and Expansion.—^Two test pieces when heated In a gas muffle or e’ectrio 
furnace to a temperature of 1450* G., and maintained at that temperature for two hours, shall 
iiot show on cooling more than 0*5 per cent, linear contraction or expansion, with a tolerance of 
0*1 percent. 

Siliceous material shall pass the same test, but at 1410* G. 

The test pieces shall be the same size and shape as in Glause 3 In the specidcatlon for Fireclay 
Bricks (above). 

(4) Variations.—In the case of all bricks, blocks and tiles there shall not be more than ± 1^ per 
ccnL variation in length, width or thickness except for dimensions of 3 Ins. or less, when the 
permissible variation shall be :t iQ* 

Marking.—All bricks or blocks shall be distinctly marked to indicate the grade to which they 
belong. 

Inspection and Testing.—^The arrangements for inspection and for making testa are specified. 

SPUOIFIOATIONS fob REFRACrrORY MORTAR OB GElfBNT. 

(Institution of Gas Engineers, 1911, but withdrawn in 1934.) 

dementing clay or fireclay mortar shall be machine-ground, and, at the discretion of the 
manufacturer, may contain a suitable percentage of fine grog ; but in all oases the cement-clav 
shall be quite suitable for the purpose of binding together the bricks, blocks or tiles for which 
it is supplied, and shall be capable of withstanding the same test for refractoriness. 

Firebrioks used in Gasworks. 

The flrebiioks used in gasworks should conform to the specifications of the Institution of 
Gas Engineers (pc 372). They are usually, but by no means invariably, made of the materials 
mentioned on (X 871. 

BRICKS OR BLOCKS FOR FURNACE LININGS.* 

The bricks or blocks used for lining furnaces should be selected according to the conditions 
to which they will be subjected. It is almost impossible to obtain a material which is wholly 
efficient in every respect, and some compromise is essential. Thus, great resistance to abrasion 
can only be obtained by increasing the amount of vitreous material and thereby lowering the 
refractoriness of the bricks. Answers to the following questions will usually provide most of 
the information required:— 

(a) What is the highest temperature to which the brick will be exposed (excessive or only 
moderate), and will it be constant or fluctuating? (6) Will the material come into contact 
with any flame, and will the iattor be of an * oxidising ' or * reducing * character 7 (e) Is mechani- 
cal strength required ? (d) Is heat to be conducted or retained ? (e) Is the brick expected 
to withstand sudden and repeated changes in temperature ? (/) Will the brick come Into con¬ 
tact with fluid slags or glass, or with flue-dust, cement or other fluxes 7 ^) Must the brick 
resist blows, shocks and other unavoidable strains 7 (ft) What Is the nature of the fuel used and 
is it fed by hand or meohanically 7 (<) Ib the ele<flxloal conductivity Important 7 

To meet (o), refractoriness is of much Importance, but, in most cases, othtf factors deserve 
even greater attention. For (6) and (e) the texture of the surface of the brick most be right or 
the brick will not be durable, no mat^ how great Its refraotmriness. If meohanloal strength 

* For a much fuller description of the properties required in bricks and blocks used for 
various furnaces, kilns, etc., see Refractory MaJUrials^ by A. B. Searle (Griffin & Oon Ltd., 
London. 6th Bdn.). 

VOL. I. O 
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ii needed, the brick cannot be as refractory as otherwise, lor great strength is dependent on the 
presence of a large amount of bond, which is necessarily less refractory than the particles to be 
bound together. For (d), tt will be found that the conduction of beat depends chiefly on the 
density of the material If made oMf clay or silloa and on Its chemical composition if made of graphite, 
plumbago or other carbonaceous material. Graphite, fused alumina and sirconia are good heat 
conduct^ whilst clay, sUioa and magnesia are good heat retainers. For (e) a lean, coarse and 
porous material should be used, whilst for (/) a fat, close material Is required, i.e. exactly opposite 
to that for (e), and (or (p) a hard-burned material which has not been heated m<m than once is 
pr^erable; broken bricks and other refractory articles should not be used as grog in this case, 
and the mass should not be either too lean or too fine-grained. 

Oonsideratlon of the above points will show that there is some difficulty In deciding upon the 
eorreot description of the matei^l for use in the ordinary type of industrial furnace. Where bricks 
oi high refractoriness are required to withstand the temperature employed, heat must be retained 
and radiation reduced to a minimum, though most of these requlremente are satisfied by using 
an open-grained, porous material. Still greater difficulty arises in dealing with fumaces in 
which fluxes are brought into contact with the firebriclDs, and in these the material must be close- 
grained, even if this is accompanied by the loss of some beat resistance. 

Where great resistance to fluxes (flue-dust, lime and other bases) is required, the refractoriness 
of the orlck is of secondary Importance to the closeness of texture. Under such conditions, a 
porous, highly refractory brick will be far lees durable than a dense brick of much tower fusing 
point. Hie fluxes act less rapidly on a comparatively smooth, dense surface than on a more 
porous one, so that the * life * of the former brick will be longer than the latt«, notwithstanding 
the fact that Its actual heat resistance may be lower. For this reason, many fireclays which 
are of No. 2 quality as regards heat resistance are pref^ble for use in some funiaces and for flue 
work generally. 

In some healing appliances, the draught and the atmosphere to which the refractory material 
is exposed have a far greater Influence on the durability of the latter than is generally supposed. 
Unless properly managed, such funiaces may cause firebricks to be destroyed in a few weeks, 
whereas under proper conditions of draught they would last almost as many years. This Is a 
matter which can only be properly Investigated by a specialist in refractory materials. 

BAMMED FURNACE LININGS. 

Furnaces are sometimes lined with a stifl! paste which is rammed Into position. The com- 
position of such rammed linings varies with the purpose for which the furnace is used; a well- 
known material consists of ganlster to which a ll^le iime has been added and the mixture then 
made into a very stiff paste with water. 

Yarioiis kinds of sand, with or without sufficient clay or other binding a^t to make the 
mm adhesive, are largdy used lor lining and repairing furnaces. (Bee also ^Befractory Oements,' 
p. 876.) 

GAS RETORTS. 

The chief forms of gas retorts are briefly described in Section XXXllI. They are usually 
made of a mixture of fireclay and *grog,* the latter consistiog of fireclay which has prevloucly 
been burned and redooed to a very coarse powder. The grog should not consist uf particles 
of uniform siie, but should be graded so as to produce a material capable of withstanding sudden 
changes in temperature. The proportions oi grog and clay must be adapted to the nature of 
the clay and the else and shape of the retort. The retorts require to be dried very slowly and 
carefully, and to be burned at a sufficiently high temperature to prevent them shiinking unduly 
when In nse. 

A useful test code for horizontal retorts and intermittent vertical ohambere is contained in 
British Standard Specification No. 819—1938. 

The following paragraphs contain the salient features of the Specification for Qas Retorts 
Issued by the Institution of Gas Engineers: 

SPEdFiaAnoN FOB Moulded gas Ebtobts.* 

(Institution of Gas Engineers, 1934.) 

Rejraetarinets.—^Test pieces of the material shall show no signs of fusion when heated to a 
temperature not less than Seger Gone 28 (about 1630** O.), the heat being increased at a rate of 
about 60^ 0. per five minutes in an oxidising atmosphere. 

The material is to be chipped to the form and size of a Seger Gone, 1| ins. high, with a 
triangular base of | in. sides, and tested against standard Seger Oones. 

Surface and Texture,—^AU surfaces shall be reasonably true and free from flAws or winding, 
and afl^ burning no * washing' shall be done without the oonaent of the purchaser. The material 
shall be evenly burned throughout and of regular texture. 

* Segmental retorta oome within the speoifloations for silloa, siUoeous or fireclay bricks 
(P. 878), 
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ContracHon or BxpanHon.—Test pieces, when heated to a temperature of 1410® O. and main¬ 
tained at that temperature for two oours, shall not show, when cold, more than 0*75 per cent, 
linear contraction or expansion.* The test piece shall be 2^-3 ins. by 1^2 ins. square, the ends 
being ground flat, and the contraction being measured by means of vernier calipers, reading 
to 0*1 mm., a suitable mark being made on the test piece, so that the calipers may be placed in 
the samh position before and after firing. 

Variation from Dimen»ion$.—Moulded retorts shall be longitudinally straight, true to template 
in cross-section, of even bore throughout, uniform in thickness, and not warped or twisted. 
The permissible variation from the straight shall not exceed f in. in 7 ft. of length or more than 
± i in. in any cross-sectional dimension. 

Inspection and Testing.—Arrangements for sampling, inspection and testing are specified. 

CRUCIBLES. 

Orucibles are made of (i) fireclay to which a suitable proportion of sand has been added, (it) 
graphite or plumbf^o with a sufllcient amount of clay or other binder, and (Hi) various other 
materials of a special character such as magnesia, circonia, etc. Crucibles must be sufficiently 
refractory to withstand the heat to which they are subjected, and whilst at the highest temperature 
at which they are used they must be sufficiently strong to be lifted out of the furnace, with their 
contents. Equally important is the resistance ofiered to the action of their contents, and as 
no crucible is equally suitable for till purposes careful selection is necessary. 

A oonunon test for the ability of a crucible to withstand corrosioa la to half flU it with copper 
and to add a little borax. As the copper melts, part of it will be oxidised, the borax will absorb 
the oxide and will rapidly corrode the crucible, unless the latter is of excdlent quality. 

Another useful test consists in melting red lead and copper oxide in the crucible to be tested. 
Most crucibles will be perforated by the fused mixture after a few minutes’ heating, but a satis¬ 
factory cmdble will stand prolonged heating. 

Silica is more readily corroded than clay or grog, but graphite is not affected at all. Hence, 
for highly corrosive contents, grog or graphite crucibles and not siliceous ones should be used. 

Resistance to sudden changes in temperature is an essential property of a good crucible. How 
neoeasary is this resistance may be realised from the fact that a crucible may be withdrawn from 
a furnace at 1800®0., with its contents of 80 lbs. of steel at 1600®U. The steel is at once poured 
out and replaced by air at a temperature of only 20®0. Yet, notwithstanding the severity of 
such conditions, crucibles are regularly used for this purpose. On the other hand, many clay 
crucibles which have been used once and allowed to become cold cannot be used again, as they 
crack when reheated. 

Further information will be found in Refractory Materials^ by A. B. Searle (Griffin A Oo., 
Ltd., London). 

HEAT-IRSULATING MATERIALS.t 

Attention is being increasingly paid to the saving of fuel by retaining heat in strucinres from 
which it ordinarily escapes very rapidly. Thus the loss of steam and of heat in hot gastis passing 
through pipes, cylinders, etc., may be greatly reduced by coating the pipes or cylinders with a 
highly porous material, such as kieselguhr, light magnesia, felt, cork, or various fibrous mateiials 
such as wood-wool, slag-wool and spun glass. The choice of a material must depend partly on 
the temperatures to which it will be raised when in use ; for instance, felt and fibrous v^etable 
materials should not be raised to more than 220® F., but kieselguhr can bo used at a bright red 
heat. 

The prevention of the transference of heat through partitions and furnace-walls is best effected 
by constructing them of highly porous materials because air is a very poor conductor of heat 
though its insulating power is much lower at temperatures above 2200® F. With most materials, 
the larger the number of separate pores per cubic foot, the better will be the insulating power. 
Where the temperature Is relatively low (e.g. below 500® F.) the insulating medium may consist 
of thin slabs or ‘ containers,' with porous or fibrous material between and blankets made of glass 
silk and particularly efficient. Highly porous slabs or bricks may also be used. 

For higher temperatures it is necessary to use highly porous bricks or blocks made chiefly 
of kieselguhr or of a highly plastic fireclay or ball clay mixed with a very large proportion of 
sawdust; the latter bums away during manufacture, leaving a very highly porous mass of great 
resistance to heat. Such * insulating bricks * are sold by several firms and are beiug increasingly 
used in the construction of kilns and furnaces, in which they effect a notable saving in fuel. 

The most effective insulation of kilns and furnaces is in the form of a * wall * of insulating 
bricks between the firebrick lining and the exterior. Such bricks should not be placed whene their 
temperature will exceed 2000® F., or they will not long remain effective. They are most efficient 
at temperatures below 1800 ® F. They must be protected from damp, which would fill the 
pores, and so are not suitable for exterior work which is exposed to the weather. 

* A toieranoe of 0*1 per cent, is allowed. 
f See British Standard Specification No. 874—1939 for definitions. 
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FIRE-BB8I8T1NO OB BB7BACTOBY CEMENT8. 

These cements—osaally told under a fanoj name—are used for patohiim fumaoee, and other 
appliancee tnbjected to heat. The precise nature of most of these cements ui regarded as a trade 
secret, bat many of them are composed of fireclay, ground firebricks, and Portland cement or 
water-glass. These materials, when properly select^ and mixed in the proper proportions, form 
a paste which adheres readily to cold brickwork, and when the latter is heated the nature of the 
cement is changed and a strong heat-resisting material is produced. 

The commonest cements for use with various bricks consist of a slip made from the same 
material as that of the bricks. Thus, a mixture of fireclay and brick-dust (grog) is used with 
fireclay bricks, whilst a mixture of sand and sodium silicate is often used for bondi^ silica bricks. 

Ground ganister or a mixture of silica rock and fireclay is largely used for lining furnaces. 
Special cements are used in certain cases; fused alumina and carborundum cements are 

sometimes used in retorts and muffles, a small proporUon of clay being used as a bonding agent. 
Powdered slrconia, ground so as to pass through a 200-mesh «eve, is very effective at excep¬ 
tionally high temperatures, whilst other special mixtures may also be employed where a mixture 
of unusual composition is needed. 

Other refractory cements include : 

(a) A mixture of fireclay and plumbago made into a paste with water; it may also be used to 
coat glass to protect it from flame. 

(2>) Equal parts of flour and lime and half a part of fireclay are made into a paste with water; 
white of egg is srtmetimes added. This is a fire-resistant cement and not highly refractory. It is 
sometimes used for patcfflng retorts. 

For patching crucibUi and meUing pot*: 
(c) Sift brickdust and mix with equal quantity of red lead ; rub together with boiled Hnseed- 

oil, which has been mixed with sand to a stiffn^s of cement. 

(d) Put freshly slaked lime with concentrated solution of borax, apply with a stiff brash and 
allow to dry. Upon heating, a fused glase is obtained. 

(v) Litharge, 6 parts; fresh burnt lime, 4 parts; china clay, 2 parts ; and mix with cold 
ns^-oil. This is only fire-resisting. 

(/) Ahimina, 1 part; sand, 4 parts; slaked lime, 1 part; borax, | part; water to make a 
stiff paste. 

FIBE-RESISTING MATERIALS AND FIRE-PROOFING. 

Some substances may be raised to almost any temperature without being melted ; they are 
known as refiraetory materials, and include firebricks of all kinds, crucibles, ladles, retorts, and 
other appliances as well as the substances from which these are made. Rebwtorj materials and 
articles differ greatly in their resistance to beat, but all can safely be heated to a temperature of 
1500** 0., and many of them to 1800** 0., or even higher. At about 2000" G. all refractory articles 
tend to collapse (see p. 371). 

Many substances are not sufflciently refractory to stand sucb intense heating for long periods, 
but they can endure short periods of intense heat without much damage. Such substcmces are 
termed fire-resistant and sometimes fireproof, though the latter term implies a greater resistance 
than the former. 

The most fire-resistant materials are bricks, tiles, and other articles made of burned clay, 
stones of various kinds and, to a leaser degree, iron, steel, plaster, and concrete. 

Girders, stanchions, and other structures of Iron or steel are highly resistant to fire, but they 
expand so much when heated that they tend to bring about the disruption of structures in which 
they are used. They must, therefore, be protected by covering them with some material of low 
thermal conductivity such as blocks or bricks of fireclay, or even with plaster or concrete (see 
figs. 7-10, p. 306). 

Concrete is only moderately resistant to fire. If the aggregate consists of burned clay, trap 
rock, or blast-fumoce clay, the concrete will be more resistant to fire than one with a limestone or 
silica aggregate. The fire resistance of concrete structures can be increased by surrounding or 
facing ^em with expanded metal, or equivalent netting and embedding this in concrete. 

Natural Stone varies greatly in its resistance to fire. Some sandstones and limestones crumble 
readily when heated and then cooled suddenly, as with water. 

Artificial stone resembles concrete in its resistance to fire. 

Sheet iron is fairly resistant to fire, if free to expand, but under normal conditions it tends to 
'buckle,* and may then be useless. 

Asbestos, in various forms, has a high flre-reeistauce, though It is not regarded as a refractory 
material. 
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Wood, when uncovered, is (jaeily set alight, but if coated with a fireproof paint, or with watei- 
glass, followed by a solution of calcium chloride and dried, its resistance is considerably increased. 
A solution of alum or one of sodium tungstate has a similar effect. 

Painted eurfaces may have their fire resistance increased by the use of suitable paints, but 
no coating of equivalent thickness to paint can render wood wholly inert to fire. Even the 
famous ‘ American Government Whitewash * will only retard the effect of fire for a short time. 

Definitions of Fire-Resistance of Materials and Structures, and methods of lesting, see British 
Standard Specification No. 476—1932. 

Fire-resisting doors are olassifled as shown in Section XXXIV, Part IV. 

Fire^esisting buildings—see Section XXXIV, Part IV. 

Fire-resisting eemerus are described on p. 376. 

Highly Porous Fireclay Bricks. 

llighly porous fireclay bricks are used : 

(i) as Insulating Bricks (p. 375). 

(ii) as permeable bricks through which the products of combustion pass to an annulus or ring- 
flue and thence to the main flue and chimney. By this means the waste gases act as a heat- 
insulating Tiiedium and much heat is saved. Such bricks arc usu.illv known ns hot fuct in.'tiilutlih] 
bricks. 

See also Descriptive Section XI. 
Chemical & Insulating Oo., Ltd. 
Fibre Glass Ltd. 
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SECTION XII 

RBIMFOKCED COBOBBTE CONSTBUCTION. 

(Revised by J. D. W. Ball, A.M.I.C.E ) 

LONDON COUNTY COUNCIL. 

By-laws for the construction and conversion of buildings, made by the 
London County Council in pursuance of the London Building Act 
(Amendment) Act, 1035. 

{ExtraeU reproduced by permUsion of the London County Council.) 

Part I—Loading. 

2. Every part of a building shall be so constructed as to be capable of safely sustaining and 
transmitting all the dead and superimposed loading thereon without exceeding the appropriate 
limitations of pennissible stresses provided In these by-laws. 

3. For the purpose of calculating dead loading the weights of materials shall be taken to be as 
set forth in the British Standard Specification (Schedule of Unit Weights of Building Materials) 
No. 648—1936 unless otherwise agreed with the district surveyor. 

4. (a)—Schedule of loading—The minimum superimposed load on each floor and on the roof 
shall be estimated as equivalent to the following dead loads:— 

Slabs; Beams: 
lb. per sq. ft. lb. per sq. ft. 

of Floor Area, of Floor Area. 

1 B.ooms used for residential purposes ; and corridors, 50 40 
stairs and landings within the curtilage of a flat 
or residence. 

2 Offices, floors above entrance floors ... 80 60 
3 ' Offices, entrance floor and floors below entrance 80 80 

floor; retail shops; and garages for private cars , 
of not more ttum two and one quarter tons net ’ 

j weight. 
4 Corridors, stairs and landings not provided for in Loading to be provided for to 

! class 1. be ascertained to the satis- 
I faction of the district sur- 
I ; veyor, but not less than :— 
' 100 I 100 

5 Workshops and factories; and garages for motor Ix>ading to be provided for to 
vehicles other than private cars of not more than be ascertained to the satis- 
two and one-quarter tons net weight. faction of the district sur¬ 

veyor, but not less than:— 
I 160 I 120 

G I Warehouses, book stores, stationery stores and the Loading to be provided for to 
like. be ascertained to the satis¬ 

faction of the district sur* 
veyor, but not less than:— 

I 200 I 200 
7 . Any purpose not herein specified. . . Loading to be provided for to 

I be ascertained to the satis- 
i faction of the district sur- 

! veyor. 
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Beams and ribs nob spaced further apart than two feet six inches between centres shall be 
designed for slab loads. 

Slabs: Beams: 
Class Roofs. lb. per sq. ft. lb. per sq. ft. 
No. of Covered 

Area. 
of Covered 

Area. 

8 Flat-roofs and roofs Inclined at an angle with the 
horizontal of not more than twenty degrees. 

50 30 

Subject to the provision of paragraph (d) of this by-law, all columns, piers, walls, foundations, 
and other supports to beams shall be calculated for the superimposed loads tabulated above in this 
paragraph for beams. 

On roofs inclined at an angle with the horizontal of more than twenty degrees a minimum 
superimposed load (deemed to include the wind load) of fifteen pounds per square foot of surface 
shall be assumed acting normal to the surface inwards on the windward side, and ten pounds per 
square foot of surface acting separately and not simultaneously outwards on the leeward side. 
This requirement shall apply only in the design of the roof construction, and a vertical superimposed 
load of ten pounds per square foot of covered area shall be substituted for it in estimating the 
vertical 8uperimi)0sed roof load upon all other parts of the construction. 

(6) In all cases of floors where the positions of partitions are not definitely located in the design, 
a uniformly distributed load sufiicient to allow for them shall be added to the dead floor load. 
For all floors of rooms used for oflflees the minimum total allowance for internal partitions shall be 
at the rate of twenty pounds per square foot of floor area. 

(c) Slabs and beams shall be capable of carrying in accordance with these by-laws the following 
superimposed loads in any position on an otherwise unloaded floor 

Minimum Superimposed Load. 

Glass of Floor. 

Floors tabulated under 
class 1. 

All floors tabulated under 
classes 2 to 6 except 
garage floors tabulated 
under class 5. 

Garage floors tabulated 
under class 6. 

Slabs. 

I ton uniformly distributed per 
foot width 

} ton uniformly distributed per 
foot width 

Beams. 

1 ton uniformly distributed. 

2 tons unifenuly distributed. 

5 X maximum possible combination of wheel loads, but each 
wheel load not less than 1 ton. 

Provided that beams and ribs spaced not further apart than two feet six inches between centres 
shall be calculated for the slab loads tabulated in this paragraph ; i)rovided also that non-load 
bearing beams such as beams solely employed as ties to columns shall be exempt from any load 
calculation under this paragraph. 

The reactions due to the superimposed loads tabulated in this paragraph need not be allowed 
for in calculating the loads on columns, piers, wails or foundations. 

((f) For the purpose of calculating the total load to be carried on columns, piers, walls and 
foundations in buildings of more than two storeys in height, and in which the loads and stresses are 
transmitted through each storey to the foundations: 

(i) wholly by a skeleton framework oi structural steel; or 
(li) partly by a skeleton framework of ttructural steel and partly by a party wall or party 

walls; or 
(iii) wholly by a skeleton framework of reinforced concrete; or 
(iv) partly by a siceleton framework of reinforced concrete and partly by a party wall or 

party walls: 
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the saperimposed loads for the roof and topmost storey shall be calculated In full in accordance 
with the schedule of loading in paragraph (a) of this by-law, but for the lower storeys a reduction 
of the superimposed loads may be allowed in accordance with the following table:— 

Next storey below topmost storey . 10 per cent, reduction of its superimposed load. 
Next storey below .... 20 „ „ „ „ 
Next storey below .... 30 „ „ „ „ 
Next storey below .... 40 „ „ „ „ 
Each succeeding storey below . . 50 „ „ „ „ 

The above reduction may be made by estimating the proportion of floor area carried by each 
foundation, column, pier and wall. No such reductions shall be allowed on any floor tabulated 
in this by-law for a superimposed beam loading exceeding one hundred pounds per square foot. 

(e) In any case where the superimposed load on any floor or roof is to exceed that hereinbefore 
specified for the floor or roof, such greater load shall be provided for in accordance with by-law 2. 

In the case of any floor intended to be used for a purpose for which a superimposed load is not 
specified herein, the superimposed load to be carried on that floor shall be provided for in accord¬ 
ance with by-law 2. 

(/) In cases where a superimposed load may move, proper provision in accordance with these 
by-laws to the satisfaction of the district surveyor shall be made for all effects of such movement, 
including vibration, impact, acceleration and deceleration. 

5. In every storey the floor of which is constructed for superimposed loading exceeding one 
hundred pounds per square foot there shall be exhibited by the owner permanently in a conspicuous 
position in every room a notice in the following form stating the superimposed loading for which 
the floor has been constructed. 

‘ London Building Act (Amendment) act, 1935. 
None®.’ 

The floor of this room is constructed for superimposed loading to an intensity 
not exceeding pounds on any square foot of its surface.* 

6. A building shall be so constructed as to resist a wind pressure in each horizontal direction of 
not less than fifteen pounds per square foot on the upper two-thirds of its surface up to the general 
roof level or ridge which is or which may be exposed to wind pressure and an additional pressure 
in each horizontal direction of not less than ten pounds per square foot upon all projections above 
the general roof level or ridge. If the height of a building be less than twice the width (measured 
in a direction parallel with that of the wind pressure) of the base upon which the building depends 
for its resistance to the overturning action of the wind pressure in that direction and provid^ the 
district surveyor be satisfied that all loading due to wind pressure will be transmitted safely to 
the earth, the above wind pressure need not be calculated for the building as a whole; but pro¬ 
vision shall be made in accordance with by-law 2 for all the local loading due to wind pressure. 

7. Where loading is transmitted through plain concrete, brickwork or other material of similar 
consistency, the angle of dispersion of such loading through such material shall be taken os not 
more than forty-five degrees with the direction of such loading. 

8. A building or any part thereof shall not be subjected to loading beyond its proper load- 
bearing capacity at any time when such loading is applied. This provision shall not apply to any 
loading which may be required by the district surveyor for the purpose of testing. 

Part II.—Materials of CJonstruction. 

9. The following provisions shall apply to the aggregates for reinforced concrete:— 
Aggregate shall be sand and gravel, or crushed natural stone. It shall be hard strong and 

durable and shall be reasonably clean and free from clay, organic matter, coal and coal residues 
(including clinker, ashes, coke-breeze, pan-breeze, slag and other similar material), copper slag, 
forge breeze, dross (and other similar material), soluble sulphates (including gypsum and other 
similar material), porous material and other materials liable to reduce the strength or durability 
of the concrete, or to attack the steel reinforcement. 

Fine aggregate shall be of such a size that it will pass through a x^o-inch mesh. Not more than 
five per cent, by weight shall pass a No. 100 mesh. 

Cbarse aggregate shall be of such a size that it will be retained on a I'.rinch mesh and will pass 
a mesh of a size one-quarter of an inch less than the minimum lateral distance between the 
reinforcing bars. 

Aggregate shall be so graded between the limits as to make a dense concrete of the specified 
proportions and consistence that will work readily into position without segregation and without 
the use of an excessive water content. 

10. Aggregate for plain concrete shall consist of such materials as are specified in by-law 9 or of 
hard well-burned brick, hard well-burned tile, pumice or other material which the district surveyor 
may approve as of like suitability and shall be so graded and contain sand in such proportion as to 
produce a dense concrete. 
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11. Sand shall be clean and shall be composed of hard sillcious grains reasonably free from clay 
01 any animal* vegetable or bituminous matter. The grains shall be of such a size as to pass 
through a ]”^-inch mesh. 

13. Oement shall be Portland cement* Portland blast furnace cement or high alumina cement* 
but no two of such cements shall be used in combination. 

Portland cement shall comply with the British Standard Specification for Portland Cement 
numbered 13—1931. 

Portland blast-furnace cement shall comply with the British Standard Specification for Port¬ 
land Blast-furnace Cement numbered 146—1933. 

High alumina cement shall consist of aluminous and calcareous materials which have been 
fused to a molten state and ground to such a degree of fineness that the cement will not leave a 
residue of more than 13 per cent, by weight on a No. 170 mesh and not more than 1 per cent, on a 
No. 73 mesh. The cement shall contain not less than 33 per cent, by weight of alumina and the 
raUo of percentage by weight of alumina to that of lime shall not be less than 0 • 9. When gauged 
with 33 per cent, by weight of water it shall not begin to set before the expiration of two hours 
but shall begin to set within 6 hours of gauging and the final setting shall take place within 2 hours 
of the initial setting. The strength of high alumina cement shall be such that when a mortar is 
composed of one part by weight of high alumina cement to three parts by weight of white Leighton 
Buzzard sand graded to pass a No. 18 mesh and stop on a No. 26 mesh, and the whole is gauged 
with a weight of water equal to 8 per cent, of the dry materials* such mortar shall have a tensile 
strength of not less than 476 lb. per square inch within 24 hours after gauging and within seven 
days its tensile strength shall have increased and shall be not less than 660 lb. per square inch. 

Wherever cement is used it shall not be moved or disturbed after one hour from the time it 
has come into contact with water until it has set hard. 

13. Water used shall be clean and free from deleterious matter. 

14. Concrete shall consist of aggregate mixed with cement. The proportions of fine aggregate 
to coarse aggregate to cement shall be as set out in Tables I and II or in any intermediate pro¬ 
portions in which the volume of coarse aggregate is twice that of the fine aggregate. Provided 
that In any particular case where specially authorised by the district surveyor the proportion of 
coarse aggr^ate may be varied within the limits of one-and-a>half and two-and-a-balf times the 
fine aggregate. If in any particular case the district surveyor so requires, the proportion of coarse 
aggregate shall be varied within the aforesaid limits. Where the proportion of coarse aggregate 
to fine aggregate is so varied the requirements of this by-law shall be based on the ratio of the sum 
of the volumes of fine and coarse aggregates, each measured separately, to the quantity of cement 
and shall be obtained by proportion to the two nearest specified mixes. If the district surveyor 
so requires* the builder shall make tests In accordance with Schedules I and in of this Fart of 
these by-laws as may be necessary to prove the quality of the concrete. The grades of concrete 
designated I* II and III in column I of Table 1 and mixed in the proportions set out in Column 2 
of such Table against each such designation shall be deemed to be ** ordinary concrete '* and shall, 
within the period of twenty-eight days, possess the respective minimum resistance to crushing set 
out in Column 3 of such table against each such designation. Where intermediate proportions of 
cement to aggregate are used* as heretofore provided* the minimum crushing strength shall be 
in proportion to the prescribed minima crushing stren^hs of the two nearest specified mixes. 

Table I. 

(1) (3) 

Cubic Feet Aggregate 

(8) 

Designation of Concrete. 

per 112 lbs. of Cement. Minimum Besistance to 
Crushing in lbs. per square 
inch within 28 Days after 

Fine Coarse Mixing. 
Aggregate. Aggregate. 

I U 3* 3*925 
II U i Sf 2*660 

III . i. V . 2*360 

IV H \ 1,480 
V 10 1*100 

VI 13| ! 1 740 
vn i 370 
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The gradoB of conorete designated 11, III and IIIl in Table II shall be deemed to be ‘ Quality 
1 conorete * and when such conorete is to be used, if the district surveyor so requires, prelinolnary 
tests shall be made in accordance with Schedule II of this Part of these by-laws before the com¬ 
mencement of the work and subsequently whenever any change is to be made in the materials or 
in the proportions of the materials to be used. Works teats shall be made in accordance with 
Schedules I and III of this Part of these by-laws as and when the district surveyor shall require 
to prove*the quality of the concrete. A record of such tests identifying them with the part of the 
work executed shall be kept by the builder on the works. 

The grades of concrete designated I A, III and Jill in column 1 of Table II and mixed in the 
proportions set out in column 2 of such Table against such designation shall, within the period of 
twenty-eight days, possess the respective minimum resistance to crushing set out in column 3 of 
such Table against each such designation. Provided that such concrete may possess a lesser 
strength but (not less than that required for ordinary concrete in Table I) subject to the 
appropriate maximum permissible stresses in such concrete being proportionately less than 
the maximum stresses specified in by-laws 99 and 101 of these by-laws. 

Table il. 

1 3 3 

Designation of 
Concrete. 

Cubic Feet of Aggregate per 
112 lbs. of Cement. 

Minimum Resistance to Crushing 
in lbs. per square inch within 

28 Days after Mixing. 

Fine Aggregate. Coarse Aggregate. Preliminary Test. Works Teat. 

11 
IIA 

IIIA 

u ! H 
If 3i 
2f 6 

5,626 
4,960 
4,276 

8,760 
3,300 
2,860 

(loncrete containing more than 10 cubic feet of aggregate per 113 lbs. of cement, or having 
resistance to crashing less than 1,110 lbs. per square inch, shall not be used in the construction 
of a building or any part thereof. 

Concrete containing more than 16 cubic feet of aggregate per 112 lbs. of cement, or having 
resistance to crushing less than 370 lbs. per square inch shall not be used for any purpose in connec¬ 
tion with the coxurtjruction of a building or chimney shaft. 

The quantity of water for making reinforced concrete shall be Eufiicient but not more than 
sufficient to ensure that the concrete shall surronnd, cover, embed and grip adequately all the 
reinforcement. 

The quantity of water for making Portland cement concrete and Portland blast furnace 
cement concrete shall be sufficient but not more than sufficient to bring the entire mixture to a 
uniform colour and to ensure that the concrete shall be suitable for its intended purpose. 

The quantity of water for making high alumina cement concrete shall be sufficient but not 
more than sufficient to produce a sound concrete and the concrete shall be kept wet for 34 hours 
after gauging. 

Material shall be so mixed as to secure uniformity throughout the mixture. 
The concrete shall be deposited without segregation of the materials and shall be properly 

consolidated by punning, rodding, vibrating or other means after depositing and before the eemenc 
begins to set. 

liter such consolidation, the concrete shall remain undisturbed and shall be protected from 
frost, heat, running water, evaporation, vibration or any other cause which may reduce its 
strength or tend to form voids in it. 

During mixing, depositing and setting, the temperature of concrete shall not fall below 40 
degrees Fahrenheit. 

Where formwork is employed it shall be sufficiently rigid to retain the concrete in position and 
shape daring depositing, punning and consolidating. 

35. The district surveyor may for the purpose of due supervision by notice require the builder 
or other person causing or directing the work, to famish Um with proof by means of adequate 
tests or otherwise that the materials used or to be used conform to the requirements of these 
by-laws, and no material shall be so used unless such material conforms to suoh requirements. 
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SCHBDULB I. 

Standard method of test for consistence of concrete. 

The test is to be used both in the laboratory and during the progress of the vrork for deter¬ 
mining the consistence of concrete. 

The test specimen shall be formed In a mould in the form of the frustrum of a cone with internal 
dimensions as follows:—Bottom diameter, 8 inches; top diameter, 4 inches, and height, 12 Inches. 
The bottom and the top shall be open, parallel to each other, and at right angles to the axis of 
the cone. The mould shall be provide with suitable foot pieces and handles. The internal 
surface shall be smooth. 

Care shall be taken to ensure that a representative sample is taken. 
The internal surface of the mould shall be thoroughly clean, dry and free from set cement 

before commencing the test. 
The mould shall be placed on a smooth, flat, non-absorbent surface, and the operator shall 

hold the mould flrmly in place, while it is being filled, by standing on the foot pieces. The mould 
shall be filled to about one-fourth of its height with the concrete which shall then be puddled, 
using 26 strokes of a | inch rod, 2 feet long, bullet pointed at the lower end. The filling shall 
be completed in successive layers similar to the first and the top struck off so that the mould is 
exactly filled. The mould shall then be removed by raising vertically, immediately after filling. 
The moulded concrete shall then be allowed to subside and the height of the specimen measured 
after coming to rest. 

The consistence shall bo recorded in terms of inches of subsidence of the specimen during the 
test, which shall be known as the slump. 

Schedule U. 

Standard method of making ‘preliminary cube tests of concrete. 

The method described applies to compression tests of concrete made in a laboratory where 
accurate control of materials and teat conditions is possible. 

Materials and proportioning.—^The materials and the proportions used In making the pre- 
liminaiy tests shall be similar In all respects to those to be employed in the work. The water 
content shall be as nearly as practicable equal to that to be used in the work, but shall be not less 
than the sum of 30 per cent, by weight of the cement and 6 per cent, by weight of the aggregate 
unless specially authorised by the district surveyor. For porous aggregates additional water 
shall be used to allow for the amount absorbed by the aggregates. 

Materials shall be brought to room temperature (68® to 64® F.) before beginning the tests. The 
cement on arrival at the laboratory shall be mixed dry either by hand or in a suitable mixer in 
such a manner as to ensure as uniform a material as possible, care being taken to avoid intrusion 
of foreign matter. The cement shall then be stored in air-tight containers until required. 
Aggregates shall be in a dry condition when used in concrete tests. 

The quantities of cement, aggregate and water for each batch shall be determined by weight 
to an accuracy of 1 part in 1,000. 

Mixing concrete.—The concrete shall bo mixed by band or in a small batch mixer in such a 
manner as to avoid loss of water. The cement and fine aggregate shall first be mixed dry until the 
mixture is uniform in colour. The coarse aggregate shall then be added and mixed with the 
cement and sand. The water shall then be added and the whole mixed thoroughly for a period 
of not less than two minutes and until the resulting concrete is uniform in appearance. 

Consistence.—^The consistence of each batch of concrete shall be measured, immediately after 
mixing, by the slump test made in accordance with the method of test for consistence of concrete 
given in schedule I. Provided that care is taken to ensure that no water is lost the material used 
for the slump tests may be re-mixed with the remainder of the mix before making the test specimen. 

Site of test cubes.—Compression tests of concrete shall be made on 6-inch cubes. The mould 
shall be of metal with inner faces accurately machined in order that the opposite sides of the 
specimen shall be plane and parallel. Each mould shall be provided with a metal base, having a 
smooth machined surface. The interior surfaces of the mould and base shall be slightly oiled 
before concrete Is placed in the mould. 

Campocftn^.—-Concrete test cubes shall be moulded by placing the fresh concrete in the mould 
in three layers, each layer being rammed with a steel bar 16 inches long and having a ramming 
face of 1 inch square and a weight of 4 lbs. For mixes of li inches slump or less, 36 strokes of the 
bar shall be given for each layer ; for mixes of wetter consistence the number may be reduced to 
36 strokes per layer. 

Curing.—All test cubes shall be placed in moist air of at least 90 per cent, relative humidity and 
at a temperature of 68® F. to 64® F. for 24 hours (dc i hour) commencing immediately after 
moulding is completed. After 24 hours the test cubes shall be marked, removed from the moulds, 
and plaokl in water at a temperature of 68® to 64® F. until required for test. 

Method of tenting,—All compression tests on concrete cubes shall be made between smooth 
plane steel plates. without end paoUng, the rate of loading being kept approximately at 8,000 lbs. 
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per square inch per minute. One compresaion plate of the machine shall be provided with a ball 
seating in the form of a portion of a sphere, the centre of which falls at the central point of the face 
of the plate. 

All test cubes shall be placed in the machine in such a manner that the load shall be applied 
to the sides of the cubes as cast. 

Distribution of specimens and standard of acceptance.—For each age at which testa are required, 
three cubes shall be made and each of these shall be taken from a different batch of concrete. 

The acceptance limits are a difference of 16 per cent, of the average strength between the 
maximum and minimum recorded strengths of the three cubes. In cases where this is exceeded 
repeat tests shall be made, excepting where the minimum strength test result does not fall below 
the strength specified. 

SCHEDULE HI. 

Standard method of making works cube tests of concrete. 

The method described applies to compression tests of concrete sampled during the progress of 
the work. 

Size of test cubes and moulds.—^The teat specimens shall be G-inch cubes. The moulds shall be of 
metal, with inner faces accurately machined in order that opposite sides of the specimen shall be 
plane and parallel. Each mould shall be provided with a metal base plate, having a smooth 
machined surface. The interior surfaces of the mould and base shall be slightly oiled before 
concrete is placed in the mould. 

Sampling.—Wherever practicable concrete for the test cubes shall be taken immediately after 
it has been deposited in the work. Where this is impracticable samples shall be taken as the con¬ 
crete is being delivered at the point of deposit, care being taken to obtain a representative sample. 
All the concrete for each sample shall be taken from one place. A sufilcient number of samples, 
each large enough to make one test cube, shall be taken at different points so that the test cubes 
made from them will be representative of the concrete placed in that portion of the structure 
selected for tests. The location from which each sample is taken shall be noted clearly for future 
reference. 

In securing samples the concrete shall be taken from the mass by a shovel or similar implement, 
and placed in a large clean pail or other receptacle, for transporting to the place of moulding. 
Oare shall be taken to see that each test cube represents the total mixture of concrete from a given 
place. Different samples shall not be mixed together, but each sample shall make one cube. 
The receptacle contaiidng the concrete shall be taken to the place where the cube is to be moulded 
as quickly as possible and the concrete shall be slightly re-mixed before placing in the mould. 

Consistence.—The consistency of each sample of concrete shall be measured, immediately 
after re-mixing, by the slump test made in accordance with the method of test for consistence of 
concrete given in schedule I. 

Providing that care is taken to ensure that no water is lost the material used for the slump tests 
may bo re-mixed with the remainder of the mix before making the test cube. 

Compacting.—Concrete test cubes shall be moulded by placing the fresh concrete in the mould 
in three layers, each layer being rammed with a steel bar 16 inches long and having a ramming 
face of 1 inch square and a weight of 4 lbs. For mixes of inches slump or lees, 36 strokes of 
the bar shall be given for each layer; for mixes of wetter consistence the number may be reduced 
to 26 strokes per layer. 

Curing.—^The test cubes shall be stored at the site of construction at a place free from vibra¬ 
tion, under damp sacks for 24 hours (d: i hour), after which time they shall be removed from their 
moulds, marked and buried in damp sand until the time for sending to the* testing laboratory. 
They shall then be well packed in damp sand or other suitable damp material and sent to the test¬ 
ing laboratory, where they shall be similarly stored until the date of test. Test cubes shall be 
kept on the site for as long as practicable and for at least three-fourths of the period before test, 
except for tests at ages less than seven days. 

The temperature of the place of storage on the site shall not be allowed to fall below 40* F-, 
nor shall the cubes themselves be artificially heated. 

Record of temperatures.—A record of the maximum and minimum day and night temperatures 
at the place of storage of the cubes shall be kept during the period the cubes remain on the site. 

Method of testing.—All compression tests on concrete cubes shall be made between smooth 
plane steel plates without end packing, the rate of loading being kept approximately at 2,000 lbs 
per square inch per minute. One compression plate of the machine shall be provided with a ball 
seating in the form of a portion of a sphere, the centre of which falls at the central point of the face 
of the plate. 

All test oubes shall be placed in the machine in such a manner that the load shall be applied 
to the sides of the oubes as oast. 
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FABT IV.—WALUI Ain> PIBBS. 

Section 1—Oeneral Requirements. 

39. Every building shall be enclosed with walls. Provided that openings may be made in 
such walls subject to the following conditions—(1) That the total elevational area of openings in 
any such wall above the soffit of the first floor do not exceed one-half the elevational area of such 
w£dl mea.<*ured from the soffit of the first floor of the building to the roof; (2) that the total eleva* 
tional area of openings in any storey-height of such wall above the soffit of the first floor of the 
building do not exceed two-thirds of the total area of such wall within such storey-height; (S) that 
the tot^ width of openings at any level above the soffit of the first floor do not exceed three- 
quarters of the total length of the wall at that level. For the purposes of this by-law, the ex¬ 
pression * walla' shall be deemed to include piers and for the purpose of this by-law and of by-laws 
43 and 51 (q) any orla/ing or glass in the thickness of such walls shall be deemed to be an opening. 

43. . . • No reinforced concrete external wall nor reinforced concrete part or panel of an 
external wall shall be of less thickness in any part ♦ban four inches exclusive of plastering, render¬ 
ing, rough cast or other applied covering. No reinforced concrete party wall shall be of less 
thickness in any part than eight inches. 

PART VI—The U8B OP Bbinforced Concrete. 

92. Concrete shall comply with these by-laws and shall not be relied upon to support, collect, 
or transmit loading otherwise than as provided in these by-laws. 

Beinforccd concrete shall be, as regards composition and quality, not inferior to that 
designated III in by-law 14. 

93. Construction which will support or transmit loading supported, collected or transmitted by 
reinforced concrete shall comply with the requirements of these by-laws. 

94. Loading supported, collected or transmitted by reinforced concrete shall be distributed 
upon the earth by concrete which shall:— 

(а) comply with the requirements of by-law 32 in the same manner as is required for 
concrete which is to support walla or piers; 

(б) if plain, be of composition and quality not inferior to that designated V in by-law 14. 
The angle of dispersion through such plain concrete shall be taken as not less than forty-five 
degrees with the horizontal; and such plain concrete shall not be relied upon to resist shearing 
or tensile stresses otherwise than in accordance with this by-law ; and 

(«) if reinforced, comply with the requirements of these by-laws. 

The pressure upon such distributing concrete shall be calculated, and such concrete, if plain, 
shall comply in all respects with the requirements of by-law 35 in the same manner as is required 
for plain concrete which is to support walls or piers. 

95. Where metal is used in combination with concrete which supports, collects or transmits 
loading in a building or part thereof, or which distributes such loading upon the earth, proper 
protection shall be provided to prevent such damage to the metal as would, in the opinion of the 
district surveyor, affect adversely the stability of such building or of any part thereof. 

96. Reinforcement shall be of structural steel complying with these by-laws so combined with 
the concrete that the reinforcement will bo sufficient to provide, in accordance with these by-laws, 
idl necessary 

(а) resistance to tension; 
(б) asststance for the concrete to resist shearing actions; and 
(c) assistance for the concrete to resist compression. 

Reinforcement shall, immediately before being placed in the concrete, be free from loose mill 
scale, loose rust, oil or other matter which might affect adversely the proper combination of such 
reinforcement with such concrete. 

97. Reinforcement shall have concrete cover, and the thickness of such cover (exclusive of 
plaster or other decorative finish) shall be:— 

(a) for each end of a reinforcement rod or bar which is anchored otherwise than by means 
of a hook, not less than 3 inches, nor less than twice the diameter of such rod or bar beyond 
such anchorage; 

(5) for a longitudinal reinforcement rod or bar in a column, not less than 1| inches, nor 
lees than the diameter of such rod or bar; 

(c) for a longitudinal reinforcement rod or bar in a beam, not less than 1 inch, nor less than 
the diameter of such sod or bar; 
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(d) for tensile, compreesive, shear or other reinforcement in a slab, not less than half an 
Inch, nor less than the diameter of such reinforcement; 

(«) for any other reinforcement (not being a binding), not less than half an inch, nor less 
than the diameter of such reinforcement. 

98. The following by-laws 99 to 112 inclusive shall relate only to the use of reinforced concrete 
in a building wherein the loads and stresses are transmitted through each storey to the foundations 
wholly by a skeleton framework of reinforced concrete or partly by a skeleton framework of 
reinforced concrete and partly by a party wall or party walls. 

99. The compreesive, shearing and bond stresses in reinforced concrete shall be calculated, and, 
subject to the requirements of by-law 101, such stresses shall not exceed those shown as appropriate 
for each designation of concrete in Tables IX and X following :— 

Table IX—Ordinary Concrete. 

Permissible Concrete Stresses. 
Lbs. per square inch. 

Designation of Modular 
Concrete. Ratio. Compression. 

Due to 
Bending. 

1 16 976 
TI 16 860 

in 16 760 

Shear. Bond. 
Direct. 

780 98 123 
680 85 no 
600 76 100 

Where other proportions of fine to coarse aggregate are used the permissible concrete stresses 
shall be based on the ratio of the sum of the volumes of the fine and coarse aggregates, each 
measured separately to the quantity of cement, and shall be obtained by proportion from the two 
nearest designations. 

Table X—Quality A Concrete. 

Permissible Concrete Stresses. 
Lbs. per square inch. 

Designation of Modular - _ ... . - . . - 

Concrete. Ratio. Compression. 

Due to 
Bending. 

Shear. Bond. 
Direct. 

lA 16 1,260 1,000 126 160 
IIA 16 1,100 880 no 136 

IIIA 16 960 760 96 120 

Where other proportions of fine to coarse aggregate are used the permissible concrete stresses 
shall be based on the ratio of the sum of the volumes of the fine and coarse aggregates, each 
measured separately, to the quantity of cement, and shall be obtained by proportion from the two 
nearest designations. 

Provided that where reinforcement in the form of plain bars is used to resist tensile stresses 
induced by bending action the calculated bond stress due to a variation in tensile stress shall not 
exceed twice that shown as appropriate for each designation of concrete in tables IX and X 
above in this by-law. 

Provided also that the ‘ punching shear ’ stress in a footing (or similar construction) of 
reinforced concrete which complies with the requirements of these by-laws shall be not more 
than twice the permissible shearing stress shown as appropriate for each designation of concrete 
in tables IX ana X above in this by-law. 

100. The tensile and compressive stresses in steel reinforcement of reinforced concrete shall be 
calculated, and, subject to the requirementa of by-law 101, such stresses shall not exceed those 
shown as appropriata for each designation of stress in Table XI foUowLog. 
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Tablb XI. 

Designation of Stress in Steel Reinforcement. 

Tension in helical reinforcement in a column . 
Tension other than in helical reinforcement in a column 
Longitudinal compression in a beam where the compressive 

rc^tance of the concrete is not taken into account. 
Longitudinal compression, direct or due to bending where 

the compressive resistance of the concrete is taken into 
account. 

101. The maximum permissible stresses in a reinforced concrete column or part thereof having 
a ratio of effective column length to least radius of gyration not exceeding 60 shall be as specified 
in by-laws 99 and 100. 

The maximum permissible stresses in a reinforced concrete column or part thereof having a 
ratio of effective column length to least radius of gyration between 50 and 120 as shown in Table XII 
following shall not exceed those which result from the multiplication of the appropriate maximum 
permissible stresses specified in by-laws 99 and 100 by the coefficient shown as appropriate for 
each ratio of effective column length to least radius of gyration in Table XII following:— 

Table xii. 

Ratio of Effective Column Length 
to Least Radius of Gyration. Coefficient. 

60 1-0 
60 0-9 
70 0-8 
80 0-7 
90 0-6 

100 0-6 
110 0-4 
120 0-3 

For any ratio of effective column length to least radius of gyration between 50 and 120 not 
shown in Table Xll above, the appropriate coefficient shall be determined on the basis that the 
coefficient varies in proportion with the ratio of effective column length to least radius of gyration 
between those shown as consecutive in Table XII above. 

A reiifforced concrete column or part thereof shall not have a ratio of effective column length 
to least radios of gyration more than 120. 

102. The effective column length to be assumed in determining the working load per square 
inch in accordance with by-laws 99,100 and 101 shall be as follows:— 

Maximum Permissible Stress, 
in Pounds per Square Inch. 

13,600 
18,000 
18,000 

The calculated compressive 
stress in the surrounding 
concrete multiplied by the 
modular ratio. 

Type of Column. Effective Column Length. 

Columns of one storey. Properly restrained at both 0 * 76 of the actual column 
1 ends in position and direction. 
i 

length. 

I Properly restrained at both Actual column length. 
1 ends in position but not in- 
1 direction. 

Properly restrained at one end A value intermediate between 
in position and direction and the actual column length and 

1 Imperfectly restrained in both twice Uiat length depending 
position and direction at the ; upon the efficiency of the 

j other end. 1 
1 I 

imperfect restraint. 
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Type of Column. Effective Column Length. 

Columns continuing 
thipugh two or more 
storeys. 

Properly restrained at both 
ends in position and direc¬ 
tion. 

0 * 76 of the distance from floor 
level to floor level. 

Properly restrained at both 
ends in position and imper¬ 
fectly restrained in direction 
at one or both ends. 

1 

A value intermediate between 
0'75 and 1 • 00 of the distance 
from floor level to floor (or 
roof) level, depending upon 
the efficiency of the direc¬ 
tional restraint. 

Properly restrained at one end 
in position and direction and | 
imperfectly restrained in both | 
position and direction at | 
the other end. j 

A value intermediate between 
the distance from floor level 
to floor (or roof) level and 
twice that distance, depend¬ 
ing upon the efficiency of the 
imperfect restraint. 

The effective column length values given above are in respect of typical cases only and embody 
the general principles which shall be employed in assessing, to the satisfaction of the district 
surveyor, the appropriate value for any particular column. 

103. The maximum permissible stresses in reinforced concrete and in its reinforcement may 
exceed these specified in by-laws 99 and 100 respectively by not more than 331 cent., pro¬ 
vided such excess is solely due to stresses induced by wind loading, and provided that such excess 
shall not apply to secondary floor beams, nor to the stresses in roof construction above the top¬ 
most floor levd in a building. 

104. A reinforced concrete column shall have longitudinal steel reinforcement, and the cross- 
sectional area of such reinforcement shall not be less than 0'8 per cent., nor more than 8 per cent., 
of the gross cross-sectional area of the column required to transmit all the loading in accordance 
with these by-laws. 

A reinforced concrete column having helical reinforcement shall have also at least six bars of 
longitudinal reinforcement within such helical reinforcement. Such longitudinal bars shall be in 
contact with such helical reinforcement and equidistant around its inner circumference. 

At a splice in a longitudinal reinforcement, the spliced bars shall overlap longitudinally 
through a distance not less than 24 times the diameter of the upper bar, or a sufficient distance to 
develop the force in the bar by bond, whichever is the lesser. 

105. A reinforced concrete column shall have transverse or helical reinforcement so disposed 
as to provide all necessary restraint against buckling of the longitudinal reinforcement; and the 
ends of such transverse reinforcement shall be anchored properly. 

The diameter of such transverse reinforcement shall not be less than one-fourth of an inch. 
The pitch of such transverse reinforcement shall not be more than the least of the three 

following distances:— 
(1) the least lateral dimension of such column ; 
(2) twelve times the diameter of the smallest longitudinal reinforcement in such column; 
(3) 12 inches. 

Helical reinforcement shall be of regular formation, with the turns of the helix spaced evenly; 
and its ends shall be anchored properly. The pitch of the helical turns shall be not more than 
3 inches nor more than one-sixth of the core-diameter of such column; and such pitch shall be 
not less than 1 inch nor less than three times the diameter of the steel forming such helix. 

106. The diameter of a steel reinforcement in reinforced concrete shall be not more than 
2 inches. 

The diameter of a longitudinal steel reinforcement in a reinforced concrete column shall be not 
less than ^ inch. 

The diameter of a main steel reinforcement in a reinforced concrete beam or slab shall be not 
less than ^ inch. 

The diameter of a steel reinforcement in reinforced concrete other than a longitudinal 
reinforcement in a colunm or a main reinforcement in a beam or slab, and the diameter of 
steel forming a tie, helix, stirrup or the like, shali be not less than inch. 

The diameter of steel forming a meeh-reinforoement for the purpose of resisting tension in 
reinforced concrete shall be not less than ^ inch. 
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107. The dlsUnce between two steel reinforcements in reinforced concrete shell be not lees then 
the greatest of the three following distances;— 

(а) the diameter of either bar if their diameters are equal; 
(б) the diameter of the larger bar if their diameters be unequal; 
(c) i inch more than the greatest size of the coarse aggregate comprised in such concrete. 

Provided that the vertical distance between two horizontal main steel reinforcements, or the 
corresponding distance at right angles to two inclined main steel reinforcements, shall be not leas 
than i inch, except at a splice and except where one of such reinforcements is transverse to the 
other. 

The pitch of distributing bars in a reinforced concrete solid slab shall be not more than four 
times the effective depth of such slab. 

A mesh-reinforcement shall be of such dimensions, shape, proportions and arrangement as will 
afford proper combination of such reinforcement with such concrete. 

108. Where the concrete alone is not sufficient to resist, in accordance with by-law 99 the 
shearing action in reinforced concrete, the whole of such shearing action shall be provided for by 
the tensile resistance of shear reinforcement acting in proper conjunction with the compressive 
resistance of the concrete; but the magnitude of such shearing action to be so provided for shall 
not exceed four times that which the concrete alone could resist In accordance with by-law 99. 

109. A stirrup in reinforced concrete shall pass round, or be secured adequately otherwise to, 
the appropriate tensile reinforcement; and such stirrup shall have both its ends anchored 
properly. 

110. A reinforced concrete solid slab spanning in one direction shall have distributing bars at 
right angles to the main tensile reinforcement of such slab ; and the aggregate cross-sectional area 
of such distributing bars shall not be less than one-tenth of the aggregate cross-sectional area of 
such main tensile reinforcement associated therewith. 

111. Where the compressive resistance of concrete in beams is taken into account, the com¬ 
pression reinforcement where it is required shall be effectively anchored over the distance where it 
is required at points not further apart centre to centre than twelve times the diameter of the 
anchored bar. 

Where the compressive resistance in concrete is not taken into account the compressive 
reinforcement shall be effectively anchored laterally and vertically over the distance where 
it is required at points not further apart centre to centre than eight times the diameter of the 
anchored bar. The subsidiary reinforcement used for this purpose shall pass round or be hooked 
over both the compression and tensile reinforcement. 

112. Hooks and other anchorages of reinforcement in reinforced concrete shall be of such form, 
dimensions and arrangement as will ensure their adequacy without overstressing Uie concrete 
or any other material. 

113. Where reinforced concrete is used in the construction of a building wherein the loads and 
stresses are not transmitted through each storey to the foundations wholly by a skeleton frame¬ 
work of reinforced concrete nor partly by a skeleton framework of reinforced concrete and partly 
by a party wall or party walls, the standard of stability shall, to the satisfaction of the district 
surveyor, be not inferior to that required for compliance with by-laws 99 to 112 inclusive. 

114. Reinforcement in reinforced concrete shall not be connected by welding, except in 
accordance with conditions prescribed by the Council in each particular case. 

Provided that round or square bars not more than 0 > 4 inch diameter and transverse to each 
other forming a mesh reinforcement in a solid slab may be connected by electrically fusing the 
metal of such rods at their points of contact if such fusion be executed at the works where such 
mesh is fabricated and if the district surveyor be satisfied as to its suitability. 

115. Reinforced concrete subjected to bending actions in a building shall possess adequate 
stiflhees to prevent such deflection or deformation as might, in the opinion of the district surveyor, 
affect adversely the stability of such building or of any part thereof. 

116. Reinforced concrete subjected to compression in a building shall possess adequate 
•tlflhess, or be provided with adequate restraint, to prevent su<ffi lateral flexure as might, in the 
opinion of the district surveyor, affect adversely the stability of such building or of any part 
thereof. 

117. The fabrication and erection of reinforced concrete shall be such as will ensure that the 
assumptions upon which the stresses in such concrete and in its reinforcement have been calculated 
shall be fulflllM adequately at all times in the building of which such reinforced concrete forms 
part. 

118. Where the district surveyor finds substantial reason for doubt as to the sufficiency or 
suitability of the reinforced concrete for its purposes under these by-laws, the builder shall make 
such test or tests on such concrete as the district surveyor may requite; and if such testing 
proves, in the opinion of the district surveyor, that such concrete is insufficient or unsuitable for 
its purposes under these by-laws, such oonorete shall be removed and repla^ with relnforoed 
eoBorste whloh eompllss with these by-laws. 
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liONDON COUNTY COUNCIL 

London Building Acts 1930 & 1035 

Building By-Laws—Computation of Stresses 

TjOADINO. 

3. For ordinary construction, the weight of reinforced concrete may be assumed as 144 lb. 
per cubic foot. 

Reinforced Concrete. 

6. Bcuie assumptions.—Design of reinforced concrete to resist bending should be based upon 
the assumptions:— 

(i) that both steel and concrete are elastic within the range of the permissible stresses; 
(ii) that all tensile stresses are taken by the reinforcement; and 

(lii) that plane sections remain plane. 

Stresses due to shrinkage or expansion of the concrete need not be calculated. 

6. Moment of inertia.—In the absence of conditions rendering such a course unjustifiable, 
the moment of inertia may be calculated on :— 

(i) the entire concrete section, ignoring the reinforcement; 
or (ii) the entire concrete section, including the reinforcement on the basis of the modular ratio; 
or (lii) the compression area of the concrete section, combined with the reinforcement on 
the basis of the modular ratio. 

These methods should not be changed or combined in a design. One method haring been 
adopted, that method should be applied throughout. 

Beams and Slabs. 

8. Effective span.—The eilectire span of a beam or slab should be taken as either:— 

(D the distance between the centres of support; 
or (ii) the clear distance between supports plus the effective depth of the beam or slab. 

9. Lateral stiffness.—The ratio of length between adequate lateral restraints of a beam to the 
breadth of its compression flange should not exceed :— 

20 ■ 3 — calculated compressive stress \ ' 
< ' permissible compressive stress / > 

10. T-beams and L-beams.—In T-beams the breadth of the flange assumed as taking compres¬ 
sion should not exceed the least of the following:— 

(i) one-third of the effective span of the T-beam ; 
(ii) the distance between the centres of the ribs of the T-beams ; 
(iii) the breadth of the rib plus twelve times the thickness of the slab. 

In L-beams, the breadth of the flange assumed as taking compression should not exceed the 
least of the following:— 

(i) one-sixth of the effective span of the L-beam; 
(ii) the breadth of the rib plus one-half of the clear distance between ribs; 
(iii) the breadth of the rib plus four times the thickness of the slab. 

When a part of a slab is considered as the flange of a T-beam or L-beam, the reinforcement 
in the slab transverse to the beam should cross the full width of the flange ; and where the slab is 
assumed to be spanning Independently in the same direction as the beam, such reinforcement 
should be near the top surface of the slab. 

11. Bending moments in beams and slabs should be calculated for the effective span and all 
loading thereon. 

The bending moments to be provided for at a cross-section of a continuous beam or slab 
should be the maximum positive and negative moments at such cross-section for the following 
arrangements of superimposed loading:— 

(i) alternate spans loaded and all other spans unloaded; 
(lf| any two adjacent spans loaded and all other spans unloaded* 
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NavertheleM, provided the maximum positive momente so obtained in any two adjacent spans 
are increased by an amount not exceeding 16 per cent, of the maximum intermediate support 
moment, the latter may be reduced by the same numerical amount and the positive moments 
elsewhere in the span increased accordingly. 

The computation of bending moments in flat slabs is dealt with later in this memorandum. 

12. beams and slabs spanning in one dirtetion.—Provided the fabrication and erection of the 
reinforced concrete be such as will ensure that the assumptions upon which the stresses in such 
concrete and in its reinforcement have been calculated will be fulflllcd adequately at all times in 
the building of which such reinforced concrete forms part, the bending moments in beams and 
slabs spanning in one direction may be calculated on one of the following assumptions:— 

(i) Beanos may be designed as members of a continuous framework, with monolithic 
connection between beams and columns, and the bending moments calculated taking into 
account the resistance of the columns to bending; or 

(li) Beams and slabs may be designed as cuntinuous over supports and capable of free 
rotation about them ; or 

(ill) The total bending moments in all cases of uniformly distributed or other symmetrica 
loading over a number of approximately equal spans may be assumed to have the following 
relations to those induced in a freely supported span similarly loaded :— 

Near Middle At Support At Middle At Other 
of End next to of Interior Interior 
Span. End Support. Spans. Supports. 

1 8 , 8 8 
+ 10 : 10 

1 
12 12 

Two spans may be considered as approximately equal when they do not differ by more than 
16 per cent, of the longer. 

13. Slabs spanning in two directions at right angles— 
(i) Oenerod,—To estimate the bending moments in a solid slab spanning in two directions 

at right angles, the slab may be assumed to act as perfectly elastic thin plate, Poisson’s Batio 
being assumed equal to zero. 

(ii) Slabs simply supported on four sides.—The bending moments at the centre of a 
rectangular solid slab spanning in two directions at right angles, with loading uniformly 
distributed, and simply supported on four sides, may be assumed to have the values given by 
the following equations (1) and (2):— 

where Mx and My are the bending momrats on strips of unit w idth and spans lx and ly 
respectively; 

«is the total load per unit area; 
ly is the length of the longer side (see fig. 1); 
b is the length of the shorter side (see fig. 1); 

and Zx and Zy are coefficients shown in Table A following. 

FlO 1. 

SECTION 
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Tablb a. 

i 1-0 1-1 1-2 1-3 1-4 1-6 1-76 I 2-0 2-6 3-0 

Zx 0-600 0-694 0-676 0-741 0-794 : 0-836 0-904 ! 0-941 
1 

0-976 0-988 

Zy . 0-600 0-406 0-326 0-259 0-206 0-166 0-096 ^ 0-069 0-032 0-022 

(iii) Slabs fixed at or continuous over four sides.—The negative bending moments at the 
Bupporta of a rectangular solid slab spanning in two directions at right angles, with loading 
uniformly distributed, and fixed at or continuous over four sides, may be aasumed to have 
the values given by equations (1) and (2) above, taking the values for Zx and Zy shown in 
Table B following; and the positive bending moments near mid-span may be assumed to 
have values not less than 80 per cent, of those given by equations (1) and (2) above, taking the 
values for Zx and Zy shown in Table B following:— 

Table b. 

''A. 1 1-0 1-1 1., ! 1-3 I 1-4 1-6 
" " 1 

1-76 
1- 
1 2-0 2-6 ' 3-0 

Zx 0-296 0-368 0-419 0-477 0-632 0-681 0-681 0-767 i 0-869 0-940 

Zy . 0-296 0-237 0-191 0-164 0-127 0-107 0-071 0-061 ! 0-032 0-022 

14. Resistance to shear— 
(a) General.—(1) The shear stress s at any cross-section in a reinforced concrete beam 

or slab should be calculated from the following equation (3);— 

where S is the total shearing force across the section ; 
b Is the breadth of a rectangular beam or the breadth of the rib of a T-beam ; 

and a is the arm of the resistance moment. 
(ii) Where at any cross-section the shear stress, as calculated from equation (3) above, 

exceeds the permissible shear stress for the concrete, the whole shearing force should be pro¬ 
vided for by the tensile resistance of the shear reinforcement acting in proper combination 
with the compression in the concrete. Moreover, even with the whole shearing force so pro¬ 
vided for, the shearing stress as calculated from equation (3) above should not exceed four 
times the permissible shear stress for the concrete alone. 

(6) Shear reinforcement.—(i) Tensile reinforcement which is inclined and carried through 
a depth of beam equal to the arm of the resistance moment may be considered as shear 
reinforcement provided it is anchored sufficiently. 

(ii) Where two or more types of shesu* reinforcement are used in conjunction the total 
shearing resistance of the beam may be assumed to be the sum of the shearing resistances 
computed for each type separately. 

(iii) The spacing of stirrups should not exceed a distance equal to the arm of the resistance 
moment. The resistance to shear * S * should then be calculated from the following 
equation (4);— 

.W 
where is the permissible tensile stress in the shear reinforcement; 

A|9 is the cross-sectional area of the stirrup ; 
a is the arm of the resistance moment; 

and p is the pitch or spacing of stirrups. 

(iv) The resistance to shear at any section of a beam reinforced with inclined bars may be 
calculated on the assumption that the inclined bars form the tension memben of one or more 
single systems of lattice girders in which the concrete forms the compression members. The 
shear resistance at any vertical section should then be taken as the sum of the vertical com¬ 
ponents of the tension and oompreeeion forces out by the section. 
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16. Bond and anchoress.—(i) A plain bar In tension should extend from any section for a 
distance not less than n times the diameter of the bar, where 

the tensile stress in the bar 
four times the permissible bond stress 

In no case should n be taken at less than 12. That is, an anchorage of at least 12 bar diameters 
should be provided beyond the section at which tension commences theoretically. 

(ii) When reinforcement in the form of plain bars is used to resist stresses Induced by 
bending, the bond stress n due to a variation in tensile stress, calculated from the following 
equation (6) should not at any point exceed twice the appropriate permissible bond stress. 

S 
ao (6) 

where S is the total shear across the section less the resistance to shear provided by the 
inclined bars. 

a is the arm of the resistance moment; 
and 0 is the sum of the perimeters of the bars in the tensile reinforcement. 

In members of other than uniform depth the effect of the change in depth on the bond 
stress should also be taJien into account. 

(iii) A hook at the end of a bar should be of the form indicated in fig. 2, and its inner 
diameter should be not less than four times the diameter of the bar ; except that when the 
hook fits over a main reinforcing or other adequate anchor bar the diameter of the hook may 
be equal to the diameter of such main reinforcing or anchor bar. A bend in a reinforcing 
bar may be assumed to increase the bond strength of the bar by an amount equivalent to 
that of a length of bar equal to four times the diameter of the bar for each 45 degrees through 
which the bar is bent; provided that:— 

(a) the radius of the bend be not less than twice the diameter of the bar; 
(b) the length of the straight part of the bar beyond the end of the curve be at 

least four times the diameter of the bar; and 
(c) whatever be the angle through wMch the bar is bent, the assumed increase in 

the bond strength shall not be taken as more than that of a length of bar equal to 
sixteen times the diameter of the bar. 

/^ot less than 

(iv) When an attachment is used in place of a hook, the permissible stress in the con¬ 
crete may be increased to three times the value permitted for the concrete in direct compres¬ 
sion, provided the end anchorage is of such form as to prevent local failure of the concrete. 

(v) Notwithstanding any of the above notes, in the case of secondary reinforcement 
such as stirrups and binding, complete bond len^h and anchorage may be deemed to have 
been provided when a bend in the bar through an angle of at least 90 degrees passes round 
a bar of at least its own diameter and the bar is continued beyond the end of the curve for a 
length of at least eight diameters. 

Columns, 

16. Sh4>rt columns with lateral The axial load P permissible on a short column rein¬ 
forced with longitudinal bars and lateral ties should not exceed that given by the following 
equation (6) 

P - c(A, -I- mA).(•) 
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where e is the permissible stress for the concrete; 
is the cross-sectional area of concrete excluding any finishing material applied after 

the casting of the column ; 
m is the modular ratio (1C). 

hnd A is the cross-sectional area of the longitudinal steel. 

17. Short columm with helical reinforcement.—Where helical reinforcement is used, the axial 
load P permissible on a short column should not exceed that given by equations (6) or (7), 
whichever is the greater:— 

P - c(Ajfc + mA) + 24As.(7) 

where As is the cross-sectional area of concrete in the core; 
4 is the permissible stress in the helical reinforcement; 

and As is the equivalent area of helical reinforcement (volume of helix per unit length of 
the column). 

The sum of the loads contributed by the concrete in the core and by the helix should not 
exceed 0 * 6uA«, where u is the crushing strength of the concrete required from the works test. 

When, in a column having helical reinforcement, the permissible load is based on the core area, 
the radius of gyration also should be based on the core area of the column. 

18. Long columns.—The permissible working load for a long column should not exceed that 
calculated as above for a short column, multiplied by the appropriate buckling coefficient. 

19. Bending in columns.—Bending moments in internal columns supporting an approximately 
symmetrical arrangement of beams and loading need not be calculated. 

Bending moments in external columns and in internal columns supporting an arrangement 
of beams and loading not approximately symmetrical should be calculated and provided for. 

Unless more exact methods are preferred, the bending moments in external (and similarly 
loaded) columns may bo estimated from the following equations (8), (9), (10) and (11):— 

Moment at foot of 
« / Eu \ 

•VK| + E„ -f 0-6K*' 
upper column . for a frame of one bay . . (8) 

Moment at foot of 

+ Ku + Ej' 
upper column . for frames of two or more bays . (9) 

Moment at head of 

Eu Vo-6E»^ 
lower column . for a frame of one bay . . (10) 

Moment at head of 

MkT+ Ku -f- 
lower colunm . for frames of two or more bays . (11) 

where M« is the bending moment at the end of the beam framing into the column, assuming 
fixity at the connection ; 

Eti is the stiffness of the upper column; 
E| is the stiffness of the lower colunm; 

and Es is the stifihiess of the beam. 

The equations for the moment at the head of the lower column may be used for columns in a 
topmost storey by taking Eu as zero. 

For the purposes of these equations, the ‘ stiffness ’ of a member may be taken as the quotient 
obtained by dividing the moment of inertia of a cross section by the length of the member, pro¬ 
vided the member be of constant cross-section throughout its length. 

20. Combined axial and bending stresses.—The maxima stresses on longitudinal reinforcement 
and concrete due to combination of direct load and bending action should not exceed the permis¬ 
sible stresses for bending, multiplied by the appropriate buckling coefficient. 

OODB OF PRAOTICB FOR THE USB OF BBINFORCBD CONCRETE IN BUILDINaS. 

The Codes of rmetieo Coiniuittee, formed under the mgis of the Ministry of Works, has 
recently issued u British Standard Code of Practice, C.P. 114 (1948), for the structural use of 
normal rcinforce<i concrete in buildings. For concretes made with approved aggregates (B.S. 882), 
this code recommends even higher permissible stresses than those allovred for quality. A concrete 
in the L.O.O. By-laws. Where the aggregates do not comply with B.S. 882, the permissible 
stresses are based on the actusl cube strengths in preliminary and works tests. The code assumes 
a modular ratio of 15. 

The Memorandum on Bridge Design and Construction So. 677, issued by the Ministry of War 
Transport, like the D.S.i.B. Code of Practice which preceded it, assumes a variable modular ratio 
equal to 40,000 divided by three times the permissible concrete bending stress, expressed in 
pounds per square inch. 
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STSTBMS 07 BBIITFOBCBD CONOBBTB COK8TBITOTION. 

Although there exists ft considerftble number of so-called independent systems of reinforced 
concrete construction, the principles underlying the same ftre in every way similar, and it is only 
in the manner in which these principles are carried out that any difference arises. The several 
systems can bo readily divided into groups, and the following notes will be sufficient here to 
indicate wherein one differs from another 

Systems whioh make use of Plain Steel Bod Beinforoing Bars. 

In the Hennebique system, the main bars are set parallel to the lower or tension face of the 
beam, some being, where necessary, bent or cranked upwards towards the upper face (as where 
the beam is continuous over a support). In addition to these bars, flat stirrups are hooked at 
intervals over the lower bars, and carried upwards towards the upper part of the beam; these 
bind the concrete and steels securely together, and assist largely in resisting the shearing stresses. 
For columns or piles, the rods are grouped symmetrically about the centre of the pile, and are 
tied together at intervals by means of straps or wire lacing. 

The Ooignet system is in many respects very similar to the Hennebique, except that generally 
a number of smaller roia are used, these being in turn bent upwards as they approach the ends 
of the beam. A continuous top bar is also provided, to which the bent-up members are securely 
tied or laced. Any additional stirrups or binding ties which are necessary are formed of small 
section round bars, varying from /g in. to i in. diameter; these are laced or tied between the lower 
or main tension bars and the upper bar. 

In the Considire system, the portions of any structure under compression are provided with 
a close-set spiral of steel wire or small-section steel rod, which, by surrounding the concrete and 
preventing its displacement, enables the enclosed portion to resist safely very high compressive 
stresses. 

A number of other systems in which plain bars are used have recently appeared,the difference 
between them being in the manner in which the several bars are connected together, and the 
method of providing for shearing stresses, and for connecting the shear bars to the main bars. 

Beinforced Conorete or Fire-Besisting: Floors. 

Numerous systems of these are on the market, but they can be grouped together into types, of 
which the following may be noted 

(1) A series of hollow or solid blocks of flreclay, concrete, or other material are laid at short 
distances apart, and the space between same filled up with concrete or cement grouting, with steel 
rods embedded in same. In this way a series of reinforced concrete beams are formed surrounding 
the blocks. Where the area to be covered is approximately square, or the proportion of length to 
breadth does not much exceed 2 to 3, these reinforced concrete beams can be formed on all four 
sides of the blocks; but where hollow blocks are used, the open ends must be closed up, or provision 
made to prevent the concrete finding access into the hollows which are intended to lighten tlie 
weight of the floor. Of this type may be mentioned the ‘ Kleine,’ the ‘ Fram,’ Diespeker’s 
* Bigspan,’ etc. 

(2) Hollow blocks, usually of arched formation, and of a width or span of from 2 to 3 feet, or 
over, are laid between and supported by lines of rolled steel beams, or of reinforced concrete 
beams, these latter being made either at works, and deliverc<l and erected complete, or formed in 
situ during the construction of the floor. A level floor surface is obtained by a light filling of 
breeze concrete over the blocks. Where steel beams or finished reinforced concrete beams are 
used, the floor can be erected without the use of centering. The dispensing with large masses of 
wet concrete minimises all trouble due to dripping from the new floor, and allows it to be used im¬ 
mediately after it has been erected. 

A modification of this floor consists in the use of half-arch shaped blocks, which are set into 
the webs of steel beams, and brought together at the centre where they are lightly grouted at their 
meeting edges. A levelling-up covering of breeze concrete completes the floor. This type is repre* 
sented by the * Fram * arched floor, the * Carlisle * tubular arch floor, etc. 

(8) Concrete tubes of various sections and of considerable lengths may be formed, and rein¬ 
forced where necessary with steel rods or wire. By placing those close together, it is only necessary 
to grout in between the joints in the several tubes to complete the floor ready for any top finish; 
the advantage of a dry laid floor is thus secured. The * Siegwart,' etc., provide this type of 
floor. 
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(4) Floors may bo formed of solid concrete slabbing reinforced with plain or special section ban 
as required, and supported by rolled-steel beams or reinforced concrete beams. Such types are 
supplied by any reinforced concrete contractor. 

(5) Floors provided with a continuous mesh reinforcement The floors provided by the Ex¬ 
panded Metal Company and by the Lock Woven Mesh Company may be taken as examples of 
this class. 

Other types of floors are to be met with, each possessing some particular qualiflcation or 
arrangement peculiar to itself. 

DBSIONINO REINFORCED CONCRETE STRUCTURES. 

Concrete is very strong under compression, but weak under tension. Good average concrete 
will safely resist a compressive stress of from 600 to 1,<K)0 lbs. per square inch of section ; its 
tensile strength does not exceed about one-tenth of this value, and may altogether disappear 
through the formation of minute cracks. 

Concrete and steel possess practically the same coeflRcient of expansion, and therefore expand 
and contract together under changes of temperature, without developing internal stresses. 

Concrete adheres strongly to a clean surface of steel; tlie average safe mihesion can generally 
be taken as about 100 lbs. per super, inch. It is thus possible to form a practical and economical 
combination of concrete and steel, the former material being utilised to resist the compressive 
stresses, with the necessary steel bars emhe<ldc<i at the points where tensile stresses occur. In 
certain cases, where the concrete alone cannot provide all the necessary compressive resistance, 
steel rods are added to assist the concrete ; but from an economical point of view this should be 
avoided whenever possible, for the following reason :— 

Steel posse.sses, on an average, about fifteen times the elasticity of concrete; where steel bars 
are embedded in concrete to assist in resisting compression, it follows that when the concrete 
around the bars has been stressed up to its limit, the steel has been compressed to fifteen times 
that of the concrete only, and is still far from its limit. Notwithstanding this want of economy, 
it is frequently necessary to utilise steel in this way, as, for instance, in the case of columns, 
arches, etc., and in beams when sufficient depth, or area of concrete in the compression flange, 
cannot be ol)taincd. 

Steel is very perfectly protected from deterioration by a covering of concrete, and many 
instances could be quoted to show that a covering of less than 1 inch of good concrete is 
sufficient to preserve steel almost indefinitely. 

In many cases reinforced concrete forms an almost ideal method of construction, particularly 
where great strength and durability are essential. The strength of the concrete increases with 
age, and there is no cost of upkeep, as in the case of steelwork, which requires regular inspection, 
painting, etc. 

All structures can have their several members resolve*! into three types or into combinations 
of these three types—namely, beams or girders, struts or stanchions, and ties. Beams or girders 
support loads which act at right angles to their length, and tend to cause bending or deflection 
of the member. In struts or stanchions the loaiis act in the direction of the length, and 
tend to compress the members ; in long and slim compression members, however, stresses similar 
to those in beams may also arise, through bending or side-yielding when the load exceeds a 
particular value. In ties the load acts in the directiou of their length, as in .struts, but here 
the tendency is to produce tension or stretching in the member. 

Composite members may be representcii by struts or ties which are not placed vertically, and 
consequently tend to bend by their own w'eight, and to this latter extent act as beams. Anihes 
also are generally subjected to bending stresses in addition to that of compression. 

Beams or Girders. 

The bending moment and shearing force values arc calculated exactly as in the case of 
ordinary beams, and reference may be made to pages 216 and 217 for information on this point. 
Owing to the composite nature of a reinforced concrete beam, however, the determination of the 
internal stresses, or of the scantlings of any beam necessary to limit the tension and compression 
stresses to some specific maximum, are distinctly more complex than in. the oase of beams 
formed of a homogeneous material. 
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The following assamptions, which are practically correct within the usual limits of safe stress 
and ordinary conditions, are generally admitted, and form the basis on which the formulae are 
built up 

(а) The coefllcient of elasticity in compression of good concrete is constant throughout the 
working limit of stress, and for an average 1:2:4 mixture may be taken as that of the steel 
reinforcement. For any distance from the neutral axis, therefore, the stress per square inch on 
the steel is fifteen times that on the concrete. 

(б) The tensional resistance of concrete is ignored. 
(c) The stress on the concrete varies uniformly from zero at the neutral axis to a maximum at 

outer edge ; the stress on the area of the steel is constant. 
(d) The bond, or adhesion, between the concrete and the steel is sufficient to transmit any 

stress arising between these two materials. 

Oonsidering, in the first instance, a beam formed of some homogeneous material, supported at 
each end, and lo^ed so that it tends to deflect, the compressive stress at the upper edge of the 
beam will be exactly equal to the tensile stress at the lower edge, and these values will gradually 
diminish towards the centre of the depth, where they will altogether disappear; this plane of no 
stress is called the neutral axis. 

Assuming that the stresses vary uniformly, fig. S may be taken to represent the stresses in 
any section of the beam, the horizontal distance between the vertical line and the inclined line at 

any point above the neutral axis will be proportionate to the compres¬ 
sive stresses at the given point; similarly, the horizontal lengths below 
the neutral axis will be proportionate to the tensile stress. 

The total resistance to compression or extension would be represented 
by the area of either triangle. The resultant of either of these stresses 
would act through the centre of gravity of these triangles, or at a dis¬ 
tance equal to j the perpen<iicular depth from the base, giving the 
distance between the two resultants, or the lever arm of the resistance 
couples, as equal to %d. 

The corresponding diagram for a simple reinforced concrete beam 
would be that of fig. 4. Here the compressive resistance, which 
occurs above the neutral axis, is represented, as before, by a triangle; 

while the tensile resistance, being that of the steel reinforcement only, is represented by 
a line (the tensile strength of the concrete is ignored). The position of the resultant of the 
compressive resistance would pass through the centre of gravity of the triangle, or at 

from the upper surface ; the lever arm in this case would equal ~ 

Where double reinforcement is adopted—^that is to say, where a certain amount of steel is 
introduced into the upper or compression area of the beam to assist the concrete (fig. 5)—the 
total compressive resistance would, in addition to that of the concrete, include the compressive 
resistance of the steel; the combined resultant of these two resistances would equal the sum of 
the two, and would act at some point between the two independent resistances, the exact position 
depending on the relative values of these two resistances. 

In the case of T beams, or those in which the upper or compression flange is formed in part 
of the flooring slabs with which the beam proper is combined, two cases arise : the one in which 
the distance from the neutral axis to top of beam (n) is not greater than the thickness of the floor 
slab (d«), and the other in which this value (n) is greater than the thickness of the slab (dt). 
Since the compressive stress is assumed as being resisted by the concrete alone, the first case 
naturally falls under the same condition as that of a simple beam (fig. 4), except that the breadth 
of the beam must now be taken, not as the breadth of the reinforced beam only (tr), but must 
include a certain portion of the slab at each side of the main beam, or 

The difference between the first and second cases referred to will be obvious by a comparison 
between figs. 6 and 7. In the former the compression resistance is represented by a triangle, 
with a resultant acting \n from the upper surtace; while in the latter case the compressive 
resistance is represented by the area of a trapezoid, the point of action being through the centre 
of gravity of this figure. It should be noted that in this latter case the compressive value of the 
concrete in the main beam between the bottom of slab and the neutral axis is ignored, as its 
value is very slight, and the formulas are much simplified by doing this. 

Two extensions of the above two cases are shown in figs. 8 and 9, where double re¬ 
inforcement is adopted; the treatment in these two cases is modified generally, as previously 
noted when referring to figs. 4 and • for rectangular beams. 

The following series of formulas for the several types of single and double reinforced beams 
just referred to will enable the scantlings for any such members to be readily calculated or 
the designs for these checked with the minimum of trouble. 
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Beotangular Beams with Single Beinforoement. 

I 1 :// 

Fio. 4. 

"=' < • 

' + <-m 

. (1> 

c V cm > 

. (2) 

. . . 
n 

. (3) 

c~t 
(1 —M)m 

-(•-;) ■ 

. (4) 

. (0 

n=■\‘2mr—mr . . (0) 

u=M-[„.(i-")J . . (7) 

r=64-4.„(.-';)] . . (8) 

Symbols. 

w = Ratio of distance of neutral axis from compres¬ 
sion edge of beam to effective depth. 

r=Ratio of area of steel to area of concrete = A 
<=Teusile stress intensity on steel. 

Compressive stress intensity on concrete. 
wi = Modnlns ratioriK»/Ec. 

A.j. = Area of tensile reinforcement. 
B = Bending moment of external forces. 
R= Resistance moment of intf^rnal stresses. 
j=Brea4lth of beam. 

Effective depth of beam. 

Dkkionixg.—Decide valnes for w, t, c, and trial 
dimensions for 6 and d. Calculat«_> u by (1) and r by 
(2); then valne of A,, by (6). U i- got ^rom (7)or (8). 
If any other value of r is used than is given by ^^2), 
calculate w by (6) ami 11 by (7) and (8the lesser of 
these two values being adopted. 

Chkcking a liEsms. Calculate r (=A,/M), and 
with this determine n from (0); test t and c by (3) and 
(4). If / exceeds the safe stress, get R from (7); if c 
excels the safe stress, get R from (8), in eacli case 
using the maximum safe stress for t or c. 

Note.—Where more than one bar is used to form 
the reinforcement, measure d to the centre of gravity 
of the group. 

Usual Z)fmen«o/i5.—d=one-twelfth to one-sixteenth 
of span : f»=one-half to two-thirds d. 

Beotangular Beams with Double Beinforoement. 

h 
'i.<h 

Fig. 6, 

= . . . 
n 

(9) 

. . . . 
(l-«) 

(10) 

A = ^ 
C,f/(1 —de) (11) 

■ 4-?) ■ 
(12) 

w = V m\rt -h TcY -h 2m( ri+rede) 
—m(r,+ rc; (13) 

(14) 

(15) 

Additio.val Symbols. 

c,=Compressive stress intensity on steel. 
(/c=Ratio of depth to centre of compression re¬ 

inforcement to effective depth. 
Ae=Area of compression reinforcement. 
r<=: Ratio of area of steel in tension to area hd. 
re=Ratio of area of steel in compression to area hd. 

Ukhignino.—Calculate w by (1), then c, by (9) or 
(10) ; the area of Compression Steel is got from (11), 
and the area of Tension Steel from (12). The Resist¬ 
ance Moment is got from (14) or (15). 

Checking a Design.—Calculate r and r, from 
scantlings given, and n from (13). c, is got from (9) 
and (10), tlie smaller value being adopted. R is ob¬ 
tained from (14) and (15), the former assuming the 
concrete, and the latter the steel as stressed to their 
respective safe limits ; the least value of R from (14) 
and (15) must consequently be taken as the maximum 
safe R. 
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T Beams with Single Reinforoement. 

Clan l.-—n not greattr than dt. 

- 
1 ; j 171 

jiA- - 
FIO. 6. 

1 
«= .. 

1+ ‘ 
cm 

. (16) 

c \ cm/ 

, (17) 

. . . . 
71 

. (18) 

". 
(l~n)7/i 

B 

. (19) 

■ • • 
. (20) 

. (21) 

R=6W“[/r(l-;‘)] . . . (22) 

R=M>[4™(1-;)] . . . (23) 

Symbols. 

n=Ratio of distance of neutral axis from com¬ 
pression edge of beam to effective depth. 

r=Ratio of area of steel to area (brd). 
#=Tensile stress intensity on steel. 
c=Compressive stress intensity on concrete. 

m = Modulus ratio=Et/Ee. 
A i =Area of tensile reinforcement. 

B=Bending moment of external forces. 
R = Resistance moment of internal stresses. 
&#= Breadth of T slab. 

= Breadth of rib. 
Effective depth of beam. 

DuaiGNiNQ.—Decide values for m, c, and trial 
dimensions for b„ and d. Calculate n by (16) 
and r by (17), then value of At by (20). R is got 
from (22) or (23). If any other value of r is used 
than is given by (17), calculate n by (21) and R by 
(22) and (23), the lesser of these two values being 
adopted. 

OiiKCKiNO A Dkhion.—Calculate r ( = Ar/b,d), 
and with this determine n from (21). Test t and c 
by (18) and (19). If t exceeds the safe stress, get 
li from (22), if e excee<ls the safe stress get R from 
(23) , in each case using the maximiim safe stress 
for c or t. 

T Beams with Single Reinforcement. 

Clan IL—n greater than d$ 

d^s~ + 2mr 
Or 

n = 
**+ 2mr 
br 

. (26) 

Additional Symbol. 

<i«=Ratio of depth or thickness of slab to effective 
depth of beam. 

Dkhioning.—Decide values for m, (, c, and trial 
dimensions for &r, and d. Calculate n by (16) 
and r by (21), then value of At by (26). R is got 
from (27) or (28). If any other value of r is used 
than is given by (24), calculate n by (26), and R 
by (27) and (28), the lesser of these two values 
being adopted. 

OiiKCKiNG A Dksign.—Calculate r (—A’rlbrd), 
and with this determine n from (26). 'I'est I and 
c by (18) and (19). If t exceeds the safe stress get 
R nrom (28), if c exceeds the safe stress get R from 
(27), in each case using the maximum safe stress 
for c or <. 

Znd,—2dt 
6n-3d, ')]<") 

R * fir (1 - \ ] 
t V 6n-3d, )] • . (28) 
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T Beams with Double Beinforcement. 
Clast /.—n not grecUer than d,. 

I — 

c—t 
(l-wV« 

cJ”-"’'*! 
(1-M) 

(29) 

(30) 

(31) 

(32) 

(33) 

A.- . (34) 

(35) 

■ r.rf(r-rfe.) 

tt = )&^ J ^ J'2w( n + r*//,)6, J 

_ ^m(n + re)5,J 

R = 1 ” 3 - <^*) ] 

Tl = Jc«&. (1 - 3 ) + ^ ^^ 

(36) 

(37) 

Symbols. 

n = Ratio of distance of neutral axis from com- 
pregeion edge of beam to effective depth. 

f=Tenplle Btresg intensity on steel. 
c=Oompressive gtress intensity on concret 
c.«*Compressive stress intensity on steel. 
m=Modulus ratio=E,/E,. 

AI =Area of tengile reinforcement. 
A«=Area of compression reinforcement. 
6*=Breadth of T slab. 
6r = Breadth of rib. 
d=Effective depth of beam. 
d«= Ratio of depth to centre of compression 

reinforcement to effective depth of beam. 
r^s= Ratio of area of steel in tension to area brd. 

»*, =: Ratio of area of steel in compression to area 
brd. 

B=: Bending moment of external forces. 
R=: Resistance moment of internal stresses. 

Designing.—Calculate n by (29), then c, by (32) 
or (33), the area of Compression Steel is got from 
(34), and the area of Tension Steel from (35). The 
Rewstance Moment is got from (37) or (38). 

Checking a Design. —Calculate r, and r* from 
scantlings given, and n from (36). c, ip got from 
(32) and (33), the smaller value being adopted. R 
is obtaine<l from (37) and (38), the former assuming 
the Steel and the latter the Concrete as stresseil to 
their respective safe limits. The least value of K 
from (37) and (38) must consequently be taken as 
the maximum safe R. 

T Beams with Double Reinforcement. 
Class Jl.-n greater than d,. 

+c.rc(l-dO»*] . (42) 

L \ 6n-3d, / 
. (43) 

Additional Symbol. 

(fi=]latio of depth or thickness of slab to effec¬ 
tive depth of beam. 

Designing.—Calculate n from (29), then ct 
by (32) or (33), the area of Compression Steel 
is got from (39) and the area of Tension Steel 
from (4U). The Resistance Moment is got from 
(42) or (43). 

Checking a Design.—Calculate rt and rc 
from scantlings given, and n from (41), c, is 
got from (32) ami (33), the smaller value being 
adopted. R is obtained from (42) and (43), the 
former assuming the Concrete and the latter 
the Steel as stressed to their respective safe 
limits. The leiist value of R from (42) and 
(43) must consequently be taken as the maxi¬ 
mum safe B. 

Note.—In many cases of double reinforce¬ 
ment the compression reinforcement can be 
placed at the centre of gravity of the com- gression area; the formula for R oould then 

9 somewhat simplified. 
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Shearing Stresses and Diagonal Tension in Beams. 
These stresses and the methods of resisting them require careful consideration in all cases. 

At any point in a beam, the horizontal and vertical shearing stresses are of equal value, and these 
stresses may be looked upon as the connecting link lietwecn successive increments of tension in 
the reinforcement and corresponding increment of compression in the concrete ; also, in the case 
of double reinforcement, in connecting up the increments of tension and compression in the two 
forms of reinforcement. The tendency of the longitudinal shearing stress is to destroy the 
adhesion between the concrete and steel, and it is necessary to calculate this value to ensure that 
no slipping or failure takes place from this cause. 

If S represents the total vertical shear, which is equal to the rate of change of the bending 
moment from point to point along the beam; the shearing stress between concrete and steel; 

O the periphery of reinforcement, whether one bar or a number of bars ; the shearing stress 
round the bars per unit surface of reinforcement is approximately equal to :— 

“ O X 0-86<f. 

and this same stress per unit length may be written— 

*6 0 = 
S 

0-86d 
. (45h 

The fraction 0*86<i in the above ecpiations represents the approximate average length of the level 
arm,or distance between the centre of tension in the steel and the centre of compre.ssion in the con¬ 
crete : and these equations may therefore be used to give practical values for rectangular or f 
beams, either with single or double reinforcement. 

If 8 represents the unit horizontal shearing stress in the concrete, the shearing stress per unit 
length on any width b of a beam is as follows : — 

s X b S 

0-86// 
. (46). 

This last formula not only gives the value of the horizontal shearing stress, but also that of the 
vertical shearing stress at the same point, since both these stresses are always of equal value. 

Failure by diagonal fension is the cause of numerous mishaps, which are frequently attributed 
to shear. The maximum diagonal tension in a reinforced concrete beam Is largely govcrnetl by 
the amount of the horizontal tension in the concrete as well as that of the shearing stress at the 
same jKiiut. From practical experiments and data it would appear that, with average concrete, 
beam? with no web reiiiforcenient are liable to fail by diagonal shear when the vertical shearing 
stress intensity, at point of failure, averages about 120 lbs. per Bcpiare inch. Accepting a factor of 
safety of 4, the shearing stress intensity given by formula (46) should not exceeil 30 lbs, per square 
inch. Witli the same factor of s{ifety,'the shearing stress calculated by this formula in beams 
with web reinforcement may be teken at 120 lbs. per square inch. 

Web Reinforcement. 
This generally consists cither of vertical or diagonal stirrups, alone or in conjunction with 

inclined bars, these latter generally consisting of a portion of the main reinforcing bars bent 
upwards as required. 

The sectional area of steel to withstand the total .shearing force at any vertical section, when 
the shear bar is inclined at an angle with the liorizontal, should be as follows :— 

Sectional area required =: ^ .... (47), 
t X 8in<^ 

t being the tensile strength per square inch of the steel. 
The resistance to shear and to diagonal tension in a T beam is practically similar to that for 

rectangular beams, if the breadth in the former be taken as the breadth of the rib (b,), this value 
being compared with tlie breadth (b) of the rectangular beam. 

The breadth of rib in y beams {b,) will usually be found sufficient to resist any horizontal 
shear when of a .size to give sufficient practical space for embedding the steel reinforcing bars, 
but to allow for any excessive shear, and for diagonal tension, it is well to keep this breadth of 
ample size. 

Inverted Beams. 
Where a beam is continuous over one or more intermediate supports, or where u single span 

beam is securely fixed or built in at its ends, the effect on the continuous beam over the supports 
or at the ends of the single span beam is to produce reverse bending, and consequently an 
inversion of the stresses; tlie upper portion now being in tension, while the lower portion is in 
compression. To meet this cliaugc in stress, it is usual to bend up a number of the lower re¬ 
inforcing bars as they approach the ends, and for partial fixing this may be sufficient, but it Mdll 
generally be found that additional reverse stress bars (sometimes called ‘ continuity bars ’) must 
be added to provide the full area of reinforcement necessary at the upper portion of the beam. 

In the case of inverted y beams, it will usually be found that the neutral axis falls outside 
the slab, and it may therefore be calculated as for an ordinary rectangular beam, of a breadth (6) 
equal to the breadth of rib (b,). 
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Deflection of Reinforced Concrete Beams. 
An ingenious method of calculating the approximate deflection of a reinforced concrete beam 

or slab was suggested by Mr. Eli White in the ‘ Engineering llecord ’ for November 9, 1907. The 
following explanations are based on this method : — 

The deflection of a reinforced concrete beam being proportionate to the elongation of the steel 
tensile rfiinforcemeut, this deflection will l)e similar in amount, for similar tensile stress intensities, 
to that of a symmetrical beam, whose flanges are eacli of an area equal to tlie tensile reinforce¬ 
ment in the reinforced concrete beam, and are placed at a distance ai)art equal to twice that of 

the distance between the tensile steel and the neutral axis in tlic reinforced concrete beum. 
Fig. 10 indicates to the left a sketch section of a reinforced concrete beam, with tonsiU- 
reinforcement equal to At, and the sketch to the right indicates the section of an imaginary 
symmetrical steel beam, whose two flanges are each o(inal in area to At and are i)laced at 
2{(i—n) apart. If f = tcnsile stress intensity on steel, the 

Resistance Moment of this symmetrical beam — 2 (d — a) x At x /. . ("IH). 

When any beam is carrying a load, it is obvious that the resistance moment mast be ccpial to the 
bending moment of tlie external force acting on the beam. 

For this symmetrical beam, the 

Approximate Moment of Inertia value —2At X (d—?*)"* .... (49). 

and taking E at 30,000,000 lbs., the deflection formula? given In the tables on pages 210 and 217 
can be applied to calculate the approximate deflection in any single or double reinforced concrete 
beam, the correct value for (d—n) being used in the above formuia*. 

It should be noted that in the above forranlre the tensile resistance of the concrete has been 
entirely ucglecbid, and tliat the formula? for deflection on pages 216 and 217 are those for beams 
of unifonn section (reinforced concrete beams only more or less approach tliis condition) ; for 
these reasons the calculated deflection will generally be distinctly higher than the actual values, 
which may at times be found as much as 10 to 15 per cent, less than given by these calculations. 

The tables on pages 216 and 217 may prove of service in determining graphically the 
bending mom(?iit and shearing .stress values for various types of loading ; and sincethe.se diagrams 
.show clearly the change of values they can fre(ineutlv be used iu arranging the main reinforce¬ 
ment and tue points where these bars may be bent up to rraist shear; independent shear 
members can also be set out by the same means. 

PIPES, CIRCULAR RESERVOIRS OR BINS, ETC. 

Symbols used in tue following Formula. 

Aa <» Sectional area of hoop reinforcement. 
0 Direct compressive stress on the shell. 
br Breadth of ring under consideration, in inches. 
d a Diameter of pipe or reservoir, in inches. 
t *>■ Tensile stress in lbs. on steel reinforcement. 

Pi » Pressure in lbs. per sq. in. on shell. 
Hw » Head of water, in feet. 
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When under Internal Pressure. 
(Concrete neglected.) 

Consider any ciromnferential strip or ring, then :— 

Al » &r 

* 2t 
(50) 

The total area thus found is divided up into any suitable number of hoops or rings. 

Where water pressure has to be resisted :— 

(81) 

In addition to the hoop or spiral reinforcement determined above, longitudinal bars are neces¬ 
sary to strengthen the concrete shell between each hoop to resist the pressure they have to sustain; 
the shell here acts as a fixed ended beam or slab of a span equal to the distance between the 
hoops, and the scantlings calculated by the formulse previously given for such a type of beam. 

Practical considerations generally decide the thickness of the concrete shell, which is usually 
14 to 2 ins. thick for pipes up to 9 or 10 ins. diameter, and seldom exceeds 3 to 3 J ins. even for 
large diameter pipes. In vertical reservoirs or bins the thickness towards the base must sdso be 
such as will safely carry the weight of the shell. 

Note.—^The required reinforcements for circular bins or silos may be determined by calculating 
* p * from formulaD (54) or (66) on next page, for two levels say 12 ins. apart; the difference of 
the two values thus got will give the pressure per lin. foot and per one foot in height between 
these levels. Dividing this value by 12 x 12 (144) will give the average pressure per sq. in., 
and formula (60) above will at once decide the necessary hoop reinforcement. 

WTien under Sxtemal Pressure. 

(Concrete and hooping both effective.) 

0“^**'.(M) 

The safe load which the shell wUl sustain depends on the proportion of the steel hooping, 
and is obtained from formulss (6), page 390. A few trials with varying thicknesses and proportions, 
of reinforcements may be required. The minimum practical thickness of shell is that necessary to 
give complete protection to the steel rocLs, and to permit of safe transport and handling. 

Longitudinal reinforcement is provided under the same conditions as in the last case. 

STORAQj; BINS OB SILOS. 

SYMBOLS USED IN THE FOLLOWING FORMULJO. 

A » Depth of bin in feet, or height of material above any point. 
6 >= Breadth of rectangular bin, in feet. 
I Length of rectangular bin, in feet. 
d Diameter of circular bin, in feet. 
p « Pressure against sides of bin in lbs. per lin. foot of horizontal perimeter. 
tff sa Weight per cubic foot of material in bin. 
fji » Coefficient of friction within the material stored. 

ft I Coefficient of friction between material and sides of bin. 
(For values of the last three items, see table below.) 

Bins can be conveniently divided into two classes, as follows:— 

First — Shallow Bins, where the plane of rupture (or the plane along which the material 
would tend to slide if the sides yielded) passes out through the material itself before it meets the 
opposite side of the bin, and 

Second.—Deep Bins, where the plane of rupture meets the opposite side of the bin within 
the mass of the contained material. 

The particular depth forming the dividing point between the above two classes is obtained by 
the following formulas. 

A-8x [(*+ . (58) 
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All depths lees than the above valae would indicate shallow bins, all greater depths would be 
classed as deep bins. 

For square bins 

Fini Cloit.—p (64) 

8*cond CUut.-^ - T\/ b ^ ~ 1 
^ M + /it, 

The total pressure on bottom of bin — 

(Total weight of material) — (/xi X p X perimeter of bln in feet) 

The maximum pressure on the bottom of a bin occurs when 

+ 4m, y_l-/x/x, 1 

2 La + Ml '3m, — m^ /X + M; 

(66) 

(66) 

(67) 

For Bectangular Bins the values given by formnlm (64) and (66) will be different for the 
sides and the ends, since in the latter case the value I would replace that of b. 

For Circular Bins substitute d for b In formulae (53), (56), and (67). 
These formulae are not applicable to the inclined sides of Hopper bins, nor to the conical or 

spherical bottoms of shallow bins. 

Nature of Grain, etc. 
Weight per Cubic 
Foot in Pounds. 

Coefficients of Friction. 

Grain on Grain, j Grain on Cement, 

Wheat. 53 0-406 0-444 
Barley. 43 0-609 0-462 
Oats. 33 0-63? 0-466 
Maize. 48 0-621 0-423 
Beans . 50 0-613 0-442 
Teas. 64 0-477 0-296 
Tares. i 63 0-554 0-394 
Linseed . j 46 0-456 0-414 
Cement. ’ lUU 0-654 0-316 
Hand. i 90 0-674 0-577 
Bituminous Coal i 60 0-700 0-700 
Anthracite Coal (small) . ; 62 0-610 0-510 
Ashes ..... 1 40 0-839 0-839 
Coke. i 28 

1 i 
0-839 0-839 

BBTAININO WALLS. 

SYMBOUl USED IN THE FOLLOWING FORMULJC AND DiAQRAUS. 

h » Height of wall in feet. 
to ma Weight of a cub. foot of earth in lbs. 
e Angle of surface of earth with boriaontal; + when above. — when below horizontal. 

(f) » Angle of repose of earth. 

(a) Back of wall vertical, and surface of earth inclined at an angle e. 

ReauUant Pressure 
wh* r Cm. e — VOos.V - 0os.» .5 i 

30 L * Cos. € + \/0os.*e — 0c«.* J (88) 

The direction of the resultant pressure is parallel to earth surface, and acts at l/i from base 
of wall. 

(6) Back of wall vertical, and surface of earth horizontal, 
„ toA* 1 — sin<i> 
Resultant pressure "3^1^ .(69) 

(0 Water pressure. 
Resultant pressure 31 • 26//* ..(60) 

The direction of resultant pressure in (6) and (c) is horizontal, and acts at a point |/< from 
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To construct thU Diagram 

Draw A F parallel to B E, and at any point D lay off D V ■■ rertioal height D H. 
Draw F Q horisontal, and set off F H, making angle D F H — «/>. 
From any point J in D F describe arc IK tangent to FII. an<1 draw O L parallel to K J. 
With L as centre and radius L F, desoribe circle A D in N. 
From N draw N O parallel to A B, cutting circle in O, aud ]oin O Q. 
At A draw A 0 *> O G. and normal to A B. 
The area of the triangle ABO multiplied by ta will give the resultant pressure on the wall. 
The point of action of the resultant is at A B from A. 
To find the direction of the resultant pressure, produce O O to Q and Join Q N, the direction 

of the line Q N Is that of the resultant pressure 

DOMES AND CONICAL COVERINGS. 

The following graphic method of determining the stresses iu domes is only oorreoi for thin 
ooyerings of true spherical or conical seotioo, and formed of a material of uniform weight per unit 
of surface, and capable of resisting both tension and compression. The majority of reinforced 
concrete domes approximate to these conditions. 

For a detailed explanation of the following statements aud formulas, Sio., a reference may be 
made to a Paper by Mr. W. Dunn, Assoc.M.lnst.O.B., F.R.I.B.A., published in the ' Transac* 
tlons of the Royal Institute of British architeots,’ May tl, l»0i. 

To construct Figs. 19 and IS. Divide centre line of dome (fig. 19) into any oonvenlent 
number of parta, aud draw the horizontal lines to shell, as lA, 2B, Ac. Draw load line 
0-12 (dg. 13) and from O draw radial lines parbUei to tangents on the curve at points A, B, Ac., 
till they meet the corresponding horizontal lines; from these meeting points verticals are drawn 
to the adjacent horizontal lines to complete the zigzag lines shown. If correctly set out, the outer 
meeting points wiL lie on a regolar curve as shown. 

Select a scale such that the length 0-12 corresponds with the total weight of the dome; then 
the several heights between any two horizontal lines can be scaled off direct to give the weight of 
the portion between these two lines. To same scale, the radial lengths from O (fig. IS) to any 
point A, B, C, Ao., indicate the total pressure on any horizontal section ; the horizontal lengths 
Al, B2, dec., to same scale, give the total horizontal or radial thrust * the shorter full lines drawn 
from A, B, Ao., give the variation In tlie radial thrust between the adjoining section lines. 
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To determine the hoop stress, or that acting at the vertical face of any section, the radial 

thrust must be divided by 6 - 28 \ or 5y choosing a scale such that the height 
V Circumference/ 

0-12 » Q 28 ^ total weight of dome, the horizontal lengths to this scale will give the radial thrust 

direct. 
The pressure per lineal unit on any horizontal section is equal to the length of the radial line 

from O to the particular section measured by the modified scale just mentioned, divided by the 
radius length at this section. 

The position of the joint of rupture is at an angle of about 611® witli the vertical, or vs here the 
tangent to the curve in fig. 12 is parallel to the loadline 0-12 ; this is also the point of no hoop 
stress. 

The addition of a lantern, or other load, at apex of dome will raise the point O in load line, 
and also the joint of rupture ; the formation of a central opening will depress the point O to level 
of edge of opening, and lower the joint of rupture. 

This graphic method will similarly apply to conical coverings. 

ARCHES. 

The designing of concrete arched bridges as a rule should be imdertaken only by experts, as 
the accurate determination of the stresses, and the economical arrangement of concrete and steel 
to resist those stresses, calls for a large amount of skill and experience. The following diagrams 
and brief explanations will servo to indicate the manner in which such arches can be designed, 
or the strength of existing arches calculated. 

Arched bridges may be divided into three general types:— 
1. That in which a continuous arch is provided, without joints or hinges, and connected 

rigidly to the abutments. 
2. Where the arch Is hinged or jointed at each abutment, but is continuous between these two 

points. 
3. Where the arch is hinged or jointed not only at the abutments, but also at the centre. 
The existence of a hinge or joint implies that any stress in the arch ring must pass through 

the centre of the joint, and it is necessary to keep this in view when drawing the equilibrium 
polygon, and to arrange that this polygon passes through the centre of all joints. 

Analytical methods of determining the stresses in two-pin and in three-pin arches are described 
on pages 633 and 634. An analytical method of determining the line of thrust in a parabolic arch 
with fixed ends is given on page 636, and may be applied to a flat segmental arch which does not 
sensibly differ from a parabola. 
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Calculation op Stresses in arohes with fixed Ends. 
To make the solution complete, the derivation, from generally accepted principles, of the condi¬ 

tions to be satisfied, will be briefty indicated. In fig. 14 da is an extremely short len^ of an arch 

with fixed ends at A and B. Throughout this short length the bending moment may be supposed 
to be constant and equal to M. If the angle subtended by this length before bending is $ and due 
to the bending moment M is changed to the length of a fibre distant x from the neutral axis 
will have changed from ds -{■ 0x to ds BiX^ the difference being 

x(0 — 60 or 0^ P®** length. The maximum stress /, due to the bending moment M, 

8 where y is the distance of the extreme fibre from the neutral axis and I is the moment of 

inertia of the section. The stress on the fibre under consideration is 

X TA Ux 
X f = T 

y I I 

Therefore, B, the modulus of elasticity, is : 

Mx ^ xi0-eO 
I • da + Ox 

and d — 
M(ds + 0x} Mdj 

BT ^ BI 

6x being negligible compared with da. 

If only this short length of the arch is subjetrted to bending and the end towards A is supposed 
to remain fixed, the effect of the bending will be to deflect the end B to a position E, the angle 

BOB being equal to 0 — 0|, and therefore equal to As this angle is extremely small, the angle 

OBE is practically a right angle, and the triangle GFB is similar to the triangle BDB. 

Therefore CP 
OB ■ 

BU 
BE 

BD . X OF 

» (fi - fi,)OP 

Uda 
“ BI' 

DB 
' BE 

BE ^ 
‘ OB ' 

BI 

PB 
OB 

DB = 

,.0P 

, X PB 

* PB 

. (61) 

(62) 
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In the fixed end arch with rigid abatmente the ends are incapable of lateral or yertical more* 
ment, and therefore the sum of the quantities BD given by equation (61) is equal to zero, and the 
sum of the quantities DB given by equation (62) is also equal to zero. The bending of the short 

section ds is represented by and as the tangents at the ends of a fixed end arch 

remain unchanged, however the arch may be deformed due to bending, the sum of these quantities 
is likewise equal to zero. 

These three conditions will now be applied to determine the resultant thrust line in the arch 
indicated in fig. 16. As space will not allow of a lai^er scale being used, the centre line of the arch 

has been divided into ten equal parts, but in actual practice it would be preferable to draw the 
arch to a scale of not less than 4 ft. or 6 ft. to the inch, and to divide the centre line into twenty 
equal parts. The loads shown on the diagram which correspond to 1 ft. width of the arch, are 
assumed to be applied at the centre of each of the ten divisions. As the arch is of uniform thick¬ 

ness, the only variable quantity in the expression is the bending moment M, which is equal 
Bi 

to the horizontal thrust H multiplied by the vertical distance between the centre line of the arch 
and the resultant thrust line. By calcuIatiDg the moment of each load about the right abutment, 
and plotting these moments consecutively from the springing upwards, as shown in fig. 16, an 
equilibrium polygon can be drawn, which intersects at the centre of each springing; but as the 
ends of the arch are not hinged but fixed, the resultant thrust line may intersect the verticals 
drawn through the centres of the springings above or below these centres. Let these vertical 
distances above or below the centres of the springings be y at the left abutment and y^ at the right 
abutment, distances above the level of the springing being considered positive and distances 
below this level negative. The ordinates of the resultant thrust line are obtained by dividing 
the ordinates of the equilibrium polygon, measured from the base line which closes the polygon, 
by the horizontal thrust H. The respective ordinates of the equilibrlum^polygon are not altered 
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whether the closure line at the base be horizontal or inclined, and as the calculation depends on 
small differences between the ordinates of the r^ultant thrust lino and the ordinates of the centre 
line of the arch, the ordinates of the equilibrium polygon have been calculated for each division 
by takix^ moments of all the forces to the left of that division, having previously determined the 
vertical reaction at the left abutment for a two>hinged arch or simple beam subjected to the same 
loading, by dividing the sum of the moments of all the loads with reference to the right abutment 
by the span, i.^., 515 foot-tons -f- 42 ft. = 12-25 ions. 

The expressions which follow represent the vertical distances between the resultant thrust 
line and the centre line of the arch for each of the ten divisions commencing from the left, and the 
sum of these expressions is zero. 

1*7. X . 20-8 - __ 
y - ^2 ^ H - 

y - ®^2^ (y - yii 4- ~ 4-23 

42 
18-7 
42 H 

0 
8-41 

23-3 . . ^ 93-0 Q 
y- 42 (!'--*'*> ^ H 

27-9 . - , 82-2 , _ 
y - (y - yO i „ - 7-70 

42 
32-3, 

H 
66- 

•30 

36-6, ^ . 44-1 
y - 42 H ” ^ 

40-3, , , 16-6 , 
y- 42 (y-y«) » ^ -i*&& 

lOy - 6 (y - y,) 1- - 66-38 - 0 

y+yi +'^^'^-=11-28 . (63) 

The sum of these expressions, each multiplied by the respective distance from the left abut¬ 
ment, is also equal to zero and the results are as follows:— 

I-Ty- - y.) + ^ 2-6 

6 iSy-®J'(y - y.) h - s3-3 

O 'y- (y-yi)+ - 61-1 

141y - “'^'"(y - y.) + - 108-6 

18-7y - - y.) I- - 167-3 

23-3y - - y.) + - 196-0 

27-9y - - y.) + “g* - 2H-8 

33-3y - - y.) + - 303-6 

36-6y - - y.) + - 161-4 

40-3y-'‘®j®’(y-y,)-I- - 63-4 

«10y - ®*** (y - y.) - 1183 - S - 0 

67-3y + 143-8y, -1- - 1188-9 - (84) 
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The sum of the numerical coefBciente in the first column Is equal to fiye tinaee the span. The 
yalues of the squares in the second column are taken from tables and the products figuring in the 
third and fourth columns are worked out using four-figure logarithms. As the same numbers 
occur two or three times in the various calculations, by working systematically the apparently 
laborious operations are very much simplified. 

The sum of the original expressions, each multiplied by the respective ordinate of the centre 
line of the arch, is also equal to zero and results as follows ;— 

2-6 32 
l-66y - 

42 Vi) 4 11 
2-4 

23-3 232 
4-23y - 

42 yi) i H 
17-9 

61-1 , 603 
6-30y - 42 yi) f n 39-7 

108-6 728 
69-3 7-70y - 

42 f"- yi) + n 
167-2 

y.) + 
833 

70-7 8-41y - 
42 FI 

I96 0 , 
Vi) 4- 

782 
8-41y - 

42 H 
iO-7 

214-8 , 6.33 
7-70y ~ 42 “ Vi) 1 n 69-3 

203-5 , 417 
6•30y — 

42 yi) + H 
39-7 

164-4 , 
Vx) t 

187 
17-9 4-23y - 42 H 

62-4 
Vx) + 

26 
1•56y — 42 H “ 

2-4 

56-38y - 28-19(y - y,) h jj - 380-0 - 0, 

4372 
or 28-19y + 28-lyyi-1- = 380 . . .(66) 

These three equations—(63), (64) and (66) determine the values : 
H = 11-32 tons 
y = - 0-72 ft. 

y, = 0-60 ft. 

The resultant thrust line can now be drawn following the proceuure indicated in fig. 16. The 
value of y «=* — 0 • 72 ft. is set off below the centre of the left springing, and the value of y» = 0 • 60 ft. 
above the centre of the right springing. From this point and vertically upwards, the values of the 
moments of each of the loads about the right abutment, divided by the horizontal thrust, are 
consecutively set off. This can be done graphically as followsThe sum of the moments of all 
the loads with reference to the right abutment is 616 foot-tons, which, divided by the horizontal 
thrust 11-32 tons, gives 46-4 ft. This distance FQ is set up vertically on the right abutment 
to the same scale as the drawing of the arch, starting from the point determined by yi = 0 • 60 ft. 
At Q a horizontal line QR is drawn. The value 616 foot-tons is set off to a convenient scale on a 
diagonal line PR, and on this line the respective moments of each of the loads are plotted. By 
drawing horizontal lines through the points thus determined, the distance PQ is divided up into 
parte representing each moment divided by the horizontal thrust. By using the same construction 
as that employed in fig. 16, the true resultant thrust line is now completed 

The absolute maximum deviations from the centre line of the arch occur at the abutments, 
and the maximum values within the span occur at divisions 4 and 7. Oalculating the amount of 
the deviation at these divisions by substituting the values of y, y, and H in the corresponding 
0xpre8sions in the first summation, gives the values -1- 0-34 ft. at division 4, and —- 0*36 ft. at 
division 7. From these values the accuracy of the graph can bo checked and the stresses in the 
corresponding sections of the arch truly calculated. 

At division 7, for Instance, the bending moment is 11 *32 tons x — 0-36ft. — — 3-96 foot-tons. 
The direction of the resultant thrust on the left abutment is clearly indicated in fig. 16, and as 
the horizontal thrust is uniform throughout the arch, the vertical compouent of the reaction at 
the left abutment is evidently 

48 4 ft. + 0-6 ft. + 0-72 ft. ^ 
42 ft. 
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The total load is 32 tons and, therefore, the vertical component of the reaction at the right abut¬ 
ment is 9 ‘ 43 tons. The vertical shear at division 7 is 

(9-43’^- 2-6’r - 2’’'’- 1-6^ - ^ x 1-3^) = 2-68 tons, 

and the resultant thrust at this division of the arch is therefore equal to 

^11-32* + 2-68* = 11*63 tons. 

The section of the arch at division 7( s thus subjected to direct compression of 11*63 tons, and to 
a bending moment cf 8 * 96 foot-tons, the tension due to this bending being at the extrados of the 
arch. 

The calculation described is for an arch of uniform section. If the section is not uniform, 
each of the expressions giving the vertical distances between the resultant thrust line and the 
centre line of the arch must be divided by the moment of inertia of the corresponding section 
before summing them, and these corrected expressions must also be used in proceeding to the 
second and third summations. 

Specification for Beinforced Concrete Work. 

The following sketch specification may be of assistance. It can be modified to any required 
extent to meet special conditions. 

Specification for ileinforcedConcrete Work 
(Date)-- to be executed in erecting New Premises at 

- - for Messrs. - 

Architect. 
Engineer. 
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General Deteription and CondUiont.—The Structure will be erected in strict accordance with 
jhe Engineer's Drawings Nos.and.and to any further Detail Drawings to be afterwards 
provided. 

The Structure will consist of {give general deacHption). The Foundations shall be taken out to 
( the clay, ballast f). The Maximum Load at this point must not exceed.tons per square foot. 
The average depth of foundations may be assumed as.below datum level. 

The whole of the work included in this Oontract shall be conatructed of the best materials and 
workmanship, and shall be carried out to the entire approval of the Consulting Engineer, and be 
completed to his satisfaction. 

No variations or alterations from Specifleatiou or Drawings shall be permitted unless same are 
approved in waiting by the Consulting Engineer. 

Immediately on acceptance of his tender, the Contractor must provide a complete and detailed 
Bill of Quantities (priced in ink) for this work. Should any variations or alterations occur 
during the carrying out of the work, the variations shall be measured up and priced according to 
the Bill of Quantities, and any necessary additions or deductions thereafter made from the quoted 
lump sum price. Any materials or labour required during the progress of the work which are 
not indicated in the Bill of Quantities shall be paid for at Rates or Prices to be agreed with the 
Engineer. 

The Contractor will be responsible for meeting all reijuirements of the London County Council, 
or other Local Authorities, with regard to the mode of construction or the carrying out of s:ifne, 
and shall at once notify the Consulting Engineer should such requirements necessitate any 
modification in his designs or details. 

The Contractor will be held responsible for setting out the Works, and for amending any 
errors due to inaccuracy, or other cause, at his own cost. 

The Contractor must provide for these Works all labour, tools, tackle, boards, horsing, 
centering, scaffolding, cartage, water, etc. 

The Contractor must provide and maintain proper shetls, latrines, and other accommodation 
for the use of workmen, and proper sheds and shelters for the jirotection of materials. 

The Contractor will be held responsible for all losses, accidents, and damages tliat may happen 
to the Works, adjoining properties, or persons during the progress, and caused by the execution of 
the Works. 

The Contractor will be bound to complete all the Work.®' contained in this Specification, etc., 
within.months of the date of signing the Contract or obtaining possession of site, 
under the penalty of.per week or part of a week as liquidated and agreed 
damages, except the delay in the opinion of the EnginetT arises from cau-scs beyond the control of 
the Contractors, in whicli case tlie Engineer shall grant an extension of time in writing. 

The Contractor innst allow for making good at his own expense any defect or defects ’which 
may become noticeable in the Works during a pcrioii of twelve months after certified completion. 

Samples of all materials must be submitted to the Consulting Engineer, and approved 
by liim in writing before same are used. All materials rejected must be removed immediately 
from the vicinity of the Works. 

Cement.—The Cement useti must be the best quality of British Portland Cement, of an 
approved make, and guaranteed to conform to the Specification of the British Standards lustU 
tution for slow-setting cement. Before being ns»l all Cement must I e tested, as required by the 
Engineer, at the Contractor's expense. The Cement should be delivered to the Site in sealed bags 
bearing the maker’s name and the weight of the cement coiitaiiicd. 

Cement sliall be storetl on the Site in such a manner as to permit of easy access for proper 
inspection and identification. The building used for same must be raised from the ground, and 
properly weatherproofed to protect the cement. 

Sand. -The Sand used shall be clean, sharp, and coarse, composed of grains of various sizes up 
to particles which shall pass a J-iuoh square mesh, but of which at least 75 per cent, shall pass 
a J-iuch square mesh. It shall be free from all ligneous, organic, or earthy matter. 

Agg7'egate.—Th\s must be composed of Thames ballast; screened, broken stone of a hard 
close-grained quality ; or gravel, cleaned free from organic matter, and angular, varied in size as 
much as possible, and to pass through a |-iucb ring, but not through a ^-inch ring. 

Proportions of Concrete.—{Here specify the composition of concrete, vhich for usual requirements, 
may be 1 part eeme}it,2 sand, 4 aggregate. Foundations are frequently 7tiade of a weaker mixture, 

I : 3 : 6.) These proportions are approximately correct, but in all cases sufRoient sand must be 
added to fill the interstices. The proportioning should be done in an approvetl manner, as by 
means of a bottomless box, to ensure each of the materials being accurately measured. 

Mixing of Concrete.—The concrete must be thoroughly well mi.xed iii a suitable machine, 
sufficient clean water being aildal to convert the whole into a semi-liquid mass, whijh will quiver 
under the blows of the rammer. The water for each batch of concrete must be measureti in a 
small tank, so as to ensure the same amount being used each time. When consent is given to mix 
any of the concrete by hand, it shall be done as follows :—The necessary quantity of the three 
materials—coarse aggregate, sand, and cement—shall be measured separately, 5 per cent, more 
cement being added in addition to the above specified amount. The materials should first be 
thoroughly mixed dry, then the necessary amount of water added, and the mixing continued till the 
concrete shows a uniform colour. As far as possible, the mixture shall always be brought to the same 
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d^ree of wetiipss. A coaipeteut foreman must be in consttint attendance at the mixer, to give hli? 
approval of every batch which leaves the machine. 

Allowable Woi'king Stresses,—{Here specify maximum stresses desired.) 

Steel Reinforcement.—Ml steel used should have a tensile strength of not less than 80,000 lbs. 
per square inch of section, and an elastic limit of not leas than 50 per cent., nor more than 60 per 
cent, of the ultimate tensile strength, with an elongation of not less than 20 per cent, in a length 
of 8 ins. Any bar must stand bending cold round a bar of its own diameter, through an angle of 
180°, and should close down upon itself without fracture on the outside of the bent portion. All 
welding will be prohibited, unless where absolutely necessary, and must be done only with the 
sanction of the Consulting Engineer. 

All bare shall be free from scale, flaws, or other imperfections, and from oil, but a slight 
coating of rust is not objectionable. Wherever cinder concrete is used, the bars before being 
placed in position should receive a coating of neat cement grouting. 

Any temporarily protruding bars w'hich shall b»‘ exposed to the weather for any period must 
be protected from rusting by a thin coat of cement grout. 

Centering.—All centering must be of dressed timber wiHi close joints, and must be true to line, 
and suflaciently braced and strutted to be rigid an.l free from measurable deflection when carrying 
the dead load of the concrete which is to be placed upon it. A slight camber of J in. per 10 ft. of 
span should be given to all beams, &c. It must also be without appreciable deflection when men 
are working upon it, and barrows, &c., are being wheeled over it. The joints must be tight, so as 
to prevent leakage of the liquid cement. The centering shall be arranged so that the sides of the 
columns can first be removed, then that at the side of beams, and below floor slabs, and finally 
that below the beams themselves. Tlie time of removal of these several portions shall be arranged 
with the Consulting Engineer. 

Placing of Reinforcement.—All bars must be accur.ately placed in the exact position shown on 
the detail drawings, and great care must be taken that they are not displace<l during the process 
of packing the concrete around them. Where, for unavoidable reasons, it is necessary to stop the 
concreting work, care must be taken to place in position all the bars which will be embedded in 
the portion of the concrete work which is being executed. 

Placing of Concrete,—Bolore any concrete is put in position a careful inspection of the centering 
must be made, to ascertain that no dirt, shavings, loose stones, etc., have been allowed to remain 
in or about the centering, and the woo«Iwork should be well watered to avoid any danger of its 
sucking up too much moisture from the concrete. 

All concrete shall be placed in its final position in the work as soon as possible after mixing. 
In no case must more than half-aii-hour be allowc<i to elapse before this is done. The concrete 
must be placed gently into position, in layers not exceeding 6 inches thick, and must not be tipped 
or droppcil from a height. It must then be thoroughly rammed into position, great care being 
taken to see that the steel reinforcement is thoroughly surroundeii by the liquid cement, and 
that no voids or cavities are left. This can be ensured only by repeated ramming with a suitable tool. 

In hot weather the concrete shall be continually moistened for at least a week after placing in 
position. 

In beams and slabs, if any difllculty is found in getting the concrete to pa.ss through the bars 
which have been placcii in position in the bottom of the timber centering, the concrete at the 
bottom of the beam should be made of finer and more liquid consistency than that used elsewhere, 
so that it may freely pass between the bars. 

Cessation and Recommencement of —Stoppage of work in laying concrete in slabs, beams, 
etc., will be ullowe(i only at the centre of the span of the slab, or a beam, and the joint with the 
new concrete .should be a vertical plane at right angles to the direction of the span of Ijeam or 
slab. No joint must be ma<le towards the ends of beams or slabs, or close to a concentrated load. 

Wherever a stop has been made in concreting, before recommencing the work,the surface of the 
existing concrete must be carefully washwl with a stiff brush to remove loose particles and dust, 
and a thick grout of neat cement must be poured over it before the concrete is rammed against it. 

Frosty Weather.—No concreting work should be done when the temperature is near or below 
freezing point. If a frost comes on shortly after any concreting work has been completed, this 
should be very carefully covered over with sawdust, straw, or sacking, and the centering must 
be allowed to remain up for at least as long a time after the complete disappearance of the frost 
as it would have been left in position if no frost had occurred. 

Finish.—All concrete roofs and gutters must be laid with tho necessary fall, and finished for 
aapbaltt all as may be directed. 

All floors shall be finished. (Here state whether cement^ granolithic^ preparation for wood 
blocking^ or other covering is desired.) 

The top surface of all outside walls to be weathered. 

Tests.—The Maker’s Certificate must be provided, when required, with each lot of steel re¬ 
inforcing bars supplied, but in addition to this the Consulting Engineer shall choose whatever 
test pieces be may desire from the material deliverefl, and shall have same tested by Messrs. 
Kirkaldy, or other firm, and should the result not comply with Specifioation the right is reserved 
to condemn all bars included in same consignment. 
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The cement shall be tested as required, au(I must comply with the Specificatioii. Gtibci of 
aoncrete from the material used shall be matieas and when directed, and those shall be tested for 
crushinff strength by Messrs. Kirkaldy, or other firm. 

The Consulting Engineer shall select at least one bay in each floor, or the equivalent, and 
these bays shall be tested to 1 times the safe superimposed load, by means of bricks, cement bags, 
or in such other manner as the Engineer may decide. Should the deflection urjder this test 
ex3eed span, or should the t>eam or floor slab fail to regain its normal position 
after the removal of the load, or show any indication whatever of weakness, tlie building shall be 
considered unsafe, and the contractor shall carry out at his own expense such additional work as 
the Engineer may consider necessary to make the building secure. 

The cost of all such testing shall be borne by the Contractor. 

Practical Notes. 

Wood Strips. 

Parilcoiarly long lengths of wood for nailing strips in conorete beams should be avoided ; they 
have been known to absorb the moisture from the concrete, and oause serious cracks in the beams. 
Short plugs are the safest, and where a nailing strip must be used flush witn beams, a mouided 
impress of the wood strip should be made and the strip then removed, and only flx^ when the 
ooncrote beam la thoroughly dry, It being then secured by means of the plugs. {Horobin.) 

Durability^ 

Reinforced oonorete will last as long as plain concrete in any situation provided that certain 
special precautions are taken during its oonstniotioQ. The precautions to be taken are as follows: 
The materials (cement, sand, and stone) must be of good quality. I'hcy must be meet carefully 
and thoroughly mixed and sdentifloaily proportioned, so as to be practically water-proof and 
air-proof. The mixture must be fairly wet, and must be well punned into position so as to 
minimise voids. The aggregate should be as non-porous as possible, and any aggregate which 
if known to have a ohemlcal action on steel should be avoided. The aggregate should all pass 
through a | in. mesh. The oonorete ooverln? should in no case be less than | in., and It is sug¬ 
gested that tf round or square bars be used tLe covering iboold not be less than the diameter of 
the bar. In structures exposed to the action of water or damp air the thickness of covering 
should bo increased at least 60 per cent., or the size of the aggregate should be reduced so as to 
ensure a dense skin. In the case of structures exposed to very severe conditions the concrete 
might be covered with some impervious coating as an extra precaution. The reinforcement 
should be so arranged that there ahall be sufiloient space between one piece and its neighbour to 
allow the oonorete to pass and to completely surround every part of the steel. Ail steel should be 
flrmly supported during the ramming of the oonorete, so as to avoid displacement. It should 
not be olM or painted, and thick rust should be scraped and bruslicd off before placing. The 
eoantling of the varioua members of the structure should be sufllcient to prevent excessivt 
deflection. If electric mains are laid down very great care must I e taken that no current is 
allowed to pass throueh the relnforoed oonorete. Freeh water should be used in mixing, and 
aggregates charged with salt should be washed. These recommendations have regard only to 
the prevention of oorrosion of steel and not to tlrf^resLitanoe or any other property of reinforced 
oonorete. {Vommiltse of the Concrete Irutitute.) 

Causes of Failures in Concrete Structures. 

Owing to the failure of several reinforced concrete floors in the United States within ten or 
a dozen years of their construction. Prof. 11. J. M. Creighton, of Swarthmore (College, examined 
a large number of reinforced concrete structures in which cracks were develop^, and found 
that in every case the oracks ran along the reinforcing rods, due to the deteriorating action 
of salt and brine on the concrete. Solutions of the chlorides reacted with the lime and the 
silicates in the concrete, and penetrating to the iron of the reinforcement converted it into oxide 
and hydrate, which oocupy more space than the metal and force the concrete apart. It was there¬ 
fore necessary to waterproof reinforced concrete structures which will be in contact with brine, 
to cease to use in the oonorete beacli gravel which has not been thoroughly washed with fresh 
water, and never to add salt to the concrete to prevent it freezing during building operations 
In cold weather. 

Cracking. 

According to a reoeot report, the cracking of reinforced oonorete structures is markedly 
prevalent in the Philippine Islands. A study of this trouble has shown that not a single 
structure showing rusted steel has been free from salt, the percentage of which varies con¬ 
siderably. In view of this, engineers in the Philippines have been advised that not only is the 
use of s^t water dangerous in oonorete structures, but that beach sand and bnu h' gr.-vvol 
should be employed only after having been thoroughly washed with fresh water. The fore¬ 
going, and many other similar pieoee of evidence, indioato that salt and brine exert u 
deteriorating action on oonorete. 
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Specification Notes, 

Speoifloations goyernlng ooaorete constraotlon generally require that 1-2-4 concrete be ua^d 
in the best class of reinforced concrete construction. In other reinforced concrete work« and 
in some mass concrete work, 1-3-5 concrete is specided, while in other mass work, such as dams, 
gravity retaining walla, eto., 1-3-6 concrete is generally required. 

Tablk giving the Sectional Areas of Round and Square Rods at Various 

Distances apart, in 12-inch width of Slab. 

1 
1. 00 Distance in Inches from Centre to Centro of Rounc Rods 

X 
a B : 

■ a s 
' s 
: O 

£ O' < U2 
2i 3 4 6 6 7 8 9 10 11 12 

0*786 0049 0*24 0*20 0 15 0*12 0*10 0*08 0-07 0*06 0*06 0-05 0*06 

; 0*982 0 077 0*37 0*31 0*23 0*18 0*16 013 0-11 0*10 0*09 0-08 0*08 

} 1*178 0*110 0*53 0*44 0*33 0*26 0-22 0*19 0*16 016 0*13 0*12 0-11 
7 1*374 0*160 0*72 0*60 0*45 0*36 0*30 0*26 0-22 0 20 0*18 0*16 0*16 

1*571 0-196 0*94 0-78 0-59 0*47 0*39 0*33 0*29 0 26 0*23 0*21 0*20 
9 1*767 0*248 1*19 0*99 0*74 0*59 0*60 0*42 0*37 0*33 0*30 0*27 0*26 1 
i 1*964 0*307 1-47 1*23 0*92 0*74 0*61 0-52 0*46 0*41 0-37 0*33 0*31 

u 2*160 0*371 1*78 1-48 1*11 0-89 0*74 0-63 0-56 0*49 0*44 0*40 0*37 

2*356 0*442 2-12 1 77 1*32 1*06 0*88 0-75 0*G6 0*59 0-53 0*48 0-41 

2-652 0*518 ‘i*49 2-07 1*55 1-24 1*04 0*88 0-78 0*69 0*62 0*56 0*52 
7 2*743 0*601 2-89 2-40 1-80 1-44 1*20 1*02 9-90 0*80 0*72 0-65 0*60 

Ti 
1 
1 

IT 
2*945 0*690 3*31 2-76 2*07 1*66 1*38 1*17 1-03 0-92 0*83 0*76 0-69 

3 142 0*786 3*77 3-14 2*36 1*88 1*57 1-33 1-18 1-05 0-94 0*86 0-78 

3*338 0*887 _ 3*66 2*66 2 13 1*77 1-61 1*33 M8 1*06 0-97 0-89 

' 3*634 0*994 3*98 2-97 2*39 1*99 1*69 1-49 1-32 1-19 1*08 0-99 
,1 3 731 1*107 _ 3*32 2*66 2*21 1*88 1*66 1*48 1*33 1*21 1-11 

i] 
h 
1| 
1 

3-927 1*227 — — 3*68 2*94 2*46 2*09 1*84 1-64 1*47 1*34 1*23 

4-123 1*363 — — — 3*25 2*71 2-30 2*03 1-80 1*62 1*47 1*35 

4-320 1*485 — — 3*56 2*97 2*52 2*23 1*98 1*78 1-62 1*48 

4-516 1*623 — — — — 3*25 2*76 2*43 2*16 1*95 1-77 1-62 

li 4*712 1*767 — — 3*53 3*00 2*66 2*36 2*12 1*93 1-77 

! ^ 
C OD* Distance in Inches from Centre to Centre of Square Hoih 

u 
'O a i to a 

a ® 
a 

-- - 
aj 

.9 ■ '£ ^ 
PL)"" 

2i 3 4 5 : 6 7 8 9 10 11 12 

i 1-00 0*063 0*30 0*25 0-19 0 15 ' 0-13 0*11 0*09 0*08 0*07 0*07 0*06 
1*26 1 0*098 0-47 0*39 0*29 0*23 ; 0*20 0*17 0*15 013 0*12 0*11 0*10 

i 1*60 1 0-141 0*68 1 0-66 0-42 i 0*34 ! 0*28 0*24 0*21 0*19 0*17 0*15 0-14 

A 
1-75 0*192 0-92 i 0*77 0*58 0-46 ! 0*38 0*33 0*29 0 26 0-23 0*21 0*19 
2*00 0*250 1*20 1*00 0*75 0*60 i 0*60 0*43 0*37 0*33 030 0*27 0*25 

, 2*26 ! 0*317 1-52 ' 1*27 0*95 0-76 0*63 : 0*64 0*47 0*42 0*38 0*34 ■ 0-32 

i 2-60 1 0*392 ‘ 1*88 1 1*67 1*77 0*94 1 0*78 0-67 0*59 0*52 0*47 0*43 ! 0*39 
2*76 0*474 ; 2-27 ! 1*90 1*42 : 1*14 ■ 0-95 0*81 0*71 0*63 0 67 0-62 : 0*47 
3-00 0*664 2*71 ' 2*26 1*69 1*35 , 1-13 0*96 0*84 0*76 0*68 0-61 ; 0-56 

iS 326 0-661 3-17 I 2-64 1-98 1-69 : 1*32 1-13 0*99 0*88 0*79 0*72 i 0-66 
i 3-60 0*767 3-68: 3*07 2*30 , 1*84 ’ 1-63 1*31 1*15 1*02 0*92 0*84 ' 0-77 

3*76 0*881 4*23 , 3*62 2*64 2*11 : 1-76 1*61 1*32 1*17 1*03 0-96 ! 0-88 
! 4*00 1*000 4-80 4*00 3-00 1 2*40 . 2-00 i 1 71 1*'50 1*33 1*20 1-09 1-00 
n 4-50 1*266 6-08 : 6*06 3*80 1 3*04 j 2*53 2*16 1*90 1*69 1*62 1*38 1 1*27 

6*00 1*675 , 7*66 6*30 4*72 1 3*78 1 3-16 2*69 2*36 2*10 1*89 1*72 1-57 
6*50 1*906 , 9*14 : 7*62 5*71 4*67 j 3*81 i 3*26 2*86 2-54 2*29 2*08 1 1-90 

4 1 
i 

6-00 2*263 : 10*81 j 

1 

9*01 6*76 5*41 ! 4*61 i 
i ! 

3-86 3*38 3*00 2*70 2*45 2*25 
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SECTION XIII 

EARTHWORK — EXCAVATION — FOUNDATIONS — PILING — 

DAMS — SCAFFOLDING — STAGINGS — SHORING — 

TIMBERING EXCAVATIONS — RETAINING - WALLS — 

CHIMNEYS—STONE AND BRICK ARCHES—PIERS. 

EARTHWORK. 

To determine the Volume of Earth in a Cutting or Embankment. 

First Method {By Simson's Ruie), 
Divide the length ot the cutting or embanhment into an even number ot equal parte, not lees 

than four, and take the areas of the transverse sections at the points of division. Number all 
the cross sections consecutively. Add together the areas of the extreme sections, twice the sum 
of the areas of the intermediate sections bearing odd numbers and four times the sum of the 
sections bearing even numbers and multiply by one-third of the common distance between the 
sections. The product will be the volume. 

Second Metltod, 
This, although somewhat less accurate than the First Method, Is frequently used. 
Divide the length of the cutting or embankment into any number of equal parts and take the 

areas of the transverse sections. Add together half the sum of the areas of the extreme sections 
and the areas of all the intermediate sections, and multiply by the common distance between the 
sections. 

Thsfd Method, 

i’la 1. 

C0ntpyx.l 
J>a rp_ ^ Sjo/}g ^ 

V ' 1 

Jfuoe^ 

Fio. 2. 

H,A- 
rU . 
rh — 

(r- 

A 
3 

2 "" 
V - 
V - 
Q- 

heighte of section, :o feet, at each end of a length,^, in feet (flg. 1). 
breadth of each slope at one end (fig. 3). 
breadth of each slope at other end. 

ratio of breadth of each slope to height -• 

area of each slope at one end. 

area of each slope at other end. 

cubic contents of both slopes — KA '^Aa 4- <») X 1 ■■ -1- HA -f- A*) x /. 
cubic contents of centre -i RH -f A)s X {. 
cubic contents of length, /, In feet «> y 4- V, 
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Fourth Method, 

If the transverse section is on an Incline, instead of horizontal, as In figs. 3 and 4, then, 
if A, A^ a, and a' arc the respective areas of tiic ends of the slopes, 

V = i(A + yfKa + a) X Z + i(A'+ + aO x Z. V = i(H + *)« x Z. 

The longitudinal section of the line of railway, road, or canal, liavlng been drawn, and ttio 
gradients laid off, the quantities of earthwork may be calculated as follows :— 

It the ground is tolerably even, record the heights (or depths in cuttings) on the section at 
every 100 feet, or some other convenient distance. The sectional areas at each of these recorded 

heights (or depths) may then be calculated. 

Let 
^—p-" / A = area of section, j? = s to 1 sloi)e, 

^ In'/ * “ height or depth of section, 
~ width at formation-level, 

® I i/i. I / expressed in feet; then, if the slopes on both sides 
\ I I , / are tliC same, as is usuall)’^ the case, 

\' i y A = h{sh + F). 

^ By this fonnula the areas of the first three sections of 
Fi(!. 3. a series increasing in heiglit regularly are calculated, 

ami from them the remainder are at once written 
__ilovvn hy t!ic mctliod of .second diirerem^es, as follows: 

^ I / As.snTne li(‘i,chts to be 1, 2, 3, 4, 5 feet, 

--1 \ l•’-^^10, 4 = 2 to 1. 

Diflorenco. D“oe. 

A fori ft. = 12 1 
„ 2 „ = 28 i 
., 3 „ = 48 

4 „ = 72. 

and .so on. 
It the cross-slope of the ground is slight, and the areas of the sections do not differ very 

widely, the quantity of earthwork may be found by taking the moan of the two areas and multi¬ 
plying by the distance between them, thus : 

A' ■> area of first section ; A' j^rea of second .section ; d =» distauoe apart. 

Cubic contents ■■ d feet. 
2 

Where the surface of the ground is uneven, the cross slope considerable or the areas of the 
sections widely different, the best method of finding the volume is to obtain the areas of all the 
cross sections by means of a pianimeter or otherwise and use these areas to obtain the volume 
by either the First or Second Method. 

Kjarthwork Tables.* 
(/Z. R, Kempe.) 

The tables on pages 42G to 431 are for the purpose of facilitating the calculation of the 
volumes of earthwork. 

V xa cubic contents, In yards, of both slopes. 
V » cubic contents, iu yards, of oentre part. 

V Is calculated from the formula 
V- ir(H" + HA-l-A“)xZ, 

r being » 1, Z ^ 1 chain ^ 66 feet, and 11 and h being In feet; so that 

V - HH* + ha -f AO 66 + 27 = *814816 (H* -f HA -H A-) cubic yards. 

V Is calculated from the formula 
V - |(H + A)« X Z, 

e bsing as 1 foot; so that 
V =» KH + A) 66 + 27 - 1*22222 (H + A) cubic yards. 

For any slope other than 1 to 1 the values of V in Table 1. must be moltiplied by r, that is 

jj- Table II. gives the values of V and V for slopes of 1 to 1^. 
' height of slope 

* Revised 1920. 
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BXAMPUC. -The lengtli of u outUng la 3 chains, the width 10 feet, the » 3, 
height of Slope 

the height at one end 30 feet, and at the other end 16 feet; what ia the oubio content of the 
oattlng ? 

Prom table (page 426), V = 763*70, V =* 42*78 : then, 
total oubio content = (763*70 X 2 + 42*78 X 10)3 -■ 6805*60 cubic yards. 

JSxcavating Machinery. 

Excavating machinery may be divided into the following types :— 
(1) General purpose navvies. (3) Scrapers, bulldozers, etc. 
(2) Trench diggers. (4) Power-driven hand tools. 

Type (1) is illustrated in Figs. 6 to 9 inclusive, which show the machine in use as (5) a shovel, 
(6) a back-acting shovel, (7) a skimmer, (8) a dr^ line and (9) a grab and crane. Machines of 
this type can be adapted for almost any class of excavation provided timbering does not prevent 
their use. 

Pra. 6.—Back-Acting Shovel. 
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Tffpe (S) ooDslsts of machines mounted on creeper tracks, which work on the same principle 
as continuous bucket dredgers. They arc suitable for smiEdl trenches in ground which will stand 
for a short time unsupport^ and which does not contain many mains or seryice pipes. 

Type (S> consists of yarious units which are pushed or pulled by tractors with creeper tracks. 
The ground to be excavated may, if very hajd, be loosened by some form of plough or ripper drawn 

by a tractor. It is then scooped up by a scraper which is, in effect, a shovel mounted on wheels 
the front end being depressed while scooping and raised for transporting. In some cases a sliding 
door retains the contents of the scraper which has at the back a plate capable of sliding forward 
to expel the contents when necessary. ^*he scraper has large baUoon tyres to enable it to travel 
on soft ground. 

After the material has been tipped the surface can be levelled off by means of a bulldoser 
which is attached to the front of a tractor and consists of a steel plate at right angles to the line 
of travel of the tractor. This machine removes the material from mounds and deposits it in 
hollows. A similar machine in which the steel plate is fixed at a smaHer angle to the line of travel 
of the tractor is known as an angledoaer and Is useful in some cases for moving material sideways 
to the direction of travel of the machine. 
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The machines of this type are suitable for leTelliog and grading large areas in cases In which 
the excavation is shallow and the material has to be deposited on or near the site. They are 
largely used in the construction of aerodromes. 

Type (4) Includes picks, drills, clay shoveb, concrete breakers, rammers, etc., driven by com¬ 
pressed air, electricity or internal combustion. They are used where rock, concrete, tough clay 
or other hard material has to be broken up or where lack of space or other conditions render the 
use of the previous types impracticable. 

Bulking and Shrinkage of Materials. 

In estimating the relative amounts of excavation and filling required allowance must be made 
for the difference iu volume of the material before excavation and after being tipped and con¬ 
solidated. The volume after excavation will also have a bearing on the cost of transportation. 
Uock, after being broken op will increase in volume very considerably, possibly to the extent of 
50 or 60 per cent, on account of the voids formed, but even after being consolidated and partially 
crushed it will never return to its original volume. On the other hand, loose soil bulks little when 
excavat^, but if placed in an embankment it becomes compressed by the superincumbent weight 
and may shrink to the extent of 12 or 16 per cent. The relative volumes of other materials may 
be stated as depending generally upon the pressures to which they are subjected before being 
excavated and after bei^ tipped and also upon their wetness or otherwise in both cases. 

Transporting Earth. 
The methods in use for transporting earth comprise barrow runs, horses and carte, motor 

lorries, tractors and trailers, and r^ transport. 
Motor lorries with double tyred rear wheels will, except in wet weather, run over ordinary 

ground without special tracks, but on soft ground tracks formed of old railway sleepers laid 
transversely are generally used. 

Petrol tipping wagons have become very popular In recent years and are hopper wagons 
mounted on large balloon tyres. They can move at good speeds over soft ground. 

Rail transport includes hand-propelled bogies, horse wagons and trucks drawn by locomotives 
or by ropes worked by stationary engines. 

Gradients on transport ways increase cost if excessive. The following limits should not be 
exceeded except under special conditions; for barrows, 1 in 30 ; for horses and carts, 1 in 40; 
for motor transport, 1 in 80 ; temporary railway track, 1 in 60. 
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Dry peat 
Wet peat 
Top soil 
Dry sftinl 

IioadB of Carts and Wagons. 
An ordinary cart, «' X SJ' x 21' 
Ad earth wagon 

„ „ large 
A wheelbarrow, navry 
A 80>cwt. motor lorry 
A petrol tipping wagon 

deep, holds 1| cubic yards. 
2 
S 

1 
^ II 

1 
1 to3 

Weight of a Cubic Yard of different Soils. 
owts. cwts. cwts. owts. 

. n Common earth . 24 Common gravel . 27 Grey chalk . . 36 

. 15 Sandy loam . . 24 Wet sand. . 28 Sandstone . 37 
. 20 Marl . . 26 Gravelly clay . . 30 Shale . 38 
. 22 Clay . . 27 1 Hough water gravel 34 Limestone . 48 

Barrow and Cart Buns. 

I'he barrows used usually liold about one-tontli cubic 3\ard, and are mostly run ou planks, which 
should not be narrower than 11", and thick, nor, as a rule, have a greater inclination than 
1 in 12, unless aided by ropes or winding macliinery. Box-horscs (fig. 10) are the best supports 
on an incline, either singly or resting one on another; thevare mostly from U' to 3' square, 
made out of 11" x 3" planks. If a consi<lerable lieight is required, trestles (fig.“ 11) are uscfl, 
but boxhorses are stronger, and less likely to get out of repair. 

A barrow run is 20 or 25 3'ards. Ei«5h foot of rise is considered equal to 6' to 9' additional 
run. 

Wheeling is more economical than carting for distances under 100 yards. 
An earth wagon holds ns much as 20 or 30 whe^dOanxjws, ami goes oue-fifth faster -equaL 

therefore, to 24 or 36 barrows. 

If loaded wagons have to be drawn up an ascent, and the temporary rails are in moderately 
^d order, each foot of ascent may be considered equivalent to about 150 feet of additional 
jorizontal distance. 

TaiiSTLK. 

Fig. 10. Pig. 11. 

When the lieight exceeds 12 feet, a horse lift is better tlian wliecling. 
For railway embankments and cuttings, locomotives are better than carting for distances 

over li miles. 

Narrow Gauge Track and Tipping Wagons. 
Whilst standard gau^e track and laige trucks are most suitable for railway work, narrow gauge 

track is often more serviceable for other engineering work for the following reasons 
(1) It is more easily laid. 
(2) It is more convenient for use in confined spaces where many changes of direction are 

(3) The trucks are of such a size as to be man-handled with ease when necessary. 

Pm. 12.—Tipping Wagon. 
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With light track the tipping hopper track ahown in fig. 18 it generally used. The gauge 
variea from 1 ft. 6 tna. to 8 ft. 6 Ins. and the rails weigh from 16 to 80 lbs. a yard. The wagoni 
hold from } yard to 8 yards and are of all metal constniction. 

Tip Wagons. 

End Tip WoffOHM 13 and 14) will li(»ld 2 yds. filled up to top of sides, as with gravel, 
2^ yds. when heapwl up with clay, &c., the most economical size. The lowness of sides is of great 
advantage in filling. 

The sides, one end, and bottom of body are of elm 1^" tliick ("the eartli being confined at 
other end by movable tailboard), bound together with iron straps at angles, and with upright 

straps at sides and one end, all bolted through. The sole is the longitudinal piece, a, at each side, 
of elm, h" X upon which the bottom boards rest. At each end, and in middle of body, is a 
cross-piece of elm, 6, 6^' x 3", bolted down to the soles. Tbe under soles, c, are of Memel, 
12" X 3", between which from side to side are two distance-pieces, rf, each 9" x 3", and alongside 
of each is a bolt. The wheels are of cast iron, 2' 6" diam., with wrought-iron axles. 

Weight of body of waggon, J ton, of load, 3J tons; total load on axles, 4 tons. With wcll-grreased 
axles, resistance will be about 10 lbs. per ton, but may be as high as 80. Resistance, 80 lbs. per 
waggon. A horse can draw 160 lbs. 2^ miles an hour for eight hours; a horse can therefore draw 
two waggons. 

Temporary contractor’s rails weigh from 26 lbs. to 30 lbs. per yard. 
It is generally better to throw earth away than to lead it three miles. 

Slopes of Excavations and Embankments. 

Slopes of cuttings are often— 
In gravel, 1 to 1 when not more than 30' deep I In clay, 8 1 o 1 when well drained 

„ 1|„ 1 when greater depth | „ S or 4 to 1 when wet 

Slopes of embankments are often— 
In gravel, to 1 when not more than 30' high I In clay, 2 to 1 when not more than 40' high 

„ 8 „ 1 when of greater height I „ 8} „ 1 when of greater height 

OTialk and roiik will stand perpendicular, or with a slope of about J base to 1 height. 
In roads it is often better to make the sides of cuttings, especially on tbe south side, with 

greater slope than that they will stand at, to admit sun. 
I'jarth in embankments should be laid in regular horizontal courses not more than 4' thick. 

In liigh embankments they should be rather concave, to avoid slipping. 

Form of Side Slopes. 
The natural, strongest, and ultimate form of earth slopes is a concave curve, in which the 

flattest portion is at the bottom. This form is very rarely giveu to the slopes in constructing 
them; in fact, the reverse is often the case, the slopes being made convex, thus saving excavation 
for the contractor, and inviting slips. 

In cuttings exceeding 10 feet In depth the formation of concave slopes will materially aid in 
preventing slips, and in any case it will reduce the amount of material which will eventually 
have to be removal when cleaning up. Straight or convex slopes will continue to slip until the 
natural form is attained. 
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Table of Angles and Iiengths of Slopes. 

a-) 

11 Height « 1, then 

Base « cota* ; Slope ■■ sece* 

Ai'gle in Terms ot Base and Slope. 

I Angle. o| 

- 

8i) 25 I 
88 17 
87 8 
86 
84 61 
84 17 
81 28 
78 41 
75 68 
73 18 
70 43 
68 12 
85 47 
63 26 
61 11 
59 2 
56 59 
65 1 
53 8 
61 20 
49 38 
48 1 
46 28 
46 0 1 
42 1« 1 
39 48 1 
37 34 1 
35 32 
33 41 1 
32 
30 28 1 
29 3 1 
27 46 1 

11 46 44 
11 32 4- 
11 19 5 
10 ID 6v 
9 28 6 
8 45 6-1 
8 8 7 
7 8 8 
6 20 9 
6 43 10 
6 12 11 
4 46 12 
4 24 13 
4 5 14 
3 49 16 
3 35 16 
3 22 17 
3 11 18 
3 1 19 
2 62 20 
2 18 26 
1 55 30 
1 38 35 
1 26 40 
1 9 60 

68 60 
49 70 

(H
ei

g
h

t 
=
 1

>,
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Table of Angles and Ijeiigtlis of Slopes. 

(3-) 
Base of Slope is given in terms of the lleigtit; Length of Slope, in terms of the Basa 

Angle. 
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i II 

(Sa 

s, 
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5 i 
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S
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40 0 1-2 1*305 7 7 8 1*007 2 18 25 1*0008 0 40 86 „ 
38 40 1*280 7 0 8*1 1*007 2 12 26 1*0007 0 38 
35 0 1-4 1*220 6 20 9 1*006 2 7 27 1*0(.M)7 0 36 95 
33 41 1*21)1 6 0 9*5 1*006 2 3 28 l*0(Mi6 0 34 101 _^ 
30 0 1-7 1*1.54 5 42 10 1*005 2 0 28*6 1*0(M)6 0 23 150 
29 44 n 1*151 5 11 11 1*0041 1 59 29 1-0(M)G 0 17 i 202 
26 34 o 1*118 5 0 11*4 1*0038 1 51 30 1*0005 0 14 1 245 
26 0 2-1 1*103 4 46 12 1*0034 1 38 35 1-0OO4 0 12 i 286 
20 0 2-7 1*064 4 23 13 1*0029 1 26 40 l*t»(X»3 0 10 i 343 
18 26 3 1*054 4 5 14 1*0025 1 16 45 1-0002 0 9 381 
15 0 3-7 i*o:{5 4 0 11*3 1*0<121 1 9 50 1*0002 0 8 429 
14 2 4 1*030 3 49 15 1*0022 1 2 55 i*o<yn 0 7 491 
11 18 5 1*019 3 34 16 1*0019 1 0 57*3 1*0001 0 6 572 
10 0 5-7 ' 1*015 3 22 17 1*0017 0 57 60 1*0001 0 4 859 

9 27 6 1 1*013 3 11 18 1*(MH5 0 r>3 65 1*0001 0 2 1718 
y 9 0 6-3 1 1*012 3 1 19 l*(MH3 0 49 70 1*0001 0 1 3437 
18 8 7 1 1*010 3 0 19 1*0013 0 46 75 1*0000 *~ j i ” 

Angles of Kepose of Soils. 

1 Material. Anglo. j 
Katio of Base of Slope 

to Height. 

Clay, dry . . . 

O 

29 1*8 to 1 
„ damp, well drained 45 1 to 1 
,, wet 10 3*5 to 1 

Earth, dry . . 29 1*8 to 1 
„ moist •16 to 49 1 to 1 to *87 to 1 
„ very wet . • . o 17 3*27 to 1 
„ punned G6 to 71 i •45 to 1 to *28 to 1 

Gravel, clean . 48 *9 to 1 
„ with sand 26 j 2 to 1 

Sand, fine dry 37 to 31 1*3 to 1 to 1*6 to 1 
„ wet 26 2 to 1 
„ very wet , 32 1*6 to 1 

Shingle, loose 39 1 1*2 to 1 
Peat .... 14 to 45 1 4 to 1 to 1 to 1 

FOUNDATIONS. 

In cases where there is any doubt as to the ground being of too soft a nature to bear the 
weight of the proposed structure, a trial pit should be sunk, or borings made with boring-rods ; 
samples of the underlying strata may thus be brought up and examined. 

Where a soft stratum overlies firm ground, the foundation should, if possible, be carried 
down to the firm ground ; if this is not possible, piles may be driven to the solid ground and the 
building supported on them, or a number of piers of brickwork, masonry, or iron cylinders sunk. 

W here ground is soft to a great depth, a wide treuoh filled with concrete may distribute the weight 
over a sufficiently large area to support it, or the treuoh may be filled with carefully rammed sand, 
prevented, by sheet pil ing or some other means, from escaping laterally. Another method is to drive 
a number of piles, which, by the friction of their sides, would bear the weight of the building. 

VOL. T. Q 
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Foundations on different Soils. 

In any struotore begun at different levels larger blocks should be used for the deeper parts, 11 
the material admits of it, so as to reduce the number of mortar joints and the risks of unequal 
settlement. 

With Sand or Oravel Foundation overlying Clay on a Slope^ intercept water by drain on upper 
side of building. 

Leiut Depth to escape Effects of IleaJt and Frost, from 3' to 6', according to climate. Not less than 
S' in England for ordinary soils, and 4' for clay. 

iloci:.—Good foundation, but must be level; should be levelled, if necessary. In steps. The 
uneven parts should be filled up with large stones, firmly built with strong cement, or with 
concrete. 

Oravel.—The best foundation. 
Good foundation, if dry and not liable to be washed away, but this easily occurs; 

drains with leaky joints may cause a subsidence, or any disturbance of the water-level in the 
stratum, whether by natinal or artificial means, such as pumping operations connected with 
deep foundations, even at a great distance. 

67ay.—Gener^ly very treacherous and damp; the inundation must be deep. 
Hard overlying Soft Ground.—It care is taken tliat the pressure per unit of area is not ^ater 

than the firm layer will bear, it may be wiser to build on it, sinking into it as little as possible. 
Soft Ground overlying Hard Ground.—If the stratum of soft ground does not exceed 15' to 20' 

it w’ill generally oe cheaper to sink down to the firm ground; if not more than about 30', drive glles or sink wells of masonry. If of indefinite depth, the platform must be supported by 
iction against the sides, and be therefore of considerable thickness. 

Made Ground should never be trusted for the support of much weight, even though it may 
have lain undisturbed for years. 

Chemical Treatment of Foundation Soils.^A. method of increasing the bearing power of soft, 
sandy soils is said to have been employed with conspicuous success in connection with the con* 
stniction of the Metropolitan Railway, Berlin. On a site composed of alluvial and diluvial sands, 
two solutions, one rich in silicic acid, the other containing soluble salts or acids, were successively 
injected under pressure into the soil. The first solution served solely to impregnate the soil, the 
second, by chemical reactions, caosing solidification through the formation of silicates. The 
method is particularly applicable to soils containing acids and saline solutions, which exert a 
favourable influence on the chemical reactions involved. Its relative economic advantages have 
yet to be determined, the cost, principally* attributable to the quantity of chemical material 
required, varying according to the site, and being comparatively lower with damp than with dry, 
sandy soils. 

Iioads which. Foundations will Bear. 

Safe Loads on Ordinary Foundations, 

Tons per sq. ft. Tons per sq. ft. 
1. Hard rock . 13 upwards 8. Dry sand . . 3to3 
8. Moderately hard rock (strength of 9. ,, „ with clay . 3 

englneerliig bricks) . 9 10. Wet or loose sand . 1 
3. Very soft ro^ . 3 11. Hard clay . . 4 
4. Harddialk . 4 1 13. Ordinary clay . 3 
5. Soft chalk . . u 13. Soft clay . . 1 
6. Marl and Arm shale . 6 14. Alluvial soil . itof 
7. Oompaot gravel . . 4 

Intensity of pressure on a rock foundation should at no point exceed one-eighth pressure 
which would crush the rock. 

Safe Loads on MaterioUs. 

Tons per sq. ft. Tons per sq. ft. 
Portland cement ocmcrete, 6, 3,1 mix . 10 Blue bricks in cement mortar, 3 to 1 13 

„ „ „ 4,3,1 „ .16 Granite.15 
Oommon brkte in lime mortar . . . 3| i Sandstone.13 

,, ,, in cement mortar, 3 to 1 . 6 ' Limestone.9 
London sto^ bricks in cement mortar, 3 to 1 8 Bubble in cement mortar, 3 to 1 . 4 

Safe Load on Stone Walls and Columns. 

Ashlar Walls, single Block in course. 
bedstones. Oolumns. Columns, diameter 
diameters | height. = height. 

Lbs. per sq. in. Lbs. per Rcp in. 
Granite. • e V . 713 670 
Hard stone • • • « • 856 380 
Medium. • • • • 314 143 
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Soft Load on Brick WdUi and Coktmns, 

Brick in mortar 

Walls not less than 
18 ins. Columns, 

diameter < i height. 
Lbs. per sq. in. 

73 

Walls under 
18 ins. Oolnimu, 

diameter < i height. 
Lbs. per sq. in. 

38 
„ ,, cement 108 73 
,. ,, Portland cement . 

Bobble mortar 
143 108 

. 68 
,, cement 73 

Pressed bricks in mortar . . . 138 114 
• r ft ft cement . . . 173 143 
„ ,, ., Portland cement . 100 — 

Ckiumne, 

-• I to height. 
Lbfu per eq. in. 

44 

108 
114 

Safe Loads on Floors. 

London County Council Regulations, 

In the area under the control of the London Oonnty Gonncil flooni most conform to the London 
Building Act (Amendment) Act, 1936, and the By-laws in connection therewith (see p. 818). 

Filed Foundations. 

There are two kinds of piled foundations:— 

1. When the soil is soft to a great depths area should be enclosed with sheet piling before main 
piles are driven, to consolidate the ground better. When the tops of the piles are connected by 
timber, cross-pieces (13 Ins. X 9 ins. for 13-in. piles) running across breadth of foundation are 
first notched on to heads of piles, and longitudinals, or siring pieces^ 13 ins. X 9 ins., running 
parallel to length of foundation, over them. On these latter, S-in. or 4-in. planUng (better 
diagonal) is laid to cany masonry. In modem practice the piles are generally of reinforced con¬ 
crete. iiter driving, the heads are broken away and the reinforcement bared. The beams and 
slabs are oast in situ, the reinforcement of the piles being incorporated with that of the beams 
to form a monolithic whole. The platform so formed may be part of the main straotura or the 
latter may be built on it. 

3. When there tr hard ground bdow,—In this case, as each pile resists partlv by re^tanoe to 
buckling as a column, the cross-section should be grreater in proportion to the depth. Maximum 
depth may be put at 30 ft. The number of piles must be proportional to weight carried. 

TIMBEH PILES. 

Timber piles may be chosen from the following table according to the conditions under which 
they will bo placed:— 

(1) In sea-water where sea worms are to be resisted: Greenheart, jarrah, lignum vitae, 
Huon pine, African oak, teak, creosoted timbers. 

(3) In the tropics where ants are to be resisted: Oedar, greenheart, ironwood, Jarrah, lignum 
vitM, locust, Huon pine, pitch pine, teak. 

(3) Where exposed to weather and alternately wet and dry: Oedar, cypress, greenheart, 
blue gum, hornbeam, ironwood, jarrah, larch, locust, oak, Huon pine, Xat^ pine, no^era pin^ 
white poplar, teak. 

(4) Where permanently wet: Beech, white cedar, Spanish chestnut, elm, larch, oak, Huon 
pine. Northern pine, American plane, tei^ 

(6) Durable only when kept dry : Ash, Norway fir, American red and yellow pine, grey and 
black poplar. 

(6) Wet or dry, but not alternately : Beech, fir, mahogany, pitch pine, spruce. 

Timber In sea-water is rapidly attacked by the wood borers Teredo navalis and Lbnnoria 
terebrans; oreosoting will prevent their attack for a considerable time; it has also been suggested 
to cover piles with iheet copper or fiat-headed copper nails. The hM of the pile may be pro¬ 
tected by a wrougbt-iron hoop, about 8 ins X 1 in., to prevent splitting when being driven, ^s 
lower end shonld be pointed, the length of the point being from to twice the diametei; and 
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where the ground la hard, protected with an iron shoe. Piles protected by dices should haTe a 
blunt end 4 to 6 ins. in dimeter. The shoes should have a solid point; the base being properly 

fitted to the blunt end of the pile prevents splitting by 
bolts which secure the shoes. 

W.l. Spacer 
forks 

fGas pipe for 
toggle hole 

_ fGas pipe for 
toggle hole 

Concrete Piles. 

(1) Prb-oast Files. 

Fig. 16 shows the commonest type of pile in general 
use, although other shapes of cross section may used. 
In gome oases the binding is helical at the same spacing 
as shown and often additonal longitudinal bars are 
placed along the centres of the sides, inside the binding, 
for the top S or 4 feet, with additional binding to prevent 
the bursting of the head of the pile. Toggle holes are left 
at convenient points for slinging and pitching. Piles 
should be matured for at least six weelcs if made with 
ordinary Portland cement. If made with rapid hardening 
cement, however, they may be driven a week, or even 
less, after being cast. It is desirable to cast piles on the 
site to avoid damage in transit. A steel thimble-shaped 
helmet should be placed on the pile while it is being 
driven, to receive the blow of the monkey or hammer. 
A bag of sawdust, a pad of matting or old sacks, or a 
piece of soft timber should be placed In the top of the 
helmet to prevent the pile from being shattered. To 
lengthen piles in situ the heads are broken away, the re¬ 
inforcement made up as for the original pile and the 
main bars overlapped 18 ins. or 2 ft. and tied in position 
with fine wire. The piles are then shuttered and the 
tops oast as in the case of columns. 

V W.L Spacer 
f forhs 

(2) Oast in situ Piles. 

Several proprietary methods are available. These 
have their indMdua) merits and differences but share the 
general principle which consists of driving a ciroular 
steel tube fitted with a pointed cast-iron shoe to the 
required set. The required length of reinforcement is 
then assembled and lowered down the tube, concrete 
being afterwards poured In and the tube withdrawn, 
leaving a reinforced concrete pile in its place. 

In cases where the required set cannot be attained at 
a reasonable depth by ordinary methods bulb toes 
are used. These are formed by depositing a small 
quantity of concrete, partially ^thdiawing the tube 
and tamping the concrete by means of a ram, thus 
causing it to spread. In situ piles can be used for 
lengths op to 70 or 80 ft. and they have the advantages 
that they can be constructed to the exact lengths re¬ 
quired, thus obviating the necessity for splicing or 
removing surplus length, which often arises in the case 
of pre-cast piles; they can be formed with bulbs giving 
greater bearing value and they are not liable to be 
damaged in being bandied or driven. 

Loads Carried by Piles. 

A timber or steel pile is usually of the same section 
throughout its length, and it is then only necessary to 
calculate the load borne by the greatest unbraced length 
of the pile, regarded as a strut or column. The part 
below ground may be regarded as held firmly or as quite 

Fxo. 15. Ine, according to the nature of the strata. Piles are 
often driven so closoly together, or have to be of such 

strength for driving purposes, that they are more than strong enough for their loads. This also 
applies to piles which support their loads by skin friction only and are of ample section, or 
numerous, in order that the area subiected to skin friction may be great enough to support the 
loads. But it is often necessary for the sake of economy, especially when the piles are very long, 
to load tiiem up to the safe limit. 
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The oaloulatioiie of etiength may then be made as foUowB 
(1) If the pile la uabraced aboTO the groaadi the length meaaured from a few feet below the 

aarface of the mand to the head of the pile ia treated aa a long oolnmn, and the section at the 
mid-point moat be sufficient (see Column formols and * Beinfon^ Concrete ’). 

(2) If it la braced, the length taken is, in the case of a uniform pile, the longest unbraced length; 
that is, fropi a few feet below the ground to the point of bracing, or from the point of bracing to 
the head of the pile. 

(5) If the pile is not uniform, the stren^h of the section at the mid-point of each of these 
len^hs may haye to be calculated separatdy, each length being treated as a long column. 

(4) Bracing must not be considered elleotiye unless it is effective in both direotionB, except in 
the following case: 

(6) When the dimension of the pile is greater at right angles to the bracing than it is in the 
direcnon of the bracing, the two part lengths must be calculated as struts liable to cripple in the 
direction of the smaller diameter, and the whole length as a strut liable to cripple only in the 
direction of the larger diameter. If the formula for a square section of a reinforced concrete pile 
be used, the permissible load, expressed as a proportion of the short column load, may be thus 

modified. In each case modify the factor with in it, by multiplying by — for the smaller 

dimension, and by ^ for the larger dimension ; where r — radius of gyration of a square section 

of the same area, the smaller actual radius of gyration, and t% the larger actual radius of 
gyration. In the case of reinforced concrete piles, use the sums of the squares of the radii of 
gyration of the concrete and of the steel aa in the formula (see * Beinforced Ooncrete *). In this 
case the outside dimension might be the same, but the rei^oroement stronger in one direction 
than in the other. 

(6) For the portion of the pile below the ground:— 
If the pile is in firm ground, or passes through a sufficient number ol firm layers so that ft is 

effectively steadied, any section of the pile should have sufficient strength, calculated aa a short 
column ; that la, it should take a load equal to the sate stress multiplied by the area. The load 
will be the whole load less an amount equal to the area of the pile above the section in question 
multiplied by the coefficient of friction. This will usually range from about 1 to 4 cwts. per 
square foot. 

If the ground into which the pile Is driven is soft and yielding, and is not regarded as effec¬ 
tively steadying the pile, the strengths at mld-pointe of each length r„ . . . must be calculated 
as those ol the mid-section of a long strut or o<domn of that len^h. These lengths are measured 
from the head of the pile, or from the point of effective bracing, to successive points in the length 
of the pile, the last being measured to the tip. The load In each case is the whole load less the 
load carried by friction on the length of pile above the point in question. Unless the tip of the gile rests on a hard stratum, or is driven some way into a very firm stratum, the load vanishes 

efore the point is reached, and very few calculations will actually be required. 

(7) If the pile so rests upon a firm stratum that a large part of the load is carried from the 
lower end, the same procedure may be adopted, but the loads will, of course, be greater. 

If the length of the pile below ground is small, and It is driven into or rests on a hard stratum, 
the whole length may have to be calculated as a strut carrying the whole load. Such length as 
is actually in firm ground should, however, be subtracted from the length for calculation. 

In some cases the support given by the ground may not be regarded as equivalent to effective 
bracing, but may be considerable. The strength of any section may then be calculated in the 
first place as though the soil were q\ilte finn and hard, ^ving a load W^, and next as though the 
soil, though exerting the effect of skin friction, had no bracing effect, giving a load Wg. The 
actual load will be something between Wt and Wg, depending upon the estimated value of the soil 
as a steadier of the pile. Even soft silt must be regarded as exerting a considerable steadying 
effect; but if there be progressive movement of silt, sand, or peaty ground, no steadying effect 
can be counted upon. Considerable movement, of course, demands the provision of special 
bracing, or, with short piles driven into a firm stratum, the calculation of a cantilever effect 
based upon tbe observed pressure as recorded by a torsion pressure meter or otherwise eatimated. 

Generally : to find tbe necessary strength at any section S, measure tbe distance upwards to the 
head or bracing, at A, and an equal distance downwards to a point B. Calculate the load P 
carried by skin friction above B, and (W ~ P) is the load carried by A B as a strut. The strength 
at S will be calculated aa that of a short strut if moat ol the len^b BS be effectively steadied 
by the ground; if there be no such steadying the calculation will be that for a strut of length 
AB (but in no case anv greater length). If the lower half of SB la in firm ground, or all of it in 
weak ground, the section mav be calculated for a stress somewhere between that allowable aa 
a short strut and that allowable on the length AB as a free strut. 

The strength of the croaa-seotions of a pile does not change suddenly, and very few calcula¬ 
tions need be made in actual practice; but any of the above may be neceaeary in a particular 
case. 
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The two moet probable errom are, tint, to ealonlate as free stmts lengths which are really 
steadied by the ground, and, secondlv, to negleot mating for each section the redaction of load 
(regarding the section as the mid-point of a stmt) due to skin friction from the sarface of the 
ground to a point which is as far below the section as the bracing or bead of the pile la abore 
it. The load which the length in question itself carries by skin friction is imposed, upwards, 
upon some other mid-section nearer the head of the pile. 

Loads on Beinforobd gonobbte Piles. 

▲ well-designed reinforced oonorete pile, 14 Ins. by 14 ins. in section, will carry a load up to 
100 tons (calculated). In actual practice such piles are carrying loads of 60 to 70 tons (at Bristoi 
up to 65 tons; in the Thames, 16-in. x 15-in. piles, 70 tons). 

Pile-sinking with the Water Jet. 

In ginHiig piles the work may sometimes be much facilitated by the use of a water let. In the 
case of hollow piles, the usual shoe may be replaced by a funnel-shaped end-piece, and the water 
pumped through the pile. In alnklng cast-iron piles for bridge piers in New South Wales iE, M, de Burgh) it was found that a central nozzle with an aperture of 2 ins., and four holes of 

iiu diameter in the conical portion, gave good results in sand and soft clay, the piles being sunk 
through 14 ft. of sand In an average Ume of 6 minutes, and the actual rate movement was 
about 8 ft. a minute. For sinking in sand not under water it was found expedient to flood the 
surface round the pile. In day, the pile was loaded with 10 tons, and after 5 or 10 minutes 
pumping the pile would rink 6 to 9 ins. At a depth of 11 ft. in the clay, progress was very slow 
and practically ceased at 18 ft., with the 10-ton load. These piles had flanged joints. 

Timber piles can be similarly sunk, the pipe being taken down the ride of the pile. On the 
work referrM to above, timber piles, 14 Ins. in diameter at one end and 9 ins. at the other, were 
sunk 16 ft. on an average; the average time taken being 4 minutes, and the water pressure 6 to 
7 lbs. per sq. in. in sand and 80 to 40 lbs. per sq. in. in clay. The pipe (2-in.) was taken to a 
l|-in. augur hole in the point of the pile. 

In driving steel sheet piling at Hodbarrow Bidtjoett) a water jet was used in hard ground. 
Bonble ram pumps 6| ins. and 6 ins. In diameter were used, with 10 to 14 h.p. bailer capacity, the 
water being delivered by a 5-in. pipe, diminishing to 8-in. and to l|-in. From this a l|-m. vertical 
pipe Jed to two l-in. jets. The let pipes were kept working up and down, with a block and tackle, 
about level with or slightly below the point ol the pile. After three or four tides, the ground 
bad recovered its normal consistency. 

Safe lioad on Piles. 

Rankine gives safe load on piles as follows :— 

For piles driven till they reach Arm ground, 1.000 lbs. per sq. inch of area of head. 

For piles standing in soft ground, by friction, 200 lbs. per square inch of area of head. 

FORMULA FOB Safe Load on Piles. 

(1) Wellington Formula. 

If P safe load on a pile; h height of fall in feet; 

w a weight of ram; s => penetration per blow in inches. 

(P and te must be in the same units—i.e. both in lbs. or both in tons, for example), 

p ^ 2u>h 
s + 0-1 

(3) 
If P safe load on pile in tons 

te ex weight of ram in tons; 

A-i height of fall in ft.; 

t depth driven by last blow in ft. 

a XX sectional area of pile in sq. ft.; 

E XX modulus of elasticity in tons per sq. in. 

X XX weight of pile in tons; 

I xx length of pile in ft. 

4BafrA , 4E«a««« 
)- 

BaBkfne*s formula, 
P 
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Sanders* formula, 

Dutch formula, 

I; is a constant 

P- 
toh 

kt(^v> -h X) 

4 to 6 for concrete piles and 6 to 8 for timber piles. 

In Bankine’s formula the safe load is taken to be about }, of the greatest load; if there is 
a great vibration, the factor of safety should bo iucreased to 8 or 9 ; where there is no vibration, 
a factor of safety of 3 or even less may be adopted. 

‘ Engineering News * (U.S.A.) formula, P «■ 
P + 1 

Where p is the average penetration in the last six blows; a factor ranging from 1 to 12 and 
recommended to be taken as 3. 

ATifey's Formida (Prom the B.S.P. Pocket Book 1932). 

A reliable pile driving formula for computing this resistance for all classes of piles and hammers 
has been obti^ed by A. Hiley, A.M.I.O.B. (The Strudural Engineer^ vol. 8, Nos. 7 and 8); it has 
shown satisfactory agreement with many actual loading tests, and is as follows:— 

E =. + (P + W). 

8 + 
(1) 

L-: (3) 

Whore B *• resistance overcome in driving, expressed in tons. 
W — weight of kinetic member or ram of hammer, in tons. 

h — equivalent height of free fali of ram, in inches, taken as 80 per cent, of stroke 
for drop hammers,and 92 per cent, of stroke for B.S.P. single-acting hammers. 

S ^ set, or penetration of pile per blow, in inches. 
c » temporary compression of pile and cap, together with the temporary com¬ 

pression or * quake' of ground beneath the pile point, in inches, caused by 
transmission of stress corresponding to B. 

71 efficiency of hammer blow, representing the ratio the energy given out after 
impact bears to the striking energy of the ram. 

P => weight of pile including helmet or anvil, in tons. 
P » factor of sidety against settlement, generally taken from 3 to 4. 

and L » safe working load (including self weight of pile) which can be applied to the pile. 
P 

The value of r\ to suit given ratios of ^ for typical conditions of pile driving, are set out in the 

following table;— 

Tablb m. 

1 BaUo of ' i 
P Oase 1. Case 2. Oase 3. Case 4. 

i 0-76 0-72 0-69 0*67 
1 0-63 0-58 0-63 0-60 
U 0-65 0-50 0-44 0-40 
2 0-60 0-44 0-37 0-33 
H 0-45 0*40 0-33 0-28 
3 0-42 0-36 0-30 0-26 
4 0-36 0-31 0-25 0-20 
6 0-31 0-27 0-21 0-16 
6 0-27 0*24 0-19 014 

p 
In using Table ni, the ration of » in the given case must first be ascertained. 

Case 1 refers to double-acting hammers driving steel sheet piles or B.O. piles. 
Oase 2 refers to double-acting hammers driving timber piles. 
Case 3 refers to single-aotiog and drop hammers driving timber piles, or B.O. piles flttod with 

helmet and wood dolly. 
Oase 4 refers to ditto, when the head of pile or cap Is in poor condition. 
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SultAble allowanoes for temporary compreasion, in inches for typical cases of piles oorre* 
spondlng to mediom driving conditions are given in the following table:— 

TABLB IY. 

Length of Pile. Temporary Oompiession c in inches. 

Feet. 

Sheet piles. 
R.O. piles 

: without helmet. 

R.O. piles fitted j 
with helmet and' 

doUy. 
Timber piles. 

(1) (2) (1) (2) (1) (2) (1) (3) 

in. in. in. in. in. in. in. in. 
80 0-04 0*08 0-27 0-39 0-47 0-79 ; 0-36 0-67 

30 0*06 0-12 0-33 0-61 0-53 0-91 0-44 0*73 

40^ 0-08 0-16 0-39 0-63 0*69 1-03 0-62 0*89 

60 0-10 0-20 0-45 0-76 0-66 1*16 : 0-60 1*05 

60 0-12 0-24 0-61 0-87 0*71 1-27 0-68 1*21 

Tablb V. 

Item. 
1 
1 1 

Size numbers of McXieman-Terry hammers. 

2 3 6 6 7 9B2 10B3 IIB 

Weight of cam in lbs. j 21 48 68 200 400 800 1,600 2,600 3,626 

Weight of anvil in lbs. 13 37 40 86 203 314 387 660 700 

Weight of casing in 
lbs. . 111 268 667 1,214 2,297 3,886 4,873 6,960 

1 

8,860 

Total weight of ham¬ 
mer in lbs.. 146 ; 343 676 1,600 2,900 6,000 6,760 10,000 13,186 

Actual stroke in ins. | 3*76 6*26 6-76 7*0 8*76 9*6 160 20-0 200 

Average number of 
blows per minute . 

‘ i 
600 1 600 400 275 230 196 1 130 106 no 

Average kinetic 
energy of blow in 
ft.-lbs. 

i ■ 1 

100 1 140 360 820 , 1,970 i 3,710 8,600 16,800 20,800 
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Oolanmg 1 In Table IV refer to a medium driving resistance, assumed to correspond to 
a stress transmitted through the cross section of the pile of 4,000 lbs. per sq. in. for steel sheet 
piles; and 1,000 lbs. per sq. in. for R.C. or timber piles. 

Columns 3 refer to a very hard driving resistance corresponding to stresses of 8,000 lbs. per 
sq. in. for steel sheet piles; and 3,000 lbs. per sq. in. for B.O. or timber piles on the cross sectional 
area. • 

Intermediate values of e corresponding to other intensities of driving resfaitance between 
the values stated above, may be obtained by interpolation. 

For McKieman-Terry double-acting pile hammers, the energy Wh in the formula 1 should 
be expressed in inch-pounds: the resistance similarly will then be given in pounds. 

The necessary particulars of these hammers and the kinetic energy (K.B.) given out when 
driving, are given in Table V. 

Screw Files. 

Screw Piles, flgs. 18 and 17, are either of wood or of oast or wrought iron ; they are seldom 
leas than 6, or more than 18 inches, in diameter. They should be cylindrical in section to 
enable them to be more readily turned. They are fitted with a screw disc at the foot of the 
pile, similar to an auger, which usually does not make more than one and a half turns. This 

FIQ. 16.—Wrought-iron pile with cast-iron disc. 

disc la of cast-iron, which is made op to 6 feet In diameter. The piles are usually sunk by manual 
power aoUng on long levers fixed to a capstan bead on the piles, so as to screw them down to a 
firm stratum. When screw piles have to be sunk through hard ground, a water Jet may be used 
to facilitate sinking. 

Cylinders. 

Oylinders of cast-iron are sunk to a firm foundation by excavating inside and letting them 
sink by their own weight, or if that is not sufficient, adding additional weight. As the cylinder 
sinks, lengths are bolted on by means of flanges which are on the inside. When it is desirable 
to make the Joints water-tight, a cloth strip saturated with thick paint, ora strip of bitumen cloth, 
is laid between the flanges. 

Small cylinders from 4 to 10 feet in diameter are usually oast in lengths of from 6 to 10 feet, 
without any verUoai Joint, and from 1 to 1^ inches in thickness vrith 1| or 2 inch internal flanges. 
The thickness in inches necessary to withstand the pressure of the water of small thin cylinders 
may be approximately found from the formula— 

(- •001 fA; 

where r is the radius of cylinder, and A depth of water, both in feet, and assuming that the metal 
will stand with safety a compression of 5,000 lbs. per square inch. In no case should the thickness 
t be less than i inch. The inside of the cylinder is excavated by hand, or if the water cannot be 
kept out, by means of a grab, and is afterwards filled up with concrete or masonry. 

At the St. Louis Bridge, U.S.A., the cylinders were 4, 6, and 8 feet in diameter, cast in 10-feet 
lengths, the metal being li inch, thick with 3}-inch flanges. 

The bottom cylinder of the Albert Bridge over the Thames was 21 feet in diameter and 
4 feet 6 inches high, cast in one piece; on this was a reducing ring tapering to 16 feet in diameter; 
all the other rings were 15 feet in diameter and 6 feet high, also oast in one piece. 

Brick or masonry cylinders built on an iron or wooden curb are frequently used instead of 
iron cylinders. 
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Pneumatic Process of Sinking Cylinders. 

Cylinders and large oalasons are often sank by the pneumatic process. The cylinder Is made 
as nearly as poedble air-tight, and an air-look or chamber, with two doors, one opening from the 
outer air and the other into the cylinder, is bolted on to it; both of these doors open downwards 
into the cylinder or against the pressure of the air. Air is pumped into the cylinder so as to 
drive the water out. The workmen then enter the air-lock, the door communicating with the 
outer air is closed, and the compressed air allowed to enter from the cylinder; when the pressure 
has become equal the door into the cylinder is opened and the workmen descend. The excavated 
material is carried up through the air-lock, or blown op through a tube by air pressure. The 
cylinder is buoyed up by the pressure of the air inside it, and when this is released it tends to 
sink. It has generally been considered that men cannot work in safety under a greater depth of 
water than 100 ft.; in the St. Louis Bridge 108 ft. was reached, and,147 ft. under mean low water 
is said to have been attained in the East River Gas Company's tunnel at New York. 

Steel Sheet Piling. 

FlO. 18.—Universal Joist Seotioou 

British standard joists are employed, haviim flanges 5 ins. wide and used in conjunction with 
a standard clutch or looking bar. The ranges of iotsts are 16 iae. by 6 ins., IS ins. by 6 ins., 10 ins. 
by 6 ins., 8 ins. by 6 ins. aiM 6 ins. by 6 ins. The clutch is pot on the flange of Joist at works and the 
two driven as one. The section has great strength, and is very easily straightened for re-use and 
poseesaes high salvage value, as the Joists can used for oonstmctlonat purposes. Supplied up 
to 66 ft. lezi^hB. 

In addition to the pattern ahown above there are several proprietary steel sheet piles on the 
market. These have vuions sections, but in most oases coiu^t of steel plates with interlocking 
grooves running their whole length. Most modem types are trough shaped in order to increase 
the stifCness of the piling by having most of the metal as far as practicable from the neutral axis. 

Driving, 
The driving of the steel sheeting is generally effected by means of double-acting pile hammers. 

The blows are given In rapid succession. 
Ufl^t-weight sheeting, and also heavy piling, may at times be very advantageously driven 

with a water Jet. Such omterlal as mud, soft clay, and clear sand will ordinarily respond to the 
Jet. If, however, the material is hard clay or a sand containing a heavy peroentage of gravel, 
the water Jet is an Inadvisable adjunct. A supply pips of 1 In. diameter and a {-in. uesale will 
be suitable for moderate weights of piling havi^ a width of, say, 18 ins. or lees. 

Pulling, 
It is quite customaty to pull piles that have been used in temporary service. The cost of 

pulling is oonsidsrabla. While, in general, it is not as great as the cost of driving, stili it Is to 
be rated as equal to a larm percentage of the expense oi driving the very same piles which it is 
proposed to pnll out again. This peroentage may rise as high as 76, or even higher. Where 
the piling has been ^ven with a wooden maul, or ooold have been so driven, a simple lever may 

Xbis lever may have attached to it mc^ strapa or other devices to faoiUtate oonneoting 
the pile head with the lever. Simple perforations in the top of the pile serve for the Introduction 
of bolts or pins. Ordinary holstliig arrangements may soffioe for these piles and for still heavier 
sheeting. Hydranlio Jacks have been used for rather difficult pulling. The Jacks may be need 
midniy for starting the emits. By setting up Jacks on the heads of the adjacent piles they may 
be brou^t to bear beneath a head block provided with a slot through which the Intermediate 
pile may pass on its way np. Another method that has been used simply sets m a framework 
provided with a strong cross-pieos, to whiob blocks and tackle may be rigged. Olie line may be 
operated by baud or by power, as circumstances may require. For pulling piles which have 
been put down to a considerable depth, a percussion-piston pile-driving hammer may be hung 
upside down ^m a deniok boom and used thus to poll the piles. In pulling, the invert^ hammer 
takes hold of the pile by of the shackle, and steady tension is then exerted on the pile 
line, whiob pulls the shackle strap down upon the anvil block, and the hammer is placed in opera¬ 
tion. Piles of 36 ft. penetration in clay, sand, and gravel have been withdrawn in from 3 minutes 
to 10 minutes each, without distortion. The Mc-Eiernan-Terry pile hammers can also be used 
for palling porposes. 
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Timber Sheet Filing. 
Timber sheet piles are usually from 9 Ins. to 13 ins. wide and S Ins. to 6 ins. thick. They hsTe 

chisel-pointed shoes and the tops are bound with Iron straps. The shoes are usually beTelled 
in order that each pile may be forced against the pile previously driven. The Joints between the 
piles may be plain butt joints, rebated joints or of one of the forms shown In fig. 21, p. 448. 

Reinforced concrete is sometimes used for sheet piles, the dimensions and method of use being 
much the same as in the case of timber sheet piles. 

USES or Sheet riuNa. 

Sheet piling is used lor coffer dams, holding up the faces of excavations and similar temporary 
work and also for quay walls, retaining river banks, etc. 

In the latter cases It may be used in the following ways 
(1) Sheet piling alone driven deep and supporting the ground behind as a cantilever. 
(2) As (1) but backed with concrete, in which case it serves as protection and shuttering for 

the concrete. 
(3) As (1) but anchored back by means of tie rods fastened to walings across the front of the 

piles and to concrete anchor blocks buried in the ground some distance behind the piles. In 
this case the piles may be designed as simply supported slabs between walings and beWeen the 
lowest waling and a point about two-thirds the distance between the river bed and the toes of 
the piles. 

(4) Ordinary square piles are driven at regular intervals, walings are fixed behind these and 
sheet piles are driven at the back of the walings a relatively short distance into the river bed. 
The square plies, known as king piles, are anchored back to concrete blocks. 

Caissons. 

Very deep and large piers and abutments of bridges have recently been constructed with 
steel caissons braced internally so as to prevent them collapsing while sinking. These oa*asons 
are excavated and fiiled with concrete or masonry. 

*[^0 foundations of the Hawksbury Bridge in Australia were sunk to a depth of 162 ft. below 
high-water level by dredging. 

FIUCTIOXAL llKSlS’l'AXCE OF PXKUMATIC FoUXDATlONa (SCHMO'IT). 

I Tables of Ooeflicieiits of Friction. j Dry Material. Wet Material. 1 

Material. Sol\ 
First 
Move¬ 
ment. 

During 
Motion. 

First 
Move¬ 
ment. 

1 During 
i Motion. 
1 

Sheet-iron, without rivets . Gravel and sanf •4015 •4.583 •3318 ^ -4409 
Slieet-iron, with rivets •39G5 •4911 •4677 ; -5181 
Cast-iron, unplaned . "mi •4668 •3616 ; -4963 
Granite, roughly worked . »» » •426G ‘53(*8 •1104 . •48(X) 
Pine, sawn .... •4088 •5109 •4106 , -4986 
Sheet-iron, without rivets . Sand •5361 •6313 1 -3655 1 -3247 
Sheet-iron, with rivets •7269 •8391 j -5156 ! -4977 
Cast-iron, un planed . •5636 •6063 1 -4711 1 -3796 
Granite, roughly worked . •6473 ■70(X) 1 •1728 : -5291 
Pine, sawn .... 22 •6633 •7340 1 -6787 i -4793 

Tlie foundation must be vertical, being kept in equilibrium by the friction of its surface. 
According to Mr. F. W. Sweeney in the Journal of the Western Society of Engineered experience 

in iJnlrlng concrete cidsBons for bridge foundations hM shown that building the walls with a batter 
is not only of no particular advantage in reducing the sinking friction, but it is positively detri¬ 
mental to the proper guiding of the caisson. It Is considered the best practice to have a p^ectly 
plumb walL When the depth of water will permit, it is generally cheaper to build up a river 
caisson on shore in the form of a wooden shell, launon it, tow it into position between guide plies 
end sink it by filling with concrete. 

Freezing Process of Sinking Foundations. 
The Freesing ProceM has been used to sink large foundatloins In treacherous material, 

especially quicksand. Pipes 10-inch in diameter, open at the bottom, are sunk verticallv about 
3 feet apart round the ground to be exoavated : inside of these 8-incb pipes, closed at the bottom, 
are lowered, and again within the latter small pipes. The freesing material is pumped into the 
■mailer pipes, and retoms to the oooUng tank through the large ones. A solid oylinder of fiosen 
gronnd u gradnally formed round the pipes; these frosen oyilnders unite, forming a solid ring 
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Fuddle Dams. 
Coffer dams of paddle usually consist of two parallel rows of sheet piling, the intenrening 

space between them being filled In with paddle; sometimes three or even four rows, with a 
paddle wall between each, have been adopted in order to give greater stability and make the 
dam more watertight. 

It is always desirable to make the paddle wall as thin as possible; it is seldom more than 
41 or 6 feet in thickness. Bolts through coffer dams should be avoided as far as possible, as the 
puddle tn settling leaves vacant spaces along them, causing leaks; to remedy this, iron discs 
through which th^y pass have been used; these discs are embedded midway in the paddle wall. 
In coffer dams made for the construction of the East London Bailway through the docks, 
through bolts were entirely dispensed with, their plaoe being taken by buttress piles driven at 
intervals on the outside which withstood the pressure of the puddle. 

Pig. 30 shows a coffer dam used at Portsmouth Dockyard extension. The shoring piles were 
driven 9 ft. centre to centre, and IS-in. by 12-in. struto, one horisontal and one inclined, were 
fixed to each. 

Fuddle. 
(Alfred B. Btarle.) 

Paddle is a highly plastic paste made by mixing ‘ clay * with about one-fifth of its weight of 
water, the precise amount depending on the plasticity and dryness of the * clay.* A perfectly 
pure * clay ^ does not usually produce good puddle, as it is either deficient in plasticity (like 
china clay) or it shrinks excmvely. The former defect can only be remedied by Uie use of a 
more highly plastic material; excessive shrinkage may be prevented by mixing a suitable pro¬ 
portion of sand with the clay. For the best results, a piece of puddle when dried should not 
shrink more than If in. per linear foot; on the other hand, it should not shrink less than | in. 
per linear foot or it will probably not be sufficiently impermeable to water. 

The materials used must be carefully selected and thoroughly well mixed; some contractors 
are very careless in this respect and will use anything which has been passed through a pugmill. 
The correct consistency for good puddle is that at which that paste can be squeesed easily in 
the hand without any appre^ble quantity adhering to the latter when the pressure is relea^. 
Puddle made of the consistenoy of porridge is much too soft for best work, though it is better 
than an over-dry or badly mixed stiff paste. 

Where possible, the materials used for making puddle should, before being mixed with water, 
be passed between a pair of rollers placed not more than f in. apart, so as to crush any stones 
or coarse gravel present. It is also desirable that all roots and large stones should be picked 
out before sending the * clay ' to the mixer. 

The usual method of preparing puddle is to mix the local * clay * with sufficient water to form 
a soft paste, a pugmill being used for the mixing. The * clay' may consist of a sandy loam with 
50 per cent, of sand and, therefore, incapable of producing a mass impermeable to water except 
within extremely narrow limits of consistency, which are seldom investigated. On the other 
hand, it may be so rich in colloidal matter as to have an abnormally high shrinkage on drying; 
this is a very objectionable property, as puddle which shrinks greatly usually cracks and becomes 
unreliable. It may be prevent^ by using a plastic mixture of' clay ’ and very fine sand which is 
well rammed into position, the proportion of sand being such that the puddle, when fully dried, 
has a shrinkage not exceeding 1 m. per linear foot. No definite figures can be equally suitable for 
all cases, but two parts of clay to one part of fine sand la often suitable, though much depends on 
the nature of the cW> 

Too much water should not be used in making puddle; it is often better to use moist clay 
mixed with sand rather than to add sand to a clay<«arry in order to stiffen it. The stiffer paddle 
must be mixed mechanically in a powerful pugmill, and it must be rammed in position by 
mechanical rammers. Under these conditions it produces excellent results. 

To produce a really satisfactory puddle, it is not sufficient to proceed along * cookery-book ’ 
lines. The available materials should be mixed in different proportions, and each mixture should 
be tested in a hydraulic press to ascertain its permeability. A useful * holder' for the paddle is a 
hollow cylinder made of Portland cement and sand, or even a 4-in. salt-glased drain-pipe, into one 
end of which the puddle is placed. The cylinder or pipe is then placed vertically on a flat bed and 
the pressure applied. A little skill is required to make the puddle fit properly, but once this has 
been acquired, the test is easy to make. 

The worst kind of puddle is that made by preparing a liauld slip, wash, or slurry of clay, and 
letting this settle. The sand and other non-plastic material normally present is removed In this 
method of preparing the slip, and the product has too great a shrinkage. 

In trenches filled with properly made puddle, there appears to be no advantage in using a 
* reinforcement ’ of strings of Jute, as the plain puddle is quite impermeable when properly 
prepared. A mixture of wood-wool and clay makes an excellent puddle, but requires a machine 
for its production. 

Permeability of Differem Puddle*, 
Tests made under hydraulic pressure to determine the permeability of different paddles showed 

that it is possible to produce mixtures which, when only 6 ins. thick, will withstand 50 lbs. persq. in. 
water-pressure for 5 hours without showing any signs of seepage. Paddles free from sand stood 
this test the best because of their greater denuty, but those containing sand are so much lees 
liable to crack that, on the whole, they are the most suitable for general use. 
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Single Balk Dams. 
Dams have also been most successfully constructed of single rows of sneet piling grooved anti 

driven between waling pieces. Fig. 21 is the more usual arrangement; the piles are from 
0 to 12 iuches in thickness ; a groove about 2 inches wide and 2 inches deep is cut out of each 

Fig. 21. 

pile; into this is fitted a tongue, wliich is cut to the exact size tt) fit it. Sheet piles should be 
sawn die-square with the grooves perfectly straight and true. They should be of sufficient 
thickness to withstand the water pressure without bulging between the waling pieces. Small 
leaks at the joints may be stopped by caulking with oakum. 

Cribs. 

Timber cribs or boxes, which are usually made watertight and floated into position and then 
sunk, have been largely used in America for foundations of bridges on rock, or in places where 
there is no fear of undermining by the currents. They are filled with concrete. 

Scaffolding. 
(Note: Tubular steel scaffolding is now extensively used.) 

^andardt are upright poles, generally of spruce, 20' to 50' long, 6" to b" diam. at butt; those 
under 2^" at tips are termed rickers^ and run about 22' longt They are firmly fixed in the ground 
(or in tubs filled, with cartl^, if excavation is inconvenient), 4'. 6" from wall, llr to 12' apart When 
greater lengths are required, two are lashed together, tip to butt, and tightened with wedges 
To these, on the side next the wall, are lashc<l liorizontal ledgers^ or runners^ parallel to the wall 
at vertical intervals of 3' G" to 6'. They support the putlogs^ of squared timber (usually birch), 
4"X 3", 6'long, one end of which rests on the ledgers, the other in a hole in the wall left by 
omitting a brick header ; they are about 3^' or 4' apart, and support the scaffold hoards, usually 
9'^ X lA", sometimes 3". Poles called ‘braces,* lashed diagonally across every three or four 
standards, stiffen the scaffold. Masons often use a second row of standards and runners, close 
to the wall, to prevent the masonry being disfigured by putlog holes. 

Fig. 22 (from Spon’s ‘Diet, of Eng.’) shows the arrangement of a bricklayer’s scaffold. When 
the scaffold has to be carried to a considerable height, other poles are lashed to the standards with 

ropes tightened by wedges. Poles are also 
lashed iliagonally across every three or 
four standards in the shape of a St. An¬ 
drew’s cross ; these are called braces, and 
they serve to stiffen or brace the scaffold 
longitudinally. 

In buildings which do not admit of 
putlog holes in the walls, as where rubble 
stone or ashlar facing is used, and which 
do not require lieavy machinery for hoist¬ 
ing, or JStrong timbers in the scaffold, tw’O 
rows of standards with ledgers are use<l, 
one row being close to the wall, and the 
other at the usual distance, so that both 
ends of the putlogs may rest on the 
ledgers. Scaffolds such as we have just 
describe*! arc sometimes used for heights 
of 90' or 100' from the ground, as in 
building church steeples and similar 
work. In the erection of houses it is 
usual to construct a staging about Iff 
square on the outside of the scaffolding. 

Fig. 22. for the purpose of hoisting materials, and 
from which they are distributed for uae^ 
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This staging Is nsaally formed with standards and ledgers In the same manner as the soaffcM to 
which it is connected. 

Scaffolding Knots. 
The principles of a good knot are its facility in tying, its freedom from slipping, and its being 

easily untied. All knots will Jam more or less when subject to a strain. The knots in fig. 93 
are shown open before being drawn taut, in order to show the position of the parts. The names 
osaally giyen, and their uses, are as follows:— 

1 2 J 4 5 

FIQ. 23. 
I. Bight of a rope. 
9. Overhand, or thumb, knot, to prevent a rope running through the sheave of a block. 
8. Figure of eight knot, used as No. 3. 
4. Stevedore knot: is useful when the rope passes through an eye. It is easily untied after 

being strained. 
6. Square, or reef, knot. This is a most useful knot for joining two ropes of same sise. How¬ 

ever tightly it jams, it is ea^y * upset * and undone. 
6. Qranny, or thief, knot. This should not be used, as it will jam tightly but not slip (as 

erroneously supposed), will not * upset' and consequently is difficult to undo. 
7. Single sheet bend, or weavers’ knot, used principally for joining two ropes of unequal sizes 

more seourdy than a reef knot. 
8. Double sheet bend, more secure than No. 7. 
8. Oarrlok bend, for fastening the four guys to a derrick. 
10. Flemish loop. 
II. Slip knot. 
13. Bowline, for making a loop that will not slip. After being strained, this knot is easily 

untied. Oommence by making a bight in the rope, then put the end through the bight and 
under the standing part, pass the end again through the bight, and pull taut. This knot should 
be tied with facility by everyone who bodies ropes. 

18. Timber hitch ; the greater the strain the more tightly it will hold. 
14. Clove hitch, consisting of two half-hitches. 
16. Clove hitch, as No. 14, showing its appUcation around a pole. 
16. Bound turn and two half-hitohes, for securing a rope to a ledger or for fastening the guys 

of gg fall, la made fast to a ring. 
18. Bolling hitch, used in a variety of ways, chiefly in making fast one rope to another thatts 

held taut. 
19. for Shortening a rope when the ends are inaccessible. 
80. Oatspaw. An endless loop, and used where great power is required. 
81. Blaokwall hitch. Basily applied, but requires watching; has a tendenqy to slip. 
33. Square lashing. Seep.460. 
88. Diagonal ladujog. Seep.46C» 
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Bquan LtuMng,—This is used to fix a ledger to a standard and is made as follows: A clove 
hitch is first made rotmd the standard just below the ledger. The short or running end of the 
rope is disposed of bj twisting it round the long or standing end and the latter is then passed up 
in front of the ledger, horizontally behind the standard, down in front of the ledger and again 
horisontally behind the standard. Three more similar turns round the spars are then taken. 
Two tarns known as trapping turns are next taken in a vertical plane between the two spars, 
round the four turns just mentioned, these being well beaten in and the trapping turns pulled as 
taut as possible. The lashing is completed by making two half hitches (equivalent to a clove 
hitch) on the ledger. 

Diagonal Looking,—Used for fixing diagonal braces to standards or to each other. It is made 
in the following way: A timber hitch is made round both spars diagonally across their inter* 
section and three complete toms, exclusive of the timber hitch, are then taken round them in the 
same plane. Three toms are next taken across the other diagonal and the lashing is completed 
with two trapping turns and two half hitches as in the case of the square lashing. 

Shorins Buildings. 
A plank (fig. 84), 0, 9 ins. wide, 3 ins. thick, the length varying with height of buildir g, is 

placed against upper part of wall to be supported. Tn this rectangular holes are cut to admit 
of timber * needles,* D, from 4 ins. x 6 Ins. x 6 ins., and about 12 ins. long. These are let into 

the wall about 4} ins., and project beyond the plank about 4^ ius. to receive the ends of the 
• shores,' A. 

A cleat, E. is usually nailed to the plank on the upper side of each needle. 
The strut^ A, are from 6 ins. x 4 Ins. in very small buildings to 12 ins. x 9 ins. or 12 ins. in 

very large; usually hall timbers 12 ins. x 6 Ins. They are fixed to a footing block, F. 
The outer strut is called a * top raker,' the inner the * bottom shore,’ the centre the * middle 

raker.' 
Short pieces, B, about 1 in. thick and from 6 ins. to 9 Ins. wide are nailed on each side 

of the shores. 
Struts between Houses. 

A (fig. 84). horizontal strut, 6 ins. x 4 ins. C, straining-piece, 6 Ins. x 3 ins. 
to 9 ins. X 4 ins. D, plank, 9 ins. X 3 ins. 

B, raking strut, 6 ins. x 4 ins. K. cleats. 
The horizontal stnit. A, is at height above ground equal to about two-thirds height from 

ground to eaves. 

The Timbering of Trenches and Shafts. 
Excavations must be timbered where the ground will not stand without support, in order to 

render possible the construction of the work in hand, to ensure the safety of the men engaged upon 
It, and to prevent settlement which may result in damage to adjacent buildings or other struotores. 
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mainB of yarioiis kinds and road surfaces. Any ‘ loss of ground * may. In addition to causing 
damage, result in movement of the timbering because disturbance of the ground, if of a loose 
nature, may exert on the timbering pressure far in excess of that of the undisturbed ground. 
Movement of the timbering may result in insufficient room being available for the permanent 
work and necessitate ‘ poling back,* i.e. setting back the timbering to the required position—an 
operation which under some conditions is tedious and costly. 

The amount of timbering needed in any excavation depends upon the nature of the ground 
and the length of time during which the excavation is to remain open, and may range from an 
occasional support to timbering completely covering the excavated faces. In extreme cases it 
is necessary even to timber the bottom of the excavation in order to prevent the ground from 
being squeezed upwards by the pressure at the sides. 

It is very important that the area of ground which may be at any time temporarily unsupported 
during the fixing of timber should be restricted to safe limits. Although in many cases the ground 
will stand with little or no support for a short time, heavy timbering may be required if the 
excavation is to remain open for a long period. 

In view of the difficulty of fixing timbering perfectly plumb and of the possible reduction in 
the size of the excavation due to pressure and in some cases the swelling of the ground, it Is 
desirable, when permanent work Is to be accommodated, to take out the excavation to dimensions 
somewhat In excess of those actually required. 

The timber actually in contact with the ground consists either of poling boards or of long 
timbers called runners which are driven down as excavation proceeds. Unless the ground is of 
a strongly cohesive nature any cavities behind the timbering should be filled either with loose 
material rammed in or with bricks, wood or other suitable packing. 

In the case of loose sand, especially if water be present, the passage of the particles through 
the small openings between the timbers is often prevented by ' stemming,* i.e. the insertion of 
hay, straw or similar material. This, although It does not prevent the fiow of water, stops much 
of the sand which would otherwise accompany it. 

Poling boards and runners are generally of spruce, although pitch pine is preferable and 
possibly cheaper in the long run on account of the longer period during which it will remain 
serviceable; heavier squared timber is usually of pitch pine; round bars of larch and wedges of 
beech or other hard wood, pitch pine being, however, frequently used. 

(a) PciifkQ Boards.—The beards are usually from 3 it. 6 Ins. to 4 ft. 6 ins. long and 1 In. to II in. 
thick. In all cases they are held against the ground by longitudinal timbers called walings, 
between which and the boards pages (small wedges) are driven. Walings vary from 4 ins. by 3 ins. 
to 12 ins. by 12 Ins., according to requirements, and when of rectangular section they are fixed 
with the longer dimension ve^cal for convenience, although this is not the most economical way 
of resisting lateral bending. The walings are held apart by struts, the best section for which b 
square, their function being to resist compression. Round and rectangular timbers are, however, 
frequently used. In most cases strips of wood, called lips, are nailed to the tops of the struts at 
the ends to hold them level with the walings while they are driven Into position. See fig. 26. 
Large wedges, called driving wedges, are generally used to tighten op the struts, but in some oases 
slack blocks, as shown in fig. 27, are used, these being more easily removed. 

When considerable pressure on the ttobering occurs it frequently happens, especially when 
the timber has been in position for a long time, that the stmts cannot subsequently be Wnooked 
out on account of their having been forced Into the walings which have been partially craved. 
When this is anticipated * cutting-out pieces,* fig. 27, are inserted between the stmts and the 
walings when these timbers are fixed. Outting-out pieces are removed in the manner indicated 
by their name and the waste of valuable timber thus avoided. 

Stmts are fixed at both ends of the walings and as many intermediate stmts as necessary 
are added, the distance apart of the strata depending on the nature of the ground, the size of 
the walings and the working room required between the stmts. Two opposite walings with the 
stmts between them form a complete frame. See fig. 28. 

In order to prevent the dropping of the walings, vertical props, called puncheons, are wedged 
between them, as in fig. 26, the feet of the puncheons resting on the lips of the stmts, if any. 
Lacing boards are also nailed vertically to the faces of the walings near their ends. It is essential 
that, as the excavation proceeds, the lowest walings should be securely propped from the bottom 
of the excavation. Should the bottom of the trench be very soft it is sometimes necessary to 
prevent the settlement of the timbering by slinging it from timbers laid transversely across the 
top of the trench. 

In order to prevent the settlement of the timbering in deep trenches ft is usual to insert at 
intervals, possibly under every third or fourth frame, midway between the stmts, raking or 
back props, as shown In fig. 29, these being fixed as the excavation proceeds, resting on foot blocks 
securely driven into the ground. 

There are three methods of fixing poling boards in general use, these being known as the 
middling board, tucking board and piling board systems. 

Mid^ing Boards.—In this method, shown in fig. 80, each setting of boards Is held in position 
by a single waling. It is only used in fairly good ground and has the disadvantage that it does 
not readily lend itself to the adoption of the piling board method, to be described later, it bad 
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ground Ig met with below. In fixing the first aettliig, the trench haying been ezcayated to the 
reqaieite depth, the wallnge are placed in position testing on temporary snpporte with poling 
boards behind them opposite the points at which the stmts are to be fixed. Packing pieces, 
called * chogs,' are pat in between the boards and the wallngs to allow room for the pages in front 

of the boards to be sabseqaently inserted. The strots are then fixed. The remaining boards 
are finally placed behind the wallngs and held against the ground by means of pages drlren in 
behind the wallngs, osually at the top only bat sometimes also at the bottom. In oases in which 
the ground is good enoo^ to permit it open poling is frequently adopted. This consists of 
inserting the boards with spaces between. In the second and lower settings the whole of the 
boards may be placed in position before the wallngs are fixed, the lower ends being toed into the 
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ground or kept in position by pegs or pages driron into the ground and the tops held by nails 
driTen obliquely into the boards above. 

Twking Boards,—In this system, shown in fig. 31, which is used when the ground is not good 
enough for middling boards or where bad ground necessitating piling boards is expected to be 
met with below, the poling boards are held at both ends. The walings, with the exception of 
those at the top frame, have nailed to them liners of the same thickness as the boards. The 
poling boi^^ above the walings pass behind the liners and their lower ends are about level with 
or slightly below the bottoms of the walings. The boards of the setting below are subs^uently 
* tucked * into the space below the liners. The method of fixing the frames is as described for 
middling boards except that the temporary support of the top walings while the struts are 
inserted is usually afforded by raking ground props which do not interfere with the fixing of 
the frame below. 

Piling Boards,—^These are illustrated in fig. 33 and are used in bad ground. The boards are 
usually bevelled off as shown at the lower ends and are in most cases driven as indicated by 
dotted lines. Distance pieces or obogs are, in the first place, inserted between the liners the 
walings and these are taken out as the driving of the boards proceeds. The piling board method 
has the advantage that the sides of the trench can be supported during the whole of the time 
excavation is proceeding, the toes of the boards being kept sUghtly below the level to which the 
bottom has been excavated. Driving is commenced at a considerable angle from the vertical, 
and the boards assume the right batter as they are driven. In order to prevent them from 
approaching too near the veritcal ohogs, are placed between them and the boards above. A 
small cavity behind the boards is inseparable from this method of driving and sometimes the 
method shown in fig. 33 is adopted to avoid this. In this case the boards are driven in on the 
slant laterally and are gradually righted. When only a small gap is left between the boards 
when driving has been done in opposite directions towards the same point, the gap is filled with 
cross poling as shown. If it is found necessary to resort to the use of piling bos^ after tuck^ 
boards, this is effected by removing the liners from the walings of the lowest tacking frame. 

(6) Runnertf shown in fig. 34. are frequently used in bad ground instead of poling boards. 
They are iong timbers up to 20 ft. and occasionally more in length and firom 3 to 3 ins. thick 
by 6 to 9 ins. wide. The lower ends are toed or bevelled off'and the heads are usually bound 
with hoop iron. The runners are driven down behind the frames which are from 3 to 5 ft., apart 
the pages being loosened to enable this to be done. As in the case of piling boards the toes of 
the runners are kept slightly below the bottom of the trench and the sides are never unsupported. 
Sometimes runners are used for the full depth of the trench, in which case the top frame may be 
at the surface, a guide being fixed at a higher level to ensure the runners being driven vertically. 
A scaffold or other means whereby the men are enabled to drive the runners may be required, 
but it is sometimes possible to dispense with driving until the runners are some distance in the 
ground. Frequently a setting of poling boards is used at the surface as shown in fig. 34 to obviate 
the use of the guide above ground and reduce the height of the scaffolding (if any). This meth<^ 
is also adopted when the depth of the trench is slightly greater than can be reached by one or 
more sets of runners. 

Whenever runners are used below either poling boards or another set of runners, an internal 
frame is needed to enable the runners to be driven in front of the frames above. T^ necessitates 
the taking out of the upper part of the trench to a width sufficient to allow for any internal frames 
which may be required. 

It is obvious that gaps must occur between the runners below the struts and, if the nature of 
the ground permits, these small spaces are left until the fixing of the frames below enables boards 
to be inserted. Should it be found undesirable to leave these areas unsupported, cross poling 
may be inserted behind the runners as excavation proceeds. See fig. 36. 

Occasionally horizontal runners are used, in most cases in small trenches as shown in fig. 36. 
Sufficient ground is excavated to enable a pair of runners on opposite sides to be placed in 
position on edge and temporarily strutted. When several runners have been put in vertical, 
walings, sometimes called * soldiers,' are placed in position emd strutted apart, one or more struts 
being used for each pair. 

SHAFTS. 

Shafts may be regarded as short lengths of trench timbered at the ends, and the methods of 
timbering hitherto described are applicable. The purpose of shafts is, in many cases, to enable 
tunnels to be driven from them, and they have therefore generally to be sunk to greater depths 
and to remain open for longer periods than trenches. It is necessary therefore that in these cases 
even greater care than usual ^ould be taken in the timbering. In deep slmfts raki^ or back 
props as previously described are of great importance. 

The struts are fixed across the short dimension in a small rectangular shaft and the struts 
at the ends have, in addition to fulfilling their usual function of keeping the walings in position, 
to act themselves as walings. These end struts are sometimes referred to as * stretchers.* Then 
lateral movement Is prevented by means of either cleats or straining pieces spiked on to the 
walings, both being shown in fig. 37, the latter being preferable. The walings also act as struts, 
being subjected to compression as well as to bending. In the case of a shaft sufflotentiy large to 
require strutting in both directions as, for example, that shown in fig. 38, the transverse struts 
are usually continuous timbers, the longitudinal struts being inserted between them in iffioit 
lengths. 
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In designing the timbering of a shaft it is important not to arrange for timbers of such lengths 
thatj owing to the struts of the frames above that for which they are intended, they cannot be 
readily plarod. In some cases walings instead of being the full length of a shaft, as is usual when 
practicable, have to be in sections. Sometimes it is possible to omit struts or to fix temporary 
ones in suitable positions until the timbers of the frame below have been placed in position. 
Props are fixed between the struts of adjacent frames at the points of intersection of transverse 
and longitudinal struts. 

In a shaft divided into bays by struts it is necessary to have a working bay large enough to 
provide for the passage of skips, brick boxes and the like, and it is frequently necessary thei^ore 
to have bays of different sizes. Vertical fenders are nailed between the frames in the working 
bay to prevent the skips, etc., from being caught by the timbers. Provision must be made in 
the other bays for ladders, pipes of various kinds and pumps as may be necessary. It is desirable 
to keep the struts clear of the centre line of a tunnel to be driven from a shaft, in order to facilitate 
setting out. 

In large shafts, in which great pressure is expected to be exerted on the timbering, it is necessary 
to prevent the upward bucMing of the struts by means of raking struts fixed between them and 
convenient frames above. 

Sheet Pilino. 

In bad ground timber sheet piling is sometimes employed in both trenches and shafts. The 
method is essentially similar to the use of runners, as sheet piles may be regarded os laige runners. 
The toes of the piles are shod with iron and are cut diagonally so that each pile when driven is 
forced against the adjacent pile. If necessary the piling may be caulked, hoop iron and yarn 
being frequently employed for this purpose. Interlocking steel sheet piling is now used more 
frequently than timl^r piling. 

REMOVAL OF Timbers or Parts op Timbers. 

Should it be neoessaj^ for any purpose to remove one or more struts, this is done by means of 
' soldiering,* which consists of placing near each end of the struts to be removed vertical timbers, 
called soldiers, extending over three or more walings and bearing against the walmgs from which 
the struts are to be removed. See figs. 39 and 40. The soldiers are held against the walings by 
means of soldier struts, and wedges and packings are employed to ensure that the walings are 
securely held. In the case of sh^ts the operation just described is necessary when the driving 
of tunnels is commenced from them. 

REFILLING Trenches and Shafts. 

In refilling excavations only as much timbering is removed as can be done with safety and, 
unless the work is so situated that settlement is of no Importance, it is almost as essential that 
the ground should be secured during refilling as during excavation. Thorough punning of the 
refilled material is very important. Sometimes water is used to assist in consolidating the 
material. 

In some cases all timber is left In; in others the frames are removed, boards or runners being 
allowed to remain. Frequently, however, all timber can be taken out. Frames are removed 
just in advance of the refilling or construction of the permanent work. 

If boards only are being left in, the securing of a setting of piling or tucking boards by filled* 
in material or permanent work holds the toe of the setting above on account of the overlapping 
of the settings. Middling boards, being used only in good ground, do not have to be left in. 
In removing middling boards or tucking boards the ^ound must remain unsupported between 
the removal of a setting of boards and refilling, but piling boards and runners can be gradually 
withdrawn as the filling proceeds. The top one or two frames and settings of poling b^rds are 
sometimes left in as a precautionary measure when deep excavations are refilled, even when the 
lower frames can be removed. 

Prbsscrs of Water. 

The moment of pressure of water on a retaining wall per each foot of length of wall is d» x 10*4, 
where <i is the depth of water in feet. This is the moment at I foot. The total pressure is 31*2 d % 
assumed to be concentrated at one-third the depth from the bottom of the water. Hence the 
moment 10*4 d“. The weight of the wall may be assumed concentrated at its centre of gravity, 
and the effect of the pressure of the water is to turn the wall upon the point O (fig. 41). 
Galling H the height of the wall in feet, and t its thickness in Inches, and assuming one cubic 

foot to weigh 120 pounds, the moment of stability Is r^tangular walis, per foot of length; 

TTi* 
or d* X 10*4 must not exceed ; or ‘ This enables the thickness of a wall to be 

determined, that will exactly balance the pressure. Safety would be just secured by adding 60 per 
cent, to the thickness at the base, and subtzaoting the same amount from the top thickness, thus 



PRESSURE OF WATER Sec. XIII 456 

giving the wall a sloping back as per dotted line, inoreasing the acting leverage of the 0^. 
(centre of gravity) of the sectlonv so that the resultant pressure will now fall within the middle 
third of the wall thickness. This method is approximate and useful for small construction. 
Large masonry dams require more special consideration, and may be designed by calculations at 
each few feet of depth, designing the wall in a series of steps and drawing a final shape to enclose 
the whole in one harmonious section, which must also fulfil the conditions of strength proper to 
the material and crushing stress. Special t«ire is necessary that water does not get in between 
bed joints, as it would greatly assist to turn a wall over. 

It is usually considered desirable that the resultant of pressure on a wall should fall within the 
middle third of its thickness. Thus in fig. 42, if a 6 to any scale represents the total pressure 
81*2 concentrated at the centre of pressure upon the face of a wall, and 6 c to the same scale 
is the weight of the wall, the line b c being drawn through the C.Cr. of the cross section, then if the 
diagonal of the rectangle abed cuts the base of the wall within its middle third of thickness, 
the wall may be assumed fully safe. If the diagonal fall outside the middle third, the thickness of 
the wall must be increased. It maybe made safe by building the wall higher, and thus loading it; 
but the danger of this method is that a greater area Is exposed to wind pressure, and if margins 
of safety are narrow the addition may be worse than useless in small work. Where a tank wall 
forms a continuation of an earth retaining wall, for example, siHscial care is necessary. 

The up^ part of the wall must be safe at the bed joint level with the bottom of the tank 
and the wall, taken as a vertical cantilever subject to a lateral thrust at a distance two-thirds of 
the water depth from the water surface; it must be safe against overturning at any joint lower 
down. It most also be safe against the added thrust of the earth behind the lower portion plus 
the further pressure due to the tank full of water above, which must be treated as per the rule 
on page 459, fig. 45. Thus in fig. 43 the wall must be sale on the line A against the moment of 
the water pressore P e. It must be safe at the line B against the moment (F x d) + the moment 
(B X /) + the moment (S x n). Here B is the horizontal component of the earth pressure, and 
/is one-third A B; 8 is the horizontal component of the surcharged load, and n is one-half of A B. 
The safety must be proved at safficient other depths between B and A and below B. Economy is 
promoted by sloping the wall against the earth between the points A and B. The wall in the 
figure is palpably eironeons, being far too thin for its height; it might be made safe by a sufficiency 
of cross-ties buried in the concrete bottom of the tank, in which case the wall from A to B must 
be made safe by treating it as a beam exposed to a virtual load at 8 and B. 

Equilibrium of Betainlng-Walls. 

By Bankine's theory the pressure of earth on a vertical plane, AB (fig. 44), may be oonsideied 
as acting at a point, P, one-third AB from base A, and in a direction parallel to the surface. 
Let w weight of earth in pounds per oubic ft., angle of repose of earth, P ■■ total lateral 
earth preamre per ft. of length, and h — vertloal height of wall in feet. 
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For a bank with horizontal top 
P-i 

trh* 1 o Bln 
2 1 + tin 

For bank with any surface slope, 9, of indefinite length 

P =s cos Q ^ — ^/C0B’* B — C08^ 
2 cos B 4- ^^co8“ B — cos'^ ^ 

For bank with maximum surface slope, 6, of indefinite 
length 

P = ' 
2 

cos 0. 

For bank with surface slope of definite length an inter¬ 
mediate value is taken. 

To resist tlie pressure there is weiglit of wall and of earth, 
ABD, resting on its back, which call W; this acts vertically 
from centre of gravity, O. The revetment may fail by over¬ 
turning round/, by crushing at/, by sliding on A/. 

Overturning round /.—On any scale make oa = "W, o& = P ; 
then oc is resultant (R), acting in direction oe at e. If e falls 
within base, the revetment wiil not overturn without crushing 
the toe at/; but e should fall within the centre third of A/. 

Crushing atf.—The resultant, R, must be resolved into two 
forces, cd (N), perpendicular to, and do parallel to, A/, acting at point e; the former is the 
crushing force. 

2N 
Pressure per square inch at/on 1' length of wall = —where/j7 = 3/<?. 

jgx 12 

The pressure at/should not exceed power of material to resist crushing, divided by factor of 
safety, 4 to 8 (in i)ractice seldom as high as 8). 

Sliding on A/.—Force tending to produce sliding is od; force tending to resist it is N x co* 
eflRcicnt of friction at the joint A/ od should not exceed N x * coefficient of friction. 

Surcharged Wall. 

If w = height of wall In feet, c = height of surcharge in feet, t = mean thickness of wall, in 
feet, to sustain horizontid bank ; t'=s mean thickness of wall, in feet, to sustain bank with indefi¬ 
nitely long natural slope, the factor of safety being about the same as for t; t" = mean thickness 
in feet of surcharged wall; then 

in 
n + 2c * 

Effect of Weight of Buildings on Betaining- Walls. 

Let w, = weight of building per unit of surface ; the rest of the notation as at commencement, 
'The total horizontal pressure, P, on revetment, due to the w'cight of building 

= tr, (A — x) 1 — sin 
i + sill 

acting at JOB from O . and the total horizontal pressure, P„ on revetment 
caused by tlie earth 

_ w yhj- xY 1 - sin 
:i * 1 + sin 

acting at 40B from O. 
If the front of the building wore farther back from AO the effect would 

be leas, but cannot be determined. 

BAnkine’s theory assumes the earth a homobeneons, incompressible granular mass with no 
cohesion. These assumptions are by no means true for some materials, and although giving 
results erring on the side of safety, more accurate results are obtained bv use of Coulomb's 
theory. ^1^ theory assumes that the wall has to support a wedge which has the back of the 
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wall for one side and a plane termed the ' Plane of Rupture * for the other. By this assumption, 
where:— 

A n angle of inolination of the back of the wall to the horizontal. 
g "m angle of friction between the base of the wall and the foundation. 
6 ■« the angle of surcharge. 

sin*A .sin(A -f *) 1 1 + 

8in*(A - 0) 

. , sin ( f . sin - e) I 

\' sin (A 4- s) . sin (A — 0 i 

Values of s between concrete and— 

Wet clay, €• to 11* Dry clay, 17® to 22® 
Sand, 22® Gravel, 22® 

For supporting waterlogged ground the pressure due to water and the pressure due to backing 
are taken separately and then added, but the weight of the backing is reduced by the ratio 

Unit weight of backing under water ~ x 62*4 
Unit weight of backing in air “ \ 100 / 

w 

where « » the percentage voids in the backing. 

The plane of rupture and total pressure by Ooulomb’s Wedge Theory can be found graphically 
by Rebhann’s Method. 

Graphic Determination of Barth pressure. 

(Rebhann*s Construction.) 

Fio. 46. 

(a) Wall with no surcharge.—See fig. 46. AE represents the upper surface of the earth, AD 
the back of the wall, and D£ the natural slope of the ground {i.e. the angle of repose » <^). Set 
off AH making an angle of 2(1) with AD and intersecting D£ in H. Upon D£ as diameter describe 
a semicircle, and at H draw HI at right angles to DB. From D as centre and with radius DI 
describe an arc cutting DB in J. Draw JF parallel to AH, then DF is the required plane of 
rapture. From J as centre and with radius JF describe an arc to cut DB in K and join FK. 
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Then the area ol the triangle FJE in square feet, multiplied by the weight of earth in pounds 
per cubic foot gives the mai^tude of the earth pressure against the back of the wall per foot of its 
length. This pressure acts at a point two-thiMs of the total depth from the surf^ down the 
back of the wall AD, and may, in the general case, be taken as acting parallel to DE. 

(d) WaU surcharged,—See fig. 47. AGE represents the upper surface of the earth. First 
join DG and then draw Ag parallel to DG to Intersect EG produced in g. From g draw gh making 

an angle of 2(/> with D^. On DB as diameter describe a semicircle and at h draw hi at right- 
angles to DE. From D as centre and with radius DI describe an arc cutting DE at J. Draw 
JF parallel to gh; then DF is the required plane of rupture. The earth pressure triangle FJK 
is constructed as before. It is most convenient to reduce this triangle to a triangle oJit having 
the same area and of a height oJ equal to the height of the wall. Project F to / parallel to DE, 
and join aK. From / draw fk parallel to aK, and join ok. Then aJk is the true earth pressure 
figure, and by projecting the centre of gravity of this figure on to the back of the wall the * Centre 
of Pressure * through which the resultant B. must act is obtained. 

Foundations of Rctaining-Walls. 

Find the pressure perpendicular to uv (fig. 44). the weights and pressures being taken from 
point V instead of from A. If q is centre of pressure, qu should nearly equal qv^ in order that 
the pressure may be uniformly distributed (this is unnecessary if the pressure at u is withiu 
what the earth can bear without yielding), and greatest pressure at u should not be greater 
than earth will bear, usually 1 to 1J ton, or say 2,6U0 to 3,500 lbs. per square foot. Foundations 
to l)c carried deep enough to avoid effects of lieat and frost. 
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Prof. itRniritMi adylBesthat thedistanoe,/0, of oentreof pressure from outsldeedge In buttressoe, 
ohimneys, walls, &o., i^ould be as followsIn a 

Hollow square (factory chimneys). Circular ring (factory chimney). 

/<? = or > J/A. = or> ^/A. 

It is advisable to check the distribution of pressure over the foundation to see that the pressure 
nowhere exceeds the permitted maximum. This can be done graphically by means of the method 
given on page 471 (Graphic determination of distribution of pressore due to eocentrio loading). 

Example of Brick Retaining-Wall. 

Brickwork in mortar 100 lbs. per cubic ft., with a resistance to crushing of 600 lbs. per sq. in. 
and factor of safety of 8. Coefficient of friction for damp mortar, *7. Weight of earth (ic), 110 lbs. 
per cubic ft.; angle of repose (</>), 37^ Pressure on foundation of sandy gravel not to exceed 
11 ton per sq. ft. Height of wall (h) above footings, 18 ft. Wall sustains horizontal bank level 
with top. Top of wall two bricks tliick, to allow of solid coping. Batter, 

Assume for trial /A (fig. 44) W = 6 ft. The back of wall being built with offsets of 4J'' at 
every 18" in height, DB will = 3'. Foundations to be 3 fc. below ground. 

Weight of wall above bed joint,/A = G,7501be. perfoot run of wall. 
„ earth in front of AB = 3,025 „ „ „ 

Total weight on/A = 9 J76 lbs. = W „ „ 

The wall is more likely to overturn at / than at any other point; it wiU be sufficient, therefore, 
to inquire into the stability of that joint. jvuwcauac, 

P ^ = 4,594lbs., which acts at P; AP being one-third AB. 

Drawing the parallelogram of forces, oc cuts A/at <?, maklng/e = 9f'. 

Besolving oc perpendicular and parallel to A/gives cd — 10,100 lbs. 

Pressure per sq. in. at / = - 59 ibg 
3 X 9J" X 12" 

This gives a factor of safety of 10, which is more tlian sufficient. 
Angle oed will be found to be 20°, tan 20° = *36, which gives a factor of safety of 2, the 

coefficient of friction being *7. The wall is therefore stable. 
The pressure on foundations perpendicular to will be found to be 14,000 lbs., or 6^ tons, acting 

at 7. To equalise the pressure on the earth, let qu = qr, which will make uv = 12^ ft., giving a 
pressure of about 4 ton per sq. foot; but as the earth Tdll bear ton without yielding, a muob 
less width will suffice. 

Practical Rules for Retaining-Walls. 

A mean thickness of one-fourth height with counterslope of one-fifth, built in steps, will not 
be far wrong for light soils. This gives a bottom thickness of about one-third height, a centre 
tbiokness of one-fourth height, and a top thickness of one-seventh height. A mean thickness 
one-third height will generally do for stiff clay. 

The following rule has been extensively for brick retaining-walls 
Top thickness, 1 ft. 101 1 batter of 1 in 6, and after every five courses from top increase 

Hi4filrn<ia« by half a brick; front batter should not be more than one-sixth, or it will let in moiiture 
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»ina encourage vegetable growth In the Joints. Long walls should have counterforts at back. 
Walls retaining soils througli wliioh water freely passes, such as clean gravel and sand, should 
have a French drain of loosely packed rubble, dsc., running along the back fmjtings, from which 
good-sized weepholes, from 6 to 10 ft. apart, should lead through the base. With more retentive 
fioils a French drain at least 9 or 12 inches wide should run nearly the whole way up the back of 
the wall. In some coses extra weepholes at higher levels may be advisable. The mouths of the 
weepholeashould always be carefully protected by loose [tacking. 

Trautwine’s Buie for Betaining-Walls. 

The horizontal thickness (a&, fig. 48) at the base of a vertical or nearly vertical retaining-wall 
cdba, which sustains a backing of either sand, gravel, or earth, level with its top, erf, as in the 

figure should not be less than the following in railroad 
practice, when the foundations arc not more than about 
.3 feet deep. 

When the backing is deposited loosely, as usual, as 
when dumped from carts, cars, &c.— 

Wall of cut stone or of first-class large- f -.35 of its entire 
ranged rubble in mortar, ah, .1 vertical height, db. 

Wall of goofl common scabbleti mortar- j *4 of its entire ver- 
rubble or brick . . . . ( tical height, db. 

Wall of well-scabbled dry rubble . | height^ db! 

With goml masonry, however, wo may take the height 
ds instead of rf6, and then the above proportions of ds will 
give a sufficient thickness at the ground-line, os. 

When tlie b;wking is somewhat consolidated in hori¬ 
zontal layers, each of these thicknesses may be reduced, 
but no ride can be given for this. 

The offset, or, in front of the wall is not included in 
these thicknesses. 

When, however, the backing is a pure clean sand or gravel, w'e should use only the full dimen¬ 
sions, inasmuch as tlie tremor caused by passing trains would neutralise any supposed advantage 
from ramming materials so devoid of cohesion. Such sand may be rammed with much advantage 
for the purpose of compacting it in foundations ; but a different principle is involved in that case. 
When it is done, oven with cohesive earths, with a view of saving masonry in retaining-walls, it 
is probable that the expense will generally he found quite dpial to that of the masonry saved. 

The base, a6, in fig, 48, is four-tenths of the height, bd. In the forcgoingthicknesscs at base, tbs 
back, db, of the wall is supposed to be vertical; and the face, ca, either vertical or battered (sloped 
or inclined backward) to an extent not exceeding about U inch to a foot; which limit it is rarely 
advisable to exceed in practice, owing to the bad effect of rain, &c,, upon the mortar when the batter 
is great, I’he base of a vertical wall need not, in fact, be as thick as one with a battered face ; 
but when the batter does not exceed 1’5 inch to a foot the diffei-ence is very small. 

A mixture of sand or earth with a large proportion of round boulders, i)aviug pebbles, &c., 
will weigh considerably more than the materials ordinarily usoti for backing, and will exert a 
greater pressure against the wall, the thickness of wliich should be increased, say, about one- 
eighth to one-sixth part, when such backing lias to be useil. 

The wall will be stronger if all the courses of masonry be laid with an inclination inwards, as 
at oeb ; especially if of dry ma.sonry, or if time cannot be allowed (as it always should be when 
practicable) for the mortar to set properly before the backing is deposited behind it. In retaining- 
walls. as in the abutments of important arohes. the engineer should place as little dependence as 

possible upon mortar, but should rely more upon the position of the joints for stability. 
An objection to inclining the joints in dry (without mortar) wails is that rain-water, falling 

on the battered face is thereby carried inward to the earth backing, which thus becomes soft, and 
settles. This may be in a great measure obviated by laying the outer or face courses horizontal; 
or by using mortar for a deptih of only about a foot from the face. The top of the wall should 
be protected by a coping, ei which had better project a few inches in front. After the masonry 
bos been built up to the surface of the ground, the foimdation pit should be filled up ; and it 
is well to consolidate the filling by ramming, especially in front of the wall. 

' The back, rf&, of the wall should be left rough. In brickwork it would be well to let every 
third or fourth course project an inch or two. This increases the friction of the earth against 
the back, and thus causes the resultant of the forces acting behind the wall to become more 
nearly vertical, and to fall farther within the base, giving increased stability. It also condaoes 
to strength not to make eaob course of uniform hdght throughout the thickness of the wall, 
bat to Imve some of the stones (especially near the l^k) sufficiently high to reach up through 
two or three oouises. By this means the whole masonry becomes more eflectually interlocked or 
bonded together as one mass, and therefore lees liable to bulge. Very thick walls may consist of 
a facing of masonry and a backing of oonorete. 
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wnerecleep freezing occurs the back ot the wall should be sloped lurwards lor 3 or 4 

below Its top, as at co, fig. 4«. which should lie quite smooth, so as to lessen the 
hold of the frost and prevent displacement. ... 

A slight bulging in a new wall does not necessarily prove it to bo actually 
unsafe. It is generally due to the newness of the mortar and to the greater 
pressure exerted by the fresh backing, and will often cease to increase after a few 

Fig. 49. months. It need not excite apprehension if it does not exceed J inch for each 
foot in thickness at a. . , , li. 

After a wall, aftco, flg. 60, with a vertical back has been proportioned by Trautwme s rule, it may 
be converted into one with an offsetted back, as aino. This will present greater resistance 
to overturning, and yet contain no more material. Thus, through the centre, t, of the back, draw 
any line, in; from n draw m vertical; divide is into any even number of etiual parts (in the figure 

there are 4), and divide sn into one more equal part (in the figure there are 6). From the points 
of division draw horizontal and vertical lines for forming the offsets, as in the figura 

When, as in fig. 61, the backing is higher than the wall, and slopes away from its inner 
edge, d, at the natural shipe, ds^ of U to 1, the following thicknesses at base will at least be found 
sufficient for vertical walls with sand. They arc deduced from experiments. 

In Table VI., the first column contains the vertical height, .sc, of the earth, as compared with the 
vertical height of the wall, which latter is assumed to be 1; so that the tabic begins with backing 
of the same height as the wall, as in tig. 4«. Without increasing the base these vertical Avails may 
be changed to others witli battered faces to any extent not exceeding inch to a foot, or 1 in 8, 
without sensibly affecting their stability. 

Table VI. 

Total 
Height of 

the Earth, 
compared 
with the 

Height of 
the Wall 

above 
Ground. 

Wall of 
Cut Stone 

in 
Mortar. 

Good 
Mortar 
Bubble 
or Brick. 

Wall of 
Goo<l Dry 
Rubble. 

Total 
Height of 
tlie Earth, 
compared 
with the 
Height of 
the Wall 
above 
Ground. 

Wail of 
Cut Stone 

in 
Mortar. 

Good 
Mortar 
Rubble 

or Brick. 

Wall of 
Good Dry 

Rubble. 

Thickness at Base, in Parts of 
the Height. 
_ _ 

Thickness at Base, in Parts of 
the Height. 

1 •35 •4n •60 2 •58 •63 •73 
*1-1 •42 •47 •67 2-6 •60 •66 •75 

1-2 •46 •51 •61 •62 •67 •77 
1-3 •49 •54 •64 4 •63 •68 •78 
1-4 •51 •5G •66 6 1 •64 •69 •79 
1*5 •52 •57 •67 9 •65 •70 •80 
1-6 •54 •59 •69 14 1 66 •71 •81 
1*7 •56 •60 •;o 25 1 
1-8 •56 •61 •71 or more I •68 •73 •83 

When the slope nr, fig. 62, of to 1 starts from the outer edge, n, of the wall, greater thick' 
ness is required. Poncelet gives the following for this case, for dry sand (Table VII.). 
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TAilUfi VII. 

When the earth reaches above tlie top of the wall, as in figs. 61 and 52, the wall is surcharged, 
and the earth tliat is above tlie top is called the surcharge. When the surcharge is carefully de¬ 
posited above the wall, so as to slope back at a steeper angle tlum IJ fo 1, as, say, at 1 to 1, theory 
does not retiuire the wall to be as thick. 

Wharf Waltj? 

are an instance where the thickness should be incrf a.sed, notwithstanding that the pressure of 
the water in front helps to sustain them. The earth beliind siu h walls is not only liable to be 
very heavily loaded when ve.ssels are discharging, but is apt to become saturated with water, 
especially below low-w'ater level, and thus to exert a very great ))res5:ure against the walls. 
Moreover, the water gets under the wall, and by its upward pressure vi*‘tually reiluces its weight, 
and consequently its stability. The same cause, of course, diiniidshcs the friction of the wall 
upon its base. Such walls are, therefore, very liable to slide if the foundation is smooth and 
horizontal, and have done so even when the foundation had a considerable inclination back¬ 
ward. 

Table vm. 
Contents in Orrmc Yards for each Foot in Length of RHn'AiNiNa-WATj.s with a Thick- 

NE.SS at Base equal to -4 of the Vertical Height, ip the Back is Vertical. 

Ht. 
Ft. 

Cub. 
Yds. 

Ht. 
Ft. 

Cub. 
Yds. 

Ht. 
Ft. 

Cub. 
Yds. 

Ht. 
Ft. 

Cub. 
Yds. 

1 •013 lOi 1-38 20 6-00 29i 10-9 48 28*8 74 68'6 
•028 11 1-61 20^ 6-25 30 11-3 49 30*0 76 72-2 

2 •060 IH 1-66 21 6-61 31 12-0 50 31'3 78 76*1 
•078 12 1-80 21i 6-78 32 12-8 61 32-6 80 80*0 
•113 12\ 1*95 22 6-06 33 13-6 62 33-8 82 84*1 

H •163 13 2-11 22i 6-33 34 14-6 53 35-1 84 88-4 
4 •200 13i 2-28 23 6-61 35 16-3 64 36-6 86 92-6 

•263 14 2-46 23J.r 6-90 36 16-2 56 37-8 88 96-8 
5 •313 14i 2*63 24 7-20 3/ 17-1 56 39*2 90 101 3 

•378 16 2-81 24i 7-60 38 18-1 67 40-6 92 106-8 
6 •460 15i 3-00 25 7-81 39 19-0 68 42-1 94 110-5 

•528 16 3-20 26i 813 20-0 59 43-6 96 116-2 
7 •613 16i 3*40 26 8-46 41 21-0 60 45-0 98 120-1 

•703 17 3*61 26* 8-78 42 22-1 62 48-1 100 126-0 
8 •800 17i 3-83 27 912 43 23-1 64 61-2 102 130-1 

•903 18 4-06 27* 9*41: 44 { 24*2 66 1 54*6 104 186-2 
9 1-01 m 4*28 28 9-80 45 1 25*3 68 67-8 IOC 140-5 

M? 19 4*61 28* 10-2 46 j 26-6 70 1 6K1 
10 1-25 19i 4-76 29 19-6 47 I 27-6 72 64*8 

If the back is stepped according io the rule on p 463 (he proportionate thickness at base will 
of course, bo increased. Face batter, inebes to a foot, or one-eighth of the height. Back 
cither vertical, or stepped according to Fig. 60, The strength is very nearly equal to that of a 
vertical wall with a base of *4 Its heierht. Experience has proved th.at such walls, when com- 
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pOMd of well-eoabbled mortar rabble, are safe under all ordinary clrouxnstanoes for earth lerel 
with the top. 

A retaining-wall is oaaally in greater danger for a few months after its completion than after 
time has been allowed for the mortar to harden perfectly and for the backing to settle. When 
there are sosploions of the safety of a new wall, it would be well to place strong temporary 
shores against it, at about one-third to one-half of its height above ground. In some oases 
permanent buttresses of masonry may be built for the purpose. They should be well bonded 
into the wall. 

The pressure of the earth backing will be much reduced if the first few feet of its height be 
made up in thin horizontal layers, to be consolidated by being used by the masons instead of 
scaffoldmg, as shown at A, fig. 48, p. 461. frequently this can be done without inconvenience, 
and at very trifling cost. 

Bbinforobd Ooncrbtr betaininq Walls. 

These are of two main types, viz.:— 

(1) Simple cantilever walls, figs. 63A and B. 
(9) Oounterfort walls, fig. 64. 

Fig. 63A. FlQ. 63B. FlG. 54, 

Type (1) are suitable for heights up to 15 ft. The portions xy are designed as cantilevers 
loaded with the earth pressure of the bank. In fig. 53A the portion yr is a cantilever loaded with 
the dead weight of the earth above it, and in fig. 53B the loading on yz is the upward reaction of 
the earth. 

Type (2) are employed for greater heights and loading. The counterforts and toe are designed 
as cantilevers, but the wall and heel are deidgned as continuous slabs spanning the counterforts. 

The rib R in all oases serves to resist forward sliding and is designed to take shear. 

CHIMNETS. 

Stability of Brick and Masonry Chimney Shafts. 

The limit of stability to be observed for chimney shafts is that the wind must never bring 
tension on any joint. For this to be the case the * weight moment,' that is, the weight of the 
length of shaft above any joint, multiplied by the diameter (or * width ' in the case of a square 
shab) of the shaft at that joint, must not be less than the * pressure moment,' i.€, the total wind 
geannm against the length of shaft above the joint, multiplied by the height of the shaft above 

^llie wind pressure is assumed to act horizontally on the projected area of the shaft. Since 
in the case of octagonal and circular chimneys this pressure is not normal over the whole surface; 
but varies from a mazimam to zero, the pressure on the projected area is reduced accordingly^ 
thus:— 

Square chimneys 56 lbs per square foot (maximum generally assumed in British Isles). 
Octagonal „ 36 lbs. „ „ (i.e., | of above). 
Olionlar „ 88 lbs. „ „ „ (<.e., | of above). 
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DIzeot comprenlon in the Motion due to weight of briokwork » « — ^ tone per sq. ft. 

Btreee due to wind preMeure -• e » ± ? ^ tone per eq. ft. 

Where W the weight of briokwork (excluding lining) above any horizontal eection (tone). 
A » the area of the eection (eq. ft.). 
J, ■■ the moment of inertia of the eection in foot unite. 
y the width of the eection along the line of the direction of the wind (feet). 
P es the total wind preesure above the eection (tone). 
h « the height in feet of the centre of the wind preesure above the section. 

For safe design c— t should be not less than 200 lbs. per eq. ft. and e + t should be not greater 
than the working pressure of the bricks or masonry employed. (For safe loads on materials, 
see p. 436.) 

Dimensions of Chimneys. General Rules and Formulse. 

The Ministry of Health’s Byelaws, Series IV, Buildings, Claoscs 57-76 are compulsory in 
many localities (H.M. Stationery Office, London, price Is. 6d. net). 

Outside diameter at ground should not be less than ^^th the height, unless it is supported by 
some other structure. 

Batter varies from 1 in 60 to 1 in 10; 1 in 24 is very common. Or the batter should be from 
/^th to i inch to foot on each side. 

Thickness of brickwork: One brick (8 or 9 in.) for 26 ft. from the top, increasing 4 brick 
(4 to 44 ins.) for each 26 ft. from the top downwards. If the inside diameter exceeds 6 ft., the 
top len^h should be brick, and if under 3 ft. it may be ^ brick for 10 ft. 

Generally a much less height than 100 ft. cannot be recommended for boiler chimneys, as the 
lower grades of fuel cannot be burned as they should be with a shorter chimney. 

Tall Chimneyt should always stand alone: if connected with the rest of the buUdinga, the 
increased settlement due to their weight on so small a foundation area causes niptnre in the 
masonry. The distance from furnace to shaft ^onld not exceed | height of shaft. They should 
be built and allowed to settle before the connecting flue is made. • 

Vu'cular form u besi; with tlie same quantity of material it covers a great area. Is therefore 
more stable, and the effect of wind upon it is much less. 

In any case the flue should be circular; it can hardly be too largo, as it can always be reduced 
by dampers. It should be lined with a detached skin of firebrick for a cerUiiu distance up, in¬ 
creasing in proportion to the heat of the vapours carried off, and separated from the main shaft 
by an air-spacc. 

Chimneys to receive Vapours of a very high temperature are built altogether of fire-bricks. 

Caps tie hea<l of chimney togetlier, but projecting caps catch the wind, and cause oscillation. 
A dangerous chimney has been savai by removing the cap. 

The Scaffolding used for building a chimney should be so arranged that It does not prevent the 
chimney from settling. 

The Intensity of Draught required varies with the kind and condition of the fuel and the thick¬ 
ness of the fires. Wood requires the least, and fine coal or slack the most To burn anthracite 
slack to advantage a draught of 1J inch of water U necessary, which can be obtained by a well- 
proportioned chimney 176 feet liigh. 

Design of Tall Chimneys. 

46 feet Is an ordinary height to serve two steam boilers, but in some towns, as Manchester 
and Leeds, 90 ft. is the minimum allowed. They are sometimes proportioned for height 
according to the coal burnt per week of 66 hours, thus:— 

4 tons per week 
13 
26 *1 

76 ft. high. 
100 „ 
120 „ 

60 tons per week » 160 ft. high. 
100 t» »» "• ^00 f» 
160 „ „ » 200 „ 

Another rule is to make the height of the chimney three times length of boiler plus twice 
distance of furthest boiler to chimney; this allows 1 ft. of height for every foot the gases travel 
round the boiler, and 2 ft. of height for every foot of external flue. 

A round chimney should not exceed twenty-five times its internal diameter in height. 
A formula relating the internal area of cross section A (8q.ft.X the height H of the chimney 

(ft.) and the H.P. of the boilers served Is:— 

HJ. - 8-88(A - 0-6 v'^)H. 
This is based on 6 lbs. of ooal for boiler HJP. and em on the generous side. 
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liondon County Council By-Laws. {Absiraa.) 

London Building Act (^AmendmerU) Act^ 1935. 

A chimney shaft forming part of a building shall be constructed in a manner approved by the 
distrlot sonreyor subject to (a) the standard of stability not being loaer than stated below and 
(6) proper precautions are taken to prevent damage to the building through heat or through 
corrosion of stractoral steel. 

Prior to erection, the site shall be properly cleared of unsuitable material and all cavities filled 
In an approved manner; if concrete is it must conform to the by-laws. 

The intensity of the calculated pressure on earth shall not exceed that allowed by the district 
surveyor. It shall comply with the by-law as required for a building (p. 322). 

The shaft and footings shall be of suitable brickwork jointed with suitable mortar ; the brick¬ 
work dtiall Imve a batter of at least ins. in every 10 ft. of height. The thickness of the brick¬ 
work at the top and for 20 ft. below shall be at least 8^ ins. and shall be Increased at least 4 ins. 
for every additional 20 ft. or part thereof, measured downwards. Any cap, comice, pedestal, 
plinth, string course or other variation shall not he included in the thic^ess. Footing shall be 
provided immediately below the base of the shaft and shall spread ail round by regular ofteets to 
a projection not less than the thickness of the enclosing brickwork at the base. 

Any metal used in connection with a oblmney shaft or the footings shall be properly protected. 

The height of a chinmey shaft shall be measured from the base to the top. It shall not exceed 
ten times the least width at the base if such base be square or twelve times the external diameter 
or the least width, respectively, if such base be circular or of any regular polygonal shape. 

Any internal lining in a chimney shaft shall be provided as additional to and independent of the 
thickness of the bric^ork and shall not be bonded to the latter. 

Flues are ducts not exceeding 80 sq. ins. In area. They shall be surrounded by not less than 
4 ins. in thickness of solid bricks or blocks properly bonded and jointed or of concrete cast in 
position or (except in party walls) of such materials in combination with metal. Ko flue shall be 
less than 7^ ins. acro^ in every direction. 

Every chinmey or stack formed by the combination of two or more chinmejrs shall, in the 
case of a flue to a gas-fired appliance, be carried to a height of not less than 18 ins. and in.all 
other cases to not less than 36 ins. above the roof-flat or gutter adjoining but shall not be carried 
up to a greater height than six times the least width of the chimney at the level of the highest 
point in such line of junction unless the chimney is adequately secured against overturning. 
Every chinmey which projects from a wall shall be properly bonded to or otherwise properly 
attached to the wall. 

The highest six courses of every chimney or stack constructed of bricks or blocks shall be 
jointed with cement mortar. 

Ohimneys having proper soot-doors of an area of not less than 40 sq. ins., fitted in proper frames, 
may be constructed at any angle; but all other chimneys shall not be inclined at lees than 45° to 
the horizontal. All angles shall b^ properly rounded. (This requirement does not apply to flues 
from gas-heated appliances.) 

The thickness of the upper side of every chimney where the course of the flue makes an angle 
of less than 45° with the horizon, shall be at least 8^ ins. except in flues provided solely for gas- 
flred appliances. Unless required solely for a gas-heated appliance the inside of every chimney 
shall be properly rendered or pargeted or lined with fireclay or stoneware at least J in. thick or 
other like Incombustible material of sufiScient thickness. The spandril angles are to be filled in 
solid with incombustible material. 

Where a chinmey passes through a floor or roof within 9 ins. of combustible material or below 
or against any woodwork, the outside of such chimney must be properly rendered or pargeted. 

Proper precautions must be taken to prevent the heat from any chimney or flue injuriously 
affecting concrete or structural steel. 

A flue shall not be used for more than one fire or other heating apparatus except with the 
approval of the district surveyor. 

ABCHSS. 

Setting-out Arches. 

Arch (fig. 55).—To set out a semi-eliptical arch, draw a line, AB, equal to the 
span or transverse axis of the ellipse. At the centre of AB draw the semi-conjugate, OD, at right 
anglee, equal to the rise. Then, from the vertex, O, with radius AD or DB equal to half the span 
describe an arc interseoting AB in B and F. 
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The points B, P, will be the fool of the ellipse. If two nails or pegs be flzed In the fool, end a 
line attached to them eqaal In length to AB, then the curve traced by a nail, keeping this line 
stretched, will be the ellipae required the lines £GF, EHF, EOF, EIF, Ac., being all equal to 
span AB, and to each other. 

Many-centred Circular Arch»—Ourvee formed of arcs of circles of unequal radii, and similar 
in appearance to the ellipse, are sometimes adopted for the arches of bridges; with the same 
rise and span, they may be constructed to give a greater waterway, and in stone bridges 

tlicy have boon preferred by practical Ktonecutters, but in 
brick bridges tliey have no advantage in simplicity over 
elliptical archo«. They may be described with three or a 
greater odd number of centres. The number of centres 
will depend on the relation between the span and rise; 
when the latter is onc-third, or a greater fractional part of 
the former three centres may be used, but if the rise is less 
than one-third of the span, then five, or a greater odd 
number, must bo taken. In practice it will be found 
troublesome to describe arcs from a large number of centres, 
nor. Indeed, will occasion be found for usiuk curves of this 
description. The following is a method of describing a 
curve composed of three arcs each of 60®. 

Let AB (fig. 56) represent the span, and CD the rise. 
Take DO = AD — DO, and on it describe an equilateral 
triangle, DQH; let fall the perpendicular HI, and take 
1K_ 111. i.aiy oiT 1)1' =5 DK. On KF describe the equi- 
liiteral tnangic KKK : then E, F, and K will be the centres 
rcquireil. 

For an oval arch, ri:=;e one-third, bisect the half-spans 
AD and DB tfig, 57) in the points E and F, and produce 
versed sine CD .0 G, making DO = DC; then E, F, and G 
will be the tiiree centres with which the curve may be 
deacribiHl. In setting out arches, the practical ilifflculty 
arisen from the elasticity of string. Insteail of a string, 
soft wire about a tenth of an inch in diameter should be 
used. Wlien the radius does not exceed 12 or 15 feet, a slip 
of woo<i may be used, with a nail at eficb end. 

Fia. 57. 

The Design of Brick and Masonry Arches. 

A preliminary design is prepared by using the formuto and tables given below, which is plotted. 
From this drawing the dead load on the arch can be calculated. The live load to which the arch 
will be subjected is then determined. For arches in buildings the loading given on p. 437 is 
suggested; and for bridges, either the klinistry of Transport or British Standard loading are 
recommended. 

The lines of resultant pressure are then drawn for the following oonditions :— 

(o) Dead load over the whole span -f- live load over half the span. 
(5) „ „ „ „ -f live load over the whole span. 

In the case of a three-hinged arch, the lines of resultant pressure must pass through the hinges; 
and to draw these lines adopt the same procedure whereby the polygon KBS is drawn In Fuller's 
Method given on p. 469. If the two pressure lines so produced do not lie wholly within the middle 
third of the arch thickness, the arch would be subjeot to tension, and should therefore be thickened 
until the lines do lie within the middle third. 

VOL. I. 

Fig. 56, 

B 
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In the ease of a rigid arch the line considered is that which emerges from the arch ring at the 
with thc greatest inoUnatioD to the horisontal, and is known as the curve of least resist¬ 

ance, possessing as it does the lei^ horizontal thrust at the abutments. The moat expeditiou ^ 
method of plotting this ouire la bj Fuller's Method given on p. 469. 

To find the Depth of Keystone for first-class Out-stone Arches, 

whether Circular or Elliptic 

Depth of key in feet 
VKad. + half span ^ ^ 
^ foot. 

For seoond-olass work this depth may be increased about one-eighth part; or lor brick or fair 
rubble, about one-third. 

Depths of Keystones for Arches 
Of first-class cut stone. For secoiid-clahs add about one-eighth part. For brick or fair 

rubble add about one-third part. 

Span. 
Bise, in Parts of the Span. | 

i i 1 i A 

Feet. Key. Feet. Key Feet. Key. Feet Key. Feet. Key. Feet. Key. Feet. Kev. Feet. 
2 *56 •56 *58 •60 •Cl •64 ■ •68 
4 •70 •72 •74 •76 •79 •83 •88 
6 •81 ■83 •86 •89 •92 •97 1*03 
8 •91 •93 •96 1*00 1*03 1*09 1-16 

10 •99 1*01 1*04 1*07 1*11 1*18 1*26 
16 M7 1-19 122 1*26 1*30 1-40 1*60 
20 1-32 1-35 1-38 143 1*48 1-69 1-70 
25 P46 1-48 1*53 1-68 1-64 1-76 1*88 
30 1’67 1-60 166 1-71 1*78 1-91 2-04 
36 1*68 1-70 1-76 1*83 1*90 2 04 2*10 
40 1-78 1-81 188 1*95 2*03 2*18 2-33 
60 1*97 2*00 2 08 2-16 2*26 2*41 2*58 
60 2-14 2-18 2*26 2-36 2-44 2*62 2*80 
80 2*44 2-49 2*58 2*68 2*78 2*98 3-18 

100 2-70 1 2-75 2'86 2*97 3*09 3*32 3-56 
120 2*94 i 2*99 310 3-22 3-35 3*61 3*88 
140 3-16 3*21 3*33 3-46 3-60 3*87 4*16 
160 3*36 ! 3*44 S’FtS 3*72 3*87 4-17 
180 3-66 [ 3-f53 3-75 3*90 4*06 4*38 
200 3-74 3*81 3*05 4*12 4*29 
220 3-91 4»M) 4 13 4*30 4 48 
240 4*07 ! 4-1.7 4 30 4*48 
26U 4-23 i 4 :U 4*47 4*(56 
280 4-38 i 4*4fi i 4*63 
300 4-63 1 4't;2 1 4*80 ! 

In large arches it is advisable to increase the depth of the archstones toward the springs ; but 
when the span is as small as about 60 to 80 or 100 feet, this is not at all necessary if the stone is 
good, although the arch will be stronger if it is done. In practice this increase, even In the 
largest spans, does not exceed from i to ^ the depth of the key, although theory would require 
much more in arches of great rise. 

Thickness of Arches. 
Oentre of pressure at every joint of arch and abutment should fall within centre third. 

Thicknem of arch at crown b a/v x B, where r is the longest radius of curvature at intrados 
B, as deduced from practice, is as follows 

Feet. 
Arch above ground standing solitary between abutments • • . B ss 0*12 
Arch forming one of series of arches with piers between ...» 0*17 
Underaround archway In hard materials, such as rock or conglomerate a 0*12 
Underground archway in gravel or firm earth .a 0*27 
Underground archway iu wet olay or quicksand.a 0*48 
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FULLER'S Method of DRAwnro the Curve of Leabi RESxsTAiroB for a Biom 
Masonry or Briok Arch. (See fig. 68.) 

Draw the oatline of the eaggeeted arch and mark off by dotted lines the middle third. 

Draw a loading diagram showing the dead load ABOD over the whole arch, and the live load 
EFOB over hall the arch. 

Divide the diagram into an even number of parts having approximately equal horizontal 
length. Assume the load represented by the area of each part to act at its centre of gravity as 
a concentrated load, (1), (8), (3), etc. 

Draw a polar diagram for these loads Pzy with anj pole P and from it plot the funicular 
polygon ELM. 

It is now necessary to draw a polygon for this loading to pass through the centres of the 
haunches E and B and a point S selected at random on the maximum vertical, (4). 

PH is drawn on the polar diagram parallel to the closing line of the polygon EM, and interr 
seoting the load line at H. From H, the horizontal line PiH is drawn so that the polar distance 

hi of Pi ■■ X h where h « the polar distance of P. 

A polar diagram PiZy is then drawn, and from it the polygon ESR is plotted. 

The load lines (1), (3), (8), etc. will out this polygon in points 1, 3, 3, etc. Select at random 
two poinvs X and W In EB produced and Join XS and 9W. Project points E, B, 1, 8, 8, etc. 
horizontally on to these lines to intersect them In X, W, T, II, III, etc., and drop verticals at each 
point. On to these verticals project horizontally the intersection of the middle third of the arch 
with the load lines from which they are derived, obtaining the figure a, 6, e, d, e, /. This figure 
is a distorted outline of the middle third having the same degree of distortion as was given to 
the line of resistance E, B, 1, 3, 3, etc., by projecting it on to the straight lines X9 and 9W. The 
Curve of Least Resistance rimilarly distorted will be represented by the two straight lines afi 
and pi which have the greatest inclination to the horizontal and lie wholly within the figure 
a, 6, c d, e, /. If two straight lines cannot be drawn to lie wholly within the figure, the arch 
thickntjsB must be increased. It will be noted that in the present case a, p and 1 coincide with 
/, 6 aoi W, but this is accidental and not essential. 

The intersections of ap and pi on the verticals /, a, I, n. III, etc., are now projected horizontally 
back to the verticals E, B, 1, 8, 3, etc., thus giving the required curve Q/3B. 

For the reactions due to the curve, join QB intersecting ST in I. The rise of the original line 

Ktg.68. (See also p. 470.) 
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of mistanoa - SV and fche rlae of - bt. The horizontal throat being Invenely proportional 

to the rise, the horizontal throat for - A, h, x ^ where la the horizontal throat for 
M 

the linear arob XSB, as scaled from the polar diagram. 

From H draw P.H parallel to QB, making the perpendicnlar distance of P, from zp m A«, 
Then P,,i8 the correct pole for the corre of least resistance and PgZ and P,y are the reactions at 
the haoncbea, and are parallel to the direction of these reactions. 

The intersection of the oonre on any section <a gives the centre of pressore on that section and 
the corresponding ray Pjo) on the polar diagram gives the magnitude and direction of the pressure. 

Where the centre of pressure does not coincide with the centre of gravity of the se^on, the 
pressure over the section will vary uniformly from a maximum at the side nearest to the centre 
of pressure to a minimum on the far side. 

The variation of pressure over the section can be determined graphically as slmwn below, 
which method can be equally applied to loading on retaining wall foundations, bridge piers or 
any other form of eccentric loading. 

GBAPHIO DBTBBmNATION OF DlSIRIBirnON OF PRBSSURB DUB TO BOOBNTRIO LOADOrO. 

(See fig. SO.) 

Assume a load P to be acting on unit length of a surface of width AB, and the centre of pre^re 
to be at the point B. This load can be resolved Into a normal load B, and a tangential load T. 
T should not exceed the resistance to sliding or cause greater than the permitted shear stress, as 
the case may be. Let 0 and D be the limits of the middle third of AB. 

Draw the rectangle ABGF making ^ convenient scale. This rectangle repre¬ 

sents the pressure distribution on AB for a load R applied at the i-entre H. 

From H and B draw HE and BL perpendicular to AB. Let HE cut FG in E. Join OE 
cutting BL in M, and draw DE produced to cut BL in L. 

Project M horizontally to cut BG In N, and L to cut AF produced In 0. Then AO eqnaU the 
maximum and BN the minimum unit pressures on AB to the same scale as AF- 
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The flgiire ABNO Is the pranore diagram for the surface. It is readily peroeiTed that where 
B oolnoides with 0, the figure would be a triangle as B and N would ooinolde indloating no pressure 
at B ; and should B lie within the length AO, the perpendioular at B would out KO produced 
above the line AB and therefore NB would be negative indicating tension. 

Piers. 

Thickness cf piers, generally from i to | span. Short piers have vertical sides; high piers may 
have side batter of 

In viaducts and long bridges. 1 pier in every 5 or 6 may be thickened as an abutment pier, so 
thit an accident to a part may not cause the destruction of the whole. 

In examining the stability of piers the live load is taken over the whole span on one side of 
the pier, and the dead load only, over the arch on the other side. The Resultant Pressure lines 
are then continued down to the foundations modified by the dead load of the pier and by each 
other giving a common resultant. For stability this resultant must remain in the middle third 
of the pier, and also it most not enter the ground at an angle to the horizontal less than the angle 
of friction. In addition the maximum pressure on the foundation must no c exceed the maximum 
permitted bearing pressure for the particular ground. 

For abutments the procedure and requirements for stability are the same except that in this 
case the earth pressure behind the abutments must be considered in place of the thrust from the 
adjacent arch. 

Centering for Arches. 

Oentering is made of such stuff as is available. Fig. 60 shows what would be luitable for a 
20 ft. «ruu ui brick 2 ft. 3 ins. thick. The king post and stnitn might be of 2-in. stuff. The lagging 
is oi lt*in. plank, with centres .3 ft. apart; if 4 ft. to 6 ft. apart it should be of 2-in. plank. The 
struts are often placed at right angles to the arch, as shown in dotted lines. 

In oentering for conereU arches the lagging should be of narrow battens. 3 Ins. to 4| ins., laid 
o^. the Joints being run in with whiting and plaster of Paris. The following dimensions hare 

followed :—26 ft. 6 ins. span : centres were 2 ft. spart. of 9-in x U-in stuff; lagging 
* M ^ * ®"hi. X 8-ln. plank cutting Into four for lagging, into two for ribi* There were 
two iuiM of Intermediate -upnorts. For flat or prUmofdal roof of concrete 2-ln. or 8>in. sheeting 
wu used, on centres of 8-ln. stuff, 4 ft. to 0 ft. apart. 

centres rest by the ends of their chords upon wooden sfrikinp or lowering wedges^ for 
striking or lowering tne centre after the completion of the arch. These consist of pairs of wedge- 
shaped blocks, an W, W, fig. 61, of hard wood from 1 ft. to 2 ft. long, about half as wide, and 
a quarter or more an thick (sufficient to lower the centre from, say, 2 Ins. to 6 Ins. or more, accord¬ 
ing to npan and other ciroumstanoes). 

It Is of the ntmost importance, especially in large arches, that the centres should be lowered 
eery tfow/y. otherwise the momentum acquired by so heavy a body as an arch descending suddenly, 
even hut 2 ins. or 8 Ins., might possibly affect its shape, or even its safety. For this reason the 
wsdgsr should not have a taper steeper than about 1 in 6 or 8 for arches of lefw than about 60 ft. 
span, or than 1 In 8 or 10 for larger spans. Vertical lines at equal distances apart should be 
drawn on the long sides of the wedges, as a guide for lowering them aU to the same extent at a 
time; and this should not exceed in all about half an Inch a day in Intervals of about au eighth 
of an inoh for 60 ft. spans, or about •! to *26 of an inch per day in all for spans over 100 ft. Slow- 
nom Is en)eeiaflv to he recommended In brick arches^ not only beoanso their greater number of 
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iolnts exposes them to greater derangement of shape, but because even good brick hae much less 
than the average orushing-strengtij of good granite, limestone, or sandstone, and therefore is far 
more liable than they to crack, or even to crush, when the strains are thrown almost entirely 
upon their edges. 

Fig. 61. 

Ecuting and Striking Centres.—Much depends on temperatore, 
mass of masonry or brickwork, composition of mortar, eto. With 
ordinary lime, centres should be eased while mortar is quite 
green, as soon as the arch is loaded to stability, and struck on 
an average after five to eight days. With small arches, one or 
two and a half bricks thick, 6 ft. to 8 ft. span, built in d^ 
weather, the centres may be struck in three or four days. With 
slow-setting cement, if the arch be small and slight, so that it can 
be loaded to stability before the mortar of portion first com* 
menced has set, the centres may be eased, as with lime, but they 
mav be struck sooner, and the limit may be taken at the time at 
which the joints would become too hard set to admit of being 
raked out for pointing without seriously injuring the brickwork 
If, in consequence of the cement being strone and quick-setting, 
or of the span or thickness of the arch being considerable, the 
arch cannot be completed before the pdrtion first commenced 
has set, it is doubtful whether the centering should be eased at 

all, for fear of disturbing the setting of the cement. Centering for concrete should not be 
disturbed for at least fourteen days from the time of laying the concrete. 

The main points to attend to are—to complete the arch to stability rapidly, and to prevent 
disturbance of the work while setting, by traffic over it, or vibrations from adjoming work, other¬ 
wise the setting power, of cement specially, is destroy^. 

See also Descriptive Section XXII. 
London and Midland Steel Scaffolding Co., Ltd. 
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Fixed and Opening Bridges 

of all types, Steel Frame 

Buildings, Cranes and 

Transporters, Mechanical 

Engineering Work, Dock 

Gates, Sliding and Float¬ 

ing Caissons, Air Locks, 

Hydraulic Machinery, Pipe 

Lines, Spiral Castings, 

Surge Tanks, Sluices and 

Equipment for Hydro- 

Electric Stations. 

SIR WILLIAM ARROL & C? UF GLASGOW 
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SECTION XIV 

PART I 

STEEL BBIDGEWOKK 

TYPES — ECONOMICAL SPAN — PROPORTIONS — STANDARD 

CLEARANCES — LIVE LOADS — BRIDGE FOUNDATIONS — 

PERMISSIBLE STRESSES — WIND PRESSURE — CENTRI¬ 

FUGAL FORCE—MOMENTUM — IMPACT-TEMPERATURB- 

BBARINGS—FLOORING—CAMBER, RIVETING, ETC, 

(Revised by J. D. W. Ball, A.M.I.C.E.) 

TYPES. 

Bridges consist ot two psrts: 

(а) The substraoture, comprising sbatmants, piers, oaissons, and other forms of foundations. 

(б) The saperstraotnre, which comprises the bridge structure itself. 

There are three known methods ot carrying weight over space—i.e, by means of: 

(1) The beam; (2) the arch; (8) the rope. 

Ail bridges oan be reduced to one, or a combination, of theSb types. 

(11 Thh Bbam.—^The strength of the beam depends on transTerse bending. The theoretic 
'tress in the extreme fibres is inconsistent with experiments but the so-oailed disoiepanoy 
diminishes with the thickness of the web and the ratio of depth to span of the beam. 

The principal groups of girder bridges are: 

(A) dirden of uniform depth; (B) girders of uniform horisontal stress. 

Group A: Parallet Oirdero.—In this oase the shearing force Is resisted by the web, and the 
diagram of moments forms the stress diagram. 

Group B: Parabolic Girdorc—In this oase, for uniform loading the shearing force is resisted 
by the flanges and the diagram of moments forms a diagram of depth. 

All those types oan be used in their inrerted form, and it is from these forms that the Aroh 
and Bops are STolred. 
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(9) THB*AR0H.—For tJkj giToa fjiitem of loading o theorotioal arch oanba designed so os tu 
be in compression onl.v, the aentral axis of the arch coinciding with the line of pressnrs : but 
unless it can resist bending, the arch will be in a state of nnstable equllibriom. The horlsoLtal 
stress rarles with the rise. 

(S). The Ropb.—The shape which the loaded oable takes op is the same as the link polygon 
lot the giTsn load system drawn from one support to the other with a polar distance eqnM to the 
horiiontal component of the pull in the cable. Stable equilibrium is obtained under changes 
of load. The horisontal stress rarles with the dip. 

Eoonomical Span. 

In bridging a large opening by a number of small spans, the economical span may be approxi¬ 
mated in we following manner:— 

Let 
P cost of one pier; Q ^cost of main girders for one span erected ; n ■■ number of small 

spans t I -• length of small spans; L -i tot^ span 

then, L 

“-r 
Cost of piers — (a— 1) P. 

Cost of main girders^nG, and Q may be takeu as proportional to the square of the span, 
so that, 

therefore 
Tefal cost -■ 0 ■•(n—1) P + noI% 

where o is a constant. 

To get the minimum Talus of 0, dlflerentlate with respect to I and put It equal to zero. 
Therefore 

A 
<U-^- 

But 

0-(,-)?+ j • 

therefore 

therefore 

or 

- P + Lof. 

dO 
dl ' 

-LP 
•f La ■■ 0 

p.aP-G. 

From this it follows that the most ecoaomioal condition is when the cost of one pier equals 
the cost of one main girder lor one span. 

If G equals cost of 100 ft. span, the result may be expressed: 

Boonomioal span 
100 v/P 

^/G (Ency, Brit,) 

Economical Proportions of Girders. 

PLIXB Gibdbbs. 
Lst 

s « depth of girder In Ins.; W — weight of girder in lbs.; f — allowable working stress 
(pounds per sq. in.) on grass area; ( — thickness of web in ins.; L— extreme length of girder in 
feet; li *■ total bending moment at centre (inoh-poonds). 
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10 . 
Then the weight of the web is Ltr, and that of the flaagest aasuming the iTange plates 

are the required theoretical lengths, 3^ 

therefore 
* 10 10/ ML. 

and W is a mlnlmmn when z « 1 *27 \ 
V /<• 

This formula is based upon the assumption that no portion of the web is Included in flange 
area. 

If the resistance of web is considered, then 

-\4T 
If the flanges are of constant section throughout, the foregoing formulse become 

z = 1*41 neglected); x=» l-fll y ^(web considered). 

LATTIOB CiRDBRfl. 

In trusses of the N type the maximum stiffness or minicnum deflection is obtained when 

where 
d length in feet between verticals ; y ■- number of bays. 

(5tr Wm. Arroi dt C’o., Ltd.) 

For plate girders, the economic depth may be taken roughly as from to of the span, 
often being adopted ; and for lattice girders should be not less than of the span, preferably L 

If shallower girders are neoessary, the sectioos must be increased, so that the maximum 
deflection will not be greater than if the limiting ratio had not been exceeded. 

BRBAOTH or FLANQES. 

For plate girders this may be taken as about | of the depth, or to ^ of the span. 

The width of booms in lattice girders should not be less than of tne unsupported distance. 

Cross Girders.—Depth should not be less than of the span, preferably |. 

Rail Bearers should have a depth of not less than of the span. 

Spans, Standard Clearances, etc. 

Over-bridges oarryiug roads over railways are usually of the foiiowlug spans (see flg. 1): 

Over single line, 16 to 18 ft. Over double line, 28 to SO ft. 

Widths of over-bridges, between inside of parapets, are regulated by Act of Parliomeut, as 
follows, the roads being of the widths given for 60 yards each way: 

Turnpike roads, 35 ft. Other public carriage roads, 25 ft. Private roads, 12 ft. 

Under-bridges carrying roads under railway, span and headroom fixed by Act of Parliament. 

Turnpike road, clear headroom, 12 ft. at springing, 16 ft. for centre 12 ft. of arch. Where 
tramways cross the bridge a minimum headiwm of 18 ft. should be provided. 

Other public and carriage roads, clear headroom 13 ft. at springing, 16 ft. for centre 10 ft. of 
arch. 

Private roads, dear headroom 14 ft. for centre breadth of 6 ft. of arch. 

In all oases, onder-brldges most have a parapet at least 4 ft. 6 ins. above rail lord. 



l2 ^9j^(£qu W^Bj-me) 

n”4.7i"(Single .. ) 
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liive Loads on Bridges. 

ROLLma Load on railway Bridoks. 

‘ (1) 

The effective weight of the rolling load, per foot lineal of each line of way, will depend 
ui)on the width of span. The heaviest train would consist of locomotives coupled closely together, 
but while a bridge of short span might frequently be covered by such a train, or by tho two 
engines that often head the train, a bridge of very long span would never be subjected to suoh a 
load per foot lineal over its entire length. But for spans shorter than the length of one engine, 
the load may be very much greater than the weight of the engine per foot of its extreme length. 
Taking the worst position of the wlieel-loads, and the heaviest class of engines now in use upon 
English lines of railway, the equivalent distributed load per foot lineal may be estimated as 
follows:— 

For spans of 10 feet, a load of 4*40 tons per foot. For spans of 100 feet, a load of 2'07 tons per foot. 
„ 20 „ M 8-26 n >9 160 „ 2-00 „ n 

„ 30 „ 2*88 „ 99 200 „ „ 1-90 „ u 

w 60 „ 9) 2-30 „ 99 soo „ 1-76 „ 

In designing cross girders the maximum axle load is taken at 22 tons. 

These loads are exclusive of any allowance for impact which may be allowed for by varying 
the unit stress per sq. i!i. to suit the application of the load :—From 4 5 tons per ^q. in. for cross 
girders to «*5 tons per sq. In. for main girders 100 feet span and over. 1 he better plan, however, 
is to calculate the impact allowance from one of the impact formulm given on p. 600. 

The loads given above are considered to be the greateet that can be obtained with the 
present loading gauge of British railways. 

(2) 
Bridge to be designed for a moving load ot two engines coupled and a uniformly loaded train 

or each track. Greatest stresses in any possible clrcumstiuices to be taken. 

Where not speoitied take the following:— 

For Main Oirdert.—Distributed rolling load per track » 1*5 tons per foot ran. and 
an excess rolling load to occupy any position on the bridge at tbe sama time equal to 

16 tons + bat not greater than 26 tons. 

For Cross Oirdsrs.—The load on each cross girder from each track: 

For all girders up to 7 ft. centres 19 tons, 
„ „ beyond 7 ft. 1*6 tons per ft. run of track plus an exceae load of 

(10— centres of cross girders in ft. \ 
- “6- “ )- 

but not greater than 10 tons. (Sir Wtn, Arrel S Co., Ltd.) 

LOOOMOTIVB WKIQHT OISTRIBUTION ON BBIDQS8. 

In the case of the three-cylinder tank engines—^London and North Eastern Railway—these 
engines arc of the 0-8-4 type, 31 ft. 2 ins. total wheel base, 46 ft. 2^ ins. long over buffers. The 
total weight in working order is 194 tons 9 cwt., the weight on the coupled wheels being 76 tons 
14 cwt. 

The general weight distribution is 
T. 0. 

Weight per ft. on coupled wheels.4 9 
„ „ „ engine wheel base.3 7 
„ „ „ over buffers.2 6 

For further details of locomotives refer to ‘ Weights of Locomotives and Rolling Stock,’ 
Section XXXII, Part II. 
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Ministry of Transport. Boads Department. 

Standard Load iob Highway BBiDOBi. 

The British Standards InsHtotion's Loading (15 units) is accepted by the Ministry ol Transport 
for the conditions to which it applies, but the Ministry of Transport's Standard Load, or the 
equiralent onlfoimly distributed load, tabulated below, is more commonly adopted. 

The lire load to be used consists of two items: (1) The uniformly distributed load which raries 
with the loaded length, and which repr«eente the ordinary axle loads of the Ministry of Transport's 
standard train, perfectly distributed. (3) An invariable knlfe^dge load of 9,700 lb. per ft. of 
width applied at the section where It will, when combined with the uniformly distributed load, 
be most eflective, i.e, in a freely supported span(a) for bending moment at midspan : at 
midspaa point; (5) lorjshear at the support: at the support; (r) for shear at any section : at the 
section. I • ^ 

This knife-edge load represents the excess in the M.T. Standard train of the heavy axle 
over the other axles, this excess being undistributed (except laterally as already assumed). 

In spans of less Hian 10 ft. (t.e. less than the axle spacing) the concentration serves to counteract 
the over-dlspersioo ol the distributed load. 

The uniformly distributed load, applicable to the * loaded length * on tiie bridge or member 
in question, la selected from the table. 

The * loaded length ' is the length of member loaded In order to produce the most severe 
stresses. In a freely supported span the' loaded length * would thus be (a) for bending moment: 
the full span: (6) for shear at the support: the full span ; (e) for shear at intermediate points: 
from this point to ths farther support. 

In arches and continuous spans, the' loaded length' can be taken from the influence line curves. 
In slabs the knife-edge load of 9,700 lb. per ft. of width is taken as acting parallel to the 

supporting members. Irrespective of the direction in which the slab spans. 
In lon^tudinal girders, stringen, etc., this concentrated loading is taken as acting transversely 

to them (Ltf. parallel with their supports). 
In transverse beams the ooncentrated loading is taken as acting in line with them (f .#. 9,700 lb. 

per ft. run of beam). 
If longitudinal or transverse members are spaced more closely than at 9 ft. centres, the live 

load allocated to them shall be that calculated on a 5 ft. wide strip. With wider spacing this strip 
will be equal to the girder spaaing. 

In all cases, irrespective of span length, one knife-edge load of 9,700 lb. per ft. of width is 
taken as acting In coniunotion with the uniform distributed load appropriate to the span or 
* loaded length.* 

MDinmiT 09 Transport, standard Load for Highway bbidgis. 

TobulaUd ValUM #/ BquivaUnl DUlHJnUed Load§, 

Loaded Lbs. per Loaded Lbs. per Loaded Lbs. per 
Length. Sq. Ft. Length. Sq. Ft. Length. Sq. l^t. 

Ft. Ins. Ft. Ft. 
S 0 9,490 100 908 1,900 100 
5 6 9,090 150 199 1,300 97 
4 0 1,700 900 180 1,400 94 
4 « 1,445 950 170 1,500 90 
5 0 300 163 1,600 88 
5 6 1,035 350 156 1,700 85 
6 0 879 400 150 1,800 89 
6 736 450 145 1,900 79 
7 0 <95 500 140 9,000 77 
7 • 595 600 139 9,100 . 76 
1 0 444 700 195 9,900 74 
8 6 374 800 119 9,300 73 
9 0 314 , , 900 114 9,400 79 
• 6 965 I 1 1,000 108 9,500 70 

10 to 75 ft. ; 
! 

990 , 1,100 104 Over 9,500 70 

These loads include the neoessaiy allowance for impaot. 
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Bridge Foundations. 

LOAM OK BBIDOB POUNDIXIOKS. 

CTLINDEK BBIDQB PlBBS. APPROXIMATB 8APB LOADS PER SQUARE FOOT (7. Newman). 

Firm sand in estuaries and bays .. 
CHmsidered safe on firm sand (in Holland). 
Verv firm, compact sand, foundations at df>ptlis not less than 20 ft. . 
Finn shale and clean gravel. 
Oompaot gravel. 

Tons per Sq. Ft, 
. 5*0 to 6*6 
. 6*0 
. 6*7 to 7*8 
. 6*7 to 8*9 
. 7*8 to 10*0 

Calculated loadings (neglecting friction), tons per square foot: Benares bridge, 11*19 ; 
Jubilee bridge, 9; Gorai bridge, 8*6 (all deep foundations); Blackfriara bridge, 4*76; Kup- 
narayan bridge, 6*7 (or, assuming skin friction as 5 cwts. per square foot, the loading on the bate 
of the pier is about 4*6 tons per square foot). 

CLTDB BRlDaS, CALEDONIAN RAILWAY. 

Oaiasons 48 to 89 ft. long and 20 to 23 ft. wide: 
Land Distances from river-bed about 50 and 60 ft.: depths below level of river-bed 

about 20 and 30 ft. Depths below quay level and loadings, 50 ft., 4*18 tons per sq. ft.; 61 ft., 
4*78 tons; 57 ft., 4*75 tons. 

River Piers.—Depths below river bed and loadings : 44 ft., 6*86 tons per sq. ft.; 44 ft., 6*96 
touf; 48 ft., 6*04 tons; 44 ft., 6*12 tons. 

SKIN FRICTION ON BRIDOE FOUNDATIONS. 

(Caissons and * Wells ’ or * Cylinders.') 

Foundations of the Empress Bridge over the Sutlej. 

SKIN FRICTION. I 
Brick Oylinders, 19 Ft. in diameter, sunk on an average 110 Ft. j 

! 

Cwts. per Sq Ft. 

Mean. 1 Max. Min. 

Average of 36 cylinders sunk to depths varying from 10 to 27 ft., 
average 19 ft., under their own weight only, 25| to 33 tons, 
average 31 tons. 

Average of 100 observations in sinking36 cylinders, at depths from 
17 to 64 ft., loads 31 to 249 tons, average 132 tons besides the 
weight of the cylinders. 

Average of 9 observations in sinking S cylinders by pneumatic 
process at depths varying from 44 ft. to 63 ft. 

0*85 1*33 

2*13 4*08 

2*71 3*62 
' i 

0*63 

1*29 

2*32 

Fapaghni Bridge.—Cast-iron cylinders 12 ft. in diameter and brick cylinders of the same 
diameter. The following frictional resistances were noted when sinking the piers; cwts. per 
sq. It. In the upper sand 2*08 to 2*20; in black clay, 3*60 to 5*60 ; in silt below the clay, 2*73 
to 4*28; in the lower sand, 2*68 to 3*16. 

Chittravati Bridge.—Friction through 33 ft. of sand, 10 ft. of clay, and 7 ft. of clay, sand, and 
boulders—2*32 to 3*77 cwts. per sq. ft. Friction through 33 ft. of sand, 10 ft. of clay, and 8 ft. 
of sand and clay—2*93 to 3*63 cwts. per sq. ft. 

Tavy and Laira Bridges^ Devonshire.—to 2*8 cwts. in mud. 
Concrete Cylinders at Uaulbowtine Dockyard {H. E. (?aA/«y).—Twenty-three cylinders, 8 ft. 

in diameter, were sunk through silt. The average skin friction lor a cylinder varied from 4*2 
to 8*6, the mean being 6*9. In only three cases was the average for a cylinder less than 6*2 cwt 
per sq. ft. In seven cases the maximum resistance recorded exceeded 9 cwts. per sq. ft. 

Caissons of Bames Railway Bridge.—The caissons are 28 ft. by 18 ft. The skin ftlothm 
in London clay was 2*03 <*wts. for one, and 2*96 cwts. tor the other, per sq, ft. 

AShaft sunk at Oaiford Circus^ London.—Skin friction only 1*0 cwt. per sq. ft. The low value 
being attributed to (1) the cylinder keeping its shape very well; (3) being kept very upright; 
and i3) a pocket being formed below the cutting edge and pugged clay inserted. 

A Shaft sunk at Creenwieh.—In sand and ballast, skin friction 4 to 4^ cwts.; in shelley olay, 
8 owti. per q. ft. 
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Waterway of Bridges. 

The simplest oases of waterway oaloalation are those in which the conditions are such that 
the amount cf heading up is not restricted. In these eases the litnitintr Telooities which may be 
allowed decide the area of waterway whidi is necessary. Abore the bridge the mean Telocity 
of the stream will be reduced bv the heAdint? up. 

It may be assumed that the water surface will fall to the original water level before it passes 
the ptars, unless the channel of the river below the bridge has been altered. Taking the water 
level as Che same, the new depth will be the same as the original depth, plus any lowering of 
the bed of the stream at the bridge site. The new width may be taken as the length of water* 
way. These two dimensions give the new area from which the new velocity can be calculated 
directly from the discharge, or by 

_ „ d.l. 
V, = V, X 

where 
d, «a original depth; d, = new depth; f, » mean width of stream cross-section; f, ■■ length 

of waterway. 

The new mean velocity la that to which the piers of the bridge are subjected, as well as the 
bed of the stream for a short dLstance below the bridge. This distance depends on the velocity 
and depth of the current. The limiting velocities can best be decided by a study of records 
of the behaviour of local strata and local masonry under similar conditious. 

The following figures provide a rough guide to the velocities usually allowed. 

LmiTiNa VBLoomEs i» Fbbt pbb sboond. 

On cley, 0*70 to 1*0 ; on sand which must not be disturbed (shallow foundations) 1*2 to 1*5 ; 
on firm, pebbly beds, 3*0 to 3*5 ; on stony or shingly beds, 4*0 ; on stratified rock, 6*0; on hard 
rock, 10*0. 

For inferior brickwork, with better masonry in the cutwaters, and on the floor of the waterway 
at the feet of the cutwaters, about 5*0 ; better masonry, up to about 8 ft. per second. For ordinary 
pitching (floor) about 5*0. For very well-shaped bridge openings with thick piers allowing of 
easy curves, higher values may be allowed, and very high values may be permitted when the 
masonry is exceptionally strong, such as ashlar of hard stone with fine Jointa 

Watbkway Oaloulations. 

Id the case of a bridge or culvert intended for the passage of flood waters which pool up on 
the upstream side, the discharge may usually be calculated without velocity of approach, especi¬ 
ally wMen the water level on the downstream side is not much lower. I'his is an ordinary case 
where a railw'ay embankment crosses land liable to flooding. The head is the diflerence between 
the water level below the opening and that above it, when the latter has reached its maximum. 
This may be a natural maximum, or oue fixed by the discharge capacities of the bridges and 
culverts through the embankment. The amount of headway above this level, under the bridge 
floor, will depend upon what flotsam is carried by the water in floods. 

The formula for discharge is :— 
0 = c A V 2gh^ 

where 
D » discharge in cubic feet per second (cusecs); A s area of opening in square feet up to the 

lower water level; h s> head, or difference of water levels (In It.); g a 32*2 approx.; e is a 
coefficient depending partly upon the size ol the opening, and partly upon its form, especially 
the curves of the cutwaters and wing walls. 

Ordinary values fore are in many cases 0*90; for large and well-designed openings, 0*02 to 
0*95 ; for smaller openings, 0*86 to 0*90. 

In the case of culverts through an embankment, or for bridges, for the maximum discharge 
before the embankment is overtopped, it may be necessary to know the discharge when the 
opening is drowned. If it is drowned on both sides the discharge is ;— 

D = c A 2ght 

where 
h tm difference f w tat levels, and about 0*76 to C 86, according to the form and size of 

the opening. 
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Where the floor of the bridge presente a sharp edge a fairly low value of e should be takeu 
and a fairly high value for well-shaped culverts. 

In British measure, — 8*02 ; In metric measure, 4*419. 

When the upstream end is drowned and the downstream end Is not drowned, the discharge 
is found by :— 

where 
i ■> the width of the opening; A ^ the difference in water levels; A, a* the head above 

the bottom of the opening; A, « the head above the top of the opening; e may be taken as 
0*75 to 0*85. 

When the span is a long one and the waterway deep, a fairly high value may be given to c, 
but for a culvert the value may be taken as lower than that for the same culvert when wholly 
drowned. 

In a considerable number of cases the waterway of the bridge is nearly as great as that of 
the stream, or quite as great when a single span clears the flood channel. Kven with a con¬ 
siderable number of spans the bridge may obstruct the waterway very little if the piers are thin 
and are provided with good cutwaters and Joinwaters. The velocity of approach may then be 
taken as the mean velocity of the stream, and the following relation will .serve lor preliminary 
calculations: 

D - c A \/2g (A + fu); 
where 

bridge. 
For sluggish streams A may be neglected, and for a stream with a sharp fall it may be 

taken as the fall In a length measured about | that of the piers. The equation, so used, may 
be useful In preliminary calculations ; where, (or Instance, the mean velocity of the stream is 
measured, but not its cross-sectional area, or where the discharge has been separately found. 
In the case of a sluggish stream It may be possible to fix the value of d, approximately. 

OALCULATIONS INTOLVINQ AfpLUX. 

Where the actual fall Is small, as in most largo rivers, and where the bridge considerably impedes 
the river, the toUi head driving the water tlirough the opening is usually calculated as i (z -j- A-), 
where * — the afflux and hm »» head equivalent to the velocity of auproach. The discharge is 
(hen: 

D ■« c A a/ 2y (* 4- A«)» 

where 
A " the smallest cross-sectional area of the waterway under the bridge, usually taken as 

that given by a water surface at the original water level. 

/ f _ d’ \ 

2g \c%^ (d + zfr 

where 
\ » the mean width of the stream ; d — mean depth of the stream below the bridge ; - the 

toUd width of waterway In the bridge openings; c *■ ooefflclent of contraction, say 0*9 to 0*9o 
for large bridge openings and about 0-85 for small openings with only moderately good cutwaters 
and wing walls. 

First insert the following provisional value of x in the right-hand side of the above equation. 

* (provisional) = ( 

This gives a new value of x. , , i., j ,j 
Repeat the solution of the longer equation with the new value of x ou the right-hand side. 

Next, to find A*. 
The head la calculated as that at one place, due to afflux and velocity of approach, and the 

velocity of approach Is, therefore, the new reduced velocity of the deepened stream above the 
bridges, thus: 

eo —e, and Aa 
d + X 

Vm* . 
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W6 Qua then uae the equation ; 

D=«cAV2i^(x + ha'" 

If the length of the waterway is only estimated at first, within limits, take a probable Talne, 
and haring found z, find i, by the equation : 

, _t»/ (d + z)_ 

^Vigx (d 4- *)« + t.» d“] * 

In some cases z will be decided by the maximum water level which may be allowed, and the 
value BO found will be used in the equations. 

DnOBARGU THROUGH LONU OULTBRTS. 

The foregoing formuhe for discharge are suitable for short culverts, and for fairly long culverts 
when the relooitles are low. For long culverts and for high velodtiea the head nMcessary to 
cany the water through the barrel regarded as a pipe must be added. The heads may be found 
bjr a pipe discharge formula, or, for small diameter culverts, may be taken from the tablet Csee 
‘ Water Supply,* Section XVUI., Part VI.). 

(Reginald Ryves^ M.Com.E.) 

Weights of Bridge work. 

Dead Laade.—^The following are weights of various types of bridge floors, etc.:— 

Jack areb flooring 
Steel trough flooring 
Roadway setts in cement 
Timber sleepers . 
Ballast (average depth 

13 ins.) 
Sleepers and ballast 

S-ib. rails, chairs and 
all fastenings 

140 lbs. per on. ft. 
13-66 per sq. ft. 
120 „ 
126 lbs. each. 
100 lbs. per sq. ft. 

of floor. 
100 lbs. per cu. ft. 
1| owt.perlin. ft. 
of single track. 

Jarrah wood*block paving 
2| ins. thick. Including 
mastic, pegs, and screws 18| lbs. per sq. ft. 

lAA 1W^ ..... #a Tar macadam 
Ck>ncrete fllllng 

buckled plates 
Fish plates . 
,, bolts . 

Oak keys 
Ohairs 

over 
120 lbs. per cu. ft. 

140 lbs. per cnu ft. 
40 lbs. per pair. 
64 lbs. per set (4). 
2| lbs. per pair. 

46 lbs. eaob. 

APPBOxnuTB WuGHxa or girdkrh, bto. 

Unwin*9 Formula. 

W, >• weight of girder per ft. run, exclusive of oroas-glrders or flooring 

«—Ir 
where 

W "■ load to be eanrled In tons; I mm span In ft.; r ratio of span to depth ; » mm working 
stress in tons, sq. Ins.; e m, » constant, which may be taken from 1,200 to 1,400 for small plate 
girders and 1,700 to 1,900 for truss bridges. 

where 

Johnson, Bryan S Tumeaure Formula. 

Deck plate girders. 
„ lattice girders. 

Through pin bridge. 
(These figures are for single tracks) 

w - 9< + 120 
w - 71 -f 200 
w <- 61 4* 350 

Mi span in ft.; w mm weight of each girder in lbs. par ft. run. 

American Formulae. 

(1) 
The loUewing empirical formulm, although roughly approximate, are useful as guides In 

*T""**"g dead loads of ordinary truss road bridges (exclusive of flooring, oros8>glrders, and 
Joi&ts:-> 
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For • oapaoltj of 100 lbs. per sq. ft., 

w - . + » + + j'Jj,.(1). 
For a oapaoity of 80 lbs. per sq. ft. 

N-‘ + “ + ft + iD0.(»• 

For any other oapaolty of live load And W by formula (1), remembering « - 100; call [(b —12 fll 
1 -f jjjo ^J(100-*i)f 

where 

W — dead load per lln. ft. exclusive of floor and joists Obs.); s » live load per sq. ft. (lbs.); 
b m, clear width of roadway (ft.); | » length of span (ft.). 

(8) 
For weight of small plate and angle girders, 

where 
P ■■ weight of beam (lbs.); W — total live load supported (lbs.); I » distance in feet between 

mipports; d — total depth of beam In Inches. 

Skeleton Wbiohts. 

These formulsa are useful for obtaining the Aret approximation to the weight of main girders 
or trusses, but a more reliable approximation is obtained by calcnlating the skeleton weight and 
adding a percentage for details. 

3 •4k 
For trusses or systems of lateral bracing P ^249 

where F Is the total weight of the trass In tons, I is the length in feet of each member between 
inteiseotion points, A the corresponding cross sectional area in square inches, and 3*4 lbs. the 
weight of a 1 inch square bar, one foot In length. Average values for the constant k are as 
follows:— 

If A — area provided, including lacing bars, k » 1*2. 
If A » area provided, excluding lacing bars, k 1*3. 
If A a area required, excluding lacing bars, k^= 1'4. 

The method of skeleton weights Is also extremely useful for determining economic outlines 
lor trusses with regard to type, depth, cumber of bays, eto. 

Working Stresses. 

The following figures are those of a leading structural engineering company, in which a re¬ 
duced working stress Is used. 

PBBIIIB8DLB MAXnnJM STRESSES. 

(A) RaUwaf Bridge*. 

The working stresses shown below have been proportioned to allow for dynamio action of the 
live load on ll^tly loaded girders or members of girders. 

(B) Road Bridges, 

To provide for the effects of the dynamio action of the live load on lightly loaded girders or 
members of girders, the live load streeses to be Increased by 26 per cent. In the case of main girders 
and SS| per cent. In the case of floor girders. 

(0) Railway and Road Bridges, 

(1) The combined stresses resulting from the rolling load, dead load, wind, momentom, and 
centrthigal force, shall not produce a greater tensile stress than half of the elastlo limit, or equal 
to of the minimum ultimate tensile strength of the material, nor more than the oorrespondlng 
compressive shearing, beanng, and beading streeses as hereinafter set forth, but 

(2) The oomblned stressee resulting from the rolling load and dead load alone, exdnilTe 
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of wind, momentum, mnd centrifugal force, shall not produce greater tensile ttressei than those 
glTsn below. 

TBN8ILS STRBSSBS. 

Railway Bridges, 

For main girders, oross-girders, and rail bearers of plate construotion: 
Under 20ft. span.4} tons per sq. in. 
20 ft. to 26 ft.4} „ „ 
261t. to soft.6 
80 ft. to 60 ft.64 

6* 60ft. to 80ft.6} 

For trusses and lattice girders: 
80 ft. and under 160 ft. span— 

Bottom chords 
Diagonals 

160 ft. and under 200 ft. span— 
Bottom chords 
Diagonals 

200 ft. to 400 ft. span— 
Bottom chords 
Diagonals 

All spans—for wind bracing . 
Floor suspenders . 

6( tons per sq. in. 
4| to 6|1 \ tons per sq. in. 

6} tons per sq. in. 
44 to 6i ‘ tons per sq. in. 

6 to 7 tons per sq. in. 
tons per sq. in. 

8| tons per sq. in. 
44 to 7 t 
84 tons I 
24 t* 

Road Bridges. 

For main girders, cross-glrders. and stringers: 
Bottom chords.7 tons per sq. in. 
Diagonals . . .6~7 tons per. sq. in. 
Wind bracing.84 „ „ 
Floor suspenders.31 »> 

Note,—^The44 tons stress on diagonals of railway bridges, and the 6 tons stress on road bridges, 
will apply to those at the centre portion of the span and to the counterbracing at the same point. 
The higher stresses will apply at the end portions where Tarlatlons of stress are not so great. 
Intermediate diagonals will be subject to stresses lying between these limits. 

OOMPRB8SION STREfl8B8. 

Railway and Read Bridges, 

For plate girders, the gross area of the compression flange shall not be less than that of the 
tensile flange, nor shall the compression stresses per sq. in. be more than 86 per cent, of the 
corresponding tensile stresses. 

For truss and lattice girders the compression stress per sq. in. shall, in the case of rireted 
members, not exceed the fraction * 0*96—0*003R * of the corresponding speclfled tensile stress 
nor In the case of pin Joints the fraction * 0*96~0*0046B,* where R i- ^e ratio of the length of 
the unbraced portion of the member to its least radius of gyration; nor in any case shall it exceed 
86 per cent, of the said tensile stress. 

No compression member in railway bridges shall hare a greater length than 100 times its 
least radius of gyration, or 46 times its least width, except for wind bracing, which may hare 
a length not exceeding 120 times its least radius of gyration. 

In the ease of road bridges no compression member shall have a length exceeding 120 times 
its least radius of gyration, except wind bracing, which may hays a length not exceeding 140 times 
its least radius of gyration. 

• ALTBRNATXNQ SXBE8SE8. 

Railway and Road Bridges. 

Members subject to alternate tension and compression stresses shall be proportioned as struts 
to resist the greater stress plus half the lesser, except for wind bracing, which shall be proportioned 
for the griuiter suess only. The sum of the stresses to be used for connections.' 

FERiossiBLB Unit stresses in Swing bridges. 

The unit working stresses In main girders shall be 10 per cent, less than those for simply sup¬ 
ported spans. (Sir IV. Arrol is O., Ltd.) 
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PERMISflTDLR UNIT STBSSSBS, IN POITNDS PER SQUARE INOH. 

Kind of Strain, { Struotural' Axle Steel Cast 1 Roiled 
and Loading. 1 Steel. Steel. Castings. Iron, j Copper. Brass. 

((A) 1 16,000 18,000 12,000 3,000 6,000 3,000 
Tension . (5) 1 10,600 12,000 8,000 2,000 i 4,000 2,000 

i(C?) 5,300 6,000 4,000 1,000 : 2,000 1,000 

i (A) i 16,000 18,000 16,000 12.000 ' 6,000 3.000 OomprBBslon ■! ; 10,000 , 12,000 10,000 8,000 i 4,000 2,000 

f(A) : 16,000 18,000 15,000 6,000 ! — _ 
Bending . (/f) 10,600 12,000 10,000 4,000 -- — 

{(C) 5,300 6,000 5,000 3,000 — — 

f(A) 12,000 14,000 9,000 3,000 3,600 _ 
Shear . . J(B) ' , 8,000 9,600 6,000 2,000 2,400 — 

[(C) : • 4,000 4,800 3,000 1,000 1.2U0 — 

((A) 10,000 12,000 7,500 3,000 — _ 
Torsion . \(B) 6,600 1 8,000 5,000 2,000 — 

1(C) j 3,300 4,000 2,500 1,000 — — 

A. For a statio load; B, For a varying load producing stre^sea of tension nr compreasion 
only; C. For a varying load producing equal maximum strains in opposite dlrectioni, accom* 
panied by shocks and vibrations. 

The permissible unit stresses for bending (given opposite B)—10,000 for cast steel and 4,000 
for cast iron—should be ased for detennining the strength of toothed gearing. The teeth in cut 
gearing shouM conform to the following proportions 

P =. « p / y. 
whore, 

P ^ pressure on tooth in pounds ; » = permissible unit stress ; p = pitch, in Inches ; / = face 
of tooth, In inches; ^ a a foctor. 

For wheels moving at slow speed (up to about 100 ft. per minute), where strength only is to 
bo considered, y 0*05. 

The strength of uncut teeth should be computed for a face of one and one-half times the pitch, 
or 

p ^ 3*p“y. 
1 ’ 

which conforms approximately with the assumption that the pressure is carried on one corner of 
the tooth. 

For higher velocities, which tend to Increase the shock and wear, this value should not 
exceed :— 

where 

y = 0*06 
10 

V V 

0-5 

V V 

V =■ velocity in pitch circle, in feet per minute. 
For bronze wheels, the mne values should be used as for oast Iron. 

Fixed bbarinqs. 

For thepennlssibie unit pressure for fixed bearings of different metals, those for compression, 
in the table, should be ased. 

Working Stresses in Structural Steel. 

(Britibb Standard speoxfioation for Girder Bridges.) 

Except as hereinbefore modified, stmotures shall be so designed that the calculated working 
stresses in stmotural steel of the * A * quality specified in Clause 1, Part 1, of this Speoifloatlon 
shall not exceed the following:— 

Fcr Paris in TensUnu 
On the net section for axial stress, 

9 tons (90,160 lbs.) per sq. in. (14*17 kg. per mm.*). 
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Parit in Compre$»i«n* 
On th« groM eeetlon of the comprowlon flanges of plate girders and I beams with ontside 

edges stiflened with angles or ohannels, 

9 ^1-0*0075 tons per sq. in. 

Ditto, with nnstlflened edges, 

9 ^1-0*01 tons per sq. in. 

where, 
I •m the greatest ansnpported length as defined in Olaose 11, Part 4, of this Specification, 

and 
b the breadth of the flange, 

provided that the gross area of the compression flange shall be not less than the gross area of 
the tension flange. 

On the gross section of compression members of truss and lattice girders with riveted 
connections for axial stress, 

9 ^l-<)*0088 tons per sq. in. 

On the gross section of compression members of truss and lattice girders with pin oonneotioni 
for axial stress, 

9 ^l-0*00fi4 tons per sq. in. 

Where 

and 
I mm the greatest length of the unbraced portion of the member 

r the least radius of gyration, 
provided that, in truss and lattice girders, the working compressive stress on the gross section 
■hall in no case exceed 7 *60 u»ns (17,136 lbs.) per sq. in. (13 -06 kg. per mm.*). 

For Parts in Shear, 
On the gross section of web plates, 

6 6 tons (13,330 lbs.) per sq. in. (8*66 kg. per mm.*). 
On shop rivets, tamed tight-fltting bolts and pins, 

6'6 tons (14,660 lbs.) per sq. in. (10-24 kg. per mm.*). 

For Bearing Areas, 
On shop rivets, tamed tlght-flttlng bolts and pins, 

16 tons (33,600 lbs.) per sq. in. (33-63 kg. per mm.*). 
Kotb.—For connections which are to be made in the field or where black bolts are used instead 

of rivets, an exoees of 15 per cent, in the case of field rivets and 20 per cent. In the case of black 
bolts over the number required according to the above working stresses, both for shear and bearing, 
shall be provided. 

For Pins subjected to Bending, 
On the extreme outer fibres, 

13-6 tons (30,340 lbs.) per sq. in. (81-86 kg. per mm.*). 
Where straotural steel of the milder quality specified in Olause 1, Part 1, of this Speciflcatlon 

for material to be pressed oold is used, the foregoing working stresses where applicable ahAll be 
reduced by 10 per sent. 

Fob Flats OmosBa and Beaics Bhbsddbd in Oonoestb. 

On the tension and compression fianges of plate girders and I beams, the compression flanges 
and webs of which are solidly embedded in a continuous concrete matrix or Jack arches, and 
with an effective cover of not less than 3 ins. concrete throughout over upper surfaces of the top 
flange, and where no account has been taken of the strength of the embedded matrix :— 

10 tons (33,400 lb.) per sq. in. (16*76 kg. per mm.*). 

HIGH TBNSILB STBUOTDRAL Stbbl. 

In May 1934 the British Standards Institution published the British Standard Speclfloation 
No. 648, for EUgh Tensile Structural Steel for Bridges and General Building Oonstraotion, relating 
to steel having a range of tensile breaking strength from 37 to 43 tons per sq. in., and a yield 
point varying from 19 to 33 tons per sq. in., according to the thickness of the plate or section. 

The working stresses usuallv allowed in steel of this quality are about 40 per cent, higher 
than the values specified for mild steel (structural steel, A quality) on p. 495. 

High'tensile steel has been increasingly used of late years, especially in the construction of 
long-span bridges. 
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PIRSTCLASS BRITISH PRACTICE IN BRIDGE WORK. 

BEIICF gPSCUriCATION. 

1. Blaterials to conforai to the British Standard Specifications. 
2. All steel to be by open-hearth acid or basic process. 
3. N<\material to be used until tested and passed. 
4. Steel castings to be Grade * 0.* 
5. Bolts and notSy coach screws, clips, etc., to be Grade * C ' wrought iron. 
G. All oak to be English or Scotch. 
7. Edges of all flange, end, and web plates and ends of all bars to be planed, or where planing 

not possible, to be dreeeed fair and true by hand. 
8. Wherever shearing is adopted a | in. strip to be left for planing, plates and bars showing 

less than I In. rejected. 
9. All plates, bars, angles, tees, etc., carefully levelled, straightened, joggled, or upset by 

pressure and not by hammering, both before and after they are drilled. 
10. Templates and gauges to be made to correspond exactly with each other in order that 

all boles may be straight through and through. Steel gauge in. less in diameter than bole 
shall pass through easily, irrespective of thickness of plates or bars. 

11. notes for turned bolts to be a driving lit. 
12. All holes to be drilled and burrs carefully removed. Holes for rivets to be ^ in. larger 

than nominal size of rivet. 
13. Wherever practicable, all riveting to be done by machine. Ail loose rivets and such as 

may be cracked or have burnt or badly formed beads or with heads eccentric with the shaft or 
where the shaft does not fully fill the hole, cut out and replaced by others. 

14. No edge of rivet or bolt hole to be nearer edge of plate or bar,etc.,than a distance equal 
to one and a half times the diameter of rivet. 

15. All work riveted or bolted together to be absolutely In contact over whole surface. Im¬ 
mediately before being assembled together whole of surfaces to be thoroughly cleaned and painted 
with a thick coat of genuine red lead paint. 

16. Ail bolts to be forged and not welded. Screwed to Whitworth's thread. Those taking 
a shear stress to be so screwed that no part of the thread is in contact with bearing surface. 

17. The barrel of all turned bolts to be in. larger in diameter than the screwed portion. 
Machined washers to be provided. 

18. AU bolts to be dipped in hot boiled linseed oil. 
19. Cover plates connecting different thicknessee of plates to be planed off, the step to be 

sloped off. 
20. Ail work to be temporarily erected and put together with service bolts. 
21. All steelwork to be scraped and cleaned of all rust, mill-scale, and dirt and brushed with 

wire brushes. 
22. Ail steelwork not to be galvanised to be given two coats of Dixon's Silica Graphite Paint 

No. 2, or natural colour, and a further two coats after erection, the last a finishing coat of approved 
colour. No oils or thumeni to be used. 

GIBOIBR BRIOGB SPBOIFIOATION. 

A specification issued by the British Standards Institution (No. 15.3—1988) deals with 
railway and highway bridges. The first part is concerned with materials of construction 
(structural and rivet steel, cast steel, steel for pins and rollers, wrought Iron and cast iron); 
these are required to be in accordance with existing B.S. specifications, and the latter are print^ 
as appendices, making the present document complete in itself. The second part gives 
requirements as regards workmanship, and includes clauses on straightening, planing and 
shearing, drilling, punching and reaming, rivets and riveting, smithed work, bolts and nuts, 
temporary erection at contractors’ works, painting, measurement, and packing and marking for 
export'. Parts 3, 4 and 5 (revised In 1937) deal with loads and stresses, details of construction, 
and erection. 

WIND PRESSURE. 

During a period of fourteen years, from 1890 to 1904, observations were made at fourteen 
different stations in the United Kingdom, and it was found that the maximum mean wind velocity 
only reached the following values:— 

77-80 miles per hour on one occasion. 
73—77 ,, ,, ,, 
70-78 „ „ five oooaaiona. 
65-69 „ 
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The records of many stations In the British Isles from 1906 to 1918 show that the maximum 
gusts recorded were 

99 miles per hour, once, 
90 „ ,, twice. 

88-90 ,, ,, nine times. 
Velocities very much in excess of these values have been officially recorded by the Robinson 

snemometer, the velocity of the cups being molflplled by 3, to give the actual velocity of the 
wind. This flgnreis now recognised to be too high, and a value of 2 • 3 is substituted as a multiplier. 

The velocity of wind, and therefore the pressure, increases with the height above ground. 
The following observations are due to Mr. Adam Hunter, M.I.O.E., and were taken on the 

Forth Bridge by means of small gauges 1 *6 sq. ft. in area placed at different heights. 

Year, j Date. 

Pressure in Pounds per sq. ft. at Various Heights. 

1 
60 ft. 163 ft. 214 ft. 214 ft. 378 ft. 

1901 Jan. 26 16 25 66 
Nov. 23 — 60 55 56 60 

1902 Dec. 13 — 27*6 31 34 18 
1903 Jan. 10 16 20 25 27*6 60 

„ 31 — 19*5 29 26 65 
If Mar. 18 20 20 26 29 31 

19b4 
.. n 10 20 20 22*5 64 
„ 26 — 20 32 27 62 

Dec. 29 _ 22*5 22*5 32*6 _ 
1906 Jan.21 — 21 30 23 _ 

Mar. 18 _ 32*6 32*5 42 60 
Feb.28 10 22 20 20 38 

1906 Jan.26 15 — — — 69 
a 10 20 23*6 25 30 

*1 Feb. 8 , 10 16 25 26 55 

— - - , .. . ... ... - . - 

Average . 
‘ i 13-0 23*0 28 0 30*0 60*0 

The two readings at 214 ft. are at opposite ends of the bridge. 

RELATION BETWEEN TBIiOOITY AND PRB8SUBB. 

(See Sec. XXXII, Part U.) 

NOTES ON WIND PRESSURE ON BRIDGES. 

There is considerable shielding effect of the leeward members of a framed structure by those 
on the windward side, dependent mainly upon their distance apart. 

The determination of effective wind pressure on bridges presents many difficulties, arising 
chiefly out of the irregular shape and construction of those other than plate girder spans. 

Plategirders are not, strictly speaking, flat plates, and up to 10 per cent, increase in area is often 
allowed for the effect of their cup-shape form. 

The following remarks are taken from the BritisL Standard Specifleation :— 
* Where wind pressure has to be taken into consideration, it shall be treated as a moving load 

not subject to any impact effeot and shall be assumed to act horizontally at a slight angle to the 
transverse axis of the structure so as to take effect on the exposed area of the flooring and the 
leeward parts in the case of openwork structures, except where any portion may be temporary 
screened by a moving load. Where the leeward ^rder is at a distance from the windward girder 
not exceeding twice its depth, the effective area of the former shall be taken at half the exposed 
surface, but where the distance apart exceeds twice the depth, the whole exposed surface ahall 
be tak^ into account. When the structure is unoccupied by a moving load, the mairimnm 

pressure shall be assumed to be 60 lbs. per sq. ft. (244 • 12 kg. per m.*), but when there is a moving 
load thereon a pressure of 30 lbs. per sq. ft. (146*47 kg. per m.*) in the case of railway bridges, 
and 20 lbs. per sq. ft. (97 *66 kg. per m.>) In the case of road bridges, shall be assumed as acting 
on the exposed spaces both of the structure and the moving load, the pressure on the latter 
being taken as acting through the centre of gravitv of the exposed area. The maximnin results 
from the wind blowhig in dther direction, and with the structure loaded or unloaded, shall be 
taken. Where, owing to the position of the bridge or local conditions, these pressures cannot 
be reached or may be exceeded, the engineer may, at his discretion, alter any of them, as 
required.' 
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la providing iUe n<)ces8ary anchorage for the bridge a train of empty passenger carriages to 
be assumed to be on the bridge, weighing 10 owt. per lln. ft., and in the case of a double track 
the leeward track only to be loaded. 

It isoustomaiy to specify a reduced wind pressure for a loaded span for the following reasons • 
(а) Because the total area exposed to the wind is increased, and hence the allowance necessary 

for the rise in pressure due to gusts above that corresponding with the maximum mean wind 
velocity is not so great as is necessary with a smaller area. 

(б) Because the resistance offered by a bodv like a train is not so high as that offered by a 
surface like a bridge. 

During a storm of great Intensity the speed of trains crossing briiiges will probably be reduced, 
owing to a feeling of insecurity on the part ol drivers, but It cannot be assumed that the impact 
of trains, except for spans less than 160 ft., will be reduced ; for this depends more upon critical 
speeds than upon their maximum velointies. 

It is therefore necessary, in such oises, whore a reduced wind pressure Is assumed fox 
calculatioTi, to carefully consider the effects of wind in all its t^pects, treating it particularly as a 
moving load on the train. 

The shielding effect of double bars will be to a large extent eliminated If the wind la treated 
as acting at a slight angle as mentioned. 

In bridges of large dimensions it is necessary to make a somewhat different and more exact 
computation of wind pressures, and where the spaces are large, separate calculations for each 
individual member based upon their size, shape, and form, may be essential. 

Centrifugal Force. 

S9uth ArntrUan Havlvay Frmctic*. 

Centrifugal force on bridges on curves taken at 0*02 of the live load for each degree of 
curvature up to .*l*, and reduced by 0*o01 for overy degree of curvature above the force 
considered as acting at a height of 6 fi. above rail level. In short spans where impact is high, 
a percentage for impact Is added. 

British Practice, 

Ceutritugal lorce for each degree of curvature, assumed to be 1 per cent, of the maximum 
roiling load un all tracks for a speed of SO miles and under, and 1 per cent, added lor each increase 
in speod of 10 miles per hour. Considered as acting at 5 ft. above rail level. 

The radius in feet (R| is reduced to degrees of curvature (D) by means of the following 
formula:— 

Theoretically, centrifugal force varies directly >48 the weight of tht* train, and as the square of 
the velocity at whico it travels, and inversely as the radius of the curve, or 

where 
W weight of train In tons; T — Its velocity in ft. per sec.; r radius of ourvatore of 

rails in ft.; — 33, the force ot gravity ; F — centrifugal force in tons. 

The whole of the centrifugal force is not usually neutralised by the superelevatiou of ths 
rails, henos ihe allowances are made as above. 

BBITISU STANDARD SPECIFIOATION FOB OENTRIFUGAL FOBOE. 

Where a structure carrying a railway is situated on a curve, provision shall be made In 
designing the memt/ers for the stresses duo to the centrifugal aotion of the moving loads, eaoh 
track on the structure being cousidered as oocupied. The allowanoe for the centrifugal effect 
shall be calculated from the following formula :— 

where, 

O 
WV* 
16 B 

C the centrifugal effeot per lineal foot considered as a moving load, acting at a height of 
6 ft. (1 *83 m.) above the level ol the rails, unless otherwise speolfled by the engineer; 

W — the equivalent distributed live load per lineal foot; 
V the allowable maximum speed of the train in miles per hour, as spsoifled by the engineer; 

and 
B — the radios of the curve In feet. 

No Increase for impaot effect shall bs made on the stressee due to the oentrlfogal aotion. 

VoL. 1. 3 
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Momentum of Trains. 
Fwrtt ohd Brakitig etr§ti€4„ 

In btidgM of bug* ilmentlona ■p«cl«l ottentloa ■homd bo giro to tho dotolls oi tbottinoturo, 
to pcoTido Cor the longitadinol ■treMoe resulting tr<»n sadden opplication of oontinaoas brakes 
to the train while on uo bridge. The horlsontal force resulting from snob notion can be taken 
as aoe-ilfth of the weight of the train. 

The adhetion weight of locomotives is asuallj about 460 lbs. per ton of load on the ooupled 
STllfti 

CBefer abo to Power, TTaotive Force, and Adhesion of Locomotives, Train Acoeleratton, 
eto., Section XXXIL, Fart U., •BaUways.*) 

Longitudikal Forobs. 
Where a stmoture oarries a railway, provision shall be made for the stresses due to the traotive 

effort of the live load and the braking effect resulting from the applioation of the brakes to such 
load while passing thereover, these forces being oonodered as aoti^ at rail leveL 

(а) For rallwm worked by steam or eleotrlo locomotives, the amount of the tractive effcnrt 
on one track timll be aaoertalned by multiplying one and three-quarter times the maaimnm end 
shear doe to the live load on that track by a factor equal to:— 

ao 

L-l-76 
when, 

L the qmn in feet. The load on the track shall be calculated from the shear table for end 
shear as set out in Appendix L, or such other loading as may be speolfled by the engineer. The 
fhelor shall not exceed 0*16 as a maximum. 

The braking effect shall be siinilariy determined by using a factor equal to:— 

I# + ew 
also limited to a maximum of 0*16. 

(б) In the case of lines wmrked solely mi the eteetiioal multiple unit system, the amount of 
the tractive effort on one track shall be asosrtalned by multiplying the sum cf the actual wheel 
loads on the span by a factor equal to 

8 
L-10 

+ 0*10 

L the spaa In feet. The factor shall not exceed 0*80 as a maximum. 
The braking effect shall be similarly determined by using a factor of 0*80 for all spansu 
(e) Wheretheatrs»tareearrlesmorethaacnetrack,all the tracks shall be considered as being 

ocsupled timnltaneooaty by the live loads, tractive and braking foroes being applied to alternate 
tiaeka. The maximum effect on any glMer with two tiaeke so occupied abaU be allowed for, 
but where these are mere than two traeka, a sniteble reduction may be made on these forces 
for the additional tracks at the discretion the engineer. 

No tacnass fer impact effect shall be made on the stresses due to the hmgltodinal feross. 

Impact. 

If a load is applied suddenly to a struoture, vibration will ensue and the strain—and thus 
the stress—will reach twice the value which would occur if the load were gradually applied. 
There is a great similarity between the results ot experiments on variation of stress and sadden 
loading. TheFrench Qovemment obtain wmrking stresses by means of the Launhardt-Weyranob 
formula, but in America and this country various impact formula have been devised, but which 
are by no means final. 

Theory prescribes that the following droumstanoes at least should be taken into account 
in any impact formula:-* 

(1) The length of the bridge; 
(9) Thenmo of live to dead load; 
rll The natural frequenev of the bridge; 
(4) The finctnation in rail pressure due to balance weights, hammering, etc.; 
(6) The siie of the driving wheels. 

To supply the necessary information required under (8), a systematic research is reqoiredl 
deaUiig with bridges of various slaes and types. 

IfaddsTr Fwmmlm. 

, 400 
*-L-i-600’ 

where 
Law length of that portion of the span which is covered by the liveload when the maxlmunr 

stress under coDsIdsrution is produced, and 1 Is the peresutage by which the maximum static 
stress is to be insiioasd. 
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AliLOWAirai lOB HCPAOI Df BBllXns. 

^ ^ ^ ■■ **“• by » tndn tnTelling 
ftTM from th« pomt wImm a gfrca mamber oommenoea to laeaiTa tha atreaa 
tha itTOM la a maximnm (l,a. la a plain glrdar, T ia tba thna takan to paaa 
• allowabla daflaotlon; f tima takan for a frea falling body to fall 

r-^.ori-|y^ 

P Mparoantaga allowaaoa fori mpaot, than 
p 50VVD 

8 * 
Am tha formula ia ooiraot for a alngla oonoantratad load only, it firm axeaoaiTa allowaaoai 

lor long apaaa, and P may ba raduoad ^^th of ita found ralua for aaoh 2ft ft. apan in apani 
ofoTar2ftft. 

In all oaaea wharo 7 ia aaoh that tha load traTaraea tha half apan in laaa tlma l, tha 
parcantaga for impact moat ba 100, tha maaininTn 7 baing fixed at 100 ft. par aao. 

V 
For a daflaetion of of tha apan, P «■ leaa tha allowance for apana abora 2ft ft. 

V 8 
Thaaa formoha are baaed on tha idea that impact moat wmtj with tha time of application of 

tha load. On a long bridge aran a high apaad train only raachaa ita poaition of muTrimnin banding 
m(Hnent aftm aararal aaoonda, ao that tha bridge daflacta alowly to ita maxlmom daflaetion and 
goaa rary little b^ond what tha train at raat would produoa. Thla appUea to main matabara. 
Fkxw baama and uiair attachment, howarar, raoaiTa maximum atrem rary rapidly, few tha train 
adranoaa to full affect in tha brief apaoa of one panel length. On floor atiingw and-connaotiona 
tha first and ia loaded abaolutaly Inatantaneooiuy; tiia atitngar itaelf takas ita maximum load in 
about half a panel length, and ao on; aaoh mambar ia to ba allowed for impact according to tha 
time raquirad from ita first feeling tha load to tha time of maximum moment. No ahnpla load 
can produoa an impaotira atreaa mors than double its static atreaa, but a awaving looomotira may 
hare mora than half its load on tha wheda of one side, ao that a wheel which may causa a 
maximum load on, aay, Uia first end of a floor string, may happen to ba loaded at tha moment 
perhaps 80 per oant. mora than ita half share of tha load on its axle, and at tba same time it may 
happen that the balance weight is Just daUraring ita downward hammer blow. Thus oare is 
naraad to giro ample strength to details aran la^Tor bridges, but tha main mambara of a hurga 
bridge are but UtUe afleoted by the trirlal dataUa of looomotira swaying, hammer blow, 4o. 

B^spantnft.; 
at ralodtjr 7 to tn 
to the point whan 
half tha apan); D- 
tbrongh*a h^ht I 

BBiTTSH Standard SPHOxnaATioN fob impaoi BFFBor on boad bbidobs. 

In the case of road bridges the addition to the lira load, which ahall corer all impact afleota 
due to the rehicla and its load or to irregularity of aorfaoe, shall be ascertained by multiplying 
the lire load by a factor derired from the following formulm:— 

(1) For bridges carrying one line of traffic only:— 

I Hi 0*7ft ^ 0*0081 with a maximum ralua of 0*60. 

(3) For bridges carrying two or three lines of traffic:— 

1 0*6ft — 0 *0081 with a maximum ralue of 0*ft0, 

where I tha factor and 1 m the eflectlre span in feet. 

For a main girder the eflectire apan idiall be the distance between tha centres of bearing 
plates or rocker pins. 

For a cross girder, other than an end cross girder or intermediate cross girder at which the 
continuity of the flooring is interrupted, I shall ba tha distance between centres of tha cross 
girders on either side thereof. In the case of ui end cross girder or intermediate cross girder at 
which the flooring is Interrupted I shall be the distance between the centres of the cross girder 
and the adjacent cross girder, or where the flooring is continued beyond the cross adnler tha 
distance between the centre of the adjacent cross girder on the one side and the termination of 
the floor members on the other, except that where the floor members terminate on an abutment 
or pier tha centre of the bearing of the floor members thereon shall be taken as tha limit of I on 
that side. 

For a longitudinal bearer tha aSeotira span ahall be tba diatanca between tha centres of tha 
adjacent oroes girders supporting the bearar or the centre of the cross girder supporting the 
hearer at one end and the centre of its beating on the abutment or pier at the other. 
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When a member supports or assists in supporting more than three lines of traffic the engineer 
shall specify any required modiQcatiou of fonuula (2). 

In the case of all end cross girders on which the flooring is terminated and for bridges in 
which the deck does not form a rigid combination with the bridge stnn’ture, as in the case of 
timber decking bolted thereto, no maximum limit shall be imposed on the value of I. 

The allowance for impact on road bridges is based upon the assumption tb.at the carriage¬ 
way on and immediately adjacent to the bridge is properly constnicted and inaintaiuetl in good 
surface. 

No addition for impact shall be made to the live load due to pedestrian or equivalent light 
traffic. 

brtogb Stress Committee’s Recommendations for Impact Effect. 

The Bridge Stress Committee found all existing locomotives in this country to be covered l)y 
the British Standard Unit Loading multiplied by 18 units, and that three of llie four main rail¬ 
ways designed bridges for main lines and principal branches lor 18 units. 

The Committee consider that the effects of existing locomotives are covered by the following 
combinations:— 

18 units of load with a total hammer blow of 6 tons at 5 revs, per sec. 

16 „ „ „ „ 12-6 „ 6 „ 

16 16 „ 6 

For the design of new bridges the Committee recommends the following loadings wliich may 
be taken to cover any locomotives which are likely to be designed in the future :— 

Loading A, 20 units of load with a total hammer blow of 0*2 n* tons 

Loadings, 16 „ „ „ „ 0-6 nitons 

Loading C, 16 „ „ „ 0*6 n* tons 

where n is the number of revolutions per second, generally taken to be 6, or at most 6. 

For the A loading the total hammer blow is divided ecpially between the two central cou))lod 
axles, or alternatively lor short spans, between the two axles loaded with 1*26 units (page 482, 
fig. 2). 

For the B loading the total hammer blow of 0'6n* tons is distributed as follows: 0*18 n* 
tons on each of the central coupled axles and 0*07 n* tons on each of the outer coupled axles, or 
alteniatively for short spans a hammer blow of 0-278 n* tons is supposed to be cvmcentrated on 
one of the two axles loaded with 1-25 units. 

For the 0 loading the total hammer blow of 0-6 n* tons is distributed as follows : 0-217 n» 
tong on each of the central coupled axles, and 0-083 n* tons on each of the outer coupled axles, or 
alternatively for short spans bammer blows of 0-055 n* tons on one of the two axles loaded with 
1-25 units, and 0-278 n* tons on the other axle. 

For rail bearers or small culvert superstructures, tlie hammer blow is by no means equally 
divided between the two wheels of an axle. For the A lo ding six-Jifths of the hammer blow, 
and for the B and 0 loadings Uve-sixtbs of the hammer bio.v should bo cak ulated as applied to 
one wheel. 

To provide against lurching in the case of deck spans each girder should be calculated to 
carry five-eights of the total load instead of one-half, e<(uivalei^t to au increase of 25 per cent. In 
the case of through bridges the corresponding maximum proportion of the load carried by each 
girder should be calculated on the supposition that either rail load of any track may bo subject 
to an increase of 25 per cent, and the remaining rail load to a decrease of 25 per cent. 

To cover the effect of rail joints and other irregularities provision should be made for an 
n* n* 

additional concentrated load of ^ tons on each track, equivalent to a distributed load of ^ tons, 

where n as before is the number of revolutions per second. 

These additions to the British Standard Unit Loading make up the total impact allowance 
In accordance with the recommendations of the Bridge Stress (’ommittee, except that for long 
pans the efleot of the synohronizhtion of two locomotives Is considered. 
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Temperature Variation and Stresses. 

VARTAnON OP TEMPBRATirniC AlfO EXPANSION. 

Records fl^hich liave been made Greenwich shnw the aveiage ratiue for twonty years 
to be 1 i® below and 13® abor «the ruflan temperature. Phb laarimura annual range of temperature 
in the shade may be 85®, and in the sun as much as 137*. The thooretical expansion which these 
teinperatnres would cause In steei woutd be | in. and 1 in raspeetiveiy in a length of 100 ft. 

The observed movement in the Forth Bridge is in. per 100 ft., while the ris« in the crown 
of one of the caatz-iroe arched ribs of the Old Southw.ark Bridge was I {ins., the length of the chord 
of the iiitrados of which was 246 ft. and the ver»e«l sine, 23 ft. 1 in. 

In tropical and sub-tropical countries the variation between the highest day temperatare 
and the lowest night temperature may be as mooh as 150* F. or more. 

Provision for Expansion, 

For spans less than 40 ft. it is not customary to provide bearings with means of expansion, 
but for spunii in excess of this, provision for expansion to the extent of 1 in. in every lOC ft. 
Eliould be allowed. No allowance is usually made for expansion and contraction In the direction 
61 tliu width of tlie structure, but in largo and wide bridges it will be necessary to consider this. 

TEMPICHATUBK STRl?aS£3, 

'Phe forces due to unequal temperatures on different parts of a lattice girder bridge act very 
-lowly and, due to the alow yielding property of diuitile metals such as steel, cause the parts of 
the frameto idjust themaelveato tbe gradual stresses to which they are subjected. Nevertheless 
temperature stresses in large bridges must be carefully considered. 

If the ends of a b »r or portion of a bridge are rigidly fixed, a difference of temperature of 100® F, 
will cause astrof;>s of 8'51 tons per ^q. in. 

Lei 
I -■ length of a bar at 0* F. (ia feet); I, — iti length at i* P. (in ft.); </> coefficient of 

linenr expansion for I* F.; E — Young’s mo«lulus, 

then 
Elongation for I* — i, f (I 

Stress per ® P. — <f» X K tons per sq. In. 

Bedplates and Bearings. 

TYI’ES of BBAIUN03. 

Bridges of spans below 100 ft. are not usually fitted with any special means for allowing 
free expansion, but arc simply fitted with a sole plate resting on a bearing block, the holes in 
tlio solo pl.i(,f3 at on*: end of the m idiro being shotted to allow of movemeat, Tht bearing block 
may rest upon hair-felt or sheet lead. 

Bridges over 100 ft. should rest at ono end on roller bearings of not less than 4 ins. 
diameti r. or Bome otner forni of expansion bearing. 

The average type of roller liearixig Is usually very liable to rust up and become filhd \' ith 
dirt, etc., that .alls from the bndgo, and so becomes practmiJly nseK^s, un.i.-^.s very carefully 
designod with a view to eliminating this source of trouble. 

I'or boanogs of largo span bridges to be really satisfactory, they should have some means 
of providing for the deflectioii of the bridge under load. This i? now arranged tor by having 
some sort ul knuckle at both ends of the bridge; a bearing oi this type is shown in tig. 4, which, 
howover, is not to bo n»gardeil as s.atisfactory as regard.s the roller portion, which should bo 
protected from rust and dirt. 
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The pressure In pounds per llneel in. on rcdlers oi mild steel should not exceed 660d, where d 
equals the diameter of the roller In ins. 

Fia. 4.—Oombined Knuckle and Boiler Bearing. 

The bedplates should be of sufficient area to distribute the load orer the masonry abutments, 
the llnuting or working pressures being 

Granite.25 tons per sq. ft 

Hard stone.20 „ „ 

P.O. concrete (1*2-4).. 18 

A form of end bearing is shown in fig. 5, which is a oombined rocker and expansion bearing 
for the tree end of the bridge. The pin in this case takes the place of the knuckle in proyiding 
lor defleptlon. 
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RlQBT’a FATBNT EXPANSION ROOKEB BVABINO. 

A very ezoellent bridge bearlnsr for spans of 100 ft. and ovm. Is the one designed and patented 
by the late Mr. H. Blgby, M.T .O.E. 

The bearing for both fixed and free ends is shown in figs. 6 and 7, 

In thds type the knuolcles provide for deflection and the rocker for expansion. These bearings 
are considerably cheaper than most other forma, much simpler in oonstniotion, and are quite 
immune from the effects of rust and dirt in opwation. 
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I'Mooring. 

Buckled plate PLoowNa. 

The reitl3tAac*« of square bucklod pUtea* bolted or riveted down all round, la double the 
resistanoe of the same plate merely supportod all round, and if the two opposite sides be wholly 
unsupported, its resistance is roiluced in the proportion of 8 to 5. 

The stiffness of buckled plates is as the square of the thickness, and inversely as the curvature. 
Two inches curvature suffices for 4 ft. square and ^ in. thick. 
Ordinary plates are made 3 ft. and 4 it. square. 

WEIGHT AND SAFE LOAD OP BUCKLED PLATES, S FT. SQUARE. 

Safe Load distributed in Tons. 

No, Thickness of 
Metal. 

Weight 
iu lbs. 

Passive. Impulsive. 

Per Plat»'. Per Sq. Ft. Per I’late. Per Sq. Ft. 

1 18 B.W.G. 17-3 0-27 0-03 0-20 0 022 
2 16 „ 23*6 0-13 0-018 0-32 0-036 
8 12 38-7 0-r,4 0-071 0-18 0-053 
4 1 in. 450 1-00 0-112 0-75 0-088 
5 67-5 3-6 0-278 1-7 0-180 
6 i'lQ. 90*0 4-5 0-5 SO 0-335 
7 in. 112-5 6-2 0-689 4-7 0-522 
S i In. 135-0 9-0 1-0 1-8 0-755 

The safe loads may be doubled for buckled plates of puddJ;xl steel. 

Buckled plates are usually made S ft. to 6 ft. square and ^ in. to | l>i. tliick. They can also 
be obtained In long lentrths having several buckles to th« plate. 

To calculate the Io»a uulfonnly di^trlbut«»l over a buckled plate, which will crush It—the 
plate being square and fastened all round the edgt»—multiply the depth to whi<-h the plate 
is buckled by the square of the tiiickuass, both in inches, and by 105; the product will be tha 
crushing load in tons (aoariy). Central load which will crush a buckled plate, about one-thlrJ 
of uniformly distributed load. {itankine.) 

Corrugated plates and Xrougus. 

These plates and troughs arw made of ordinary steel plate and can be obtained in sizes fioui 
2| ins. aeep to 10 ins. deep, and in lengths up to 30 ft., without in the sinaller sixes and up 
to 40 ft. iu the larger sizes and thicknesses. The advantages <'ialnied are:— 

(1; Ordinary plate is used and ijressed ia moulds in such luauuor that no deformation of 
the plate occurs. 

(2) The sections can be made of any thlckucBS to suit requirements and are therefore very 
economical from the point of view of weight. 

Tbs smaller sizes are manufactured with several corrugations in one plate and the larger 
sizes with only one trough or corrugation. 

DlSTHIBUnON OF LOAD, 

It may be assumed that the wheel loads are distributed over b It. run of the door it the 
sleepers are parallel with the troughs and 10 ft. if at right angles to the troughs. 

The strength and stillness ol trough or corrugated lliK>ring, when riveted up, is coTistd^Table. 
Baich trough may be treated as a girder, but then each girder is connected to its follow; thus 

when the load ia applied to, say, one trough it caunot deflect without dragging down Its adjoining 
troughs for some distance ou each side. 
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Floor Troughing. 

Troupha, fig. 8, are conijioeed of apecial rollfd Hcctionsof the form of splayed channels and can 
bo obtaliiM In many siz-es. The advantages claimed arc that the webs are thin and the bottoms 
and tops tMek, and so approach what is required from the girder point oi view, also that the 
riveting Is eitaated at too neutral axle, where the bending stresBOS are a minimum. 

FlO. 8.—Ste«*l Trough. 

Weight ov« sq. ft. of area covered •« 21*52 lbs Section 'JoJulus *» 2i*62. „ 

BTKEL TuouaniKa. 
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Oambbr. 

The proristos of on npword oamber in bridge girdere gives a better appearance to the bridge, 
and, moreover, obTletea the additional itreoa, due to the centrifugal force of the train running 
round the onrre, which would otherwise occur doe to deflection. 

Bridges of 100 ft. span and upwards are usually given a camber of I in. for every 40 ft. in 
length. Plate girdors of small dimensiona are not usually cambered. 

Vor parallel or bow-topped lattice girders the increase in the length of the top boom and bays 
therein can be found as follows:— 

If 
e wm oamber in ins.; N «■ nnmber of bays; D — depth between centres of flanges: 
length of (me bay in ft.; L —i horizontal length of bottom boom in feet; x » increase in 

length of one bay in top boom in inches; y -■ total increase in length of top boom. 

then 8cD, 
*-OT » 

teD ^ 
when c 1 in. in 40 ft.; X 

LD LD 
kV 

BmniKa. 

Afvel PUehet, 

The pitch of rivets in the direction of the stress should not exceed 6 ins., or 16 times the 
thickness of the thinnest outside plate or bar, nor less than 3 times the diameter of the rivet. 

At the ends of compression members the pitch should not exceed 4 times the diameter of the 
rivets for a distance equal to twice the width of the membtf. 

In the flanges of girders the pitch should not exceed 4 ins. In webs composed of two or more 
plates, the rivets, used solely for causing the several thicknesses to sot as one plate, should not 
be spaced more than 13 ins. apart in any direction. 

The distance from the centre of the rivet (or bolt hole) to the edge of a plate or bar should 
not be fbss than 11 times the diameter of the rivets in the case of planed or rolled edges. When 
praotioable, the distance should be at least 2 diameters of the rivet, but not to exceed 8 times 
the thickness <»f the plate. 

In chain rlvethig the distance between centre lines of adjacent rows should preferably not 
be less than 8 diameters of rivet, and in no case less than 3^ diameters. 

In sigaag or staggered riveting the distance between centre lines of adjacent rows should 
preferab^ be not lees than 2^ diameters, and never lees than 2 diameters. 

DiameUrs of Rioots. 

There are various rules for obtaining the most suitable diameter of rivets, but thej are not 
eften used in gtruotural steelwork. 

In practice, a } in. or | In. diameter rivet is adi^ted whenever possible, and it is best not to 
use any formula to obtain the diameter in terms of the thickness of the plate. 

The following is an exceedingly good rule and Is almost universally followed 

I in. rivets for | in. plates. 

} in. i in. „ 

1 in. „ „ f in. „ and evsr. 

It it diffleolt to get rirets of larger diameter than 1 in. closed by hand. 
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SECTION XIV 

PART II 

PLATE GIRDEK BRIDGES. 

LIVE LOAD — WEBS AND STIPPBNBRS — JOINTS — CROSS 
GIRDERS—RAIL AND ROAD BEARERS—CURTAILMENT OP 
FLANGE PLATES — DEFLECTION - CANTILEVER PLATE 
GIRDER BRIDGES. 

(Revised by J. D. W. Ball. A.M.I.C E.) 

LIVE LOAD. 

Criterion for Maximum Bending Moment, 

For a maximum bending moment under any load in a system of wheel loads on a girder, 
the load considered must bo as far from one end of the ginier as is the centre of gravity of all 
the wheel loads from the other end of the girder. Or. In other words, the load considered and the 
centre of gravity of all the loads in the girder must be equidistant from the ends of the girder. 
It is often possible to deiemiine by inspection which load will produce the absolute maximum 
bending moment due to the passage of the live load. 

Criterion for Maximum Shear. 
The maximum end shear for a system of concentrated moving IosmIs will occur when the 

reaction is a-maximum. 

The maximum positive shear in any section of a girder occurs when the foremost load is at 

the section, provided W is not greater than ^ . If W is gpreater than «the greatest shear 

will occur when some succeeding load is at the point. 

In this case— 
W the sum of the loads; P, >■ the foremost load ; L >■ the length of the span ; a ■■ the 

distance apart of the foremost and next load in succession. 

In plate girders with cross girders, to determine tho position of wheels to give maximum shear 
in panel to left of any cross girder, one of the laige wheels is always placed over the cross girder ; 
the wheel so placed should satisfy the following conditions r— 

(1) The load to left of the cross girder, and including the load over the cross girder, most be 
equal to or greater than the total load on bridge divided by number of panels. 

(2) The load to left of the cross girder, and not including the load over the cross girder, must 
be less than the total load on bridge divided by number of panels. 

It will sometimes be found that more than one arrangement of the loads will satisfy the above 
conditions. In such cases it is necessary to figure the shear for the different loading and use 
the greater. (.American Bridge Co.) 

WEBS AND STIFFENERS. 

Distance apart of Stiffeners. 

The distance apart which stiffeuers should bo placed can be found by the following formula 

where 
L — distance apart in ins.; (thickness of web in ins.; K « stress per sq. in. to be pro* 

total shear at a section 
Tideator-t... - w.b ' 



610 COMPOUND WEB PLATES 8ec. XIV (it) 

The position ol stiSoners should bo to ivrraiipid to c;m5ro no irret^iii^rity in rivot pitoiies, 
i.tf. the pitch should niter if it is uecet^sary nt a stiffener. All stiffeners should boar tif'htly iit 
the top and bottom against the llango angles, and wheroror possible, stiffeners should be placed 
at all web Joints. 

In British practice, stiffouers are soldom placed at distances wider apart than the depth of the 
girder, with 6 ft. as a maxinmin when the thickness of the web is loss than of the imsupportud 
distance between the ilange angles. 

Stiffener angles o^er the bearings should be designed to carry the entire shear at that point 
without exceeding the safe stress (packings should not be included in the area); they should be 
proportioned us struts with ffxod ends, ha\ring a length equal to 2 of the dopth of the girder. 

Compound Web Plates. 

Web plates composed of two or more plates should not be used where the total thickness 
Is less than 1 in. (For Uivoting, see p. 230.) 

Reduction of WedD Thickness, 

The following is a graphical method of obtaining tlm neemaarj’^ lengths of web plate of given 
thickness or the thickness of woh plates of given length. The thickness of web plate required 
at the abutments must first be calculated in each case. 

Distances such as * a' measured to } in. scale in fig. 1, give the reduction in thickness 
permissible. 

JOINTd. 

Thickness of Cover Phitos. 

The thickness of cover plates may bo determined as follows:— 

Single covers — f 4- g 

Sum of thickness of double covers 

where 
t thickness of plates Joined. 

t 4 4 

Flange Angle Splices, 

If a girder is so long that the angles cannot be obtained in one length, or if for any other 
reason it is necessary to splice the angles and the girder is tube shipped in one length, the splices 
in the angles should be as far apart as possible and on opposite sides of the web plate. Wliere 
the area ot the fiange angle is too great to be conveniently spliced by one angle, a splice uriglu 
with area equal to about 2 of the area of the flange angle should be placed on each side of the 
girder. 
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Web Splices. 

When part of the web is ooimtoil aa flange area and the beiidinia; moment at the web Joint 
actually requires this aroa of web to brini^ the flaof^e stress down to the maximum allowed, there 
should bo, in addition to the number of rivets required to take shear, sulficient rivets as near 
each llaa^e angle as practicable to take the proportional part of the flange stress taken by the 
piec^ of web. 

The not area of these splice plates must be made equal to area of web used as flange area 
multiplied by the depth of girder <liTidod bv the distance centre to centre of splice plates. 

The niifubcr of rivots required to equal tho net area of two splice plates, multiplied by the 
(iult stress in flanges arid divided by least value of one unit (shear or bofirlng) in web plates. 

It is desirable to arrange the rivets so as not to cut out more than two rivet boles in the line 
next the joitit, or at the ends of tho plates; see tig. 2. 

The vertical splice plates should have rivets enough on each side of splice to take the vertical 
shOitr at the position of the splice. 

Fia. 2.—Web Joint. 

Flstui^e Splices, 

If for any roasi>u the flange plates have to l.io joined, a cover must be provided at ea<’h splice; 
the riveU i onrit.H'tiug the cover must be sucti that ttieir strength is equal to the plate spliced. 

It is often possible to arrange tlio spllc*^ in a stepped maiinor with only one cover plate; such 
a Joint Is stiown in lig. 3, and Is suitable for a ship(>iiig joint. 

The fln.al cover mu.'t bo at lonst equal in thickne^ to the thickest plate spliced, and, in the 
example, -txrvns as a cover for the four plates. 

The di8t.anco ajiart of the * stej>3 ' must be such that the strength of the rivets between each 
is not lose than will sutlice to develop the full strength of each plate. 

Covri* P.'<> to 

3.—Arrangeinent of Flange Splices. 

Kivets in Connection Plates, 

When a single system of lateral bracing is used, the number of rivets connecting the plates 
to tho girder should bo sulUcleni to take the sum of components (in direction of girder) of both 
laterals connecting on the plate. (Sss flg. 4.) II AB requires 6 rivsts and BO requiins 4 rivets 
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laT off ia the direction of a6 to any oonyenient eoale a distance by of b and in the dlre^on 6c 
a distance buf ot4L Drop perpendicalars isv and yx and scale the distances v6 and bx. The sum 
of these two distances represents the nomber of rirets required to connect the plate to the girder. 

If a double system of bracing Is used, they are proportioned lor tension only, and the number 
of rivets requlr^ to connect the plate to the girder will be the number required to take the 
component of one lateral in the direction of the centre line of the girder. 

There should be rivets enough connecting the plate to the cross girder or strut (if any) to take 
the component of one lateral in the direction of tiie cross girder or strut. 

Fia. 4,—Bivets in Oonnection Plates. 

OBOSS OIBDEBS. 

Distance apart of Cross C-irders. 

. Qenerally speaking, it is not economical to place the cross girders in railway bridges closer 
together than 6 ft.; at intervals shorter than 6 ft. the load will usually consist of the heaviest 
aue load of the live load, while for intervals of 6 ft. and upwards it is necessary to consider the 
several positions that may be occupied by the axles in the heaviest portion of the live load. 

The distance apart should be considered in relation to the centres of the heaviest wheel loads 
which will come upon them. 

It is often found that increasing the spacing of the cross girders adds but little to the load 
which they will have to sustain, and it is usually economical to adopt a wide spacing, say from 
6~10ft. 

In lattice girders the spacing of cross girders, depth of truss, and panel length must all bo 
considered in relation to each other, for the cross girders will usually be placed at panel points 
to avoid secondary stresses in the booms. 

The economy of placing cross girders far apart only applies in a modified degree to highway 
btidgea, as in such oases the dead weight of the roadway forms a considerable part of the total 
load. 

PBOPOBTIONB. 

The depth span ratio of cross girders should be not less than 1:10, preferably 1:8, otherwise 
in bridges with buckled plate flooring considerable trouble is likely to occur with the rivets 
holding the plates down, working loose, or the plates fracturing at the seatings. 

DovinonoBi. 
The connections of the main girders should be rigid, and 60 per cent, should be added to the 

number of rivets required to take the shear to resist the bending action. 

In plate girders the web stlfleners may be made to oonsiderably strengthen the end oonneotions 
of oroa glr&tSi and in lattice girdas a bracket plate of ample proportions should be fitted. 
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BAIL ABS BOAS BBABBB8. 

Bail Bearers, 
These should be In general placed 5 ft. apart, and most be proportioned to take the greatest 

wheel loads. Imposed by one, two, or more axles, as the case may be. Although they act as oon* 
tinaoos girders, maoh depends upon the rigidity of the end connoctians and the deOeotlon of 
the cross Riders. Where they rest apon the cross girders the^ hare a greater chance of acting 
oonrinnously; but osuslly for the porpose of designing their section they will be treated as 
separate spans. 

Hoad Bearers, 
The distance apart of road bearers will be decided In relation to the width of the bridge and the 

centres of the wheels composing the maximum live load, and will be greatly decided by the type 
of bridge floor adopted. They should be designed as supported at the ends. 

PBOPOBlfONS Of Ran, AND BOAD BBARBRS. 

The depth should nob be less than of their span. 

Curtailment of Flange Plates. 
Unless this is d<me the glrdeia will be stronger at the abutments than they need be. This oao 

be remedied by either of the following method;— 
(1) Keeping the depth constant and varying the thickness of the flanges along the length, 
(fl) Taiylng the depth of the girder and keeping the flange thicknees constant. By this 

method the girder bhewetlcally becomes parabolic. 

(1) and (S) Varying both the thioknev and depth of the girder. By this method we get 
tte hog-baoked and fish-bellied girder aooovding as the top or bottom flaag* i* 
curved. 

lA 
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There are rarlatlona of this, for both top and bottom flanges are somelimes cur7ed. 

In most cases Cl) le the moot economical on account of there being Hess workmanship required 
In the manufacture. 

The curtailment of flange plates fn method (1) !a carried out as follows 

Beferring to fig. 5, ABO is the bending moment curve on half the rilc>r AB. 

On any inclined line Be set out points a, \ c, <f, as follows — 

Be -• Modulus of section of total flange at centre of girder (luciuding portioa of web if 
allowed for in crdculacionsi. 

dr Modulus of se-^tion of top plate (net), 

cd -= „ „ 3rd „ 

» ,, 3nd ,, ,, 

a* - , 1st „ 
Ba « tt :» bottom plate and angles (includiing portirm of web if allowed 

for in caicolations). 

Join eO and draw paralleis dividing the vertical Be into similar spaces. 

Lines drawn horiaontally to meet ths bending moment curve will now give the theoretical 
necessary lengths of the flange plates. 

In practice the plates are continued for from two to four pitches of the rivois and the first plate 
over the main angles is always continued to the ends of the girder. 

A close approximation is obtained by substituting the net area of each plate, and of the 
bottom plate and angles for the modulus of section referred to above. 

Deflection. 

BLiSnO DEFORMATION. 

la one which disappears entirely on the removal of the external forces causing the stress. 

The amount of deflection in girders depends mainly upon the following 

(1) The length of the girder; 

(3) The unit stress in the flanges. 

The deflection arises from the top flange being compressed and the bottom Cange being 
extended, and the amount of deflection is not materially aflected by the kind of veb in (lee)i 
girders. 

Mona’s Thkobkm. 

A loaded beam takes up the same form as an imaginary cable of the same span, which is loaded 
with the bending moment curve on the beam and subjected to a horizontal pull equal to the 
flexural rigidity (El). The deflected form of the beam is called the eUiHrc lint of the beam. 

aaiPRiOAii Construction for ant Loading. 

(Flanges of beam of unif orra section.) 

(1) Draw the bending moment diagram for the given loading of the beam. 

(S) Treat the bending moment diagram as a load diagram and divide it up into narrow 
vertical strips; set down the mid-ordinates on a vector line. 

(8) Draw the vector diagram with a polar distance equal to the flexural rigidity (ET). 

(4) Draw the funicular polygon for this vector diagram and reduce it to a horizontal base, 
then the link polygon gives the elastic line. 

The scale to which the deflections can be scaled la determined as follows;— 

1 In. on the length of the bending moment diagram *• x ft. 
1 in. on the height of the bending moment diagram -i- y It. tons. 

Therefore in fig. 6 1 In. In height of any mid-ordinate of the beading moment diagram 
1,3,iepFesents d x x x p aq. ft. tons. Calculate the length of El in sq. ft. tong to this scale 

BI 
144 y 4 X « X y where B — modului of elasticity In tons per sq. in., and I ^ moment 

ct inertia In Inch nnite); then the deflections will be to the soale of 1 In. s « ft. 
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It will be found convenient to reduce the length of KI. for practical use, io the polar distance 
El, 

oan be taken aa where n la sonic convenient divipor. ^ lie deflection scale will then be 

1 In. » 

{E. S. indrews, B.Sc., M.I.C.E.) 

r: 

a; 

1 i 
I 

i 

Fta. r».—Graphical Determination of Deflection. 

AOTUili AND THKORETIOII. DEELKCnON. 

The difference between the actual and calculated deflection Is due to various ca.ise* ; in riveted 
girders tlie stiffness of riveted joints and covers, and the ]>ositi<'T. and fonu of tli»‘ floor, all tend 
to reduce the actual deflection, while poor quality of w’orkmanship in the riveting anil fitting 
together of parts tend to cause the aottml deflection to exceed that calou;ated. 

OANmBVKR PLATS BltlDfiRS, 

Cantilever plate girders, alternating with suspended spans, arc bein;/ much used at the present 
time. 

Kincardine-on-Forth Bridge.—On either side of the swing span there are seven 100 ft. 
ppima with 60 ft. suspended girders in the 8e<’Oiid, fourth and sixth opeuiugs. The lower flanges 
me (ill arched to a mdius of 2'J() ft. The web plati?^ are 9 ft. deep at the supports und 6 ft. dccj' 
at the centre of each span. Acro.=8 the 30 ft. width of roadway there arc six oi these girders, 
spaced at G ft. centres, the footpaths being carried on cantilever br.icJtefs in continuation of the 
diagonal bracing fitted between the girders at Jo ft centte?*. The btndngs of the cantilever 
s]mna are alternately fixed aud slitliiig. The projecting upper half of the euvls of the suspended 
spans rest on socket aud knuckle bearings on the projecting lower luilf of the cantilever ei ds, 
find these bearings at one end of each siKsiiendod span riwt on a slide plate. 

Storstiom Bridge. - Anchor span.s are 1M9 ft. 7 ins. between l)carin\s with 29 ft. 2 ins. canti¬ 
lever arms. Suspended spans in alternate openings arc 146 ft. 10 ins. ?hich span is carried on 
two main girders, 24 ft apart, with parallel flanges and 13 ft. built-up web plates. The anchor 
spans are supported on fixed and expansion oast steel bearings on alternate piers. 
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SECTION XIV 

PART III 

LATTICE QIKDEK BRIDGES. 

LIVE AND DEAD LOAD STRESSES—PROPORTIONS OF BOOMS 
AND STRUTS —PIN-JOIN TED MEMBERS — VARIATION OF 
STRESSES—PORTAL BRACING—DEFORMATION AND DE¬ 
FLECTION. 

LIVE AND DEAD LOAD STBES8ES. 

Criterion for Maximum Bending Moment and Maximum Shear. 

The maximum bending moment at any ioint in a bridge loaded with wheel loads will occur 
when the arerage load on the left of the section is the same as the average load on the whole span. 

The maximum shear in any panel In a bridge loaded with wheel loads will occur when the 
load on the panel is equal to toe load on the bridge divided by the number of panels. 

(JTefcAum.) 

Maximum Loads on Inclined Braces. 

The maximum tension in any inclined brace occurs when the leading axle Is at the foot of the 
brace, the live load covering the larger segment of the bridge from the foot of the brace to the 
farthest supi^rt. 

The maximum omnpression In any brace occurs when the leading axle is under the head of 
the brace; the live load covering the shorter segment of the girder to the nearest support. 

{R. J, Woods.) 

Shears and Counterbracing. 

(а) The maxdmam live load shear (positive) in any panel of a truss is equal to the left reaction 
when all the Joints at the right of the panel are loaded and all Joints at the left of it are unloaded. 

(б) The dead load negative shear in any panel at the right of the centre Is equal to the amount 
of dead load between the panel and the oentre of the span (Including a half panel load at the centre 
if the truss has sn even number of panels). 

(c) No counter is required In any panel beyond thecentre of the truss in which the dead load 
negative shear exceeds the maximum live load positive shear; but in each panel beyond the centre 
in which the live load positive shear canexoeed the dead load negative shear, a counter is required. 

Stresses in Parallel-Flanged Girders with Uniform Rolling Load. 

Divide spsn into s number of equal parts, one loss than the number of bays (see fig. 1). 

PL /6 — Iv 
obtaining points such as a. On the base A,B, set up length A,0 ^ ^ ^ J. where 

P Intensity of load, L — span of girder, the number of bays. 

Throngb 0 draw a parabola with vertex at B, and proieet points each os a, a,, down to meet 
the parable in points snob as r, 0,, and project horisontally across bays as shown. 

Then the maximum stresses In the dia^nals for passage of the live load from right to left 
are obtained from this ourrs. Negsiivs shsais in a similar manner. 
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Tbo puTiitioa ol lOAd to ^iyn nLtximum atresaod in ilbvfjoniils i.'i obtAiiiod from 

whero 
X »«• distance* travelled by the load bejon<I eud of nth bay, y length of bay, an l 

h ■■= II amber oi pano.U. 
(A’, S. Andrews^ B.Sc.^ MJ.C.K.) 

Distribution of Dead Doad. 

For spans under 200 ft. the total dead load shall be aaeornod to act at the loaded chord. 
For 2U0 ft. and over the total dead load will be distributed at top and bottom chords as follows;— 

On LOA-DBID OllOBDP. 

(a) Half the load rpM'ilting from tru^wos; 
(h'* Wtiifrnt of horizontal wind hracinj^ in plane of chords ; 
(c) Waitfht of floor .system, p^rmaneDt way, etc.; 
(d) Kali load resulting from weight of cross bracing in the case of deck bridges. 

ON UNLOADED CHORDS. 

(а) Half load re«ultlng from trusses; 
(б) Weight of horizontal wind bracing in plane of chords ; 
(c) Half the load resulting from weight of cross bracing in the case of deck bridges and th^j 

whole of it In the case of a through bridge. (-Sir Wm. Arro^ A C’o., Ltd.) 

Stress in Members, 

In parallel danged lattice girders the stresses in the diagonals 

_ load on diagonal x length of diagonal 

^ depch or'girder 

i.e. load x sec. 4,. (I) boing the angle which the diagoual makc.i with a rertioul iine. 
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KOiU.K Biaoiiam. 

A vory cUM/eiiioul arnl rapid iuethod o' doBriniriiug the stre.ssiiHiu tlie I’lembers of a trufis 
IS by ineiins of a force dia.'.'ra.tn as described oii pau'e Til. 

If the truss coiltaiiiH relatively few haya> three t»r four diagrams will delermint. all the maximum 
stresses, havdng previously deteiuiiiicil the total j)ar)ol point h/ade wlooh will produce the maxitiiuai 
dressi’siu tlio various fiioiubera. 

If the tVusscontains a fair iiuml.>er oi bav’s it is r ioi e convenierd to pi >,. erd by t he method of 
iolliience linos or unit loads. A table is first prepaiod giving the s*^rosse« in each member, due 
1.0 a unit load, applied in turn at e,ach pane’ point, 'riies - ntresscs can be dcti rrniiied in one 
()r two cases by drawing the corre.sponding force diagram, but when one or two have, bei.*n done 
in this way, formula} can be written down f«!r dt-torminirirr HiC n oiaindt-r and errors, if made, 
will be self-evident as the figures run in series. Thi; headings f<.r such a table are gi ven belo v. 

Stress due to a Unit Load at L’anel Point. 

Member. 

1 1 (.) r i' p 

Generally speaking, the only variable panel point load will be t];at due to the weight of the 
truss and lateral hracing. Tlic floor load will be consfunt for ea<'h panel, and it is also usual to 
consider the live loail as constant at each of tin- lon.ii il pamd points, although 'he value of this 
constant panel point live load will generally depend mi the length of the porti' n of the bridge 
assumed to be covered with live load. 

d’ho tot'll dead load stress in e.ioh inemb -r In turn is dt*!crmint>d )»y rnuUlplyii g the variat)le 
jrtnel point truss lori'l by the corrc.sp(.*riding unit h ml stre.^i' and .-’,urf,n.ing these, bv multiplying 
the p inel point floor load by the algebmic sum of t.he unit load stresses, and addine the two 
results 

Live load chord stresses will be obtained in a similji'- v.av, b'lt for \'eb niernbers, the live load 
stress may be tension or compression, according (i.* wnich joith n r.f ti e bridge is Irntlerl, and 
the.se total toosion or compression stresses will be obtained by multiplying tlie sum of t'le unit 
load temsion stresses by the appropriate panel point live load, or the sum of tlie unit load com- 
prossion stresses by the appropriate panel point live load. 

lUTTKn'.S VMnTUOl) OF SlCOTtON^.* 

consists of drawing ‘ Hues of ■ecliou * rutting *fi'j bridge truss in not inoro than three td 
t membcfs. 'riioso liii'^s diviile the truas into two p•.rtv.onftof whlc.li is .supposed to be removed, 
the external forces actiiig on the other portion alone being considered. 

I'he stroiis In any one of the three members ciit by tl.e ’ lino cl section ’ can be f*iund by takin,* 
moments round tlio point of iutersoctioii of the other two. 

A.," 

i 
! 

F; 

A. 

X 

\ ; 

\i 

y i fd i C y D 
:0 1 ■ ?.0T ‘lOT I 

.X 

1 lo'o I in'.Q 1 ()-.> 

I'lU. 2.—Itlttcr’s Method of cectiona. 

This niefhod Is not applicable tA> tiiidiu.g the stresses in the flanges of parailei-flaaa:cd girders ; 
tor the flanges if produced woulii uot meet. 

In fig. 2 draw tlio soctioualline oA, cutting I'lS, IHl, GA , then., 

Blress In FU X x «»60 x y, y being measured to the point of intorsectioa of FE and -\U. 
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It will be teen that the moments of the stresses on the members which meet at the point 
Indicated become sero; and it is only neoeasary to equate the moment of the stress on the third 
member to the algebraio sum of the momenta of all the external forces acting on the portion of 
the truss considered. 

If it Is required to find the stress In the member HB, with the lire load In the position shown, 
then» 

Stressin HH x x* - (60 x SO) - (20 X 10). 

Stresses in the rertlcal struts can be found In a similar manner. 

Bragou) or Lathob Strots. 

The least nomber of panels 

^east radius of gyration of whole strut 
Least radius of gyration of untoaoed portion 

In the case of a strut composed of an angle at each comer, the least radius of gyration of 
unbraced portion must be taken as one of the angles. 

Batten plates should be spaced from 2-Z times the overall width of the side braced, while 
the inclination of diagonais to the axis of the member should not be less than 45*. 

The thickness of bars with single lacing should not be leas than ^ of their length; with 
double bars, not less than ^ d their length. 

Ties. 

Ties should usually be designed to be of rigid constmotion, but mav be of roiled flat bars 
except near the centre of the span, where they must be composed of rigid sections. 

Gounter biaciag must be at similar construction to the centre ties. 
Rolled ban forming long ties should be provided with distance pieces to reduce vibration. 

Pin-jointed Members. 

Pnr (X}NNBanoKS. 
The tearing, shearing, and bearing strengths of the Joint should be made as nearly as possible 

equal to each other, and to the tensile or compressive strength of the bar in which the joint occurs. 
Usually the bearing stress on the pin is taken at somewhat lees than for rivets, to allow for 

imperfect fitting of the pin. 
The bending strength of pins Is very important, for if the pin becomes distorted the distribution 

of the loads and the calculation of the stresses is very uncertain. 
Secondary bending in the top booms and strat members of a bridge merit greater attention 

when they are connected with pin Joints. In this country pin joints will not often occur anywhere 
other than in suspension brid^, but in America pin-jointed bridges are very common. 

Weight of Member 

Flo. 8.—^Fin-jointed Member with Bccentrio Pins. 

The position of pins may be so fixed that when the maximum stress (direct compression) comes 
upon the chc^ through the pins, It will produce an amount of bending moment equal to that 
produced by the weight of the membei, but in the opposite direction. 

In the ordinary type of top boom or end post section, this oendition will be effected when the 
position of iiut pins is fixed at a distance y (see fig. 8), perpandicolarly below the centre of 
gravity of the sectiott, given by the formula 

where M Is the bending moment in inch pounds dae to the weight of the member, and Se is the 
total ma]^am diroot oomptessive strsm in the member in ponnds. 
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Variation of Stresses. 
W0HLEB*8 BXPSBIMKirES. 

When the elastic limit is not orerpassed it is possible, under certain conditions, to fracture 
steel by repeating the stress a sufficient number of times. Wohler showed that it was the range ' 
of stress, apd not the maximum stress, that determined the number of applications before rupture. 

The general conclusions are that: 
(a) The neatest tensile stress a bar will bear for an indefinite number of times is for iron and 

steel about half its ultimate static breaking stress. 
(h) The number of repetitions required to produce fracture is increased if the range through 

which the stress is varied is reduced. 
(c) A bar will be strongest when exposed to racing stresses of the same kind, and weakest 

when exposed to stresses of opposite kinds, tension and compression. 
The stress caused by a load suddenly reversed is three times the static stress, and a load 

suddenly applied causes a stress of twice the static stress. (Refer to * Impact,* p. 600.) 

BBLATION BBIWEEN SUDDBM LOADQia AHD REPBrinON Of 8TRB88. 

The similarity between the results of experiments on variation of stress and sudden loading 
has given rise to many assumptions that Wbhler’s results were really due to the effects of sudden 
loading, and that the two are really aspects of the same question. 

Although there are many points which require to be decided in the consideration of these 
experiments, for practical reasons it seems best to allow for either one or the other, and not for 
both simultaneously in one member. 

In the case of cross girders and vertical suspenders, allowance should be made for the full value 
of the elastic vibrations duo to sudden loading; while rail bearers and main girders, both plated 
and latticed, of spans up to 100 ft., should be designed with an allowance for sudden loading or 
impact, using one of the impact formulss evolved for the purpose. 

In the flanges of girders and the principal members of arched and suspension bridges of large 
dimensions the stress variation takes place more gradually, and allowance for variation of stress 
can be made by adopting a reduced stress, based on the amount of variation of stress. 

LAUHHARDT-WXTRAUGH IlBTHOD. 

'The working stress is varied according to the relative amounts of live end dead loads. 

IfBHBEBS 8BBJKOTID TO TBM8IOV ONIT. 

« / /. minimum load v 
Woridn* .tM« - j. j (1 + i X iiriSiSTciid; ‘0" 

being the static or dead load working stress. 

DTHAMIO MITHOD. 

Working stress — ^ ; 
1 + 

total load 

. ^ mazimum load 
The sectional area of a bar in tension - ^^klng strm* 

MIICBBBS aOBJBenD TO ALTXBITATK STBB88KS. 

Members of bridges subjected to alternate tension and compression should be proportioned 
as struts, to resist the greater stress added to | of the lesser stress, except in the case of wind 
bracing, where the members should be proportioned to resist the greater stress. The sum of the 
stresses s^uld be used la designing the connections. 

Portal Bracing. 

D$iign. 

There are many types of portal bracing which may be used; A to F, fig. 4, show some 
common forma. 

The flxing of the lower ends may be assumed as either hinged or fixed. 
They may be considered as fixed by virtue of the direct stress due to vertical loading, when 

XLct 
V X is > M max. at A or B with fixed ends; M max. — -|- , where Vtotal stress in the 

column. 
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The following Lreatrnont for fcho calculation of thf» strcfsc!* ijj due to Air. AJllo S. ICotchum In 
‘Steel Mill Hulhiings,’ in which book he deals Avith the stressoji iu ruau/ types, with both hinged 
and tixed ends. 

atresnesin Portulia'). Cdumna llinaed. 

The deflection? in the columns are .assumed to bo equal, then, 
J{ 

II = H. = 

Taking mcraents about the foot of the windward column, 
\Ui 

Y, « - V =. , * 

Baving found tbo external forces, the ptrcestsiu the metnbt rs luaj be found eitlier by algebraic 
or graphical methods. 
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Fifi, 4.—Types rtf Porbil IJraoing. 

I’o obtain the •'trcfis in intuulsor GO, p vus a section (RlttePs metho<l of secLions), cutting GP, 
HP, and GC, and tako moment'* of the extornal forcos to the right of the section Kbout point P as 
centre. 

H h 
~ ih - 

But II ^ , and (h — d) sin f/i ^ J x cos <}>. 

Substituting these valu-sln the aboTe expressions, 

QO= - 
117* 

S OOS r/, ' 
- V BOO <(>. 

Besolving at 0 and F wo have: stress in EP 0, and also strw^os la BE, and 1_TE, 0. 

To obtain stress in GP, pass a section cutting UG, HE, and GI), and take momenta of the 
external forces to the left of the section about point U as centre. 

GD- 
m 

(h — d) sin i; + V sec (f>i 
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Tooht.*in atroswla O L'’, p;».ma aeotioii cubliiu’ (iF, EP jini.1 iJO, uad take moHMaits oi theexternal 
forced U) tlio right of the aootloii ahoat point C ns centre. 

<iF « 
K(/i - d) A- ilt/ 

h - d 

To obtain Rtressin IIG, p.-uss a section cutting Jfti, HE, luui GD, ami take monifiita of the external 
forces to the left of the section about point IJ as centre. 

H G 
h d 

The strcKS In the windward post AP is zi ro above and V belov the foot of the knee brace G 
the ttre&s In the leeward poit is zero above ami V, below the foot of the knee brace D. 

The shear iu tho p<^tfl Is II below th^ foot <.f tbc knee brm'e, and above the fcot of the knee 
brace Is given by the formula— 

lid 

^ A - d “ 
T’ho maxiaium inoineat iit the i^osts occurs at the foot of UiO knee braces C aii.l I), aud is 

M - lid. 

The stTi'sses In portal (6) arc found In a similar manner, btit it will be found that dl u>ernber'i 
are stressed In portals (6) and (d). 

JJerormatioi) diia Jieticctiuii. 

ACrUAL AN1> THK0!U5ri(bAL DEFLECnO'^. 

There Is usually a vllfTerence b.elwcen the actual and cal< idatcd defitction of fianud structures. 
This la due to various causes, principally the rigidity and sliiVnees of the joints or otherwise, ana 
the actual deflection is usuallv in exceas of that cahaiiated. 

Contrary to statement that the amount of driloition ic. indei endent of wiy change of form 
which may take place in the web, and Is not (v-fle* ted l.j the f(>rni ct \sf b, itis fouiid tliat the 
deformation of the web members contj-ibiUes largoiy to tbc total df llK tion. 

DF.FLKCilON OF A I.ATJlil-: Glflbl R. 

The theoretical deflt^ction of a framed pfructure can be found both analytically and graphicaiiy 
when tho clastic doformatlon of each member c<ui.scd by the stress In it known. 

T'hc following method Is tliat developed by Maxwell and Mohr, .’»nd lb taken from .'^Ir U . Arrui 
'4 Co.’s iJandbook :— 

F.xamidr.—Find the deflection at the centre of a lattice girder IOC ft. span, I'j ft. deep, and 
I'M l( (l with a di;tributfd lo.id of 1 ton per ft. run (seelig. o). 

O . bor 1.) 1 (} un.i 

bet 
L length ol any mombor la ft.; length of any me.nbor in ins. ; *- total stress in 

any member due to 100 tons di.stril>iitcd load ; i* striss per sq. in. in any member due to 100 
tons distributed load ; <l> — total stress In any member due to 1 tA>n placed at the point at whidi 
it IS reqii;red to find tho deileutlon ; A = gri>ss an.'a of any member m sq. lu*. plus 6 to 10 per 
cent, to allow for the etioct ol covers, joints, etc.; U modulus ol elasticity of steel w hich may 
be taken as 12,000 tons per sq. iu. 
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First osloulate the streases in each member dne to the distributed load of 100 tons and obtain 
the sectional areas of the members; then ascertain the stren (C), in each member due to the 
load of 1 ton at the point where the deflection is required. 

The elastic deformation of anj member is If D is in ft.). 

The results are then placed in tabular form as follows :— 

L. 8. A. 
P. 

Stress 

Contri¬ 
bution Sum¬ 

Member. Length Total 
Stress 

Area. per 
Squire 
Inch. 

P 1 
B ’ 

U. flection 
Pi U 

B 

mation. 

Top Boom Ft. Tons. Sq. Ins. Tons. In. Tons la. In. 
Bay 1 . 10 + 46 9 + 6 +0-06 +0-6 +0-026 
„ 3 . 10 + 80 16 ■i-6 +0-05 + 1-0 +0-060 

3 . 10 4-106 21 + 6 +0-06 + 1-6 +0-076 
.. 4 . 10 4-120 34 + 6 +0-06 +2-0 +0-100 
M 6 . 

Bottom Boom 

10 + 136 36 + 6 +0-06 + 2-6 + 0-126 
+0-876 

Bay 1 . 10 Nil. Nil. Nil. Nil. Nil. Nil. 
„ 2 . 10 - 46 7-6 -6 -0-06 -0-6 +0-03 
„ 3 . 10 - 80 13-4 -6 -0-00 -1-0 + 0-06 
n 4 . 10 -106 17-6 -6 -0-06 -1-6 +0-09 
„ 6 . 

Web. 

10 -130 i 

i 
30-0 -6 -0-06 

1 

-3-0 +0-13 
fO-800 

Tie 1 . 14-14 - 66 13 -0-0707 -0-707 0-06 ! 
„ 3 . 14-14 - 60 1 10 ' -6 ■ -0-0707 -0-707 ! ! 0-06 j 
„ 3 . 14-14 - 36 I 7 i -5 -0-0707 i -0-707 i 1 0-06 1 

4 . 14-14 - 21 ' 4-6 -6 -0-0707 1 -0-707 1 0-06 1 
14-14 - 7 1 1 1-4 -6 -0-0707 j -0-707 1 1 0-06 

+ 0-260 
End Poet 10 + 46 ! 11-26 + 4 +0-04 +0-6 ' +0-02 i 1 
Strut 1 . 10 1 + 36 8-76 4-4 +0-04 ■fO-6 j 1 +0-02 

„ 2 . 10 ! + 26 6-25 +4 +0-04 +0-6 ' +0-02 
! 3 . 10 + 16 3-76 +4 +0-04 +0-6 +0-02 

,, 4 . 10 + 6 1-26 +4 +0-04 +0-6 

Total 

+0-02 

Half sum 

deflection 

[ +0-100 

+ l-02lt 

1 » 

+ 2-060 

The required deflection of the girder is thus found to be 3*06 in., the flanges contributing 
1*15 in. and the web 0*70 in. 
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SECTION XIV 

PART IV 

SWING AND BASCUIiE BRIDGES. 

PABTICUDARS OP BRIDGES—WORKING STRESSES-FRICTION 

AND LUBRICATION—HYDRAULIC LIFTING AND SLEWING 

MACHINERY—CIRCULAR GIRDERS, 

SWINQ BBIDOE8. 

The most usual types are either of the * centre bearing * or * rim bearing ’ type, and may be 
either * single leaf * or ' double.' 

The depth of a single leaf swing bridge is four times greater than that required for a double- 
leaf bridge of the same span, whon the bridge is treated while in motion as a cantileTer. 

On the other hand, the length of a 8ingle-let«f swing bridge is less than the combined lengths 
of the two leaves for the same opening, but the double leaf type requires two sets of operating 
machinery. 

The lull advantages of swing bridges are only to be obtained when they span two openings; 
in such cases the necessity for counterpoises or kentledge does not exist and the effects of wind 
pressure are to a great extent neutralised. 

▲ further classification of types is as follows:— 

(а) Those which turn entirely upon rollers, ije, the rim bearing type. 

(б) Those where the weight is proportioned to be borne partly by rollers and in part by a 
centre pivot. 

(c) Those swung entirely upon a pivot. 

id) Those which are lifted on a water centre by hydraulic power. 

(r) Those which are lifted on a wattf centre by hydraulic power, but not sufliefent to lilt 
the whole weight. 

In the lattor type the tail is heavier than the toe, and the excess weight is borne by rollers 
running on a roller path, and adds stability to the bridge when swinging. 

In type (e) of the above daasifloation should also be included those swing bridges which are 
oarried on a droular pontoon, the effect d which is practically a low-pressure hydnuiJio ram. 

The mneral principle of these water-borne swing bridges is as follows:—A sealed circular pon¬ 
toon or buoy is plaoed under the centre of gravity of the superstructure, and suitably and rigidly 
connected hereto in such manner as to be always submerged with a constant buoyancy and 
capable of being turned with the superstructure. 

The upward pressure due to the buoyancy of the pontoon is less than the total weight of the 
bridge, the remainder of the weight resUng upon roller paths which are oarried on a ^diron or 
circular girder supported upon piles in the b^ of the river qk in several bridges over the river 
Weaver, Oheriiire, designed by John A. Saner, M.I.O.B. 

One of these bridges consists of two braced girders US ft. long, 17 ft. hlgn over the centre 
of gravity, with a 19 ft. 6 ins. roadway, and weighs SOS tons, of which 356 tons is water borne. 

In this case the consumption of deotilo power to turn the bridge is 0*34 of a unit tat each 
swing, a swing including the withdrawal of the wedges, opening and closing of bridge and 
replaoement of wedges. 
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It la sUted t.bat this type of swing bridge la more economical In operating expenses than any 
other swing bridge of equal site. 

A swing bridge at the Spencer Dock, Dublin, has the pontoon working In an outer caisson, 
the fi per cent, excass weigiit of tlie bridge being cArried upon a centre pivot placed at the bottom 
of the pontoon, Uiteral rolis rs with the roller path fixed to tlio ujiderslde of the bridge are 
provided in tills douigu. 

Lattice girders iwe profcrablc for all spans in ext css of 100 ft. i;n account of their niuch less 
resistance to wind pressure. 

lu all cases where rollers at the tail end arc provided, an excc,> of counter wcigiit should be 
provided, so tiiat the ro'.hrs are loadeil when tlic bridge is swinging with not less than 10 tons when 
the bridgs is covered with snow aiui allowance he? been niiwle fur the incrciisein weight of the 
roadway nnd footpidhs due to wet. 

Hydraulic pri^ssoa or wedges should bo provided at heel and toe to reliet c the roller-s and pitot 
of weight when the bridge Is In the axed position for s istahJing road traffic. 

BASCII 1.K iUl DiJ-l:;-:. 

Hasculo oridges may be either single If-af or double, but .re usually double-leafed. 

The most modern typos are. as follows :— 

(a) Those In which th« pivot Is overiicad and the balance weight either overhead or below 
the level of the bridge floor. 

(fe) Tiiose wliere tfi*'. pivot is Bituated below the levfl r.f the bridge floor and the counter- 
weigJit llitewise. 

(r; Those in whi«;h there ir no fixed axis, but ttu* tail of the bridgi.'isin tfiefornj rdaclrcnlnr 
aegmout, upon which tho bridge roll.-' b;«?!iw.ar'J and forward. 

PARTICfbAltl* OK BRflKiEvS. 

swixua Bftiiniiw. 

Depth 

Name of Bridge. 
Span 

(Open¬ 
ing). 

Width 
of 

Road. 

T.cngth 
of 

I-OUg 
Axm. 

Length 
of 

Short 
Arm. 

of Main 
GirdetK 

at 
Centra 

ov<;r 

No. 
of 

Hollers. 

Diaui. 
of 

Roller 
Circle. 

Weight 
(!es.s 
Kent¬ 

ledge). 

Angles. 

Ft. lus. Ft. In.?. Ft. Jus. Ft. I ns. Ft. Ins, Ft. Jn.s. Tons. 
Manchcsbjr 8hip 

(‘anal,Old Quay, 
Runcorn ] 20 0 20 0 r.9 0 00 10 28 0 CO 22 11 0.50 

Moore Lane 120 0 25 0 110 0 98 0 27 8} Of 27 10 J 790 

Ftagg lun. . 120 0 25 0 110 0 98 0 2<’ 8 Cl 27 lOi 790 
Nortiiwlch Roafl , 120 0 3r, 0 118 0 100 (1 30 0 GO 38 9 1350 
Knutaford Road . 120 0 30 0 118 0 Bh) 0 30 0 GO 38 9 1350 
Barton iJridgo 
East India Docks. 

90 0 25 0 111 0 81 0 20 0 01 2 7 lOJ GIO 

London (Road 
and Railway) , 80 0 11 G 05 0 20 0 10 8 Centro Pivot. 480 

King George V. 
Dock, London, 
(^i^kew' Bridge, 
2’J“) 108 0 20 8 

nnd 2 
150 u 50 0 25 0 (.'■•ntre 1 i\ 950 

foot- 
pa ih.s. 

K ilbowie ( Railway ) 
(Skew Bridge, 
2 22 3 — 152 7 30 4 17 6 _ 19 4 ■IIG 

133 3 
Dry Docks, M ar • 92 0 52 G 12C 0 77 0 11 G Ore re Pivot 675 

seillea, France, and i 
(one road, one 
rail-track, 3 

fnor- 
\v a y 

main girders). 



Sec. XIV (iv) WOHKINO STRESSES 527 

DASOCLi? nmnoKS 

Span 
(Open- 

Depth of 

Name uf Bridge. VVldMi of 
I<<* vi. 

.\fain Oirder 
at ('r. ovi r 

I’vp'*, \y-.;ighr. 

• 
ing.) 

An.d.-t^ 

Kt. Ft. it. Ir.!. '1 ens. 
Sontheni Railway, over 

River .Swale, Kent .3,3 0 _ RolM;ci!ift. 5‘2o 
centre of (plus 
gird»is. counter* 

Wcigni.) 
Cart Navigation Trust, 

luchlnnan 
King Ceorge V. Dock, Lon¬ 

90 LMI 0 !U-iii:.g lift 207 

don (double leaf) 50 17 r. •2‘J ») I’ivot. :hS! 
(and 2 fooi- 

ways) 
Taylor Street, Chicago 

(Scher/.er double leaf) . 295 28 to 0 B.dllntr lift. 

Trasspohtku Biur.'O.i-.a. 

Another type of hrl<lt?o w)iieh avoids i»i;'h a| {.r<' u'-'ics ii riio nrer Hr’ L‘". 'I'fie first 
hridK'p of this type to t>e erect'd in this coiKiiry vkiis ('oii.pi' tc.! iu and pr(i^;dt;s n* 
hotween Widnos and Itunoorn. The ceiitrai spiut is i,<>oo it. cenlri's of (oA(;rs aii i t!ic 

from ti^li-water level to the underMdo of ti.c KfilTeiiii.‘r :^!rdeis of the t i-ipension 
hruif^f, which also carry the trolley from which the car ie hiiii^', is Jj'J ft. 'Ihe lai is 05 It. Ion;< 
hy 21 ft. r» in.s. wide. 

Working? blros. oH, 

T’KRMISSIBLK WOBKINO StKES^KS. 

'I'hft rnaxiinuni pennissibln uoii streesos per sq. iu, ahoiiM be I'*ss for the n;a!n i^irders, ‘To.ss 
(firlei's, and rail bearers than thofe./ allowed for simply supported spans; about 10 per coiit. I-'a 
i;,-uai tigiire. (Retrr to * Workln;' Stresses, p. 40:}..) 

IIOLLEBS. 

llolh'rs Hupportiog swing bridges should generally be of solid forged steel or cast steel, w’ittj 
fuitabk) guu-:iiotal liners ami collars and provi«ion foi ndjiHtcnent at tiio enda of the rollers. 

The rollers and surfaces of both npp<;r ami l >Ajr paths should form [larts of conical surfaces 
with a cominon vertex at the centre. 

The size of the rollers should bear some rel.ition to the diameter of roller circle, and in genera, 
will *ot exceed 2 to 3 ft. iliaruetor. 

BlIAlUNd I’llgS'-'UUJ'; UN ItULLim.S. 

Thu following safe bearing pressures in pounds per lineal inch on rollers are t.kkeu fiocu tie. 
Tranmetions of the .imcrican Stcieiti of Civil Knqinefrs^ vol. xxriii. 

Description. Rollers at rest. Rollers In .Motion. 

Cast Iron ...... too d 20" d 
Rolled or Cast Steel (23-32 tons) . 300 d 400 d 
A xlo Steel (35-38 tons) . 500 d 
Tool Steel (ft''* tons) .... 800 d 
Tool Stuel hard9nod .... VJOOd 

where d l.s the diameter In inches. 

The values given are for rollers and bearing surfaces of the same material; if they are of 
ditTerent materials, lower values should bo used. 
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sif W. Aini & Ck»., in thtlr Handbook, glT« the aafe load In pounds per lineal Inch on roUen, 

as 560 d, wbera d ■■ the diameter oi the roller, the mean diameter being taken for oonloal rollers, 
the rollers and plates being of oast iron, wrought iron, or steel; for rollers in motion one>half the 
above value to be taken. It is stated that the working stress is one-lllth the elastic limit tor east 
iron, and one-third the limit for wrought iron or steel, the elastic limit being reached in steel 
plates, and steel rollers of 1 in. to 16 ins. diameter at 880 4. 

Bearins: Pressures on Hotating and Sliding Surfaces, 

llAZniUM BBARINQ VALUBS FOB BOTATINQ AMO SLIDIHG SURf AOBS IN FOITMDS FBR BQVARB INCH. 

Bearings on which the Speed is slow and intermittent. 

Pivots for swing bridges, hardened tool steel on special phosphor-bronze . . . 8,500 
Trunnion bearings for bascule bridges, axle steel on phosphor-bronze .... 2,000 
Wedges, cast-iron on bronze.600 
Wedges, cast-iron on cast-iron or structural steel.500 
Screws which transmit motion on projected area of thread.200 

Ordinary Oases, Parts moving at ^loderate Speeds. 

Hardened steel on hardened steel.2,000 
Hardened steel on bronze.1,500 
Tool steel (not hardened) on bronze.900 
Structural steel on bronze.600 
Cast-iron on structural steel.400 
Cast-iron on cast-iron.400 
On crosshead slides, speed not exceeding 600 ft. per minute.50 

In order to prevent heating and seizing at higher speeds, the pressure on pivots or foot-step 
bearings for vertical shafts and journals should not exceed:— 

where 
On pivots, p ~ 

160000 300000 
„ d “ : OB Journah, p = y, . 

• number of revolutions per minute; d = diameter of journal or pivot in inches. 
For crank pins and similar joints with alternating motion, the limit bearing values given 

in the above formula may be doubled. 

Ball and Boiler Bearings. 

(See Section XX., Part I.) 

Centre Pivots. 

The construction of centre pivots tor swing bridges requires careful consideration. They 
should be of ample proportions, and the pressure per square inch should not exceed 2 to 8 tom per 
square inoh, or excessive friction will ensue. 

Thepivotssboold preferably consist of four parts; the lower casting and upper castings of steel, 
with an upper rfvolving pin of tool steel with a convex surface, and the lower fixed oup of phosphor 
bronze with a ooncave surface of slightly larger radius than the upper revolving pin, to assist 
lubrication. 

Pivots have been designed in which a * Tabloid ’ was placed between the upper revolving pin 
and the lower stationary cup. The * Tabloid ’ was of phosphor bronze with spherical upper and 
lower surfaces, the upper pin on the bridge and the lower cup also having spherical surfaces. 
This type of pivot is, however, only suitable for bridges in which the slewing power is applied 
at two or more diametrically opposite points, for where the slewing force is applied at only one 
point, a ili^t displacement of the bridge on the seating has been found to ocenr, resulting in 
oonsideiable eccentricity. ^ 
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Pressures on Quadrants and Traoks of Bolling Lift Bascule Bridges. 

The following data refer to four brldgee oonatnioted during recent yean 

dear • Bad! us 
of 

Bolling Width 
of 

Pressure 
on 

; Track. 

Materials in Quadrants 
Span.. Quadrant. Load. 

1 Bearing. and Tracks 

Ft. Ins. Ft. Ins. Tons. Inches. Tons per 
Lineal I^h. 

68 3 1 18 3 414 26*0 16-93 Mild steel 28-32 tons. 
100 0 31 0 631 38-0 ! 16-61 Quad, plate mild steel. 
100 0 31 0 616 j 23*0 

1 
23-45 

; 
Track plate cast steel. 
Track platecast steel 35 tons. 

160 0 38 0 2,923 1 50-36 

1 

58- 15 -j 
average. 1; 

Qu^d. plate mild steel S6>40 
tons. 

CSeUcted Paper No, 8, inst.O.E.) 

Friction and Lubrication. 

Let 
BOLLora Fbiotion. 

P force required to propel roUer (Ibe.) ; W — load on roller Gbe.); B — 
(Ina.); h — depth of depreadon caused In track (Ina.); K — a constant; then, 

P 
WK 

B-V 

radios of roller 

or, as A la usually rery small oompared with B, 
WK 

P - g (nearly). 

The raloe of K raiies from O’Oe? to 0*016. 

sons BZPBRIMEHTS ON FRIOTION. 

The following experiment, undertaken by Sir Wm. Arrol St Go., Ltd., is particularly applicable 
to the friction of roller rings in turntable swing bridges 

Two beams, each 176^ ins. long br 6} ins. broad, each weighing 1570 lbs., were planed to a 
smooth sorfaoe and accurately lereUed. One beam was laid dry npon the other and afterwards 
two rollen, 3^ In. diameter, were plaoed 7 ft. apart between them. The f<Hrce required to start 
motion was obtained for different loads. 

In experiments with dteren American turntable swing bridges, the friction showed a maximum 
of 7 *94 lbs. per 1,000 lbs. weight of moring structure; but one bridge showed as low as 3 • 63 lbs. 

Further expenmeuts in Amwica on new swing bridges, before the gearing, etc., had had an 
opportunity to wear smooth, were as follows; for bridges which baTt been In operation for some 
time, the ooeffldente giren wili be leae:— 

Force to Start 

Load. 

Motion. 
CoefBoient Percentage 

— -- of of Remarks. 

Total. 
Pounds 
Per Ton. 

Frlorion. Load. 

lbs. lbs. Ibe. 
1570 460-500 660-716 0*39-0*83 29*33 > Sliding Friction. 
3130 476-660 600-690 0*334-0'263 23-26 ' »» 
1570 3*78 3*9 0*00174 0*17 Bolling Friction. 
3340 6*44 6*44 0*00343 0*34 If 

For rlm>bearinff swing bridges, the lata 0. Shaler Smith found the total frictional reelstance 
in the Urering to Tary from 0*001 to 0*008 et the load on the rollers. Messrs. Boiler A Schumacher 
found the coefficient to be 0*0035 for the Thames Birer Bridge, and Theodore Oooperfoond this 
to be 0*0038 for the Seoond ATaiNit Bridge. 
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For nnntre boariu^ brl-iges, Mr. 0. ShAlor tSrnitii foan«! the frlctloiiAi r^AlKtaiifte at the circuui- 
forenoe of the pivot to be 0'09 of the w<*ijrht tunuul. Mr. ScOnoidor found tlie co«lUoi«nt of 
frictional rosietanoe at the oiiviin«b*Tan.-i« of the pivot, on bi\rdon«i ste«d and phosphor bronze 
discs, with the usual working presiurr of aboat 3,00(1 lbs. per ^q. In., to be 0*0fi7 at the etart and 
O’Olft to keep the bridge moving at imtform speed. For the total frictional resistance, including 
chat of tha shafts ani gearing required ior lianvi opcrutiojw, the highest coeiUcieuts observed were 
0*115'for starting and 0*08 for keeping the bridge in motion. 

{PriKfedingi .Xmiricaa /Society Civil Engineers,) 

Experiments by Itoauchamr Towor show chat a steel shaft in u lubricated gun-metal boariug 
seizes at about (iOO lbs. por sq. iu. uti iar steady ruaiiiug, while in a dry bearing they seized at about 
80 lbs. per sq. in. 

Professor Ooodraan found that the. seizing pressure increases as the vistsosity of the oil 
increasoe. 

KOlCiK-POWJiR ABSORBUD IN RKVULVINO BKAR1NG3. 

Let 
\V «• total load on bearing in lbs. *, D -■ diameter of bearing iu ins.; K — number of revolu^ 

tioiis per inlnuta; </> -c: cooilioient of friction. 

For Cyhndricni Uearingk : 

Work don« per inlaute in ft. do«. 
f/>Wrrl)N. 

la * 

. WrrDJT.f) 
lIcr..-W«tr.l..o.be.| .. „ ^ 

For Flat Fu uis: 

ilorso-povver absijrr.e.l — . ^ 

l.UimiCiTION, 

Oil should ulvv.iys bo led to Lho point of lea'it pressaro iu a boailng. 

Oils for heavy pr(.*.3.>^unj shotild be thick, that they may rtisist being forced out. 

LUBKIOANIN POH VARIOUS CASKS. 

Nature oi Procure, • te. Type of Lubricant. 

Heavy prca.surc will: &h,w sjn ed. 
Heavy i)rf>!ssure wllii high speed 
Light pressure and higft speed . 

Ordinary ma<'hlnos . 

(liapldte, soap'?tone, tallow, and other greases. 
‘^P 'rm oil, cjistor oil. and heavy mineral oils. 
.Sperm oil. refined petroleum, olive, rape, and 

cotton-aood oils. 
Lard oil, heavy mineral and vegetable oils. 

Oils act chemically in a varying degree on most metals, and care must buexeicisod in selecting 
the meet suitable kind. 

liyUKAaLlO LIFTINO ANI) SLEWING MAC’IIIEEllY. 

Power required for Xjifting Swing Bridges. 

This if* a siniple c.alculation based on the total weight of the bridge lifted and the friotion due 
to moTiug parts, leathers, and so on. 
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Power required for Slewing Swing Bridges. 

P — for rim-bearing; P — 0*16 W for centre-bearing* HJ». -"^q; *» — 

where 
P a Force required to turn the bridge, acting in centre line of track; W >■ total moving 

weight, in lbs.; H.P. ■> horse power; r ** radius of pivot; B ■■ radius of centre line of track; 
V » inuxiirium linear velocity in centre line oi track in teet per second. i = time, in secs., in 
which maximum velocity muet be obtained, or one-half the number ol decouds required to open 
the bridge. 

The foregoing formulne generally give results in excess of the power actually needed under 
ordinary conditions, and practically cover all contingencies. 

If the bridge has to be operated by hand-power, the crearing has to be arranged either for the 
number of men available or for the time required to turn and operate the bridge. In calculating 
the rttreinrth of the gearing, eto., the power of one man shoold be taken at 1125 lbs., as this is about 
the force a strong man, with a foothold, can exert for a short time. 

SETTING AND WRUOINO BLOCKS. 

It is usually not advisable to allow a bridge to rest upon the pivot when undergoing stress due 
to moving loa^ 

In some bridges the centre pivot la also the lifting press, bearing blocks being provided at 
suitable points to sustain the bridga when in position. Ixk this oase. however, there is difficulty 
in preveniing the ram from turning in the cylinder. 

With a solid pivot, th» hydraulic lifting rams are placed at the tail of the bridge, where, 
when the rams have lifted t^e bridge off the pivot, a pair of sliding bearing blocks are 
inserted and the lifting power then withdrawn. In this type tour or more rollers are provided 
to take a portion of the weight of the bridge while slewing, and to keep the bridge* upon an 
even keel.* 

The two leaves of a double swing bridge are often linked together at the meeting point, the 
object being to prevent any perceptible difference in level between the extremities of the bridge 
leaves when a heavy load is transferred from one to the other. 

CIRCUIjAR aiRDERS. 

BBNDIEG MOMBNTS in OlROUIiAR QlRIiF.aS. 

(Equally spaced Supports.) 

No. of 
Point! 
of Sup¬ 
port. 

Reaction 
at Point 
of Sup- ! 

port 
(lb«.). ! 

Maxi¬ 
mum 
Shear 
(ibs,). 

B.M. Over 
Point of support 

(in.-lbs.). 

B.M. Midway 
between 

Supporte 
(in.-lbs.). 

Angular 
, Distance 
1 Point of 
1 support 
to Point 
of Max- 

^ Imum 
Torsion. 

Maximum 
Torsional 
Moments 
(in.-lbs.). 

4 W j 
4 

W 
8 

-0-03416 Wr. -1-0*01762 Wr. 
e 

: 12 0 0053 Wr. 

6 
w 
8 

W 
12 -0*01482 Wr. ! +0*00761 Wr. ' 12 44 0*00161 Wr. 

8 w 
8 

W 
16 

-0*00827 Wr. | 
1 
1 

+ 0*00416 Wr. i » 33 0*00063 Wr. 

\l 
w 

j 
W 
24 -0*00.165 Wr. 

! 

+ 0*00190 W>. 6 21 0*000185 Wr. 

W >■ Total uniform load supported by girdei in lbs.; r ■■ radius of girder in ini. 

VOL. I. T 
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SECTION XIV 

PART V 

ARCH BRIDGES. 

Types and Stresses. 

ABCHRD Ribs. 

Tbe arched rib or roadway girder may be in either of the following forms:— 

(a) Rigidly fixed at each end. 
lb) Hinged at each end. 
lc) Hinged at centre and at each end. 
(d) Hinged near one abutment. 

Stresses in abohss. 

The arch may be looked upon as an inverted suspension bridge, the links of the suspension 
bridge being in tension and those in the arch being in compression, but the latter would be in 
unstable equilibrium under any loading, and so in practice arch is made capable of realsUng 
bonding stresses in sddition to direct compression. 

Horizontal thrust. 

When once tbe horizontal thrust and tbe line of the resultant thrust or any given arch has 
been found, it is a simple matter to obtain the stresses. 

The horizontal thrust and the line of the resultant thrust can be determined readily for 
parabolic archosof uniform section loaded with uniformly distributed load, or with concentrated 
loads, and the same rules can be taken as applying to flat segmental arches. 

LINEAR ARCH AND LINE OF PRESSURE. 

A linear arch is one which is theoretically supposed to be subject to direct compressive stress 
only and incapable of resisting flexure. 

The line of preesure is the ^eorotioal line, the ordinates of which vary as the bending moments 
for the load which the arch supports. It is synonymous with the curve of equilibrium. 

Eddy’s Theorem is thus: 

* The Bending Moment at any point in an arch is equal to the product of tbe Horlzonta 
Thrust into the vertical intercept between the otntre line or neutral axis of the arch and the 
line of pressure.* 

It is almost universally the practice with steel arches to hinge them at the abutments, and 
often at the crown also. By this means the alteritions in form of tbe arch duo to the passage of 
the load and variatiiH) of temperature more readily adapt themselves to the varying oonditions. 
Moreover, the reeulting thrusts pass through thesvpoints and the axis of the arch, or approximately 
so, and tbe bending stresses are thus reduced and ran be determined with greater accuracy. 

Stresses in farabouo arch. Hinged at the abuhihnts. 
Let 

I — length of span of arch ; e — versine or rise; w ■■ load per unit of length, T ■■ hori¬ 
zontal thrust at the crown and abutments; compressive stress at any pointx from the centre, 
then 

T. 
8v 
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This expression represents the horlionUl component ol the pressure st nny point in the arch 

When loaded with a single weight W at the centre of the arch 

If W rests at a point z from centre of arch, then, 
W(i-2z) 

^ “ Ap 

When loaded with a uniform load over half the span, 

STRESSES IN THREE-Pinned arch. 

When loaded with a single weight W (see fig. 1), 

W I 
T - 

4p 

If the lines of pressure be inclined at an angle (ft to the horizontal the direct compressive 
stress, s, at any section in the rib is 

W / 
r -• sec tf> 008 5, 

where 
S « angle which the tangent at the section under consideration makes with the line of 

pressure. 

The bending moment at section D 
W 

~ 4r ^ 

(A being the rectical distance between the lino or pressure and the neutral axis of the rib at the 
giren section). 

For other loadings the same rules apply, the line of pressure always passing through the 
pin ]olnte. 
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Stresses in Arches wrrn fixed Ends. 

In the case of a parabolic arch with fixed ends, of uniform cross section throughout, the 
resultant thrust lines due to concentrated loads are readiij determined from the following 
relations, which can also be taken as applying to flat segmental arches which can be considered 
as parabolic. 

AP 

MO 

3 

16 

6 
6 > 

0-66 
0-6 ' 

OQ 
3 0 4- 66 

16 X 0 + 6 ^ 

where 0 is half the span, 6 the distance of the concentrated load from the centre of the span 
V the rise or versin of the centre line. AP (fig. 2) is measured below the springing line when 
the Talne is negative. 

The horizontal component T of the thrust dne to a concentrated load W is 16W(C* —6*)* 
-r 32i’0*, and the reactions R, and R| are obtained from the relations 

R, MO - AP 
T "" 0-6 

R, _ MO - CQ 
T “ 0 6 

Any given load produces a maximum bending moment n the arched rib when 6 — 0*450, 
and to obtain the maximum bending moment from a system of concentrated loads thessVhould 
be placed on half the span with this position as centre. 

11 the dead load is unifoi mly distributed and equal to w lbs. per ft. run, the resultant thrust 
line does not depart sensibly from the centre line of the arched rib, and the horizontal component 
of the thrust is equal to uO* + 2e. 

The bending moment due to any load is equal to the horizontal component of the thrust 
multiplied by the vertical intercept, at the section considered, between the resultant thrust line 
and the centreline of the arch, and the effect of a system of loads can be obtained by combining 
the bending moments due to the individual loads. 

If T is the horizontal component of the thrust due to the uniformly distributed dead load, 
Ti, T, and T|, the horizontal components of the thrust due to three concentrated loads W|, W„ 
and Wg, and Vt stRfl Vt* the vertical intercepts between the resultant thrust lines due to these 
loads, and the centre line of the arch at any vertical section, then the total bending momeqt at 
that section » T|y, + T,yg + Tg^g, and the distance of the resultant thrust line from the centre 

line of the arch at the section considered — x .J. T + Tg + T,* 

Values of y below the oentre line are negative quantities. 



536 STBESSES Sec. XIV (v) 

OOMBINBD STBRSSES IN A.BOHRD RlBS. 

In any arch where the line of pressure does not coincide with the neutral axis of the rib, there 
will be tlM following forces at anj cross section 

(1) A mazimam compressive stress 

(S) A maxiniam tensile stress 

(S> A mean shear stress over the section 

where 
Q Mi the thrust; S — the shear (obtained by resolving the horisontal tbmst along (or 

tangential) and perpendicular to the neutral axis of the section nnder consideration); A ^ the 
area of the cross section of the rib; Mm the bending moment obtained by applying Eddy's 
Theorem ; Zc and Zt — the moduli of section in compression and tension respectively. 

Q M. 
A+ Zc 

M 
Zt‘ 

Q 
A 

STRESSES IN BRACED ARCHES. 

Saving found the direction and magnitude of the abutment reactions for any loading, the 
stresses can be found in a similar manner, those In the bracing being convenientlv determine by 
Ritter’s Method of Moments, described under' Lattice Girden,' page 619. 

Effects of Temperature Varution. 

A rise in temperature causes an increased thrust in two>pinned and rigid arches, but 
theoretically causes no such increase in three>pinned arches, although practic^ly some dight 
diilereuce may be occasioned by any stiffness of the pin Joints. 

For a short research on Temperatnre Stress, see The Theory and Design of Structures, by 
Ewart S. Andrews, B.Sc., M.I.O.B. 

Ratio of Rise to Span. 

This is usually taken as from 1:6 to 1:10, but varies greatly according to local conditions 
of headroom. 

The three-pinned arch over the river Exo—a road-bridge carrying tram-cars, erected in 
1906, has a ratio of rise to span of 1:13*2, and is probably the flattest steel arch in existence 
in this country. 
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SECTION XIV 

PART VI 

SUSPENSION BRIDOES. 

Types and Stresses. 

ADVANTAQBS and DiSADTANTAaBS OF SUSPENSION RRIDOE8. 

The prlnoipal ad vaDtage in their cheapness, and in large spans the advantage of the suspension 
oridge Is so great that bridges of this type of 8(^ or 900 ft. span can be constructed at much 
less cost per foot ran than ^rder bridges of half this span. 

There are many disadvantages attending suspension bridges, the chief being lack of stiffness 
and rigidity, both vertically and laterally, \vhich makes them unsuitable for carrying railways 
unless elaborate means are taken for stiffening them. 

A suspension bridge constructed on * Bridge's System,* in which the suspension rods are 
inclined, ta much stiffer vertically than one in which the rods are vertical. 

TTPBfl Of Stvfbnbd Suspension Bridges. 

In order to lessen the changes of shape and oscillations set up by a moving load, the roadway 
girders may be constructed of rigid form and braced laterally. The principal varieties of this 
and other types of stiffened suspension bridges are: 

(а) Roadway stiffening girders hinged at each end and* at centre. 
(б) Roadway stiffening girders hinged at each end. 
(c) Roadway stiffening girders hinged in either of the above ways and bridge consisting 

of two cables at each side stiffened by bracing. 
Bzamples of some of the above types are os follows;— 
Tfpet (o) and (6).—WiUlamsbuig Bridge, over East River, New York, built 1905, span 

1,600 ft. Doable line of railway, four lines of tramways, two roadways and two footways and 
cycle tracks. 

Manhattan Bridge over Bast River, New York, built 1909, span 1,470 ft., four lines of tramway, 
one roadway, and two footways. 

Type (c).—The Hudson River Bridge, New York, clear span 2,S80 ft., four lines of railway, 
four lines of tramway, two roadways, and two footways. A further example of this type is the 
Tower Bridge, London, in which the side spans are of this type. 

An example of a bridge constructed with inclined and vertical suspendera is the Brooklyn 
Bridge, New York, bollt in 1884, span 1,695 feet, which carries a double line of tramway, two 
roadways, and one footway. 

STRESSES IN GABLE UNIFORMLY LOADED. 

The shape which a loaded cable takes np is the same as the link polygon for the given load 
system, drawn from one support to the other, with a polar distance equal to the horisontal 
component H of the pull or tension in the oable. 

If 
d M the dip of the oable; L span; W — weight oarried by the oable, then. 

A - ama of the oable ; / - safe tensile stress. 
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SUBPBNSION BKIDGBB Sec. XIV (vi) 

Stresses in anchor Cables. 

There Are two chief methods by which the oebles of suspexislon bridges are carried orer 
the piers — <• 

(1) Main and anchor cables passing continnously over roUera fixed to the top of the pirre, 
(2) Main and anchor cables passing oontinaonsiy over saddles mounted on rollers on the 

tops of the piers. 
Let 

angle which bridge cable makes \«ith a vertical at point of support; S -> angle which 
anchor cable makes with a vertical at point of support; T ■> tension in bridge cable; T, ■> 
tension in bridge anchor cable. 

Case (1).—Tension in anchor cable is equal to tension in bridge cable, whatever the inclinations, 

- T, = T; 

Horizontal force acting on piers -= ® ^ sin ^)’ 

Vertical pressure on piers “ ^ cm 

Case (2).—Tensions in anchor and bridge cables not always the same, but there is no horizontal 
force on the piers, 

T sin th 
TP  -r. 

' Sin 5 ’ 
W 

Vertical preseute on piers — ^ (1 4- tan cot S). 

SmESSKS IN 303PI5N3I0N BRIDQBa WITH PIN-JOINTBD STIPPENINO QIRDKR3. TYPE (o). 

Uniform Rolling Load» 

With a uniform load over the whole span there is no bending moment on the girders, the 
whole behaving as an unstiffened suspensiim bridge. 

When the load covers half the span there will be a reverse or negative bending moment on 
the unloaded girder equal to the positive bending moment on the loaded girder. 

1^1 B 
Maximum negative U.M. «> ; 

61 
and occurs at ^-span. 

The maximum positive bending moment at any point distant t from the centre pin, the head 
I* 

of the load being distant * •= 2/ 4 r 
u>z (P — «■) 

“ 2 (/ + «) ‘ 
trL* 

. The absolute maximum positive bending moment 0*0753 wP (or approximately), 

and occors when s 0 * 531. the head of the load being distant x from the centre pin. 

Isolated Rolling Load. 

With a concentrated rolling load passing over the girders:— 

WL 
Maximum negative BJld. , 

and occurs at I span. 

When the load is on one of the girders the bending moment is a maximum at any point when 
the load just reaches it. 

Maximum BJd. at any point distant y from the centre pin 
Viy 

” 3-L.(L* - 4y»). 

Absolute maximum positive B.M. 0*096 WI., and o<;curs when load is 0*289L from the 
centre pin. 
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STR1CS.9BS STlFFBNINa GiRDRRS HlVGlD AT ENDS ONLY. TTPI (6). 

In this case the stiffening girders will have to bear oonaiderable stresses due to the increase in 
dip due to increase in temperature, which may amount to as much as half the safe stresses. 

With a uniform rolling load passing over the span— 

• wL* 
Absolute maximum bending moment -> ^ ^ < 

and occurs at | -span, when the load oovere } of span. 

The head of the load is always a point of contraflexure of the girder. 

Assuming that the positive bending moment is a maximum at the mid point, then: 

Maximum bending moment In the length covered by the load 
(L - *). 

8L 

when head of load is distant z from the nearest pin. 

In the foregoing:— 
V =3 load in tons per foot run ; W =• concentrated rolling load In tons ; L — length of span 

in feet; I =* length of half span In feet. 

CUANOB.9 or Tbmperature. 

In England the observed expansion of steel structures appears to bo about of their 
original length from their coldest temperaturee. This corresponds to a range ol temperatures 
of 60* F. In suspension bridges,, with movable saddles at the tops of the piers, the augmented 
dip of the central cable is due tolnorease in length of the anchor cables and consequent movement 
of the saddles as well as the increase in leng^th of the central cable itself. 

Let 
I =■ the half span of central cable; D central dip; >=> augmented dip due to rise 

in temperature of 60* F.; L ^ length of somi-parabola measured along curve; then by the 
properties of the parabola, 

and D «= 0 -866 ; 

therefore D, - 0-866y (l + - T. 

To this must be aided the increased dip duo to inward movement 9f the saddles. 

ECONOMIC Proportions. 

Economy in the weight of a cable can bo effected by adopting a liberal depth or dip, but it ii 
impossible in practice to increase the depth beyond a certain amount, because the greater the 
dip the greater will be the distortion and oscillation caused by a moving load. 

In most of the existing examples of suspension briilges of various types, the dip does not 
exwed of the span, and in many cases to has becji adopted. 

Self-Anohorbd Suspension Bridqb. 

The now Chelsea Bridge provides an example, claimed to be the first of its kind in this 
country, of a self-anchored suspension bridge. The stiffening girders, in addition to distributing 
the effect of local live load over all hangers of the loaded span, also takes the horizontal 
component of the anchorage pull. These girders are hinged near each tower and, for erection 
purposes at the centre, but this last hinge was afterward riveted up. The main dimejisions, 
decided principaLy by site conditions, are as follows: centre span S63 ft.; side spans each 
173 ft.; height of cables at centre 13 ft. above road level; height of towers about 63 ft. above 
road level; depth of dual stiffening girders 8 ft. 10 ins. over flange angles; width of roadway 
between towers 40 ft.; width of footpaths outside towers each 13 ft. The towers are hinged at 
the bases, and independent with no portal bracing. 
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SECTION XV 

HIGHWAY ENGINEERING 

(Contributed by Reginald Ryves, M.Cons.E.) 

For tho purpose of maintaining the year-book character of this section a considerable portion 
of the older matter, mostly relating to fundamentals of highway engineering, has been omitted. 
A.S in the case of the 1932 edition, in which administrative provisions were set forth at considerable 
length, the 1937 edition, or an earlier one, may serve as a volume of reference in regard to the 
portions no longer to be reproduced annually. 

Erferknces to thh 1932 Edition. 

The Local Government Act, 1929 : England and Wales, p. 712 ; Scotland, p. 714. 
Under that Act (England and Wales) : powers delegated, powers claimed, appeals, p. 713. 
Ministry of Transport, Koads Department, p. 714. 
The Roads Improvement Act, 1926, p. 716. 
The Public Health Act, 1925, p. 716. 
The Road Traffic Act, 1930, p. 762. 
Traffic Statistics, p. 761. 
Working Oosts Data: steam wagons, electric vehicles, petrol vehicles, pp. 7119-760. 

RKFERENCKS to TUE 1937 EOITION« 

The Bridges Act, 1929, p. 619. 
Legal Points for Road Engineers, p. 620. 
Road Gonstruction, pp. 625-632. 
Resistance to Traction, pp. 633-634. 
Tractive Effort on Different Pavements, p. 634. 
Reinforced Concrete Roods; Principles of Design, p. 642. 

Adaunistration I Great Britain. 

Trunk Roads Act^ 1936.—The Act makes the Minister of Transport the highway authority 
for some 4,500 miles of roa<ls, substantially and with some additions, the trunk road system in 
being, 1936. The Act came into force on April 1, 1937, in England and Wales, and on May 16 
in Scotland. The Trunk Roads (Delegation of Powers) Order, 1937, imposed certain functions 
upon local authorities, in respect of these roads, for a period of two years, in order to secure 
continuity of administration. 

TUf Trunk Roads Act, 19 t»». —rrovided f<»r tho addition, .\jtril 19 16, of :},G85 milos of cxdstini^ 
roads to tlio i)iX‘vious niili>aoo of t,r)U0, raising' tho poo'ontago niiloaj'i's ; Kiiuland and Wak*!^. 
from 2 ■ I .‘I to I-Od ; Scotland, from 1-6 to 7*5. 

The •'Special Roads Rill. - I’l’c-^ontod totho lloust;of(amimoiis, Novomborl9l8,iti^sanonabliui,’ 
Bill,providing powers for tin* ooiistructionof motorways aiul roads for the e.xclu.sive use of cyolist.s. 
or p(‘dest.riaiis. t?pocial roads may be trunk, ida.ssiiird or unolas.sili<'d, and may iiKludo parts of 
(ixisting roails. Orders under the 'rvunk I{oa«ls Act, on whieh ju'oeeduro had eommoiiced, or 
whii'li are made witliiii one year of tlie Bill beeoming law, will take elVet t as if they were special 
r(aid se.hemes. 

Restriction of Ribbon Dccidopmenl Acts. X Ministry of 'I’ransport Circular of October 1948 
e\plaiiis how I he 'fowii and Country Blanniinr .\et of 1917 repeals eertaiii of t lie provisions of the 
Bestrietion of Bil)l)on Develojjment Act of lllda and repeals entirely that of 194:5. 

Hiqhwat Law. 

Speed The speed limit In * lighted areas,’ these being mostly built-up areas,is 30 m.p.b. 
Evidence given on behalf of the Pedestrians’ Association before the House of Lords Select 
Committee on Road Accidents, included, that 30 m.p.h. is too high a speed; that 25 m.p.h. 
would ^ve a much better margin of safety, and that experiments in America pointed to 23| m.p Ji. 
as the most effective speed with respect to traffic flow in built-up areas. 
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HIGHWAY STATISnOS. 

MILBAOBS OF PUBLIO BOADS IN OBBAT BRITAIN, 1987-88. 

(M., Metropolitan Oltiea and Boroughs; 0., County Boroughs.) 

BNQLAND. 

Trunje Boodi.—Urban, 762, rural, 2,092. Total, 2,864. 
CloM I.—County: urban, 8,941, rural, 9,850 ; M., 292 ; 0., 1,608. Total, 15,591. 
Chut II.—County : urban, 2,446, rural, 8,665; M., 126 ; 0. 726. Total, 11,861. 
Unclassified.—County : urban, 965, rural, 7.3,364. ‘ District roads ’ in non-county boroughs 

and urban districts, 17,425. M., 1933 ; 0., 1U,.S64. Total, 104,511. 
AU ClOAMA.—Urban, 40,976, rural, 93,861. Total, 134,837. 

WALES. 

Trunk Boads.—Urban, 97, rural, 320. Total, 417. 
Clou /.—County: urban, 422, rural, 1,264; C., 79. Total, 1,766. 
Ckus II.—County: urban, 248, rural, 936; 0., 36. Total, 1,219. 
Unclassified.—County: urban, 163, rural, 12,934; ‘district roads,’ 1,882; C. 540. Total, 

16,619. 
AU Urban, 3,466, rural, 16,464. Total, 18,920. 

SCOTLAND (B., the 24 large burghs, population exceeding 20,000; b., other burghs. 
Trunk Roads.—^All under * counties,' 1,188. 
Cltus/.—County, 6,124 : B., 320 ; Total, 6,444. 
Ctois//.—County, 3,866 ; B., 101. Total, 3,967. 
Unclassified.—County, 12,908 ; Ji., 1,495; b.. 871. ToUd, 15,274. 
All Classes.—Urban, 2,787, rural, 23,086. Total. 26,873. 

GREAT BRITAIN. 

Trunk Roads, 4,459. Classes: I, 22,800, with trunk roads, 16• 2 p.c.; II, 17,037, or 9 ■ 6 p.c.; 
Unclassiiied, 135,334 or 76-3 p.c. Total, 179,630, an increase of 72(> miles in the twelve months. 

Northern Ireland. 

Class I., 1,273 ; Class 11., 1,245 ; Unclassiiied, 10,479. Total, 12,997. 

Class III. Roads.—In 1916, the A1 inistry of Transport calleii for returns from Highway authori¬ 
ties ; lists of such of the unclussiUcd roads as might be designated as in Class HI., qualifying 
for a grant towards costs of uiiiint(*nan(*e and repair. The new scale of grants for the three classes 
is : Class 1., 75, Class IJ., GO, and Class III., 50, per cent. 

As finally approved by the iliiiLstry, the mileages of Class 111. roads, in round figures, are: 
English Counties, 35,500 ; Welsh Counties, 6,000; Scottisli Counties, 5,900; aggregate of 
mileages exceeding 30, in County Boroughs of England, and Wales (Glamorgan only), 866; 
aggregate of mileages, exceeding 10, the (> large Burgh.s of Scotland, 209. 

Boad Mileages in Belation to Area and Population. 
ROAD MILEAGES FEB SQUARE MiLB. 

England and Wales.~2 • 633. Classes : I., 0 • 295 ; II., 0 • 224 ; Unolussiflcd, 2-115. 

Scotland.—0-869. Classes: I., 0-210; 11,0-133; Unclassified, o• 513. 

Great Britain. Trunk, 0-051. (Jias.ses ; I., 0-259; II., 0-193; Gnclassilied, 1-530. 

Canada, by ProTinces: Quebec, 0*047; improved roads, 0-02, including gravelled, 0*016. 
Ontario, 0*18; improved roads, gravel, 0• 10, hard surface, 0-02. Nova Scotia, 0*87, including 
g^ed and surfaced, nearly all gravel, 0*226; graded only, 0*202, unimproved, 0*441. Prince 
Edward Island, 1*71. Saskatchewan, 0*6. Manitoba, 0*084; including improved roads, more 
than half the mileage gravelled, 0*02. British Columbia, 0*061; including gravelled, 0*014; 
earthen, 0*036. Alberta, 0*24; including improved roads, 0*066 (gravelled, about 0*004, 
earthen, 0*062); unimproved, 0*176. Canada, surfaced roads, 0*112. 

Africa^ British possessions and protectorates: Northern Rhodesia, nearly all earthen, 0*026. 
Soathern Rhodesia, 0*042. Kenya, 0*043; comprising main and district roads, 0*021, fair- 
weather roads and tracks, 0*022. Tanganyika, 0*046; comprising main and township roads, 
0*007; district roads: grade (A), 0*002, grade (B), 0*026; local roads and tracks, 0*011 
Uganda, 0*039; comprising first-class, heavily metalled, 0 *011; second-class, gravelled, 0 *002 ; 
thiid-olaM,0*026. ^ 
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AuHrakuia,—Viotoria, the fTitam Inoludei State hfghwaja, 0*017: deTelopmental roads, 
0*06. South Australia: main roads, 0*017; all metalM and gravelled roads, 0*036; remade 
roads, 0 • 191; all roads, 0 * 167. New Zealand, 0 *47, inoludlng 0 * 39 pared or surfaced. 

PfaficT.^-State roads, 0*118; departmental, 0*826; communal, 0*969; all classes, 1*906. 
87 

[Toreduce to km. per eq. km., multiply by or 0*6914.] 

Belgium,—In 1934 : state roads (t\ 0*466; provincial roads (i>), 0*083; local roads (0* 
1 *818. All paved and metalled roads (I), 9*866. In km. per sq. km.: («), 0 *287 ; (p) 0*069 ; 
(0,1130; (0,1*417. 

Pertoru per Mile of Road: Countiee (baaed on mileages, March 31,1997, and census, 1991).— 
Eleven^ below 61; Radnor 93. Montgomery 39, Cardigan 44, Merioneth 48, Brecon 64, Hereford 
66, Devon 67, Westmoreland 67, Rutland 68, Pembroke 60, Norfolk 60. Sixteen^ below 90; 
Lincolnshire, Holland, 67 ; Anglesey 70, Shropshire 70, Lincolnshire, Kesteven, 71; Cornwall 73, 
East Riding of Yorkshire 76, Carmarthen 77, Lincolnshire, Lindsey, 78 ; Oxfordshire 79, Denbigh 
81, Suffolk, West, 83; Somerset 86, Cumberland 86, Suffolk, East, 87; Wiltshire 87, North 
Riding of Yorkshire 89. Twelve^ below 131; Gloucestershire 93, Huntingdon 97, Dorset 98, 
Carnarvon 101, Hampshire 106, Flint 107, Northamptonshire 114, Berks^re 118, Isle of Ely 
190, Leicestershire 194, BucUnghamshiie 130, Northumberland 130. Eighty below 900; 
Worcestershire 139, Sussex, West, 143; Warwickshire 146, Sussex, East, 161; Cambridgeshire 
163, HunUngdonahire 194, Bedfordshire 199, Nottinghamshire 199. Nine, 900 to 300 ; Stafford- 
shire 901, Derbyshire 909, Monmouthshire 917, Cheshire 993, Soke of Peterborough 993, Isle of 
Wight 930, Kent 930, Essex 941, Yorkshire West Biding, 260. Five, over 300; Surrey 394, 
Lancashire 384, Durham 494, Giamorgan 460, Middlesex 997. 

Great Britain, 948 ; Canada, 91; n.S.A., 196; Germany, 299 ; France, 106 ; Italy: national 
roads, 3,393 ; provincial, 1,696 ; other, 666 ; all roads, 377. 

Australia, 13*8; New South Wales,32*2; Victoria, 17*3: Queensland, 8*9; South Australia, 
9*7; Western Australia, 6*0; Tasmania, 91*1; Nyasaland Protectorate, 476; Northern 
Rhodesia, 196; Southern Rhodesia, 183. 

Mileaget per 10ftOO pertone,—See The Nurveyor, April 91 and 28 ,1933, for other figures and 
discussion. 

Examplet,—^Towns having populations 98,000 to 991,300: Birmingham, 7*94; Liverpool, 
7*68; Manchester, 8*71; Sheffield, 8*71; Leeds, 19*3; Halifax, 93*4; Nottingham, 8*3; 
Tottenham, 4*93; West Ham, 4*33. Population, 40,000 to 98,000: Port Talbot, 16*0; 
Merthyr Tydfil, 17*6; Bournemouth, 16*3; Lancaster, 11*9; Dudley, 9*34; Grimsby, 7*0; 
Gellygaer, 6*37. Population 90,000 to 40,000: Scunthorpe and Frodingham, 16*5 ; Coulsdon 
and ^rley, 16*8; Brith, also Chorley, 10*4; Wednesbury, 8*3; Gravesend, 8*24. Metro¬ 
politan Cities and Boroughs: Finsbury, 8*51; Wooiwicb, Greenwich, Lewisham, nearly 7*3 ; 
Kensington, 6*36; Poplar, 4*06; Bethnal Green, 3*7. 

Miles of Roads per Square Mile,—Birmingham, 9*9; Liverpool, 17*3; Manchester, 19*6; 
Sheffield, 8*4; Leeds, 10*4. 

ROAD SYSTEMS OTBRSBAS. 

AusMilia,—(i) December 31, 1934: Population, 6,691,000; area, 9,460,091 sq. miles; road 
mileage, 486,931 ; number of registered motor vehicles, 790,609, or 107*7 per 1,000 of popula¬ 
tion ; j^r mile of road, persons, 13*8; vehicles, 1*6. (ii) June 30, 1936: State highways, 
9,809 (none so classed in South Australia or Western Australia); other main roads, 36,500 (none 
so classed in Tasmania); developmental roads, 12,907 (none so classed in South Australia or 
Tasmania); total, 69,309 miles of roads so classified, or 13*18 per cent, of the total road mileage. 
Expenditure for 1934-36: on classified roads, £8,846,800; on unclassified roads, £6,096,394. 

Union of South Africa,—It was anticipated that 6,396 miles of national roads would have been 
completed by the end of the fiscal year 1940-41, at a cost of about £11,000,000, including about 
£8,600,000 construction cost, and £3,170,000 interest and redemption on loans. 

Features and Costs of Construction. 

Many works classed as road-making involve alterations to the fences, ditches, and roadbeds 
of existing roads or tracks. Oosts are not, therefore, generally comparable, the errUer work 
being, in some oases, largely to the good, in others involving expense additional to that which 
would have been incurred on virgin ground. In Great Britain, the distinguishing term * now 
construction,' or some equivalent, is usually employed in respect of works on a new alignment. 

Western Australia,—Works costing £666,431 (1934-36) comprised: cleared, 848 miles; 
formed, 897 miles; gravelled 339 miles; metalled, 15 miles; sanded, 10 miles; reconditioned, 
173 miles; aide drains formed, 913 drain miles; bituminous treatment, 96 miles. 

Similar work, on comparable mileages, has been continued year by year. 
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WeiUm BigMandt of Scotland,—ProgFamme of reoonstraotion or improvement on 1,600 milae 
of roads, inolading bridge works, £4,600,000, estimate. 

Crawley By~pase,—About 3| miles. Estimate £133,400, for a 100-ft. road, with two 30-ft. 
carriageways, two 6-ft. oyoleways and two 6-ft. footways; and including a bridge over the railway. 
Open^ July 1939. Revised estimate about £180,000. 

Winchester By-pass.—Opened February, 1940; nearly 7 miles; cost, £420,000. Nomoal 
width, 72 ft.; carriageways, 20 ft., divided by a 10>ft. middle strip ; three fly-overs, and 7 other 
bridges, of spans 26,42, 44, 46, 60 (two) and 82 ft. Total of excavation, about 600,000 cubic yds.; 
of embankment, slightly less. 

Gloucester By-pass.—A section 1} miles long ; width, 120 ft.; two 22-ft. carriageways separated 
by a 26-ft. strip ; cycleways (not yet constructed) and footways ; allows for future widening of 
the carriageways to 30 ft.; ultimate width, including service roads, 172 ft.; building lines 20 ft. 
behind the service roads. Curves 2,000 ft. or more radii; excepting one of 600 ft.; all super¬ 
elevated ; traffic roundabouts (one in this section) at crossings of main roads; trees spaced 60 ft. 
apart in both verges between the footways and sites of cycleways, and a line of trees in the middle 
reservation. Cost about £66,000, of which £46,600 is for road works and £10,600 for land ; cost 
of roundabout, £2,360 ; rates, per cubic yd.: bulk excavation. Zs. lid.; extra for filling, 1«. 4d.; 
concrete undnr kerb, 27s. 2d.; sewer excavation: not exceeding 6 ft. deep, 5s. l|d., between 6 ft. 
and 12 ft. deep^ 6«. lOd.; persq. yd.: Sins, consolidated clinker or gravel. Ox. 7d.; 8 ins. concrete 
slab, 6x. Old.; preparing and sowing verges. Ox. 6d.; per lineal yd.: 12 ins. by 6 ins. precast 
concrete kerb, 3x. 1 Id.; concrete pipes, from 4x. lOd., for 9-in., to 22s. lid., for 24-ins.; wire mesh 
and oak post fencings, 3x. 9d.; apiece : precast manholes, 7 ft. to 12 ft. deep, £9 to £14 ; trees, 
stakes, and wire guards, 9x. lid. 

Cooeniry By-pass.—Completed 1940. Length, 6 miles 7 furlongs; cost, including service 
roads, bridges and incidental works, £350,000; comprising, main road, £269,000 ; land, £30,000 ; 
service roads, £42,000 (recoupment of 30x. per foot of frontage); Tile Hill Lane section, £19,000 ; 
width, 160 ft.; least radi'is of a curve, 1,600 ft.; concrete carriageways, chiefly ; some of stone 
pitchings and a wearing course of tar-bitumen macadam ; cycleways of tarred limestone. 

Schemes in Abeyance.—Schemes estimated to cost over £10,000 and not to be put in hand 
unless to meet war requirements or urgent needs—as ordered May 1, 1940—totalled £3,133,000 
estimated cost. 

Baifa-Baghdad Road.—Described in the Journal Inst. C.E. January and October issues, 1940, 
the former containing a paper, by Lieut.-Ooionel R. Briggs, describing the works in the sections, 
Irbid to the Lava Belt, 41 miles ; through the Lava Belt, 106 miles, and thence to the Transjordan- 
Iraq frontier, 66 miles. The length of the roawl from Haifa to the Iraq frontier is 276 miles and 
thence to Baghdad, 350 miles; the latter portion including 50 miles of previously existing road. 

Rangoon-Chungking Road.—Known as the Burma Road and nearly 200 miles in length, it 
includes a section of 360 miles, from Shaknoan to the China-Burma frontier, having a minimum 
formation width of 18 ft., increased to 24 ft. in favourable ground, and a road crust, initially 10 ft. 
wide, having a base course, 4| ins. thick, of packed stone and a wearing course, 3 ins. thick, of gravel 
or broken stone. 

Costs of Carriageway Construction. 

(Per mile, and maintenance per mile per annum.) 

Vktoria.—Forming an asphaltic (tar-bound grave’) wearing course on an earthen road, £640, 
its maintenance cost £60; a gravel crust, £1,000, maintenance, £30; a higher type (for economic 
comparison, 4 per cent, loan repayment), £4,000, maintenance, £20; cement concrete, 9-7-9 ins., 
20 ft. wide, £11,800; crashed rook (presumably orusber-run broken stone), 20 ft. wide, 7 ins. 
thick, £1,670 ; 8 ins., £2,000; mixed-in-place, tar-bound gravel wearing course, loose depth, 2| 
to 3 ins.,; the tar applied at the second of the three stages of mixing; a sealing coat of bitumen, 
covered with fine material: cost, £680 per mile for 18-ft. width. 

Hew South Wales.—Analysis: In an expenditure of £247,630 ; percentages of cost of construc¬ 
tion—formation, 34*10; culverts, 7*14; paving, 34 • 34 ; bridges, 9 • 99 ; fencing, 1 • 64 ; main¬ 
tenance, daring construction, 1*71; to the end of the year, 1*09; camp, water-supplies, sundries, 
3 *88 ; survey, designing and supervision, 6*31. 

NewcoMe-Tynemouth Road.—Nearly 4*7 miles; about £43,000 per mile, or, not including 
the cost of four large bridges, about £31,700 per mile. Half the 102 ft. width made; SO-ft. 
carriageway; reinforced concrete 7\ ins. at sides, 10|^ ins. at centre, on flat bed of ashes; top 
2 ins. blue whinstone chippings; single reinforcement. 

Reconstruction.—Oardiganshire, including foundations and surfacing with tar macadam, 
£8,167 per mile. Lincolnshire (Holland), £4,000. Dorset, Wimbome, and Oranboume R.D.O., 
£2,791. A moorland road, £6,000. 
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Costs of Boad Maintenance, 1036-37. 

(Per mile, per annum.) 

MAINTENANCE, REPAIR, AND MINOR iBtPROVEMENT. 

• (Claasea I, H. and ID.) 

‘ (1:iss ir Ihen; moans the thc-n wholly niiclnssilied roads. See j). 5i 1. 

Sorthini plan shirr.- 11)12 111. Ordinary Maiidcn.anoc. ( lassifu-l roads, IJncla-ssilied 
roads, £82, comparini^ with £ 101 ainl £121) in iDljS 111), 

Holland. -ID II 15. Trunk road A 1)5, .CIDO; (’la<<s I.. £217; < Mass II.. £ 1 OK; Ijndassitied. £82 ; 
average £102. 

Lrirr.Kltrshirr. 11)10-IC. Triiiik (d2-0 ndles). .£111111 : < las.s J. (108 miles). £208; ( 'la>s 11. 
(200 inil('S), £2S 1 ; Unelassilied (1,280 miles), £1 ID. 

ENGLAND.—I., £486 ; II., £329 ; III., £135 ; average, £201. 

CourUies.—l., £447 ; II., £309 ; III., £100 ; average, £170. 

County Boroughs.—I., £592 ; II., £464 ; III., £211 ; average, £209. 

XoTidon.—County, City and Metropolitan Boroughs : I., £2,076 ; II., £1,311 ; 111 , £533. 

Boroughs (non-county ) and Urban Districts : unclassified, £196. 

Wales.—I., £293 ; IT., £235 ; III., £69; average, £106. 

Counties.--!., £289 ; II., £227 ; III., £67 ; average, £99. 

County Boroughs.—I., £416 ; II., £486 ; III., £166 ; average, £213. 

Boroughs (non-county') and Urban Districts.—Unclassified, £125. 

Scotland.—Classes I., £169 ; II., £133 ; ITT., £92 ; average, £118. 

Cown/iW.—Classes I., £163 ; TL, £129; III., £58 ; average, £96. 

fMrge Burghs (24).—Classes I., £483 ; IL, £289 ; III, £341 ; average, £362. 

Small Unclassified, £156. 

GREAT Britain.-!., £392 ; IL, £276 ; III., £123. 

OVERSEAS Costs of maintbnanoe. 

(Per mile, per annum.) 

Jamaica.—Main roads, 1934 : (a) £96 14j., including, in the parish of Kingston, £397 ; (6) in¬ 
cluding special works and the maintenance and construction of bridges, £105. Flood damage 
in 1933, £163,000, and in 1934, £20,000, compares with the expenditure, under (a) of £227,000 

Tasmania,—State roads, 1,170 miles, £54 in 1935 ; estimate for 1936, £56. 

Victoria, Australia.—The cost, £35, of maintaining ^vel roads by horse-drawn drags or 
small graders, has been reduced to £20 by using pneumatic-tyred power graders. 

Relation of Cost to Traffic.—New Zealand : on the basis of low cost construction at £350 per 
mile, one coat, for trafilo up to 200 vehicles per day, or 2-coat work for 800 to 1,000 vehicles per 
day. Costs of maintenance, including interest on the capital, short-term repayment, sinking 
fund, and general maintenance of the road. Vehicles per day and £ per annum : with 1,000 
motor vehicles per day, £360 ; 750 vehicles, £275 ; 500 vehicles .£223 ; 250 vehicles, £194. 

ANALYSES OF COSTS OF MAINTENANCE. 

Northamptonshire.—Class I. roads, 301 • 7 miles; expenditure in one year, £115,217. Analysis, 
percentages of the total: resurfacing, 30-5 ; strengthening foundations, 22*6 ; kerbing, 6*41; 
surface dressing, 19*7 ; patching, 2*08 ; sanding and gritting, 1 *06 ; siding and oitcning, 5-11; 
drainage and culverts, 1*9 ; guide posts and fences, 0*71 ; footpaths, 7*15 ; scavenging, 1 -52; 
white lines and caution signals, 0'86. 

Cardiganshire (\^Z^).—In a total of £13,265: labour, £4,750; material, £1,990; haulage, 
£1,245 ; steam rolling, £460 ; tarring, £4,020; bridges, £60 ; various items, £470. 

Canada.—Percentage costs: ditching, 1*8; grading, 1*9 ; resurfacing, 14*6; culverts, 1*6; 
dragging, 0*1; oiling and patching, 61*3; snow removal, 8*7; cutting weeds, 8*6; bridges,1*2; 
drain assessment, 0 ■ 2, 
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COSTS PKB Mils : Dibbotlt Maintainsd Roads. 

MAINTENANOB AND MINOR IlCPBOVEMENT. 

(Btiex, 1937-38 : Report of County Surveyor^ R, H, BttckUy.) 

Road classes I. n. ! m. I. II. m. 
Mileages .... 266*6 351*7 1931 — — — 

£ 

C(»ts. 

£ I £ 

Percentage costs. 

p.c. 1 p.c. 1 p.c. 
Scavenging, guUey emptying. 

13*79 : 4*86 snow clearing . 21*35 1*41 3*90 1*13 
Resurfacing and strengthening 69*71 120 01 1 24*27 16*62 84.2 20*92 
Patching and gritting . 37*89 39*96 1 17*76 901 11*2 16*41 
Surface dreesi^ . 166*0 56*66 1 30*3 36*97 16*1 26*20 
Maintenance of drains, foot¬ 

ways, fencing, warning and i 
46*60 7*28 direction signs, etc. . 61*89 1 14*78 13*2 6*30 

Siding, clearing ditches, main¬ 
42*52 : tenance of trees, shrubs, etc. 48*60 : 28*46 11*66 12*3 24*61 

Provision of kerbi^ and chan¬ 
nelling 6*69 ! 13*26 i 1*16 1*69 3*73 1*0 

Oonstruction of footpaths 6*93 i 6*17 0*34 1*66 1*49 0*3 
1 Provision of gullies, catchpits, I 
1 drains, and culverts . 9*46 12*84 4*60 2*26 3*63 3*98 
1 Provision of warning and direc- ! j I 

tlon signs, etc. . 2*78 0*89 ; 0*17 0*66 0*26 0*16 
Provision and planting of trees 

and shrubs 0*24 0*02 1 — 0*06 — 

RESEARCH AND EXPERIMENT. 

The Laboratory. 
Tests or Road Stones, 

(See Report to the Third Intemationol Road Congress^ T, E. Stanton and R, 0. Batson,) 

The equipment of the National Pbjgical Laboratory, Teddington, enables the following test 
of road stones to be made :— 

(1) A dry attrition test (resistance to wear); (2) a wet attrition test; (3) an abrasion test 
(for hardness); (4) a repeated impact teat (tonghneaa); (5) a test of the cementation value; 
(6) an absorption test. 

Attrition Test,—^The machine is of the 4-cylinder Dcval type, as used in France and in the 
United States. The cylinders are 7^ ins. in diameter and 14 ins. long, set at 30** to the axis of 
rotation. About fifty pieces of the rock, weighing eleven pounds, are placed in one of the cylinders, 
and the machine revolved 10,000 times at about 30 revolutions per minute. Only the material 
which will pass a sieve of mesh is counted in measuring the amount of wear, which is recorded 

both as a percentage and by the French coefficient - 
” * percentage or wear 

In the wet test 1*1 gallon of water is used with 11 lbs. of stone. The wear is usually greater 
in the wet than it Is in the dry test; but not always. 

Repeated Impact Test.—^This test is made with the Page impact machine, which has a hammer 
weighing 4*4 lbs., delivering the blows through a plunger, the surface of which, in contact with 
the specimen, Is spherical to a radios of 0 * 4 in. The test piece is a cylinder, 1 in. by 1 in., ground 
to the true diameter, and cut to length by a diamond saw. The test consists of a series of blows, 
beginning with a fall of 0*4 In., which Is increased by 0*1 in. with every successive blow until 
the test piece is broken. The toughness is measured by the number of blows. Tests can also 
be made with a constant height of fall. 

Abrasion Test.—The test piece is prepared in the same way as for the impact test and Is of 
the samesise. The machine is of the Dorry type, and consists of a cast steel disc revolving in a 
horisontal plane. The test piece is held, with t1» axis vertical and with a load equal to 3*6 lbs. 
per square inch, against the surface of the disc 26 cms. from the centre. Standard sand of 30 
to 40 mesh is fed continuously through funnels at a'definite rate, the same In each case. After 
about 1,000 revolutions of the disc, at the rate of 28 per minute, the test piece is weighed and 
tJhe loss of weight noted. The test is repeated on the other end of the test piece, and the average 

loss of weight by the two runs Is recorded. The hardness is measured by (20 - ^ W) where W 
is the loss of weight in grammes per 1,000 revolutions. « 
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Cementation Teet.—Ooanely croahed rook, weighing I*! lb., ia ground in a ball mill with 0*0S 

gallon of water, the balla being ateel ahota (two) 5*1 ins. in diameter. The material ia gronnd 
for two and a half houra at the rate of about 2,000 revolutiona per hour. The reaulting paate 
ia moulded into briquettea, 1 in. diameter and 1 in. long, the maximum preaaure being 1,880 iba. 
per square inch. After twenty-four hours, the briquette is dried for twenty houra in the 
air, and for four hours in a hot air bath at 200* F., cooled for twenty minutes in a deasicator, 
and then tested. It is placed on the anvil of the machine, with its axis vertical, and struck 
through a plunger by a amali hammer with an effective drop of 0 * 4 in., the rebound being measured 
by the movement of a lever attached to the hammer, and bolding a pencil against a paper-covered 
revolving drum. This records the number of blows required to destroy the resiliency of the 
test piece, after which there la no rebound. The mean of six testa la taken as giving the cementing 
vaiue of the material. 

Crushing Strength,—-She specimen ia a cylinder 1 in. in diameter by 1 in. long, ground out of 
a rough sample by emery-wheels. The cracking stress and crushing stress are measured. 

Absorption of Water,—A atone of about IS lbs. is weighed in air and then in water. It ia kept 
in water for three days and is then weighed in air. If A « weight in air, B ■> weight in water 
immediately after immersion, and 0 weight in water after immersion for three days, the number 
of pounds of water absorbed per cubic foot of rock is nearly 

0-B 
A -B 

X 62-5 

Petrological Analysis,—The classiflcation of the rock, in the terms of geological nomenclature 
and as regards its constituents, ia made in the Geological Museum, London, S.W. 

Ring Track Testing Machines,—No. 1 and No. 2, described in Road Research Board 
Report, 1933-36, mean diameter of track. No. 1,6 ft. 6 In.; No. 2,38 ft.; No. 3, 110 ft., described 
in a lecture to the Road and Building Materials Section of the Society of Chemical Industry, by 
R. B. Stradling. (Published with iUustrationa in Roads and Road Construettony April 1 and May 1, 
1936.) 

No. 3 was installed in April 1936. Loaded weight of vehicle, 12 tons; maximum speed, 
40 m.p.h., effecting a centrifugal pull of 26 tons on the centre post. Traversing gear to give 
track wear on 2 ft. 6 ins. 

Tests op Roadbed il.vTERiALs. 

IJnconfvned Compression Test.—A cuiiv(‘iiient and rajiid nu-ihod of tnea'^uring tiieshear.stroij},'th 
of clay soils. 'J'hc ayiparatus consists (tf a nictal fraiiH'Work in whh'h ryliiulrit al soil s])ociin('n, 
o ill. loHf' and !.[. in. diameter, is coinj>ressed l»y a helicals|irini.% the load being apjdied by rotating 
tla^ liaiidle at the toj) of the apjniratns. An auto<.n'aphie device enables the load-deformation 
curve to be drawn directly on a chart mounted on the plat(‘ in front of the apparatus. For purely 
cohesive soils the shear strength is equal to half the uiKxuitijied conquv.'S.sive strength. 

Shear Box Test.—Used to investigate the shear properties of all types «>f .soil, both eohesivc' 
and iion-cohosive. A soil sample of 6 c.in. sijuare cross section contained in a metal box is con¬ 
strained to shear along a deliinto plane, the shear strength being determined for various com¬ 
pressive loads ajiplied normally to the plane, of shear. The shear stnmgth is related to the normal 
pre.ssure by Coulomb's formula : S - * c -f /> tan ‘ phi ’ where S - .shear strength; c = cohesion; 
and p r-.- normal [iressure, all in II). jier sq. in. aiul ‘ phi ’ — angle of internal friction. 

Triaxial Compression Test.—'X'ho test is made on a cylindrical siieciinen, 3 in. long and H in. 
tliameter. Its cyliiulrical face is covered with a rubber inenibraiu? and then subjected to a known 
hydraulic pressure, while an incrca.sing axial load is applied until the specimen fails. 

Plate-hearing Test.—A circular-jilate is loaded on the actual sub-grade and a load/dellection 
eurvo obtained for increnu-nts of load. The modulus of sub-grade reaction is taken as the pressure 
required to produce a delle<-tion of 0*06 in. niea.sured in lb. per sq. in. 

California Bearing Ratio Test.—-A test (C.R.R.) devised in the United States. Related em¬ 
pirically to wheel loads and required thicknesses of road construct ion. The O.B.R. value of a soil 
is obtained by relating the load/ponetration curve for a circular plunger, 3 sq.in.in cross section, 
driven into soil corapaet<‘d into a special cylinder, to the corresponding curve for a standard highly 
stable soil. 

TESTS OP BITUMINOUS MATERIALS. 

Penetration Test,—The material to be teited Is usually brought to a definite temperature, 
which for standard comparisons is 77* F. (26* 0.). The penetrometer consists essentially of a 
weighted needle attached to the * hand ’ of a dial by a simple mechanism so that the hand on the 
dial registers the distance moved by the needle. The point of the needle is brought to the surface 
of the specimen, the dial reading noted, the ueedJe released for one second or sometimes longer, 
and then held, ^he difference between the two readings on the dial measures the penetration, 
it is desirable to make tests with different weights on the needle and at different temperatures. 

SolubilUy Test,—Solubility In carbon disulphide. A small quantity is placed in a weighted 
flask containing 100 o.o. of carbon disulphide, and afterwards decanted through an asbestos 
mat and the precipitate dried and weighed. 
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Otser Apparatus and Tests. 

Hardneit Number Test,—The hardness number of a sample of mastic asphalt Is defined as the 
depth in hundredths of a cm., to which a steel rod of 6*85 mm. diameter^ with the end cut off 
square, will penetrate the sample under a load of 100 kg. per sq. cm. (Illustration and descrip¬ 
tion by D. M. Wilson, Soc. of Chem. Ind. Paper; Ref. (a), * Roads and Road Oonstruction,’ 
April 1,1932.) 

Defbrmation Test.—On a test piece 2 ins. in diameter and 2 ins. long, cut from the pavement, 
or moulded. The test piece, placed as an upright cylinder, is pressed by a steel disc of somewhat 
larger diameter, to which, centrally, by means of a in. diameter steel ball, an initial load of 
20 kg. is applied by a weight of 1,750 grms. and leverage, the load at the lever end being increased 
by running shot into a can hung from it and the load on the specimen thereby increased by 22 *9 kg. 
per min., until the height of the cylinder (test piece) is reduced by twenty-hundredths of a cm., 
shown by 20 divisions on a dial. The result is expressed as the kg. load, on the end of the beam 
required to cause this shortening (ref. as (a) above). 

Hutchinson Aviomatic PenetromHer.—In this new instrument there is no delicate or complicated 
timing apparatus, nor any part subject to rapid wear. The vernier system of reading penetrations 
eliminates the rack and pinion operated pointer and dial. A lifting gear for the sample plate 
provides for rapid and precise adjustment. (Description and illustrations in * Hoads and Road 
Oonstruction,* October 1,1932.) 

Stability Test.—(1) A machine devised by 0. R. Stokes and J. Zapata, for testing the stability 
of cold emulsions, is described in ' Proceedings of the (American) Association of Asphalt Paving 
Technologists,* 1932. 

(2) (The same ref.) The Ilubbard-Fieid apparatus, of the piston and cylinder type, is an 
adaptation directed to provide for the testing of coarse aggregate mixture. 

(1) Metro Plastimeter.—For measuring the consistency of pibch-ltke substances. A stfcl 
sphere is forced, by the application of a weight, into a mould containing the material, the rate of 
penetration being measured. The sphere is of much less diameter than the mould. 

(2) Metro Trough Viscometer.—A trough resembling the spirit level of a surveying instrument 
is so mounted on trunnions that it can be steeply tilted. The tar is placed in the well, or reservoir, 
of the trough, which is brought to the required temperature and tilted to a given angle. The 
consistency of the tar is expressed as the time of flow between two marks. 

(3) Capillary Tube Viscometer.—An upper and a lower vessel, each of about 60 milliUtres 
capacity, are connected by a capillary tube (perforation through a solid mounting) 5 cm. in length. 
The lower vessel, containing the tar, is put under mercury pressure applied at a hole in the bottom ; 
from the upper vessel, containing a suitable liquid, that liquid, displaced as the tar fiows upwar ds, 
measures the rate and amount of the flow. 

Tar Viscometer.—A viscometer used in investigations into the use of Vertical Retort Tars, at 
Johannesburg, is Dr. K. H. Selvoy's modification of the Metro Trough Viscometer. It was found 
that with this iustrument the tar temperature could be adjusted to within 0*05 ^ 0. of the sur¬ 
rounding water within 15 secs. 

EiinivUcons-Teinpenilnrt‘ TtsL 'I’Jio toiiiper.ituiv in at whii li the lur lias a time of How 
of 5u secomls measured by tla* tar '-is«‘omet<T. its u.se erial)lcs tie* viscosity of any road tar, 
however tluid or however viscous, to he I'xpressed on a single s«-ale. 'The value l»(V.(.)nios [)ro- 
LTessivcly hiL'hcras th*? \i«cosity increases. 

I^XPERIMBNTAL DETTEIIMINATIONS. 

Coefficient of Slab-on-Road-bed Friction.—(Ministry of Transport Technical Circular. Average 
values: moist earth, 0*6 to 1*3; clays, 1 *5 to 2*0; very rough subsoil (? road-bed), 2*0 and 
upwards. 

Effect of Heat on AggregtUes (B. H. Knight).—It was deduced from experiments with Bonawe 
granite, heated to 260 and 300” F., and subjected to sudden and slow cooling, that no ill results 
need be feared when such an aggregate is heated as in ordinary practice. 

Moisture Content of Soils.—Measured tn situ by burying a series of electrodes. The method 
is based on tbe relation between the electrical * restivity ’ (r) and moisture content, also the 
relation between (r) and tbe temperature of the soil. (Report for 1933, National Physical Labora¬ 
tory.) 

Wheel Impact.—The first main section of the ' Wheel Impact Research,’ in which a heavy 
six-wheeled lorry was employed, was nearly completed in 1936. The other vehicles are: a 
heavy four-wheeler, a medium four-wheeler, and a motor car. Experiments are made to deter¬ 
mine the influence of the following factors: speed, unspning weight, load, type and size of tyre, 
inflation pressure.sbockabsorber, driven or trailed axle, and middle or rear axle. (See Report 
for the year 1936. of tbe National Physical Laboratory.) 

Road Surface Resistance to Skidding.—The subject of Road Research Technical Paper No. 1 
(Studies in itoad Friction, 1.), December 1936, in which experiments are described and the 
results discussed. In another publication, Road Research Bulletin No. 1, December 1936, 
information is given as regards tbe construction and operation of the special motor-cycle and 
sidecar, and its measuring apparatus; also guidance in respect of the interpretation of the results 
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obtained. The Road Research Laboratory Is prepared to give adrice on the selection and pur¬ 
chase of a suitable machine, and assistance in training personnel in its proper use. (It is clearly 
indicated that the co-operation of county and municipal highway engineers, in this important 
matter, is regarded as desirable.) 

Control of Moisture Content of Aggregates.—The title of Road Research Technical Paper No. 4, 
January 1937, is : ‘ The Control of the Moisture Content of Aggregates for Concrete, Introducing 
a new Vibration Method.' In the opinion of the Road Research Board (prefatory note) *. . . the 
vibration system of control should make possible a considerable improvement in the quality of 
concrete laid in roads.' The Inundation method, devised and employed in the United States, 
has been fully Investigated by the Road Research Board, the experiments being described and 
the results discussed in the paper. It was found that the method is not generally applicable in 
Great Britain. The Vibration Method is based on experiments made by j)r. G. Glanville at the 
Building Research Station. The vibration is applied by mechanical means, under full control, 
and the proportion of water in the aggregate is brought very nearly to a constant value. 

Surface Area of Aggregate.—(1). Torrance and R. B. S. Gilmour.) The relationship between 
surface area and weight of spheres or cubes, as given by Neumann's expression, S ■» 6/p.d. 
square centimetres per gramme, gives values somewhat too low. A more accurate relation, 
assuming that the aggregate contains, in approximately equal proportions, spheres, cubes, pyra¬ 
mids and triangular prisms, is given by S.A.*= 3590/jo.d. sq. ft. per ton ; where p *= sp. gr.; 
d ^ gauge of stone in inches. An example, taking 65 per cent, of ]-in. gauge and 35 percent. 
^ in., relates 10 gallons of bitumen per ton of aggregate to a film thiclmess U -0043 in., considered 
to be suitable for grading } in. down. 

Texture Prints of Road Surfaces.—The earliest prints were taken with a pneumatic tyre, re¬ 
placed—for convenience in constant use of the method—by a rubber roller giving impressions as 
nearly as possible the same as those obtained with the tyre. The road surface is carefully inked, 
over an area al)out 8 ins. square, with a half-tone black printing ink diluted with about half its 
volume of paratfin. The operator holds the roller at the nearer edge of the inked patch and rolls 
forward, allowing the weight of his body to maintain a steady pressure on the roller. The im¬ 
pression is then transferred to a sheet of paper. (Road Research Bulletin^ No. 3, 1939.) 

Lateral Pressure of Clay.—Apparatus described in paper No. 5242, Inst.C.R.y by G. M. Binnie 
and J. A. Price. The principle of the machine is similar to that of Dr. von Terzaghi's tape, in that 
it depends upon the measurement of friction between metal parts under load; but whereas the 
tape is based upon sliding friction, the machine depends upon the friction of a rotating shaft 
between two bearing surfaces. (Journal Inst. C.E.y February 1941; difcuasion in the issue for 
October 1941.) 

Research. 

Chemical Research Laboratory^ Teddinglon. 

Drying Time of Tar.—The admixture of 1 or 2 per cent, of calcium soap to tar reduced the 
drying time of road tar by about 60 per cent. 

Rubber-Tar.—Chlorinated rubber, an amorjihous powder, was found to bo readily mixablc 
with certain kinds of tars. It increased the viscosity of high-temperature tare. The rubber-tar 
adhered to granite and to glass, under water. 

Oypsum Cement.—A new hydraulic gypsum cement of great strength, resisting weathering, 
with less expansion and contraction than Portland cement, and highly ri*sietttnt to mechanical 
wear. (See The Engineety March 4, 1938.) 

ROAD MATERIALS. 

BRITISH Standard Specifications. 

(To be obtained from the Publications Department of the British Standards Institution. 
2S Vii-toria Sltcct, Lumh.ii, S.W. 1 ; pricr 2.v., wr w it li 'J.s-. 'J<L. unl'ss otluTvN i<e staifil.) 

Graiiite and Whinstone KerbSy channels, quadrants and setts (No. 436). Kerbs in a series 
1 in. by 9 in. to 8 in. by 12 in.; setts in eight standard sizes. 

Asphallic /iilitia*/I Itouil Eitiulsinu.- >.«).4:'.l 1935. lntr*ulihrs t In* ‘ 1 liability ' Bimil- 
sioiis fur I’uMcl rat iuii ((Iruul iiig and Senii-gruiit iiiir) .Ahdliud and Surface DressiiiLT. I’rii'c .‘bv. 

Cold Asphalt Macadam (No. 434).—Provides a specification, using the emulsion (No. 433). 
Examples of suitable grading of aggregates and rates of application of emulsion and blindiiig 
materials are given in tlic appendix. 

’ Precast Concrete Flags.* -No. 368—1936. A revision of the 1929 specification. The 
loading in the transverse tests has been increased and the specified permissible amoiict of wear 
reduced. With an auu*udmeiit, August 1947. 

Precast Concrete KerbSy channels, quadrants and setts. A revision (September 1936) of B.S.S> 
31t). I’he load to bo supported in the eross-broaking test has been iuo-eased. With an aiueiid- 
incut, October 193S. 

Sandstone KerhSy channels, quadrants and setts. No, 706—1936. There are requirements as 
regards structure, texture, water absorbtion and density. 
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Hydrated Lime and ifor^or.—BS/ARP No. 34—1939; relatea to hydrated lime tor uee in 
making a oemenMime mortar for bonding brickwork and masonry; provides for hydrated lime 
produced from high-calcium quicklime or a greystone quicklime. 

BS/ARP No. 25—1939, provides for a lime-cement mortar for bonding brickwork, natural or 
cast stone and other structural units. 

Hoad Stone and Chippinye.—No. 63—1939 ; sises of road stone and chippings. Specifies 
square mesh sieves. (B.S. 410.) 

Furnace Slag for Gonerete Reinforcement.—No. 877—1939. Foamed blast-furnace slag for 
concrete reinforcement. The standard is restricted to material having a lime content within 
50 per cent. 

High-alumina Cement. (No. 915—1940.] -The compression test is included, without the 
alternative of a tensile test. 

Compressed Natural Rock Asphalt,—No. 318 -1948. 

Cold Asphalt Macadam.—Penetration (Qroiiting and rfemi-grouting) Ar»dliod, using lload 
Emulsion.—Mo. 4.3:1—19:n. 

Single Coat Asphalt (cold proces.s).—Mo. 510—193:i. Price .3.v. 

Two-Coat Asphalt (cold process).—Mo. 611—19.3.3. Price '6s. 

Rolled Asphalt. Asphaltic Bitumen and Fluxed Lake Asphalt (hot process).—No. 594—1946. 
Price 2s. 6rf. 

Rolled Asphalt. Fluxed Natural Asphalt and Asphaltic Bitumen (hot process), -No. 595 -1935. 
Price ds. 

Mastic Asphalt Surfacing. Fluxed Natural Asphalt and Asphaltic Bitumen (hot process).— 
No. 697-1935. 

Emulsions of Road Tar and of Road Tar-Asphnltic Bitumen Mixtures for Pf'nct ration (Grouting, 
Semi-grouting) and Surface Dressings.—No. (>18—1936. I’rice 3.s‘. 

Tarmacadam and Tar Carpets, Oranite Limestone or Slag Aggregate.—No. 802—1945. Price 
2^. C</. 

Sampling and Testing of Mineral Aggregates, Sands and Fillers.—No. 812 —194.3. Witli an 
amendment, 1946. Price 5j. 

Tarmacadam and Tar Carpets, Gravel Aggregate.- -ISo. 1211 1945. 

Methods of Test for Soil Classification and Compaction.—hTo. 1377—1948. Price 7^. i\d. 

Mastic Asphalt (natural rock .asphalt aggregate) for roads and footways. —No. 1440—1948. 

Mastic AspluUt (limestone aggregate) for ro.ads and footways.—.\o. 1447—1948. 

Foamed BVist Furnace Slag for Concrete Aggregate.—.No. 877 -1939. With an amendment, 
April 1947. 

Fortlaiul Cement. Ordinary and raphl hardening.— No, 12—1917. With an amemdmont, 
May 1948. Price 3.v. tW. 

Portland Bla.<dfurnace Cement.—Mo. 146 -1917. With an amendinont, May 1948. Price 
3s. (id. 

Girder Bridges. Tables of Rriti.sh Standard Unit Loadings for railway girder bridges and 
highway girder bridges,No. 153, Appendix No. 1 (1925). With an amendment, May 19:30. Pric^c 
2s. (id. 

Girder Bridges.—No. 1.53, Part 3, 1937. .3—Loads and Stresses. Price 3^. 

High Tensile Steel for Bridges, etc., and General Building Construction.—No. 648—1934. 
Amendments, May 19.36, February 1938, and June 1942. Price 2s. Gd. 

Boadstone. 
When a single word is employed as the name of a rock used for road stone or for paVing setts 

the word may be definite in itself, denoting a rock of a particular compoaition which does not, 
as a rule, vary much from the average. In other cases, the general word, or wo^ denoting the 
normal material, is compounded with another word, usually the name of a mineral which is 
present in an unusually large proportion, or which is an unusual conatituent or one of several, 
any of which may be present. Thus, a diabase is usually composed cUefly of labradorite and 
augite, and sometimes olivine; and dolerite, though different in texture, is similar in composi¬ 
tion. An olivine dolerite is a dolerite in which olivine is present in a considerable proportion, 
and a quarts-enstatite diabase is a diabase in which both quarts and enstatite (minerals, not 
rock names) are present in noteworthy proportions. (See 1941 and earlier issues for a classification 
of roadstonea.) 

Roadstone: the Relation of Site to Toug?meu,-^B. H. Knight): The results of physical 
tests carried out on relatively large pieces of material are apt to be very misleading if the latter is 
Intended for use in sizes which are much smaller than those actually tested. 

In a sett, the number of cracks reaching the outer surfaces will not be very great unless the 
stone be a particularly bad example, while the number of fissures which reach from one surface 
to another will be quite negligible. When, however, the same stone is omshed to small sizes, the 
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ratio of fissures reaching the surfaces to the total volume of stone becomes very much increased, 
and hence the tendency for the stone to fracture under traflQc is very much greater. This is the 
reason why some granites which are perfectly satisfactory as setts fail badly as ohippings. 

EXPERIMENTAL MATERIALS. 

RUBBEB Pavings. 

For descriptions and dates of laying, see the 1937 edition, p. 646. Further information was 
given in subsequent editions, up to that of 1941. It relates to pavings laid in London, Glasgow, 
Edinburgh, and the Mersey Road Tunnel; also to rubber latex carpets and to rubber-bitumen 
mixtures. 

In view of the small extent to which rubber can economically be employed for paving roads, 
and the low coefBcients of friction of the surfaces, repetition of the information so far given does 
not seem to be justified. 

RUGOSITY OP Rubber Pavings. 

Skidding Teats: surfaces wet. Rubber block surfaces iu London: (1) E.O. District, 
January: Old paving; at 15. 20, 25 and 30 m.p.h., respective coefficients, 0*29, 0*37, 
0*26, 0*25; New paving, at 15, 20, and 25 m.p.h., respective sideway force coefficients, 0*25, 
0*93, 0*31. (3) S.W. Dirtrict, September; at 15, 20, and 23 m.p.h.; respective coefficients, 
0*33, 0*18, 0*17. (Road Research Technicid Paper No. 1.1 

Rubber Later,—(a) Latex, 10 per cent, vulcanised, rolled to a carpet i in. thick on open tar¬ 
macadam ; (5) the same latex, trowelled into open tar-macadam. .Skidding tests, surfaces wet. 
February, gave, for 15, 20, 26 and 30 m.p.h., the respective coefficients, (o) 0*20, 0*17, 0*16, 
0*16 ; (b) 0*63, 0*69, 0*66, 0*60. “ Later, in August, both surfaces having been dressed with 
bituminous emulsion and sand, the corresponding coefficients for both surfaces, wet, were 0*40, 
0*34, 0 .31, 0*29. 

Oast Iron paving. 

Experimental lengths of carriageways have been paved with cast iron blocks (proprietory) at 
Nottingham, Worcester, Accrin^on, Stratford-by-Bow, Islington, Birmingham, Burnley, 
Rochdale, Ilford, Leyton, Hampstead, Stockport, and Folkestone. 

Each block is an equilateral triangle of about ll|-in. sides and weighs about 10 lb. It is 
dished and ribbed to give a depth of 2 in. At each corner a steel stud projects about i in. on the 
underside, these preventing the block from rocking. The wearing surface is grooved to about 
i in. depth. The blocks are bedded on a bituminous mastic, upon concrete, and the vee joints, 
I in. wide at the top, are filled with a special Jointing material. 

Cardiff,—The city engineer hag reported unfavourably on an experimental length of cast iron 
paving. 

Meraey Tunnel.—At the contract price of 16#. 9d. per sq. yd., 46,000 sq. yds. of cast iron paving 
was provided for the Mersey Tunnel. 

Rugosity.—On some types, the coefficient of sideway force is very low. W ith a new type of 
cast iron paving, having a suriaoe pattern of small studs | in. square, the coefficients of sideway 
force ranged from 0*6 at 5 m.p.h. to 0*54 at 25 to 27 m.p.h. 

Experimental Binding materi\ls. 

Salt.—As distinct from its employment as a hygroscopic surface binder, common salt has been 
used as a road crust, or wearing course, binder on a considerable mileage of roads in the United 
States and (kinada. Recent information relates to the use of a binder consisting of clay, calcium 
chloride, and common salt, the proportions not being given. It is reported that salt-bound roads 
become very hard and tough. 

Fabric Binders.—Used In bituminous carpeting, or heavy surface dressing, (a) Ootton 
fabric : recent reports from the United States are not optimistic as to the future of this method of 
reinforcing the surface of a road. The fabrics employed cost, in different districts and according 
to the weight of the fabrics, 8450, $600 and $750, per mile of 18-ft. road. (6) Gunny cloth : 
In experiments recently initiated in India, gunny bags were slit open and trodden into a layer of 
bituminous road binder, and were covered with chippings at 5 cub. ft. per 100 sq. ft., rolled in. 
llie cost of the gunny cloth was R. 1, An. 8} per 100 sq. ft., and that of the whole of the surfacing 
work was Rs. 8, An. 3 per 100 sq. ft. .. 

Sira.—Eankar (soft limestone) roads grouted with #tro (or molasses), a by-product in the 
manufacture of sugar from sugar cane. The old surface was scarified to a depth of 4 in. and the 
material screened, \ in. up being kept on the road and I in. down reserved for top dreasing. The 
sira was spread at 15 tons per mile of 10-ft. road, which was then sprinkled with water and rammed. 
The fine material was spread and treated with a diluted mixture of sira and water (sira at 1 ton 
per mile). It was then rolled, left for 3 days without traffic, and kept wet for a further 4 days. 
OoatB: per mile, 10 ft. wide: sira, 16 tons at Rs. 33 per ton, Rs. 353 ; tools and plant, Rs. 48; 
labour, Rs. 338 ; consolidation, Rs. 106 ; total, Rs. 744. 
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The Vehicle and the Bead. 

BBGULATIONS UNDER THE BOAD TRAFFIC ACT, 1930. 

Motor yehlclea are defined in terms including the following: Heavy Locomotive^ a vehicle 
not constructed itself to carry any load and the weight of which, excluding water, fuel, accumu¬ 
lators and tools, exceeds 11^ tons. Light LoconuMve^ similarly, exceeds 1\ but does not exceed 
111 tons. Motor Tractor^ similarly, does not exceed 71 tons. Heavy Motor Car^ constructed to 
carry a load or passengers, unladen weight exceeding 21 tons. Motor Car^ similarly, but unladen 
weight under 3 tons if (1) constructed solely for the carriage of persons and their effects, (3) 
adapted to carry not more than 7 passengers exclusive of the driver, (3) fltted with tyres of a 
prescribed t]rpe, or unladen weight does not exceed 31 tons. Public Service Vehidee^ include 
three classes, stage, express and contract carriages. 

The respective limitations of weight are subject to alteration, as are other of the regulations. 
The following, which have significance with respect to road design are herein referred to in that 
aspect only. Information as to the regulations in force at any given date can be obtained from 
H.M. Stationery Office. 

Public Service Vehidet,—All-wheel load (a) and load of 3 wheels in a tranverse line (0> Four- 
wheelers : double-deckers, (a) 10 tons, (I) 6} tons; single-deckers, (a) 9 tons, cO 6 tons. More 
than 4 wheels; (a) 12 tons, (() 41 tons. 

Abnormal Indivisible Loads.—(Authorisation of Special Types Orders.) Only one such load 
may be carried at one time, unless within the normal weight limits. Vehicles or trailers (S.T.), 
used only for the conveyance of such loads are limited by ; all-wheels* load not exceeding 16 cwt. 
per inch width of tyre in contact with the road. Four days* notice of the transport of such loads 
must be given, containing an indemnity in respect of any damage which may be caused. 

Flexibility of Sfirings.—In respect of (S.T.) above, the following is ordered : every such trailer 
constructed after January 16,1931, which has more than 4 wheels in contact with the road surface 
must be so constructed that, under any condition of loading, when it is at rest upon a level surface, 
all wheels shall be In contact with the road surface and, if any wheel is lifted and supported at a 
distance of 3 ins. above such surface, the weight transmitted to the road surface by any wheel 
must not be increased by more than 10 per cent. 

TYRE Widths in Proportion to Loads. 

Even when superseded, or no longer applicable to existing conditions, regulations relating to 
tyre widths in proportion to wheel loads have a bearing upon the design of carriageways. The 
following paragraphs are, therefore, retained. 

Information in regard to the tyre widths which are the least allowed for certain wheel loads, 
to the unit width per unit of loading and the variations in accordance with the character of the 
tyre, will be found in reports to the S.I.B.O. (D. A. Orawford, Report No. 80). 6th Question. 
For a summary relating to eight reports, see the Surveyor^ September 21, 1934, p. 288. The 
following information is from a comprehensive table for Australia, relating to the regulations in :— 

Queensland.—(1) Begulations of 1933, mam roads: solid rubber, single tyres, graduated 
rom 18 owt. per wheel on 4 ins. to 73 cwt. on 14 ins.; twin tyres, from 36 cwt. per wheel on (two) 

A ins. to 73 cwt. on (two) 8 ins. 
Orawler Tracks: 10 cwt. per in. width of track of flat steel, wood or rubber pads in contact 

with the ground. To ascertain the maximum weight load in owt. multiply the sum of the widths 
by 10. 

Tasmania.—Vet wheel, .‘U cwt. per half inch width of tyre. 
India.—Loads and Tyres of Bullock Carts.—In an article by T, S. Pipe, executive engineer, 

Bombay Presidency {Indian lioads^ March 1933), the actual loads carried per inch width of tyre 
by wheels of bullock or bufifalo carta in India are compared with those given on p. 633 (1937 
edition). In twenty-seven areas, such as circles (P.W.D.) or districts (administrative) the lowest 
loadings in lb. per in. width of tyre include only five between 410 and 600, and the others include 
twelve from 1,000 to 1,800. 

Assam,—Tyre widths were prescribed under the Highways Act of 1928. The maximum 
loadings is 376 lbs. per in. width of tyre. 

Burma.—No vehicle with untyred wheels nor any with wheels having less than 2^ ins. bearing 
width of tyre may be used. For 2-wheeled vehicles the minimum widths of tyre are, for half a 
ton, 2^ ins.; for 1 ton, 3| ins. for ton, 4^ ins.; for heavy loads transport, from 3 tons to 
8 tons, 6 ins. to 13 ins. 

Wheel Diameter and Loadings. 

Queensland.—(1) Four-wheeled vehicles; smooth metal; wheel diameters, inches, and per¬ 
missible loads in cwt. per in. width of tyre per wheel. Under 16 ins., 3 cwt.; 16 to 24 ins., 4 cwt.; 
24 to 36 ins., 6 cwt.; 36 to 48 ins., 6 cwt.; 48 to 63 ins., 7 cwt.; 62 to 76 ins., 8 cwt.; 76 ins. 
and over, 8]^ cwt.; for grooved steel tyres, half, and for peneumatic tyres, one and a half times 
those loadings. (2) Two-wheeled vehicles, for the same range of diameters, half one cwt. less in 
every case; grooved steel tyres and pneumatic tjres in the same proportions as above. 

South Australia.—Wheel dia. 30 ins. or less, 7 owt. per in.; more than 80 ins. in dia., 8 cwt. 
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Tbaotiyh BrroRT. 

In order to establish, in the economio aspect, rdative valnes for power called for on the leyel 
and power called for on gradients (both gradients and power being related to costs), it is necessary 
to know, approximately, what is the tractive effort required on the level. The investigations, 
particalar in every case, correlate capital expenditure on road construction with running costs 
of vehicles. 

Traa%v0 Bffofty Germany.—Beport to the SJ.B.O. (1) Not Including air resistance, kg. per 
tonne, with high-preesnre pneumatic tyres: small stone setts (Oabbro), 15; graved-lmund, 
broken-stone roads, 18 ; broken-stone and asphalt, 16 ; large stone setts, 16; paving stones, 81. 
(3) At about 19 miles per hour, including air resistance and that (30 per cent.) due to curvature 
of the track of 196 yards radius; relative resistances: stone setts, 100; concrete, 103; gravel- 
bound broken-stone, 106 ; asphalt, 110 ; tar surfaces. 111. (3) Torque measurements showed 
that moments of starting and braking couples are from 3*3 to 6*3 times that when the vehicle 
is running at 19 miles per hour, it bdng deduced that wear of the road is In similar proportion. 

Tractive Effort^ France.—Report to the S.I.B.O. (citing data, M. Oastalng, 1933). For Paris 
motor omnibuses, kg. per tonne: on asphalt, 14*50 ; on wood, 14*76 ; on small sett paving, 14*80; 
on sandstone * setts, ’16*26. When the flexibility of the springs was about doubled, the resistance 
to traction increased by about 14 per cent. 

Tractive Effort and Speed.—Beport from Japan to the S.I.B.O. Low-pressure pneumatic 
tyres, large sett paving, kilms. per hour, kUogs. per tonne: 10-13 • 4; 30-14 ■ 3; 30-16 • 7; 40-17 * 3; 
60-18*9. 

BoAD Accidents. 

Ministry of Transport Analysis of 1936-37 Statistics. Result Classification.—Numbers of 
accidents: in built-up areas, fatal (f.), 3,999, or 2 * 6 p.c.; serious injury (s.), 34,894, or 22 • 6 p.c.; 
slight injury (1.), 115,607, or 74*8 p.c.; in areas not built np : f., 2,338, or 5*2 p.c.; s., 15,825, 
or 36*6 p.c.; 1., 26,499, or 59*3 p.c. 

Responsibility Assigned To.—In the percentages of cases, fatal: pedestrians, 40 ; cyclists, 17 ; 
non-fatal: pedestrians, 30 ; cyclists, 23. Responsibility, all accidents (percentages): drivers, 
33*6; pedal cyclists, 22*8; pedestrians, 30*5; other persons, 2*8; vehicles or equipment, 3*6; 
miscellaneous causes, 6*8; not traceable, 0 * 9. Those figures include 14,500 accidents (in a total 
of nearly 200,000) attributed to the fact that children under seven years of age were unaccompanied 
or inadequately supervised. 

Conditions.—Percentages (fatal, f., non-fatal, n.):— 
Road.—At junctions: f., 31*7; n., 41*7; straights, or open bends: f., 60*5; n., 52*6; 

in built-up areas : f., 63*1; n., 78*0. 
Weather.—Clear: f., 81*6; n., 82*7; rain and hall: f., 14*2; n., 14*0; fog or mist: 

f., 3*3; n., 2*2. 
Light.—Daylight: f., 67*1; n., 69*9; dusk: f., 4*7; n., 4*4; dark: f., 37*9; n., 25*8. 
Carriageway Widths.—^Not more than 20 ft.; f., 22*7, n., 21*1; 20 to 30 ft.: f., 47*8; 

n., 46*8 ; 30 to 40 ft.: f., 20*3 ; n., 21*6. 
War-time Road Accidents.—Tn the year ended August 31, 1940, the number of persons killed 

was 8,347, comparing with 6,624 in the last 13 months of peace. Pedestrians killed numbered 
4,932, an increase of 1,878 on the figure for the preceding 12 months, though the increase for all 
users was 1,719. There was, therefore, a decrease among other classes of users. The greatest 
increase in accidents since the war began has been in daylight hours. 

FUNDAMENTALS OP BOAD PLANNING-. 

SEGREQATION OF TRAFFIC CLASSES. 

In the planning, or planned development of the road system of Great Britain, it is now 
realised to be urgently necessary to dedde the extent to which the separation of fast through 
traffic is to be provided for, and in what manner. It is almost generally accepted that two 
additional one-way carriageways would be required, and majority opinion seems to be that to 
provide these alongside existing trunk roads would cost more than construction on new locations, 
or, in another aspect, would make impossible economic capital expenditure in securing shorten¬ 
ing of distances and reduction of grsuiients. Beads for complete separation of fast through 
traffic from alow and mixed traffic may best be called * speedways,* since the main separation 
is no longer that of motor vehicle traffic from horsed vehicle traffic. 

Speedways : Policy and Recommended Provisions. 

The Institution of Highway Engineers.—Tha council of the Institution of Highway Engineers 
has approved a report of a committee whose recommendations included: G) through 
traffic should be separated from mixed traffic. (3) Speed routes should be provided exclusively 
for motor traffic. (3) Such speed routes should be designed, constructed and maintained by 
the Minister of Transport through his own staff. 
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Other OpMont,—Oplnlooi favoarabto to tbe policy of proTidins tpedal roads for throngb 
traffic hare been expreeeed bj: Mr. D. Edwards, in his president address to the Institotion 
of Municipal and County Engineers; by Mr. T. O. Wilkins, in Uis presidential address to the 
Institution of Oiyil Engineers Northern Ireland Association ; and by a considerable number of 
county surveyors. Such provision seems to be contemplated by highway engineers in the 
United States, as a development of the near future. It wus accepted, in principle, by the 
Government Of the Netherlands, in which country the construction of a speedway, without level 
crossings, between Arnhem and Nijmegen was approved before the war. 

Main Features of Speedways as Oontemplated. 

dreat Britain.—{J. 35. Swiiidlehurst, Jn.stitutiou of JIighway JCngineers). A K<;ri<‘S of new trunk 
roads, the trallic on which is limited to defined classes of vcliirles. Of the twin carriageways tyj)e, 
of width to suffice for expected traffic for many years to ctnne. By-passing large centres of popu • 
latioii. Connected, at «lefined i)oiuta, with main trunk roads, by means of li;ik or radial roads. 
Accommodating only high-speed motor traffic of the ploiusure-car class, ami moUjr transport 
v(diicles. Additional tratlic lanes would be pr*)vidcd where the route links busy centres (d‘ 
po])ulation. No road junctions or crossings on the level. 

Many other deacrlptiona of the speedway as proposed for Great Britain have been furnished. 
Substantially, they t^y with the provisions made in respect of Italian and German motorway?, 
as regards main features and lay-out and connections with existing roads. 

Location,—Opinion seems to be, on the whole, favourable to such location of the speedways 
and such excavation and embankening as would reduce expropriation costa, but would Involve 
high construction costs in order that distances travelled might be reduced and gradients be made 
very easy, compensation being found in reduced running exists of vehicles. 

Proposed Speedway in Lancashire. 

In a report of the Highways and Bridges Committee of Lancashire County Council, the con¬ 
struction of an entirely new road was recommended, as preferable to the widening of an existing 
route and the construction of many by-passes. The length of the road from the Preston boundary 
to the Cheshire boundary would be about 23 miles, with crossings or junctions at 10 classified 
roads, 16 minor roads, 20 farm or occnpatlon roads, and 35 public footpaths. The proposed 
lay-out is shown as providing: two outer verges, each 9 ft. 6 ins. wide ; two 22-ft. carriageways, 
and a 22-ft. middle reservation. 

Feature* of German Speedways.—The system aggregates about 5,000 miles. Usual provisions : 
dual carriageways, each 7*5 (24*6 ft.) wide: a middle strip (along which a hedge is sometimes 
planted) 6 m. (16*4 ft.) wide; flanking strips of bituminous macadam, 1 m. (3*28 ft.) wide; 
outer grass margins of 1 m. Minimum radii of corves ; in level country, 2,000 m. (6,562 ft.); 
in irre^ar country, 1,000 m. (3,281 ft.); in mountain country, 400 m. (1,312 ft.). 

Desionino in bbspeot of Speed. 

Speed versus Safety on Curves.—The title of an article In Civit Engineering (U.S.A.), February 
1937, presenting the second part of Prof. R. A. Moyer’s summary of the results of investigations 
for determining uniform speed-control standards, published in Bulletin No. 120 of the Iowa 
Experimental Station. Points from the article:— 

(1) A signifleant featnre of the slippage tests is the magnitude of the slippage as the speed 
of the car is increased. The trend indicates that the slippage at speeds of 80 m.p.h. or more is 
so large on corves sharper than 3 deg. that the most skilfiil driver will have difficulty in steering 
the car and holding it within a 10-ft. traffic lane. 

(2) Even on a good road surface with excellent brakes, an expert driver operating at 80 m.p.h. 
cannot stop the car safely in less than 500 ft. after he first recognises the danger, or if he desires 
to overtake a car travelling 70 m.p.h. in the face of another car approaching at 80 m.p.h., a clear 
space of at least one-half mile is necessary. 

(3) Engineers are accustomed to build structures with a factor of safety consistent with the 
risk of failure Involvedt Yet In highway safety work engineers are very prone to determine safe 
driving speeds without any regard for a factor of safety. Records of automobile accidents 
indicate that driving cars with little or no factor of safety is certain to lead to dire consequences. 
Traffic engineers and drivers should recognise the fact that the law of averages holds true and is 
as certain to be enforced as the law of gravity. 

(4) There are many fActors which indicate that it may prove far cheaper and possibly equally 
safe to take to the air when speeds above 60 m.p.h. are desired. 

In reference to (S), and to the growing opinion amongst American engineers that there should 
be factors of safety In road designing, it was observed in an editorial note. The Surveyor^ April 16, 
1987 : * This logically Involves the stultiflcation of nearly all reoent dispositions in respect of 
lighting distaaoe and other features of lay-out.' 
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Road Sitrpace rt7go8itt 

For conrenlence of reference and memorising, the stopping distances in the following table 
are. when not multiples of 6 ft., brought to the next higher multiple of 5 ft. Except for that 
modification, they substantially represent the values in Major 0. Cook’s graph (Paper No. 6106, 
Proc, Inst, G.B,^ December 1936), based on a reaction time of one second. Major Cook’s values 
are given as related to braking efflciences expressed as percentages, which, divided by 100, 
correspond to road rugosity coefficients available with full mechanical efficiency of the brakes. 

A.PPROXIMATB STOPPINQ DIOTANOES IN FBBT. 

Coefficients of Road Rugosity. 
Speed 
m.p.h. 

1*00 0-60 0*60 0*40 0*30 0*20 

20 46 66 66 70 76 100 
30 76 96 no 120 146 196. 
40 116 160 170 190 240 326 
60 160 216 240 280 360 490 
60 210 286 326 380 490 — 

Side WAY Forob OoKFPiCBNra. 

Road Research Technical Paper No. 1.—^The following values of coefficients of sideway force 
are from the text or graphs of that publication. The road surfaces were wet, in all cases. (Extra* 
polations by the section editor.) 

(a) Surfaces laid in 1930 and tests made in 1933. Single-ooat hot asphalt, as left by roller: 
At 20 m.p.h., 0*66 ; at 30 m.p.h., 0*40 (as judged by extrapolation : at 40 m.p h., 0>26 ; at 
48 m.p.h., 0-23). 

Mastic asphalt, B.S.S. 346: J-in. coated ohippings spread over and rolled in with f-ewt. 
hand roller. Fine sand then sprinkled on, and surface rolled with 3-ton petrol roller. At 20 
m.p.h., 0*76; at 30 m.p.h., 0*63. (By extrapolation : at 45 m.p.h., 0*33.) 

Single-coat, hot process tar macadam : granite aggregate; sprayed with tar and covered with 
^-in. to |-in. ohippings. Rolled with 8-ton roller. At 20 m.p.h., 0*76 ; at 30 m.p.h., 0*67. 

Single-coat hot process tar macadam : slag aggregate ; nine weeks after laying, |-in. granite 
ohippings spread over tar-sprayed surface and rolled with 7-ton roller. At 20 m.p.h., 0*80 ; 
at 30 m.p.h., 0*60. (By extrapolation : at 40 m.p.h., 0*28 ; at 48 m.p.h., 0*23.) 

Two-coat cold asphalt: sealing coat of |-in. to ^t'.^-in. granite grit, treated with flux oil and 
asphalt cement. Rolled with 8-ton roller. At 20 m.p.h., 0*81; at 30 m.p.h., 0*62. (By extra¬ 
polation : at 40 m.p.h., 0*34.) 

Two-coat cold asphalt, left as finished : at 20 m.p.h., 0*53; at 30 m.p.h., 0*37 at 36 m.p.h., 
0*82. (By extrapolation : at 46 m.p.h., 0*28.) 

Gold asphaltic concrete, painted with bitumen emulsion and spread with |-in. ohippings; 
(1) At 20 m.p.h., 0*72; at 30 m.p.h., 0*45. (By extrapolation : at 35 m.p.h., 0*30; at 40 
m.p.h., 0*20; at 46 m.p.h., 0*16). (2) At 20 m.p.h., 0*77; at 30 m.p.h., 0*66. (By extra¬ 
polation: at 36 m.p.h., 0*42 ; at 40 m.p.h., 0*32 ; at 46 m.p.h., 0*24.) 

• 

(6) Other cases. Asphalt, at 30 m.p.h.: 0*48 in June and 0*68 In October; 0*42 In June 
and 0*61 in October; 0*24 in November and 0*38 in December. 

(c) Granite and gravel surfaces gave sideway force coefficients of 0*69 to 0*78 at 30 m.p.h. 
about three years after surface treatment. (See also figs. 60 to 66 in Technical Paper No. 1, 
noting the small decreases in the values of coefficients with increase in speed, in the light of the 
information as to methods of preparation and treatment.) 

Coefficients of Rugosity,—In Paris. Ooeffleients ranged from, wet asphalt, 0 • 2 to 0 • 33 to, dry 
wood, 1 *05. * Non-skid * surfaces, wet, 0*84; stone, dry, average 0*60 in the range 0* 6 to 0 • 8. 
Oement concrete, wet, 0*26 to 0*80, average about 0*66; dry, consistently approximating to 
0*76. 
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DESIG-N PLAN AND PROFILE. 

Visibility at Summits, 

The Ministry of Transport Memorandum of August 1930 ad'vlses that curves of parabolic 
form shall be provided at all changes of gradient and be such as will provide a clear view of 
60 yds. on eac^ side of a summit to drivers of mutually approaching vehicles. In many States 
(U.S.A.) it is required that a 600-ft. line of eight must be provided 6 ft. above the crown of the 
road. 

New Zealand,—The Main Highways Board of New Zealand recommend for the classes : 
I., 300 ft.; II., 300 ft.; III., 100 ft. view. The height of the driver’s eye is usually taken as 
4 ft. At summits a vertical curve of 1,260 ft. radius is provided. (This gives 100 ft. between 
two drivers approaching from opposite directions.) 

Steepest GRAnmirra. 

New Zealand,—Standards aimed at: road classes: I., 1 in 15 to 1 in 30 ; II., 1 in 13 ; III., 
1 inlO. 

Radius at bends. 

The Ministry of Transport Memorandum of August 1930 advises that where conditions are 
favourable, a minimum radius of 1,000 ft. shojild be aimed at; failing which, the width of the 
carriageway at the bend should be increased. Normal prac*tice in open country in the United 
States is to provide 5 degs. (1,146 ft. radius) or 6 degs. (966 ft.) curves. The German reporters 
to the Sixth International Bo^ Congress prescribe a minimum radius of 300 metres in level and 
rolling country. 

The Main Highways Board of New Zealand recommend, in easy country, 6, 4| and 3 chains. 
(100 ft.) radius, for first, second and third class roads; in difficult country, 3, 1} and 1 chain. 
Additional widths, on the inside of the bend, are given, up to 3 chains, 5ft.; 4 chains, 4 ft.; 
6 chains, 3 ft.; 10 chains, 2 ft. 

Superelevation at Bends. 

A convenient approximate formula for balance of centrifugal and gravity accelerations, or of 
centrifugal force and component of weight is : 

h f>» 
f " 16 X f 

where h is the height of tilt, I the horizontal width, in the same units ; v the speed in miles per 
hour, f the radius in feet. 

The reporters to the Sixth International Road Congress, October 1930, recommend the 
following superelevations : for radius 60 to 100 ft., 1 in 10 ; 200 to 600 ft., 1 in 12 ; 600 to 800 ft., 
1 in 16 ; 800 to 1,000 ft., 1 in 24. The Gennan reporters indicate 4 in 100 as normal, 5 in 100 on 
sharp curves and 6 in 100 where the curve is on a steep gradient. The French reporters give, for 
roads in Morocco, a limit of 1 in 10 on curves of short radius, and on mountain roads, where the 
radius r corresponds to superelevation 1 in 10 the superelevation of a curve of radius R is 

d 
R X 10 

The Main Highways Board of New Zealand employ a formula 

0 
6 X S» 
1000 R 

in which C is tilt in inches per foot, S, speed in miles per hour and R, radius in 100 ft. chains, 
gives superelevations three-quarters of those for balance, and is a modification of h in inches 

g> 4 
in feet ^ X g which R is in feet. 

It 
I 

The Board recommends tilts in inches per foot; 3 chains, 1|; 3 to 7 chains, 1 ; 8 to 15 
chains, 2 ; 16 to 40 chains, |; high-class pavements not more than 1 in. 

Ayrshire {D, Torrance),—A crossfall steeper than 1 In 12 should not be adopted if conditions 
safe both for fast traflic and slow, horse-drawn traflic are to be obtained. Example ; radius 400 ft., 
superelevation for 30 m.p.h. gives a crossfall of 1 in 6-66, very dangerous for a horse-drawn cart 
loaded high with hay. The transition length is often 100 ft. If it be impracticable to use a tran¬ 
sition of this length a shorter one may be used, and a small vertical curve inserted at each end of 
the transition. (The consideration in respect of the hay-cart applies to high-loaded motor vehicles, 
when obliged to slow down or to stop on a bend.) 

Winchester Jiy~Pass.—Dual 20-ft. carriageways ; minimum radius of bends, 1,000 ft.; steepest 
gradiant, 1 in 25 ; minimum vertical sighting distance at 3 ft. 9 in. above road surface, 400 ft. 

Roads designed for High Speeds,—Oregon. Designed speeds (S) 80 per cent, of critical speeds 
(attainable with safety only by highly skilled drivers). Relations of speeds to some limiting 
factors : Ourves of 3 and 3 deg.; vertical sight distance {v,s,d,\ 1,500 ft.; S, 80 ; stopping 
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distance (p.u.) in feet, dry parement, 490, wet 740; sight distance (j.d.) on cnrree, 3 deg., 960 ; 
8 deg. 786 ft. Ourres of 4 deg.; v,t.d. 1,600 ft.; S, 76 m.p.A.: p.tt., dry, 290, wet, 430 ft.; «.d. 
on carves, 676 ft. Oarvee of 6 deg.: o.4.<i., 1,000 ft.; S, 60 m.p.h,; p.u., dry, 190 ; wet, 290 ; 

on carves, 460 ft. Oarvee of 10 d^.: S, 46 m,p.h.; p.u., dry, 120; wet, 176 ; «.d. on carves, 
366. On tangents: S, SOm.p.A.; p.u.. dry, 330 ; wet, 490. Length of transition curve, in feet: 

1 - a-0617 V*)/r. 
where V speed in m.p.A, r — rad. of curve, in feet. (R. H. Baldock, Enffineering News-Record^ 
May 23,1936. Abstract, The Survegort Jane 14,1936.) 

Overtaking and Passing.—For speeds, Sj of the passing vehicle, of the vehicle overtaken and 
passed, of a vehicle approacliing from ahead, the sight distances, x, are: 

* “ + ®») (st - 8, + 0 

in which A is the distance in feet from the back of the car St, to the front of the car 3,, at the 
moment when the decision to overtake and pass is made, and / is the time required (about 3 sec.) 
for the passing vehicle to retam to the left-hsmd (in Q.B.) or right-hand (U.S.A.) side of the road. 
(Oregon. R. H. Baldock.) 

Hedges in Relation to Snowfalls and Olare. {The Surveyor^ March 19, 1937.)—The essentials 
of the hedge provision are, first, that it mast be thick enough to check the wind effectively, so 
that a drift shall form on the windward side and, if it is a low hedge, on the lee aide also; next, 
that it must either be high enough to hold back nearly all the snow, or be far enough from the 
carriageway or footway to allow space, on the veige, for a drift on the lee side ; thirdly, that 
where it must be kept low to allow of sighting over it, its width should be increased beyond the 
normal for a hedge, in order that a body of snow may be formed between the windward and the 
lee drifts. 

Where it is desired to afford protection from the dazzle of vehicle lamps, for pedestrians, 
by planting between the footway and carriageway, or for drivers of vehicles, by planting In the 
mi(mle strip, the proper provision is a series of clumps of shrubs or bushes, not more than a few 
feet in width, in the direction along the road, but of considerable breadth transversely. Their 
spacing Ic a detail of surveying, in respect of the lines of sight and positions of oncoming vehicles; 
the wider the clumps are, transversely to the r<Mul, the greater can be the spacing. On bends, 
the spacing will be inversely proportional to the radius. Should hedges be provided, snowdrifts 
may form against them, and, unless they are on wide dividing strips, block the carriageway or 
footways. 

Standard Road Widths. 

A Ministry of Transport Oircular of March 1936, No. 464 (Roads), prescribes as minimum 
standard widths * appropriate in ordinary circumstances *:— 

Single carriageway, not exceeding 30 ft.; with footpaths, 60 ft.: with cycle tracks, also, 80 ft. 
Dual carriagewayB, each of two traffic lanes; with footpaths, 80 ft.; with cycle tracks, also, 
100 ft. Dual carriageways each exceeding two traffic lanes; with footpaths, 100 ft.; with cycle 
tracks, also, 120 ft. Where further provision is required, for wider cycle tracks, additional width 
of vergM for improved visibility or for equestrian traffic, greater space for services or improved 
amenities, 140 ft. * Extended standard widths' include increments of 20 ft. in cutting or on 
embankment; otherwise, the width should not exceed 160 ft. The traffic lane unit is 10 ft., the 
cycle track minimum is 6 ft. and increments 3 ft. The standard widths adopted should provide 
for such future widenings of carriage-, cycle-, and foot-ways, as may be necessary. There should, 
therefore, be ample central reservations, margins and verges. 

Dtuil Carriageways.—Will be desirable where ‘ an existing road carries or a proposed road is 
expected to carry ' 400 vehicles in the peak hour. 

ROAD WIDTHS : TYFIOAL PROVISIONS. 

Widths indttding Embankments and Cuttings.—It is usual to specify that the widths of em¬ 
bankments and cuttings shall, for widths between improvement lines, be added to the normal 
widths for roads on the flat. 

Woreertershire.—Highways (Committee recommend as least widths: between buildings, 
Glass I. roads, 120 ft.; Glass 11., 100 ft.; highway widths. Glass I., 60 ft.; Glass II., 60 ft. West 
Riding i Highways Gommittee recommends, for widenings, when necessary and economically 
practicable. Glass A, 80 ft.; B, 60 ft.; 0, 46 ft. 

Carriageway Widths.—Nottinghamshire, approximate verge width, by calculation, of 361 
miles of tarred and other surface-treated roads (in a total of 661 miles of main roads), the treated 
width, 18 ft. Similarly, Isle of Ely, average treated width of tarred roads, 16 ft. 8^ ins. Berk¬ 
shire, Bradfleld rural district, 196 miles, approximate metalled width, by calculation, 13 ft. 

New Zealand.—Normal widths of carriageways, or surfaced widths: Glasses I., 18 to 20 ft.; 
n., 14 to 18 ft.; m., 10 to 14 ft. Normal widths of formation, exclusive of water tables: 
I,, 24 to SO ft.; II., 18 to 24 ft.; DI., 14 to 18 ft. 

Nigeria.—For Glasses I., n. and in. respectively. In normal ground: between inner 
edges of ditches, I., H. and III., 40 ft.; at top of embankment, 24, 20 and 16 ft.; in cuttings, 
between edges of side ditches, 22,18 and 14 ft. 
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AOOBLBRAnON AND DSOKUSRATION LANES. 

CalcolatloDB (a) of the lengths and widths necessary to allow for acceleration to traffic-flow 
speed, with a further pulling up distance (in a blind alley), in case there should be no opportunity 
to weaye into the traflic flow, and (6) of the length allowing for deceleration, to a stop or to a 
gateway or turn-in speed, are given in a paper by A. Mitchell, senior traffic engineer. State High¬ 
way and Public Wor£» Oommlssion, North Oaroiina. {Proc, Am. Soc. C.E.^ Mar^ 1941: Abstract, 
The SuTveyof, June 20,1941.) 

SETTLEMENT OF EMBANKMENTS. 

(A. U. D. Markufiek and O, 0. Wilson, oftho Road Research Laboratory,} 

The embankments, on the Mickleham and Oaterham by-pass roads, Surrey, are of chalk and 
rest on solid chalk at shallow depth. A main result is that where settlement of less than about 
I in. occurred, there was no appreciable cracking in the concrete carriageway. More or less 
serious cracking occurred where there were settlements of 1 in. or more, and serious damage where 
differential settlements on the slabs exceeded 1^ ins. in 26 ft. The settlement/time curves are of 
the same type in all cases. Among the conclusions are, that on an embankment on a curve of 
small radius, greater settlement occurs on the outside of the curve ; that the movements were 
continuing, more than two years from the initiation of the measurements ; aj>d that wide varia¬ 
tions occur in the settlements observed even over quite small distances. The work as a whole 
shows that, if damage to rigid surfacings is to be avoided, only very slight Bettlements can be 
permitted after the construction of the final surfacing. 

[The last conclusion is a fact well known, for many years past, to all experienced road engineers. 
It is one of the basic toctB.—Seaion Editor.'] 

CARBIAaEWAY CONSTRUCTIONS. 

Reinforced Goncretb Slab Oarruoswats. 

Depth of Slab.—Much thinner slabs than those usually employed would be theoretically 
sufficient in most cases, and usually more economical of materials, but practically it is found to 
be better to have thicker slabs for the following reasons : (a) With a deeper spacing between the 
upper and lower grilles, less steel is needed, the mesh can be larger, larger stones may be used in the 
aggregate, and the filling in of the concrete is done more easily. (6) Any fairly large piece of road 
metal, left accidentally on the foundation or in the aggregate, may lead to the formation of a tension 
crack on the under side of the slab, (c) In some cases the depth which must somehow be filled is 
not sufficient to make it worth while to provide a firmly rolled hard-core foundation, the cheaper 
solution being to employ a relatively low-stressed slab, with a somewhat reduced proportion of 
cement and relatively light reinforcement, (cf) Lastly, 7 ins. of fairly tough concrete, with large- 
mesh reinforcement, is more easily cut through, for excavations, than 4 ins. of very tough concrete 
with a smaller mesh reinforcement. 

Coefficient of Expansion,—(1) Milan (A. dl Renso), 63 millionths per deg. F., in the tempera¬ 
ture range 76 deg. F. (2) Harmondsworth, 78 millionths, in the temperature range 46 deg. F. 

OONORETE OARRIAQEWATS : NORMAL THICKNESSES. 

(Usually reinforced.) 

Ore<U Britain.—A large mileage has been constructed with the thickness of 8 ins., but, for 
comparable conditions, 6 ins. has often been adopted. It may be considered that thicknesses 
greater than 8 ins. are excessive, it should be pcMsible, everywhere, so to design and construct 
that 6 ins. or less will suffice, unless it be more economicaJ to provide 8 ins. depth of poor concrete. 
For estate roads with very little traffic, 6 ins. is usual in Greater Loudon. 

Qrrmany.—Usually about 8 ins., or on old, consolidated crust, 4 to 6 ins.; usually not rein¬ 
forced, and seldom double reinforcement. 

France.—On good foundations, and for light traffic, 4 to 6 ins.; on normal foundations, 6 to 
7 ins.; on poor foundations, 8 ins. or more. 

Sweden.—Usually 8-6-8 ins.; also on main roads in Spain. 

Strifserlaml.—About 6^ ins., usually reinforced. 

Sotahem Ireland,—Normal practice, 6 ins. 

Reinforced Oonoretb Slabs: Computations. 

Length, 

(1) Ministry of Transport (Technical Circular).—Where L is the length of the slab in ft.: 
/ the tensile resbtance of the concrete; F the coefficient of friction (see under * Bzperlmental 
Determinations,' p. 662): tr the weight of the slab in lb. per sq. ft.; d the slab thickness in inches; 

L - 19d/-r «/. 
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(1) Empirical Formula (JL A. iJyi’M).—Where P Is the range of air temperature lu deg. P., 
0 the range in deg. 0., and X a ooefflclent, 1 * 0 for full exposure; 1 • 1 to 1 * 2 for situations such as 
hillsides facing south, where the range of ground surface temperature is high in proportion to the 
range of air temperature ; 0* 9 to 0* 6 for protected situations (0 * 6 where very well protected from 
sun and from radiation). 

. 2500 1389 
Length in feet — jrp “ 

433 
Length in metres 

Slab Lengths and Widths.—In Belgium and in Spain the usual length is 10 m.; In Germany, 
10 to 15 m*; in Switzerland, 6 to 10 m., the range of temperature hi some situations being very 
great; In France, up to 30 m., but now not usu^ly exce^ing 10 m.; in Sweden, usually 18 to 
25 m.; in North Dakota, where the range of temperature is 153** F., very short lengths; in 
Benares, India, 60 ft. was adopted, after 66 ft. had proved satisfactory, the range of temperature 
being only 50** F. For a normal temperature range of 85** F. in England the corresponding 
slab length is 29*4 ft., for North Dakota, 16*3 ft. 

Lengthwise joints are usually provided for widths exceeding : in France, 7 to 9 m.; in The 
Netherlands, 6 m.; in cold-winter regions of the United States, 10 ft. In Switzerland it is con¬ 
sidered {R. Dutron) that it is the anchoring etfect of thickened edges which makes lengthwise 
joints necessary, though these are still usually provided, the individual slabs being 3 to 5 m. 
(say, 10 to 16 ft.) wide. 

Transverse Joints.—Owing to the anchoring effect when there is more than one slab in the 
width of the carriageway, the transverse joints should be,as in Switzerland, in line or not more 
than some 16 ins. out of line. 

Kingston By-^pau Road.—Construction joints at 30 ft. intervals; expansion joints at every 
120 ft. 

A Swiss Construction.—(H. S. L. Knight.) Bottom course, gravel, 6-mm. to 35-mm. gauge, 
58*83 per cent.; sand, 0*5 mm. gauge, 41 * 18 per cent., by volume ; cement, 260 kg. per cub. in. 
of concrete (421 lb. per cub. yd.). Top course, broken limestone, 20-mm. to 36-mm. gauge, 
66 per cent.; sand, 0*5 mm. gauge, 34 per cent., by volume; cement, 350 kg. per cub. m. of 
concrete (590 lb. per cub. yd.). 

Oftman Motorways.—Concrete carriageways are provided on a large proportion of the mileage. 
The slabs are usually 20 cm. (7*9 ins.) thick, and 6*0 m. to 20 m. (19*7 ft. to 65*0 ft.) long, 
according to the degree of friction of slab on road bed. Trsmsverse joints at right angles to centre 
line. Estimate, for the German climate, maximum movement of a slab of 10 m. (32*8 ft.), 
db 3 mm. ^0*12 in.). Slabs usually in two courses, the lower, about 51 in. deep, of gravel concrete; 
the upper 2{ in. deep with an aggregate of hard stone chippings. The slabs are usually reinforced 
at the junction of the two layers, to prevent cracking (Ref. Bautecimik. vol. 14, pp. 579 and 586). 

Vibratian of Concrete.—Investigations carried out by a research committee (Inst. O.B. and 
Inst. Struct. E.) pointed to the following provisional conclusions, which, it was pointed out, 
may have to be revised for larger masses of concrete, different types of vibration, or mixtures 
other than that employed, 1: 1*8 * 4*2. ^a) The use of vibration allows of consolidation with a 
reduced water/cement ratio. (6) The acceleration should be above some critical value (with 
the mixture used, Ag for a water/cement ratio 0*40, decreasing to l'5y for ratio 0*60). (c) The 
frequency of vibration is not usually of such importance as the acceleration, (d) The time of 
vibration is, for a particular acceleration, greater for high than for low frequencies, particularly 
with dry mixes. As regards (a) it may be observed that one of the objects of hand vibration is 
to reduce the water content—in effect, to reduce the water/cement ratio. 

Vibration of Aggregau.—From a lecture (Society of Arts) by Dr. R. B. Stradling. On a road 
construction job, the plus or minus variation of water content from the mean was: without 
vibration, 17 per cent.; when the sand was vibrated, 5 per cent.; when both gravel and sand 
were vibrated, 2 per cent. The variations in the crushing stren^h of the concrete from the 
mean were plus or minusy 50,18 and 18 per cent, in the respective cases. 

BRICK Paving Data. 

Qreat Britain.—Brick paving has been tested in Birmingham, on a Staffordshire main road, in 
Denbighshire, on a Lancashire main road, in Ayrshire, in Doncaster. The British reporters to the 
Sixth International Road Oongress conclude: that brick roads have advantages in respect of 
freedom from undulations, negligible expansion, contraction, and absorption factors, no tendency 
to lift or float as the result of heavy or prolonged rain, the, as nearly as reasonably possible, non- 
skid surface; disadvantagesy in respect of not being so easy to repair and renew as some other 
block pavements. In respect of essentials the reporters noted important advantages of brick 
paving and not one disadvantage. 

Brick Pavingy experimental. Wolverhampton-Walsall main road, concrete foundation, blue 
brick on edge. North Midlands, (1) Birmingham, wire-cut bine brick on concrete strength crust, 
floated t*<n. sand-cement : joints grouted l{ to I mortar ; laid Sept. 1922 ; (2> Stone-Newoastle, 
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Olass I. main road, very heavy tralho 7>in. to 8-ln. 6 to 1 concrete Btrencftb onist; 9 ins. by 4} Ins. 
by 3 Ins., common blue wire-cut bricks on edge, laid 1932; (3) Wolvernafoptou-Stourbridge, 
Olase I. main road, two teat lengths laid 1923 and 1925; (4) Walaall-Wolverbumpttiu, Class 1. 
main road, 3,000 sq. yds. blue bnofe grouted with oemeut, on concrete strengtL cniHt; (6) West 
Bromwich, Glass II. road; exceptionally heavy ateel-tyred traOio. P’rorn a report by J. B. 
Swindlehurst, t\i.In3t.0.B., on inspection in the summer of 1920. Relating to (I) little signs of 
wear under heavy trafllc ; (2) speaking broadly, surface good after 3J years; (3) generally in a 
good state ; (5) indications of wear after 3 years. 

Birmingham (II. flu?aphries)»—Laid in 1932. On a lO-in. ndnforced concrete strength crust, 
with reinforcement at 2 in. and 8 in. from the bottom. A ^-in. bed of well damped 1 : 2 cement- 
sand mortar. ELlmley bricks laid on edge and ‘double grouted * with 1 : grout. The i>ricka 
were laid as close as possible, the joints being about in. Trallic includes motor omnibus 
servioes and iron-tyred, horsed vehicles. 

SPECIFICATIONS : DESCRIPTIONS : COSTS. 

Wrni PORTLAND Cement as the binder. 

Concrete Roads., Qreat Britain.—Replies to a questionnaire of the Technical Advisory Com¬ 
mittee. 132 replies, 102 relating to two-couree work and 30 to single-course work. Thickness^ 
6 to 8 Ins. in 90 per cent, of the cases. Costs : In 82 per cent, of the c^kst^s between l.». wnd Is. 9J. 
per sq. yd., per ^ch of thickness, or, taking !«. 3d. and 8 ins., 10.s. per sq. yd. ; 1^. 6d. and 8 Ins., 
12«. per sq. yd.; Is. 6d. and 6 ins., 9a. per sq. yd. 

JAncolnshtre.—A 10-ln. slab with upper and lower reinforcement: the lower 8 ins. crushed 
quartzite aggregate, the upper 2 Ins. granite, 12a. 4d. per sq. yd. 

lAmdan Area.—Six-inch reinforced slabs, including a layer of ashes, 7a. r>d. per sq. yd. 

Deptford.—Old metalling removed, surface regulated with 3 iim. of rubble ; an 8-in. reinforced 
concrete slab, 1: 6, Colne River ballast, with a 1-iii granolithic surface ; 9 ins. total thickness, 
10a. per eq. yd. 

Concrete Road Crust.—Southwark ; lower course, contains 18 per cent, of stone J-ln. to 2-in. 
gauge ; upper course, 3 of crushed gravel to I of cement; the gravel, 8 o^ } in. to i in., 17 of ^ in, 
to I In., 76 of I in. to dust, per cent. Such a crust, on roads with 22,UU0 tons of tratUc per week, 
is treated with silicate of soda, with good results. 

Concrete Road Crust.—Epsom R.D.O., Class B read, 2,762 tons per day ; reinforcement to have 
ultimate resistance across the road of 12,500 lbs. per foot; slab, 7 ins. of shingle concrete tinished 
with 2 ins. of granite concrete ; shingle portion : aggregate, by weight, 64 per cent, [massing 1^ to 
|-in. square mesh, 24 per cent, passing , square mesh, 22 per cent, passing nu'sh ; sand, all 
passing not more than 6 per cent, passing 100 mesh sieve ; cement, rapid-hardenirtg ferro- 
crete’), 370 lbs. to each wetted and mixed cubic yard of concrete ; surface layer, 1^ ir>. dokrite 
containing sufficient J-in. to ^-In. chippings to reduce the voi'ls to 30 per cent, by volume, of 
this 3 parts; sand 1 to parts; rapld-bardeuing cement, 660 lbs. per cubic yard, ’rhia cost 
9a. 8^d. per square yard for carriage way 20 ft. wide. Cost, including excavation and surface 
treatment with bitumen, £9,086. per mile. 

Cement-hound Macadam. 

Southern Ireland (J. Caffery and E. J. Duffy^ Trans. Inst.C.K.l.y vol. Iviii.).—Grouted emsts, 
fully satisfactory, can be made at costs 6a. per sq. yd. less than those of pre-mixed concrete. 
Normal consolidated thickness, 7 ins.; transverse joints, 30 ft. apart. 

QuantUxes and Costs.—Great Britain. A crust 4 ins. thick, made by the sandwich method. 
Per 100 sq. yds.: stone, 2-ln. B.S.S. gauge, 16 tons ; sand, 4 tons ; cement. If tons. Typical 
cost: per 1,000 sq. yds., stone, 160 tons at i2A., £90 ; sand, 4 tons at 6.¥., £12 ; cement, 18| tons 
at 60a., £46 17a. 6<i.; total for materials, £148 17a. 6d. Labour, including use of roller and mortar 
mixer, and water supply, at Id. per sq. yd., £29 3a. 4d.; incidentals, siu'h as timber, fencing, and 
lighting, at 2d. per sq. yd., £8 6a. 8d. Total cost, £186 7a. 6d., or 3a. Od. per sq. yd., with a tnuned 
gang of 16 men, laying 400 sq. yds. per day. The estimate does not include any preparation 
(Brit. Portland Clement Assoc.). 

Cement OroxUing^ Australia (W. T. Sunderland).—(1) Transverse joints are sometimes provided, 
the spacing being 60 or 60 ft. Stone, 95 per cent, of it 2|-Ui. gauge ; grout, I : 2| with li of water ; 
depth before roiling about 8 ins. Steel reinforcement, laid on the top of the first layer. Is some¬ 
times employed. The cost has been about 7a. to 9a. 2d. per sq. yd. The ratio is T 2^ ; 12, 
comparing with 6-ln. 1:2:4 concrete In Melbourne, costing 14a per sq. yd, 

(2) Items of Cost in £.—Relating to (1), 2,141 sq. yds. on a sand foundation : formation and 
metalling, 323*8 ; rolling, three days, 10*6; laying and fixing reinforcement, 4-46; No. 14 
B.B.O. fabric, 2,231 sq. yds., 130*16 ; sand, 2,496 cu. ft. bags, at 6d., 62*36 ; cement, 998 cu. ft, 
bags, at 4a. 6d., 224*66; labour in Routing, 8 days, 22*66 ; petrol and oil, 0*8 ; interest and 
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depreciation on the plant, at 4*0 per week, 9*0: lupervlelon, 6 per cent., 80*B6; royalty on 
prooeee, at per sq. yd., 13*4 ; total, £883*65, or 7«. 9*412. per aq. yd. The labour cost (wages 
14«. to 16«.) was nearly 24. per iq. yd. 

Th^ Sandwich System (R. D. Jackfon).—{\) Practice In Jersey. Timber forms with iron-plated 
tops were used to give 6 ins. thickness In the middle and 3 ins. at the sides of the rosul. The 
■tone is rhyolite, or a close-grained granite, of 2-tn. gauge. Costs : about 4«. 8d. per sq. yd. 

(2) At Kirkcaldy (^4. Walker).—The road is scarified to 3 ins. If necessary ; rolled and formed 
to 1 in 33 ; a 24*in. layer of whinstone, 1|-to 24-ln. gauge, Ls roiled, the roller paa<*ing twice over 
every part; a mortar, 2 parte of clean sand to 1 part of rapid-hardening cement, spread to about 

in. thick ; a *2|-in. layer of stone spread over it; the whole rolled until the mortar comes to 
the top; surplus slurry brushed forward. This forms a good holding surface for horses. For 
900 sq. yds., 26 tons of cubical stone, 1| to 2| ins., 6 cu. yd. sand, 62 cwt. rapid-hardening 
cement. Co^ of the surfacing only, Sr. to 4«. 6d. per sq. yd. 

BmTMlNOIT8-BODND OOWSTBUCTIONS, 

Top Courses and Carpets.—British report to Fifth International Boad Ck>ngres8 : bituminous 
and asphaltic work ; ordinary costs, with five years’ maintenance included : 2-coat work, 4 ini., 
II4. 6(2. to 134.; single-coat, stone and sand aggregates, Sins., Or. to lOr.; 24ins., 8r. toOr. 3d.; 
9 ins., 6r. 6(2. to Is, 6(2. ; clinker, 3-coat, 3 ins., 7r. 6(2. to Sr. 8(2.; single coat, 2 Ink, 5s. 8(2. to 7s, id.; 
mastic, 2 ins., 8r. 0(2. to lOr. 6d.; compressed rock asphalt carpet, 124. to 154. 

Coarse-graded Bituminous Concrete {T. W. Alien).—United States practice. Aggregate: 
passing 11 In. and retained on 4*in- screen, 30 to 60 ; passing t retained on 4-me8h screen 
(4tr), 15 to 25 ; passing 4-mesh and retained on lO-mesb screen, 5 to 15 ; passing lO-mesh screen, 
20 to 25. The part passing the lO-iiiesb sieve (stc) when tested separately has the grading * 10-40, 
15 to 40 per cent.; 40-80, 22 to 50 per cent.; 80-200, 15 to 20 per cent.; passing 200,10 to 16 
per cent. Asphaltio cement, 8 to 13 per cent. 

Asphalt. 

Two-coat Asphalt.—Binder course, 2-in3. thick j stone, i-in. to If-in** 69 per cent.; sand, 
23 percent.; Oozed Chiban asphalt, penetration 60/65, 8 per cent. Wearing course, 1 in.; stone, 
g-in. to H-in., 30 per cent.; filler, 10 per cent.; sand, 48 per cent.; fluxed Cuban asphalt, 
penetration 40/45, 12 per cent. (See next item.) 

Single-coat Asphalt.—Three inches thick ; } in. to 1 In., 45 per cent.; sand, 36 per cent.; 
filler, 9 per cent., flu zed Cuban asphalt, 60/65 penetration, 10 per cent. 

In ttotb cases the specificatiop includes; the final operation is rolling In f-in. or {-In. 
chippings, coated with 2 or 3 per cent, of 70/77 penetration bitumen. 

Clinker .Asphalt Paring (Sbefileld : Mr. W. J. Fladfleld).—Hard-burnt destructor clinker is 
used, crushed and screened k-in. mesh for the bottom coat and J-in. mesh down for tbe top 
coat. The rejections are nseci for ordinary tar macadam. The material 'S heated to 300** (3. 
There is about 10 per cent, bitumen in the bottom coat and 17 per cent, in the top coat. The 
bottom coat is spread to rather more than 1 in. in thickness and slightly roiled. The top coat, 
has a thickness of rather less than 1 in when rolled, giving a total of 2 ins. Rolling is continued 
till no further impression can be made on the material. A 12-ton roller is preferred. 

Oranite Asphalt.—(1) London-Fnlkestone Road : consolidated thickness, 3 Ins. Stone, 
graded granite, in. to | in., 54 per cent.; graded silica sand, all passing |-in. mesh sieve, 
28 per cent.; filler (80 per cent, passing 200 mesh sieve), 8 per cent.; Mexican bitumen to British 
Standard Specification and requisite penetration 10 per cent. (2) Kingston By-pass Road: 
Length No. 10. Cold asphalt. Percentages; binder course, 1{ in. thick; granite, { in. to 
4 in., 35-8, I in. to { in., 34-5 ; coarse sand, 19*2 ; bitumen emulsion, 10-6. Wearing carpet, 
{•in. thick ; granite, f-in. to { in., 48 ; coarse sand, 17*8; fine sand, 15*0; filler, 5*5, bitumen 
emulsion, 13*7. 

Tarmacadam. 

Tarmacadam—Quantities of Tar (7. C. Mann).—Oallons per ton : for stone of 2-in. to 2|-ln. 
gauge, 7 to 8 gals.; l^-in. gauge, to 9 gals.; ^in. gauge, 10 galls.; |-in. gauge, 11 gals. 

Laying Tarmacadam (J. Young).—Bituminous tarred macadam r stone gauge IJ to 2 Ins., 
usnaily a coarse 2 J to 3 Ins. thick ; the tarred stone, after being laid. Is covered with about 1 In. of 
j-in. tarred chippings, the road being then rolled, alt^r which tbe surface is brushed over. The 
road is then sprayed with a hot composition of tar and bitumen, 60-40, or a cx>ld coat of bituminous 
mixture is brushed in, and tbe surface coated with a mixture of dry limestone, slag, and whinstone 
chippings, 4 in. lu I in., and lightly rolled. 

Tar^groufed Macadam (K. W. Cone^ verbatim).—A grouted macadam road is constructed by 
laying approved mineral aggregate upon a prepared foundation to a sufiicient depth to provide 
a consolidated thlcknees of 3 ins. after dry rolling. Tar Is then applied by band or pressure, tbe 
Surface being finally oorered by ohlppln^. The requirements as to the permJseible else of the 
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iggrepates art not rery ridd, bat the objective eboatd be to eecare a etrnctnre of nnlform moderate 
Told content after dry rolllna. Tf the surface Is too dense, difTIcalty will be experienced in getting 
the tar to penetrate into it, and If it is too open, the tar will cx>ilect at the bottom. As It is desir¬ 
able to have aa great mechanical stability as can be obtained, it is better practice to use coarse 
aggregate <2| ins. and ins.), and if the voids are large, they can be partially filled with chip- 
pings during the dry rolling. 

The tar should comply with the British Standard Specification for Tar, No. .3. and «hoa'd 
have a viscosity of between 180 and 240 sees. It should be heated to a temperature between 
25')* and 300* P., and applied evenly and steadily to the roiled dry aggregate, 1 gal. being nsed 
to treat each sq. yd. 

After the application of the tar the snrface should be covered immediately with hard, dry 
cbippings and should be rolled until there Is no fiirthei movement. The conrtmctlon of a eronted 
macadam road requires the utmost care in every detail. If the best results are to be obtained. 

Cogts o' Tarmaradam.—(1) Per sq. yd.: H ins., 8*. to Sj». 6rf : for moderatelv heavy 
traffic, the surface so flnlsbed that periodical spraying is not necessary, 4* 6rf. to bit.; in Ix>ndon, 
3 Ins., 6j. 8d., 3} ins. limi'Stone tarmac.adam. 5a. Id. (2) Midlothian : Mixed at the qnarry and 
taken direct to the roads : wearing courses, 2a, 6d, to Sa. 3d., according to the distance from the 
qaairy. 

Grouted Work. 

Hot OfWtiinQ (O. 8. Barry).—W»th tar No. 2. or with a compound of tar and bitumen. The 
metal Is spread over the old road surface at 9 sq. yds. to the ton. and rolled until there Is very 
little movement of the stones. Chippin^s of |-fn. ai7,e are bnished Into the interstices and rolling 
continued until the coat is fairly rigid. The tar No. 2, or compound, heated to 250* P., is poured 
over the surface by means of cans with flat nozzles. 

The application is best done In strips first in one direction and then In the opposite direction. 
This action (rives the hot material a better chance to penetrate into the coat. It is important 
that the metal is dry, and that the work is not done during damp weather. The tar, or com¬ 
pound, is applied at from I to (tals. per sq. yd. Thereafter the surface Is spread with more 
cbippinflrs, which are brushed 'nto the interstices and then rolled. 

The surface may now be left for a few weeks, after which the sealing is done. This consists 
of brushing off all loose chippings and applying the heated tar, or compound, st or about half 
a gallon per sq. yd., and spreading ^>in. or {-in. chippings, well rolled. The cost per sq. yd. 
ranges from 2a. 9d. to 3a. Sd. (Scotland), and the method is suitable for roads carrying 2,000 to 
3,000 tons per day. 

Cold EmulaUm OrotUing.—^The methods, aa regards the laying of the stone and procedure 
generally, are very similar to those employed in hot grouting. 

Pentiration Work with BmttlHon.—(Ayrshire). The metal, of 2I-in gauge, was lightly rolled 
and sprayed with slow-setting emulsion at sq. yd. per iral. Next day it was thomiiErhIy rolled. 
After a week it was sprayed with ordinary emulsion at 2i sq. yd. per gal., covered with |-ln. 
whin chippings and a(p»in rolled. The cost, including the scarifying and shaping of the old worn 
road, was £85 11a. hd. for l,95fi sq. yds., or lO^d. per sq. yd. Unit costs were : emulsion, slow- 
setting, l\d., ordinary, h\d. per gal.: 2|-in. road metal, 5a. 2d. per ton, |-in., 10a. Id. per ton. 
Items r roller, £2 Oa. lOd.; haulage, £7 10a. Od.; labour (155 hours at 1a. 3d.), £9 13a. 9d. Of 
each gauge of road metal, 24^ tons were used. 

Quantiiiet of Cold Emtdgion (H, J, Prentice).—Grouting work. Gallons per sq. yd. Full 
grouting: for stone of 2-in. gauge, 1 to 1) gal.; 2i-in., U to If gal.; S-in , If to 2 gals. Semi¬ 
grouting : for stone of 2-in. gauge, ^ to 1 gal.; 2i-in., { to If gal.; 3-in., 1 to If gal. 

Analyses of (X>sts. 

Oxfordahire (C. B, Dolphin).—Cold emulsion work. Surfacing main roads with field flints 
and gravel, the flints from the Chiltem Fiilla, the gravel from the Thames Valley ; flints, 3-in. 
downwards, hand-picked from fields, cost 5a. per cn. yd., laid to depth of 3 ins. on the scarified 
road crust, all shapes together; watered and rolled; bound by (rrouting with cold emulsion, 
{ gal. per sq. yd., or 1 (tal. per If sq. yd.; covered with |-in. shingle, IGO sq. yds. per cu. yd.; 
traffic for a few days, then a sealing coat of emulsion, f gal. per sq. yd.; blinded with fine sand 
and rolled. Costs, per sq. yd.; flints 8*5(f., shingle 0‘75c/., sand 0*54d., roller and horse hire, 
2*41d., labour 0*3d., grout 8-25d., sealing coat 2 -75d.: total, 2a. 2*2d. A similar but cheaper 
process is also employed. For roitds carrying op to 600 tons per day, a gravel, shingle, sand, 
grout, sealing coat road costs 1a. 11-Sd. per sq. yd. 

ROAD ORU8T3 FOR STEEP GRADIENTS. 

Bituminoui-bound Slag.~-B.aa been provided on gradients of considerable length, 1 in 14 and 
1 in 13. 

BuumtnouS’grotaed Cornish granite, no sealing coat, has been provided on a gradient 
of 1 In e. 
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Bifuminou^Jtound DfStruHor Clinker.—Muawell Hill: a long gradient of 1 in 10; varied 
trofflo. Including London omnibus services. 

Tarmacadam.—Aberdulals-Hesolven Road, 1 In 11. Has been laid on gradients of 1 In 6. 

CemcTii-hound ('ni/tts.—For (a) considerable lengths of gradient exceeding 1 in 10 ; (6) any 
gradient on which parts of some length arc 1 in 8 or steeper: (r) any gradient parts of which, 
however short, are 1 in 6 or steeper; most surveyors prefer cement-l)Ound crusts, the trend of 
practice being in favour of the sandwich method. On a gradient mostly 1 in 6, a portion 1 In 4 
has been consolidated by tamping. 

Cement-ijrontcd Wearing Course.—A wearing course 2\ ins. consolidated thickness, grouted 
with a slurry of 1 : 2 cement and sand, well swept in. The surface was then brushed to leave the 
stones standing proud, and was tarsprayed. Cost, 2.<. 6fd. per sq. yd. 

Concrete (O. Barker).—Brow Hill, H.a worth * 2-coiirse concrete, 1:2:4; bottom course 
graded 1^ ins. tiown ; top course 2 ins. gauge. When tamping was completed, the surface 
was brushed with stiff brooms, leaving the stones exposed and slightly proud. 

NoTKs FnoM British and Ovkrsras Practice. 

Bry hmind 3faradam (O. S. Barry.)—In Scotland. The success of this method may depend 
upon the formation of stone powder in the period before rain falls, a powder fine enough to form, 
with water, a paste which hardens Into a cement. {The Surveyttr.) 

Cement-l.ime-Concrete.—Hyderabad (Report No. 9, S.I.R.O.). Laid on each side of a 19 ft. 
middle strip of the carriageway made of plain cement concrete. Proportions, cement, lime, 
Band, road metal: 1 : 1 : ft ; 8. 

Clay-hnvnd Gravel.—Michigan (W. O. Dow, ‘ Good Roads,’ May 1934). A mixture of clay 
and gravel laid to a depth such as 4 ins. to give 3 ins. consolidated wearing course. A juUy wet 
process is describwl, found elTective in remedying the soft and unstable condition of the course 
when awaiting rain after it had been lai«l. 

Bamboo-Rem inrred Convrete.—('’hina (0. TI. Chang and H. Tsai, Report No. 4, S.f.R.O.). 
In slabs 18 cm. thick, bamboo reinforcement was placed in various ways. Transversely, the rods 
were 20 cm. apart and, when longitudinal rods also were placed, these were 8 cm. apart. The 
rods were 1 to U square, placed 5 cm. from the bottom of the slab. The following values 
were found by experiment. 

Bamboo.—Ultimate strengths In lbs. per sq. in., compressive, 5,600 ; tensile, 14,000 ; bending, 
13,000 ; in shear, 460. Moduhns of elasticity, l,fi»K),000. The outer layer of the stem of a bamboo 
has a tensile strength of at least 26.000 lbs. per sq. In. (‘ Llgno-concrete ’ was described by 
G. O, 0 ise In The Engineer many years ago.) 

Strip Roads.Rhodesia: Concrete strips 2 ft. wide and 2 ft. 9 in. apart between 
inside edgf-s ; thickness, 6 In,; mixture. 1 - 21 : 6, soinevvhat wet, the trench being previously 
soaked with water. In lengths of 30 ft. w’ith J-in. felt jointe. Hardened by two coats of silicate 
of soda. Cost, 800/. to 1,000/. per mile. Tralfic capacity 260 to 300 vehicles per day. Described 
In a paper by 8. Chandler, chief engineer. Roads and Bridges, South Rhodesia Government 
(Extracts, The Surveyor, June 14, 1935). 

Heating BlarksoR Road-beds (/.. If. R, Irvine).—Described In a paper, Inst, of Engineers, 
Australia (see * Roads and Road Construction,’ October 1, 1931). The ' blacksoil ’ seems to be 
Bimllar to the * black cotton soils ’ of India, which contain a very large proportion of colloid clay 
and a relatively large content of humus. A trial of the rnethoii is being made in Queensland, on 
the Brisbane-Toowtxjmba Road. The process is, essentially, one of heating the road-bed until 
the anil cracks, formhig tnterlooking paving elements of brick, the joints between which are then 
filled with bitumen. 

Silirated Road Crust.—French practice (Jacqnes-Thomas): aggregate hard or seml-hard 
Jurassic limestone or similar porou« Umcistone ; gauge, pas-sing a ring of 1| in. to 2 in. diam.; 
coarse sand (the finer kinds, having a tendency to form pasty mortrirs, are to be avoided). About 
40 litres ot silicate and i cub. m. of sand to each cub. m. of broken stone ; say, 6} gals., | cub. yd., 
1 cub. yd. Maximum, of silicate per cub. m,, 55 litres, say 9J gfils. per cub. yd. Proportion of 
silica to soda in the solution, 3 0 to 3-6, the lower figure for porous materials. A 4-in. layer of 
broken sandstone mixed with silicated limestone contains, per cub. in., 45 litres of silicate of soda 
and 300 litres of sand (by volume, 4^ ; 30 : 100). Hydraulic lime is added to the sand in wet 
weather. Thb layer is rolled until the viscid mud exuding from It is ready for the top course of 
broken sandstone, to 2 Ins. thick. After a month, the surface Is treated with emulsion. Such 
road crosts are provided on roads in very damp sitnationa. 

Olnueester By-pass Road.—A bottoming of ashes, 3 Ins. deep; a bare, unreinforced concrete 
slab, laid for full width, on the alternate bay system, bays 18 ft. 6 ins. long laid first, followed 
2 or 3 days later by the 9-ft. bays. The slal) Is in two layers, the bottonj layer 6 ins. thick, 6 parts 
Prampton gravel, one part rapid-hardening cement: the top layer 3 ins. thick, 1 : 1| : 3, rapid- 
hardening cement. Bideford sand, |-in. to |-in. Tytherington limestone. Butt transverse joints 
at 60* to the kerb, except that the 2 ft. nearest the kerb is at 90* to it, to avoid a corner of less 
than on*. Camber, 1 in 40. A fl-in. bituminous joint between the slab and the kerb. 
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Mixed Roadifonee,—(1) Strond Rural District: ntmlte and limestone In equal proportions 
for all work when chlppings are required for road surfaces. (2) Staljbrldge * pink granite (such 
as Sbap granite) 3 parts ; Scotch granite (milky-white or grey) 1 part; * blue granite * (Derby¬ 
shire or Welsh basalt) 2 parts ; Derbyshire grits, 1 part. 

Rolled Concrete Road Cruets.—(Victoria Country Roads Board, Australia; Mr. L. F. Loder, 
chief engineer.) Mixtures of 1: 2|: 10 or 1: 2^ : 12 can be employed, the voids to be filled bv 
the mortar being in a proportion less than in ordinary concrete. It seems that vibration Is 
employed as an alternative to rolling. 

SURFACE TREATMENT. 

Tar for First Treatment.—Successfully followed for some years past in France, the practice of 
using tar alone for the first dressing of a water-bound or dry-bound broken-stone crust is now 
normal practice in Scottish and many English counties. 

Hot Tarring and OriUing.—Relating to 376 miles of roads in Hampshire. Six sq. yds. per gaL 
on water-bound surfaces, about 16 sq yds. per gal. on tarmacadam. Partly on tarmacadam and 
partly on other surfaces, some previously tarred, the general average cost, including gravel and 
granite chips, was 3*16d. per sq. yd. 

Spraying Material (J. G. Mann).—The viscosity of the spraying material used must vary with 
the size of the chips. Where a 16/26 viscosity tar would make a satisfactory Job with 4-in. or 
f-in. chips, it would fail if |-ln. to l-in. chips were used. The recommended scale is; 

Viscosity and Chip Site.—Chips Mn* to I'io-* 16/26 seconds tar: 1-ln. to |-in., 26/36 secs.; 
t-In. to 1-ln., 40/60 secs. The high viscosity tars give results amply repaying' some trouble 
experienced with the barrels. It Is recommended : 

Overheating.—A temperature of 180** F. should not be exceeded with tar, and it is best to 
keep it between 160** and 160** F. 

Cold Emulsion and OriUing.—Hampshire: 17| miles of roads, average cost 3*73d., or, not 
including sealing coats on semi-grouted surfaces, Z^lld. per sq. yd. 

Tndhnenl. ('<.>s(s por sq. y<l.- 

Norfhamptnnfilling -1011 1'): ‘ «>i’ mad .'•url'noos witli tar and rhipiihiL's.' ( 
M‘lu;d roadf<, .1 • lOi/.; inirlassilicd, 1-1 Id. 

Ilnllumi. loll la; ‘'r;tr-spray<.‘d,* I'l'hl. 1015 l«.>. .'iirl’aci' 1 |•(‘alIlll'll( : (■laS'«ili<‘d ru id>\ 
l-aod.; imilassilicd, d- iL’d. 

Somerset. -IS : surface dressini/. 5-ol</. 

ANALYSES OP Tarring Costs. 

Dorking.—Tar-spraying : manual labour, 17*3 per cent.; team labour, 16*7 per cent.; tar, 
at 7}d. per gal., 33 per cent.; grit (at about 1 ton per 30 gals, of tar, costs 14s. Id. per ton), 
26 per cent.; tradesmen’s bills, 8 per cent. 

Consett^ Durham^ 1929 (T. Hfitton).—Hot work: tar at 6Jd. per gal., 6 sq. yds. per gal.; 
limestone chippings at 14«. Id. per ton, 127 sq. yds. per ton ; cost: chippings, 1-34 ; tar and 
bitumen, 1*12 ; labour, 0-72; transport, 0-21; plant, etc., 0-06; total, 3*44d. per sq, yd.; 
Cold work : emulsion at 9d. per gal., 4^ sq. yds. per gal.; chippings, 115 sq. yds. per ton ; cost: 
chippings, 1*44 ; emulsion, 2• 31; labour, 0*62; transport, 0*21; plant, 0-06; total, 4*63d. 
per sq. yd. 

FOOTPATH CONSTRUCTION. 

Ayr Burgh (J. Young).—All footpaths are now laid as tn situ concrete pavements in liltable 
panels conforming to the sizes of standanl concrete flags; to the following: 

Specification.—On 4 ins. thick of broken stone bottoming, blinded and rolled, covered with 
1 in. of sand, is laid cement concrete composed of S-in. chippings and cement (3 to 1) 2 ins. thick; 
well beat down, on top of this is laid, while the under-bed is moist, 1 in. thick of |-in. to dust 
granite chippings and cement, and the upper surface straightened and smoothed off. margin lines 
formed and the panel surface indented with a brass roller. Before the concrete forming the slabs 
is put in, strips of iron 31 ins. by H in. are placed round the panels transversely and longitudinally 
so as to divide the panel into dabs as near as possible 3 ft. long by 2 ft. wide, the joints breaking 
bond in the courses. These dividing strips of iron are slightly tapered In section and have handies 
fixed to the upper edges, and can be readily lifted, leaving clean Joints the full depth of the slab. 

After the cement slabs are thoroughly set the Joints are filled in flush with lime ard mortar, 
well packed and brushed in. 

Midlothian.—New footpaths provided on main roads are coated with tarred gravel, at a cost 
of Is. 6d. to 2s., usually at the end of the year, after the road work is completed. Subsequent 
treatment, for maintenance, spraying with cold emulsion and strewing with clean sand or |-in. 
gravel. 

Tarmacadam Footpaths.—Market Harborougb; reconstruction ; new materials, tar, ashes for 
bedding, and slag dust for top-dressing. A portable * cracker * used for breaking up the old 
material. Ten gals, of tnr mixed with 7 barrows of the broken material, by hand ; rolled with 
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an 8-owt. roller. Ooet per aq. yd.: labour 6d.; haulage, l}d.; tar, at 7|d. per gal., 5|d.; slag 
dust, id,; petrol and oil, id.; surface tarring, ^d. Total, 1«. 4^d. 

AifnMre.—More especially a method adopted on roads near towns and yillages. Bzcavation 
as deep as is necessary, usually 4 to 6 ins. Refilling with ashes which, after being rolled until 
firm, are left for from 4 to 6 weeks before the path is trued up. It is then sprayed with bitumen 
at 3 sq. yds. per gal., covered with f-in. chipping^ and rolled. Goat, Is. to Is. 3(1. per sq. yd. 

KOAD MACHINERY AND PLANT. 

MACHINES FOR CONCRETE ROADS. 

Based on the paper, ‘ Equipment for Concrete Carriageway and Cycle Path Pavement Con¬ 
struction,’ by 0. M. Willcock and N. B. Kerridge (Public Health and Municipal Engineering 
Congress, November 1948. 

Spreading Machines.—All these machines, also finishers, are arranged to run on the tops of 
the forms containing the concrete or on rails which an3 inostl}’^ attached to the forms, the latter 
pnictice being preferred. To deal with concrete slabs of difrorent widths, these machines are made 
telescopic or are made adjustable by other means. On both spreaders and finishers provision 
is made for cross flow of the concrete. Both are most often driven by diesel engines, sometimes 
by petrol engines. 

The blade Type. —For this type of spreading machine the concrete is dumped on to the sub¬ 
base between the forms and is distributed across the full width by means of a blade which inovi s 
to and fro. The incident face of the blade is inclined at about 45’ in plan, so that it moves the 
cx<3ess concrete forward us well as across. Immediately behind the blade there is a striking-ofl 
pjlate which spans the full width. The bottom edges of both blade and striking-off plate are 
adjustable to about the same height, and that is the level to which the concrete is spread. The 
machine travels forward into the heap of concrete as the blade moves from side to side. 

Finishing Machines.—This machine comes into operation after the concrete has becTi evcmly 
spread—preferably by a machine, a sufficiently slight excess of concrete being left by the spreader 
in front of the screed of the finishing machine to allow it to i>erform its first function of striking 
off the concrete immediately in advance of the cotnpacting beam. Machines for use on dry-mix 
have two beams; the screeding beam wliich oscillates across the width betw-ecn the forms to 
produce a level surface for the compacting beam, which, by moans of an intense vibration compacts 
the concrete and leaves a suitable finish. The beam has a cither a rotary vibration or a pundy 
vertical vibration. The acceleration varies between g. and 10 g., at'frequencies of between 
3,000 and 4,000 cycles per minute. 

The amplitude is u^) to in. 'fhe different mixes of conoret(i used, and variable weather when 
the concrete is laid make it desirable that machines should have a variable travelling speed. 

Pressure Orouting.—A recent application of the method is described in an article by 0. K. 
Tallach, County Surveyor, Lindsey (The Surveyor, November 12, 1948). The concrete slabs are 
10 ins. thick, 22 ft. wide and 16 ft. C ins. long. Some 10 slabs had settled, 19 of the worst benng 
raise(i. The grout consisted of 1 part of rapid hardening Portland cement and 3 parts of building 
sand. Two-inch injection holes were drilled through the slab and about 6 ins. into the sub-l)ase 
and injection made through steel tubes inserted in the drilled holes, scaled with paper packing and 
held by wooden wedges. Other drilled holes through which the grout began to escape were 
sealed with wooden plugs. They gave indication of the travel of the grout under the slab. Injec¬ 
tion was made at one hole at a time. Holes were not drilled nearer to edges or joiiits than 2 ft. 
The pressure w£iS usually 60 lbs. per sq. in., but that had, in some eases, to be exceeded. Wlicjn 
the grout very soon oegan to escape at edges or through other drilled holes, injection was sboppcjd 
until the grout had hardened. The next injection, though usually njoro difiicult, and requiring 
greater pressure initially, moved the slab. At three .sites, the maximum settlements and the jireas 
of slab settlement were : 1*8 ins., 315 sq. yds.; 4 ins., 135 sq. yds.; ias., 405 sq. yds.; and 
the grout msed, tons: 27-95, 22*65 and 72-66. Costs per sq. yd. w'cre: 23-3d., 38-2(/. and 
28-5(/. Tons of grout used per cu. yd. of lift: 4-04,3-05,2-16. 

Note.—In essentials, the operati(3n is the same as that of Poulter (3(;e p. 669), and when the 
‘ sub-grade ’ is not a laid course of material, but is a roadbed of firm earth, mud with a small pn)- 
portion of cement may be a fully satisfactory grout. 

Excavating and Earth-Moving Machines. 

VicTORU, Australia (L. f. Loder.) 

TraiUniilders.—The machine consiste essentially of a blade, sny, 10 ft. wide by S ft. S ins. deep, 
with cutting edges alone the bottom and both sides. Using 60 drawbar h.p. machines the cost of 
gettine and placing earth on an average lead of about 120 ft. was 7d. per cu. yd. On some sections 
of the Eiewa Valley Road where the work yvae almost * pure side cut,’ the cost of making an 18-ft. 
formation was about 3d. per cu. yd. 
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Self-loading Scrapers.—Costs vary greatly, but as a guide the following figures are given; 
7 to 9 cu. yd. four-wheeled scoop, 1,000 ft. lead, 9d., 260 ft. lead, 6d. per cu. yd.; 6 to 6 cu. yd. 
two-wheeled ■scoop, 1,000 ft. lead. Is.: 2.'i0 ft. lead, 7d., per cu. yd.; for solid measure and ex* 
elusive of overhead charges, but inoluding all plant charges, both capital and operating. 

. Earth-Moving maciiines. 

The Drag-Shovel.—^This single-bucket excavator combines certain advantages of the shovel 
and the dragline. 

Loaders.—Have been replaced to a large extent by small power-shovels, some of which are 
built around the power unit of agricultural tractors. 

Bulldozers and BuUgraders,—These machines have practically replaced the older type of 
grader. They are becoming indispensable on many excavating jobs and can move earth length¬ 
wise for distances of 100 ft. to 200 ft. more cheaply than other equipment. 

Scrapers.—The most popular tTOe in Great Britain is the machine which dumps its load 
between its four wheels, and is efficient for hauls of 300 to 1,500 ft. or, subject to careful calcula¬ 
tions, for hauls up to 3,000 ft. 

Crawler Excavator.—Weight, 75 tons; tools, shovel, dragline, grab, baek-',f ting trencher, 
.?kiminer-scoop, crane. Petrol-paraftiu engine, 4-cyl., 32 b.b.p. (or steam, or electric), 1 to 11 gals, 
ol parallin per hour. Three digs per minute when working shovel. 

Roadside Excavator.—For road-widening work: out, 18 iris, wide igi to 2 ft. high; speed. 
')0 lin. yds. per minute (presumably average soil). May be adjusted to work below roadlevpl,or 
above (up to 18 ins.) and below at the same time. Can bo fitted to any tractor or roller. 

Elevating Orader.—Equipped with a 66-h.p. engine and with power controls, and drawn by 
a 05 h.p. tractor; output, when loading into large wagons, 400 cu. yd. per hour. 

Carrying Scraper.—One 13-cu. yd. scraper drawn by a 96 h.p. tractor can move earth at 
the following rates : length of loaded haul, 400 ft., cu. yd. per hour compacted load, 115 ; as 
400-116, also, 600-92; 800-76; 1,000-65; 1,200-67; 1,400-50; 1,600-46; 1,800-41; 2,000-38. 

Other Pr..\NT. 
De-aeraUd Concrete Mixers.—Have been employed on road works In Surrey. In place of the 

standard drum, a cast-iron drum is provided, having a machined face to ensure airtight contact 
between the drum and the mixer door, which consists of a light steel pressing mounted on bail- 
bearinga. A 26-in. vacuum cau be obtained in half a minute. 

Road Surface Heaters.—The heating of bituminous road surfaces facilitates the removal of 
worn materials, renders surfaces from which material has not to be removed more amenable to 
treatment for the re-dreasing of inequalities, and may be employed, in some processes, for laying 
carpets of bituminous materials. One type of machine heats air in a furnace, the hot air being 
delivered under a hood, beneath the edges of which, close to the road surface, it escapes. Progress 
is by stages, the machine being stationary during the beating. In another machine the heat is 
radiated from a hot plate, and the machine crawls forward at the pace necessary to allow of the 
road surface being adequately softened. 

A recently Introduced heater, in which the low-pressure, air-forced draught system is employed, 
is rated at 80 to 100 sq. ft. per hr. It is desigrned for either direct flame heating or indirect heating. 
The hood is 4 ft. 6 in. long by 4 ft. wide. The burner is of the pressure-jet type. 

Rond hcjiters are (J 918) available with single, < win, or inulliiile burners, tho fuel u.'Jually being 
light die.sol oil or gas oil. Some rcry small units burn paraffin. Tn one type, the heater is 
suspended from th<‘ overhanging frame of a self-proj)olled vehicle resembling a small motor lorry. 

PouUer’s Mud Pump.—Successfully employed In the United States in raising sunken road- 
slabs to their proper levels. The process b Interpreted {7'he Surveyor) as one by moans of which 
force is exert^ to move a part of a structure, compressing. In the reaction, plastic materials 
enclosing the operating space, and filling hollows with cheap material. A small proportion of 
cement mixed with the mud greatly expedites the setting of thfa material. 

Toronto.—A portion of reinforced concrete pavement, 1,000 ft. long by 46 ft. wide and 8 ins. 
in thickness, having settled transversely, was brought up l| in. without cracking, by tbb method, 
but using cement grout and air pressure. Poulter’s initiative te, perhaps, as sipoifleant as regards 
the mat^id as in respect of the method. 

Power Cost Data (B. DaUon\—Quarrying: oil-engine compressor, drills, etc., 100 h.p.; 
fuel oil nearly 0*4d. per brake horse-power-hour; avemge load factor, 50 pei cent.; fuel oil 
and lubricatii^ oil, 0*75d. per ton of rock quarried, the oalorifio value of the fuel oil being 
19,400 B.Th.U.« and lubricating oil 3s. 6(2. per gallon. 
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L’L/VNT and machines fok Bituminous-Bound Roads. 

Mixers for Bituminous Materials.—Moilorn uuitu ure either trailers, four-wheeled if large, two- 
wheeled if small or are self propelled. The usual fuel is paratliii, light diesel oil, or gas oil. 
Mechanical stirrers, usually power operated through a safety drive worm reduction gear, provid<^ 
for thorough mixing. 

Storage Tanks. -'The best storage tanks for binder are electrically heated, the heating being 
thermostatically controlled. 

Spreaihr-FinisIurs.— ThG use of si.n'eader-tinishei*s eflects iiaporfant saving of lime and cost. 
In the year 1944-15 the l{arker-(JrccnG machine was introdia ed in beiccstershin*. Employed o?i 
two road works, ibs Cfutputs wore ir.u and 18ii tons of bituminous mabirial laid i)ct day, saving 2\(l. 
per sq. yd. in the cost of laying. 

In the years 1915—IG, nearly all thot.armai“adam.‘-urfacing laid in Xorthainptonshire. was spread 
and consolidated by machines. 

Spreader-finishers handle successfully all typts of mixes. The advantages of tamping 
finishers over machini's that spread and level only are <lescribed (hh ii. llarber) as that they will 
lay material with uniform density at varying thi»-knc^sos, eliminating depressions due to uneven 
compaction and reducing the amount of rolling iCMpuretl; also that theyelleet a well bonded 
joint even against cold material of the temjierature of flic material laid produces a workabhi 
mixture. The tamper has a A-m* vertical stroke. 'I’ho screed directly behind th(> tamper slides 
on to the mix as it is striu^k olV and compacted by the tamper, smoothing and ironing the surface 
for final compactioti by rollers; an operation reduced and siinplitied by the uniform density 
obtained with the tamper and the level surface obtained by the operation of the screed and 
levelling amis. 

Developed, in the T'nitcd Slates, over a |)eriod of soviai y<‘ars, Ihe llarber-Clreene machine was 
put on the market in I'.i.'ir. T’o-day its merite are generally recognised by road engineers. 

lioad Planers.—It is iwiial practice to heat and plane a cun.^iderablc. stndch of road at one time. 
The material removed may be used for making up foot paths and other pur]ioses. By planing, 
the comigations are eliniinatnl, so that a new’ caiTiet laid oiva jilaiKMl road retains a true running 
surface for a long time ; which is not likely to be the ease wlaai the corrugations are for a time 
ohliteroied by a eonlinning carpet of ae<‘onuno<lating thi<’knesses. 

Planers usually have power-operated blades with an oscillating uetion, and are adjustable as 
to height and camber by i)()wcr-opcrated rams. More than one eut over a heated siirfacc may 
be needed to obtain the desired result. 

At present mo.st heating and idaninu work is done by indei)endent heaters anfl planers, but 
manufacturers and others are giving consid<‘ratio/i to niacldties which coinbiiKJ holli operations, 
the machine being a single unit iiiounted <ni a ehassis.self proj.clling (ji- tiailed. (.1. 10. llolibs—see 
‘Literature,’ \o. 11, ]>. .57*2.1 

ROADSIDE TREES. 

Trbes in thb Highway BNaiNESRiNa aspect. 

(iZ. A. Ryves.) 

Shade in Summer.—The value of shade, apart from comfort, Is in a reduction of evaporation 
from macadam and flint roads, reducing the tendency to disintegration in dry spells. On tarred 
roads it prevents licking-up of the tar and the formation of ruts, and prolongs the life of the film. 
In the case of concrete roads the reduction of maximum crust temperatures reduces the tendency 
to the forming of cracks. On asphaltic and bituminous roads it either reduces the rutting and 
wearing effects of traffic, or, when its effect is taken into consideration in designing the crust or 
carpet, it is possible economically to construct a more efficient carpet, less hard and loss slippery 
than one Intended to withstand the effects of a who]e day of hot sunshine. 

Screening Effects.—While some trees, such as the elm, have a greater frost-screening effect 
than others, such as the ash, all have an important effect in decreasing the range of temperature 
to which the road crust is subjected, in one day or in one year. Generally, they reduce very 
much indeed the number of occasions on which a road is slippery because frozen. By lessening 
the severity of freezing and by afterwards screening the frozen surface from the full effects of sun¬ 
shine, trees save macj^am and flint roads from most of the licking-up after frosts. They also, by 
mitigating the effects of severe frosts, save such roads from disintegration due to the formation 
of Ice within the crust. Slipperiness due to hoar forst, or to the freezing of condensed mist or 
drizzle on a cold road, is much worse on the new surfaces than it is on water-bound macadam, so 
that, in this respect, the value of the tree is increased by the new conditions in winter and early 
spring. 

Costs per JUfle, 60/f. oporl.—Basis for independent calculation: per penny per tree, Is, 4d. per 
mile; per shilling per tree, 41.8«. (vi) Single line of trees, stakes at 9(f. each : at 2s. 6d. per tree, 
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141.6f.; at 8«. per tree, 161.10«.; at Sr. 6d. per tree, 18/. 14«.; at 4r. per tree, 20/. 18r.; at 4r. 9d. 
per tree, 23/. 2r.; at 6s. per tree, 261. 6s,; at 6s. 6d. per tree, 211. lOr.; at 6r. per tree, 29/. 14r.; 
at 6s. 6d. per tree, 31/. 18«.; at Is. per tree, 34/. 2s.; at Is. 6d. per tree, 36/. 6r. 

(▼ii) Hedges^ such as (▼) (above), taken as 2 ft. apart; as stakes are not required, other spaclngs 
are in proportion : for single hedge^ at 2s. Qd. per tree, 330/.; at 3j., 396/.; at 3s. 6d., 462/.; at 4«., 
528/.; at 4s. 6d., 594/.; at 6s., 660/.; at 6s. 6d., 726/. ; at 6s., 792/.; at 6s. 6d., 8681.; at 7s., 
924/.; at 7s. 6J., 990/. 

(viU) Hedges^ such aa (iU) (above), taken as 1 ft. apart, other spacings in proportion ; doable 
the values in (vii). 

Quickset Hedge (thorn).—Taken as 7 to the yard: at 61. per 1,000,61/. 12s.; at 11.10s. per 1,000 

92/. 8s.; or, with a per yard and 6 shillings per 1,000, the cost of one hedge is fi ^ 

BBIDGB DESIGN. 

Allowable Stresses on CoNcuE'fB. 

Increased stresses on concrete in bridge members are allowed by the Ministry of Transpon, 
provided that: (1) The cement complies with current B.S.I. Bpecifications for Portland cement; 
(2) Crushing tests on 6-in. cubes made with concrete taken from the mixer during progress of the 
work show consistently the results as in the table; (3) The cement is weighed and not measured by 
volume. 

ALLOWABLE STRESSES ON CONCRETE IN BRIDGE MEMBERS 

AND (XiRRESPONDINQ BEQUIREMENTE. 

Crushing Strength of Concrete In 
6-ln. Cubes. 

Concrete Mixture 
Cement: 

Fine Aggregate: 
Coarse Aggregate. 

Working 
Stress. 

Modular 
Batio. 

At 28 day, with i 

todlSuI.^tTd“. 

At 7 da:^-with 
rapid bardanlog : d h*P O*^rtioald 
Portland cement, 

lb. cu.ft. cu. ft. Ib./sq. In. n. Ib./sq. in. Ib./sq. in. 

A : 2 : 4 
90 : 2 : 4 

120 : 2 : 4 
150 : 2 : 4 
180 : 2 : 4 

5A + 300 
760 
900 

1050 
1300 

16 
16 
12 
10 

16A -f 900 
2250 
2700 
3150 
3600 

lOA -f 600 
1600 
1800 
3100 
2400 

Heavy Vehicles on Bridges. 

Section 26 of the Boad Traflio Act, 1030, provides that: The bridge authority of any bridge 
may. by means of conspicuous notices, prohibit the use of the bridge * (a) by a vehicle exceeding 
a defin^ maximum laden weight, not less than five tons; (b) in respect of the laden weight of a 
vehicle when travelling at more than a defined speed. Provision is made for appeal to the Minister, 
who may order a prohibition or restriction to be removed, or may refer the matter to an arbitrator. 
The method of calculating the weight Is laid down in Section 26, and procedure In respect of 
the weighing of vehicles in Section 27. 

BOAD TUNNELS. 

dartforD'Pvbfleet Tunnel : Bivkr Thames. 

As designed in 1936. Length, not including open approaches, nearly 1 mile, fistlmated 
cost, £3,200,000. Section, a semi'Circle of 30 ft. diameter on a segmental invert. Shell, cast-iron 
segments, concrete-filled and concrete-llned. Provides a 20-ft. carriageway and two 2-ft. patrol 
footways. Ventilation : fresh air enters from a longitudinal duct under the soffit, the spent ab 
being drawn to a suction duct, through orifices along the kerb line. Gonstructlon. by means of 
a 12-ft. diameter pilot tunnel and the two 18-ft. diameter ventilating shafts, abont I’OO ft. deep 
and terminating in shield chambers, 36 ft. in diameter, from which the full-seotion tunnel will be 
driven. 
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TOB Mbrsst TtnuniL. 

(Described end ttlostrated In 'The Engineer^ July IS, 20, and 27,1084.) 
Total length. Including open approaches and branches, 16,191 ft.; main tnnnel, portal to 

portal, 10,684 ft., branches, S,2i6 ft.; length between waterside ventilating shafts, 4,600 ft., 
outsids and inside diameters of the under-water tunnel, 46 ft. 3 in. and 44 ft.; width of main 
carriageway, 36 ft.; two footway, for patrol only; two-way ((our lanes) tcafhc; headroom, 
13 ft. 6 ins.; maximum depth to Invert below H.W.O.S.T., 103 ft.; maximum gradient, 1 in 30; 
estimated traffic capacity, 4,160 vehicles per hour; carriageway paved with cast-iron blocks; 
lining, segmental rings of cast iron, metal thickness, ins., the segments filled with concrete. 
Cost of the works, £7,077,800. Opened July 18,1934. 

The ANTWERP, River Scheldt, tunnels. 

(Described in The Surveyor^ September 2,1932.) 
Total length, including open approaches, 6,923 ft.; portal to portal, 6,803 ft. (cast-iron-lined, 

4,063 ft., reinforced-concrete-lined, both ends, 1,760 h.); length between waterside ventilating 
shafts, 2,836 ft.: outside and inside diameters of under-water tunnel, 30 ft. 9 ins., and 28 ft. 6 ins., 
of the reinforced-concrete-lined portions, upper half ring and invert, 34 ft. 6 ins., and 28 ft. 6 Los. 
nearly, sides continued downward as walls, externally ; width of carriageway, 22 ft. 2 ins.; one 
footway, for patrol only ; two-way (2 lanes, one each way) traffic; headway 14 ft. 9 ins.; maxi¬ 
mum omdient, 1 in 28*6 ; maximum depth to invert bdow H.W.O.A.T., 99 ft.: below the bed 
Of the river, about 64 ft.; estimated traffic capacity, 2,000 vehicles per hour. The segments of the 
oast-iron-lined portion are flUed with concrete. O^t of the works, inclusive of land and propeity, 
buildings and engineering costs, £1,426,000. 

A separate tunnel, at some distance, has been constructed for foot-passengers; length between 
centres of lift shafts (the design following Barlow’s precedent), 1,877 ft.; tunnel diameters, 
16 ft. 7 ins. and 14 ft. 11 in.: footway width, 12 ft. 6| ins. at floor level; space for pipes and 
oables under the footway; estimated capacity, 16,000 persons per hour. Cost, Including electrical 
and mechanical equipment, about one-fifth that of the vehicular tunnel. 
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‘ Shattering.’ By 0. Perry, Works Construction Paper, No. 11, Journal Inst. (J.E. 
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Pp.pers, Articles and Lectures (to 1939) :— 

‘ Soil Mechanlot as Related to Road Construction.’ A lecture (M.I.Meoh.B.) delivered March 9 
1938, by Dr. L. Oatagrande. Abstract, The Surveyor, March 18, 1938. 
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* Boad Engineering and its Development in Australia.' A paper (epic and technical) by 
H. H. Newell (Eng. Conf., Sidney, March 1938). Traris. Inst. E. Australia. Abstract, The 
Surveyor, May 6, 1938. 

* American Highways and Highway Practice.* By B. E. R. Tratman. Article, The Engineer, 
October 8,15, 22 and 29, and November 12,19 and 2G, 1937. 

‘ The Qeijnan Motor Roads.' Article, The Engineer, August 20 and 27, 1937. 

‘ Architectural Principles of Bridge Design.’ By W. J. Watson. An address delivered in 
January 1938. Abstract, Civil Engineering (^United Stales), March 1938. Extracts, I'he Surveyor, 
May 27, 1938. Mr. Watson cites Vitnivius’ treatise, written nearly 2,000 years ago, in which the 
Homan architect enunciated six principles or elements of architectural design : Order, Symmetry, 
Arrangement, Burythmy, Propriety, Economy—and finds, in modern conceptions in regard to 
bridge design, recognition of the same six principles. 

Report of the Select Committee of the House of Lords on the Prevention of Road Accidents. 
Issued April 1939. Comment: An editorial note in The Surveyor, April 7, ends : ‘ Because 
the committee have ruled out considerations of natural law in regard to matter and mo< ion as 
involved in the running of vehicles, their report has the aspect of an elaborate piece of special 
pleading on behalf of those who find pleasure in swift travel on the roads. Nevertheless, it is of 
fery great value as providing, in all other aspects, the basis for an immediate and for a long-term 
policy in regard to road safety.* 

Earthworks. 

' Methods of Excavation Work at Home and Abroad.' By W. Barnes. The Dugald Clerk 
Lecture, 1940. Journal Inst. C.E., January 1941. 

* The Dragline Excavator.’ By W. Barnes, Journal Inst. C.E., March 1940. 

‘ Earth-Moving Plant.’ By L, P. Loder. Article, The Commonwealth Engineer (see also The 
Surveyor, October 11, 1940)* 

‘ Observations of Settlements on Embankments.* By A. H. D. Markwick and G. C. Wilson, 
of the Road Research Laboratory. A note (Crown copyright reserved). The Surveyor, July 6, 
1940. 

’Cliff Stabilisation Works in London Clay.* By J. Duvivier. Paper, No. 62.33, Journal 
Inst. C.E., October 1940, and discussion thereon ; in the course of which the bearing of the paper 
upon problems of the stabilising of the slopes of railway and road cuttings was very usefully con¬ 
sidered. Abstract, The Surveyor, November 29, 1940. 

* Run-off Disposal on Divided Highways.’ Article, Engineering News-Record, January S, 
1941. Extracts, The Surveyor, February 28, 1941. 

BRIDGE Design. 

* Rigid Frames without Diagonals: the Vierendeel Truss.’ By L. Baes.^ Paper, Proc. Am. 
Soc. C.E., January 1941. Abstract, The Surveyor, March 21, 1941. 

‘ Simplified Theory of the Self-anchored Suspension Bridge.’ By C. H. Gronquist. Paper, 
Proc. Am. Soc. G.E., February 1941. Abstract, The Surveyor, April 18, 1941. 

* Bridge Design and CJonstruction in the United States.* By W. G. Bowman. Article, 
Engineering News-Record, February 13, 1941. 

‘ Trends of Bridge Design in the United States.’ Editorial note. The Surveyor, April 4, 
1941. The writer discusses the failure of the Tacoma Narrows suspension bridge, in the light 
of Mr. Bowman*8 observations thereon (v.^.), and with regard to Mr. L. S. Moisseiff’s recent explana¬ 
tions of the reasons for the adoption of new or changed features of suspension bridges, including 
very much reduced truss depths. See ‘ Growth In Suspension Bridge Knowledge.’ By L. Moisseiff, 
Engineering News-Record, August 17, 1939. Abstract, The Surveyor, September 29, 1939. 

' The Suspension Bridge Tower Cantilever Problem.’ By B. Birdsall. Paper, Proe. Am. Soc. 
O.E., April 1941. 

* The Graphical Solution of Portal Frames.* By J. W. H. King. Paper, Journal Inst. C.E., 
December 1940. 

* Aesthetics of Engineering Sitructures.* By O. Faber„ Paper and Discussion, Journal Inst., 
O.B., April 1941. 

Addenda 1945. 

' Relative Merits of Wire and Bar Reinforcement In Pre-stressed Concrete Beams.’ By R. H. 
Evans. Paper, Journal Inst. C.E., February 1942. Presents experimental results in regard to 
deflection, hysteresis loops, permanent set and cracking loads, for increasing values of Initial 
pre-stressing force. The test beam was 10 in. deep, 4 In. wide, and 11 ft. long, the load applied 
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on a Bpan of 10ft. The permanent set in all the pre-stressed concrete beams was exceedingly 
small, no more than that in plain concrete beams. The cracking load of the pre>stres8cd beams 
with bar reinforcement was considerably lower than that of pre-stressed beams with wire rein¬ 
forcement, about half for an initial pre-stressing force of 26 tons. That, the author maintains, 
is important, because the working load should not exceed that necessary to produce tensile stresses 
in the concrete. The experiments showed that piano wire having a tensile strength of 160 to 
176 tons per sq. in. is a very efficient type of reinforcement in pre-stressed concrete. 

Birchenough Bridge.—A two-hinged arch with a span of 1,080 ft. in 27 panels of 40 ft.; lower 
chord parabolic with a rise of 216 ft. Depth, at crown 37 ft. 6 in.; at end posts, 46 ft. Arch 
trusses 46 ft. apart. The deck of cross girders, stringers and transverse joists supports a light 
reinforced concrete road slab, 68 ft. wide and 6 in. thick, and two 3-ft. timber footways. The 
roadway is about 26 ft. above springing level and, except at end paneLs, the cross girders are 
suspended from the arch by hangers of wire cable. An expansion joint is provided at panel point 
from the west end and an articulation joint at panel point 4 from the east end. 

The Ristna liridot .— 13oao,nbed by Mr. C. < b in the May IS) 16 number of the Journal 
of the Institution of Ciril Rnijinecrs^ this outstanding wt»rk is nolablo witli ivspcet to its design, 
the method of construction and the inaninT in wliu-Ii ucio overcome dilUeultics of tln^ site and 
of conveyance of mat.criids to the silo. 'L’he raitifall at Mio site, which is in a gorge in jnnglo 
country, averages 2(H) ins. a year, ami tlion; ar«? v<‘ry so\oio Hoods. 'I'he uiiddh; arch lias a span 
of 276 ft. and a rise of 132 f(. On one side thi n* are two aji|.>roaeli spans of .32 ft., on the other, 
three spans of 56 ft. 6 in., curved to a. radius of 12«) ft. Tlie method of I'rection was to build 
out as cantilevers, liiially 78 ft. (‘ach, two part-arebes. and to close the gap by lowering the steel 
frame, or skeleton, of a Melan areli, oonoretod afttn- being attaelu.-d to tlio ])art-arc.hcs. In the 
erection of the cantilever i)ai t-arelus, each inerenie.nt t»f ronrreting h^ft protruding' stout steel 
rods, stitT enough and strong enough to sji^tain the ne.vt inerenn tit of eonereting. Study of iMr. 
.'•exton’s paper makes ii clear that tiio ereetioti-d( Nign wa.-< adopt<'d for good reasons in ])refen’nee 
to the method of building as eanlilevers twohalf-areliesof stoel skdelon aivl eonereting afterwards, 

llrathuy Church AeoZ/oe/f/r.—Erected in I" 16, thi.s I.ridge, which eios.ses a swift inonntain 
stream, links Lanca.sln're and Wh'.stmorland. ft is an ir(.!i of .*»o it. span, lo ft. rise, 7 ft. wide ovi;r 
parapets and 4 ft. wide inside jiarapet.s. '.tlie ar< h, weighing .30 ions, was crectc'd Ijy means of 
tubular steel scaiYoIding. I'he stone of the arch was oiit.ained from the S]H)il banks of two slat»‘ 
quarries, one stone being of a lighb-r and the otlnT of a darkan' gr.*eii. The masonry of the areh 
has boon describiid as ‘ rubble.’ but a pliotogra|)h show s I.irge si ■ mes of tin? aiipcaranee of vons'^oirs. 
Between the ring faces tlie remainder of tie* areh is reinforced concrete, d’lie whole of the exposed 
concrete face in the an'h soiiit was painted vvitli a half-and-ludf mixture of tanvdung and lintter- 
milk, to eneonrage the grovvtli of moss, faeilitated l>y the use of sawn segments for the centering 
timbers. 

Lueraturb. 

(to 101.5). 

* Post War Development.’ A repoit of the Institution of Highway Engineers. Reviews, 
2'he Surveyor; of the report April 9, 1943 ; of discussion on the report, January 14,1944. 

* Road Construction Plant.* Road Paper No. 13, Inst. C.E. 

‘ The Strength of Cast-Iron Girder Bridges.’ By 0. S. Chettoe, N. Davey and 0.11. Mitchell. 
Journal Inst. C.E.^ October 1944. Abstract, The Surveyor^ February 16, 1945. 

‘Road Safety.’—Interim Report of the Committee on Road Safety. Parte I, General; 
II. Road Users; ITT. Roads; IV, Vehicles. Eighty pages. H.M. Stationery Office, price 1*. 
net. Published December 1944. 

* The New Waterloo Bridge.’ By E. J, Bucktou and J. Ciierel. Paper, Journal Inst. C.E., 
June 1943. Discussion In the Supplement to the October, 1943, number. 

‘ The Burma-Tunnan Road.’ By J. IT. H, Nicolson. Paper, Journal Inst. C.E., January 1943. 
Abstract, The Surveyor^ February 20, 1942. 

* Some Experiments on the Consolidation of Clay.* By L. P. Cooling and A. W. Skempton, 
Journal Inst. G.E.^ June 1941. Abstract, The Surveyor^ September 6,1941. 

‘ A Laboratory Study of London Clay.’ The same authors. Journal Inst. C.E.^ January 
1942. 

* Soil Mechanics Nomenclature.’ Am. Soc. O.B. Manual of Engineering Practice, No. 22. 
Twenty-four of the terras, the less familiar and those the definitions of which are not fully in accord 
with English terminology, are given in The Surveyor, December 26,1941. 

‘ Highways in Latin America.* By Major B. P. Root, Dept, of Commerce, Washington, D.O. 
The Surveyor, June 26, 1942. For the 7 Latin-Amerlcan countries in North America, 3 in the 
West Indies, and 10 in South America, the author gives area in sq. ml.; road mileage and area 
per mile of road, also, for each country, 60 to 260 words of description of the roads. 
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CANALISATION —COST OP CANAL CONSTRUCTION-CON- 
TINENTAL CANAL8-LOCKS AND MECHANICAL LI 8 TS- 
CANAL CURVBS-LOSS OP WATER ON CANALS-TRACTION 
AND HAULAGE-SHIP CANALS. 

(Contributed by Brysson Cunningham, D.Sc., B.E., P.R.S.E., 

M.I.C.E.) 

NAVIGABLE WATERWAYS. 

Clash iFicATioN, 

(1) Naturnl Channels, tboM rivere, or portions of riTera, Inclading estuaries, ths 
normal flow ol which is not Inteiieied with bj artlflcial works: 

(9) Canalised Rivers, lireqaentlj called 'Navigations,’ the flow of which is more or less 
under artlfldal control, and 

(I) Canals, proper, entirely artlflcial in conception and constractlon. 

The distinction between the three claaass Is bindamental and important. In the case of the 
natural channel, improvement works a/e limited to a rectiilcation of the bed, and no attempt 
is made to control or augment the natural tlow of WAter, which, bema derived from the drainage 
of the basin, is normally auMicient for purposes ol navigation, within the limits of the channel 
capacity. Die canalised portions of rivers consist ol set'tionf in which the natural low u con¬ 
served and controlled, as in the manner of a canal, hut generally without ev* raoeous soun'es of 
water supply. Canals, being works of an entirely artihcial cbaiaoter, have to be led with supplies 
obtained by the interception ol streams, or from other external soorces, frequenUy necessitating 
pomping and reservoir storage. 

IMPEDIMENTS TO NAVIGATION OF RIVEBS. 

In the seaward section the most pronounced disability, where it exists, te the ber. For its 
removal a very efficient means, producing immediate ameUorntion, is dredging ; but tb* nSmct in 
the majority of oases is merely temporanr, and operations must be rontinuuus if the improvement 
Is to be maintamed. Where bars are not In evidence, or not ?ery pronounced, s river mouth 
Is often eneumtiered by sboali, due either to detritus brought down by the nvsr iiseJI or to coastal 
erosion and drift. In this cane also, dredging may be resorted to with immediate ailvantage. 
Foi permanent henetit it is ie<|uialti> to suppiemeoi this temporary expedient by traimng works 
of a scope and magnitude dependent on circumetancea. Such works comprise longitudinal 
training walls, or embankments, and groynes, dykes, or Jsttle^ to be alluded to later. 
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lit the upper seotlone of livera, the prinelpa} difiSoolties encountered are Irregolarltfefl In flow, 
due to floods in rainy seasons and depletion of water In periods of drought, STceeslve current 
velocity. Instability of channels and the formation of shoaia. In low-lying lands, it is often 
neoee-'ary aa a proT.ect1on against inondation to raise the river banks with impervious material, 
wcU supported from behind. Insufficiency of water may be met by the introduction of weirs, or 
the Lor.aation of storage reservoirs. The remedy for excessive and irregular currents lies in 
training works of a suitable character. 

Velocity or flow in BivERa 

The velocity of river flow varies very conslderabiv, as will be seeu from the following table. 
As regards navigation, currents exceeding three to four miles an hour or four and a half to six feet 
per second make a serious deduction fn)m the speed of propulsioD of vessels proceeding upstream, 
and render oontrul dlfflcuit in the case of siuaii craft travelling downstream. See also par. on 
EORSB Traction, page 5t)7. 

River Seine at Meulan . 
„ „ at Paris. 
„ Thames at London 

Bridge 
n Tiber at Rome . 

2*46 ft. per second. River Rhine at Basle . 6*36 ft. per second. 
4*00 „ „ „ „ Aar at Berne . . 7*60 „ «, „ 

„ Durance, below Sis* 
3 00 „ „ „ teron . . . 8*66 „ „ ,, 
3*40 „ „ „ „ MaranoQ;B.America 13*00 m *» 

Velocity Observations are taken by means of (a) Floats, (6) Current Meters, and 
(<;) Preside Tubes. 

Floats.—surface velocities an orange is excellent, floating almost whoU) immersed. 
In the winter season, fragments of ice give similarly good results. The topmost layers of water, 
uowever, are fre«)U*ntly atlected by the wind. To obviate this the float should extend some 
distance below the surface. A corked bottle, weighted at the bottom, bas proved satisfactory 
for the purftose. floats are also emptoyed, consisting of tin cylinders about 1 In. diameter, 
weighted so as to maintain perpeudicuUrity, and leave two or three inches projecting above the 
surface. Double floats are sometimes used, consisting of a small surface float connected by 
meunti of a cord to a float of larger bulk below, in MissisBippi experiments, the lower floats 
were kegs 1* Ins. high and 6 ins. diameter, or 12 Ins. nigh and 8 Ins. diameter, according as depth 
was (ess or greater than 5 ft. They were without top or bottom, and l>allasted with lead. The 
connecting cords were tn. to \ in. diameter. The upper float was of light pine, 6| ins. square 
by i in, thick, or of hollow tin, 6 J ins. by i | in. 

Current Meters.—These n^ord velocity by means of tin* revolution of a screw, beingcali- 
nrated by drawing through still water at various speeds. The Price current meter, used by United 
States Geological Survey, consists ot six cups attached to a vertical shaft, which mvoives on a 
coD^ca. hardened steel point when iiumersed in moving water Meter measurements can be 
made from a bridge, from a cable sad car specially installed for the purpose, from boats or 
by wading. Current meters are afTected by friction, and are not very suitable for low velocities ; 
in fact, in feeble cuneute they cease to act. 

Pressure Tubes.—Pitot tubes, which are [_ shaped with the lower horizontal limb pointing 
upstream, record the velocity by the height to which the water in the tube is forced above surface 
level Vjy the pressure of the curreut. Darcy’s adaptation consists of two tunes tn communication, 
enabling the diflerenttal reading to be taken more accurateiv and ellmuiating the eflect of npplcs 
and o^cllUtions. I'he apparatus gives good results in small channels with currenta of fair velocity, 
but It is not suitable for large rivers or for very low rates ot flow. 

Position of Maximum Velocity maybe taken generally at or about surface level, 
but is not infrequently below. Tlie view is generally held that the velocity varies as theabsdssaB 
of a parabola, whose axis Is parallel to the surface. The equation lor the parabola In the case 
of the Mississippi was found to be 

0 a «- 0*79222 -f 3 *3611 

where, 
V ■■ velocity in feet per M^cond and d Is distance from axis in fraotional parts of whole depth 
oonsldered as a unit. 
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Mean Velocity.—The ponltion of meaA velocity hw been found by repeated ezperimenta 
in U.S. Geological Survey to be located at about 0-6 0(i the total depth. The mean of velocities 
obtained at 0*2 and 0*8 oi the depth gave the mean veky^itj ot the stream very accaraceiy. 

Id ordinary cases the least, mean and maximum velocities may be taken in the ratio 3:4:6. 
In very slow currents they are nearly as 2 : S; 4. 

Prony’s Formula: 

Mean velocity _ Maximum velocity + 7*71 ft. per eec. 
Maximum velocity Maximum velocity + 10-28 ft. per sec. 

Computed Velocity.-A flrreat number of formnlss have been poblished connecting 

the velocity with the hydraulic mean radius (R) — stream slope (8 ) 
wetted perimeter 

os , Most of these expressions can be reduced to the form 
length of channel 

e - e v/rs. 

where c is a coefficient varying with the class and nature of the channel, as well as with the 
personality of the observer. Rome of the eoefiiclents are very comniicated. and the values are 
variable to a considerable degree. Mr. A. A. Barnes (* BVdraahc Flow Reviewed,’ 1916) 
proposed to modify the powers of R and 8 so as to admit of a coefficient of constant value. His 
expression is 

V 68-4 R 'j948-49e 

or, approximately, e »» 60 R'^J^ S‘*' 

In nineteen observations with ranges in width of stream from -26 ft. to 2,598 ft., in depth 
fivnn *19 ft. to 69 ft.. In hvdranllc mean radius from 0786 ft to 53-6 ft., and in slope from IJ 
to 241-2 ft. per mile, velocities of from 1 to 7| ft. per second were computed and found to agree, 
within 1 per cent., with actual observation. 

In the course of investif'ations made during three years in eonnectiou Aitli the regulation of 
the Whiiiigpoo and Yiingtse Kiver.s Dr. lleihert (diatley found that in fairly straight and 
uniformly sectioned roacho.s wlien the how is steady tlie aljovc cxpom utial form = S'* gave 
consistent results, but when the flow was unsteady lie found it more ^atisfiu•tory to take tlie 
expression 

where a is the acceleration. In otlier words, the effeetive slope was equal to the algebraic 
difference between tlie actual .slope and ail ‘ acceleration ’ slope deterniiiied by the ratio of the 
actual mean acceleration of the water to the gravitational acceleration. 

Critical Velocities.—^The following is a statement founded on the researches of Dubuat 
and Beardmore ol velocities at which various materials in a river bed commence to Ite eroded : 

Soft clay .... 3 ins. per second. Rounded pebbles, 1 in. diam.. 2 ft.per second. 
Pine sand .... 6 „ „ Rough gravel „ „ . .. It t. 

Coarse sand and pea gravel 9 „ „ Pebbles in. „ . 3i „ „ „ 
Gravel as large as French 

beans .... I’-J M 

Heavy shingle . . . .4 ,, „ ,, 

TREATMENT FOR EROSION. 

Protection of Kiver Banks.—Water plants form a very efficient natural protection 
and they assist in retarding the current—sometimes not an unmixed advantage. 

Earthen banks of a soft and erodible character may be artfficially protected, where stone U 
procurable, by rubble pitching, laid at a slope of or 2 to 1, from 8 to 12 ins. chick at the top, 
and Increasing In thickness downwards at the rate of 3 Ins. yard. The foot of tiie slope shonld 
be adequately secured to some Arm abutment, such as piling, otherwise the pitching- may be 
andermlned and, in that case, it will subside. 
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Where stone Is not proenmble, feadne aprons or mattresses, formed of bmdiwood, may be 
atlllsed. These are bundles of branches and twlss rnsnaUy willow) from 9 to ins. in diameter, 
about 19 ft. lonir and bonnd with tarred rope at interyals of 4 ft. or so, laid side by side and 
tied together so as to prodnce a sorfaoe ooverinir of the desired extent. The * fascines,* as they 
are termed, should be secared by stakes or short piles to the bank upon which they are deposited. 

Reinforced concrete s'abs in various forms have been employed, notably the De Muralt systems, 
in Holland and elsewhere. 

A plantation of small willows above water level is nseftil in oonnteraoting the more deleterious 
effects of doods. 

Biver Bank Protection of the Missouri.—Rejpilation work on the Lower Missouri, 
comprisiTiK the fonnatton of a 6-ft. navigable channel as far as Kansas City, a distance of about 
890 miles from the mouth, was put in hand on an intensive scale in 1927. 

* The cheapest form of bank protection on the Missouri has been found to be a mat below low 
water and a paved bank above. The mat is woven continuously, with an average width of 
about 86 ft. (26 metree), laid from the tow-water Hue out into the river, and, after weaving on the 
surface of the water, sunk on the bottom by ballast. Willows, with basket weave,’* were used 
for the mat, where available; otherwise it was built of 1-in. plank, with suitable bracing. Some 
716.000 ft (230.000 metres) of such mat have been completed, and are in place (19.30). Some 
individual mats in long bends were 6 miles or more long, woven continuously and sunk as they 
were woven. Above the water line the hank was graded by hydraulic )et to a slope of 1 on 3, 
and paved with broken stone, the fragments weighing from 40 to 80 lbs. This type of protection 
was first built, on a small scale, 30 or 40 years ago, and with adequate maintenance will apparently 
Stand indefinitely. It costs about $20,00 per ft., the maintenance averaging about 3*6 per cent., 
or $0,70 per ft. per year * {Extract from Report by Major O. R. Young to International Navigation 
Oongrett at Venice, 1931). 

Mississiuui River Bank Protection.—The banks of tbs Lower Mladssippi are pro¬ 
tected where necessary from erosion below water surface level by means of brushwood mattresses 
loaded with stone. The portion of the bank above surface level is protected by a covering of 
stone only, 10 ine. thick, laid to a snitable slope. 

The mattresses were deposited from a single barge, or from a couple of barges, placed end to 
end, so that the combined length of the barges exceeded the width of the mattress. The ordinary 
sise for mattresses was 800 ft. by 960 ft., but some mattresses were 1,000 ft. long by 300 ft. wide. 
*Tbe mattresses are construct^ on the mattress-barge by laying parallel to the shore, and, 
8 or 10 ft apart, a series of poles, whose aggr^Tste width equals nearly that of the proposed 
mattress. These poles are small trees from 3 ins. to 6 ins. diameter at the butt, and 96 ft. to 
so ft. long. Smaller poles are then placed at right angles to the larger series, so as to pass alter¬ 
nately beneath and above the successive larger poles, as in basket-work. These smaller poles, 
when forced into close contact with each other and with the other series, form a tolerably com¬ 
pact web or mattress. When so many of the smal* poles have been added that they approach 
the ends of the larger series, whose poles are parallel to the shore these larger poles are each 
continued by having another 'arge pole spliced to it, and so on, for the length of the mattress. 
The brush in the mattress is fast«aed together frequently with iron wire and cross poles. The 
Whole mattress is strengthened by wire cables about 20 ft. apart, and by | in. to | In. wire 
ropes running longitudinally the whole length of the mattress. Transverse cables of wire, about 
16 ft. apart, also strengthen the mattress; and transverse wire ropes in addition are sometimes 
used.’ 

As each mattress was woven it was allowed to be floated down stream off the barge by the 
onrrent, and when a sufiicieiit length had been accomplished it was IfMuled with stone and sunk 
the upper end being sutik first. The customary uoder-water slope did not exceed 1 in 3, and 
the depth of the outer edge often raug«>d from 60 ft. to 100 ft. (From Report by General 0, B. 
Canutock, an MUsixtippi River Improvement, to Chicago Inlematioryal Congrexs, 1893.) 

Vlexibla mattresses of reinforced concrete are being experimented with on the MisBlssippi. 

CHANNEL TRAINING WORKS. 

The instability and eccentricity of cbannele is remedied by training works, comprising (a) pro¬ 
jecting Jettiee and groynes, (6) longitudinal dikes and embankments, and (e) ground sills. 

Groynes or Jetties project from the banks to the stream at right angles, or thereabonts 
(generally within 70** to 90") to its course, and have the effect of reducing the channel and 
concentrating the scour of the enrrent within certain bounds. The beneficial effect, however, is 
largely local, and, in the absence of restraint between the Jetties, the stream tends to diffuse 
Itsw over s wider area, eo that while cue bed may be deepened and improved opposite the ends 
of the groynes it often beoomss aotoaUy shallower In the intermediate spaces. To bs oflsoUvs, 
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groynes shonld be epaoed apart not more than fi^e times their own length, and this often renders 
them leM economical than a system of longitudinal diking, which, on the whole, will be found 
far more satisfactory and Is often oltlmatelr adopted. Groynes should, In fact, only be looked 
upon as of the nature of a temporary expedient. They may be formed of piling, lascine work, 
or rubble. 

Groynes on River Missouri.—For contracting the river In a reach or at a crossing, 
or from the convex side of a bend, lateral groynes or longitudinal dikes were found equally 
efficient, the former being cheaper since they could nearly always be spaced more than their own 
length apart. They were, therefore, commonly used. 

* The most satisfactory device is an openwork fence built nearly normal to the cbsinnel, con¬ 
sisting of several rows of stout piles, or clusters of piles, suitably braced, driven an average of 
20 ft. (6< 1 metres) into the bottom, the top of the structure being a foot or two below the natural 
bank from which they are built. (Two alternative designs, about equally efficient, are in use.) 
A striking feature is that it is not necessary to moreen these dikes, or to provide any device other 
than the dikes themselves for arresting the flow of the water. While the dikes are entirely per- 
meable when first built, being merely a skeleton framework, they rapidly accu mu late driftwood at 
high stages of the river, which banks up behind them and forms a mass, sometimes many acres in 
area. This drift retards the water sufficiently to cause it to precipitate the sediment that it 
carries, and to produce an almost immediate fill between the dikes almost to their outer ends* 
{Extract from Report by Major Q, A. Young to IrUemaiional Navigation Congreu at Venice^ 1931). 

Groynes on the River Waal.—These are so arranged as to point upstream with the 
axis of the groyne on the concave bank forming an angle of 80*^ with the projected channel, and 
that on the convex bank an angle of 70*. This system has been found favourable to the deposit of 
alluviam between the groynes. 

The groynes themselves are formed of a core of sand extending tn 11 ft. 6 ins. below ordinary 
low water. The core is covered with mattresses of fascine work, having a lateral slope of 6 to 4, 
surmounted by a layer of broken brick and rubble stone. Ihe slope towards the river is 1 in 4. 
The width of the crown of the groynes is 11 ft. 6 ins., and their height along the boundary of the 
normal river bed 1 ft. 6 ina. above ordinal^ low water level, corresponding to about 1 ft. 6 ins. below 
mean water level. 

It is stated that sand forms a satisfactory oore if banked In large quantities at a time, and 
that no harmful results ensue from the slipping away of a certain amount during submergence. 
A few years after formation the groynes receive a protective covering of basalt. 

The River Waal has a velocity varving between 2} and 34 ft. per second. The discharge is 
about 21,000 cubio ft. per second at lowest water level, and 220,000 cubic ft. daring highest 
floods. {From Report by M. Baucke to Philadelphia Navigation Congress^ 1912.) 

Longitudinal Dikes are walls or embankments of timber, stone, concrete, fascines, or other 
material bailt up so that the channel is rlf^dly confined within definite limits throughout the 
length treated. At the outlet of the Pen Rivers in the Wash, banks of fascine faggots and clay 
were oonstructed 22 ft. wide at the base, 17 ft. high, and 13 ft. wide at the top, at a cost of about 
Is. 8d. per cubic yard. On the River Weser. stone and gravel embankments have been found 
preferable to fascines on the ground that the surface slopes may be rendered less steep than 46*, 
which is stated to be the limit for fascine work. 

River Training Works at the Mouth of the Danube.—Operations for the 
Improvement of the navigable channel at the Sullna mouth of the Danube have been in progress 
for more than hall a century, under the direction of the European Oommission of the Danube, an 
International body, oonstituted in 1866 by the Treaty of Paris. 

There are three main arms, or branches, of the Danube delta, at its influx into the Black Sea. 
The Sullna arm, with the port of Sulina at its mouth, was chosen for treatment by reason of Its 
greater depth and general use, despite the fact that its discharge was scarcely 10 per cent, of the 
total. 

Rudimentary timber piers, consolidated by concrete mass-work and stone nibble, were oon- 
ftrocted in the first Instance, thus oouoentraiing the outward current, and by the scour so 
occasioned, the depth across the bar of tbe river was increased from 9 ft. to 17 ft. rapidly ; and 
subsequently more gradually to 20| ft., at which figure it remained, naturally, for a period of 
22 years until 1894, when dredging was commenced and a depth of 24 ft. obtained, necessitating, 
however, oontinuous maintenance work. In 1916 tbe depth of 24 ft. was lost and three dredgen 
proved incapable of re-estabtlshing it. On account of the progressive advance of the delta, the 
action of natural forces, aided by artifleial means, bad become imuifficient to cope with the deposit 
of alluviam, which, indeed, threatened to destroy serviceable access to the river for shipping. 

In 1922 a prolongation of the piers or Jetties was begun, and in 1926 was completed to a point 
about 3,300 yds. from tbe Sulina Lighthouse, which it 'ocated at tbe port entrance. On 
Jnly 25, 1926, the new channel, 200 ft. wide, was opened to traffic with a minimum depth of 20 ft., 
which within a month was increased to 23 ft. Deposit, however, continued to take place at the 
outer extremltiee of the pien, and a further prolongation was neceasary in order to reach deeper 
water for the pierheade, 
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Devees oonatltate a type of longitudlzial dike. They contract the river channel In tie higher 
stages and protect the adjacent country from Inundation. As used in American practice they 
are generally banks of earth or spoil, well consolidated, with a central trench fonidng an imper¬ 
vious connection with the naturai ground. 

Channel Curves.—The natural tendency of river channels is to form a series of deep water 
pools on the concave sides of bends, with shoals at the intervening points where the current 
passes over from one side of the river to the other. A indicious system of training will maintain 
the natural sequence of these deep pools, at the same time suppressing any unduly sharp bends 
which might be awkward for navigation. Generally speaking, for vessels of 400 to 600 tons 
moving at a fair rate of speed a radius of 660 yards should be regarded as a minimum—at low 
speeds, 220 yards wiU suffice. The minimum for vessels of very small tonnage (say, 200 tons and 
under) may be as low as 66 to 88 yards. 

Ground Sills are serviceable where there is excessive scour of the bed or undue restriction 
in width of channel. They have the effect of rendering the fall of the stream more uniform. 
In German practice they are set from 40 to 60 feet apart, and found to be better than continuous 
pitching or filling of the bed. They are laid across the river so that their highest ievels at the 
bank are about 12 inches b«low the normal surface, and they slope downwards to the centre 
of the stream at an angle oi about 1 in 40. On the Hileeiseippl the ground sida consist of either 
rubble mounds or cribs filled with rubble, or, again, of brush mattresses and stone in alternate 
layers. Whatever form be adopted, the top should be finished off smoothly to prevent injury 
to passing vessels. Ground sills rnny be used where it is desired to raise the low water levei 
or lengthen oui> a slope. 

Storage Reservoirs.—For the augmentation of the flow in dry seasons storage reservoirs 
have been advocated, and in two instances—the Missisflippi and the Volga—have been adopted. 
Oiroumstances, however, have to be favourable if they are to prove a satiitfactory and economic^al 
arrangement. The Volga has its source in a lake and swamp region where land is cheap and 
unfit for figrlcnlture. The dams required were only 17^ feet high, and a storage capacity of 
36.000 million cubic feet was obtained. On the Upper Miaaiisippi above St. Paul, five reservoirs 
were formed out of an extensive lake area of 480 square miles, with a storage capacity of 93,400 
million cubic feet. It is stated that the increase in height obtained at St. Paul during the low 
water period—about 90 days—averages only 14 inches. The system is not regarded as sufficieotly 
satisfactory to Justify its extension elsewhere in the United States. Where there is no original 
headwater accumulation its adoption Is out of the question. 

RIVER DREDGING. 

The improvement of river channels by means of mechanical dredging has receivea considerable 
Impetus of late years by reason of the development in power and capacity of dredging 
plant. The various appliances are described in detali in connection with harbour dredging 
{vide p. 634 et 9eq,\ In some cases, as for instance the Volga, with its tributaries the Oka and 
the Kama, the appdcatioo of dredging aione, without the assistance of artificial training works, 
has proved sufficient to ensure the maintenance of a serviceable chauuel, wniie m other cases, 
notably on the Biissiasippi and the Mersey, engineers employ both systems conjointly. 

OiaST Of itiVEK HK(Ji;riATIU.V. 

; Average Average 
Country. River. i Depth. Length. 

Cost. Cost Fall per 
per Mile. Milo. 

Ft. Miles. £ £ Ft. 
United Btiites Upper Mississ'ippi (St. 

Paul to Missouri liiveri’ 
Rhone (Lyons to Sea) . ! 

} 44 : 632 i 2,050,000 3,241 0-44 

France . 4-1 205 i 2,689,000 13,000 2*6 

Germany Rliine . . . . ; { 4-10 
] 3-4-1 ' [ 214 j 2,636,400 12,200 1*14 

Ditto Weser (near mouth) i S-10 1 
t 3-(i-4-6 i 1 210 463,300 2,210 1*65 

Ditto Kl])e (near mouth) , ■ J 6^10 1 
i2*6-4'25 ; 1 252 1 2,047,900 8,130 0-98 

Ditto 1 Oder (near mouth) . j 5-8*7 ; 337 1 1,229.600 3,650 1-29 

{l£xlracted/rom Report by Major IJartt to Philadelphia iVavigation Congress^ 1912.) 
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RIVER CANALISATION. 

The canalisation of rivers is effected by dividing ttieir beds into a series of reaches separated 
by dams, or wetrs, which are provided with a oommanlcating lock, or locks, arranged generally 
at one side. Dams are either fixed or movable, and they may also be permeable or Impermeable. 
Fixed, impermeable stmctares are generally resorted to as being more economical In constmctlon 
and more convenient In action. Movable dams may be said to be required only in cases of 

excessive flood flow, or where the conditions 
admit of free navigation during appreciable 
periods. Fixed weirs are usually constructed of 
solid stonework, rubble, piling or concrete pro¬ 
vided with the requisite sluices and overflows. 
Movable weirs are more often of timber or iron 
framework with mechanism for lowering and 
raising them, either wholly or in part by means 
of leaves or pan»ils. They are of various typee 
with distinguishing names, such as Needle, 
Chanoine, Buul^ and Bear-trap. 

Sector Weir near Bremen.—A notably 
large sector weir which constitutes a development 
of the bear-trap type, across the Kiver Weser, near 
Bremen, is illustrated in cross sectional outline in 
fig. 1. llie weir is in two lengths of 177 ft. each, 
and holds up the water on an average to a height 
of about 13 ft.; In winter, the height rises to 18 ft. 
Tlie structure forms the hollow borizontai sector 
of a cvlinder of 21 ^ ft. radius turning on a hori¬ 
zontal shaft, the angle of the sector being about 

46 degrees. The weight of each sector Is 129 tons. A description of the weir with the method 
of raising and lowering is contained in KntjiH' i ring of July 7, 1916. 

Cost of Uivkk Ua.nams vi ion. 

Operation and 1 

i-i •- r ■■ I - ■ — Mainten Jiice. 
River. 
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"c o 
H w SJ 

cx 'rotal. 
Per 

Mile. 

Franck: £ £ £ £ 
Saoiie . . 23‘2 30 8-2 •85 1,755,001.' 7,550 12,100 52 
Seine OloiitcreHU to Piirii^) (51 12 _ •85 991,000 l(5.3oO 10,870 178 
Seine (Fiii is to Koiioii) . 115 i 9 10-5 •85 3.500,000 24,200 18,450 127 
Si'ine (New Works) . 140 9 — 2,535.0110 18.100 — — 

Yonne . 67 . 26 2'43 1,118,000 16,700 6,730 lUO 
Marne . 113-5 19 7*25 1-16 1,047.000 9.250 7.980 70 
Aisnc 

(rKRMANY : 
35-5 7 — — 195,400 5,470 2,130 60 

Saar . . • . . 10'S 6 1-25- 7*9 •2-15 354,100 18,170 6,410 330 
Main . 23-5 : 5 5-9- 8-9 1-40 448,200 19,070 8,010 340 
Fnkla . 17-U' 7 6-6-ll'9 3-30 157.000 9,240 4.385 ‘2G0 
Salle 8‘)*5, 15 4*4- 8*8 1-27 383 400 4,280 9,080 100 
Unstrnt 10-5; 12 2*5- 8*5 1*72 105,600 2,600 2,840 70 
Oder 

Umtki) S i’A'i fs : 

53-2; 14 — 1-90 1,211,800 22,780 43,420 815 

Black Warrior 91 ' 7 6 2*76 508,080 5,583 25,207 •275 
Coosa . 25 : 3 3 2-58 209,687 8,386 1,587 64 
Allegheny , 25 : 3 — 2*06 ‘267,674 10,703 9,328 373 
Monongahcl)* . 131 i 15 7-8 2-4 1,369,171 10,452 34,673 265 
Mupkingnin . . 84 10 ' 6 1*55 — — 10,026 120 
Great Kanawha . 90 ' 10 6 0-84 844,765 9,394 16,861 187 
Kentucky , . 226 11 6 0*87 580,662 2,578 31,989 141 
Green and Barren . ' 190 : 7 5 019 327,682 1,7*25 16,177 80 
Cumberland, . , 131*4 ; 8 6 0*67 625,076 3,996 6,611 i 50 
Illinois. . ! 194 ' 2 7 0*06 , 303,145 1.563 2,668 153 

{Extracted from Report by Major IlarU to Philadelphia Navigation Congrtu^ 1912.) 
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Typks Ob' Unitkd Statks Rivku Regulation Woukm. 

Flo. 2.—Hr ash wood and Stone Dam, 
Upper Mississippi. 

Fig. 3.—Pile and Brushwood Dam, 
Upper Mississippi. 

Fig. 4.—Pile, Brushwood, and Stone Dyke, Fio. 6.—Pile and Stone Darn, 
ArkunsaB River. Alleghany River, 

ftiver Sute 

Fig. 6.—Levee on the Lower Mississippi. 
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Lateral Canals. 

As an alternative to river canalisation and where the channel exhibits teatares which do not 
conveniently lend themaeives to treatment, an independent lateral canal may be constnicted, 
Mnerally tollowins the lie of the river, bat aleo making use of any facilities which may offer 
themselves,lor straightening and rectifying the course. 

Tlie River Rhone, in the chequered history of its amelioration, has been fnmiSbed with three 
lateral canals to overcome the dlfficolties of navigation at its natnral month. Bach In tom 
of the earlier two became Inadequate for dealing with the trafllc which accrued from Its con* 
stroction, and now there is a recently constructed artificial waterway to the port of Marseilles 
which is described in detail on p. 687. 

OoHT OF Lateral Oanal.s. 

1 Maintenance and 

Locality. Length 
in Miles. Lock.o. 1 Total 

■ ('oat. 
(vOst per 

:\Iile. 
Operation. 

j 'J'otal. Ter Mile. 

Franck: ' £ £ i £ £ 
Loire, Digion to Uriare 121-7 37 i 2,071,000 17,000 i 6,330 52 
Garoiino ..... 

United States : 
120 53 ; 2,184,000 2O.7U0 : 

i 

7,500 62i 

St. Mary’s Falls l-l 2 ■ 1,611,450 1,464.955 20,620 18.740 
Des Moine? Rapids . K 3 316,600 39.576 1 7,754 969 
Muscle Shoals . 18 11 638..315 j 36,163 ! 10,280 571 
Colbert Shoals.... H 1 4-11,588 i 65,200 1 — — 

Cascades (^Janal h 2 764,065 i 1,528,130 ‘ 2,877 6.751 

(Extracted from Reitort hy Major Harts to I*hil<tdel//hia ynriyation Congress^ 1912.) 

BRITISH CANALS. 

The foUowlng summary of the condlUona prevailing In Great Britain Is extracted from the 
Report ^ the Hoyal Canal Ckmimlssion (1909): 

* On the whole, the waterways may be roughly divided into two classes, those having locks 
of more, and those having locks of less, than 14 ft. in width. Corresponding with these two classes 
of locks are two classes oi vessels usaally known respectively as barges and narrow busts, the 
latter being orten called ** monkey boats," cbiefly in use on the Sxmthem and Midland canals of 
England. The barge usually measures from 60 to about 72 ft. m leni^b by 14 ft. in t^idth of beam ; 
the narrow boat is about 70 to 72 ft. In length, but only 7 ft. in width. The narrow boat when 
loaded, and drawing about 8 ft. 3 ins. of water, wUi carry about 30 tons over many of the canals. 
The barge will carry about twice that weight, with the same draught. Both the narrow boat 
and the barge could carry a heavier cargo U the depth of water were increased suhclently. 

* The usual length of Uxrk, ootb on the wider and the narrower waterways, in the South and 
the Midlanda, hh accordingly, about 76 ft. But on the wider, or tMrge canals, the locks are 
usaally between 14 and 16 ft. nr more in width, and on the narrow canals between 7 ft. and 8 ft. 
In both 'Jasses of lock the depth of water on the siii varies, speaking very generHily and with many 
exceptions, from 4 ft. to 6 ft.* 

Miles. Chains. 
Canals with locks under 14 ft. (narrow).1»166 6 

ft ft ft ^ (barge canals). 762 29* 
Navigations onder 14 ft.. 478 67 

„ over 14 ft.. 834 20 

* Including the Manchester, Gloaoester and Berkeley, and Bxeter Ship Oanala. 

developments in canal capacity. 

In France and BootH Bast Belgium the standard boat carries at>oot 800 tons, while In Germany 
the newest canals are adapted to boats of 600 tons and upwards. In this country opinion as 
to future P0IU7 is divided between the adoption of the 300>ton type and the retention of the 
■mailer class te boat In general use, not azoeeding 100 tons. The foUowing are the dlmenstons 
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reoommendtd for the two olaases respectively by Sir J. Wolfe Barry and Partners, who were 
called in to advise the Eoyal Commission on the matter. 

Dimensions. 
Le^h of barge over all . . . ^ 
Beam „ „ .... 
Draught. 
Area of immersed midship section of barge 
Cross-sectional area of canal 
Depth of canal .... 
Top width of waterway in open country 

•f t* »» *t in towns 
Width of waterway at bridges . 
Minimum headway of new bridges . 

„ „ n ezlscing bridges 
Baling radius for bends of canal 
Lochs : Lengt.b, mitre to mitre of gates 

„ Width between side wails 
„ Depth on sills 

lOO'ton Boat. 300>ton Boat. 
Canal. Canal. 
80 ft. 115 ft. 
14 „ 3U „ 

5 „ el 
69 sq. ft. 138 sq. ft. 

350 „ „ 690 M ti 
7 ft. 8| it. 

594 „ 93} 
51| „ 83 „ 

32 „ 48 „ 
10 „ 13 

9 IS „ 
13 chains 17 chains 

253 ft. 366 ft. 
15 334 „ 
04 » 8 „ 

GovEBNiNQ Dimensions op Laror Boats and Canals as determined by Frbnoh 
Commission op pubuo Works. 

DlmensionB of Boats. Features of Navigable Waterway. 

Tonnage 
of 

Boat. 
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300 . 
Ft. 

136*3 
Ft. 

16*4 
Ft. 
5*9 

Ft, 
33*8 1 

Ft. 
7*9 

Ft. 
1,246 

Ft. 
984 

' It. 
133-8 

Ft. 
19-7 

Ft. 
8*2 

600 . 196*7 23*3 5-9 61*3 1 7*9 
U . 

3.018 1,919 313*3 29-5 8*3 

900 . 246*0 28*2 6*9 65*6 8*3 1 
R 

4,724 2,690 263-4 34-4 1 8*3 

1,300 . I 395*2 32-8 5-9 77*7 1 8*4 1 
K 

6,888 3,509 311-6 
i 

39-4 j 8*3 
I i R ! 

I 

A boat, 24 to 25 ft. wide by about 200 ft. long, with 64 ft. draught, has been recommended 
by experts as a suitable type lor a 600-ton barge on the Canal du Nord. 

On the Rhone, barges of the same width and 320 ft. long have been put into service, carrying 
650 tons on a draught of 6 ft. 

The t^e of boat on the Rhine is the lighter of 346 ft. by 38 ft., which with the same draught 
carries about 900 tong, but when immened to 64 ft. is capable of taking 1,300 tons, with'a 
dlsplaotmeni coefhoient of 0*75. 

(* Annales des PotOt Chauitm^ March-April 1920.) 
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CONTINENTAL CANAL3. 

Canal dii Nord, France, dupUcatin^ the St. Quentin Canal, which forma part of the 
navigable waterway connectliig Pada with the Northern parte of Fraiice.--The ordinary croas- 

Fi(i. 7.—f^ANAL i)rj Noul) 

Section ill Excavation. Section iu Killiiii' on Iiu|in'lncable (irouini. 

section baa a mlnlmnm width ol 33 ft. at the bottom uml ft. at a depth of 6| ft., with a navh^able 
depth of 8 ft. Towpatha, 13 ft. to 20 ft. wide on each bank, one for npatream and one for down* 
stream traflBc, Lucka provided to accommodate two .300-ton barges in tandem ; dimenaiona, 279 ft. 
long by 19J ft. wide by 8 ft. deep. Lift*, 13 ft. to ?2 ft., with minimum reach of 1,100 yards 
between locks. Tunnels of two types: those for single train of boata are 83 ft. wide at apnnging 
of aiv^b. and those for double trains of boats abrmist are 62^ ft. wide at springing. Each type 
has two side platforms, 8| ft. wide carried on piles. Largest tunnel at Ruyauicourt, which Is 
2} rallee long. Canal designed for mean speed of two miles per boar, with barges mechanically 
hauled. Pig. 7 gives typical sections. 

?0'3' -r—. 

Fio. 8.—Brus.«els-Oharleroi Canal. 

The Rhone-Marseilles Canal. -Opened In 1926, the cross-section In the straight lengths 
gives a width of 82 ft. at a depth of 6| ft., while the normal depth is 8 ft. 2 ins., and that in the 
outer portion approaching Marseilles 10 It. Sills and Inverts throughout are laid to this lower level, 
In order to admit of future deepening. The width of the canal is mirrowed to 69 ft. where It passes 
through the Nerthe Mountain (Hove Tunnel). The canal section on the straight portion has been 
fixed at five times the immersed section of the present Rhone barges, when loaded to their maxi¬ 
mum capacity of 600 tons on a 6 ft. 9 In. draught. These barges have a beam of 26 ft. 3 Ins. The 
dimensions of the looks are 626 ft. Internal length, by 62^ ft. in wtdth. llie lock at Arles has a 
lift of 23 ft. at low water. The total coat of the canal is stated to have exceeded S,660,u00f. The 
section of the Rove Tnnnel shown In figs. 9 and 10 cost 62f. per ft. run, of which the masonry 
work accounted for 161. per ft. run. 

Modern German Canals.—Herr Gennelmann,In a Report to th« Philadelphia Naviga¬ 
tion Oongrees 1913, remarks that in Germany hign econonilc value Is attached only to large eflicient 
canals, suitable for vessels of 213 ft. m len^b bv 2oi ft. m breadth (600 ton barges), or, at least, 
foi vessels of I80i ft. in length and 26^ ft. in breadth (soO-ton barges) with draughts of 6 ft. 9 ins. 
The crues-sectlonal area of canals recently constructed is as follows:—Bpree-Oder napii^i from 
706 to 780 aq. tt.; Dortmnnd-Bms Canal, lu cuttings, 640 iq. ft.: In embankment, 810 sq. ft.: 
Teltow Canal, 062 aq. ft.; Bms-Weser Hanover Can^ in outtingi, 603 sq. ft.; in embankment, 
780 sq. ft.; Riiiae-ltaia uanat, 986 sq ft., Benln-.swttln canai, about 783 aq. ft. 

Trollhatta Canal, Sweden.- This canal, first opened in 1607 and recently enlarged 
and extended at a cost of about 1,300,000/., has a length of about fifty-two miles, and connects 
Lake Vunem with the Kattegat, between which there is, at ordinary water level, a vertical diSetnnee 
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of 146 ft. The oanel Is baiH to aooommodate TeaselB of IS ft. 1^ In. draught, but wtth a Tievr 
to future deTelopmente the looks are constructed to pass vessels of 16 ft. 6 ins. draught. The 
normal bottom width of the canal is 79 ft., but this, at passing places, is increasea to 9ft ft. and 
lift ft. The marimum depth in rock cutting for vessels drawing 13 ft. 1| In. Is 14 ft. ft Ins., and 
in earth excavation, 18 ft. 3 ins. For the 16 ft. ft in. vessel these dimensions arc increased to 18 ft. 
and 19 tt. Tins, respectfully. The lock chambem have a length of 29& ft.and a width of 45 it., 
with 18 ft. of water over sills. The greatest change in level at any one look Is 2G ft. 

New York State Barge Canal.—^Thls canal, the inception of which dates back to the 
beginning of last century, has recently been enlarged so as to afford accommodation not only for 
the largest class of barges at present constructed, but also for those up to 3,000 tons which may 
be built in the future. A minimum depth of 12 ft has been provided, with a minimum width of 
94 ft. In rock cuttings and of 125 ft. In earth excavation. The locks, 57 in number, have chambers 
310 ft. long and 45 ft. wide and are capt^ble of passing vessels with maximum dimensions of 
300 ft. by 42 ft. The lock at Little Falla has a range of 40| ft., ezc^ee^liag any single lift on the 
Panama Canal. The syphon lock at Oswego Is the ffrst of ire tjrpe In the United States, and 
with a range of 2& ft. Is probably the larged of Its kind in existence. A description of it is as 
follows {vide Engineering^ August 2, 1918). The general design of the culverts is not unlike that 
of an ordinary lock, except that at the upper and lower ends the culverts are curved upwards 
80 as to form uecks. These rise a little above the highest water level and are shut oil from all 
communication with the outer air, except through the operating pipes. The flow of water in 
the syphon is started by means of tanks, one of which is built in each wall near the upper end. 
and communicates through pipes with the upper and lower levels and with both syphons In the 
same wail; they are shut off from ail other communication with the outer air. The cycle of 
operations is as follows : The tank is first filled with water, then the intake valve Is clos^ and 
the outlet valve opened. In consequence there is a body of water suspended by its weight, Imt 
tending to escane into the lower pooj, and thus producing the necessarv vacuum. Therefore, 
on opening the air valve, the air in the syphon rushes towards the vacuum, and water begins 
to flow up and over the crest in the neck. When u*4ing both syphons, the lock cJbambei can be 
filled in from to 6 mins., and it can be emptied in from 5^ to 6 mins. It has been round that 
the draught of the vacuum Is such that, soon after the flow has started, the direction of the air 
la reversed and the vacuum is resWed In the flask. The operating power is accordingly self- 
renewing except for a small amount of air leakage. 

Cost of Canal Construction and Improvement in Great Britain. 
In 1905 Mr. J. A. Saner estimated the constructional cost of new canal, suitable for two lighten 

of not leas than 260 tons carrying capacity, or 200 tons when sell-propelled, with locks 230 ft. by 
32 ft. having 6^ ft. draught of water over sills, the cauai itseii being 40 to 4ft ft. wide at bottom, 
80 to 8ft ft. wide at top, and 8 ft. deep In centre, at 30,0001. per mile, and the coet oi improving 
exisUng routes to reach the same standard at 15,0001. ' These flgures are based on the actual 
coet of the Weaver Navigation and the Manchester Ship Oanai; the former has cost about 42,0001. 
per mile, and the latter about 440,0001. per mile, inclusive of docks in each case. The Worcester 
and Hirmingbam Canal originally coet 20,000<. per mile; and between 1879 and 1891 the French 
improved 2,500 mlies of river, 2,250 miles of canal, and built 875 miles of new canal, for a total 
of 21,000,0001., or an average of ^,7341. per mile; so that the foregoing flgures should be au?rOe.' 
{SaTier on Waterways in Great Britain^ Mi?i. Free, I net. C.E.y voL clxiiL) 

RELATIVE ADVANTAGES OF LOCKS AND LIB’TS ON CANALS. 

Changes of level In canals and canalised rivers are effected by (1) locks, and (2) mociianical 
lifts, the latter being either (a) vertical or (ft) on an inclined plane. 

Locks are the simplest and most stable means of attaining the desired object. There is no 
question of their superiority for ail differences of level up to 12 or 1ft ft., and circumstances are 
generally favourable for their adoption for differences up to 26 or 30 ft., and even more. Among 

Fjo. Ift.—Rniges-Cbeiit Canal (General Section). 

the older canals may be instanced a look on the River Moldaa, which has a lift of 29 ft., and another 
on the St. Denis Canal, which has a lift of 32| ft. Such heights used to be considered as marking 
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abont the limit of the advantaffeoos employment of locks orer mechanical appliances. For 
greater lifte, the strain on the lower gates became very considerable, and the oonsnmption oi 
water in the majority of oases was more than could be afforded. 

It is trae that by the aid of aide ponds and syphons a large proportion of the water need 
in lockage could be saved—as much as ftO or 60 per cent. In many cases—but even allowing for 
this the loss was heavy and a mechanical lift was almost universally substituted. 

In modem Qerman practice, however, a very striking advance has been made owing to the 
development in siee of vessels, which have now reached to a tonn^e of 600 to 1,000 tons. A 
lock at Htnrichenburg has a lift of 46 ft. It is provided with five side ponds for the economisa¬ 
tion of water, the saving amounting to about 76 per cent. The chamber (312 ft. long by 33 ft. 
wide with 9 ft. 10 ins. depth of water over sill) is built in concrete on a rock foundation requiring 
an invert only lOJ ins. thick. Other locks have been constructed with lifts up to 60 ft. and over. 
The former limit, tlierefore, can no longer be said to apply, except in so far that, if it be exceeded, 
dre provision will have to be made for the incrca.se in strength of the gates and side walls, and 
for the economisation of water. 

Fni. 16.—Brnges-Ghent Oanal (Si Ic Bay). 

An appropriate test to apply to the servioeahility of locks is the gradient or slope of the canal 
route. Where this is fairly regular and does not exceed 1 in 100 the rise lends itself to convenient 
subdivision into reaches of a quarter of a mile each, or more, separated by single locks of about 
13 ft. lift. Under ordinary circumstances this is found to be a suitable standard for barge traffic, 
with barges of moderate tonnage, such os are customary in tills country. 

Where, on the other band, the level of the ground changes abniptly, locks of higher lift or a 
series of locks may be employed, but only if an adequate supply of water is forthcoming to make 
good the loss from lockage. Where water is scarce it will be necessary to fall back upon some 
system of mechanical transfer. 

Mechanical Ijil'tH are generally more expeditious and time saving in action than looks, 
but they are also as a rule more expensive, and from their nature they are less durable and more 
liable to derangement. 

From a nnmber of examples of direct acting vertical lifts may be mentioned those at Anderton 
(Oheshlre), l^es Fontlnettos (France), and Peterborough (Canada), vtde figs. 17-19. 

Lift at Anderton.—In this case the difference in level is 60 ft. The lift consists of two 
wrnught-iron troughs each 76 ft. long by 16^ ft. wide, originally worked hydraulically and 
counterbalancing one another so that it was only necessary to reduce the depth of water in the 
lower trough by 6 ins. in order to set the apparatus in action. Owing to excessive wear and 
tear which developed in the hydraulic rams and cylinders, these were replaced in i907-8 by a 
system of suspension gear passing over pulleys on an overhead gantry with counter weights at 
the free ends of the ropes. The total weight so suspended is 1,U00 tons, each of the caissons 
weighing 260 tons, of which 80 tons is iron and the remainder water. The reconstructed lift la 
worked electrically. The main 30 B.U.P. motor runs at about 760 revs, per min., and the large 
6 ft. pulleys make about 1 revolutiou in 2 minutes. 

• 
Lift at Les Pontinettes, near St. Omer, Prance.—The lift consists of two iron 

troughs containing water and each capable of taking a boat of 300 tons. Each trough is bolted 
at its centre to the head of a ram or piston, working in an hydraulic press. The two presses are in 
intercommunication by means of a pipe and constitute an hydraulic balance, vertical movement 
being obtained by admitting a surcharge of water to the upper ta.nk. The surcharge is 12 ins. 
in depth, equal to about 64^ tons weight. The difference in level is 43 ft. The troughs are 
129 ft. 7 ins. long by 18 ft. 44 ins. wide, with a minimum depth of water of about 7 ft. The ends 
are closed by lifting gates. The rams or pistons are 67 ft. long, 6 ft. 6} ins. diameter, and 2 ft. 
8 ins thick. They are formed in sections 9 ft. 2 ins. long, flanged inside, bolted together, 
and made water-tight by a ring of sheet copper inserted between the flanges. The hydrauiio 
presses are 71 ft. high and 6 ft. 10 ins. diameter, resting upon concrete foundations at the bottom 
of excavated pits. 
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When <me trough Is raised to sammH lerel there Is a marglD ot If Ins. between Its npstream 
extremity and the dowiuitream end of the canal aqueduct. At the moment of lifting the gates 
to eiJow of the passage of a boat in or out, the Joint Is made good by indlarubber hose running 
round the end of the aqueduct and protected by springs. This hose is Inflated by air at a pressure 
of atmospheres. The same oounectlon is made at the lower level. 

Hie machinery consists of two turbines, one of 60 U.!*. and the other of 16 H.P. 

The actual time of descent and ascent of the troughs is five minutes. An entire operation, 
Inoludtng entry and exit of barges, takes twenty minutes. 

The total cost of the lilt was about 74,8001. 

Lifts on the Trent Canal, Canada.—There are two large lifts,one at Peterborough 
and the other at Kirkfleld. The former oonsiita of a pair of tanka, or chambers, 137 ft. long by 

33 ft. 4 ins. wide, and with 9 ft. depth of water. Bach tank is supported by a ram 7 ft. 0 ins. 
diameter worked hydraulically, so that the descent oi one chamber automatically forces up the 
other. The range of lift i« 65 ft. Under ordinary conditions the upper chamber is held in posi> 
tion at a level about 6 or 8 ins. below the limit of stroke, and this surcharge of water is sufilcient, 
when the by-pass is open, to overcome friction and give the necessary movement. The tanks 
are supported by openwork lattice trusses, and the total load of water and steel is carried to 
the top of the ram by four plate girders 9 ft. deep. The following Is a description of the gates, 
which are in pairs, one closing the chamber end and the other the canal reach. * Bach gate is 
made up of three main 16-in. channels, with a small plate and angle girder at the top, and is 
stiffened vertically by 10-in. 1 beams. In every space between these vertical I beams there are 
placed two galvanised iron air chambers about 11 ft. loug. These have the effect of making the 
gates practically buoyant, and this decreases markedly the amount of work which has to be 
done In raising the gates from a horisontal to a vmlcal position. The water-tight plating is, in 
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each CMA, on the outside of the gate, and the hinges are at the bottom. In the case of the lower 
reach gates and chamber gates, the hinge for the reach gate te 2 ft. 4 Ins. below the hinge ot the 
chamber gate, and 1 ft. 10 ins. separates them in a longituiJlna. direction. Ooosequeutiy, the 
chamber gate la approximately 10 ft. deep, while the reach gate’s about 12 ft. 6 ins. deep. As 
it is never necessary to operate any gate singly, the gates are arranged to work in pairs. At 
each end of the reach gate there is a pinion meshing into a circular rack set into the dock wall. 
The centre of the pitt'h circle of this ruck i.n, uf coune, coincident with the centre of the hinge of 
the reach gate. The pinions above referred to are connected by a horizontal shaft running r^ht 
across the gate, and power is applied u> this shaft by means of a sprocket with chain, driven 
from another shaft, the centre of which is the same as that of the hinge. This shaft is actuated 
by one of the hydraulic gate engines provided. 

* The seal between the reacb'gate and the reach Is accomplished by a small rubber strip, 
which lying over the adjacent surfaces is made water-tight by hydrostatic pressure. A similar 
arrangement is used for making the Joints between chamber-gate and chamber water-tight. The 
seal between the end of the chamber and the en I of the reach is accomplished by a collapsible 
rubber tube, which, when the chamber is away from the reach, lies almost flat against the end 
of the reacli-gate frame. When, however, the chamber is in its proper position, the tube is 
inflated by compressed air at 9U lbs. per sq. in., and a water-tight Joint Is obtained. 

The hydraulic cylinders are plain steel castings, built up in flanged oeetJons 5 ft. 3 Ins. long. 
The inside diameter is 7 ft. 8| ins., and the metal is 3| ins. thick. The Joint packing is of copper, 
I in. wide and in. thick, with In. diameter lead wire in press sections. The rams are of 
cast iron in flanged sections, also 5 ft. 3 ins. long, 20 ins. external diameter, thus giving a water 
space of li in. completely round the rams. The Jointing is the same as that for the cylinders, 
except that the lead ring is omitted. 

A very full description of this lift appeared In Engineerinff of June 9 and 16, 1916, from 
which the above particuiara were extract^. 

Inclined Planes represent a class of mechanical appliances suitable for intermediate 
conditions, viz., a route gradient too steep for single locks with intermediate reaches, and not 
sufliclently abrupt at any one point for a vertical Ult. Generaiiy speakmg, gradients or between 
1 In 8 and 1 In 10 are most favourable but they may run up to 1 in 75, or 1 in 80, and, on the 
other hand, Inclined planes have souietfraes been adopted where the rise is much steeper as, for 
instance, at Poxton on the (irand Junction Oanal. where the gradient was 1 in 4. The Poston 
Incline now dismsDrled was similar io character to the balanced vertical lift, consisting ot two 
caissons travelling transversely, cucb maintaining a barge of 70 tons afloat. It is claimed for 
Inclined plance that. In comparison with Ini^ks, they nave water, and. in comparison with vertical 
lifts, they save time, since a boat Is traveiilng forward simultaneously with its alteration In level 
Iforeover they do not require such deep or expensive foundauons ae the lift proper. In spits 
of these advantages incline planes have not attained s very marked degree of aoc^tanee among 
oanal engineers. 
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Canal Curves.--Th« formala adopted In Belgium for the increased width at oarTsa li 

Where S Is the increase In bottom width to be added to the normal semf-wldtb on the convex 
side of the curve^ R Is the radius of the curve, and A and a are the half lengths of the boats which 
have to pastf one another. The units are all In metres, and the value of S must therefore be 
multiplied by 3*38 to bring It to feet. The Increased width Is splayed into the straight length 
at a distance ot S (A + a) from the commencement of the curve. 

Recent Tendencies in Lock Design.—The following are extracts from the con¬ 
clusions passed by the International Association of Navigation Oongresses at the Congress held 
at Venice In 1931 :— 

* Concerning locks on canals and canalised rivers, a tendency has been noticed to do away with 
culverts for filling and emptying locks, and to assign the functions of admitting and evacuating 
the water to the lock-gates themselves, provided these are fitted with sluices of sufficiently large 
dimensions. 

* In anv case, when one has to deal with large volumes of water, it will be necessary to devise 
some special arrangement to reduce the violence of the discharge. 

* As regards methods for closing locks and their working appliances, one notes still a tendency 
in recent years to adopt lifting gates, which present certain advantages, notably that all the 
moving parts are clear of water when the gate is raised, that the gate can be constructed in such 
a manner that It may be closed in case of a flow of water in the lock, which gives an added 
security * or the lock may be utiliseed to discharge water to the lower reach. 

* With regard to further progress in the construction of navigation works, the adoption of lifts 
appears advisable only when we meet with a certain number of special circumstances combined, 
such as good foundations, a considerable water-height, and the impossibility of pumping the water 
back at a reasonable expense. 

* In appropriate cases sheet piling, especially of steel, has given satisfactory and economical 
results in the construction of lock chamber wall^ cut-off walls, and Riding walls. 

*In the case of new canals intended either for navigation or for agricultural purposes (irrigation 
or drainage canals), as well as in that of already existing canals, one should always take into con¬ 
sideration the technical possibility and the economical advantages of uniting both purposes in 
the same canal, in the whole of its extension or in part of it.* 

Twin Locks on German Canals.—^The Furstenburg twin locks on the Oder-Spree 
Canal have a fall of 14*6 metres (47 ft. 6 ins.). When filling or emptying is to be done the 
water-level is equalised in both locks; then one of the chambers is emptied into the downstream 
reach while the other is filled by water from the upstream reach. The four communicating 
culverts between the two chambers are closed, either by means of horizontal cylindrical sluice¬ 
gates with the Ardfelt system of sliding rings, in which a bell-shaped member with a cylindrical 
cover constitutes the means of closure, or by means of sliding cylinders on the Freund system, 
in which two cylinders with segmental partitions are arranged in such a way as to form side 
walls to the culvert when open. By rotating the cylinders through 9U degs. the partitions meet 
at an angle and close the passage. The sectional area of culvert is 3 sq. metres in each case. 

At the Anderten twin locks on the Mittelland Oanal (HJndenburg Lock), where the fall is 
16 metres (49 ft.), each chamber is independent of the other, and is provided with 10 storage 
chambers arranged in two sets of five above one another as shown in fig. 20. The sluices are 
cylindrical and work in a verticai cast-iron tube passing through the successiYe floors of the 
chambers, sliding up or down to open or close. 

LOSS OF WATER ON CANALS. 

Rankine summarises the sources of loss of water on canals as follows: 

Waste of Water by leakage of the channel, repairs and evaporation per dap ■> area ol 
surface of oanal x i of a foot, nearly. 

Current from the higher towards the lower reaches, produced by leakage at the lock gates, 
per dap, from 10,000 to 30,000 cubic ft. in ordinary cases. 

Lockage.—Single looks are more favourable to economy of water than flights of looks. At a 
single lock, single boats ascending and descending, alternately, cause less expenditure of water 
thim equal numbers of boats in trains. On the other hand, at a flight of looks, boats in trains 
cause less expenditure of water than equal numbers of boats ascending and descending alternately. 
For this reason where a long flight of looks is unavoidable, it is usual to make it double, using 
one flight exclusively for ascending boats and the other exclusive^ for descending boats. 

VOL. I. X 
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Loss BY PURCOBATION FROM ERIIC OAVAL. 

In Cubic Feet per Second per Mile of Canal. 

Loention. Material in Bank. Cnb. ft. per Sec. per 
Mile of (Janal. 

Near Dunsbach Ferry . . Gravel... 1-68 
Near East of Schenectady 
Near West of ScheiuK‘ta<iv 

, Sainly loam 
. . Gravel. 

1 -50 
2-21 

East of Amsterdam . . . Gravel. .'{•03 
West of Amsterdam . . . : Coar.«e gravel 
Caiiajohario . . : Gravel. 2-()U 
Fort Plain .... . i Gravel. . »i-S5 
East of Utica . j Sandy loam 
East of Home . . j Sand and grav'el. 8-48 
West of Home . . , 1 Clay loam and gravel l-Z.-S 

Noth:.—^Tbe Erie Canal has bottom widths of 52^ ft. and 42 ft. and depths of 7 ft. and 9 ft. 
in various portions. 

Canal Bank Protection in Italy.—The sandy banks along the Candiano Canal in the 
province of Ravenna are strengthened with a row of reinforced concrete piling. The king piles, 
10 to 16 ft. long and 8 ins. square, are driven at inte^rvais of 10 ft. They are secured together 
at the top by a longitudinal runner 8 ins. by 8 ins., behin<i which is driven a row of sheet piling 
from 6^ to it. long and 2 ins. thick. The length of the piles depends upon the nature of the 
ground and the depth of water, and, where necessary, further security is obtained by anchorage 
tie rods and bars to short piles in the rear. At points where it was possible to remove the water 
from the canal, or where tho bottom was occasionally exposed, it was considered desirable and 
economical to revet the banks with a surfacing of reinforetd concrete 2i ins. thick in which the 
reinforcement consisted of expanded metal *4 to 1 *(i-in. rnesh and *2 to '32 lbs. per sq. ft. Where 
the canal bottom is not subject to erosion during floods, this revetraent is continued do^ u liS far as 
18 ins. above the level of the bottom, and the toe is protected by rubble. In cases of erosive 
action there is a concrete foundation or sill, sometimes supported by piling ; and where the water 
level cannot be lowered sulflciently for the formation of a sill, the toe of the revetment rests 
against sheet piling. 

TRACTION AND HAULAGE. 

Means of Traction.—On ordinary small barge canals in this country, horse haulage has 
maintained its predominant position, but tug traction has been substituted on some of the larger 
systems, generally with successful results, provided the banks are sullioieutly protected to with¬ 
stand the wash of the tug propellers. Locomotive traction is common along the banks of con¬ 
tinental waterways, but has not been able to establish itself on British canals where conditions 
are less favourable. Some craft arc self-propelled, especially on larger waterways, and ship 
canals are, of course, navigated by vessels under their own steam. For passage through the 
locks of the ranama Canal electric locomotives are provided. There are 56 locomotives in 
service, each of which is 32 ft. long overall, has a wheelbase of 12 ft., and weighs 86,000 lbs. The 
gears are arranged to provide a maximum speed of 2 miles per hour on the inclines, or while towing, 
and 6 miles per hour when returning light. For vessels up to 350 ft. in length, four locomotives, 
two on each side at bow and stern, are employed. For larger vessels, six, eight and ten loco¬ 
motives are assigned. 

Horse Traction on a straight reach is most effective at speeds between 2J and 3 miles per 
hour. Within these limits a steady pull of between 100 and 125 lbs. can bo maintained, which 
is sufficient for loads up to 60 tons. There is the further consideration that at higher speeds the 
wash against the banks becomes excessive for unprotected surfaces. Where tugs or locomotives 
are employed some form of bank protection becomes essential. 

As regards river navigation Raukino gives the following formula as a rough estimate of the 
effect of the current of a stream on the load which one horse is able to draw against at a walk. 

Load drawn against current >=> load drawn instill water X ( V; v being the velocity of 
\3'6 -{-V/ 

the current in feet per second. 

Cable Towage.—L6vy system, as adopted on St. Maur Canal between Paris and Joinville.— 
Cable weighs 2*45 lbs. per lin. ft. Set with permanent tension of flve tons. Breaking strength 
60 tons. Deflection due to haulage does not exceed 4 ins. Vertical supporting pulleys are 
2 ft. 7J ins. diameter, and have depth of groove of 7J ins. Circuit may cover distance of 10 to 11 
miles, 80 that two driving machines may be set 20 to 22 miles apart. For a speed of H niiles 
per hour 2 li.p. is required to draw a barge loaded with 350 tons. For a speed of 2^ miles an 

hour 4^ h.p. is required. Tractive force where W -■ weight of boat in lbs., v velocity. 
2(^1 

in ft. per sec., (7 — acceleration due to gravity — 32 ft. per see. per sec., and / » length of tow- 
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line In feet. For a boat of SOO tone a Telodtj of 3 ft. per geo. and length of Hue of 300 ft., the 
tractire force -i 313 Iba. Betlmated coat of plant, about 13«. 6d. per lin. yd. Coat of working 
rangea from to id, per ton per mile. 

(Report of Dr, Watson to Water Commerce Congress ol Chicago^ 1893.) 

lilectrio Traction on an elaborate acale baa been installed on the Teltow Canal in 
Germany aince 1903. The tractora run on rails on both banks. The current is continuous at 
330 Tolta, from overhead mains, and each locomotive is driven by two 8 b.p. motors, which are 
snfflcientJy powerful to haul two 600-ton baiges at a speed of 2| miles per hour. A similar 
ayatem is in use on the Donai section of the Gcmal d’Aire, where the tractors are of 10 h.p. In 
1918, some petrol locomotives of 30-S3 h.p. were introduced on the Rhlne-Rhone Canal in place 
of horses, but though the experiment was successful the system did not come into general use 
on the Canal because it would have entailed oonaiderable alteration in the permanent works* 

The following advantages among others have been claimed for the use of electric tractors in 
place of steam tugs:— 

1. Aasoming that the electric lines are laid on each bank, there will be greater regularity and 
uniformity of speed in the service than where tugs are used, and there will be less delay in 
despatching cargoes at short notice and at regular intervals. 

3. The banks and bottom of a canal are not so much injured by eleotrio-towing as by tug- 
towing. In the latter case the peculiar disturbance to the bottom, with consequential injury 
to the side banks, caused by the motion of the screw, is added to the wave from the moving boats 
eommon to each mode of transport. 

3. In the caao of eleotrio towing there is considerable economy of spaM and water in locks 
and lifts, because toga and steam boats, which, by reason of their machinery, have a smaller 
eargo-canying capacity than barges of like dimensions, need not be taken through. 

4. Blectrio power, when once installed along a line of waterway, can be utilised not oniy 
for traction, but also for operating locks and other works, and lighting the waterway at night, 
and can even, perhaps, be utiUaed for factories establishing themselves along the waterway. 

(Report of Royal Commission on Waterways^ 1909.) 

In 1934 there was installed, on a short section of the canal from the Marne to the Rhine, 
a new system of eleotrio traction known as the Ohenean system. The underlying principle is 
the utilisation of an electric tractor, with proportional contact, travelling on an aerial cable. 
Owing to the light weight of the tractor (about 13 cwts.) it is possible to space the supports of the 
aerial cable, in general, at about 30 yards distance. The cable is of steel, 9 ins. diameter, weighing 
If lbs. per lineal ft. The speed of movement varies from 1 mile per hour in narrow cuttings, 
tunnels, eto., to 3 miles per hour and over in the open. 

Tractor Boats,—In Germany small motor boats with Diesel engines of 17 to 34 h.p. were 
introduced a few years ago for towage between ports and loading-stations on canals. They are 
8 metres in length, with a beam of 3 to 34 metres, and are operated by one man. They can 
also be attached to the after-part ol a vessel so as to play tbe part ol a screw propeller. 

* They are very mobile, easy to steer and have considerable tractive power. They have proved 
to give good service and to be economical. We are even going as far as to plan their construction 
on a somewhat larger scale (60 h.p.) for regular towing service on small canals. They can be 
advantageously us^ for a standard service, as auxiliary tugs, at the entrance and exit of locks ' 
(MM, Hoebel and Paxman^ Intemationdl Navigatton Congress^ 1931). 

Caterpillar Tractors.—Another form of towage used in Germany is that of caterpillar 
tractors ol about 30 h.p. A winch drum for the nauiage cable is arranged in front of the tractor, 
and as soon as the poll becomes excessive, a friction clutch automatically slackens the cable, which 
ean also be lengthened or shortened on the drum, as required, during haulage. The cable can be 
lifted so as to clear craft lying alongside the canal banks by means of a mast 3 metres in height. 

MECHANICAL TKACTION ON FRENCH WATERWAYS 
Electric Traction.—^The system consists of a rail track of metre gauge, runn^ along one 

bank. The engines using the track weigh from 10 to 13 tons; they have two driving axles and 
are generally equipped with a single motor, from 10 to 13 kw., supplied with power from a 600 
volt D.O. troUey line. The rails are laid on wood or metal sleepers, according to the sections, and 
at certain points have to cross the waterways, in order, for example, to reach a bank free from 
other instadlations. The traction current is supplied by sub-stations situated along the water¬ 
way, which receive a three-phase current the tension of which can reach 31,000 volts and which 
in most oases tranaform the alternating current by means of mercury vapour rectifiers. To 
ensure safety of distribution every sub-station possesses an emergency equipment. 

In short sections, where it is impracticable to lay a rail track, but where the importance of 
traffic demands electric traction, the difficulty has been surmounted by the use of electric engines 
on tyres and a double trolley line, the distribution being ensured as before. 

Diesel Motor Traction.—Electrification is used only lor heavy and medium traffic. For 
light traffic, tnglM on tyres are employed. These run along the towpath without any rails, on 
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four wheels, each of which la used for propulsion and driving, with 6 h.p. diesel motors, having 
one or two oylinders to run on gas oil or fuel oil. This type of eusine is used almost exclusively 
on non-electrifled canals. 

Speoi al Forma of Traction.—Special systems of traction are used on a limited number of 
sections, mostly underground, which include electric tow-boats with the chain under water (St. 
Quentin Oanal), electric tractors suspended from a mono-rail (Souterrain de Braye), and funicular 
cables (Mont Billy). 

L. P. Alvin, * Mechanical Traction on the French Waterways,* Journal of InstitrUe of Tranxport, 
vol. 17, no. 8. 

SHIP CANALS. 
General Considerations.—Itis desirable that the ratio of cross-sectional areaof the oanal 

to the immersed section of ships, where the traffic is commercial, should not be less than 4 to 1, 
and it may with advantage be much higher. In the Sues Oanal it is about 7 to 1. For vessels 
of war, the ratio may be slightly less, as, for instance, in the Kiel Oanal, where the ratio is 
about 8| to 1. The limiting value is, however, dependent on the speed at which vessels are 
permitt^ to travel. In the artificial portion of the Sues Oanal the speed is limited to between 
6 and 7 knots, and about 8 knots represents an approximate upper limit (or narrow shallow 
waterways. In passing through such waters vessels sink to a lower level than in the open sea 
on account of the displacement. Thus pilots have a rough role that when a ship is near the 
bottom her * squat' or * sinkage * in feet may be about one-fifth of her speed in statute miles 
per hour. 

For curves,M. Quelleneo, late Oonsulting Bngineer to the Suez Oanal Commission, recommended 
widening the bottom, so that the longest vessel may preserve in its own direction a free space 
equal to 1^ times its own length between the stem and the slope of the concave side. The 
formula used on the oanal was: 

W - (2o)» - (R -h 6) 

W «■ amount of widening to feet; 
R wm radius of axis in feet; 
a a length of ship in feet; 
b ■■ I bottom width (on tangent) of canal In feet, 

KieL or North Sea and Baltic Canal.—This canal, which connects the North Sea 
and the Baltic, was originally constructed between 1887 and 1895 at a cost of about 7,800,000/., 
including land purchase. It has a length of 61^ miles. The former dimensions have since been 
very cousiderabiy increased—vis. the bottom width from 72 ft. to 144^ ft., the surface width 
from 226 ft. to 334| ft., the depth from about 30 ft. to 36 ft., and the cross-sectional area from 
about 4,600 sq. ft. to 8,868 sq. ft. 

At the entrances at each end of the canal there are now twin locks of 1,083 ft. available 
length, by 147^ ft. clear width and 46 ft. 2 ins. sill depth at mean water level. These locks take 
the place of the earlier locks, which were 492 ft. long by 82 ft. wide with 32 ft. of water over 
sill. The new locks are constructed in concrete, and each has three pairs of caissons dividing 
the chambers into lengths of 726 ft. and 330 ft. 

Manchester Ship Canal.—The Manchester Ship Canal was constructed between 1887 
and 1893. It has a total length of 36 miles and includes four seu of locks, with an average 

MASCUBSTER SRJP OANAL : TYPE SECTIONS. 
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lift of 1ft ft. aach« about 160 acres of docks with warehouses and railway sidings, six high leyel 
bridges, seren swing bridges, and a swing aqacduct. The cost was 1.^,600,000/., Including land 
purchase and promotion, the actual constructional cost being about 9,000,000/. The capital of 
the company has since been increased on account of extensions and new works to 20,000,000/. 
The bottom width is 120 ft. The original depth was 26 ft., but this has now been increased to 
98 ft. Deepening operations are being continued. A depth of 30 ft. has been extended from 
Bastham Li<x:ks as far as Stanluw Oil Dock, a distance of 4^ miles. The average annual cost of 
maintenance, which, before the war, was stated to be about 2,000/. per mile of canal, at the present 
time is about 6,400/. per mile. 

Suez Canal.—The length of the Sues Canal Is about 100 miles. It was opened In 1869, 
the cost of construction, apart i rom promotion, etc., having then amounted to 10.680,000/. It has 
been progressively deepened, so that the authorised maximum draught for ships in the canal 
has been as follows:— 

Prom 1870 to 1890 
„ 1890 to 1902 
„ 1909 to 1906 
„ 1906 to 1908 
„ 1908 to 1914 
„ 1914 to 1916 
„ 1916 to 1920 
„ 1921 to 1924 
„ 1925 to 1929 
„ 1930 to 1936 
„ 1936 

7 m. 60 - 24 ft. 7 ins. 
7 m. 80 - 96 ft. 7 Ins. 
8 m. 00 » 26 ft. 3 ins. 
8 m. 23 - 27 ft. 0 ins. 
8 m. 63 ^ 28 ft. 0 ins. 
8 m. 84 » 29 ft. 0 ins. 
9 m. 16 « 30 h. 0 ins. 
9 m. 46 31 tt. 0 ins. 
9 m. 75 — 32 ft. 0 Ins. 

10 m. 00 » 33 ft. 0 iu.4. 
10 m. 35 « 34 ft. 0 Ins. 

The canal is available throughout for vessels drawing 34 ft. of water. The present depth of 
the canal below the mean level of L.W.S.T. is equal at least to 40 ft. or more, over the whole 
length ; maintenance dredging is being carried to a depth ot 44 ft. The width of the canal at a 
depth of 83 ft. is at least 190ft. The surface width depends on the inclination of the banks, which 
changes with the nature of the ground through which the canal passes. This width varies 
normally between 400 ft. and 600 ft. 

Of the total length of about 100 miles, 12 miles only are in curves, the minimum radius being. 
2,734 yards, and the maximum radius 8,083 yards, most curves having a radius of about 3,300 yards. 

SCKZ Oan^. 

AFRICA A'.',IA 

There are no locks, the canal being level throughout. At the South entrance there is a tidal 
range, amounting to about 6 ft. in the average at springs. The current flow does not exceed 
about 3} ft. per second. 

Panama Canal.—The total length of the Panama Canal, measured along its axis, is 60} 
miles, bat the portion actually within land area between coast lines is only 41| miles. Of the 
total length, 14} miles are at sea level, over 23} miles in Qatun Lake, nearly 3 miles in locks of 
alongside approach walls, 1} miles in Miraflores Lake, and 8 miles in the Oaillard Cut. The 
summit level is 85 ft. above sea level. The depth lies between 40 and 45 ft. The bottom width 
varies as follows: For 16 miles the canal is 1,000 ft. wide; for 4 miles, 800 ft. ; (or 29 miles, 
600 ft.; and for 8 miles, 300 ft. wide. 

There are six pairs of locks with dimensions of 1,000 ft. in serviceable length and 110 ft. in 
width; three of these are at Gatun, one at Pedro Miguol, and two at Miraflores. The sills are 
laid so as to afford a depth of 40 ft. in salt water, and 41 ft. 4 ins. in fresh water. With the ex¬ 
ception of the lower lock in the Miraflores flight, the chambers are provided with intermediate 
gates, dividing them into two sections of 600 ft. and 400 ft. The range of lift of the Pedro Miguel 
Lock ia 30| ft. All the looks are double, i.e. with parallel chambers, so that vesaels may pass in 
opposite directions. At the Qatun flight the lift is 86 tt. divided among the three looks; the actual 
operating preamre between oonaeoutive locks is therefore nearly 60 ft. 



Sec. XVI SHIP CANALS 601 

There are 46 palre of lf>ck gules, constructed of mild cart)on steel with 3'oke8 and pintles of 
vanadium steel. The height of the gates varies from 4C ft. to 82 ft. The largest gate weighs 
about 700 tons. 

Diaorammatk; Seotions of Pasama Oaxal. (Not to Scale. ^ 

Pig. 84.— Prom klindl River to Gatun Locks» FlG. 25.—Gaillard (formerly 
and from Mirallores to Panama Hay. Culebra) Cut. 

-ju.() a'.----- 

- - 

Fig. 26.—Prom Gatun Locks to Angle North of San Pablo. 

The approximate cost of the canal, inciuding piircbaso money, is 75,OQ0,O0()(. 

The following is a statement of the unit cost of excavating the Culelira (now Gaillard)Cut for 
the year 1912: 

Cost per cu. yd. 
Transportation .... . $0-1331 
Drilling and blasting . 1157 
Tracks ..... •0886 
Loading by steam shovels •0681 
General expenses and supervision . •0503 
Damps ..... •0179 
Plant, arbitrary .... •0395 
Drainage, structures and clearing . •0046 

Total unit cost . . $0•5476 

Bruges Ship Canal.—The canal connecting Umges (Belgium) with the sea was constructed 
uetween 1890 and 1907. The works comprised an outer harbour with breakwater at Zeebrugge, 
and a sea-luck with a chamber 518 ft. long, 65^ ft. wide, the sill being laid at 19 ft. 8 ins. below 
L.W.O.S.T., giving a depth of 31 ft. 8 Ins. at H.W.O.N.T. The canal proper is 6J miles long, 
72 ft. wide at the bottom, and 229 ft. wide at water surface level. There is a depth of 26 ft. 
throughout, and the side slopes are about 3 to 1. Two railway and three road bridges cross the 
canal. At Bruges there are two basins and a lock connecting with the internal barge canal 
system of Belgium. 

Am-terdam, or North Sea Canal.—This canal, constructed 1865-76, connected 
Amsterdam with the North Sea, along a route due west of 16^ miles, and supersedes in utility the 
Amsterdam North Sea Ship Cana!, or Great North Holland Canal, made between 1819-26 which 
has a northerly direction, is 52 miles long, and is only suitable for vessels drawing not more than 
16 ft. As originally constructed, the new canal had a deptli of 23 ft. and a bottom width of 
881 h. The entrance locks at the port of Ytnuiden were two in number, the larger having an 
available length of 394 ft., a width of 60 ft., and a depth over sill of 26 ft. 6 ins. at ordinary low 
water. In 1896 a new and larger lock was provided, 737 ft. long, 81 ft. wide, and 33 ft. deep over 
cills. Yet again, in 19.30, a third large lock was opened, at present the largest (though not the 
longest) in the world ; it is 1,312 ft. long, 164 ft. wide, and it has a depth of 491IL of water over 
sills. The canal itself is in process of being deepened to 49^ ft., and will have a bottom width 
of 328 ft. 

The cost of the original works, including the harbour at Yrauiden, which has a sheltered area 
of about 250 acres enclosed by two breakwaters springing from the shore, each 1,670 yards in length, 
3,940 ft. apart at the sliore line and 853 ft. apart at their pierheads, was about £3,000,000. 
Improvement and maintenance works (including supervision) brought the total up to £5,667,000 
by the end of 1910. The cost of the lateat lock was about £1,600,000. 
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New Welland Ship Canal, Canada.—The new ship canal between Lake Brie and 
Lake Ontario, completed and opened In 1939, ia designed to eerve large>Bize balk freighters of the 
present day which are about 600 ft. in length and draw up to 21 ft. of water. The work was 
begun in 1913, but was interrupted between 1917 and 1919 on account of the war. The cost has 
somewhat exceeded 1120,000,000. 

For all practical purposes of navigation the new canal is a straight line throughout. It has 
a len^ of 27 *7 miles between its outermost ends at Port Weller and Port Colbome. Its present 
depth is 25 ft.; later this will be increased to 30 ft. Sufficient clearance is provided so that any 
ship passing through the lock at Sault Ste. Marie (the outlet from Lake Superior) can continue its 
voyage through to Lake Ontario. Later the Oanadian Government expects to provide a waterway 
of equal dimensions from Lake Ontario down the St. Lawrence Biver to Montreal, whence there 
is ample waterway to the Gulf of St. Lawrence. There is a difference of 221 ft. in level between 
Lake Ontario and the river at Montreal. 

The difference in level between Lake Erie and Lake Ontario is 325 • 5 ft. This is overcome in 
the new canal by 7 locks, each of which, rising 46 *5 ft., has a usable length of 820 ft., a clear width 
of 80 ft., and a depth over sills of 30 ft. Two additional guard locks are provided, one at each end 
of the canal to meet high and low water differences in the level of the lakes. The guard lock at 
Humberstone (No. 8) is notable as being the longest look in the world, having a length of 1,380 ft. 
between inner gates. Its nearest rivals are two locks on the American side at Sault Ste. Marie, 
which are 1,350 ft. long. 

The superseded Welland Oaual overcomes the difference in level between the. lakes by means 
of 26 lifts. The locks have a usable length of 270 ft., a clear width of 45 ft., with depths over sills 
of 12 to 14 ft. The constructional cost of the canal was $31,031,226, and the maintenance cost 
to the year 1920 amounted to $9,237,961. 

Moscow-V Olga Canal.—The canal connecting Moscow with the river Volga and thus with 
the sea, which was opened in May 1937, has a length of 80 miles, the actual length of canal being 
nearly 68 miles and the remainder consisting of lakes and reservoirs. The canal ia 160 ft. wide 
at the bottom and 280 ft. wide at the surface and has a minimum depth of 18 ft. The most 
difficult constructional feature was surmounting the elevated ridge which separated the Volga 
from the Moscow Biver—this has been achieved by a series of five locks, each providing a lift of 
26i ft. with two corresponding double chamber locks for the descent. 

The Mittel-land Can al, in Germany,compietedinl938,istheculmination of agreatscheme 
of internal navigation In that country, connecting the waterways of the Oder, the Elbe, the Weser 
and the Bhine, and placing Berlin in direct communication with the industrial region of Westphalia. 
The canal accommodates craft of 1,000 tons carrying capacity (29^ ft. broad and ft. draught). 
Among the more notable engineering features of the undertaking are the twin locks at Anderten 
(near Hanover) with a vertical range of 49 ft. (15 metres), see fig. 20, p. 596, and the mechanicai 
lift at Bothensee (Magdeburg) with a vertical range of about 60 ft. (18 metres). 

The Albert C!7anal in Belgium, which was put into service at the close of 1940 after ten years 
of constructional operations, has a length of close on 100 miles and serves to connect the industrial 
city of Li^ge with Gie port of Antwerp. The total fall between the extremities is 184 ft. and 
changes of level are negotiated by six sets of locks, five of which have a fall of 33 ft. each and the 
sixth one of 19 ft. The canal has a capacity for craft of 2,000 tons deadweight. 
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DIVING 
APPARATUS 

and all underwater appliances 

including 

UNDERWATER CUTTJNG AND WELDING 
EQUIPMENT. DIVER’S LOUDSPEAKING 

TELEPHONES. UNDERWATER LAMPS, Etc. 

SELF-CONTAINED OXYGEN 

BREATHING APPARATUS 
as used hy Mines Rescue Brigades^ Fire Brigades^ 
Chemical Works, Refrigerating Plants and for 

all work in poisonous atmospheres. 

ALSO COMPRESSED AIR TYPES 

SMOKE HELMETS, GAS MASKS 
AND SHORT DISTANCE FRESH 
AIR BREATHING APPARATUS 

RESUSCITATION APPARATUS 
Oxygen and Oxygen i- CO2 

for asphyxia, electric shock, etc. 

“IRON LUNGS'’ 

AIRCRAFT OXYGEN APPARATUS, SAFETY BELTS, 
ETC. RESPIRATORS. DUST AND FUME MASKS, 
GOGGLES, PROTECTIVE CLOTHING AND MANY 
PROTECTIVE DEVICES FOR THE INDUSTRIAL WORKER. 
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L 0 N DON 

w ~ EVERYTHING EVERYWHERE 

TOLWORTH, SURBITON, SURREY. 
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HARBOURS AND BREAKWATERS - DOCKS - QUAY-SIDE AP¬ 

PLIANCES-GRAVING AND FLOATING DOCKS—DREDGING 

- SUBAQUEOUS ROCK REMOVAL - DIVING - FLOATING 

LANDING STAGES. 

Contributed by Brysson Cunningham, D.Sc., B.E., F.R.S.E., M.I.C.E. 
(Author of ‘ Dock Knprineering,’ ‘ harbour Kujrin.,*pring,’ etc.) 

CHANNEL DEMARCATION—BUOYS —LIGHTSHIPS LIGHT¬ 

HOUSES SUBMARINE SIGNALS 

(Contributed by J. P. Bowen, C.B.E.. B.Sc., M.I.C.E ) 

HARBOURS AND BREAKWATERS 

//arhours are sholtorod areas of water afToidinsr safe ancliorage for ship-?, geiierallj’ .also, 
when discharging the functions of a port, provided with quays and facilitie.s for landing p.assengers 
and cargo. There are many harbours where the rcqui.site shelter is forthcoming naturally from 
the physical condguration of the coast line (Queenstown, Rio do Janeiro, Sydney, etc.). Where 
protection cannot be obtained in this way it has to be provided by nn?aus of breakwaters, as at 
Portland, Dover and elsewhere. 

0 w :ic 40 :>o 60 lo so do wc 
I—I—I_I—U. i_ J—I—t—!—I- 

Fi(i. 1.—Holyhead breakwater. 

Breaktraters are of two typo.s : (a) the inouiid of rubble .stone, and (fr) the upright wall of 
masonry or concrete. Freiiuently the types are combined. Sometimes tlie mound predomiinites 
and is simply cappe<l by a slight superstructtire of regular masonry, ais at Algiers and Onui ; in 
other cases it is reduced to a miniinum, becoming a mere foundation layer for a wall of massive 
proportions, as at Tmuiden luid Zeebrugge. 
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The relative advantages of the mound and the wall are as follows : - 

1, As regards ef^ciency^ the mound is not so serviceable as the wall. The undulations of the 
sea are transmitted through the interstices of a mass of rubble, and the harbourage area is kept 
more or less in a state of agitation. 

2. As regards initial eost^ the mound can be formed by unskilled labour, and where that is 
plentiful and stone abundant, this type of breakwater will commend itself on account of the 
facility with which it can be constructed. In the absence of these essential conditions, and 
provided the depth of water be moderate and the foundation sufficiently firm, the wall, involving 
a much less quantity of material, will be found preferable. Especially will this be the case where 
skilled labour is readily procurable at reasonable rates. Even the difficulty of a defective 
foundation may be overcome by one or other of several expedients without perceptibly altering 
the relative positions. But where the sea bottom lies at a considerable depth (40 feet or more) 
the superior economy of the pure wall cannot be maintained. 

An interesting comparison of the estimated (pre>war) cost of four different types of breakwater, 
based on the conditions at Zeebrugge, Belgium, Is made by MM. Bonnet and Braeckman in a 
paper to the Fourteenth International Congress of Navigation. The depth of the sea bed at 
Zeebrugge is 26 ft. S ins. below aero datum, and the tide rises 15 ft. above aero, giving a total 
depth of 41 ft. 3 ins. of water. The unit costa per lineal metre (3 • 28 ft.) are given as follows :— 

Francs. 
(а) Solid wall of the Zeebrugge type. Total height 66 ft., mean thlokness 23 ft. 6,760 

(б) Composite breakwater with mound of unassorted rubble, the slopes being 
lightly oovered by large natural blocks of 10 owts. to 6 tons; wall super- 
stmotore 33 ft. high.7,600 

(c) Composite breakwater, mound having core of unassorted rubble, larger 
mattf^ on slopes protected on outer side by arUflcial blocks of 33 tons 
deposited haphasard.8,700 

(d) Composite breakwater with base as before, but with slopes protected by 
artificial blocks of 31 tons laid symmetrically to inclination . . . 9,000 

Constructional Cost of Breakwatkus.* 

Harbour. 1 Type. i 
: Mean Depth i 
! of Water. 

Cost per 
lin. ft. ' Remarks. 

! Ft. : £ 
Alderney : Composite 90 259 ! Mound terminates 12 ft. to 16 ft. below 

L.W. 
Algiers. Mound 60 122 1 Large random concrete blocks sur- 

rounding rabble. 
Dover . Wall 40 415 i Concrete blocks weighing 26 to 40 tons. 
Holyhead . 1 Composite 54 ; 162 , Mound very predominant. 
Marseilles . Mound 36 87 
Bizerta { Composite 68 60 ; Wall built on caisson system. 
Portland 1 Mound 44 127 
Naples. ! Composite 1 93 : 186 
Valparaiso . ; Composite | 60 to 160 j 660 1 Concrete monoliths on rubble mound. 

3. As regards the cost of maintenance^ this is generally greater in the case of mounds than in 
the case of walls. A wall, provided it be properly constructed in the first instance, calls for no 
further attention, save for such rare and occasional damage as results from some storm of 
exceptional severity. The rubble mound, on the other hand, is peculiarly susceptible to wave 
action, and needs constant replenishment. The cost of this varies very considerably according to 

* The impossibility of accurately adjustinsr costs and prices, where they are quoted, to the 
altered and variable condition arising has rendered it adviuble to retain them on their old pre¬ 
war basis, leaving the necessary adjustments to be made as occasion may require out of war-time 
conditions and influences. 
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iituatiou aiid exposure. At Holyhead it was for many years as low as 1<. 3d. per liii. ft. per annum, 
but latterly there has been some extensive replenishment at considerable outiay ; at Genoa, the 

Fig. 2.—Admiralty Pier Extension, Dover. 

cost is stated to be Ts.: at Naples, 13«.; while at Alderney, diiriui? a certain period, it rose as high 
as 45*. This last, however, is quite an abnormal figure, and under ordinary conditions the 
pre-war annual expenditure on mounds of suitable design hardly exceeded a pound a foot. 

Wave Action. 

Wave Ac/ion." Wave action on breakwaters is most keenly marked between the levels of high 
and low water, but it extends to a depth of 30 ft., and there are instances ou record of serious 
disturbances at even greater depths. Thus, at Peterhead, blocks weighing upwards of 41 tons 
have been displaced at 36^ ft. below L.W.O.S.T. But cases of this kind are exceptional. 

Scale of Feet 
W 50 :0 20 30 40 5C 

Fio. 3.—Sandy Bay (U.S.A.) Breakwater. 1902 Project, 

Generally speaking, at a depth of 5 fathoms the sea is fairly quiescent and a rubble mound may 
be counted upon to stand therein with side slopes of from 45° to 60°. 

Above this level much flatter slopes become necessary : 2, 8, 4, 5, and even 7 to 1. Unfortu¬ 
nately, while the equilibrium of the mound demands such gradual inolinations, they serve 
to foster the disruptive action of waves, which, passing up a long seaward incline, have their 
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oscillatory character cliani^eil iuto one of translation. At the summit the impact delivered is so 
powerful us to produce a pressure ..which Stevenson records as beiiiff six times ns great as that 
against a steep wall. This inimical effect cun only be counteracted by the use of huge blocks 
and monoliths, covering the exposed surface of the mound. The blocks, wliich in practice rarely 
weigh less than 25 or :U) tons apiece, and often considerably more, may be deposited either in 
courses or at random. Tn the former case they are generally stepped so as to conform to tlie 
general inclination. In either arrangement they should be laid as headers, pointing seaward, so 
as to expose the least extent of surface to wave-action and at the same time gain the utmost 
advantage from tlie moment of resistance to overturning, licnee prisms or parallelepipeds are 
decidedly preferable to cubes. 

The maximum pi'essure exerted by waves does not appear to exceed 3^ tons per s(|. ft. 
At Skerryvore, on the Atlantic, a pressure of from 2J to 2| tons per sq. ft. has l)een obserrcMl; 
at Bell Hock, in the North Sea, Ijton; at Dnnb.ar (Plast Lothian) 3^ tons, and at Buckie 
(Banffshire) 3 tons. 

Composite breakwaters. In which the wall plays any important part at all, should be so 
designed that the back- taught or after~toir of the waves cannot undermine the superstructure. 
To be really effective, this means that the wall should be carried down to a ileptb consider¬ 
ably below low water, and though in the past many such walls have been founded at low water 
level, or very slightly below’ it, yet the experience gained has proved that this deptli is quite 
inadequate (the low water zone is particularly dangerous), so that of late years there has been 
a continual tendency towards increasing the depth of the foundation level. At Madras the wall 
commences at 27§ ft.; at Naples, 33 ft.; at Peterhead, 43 ft.; and at Algiers, 49 ft.* 

Methods of Construction. 

Methods of Construction.—Breakwaters are constructed in several w’ays, according to situation 
and type. 

For Mound Breakwaters, rubble may be deposited—(a) from barges or scows ; (6) by 
means of cranes running on temporary staging; and (c) from wagons passing over roads laid at 
or about the level of the top of the mound and extended as the work proceeds. 

The first metliod is best adapted to .sheltered situations, and affords an opportunity of deposit* 
ing rubble uniformly and simultaneously over the whole site, but it Is not economically practicable 
to carry on operations in this way at or about surface water level nor above it. Moreover, tho pro- 

7-o‘^X 45 0 CC 0 

Lrw Wh/MT- H '' ^i \ _ _ i .. . _ I 
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Fia. 4.—Plymouth Breakwater. 

gross of the work is very dependent on weather conditions, and there may be long periods of en¬ 
forced inaction. It is to be noted in passing that irregular deposits of rubble load to current action 
and scour. The second method (staging) admits of operations being carried on uniformly over the 
site, tliough not with quite the same degree of freedom as in the case of barges. But the advan¬ 
tages of a stable working base with infrequent interruptions and higher degree of safety and 
protection for w’orkers, are very pronounced. The damage sustained by timber staging in storms 
and from the attacks of marine borers are drawbacks which detract from the merits of tlie 
system, though, generally speaking, the former is proportionately not a serious matter, and any 
evil results of the latter can be to some extent guanini against by careful inspection. The third, 
or low-level system of construction, by means of tipping from wagons running on tracks laid 

• Even the last-named depth did not prevent the ooUapse of a length of 400 metres of the 
Mutapha Mole daring an unprecedented tempest in February 1934, 
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on the breakwater itself, assists in the consolidation of the work as it proceeds, and saves the cost 
of staging, bnt the area of operation is limited and there is liability to interruption during the 

prevalence of heavy seas. It is a method more adapte<l to small enibankmcnts, where time also 
is perhaps not a matter of prime importance. 

Wall-Breakwaters. 
Walls are usually constructed either by means of staging, or on the low-level, end-on system; 

the former being generally more suitable when concrete is deposited in mass, and the latter for 
blockwork. The blocks, or monoliths, are deposited in place by 
huge revolving cranes, known as Titans, and overhead travellers, 
known as Goliaths. A modem Titan is a powerful cantilever 
crane capable of dealing with blocks of from 30 to 60 tons weight, 
at a working radius of as much as 100 ft. A 41-ton steam Titan 
used on the breakwater at South Shields had a radius of 75 ft., 
and was carried on 16 central-flanged wheels running on rails set 
to a 22 ft. gauge. The speeds of the various motions were as follows: 
Lifting full load, 6 ft. per min.; lifting loads up to 10 tons, 20 ft. 
per min.; racking full load, 20 ft. per min.; racking loads up to 
10 tons, 50 ft. per min.; slewing, one revolution in 4 min. Goliaths 
are constructed to the same lifting capacity as Titans, and some 
command a lateral range of travel of 100 ft. or more, but the span 
is generally limited to about 50 or 60 ft. At Dover, a 42-ton steam 

Fig. 6.—Sloping Bond. Goliath had a range of 130 ft., a clear headway of 25 ft., and a 
total lift of 120 ft. The speeds of movements were; Lifting, 

10 ft. per min.: crab travel, 50 ft. per min.; and main travel, 60 ft. per min. 

Breakwater Construction at Grenoa. 
For the constraction of the extension of the Molo Principe Umberto at Genoa, the type adopted 

was a vertical wail of concrete blocks superimposed on a rubble mound foundation. A length 
of 800 metres was built to the section shown in flg. 7. It consists of four oourses of monolithio 
concrete blocks, three of which are 12 metres in length, extending right across the wall, by 2-95 
metres high by 4*60 metres wide. The lowcraiost block is similar, but has a length of 13*50 
metres to form an enlarged base for the structure, and its upper edges are bevelled. The weight 
of the blocks is 350 tons in the bottom course and 300 tons in those above. Lifting and setting 
were done by a floating pontoon with overhanging sheers. Above the blocks, which bring the 
structure just above water level, is a crown or capping of mass concrete with masonry facing. 
In consequence of the revelation of structural weakness in the design at the foot of the parapet 
wall, where the sharp rectangular ofl-sot tended to fracture under wave impact producing a 
complex stress of flexure and torsion in the angle, the design for the last 1,060 metres length of 
the breakwater was changed to the section shown in flg. 8. At the pierhead, the dimensions of 
the blocks wore increased to 13 • 50 metres by 9 • 00 metres by 2 • 95 metres in height. The founda¬ 
tion of wall has been laid at 11 -60 metres below mean sea-level and of the mound sub-straocare 
at from 16 to 16 metres below the same datum. The cost of the breakwater oompieie a given 
as 35,000 lire per I in. metre which, if the lira be taken at its exchange value at the time, in ronnd 
figures 60 to the pound sterling, represents roughly, say 6690 per lln. yd. 
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Special Methods of Construction. 
Special methodt of breakioater construction inolude the use of bags, or sacks, of concrete, 

weighing from 60 to 200 ton^, for deposition under water by divers, as at La Oiiayra: large 
caissons, or tanks, of reinforced concrete, with volumes of 60.000 to 70,000 cu. ft., floated out into 
position, sunk and filled in solid, as at Biserta; 146 floating caissons were used in the formation 
of the invasion harbour at Arromanches, Normandy. The largest had a displacement of 6,544 
tons and the stnallest 1,672 tons; and blocks set on end, slightly tilted (16** to 20**) out of the vertical 
BO as to form what is called * sliced work * or sloping hond^ the object being to allow for unequal 
settlement in the foundation. Small breakwaters in shallow waters are sometimes constructed 
of crlbwork—box-shaped frames of timber in openwork with cross partitioning and ties, weighted 
when in position with rubble—but the system is not very durable and only suitable for com¬ 
paratively sheltered situations. 

Among notable breakwaters of recent date, mention should not be omitted of the very remark¬ 
able example at Valparaiso, completed in 1930, which is founded at a depth of more than 60 metres 
below sea level, on a bottom which consists of sand and mud. In order to reduce the cost of 
bringing up a mound of rubble from so great a depth, as well as to distribute the load over an 
adequate bearing area, the expedient was adopted of depositing a bank of sand with a base width 
of about 600 metres and side slopes of 6 to 1, reaching up to a level of 20 metres below the surface. 
Over the apex and upper part of this mound were deposited quarry waste and rabble to a level of 
12 metres below the surface, at which level the wall of the breakwater was founded. 

Tini/tda.ticrx- of Sand , and Seafood 

Scale cf Feet 
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Fkj. 9.—Bizerta Breakwater. 

DOCKS. 
Docks are enclosed repositories for shipping. Where the enclosure is not complete and there 

is free communication with the sea, the term Basin, though not universally employed, is more 
appropriate. Docks proper are fitted with gates or caissons, either in order to impound the water 
at a fairly constant level, in which case they are distinguished as fret docks, or to e.xclude the 
water, in which case they are known as dry or graving docks. Floating Docks are movable 
structures capable of lifting vessels out of the water and supporting them by their own displace¬ 
ment. 

Constructional Oos^t of Wkt Docks.* 
(Note : The variety and range of design and equipment render any very effective compari.son 

out of the question.) 
Per acre of Per acre of 

Water Surface. Water Surface. 
Alexandra Dock, Hull . . £28,900 Barry Docks .... £12,960 
Alexandra Dock, Liverpool . 23,300 Prince of Wales Dock, Swansea 18,600 
Avonraouth Dock, Bristol . 22,600 Queen’s Dock, Glasgow . . 24,460 

RING Georgs v. dock, Londoh. 
Ont of the most notable docks constructed in recent years is the King George V. Dock at 

London, which adds 64 acres to the enclosed water area of the port. The dock has a depth of 38 ft., 
and the quayage aggregates approximately 10,000 ft. A section of the north, west, and east 
quay walla is given in fig. 13. An unasual feature on the south side of the dock, shown in fig. 14, is 
the provision of seven reinforced concrete jetties, each 620 ft. long and 92 ft. wide, which have 
been constructed at a distance of 82 ft. from the face of the main quay wall, the only shore 
connection being a timber foot-bridge. The arrangement is due to the fact that a preponderating 
portion of the goods arriving at the port is transferred to barges for oonveyanoe to their ultimate 
destination up river. Ships are berthed on the outside of the jetties, and ths jetty cranea can 
discharge goods thsrefrom sither on to the quay for delivery to carts or railway truoks, or for 
sorting or temporary storage at the aheda behind, or, altemativdy, into barges lying in the space 
between the j^ties and the wall. 

* See footnote, page 606. 
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Clay 

Fio. 10.—Manchester Dock Wall. 

Fio. 11.—Liverpool Doi'k Wall. 

FICU 13.—King George V. Dock, London: 

Section of N., B., and W. Qnaj WsUi. 
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The entrance lock from the river Thamea is 800 It. long bj 100 ft. wide, with a depth of 
water ou the dll of 46 ft. below Trinity high water. The chamber is divided into two cem- 
partmente, of660 ft. and 260 ft. respectively, by three pairs of steel lock gates, each leaf of which 
weighs 309 tons. By the use of a floating caisson, for which provision has been made at the 
inner end of the lock, the available length can be increased to 910 ft. The cost of the dock 
with its equipment was about 4,130,0001. 

Tub Glaostonb docks, Liverpool. 

Another notable example of recent dock construction is the Gladstone Dock System of the 
Mersey Docks and Harbour Board, opened to traffic in 1927. It consists of a vestibule, or taming, 
badn with two branch docks, the whole comprising a water area of 681 acres. The vestibule 
dock is entered from the Blver Mersey by a lock of outstanding dimendons. It is 1,070 ft. in 
length and ISO ft. in width, divided into two compartments, with sills 20 ft. below Bay Datum, 
giving 48 ft. 4 ins. depth of water at H.W.O.S.T., 36 ft. at half tide level, and 22 ft. at L.W.O.S.T. 
Both the branch docks are 400 ft. wide; one is 1,420 ft., and the other 1,286 ft. long. They 
are equipped with treble storey sheds of reinforced concrete construction, providing floor areas 
(including the flat roofs which are designed for light loading) of 32 acres and 23 acres respectively. 
The system Includes a graving dock, one of the largest in Europe. The length of the dock from 
the bead to the inner caisson sill la 1,060 ft. 4 ins. The width of entrance Is 120 ft. and there is 
a depth of water over sill of 43 ft. 6 at H.W.O.S.T. Tbl» dock ban the peculiarity that it can 
be used as a wet dock, and for that purpose it is equipped with a single storey shed on its north 
side. 

Eastern arm Extension of Botal Edward Dock, avonmoutii. 

On May 23, 1928, H.B.H. the Prince of Wales opened a new arm or extension, 1,760 ft. long 
and 400 ft. wide, of the Boyal Edward Dock at the port of Bristol which, with a water area of 
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aboat 17 aoraa, aflordf on each of ita two main frontageo three deep-water bertha for large Teeeels, 
with an aggregate qaayage length of S,600 ft. The extenaion haa been carried oat on lines which, 
while generally applicable to wharflng, are of aome noTelty in dock qaay conatraction. In place 
of a maaaiTe wall of the gravitj type, there la a ayatem of openwork framing and decking in rein¬ 
forced concrete, aopport^ on pilea of the aame material, aa ahown on the typical aection in fig. 16. 
The number of pilea driren amoanta to orer 4,600, and they are of lengths ranging from 66 to 
60 ft. The iqain frames are set at 13 ft. 6 ins. centres, and the front spacing is made ap of concrete 
slab and beam conatraction. The coat of the qnay was between 70f. and 762. per ft. run, covering 
the reinforced concrete work and the excavation down to the 3| to 1 slope, within the limits 
of the front and back wi^. 

Dock Walls. 
Dock IFalfi.—Under present-day conditions it is necessary for quay walla to possess a per¬ 

pendicular, or almost perpendicular, face. Ships are now built to a square, box-like section 
amidships, with vertical sides inclining inwards towards the top. Unless, therefore, there is an 
absence of batter in the walla, vessels will be unable to lie as closely in contact with the quay 
coping as is desirable, and quay cranes for loading and discharging them will have to be provided 
with a greater outreach thau is absolutely necessary, at an enhanced cost. 

Dock and quay walla formerly, and still, constructed as ‘ gravity * retaining walls in mass 
concrete, occasionally faced with brickwork and generally coped with granite or other material 
resistive of abrasion, are, in many modern instances, designed on more slender lines with the aid 
of steel reinforcement, so as to dispose of the qualities of both materials to the best advantage 
in wit^tanding the thrust of the earth pressure behind. In Germany and Holland a form of 
quay wall in vogue is constructed from just below water level on a timber platform carried on 
vertical and raking piles, the wall itself being L-shaped in section, with a base much greater than 
the height. There are, however, many varieties of desi^ and construction, such as the hollow 
caisson, cribwork, mattress work, etc., practised under different local conditions. In ground of 
uncertain nature, the system of well-sinking is adopted for reaching a sound foundation and the 
wall is built np as a series of 'monolithic' piers, with hollow compartments, which may be filled 
with sand, or other suitable material. 

The essential featurea of a * gravity * quay wail are weight and resistance to slip. The first is 
secured by using heavy material and providing ample sectional area; the second by giving a 
suitable bevel to the suriace of the foundation so that it slopes downward from the front of the wall 
to the back, at the same time taking care that the maximum intensity of pressure does not exceed 
a certain limit, which, in the case of stiff clay, is 3 tons per sq. ft.; in the case of unconfined sand 
and gravel is 3 tons; and in the case of soft, uncertain ground, is 10 cwte. per sq. ft. 

Stresses in Book Walls. 

Streuea in Dock Walla,—The calculation of the stresses in a dock wall is a very complex 
problem, Involving a considerable nnmber of elements, the exact determination of which is im¬ 
practicable, so that they have largely to be based on conjecture. Briefiy stated, the conditions 
are as follows: Bie wall is subjected to the overturning infiuence of a wedge-idiaped mass of 

A r n p earth which repreeents the excess of matoial 
-- behind the wall lying above the plane of natural 

slope of the material. The pressure, of coarse, 
is intensified by any sorohargeapon thesarfaoe 
area of the wedge. The restraining force is 
the weight of the wall itself, aoting vertically 
downward, assisted to some extent by ths 
earth backing which may rest upon ofhtts, if 
any, at the back of the wall. 

In fig. 16, let A B D E G bo the outlins 
section of a dock wall. 

Let B D be the plane of natural slope of 
the ground behind the wall, i .e., the slope which 
the material woaldassameif leftansapported. 
The angle B D F will be designated </> and is 
known as the Angle of Bepose. 

Let the height of the wall A B be k, and w 
FlQ. 16. 

be the weight per unit volume; and let v be the weight per unit volume of the earth behind 
the walL 

Then the weight of the wedge of earth behind the wall,, tending to overturn it, is 

3 
In order to cover cases where the back of the wail is not vertical and where the surface of 

the ground is not horizontal, this expression may be written in general terms : 

X constant. 
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and the value of the constant, oa determined by Protessor lUnkiue in accordance with a theory 
which neglects any cohesion between the earth particlei^, is 

1 — sin 

1 4- sin «/>* 

I'he lim* of action of the overturning force, 
r/P 1 — sin 

2 ‘ 1 -f sin «/) 

is taken as parailel to tlie surface of the ground and the point of application at one-third the 
height of the wall reeaaured from the base. 

The above formula, though strictly applicable only to walls with a backing of sand or granular 
material, in engineering practice has been applied very generally, with results that, as a rule, are 
‘ on the safe side,’ though they may in some cases be excessively so for strongly coherent earth 
backing, such as clay. RSsal has sliown {Pottsiee des Terres) that the cohesion of the material 
may increase the value of the angle of friction very considerably beyond the limits usually assigned 
to 0, though with pronounced variations, due to the degree of humidity of the soil. It is well 
known, of course, that banks of argillaceous earth will, under favourable circumstances, stand 
almost vertically without support for an appreciable height. 

A recent paper by Prof. Frewen Jenkiu on ‘The Pressure on Retaining Walls ’ (J/in. Proc. 
Inst. C.E.y vol. 234), descriptive of experiments made by him with models, gives what the author 
describes as a Revised Wedge Theory for sand, which is a departure from Rankine’s theory. 
It cannot, however, be explained with euffleient brevity for notice here. 

For simple practical calculations for dock walla where the quay surface is ahnost Invariably 

the anglt! of the wedge producing maxiutum pressure, tlie other moiety being ineffective 
regards overturning owing to the support it receives from the earth beneath it. The weight of 

La 0 
the triangle tan is computed, and the horizontal component, P, taken of the force acting 

2 2 
9 

down the plane of rupture, of which®- tan — is the vertical component. This constitutes the 

overturning force, which may accordingly be written : 

r> vK* * .9 
P= tan* 

2 2 

The point of application of P is again at uue-ihird of tlie height of the wall. 
The restraining force Q is measured by the sectional area of the wall A R D O, fig. 16, 

multiplied by tr, together with the sectional area of the earth GKO resting on the wall, multiplied 
by V, the two acting vertically downwards through their common centre of gravity. 

Calling the overturning force P, and the restraining force Q, tig. 18, and completing the 
parallelogram of forces, the resultant R will be obtained, representing in magnitude and direction 
the force seting at the base of the wall. 

So long as the line of action of K falls within the base of the wall, there is theoretical stability, 
but, for practical constructional purposes, it is essential: 

(1) That the line of action of R should not fall outside the middle third of tlie base line, and 
(2) That the magnitude of U should not be sufficient to crush the base ; in which connection 

it is to bb noted that the intensity of pressure increases with the eccentricity of the resultant 
(l.e. ito distanoe from the centre) and that when R passes through the limiting point of the middle 
third of the base, the intensity of pressure on the outer edge is just twice the mean intensity 
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An a rough practical rule in designing dock walls, the mean width or tbickneM may be made 
about one-third of the height. It should nerer be less than one-fourth, llie base width maj be 
about olie-half the iieight, but need never be more than two-thirds. 

Examples of PaOPORTIONS ADOI’TKD FOR DOCK WAUA 

. i an Ratios. 
Total Base Sectional W 

Port. Height. 
h 

Width. 
h 

Area. 
A 

_ A Base. Mean Width 

" h Height Height. 

Vt Ft. Sq. Ft. Ft 
Manchester . 38 20 476 12-5 •63 •33 
Middlesbrough 48 21 648 13-5 •44 •28 
Iinmingham 51 31 910 17*8 •60 •34 
Hull 62 20 736 141 •38 •27 
Liverpool 56 22 760 13’9 •40 •26 
Southampton 7li 39 1.692 23*6 54 •33 

Constructional Cost OK Quay Walls.* 
Ifcight of Cost per 

Wall. lin. yanl. 
Ft. £ 

Albert Dock, Hull. 49 5S 
Albert Dock, London .... 37i 70 
Alexandra Dock, Hull .... 62 84 
Antwerp River Quays .... 66j 250 
Dublin llivcr Quay. V2 120 
Priuoes Dock, Glasgow . ' . 57i 120 
White Star Dock, Southampton . . . 71i 196 

Entrance Locks. 
Kuinince Locks.—Daring periods when the water in a dock is irnpoimdcd at a higher level 

than that of the external water (in some cases conlinuously), the dock can only be entered 
through the medium of a look. The size of look chambers is governed by the dimensions of 
the Bhipa making use of them, and these vary at different ports. A large vessel was the ' Nor¬ 
mandie,’ with a length over all of 1,027 ft.,t a breadth of 118 ft., and a loaded draught of 
36*6 ft. The length of 1,000 ft. is, perhaps, somewhat extreme, but there are a number of vessels 
from 900 ft. to U60 ft. long, by 96 ft. to 100 ft. broad, and they draw from 35 ft. to 40 ft. of 
water when loaded to full capacity. No port can claim to be of the flrst rank which does not 
receive vessels from 000 to 600 ft. long, with 60 to 70 ft. beam and drawing 30 ft. of water. 

Some examples of modem dock entrance locks are as follows :— 

Name. ’ Port. * 
Length ot Width of Depth of Water 
Chamber. Entrance. over Sill at Il.W. 

Ft. Ft. Ft. 
Gladstone (19S7) Liverpool 1,070 150 48 
Tilbury (1929) London 1,000 110 46* 
Krai^hans (1928) . Antwerp 886 116 47 
North (1931) . Bremerhaven | 1220 1471 ! 

See also some prominent examples af Ship Canal Locks in Section XVI., page 599. 

Dock Gates. 
Dock dates.—-Whore the rise and fall of tlie tide does not exceed about 12 ft. the mduoement 

to provide completely encloseil areas for shipping is not great, but above that limit the necessity 
for impounding the dock water l)ocomos evident on account of the iucouvenieuce arising from 
rapid changes of level, freinient alteration in moorings, and chafing against tlie quayside. 

Dock gates are either of stool or wood—in the latter case of greeulieart, jarrah, or otlier hard, 
lieavy, duralile timber. Orecnlieart gates cost more than steel gates- in some cases nearly 60 per 
cent, more—but their natural durability is very great and the cost of mainteiiauce practically nil. 
Unfortunately, they arc sulijcct to the attacks of sea organisms, and in certain ports considerable 
trouble has been experienced from this cause. Salt water, especially if contaminated in any way 
with sewage, is extremely deleterious to ironwork,and the life of a steel gate, under these circum¬ 
stances, can scarcely be expected to exceed 30 years, (ireenheart gates have been found in 
excellent condition at the end of 60 years. 

t The length of the * Queen Mary ’ is slightly less, 1,018 ft. * See footnote, page 606. 
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The generalitj of dock gates swing vertically and, consisting of two leaves which meet at an 

angle in the centre of the waterway, are recessed within the side walls when the passage is clear 
for shipping. A rather different type of gate is the ‘ Box ' gate, which is specially adapted to 
conditions of site in which side recesses for ordinary double leaf gates would be inconvenient. 
It is a single leaf gate with a hinge or keel running horizontally across the sill, and it is lifted or 
lowered by means of wire ropes. When the passage is open, the gate lies in a prone position 
below sill level. A recent example at the entrance to a graving dock, 85 feet wide, on the river 
Olyde, is described in The Engineer of February 17, 1933. Another example at the entrance of 
the Dover Train Ferry Dock is described in Min, Proc. Inst. C.E. Journal^ December 1937. 

Stresses in Dock Gates. 
Stresses in Dock Oates.—Dock (double-leaf) gates are maintained in equilibrium under the 

action of four external forces:—(1) the resultant pressure of the water against the back of the 

gate = per lineal foot of gate, where tc (62^ lbs. for frc.sh, 04 lbs, for salt water) is the weight 

of a cubic foot of water, and h its height behind the gate. This force acts horizontally at one- 

third of the height. When there is water on both faces P — ^i*). and the line of action is 

determined by the centre of gravity of a quadrilateral representing the difference in pressure. 
(2) The reaction of the mitre or meeting posts of the gates acting perpendicularly to the meeting 

faces, and therefore also perpendicular to the centre line of the waterway. (3) The reaction of 
the hollow quoins passing through the heel-post of the gate and also through the point of inter¬ 
section of the other two forces. (4) The reaction of the sill, which is generally neglected. 

Fig. 20 represents the plan of one leaf of a pair of gates. P is the total water pressure upon 
the back of the leaf, assumed concentrated at its centre. Rj is the mitre-post reaction of the 

adjoining leaf, taken as passing through the centre line 
of the abutting surfaces. R, is the reaction of the hollow 
quoin, assumed to act through the axis of the hcelpost. 
These three forces being in equilibrium, the triangle of 
forces ors (fig. 21) can be drawn, having its sides parallel to 
the forces P, R„ and R, respectively, and since the magni¬ 
tude of P is known, the magnitudes of the other two are 
determined. 

If now it be required to find the position and amount of 
the resultant stress across any section AB (fig. 20) of the 
gate, the procedure is as follows :—Join the point A to each 
of the extremities K, L of the water-bearing surface of the 
leaf; bisect these lines at U and V respectively, and 
draw perpendiculars to represent the total water pressure 
on each section. Each section is in equilibrium under the 
action of three forces : in one case, the water pressure, 
the heelpost reaction, and the stress across AB; in the 

second case, the water pressure, the mitre-post reaction, and also the stress acting across AB in 
the opposite direction. Join the points of intersection of the known forces to obtain the line of 
action of the resultant pressure at the section AB. Its magnitude may be determined by drawing 
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a parallel line, yo, in the force diagram from the point o (tig. 21). Hy taking a aeries of section? 
in this way, it will be found that tlie locus of q is sensibly tlie arc of a circle, and therefore that, 
except in the case of very dat gates, the resultant pressure is so nearly constant as to be 
justiflably considered so without serious error. 

Rise of Sill.-~T\\Q ‘ri.se of sill,’ MT (fig. 20), varies in different cases from i to J of the ‘span 
of the gates’ or width of waterway. The vicinity of the hitter limit is the more common, 
especially for large cylindrical gates, where a large rise would entail a correspondingly long and 
deep recess in the side walls. 

SECTIONAL 'plan A> A A. 

Fig. 22.—Dock Oates. (Steel.) 

rAJiTicuLAits oi’ Dock Gatks. 

Width of Depth of Height; Weight Cost per; 
Port. Material, W ater- Water at of of one sq. ft. of Remarks. 

way. H.W.O,S,T. (iate.s Le.af. ()ate.« : 

Ft. Ft. Ft. , Tons. ff. 
Liverpool Oreenheart 90 39^ 44^ 1 165 i 45 3 

Do. Steel 130 54 56 ! 496 ' — 1 
London Steel 80 m 3Hi 185 ; - 

1)0. Steel 100 45 60 ^ 360 - ' 
Hull . Oreenlieart 85 .34 3Hi 176 48 0 j 

i (j SiniilarClreenlienrt 
Mancliester Steel 65 40 — — ' 33 9 -j gates cost 49.j. 9(/. 

, Steel 
; [ per square foot. 

Limerick 70 23J 26 ; 45 25 3 
Avon- 

mouth 
jOreenheart, pitch 
ipine and memel 

1 70 38^ 48 j 102 I 26 0 

See footnote, page 606. 
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Caissons. 
Oaiasons, which are hollow, framed etractores of iteel, with a platform at or about quay level, 

are sometimes preferred to gates for closing dock entrances, on the ground that they do not 
absorb the length of side walls which is required to house gates when a passage is open. Further¬ 
more, although the first cost of a caisson is undoubtedly in most cases greater than that of a pair 
of gates, yet if the cost of a swing bridge for vehicular traffic, which is a necessary adjunct in the 
case of ^tes, be also taken into consideration, the advantage will be found to lie with the caisson. 

Caissons are mainly of two types: traversing and floating. Traversing caissons are rectangular 
boxes with a rectilinear motion either sliding or rolling. When withdrawn from the passage way, 
they are housed in a special chamber constructed in the side wall. Floating caissons are usually 
ship-shaped, having more or less the form of a navigable vessel, though the curvature of the sides 
varies very much with the depth of water in which they have to float. Floating caissons are not 
easy to manage in boisterous weather and strong currents. 

PARTICDT.AR8 OF CAISSONS. 

Port. Type. Width of 
Waterway. 

Depth of Water 1 
on sill at ! 

H.W.O.S.T. 

Height of 
Caisson. 

Cost per 
sq. ft. of 

Waterway.* 

Ft. Ft. Ft. s. 
Quebec . . Rolling 62 254 32 72 
Malta . Sliding 94 364 4Ci ! 85-7 
Belfast . Ship 80 31 3:5 i 35 
Barry . . Floating . , 60| 26| 31* 47-2 
Ymuideu . 1 Rolling 164 49 65* 1 60*3 

QUAYSIDE APPLIANCES. 
Quay Cranes. 

For general work, quay cranes range m lifting capacity from 1 to 3 tons. For hydraulic cranes 
the usual capacity is 30 to 40 cwts. It very often happens that the parcels from a ship’s hold 
do not exceed 12 to 15 ewtn., and, under these circumstances, a hydraulic crane of single and 
much higher power than this cannot be worked to advantage, as toe oonsumption ol pressure 
water is tlie same whether ttie load be infinitesimal or the maximum. Electric cranes are better 
adapted to variable loads, since the current consumed is directly proportional to the work done. 
On the otoer hand, toe initial cost of eleotrio cranes is some 30 to 40 per oeni. more than that 
of hydraulic cranes, and the capital charges (interest and depreciation) are factors ol oonsiderable 
importance In estimating the relative economy. Electric cranes are now commonly installed at 
leading ports with 3 tons maximum capacity. 

Crane Types,—t^uay cranes are generally movable and include several types. 
(а) The ordinary crane, with a wheel gauge of 10 to 15 ft. running at quay level. 
(б) The portal crane, with an arched base spanning one or more lines of railway sidings and 

admitting of the passage of rolling stock beneath the crana 
fr) The semi-portal crane, like an inverted L, with one leg or support running on a rail at quay 

level, and toe back support carried by a rail at a higher level on an adjacent shed structure, the 
object being the same as in the case of toe portal crane. 

id) The roof crane, carried entirely on toe roof of the shed or warehouse. 
Types (a) and (d) are adapted to oases where there are no sidings, and type (d) where toe shed 

is situated close to toe edge of the quay. 
The cycle of operations of a quay crane consists of lifting from a hold, slewing, depositing, and 

retummg unloaded, and should, in ordinary cases, where toe range of lift does not exceed 60 or 
60 ft., be performed in about one minute. A good average under favourable conditions would 
be 60 cycles per hoar; but spread over any ien^y period, this rate could hardly be maintained, 
for reasons entirely uneonnected with the crane. 

Speeds of Quay Cranes,—The ordinary speeds of 30 to 36 cwts. quay crane machinery are as 
follows:— 

lifting, full load .... 260 ft. to 300 ft. per min. 
Lifting, light. 350 ft. to 400 ft. per min. 
Lowering, full load .... 400 ft. per min. 
Lowering, light.150 ft. per min. 
Slewing.one revolution in 26 or 30 seconds. 

lAiffinQ Cranes,—It is an important consideration in modem quayside work that cranes should 
have oonsiderable outreach. Not only is it oecetwary for them to plumb toe hatchways of vessels 
moored alongside, but in many cases it is desirable to command a barge or lighter beyond, lliis 
involves an outreach of 60 to 60 ft. from toe face of the quay for even vessels of moderate beam, 
and entails a luffing or derricking movement of toe jib. In view of the obstraotion to radial 
movement caused by ships' yards and stays, the luffing of the crane iib has ol recent years become 

* See footnote, page 606. 
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an Important feature of crane design. Formerly, the load was unayoidably raised daring U&e 
inward travel of the Jib with a oorrespondingly anneoessary ezpenditare of energy and time, 
This has now been obviated by the introduction of compensating luffing gear by means of which 
the load is carried at a nnlform level throoghont its range of travel. 

Gomvmini Cranet.—Qnay cranes have generally a radial action, and thongb the luffing gear 
provides a rectilinear modon, the movement of goods is mainly along a more or less circolar path. 
The Joint effect is to afford considerable scope for the deposit of goods on the quay in oontra- 
dlstinotlon to cranes of the transporter type, which can only function along a straight Itne and 
often only deposit at a single point. Such cranes, however, have an advantage in being able in 
certain oases to transmit their loads within a traoisit shed and so under cover. At Hamburg, a 
combined type of quay crane has been introduced with the usual radial Jib on a rotating platform 
above, while below, within the framework of the pedestal, there are one or two crabs travelling on 
horisontal tracks at right angles to the quay front. The aggregate power of these cranes is 
oonaiderable, reaching to as much as 6, and even 0, tons. 

Fixed Quay Cranee,—Fixed quay cranea are provided for dealing with special loads of consider¬ 
able calibre. The powers provided are generally 5, 7, 10, 12, 15, and 25 tons, with appliances at 
flrst-class ports ranging up to 160 or 200 toriM. The cates of lifting are correspondingly slower; 
about 150 ft. per min. for 5-ton cranes, 80 ft. per min. lor 25-ton cranes, and 20 ft. per min. for 
50-ton cranes. 

Burtoning. 
Qeneral cargo is mainly, and in fact almost universally, handled at North American ports 

by a Bvstem known as Burtoning, which is the same in principle as the Union Purchase used at 
English ports in conjunction with ships' gear. At American ports, the sheds are equipped with 
cargo masts, generally prolongations of the shed front columns, rising to a height of 80 ft. or so 
above the quay level and supporting a longitudinal girder, or rail, running the full length of the 
shed. To this rail, at any selected point, a pulley may be attached, worked with a line, one 
extremity of which is Joined, with a dmilar line from a pulley at the extremity of a ship's boom, 
to the hook carrying the load. Two winches are required for operating ; one for each line. The 
ship's winch and line serve to lift the load from the ship's hold to deck level; the shed winch 
than takes charge, and by means of the shed line draws the load overside to the quay, where it is 
lowered to the ground. 

Floating Cranes. 
Floating Cranes.—For the heaviest lifts, floating cranes are often preferred. It is a convenience 

to bring the crane to the ship rather than vice versd. Against this must be set the greater initial 
and working cost of a floating crane. Floating cranes are provided at most first-class ports of 
lifting power ranging from 25 to 100 or 150 tons. A fioating orane recently built lor a Japanese 
port has a working load of 200 tons at 105 ft. radius, 100 tons at 150 ft. radius, and 30 tons at 
160 ft. radius. The heaviest lifts are performed at the rate of 5 ft. per minute. A revolution 
takes 6 to 8 minutes. 

A floating crane of 200 tons capacity is among the plant of the Mersey Docks and Harbour 
Board. It is an electiically-driven, derricking, and revolving crane, 154 ft. in length, 88 ft. in 
breadth, and 16 ft. in depth. The hoisting speeds vary from 6 ft. per min. for loads of 200 tons, 
to 20 ft. per min. for loads of 60 tons. The behest point of the jib at its highest position is 246 ft. 
above the water-line, with a maximum radius for loads of 60 tons amounting to 183 ft., and for 
loads of 200 tons, to 110 ft. The vessel is named the Mammoth; in conjunction with its outreach 
it is claimed to possess the largest lifting capacity of any existing floating crane. There are, 
however, two floating cranes of 250 tons capacity at the Panama Canal. 

Even for relatively small power lifts (5 tons or less) floating cranes are employed with advan¬ 
tage at some French ports where the condltionB are favourable for their use. The length of the 
orane pontoons are about 60 ft., a convenient dimension from the point of view of manoeuvring; 
the width increases (to prevent transverse oscillation) from 17 to 31 ft. in proportion as the 
power of the cranes Increases from 11 to 5 tons and the outreach from 25 to 50 ft. The height of 
the Jib pulley varies from 53 to 65 ft. above water level. 

(See also CRANES, Section XXXVIII, Parti) 

Transporters. 
Transporters,—Where loads are uinlorm, can be readily handled, and have to be transmitted 

some distance, a transporter offers considerable facilities (or dealing with them at high speeds, 
ranging up to 1,200 or 1,500 ft. per minute. Quayside transporters have generally to be furnished 
with hinged cantilever ends capable of being rai^ when out of action. The travelling motion 
is not necessarily rectilinear, curved tracks being employed where necessary. 

Coaling Appliances. 
Shipment of Coal.—Goal is shipped in a variety of ways. The simplest method is that practised 

on the north-east coast, where the altitude of the banks of the rivers Tyne and Wear enables 
discharge to be made direct from wagon into steamer by means of ' staiths,' which are wharves 
or Jetties provided with shoots inclined downwards towards the holds. Apart from this, the 
appliances used at low-level quays comprise the hoist and tip and the coaling orane, as also the 
belt conveyor travelling up an inoline, which is perhaps most developed in the United States. 
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The belt oouveyot requires a layout on the quay, which is not always practicable or convenient 
In congested areas such as prevail at English docks. The hoist raises the wagon to the requisite 
height and tips it at an angle of 46** or 60”, so that the contents pass into a shoot. The crane 
lifts the wagon bodily, slings it over the ship's hatchway and there empties it. The protection 
of coal from breakage is of such importance that in nearly all cases where coal is tipped from a 
considerable height, anti-breakage appliances are provided to deposit the first few loads at the 
bottom of the hold. 

Coal wagons in this country are commonly built to contain 10, 12, 16 or 20 tons of coal, and 
the gross weight ranges from 16 to 30 tons. To this must be added from 6 to 9 tons for the 
cradle or platform. Consequently the lifting capacity of a coaling appliance will range between 
20 and 40 tons according to the class of wagon dealt with. In certain special coses, as at Coole 
Docks, provision is made to lift a gross load of 60 or 60 tons, of which up to 40 tons is coal. The 
coal is brought along the Aire and Colder Canal in tanks, which are fioated under the hoists. 

In America the size of coaling wagons is very much greater and varies from 40 tons upwards 
to 100 or 120 tons. At British ports attempts are now being made to secure the general adoption 
of larger-sized wagons (20 tons capacity) than has hitherto been the practice. 

The rate of coaling by an ordinary crane or hoist is from 300 to 4r>0 tons and may even reach 
600 tons per hour, but it is largely governed by the rate of trimming operations in the hold. The 
lifting and lowering of the wagons is done at speeds of between 100 and ISO ft. per minute and 
slewing at about one revoiiitiou per minute. 

The belt conveyor consists either of a continuous rubber belt or of articulated steel plates. 
Of the two, the rubber belt has shown itself to be more convenient and more durable than the 
steel platlnig, the wear on which Is considerable, llubber belts are run at rates up to 600 or 
700 ft. per minute, and thev discharge the coal in a continuous stream. The belt la fed by 
means of a hopper recessed in the quay, into which the coal wagons are emptied. Installations 
in this country are of moderate proportions, the width of the belt running up to about 48 ins., 
but In the U^ted States very much larger installations have been eilect^ \dth belts of 60 Ins. 
diameter. These belts travel up inclined ways to the summit of movable towers, whence the 
ooal is passed on to a transverse belt discharging into the ship. Considerable expedition has 
been gained by the use of the mechanical trimmer, which is a short, rapidly rotating belt at the 
foot of the vertical shoot leading into the hold. The speed of the trimmer belt ranges up to 
2,000 ft. per minute, and the acquired volocity projects the coal forward into all parts of the 
hold to distances np to 40 or 60 ft. 

Ship's Bunkering,—The foregoing appliances are in vogue in connection with shipping coal 
cargoes. For the more moderate requirements of ships* bunkers, the loading appliance has 
generally to be brought to the ship’s side, so as to proceed simultaneously with cargo discharging 
or loading operations. A good deal of bunkering is done by hand, with such primitive assist¬ 
ance as is afforded by baskets, ropes, pulley blocks, and winches, but the rate of coaling under 
such conditions is very slow and relatively costly—perhaps 2 tons per maii per hour. There 
are a number of special floating mactiines provid^ at Important ports for doing the work more 
expeditiously. A typical example, and one of the most modem designs, is the Suisted Elevator, 
built for the company of that name by Spencers (Melksham) Limit^, and at work in the port 
of London. It is capable of handling 300 tons of coal per hour, but such a rate is manifestly 
only practicable under favourable circumatances; it could not be maintained with trimming 
operations going on. 

Coal Discharge.—For the importation of coal, as also of ore, the grab is perhaps the appliance 
most commonly in ose in this country, as also on a much more gigantic scale at tlie Lake Ports of 
North America. As used at English ports, the capacity of the grab runs up to 6 tons, with a total 
combined load, including the grab itmlf, of about 12 tons. At the Lake Forts of North America 
the standard type is a grab capable of taking a load of 12 tons, and the largest can take 17 tons. 
There is a * backet' for clearing up the bolds at the close of operations, which when outspread has 
a span of 24 ft. between the backet lips. 

Grain Elevators. 
Grain Elevators.—Grain is Imndled either by the bucket elevator and conveyor, or by the 

pneumatic elevator or suction apparatus. Tlie latter Jias the advantage that the pipes, being 
flexible, can easily be taken to the furtliermost parts of a ship’s interior, and that no restrictions- 
are imposed by variations in freeboard and depth of hold. The bucket elevator, though cheaper 
to construct and requiring less power, is hampered in working by the nei^essity of ploughing and 
trimming a preponilerant portion of the grain—often as mncli as 80 per cent.- to tlie elevator 
leg. A special gang of competent men is refiuircd for the purpose, and this, of course, increases 
the cost of handling. 

It is impracticable to do trimming with a ship’s winch at a liighcr average rate tlnin about 
80 tons per hour. Beyond this limit the pneumatic machine becomes more elTccdive, ainl 
pneumatic elevators can he constructed so as to {five outputs of between two and three hundre<l 
tons per hour. In practice something like 200 tons per boar is quite a normal rate. 

Pneumatic plants are now commonly In use in warehouses and mills for handling granular 
material. One of the great advantages is freedom from dust which is a desideratum in handling 
foodstuffs and other material which must be kept cleao. 

An objection urged against the suction apparatus is tliat the surface friction of the pipes 
tends to injure some of the more delicate classes of grain, such as malting barley, but this draw- 
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hack, for all practical purposes, has boeii eliminated of late years by tl»e easing of bends and the 
removal of all internal projections in the pipes. Ijiany case It should not be ovei-looked that the 
cutting and driving action of the buckets of a bucket elevator cannot be without some similar 
attritioual effect. 

Bucket elevators are either housed at the quayside or are mounted on barges, in both cases 
being fitted with derrick supports and suspension gear to enable them to be projected forward 
and set into,the ship’s hatchway. Elevator spcerls generally rang(‘ between 200 and 400 ft. per 
minute, but may be as high as 600 ft. per minute. Band or belt conveyors run at 300 to 600 ft. 
per minute, but for light grain, such as oats, the speed should not exceed 50U ft. per minute. 

The development of the pneumatic operation of handling grain haa been very marked in recent 
years. The slow-speed horizontal reciprocating steam-driven suction pumps have been largely 
superseded by quick-acting vertical pumps driven by internal combustion engines which are 
coupled direct to the pumps. A further development is the introduction of a multi-stage air 
exhauster, also driven in many cases by an internal combustion engine through speeding-up gear. 
This type is perhaps coming mostly into favour, especially where electric power is available. 

Timber Appliances. 

Timber^ as received at ports, is generally divided Into the categories of hard wood and soft 
wood, the former comprising logs of greenheart, teak, oak, etc., and the latter consisting chiefly 
of de^s, battens, and boards of pine and spruce. Logs are handled overside by crane and either 
floated to timber ponds or conveyed on trollies to storage sites. In Liverpool a special arrange¬ 
ment of tandem axles is employed to which the logs are underslung. 

Cargoes of deals may consist of from 150,000 to 300,000 pieces of various sizes aud marks. 
This renders the use of apparatus of the conveyor type diflicult and unsuitable, although such 
appliances have been successfully installed In certain cases. Generally speaking, cargoes of 
this class are best dealt with by steam cranes of moderate capacity (30 cwts. to 2 tons) which, 
arranged to run at right angles to the quay front, convey their loads to an adjacent storage 
ground at speeds up to 600 ft. per minute. The lifting speed is about ICO ft. per minute, and the 
slewing speed about to 2 revolutions per minute. 

There is an appliance in use at American ports as well os at sawmills and lumber yards which 
has proved very serviceable for handling timber. It is known as the Rosa carrier, and is a framed 
motor-driven carriage, standing about 9 or 10 ft. high, the driver’s seat being at the top. The 
framework is of arched or pierced pedestal type, so that the carriage can run astraddle of the load 
to be lifted, which Is placed on * bolsters,’ or cross-bearers, on the ground. Suspended from the 
carriage chassis are two adjustable side frames with angle iron clips which can be lowered, brought 
under the bolsters, and then raised to a height of a foot or so to give the necessary clearance for 
travelling. The carrier transports its load at a speed of 12 to 15 miles per hour. The load to 
be carried may be 3 ft. wide, 4 ft. high, and of any ordinary length of deals ; the carrier frames 
being about 12 ft, long, the deals project back and front. The carrier can also be used for logs and 
timber in baulk within the same limits of width and height. The carrying capacity is 10,000 lbs. 
The appliance is used in connection with a sorting table, known as the Ross break-down rig or 
drop table, which receives the parcel of deals from the carrier and drops, thereby releasing the 
deals from the bolster and placing them on a series of chains which serve to break down the load, 
so that it can be spread over the table and sorted to grade and size. 

GRAVING AND FLOATING DOCKS. 
A modern graving dock is an excavated chamber with a floor, two sides and an end wall, 

ail of these being usually constructed of concrete, which may, in certain cases, be faced with 
brickwork, granite or other material. A few of the older graving docks are to be found with 
wooden floors over a concrete or masonry base. The remaining end of the chamber is the entrance, 
and is closed, as occasion requires, cither by a single gate, or a pair of gates, or again by a caisson, 
which may be either of the sliding, rolling or floating type. When a single gate is used, it is of the 
* Box ’ type, hinged at the sill and falling flat into a recess below the sill, when open (see page 
619). Double gates ore pivoted, or hinged, into the side quoins of the entrance, aud move in a 
Vertical position througli the arc of a circle. 

Suitable culverts are provided for emptying and filling the dock. After the entry of a ship, 
the entrance is closed aud the water is pumped from within the dock, though, in certain oases, 
where graving docks are entered direct from a river or open waterway where tidal conditions pre¬ 
vail, the operation may be assisted, and sometimes be altogether ellected, by the fall of the tide. 

The floating dock is an open-ended, hollow structure of steel which, in order to receive a vessel, 
is sunk to the requisite depth, by allowing its interior chambers to fill with water. When the 
vessel has been berthed, this water is pumped out, the dock rises bodily and so lifts the vessel 
above the water-level. 

It is not altogether easy to make an effective comparison of the respective merits of graving 
and floating docks, on account of the wide divergence in the conditions to which each structure 
is specially applicable, and, although there are strong and convinced advocates for the general 
superiority of one or other of the two systeuts, a brief summary of the most salient considerations 
will show that it is scarcely justifiable to decide conclusively in favour of either. Floating docks 
are very widely adopted in Germany and Holland and at various other Continental ports: in 
Great Britain ^ere are more graving docks than floating docks. 
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A (^raring dock reqairM a good loondatloo at a reasonable depth and a disposition of site 
which frequently inyoiyes the appropriation oi a considerable area of valuable land. 

A floating dock requires a sheltered position with an adequate depth of water which, if not 
obtainable natnrally. will have to be gained by dredging. The deptii ol water to be p/ovided 
for a floating dock roust be sufficient to cover the draught of the ship, the depth of the pontoons 
and the requisite clearances of a foot or so between keel and blocks and between pontoon and bed. 

As a typical example, the Wellington Harbour(N.Z.) floating dock, of 17,000 tons lifting power, 
has a draught over keel blocks of 26 ft., and requires a depth of water of 46 ft in which to work 
when a ship of the maximum draught has to be lifted. Where there is tidal variation, if ships ol 
the ina-riTnnm draught are to be docked at low water, the site mav require some dredging to give 
the necessary depth of water under these conditions, but when the range of tide is very con¬ 
siderable it is not always considered necessary to make provision for docking khips of maximum 
draught at lowest tide level. 

In sites where the foundation is defective, the depth of excavation required for the floor of 
a graving dock may easily equal the depth of the floating dock pontoons, and the difficulties and 
expensMn these cases are just as pronounced. 

The utility of a graving dock is measured by the linear dimensions of the largest vessel which 
it can accommodate. The weight of the vessel is relatively a matter of little or no importance. 

On the other hand, the utility of a floating dock is gauged by its maximum lifting capacity 
and is independent of the exact size of the vesseL Floating docks can, and often do, take vessels 
several feet in excess of their own length and, in the ease of one-sided docks, in excess of their 
own width. 

The size ol the entrance of a graving dock is influenced by the cost of the gates, or caisson, 
to be used for closing It, and by the greatest width that can safely withstand the pressure of 
water In floating docks these considerations do not enter into account. 

Broadly speaking, apart from the physical conditions of the site, it may be said that for ships 
needing long and heavy repairs, the graving dock has certain advantages, while for the execution 
of light repairs, painting and hull inspection, such as form the major part of the work done in 
a dry dock, the floating dock affords quicker and more convenient service. Both classes of work, 
however, can be carried out in either t3rpe of dock with equal success. 

Relative Costs of Graving and Floating Books.* 
Initial Cost.—^The initial cost of a number ol concrete and stone graving docks, including 

pumping and general equipment, measured in terms of their serviceable dimensions internal 
length by breadth of entrance by depth of water over blocks or sill), has varied in the past from 
1«. 3d. to 3«. 6d. per cubic foot. 

The cost of floating docks is usually measured in tenns of their lifting power, and varies inversely 
as the size of the dock; it has ranged from about 141. per ton for a dock which would take small 
coasting ships to about 61. per ton for one to take large Atlantic lineis. 

As regards time of construction, a graving dock of any importance could hardly be completed 
within less than eighteen months or even a couple of years, whereas a floating dock could be 
ready in half the time. The floating dock could, moreover, be constructed in any convenient 
locality and transported to its destination at some additional expense for towage and insurance. 
&iaay floating docks for the colonies are constructed in home shipyards. 

DuraMUf and Upkeep,—A stone or concrete graving dock is practically indestructible, and 
the only charge brought against it, in this respect, is that of outlasting its utility and becomin,? 
obe(flete. ^ia Is, no doubt, true in regard to the class of vessel for which it is conatmeted; 
but, on the other hand, when the growth of shipping has left the graving dock too small for the 
larger vessels, it la still utiUsable for those of smaller size. With the exception of the expenditure 
on the gates or caiaaoiK which close the entrance, there is practically no mamtenance outlay. 
It la all probably covered by an allowance ol \ per cent, per annum. 

The life of a floating dook, considered as an iron or steel structure constantly afloat, will vary 
with its situation, some waters being more destructive than otliers. It may be fairly reckoned 
at from 40 to 50 years, and there is no reason why, with reasonable care and attention, the longer 
period should not be exceeded. The annual cost of maintenance estimated from several existing 
examples Ilea between 1 and 1} per cent, of the capital outlay. Any cost of dredging required 
to keep the berth clear of mud deposits must be added to this allowance. 

Working Cost,—The amount of pumping to be done in the case of a graving dock generally 
greatlj exceeds that in the case of a floating dock—it may be as much as 3 or 4 times. In a 
floating dock only so much work is required to be done as is necessary to raise the vessel and tlie 
deck of the pontoon above water level. The graving dock chamber, on the other hand, has 
always to be completely pumped out, no matter what may be the size of the vessel occupying it, 
and the smaller the vessel the greater the quantity of water to be pumped. 

Small graving docks on the banks of a tidal river, in cases where time is unimportant, may 
be emptied of water by natural means. These cases are exceptional. 

But even in the larger docks the cost of pumping is small in comparison with the capital 
charges. For one hundred dockings a year they probably do not amount to more than 10 or 
12 per cent, of the whole annual expenditure. 

* See footnote, page 606. The flgures quoted are for comparative purposes only. They are 
not applicable strictly to present conditions. 
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Again, the pumps being only Intermittently employed, one pumping station may be made 
to serve two graving docks, whereas each floating dock requires its own installation. 

As regards general adaptability, floating docks have the advantage, already pointed out, of 
mobility, and they may be transferred from one port to another, whenever the circumstances 
require. This has already been done on several occasions to meet altered tiude conditions, or 
for purposes of war. 

A floating, dock can be trimmed to take a vessel having a list which conceivably might 
interfere with its passage through a graving dock entrance with vertical sides. This operation 
was frequently performed during the war. 

The mobility of a floating dock is not free from certain drawbacks. The dock may founder 
or be wrecked. The movement of floating docks is, however, very infrequent. It happens 
occasionally that a dock is constructed at a British sliipyard for towage to a foreign destination. 

All these varying considerations point to the conclusion that there is scope for both graving 
and floatii^ docks, and that each may be employed to better advantage than the other under 
some particular set of local conditions. 

_Some op tub Largest Floating Dockh in tdh WoRrj>. 

Location. 
lifting 

Capacity. Length. Inside 
Width. 

Depth of 
Water over 
Keel Blocks. Owners. 

Tons. Ft. Ft. Ft. 
•Southampton . 60,000 960 130| 38 Southern Railway Co. 
Singapore 60,000 855 126| 40 British Admiralty. 
llotierdam 46,000 695 142 35 Wilton’s Eng. 4c Slip¬ 

way Co. 
Hamburg 46,000 676 123 38 Blohm & Voss. 
ilalta . 65,000 962 140 38 British Admiralty. 
Devonport 33,000 

38,000 
680 113 36 Ditto. 

Hamburg 625 123 33 Blohm & Voss. 
Portsmouth 32,000 680 113 36 British Admiralty. 
Nlkolaieff 30,000 656 136 30 Soviet Government. 
Brooklyn, U.S.A. . 30,000 686 100 31 Morse Dry Dook 

Company. 

The South AMFiON Floatinq dock. 

The following particulars are extracted from a paper read before the Institution of Civil 
Engineers in Janoai7 1925, by Dr. E. H. Salmon (iftn. Proc, Jnst, (7. A'., vol. 219): 

Weights and Lifting Power,—The total net estimated weight of the dock in He tlnal form was 
18,990 tons, made up as follows : 

Tons. 
Steelwork in hull, including mooxing-booms ..... 16,489 
4^ per cent, for rivets ........ 741 
Joint bolts.17 
Machinery ........... 404 
Fittings.7S6 
Timber.407 
Cranes, crane-rails, and collecting gear ...... 183 
Stores and spare gear.50 
Proportion of weight of brow and moorings carried by dock 33 

19,053 
Less half-weight of mooring-booms ... .63 

Total.18,990 

The above weight does not include any allowance for overweight and extras. From measured 
displacements of the finished dook its actual weight was found to be 19,330 tons. The displace¬ 
ment of the pontoon at Southampton (density of water 35*09 cubic feet per ton) is 81,840 tons. 
At the conclusion of the test made to determine the lifting power of the do^, 1,530 tons of water 
remained In the pontoon. The true lifting power of the dook, therefore, is 81,840 — 19,330 — 
1,530 » 60,980 tons. 

Cost.—'The original contract price for the dook delivered at Southampton was £376,000. The 
corresponding price of the steelwork In the hull comes to £17 per ton; Uie machinery, about 
£120 per ton : the fittings, about £32 per ton ; and the timber, £22 per ton. A number of extra 
fittings over and above the original contract have been added, somewhat increasing the total coat 
of the finished structuxe. The above figures Inoiudo the dook proper and moorbig booms, but 
not the shore work, nor the preparation of the site. 

* Information as to the post-war existence of this and others is lacking. 

Vou I. Y 
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PiRnOUliABS OF StNOAFORB FLOATINQ DOCK. 

(Built by Swan, Hunter, A Wigham Riehardton, Ltd., Wallsend-on-Tyne, for the 
British Admiralty for service at Singapore.) 

Lifting capacity. 
Length. 
Breadth outaide. 
Clear width between fendera 
Height of side walls and pontoon 

„ walls from pontoon deck . 
Steel weight, indading Joint bolts, castings, etc. 
Number of rivets. 

60,000 tons 
866 ft. 
172 
126 ft. 6 ins. 

76 ft. 
60 „ 

21,760 tons 
3,600,000 

Pumping oapadty: 30,000 tons per hour, viz.: 
Three pumps, each expelling 6,000 tons of water per hour. 
Two „ „ 4.000 .. 
Two „ „ „ 2,000 „ „ » 

FlQ. 26.—Singapore Floating Dock. 

The pumps are of centrifugal type and driven by electric power. They can work at full capacity 
except when there is less than approximately 4 ft. of water in the tanks. 

There are also four wash-down and flre-extinguishing pumps, each with a capacity of 76 tons 
per hour. 

Blectrical equipment: 
(а) 1,000 volt, 3-pbase, alternating current system for main generation and pumping. 
(б) 220 volt, 2-wire, direct current system for auxiliary generation, lighting and power. 
(cj 20 volt, 2-wire, direct current system for valve control in docking operations. 
Id) Complete telephone system with central exchange. 
Ifi) Provision for supplying ships in dock with electi^l energy for lighting and power. 
if) Provision for supplying submarines in dock with eleotrl<M energy for chaiging large 

storage batteries, etc. 
A view of the dock tying alongside the builder's yard is shown in fig. 26. 
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Notes on Floating Docks. 
{Contributed by Swan^ Hunter^ A Wigham Richardson, Ltd,) 

The developraont of different types of floating docks In this country Is largely due to Messrs. 
Clark and Standfleld, Westminster, who have designed docks of almost every kind, and for service 
in many part6 of the world. 

floating docks may be div!de<l into two classes: (a) those which are not self¬ 
docking, or * box docks,' and {b) t hose* which can be self-docked. 

(a) The boj: dock is dfniblo sided and of LJ section. It has two side walls, and Is the only 
form of modern floating dock which cannot be divided into more than one part for the purpose 
of self-docking. The twe side walls and the bottom pontoon are one permanent structure. Box 
(lock*^ of iTroat sire have be^*ii bnilt : for instance, the flritish Admiralty floatint? dock of 33,000 
tons lifting capacity built at the VVallsend Shipyard and stationed at the River Medway, 

(b) By a * self-docking * type ia meant a dock divided into sections any ono of which can be 
llft^ on the remainder of the dock for painting or repairs. The following are some of the various 
types of self-docking docks ; the Bolted-l^ecttonal, the Sectional Pontoon or Rennie, the Off-Shore, 
the Sectional Box, the Multi-Sectional, and the Depositing. 

The Bolted Sectional Dock combines the advantages of the great longitudinal strength of the 
* Box ’ type with facility for self-docking. This typo is nanally built In three sections of approxi¬ 
mately etjual lengths, the two end sections being stepped to form landings when carrying out a 
sclf-dockiug operation. 

Fig. L^G shows, firstly, the wdiolc dock ass(*mhU?«l: secondly, the centre section lifted by the two 
end OIK'S ; jvjkI thirdly, one of the end sections lifted by the centre and other end section, kxarnples 
of this type of dock may be seen at Rotterdam, at St6nia in the Bosphorus, and at Walsh Island, 
N.S.W. (See tig. 31, page G31.) 

Fiu. 26. -Bolted Sectional Floating Dock. 

The Sectional Pontoon Dock (also called ‘the Rennie Dock,’after its inventor), consists of a 
nnmbor of separate pontoons lying transver.*:ely to the length of the dock. Upon tliese pontoons 
and bolti’d to them r(?st two continuous side walls. The length of each pontoon, i.e. on the keel 
line, is such that when detacheil from the rest of tlu; dock it can be passed end-wise between 
the walls of the latter and so lifted in the same manner as a ship. Each pontoon can be succes¬ 
sively dealt with in the same maimer. Fig. 27 shows lirst the whole dock assembled and then 

Fig. 27.—Sectional Pontoon Floating Dock. 

two of the pontoons lifted by the remainder of the dock. Tliis Sectional Pontoon type is very 
suitable for vessels of moderate dimensions, and owing to its form can easily be constructed in 
places where docks of other types couhl not be completed. The separate pontoons not being very 
large in sixe can be easily erected and launched, after which the walls can be built upon them. 
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Examples of this type of dock were built at Wallsend-on-Tyne for the Government of Southern 
Niereria, and for service at Saratov on the River Volga. 

Tht Off'Shore Dock is an ingenious design patented by Messrs. Clark & Standfleld in 1884 ; a 
well'known example of It was built at Wallsend-oii-Tyiie for a ship-repairing establishment at 
Sunderland, and there is another good example of it also constructed by Messrs. Swan, Hunter, 
and Wigham Richardson, Ltd,, at Penarth, near Cardiff. The off-shore dock (fig. 28), of 
which- the end elevation is * L * shaped, is very easily handled. The side wall is connected to the 
shore by booms or girders hinged at each end. When the dock is sunk to receive a vessel the 

Fio. 28.—Off-shore Floating Dock. 

latter can enter the dock from either end or may be warped in sideways. It is then rapidly 
centred by telescopic side shores and supported underneath by mechanical bilge-shores. This 
type of dock is divided into two sections, and ns it has only one wall one-half of the dock can 
be lifted, so to speak, in the lap of the other. Fig. 30 on this page iUnstrates the self-dooking 
oporation. 

The Sectional Box Dock (fig. 29) was originated by Messrs. Clark & Standfleld, Westminster. 
It combines the advantage of ease and simplicity in self-docking possessed by the Sectional 
Pontoon dock, with the strength of the solid or Box dock. The dock is divided, like the ordinary 
sectional dock, into sections of such a length that any one section can be turned round 90 degrees 
and docked on the rest of the dock. In the Sectional Box dock, however, the sections are all 

Fia. 29.—Sectional Box Dock. 

)oined together by a strong, rigid joint of a similar type to that used in the bolted sectional docks 
mnning round the whole profile of the dock. The 60,000-tOD dock at Southampton, designed by 
Messrs. Clark A Standfleld, the British Admiralty 50,000-ton dock at Singapore (fig. 25, p. 628), 
and the Wellington Harbour Dock (17,000 tons). New Zealand, both built by Swan, Hunter 
& Wigham Richardson, are notable examples of this type. 

mm 

Fia. 30.—Depositing Floating Dock. 

The MvUi~8eetional Dock is a modlflcatiou of the Sectional Dock type. In small docks it is 
not necessary to connect the bottom plating right across the width of the pontoon. The joints 
at the sections only occur, therefore, round the profile of the side wall, the spaces between the 
pontoons being decked over to form a oontinuous platform. 



Floating Dock. 

Fig. 31.—Bolted-Sectionnl Dock. 
(Built by Sttaity Hunter^ & Wigham Richardsotiy Ltd.y Wallscud-on-Tyne, England.) 

Self-docking operation; centre section lifted by the two end-sections. 
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The Depositing Dock was dcsif^iiod as early us 1877,l»y Messrs. (Jlark & Staiidficld. In section lb 
is ‘ L ’ shaped. The single side wall is continiioiis, but the bottom pontoon is made up of a series 
of‘fingers' with spaces between them (fig. 30). The necessar}' stability is given to the dock 
by means of parallel booms hinged at each end and connected to a floating outrigger. This type 
of dock can not only dock vessels, but owing to the peculiar eoustriiction of the bottom pontoon 
is enabled to deposit them on a gridiron formed by groups of j)iles. There arc spaces between 
each set of piles of such n width as to admit the ‘ fingers ’ of the dock. The dock carrying a ship 
is pushed forwani so that the ‘ fingers’ are engaged between the piles and then on sinking the 
dock the ship is left upon the gridiron. The wall of the dock is divided into two equal lengths, 
either of which can be docked by the other as in the case of the off-shore type. 

Depositing docks at Kobe and Barcelona have been used for the purpose of lifting large, 
hollow ferro-concrete blocks for harbour construction. These were built upon the depositing 
grids, lifted off by the dock, and finally floated off so that they could be towed to their final posi¬ 
tion and sunk there. In the case of the Kobe dock, some of these monoliflis were 120 ft. long 
by 41 ft. high, and weighed as much as 2,200 tons. In this way the difliculty of launching 
such large masses was avoided and much expense saved. 

DREDGING. 

Modern dredging appliances may be summarised under two classes, each with several sub¬ 
divisions. 

Class L—Digging dredgers, comprising (a) the ladder, or elevator, dredger, with a continuous 
band of buckets; (6) the dipper dredger, with a single bucket at the e.vtremity of a long arm, 
or lever ; and (c) the grab or grapple dredger, with a drop bucket suspended at the end of a chain. 

Glass II.—Suction or hydraulic dredgers, comprising (o) the sand pump ; and (b) the suction 
cutter dredger. 

Rock cutters are not dredgers, but constitute an auxiliary class which will be treated separately. 

Ijadder Dredgers. 

Ladder Dredgers^ or Elevator Dredgers (sometimes in Europe called bucket dredgers), are 
characterised by high power and great serviceability under nearly any conditions. They are 
adaptable to the removal of every variety of material except the harder kinds of rock. The 
principle upon which they are constructed is that of an endless chain of buckets travelling in an 
elliptical path about two pivots, or tumblers, set one at each extremity of an inclined plane. 
The buckets excavate material at the lower tumbler and discharge it into a shoot while passing 
orer the upper tumbler. 

Single Ladder v. Double Laddtr Dredgers,—Dredgers of the ladder type have either one or 
t wo ladders. In single ladder dredgers, the ladder is situated along the centre line of the vessel ; 
in the other case, the ladders are placed at each side. 

Single ladder dredgers are most in favour for ordinary operations. In machines of the same 
power, they have the advantage of few working parts and of less working friction. As seagoing 
craft, they possess a more convenient outline, and their lesser width enables them to pass through 
narrow'er waterways and lock chambers. But they cannot work so closely to a quay wall as 
side ladder dredgers, and if any breakdown occurs in the chain of buckets, the whole dredger is 
thrown out of action, whereas, with tlie double ladder dredger, this is not necessarily the case. 

Capacity of Ladder Dredgers,—^The capacity of the;buckets of ladder dredgers ranges from 
6 to 54 cubic H., but, generally speaking, about 35 cubic ft. is looked upon as the maxiinum size 
consistent with convenient utility. A moderately sized dredger, with buckets of 20 to 25 cubic ft. 
capacity, travelling at speeds from 15 to 20 ft. per minute, and working in water of depths up 
to 50 ft., may be expected to raise from 400 to 500 tons of stiff clay per hour ; in suitable material, 
such as ballast and gravel, the rate obtained may be as high as 1,')00 tons per hour. The most 
powerful dredgers can double this performance. 

Examples of Ladder Dredgers,—The following particulars relate to the ‘ Corozal,* a Hopper 
dredger, built in lull for the U.S. Government, for work on the Panama Canal:— 

Dimensions. Ft. 
Length on load water-line.230 

„ between perpendiculare.250 
„ over all.2(182 

Breadth moulded.45 
Depth moulded.10^ 
Draught fully loaded.15^ 

Propelling speed : 10 knots. 
Dredging capacity : 1,200 cubic yds. of mud and sand per hour. 
Backets : Two sets; one of 54 cubic ft. capacity for soft material and one of 35 cubic ft. 

for stiff clay. 
Maximum dredging depth : 60 ft. 
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Tbe * Silnras/ built by W. Simons ft Oo., Ltd., Renfrew, Is s twin-screw bucket hopper dredger 
of the following dimension:— 

Length between perpendicuUre 
Breadth monided 
Depth moulded. 
Propelling speed 
•Dredging capacity 
Buokets, two sets 
Maximum dredging depth . 
Hopper capacity 

knots. 
3,200 tons per hour. 
one of 43 cu. ft. and one of 33 cu. ft. 
60 ft. 
1,600 tons. 

Both the foregoing vessels are of the hopper dredger type, that is to say, the buckets discharge 
into a hopper in the interior of the dredger. The following are two examples of dredgers loading 
into barges alongside. They arc of recent construction by Ferguson Bros., Ltd., of Port 
Glasgow. 

(1) Double side-ladder barge-loading dredger, * Bulldog ’:— 

Length between perpendiculars . 
Breadth moulded. 

Ft. 
160 

4.'! 
Depth moulded . . . . . . .12} 
Draught loaded ........ 
Dredging capacity : 1,200 tons per hour of loose material, such as sand 

or ballast. 
Buckets; Two sets, each of 16 cu. ft. 
Maximum dredging depth: 60 ft. 

(2) Central ladder dredger, ‘ Persevere ’ 

Length between perpendiculars . 
Breadth moulded .... 
Depth moulded .... 
Draught loaded .... 
Dredging capacity: 1,000 tons per hour 
Buckets: 30 cu. ft. capacity. 
Maximum dredging depth; 60 ft. 

Neither of the above vessels is self-propelling. 

Utility of Ladder Dredgert.—Although the serviceability of ladder dredges does not extend 
f o the removal of hard rock, yet they are capable of scraping away the surface of the softer varieties 
of sandstone and chalk, and, for this purpose, the bucket edges are sometimes fitted with spikes 
or tines. A ladder dredgvr works admirably in marl and stiff clay, and no difQculty even is found 
in dealing with heavy boulders which are frequently encountered in clays of glacial formatiou. 
Tbe buokets of a first class dredger will readily lift stones weighing from 30 cwts. to 3 or even 3 tons 
apiece, bringing them up to tbe surface and within the range of a deck crane. As illustrative of 
the character of the material dealt with in many cases, tbe following particulars may be cited, 
relating to twelve months' work on the river Tees. A quantity of 417,963 cubic yds. was dredged 
at a cost of 23,432/., equivalent to about lx. 6}d. per cubic yd. About two-thirds of this was 
hard, boulder clay and there were removed therefrom 1,661 stones, varying in weight from 6 cwts. 
to 4 tons apiece, of which 1,633 were raised by the dredgers unaided by divers ; and, in addition, 
there were 19 tree trunks, ranging in length from 10 ft. to 30 ft., 16 tree roots and stumps, and 
107 miscellaneouB obstructions. 

Ft. 
190 
36 
nj 

7 

Dipper Dredgers. 

Dipper Dredgers.—The dipper dredger is an American type, and though to be found in certain 
ports has not yet become popularised to any extent in Europe. It is mainly employed on the 
great lakes of the Northern Continent of America, and on river beds and channels when the 
working depth docs not generally exceed 20 ft. or so, and where space for manccuvring is some¬ 
what restricted. This is accountable for by the fact that the dredger is not manipulated by chain 
moorings, as in the case of the ladder dredger, but is maintained in position by verti^ spuds, of 
posts, which pass down tlirough the vessel to the bottom of the channel, and are raised and 
lowered as occasion may require. The dipper arm Itself assists in manoouvring, being allowed 
to remain on the bottom while the position of the spuds is changed. 

Capacity of Dipper Dredgers.—single bucket, or scoop, at the end of the lever arm has a 
( apucity ranging from 1 to 13 or 16 oubio yds. The bucket is operated in a curved upward sweep 
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by saitable gearing, on the same principle as a steam navvy or land excavator. The speed ol 
a good dipper dredger in sheltered inland waters is from SO to 40 seconds per dipper load, and 
on the sea coast from 40 to 60 seconds. For hard material, the backet, as in the case of the 
ladder dredger, is fitted with teeth. 

Bxamplet of Dipper Dredgers.~TtiO following particulars relate to a very large dredger, the 
'Onondaga,’ which worked in New York Harbour:— 

Length of boll.140 ft. 
Breadth ..60 ftw 
Depth ..16 ft. 
Capacity of dipper bucket.12 oubio yds. 
Dredging depth.60 ft. 
Sise of dipper arm : 80 ft. long by 36 ins. square. 
Spuds ; Four timbers, 80 ft. long by 5 ft. ^uare. 
Ihe dipper arm and spuds are both of Oregon fir. 
Engines : Double cylinder, condensing. 
Oylioders: 20*6 ins. diameter by 24 ins. stroke. 

Particulars of a dipper'dredger'made for Japan, by Lobnltz & Co., Ltd. 

Length of hull. ... 
Moulded breadth.  . 
Moulded depth.  . 
Mean draught ......... 
Dipper capacity ........ 
Maximum dredging depth ....... 
Normal reach from centre when dumping .... 
Clear height of dump above water. 
Number of dips per hour, average .... 
Output per hour free soil. 

120 ft. 
47 ft. 
12 ft. 
7 ft. 
8 cub. yd. 
60 ft. 
64 ft. 
16 ft. 
60 
400 cub. yd. 

Two dipper dredgers, the *• Gamboa ’ and the ' Faraiso,’ each with buckets of 16 cob. yds. 
capacity, were built by the Bucyms Go. in 1914 for work on the Panama Canal. 

These dredgers have a displacement of about 1,600 tons, and the hulls, which are of steel, 
have an over-all length ol 136 ft., a width of 44 ft., and a depth at bow of 15| ft. and at stem 
of 18| ft. Each dredger has two dipper buckets, the larger, of 16 cub. yds. capacity, for soft 
material, and the smaller, of 10 cub. yds. capacity, for harder materiaL The buckets, of f-in. 
plate, have lips of manganese steel, 2 ins. thick, which are 50 ins. deep at the centre, reduced 
to 9} ins. at the back edges. They have no teeth. The handles are of Oregon fir, 72 ft. long. 

The rate of working is said to average 6,000 cub. yds. per day each, in two 8-hour shifts. 

A dipper dredger at work in Bombay Harbour has a bucket capacity of 6 cub. yds., 
dredges to a depth of 40 ft., and is capable of lifting boulders of over 12 tons weight. 

Comparison of Dipper Dredger with ladder Dredger.—Compared with the ladder dredger the 
dipper dredger is not quite so serviceable a machine for all-round purposes, and, for the more 
intractable kinds of material, it ha.s been demonstrated that the former is more efilcient thtm 
the latter. Thus, in excavating a channel in indurated clay in the St. Lawrence River, dipper 
dredgers of the most powerful design failed and were replaced by a ladder dredger which com¬ 
pleted the work in a satisfactory manner. 

The Grab or Grapple Dredger. 

The Grab or Grapple Dredger has a bucket which consists of two or more curved plates, or 
laws capable of opening and closing under the notion of suitable gear. The grab is suspended 
irmn the jib bead of a crane which does the requisite raising and lowering. The working is 
actually done very largely under the influence of gravity, the bucket being allowed to fall with 
open jaws under its own weight and to bury itself in the ground, where the jaws are closed and 
the bucket wihi its contents is then withdrawn. The principle of the grab is simple, but there 
are many complex adaptations in practice. Thus, the appliance may be worked by one or by 
two chains, each of which arrangements admits of several variations, so that there are quite a 
number of different machines on the market, each possessing special characteristics and advantages. 

Comparison of Single and Double Chain Orabs.—The drawback of a double-chain grab is 
that it cannot be fitted to an ordinary crane; but, on the other hand, it has less intricate and 
less delicate mechanism, and, consequently, does not run the same risk of getting out of order. 
With two chains, moreover, there is less likelihood of the bucket being lost through fracture 
ol the hauling gear. There is the further consideration that in many, if not most, single-ohaia 
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grab!, the fall height of lift has to be made befwe tiie grab can be opened In order to dleoharge 
its oontente. Donblenohaln graba can discharge at any stage of the lift. This advantage is 
shared by a few of the stngle^hain systems. Its importance lies in the fact that the grab 
might close upon some Immovable object below water, and therefore necessitate the sending down 
of a diver, onlesa the jaws can be opened mechanically in that position. 

Utility of Grab Dredgers^—The grab Is not a suitable appliance for extensive operations. It la 
best adapted *to dealing with material in confined and awkward situations inaccessible to other 
types of dredger. It is thus excellently suited for tlie removal of mud and silt in the vicinity of 
dock entrances and passages. Silt is generally of so impalpable a character that any disturbance 
of the water in which it lies causes it to rise in suspension, and renders it difiicult of removal. 
The grab proves a most effective appliance for dealing with this soft material, entrapping it with 
the least admixture of water and the least alteration in consistency. Moreover, the grab Is an 
extremely convenient implement for picking up miscellaneous articles which find their way to 
the bottom of docks; logs of hard wood, rails, coal, bales of hay and wool, barrels of nails and 
cement, hoop iron, etc. 

Capacity of Chrab Dredgers,—Grabs are constructed of a capacity up to 10 cubic yards, but 
for general purposes the most useful size lies between 70 and 120 cubic ft. They work very success^ 
fully in water up to 50 or 60 ft. In depth, at a speed of about one dip per minute, raising in this 
way from 150 to 250 cubic yds. per hour. 

Examples of Grab Dredgers.—Several excellent examples of this class of dredger are constantly 
at work in the Liverpool docks. The graba are mounts on barges of 1,100 to 1,400 tons hopper 
capacity. There are four 6-ton or 7-ton cranes of 16 ft. and 19 ft. radius respectively on each 
barge, each actuating a grab of 70 or 115 cubic ft. capacity. The principal dimensions of the 
veeaels are:— 

1,100 ton barges .... 200 ft. long by 35 ft. beam by 15^ ft. deep. 
1,400 ton barges .... 225 ft. long by 38| ft. beam by 16 ft. deep. 

The speed of the barges is about 11 knots. 

Bag and Spoon Dredjging,—This notice of dredging appliances would be incomplete without 
some reference to a very rudimentary form of apparatus still practised In restricted areas and 
where operations are on a small scale. This apparatus consists of a strong leather bag of a 
capacity of from one-half to one cubic yard attached to a steel rim at the end of a stout spar, or 
pole, from 20 ft. to 35 ft. long. The bag is kept at the bottom by means of the pole, while it 
is drawn along the surface by a line attached to the rim. The operation is performed by manual 
labour, and about half a dozen men are required to man a barge for the purpose. The quantity 
raised and loaded Into the barge will range ficm 60 to 100 cubic yds. per day. The appliance is 
really only suitable for dealing with mud in timber ponds and in canals. 

Suction or Hydraulic Dredgers. 

Suction or Hydraulic Dredgers.—Turning now to the second class of dredging plant, the snotion 
or hydraulic type may be described as consisting essentially of a continuous pipe, or tube, through 
which material is drawn up by suction from the bottom and discharged either into a hopper or 
through a long pipe line to a depositing site some distance away. The first application of the 
principle was to the removal of sand—hence the name Sand Tump—but it has since had a much 
wider application. As regards sand, the method proved extremely effective from the first, the 
livht granolar nature of the substance lending itself admirably to easy incorporation with the 
body of water flowing into the pump intake. Such difficulty as has been experienceii has been 
merely in regard to securing the deposition of the sand within the hopper, the tendency being 
for a large proportion to flow out over the sides with the escaping water. Considerable reduction 
In this anremunerative pumping has been made by giving the effluent stream as long a distance 
to travel as posible and providing the channel with adjustable coamings. 

Sand Pump Dredgers. 

Sand Pump Dredgers.—Tor the purposes of suction dredgers, centrifugal pumps are anivenally 
employed, and of these, those with a single inlet have an advantage over pumps with a double 
inlet, in that there L* less concussion and interference with the flow. A double inlet pump, on 
the other hand, disposes of any question of balancing, which has to be met in a smgle inlet pomp 
by thrust bearings. The most efficient peripheral speed is stated by the Mississippi Biver Clom- 
misslon to be about 50 ft. per second. The form of the noule of the intake pipe materially 
Inflaenoes the percentage of sand raised, which may be anything up to 50. 
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Examples o* Sand Pump DrecLjers.—The largest sand jmixip dredger in existence at the present 
day is the * l^eviathau ’ of the Mersey Docks and Harbour Board. 11 er dimensions are 4«f) ft. 9 in-, 
loiig between perpendiculars, by CU ft. wide by :i0 ft. 7 ins. deep moulded. She is fitted with 
four suction pumps, each of 42 ina. diameter, and is capable of filling herself with 10,000 tons of 
clean sand In 50 minutes from a maximum depth of 70 ft. 'I’he speed of the vessel is 10 knots. 
On arrival at the depositing ground, she discharges herself in 10 minutes through large cylinders 
extending from valve openings, 5 ft. (i ins. diameter, In the bottom of each hopper to deck level. 
These valves have a lift of 4 ft. and are operated by hydranJic rams. At work on the bar and 
entrance channel of the Mersey, the I.eviathan pnmps up over 13 million tons of sand per annum. 

The following particulars relate to the ‘ Blesbok,’ the largest vessel of its type so far constructed 
by Lobuitz & Co., Ltd. It was supplied to the South African Railways and Ilarbours Adminis¬ 
tration. 

Length between perpendiculars 
Breadth, moulded . 
Depth. 
Maximum dredging depth 
Speed . . . . . 

301 ft. 
61 ft. 
23 ft. 
70 ft. 
11 knots 

Loading capacity ; 2,600 cu. yds. of sand in 4b minutes and able to pump out tlie same load 
through a discharge pipe 2,600 ft. long in well imder 60 minutes (vide ‘ The Engineer,’ May 11>, 
1939). Triple expansion engines with cylinders 18 in., 31 in., and 51 in. x 30 in. stroke, develop 
3,000 h.p. at 120 r.p.m. with steam pressure at 200 lbs. per sq. in. 

Particulars of a number of other types of suetiou dredgers arc given in the tabic on p. 637. 

Suction Cutter Dredgers. 

Suction Cutter Dredgtrs,—The aucceca attending the introduction of the sand pump led to an 
Investigation of the possibility of dealing witli less tractable nutterial by the same means. Water 
jets for loosening and disintegrating hard and compact strata were added, and some satisfactory 
results being obtained, the further step of introducing rotary cutters was taken. Tbere was 
found to be little dithculty in treating in this way eartli of a marly or brittle nature, easily re¬ 
solvable into disconuected particles. 'I'rouble, however, was experienced in dealing with clay 
and tenaclooB material, whicli clogged the cutters and choked the intake. Eventually this was 
overcome by the evolution of cutter blades of a suitable form and pitch. 

Capacity of Suction Cutter Dredgers.—Suction cutter dredgers are now constructed capable of 
removing over 1,000 cub. yds. of stiff clay per hour. In material usually dealt with by bucket 
dredgers, the cutter suction and discharging dredger * Lord WilUngdon ’ at Cochin dredged and 
discharged, through 4,500 ft. of pipe lino, 1,600 cub. yds. per hour over an extended period, and 
on occasion this output has been considerably exceeded. 

Cse of the Pipe Line.—The use of the pipe line for discharging purposes is becoming very 
general, especially in cases where it is practicable to use the dredged material for filling and em 
bankmeut purposes. U’hese lines are often of great length. A dredger working at Oakland, 
California, U.S.A., has successfullv delivered material througli 6,170 lineal ft. of 20-in. diameter 
pipe. Diameters reach as high as 42 ins. when altogether afloat, and 30 Ins. to 36 ins. when 
partly ashore. In calm water thin sheet tubing will sullice, but in expo.sed situations long 
lengths of sclidly built sections must be provided, Tiie carrying capacity of a 36-m. pipe with 
80 per cent, of solid matter convej'ed at a rate of 10 ft. per second would be 7,400 cubic yds. per 
hour. Sand causes considerable wear and abrasion of tlie piping and requires a higii percentage 
of water witli greater velocity to keep it in suspension. Clay, from its unctuous nature, exercises 
far lass frictional resistance and is sometimes rendered suniciently Iluid by 10 per cent, of water. 
A velocity of 7 ft. per second for clay and mud, and 10 ft. per second for sand, has been Wnd 
to give good results. 

Compound Dredgers. 

Compound Dredgers.—A compound type of dredger has recently been introduced fitted with 
both the suction, or suction cutter, apparatus and a bucket ladder.. This enables the dredger to 
be applied to a wide variety of material in the most effective manner. 'J'he bucket ladder is 
generally placed iu the centre well and the suction apparatus at the sides of the vessel, but in 
3om<} cases the suction pipe is also centraJly situated. 

Example of Compound Dredgers.—The dredger ‘ La Loire,’ built for service ou the river of 
that name, is a twin screw combined bucket and suction dredger with cutter gear and pipe lino 
shore delivery. Her dimensions are 173 ft. 10 ins. ju length by 32 ft. beam by 14 ft. deep. ;sho 
is fitted with two centrifugal suction and force pumps, capable of raising material from a depth 
of 26 ft. and of driving it ashore through floating delivery pipes about 30 ft. long and 24 ins. 
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diameter. The lootioii pipe la 26 ina. diameter and works, together with the bucket ladder, in 
a centre well. 

The cutter baa a diameter of 6 ft. 10 ins. and la driven at IS revolutions per minute, the engine 
running at 140 revokitionn. 

The bucket ladder enablea the dredger to work to a depth of 62 ft. 6 ins. The buckets have a 
capadtj of 27| cubic ft. They are driven at a speed of 16 buckets per minute with the engine 
running at 170 revirfutiona. 

Both auction and bucket apparatus enable the dredger to excavate her own flotation in 
advance. 

The machinery consists of two complete sets of direct acting, triple expansion surface con¬ 
densing, reversible propeUiug engines, each arranged to drive a centrifugal pump as well as the 
bucket dredging gear. Each set of engines Indicates about 460 h.p. when running at 170 revolu¬ 
tions per miunte. The cylinders are IS ins., 21 ins., and 33( ins. by 18 ins. stroke. 

The cutter gear Is driven by means of belting from a separate engine of 200 h.p., which also 
serves for a centrifugal pump delivering spoil from the buckets into the upper part of the shoot. 

For the purpoee of working the bucket dredging apparatus the suction pipes and cutter gear 
are dismounted, but in deepening the bed of the river Loire the latter proved so effective that 
over 13 million cubic yds. of alluvial material have been removed without recourse to the bucket 
apparatus. 

Hopper Service. 

When dredged material has to be removed some distance to a depositing ground it is 
excavated by the dredger into its own hopper, or into hopper barges ranged alongside. 

A combined hopper dredger costs leas in initial expenditure and subsequent upkeep than a 
separate dredger and hopper of corresponding capacity, and it occupies leas valuable space in a 
crowded waterway. 

On the other hand, it involves the disoontlnuiiy of dredging operations and the frequent getting 
out and taking in of moorings. This latter consideration is of Importance more to dredgers of 
the bucket ladder type. 

On the whole, It is found expedient on undertakings of considerable magnitude, and in casec 
where the depositing ground la several miles distant from the dredging site, to maintain a fleet of 
hopper barges in attendance on bucket ladder dredgers. Suction dredgers, when they do not 
disoharge through a pipeline, more commonly are compound vessels with self-contained hoppers. 

Capacity of Hopper Barges.—Barges are constructed capable of receiving from 600 to 1,000 
cubic yds. of dredged material Csay 660 to 1,360 tons) and of making Journeys to sea and back at 
speeds of 10 to 11 knots. 

Example of Hopper Barge.—A typical barge of 800 tons capacity has a length of about 190 ft., 
breadth 30 ft. and depth 14 ft. The engines are triple expansion, surface condensing, with cylinders 
161 ins., 26 ins. and 43 ins. diameter by 27 ins. stroke, which at 110 revolutions per minute develop 
820 i.h.p. and give a speed of 10 knots, steam being supplied at 180 lbs. per sq. in. from marine 
mnltltnbuiar boilers. 

Cost of Dredging Plant.* 

The following figures may be useful as approximate indications of the cost of dredging plant 
which most, of course, vary from time to time with fluctuations in the price of material and the 
engagements of the shipbuilding yards. 

Ladder Dredgers.—£l 6 cubic ft. bucket, single ladder dredger, capable of raising 160 tons of 
soft material per hour from a depth of 40 ft., has cost in round figures 7,000i. 

A 15 cubic ft. bucket, single ladder dredger, capable of raising 400 cubic yds. of sand, gravel 
and clay per hour from a depth of 45 ft., has cost about 27,000/. and was constructed in six months. 

A one cubic yd. bucket, single ladder dredger, capable of raising 750 cubic yds. of ballast per 
hour from a depth of 66 ft., has cost about 43,000/., and was built in nine months. 

Dipper Dredgers.—A one to two yard dipp^ dredger costs from $8,000 to $12,000; say 1,600/. 
to 2,400/. The hull is of timber, about 60 It. long by 25 ft. wide, with a draught of 3 ft. 

A 3^ to 4 cubic vd. machine dredging to a depth of 30 to 36 ft., would cost about $80,000 
to $90,000, soy 18,000/. to 18,000/. ^ 

A 10 .:ubiO yd. machine dredging to a depth of 36 ft. would cost about $130,000 to 
$140,000, say 26,000/. to 28,000/. 

• See footnote, page 606. 
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OrtOf Dredger9,-^k twin-screw hopper dredger, with s hopper capacity of 1,200 tons, and fitted 
with 6 hydraulfo grab cranes each of 6 tons backet capacity, working to a depth of 47 ft., has 
oost about 35,0001. 

Sudion Dredger9.—A suction hopper dredger with a hopper capacity of 70,000 cubic ft., 
capable of raising 3,600 to 4,000 tons of sand per hour from a depth of 70 ft., has cost about 
75,0001. A 2,000 ton suction hopper dredger would cost about 50,000f. 

Compound Dredgers.—A sea-going hopper dredger, fitted with both ladder backets (18 cubic ft.) 
and suction pumps, and capable of dredging by the former means 400 cubic yds. per hour, and 
by the latter means 650 cubic yds. per hour, from a depth of 50 ft., has cost about 6S,000fL 

Hopper Barges.—A steam hopper barge of 800 cubic yds. capacity, with a speed of 11 knots 
costs from IS.OOOf. to 20,000/. 

Cost of Dredging Operations.* 
Conditions and circumstances vary with each locality, so ttiat it is dUBcuIt to give reliable 

figures for general guidance. Sand pump dredging has been done for as little as Id. per cubic yd. 
or even less, and grab dredging from 2d. to 6d., bui a very great deal depends on the distance 
the spoil has to be carried. In backet dredging, either by ladder or dipper, the range of cost 
is considerable, depending in addition, as it does, on the kind of material dealt with. The 
following are a few collected records from various sources:— 

BOMBAY HABBO0R AND DOCKS. 

Total Maintenance Dredging daring Five Years, lft2&>1935.t 

Oosts exclnslTS of Interest and Depredation on Itoedglng Plant. 

Total Qaaotity Lifted: Onblo Yards. Oost per Oibic Yard: Annmm, 

Location, i 
\ 1920- 1921* 1922- 1928- 1924- 1920- 1921- 1923- 1923- 1924- 

1921 1922 1023 1924 1925 1921 1922 1923 1924 1926 

Alexandra i 24,210 
Dock 

297,500 20,380 

68,500 

144,800 388,000 9*38 7*78 8-01 5'78 6*63 

Prlnoe's 60,500 
Dook 

263,600 17,700 474,000 7'60 6*81 730 4'T5 6-50 

Victoria 159,500 
Dock 

114,000 48,900 844,000 49,000 6'22 0*18 6*87 5-88 10-60 

Basins 206,800 131,400 8,335 —- 9,330 7'78 12 26 11 60 810 
Alexandra , 650,000 

Dook 
Channels: 

149,600 615,000 591,000 1,170,000 4-40 8-56 5-76 4-97 1-60 

P. & V. i 689,800 
Docks 1 

1,098,000 931,500 857,200 1,098,800 5'S7 5*01 5'88 4'54 S*8I 

Channels 
P. & V. ! 40,700 
Ohanneis,; 
63.Plank! 

27,600 — 182,800 82,600 6*83 8'61 — 417 S-66 

P. & Y. i 276,600 
Dooks i 
Ohanneis,' 
N. Flank ! 

72,500: 184,800 : 316,000 i 400,000 4-98 6'18 1 4-67 4-61 8*44 

Port iVafa/.—The following particulars (extracted from a paper by Mr. William Brown on 
‘ lleccnt Progress in Drwlging Machinery ’; vide J/in. Croc. Inst. C.A., vol. cciii.) relate to the 
performances of the four principal dredgers at Port Natal, Durban, within a period of several 
years ended December 31, 19H. Tlie costs include all charges for working, maintenance, 
insurance, depreciation and interest on capital. The price of coal consumed by the dredgers was 
low, and seldom exccctled per ton. The three large vessels (Labrus, Cetus, and Nautilus) 
each employed lourteeu Europeans, eighteen Kafllrs, aud eleven Indians, or a total complement of 

• Bee footnote, page 606, 
t Bztraot from paper on * Maintenance Dredging in Bombay Harbour and Docks,* by B. L. 

Bveratt, Min. Proc. Inst. O.E, 
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forty-three bauds, at an annual cost of about 3,850Z. per vessel. ‘ With the possible exceptir)n of 
Liverpool, no port hampered by sandbars has made such progress in comparatively recent years 
as Durban.* 

Pauticulaus and Working Cost op Ska-goixg Pump DukuoiNG Plant at Pout NataL. 

I Tonnage. 

Name of i Year 
Dredger, i Built. 

I Net. Gross. 

Labnis . I 1911 1,215 2,097 
I 

Pumping Si)eed , : a m i 
(Tons of Sand per Average i 2 ^; 

hour). Spoil I ” I 
' handled j ^ 
I join. ! 2 S 

! tmei. (Tons). 

Cetus . I 1905 ' 1,327 2,414 .3,000. 3,000, 7,430 2,151,000 232 

j ; ; ' • ^ ' 

Nautilus ‘ 1903 j 1,050 2,034 2,500! 3,0u0 ; 7,804 1,400,000 217 

Snipe . 1 1903 180 265 ; 2()o 300 ■ 310 358,000 250 

a 

d 
o 
Oi.) 

0‘806 Worked exclusively 
in stilf clay, l)oiug 

I fitted W'itli patent 
I clay cutter. All 

spoil dredged rc- 
puniped ashore 

I from ship’s hop¬ 
pers for land rc- 

' clamatiou. 
2- 227 , Largely employed 

for bar work. 
I Spoil mostly eoarse 
I loose sand and tine 
I stone, all dumped 
I at sea, two miles 
. from harbour eii- 
: trance. 

3- 109 Employed chiefly 
I on maintenance 

and deep('njng of 
; harbour be i.l 
■ and channels. 
I Material mostly 
j flue sand, with 
I occasional admi.K- 

ture of loose clay 
j and mud, all do- 
! posited at sea two 
! miles from har- 
! bi)ur entrauoo. 

3-201 Used for clearing up 
wharf and quay 
berthage, cutting 
and maint.iining 

; boat channels, 
! occasional recla- 
j mation, etc. Spoil 
j deposited within 

harbour. 

Panama Caiial.—During 1910 the aea-goiug suction dredgers * Culebra ’ and ’Caribbean’ 
removed 6,083,902 cubio yds. at a cost of S'Td. per cubic yd. The ladder dredger * Marmot ’ 
removed 1.372,665 cubic yds. at 7*82d., and dredger No. 6 removed 560,622 cubic yds. at 13'65d. 
per cubio yd. The small 6 cubic yd. dipper dredgers * Cardenas ’ and ‘Mindl ’ removed 1,013,485 
oabio yds. at 27*89d. per cubic yd. and the 20-in pipe-line suction dredgers. Nos. 82 and 85, 
dealt with 2,472,822 cubic yds. at a cost of 14d. per cubio yd. During a period of twelve mouths 
ended May, 1916, the dipper dredgers ‘ Gamboa ’ and * Paraiso ’ each removed over 2,900,000 
cubic yds., at costs varying from 2-25rf. to 6*45rf. per cubic yd., including operation and 
maintenance. 

MissiiHppi River,—In 1907 three pipe-line suction-cutter dredgers dredged 1,279,000 cubic 
ydf. et 4’12d. per cubic yd. including the coot of idle time. In 1008 the same dredgers accounted 
for 989,000 cubic yds. at 5id, per cubio yd. 
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NevB York h arbour.—lu 1909, the sea-gorng suctloD dredgera * Manhattan,’' A tiantic,'' Jlarltan,* 
and * Navealnk,’ removed 10,786,638 cubic yda. at a total cost of $424,734 (say 86,000/.) or at 
the rate of l-97d. per cubic yd. made up as follows : Dredging, l-785d.; surveys and examinations, 
•I26d.; contingencies and supervision, -OGd. llie ‘Delaware’ removed 1,675,662 cubic yds. 
at a total cost of 2’39d. per cubic yd. 

Rwer Thames.—Tlie contract co.st of removing hard material (ballast and clay) by ladder 
dredger from the ‘I'liames below London Bridge has ranged at various times before the war 
from l5. id. to 2s, Gel. per cubic yd. largely dependent on the distance the material had to be 
conveyed. Some w'ork has been carried out departnieutally, iiiclndiiig all establisliment and 
capital cliargcs, at a figure as low as 7Jd. per cubic yd. This was for a quantity of about one 
million cubic yards, and the distance convoyed was about 30 miles. 

River Mersey.—At the bar and in the entrance channeds of the Mersey nearly 15 million cubic 
yds. of sand w'crc removed annually at a pre-war cost of -Gd. per cubic yd. exclusive of in^rest and 
depreciation on the plant. 

Siam Irrigaiion Canals.—The following particulars of the working expenses of a 2i-cu. yd. 
dipper dredger, employed on the Siamese Irrigation Service, ore given by Lobnitz & Co., Ltd, :— 

* During the year 1920, working nine hours per day, the total quantity dredged was 312,130 cu. 
yds., measured in place, or an average of 26,010 cii. yds. per month. The best month in that year 
was October, with 43,700 cu. yds. at a total cost of 1*96 pence per cu. yd., and the average cost 
per cu. yd. for the year was 2*87 pence. Including labour, fuel, supplies, repairs, and every expense 
except interest and depreciation. The fuel used was oil, and represented about half the total 
operating coat. The quantity used was about one ton per day. 

* While larger outputs have been made for short periods and under more favourable conditions, 
this record is notable chiefly for steady running for a long period without appreciable delays 
or expense on account of the machinery, and this in a tropical country remote from base of 
supplies. The cost of repairs was 4*3 per cent, of the total cost, and consisted mainly in the 
replacement of some wire ropes.* 

SUBAQUEOUS ROCK REMOVAL. 

The removal of hard rock under water is gcruTally t ITcctcd by one or other of two means : 
(a) by drilling and blasting; and (6) by the il<o of the ehi.*^el or rock breaker. In both cases a 
dredger is 8ubse(iuently required for the purpose of clearing the debris from the site. 

Drilling and Blasting. 

Drilling and lilnsting,—'I he lirst is the older method and remains still a most effective means 
of dealing with rock of adamantine hardness in huge solid masses, such, for instance, aa reefs of 
granite and other Igneous rock, and for tJie harder varieties of limestone. 

The holes are drilled by suitable plant at distances apait dependent upon the nature of the 
rock and the quantity to be removed. In veiy extensive oi»eiations chambers may be formed for 
the reception of powerful charges. 

Two classes of drill are generally available for boring purpo.scs ; (o) diamond drills and (6) 
Jumper drills, 'i'he former are hollow rods, fitted with a head or crown of diamt>iids, costing 
from 60/. to GO/., and driven at from 200 to 300 revolutions per minute. 'Ihe latter are bars or 
shafts of steel, furnished with bits, preferably of circular form, which are worked by pcrcu.^sion 
at the rate of from 20 to 30 blows per minute. 

The blasting material is usually dynamite, or any of the numerous compounds of nitro-glycerine 
to bo found on the market. 

Tho following are brief notes on the methods employed in several Instances. 

Dlyth Harbour.—The rock at Hlyth harbour is sandstone of the hardness of luusalt In places, 
and the work was done by six drills lifted by steam power and guided by hand. The distance 
Ijctw-een the shot-lioles was 6 ft. in one «lirection and 6 ft. 2 ins. in tlie other. 'J he l)lasting material, 
Ijcllite, was lowered in canisters tlirough the drilling tubes and iired by fuses and detonators, the 
boles being tamped with small gravel. The cost of drilling and blasting came to Zs. per eubic yd. 
of rock tn situ, adding to wliich 2s, Gd., the cost of dredging, and 8-2d. for interest and depreciation 
on the dredger, the total amounts to 2*2t/. per cubic yd. U'he average quantity of rock drilled 
and blasted per week by one barge was 488 cubic yards. ‘J'ho system was afterwards abandoned 
In favour of the rock-cutter. 

Black Hock Harbour^ Buffalo, U.S.A.—JLere the rock fonnation is a very hard limestone 
containing veins of flint. The blasting material was dynamite and, for a quantity of 14,46U cubic 
yds., the holes were drilled to an average depth of 9 ft. 9 uis. The cost of drilling and blasting only. 
Including an allowance for interest aud depreciation of 2 per cent, per month on 8.000/, (the value 
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of the plant), came to 2s, per oubio yd. On the other hand, a smaller quantity of 333 oubio yds. 
with holes drilled only to 3 ft. 6 ins. deep cost 23s, 2d. per cubic yd. 

The drill boat employed on this work was a steel hull, 137 ft. by 33 ft., divided into 20 water¬ 
tight compartments. It was equipped with five drill firames located along one of the gunwales 
each with a travel of 25 ft. on longitudinal tracks. Each frame was fitted with an IngersoibHand 
drill 2i ins. in diameter, with 4>in. bi^ having a vertical range of 21 ft. without changing the 
drill bars. Each frame was also provided with an engine for hoisting tlie drills, two davits for 
handling drill steels and charging pipes and a pipe whi^ was driven, whenever required, through 
loose material to the rock to prevent the drill holes from clogging. A 250 h.p. boiler supplied 
steam to the drills, spud engines and capstans. 

J)etroit River,—On three sections of the Detroit River, where the blasting material was dynamite 
and the holes ranged from 5 ft. to 8 ft. in average depth, the total cost is stated to have been 3«. 4d„ 
4s, 4d., and 4s. Id. per cubic yd., respectively, of useful material, or about half the rates for the 
whole quantity removed. The holes were spaced 5 ft. apart, and the total number drilled was 
94,691 at a cost of about 52,000/. It is not apparent that this tigare includes any allowance for 
Interest and depreciation. 

Fremantle Harbour, Western Australia.—On account of the shallowness of the water, the work 
of drilling at Fremantle: Harbour could be carried on from light wooden stages resting on four* 
footed trestles. In a couple of da^ it was possible to erect 20,000 square ft. of this staging, which 
carried 120 to 160 men drilling with regularity in 20 ft. or more of water. The holes were from 
8 ft. to 12 ft. apart, and the charges consisted of 12 to 15 lbs. of dynamite or gelignite. One ton 
of explosive accounted for 5,600 cubic yds. of rock blasted. The cost of drilling and blasting 
l, 503.099 cubic yds. was 238,345/., equivalent to 3s. 2d. per cubic yd. 

Fdrdsund, Sweden.—^The coat of a navigable channel dredged in limestone at the island of 
Gothland in the Baltic Sea, completed in 1934, was as follows : mass dynamited, 42,000 cubic 
m. in situ ; metres drilled, 31,342 ; mass dredged, 40,000 oubio m. in situ ; total cost of dyna¬ 
miting, 5*93 Swedish crowns per cubic m.; cost of dredging, 5*85 Swedish crowns per cubic m. 
—Report by Oapt. L. Lawski to Sixteenth Navigation Oongress. 

Hock Breakers or Chisels. 

Rock breakers, or chisels, are steel rams weighing from 15 to 20 tons, with pointed ends of hard 
chrome steel which are detachable for renewal. The appliance is suspended from a frame, or 
tripod, mounted on a barge, and is worked by a winoh. A drop of from 6 ft. to 10 ft. is generally 
Bomoient to produce disintegration. Blows can be repeated with advantage until a depth of 3 ft, 
is reached, with holes spaced about 3 ft. to 4 ft. apart (about eight blows will give the required 
penetration), when it becomes desirable to dredge the broken material before proceeding further. 
A net dep^ of 2| ft. over the site will probably thereby be obtained. It is found that tlie 
average result in hard rock is 2 cubic ft. per blow and that about 150 blows can be given per 
hour. This is equivalent in uninterrupted working to about 10 cubic yds. per hour for a single¬ 
cutter machine ; about 50 per cent, more will be achieved by a double cutter. In moderately 
hard rock the output will be greater, as about 250 to 300 blows can be given per minute. 
About 200 cubic yds. may be reckoned a good day's work. 

There are several types of cutter, but perhaps the Lobnitz rockbreaker is that which is beat 
known. The following are some instances of its employment. It may be added that some of 
the latest examples of this type of cutter have been litted with an under-water sleeve, to afford 
more accurate guidance for the ram or chisel. 

Sues Canal.—On the Suez Oanal, wnere the rock consisted of limestone, calcareous agglomerate, 
and tufa, gypsum and alabaster, 132 blows were delivered per hour of effective working, or 83 
blows per hour of whole time, allowing for interruptions from passing ships and stoppages for 
repairs. The average thickness of rock shattered was 2 ft. ins., and each cubic yd. of rock 
required a mean of 5*4 blows. The cost, exclusive of dredging but covering everything elM except 
general charges, varied from 2^. to Is. Q^d. per oubio yd. 

Blyth Harbour,—At Blyth in hard sandstone of the coal measures, a ram of 15 tons weight, 
falling through a distance of 8 ft., penetrated the rook to a depth of 3 ft. on an average of § or 
9 blows. The holes were spaced 4| ft. apart. The plant comprised two Lobnita rook-breakers, 
eaoh consisting of a steel baige carding sheer legs, from which the rams, 40 ft. to 50 ft. long and 
17 ins. to 19 ins. diameter, were suspended. The cost of one rockbreaker was about 6,800/. The 
quantity broken per week by a single machine working night and day was 908 cubic yds., at a 
oost (including wages, coal, stores, repairs and insurance! of 46/. 11s. 3d., equivajent to 12 -Sd. per 
subio yd. Adding 6( per cent, for interest and depreciation on plant, the total cost was 14-Sd. 
per cubic yd. The oost of subsequently dredging tbe loose material (including capital charges) 
was 2s. 9‘Id. per cubic yd., making Zs. 11 ‘Od. per oubio yd. in all. 

Black Rock Harbourt Buffalo^ The oost of working two Lobnita machines at Black 
Book Harbour in hard limestone rook was 2s, 9|d. per oubio yd. for a quantity of 52,500 oubio yds. 
This does not cover the oost of dredging. 
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Panama Canal.—On the Panama Oanal, a Lobnltz cutter worked mounted on a barge 
100 ft. long by 28 ft. beam by 8 ft. deep. I'he extreme variation in the tides necessitated the 
use of 3 rams, weighing 15, 16 and 191 respectively. The boles were spaced 4 ft. apart, and 
3 ft. of penetration was made in each case. From records during 1910-11 the work done was 
an average of 16*3 cubic yds. per hour of actual working time, or 11 cubio yds. per hour of total 
time, at an average cost of 35.4d. per cubio yd. 

Value of tie method of Drilling and Blasting as Compared with the use of Rock Breaker.—While 
drilling and blasting is most commonly adopted for hard rock in large masses, it does not necessarily 
follow that the cutter always gives better results in soft rook. In some cases it Is found that 
the cutter has a tendency to stick in the hole which it makes, and for that reason the extent 
of penetration ^ould be carefully limited. On the other hand, the cutter offers less interruption 
to the passage of ships close to the area of operations, and it can be used in positions where blast* 
ing is inadmissible. Moreover, the rock Is broken to a more uniform and more convenient size, 
which facilitates the action of dredging. The cost of the work done by the cutter is generally, 
though not invariably, less than the cost by the alternative method. 

Firth of Forth.—The breaking of fine-grained granite, known locally as Whinstone, at an average 
depth of 431 ft. below water-level, cost in 1923-25, about 345. per cubio yd. of rock in situ^ in¬ 
cluding repairs and replacement of plant. The total cost of breaking up and removing the broken 
rock vari^ considerably, but, for the hardest granite, worked out at about 66s. per cubic yd. 
in situ for the most difficult and toughest part of the work.—Report by N. G. Qedye to Sixteenth 
Navigation Oongress. 

DIVING. 

Though naked diving is still practised in some parts of the world—e.g.^ in the Greek Sponge 
Fisherhis and on certain p(!arling grounds in the East—this i>rinntive method, which has been 
responsible for ujuch physical siiilering and a high rate of mortality, has for many years been 
giving way steadily to the safer and more comfortable diviug dress. 

The methods of diving with apparatus in general use to-day are (1) the diving bell, and (2) the 
flexible closed dress originally designed in 1837 by Augustus iSicbe, his principle still being in 
universal use. The air sui)ply is (a) by pump worked manually or by electric or oil motor ; (6) 
by air compn^ssor, belt or power-driven, in connection with air reservoirs, for use in case of break¬ 
down of the compressor; and (c) by banks of large cylinders of compressed air at pressures of from 
2,000 to 3,000 lbs. per square inch, with reducing valves and air control panel. In all cases, care 
must be taken that the air sent down to the diver is clean and free from oil-vapour and other 
impurities. 

In recent years, as a result of research and practical experiment, much progress has been made 
as regards depth to which the diver, equipped with the flexible dress, can work in safety, as is 
evidenced by the following tables compiled by Siebe Gorman & Co., lAd., after the work of the 
Admiralty Deep Diving Committee of which Sir Leonard Hill, F.R.S., and Sir Robert Davis, were 
members. These tables include decompression times for the diver's ascent after work at various 
depths for different periods. 

Compressed air illness—or caisson disease, or * bends,’ as it is variously called—is caused by 
too sudden rcloa.se of the excess of nitrogen in the blood and tissuevs ; it is ab.solutely essential, 
therefore, to decompress in accordance with the tables. It will be seen that the breathing of 
oxygen at certain stages during the return to normal atmospheric pressure greatly reduces the 
decompression period. 

For decompressing from the greater depths, divers of the Royal Navy use Sir Robert H. Davis's 
submersible decompression chamber which is lowcr<-d to the diver’s flrst stopping place where 
he enters the chamber through a door in the bottom which is closed by an attendant; the chamber 
is then hauled to the deck of the diving vessel where the diver is decompressed iu comfort and 
under observation. Thus he is saved the tedium and discomfort and cold of decompressing in 
stages on the shot-rope as by the old system. 

Another form of diving dro.ss wliich has been tried at different periods is a metal armour with 
articulated logs and arms. While this dress has proved satisfactory in protecting the diver from 
the external pressure of water (the air within tlic dress is at normal atmospheric pressure), it 
allows him so little mobility that it has proved of less practical value than the steel observation 
chamber. In proof of this, work on the * Flgypt ’ treasure-recovery operations was first started 
with the metal armour, but had to give way to the observation chamber. The occupant of the 
chamber was in telephonic communication with the salvage vessel, and gave directions for the 
placing of explosive charges, and the working of grabs for removal of the blasted debris and the 
treasure itself. 

In both the metal armour and the observation chamber, oxygen supplies and CO, absorbing 
apparatus are carried as the air purifying media. 

Various forms of self-contained diving apparatus have been finding favour in many cases, 
particularly for use in ships, etc. All these arc a development of the flrst practicable apparatus 
of the kind, as designed by H. A. Fleuss iu 1878. The latest improved forms are adapted to the 
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ordinary diviii" dress and helmet, and to several modiiied forms of dress. It is also used in tlio 
Davis Submarine Escape Apparatus. 

For furtlier information on the subjects of * Divirj" ’ and breathing in poisonous atmospheres, 
see Sir Kobert li. Davis's books * Deep Diving ami Submarine Oiiorations * and ‘ Breathing in 
Irrespirable Atmospheres,’ in which the subjects arc dealt with fully. 

The following table indicates the or(.llnary thne limits in deep water, stoppages in ascent, 
and approximate air supply :— 

Depth. Pressure, 
Lbs. per 
Sq. In. 

'I'lmc iiiuli r Water 
ft out Siirfat‘c to 

Beginulug of A^'i'iit 

Stoppaircs in 
Minutes at ililTort'iifc 

Dfptlis. 

1’otal 
Tiim; of 
As'CMMlt, 

Mimitcs. 

No. of 
Uyiiinler.-: 

m'etlcil. 

ll('vola- 
tions of 
Pump 

per mill. 
Feet. I'iithoiiiS. 30 ft. 20 ft. ic ft. 

0- -33 (I- .-'A OF'. No liatlt 0-1 1 15-30 
3:f -12 5.\- 7 15-181 Fp to 3 hours 1-1* 2 15-20 

Over liours . 5 t) 2 15-20 

42- -4S 7- H lSj-21 Up to i hoiu’. — 1* 2 20 

1 to 3 hours . 5 Oi 2 20 
Over 3 liours . — 10 11* ‘J 20 

-51 s 9 21 -21 rj;. to ^ hour . 2 2 20 

* to 1^ hours . 5 7 2 20 
i\ to 3 hours. — 10 12 2 20 
Over 3 hours . 20 22 2 20 

51 00 9. 10 21 26i L'p to 20 milt. — 2 2 25 

2t» mill. t(' 1 hour . — .5 7 2 25 
} I'.our to 1 i hours. — 10 12 2 25 
1 i hours to 'A hours 5 15 22 2 25 
(.U'cr 3 hours . In 20 32 2 25 

00 GO 10 11 20,\ 2i< U|» to 15 mill. — 2 2 25 
1 to ^ hour • 5 7 2 25 

i to i hour . - :t 10 15 2 25 
I to 2 hours . 5 15 22 2 25 
2 to 3 hours . - 10 20 32 2 25 

-72 n -12 29* ::2 Uji to 15 min. — — 2 -1 :j 25 
^ to * hour . 3 5 10 2 25 

1 to 1 lii.tiir . 5 12 19 2 25 
1 to 2 hours . 10 20 32 2 25 

72- -7S : 12 -i:; 32-31* Up to 20 mill. — , 5 7 2 25 
20 to-15 mill. . — 5 I 15 22 2 25 
} to 1 ^ hour.s . — 10 i 20 32 2 25 

7s- ■M 13 ] 1 3U Up to 20 min. 1 5 7 2 30 
20 to 45 Miisi. . 5 ' 15 22 2 30 

j to 1J hours . 10 ; 20 32 2 30 
SI- 9(1 11 15 37 lo U p to 20 mill. — 3 5 10 2 30 

20 to-10 mill. . j 15 22 2 30 
lu to (Jo min.. 3 10 15 3.0 2 30 

90- -9G ' 15 10 40-12* Up to 20 min. ;; 5 11 2 30 

i’n to 3'; mill. . 5 11 IS 2 30 
30 to 35 mill. . 5 15 22 2 30 

FLOATING LANDING STAGES, 

The opening of the Tilbury Floating Jjanding Stage in May 1930 brouglit into prominence the 
value of these facilities for passenger trallic at ports where there is an appreciable range of tide. 

The Tilbury Landing Stage has a length of 1,142 ft., a width of 80 ft., and is secured to the left 
bank of the Biver Thames by means of four hinged steel booms and heavy mooring cables. It 
cx>mprise8 a Jarrah timber deck carried on steel girders resting across sixty-three floating pontoons 
which rise and fall with the tide through a range of about 20 ft. At each end are two masEive 
dolphins of timber pilework. 

The Liverpool Landing Stage near the mouth of the lUver Mersey has lieen in service for many 
years. It is 2,534 ft. lung by 80 ft. wide and bas ten bridges connecting it with the shore, while, 
in addition, a floating approach bridge 550 ft. long, also carried on pontoons, provides an easy 
incline for vehicular trallic at all stages of the tide, which during springs attains a range of 30 ft. 

Passenger landing stages for overseas traflic are provided with facilities for the baiidling and 
examinatlou of baggage, waiting rooms, shelters, and other accommodation according to 
oiroamstanoes. 
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cn ATSI Nlilli DEMAHCATION. 

(Uontributecl by J. P. Bowen, C-B.E., B.Bc., M.I.C.E., Enp;ineei'-in- 
Chier, Trinity House.) 

Entrance oliannds to ports are outlined by buoyg and lij'btcd beaemm on the river banks. 
Important changes in direction are also indicated by ligldships nnd harbour enfrunccs i<y niiin>r 
ligiita. . 

Uniform Sy.stem of BiioyiiKO. 

The general Lighthouse Authorities of the United Eingdom have adopted the following 
uniform system of buoyage. 

Conical Bwyya (those with pointed tops) denote the starboard band, or that side which would 
be on the right hand of a mariner, either going with the main stream of flood tide, or entering a 
harbour, river or estuary from seaward. 

Can Buoys (those with flat tops) denote the port hand, lacing the side on tl;e left hand of tl;e 
mariner under the circumstances described. 

Spherical Buoys^ with domed tops, mark the ends of middle grounds. 

Pillar Buoya^ having a tall central structure on a broad base, mark special positions. 

Co/o«r.—Starboard-hand buoys are always to be painted In one colour only ; port-hand buoys 
are to be paintod another characteristic colour, either single or particf>lour. Splmritail buoys are 
to be distiiiguiBhe<l by white horizontal stripes. Wreck buoys are to bo coloured green with the 
word ‘ wreck ’ In white letters across. 

Types of Buoys. 

Buoy Construction.—Buoys are generally hollow structures of steel or Iron plating, at least 
i in. thick. They should be constructed in two watertight sections to prevent sinking in cate 
of penetration of one part. 

The size and weight of buoys la as follows :— 
Diarn. Wright. 
Ft. Tons, 

First class .... 12 1 

Trinity Ilimse Second clas^ .... 10 n 
Day Mark Third class .... 8 n 

Buoys 1 Fourth class .... 6 i 
' Fifth cl ass .... f) 

Oas Buoys ... 10 4 to 0. 

(las buoys, in which g.as is stored underpressure, should be made of welded iron or mild steel. 
not riveted, as under high pressures the riveted joints tend to leak and are not satisfactory. 

Buoys carrying independent gas cylinders can bo of either welded or riveteii construction. 

Buoy Moorings.—I^Tooririg chains for largo ilianietcr and heavy buoys are about hia, 
diameter, attached to sinkers weighing about 50 cwt. h’or buoys weighing 3 to 4 tons the chains 
are usually 1| ins. diameter with 40 owt. sinkers. For smaller buoys the chain is proportionately 
reduceil. 'I'he length of a mooring chain is usually about 2 to times the depth of the water in 
which the buoy is laid. 

Bell Buoys are provided with a bell from 3 to 6 cvrts. In weight struck under the action of 
the sea by pendant clappers, or by a hammer actuated by carbonic acid gas. 

Whistling Buoys emit a sound by means of air imprisoned in a long central tube during the 
period of rising in a swell and expelled through a whistle during the period of falling. The 
tube descends into the water to a considerable depth—about 15 to 20 ft. 

Luminous Buoys. 

Luminous Buoys are lighted by meaus of either oil gas, Blau gas, or acetylene. On account 
of the high pressure required for compiu-.t storage, coal gas Is misuitablo for use as a naked flame, 
the luminoaity of the gas being rapidly reduced by pressure. The ratio of calorific value is 
approximately as follows:—Coal gas, 5 ; oil gas, 10; Blau gas and acetylene, 14. 

Oil gas, as mauufacturctl on the Pintsch system, is produced at a cost of about 30*. per 1,000 
cubio feet, about 75 cubic feet of gas being obtained from one gallon of oil. The average burner 
of a fixed light consumes about 0*75 cubio feet per hour. The gas is stored under pressure, 
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gtnerally of about 90 to 106 lbs. per sq. in., bat reaching op to 160 lbs. A reservoir of 380 oabio 
feet in a buoy of 10 ft. diameter, charged to 76 lb. pressure would hold a sufficient supply of 
gas to maintain a 36-litre burner showing equal periods of light and darkness for about four 
months. 

Blau gas la derived from tlie decomposition at a lower temperature of the raw or residuary 
products from which ordinary oil gas is extracted, and la richer than the latter in heavy carbides 
of hydrogen. It is liquefied for storage in bottles. Before use, the gas requires to be expanded 
in an intermediate receiver. The cost of production of Blau gas is considerably higher than 
that of oil gas, but the cost of transport is much less, and the increased heat of the flame gives 
an increase of 30 per cent, over oil gas to the intrinsic brilliancy of the mantle and the intensity 
of the lens. 

Acetylene, a gaseous compound of hydrogen and carbon, is produced by the access of water 
to calcium carbide. From 1 lb. of commer<^ calcium carbide can be produced about 4| cubio 
feet of acetylene. 

Acetylene gas produced as above is not chemically pure, and gives rise to deposit on the 
burners, but this difficulty can be overcome by the addition of a suitable purifier between the 
gas-generating chamber and the burner. Unattended lights working on this system will run 
for six months, or even a year, without rechaiging. 

Dissolved Acetylene.—^The compression of acetylene for storage purposes is generally Illegal, 
on account of the liability of the gas, so stored, to explode. On the other hand, compremed 
acetylene in what is known as the dissolved form is perfectly safe, and cylinders of dissolved 
acetylene, prepared in accordance with official regulations, are classed by the Home Office as 
non-expl(^ve. Acetylene in this form la now most commonly used both for buoys and unattended 
lights, because of its convenient storage and transportation. 

The solvent commonly employed is acetone, which is a liquid hydro-carbon, possessing the 
property of absorbing about 26 times its own volume of acetylene at atmospheric pressure, 
and multiples of this to correspond with the number of atmospheres to which compression is 
carried. 

The steel cylindeni for the reception of the dissolved acetylene are first completely filled with 
a substance having a porosity of 80 per cent., which is then caused to absorb as much acetone 
as would occupy 40 per cent, of the volume of the cylinder. The actual gas capacity of the 
cylinder is thus 40 per cent, of 36, or 10 volumes per atmosphere of pressure. 

Dissolved acetylene cylinders should not be discharged below the atmosphere gauge pressure, 
because the rate at which the acetone is carried off by the gas greatly increases as the pressure 
approaches aero. Acetone vapour has no detrimental effect upon the consumption of the gas 
In the burner. It is generally found necessary to make up the quantity of acetone, after live 
to ten refillings of the cylinder with acetylene. 

Economies in the consumption of dissolved acetylene have been effected by the introduction 
of mechanism for emitting flashing or occulting lights invented by Mr. Gustav Daien and others 
whereby a wide range of intermittent light signals can be product automatically. 

To the same scientist is attributable the Sun-valve^ or, more correctly, the Light-valvey which 
is a mechanical device sensitive to light and actuated entirely by the alternation of daylight 
and darkness. It opens the gas supply at nightfall and closes it at daybreak with peiiect 
regularity, resulting in a saving of some 26 to 40 per cent, of the gas, according to climate, as 
compared with a constantly burning light. The use of the instrument is generally restricted 
to shore lights, or lights of considerable magnitude. 

Mr. r alen has further produced complete automatic apparatus for mixing in correct and 
constant proportions the dissolved acetylene and air and for burning the compound in conjunc¬ 
tion with incandescent mantles, either as a constant or intermittent light. This apparatus, by 
reason of Its nature, is more applicable to lights of considerable power, superior to those generally 
fitted to buoys. 

Lenses.—Lenses are usually of 150 to 300 mm. (6 to 12 ins.) diameter. The candle power of 
lanterns fitted with an oil-gas burner with incandescent mantle or a 26-litre acetylene burner and 
200 mm. diameter lens, is about 200 candles, and with 300 mm. lenses about 300 candles. 

The elevation of a luminous buoy given in fig. 33 (the Qas Accumulator Oo. (United 
Kingdom), Ltd.) has been selected as an example of buoy design witb an unusually varied range of 
appUcation. It has been designed primarily for use as a spare or wreck-marking buoy. 

The lantern, which can be of any size up to that carrying a 300-mm. lens, is mounted upon a 
trestle superstructure. In this way it is possible to place any one of the three conventional types 
of daymark in position, namely, can, cone, or spherical, without in any way interfering with the 
light apparatus. The lantern carries a special type of flashing Dieobanism which is so designed 
that anyone of three oharaotert can be exhibited at will by simply turning a valve on the bmer 
stem, characters are single, doable, or triple flashing. 
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Two accamaiatorB are tHe minimum number with which the buoy may be equipped and retain 
Its calculated stability, but, if necessary, the number can be Increased to four, and the unattended 
senioe period can be as much as twelve months. 

The candle-power depends upon the size of lens and burner used. With a 300-mm. lantern 
and 15-litre burner this would amount to 180 S4>.p. The coloration of the light can be raried at 
will by the Insertion of suitably tinted glass shades inside the lens and surrounding the flame. 

Further reference to the use of acetylene lighting will bo found on page 651. 

Ijigbtships. 
Lightships afford a more powerful light than luminous buoys, and the focal plane is at much 

higher level—generally about 35 to 40 ft. above the water eiirface. They are more costly both 
in first outlay and maintenance, and are usually manned by a crew, though this is not essential 
in all cases. 

Small lightships, without constant attendance, are stationed on the coast of this country and 
of France. A vessel of this type is about 40 ft. long, 12 ft. beam, and 8 ft. deep, fitted with a 
storeholder containing 2,500 cubio ft. of gas, which is sutficieut to maintain a light for 3 mouths. 
Many unattended light vessels in all parts of the world are equipped with dissolved acetylene 
lights and run without recharging for six or twelve months. 

Larger vessels, with crews, range from 60 to 160 ft. in length, from 20 to 30 ft. in breadth, and 
from 10 to 20 ft.in depth, the draught being from 7 to 10 ft. 

Lenses vary from 250 mm. to 500 mm. focal length and the candle-power from 2,000 to 
500,000. Catoptric roficctors with a candle-power of 4,000 are used in the oldest types of light- 
vessels. Some modern light-vessels are being equipped with electric light, and fig. 33 shows a 
typical example of the fiasbiug optic and pendulum revolved by an electric motor. The illuminant 
is an incandescent electric filament lamp and the lens Is of small Third Order size (375 mm. focal 
length). The whole of the optical apparatus is swung on gimbals, so tha the beam is kept 
practically horizontal, and is entirely of Trinity HousS design,. 
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LIGHTHOUSES. 

Classification of Lighthouse Appabatus. 

Order. 
1 Focal distance. 1 Order. 1 Focal distance, 

inm. mm. 

Hyi)er.radial . ■ 1,3.30 Small third order 375 
Meuo-radial 1,126 i Fourth order 260 
First order 920 Fifth „ 187-6 
Second „ . i 700 ; Sixth „ 160 
Third „ . 1 600 j 

The Eddystonb LianrnousE. 
The typo of foundn tions and goneral coiiscniclion of rock lighthoiist^s is well exemplified 

by the new ISddystoue Lighthouse. lu this structure the temiency of the curvilinear outline 
of Smeaton’s and of other similar sea-towers that have succeeded it, to elevate the centre 
of force of each wave-stroke on the structure, induced Sir James Douglas to adopt a cylindrical 
base, from which base, at a level of 2^ feet above liigh-water spring-tides, the curved shaft of the 
tower commences. The difference in the rise of heavy seas on the two structures during stormy 
weather is remarkable. The cylindrical base has the further advantage of affording a convenient 
landing platform, thus adding considerably to the opportunities of relieving the lighthouse. 

The base is 41 feet in diamcLcr by 22 feet in height. Tlie tower is a i;(;neavc elliptic frustum, 
the gcMierating curve having a s<?ini-transver.se axis of 173 feet, and a >enii-conjngattr axis of 37 feet. 
With the excei)tion of the space oe.cupic«l by the fresh-water tanks, the tower is solid for 25 ft. G ins. 
above high-water spring-tide level. At the top of the solid portion the wall is 8 ft. 8 ins. iii thick¬ 
ness, diminishing to 2 ft. 3 ins. in the thinnest part of the service-root]i. All tlio htoiu's are dove¬ 
tailed both horizontally and vertically. The system ••oiisists in having a niised dovetailed band 
3 inches in height on the top t)ed and on end joint of each stone. A corresponding dovetailed 
recess is out in the bottom Inxi and end joint of the adjoiniiig stones, with just sufficient olear- 
aiiee for the raised band to enter it freely in setting. From experimcJits made with blocks 
put together iji this manner with Portland cement, it is found that tlm work is so homogeneous 
as to be as nearly as possible as strong as the solid granite. 

Kaeh stone of the foundation-courses (figs. 34, 35) Is sunk to a depth of not less, at any. 
part, than 1 foot behiW tlm surfHCC of the surrounding rock, and is furtlier secnre'l by two 
^fnntz metal bolts, liincli in diameter, passing tin-ough the stone, and 9 inches into the rock 
below, the top and bottom of each bolt being fox-wedged. 

The masonry consists of 2,171 stones, containing 62,133 cubic feet of granite, or 4,688 tou.s. 

•N.-<rnu .TIOV '>K Va LlO.UTIlnl'SKU. 

Total Cost. Cubic Fek,t. 
Cost 

per (rnl)ic Foi 

C .s. d. £ s. (1. 
40,000 0 0 I3,ru;i 2 19 lU 

12 1 28.630 1 19 0 
7*:-.2O0 11 r, r)8,.j80 1 4 7^ 
3 i,r>.5n IS 9 3.6.209 0 19 n 
60.121 11 8 4r..3S6. 1 1 7i 
25,296 0 0 21.612 1 < 7.t 
62,726 0 0 69.070 1 t 3 

: 72.681 9 7 42.060 1 11 6 
I 43.S69 s 11 47,610 0 18 5 

. • .69,256 0 0 ■ 66.198 0 IS 2 

Name of Structure. 

Kddy.stone (Smeatou) 
Pell Ro.-k . 
Skerry vore . 
Bishop llook. 
Smalls . 
Ilaiiois . 
Wolf Ib)ek . 
Dim Heartach 
Longships . 
Eddy stone (New) 

Different Descriptions of Lights. 

(1) Fixed.—The light being continuously visible. 

(2) Occulting,—A light regularly eclipsed in which the duration of light is greater than the 
duration of darkness. 

(3) Group occulting.—An occulting light with two or more occultations in quick succession. 

(4) Flashing.—A light regularly eclipsed in which the duration of light is shorter than the 
duration of darkness. 

(5) Group Flashing.—A dashing light with two or more Hashes in quick succession. 

(G) Alternating Light.—A light in which successive occultations or flashes are alternate colours, 
usually white and red. 



Bask of 

Bddybtonk 

Lighthouse 
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Distanoe visible from Ijighthouses. 

The following Table shows the distance of the horizon visible from towers of the heights given. 
In it the necessary correction has been made for refraction :— 

H. A. H. A. H. A. 
Heights lu Lengths in Heights in Lengtlis in Heights in Lengths in 

Feet. Euglish Miles. Feet. Englisli Miles. Feet. English Miles. 

6 ■ 2*958 80 11*832 260 20-916 
20 6*916 90 12-549 300 22-912 
80 7*245 100 13-228 350 24-748 
40 8*360 120 14*490 4(X) 26-457 
60 9-364 140 16-662 GOO 32-403 
60 10*240 160 17-201 800 37-416 
70 11*067 200 18-7U8 1,000 41-833 

Optical Apparatus. 

The essential part of a llghthoose is the optical apparatos, whiob is formed of glass lenses 
and reflecting prisms in order to concentrate the light from the homer in the required direction. 
The optical apparatos of a fixed light concentrates the rays in the vertical plane only, and sends 
oat a zone of light which lUamlnates the horizon over the whole 360” or any less angle which may 
be required. That of a flashing light concentrates the rays io both the vertical and horizontal 
planes, and thas throws oat a series of beams, the number varying with the character which 
the light is reqnired to give. The whole apparatus is revolved, and by this means the beams 
sweep round the horizon and appear as flashes at definite intervals to the mariner. 

Large lights are supported on a mercury float whereby friction of movement is reduced to 
a minimum ; bail bearings are satisfactory for lights up to small third order. The former enables 
the latest type of optical apparatus, the weight of wUcb mns up to 10 tons, to be rotated, with 
the minimum friction. 

It is usual to arrange the optical system so that the flashes have a minimum duration of 
0*2 second ; it has been found that a shorter duration is not sufficient for the mariner to detect 
the flash in hazy weather. Fig. 36 illustrates an optical apparatus of 700 mm. focal distance and 
600,000 candle-power, mounts on a mercury float pedestal, and also the lantern which protects 
it. The lens is shown with a system of prisms outside, to throw upwards a beam of 11,000 candles 
for the use of aircraft. 

Large glass catoptric mirrors with a single light source as developed by Mr. Stevenson for the 
Poward Lighthouse on the Clyde, are now employed at certain lighthouses. 

Sources of Xjighthouse Illumination. 

Where an electric supply is not available paraffin oil and dissolved acetylene gas are the most 
suitable and economic illuminants. 

Oil and gas lights, when shown through similar lenses, are equally affected by atmospheric 
variations. The electric light is absorbed more largely by haze and fog, but in all weathers and 
at all distances its penetration has proved superior. 

The luminary now in general use at large lighthouses is the petroleum vapour burner, to 
which parafiln oil is supplied under pressure, and is vaporised in a retort beneath the burner, 
being afterwards consumed in an incandescent mantle. The sizes of mantle usually employed 
vary from 36 mm. to 110 mm. in diameter with intensities up to 3,600 candles. 

A modem burner of this type is the * Hood * petroleum vapour burner designed by the late 
engtoeer-in-chief to the Trinity House; the mantle employed is of the autoform type, with an 
intrinsic brightness of 326 candles per sq. in. The burner is in five sizes, 26 mm., 36 mm., 60 mm., 
76 mm., and 100 mm., with total intensities of 400, 660, 1,160, 2,200, and 3,300 candles, and 
consumptions of 0*60, 0*76,1*26, 2*26, and 3*26 pints of oil per hour, respectively. 

At the Eddystone, which is a biform light having superimposed lenses and burners, theresultant 
beam with a 36 mm. * Hood * burner in each tier, is nearly 600,000 candles and the consumption 
700 gallons per annum. 

!]^e development in high-powered electric incandescent filament lamps has made poeeible their 
use for llghthoose illomination. Lamps up to 10 kw. are now employed and, combined with 
automatic apparatus, effect economy in maintenance by the redaction of personneL 

For noinor lighthonsee and portlights at the entrances to harbours, etc^ the lUuminant 
is Eometimes a capillary wick lamp having one or more wicks, which can be left withont attention 
for a single night. A distinctive ^araoter is given to such lights by means of revolving screens 
driven by a simple clockwork mechanism which will run for a night without rewinding; the 
screen occults the light at regular intervals. For the entrance to harbours where range is not 
a great consideration the light may bo coloured red or green. Where electricity is available 
electric lamps are employed and a small motor used for revolving the screens. Sometimes an 
electric flashini^ mechantom is used to give the character* 
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Many lights are now left unattended for long periods^ and the illumiuant is generally compressed 
oil-gaa, stored in receivers, or acetylene gas, manufactured In generators on the spot or on the 
dissolved acetylene principle,* or electricity. 

BAS SBRANI LIGHTHOUSE, MOMBASA. 

The following description of a modernised lighting equipment has been furnished by the Gas 
Aocumulatoi;Oo. (United Kingdom), Ltd.:— 

The lighthouse was originally equipped with an oil-burning, clock-driven rotating lens 
installation attended by light keepers. 

In 1928 it was converted by the company, the li^ht source being a 600 watt e4ectric lamp 
mounted in a oatadioptrlc section of a dnim lens having an arc of iUnmination of 180**. The focal 
distance of the lens is 300 mm. 

Electric current is derived from the town lighting mains, at a pressure of 240 volts, the supply 
being 60 periods, single-phase. 

In order to render the apparatus automatic in operation and cover lamp filament and supply 
current failures a burner changer mechanism is inatailed as shown in fig. 38, p. 655. Two electric 
lamps are fitted, one being in the focal points of the lens, the other being carried on an arm at 120'’ 
to it; a third ann, again at 120®, carries an acetylene burner, the whole being arranged to rotate 
about a vertical axis. Should the filament of the lamp in service break, the cessation of the How 
of filament current is utilised to operate a release gear, whereby the second bulb is brought into 
tlie focus and the defective one removed. As the new lamp comes into position, it lights up and 
thereby stops the action of the changing mechanism. 

Should a failure of the electric supply occur due to a breakdown at the power station or for any 
other reason, the acetylene burner is automatically brought info f(»t;us. On renewal of the 
electric supply an electric lamp is replaced at the focus. 

The original character of the old light of 1-in. fiash pins 4-in. r • Ii| ha? been retained in the 
new apparatus, both electnc and acetylene bnmers being arranged to emit a (lashing light of this 
character. The lighting and extinguishing of the light is under the control of a Yenner clock 
mechanism. 

The candle-power developed with an electric lamp at the focus amounts to 22,000 s.c.p.; 
and with a focal height of 86 ft. above aea-level, the light has a geographical range of 18 nautical 
miles in clear weather, taking the average height of a ship's bridge as 40 ft. 

The dissolved aoetylene gas for supplying the standby light is provided by two gas accumulators 
located In the base of the tower. These supply nn open type burner composed of four twin jet 
burners each of 26-Utre capacity. The light is under the care of a member of the port staff, 
whose duty It Is to visit the light for Inspection purposes at fortnightly intervals. 

Riiative Aimorpitve Rtnctr* of Coloured Glass, 
With the ruby glass the ratio between the powers of the red and wiiite lights is as 2 to 6, and 

with green glass 1 to 6. 
When colour is necessary In dioptric apparatus of fixed section the coloured beam can be 

strengthened by condensing prisms, whilst for revolving dioptric apparatus the red and white 
can be approximately equalised by giving to the red beam a greater area and by a special arrange¬ 
ment of the lens and prisms. 

During thick weather red lights are not so much absorbed by the atmosphere as white. 

Glazing. 
The glass of lighthouses Is usually I In. thick, except in peculiarly exposed situations, where 

It is ^ inch. 
'I’he astragals are 1 in. in section, of gun-metal, having a tensile strength of 33,000 lbs. per 

square inch. 
Diagonal and helical astragals do not intercept light in any one azimuth tliroughout their 

whole height, and they secure great rigidity and strength. 
Standard first-order lanterns are 14 ft. in diameter and 10 ft. high in the glazing. 
The Bishop Lighthouse has a lantern of 14 (t. diameter and 15 ft. Idgh, Fair Island, 14 ft. 

diameter, 6 ft. 2 iiw. lugh ; Tory Island, 14 ft. 9 ins. diameter, 18 ft. high; Sale Skerry, 16 ft. 
diameter, 12 ft. 2 ins. high. 

Ligfdnin^ Conductors, 
These should bo of 2-ln. best quaii^ copper rod, carried 18 ina. above highest part of ventilator 

of lantern, and then terminated in three branches with platinum caps or platinum wire No. 8 
B.W.G., screwed and soldered into the rod; the latter should be put into met.allic oonneotion 
with ail internal massos of metal. Tho earth connections should be made by copper plates, 20 Ins. 
by 12 Ins., and & in. thick. Conductors should be periodically inspected. 

Audible Signals. 

Tho types of sound signals in use by the Trinity House are:—(1) aerial and submarine bells; 
(2) explosive signals; (3) reeds; (4) sirens; (6) diaphones; and (6) electric oscillators. 

Of the first of these, Aerial Bells, arc actuated by tho motion of the ship or buoy carrying 
them, or mechanically operated ns the unattended lightliouso on the Monai Ftraits and on the 
Lune Deep unattended gas boat. 
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Fig. 38.—Modernised Lighting ±)qalpxnent for alter¬ 
native eappliee of electridty or acetylene. 
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The bells in each case weigh 10 cwt. The striking hammer may l)e either interior or exterior 
to the bell, and the striking action is perfonned by the admission of carbonic acid gas under 
pressure to the underside of a diaphragm which actuates the hammer; the expended gas is 
exhausted Into the atmosphere and the hammer returns preparato^ to another impulse. A 
battery of 24 cylinders of COt gas is capable of maintaining a bell signal with a character of 1 
stroke every 16 seconds for twelve montlis without re-charging. 

Submarine Bells are similarly operated by a regulated pressure of air or CO, gas, in order 
to impart a definite character to the signal. 

The bells used on Trinity House light-vessels are suspended outboard from a davit, and when 
lowered are approximately 18 feet below the water line. They are operated by compressed ail 
at a pressure of 16 lbs. per sq. in., which Is led from a receiver on board the vessel through a 
rubber pipe to the striking mechanism actuating the bell hammer. 

Explosive Signals consist of the firing of a gun, explosion of acetylene gas, or the de¬ 
tonation of gun-cotton charges from a rising and falling jib on the lantern roof, of which last 
system there,are seven instances in the Trinity House services; a special safety gear is fitted 
by which premature firing is obviated while the jib is in its lowered position for loading. This 
is etlected by leading the wires from the battery switch on tlie lantern pedestal to terminals 
outside the lantern roof, and fixing to the trunnion of the jib spring contact strips wiiich make and 
break contact between the battery and detonator loads, when the jib is raised and lowered ; 
by this means, after the jib has been moved through a small angle out of the vertical, no firing 
of the charge is possible until it is again raised, ajid consequently no danger to the keeper, or 
damage to the lantern glazing, can accrue. 

Explosive signals are now sometimes controlled from a distance by wireless. A repre¬ 
sentative installation on the Clyde consists of a gun which is charged with an admixture of air 
and acetylene gas and is fitted with wireless receiving apparatus. A synchronous transmitting 
set is installed on a pier miles distant. VVhen fog is observed, tlrn transmitting installation is 
put into operation and the impulses sent out are received on the apparatus attached to the fog 
signal gun. The synchronising arratigemeut renders the installations immune from atmospherics 
and interference from other wireless waves. 

The next three important types of sound signals will be dealt with conjointly, as each Is 
operated by compres^ air, and the only dlilerence lies in the type of instrument producing 
the sound. 

Reed Signals are, as a rule, sounded at a pressure of 16 lbs. per sq. in. from a vertically 
fixed conical horn with a bent top. The reed tongues are of steel 3 ius. long by i in. wide, and 
aretuiRMl to give a note ol about liiO vibrations per second, with a consninptiou of J cu. ft. of 
free air per second of blast. 

Manual reed signals are sounded at 5 lbs. per «q. in., and the character is produced l>y a hand- 
operated vaUo. 

Siren Signals ar<'sounded at a pre-sure of 25 lUs. per s(|. in. from horizontal tapered 
elliptical tnimpetu, and from vortical conical horns with bent tops, and the siren may either bo 
automatic or motor ilrivcn. A note of about 187 vibrations per second is generally employed. 

The siren at Trevose Head is 12 ius. in diameter, with only one port to the tmmpet, and is 
driven by a small Brotherhood air motor. In this instance there is only one trumpet, which 
is a specially oonstnicted Rayleigh elliptical steel horn. 

* Diaphones ’ are sounded at a pressure of 30 lbs. per sq. in. and have a consumption up to 
45 cu. ft. of free air per second of blast. The signal terminates with a distinctive grunt. 

Electric oscillators consist of a diaphragm vibrated by an alternating eleotrio current, 
and are need both for aerial and submarine signals. 

Audibility. 
Under favourable conditions a powerful dren or diaphone may be heard at a distance of 

14 miles, but sometimes the range does not exceed 2 miles. A reed born may have a range of 
Smiles. 

A compressed-air siren (0*125 metre in diameter) has been heard at a distance of 13 miles, 
but the range is sometimes as low as 1*76 mile. 

A 4-oz. charge of cotton powder can bo heard under favourable conditions at a distance of 
20 miles, and under unfavourable conditions at a distance of 2} miles. 

The ^stance traversed by the sound from subniiurine bells has reached 15 miles, but 1 to 3 
. miles is a serviceable distance. The range of a submarine oscillator is about twice tills distance. 

■Wireless Signalling. 
A modern aid to navigation is the wireless fog signal, known as a radio-bcarcr, which enables 

the mariner to obtain bearings when lights are invisible and sound signals inaudible, the system 
of transmission being by means of valves for generating continuous or modulated continuous 
waves within a band of 938 to 1,034 metres. Some light vessels equipped with wireless beacons 
are also provided with a submarine sound signal, and the combination of the two is utilised for 
Bending out at regular intervals synchronised signals for distance finding as well as for taking 
bearings. 

Wireless telephones are installed at lighthouses and on light vessels at sea for communicating 
with shore stations. 
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SECTION XVIII 

PART I 
RAINFALL—BUN-OFF—ABSOBPTION AND EVAPORATION- 

FLOOD PLOWS. 

RAINFALL. 

(Contributed and revised by B. A. Byves, M.Cons.B.) 

Bainvall in the British J.slrs. 

For valuable data and studies relating to rainfall in the British Isles reference may be made 
to a paper on * The Distribution of Mean and Extreme Annual Rainfall over the Brithdi Isles.* 
by H. B. Mill (Min. Proeeedingi Civil Engineer*^ vol. civ.. 1903-1904) ; also to * Variations in the 
English Climate during the Thirty Years 1881-1910,* by W. Marriott {(Quarterly Journal R. Met. 
Soc., July 1911). See also recent issues of BrilUh Rainfall. 

The rainfall of each of the three divisions of the British Isles decreases from 100.80, or 60 inches 
in the mountains and moorlands near the Western coasts to about 36 inches (over a few areas 
down to 20 inches) near the Eastern coasts of Scotland and England, and in the Midlands, and 
to about 36 inches on the East coast of Ireland. Over more than a third of England the rain* 
fall ranges from 26 to 30 inches, and over a considerable total of smaller areas the fall is from 
30 to 40 inches. There is a similar range, 30 to 40 inches, over about half Scotland, and a large 
area in the Western Highlands has a raindall ranging from 60 to 100 inches. Over the Eastern 
half of Ireland the fall is from 35 to 40 inches, and over most of the Western half from 40 to 60 
inches. For the period 1870-1899 the average annual falls were as follows: England 31*63; 
Wales, 49*63; Scotland, 46*85; Ireland, 43*38; British Isles, 39 * 26. For the period 1881-1910 
the average for England was 31*90. 

AvEBAaiB, Maximum and minimum Rainfali^. 

It is generally agreed that a period of 30 to 36 years {Binnie) is long enough to establish for 
the average annual rainfall a value which will be nearly the true average, if such there be, and 
anyhow will be the mean of probabilities. 

In the British Isles for the period 1870-1899 the rainfall of the * wettest ’ year exceeded the 
average fall by 43 per cent., and that for the * driest * year was 29 per cent, below the average 
{Milt), The following, expressed in percentages of the averages, are the figures for the different 
parts of the British Isles and for the whole area, taking in every case the wettest and driest years 
for the area referred to, period 1870-1899:— 

England, 146 and 70; Wales, 147 and 76; Scotland, 147 and 73; Ireland, 133 and 69; 
British Isles, 143 and 70. 

For the period 1881-1910 {Marriott) the percentage figures for England are 131 and 76*7. 
This period seems, however, to have been somewhat abnormal. The actual rainfalls compare 
thus:— 

England. Maximum. Average. Minimum. 
Period 1870-1899 . . . . 46*98 31*63 33*83 
Period 1881-1899 .... 41*78 31*90 34*46 

This suggests that although the 30 years* period may be satisfactory as regards the average 
annual raiiMall it may not include a fall approximating to the maximum, nor one approximating 
to the minimum. 

For the period 1881-1916 the results (inches) are as follows:— 
England and 

Wales. Scotland. Ireland. British Isles. 
October-March . . 19*61 39*3 24*38 33*43 
April-September . . 16*63 31 13 19-03 17*99 

Tear 36*33 60*33 43*30 41*41 
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At stations in the British Isles the following annual rainfalls in percentages of the ayerage 
hare been recorded: 68 • 8,69 * 8, 61,60 * 6, 63 * 6, and 64 • 6, showing defects from 86| to 41 per cent, 
of the ayerages. 

Mr. John Gllasspoole, from 40 stations in the British Isles, for the 68 years, 1870>1937, furnishes 
a diagram showing the means of extremes for any period up to 12 mont^: for four months, 
min. 11, max. 71; for 6 months, min. 23, max. 95 ; for 8 months, min. 36, max. 114; for 13 
months, min. 63, max. 164; these percentages based on the average rainfalls at the indiyidual 
stations. 

The Driest Group op Three years Running. 

Experience has shown that the most serious shortage in water supplies usually occurs as the 
result of the defect of rainfall in the driest group of three years running, and this consideration 
is usually one of the factors in the design of water supplies and irrigation works. The principle 
is to be accepted in all cases, inasmuch as there is, for every place, some period which is that 
towards the end of which the effects of a drought will probably be most severely felt. 

The estimated average annual rainfall for the three years* period is sometimes put at 76 per 
cent, of the general average. At Gape Town the average rainfall for the driest three years is 
78 per cent, of the general average. In any case it must be remembered that the available run-off 
in the three years may be a much smaller percentage of the average available run-off. If, out of 
50 Inches of rain, 16 are lost by evaporation and absorption, we have 36 inches available. With 
a 40 inch, or 80 per cent, fall, we should have 25 inches available, or about 71 per cent., and the 
loss in the dry year might be greater than the average. 

England and Wales : 1932-35. 

The following data are from a paper {Inst. Water Eng.^ December 1935), by Dr. J. Glasspoole. 
The dry period, 1932-36, was the fifth since 1727. The mean annual rainfall changed from 

39 ins., in the preening wet period, to 31 ins. in 1933-34. Beginning from November 1932, the 
6 months' rainfall in the extreme South-East of England and in Northumberland was less than 
70 per cent, of the local averages. In the 11 months, to September 1933, the rainfall was only 
two-thirds of the area averages, in South-West Wales, the neighbourhood of the Cheshire Plain, 
from Northamptonshire to Kent, and in the south of Northumberland. In the 17 months' 
period from November, 1932, the rainfall was below average over a long area between London, 
Oxford and Wellingborough, as well as in South Wales and Southport; in London, 64 per cent, 
of the average. In that period, the drought during the 12 months ending March 1934, was un¬ 
precedented. In the 23 months' period, the rainfall was below average over the whole of England 
and Wales. In October 1934, the variation was from 150 per cent, of the average over North 
Wales and North-West England to 50 per cent, over South-East England ; in November, 25 per 
cent, in North-West England and 126 per cent, along the coasts of Northumberland and Sussex. 
For the 25 months’ period, the rainfall was little more than two-thirds the average over an area 
between Wellingborough and London, also near Cardiff. In the 3 years ending ^ptember 1935, 
the rainfall was 85 per cent, of the average over a large area stretching from the southern half of 
Wales across central England to London and the Wash, the smallest rainfall being 81 per cent, at 
Wellingborough. In the Thames Valley above Teddington, the 25 months fail from November 
1933, was 12*6 ins., the average being 28*2 ins. 

VaHaiions of Annual Rainfall,—Percentages in successive years, 1910 to 1936, taking tie 
average for 1881-1915 as 100. Year '10 (1910), 113 ; '11, 93 ; '12, 125 ; '13, 98 ; '14, 108 ; 
•15,110 ; '16,114 ; '17, 98 ; '18,107 ; '19,106 ; '20,109 ; '21, 69 ; '22,105 ; '23,113 ; '24,120 ; 
*26,106 ; '26,102 ; '27,123 ; '28,116 ; '29,100; '30,117 ; '31,109 ; '32,103 ; '33, 81 ; '34, 96 ; 
'36, 113 ; '36, 109. In those 27 years, therefore, only 6 yielded less than the standard average, 
while 20 years yielded more. Although including the drought of 1933-34, the 10 years, 1927-36, 
yielded 6 per cent, above the average. Since 1891 we have never had more than two years dry 
in succession ; but the percentages of the standard average in the 5 years 1864-68 were 77, 87, 
94, 97 and 81. (E. G. Bilham.) 

ALTITUDE AND RAINFALL. 

Rainfall in Scotland.—Altitudes and average annual rainfalls, 1881-1916. East Scotland 
Edinburgh, 441 ft., 26-3 In.; Marchmont, 498 ft., 32-2 in.; Loch Leven, 300 ft., 35-8 in. 
North-east Scotland: Aberdeen, 79 ft., 29*6 in.; Ardross Castle, 460 ft., 38-5 in.; Gordon 
Castle, 104 ft., 29*8 in.; West Scotland: Rothesay, 200 ft., 49*0 in.; Toch Thom, 643 ft.; 
66*4 In.; Poltalloch, 136 ft., 62-7 in. North-west Scotland: Stornoway, 79 ft., 40-9 in.; 
Applecross, 70 ft., 67*3 in. (A. IT. R. Goldie and H. E. Carter, Sec. Lit.) 

Heavy Station Rainfali^ in the Bhitisu Isles. 

Inches in 24 hours: Bruton, Somerset, 1917, 9-56 ; Cannington, Somerset, 1924, 9*4 ; Loch 
Quoich, Inverness-shire, 8*40; Seathwaite, 8*03 and 7*00; Ben Nevis, 7*74 and 7*29; 
Bosthwaiie, 6*94 ; Angerton Hall, 6*70 ; Lyme Regis (' in the night' July), 8*58 ins.: Bally- 
cumber, 3*8 ins. For shorter periods:—Norwich, 0*52 in. in about 6 mins.; Dover, 0*44 in. 
in 12 mins.; Margate, 0 * 51 in. in 20 mins.; Hellingley, Sussex, 1 * 21 ins. In 60 mins., and 0 * 73 in. 
in 12 mins.; Oxted, 2*14 ins. in 24 hours.; East Grinstead, 1*80 ins. in 1| hrs. 
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Banstead, 3-69 ins. in about 90 mins.; Wallington, 3*77 ins. in 66 mins., and 8*60 ins In 60 
mins.; Wimbledon, 1 • 68 in. in 80 mins.; Croydon, 1 • 86 in. in 3 hours 48 mins., and 0 * 8 in. in 16 
mins.; Ponders End, 1*06 in. in 19 mins.; Birmingham, 1*04 in. in 37 mins.; Burnham, 1 • 73 in. 
in 40 mins.; a fall of 1*2 in. in 16 mins, seems to be the quarter-hour record for the British Isles. 

Sheffield, August 4, 1922, 2*46 ins. in 18 hours, 1*04 in. in 2^ hours, and nearly 1*0 in. in 
30 mins. Great Britain, February 11, 1927 : at 10 stations the falls exceeded 2 ins. in 1 hour; 
Balham Hi^h Road, 6 ins. in 1 hour (report of L.O.O. main drainage committee). 

Hbavy Single Falls of Bain over Considerablb Areas in the British Isles. 

London, whole area, 2 * 6 ins. in 24 hours. 
Lake District, 714 sq. miles, 6*63 ins. 
Eastern Ireland, 1,160 sq. miles, 4*76 ins. single fall in less than 3 days 

c« / East Anglia 18 sq. miles, over 8 ins. in about 24 hours 
S .. 238 ., 7 „ ,. 24 „ 

» 706 „ 6 „ „ 24 „ 
^ „ « 1.039 „ „ „ 24 
5 I „ „ 3,463 „ 3 „ 24 „ 

Before 1912 the maximum fall for 24 hours recorded in Norfolk was 4*48 ins. 

In the South of England storm of June 1917 the falls and areas covered were ; more than 
9 ins., 2 sq. miles; 8 ins., 13 sq. miles; 7 ins., 29 sq. miles; 6 ins., 86 sq. miles ; 6 ins., 288 sq. miles; 
4 ins., 809 sq. miles. The storm lasted from 21 to 20 hours, and is cla.sseil as a 16-hour storm. 

HBAVr STATION RAINFALLS, CANADA AND UNITED STATES. 

Toronto, 0*6 in. in 10 mins.; and 0*6 in. in 15 mins.; New York. 1*3 in. in 10 mins.; 
Philadelphia, 1*6 in. in 20 mins.; Chicago, 0*97 in. in 7 mins.; Taylor, Texas, September 1921 
23 ins. in 24 hrs.; July 1916, at 12 stations In the U.S., more than 10 ins. in 24 hrs.; Orpld’s Camp, 
California, 0*96 in. in 1 rain., 1*17 in. in 10 mins., 2*2 ins. in 1 hr.; Campo, California, August 
1891, 11*6 ins. in 80 mins.; New Orleans, 1926, 1937, and 1929, 6-hr. falls of 7*46, 7*88, and 
10*38 ins., also near New Orleans, 20 ins. in 24 hrs., and 4*63 ins. in 60 mins. 

THE NEW ENGLAND STORM OP NOVEMBER 1927. 

Comparing with the storms of August 1912 and June 1917 (above): New England, November 3 
and 4, 1937, the values being very slightly less than and closely corr^onding to those for the New 
England storm of July 1897, in 24 hrs.: Spot maximum, 8*7 ins ; 600 sq. miles, 7*4 ins.; 1,000 
sq. miles, 6*8 ins.; 2,000 sq. miles, 6*1 ins.; 3,000 sq. miles, 6*6 ins.; 4,000 sq. miles, 6*3 ins.; 
6,000 sq. miles, 6*3 ins.; 7,000 sq. miles, 6 ins. 

IfetD England Floods of 1936.—A large area received 12 ins. In 8 days, with two peak periods 
Maximum one-day station falls included 6*46 6*07 and 6 -40 ins. The discharges of the rivers 
corresponded to the following coefficients in the Ry ves (R.) and Dickens (D.) formulas, Connecticut 
river, 4 stations: R., 416, 646, 650, 626 ; 1)., 208, 3C4, 260, 291. Merrimao river, 3 stations; 
R., 662, 670, 644 ; D., 368, 310, 321. Androscoggin river, one station : U., 1,480 or 1,616 ; D., 
794 or 867. Three other streams : R., 241, 269, 281; D.. 14<B, 167, 192. (Seo Civil Engineering 
(U.S.A.), May 1936 ; abstract. The Engineer, July 17, 1936.) 

OhU> River Floods, January 1937.—At Murray, Kentucky, 6*88 ins. of rain fell in 24 hours. 
In the 12-day period ; average for the Ohio basin, 8 0 ins. Itiin-olT at Louisville (607 m. down 
stream from Pittsburgh), 1,206,000 cusecs. 

HEAVY STATION RAINFALLS IN OR NEAR THE TROPICS. 

Central America, 0 * 6 in. in 10 mins.; 1 * 1 in. iu 30 mins.; 1 * 7 in. in GO mins. Panama Isthmus, 
6 ins. in 96 mins.; 4 * 9 ins. in 60 mins.; 6 * 86 ins. in 60 mins. Philippines, 27 ins. in 24 hours, also 
(1913) 48 ins. in 48 hours, and 24 ins. in 8 hours (same storm). Manila, 17 ins. in 15 hours. Near 
Johannesburg, 3*2 ins. in 16 mins. Near Durban, 16*6 ins. In 16 hours ; 17*6 ins. in 24 hours; 
6 ins. in 3 hours. Mauritius, 18 ins. in 24 hours, and the mean of 15 stations 9 * 86 ins. in 24 hours; 
99 Ins. In 6 days; 24 ins. in 34 hours. Ceylon, 21 Ins. in 24 hours; 8 ins. in 4 hours. 

In 2 days: Santa Cruz, Teneriffe, 13*58 ins. 
In 24 hrs.; Newlands, Cape Peninsula, South Africa, 16*6 ins. 
In 12 hrs.: Beaumont, Texas, 13*54 in.s. 
In 8 hrs.: Santa Cruz, Tenerifife, 3 * 47 ins. 
In 4} hrs.: Beaumont, Texas, 12*76 in 

Osorgetown, British Ouiana.—In 1933,104*3 In.; in 1934,80*3 in.; in 1936,86*16 in. There 
was rain on 302 days, In 1936; 1 in. or more on 26 days; 2 in. or more on 6 days; maximum 
day's fall, S-18 In. 
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BAlNFAIiliS IN INDIA. 

NORMAL RAINFALLS, JUNB-SEPTBMBBR. INOHBS. 

Burma: 83*8; Bay Islands, 67*3; Lower Burma, 118*4; Upper Burma, 34*3. 
Aitam: 61*1. Bengal: 60*9. United Provinces: 36*1 (East, 36*1; West, 36*1). 
Bihar and Orissa.* 46*6; Orissa, 47*8; Ohota Nagpur, 43*7; Bihar, 44*8. 
Punjab: 15*7; East and North, 19*9; South-west, 8*3. Kashmir: 6*3. 
North-West Frontier Province: 5*0; Baluchistan, 2*4. Sind: 4*7. 
Bajpuiana: 18*1; West, 10*7; Bast, 21*7. Bombay: 37*9; Gujerat, 32*4; Deocan, 31*9. 
Central India: 33*8 ; West, 28*6 ; East, 39*1; Berar, 27*4. Mysore: 15*6. Malabar: 74*3. 
Central Provinces: 40*5; West, 41*9; East, 45*0; Eonkan, 88*8. 
Hyderabad: 26*7; North, 29*7; South, 24*5. 
Madras: 16*3; South-east 10*8; Deccan 16*3; Madras Coast, North, 32*4. 

NORMAL RAINFALLS, OCTOBEIt-MAY. iNOHBS. 

Burma: 26*03 ; 7*98 in October, 11*1 In May. Assam : 33*05 ; 8*74 in April, 12*00 in 
May. Bengal: 21*83; 5*42 in October, 8*51 in May. Bihar and Orissa: 11*06; 3*65 in 
October, 3 * 00 in May. United Provinces: 6*42. Punjab : 6*47. North- West Frontier Province: 
6*30. 'Sind: 1*40. Rajputana: 2*30. Bombay: 4*63. Central India: 3*65. Central 
Provinces .* 6*05 ; 2*05 in October. Hyderabad: 6*23 ; 2*39 in October. Mysore : 15*02 ; 5*56 
in October; 3*59 in November, 4*20 in May. Madras : 23*59 ; 8*06 in October, 6*69 in 
November, 2*59 in December, 3*13 in May. 

Rainfali^ Elsewhere in the British ebcpire. 

South Africa.—At 560 ft. above King Wllllam*s Town, in the Amatola Mountains, head-waters 
of Buffalo River, average annual rainfall for 39 years to December 1925, 73*99 ins. 

Blijde River, 16 ins. Oalitzdorp, less than 12 ins. Bon Accord, Transvaal, 28 ins., 21 ins. 
November-Febniary. Van Ryneveld's Pass, Sunday River, about 14*5 ins. 

The following are actual inches of annual rainfall, maximum, average and minimum, for a 
period of 24 years, in the Madras Presidency, 7 stations: — 

70, 47, 31—78, 40,17—48, 29, 9—60, 60,17—43, 28, 17—165, 117, 87—183, 131, 95. 

Rainfall in Nigeria.—In four zones; (1) coastal to (4) a plateau about 3,000 ft. in altitude. 
Percent^es of mean falls, driest single years; (1) 61*6 ; (2) 66*9 ; (3) 67*6 ; (4) 66*7 ; means 
of driest three consecutive years: (1) 80*2; (2) 81*4; (3) 83*2; (4) 83*3; wettest single years: 
(1) 187*0 ; (2) 143*7 ; (3) 169*6 ; (3) 169*6 ; (4) 137*4. {Q. U. Ivory.) 

HartebeeHpoori Dam (near): altitude over 3,800 ft.—Monthly rainfalls and evaporations 
(approximate), inches: Janua^, rainfall 4 * 99 and evaporation 6*51; and in that order, February, 
4*11 and 5*65 ; March 3*31 and 5*07 ; April 0*80 and 5*13 ; May 0*69 and 5*10 ; June 0*06 
and 4*35 ; July 0*37 and 4*91; August 0*73 and 6*60 ; September 0*48 and 7*91; October 
3*36and8*41; November 4*66 and 7*63 ; December 3*98 and 7*40; theyear 36*34 and 74*67. 

RUN-OFF AND LOSSES. 

The available supply and the losses by evaporation and absorbtion are often expressed as 
percentages of the rainfall, but the amount of run-off or of loss bears no definite relation to the 
amount received by the catchment. The yield of a catchment area may better be reckoned 
as proportionate to the rainfall less some constant quantity which may be called the * handicap ' 
(Laptsorth). 

Rivers Thames and Severn.—(E. G. Bilham.) From the data for the period 1914-36, there 
' derives, for the Thames basin, the equation: Run-off — 0*57 rainfall minus 6*05, the run-off 

being expressed as the depth in inches over the whole catchment. From the gangings of the 
Severn (R.M., p. 719) there derives: Run-off a 0*67 rainfall minus 6*66. For the periods, 
Thames, 1914-36, and Severn, 1921-36, the averages were: Thames, rainfall, 29*74 ins.; run¬ 
off, 10*71 ins.; Severn, rainfall, 38*14 ins.; run-off, 18*90 ins.; the respective losses being 19*03 
ins. and 19*24 ins. 

It is necessary to find the particular * handicap * in every case, since its amount necessarily 
depends upon topographical and geological features, upon the area of the catchment and the 
manner in which the water is collected. Further, it must be noted that the method is by no 
means generally applicable, and notably fails when the effect of one year upon the next is strongly 
marked. In the AJamenta Valley, Gold Coast Colony, the following, in inches, were year’s 
falls and the corresponding yields {HurUer):— 

38*8,1*800—69*9,8*280—47*7 2-540—42*4,0*140—30*8,0*560—29*6,0*004- 40*2,0*006. 
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Again, if we take the figures for the Sweetwater oatchment basin, Oalifomia, we find that the 
following comparisonB may be made {FolioeU):— 

A year's rainfall of 21 inches yielded 12 per cent., but a fall of 23*4 inches yielded only 9 per 
cent., while another year's fall of over 23 Inches yielded less than 0*4 per cent. A fall of 17*2 
inches yielded 4 per cent., but falls of 18 to 10 inches yielded leas than a quarter per cent. The 
average fall of nearly 21 inches yielded less than 6 per cent., but an actual year's fall of 20 inches 
yield^ 8 p^r cent. 

The yield from the Ooolgardle catchment, in a period of six years {Palmer) ranged from 0*20 
per cent, to 3*6 per cent., while the rainfall ranged only from 19 to 331 inches. 

In a period of ten years the worst discharge of the Guadalquivir (Spain) was 9 per cent, of the 
rainfall, and in the best year it was 60 per cent. In the Karroo, S. Africa, a yield of 2 or 3 per 
cent, would be expected from a year's fall of 8 to 10 inches, and from a fall of 20 inches the yield 
would be about 8 or 10 per cent. {Legg), 

The General Method,—The data necessary to determine a ‘ handicap ’ can be used—whether 
a ‘ handicap * can be found or no—to establish curves of run-oll as proportional to rainfall; 
the units of rainfall times being such as hours, for computations of flood flows, and weeks ox 
months with respect to water supplies and irrigation. The graphs should show curves foi; 
respectively, soaked, damp and dry catchment, or, as regards long periods, the three cases of wet, 
normal, and dry conditions—precedent os:— 

Miami River,—^At Dayton, Ohio. Percentages of rainfall; under the conditions: — 

(1) Oatchment under snow and ice; frozen ground; followed by rain and thaw ; Dec.- 
March, 100 + ; April-^une, 80 to 90. 

(2) Wet ground, heavy preceding precipitation, or thaw after cold weather ; Dec.-Mar., 60 to 
76 ; April-June, 70 to 80 ; July-Sept., 30 to 40 ; Oct.- Nov., 46 to 60. 

(3) Moderately wet, some preceding precipitation: Dec.-Mar., 60 to 60; April-June, 60 to 
70; July-Sept., 20 to 30 ; Oct.-Nov., 30 to 46. 

(4) Moderately dry, little preceding precipitation : Dec.-Mar., 36 to 60 ; April-June, 26 to 
46; July- Sept., 10 to 16 ; Oct.-Nov., 20 to 30. 

(6) Very dry : Dec.-Mar., 30 to 36 ; April-June, 6 to 20 ; July-Sept., 1 to 6 ; Oct. -Nov., 
6 to 20. 

Generally, in dry countries with a small rainfall the ratio of evaporation to the rainfall, or to 
a part of the rainfall, increases rapidly with a decrease in the actual amount of the fall. Gon- 
veisely, in wet countries with a fairly large proportion of rainy or cloudy days the effect of 
relatively dry conditions or of scanty rainfall is not felt to nearly the same extent. In some 
cases it is found that the rainfall to be considered is that of only a part of the year, and it is 
then necessary to study maximum and minimum rainfalls, and the worst three years, as applying 
only to this season. In Natal about } of the rainfall occurs in the wet season, ^ptember to 
April. In Southern Khodesia, about from November to March. In other cases, especially 
when the area does not feel the full effects of any of the seasonal rains, it is necessary to examine 
the rainfall records in detail for the worst three years, and to eliminate all falls of less than some 
predetermined amount (single falls or day's rain). Next, the yield from each of a series of falls 
should be estimated as, in each case, a proportion depending partly upon the amount of the 
fall and partly upon the interval which had elapsed since the previous fall. The maximum 
percentage yield will be assigned to continuous rain on soaked ground and soaked subsoil. In 
dry areas it may be necessary to adopt such a method of estimating the yield, when, owing to 
the nature and distribution of the rains, no general rule can be applied to the whole rainfall of the 
year, or to that of a season. For a rough estimate it may be sufficient to eliminate small or 
isolated falls and to calculate the yield of the remainder as a diminishing proportion of the 
remaining rainfall, lees some coixstant. In some conditions the proportion need not be a 
rtiminiKhlng one. 

ABSORPTION AND EVAPORATION. 

While it is possible, by the exercise of judgment, to form some idea as to the extent of losses 
by absorption for a particular area, it is dear that the large niunber of factors involved makes 
it impossible to lay down any general rules. Under some circumstances all the rain runs off, 
under other circumstances it is all absorbed, and there is every conceivable intermediate condition. 

A few points are, however, worth noting. Olay soils, after the surface is wet, absorb water 
only very slowly. Some light soils are absorbent up to a given rate of absorption and rainfall 
in excess of that rate runs off. If the water absorbed by the soil percolates to places where it is 
available for use, the loss by evaporation from the soil will largely depend upon the average 
depth of the subsoil water. A dusty surface to a great extent prevents evaporation from the 
BOU. 

In practice, the loss from evaporation and percolation taken together is found by gangings 
of the streams from the catchment, or, provisionally, is baaed upon data obtained from similat 
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oatohmentB, with such modifications as seem to be desirable owing to differences in the condi* 
tions. The estimate of the loss by evaporation and absorption, obtained from one set of data, 
should agree with the estimate of total yield based upon another set of data, or upon general 
considerations. Beferences to evaporation from free water surfaces and from soils will be found 
under * Irrigation.* 

Dr. Walter Leather gives the following formula for estimating evaporation from water 
surfaces:— 

B - 3 0 (logt - 1-74) 4- 0-33 (log D - 1 00) + 0-36 (log W - 0-126) 
where, 

B a Evaporation in millimetres for 24 hours; D — Dryness 100 — (humidity at 8 A.M.); 
W — Mean wind velocity for the 34 hours in miles per hour ; t = Mean temperature in degrees 
F. for the 24 hours. 

RADJFALL QUANTITmS AND IlAl’ES. 

One inch of rain it equal to:— ^ 

3,333,300 cub. ft. per square mile ; 14,486,000 gallons per sq. mile; 
3,630 cub. ft. per acre ; 22,633 gallons per acre. (Taking 1 cub. ft. — 6-336 gals.) 

One inch of rain per hour is at the rate of:— 

646 cub. ft. per second on a square mile, nearly 1 (1 -01) cub. ft. per second on an acre; 
341,419 gallons per minute on a square mile; 
377 gallons per minute on an acre. 

I, TABLE SHOWING EQUIVALENT B-AINFAIiL IN OUBIO PEBT PER MINUTE. 

Areas ' Rainfall in Decimals of an Inch in 24 Hours. 
In (r) 

Acres. 
(A,) 0*1 0-2 i 0*3 ' 0*4 

1 0*262 0*504 ! 0*766 : 1*008 
3 0-604 1*0U8 1-513 2*017 
S 0*766 1-613 . 2*269 3-026 
4 1*008 2017 3-025 4*034 
5 1*260 2*521 3-781 : 6*042 
6 1*613 3-026 4-637 : 6-060 
7 1*765 3*629 5-294 7-069 
8 2-017 4-034 6-060 ! 8-067 
9 3-269 4*637 6*806 ' 9-075 

10 3-521 6-042 7-562 10-083 

0*6 0*6 0-7 0*8 0*9 

1-260 1-613 1-766 2-017 2-269 
2*521 3-026 3-529 4-034 4*637 
3-781 4-537 6-294 6-050 6-806 
6-042 6-060 7-059 8-067 9-075 
6-302 . 7*562 8-823 10-083 11-343 
7 662 9-076 10-587 i 12-100 13-612 
8-823 10-587 12-362 i 14-120 16-881 

10-083 12-100 14-120 1 16*134 18-160 
11*343 13-612 15-881 ! 18*160 20-420 
12*604 15-125 17-646 1 20*166 22-687 

Cubic feet per minute=A,r x 2*621. 

II. Tablk hhowixq Eqi/tvalient Rai.vpall in Cubic Pest per Minute. 

Area in 
Square 
Miles 
(AJ 

Rainfall in decimals of an inch in 24 hours. 1 
(/•) 1 

0-1 0-2 0-3 0-4 0-5 •*6 0-7 0-8 ■1 
1 161-3 322-6 481-0 645-8 806-6 1129-3 1290-6 1452*0 

2 322-6 645-3 968-0 1290-6 1613-3 1936-0 2258-6 2581-3 2904.0 
3 484-0 968-0 1452-0 1936-0 2420-0 2904-0 3388-0 3872-0 4366-0 
4 645-3 1290-6 1936 0 2581-3 3226-6 4617-3 6162-6 5808-0 
5 806-6 1613-3 2420-0 8226-6 4033-3 4840-0 6646-6 6453-3 7260-0 

6 968-0 1935-9 2901-0 3872-0 4839-9 5808-0 6776-0 7743-9 8712-0 
7 1129-3 2258-6 3388-0 4617-3 6646-6 6776-0 7905-3 9034-6 101640 

8 1290*6 2681*3 3872-0 6162-6 6463-3 7744-0 10325-3 11616-U 

9 1462*0 2904*0 4356-0 7260-0 10164-0 11016-0 13068-0 
10 i 1613-3 3226-6 4842-0 6463-3 8066-6 9680-0 11293-0 1290G-0 146200 

Oublo feet per mioote-« A,r x 1613*7. 
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Flood discharge. 

For every area, however small or however large, there is some period of time at the end at 
which the effect of contimious rain reaches the maximum. What Uils period is depends upon 
all the circumstances, the size of the area in question, the nature of the rainfall, the physical 
character of the catchment, and the nature of the vegetation or of artificial works all affect the 
result. , 

Oomputations of maximum discharge are most reliable when based upon this * period of total 
contribution.' 

Investigations, practically confined to the more humid parts of Phodesia , showed (R. H, 
Roberts) that for catchments ranging from 78 to 2,040 sq. miles their lengths from 12 to 76 miles, and 
the ratios of length to mean breadth from 1-85 to 4*5, the period of total contribution ('critical 
time *) ranged from 4 to 29 hrs. 

MERITS OF THE EMPIRICAL FORMULA. 

In most cases the maximum capacity of the catchment for surface water is reached only for 
short periods after the heaviest rushes of rain, and the amount of such storage affecting the result 
is the average over a relatively long period, and cannot be estimated with any degree of accuracy. 
A period longer than the critical period will give a lower rate of discharge, because the rate of 
rainfall will be less, and a period shorter than the critical period will give a discharge lower than 
the maximum, because the water from the more distant parts of the catchment will not have 
time to reach the outlet. It is usually necessary to have recourse to empirical formula;, or 
formulae partly empirical and partly rational, and tiie engineer has to exercise judgment in 
choosing one coefficient affecting the whole quantity or several coefficients affecting different 
factors. In some largo river basins the effects of short storms over several tributary valleys 
may, by the simultaneous arrival of the resulting floods, yield a larger discharge than that due 
to the lower rate of rainfall for the critical period corresponding to the whole area. In such cases 
the purclv empirical formula may be better than the rational formula, because the engineer makes 
a note of every real coefficieut established by experience, and all these coefficients are strictly 
comparable. 

Further, in the case of a steep, rocky valley, the river of which drains fiat uplands, or 
glens under dense jungle, the heavier rainfall for the shorter ' period of total contribution' 
for the main valley may give a larger flood discharge than the smaller rainfall for the longer 
period of total contribution for the whole catchment. Even in normal river basins, areas 
projecting beyond the average distance of the watershed of the distant parts of the catchment 
may be eliminated, the loss in area being more than made up for by the gain in rate of rainfall 
for the reduced period of total contribution (Ryves), 

The following formulas are used in calculating flood discharges of rivers and, in some cases, 
are also employed for quite small catchments. 

Ryves' formula— 

Q = OM^. 

Q -a discharge in cu. ft. per sec.; M — area in square miles, 0 is a coefficient usually ranging 
from 460 to 1,000, according to the nature and situation of the catchment; rainfall data are also 
taken into consideration, by comparisons with established results. 

This formula is largely used in Southern India. (Discharge in cu. metres por seo. >■ 

same coefficient X ^ ^ X (area in sq. klloms.) '). 

For a considerable range of catchment areas the coefficient 1,000 is a good provisional figure; 
it applies to many parts of the tropics in hilly country. For small catcliments in such districts 
the discharge may correspond to higher values, up to 2,000 for the maximum in an indefinite 
period of time. At the site of the Oatun di^, catchment 168 sq. m., the maximum flood, 
estimated from records, corresponded to a coefficient of 1,626. In the New York State flood of 
July 1936 a catchment of 2*91 sq. miles yielded a short-period run-off corresponding to a coeffi¬ 
cient of 1,200, and another of 2*34 sq. miles, a coefficient of 1,163. 

Dickens* formula— 
Q « 826 

This is the form in which the equation is usually presented, but it is doubtless advisable to 
vary the coefficient as in the case of the Ryves’ formula. 

The Dickens' formula is probably more particularly suited to the conditions of Bengal and 
other parts of Northern India, but both formulas may be usefully employed in other countries. 
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Chamier*s formula— 

Q - 640 X B X 0 X 

B -■ arerag* rata ol greatest rainfall in Inches per hour for such duration as will allow of the 
flood*watar flowing to the ouUet from the farthest extremity of the catchment. 0 » coefficient 
of sorfaca discharge, giving the proportion of rainfall that may be expected to flow oft the 
surface. M « area of catchment in square miles. 

In order that the length of the catchment might be taken into consideration the following 
formnla was proposed;— 

Burg€*» formula— 

Q-C.“ 

(L)* 
where L is the length of the main river or stream in miles ; 0 is usually taken as 1,300 

A modification of this formula has been proposed, as follows (/ockron):— 

Q « O X f 100 M*» 
Li 

where L is the extreme length and B the extreme breadth of the catchment area. 
It may be suggested that when it is possible to make a fair estimate of the period of total 

contribution, and, therefore, of the maximum rate of rainfall, such an estimate should form the 
basis of ^e calculation for maximum fiood discharge, and when no such estimate can be made 
an empirical formula with a single coefficient should be used. 

Storm-water Discharoe of Sewers. 

The same principles that govern the dischaiges of large river basins hold in the case of the 
storm-water discharge of sewers, but it is usually much easier to estimate the average rate of 
flow from the most distant parts of the catchment (measured in time) and, therefore, to estimate 
the period of total contribution, the rainfall for which can be found from local record. 

The following are the formulas employed:— 

Burkli-Ziegler's formula— 

q = BxOx'^®^ 

Q — discharge in cubic feet per second per acre. 
B ■■ average rainfall in cubic feet per second per acre * during heaviest rainfall.* 
0 -• 0*76 for paved streets; 0*31 for rural districts; average 0'625. 
A — area of district drained in acres. 
S general fall of area per thousand. 

It is dear that B will depend upon the period of total contribution which will have to be found 
in each case in order that the formula may be applied. The factor C would, as regards unpaved 
areas at any rate, also depend upon the period of tota contribution 

Euichling's formula— 
Q-Axax<x(6-cx<). 

A — area drained, in acres; a, 6, c, empirical constants which vary for different localities; 
» time required for the concentration of storm water at the outlet. 

This formnla seems needlessly complicated, since if t be known the rainfall can be found 
and a single modifying coefficient could be applied to it, as well as one to be applied to the 
quantity as a whole, if considered necessary. 

Lloyi‘Davie*' formula— 

Q « (60-6 X I? X b) X Ap. 

Q -a cubic feet per minute ; Tc time of concentration in minutes (time of flow through the 
longest sewers) ; B <» rainfall in inches during Tc; Ap percentage of impermeable area in acres. 

The equation is as given by the author, Min. Proe. Inst. C.E., vol. clxiv, p. 47. The expression 
' percents^e of the impermeable area in acres * implies that p Is the percentage and A the area 
of the district in acres. The formula seems to depend upon a proportion of the area being regarded 
as folly impermeable and the remainder being regarded as having an assumed average run-off 
coefficient. Therefore, if ‘ percentage impermeability ’ be substituted, the basis of the equi.tion 
seems to be disturbed and the estimation of maximum discharge to be suitably mads by means 
of a formula such as those of the type 

Q - 0 X A" 
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The Ministry ol Health advises the use of:— 

R = ^ ^10* ® 

40 
S “= rp I oA» where T® is 20 to 100 min. 

ic + 
The use df a curve drawn through two points so found for Te » 12 and T0 — CO min. would 

seem to be more logical. 

Heavy Station rainfalls in India. 

Madras, 4-95 ins. in 3 hours; 2 ins. in 18 minutes; 3 ins. in CO minutes 10,11, 12,13, 18, and 
20 Ins. in 24 hours. Madras Presidency (South Arcot), 7, 8 9, and up to 11*3 ins. in 24 hours. 
Central Provinces ^algaon), 7*76 ins. in « hours. West Coasts Bombay Presidency, 8 ins. in 
2 hours. Bombay Town, 7 to 9 ins. in 24 hours. Sholapur, 10 ins. in 7 hours. Calcutta, Aliporo 
Observatory, May 6, 1928, 3*25 ins. in 40 mins, (record intensity for this station or 4*88 ins. per 
hour) ; the whole fall during the storm being 3*39 ins. 

In 24 hours : Karwar, Konkan, 13 ins., June ; Hukitala, Orissa, 15 ins., July ; Burdwan, 
Bengal, 10 ins., June; Saugor Island, 10 ins., June; Kyankpyu, 9 ins., June. In 48 hours: 
Bombay, 17 ins., June. In 72 hours: Cberrapanji, 31 ins. 

Rivers of Western Bengal and Orissa : Maximum Flows. 

Affluents of the Houghly. 
Catchment 

area. Max. Discharge. 
Ousecs. 

OoefBcient 
with the 

Sq. Miles. Ryves Formula. 

AJai . . 2,544 270,000 1,450 
Damodar. 7,211 650,000 1,743 
Oossye. 2,154 228,540 1,369 

Flowing into the sea. 

Subamarekka. 6,473 300,000 863 
Brahmini ...... 13,700 642,510 1,122 
Bytami. 3,761 400,000 1,653 
Mahanadi. 49,800 1,571,000 1,153 

FORESTS AND RAINFALL. 

A point which is often overlooked is the effect of trees in increasing the total precipitation 
considerably beyond that recorded by rain gauges. A large proportion of the rime whi<^ collcctii 
on the twigs of trees in frosts afterwards reaches the ground as water, and, in climates such as 
those of the British Isles, the total amount of water deposited on the twigs from fogs and drifting 
clouds is considerable, and most of it reaches the streams or underground storage or at least 
replaces losses from subsequent rainfall. 

Of more importance, however, to hydraulic engineers is the effect of woodlands in modifying the 
run-off. The rush of water from bare hillsides is exchanged for the slower delivery from the 
matted carpet of woodland, losses by evaporation may be much diminished and the melting 
of snow usefully retarded. In catchments from which flood waters are largely lost, woodlands may 
increase the available run-off by extending the period of surface flow. The maximum floods of 
rivers are reduced, and the lowest summer flow increased. Woodlands are usually much more 
effective than minor vegetation, such as gorse and heather, in preventing the soil from being carried 
from the land Into an open reservoir. 

To protect a reservoir from silting, it may be unnecessary to plant large areas, the silt being 
arrested by suitable planting of narrow belts of woodland, or by the protection of natural growth, 
along the margins of the streams. 

Some engineers consider that in the case of small reservoirs the shelter afforded by a belt of 
trees along ^e margins is of value in reducing the amount of scour of the banks caused by wave 
action. Afforestation over considerable areas in large river basins would, in many cases, reduce 
the amount of silting in navigable rivers and estuaries. 
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A matter which does not receive sufficient attention in connection with hydraulic engineering is 
the effect of judicious planting or woodland conservation over small areas. A narrow belt of 
woodland along the foot of a slope will arrest Hie soil brought down by rains from the hillside. 
The encouragement of dense vegetation along the bottom of a narrow valley or glen may check 
the rate of flood discharge to a useful extent. The planting of suitable trees ftlong ridges, wd for a 
little way down the slope facing the rain-bearing and damp winds, will produce the maximum of 
certain desired effects, in proportion to the area occupied. Suitable tree and bush growths in 
swampy areas and around their margins will increase their effect in checking flood discharge, and 
may prevent these areas from contributing large quantities of silt to the streams during very heavy 
rains. Areas of soft, cultivable soil liable to denudation may similarly be protected. Generally, 
a country which is, in the ordinary English sense of the words, ‘ well-timbered ’ is, from the point 
of view of the hydraulic engineer, a favourable country ; and in the development of new lands 
the future effects of a proposed agricultural policy should be considered from this point of view, 
and in consultation with hydraulic engineers. 

Forests and Run-off.—In order to carry out large-scale field tests of the effect of forest cover on 
the run-off and erosion catchments, three reservoirs, each of 10,000 cu. ft. capacity and concrete- 
lined, are being constructed in the Los Angeles National Forest, U.S.A. Measuring flumes and 
weiis will bo installed immediately above each reservoir. After 6 years’ records have been 
obtained, one of the areas will be burned and be maintained in a banen state, another will bo 
burned and left to return to its natural condition (or take on the naturally-ensuing character, 
resulting from the burning), while the third area will be kept with its present cover, as a control. 

RIVERS: Control of Flow and Floods. 

FUm Control.—Seine Basin.—The Department of the Seine will have control of 128 million 
cu. m. of water in the four reservoirs:—the Orescent and the Bois de Ghamau .on, together im¬ 
pounding about 22 ‘ 5 million cu. m.; the Ohampaubert-aux-Bois, 23 million ; these having been 
completed ; and the Fannesi^re-Ohaumard, under construction, 82-5 million cu. m., the water- 
spread of which will be 1,300 acres, and the greatest depths 150 ft. Dry-weather flow of the 
^ine in Paris will be increased by 50 per cent. The flood-control efficiency of the reservoirs will 
be reduced by the necessity for maintaining minimum levels for power production, 18 million 
kW.h. a year. 

The Nile Basin.—A series of articles. Civil Engineering (London), October and December 
1933, January, March, April 1934. Largely based on official and semi-official information. A 
study of the topography and hydrology of the regions, in respect of problems of control and im¬ 
provement of the Nile and its tributs^es and the extension of irrigation. Proposals for storage 
in the Nile Basin are reviewed. 

The Sudd Region. In the fifth article, by R. A. Ryves, the problem of the Sudd region is 
discussed in two aspects, as related to the regime of the river, and in respect of engineering works. 
The character of proposed works is Illustrated by a map to the scale 110 miles to an inch. (See 
also. The Engineer^ * Irrigation Works since the British Occupation of Egypt,’ Sept. 20, 1895, 
and following articles; also, * Irrigation Schemes in Egypt and the Sudan,’ May 23, 1919, and 
following articles : an abstract, June 9, 1933, of H. E. llurst’s paper {^oe. of Arts.^ May 30) on 
‘ The Sudd Region of the Nile,’ and ‘ The Training of the Upper Nile.’ By P.Newhouse. Review, 
The Surveyor^ February 24, 1939, 

Floods,—* Flood Plows: a Study of Frequencies and Magrnitudes.* By Allen Hazen, 
M.Am.Soo.O.E. Reviewed in The Engineer^ October 31, 1930. The data are entirely American. 

* Measures of Flood Control.’ By R. A. Ryves, The Surveyor^ June 3, 1932. Relates to the 
broader aspects of the subject. 

Flood Control,—* The Flood Danger to London.’ By R. A. Ryves. Article, Civil Engineering 
(^ndon), June 1933. A study of the natural conditions causing abnormally high tides in the 
Thames estuary; a review of the reports and of some papers relating to the subject; a com¬ 
mendation of A. B. Buckley’s proposals for the creation of reservoirs in the Thames basin and 
condemnation of the works of river flow alteration as carried out and proposed by the Thames 
Conservancy. The part played by the winds in respect of the high tides of January 7 and 8,1928, 
is considered in respect of the whole of the North Atlantic Ocean. 

The Critical River Width.—(K. P, Filial). On 10 miles of the River Oauvery the width varied 
from 700 ft. to 2,000 ft., and after a theoretical bed slope between controlled points had been 
plotted, it was found that the bed level, averaged on a cross section, was above that so given 
wherever the river exceeded 900 ft. in width and was below it where the width was less than 
900 ft. Accordingly, that dimension was taken to be the proper width for the river if trained. 

River Euphrates,—Works put in hand in June 1939 will provide for flood control on the 
Buphrates by storage of water in Lake Habbaniyah, which lies to the south of the river, about 
SO miles from Baghdad, as proposed by the late Sir William Willcocka in 1911. The works will 
inolods the excavation of the Ramadi inlet channel, about 7^ kilom. from the river to the lake; 
ontting an escape channel about 8 Idiom, long, leading to a depression in a desert region, and the 
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provision, on the Inlet obanneL of a regulator with 12 8iz*metre openings and, on the escape channel, 
a regulator with 8 openings of 6 m. It is proposed to excavate, at some future time, a channel for 
returning stored water to the river. The works are described, with a map, Th^ Engineer^ June 30, 
1939. 

Riven Mersey and IrweU.—In an article, The Surveyor^ December 22, 1939, by S. Pearson, 
the adjoining river basins are described, and an account given of their history and their present 
regimes. Works carried out for the control of the rivers and their tributaries are described. 

Hain Gauges. 

The smallest diameter for a serviceable rain gauge is 5 ins. Trials with gauges of various 
diameters ranging from 1 in. to 2 ft. have shown that if they are set perfectly level, and observed 
with great care, exactly the same rainfall has been registered by all of them. 

The standard height above ground for rain gauges is 1 ft. 

The higher a gauge is fixed above the ground the smaller is the quantity of rain caught, 
owing to the eddies carried by the wind about any prominent upstanding object. A curve, 
given in Beardmore's Hydrology, gives the divisor to be used for increasing the quantity of rain 
observed at any given height above ground level, so as to make the observation equal to that at 
ground level. The divisors are: for 10 ft., 0*93; 20 ft., 0 • 88 ; 30 ft., 0 ■ 84 ; 40 ft., 0 • 80 ; 60 ft., 
0-77. 

It is more important to have rain gauges placed at a uniform height above the ground than 
to have them of uniform diameter. 

LITBRATUIUS. 

Thames Floods.—Letters to the Editor of The Engineer ; from Major P. Newhouse, published 
December 10, 1937, from Mr. R. A. Ryves, December 17, 1937, and from Mr. B. J. McOalg, 
January 21, 1938. Major Newhouse pointed to the fact that the greatest rainfall yet recorded, 
for the period of total contribution, falls far short of the maximum as estimated by means of 
oomparative data. Mr. MoOaig drew attention to the effects of the enclosure of the marshes of 
the lower reaches of the Thames, and to the influence of low atmospheric pressure in increasing 
the heights to which tides rise. 

* The Maximum Probable Flood and its Relatiou to Spillway Capacity.’ By S. M. Bailey 
and Q. R. Schneider. Article, with two isohyetal maps. Civil Engineering (U.3.A.\ January 1939. 

’ Conservation of Water Through Recharge of the Underground Supply.’ By A. T. Mitchelson ; 
Paper, 1938, Water Conservation Conference in Salt Lake City. Civil Engineering (U.S.A.\ 
March 1939. Four principal methods of * water spreading ’ are described. 

'The Climate of the British Isles.' Book: by B. G. Bilham. 

* The Trend of Annual Rainfall in Scotland.* By H. B. Carter. Paper, Inst. Water B. 

' England's Rainfall Problem: a Survey of Rainfall, Drought and Distribution.' By 
H. Spenoe-Hales and John Bland. Reviewed, I'he Surveyor^ Aug. 18, 1939. 

' The Accuracy of Run-off Calculations.’ By L. B. Escritt. Aj:ticle, The Surveyor^ August 4, 
1939. 

‘ Flood Discharge and Damage to Bridges on the Snowy Biver, Victoria, Australia.' By 
M. Q. Dempster and W. A. Ozanne. Article, The Commonwealth Engineer^ March 1934. Abstract, 
The Surveyort June 1, 1934, and No. 220, Engineering Abstracts^ Vol. 61. 

' Stormwater Drainage in Flat Country.* By B. Dixon Urubb. Article, The Surveyor, 
June 6,1941. 

* Land Drainage and Reclamation. By Q. 0. Ayres and D. Scoates. Book (second edition). 

* Ganges Flood and its Lesson.* By 0. C. Majumdar. Journal Inst. E. (India), April 1941. 

‘ Reliability of Station-year Rainfall Frequency Determinations.* By Katherine Glarke- 
Hafstud. Proe. Am. Soc. C.E., November 1940. Discussion, January, February, March and 
April, 1941. 

* Maximum Probable Floods in Pennsylvania Streams.’ By 0. F. Buff. Proc. Am. Soe. C.B., 
September 1940. Discussion, December 1940, January, February and May, 1941. 

Addenda 1948. 

llEAVV RAINPAIiLS. 

Jamaica.—At Silver Hill riantatioii, iu the Blue Mountains, 135 ins. fell in 8 da^’s, including 
114* 6 ins. in 5 days. At Farm Hill Plantation, 114*4 ins. fell in 7 days, including 95 *88 ins. in 4 
days and 28 ■ 5 ins. in one day. Both falls in August 1909. The mean annual rainfall over a 
period of 70 years was, for the whole island, 77-76 ins. 
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The Fenland.—^The rainfall for March 1947 was 264 per cent, of the average for the period 
1881-1916. At some stations more than 300 per cent, of the average was recorded. 

Fenland Flooding.—^The rainfalls of November and December, 1946, were well above the average. 
In January, February and March, 1947, they w’ere, allowing for molted snow, 3 • 4 ins., 2 • 1 ins. and 
6 • 8 ins., respectively. At St. Neot’s Bridge, over the Eiver Ouse, the water level was higher than 
at any time since 1823. (At the Watergate near Worcester Cathedral the flood was the highest 
since 1770. At Gloucester the highest previous flood, in 1862, was exceeded by 6 ins.). 

Area of Flooding.—Oflicially given as 690,000 acres, but, in the opinion of Mr. E. A. G. Johnson, 
the total flooding exceeded 1,000,000 acres, about 326,000 acres of w'hich was arable land—the 
flooding of which probably did not last longer than 10 days, whilst on the remainder of tlu. area 
it was caused by embankinent failures and lasted for some weeks. (See ‘Flooding in the Fens 
and Remedial Measures Taken.’ A paper (Journal Inst. C.E.) by E. A. (1. Johnson.) 

Fen Flood Prevention Scheme,—Apart from the heightening of many miles of river embank¬ 
ments, which was done soon after the flooding, a scheme of preventive measures has been prepared. 
In November 1948 the Great Ouse Catchment Board decided to promote in Parliament a Bill for 
a scheme which it is believed will protect the Fens from flooding for 50 years. 'I’he estimate of 
the cost is £6,.')00,00(). 

Water engineers may wonder why works which will prevent flooding for 50 years should not 
prove effective indefinitely. Weirs for delaying the flow of tributaries and that of upper reaches 
of the Great Ouse, the water being released at low tide, (!an be so designed that silt deposited 
upstream of them can be scoured away. Such weirs will, presumably, be important features of 
the scheme. Provisions for scour of silt can be provid(‘d, also, at the dams of reservoirs, and in 
so far as they would fail to remove silt from the upper part of a reservoir, the cost of dredging 
would be very small compared with the losses caused by floods. 

Other Flooding^ 1948.—The March rains caused the River Trent, at Nottingham, to attain a 
level which was the highest since 1875. On the River Lea flood levels were records for the 100 
years for which record.^ have been kept. As in the case of the Thames, a factor affecting flood 
levels is diminution of the area of the river’s flood channel by the creation of large-area embanked 
reservoirs, a number of which have been created in recent years. 

The level of the Yorkshire Ouse,— at York, was the highest since 1831. 

An August Flood.—The flood of zVugust 1946 in northeni ^iorthulnbe^lall(l was one of gnjat 
severity. 8ome 1,500 acres of gras.slaud were rendtjrcd aselt‘.ss for the rest of the season. About 
300 acres of grain crops were destroyed and 200 to 250 acres seriously damaged. Hay (jrops 
amounting to 150 tons were lost, and 500 sheep and 650 head of poifltry drowned. Railway 
embankments were breached and rail services suspended for many days. 

Extremes of Rainfall.—British Isles, 1870-1935. At Llyu Llyduw, Carnarvon, 246-92 ins. 
and at the Stye, Ciunberland, 247 • 3 ins. in 1923. At Margate, 9 • 29 ins. in 1921. 

Heavy 24-ZZoar Falls.—British Isles, 1922-1944. Belfast, August 27, 6-00 ins., Abeigw'esyu, 
July 18, 6-06 ins. Loch Carrou, April 2, 6-60 ins. Buttcrmerc, July 29, 7 *14 ins. Rhondda, 
November 11, 8 • 31 in. Brymore, August 18, 9*40 in. 

RECENT Literature. 

‘The Flood Problem: Its Philosophy aud Its Facts.’ By R. A. Ryvers, M.Cons.E., The 
Engineer, May 30,1947. 

* SoilErosiouin New Zealand.’ Book, by K. B. Cumberland. Second edition, 1947. Whlt- 
combe and Tombs, Ltd. 

‘ The Flow of the River Ncnc.’ By R. F. Wileraan and H. W. Clark. Paper, Journal Inst. 
C.E„ April 1946. 

* Floods and Flood Control.’ Article in the publication ‘ Ten E ventful Years,’ of Encyclopojdia 
Britannica (inc.). 

A shorter article with the same title in the Encyclopaulia Year-Book^ 1946. 
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SECTION XVIII 

PART II 

THE PLOW OP WATER-PORMULAE AND DATA — WEIRS, 
SLUICES AND CHANNELS. 

(Revised and mainly contributed by R. A. Ryves, M.Cons.E.) 

Discharge of Water through Submerged Orifices. 

The theoretical velocity, », with which water flows from an orifice in the side of a vessel at a 
depth h from surface is the same as that of a bo<ly falling freely by gravity from height, viz. 

A0 

< 

<^-1 
Pig. 1. 

z 

u 

FiO. *. 

-O-yiEW!#—» 

I'll). 3. 

V = but practically the converging currents produce a contraction of the jet, which assumes 
the form of the vena contracta, (f, 0, f, p, fig. 2. 

h = height from surface of water to centre of orifice, In feet. v — velocity of issuing water 

Pig. 4. FlO- ^ 

in feet per second. A s= area of orifice, in feet. Q oubio feet disohaxgcd per second, g = 
ooeflflcient of terrestrial acceleration. 

V = m^2gh. Q = mk ^2gh. 2o = 64*4 •J'^g- 8 practically 
m. 

•626. Where the orifice is a thin plate, be (fig. 1), with thickness less than } smallest dimension 
of orifice. 

•97. Orifice shape of vena contracta, d, e, f, g (fig. 3); A is measured at/, g, 
•83. Orifice with an adjutage (fig. 8); O = 3j to 3 times least dimension at A. 
•9. Sides converging at angle of 13J® (fig. 4). m depends on diameter and angle of con¬ 

vergence. 
1*46 Sides ^verging at angle of 6° 6' (fig. 6). 0 s 9 times least dimension at A, which is 

of form of vena contracta. (Seldom used.) 
*548. Where 3 sluices in thin plates are so close as to Interfere with each other: m being 

reduced from *635. 
*62. For sluices of moderate size in lock gates, etc. 
•83. For narrow-bridge openings. 
*93. For very large sluices and bridge openings 
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PLOW OF Water over sharp-edged notches and Weirs. 

Plow over a triaogolar notch ; see equations 12,13 and 14. 

Plow over any trapezoidal notch — flow over a rectangular weir of equal length with two end 
contractions, plus the flow through a triangular notch of corresponding angle. 

Plow over a rectangular weir with end contractions varies as— 

Q 3*10L» »*H» «.(1) 

for all weirs up to at least 19 ft., and for head up to half length of weir, provided depth of pool 
below sill of weir is not less than twice the head. L => length in feet. 

General law for trapezoidal weirs : 

Q - 310 + 2-48nH»*« . . . (2) 
For n, see equation <16). 

(£f. J, F. Oourley and B. Santo Crimpt ‘ Proceedings Inst.C.E.^* vol. cc. p. 388, Nov. 1916. 

Hydraulic Radius.—The hydraulic radius, or hydraulic mean depth, is the area of the water 
cross-section divided by the length of wetted perimeter, and is denoted by H.M.D., R or r. For 
a pipe flowing full, diameter divided by 4. For many purposes the indices for h are taken as 1 • 6, 
2 ‘ 6, instead of 1 • 47, 2 ■ 47. 

Rectangular Weirs and Notches. 

According to the different cases we have the following formulae giving the discharge in cub. ft. 
per sec.: 

With end contractions and a velocity of approach, 

Q = 8*347 0LV(W + 1-4A)« . . . (3) 

where water has no velocity of approach, 

Q = 5*347 OL*v^H».(4) 

without end contractions but with velocity of approach, 

Q =» 6*347 OL V(H -1- 4/3^)».(6) 

where water has no velocity of approach. 

in which 
Q 6*347 CL-v^n* 

L » Length of weir in ft.; 
H » Head in ft.; 

(6) 

V = Velocity of approach In ft. per sec.; 
h *- Head equivalent of velocity of approach «= 0*01666 V* 
C =3 OoeflBcient of dischaige; 
Q s Discharge in cub. ft. per sec. 

Values of * 0.* 

For Weirs with Oontracted Ends. Length of Weir in ft. 

Effective; 
Head in ft.' •66 1 2 3 i 6 j i 19 

•10 •632 •639 •646 '662 •663 I •666 •656 
•16 •619 •625 •634 •638 •640 •641 •642 
•20 •611 *618 *626 •630 •631 •633 •634 
•25 •606 •612 •621 •624 •626 •628 •629 
•30 601 •608 •616 •619 •621 •624 •626 
•40 •696 •601 *609 •613 *616 *618 *620 
•60 •690 •696 *606 •608 •611 •616 *617 
•60 •f87 •693 •601 •606 •608 •613 •616 
•70 — *690 •698 •603 •606 •612 •614 
•80 — — •695 •600 •604 •611 •613 
•90 — — *692 •698 •603 •609 •612 

1-00 — — •690 *696 •601 *608 •611 
1-20 — — *686 •691 •697 *606 •610 
1-40 — — *680 •687 •694 •602 •609 
1-60 — — j •682 •501 •600 j •607 
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Values of *0'—wnHnued. 

For Weirs without Contracted Ends. Length of Weir in ft. 

Effective 
Head in ft. 19 10 7 6 4 3 2 

•10 •667 •668 *668 •».69 _ 
•16 •643 •644 •646 ‘646 *647 •649 *652 
•20 •686 •637 *637 •638 *641 *642 *645 
•26 *630 •632 •633 •634 •636 •638 •641 
•30 *626 •628 •629 •631 *633 •636 •639 
•40 *621 •623 *626 •628 •630 *633 *636 
*60 *619 •621 •624 •627 *630 *633 I 637 
*60 *618 •620 *623 •627 •630 •634 ' *638 
•70 *618 *620 •624 *628 •631 •63S •640 
*80 *618 •621 •626 1 *629 •633 *637 •643 
*90 *619 •622 •627 •631 *635 *639 ! *645 

1*00 *619 •624 *628 *633 •637 *641 *648 
1*20 •620 •626 *632 •636 •641 
1*40 *622 •629 •634 *640 ‘644 

*646 1 _ 
1*60 *623 1 *631 •637 •642 ; -647 — 

Other Forhuus. 

Velocity of Approach.—^The velocity with whicli the water approaches a weir or other passage 
in a stream or channel is allowed for In the discharge measurement by converting it to head, in feet 
thus: 

2®*-0 01666 ra*.(7) 

For gauging porpuaes the increased section, if the weir be made for the porpoee, gives the 
velocity of approach. For design purposes, it may usually be assumed that the river will silt up 
to its previous sectional area. 

Drowned Notch.—U hx be the head to the bottom of the notch and h the difference between 
water levels, an approximate measurement is given by : 

Q-C.J. v'io. . (8) 

the same coofflcient being used for both portions of the opening. 

Drowned Weir,—For a drowned weir, or a rectangular notch, a coefficient Oi, such as 0 ■ 7 to 
0*8, may be taken for the lower portion, and 0.., such as 0*677, for the upper portion. If d be 
the depth of tail water above the sill and h the difference between head water and tail water, the 
discharge is given by : 

Q - Qt + Qi “ 0i X 1 X d X \^igh + fxOtXlxAx \/2g/j, or 

== I X ^''2gh (O, X d + I x Ot X A).(9) 

Clear Overfall Weir, with Velocity of Approach.—\l the coefficient, for a broad-crested weir, 
be taken as 0*677 the discharge may be approximately calculated by : 

Q - S-1 X f {(A -I- Aa)'^ ~ Aa'i).(10) 

Drowned Weir with VslocUy of Approach.—Similarly, a useful working equation for a broad* 
crested weir when drowned, taking Cx as 0*8 and as 0*677, is 

Q- JX [8-4 X <l(* + ».)i+S-l{(A + fc.J?-*.2l} . . . (U) 

Syphon Weirs and Bhll-houthed Weirs. See part III. 



674 WBIBS Sec. XVIII (ii) 

To raise a Biver a certain Height by a Weir. 
Q discharge of river in onbio feet per second; — height by which river is to be raised in 

feet; ■■ depth of top of weir below original surface of water necessary to raise surface by height 
ft. • Ag » head corresponding to velocity of approach; 2 — length of weir in feet; m — coefficient 
of contraction » 0*628 ; 2^^ -> 64*4. 

Q 12) 
’ mly/^gih.-^ha) * ^h,+ha 

If ha is not taken into account, then: 

V... mi 

Gauging Streams. 

PLOW OP Water over Sharp-edged notches ahd Weirs. 

The flow of a small stream, or of a sluggish channel or canal, is conveniently and accurately 
measured by building a weir across the stream and measuring the flow through a notch, or a number 
of notches, in the sill-board of the weir. It is most convenient, and is likely to provide the more 
accurate measurements, if the depth and width of water upstream of the weir be great enough 
for velocity of approach to be practically eliminated. The triangular, or Vce, notch is to be 
preferred, since the relation of wetted perimeter to area remains constant for all heads. Oare 
should be taken that the aides of the notch are equally inclined to the vertical. If a series of Vee 
notches bo used, their apexes must be in exactly the same horizontal line, and they should be 
seven times the head apart. If they are not leas than times the head apart the error will not 
exceed 0 • 6 per cent. (27. S. Rotoell.) 

• V '-Notch JfrtAud.—The ‘ V ’-shaped notch, fig. 6, is cut in the Billboard, and is of suflQcient 
size to allow the f^l volume of water to disc^ige through it. When the fiow is steady from the 
upper side of the notch, as shown in the plan, then, from still water, 

Q ^ kwh \/2j;A, cubic feet per second .... (14) 
16 

>0, h, and g being In feet. 

The value of k varies from 0 • 69 to 0 • 62, according to the angle a, being 0 • 69 for a right angle 
90"). 

PIG. 6. 

When a is a right angle, then w « 2A, and formula becomes 

Q «cubic feet per mi’riMlr . • (16) 

A being in inches and A » 0 * 59. 

More convenient for some measurements is the formula 

Q - 2-48nH«-«.(16) 

Q cub. ft. per sec.; n ss tangent of hall the angle, a, of notch ; 11 » head in feet; the 
implied coeflicient being about 0*681. This is included in equation (2), for the notch portion 
of a trapezoidal weir. 

MeasurenurU of Head,—^The dispositions, generally, are as in the following method, for both 
the Vee notch and the rectangular notch. The bottom and sides of the notch are bevelled on the 
downstream side, leaving the upper edge sharp. A stake driven into the bed of the stream some 
feet upstream of the weir, with its top level with the sill of the notch, provides for measurement 
of head. More accurate measurements, as now usually made, are obtained by providing a stilling 
obamber—if only a glased, earthenware pipe set on end in a bed of loose stones—and employing 
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a hook gaage» measuring downward from a fixed level above the weir sill. The hook gauge is 
essentially a rod with a 180^ bend, or hook, which dips below the surface of the water, and is 
adjusted by a screw which brings the point of the hook np to the surface. The height is then read 
by a vernier, or by a micrometer screw. If a metal scale be need, the bead can be read to within 
one-hundredth foot or less. 

Equations (4) and (6) may be employed, and the table following equation (6). This method 
may be employed on any scale, and is often applied to exact models of proposed works, simulating 
the conditions which affect the coefficient: as, broad crests, end contraction, degree of elimination 
of end contraction, drowning, and velocity of approach. The sharp-edged notch weir is a con¬ 
tracted teetr, but if the sides be made continuous with the ebannei it is a tceir vfUhoul end contractions^ 
the coefficient being greater. A yet greater coefficient may be obtained by fiuming the weir, an 
economy in respect of construction in such works, and at canal outlets to branch canals. 

Automatic Recorders,—^These are so designed as to mark and ref:ord the water-levels, or the 
corresponding computed discharges. (See p. 197.) 

Fiuming.—By making the sides of a weir, sluice, bridge opening, canal bifurcation, canal outlet 
to a branch, or any other water passage, continuous with the sides of the channels, or channels 
adjacent to them, end contraction is suppressed. Similar treatment of the bottom, in some of 
those cases, aids in increasing the coefficient of discharge. Such dispositions amount to fiuming 
only when the curves approach such as the water would make for itself if fiowing through a plastic 
but adhesive material, not having weight. Thus the design of the side walls for an existing 
sluiceway which is narrower than the channel, and is to be flumed, may often be indicated by the 
form of ^e mud banks in the approach to the sluiceway. 

Sluices 

Ooeffleients for the dischaiges through submerged orifices and sluices will be found on the 
first page of this Fort. The coefficient for a sluice depends on the design, which is often directed to 
obtain a high value. In the design of the Stoney gates of the Sukkur Barrage a provision has 
been made whereby, when the gate is raised, the grooves below water-level are covered by plates. 
The coefficient of discharge is improved and the entry of mud or sand into the grooves is prevented. 

Sometimes, however, a low-level sluice under a great bead of water, or any sluice under some 
conditions, is designed rather in view of small erosive effect than in regard to high discharge 
capacity. Toothed sills, baffle chambers, and other devices are thus employed. 

Waterway of Bridges.—See p. 490. 

Sluice Discharge Formula {J. H. Jones).—Confirmed (L. 0. Puls) by measurements of the 
flow through the sluice-gates of the Wilson Dam, 38 ft. in span, and holding up water to 18 ft. 
above sills. The formula is 

Q - cDL {2y(H - cD)} i.(17) 

where c is the coefficient; D the depth of gate opening ; L the span ; 11 the depth of water to the 
sill. 

Flow of Water in Pipes, Flumes, and Channels. 

The principal formula of flow in pipes, flumes and channels is based on the formula for 
velocity of flow known as Chety*s formula, which is as follows 

where. 
V = 0 V" 

V = velocity in ft. per s'ec.; 
0 s a coefficient of discharge; 
A area of cross section considered, in sq. ft.; 
p wetted perimeter in ft.; 

'-h7dr.nUoradius- ««aofscoOon _A. 
wetted perimeter p 

s — hydraulic gradient or slope of channel »=» difference of level ^ 
distance 

h a fall in ft. between points considered; 
I » distance in ft. between points considered. 

The fommia for the flow is Q i- AO 
where 

Q — discharge in cub. ft. per sec. 
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The value of the coefficient 0 can be determincil either by K utter’s formula or Bazin’s 
formula. 

KvUm^t formula is as follows: 

0 = 

41-65+ + 
« n 

I 0-00281 \ n 
(18) 

where, 
n — the coefficient <5f roughness. 

Robt. B. Hortou gives in Engineering News^ of February 24, 1916, the following category of 
coefficients of roughness for use in Kutter’s formula : 

Table of ' n * fob Euttbb's Formula. 

(i2. B, Horton.) 

Surface. Perfect. Good. j Pair. 1 Bad. 

Uncoated cast inm pipe. 0*012 0013 1 0*014 0-015 
Coated cast Iron pipe. 0*011 1 0*012* 1 0*013* — 
Commercial wrought iron pipe, black 0*012 , 0*013 0*014 0*016 
Commercial wrought iron pipe, galvanised 0*013 0*014 0*015 0*017 
Smooth brass and glass pipe .... 
Smooth lockbar and welded * OD ’ pipe . 

0*009 0*016 0*011 0*013 
0*010 0*011* 0*013* 

Riveted and spiral steel pipe .... 0*013 0*016* 0*017* _ 
Vitrified sewer pipe.j 

0*010 ) 
0*011 [ 0*013* 0-016 0-017 

Glazed brickwork. 0*011 0*012 0013* 0-016 
Brick in cement mortar; brick sewers 0*012 0*013 0016* 0-017 
Neat cement surfaces. 0*010 0*011 0-012 0*013 
Cement mortar surfaces.1 0*011 0*012 0*013* 04)16 
Concrete pipe.! 0*012 0*013 0*016 0*016 
Wood-stave pipe.I 0*010 0*011 0*012 0-013 
Plank flumes: 
Planed. 0*010 0*012 0*013 0.014 
Unplaned. 0*011 0*013 0*014 0-016 
With battens. 0*012 0*016 0*016 

Concrete lined channels. 0*012 0*014* 0*016* 0*018 
Cement-rubble surface. 0*017 0*020 0*026 0*030 
Dry-rubble surface. 0*026 0*030 0*033 0*036 
Dressed-acddar surface. 0*013 1 0*014 0*016 0*017 
Semi-circular metal flumes, smooth . 0*011 1 0*012 0*013 0*016 
Semi-circular metal flumes, corrugated 0*022. , 0*026 0*0276 0*030 
Canals and ditches: 1 

fEarth, straight and uniform .... 0*017 { 0*020 i 0*0225* 0*026 
Bxck cuts, smooth and uniform 0*026 1 0*030 0*033* 04)35 
Rock cuts. Jagged and irregular 0*035 ! 0*040 0*046 — 
Winding sluggish canals. 0*0226 0026* 0*0276 0*030 
Dredged earth channels. 0*026 1 0*0276* 0*030 0*033 
Canals with rough stony bods, weeds on 

eartii banks. 0*026 0*030 0*036* 0*040 
Earth bottom, rubble sides .... 0*028 0*030* 0033* 0*036 

Natural stream channels: 
(1) Clean, straight bank, full stage, no rifts 

or deep pools. 0*026 0*0276 0*030 0*033 
(2) Same as (1), but some weeds and stones . 0*030 0*033 0*036 0*040 
(3) Winding, some pools and shoals, clean . i 0*036 0*040 0*046 0*050 
(4) Same as (3), lower stages, more ineffective 

slope and sections. 0*040 0*046 0*060 0*066 
(6) Same as (3), some weeds and stones 0*033 0*035 0*040 0*046 
(6) Same as (4), stony sections 0*046 0*060 0*066 0*060 
(7) Sluggish river reaches, rather weedy or 

with very deep pools. 0*060 1 0*060 0*070 0*080 
(8) Very weedy reaches. 0*076 1 0*100 0-126 0*160 

* Valuei commonly need In desigoing. 
t In British Indian practice the values wonld be shifted one column to tA left, 0*017 

being hardly attainable with earthen channels 0*020, perfect; 0*0226, good; 0*026, fair; 
0*oio, bad. See Part IV. 
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Maximum Discharge.—When there is no head over the pipe the water mnning with a yetocitj 
depending on the slope at which the pipe Is laid, the greatest discharge is not with the pipe flowing 
full, but is given by angle at the centre of the pipe subtended by the water surface, about fi4®. 

TAIJLK of CoJIFFICIBNTH C for various IIVURAUMC lUUIl (r), ACCORUINO TO KUTTER’S B’ORMCLl. 

(For the same actual /(sucb as 3*28 ft., or 1 metre) the coefiScient for metric units is the 

< oefflcient lor British units X , or J, nearly.) 

Slope 8 = '000025 per VTiiit of Length, »1 In 
f0,000, = '1:12 B'oot per Mile. 

Slope 8 — '00005 por T!^nlt of Length, = 1 in 
20,(X>0, -204 Foot per Mile. 

GocfUclente n of Uoughncss. Coethclcntd n of Houghness. 

000'010 '01l''01'2j'0ia '015 oni-O-JOi'O^S •O.IO 'Oa.'i 040 000 010 oil 012 013 016 017 020 U2:> D30 035 040 

Coofllcieiits C. 

■1 1 (W 57 50 44 40 .S 28 23 17 !i4 12 10 . •1 7h ■ 67 .59 52 ' 47 39 8.3 26 20 16 ! 13 n 
'2 i 87 67 59 53 45 .SH .31 21 : 19 16 14 ‘2 100 87 77 68 i 6-2 51 44 35 26 21 . 18 15 
'4 111 97 87 78 70 .59 51 42 JVi 26 2-2 19 •4 1-24 109 97 KB i 79 66 57 46 35 28 24 20 
•6 127 112 1(K) 90 81 69 49 ;w : 31 26 22 ' '6 139 122 109 98 90 7t> 65 .53 41 S3 28 24 
•8 13H 1 ‘X) 109 99 90 77 <u> 43 ' 35 80 25 •8 1.50 ]:« 119 107 98 83 71 59 46 37 .SI 2'< 

1 14H LSI !11H 106 97 8.3 72 60 17 ' .38 32 2H J I.5H 140 1*26 111 104 H.0 77 64 49 40 34 29 
L5 KUi 148 133 121 111 95 W1 69 4.5 :<8 33 1-5 173 1.54 139 126 116 99 87 72 57 47 40 34 
2 179 160 144 LSI 121 101 91 77 61 . ,50 43 37 ' 2 184 164 148 L'$5 1-24 107 94 79 62 51 44 58 
•S 1107 177 I(») 147 i::.5 117 103 HH 70 59 .50 44 .3 lf>8 17H 161 14H 1.36 1J8 104 88 71 59 50 44 
4 l20!) 188 172 L58 1146 1-27 113 96 78 . Ill*) 56 49 , 4 207 187 170 1.56 145 126 111 95 77 64 56 49 
(5 !226 206 188 174 ;i6l 142 126 !iOH i ! HH 74 1 64 57; 6 220 199 IH2 ]*W 156 137 122 105 , 85 72 68 66 
8 1238 216 199 1K4 il7l 151 135 117 1 ; 96 82 I 71 63 H 2'2H 2(X) 1H9 175 163 144 129 111 91 78 . 68 Cl 

10 1246 225 ■207 192 179 159 142 ■1-24 : ii02 87 : 76' (W ! 10 234 •212 19.5 181 169 149 134 116 96 82 72 64 
12 ,253 231 214 198 'iwi '165 '149 :i'i9 ; |107 92 ; 81 ■ 72 ' \'i •238 217 200 ■1H5 173 1.53 138 120 99 86 ; 75 68 
16 ■263 242 223 208 '19.5 174 157 '1.H8 1115 100 . 88 79 i 16 24.5 •2'23 206 191 180 160 144 1-26 106 91 ' 81 73 
20 ,271 !249 •231 215 |■202 181 164 il44 121 :io6 • 94 84 i 20 2.50 2-28 211 196 184 165 149 131 lie 96 : 85 77 
.SO i283 ,2(il ‘243 228 (215 193 '176 157 (I.3.3 117 104 95 ; .'iO 257 2;»6 •2] 9 204 192 172 167 1.S9 118 103 • 92 ' 84 
.50 1297 ■274 257 241 1228 207 '190 170 1147 !L30 117 107 ' .50 266 245 228 213 201 181 165 148 127 112 101 93 
75 iilOO '284 267 1251 123H 217 200 ,180 157 140 127 117 75 272 2.50 233 218 207 187 171 15.3 138 119 108 99 

100 '312 290 273 244 2-23 207 
1 

;i87 ;117 134 124 j 
1 

100 •275 254 2.S7 222 210 190 ,175 
1 !!!J 137 123 ,112 104 

Slope S — '0001 per Unit of Length, = 1 In 
10,000, = 'O'M Foot per Mile. 

Slope S = '0002 per I’nlt of Length, = 1 in 
5,000, = 1 OOd B'eet per Mile. 

- CoeillcientB 71 of ItoughnesB. 3oi®' 
eS g ®' $9 3.®; _ 

>> -000 010 -on 012 -018 015 017 •0'20 0-25 •0:«) '0;^'» 010 OOl^ 010 on 012 013 015 017 -020 •025.'l 
K i .1 1 ^ , i 1 I ' , ! ; . i ■ 

CoelflcientB n of iloughnesB. 

41 .32 24 
52 4-2 81 

; 05 53 40 
73 t;0 40 
79 65 50 
83 69 54 
91 77 60 
97 . 8‘2 ; 64 

I 105 89 72 
111 i 94 : 76 

i 117 100 82 
’ 122 105 87 
I 126 108 89 
I LSI 118 95 
I 184 117 98 
; 189 122 108 : 
I 148 [126 108 : 
\ 148 1181 US 1 
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TiiBIiB OF OOBFFIOIKNTS 0 FOB VARXOD8 HYDRAULIC BADII (COniinUtd). 

Slope 8 a '0004 per Unit of Length,» i in 
2,500, = 2112 Feet per Mile. 

Coefficients n of Roughness. 

Slope S «= '0010 per Unit of Length, » in 
1,000, » 5*28 Feet per Mile. 

Coefficients n of Roughness. 

3 •009|'01o| oil| oi2j'018' oi5! oi7|'020 '025 '0.w 035 OOoj oiol'Ollj'Owl'OlS OWj OlT 020'026j o8o| 085|'040 

Coefficients C. Coefficients C. 

69 1 62 60 48 34 26 19 16 18 •1 no 94 88 73 66 64 45 86 27 21 17 14 

87 ! 78 66 64 44 82 25 21 18 •2 129 118 99 ! 89 81 66 67 45 84 27 22 18 

96 1 87 73 62 60 87 30 24 21 •8 141 124 109; 98 89 74 68 61 89 30 26 21 

104 ! 94 79 68 65 42 .38 27 28 •4 1.50 131 117 !105 96 80 69 66 48 84 28 24 
113 1108 87 75 62 47 88 31 27 •6 161 142 1127 |116 104 88 76 68 48 39 32 27 
121 IllO 93 81 67 61 42 85 30 •8 169 150 184 ;122 111 94 82 68 52 42 86 80 
125 Ins 98 85 70 65 4ij 87 32 1 176 166 1139 |127 116 99 86 71 66 45 88 83 
186 ;124 106 93 78 61 SO 42 87 1-5 184 1&5 :149 !1S6 124 108 93 78 62 50 48 37 
141 il80 112 98 88 66 64 45 40 2 191 171 1165 1142 180 112 98 83 66 64 46 40 
:149 1188 jll9 105 j 89 . 71 69 61 45 8 109 179 168 1149 138 1119 106 1 89 71 69 61 45 

164 1142 'l24 no 94 j i 76 63 65 48 4 |204 184 ir>8 1.54 142 124 no 98 75 63 64 48 
161 149 !130 116 99 1 81 69 60 68 6 211 IIK) 1174 !160 149 180 116 99 81 68 59 62 
168 !157 !l38 123 107 j 88 75 66 69 10 1218 197 il8l ]167 166 11.86 122 105 87 ! 74 66 58 
176 1164 146 181 116 ! 96 83 73 66 20 226 205 1188 |175 163 144 129 ill8 94 1 81 72 66 
184 !173 il54 1.39 123 i 101 91 82 75 50 '232 212 jl96 Il82 170 llSl 187 120 101 89 79 72 
|189 il77 
1 1 

143 127 1 108 96 87 80 100 1286 
1 

216 200 186 174 165 124 105 94 86 77 

Slope S = '01 per Unit of Length,= 1 In 100 =52'8 Feet per Mile. 

Coefficients n of Roughness. Coefficients n of Roughness. 

j “ " I I 'l I "i” , ’ I ’ ' ' ' I ' ■ ' I.I ' I ' 1 ' I ' ' ' ' 
►.d B -009 'OlOl-Oll -012'013 •015j'017i'020'025'awl-OSSl'OtO i J«.fi' 009!'010| 011'OVil'OlS 016'017 '020'025|'080'0b5j'040 

Coefficients C. Coefficients 0. 

•1 no 96 63 74 66 64 46 36 27 21 17 14 2 ll9l |l71 155 142 1.80 112 99 83 66 55 46 40 
•2 130 114 100 90 81 67 57 46 84 27 22 19 8 199 Il79 162 149 i;w 119 105 89 71 69 61 45 
•8 143 125 111 100 90 76 64 52 89 31 26 22 4 ,204 il84 167 154 142 128 109 93 76 ; 63 .55 48 
■4 151 1.88 119 107 98 82 70 67 ; 44 85 29 24 1 1 6 i210|190 173 160 148 129 116 99 81 1 08 69 62 
•6 162 143 129 116 106 90 77 , 64 : 49 ' 89 33 28 10 >217 196 180 166 154 136 121 105 86 ■ 74 65 58 
•8 170 151 1.S5 123 112 95 82 68 63 43 8.5 : 81 20 ,225 1204 .187 173 161 148 128 112 98 1 80 71 64 

1 176 166 ,141 128 117 ! 99 87 1 1 72 66 46 88 i S3 ■ .50 2.81 1210 1194 181 168 150 136 119 100 1 87 78 71 
1-6 

— 

.166 |149 186 ;125 |107 
1 1 lH 

62 61 

■h Zl 
100 286 j214 197 184 

i 
172^ 168 189 122 104 1 

1 1 
91 82 75 

To find the coefficient 0, haviiig the slope S, the hydraulic radius r, and the degree n of rough¬ 
ness. Turn to the diyision of the Table correspondij^ to the giycn slope, 8. In the first column 
find the given hydraulic radius, r. In the same line with this r, and under the given n, is the 
proper v^ue of 0. 

To find the actual^ or the greatest permissible^ degree n of roughness of channel, having the slope 
8, the hydraulic radius r, and either 0, or the actual or required velocity, v. 

velocity 
If the velocity is given, and not 0, first find 0 = . Turn to the 

Vslope X hydraulic radius 

division of the Table corresponding to the given 8, and in the first column find the given r. In the 
same line find the value given, or just ob^ned, for 0; over which will be found the required n. 

To find the actual or necessary hydraulic radius^ r, having the slope 8, the degree n of rough¬ 
ness, and the actual or required velocity, v. Assume an hydraulic radius; and from the division 
of the Table correspondlog to the given 8 take out the value of 0 corresponding to the given 
n and the assumed r. Then say 

0 so found X \/ assumed hydraulic radius x slope. 

If this 0 is the same as the given velocity or near enough to it, take the assumed r as the 
proper one. Otherwise, repeat the whole process, assnming a new r, greater than the former one 
if • if less than the given velocity, and vice versa. 
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Manning's Formula Is: 

the values of n being the same as for EUtter’a formnla. It gives nearij the same vaiues of V. 

Direct Measurement of the Flow of Streams and Oanals. 

Crosi Section.—^The basis of the direct measurement of the flow of an open stream or canal is 
the measurement and plotting of the cross section of the stream-bed with reference, in respect 
of heights and lengths, to firmly driven stakes. This having been done, even if one set of readings 
of water depths be taken at the same time, further depth readings can be taken, either by direct 
measurement from the stream-bed or, as may be more convenient in tbe case of a muddy bottom 
or a very swift current, by differences in the rea^ngs of water levels referred to tbe datum stakes. 
To a width which is that to which a wire may be stretched taut, such a wire furnished a base for 
measurements, including those to the bed. In tbe case of a wide stream, theodolites may be used, 
or boats. Direct measurement by wading is to be preferred where it is possible. Whichever of 
the following methods be employed, the number of measurements required in the width may be 
judged from the degree of difference between one velocity measurement and those next to it. 
It may be necossary to space tbe points or lines of measurement somewhat closely, (a) where 
a stream develops a reverse current near the bank ; (6) where a well-defined main current flows 
through relatively slowly moving water. 

Capacities of Canals: Mean Velocity. 

The discharge or capacity of a canal or river is the product of the cross-sectional area and the 
mean velocity. The mean velocity is usually found from KUtter's formula (see p. 676), s co- 
otficient of rouglmess, n, being chosen with r^ard to the nature of tbe soil and the proDable 
behaviour of the canal with respect to silting and erosion. Since the formula takes account of 
the water slope or fall, and of the hydraulic mean radius, 

area 
wetted perimeter 

every measurement or calculation of discharge by other means tends to fix the value of n for the 
particular conditions of tbe bed of the canal or stream. Small discharges may sometimes be 
measured directly in basins or symmetrical pools, and at notdies or specially prepared weirs 
(pp. 672-674), bat calculations for discharge over large weirs are themselves subject to distiu-b- 
Ing factors and their value in the determination of n is limited. 

For irrigation oanals in favourable soils and working under favourable conditions the valne 
n 0*0226 is considered suitable, and this value has been adopted in the design of very important 
works. For canals in less favourable conditions the value 0*026 is often adopted, and for canals 
distinctly below average conditions n may be taken as 0*0276. The value 0*030 may be applied 
to some rivers and to canals in * defective condition,' whilst for channels which are much obstructed 
n may be taken as 0*036. The first two values above are those of most importance in irrigation 
engineering. For aqueducts of rubble masonry n may be taken about 0*017 to U*02U, and for 
ashlar and brickwork, 0>013. 

BASIN’S Formula. 

Bazin’s new, 1807, formula is often used for channels, especially for those which, in irrigation 
systems, are relatively small. It is derived from the general formula 

V - r Vrs, 
by making in: 

British units, c» - 1^7 .1- Metric, e - 
1 ^ m 1 + #* ... (19) 

V Vr 
where e is the coefficient, and 

171 Bx 0*109 ; /yi B 0*06 for smooth cemented surfaces. 
0 • 29 ; » 0 • 16 for ashlar and brickwork. 

= 0*83; =0*46 for rabble masonry. 
= 1*64; =0*85 for very smooth earthen channels, pitched, or partly pitched. 
■■2*36; =1*30 for ordinary earthen channels. 
= 3*17 ; =1*75 for canals encumbered with weeds or boulders. 

Parker states (* TheOontrol of Water,' Second Edition, 1920) that experience led him to use 
Basin's formula excluf irely, in aoenrate calculations. On p. 474 of that book he gives the results 
of oomparlsons of the two formuln, founded on very numerous observations. 
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DiRBCr MBAflUBBHlNT OP MEAN TELOOITIIBS. 

Th€ Um of FloaU.—FlofttB of Turioos kinds hare been employed for the measurement of the 
relodties of canals and rivers, being sent down the reach so as to maintain as far as possible their 
proper positions in the oroes-seotlons, the average velocity being calcnlated from float speeds and 
depths in each strip of the r^ufli. Doable floats are oftcm osed, the lower and larger float which 
is a little heavier than water, being held at a determined depth below the surface by a smaller 
sorlace float to which it is attached by a cord. Thus the velocities at different depths and at 
different distances from the centre-line of the stream can be measured. The essential dilfloaltv 
in naing thesd floats is that if the lower float has a spedflo gravity considerably greater than 
that of the water the sorlace float most be relatively large, and affect the result appreciably, 
while if the specific gravity of the lower float be but little heater than that of the water it is 
liable to be lifted towards the surface by small upward currents. 

For the lower floats both cylinders and spheres have been employed; for instance, cylinders 
9 ins. in diameter and 12 ins. long, or 6 to 8 ins. in diameter and 9 to 12 ins. long ; and spheres 
2 ins. and 8 ins. in diameter. 

Various forms of surface floats have been used, Including very thin discs of considerable area, 
intended to i^p easily along the surface without seriously affecting the speed of the lower float. 
This form seems to be suitable in calm weather, while a deeper float of smaller surface area may 
be preferable when there la a breexe. Oalm days are best for float observations of any kind, but 
if a rivor or rnktiAl flows with or agidnat prevail^ winds of considerable velocity observations on 
calm ^ys may be to a small extent miricading. 

The float in general use at the Great Ouse Catchment Board sites is a light pinewood rod, 
9 inches long, weighted at one end so as to float with 8 inches submerged. This may, it seems, 
call for changed v^ues of K, in the next table. 

Rivers Ouse and JITor.—(W. M. Griffith.) Maximum surface velocities in ft. p.s.: by meter 
(m) and by float(/), percentage difference (d). (1) f«, 1*96 ; /, 2-29 ; d, 14-4. (2) m, 1-66, 
/, 2-01; /, 17-3. (3)fn, 2-30;/, 2-60; d,ll-50. (4) w, 1-65 ; 1-64 ; d, 0-6. (R.M.,681- 
683.) 

Rod Floats.—For canals, and for reaches of rivers in which the water varie.s but little in depth, a 
good form is the rod float, which may be a tube weighted at the bottom so as to float upright, or a 
wooden pole similarly weighted. In the Garige.s canal experiment's both one-inch poles and one-inch 
tubes were used, the latter proving to be the better. The rods should float with their bottom ends 
Just clear of the bed of the canal. 

Oonvee the observed velocity and reduce it to the mean velocity by using the following 
formula, due to Francis : 

V„, - Vr (1-0-116 ( v^d-*)).(20) 

where mean velocity for the vertical Motion considered ; 
y,.=i observed velocity of the rod float; 
^ ^ distance between bottom of rod and river bottom . 

depUi of rivet 

X is a function of I being the length of the rod and d the depth of the water. 
o I 

The following shows the values of x corresponding to various values of : 
d 

* 0-9 0-8 07 0-6 05 

X OlO 006 OOO -00-6 -0*10 

When a>9 or more, the formula Is that given by Francis: 

V m - Vr (1-0.116 ( ^^D-0•l)). (al) 

Current Meters.—Current meters are often used for measuring tiie velocity of streams and 
canals, and must be preferred to floats when there is no reach of sulficient regularity and length 
fox the successful use of the latter. With a current meter the velocity at a particular cross-sectinn 
may be found, and the measurement of that cross-section will then sullice, instead of the number 
which the irregularity of a reach may render necessary. It is not always easy in practice to keep 
the current meter at the desired depth, but in some cases it is held there by a rod. In a sluggish 
stream, the meter may be towed b^ind a boat, the speed of which is measured. Current meters 
should be calibrated, and from time to time tested, by towing them at a measured speed in still 
water, or, falling that, up and down the same reach of the canal or river. The mechanism of 
the meter can be stopped and started by a brake, on the stop-watch principle, this brake being 
worked by a cord from the boat. But some meters are fitted with an electrical apparatus, the 
wires of which form part of the tow line, and record the revolutions visibly in the boat. 

The Pitot Tube,—If a tube be partly immersed, vertically, in a current of water, the lower 
end being suitably bent and remaining open, the water in the tube rises above the surface of the 
flowing water. The Pitot tube, designed on this principle, gives approximately the relation, 
V iw ja where Y « the velocity of the current, and h is the height of the water in the 
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tube abore the eiirfooe of the stream. Inatroments which have been employed have given the 
results V «■ 1*7 VA. A much more elaborate instrument on the same principle {Darcy) has 
also been employed, and has given good results in small chaimels with fairly high velocities. 

PerrodiVc HydrodynamomeUr,—^Thls instrument is a device for measuring the velocity of 
a current, by the torsion which is produced in a wire by the pressure of the water against a disc 
mounted on an arm at right angles to the wire. The velocity Is found by the equation V 
where a is the angle of torsion, and e a coefllcient found by experiment, or c^culated from the 
coefficient of torsion of the material of the wire. The instrument is very sensitive and can be 
used for very slow currents. 

Mean VHoeiiy in a Vertical,—The mean velodty of the water in a given vertical in the oross* 
section of a stream is also the actual velocity at some proportion of the total depth in that vertical. 
What this proportion is will depend upon the nature of the stream, and will not be the same 
for all the verticals. For streams of considerable width and not very variable depth at the 
oroHS-section, measurements, by means of a current meter, of the velocities at the assumed depth 
of mean velocity may yield a fair approximation to the mean velocity of the stream, and a closer 
approximation may be obtained by making preliminary tests, with rod floats for instance, to 
determine the depth of mean velocity in the particular case. Values given usually lie between 
0-60 and 0*76, or 0-60 and 0*70 of the depth. 

Relation between Mean and Maximum VeloeUiei.—For a rough estimation of the velocity of a 
stream the maximum surface velocity may be measured and the mean velocity deduced from it. 
If V be the maximum velocity, the mean velocity la KV, where K is a coefficient usually ranging 
from 0*60 to 0*80. In the following table values of E are given for earth channels and rubble 
masonry dhanuels.* 

Values of ‘ k* in the Equation * V Mean = kv Maximum.’ 

Hydraulic mean 
15 depth (feet) . 1 2 3 4 5 6 7 10 20 

Bubble masonry 
•82 channels •77 •79 •80 •81 •81 •81 •81 ■82 •82 

Earthen channels •65 •71 •73 •75 •76 •77 ! •78 ■ •78 •79 1 -80 

Safe Bottom Velocttiee.—According to Bazin the relation between the bottom and the mean 
velocities in channels is the following: 

V^-. 9-10-87 \/rs.(28) 
where, 

V» a bottom velocity in ft. per sec.; r > hydraulic radios; 
V ■■ mean velocity in ft. per sec.; e n hydraulic gradient or slope of channel. 

The following Zable, calculated from the t'oiegoiug formula, gives the safe bottom velocities 
for different matertals: 

Table or dAra Bottom Vslooities. 

Material of Ohannel. Safe Bottom Velocity 
(V;,) In Ft. per Sec. 

Mean Velocity (V) 

in Ft. per Sec. 

8oft brown earth ...... 0-249 0328 
Bolt loam. 0-499 0-656 
Band. 1-000 1-312 
Gravel.. . 1-998 1 2-625 
Pebbles. 2-999 3-938 
Broken stone, flint. 4-003 6-570 
Conglomerate, soft slate. 4-988 6-564 
Btratifled rock. 6-006 8-204 
Hard rook. 10-009 13-127 

Bboent Literature. 
Books:— 
’Hydraulics: a Text on Practical Fluid Mechanics.’ By 11. L. Daugherty. Beview, 

Municipal Engineering^ December 9, 1937. 
’Applied Fluid Meohanlos.' By M. P. O’Brien and G. H. Hickox. Beview, The Engineer, 

Deoember 10.1987. 
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SECTION XVI11 

PART III 

EARTHEN AND MASONRY DAMS -TYPICAL AND NOTABLE 

WORKS — EXPERIMENTAL DETERMINATIONS ~ RECENT 

PRACTICE. 

(Revised by R. A. Ryves, M.Cons.E.) 

THE MAIN TYPES. 

Earthen Dams. 

The most widely adopted form of this type, and one employed in the full range of beighta for 
which earthen dams have been built, has an impervious core wall and trench. 

Instead of the core wall, and especially when the dam is built by the hydraulic method, 
a layer of impervious material, usually protected by pitching, may be provided on the upstream 
face. 

GRAVITY MASONRY DAMS. 

Suitable for any height up to, say, 200 ft.> or to greater heights in narrow gorges. May or 
tnay not be economical for small heights. 

MULTIPLE Arch Dams. 

(1> ParaUel Sluice Dame.—^The design is the same as for a liquid of specific gravity depending 
upon the proportion of opening to solid, and the calculations for stability can be thus made as 
for a gravity dam and water. The arches are vertical, or nearly so, a slight batter allowing of 
their weight being included in the calculations for stability. A river barrage, with sluice-gates 
replacing the arches, is an example of the type, though the form of the piers is changed, to provide 
a horizontal top, or one at two levels, and to suit conditions in respect of flow. 

(2) The Thrust Buttress Dam {Ryves).—Designed to transmit the water load directly to the 
foundations. This type allows of precise computations of stresses being made and for two almost 
uniform stresses from base to crest, one in the arches and one in the buttresses, or for the same stress 
in both. American, and some other, practice in the building of dams of the type next to be 
described has for many years gradually approached this type, but no example of the full adoption 
of direct thrust has yet come to notice. 

(3) The Usual Multiple Arch Form.—^The base is of such a width and the water face so inclined, 
that, while the water load up to some level may be considered as directly transmitted to the 
foundation—though the dam is not usually so built that direct thrust is ensured—the upper part 
is a gravity dam, depending on weight-moment to resist water-load moment. There have been 
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many ieriouB defects, end tome extravaganoett in the designs of such dams. For quite moderate 
heights they are economical. An ahnost common defect is that the base is not wide enough, or 
the water face is at too steep a slope. 

The Single Abou dam. 

Where, as in most gorges which proride promising sites for high dams, the width of the gorge 
at depths such as 300 ft. below the water leyel of the reservoir is small, this type is suitable for 
great heights, and is the only type economically applicable to very great heights, unless, perhaps, 
where the conditions favour the building, with materials from the adjacent strata, of a very 
wide-crested or wide-bermed dam of the earthen type. 

The weight of a single-arch dam and its resistance as a wall are taken into account in 
computations of stresses, and the type may be regarded as in two divisions, thin arches and 
thick arches. 

QravUjf Dam Sharply Curved in Plan.—^The border line between this form—including dams 
considerably but not sharply curved—and thick, single-arch dams is not definite, for the degrees 
of reliance upon weight and upon arch resistance depend on the materials employed, and other 
conditions. 

Gravity Dams slightly Curved in Plan.—^That slight curving adds to the strength of the dam 
is disputed. That it adds directly to the stability, if but a little, is hardly to be disputed. 
That it reduces stresses due to changes of temperature and tends to watertightness cannot be 
disputed. It is important to remember that where hard and firmly resisting strata, through 
which the river valley has been carved, extend only a little way upstream and downstream of a 
centre line drawn across the site, curving in plan, or the building of any single-arch dam, may 
have to be rejected in favour of a straight dam. 

Tangential Gravity Buttresses.—^The width, measured upstream and downstream, of the firm 
strata may suffice for the lower part of a single-arch or a curved gravity dam, while the curving 
in the wider part of the cross-section, towards the top, brings the ends of an arch downstream of 
the firm strata or, in the case of an arch of small radius, the ends may meet firm rock, but at an 
angle inconvenient for making springings. Any of these conditions is met by designing the dam 
with an arched portion about the middle, usually, of the upper part of the dam, and providing, op 
to crest-level, walls which play the part of gravity buttresses in a curved gravity dam, or of tan¬ 
gential stmts in an arch dam. In the latter case additional walls may bo provided upstream, to 
relieve these stmts of the bending effect of water load. See Tujnnga Dam and Qrimsel Dam, 
Engineering flTewr-Aecord, Aug. 6, 1931, and Jan. 19, 1933 Grimsel Dam Civil Engineering 
(London), July 1934. 

Earthen Dams. 

The top width is usually in the range 6 to 30 ft., very often about 10 ft., and, for high dams, 
seldom less than 16 ft. The upstream slope is often 1 in 2^; if there Is a berm it may be 1 in 2 
above the berm and 1 in 2^ below it. The downstream face is often 1 in 2^ to 1 in 3. These 
figures are, however, almost meaningless, for the dam has to be designed for stability of the 
upstream slope under water, requiring perhaps 1 in 2 for a pitched slope or 1 in S to 1 in 4 for an 
nnpltched slope, also for the hydraulic gradient, which depends on the nature of the earth and on 
whether there is a core wall. 

Watertightness is generally obtained by means of a core of puddled clay in the centre of the 
bank, the puddle being carried right down through the solid ground below the bank and well 
bonded Into the imperious material on which the reservoir is built. 

If pure clay be employed for the puddle, it must never be exposed to evaporation or to drying 
by capillary action. It is, therefore, often good practice to add sand to the clay, or some earth 
which will give a proportion of about 20 per cent, of sand in the mixture. Borne engineers prefer 
an even larger percentage. It is important that there be no right angles in the cross-section of 
the paddle wall or trench, as these, or other irregularities, produce fissures in the puddle. (Parker.) 

The puddle wall should, generally be about 4 ft. thick at the top and both sides batter out¬ 
wards about 1 In 40 to ground level, below which the thickness of the puddle should be quickly 
reduced to about 6 ft. and carried down at this as far as necessary. This applies to good puddle; 
the thickness must be increased if the paddle is of poor quality. 

The puddle is often replaced by a concrete wall; care must, however, be taken to avoid 
the possibility of unequal stresses upon such a wall, as these might lead to cracking and possible 
failare. 
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Another method is to fill the trench in the solid ground with concrete and to boild on this 
a wall of paddle. In this case the paddle mast be well tongaed Into the concrete so as to ensare 
a watertight joint. 

Where the earth available for the dam is of varying quality it is usual to place selected earth 
next to the puddle trench and to use ordinary earth for the outer portions. On this principle, 
and employing the most clayey material in the middle of the cross section, earthen dams are 
successfully 4)uilt without core walls. A trend of practice is to locate the impervious prism with 
its centre of muss well upstream of the crest vertical; but not near enough to the water face for 
the clay, expanding when a depleted reservoir is being filled, to overcome the resistance, to shear 
or bursting, of the material between it and the water face. 

Distribution of MateriaXs.—The more and the less pervious materials must not be so distri¬ 
buted, generally or locally, in layers or in radiating prisms, that water will be trapped so as to 
develop uplifting or bursting pressure, or seepage so concentrated as to cause erosion. 

Placing.—It is usual to place the material in layers inclined, slightly or considerably, towards 
the middle of the dam. 

Gompacting.—The materials are compacted by various means, trampling by the labourers, 
as in India, or by animals, having proved effective In the past. Punning has been employed, 
but earthen dams are now often consolidated by rollers or, to an increasing extent, by the machines 
used in their construction. The use of water is often desirable, but excess water should be 
squeezed out, layer by layer. Layers should not exceed 12 ins, in thickness, or with some 
materials 6 ins.; generally, the thinner the layers the better the compacting. 

Uniformitp,—Bspeciallj when rollers are used, it is important to remember that, while the 
dam will eventually consolidate itself by settlement, unequal distribution of solid content as 
between one cubic foot and another can never be pat right after it is built. Especially when 
consolidation is by rolling, stabborn hamps should be scraped away, not pressed down, and parts 
that seem somewhat hoilow should be tested for resistance, and, where necessary, replenished 
before the next layer is spread. The engineer should study the manner in which the work is 
being done, reducing the thickness of the layers in proportion as the q>reading and equal 
compacting are lacking in thoroughness. 

Compaction of Cohesionless Soils by Explosives.—In a paper, Proc. Am. Soc, C.E.^ May 1911, 
A. K. B. Lynnian describes how explosives were used to consolidate deposits of loose, tine sand— 
on which one end of an earthen dam was to be founded—in order to avert danger of ‘liquifaction 
caused by earthquakes, demolition, or blasting in the vicinity.* The best consolidation was with 
charges of 8 lb. of 60 per cent, dynamite at 15 ft. depths. Twenty-one charges at that depth, 
distributed in four coverages with final grid intervals of 10 ft., produced 1*25 ft. final settlement 
and 36 per cent, degree of consolidation. Another test, with 6 coverages and final grid intervals 
of 5 ft., produced 2 ft. ground settlement and compaction to an estimated depth of 20 ft. Degrees 
of compaction, per cent., before and after blasting were; at depths, 5 ft., 18-47 ; 8 ft. 14-65 ; 
10 ft., 26-70 ; 12 *6 ft., 37-60 ; 16 ft., 35-6.3. Testa at other sites are described. (Abstract, 
The Surveyor^ August 15,1941.) 

Thb HTDRkuuo Fill method. 

(From * Barth Dam Projeots,* by J. D. Justin.) 

Definitions, 

Hydraulic Fill Dam.—An earth dam in the oonstruotion of which the materials are transported 
on to the dam by water a,jid (iistribut»*d to llioir liual i)osition in the dam by water. Ifydraulio 
lilt datiH liav»^ not, liccii built iti British or Ovci'soas Britisli practice, and tiin metliod seems to 
be dis(;rcditod in the I'liited States. 

Semi'Hydraulie Fill Dam.—An earth dam In the oonatruction of which the materials are 
transported on to the dam by some other means than water and dumped within the section of the 
dam, some of this material being moved to its final position by the action of water. 

In hydraulic fill construction, water under high pressare Is directed by means of a large nozsie 
mounted on a ball-and-socket joint, against the bank which is being excavated, the jet under¬ 
cutting and then breaking up the materials, which then, mixed with the water, are guided to 
fiumes, or pipes, through which they fiow to the dam and are deposited. 

Rock Fill,—When an embankment or, as in a greater range of useful dam construction, 
a part or parts of an embankment, are occupied by large stones or pieces of rock, or such materials 
including large pieces, the spaces so occupied, or the materials so placed, are described as * rock-fill.* 
The parts of an earthen dam near the toes, or one of the toes, are often thus constructed, to 
increase stability, assist drainage, and prevent erosion from tall water, or from low water wave 
action on the reservoir side of the embankment. The base of the rook mound thns provided may 
be aa much as 50 ft., width of cross section. Hock fill dams have largely been built in the United 
States. A number have been built in North Africa. 
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MASONBY DAMS 

Bankine gires for low masonrj walls to retain water that the thickness at the base shoald be 
about A of the height either for rectangular walls or for those of trapezoidal fom where the 
thickness at the tc^ is i that at the base. 

Another rule for low dam walls is: Thickness at bottom 0*7 height; thickness at middle 0*6 
height; thickness at top 0*3 height. 

Few high masonry dams Molesworth gives H=- height of dam in ft.; a — any depth below 
the water surface in ft.; y ■■ offset from vertical line to outer face of dam at any depth x; 
s mm ditto ditto to inner face; t width of dam at top in ft.; a » width of dam at 1/4H from 
top in ft.; P=:limit of pressure on masonry in tons per sq. ft. 

d=0-4a; 
/ -06 

P + *03 * * 

y at any section most not be less than 0*6 a, or a in fig. 1. 

In modern praotioe a oommon typical section la triangular, the inner face being given a 
slight batter, and the back a batter which will generally approximate to 1 in 1| but dq>enda 
upon the weight of the masonry and the exact form of the wall. To some extent this form has 
bem adopted in British practice, but the normal French and British section is usually, In British 
praotioe, adopted tor high, straight dams of considerable length. 

The graphical method of computation, proceeding from crest to base, with the given crest 
width to start with and adjustment to the withln-the-middle-tbird rule, layer by layer, gives 
a section such as fig. 1, and corresponding closely with seotions arrived at by other and recently 
devised methods of design. 

The dam must be so proportioned that the resultant thrust acts within the middle third 
of the base, both with the reservoir full and empty; this provision should also apply to any 
horizontal section of the dam. The theoretical apex of the triangle must bo high enough to 
allow, if necessary, for the water overtopping the wall, also for wave action. 

UjiMjL—^A usual rule for taking uplift into account is to assume that the water pressure at 
every lOTel may be exerted, in a degree diminishing from the bead to lero, to a distance beyond 
the water face measured to the point at which the vertical pressure on the masonry is equal to 
the water bead. It most be remembered, however, (a) that the maximum uplift is that due to a 
horizontal oraok at the base, or seam in the rock foundation; (6) that, as regEtrds the dam itself, 
the full theoretical uplift is reduced in proportion to continuity of solid material across the oraok; 
(c) that, subject to the effect of (6), no higher crack affects the total uplift force as exerted by the 
lowest oraok; (d) that if building in courses be avoided, it is not likely that the uplift will 
approach the full theoretical value, especially if watertightness in an increasing degree towards 
the base be attained, and (s) that if the face be fairly impervioos, the material beyond it less 
pervious and deoreasingly so as the downstream face is approached, there will be no uplift. 
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Maximum Streu at Dowfx-ttnam Toe,~-Th» preasura exerted Tertioellj In anj lajer near the 
down-etfeam toe being designated bj p, the mazimiun stress is usually computed as p sec.* a 
(Bautier) or p see * ^ (Unwn\ where a is the angle between the resultant and the vertical, and 
0 the angle between the face and the vertical. (These stresses, as computed for the Can very Motor 
Dam, before it was decided to make it higher, are given with a drawing of the erossHMOtion in 
Thi Engineer, February 94,1911.) 

Thb Obotoh Dam. 

The cross-section of the Croton Dam (flg. 3) fairly accords with French and British practice 
(Ohatrain, Periyar, Caovery Metor, etc.), but it is probable that a straight line would be adopted 
for the downstream face if a dam were built under the same conditions to<day, in the United States. 
The straight line is now preferred by some British engineers. 

Oauybbt Mbtur Dam. 

Catchment, 16,700 sq. miles; reservoir, waterspread, 69 •96 sq. miles, effective capacity, 93,600 
million on. ft.; minimum flow of the Cauvery, 800 ooseos, average flow about 90,000, maximum 
flood, 466,000 cusecs; newly irrigated area, about 390.000 ao. The dam: length of crest, 
6,300 ft.; height above average riverbed level, 176 ft.; maximum height above deepest founda¬ 
tions, 914 ft.; volume of masonry in the da^ 64 million cu. ft.; basic economy, 1731. The 
basic economy would be higher but for the abrupt ending of the reservoir at a waterfall. 
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TiiE Aswan Dam. 

The Aswan Dam, figs. 3 and 4, is a granite rabble masonry stmoture founded on a similar 
rook which is traversed by dykes of softer igneons material. It is situated at the head of the 
first cataract of the Nile. 

As origiiudly oonstruoted It was just nnder two kilometres in length, the top level of the struc¬ 
ture was Blik 110*00, the water being held up to a level of 106*00. 

It is pierced for the greater part of its length by sluices which are closed by steel gates, most 
of them working on the Stonej prinoiple. There are 180 sluices in all, of which 32 are at a level 
of 100*00 and 18 at 96*00; these sluices are 3} metres high by 2 metres wide. Of the others, 
which are 7 metres high by 2 metres wide, 75 are at HL. 9*2*00 and 65 at IIL. 87*60; 30 of the 
lowest aluloea are lined with oast iron, the rest smooth-faced granite ashlar. 

The original dam was finished in the summer of 1902. 

It was found that the rush of water through the sluices was such as to erode what has 
appeared to be solid rook, and it was therefore necessary to build masonry aprons along practically 
the whole length of the pierced dam. 

Between 1907 and 191*2 the dam was raised so as to Impound water to a level of 113*00 metres, 
and it was at the same time thickened by a blanket wall uve metres thick on the downstream side. 

The original reservoir impounded 980,000,000 oubio metres of water, or 34,608 million on. ft. 

The heightened reservoir (first heightening) contains 2,420,00O,00Q cubic metres, or 85,463 
million CO. ft. See fig. 4. 

The reservoir stores the flood waters of the Nile for distribution, from the barrages down¬ 
stream, to the irrigated areas. 

Second Sdccessfully completed in 1934. In order to eliminate stresses due 
to settlement (inclnding elastic oompresaion) of the added masonry, as well as stresses due to 
shrinkage or temperature changes, the new work, other than the extension of the upper and 
nearly reotangnlar portion of the dam, is in the form of buttresses between which and the old 
masonry, dremud smooth, is a sheet of non-corrosive steel plating. This plating extends as far 
as the onrre in the downstream face, along and above which there is a gap between the old masonry 
and the upper part of the buttress, the weight of which is thus carried by the lower part only. 
See fig. 5. 

The original water maximum level was B.L. 106, with the roadway at 109 ; the first heightening 
gave water level 113 and roadway 114 ; the third heighten!^ provides for water level 121 and 
roadway 133. The storage capacity is now about 4,800 million cu. metres, or 169,513 million 
on. ft., and the normal summer supply has been increased by about 66 per cent. 

Btbubn dam. 

(J. N, IFood.) 

For the water-supply of Wakefield this dam impounds 330 million gals. Greatest height over 
foundations, 131 ft.; maximum water depth, 95 ft. Strata, alternating bands of millstone grit 
and shale, with a dip downstream. (Jnderdrains are provided beneath the foandations in the 
middle of the valley. The dam is of mass concrete (so-called, really masonry), and is carved in Elan. During the bnilding of the dam the stream was diverted through a wood ttavt pipe, 170 ft, 

tng. Gritstone * plums' of | to 1 cu. yd. were embedded in the concrete, as well as smaller stones, 
the larger ploms being not less than 9 ins. apart. Cemenuuion of fissures involved the drilling of 
151 hohM throogh which 3,378 tons of cement were injected. At first the rook was grouted to 
a depth of 100 ft. below the cut-off trench, later to a depth of 200 ft. (Inst. WaUr Engineers). 

WOBANOBAH DAM. 

New South Wales, on the Woranorah Biver. Dimensions: crest length, 1,280 ft., and width, 
30 ft; radius of upstream face at creet, 1,300 ft., maximum height above foundations, 216 ft.; 
inft»imnm depth of water, 304 ft.; maximom depth of cut-off trench, 36 ft.; mATimuTn breadth, 
178*53 ft; length of overflow weir, 570 ft.; maximum depth of excavation for weir, 110 ft.; 
length of weir channel. 1.350 ft; foil supply level, B.L. 553; crest level, BX. 560; sill level of 
wefr, B.L. 553; watexspread of reservoir. 937 acres. This dam impounds 15,000 million gals., or 
3,400 million on. ft, allowing of a daily supply of 30 million gals., or 3*3 miUion cn. ft. The area 
of the catchment is 39 sq. miles. The volume of masonry work is about 870,000 on. yds. The 
approximate cost was £1,688,000. The whole of the foundation area was grouted to a depth 
of abont 30 ft* the primary bolee tm a 40-ft. grid and additional bolee at intervals of 30,10, or 
even 5 ft, where necessary. 
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BOULDBB Dm, OALIFORNU. 

Boulder Dam, Colorado Biyer. A concrete dam of graritj type, curred to a radius (axis) 
of 530 (t. Maximum height plus maximum depth of foundation, 726 ft.; crest, length about 
1,180 ft.; top width 46 ft.; width at base. 660 ft.: rolnme of dam, 3*4 million cn. yds.; excara- 
tion in foundation, 400,000 cu. yds.; reseiroir (* Lake Mead ') 115 miles in length, area 227 
sq. miles; capacity 30*5 million acre-feet, or 1,328,680 million cu. ft.; main canal for Irrigation 
in the Imperial Valley, 200 ft. wide by 22 ft. deep. Maximum discharge, 15,000 cusecs; aqueduct 
capacity, 1,500 cusecs; hydro-electric plant, 1,200,000 h.p. 

The Ck)lorado Biver has a length of 1,700 miles, and drains a basin of 244 sq. miles. Its dis- 
charge at about 120 miles from its month ranges from 66 to 200,000 cusecs. The site of the 
Boulder Dam is about 370 miles from the mouth (not counting minor bends of the river). The 
reservoir receives about three-quarters of the run-ofif of the river basin. Tbe four diversion 
tunnels were 16,905 ft. in aggregate length. The dam was artificially cooled by a net-work of 
2-in. piping, totalling about 800,000 linear ft., permanently embedded in the concrete. (See 
The Engineer^ January-June 1936, pp. 164,170,196, 222, 227.) 

LAOOAN DAM. 

The L^gan Dam, on the Biver Spean (Lochaber water power development), impounds 
1,500 million cu. ft. of water from a catchment of 160 sq. miles. It is 700 ft. long and 170 ft. 
high from foundation to weir crest and is built in mass concrete ; upstream face nearly vertical; 
downstream face in two straights, the lower carving at a radius of 44 ft. at the toe. Tbe founda¬ 
tion, In rock, is sloped upwards to the downstream face and the concrete was similarly laid in 
layers not less than 3 ft. thick, at a slope of 1 in 12. (Descriptions, drawings and photographs. 
The Engineer^ May 22 and 23, 1936, and Civil Engineering {London)^ Febmary and March 1937.) 

Columbia River Project.—For water-electric power, ultimately 8 million kilowatts, utilising 
an annual run-off of 146 million acre-feet, 9*3 ins. from a catchment 1,210 ml. long and 269,000 sq. 
mi. in area. Height of proposed dams, feet: Grand Oulee, 430 ; Foster Creek, 200 ; Chelsea. 
120 ; Bocky Beach, 100 ; Friest Bapi^, 160 ; Umatilla Bapids, 330 ; John Day Bapids, 268; 
the Dalles, 160 ; Bonneville, 72. 

DESIGN OP SPILLWAY DAMS. 

Spillway dams, or weir dams, are designed so as to allow the water to flow over their crest. 
The two first points to decide before beginning tlie design of such a dam are the elevation of the 
crest ol the dam and the elevation of the highest possible flood* 

Assuming that the elevation of the crest is 20 ft. above the bed of the river, and that the 
greatest flow of the river can be passed over tbe dam when the water level is 4 ft. above its crest, 
we can now proceed to design a plain concrete dMn to meet these conditions, fulfilling nt the same 
time the requirements as to stability enumerated above. 
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The width of the creet CD (flg. 6) cao be takes a< 0-9 of the height of the dam, and the width 
of the base b equal to the height H. 

Referring to the figure we have the following: 

Aasarea of section of dams240 sq, ft.; 

tosswelflfht of 1 cub. ft. of concrete--* ISO lbs.; 
Ws weight of section of dam 1 ft. wides240x 130s 31,200 lbs. 

This force W acts vertically through the centre of gravity of the section O, whose position is 
determined graphically. 

The water load P tending to overtnm the dam has for value 

P-62-6 

and in the case in quest ion. 

P-6‘>6x^^Vo-l-2x4)-17,500 lbs 

This force P acta horizontally, and Is applied at a height AF above the bed ol the river given by 
the foilowinf formula: 

.p H H-hSA 20 20+12^7,- 
3 ‘ H-f 2k“ 8 20+8 

Taking the momenta about the downstream toe ol the dam B we have the following results: 

Resisting moment—Wx EB—31,300 X13—406,600 ft. lbs. 

Overturning momeut—Px AF—17,600x 7^*6—133,000 it. lbs. 

Factor ot aafety= a««tatia8 moment 
Overtumlni: moment 133,000 

A factor of safety of 3 is considered sufficient to fulfil the first condition of stability. 

The second condition is that there should be no danger of the dam sliding upon its base ; this 
condition is fulfilled if we have the following inequality: 

Weight of dam X coefficient of friction:'Total water load. 

Tlje cofttio’cii': of friction of masonry on masonry, or masonry or concrete on rook, is 0*7, so 
tliHt %ve have 

31,200x0*7> 17,600. 

The resultant H ol tb*; forces P and W can be found graphically or algebraically by the follow- 
i ag equation: 

B- \/81,20U +17,600 -36,770. 

Its direction can be found by the equation 

.. P 17,600 
W 31,200 

and the point of application H found thus 

EH-AF tan < .0-56X7-6-4-26. 

This point ot application E must fall within the middle third of the base ; this condition must 
be fulfilled whether the reservoir created by the dam is full or empty. 

It is advisable to round up the dam at the upstream comer 0 to prevent chipping by logs or 
floating loe. It is also advisable to give to the downstream face a form resembling as much as 
possible the probable carve of the overfalling water. Comer D shoald therefore be rounded up, 
and a concave curve built at B. This usually curves upward for some feet in height (see previous 
observations, Vyrnwy Dam), and terminates in a drop wall. The aim being to create a standing 
wave. 

When the proposed dam is over 30 or 40 ft. it is better to subdivide it into a certain number 
i>f aeotlonB and to test each block separately according to the method described ; the resultant in 
each case most fail within the limits of ttie middle third. In the example given it has been 
assumed that there was no upward water pressure at the base; when infiltration and under pressure 
must be provided tor, this new force is subtracted from the weight and combined with it before 
calculating the resisting moment. 
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Features of Praotioe. 

MARQENAL OBOUTINQ OF A BlSEBTOlB. 

Madden Reterwdr^ United StaJtes,—The OATernotu nature of the limeetonc forming the impound¬ 
ing ridges made grouting desirable, and linings of loamy sand in caves and crevices made cement 
grouting impracticable. Olay grouting has been carried out, the best results being with grout 
oontalnlng 65 per cent, of water. Grout containing less than 48 per cent, of water could not be 
forced through a 1-in. pipe under a pressure of 100 lb. per sq. in. The distance to which the grout 
reached underground ranged from 13 to 50 ft., and seams only | in. wide were penetrated. (F. H. 

<Kellog, Eng, Newe-Record, vol. 109, pp. 395-399; Eng. Abtt., voi. 64, No. 151.) 

Exploration of Dam Site.—A valuable recent contribution to exploration methods is the large- 
diameter core drill, which permits the geologist or engineer to enter the hole and examine the 
exposed section of the rock. . . . Water may be controlled by preliminary grcuting, through holes 
drilled either outside of, or within the circumference of the proposed large-diameter hole. (W. J. 
Mead, Civil Engineering (U.S.A.), May 1937. Extracts, The Surveyor^ June 11, 1937.) 

The Anchoring of Qravity Dams.—A recent development of considerable Interest. Based on 
an article in Annates des Fonts et Chaussies^ August 1935, a description and illustrations in The 
Engineer^ February 21, 1936, show how Oheurfas Dam, in Algeria, was anchored—In order to add 
to the downward pressure—by vertical cables carried through sandstone, limestone and, again, 
sandstone, to argillaceous marl, at a depth about 30 m. below river-bed and some 20 m. below 
the bottom of a concrete base on which the dam—which is 22 m. high—stands. The cables have 
caps bearing on the crest of the dam and were sealed at and near their lower ends. Each is com¬ 
posed of 630 steel galvanised wires, laid parallel and sheathed with a ' sandwich ’ of grease and 
bitumen between wrappings of sail-cloth. 

Heightening a Dam.—To keep the line of resultant pressure within the middle third, while 
raising the water level by 3 ft., the spillway of the Mahadeo Nala Dam, Bombay Presidency, was 
raised by forming on the existing crest, a reinforced concrete block, 6 ft. wide and 5 ft. in upstream- 
side depth, with an upstream overhang of about 18 ins. (Q. 0. Minnitt. Paper No. 5023, Inst. 
O.B.) 

AHOH DAM : MEABURBD STRAINS UNDRR WATER LOAD. 

Stevenson's Creek Dam^ Oalifoniia.—A concrete dam built for the purpose of measuring strains 
under water load and comparing deduced stresses with calculated stresses. Founded on solid 
rock, in a gorge. Height 60 ft., crest length 140 ft., upstream radius 100 ft., thickness at base 
7| ft., at crest 3 ft. Tests were made at night to minimise temperature effects. At 30 ft. below 
crest the maximum deflection under full load, 60 ft. water depth, was 0 ■ 378 in. At the crest the 
deflection was downstream at the crown and upstream between the quarter points and the ends. 
Ck)mpoted for a modulus of dasticity of 3,600,900, the stresses were : at the crown, 260 lbs. per 
sq. in. (theoretical 207); at the abutments, 900 to 1,000 lbs. per sq. in. (theoretical 879). 
Oonsldered as assigned in part to arch resistance and in part to vertical elements reslstanoe, the 
share of the latter in sustaining the water load seems to have been less than that assigned by 
theory. This may have been due to the formation of a horizontal crack at the base of the upstream 
face between the dam and its foundation, which appeared when the water had risen to 30 ft. 
depth. The formation of this crack is in accordance with the theory regarding the design of 
the foundations at and near the upstream toe of a dam, according to which the dam should not 
there be keyed into its foundation. [See * Maas Dame and Dams of ijohee ' (R. Ryves) : Madras 
Gevemmeot Paper, 1910.] 

MBA8UBBO SHRIMKAQB OF AN HTORAUUO FILL DAM. 

(f7. H, Eijfertt * Engineering Netos^Record, Jan, 27, 1927.) 

Huffman /Jam.—Height of dam above ground level, about 62 ft.; width of crest, 32 ft. ; 
symmetrical to central vertical plane; two berms; both slopes, from toe, 3 to 1; between 
berms, 2( to 1; to crest, 1*826 to 1. Shrinkages, including lettlemesi of foundation which is 
believed to have been very small: at 40 ft. below erest level, 0*40 to 0*68 per cent.; at SO ft. 
below crest level, 0*31 to 0*54 per cent.; at 20 ft. below crest level, 0*44 to 0*64; at 10 ft. 
below crest level, 0 * 24 on east side and 0 • 73 on west side; at the crest, 0 * 60 on the east side and 
0*49 on the west side; average, 0*51 per cent. 

DIMENSIONS OF SLIROBS. 

lake Menu Dam^ Sundays River, South Africa.—Five free roller sluice gates, each SO ft. 
wide by 25 ft. high ; about 25^ tons weight; counterpoise, 53 tons; designed for water head of 
26 ft. Each gate is built up of latticed bowstring girders as the span elements. 
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aminmr Jkm, Blaa Kile.—The portion ooUed the * dnioe dun ' is d06 m. (l,f88 ft.) long, with 
80 elaloee S *0 m. wide bj 8 • 40 m. high to the ipringen (6 *66 ft. X 27*66ft.). The head leg^ator 
has 14BlaioeueMh8*0m.wldebj6*0m.hightothespringen(0*84ft. X 16*4ft.); MYentobe 
pxoYided with gatee and Mren (held in reMrre) blocked. 

jimOMATIO STraON SPlLLWATg: BABLT AND BBOBNT BZAMPLBB. 

Champlain Canal, 17.S.A. (G. F. Stiokner, 1810).—At look No. 9 the STPhon spillwaj was 07 ft. 
long as against 200 ft. If an ordinary weir had been bnilt for the small permissible depth on sill. 
Bach syphon had an area of 7| sq. ft.; head. lOt ft.; discharge, 160 cosecs; flared inlete. At 
Whitehall, on the same canal, a similar weir, 6 syphons; 16 ft. head. These syphons were 
formed in the body of the weir. (See Enginaering Ntwi, October 13,1910.) 

Maramsdi Buereoif.—A syphon spillway to pass 40,000 cosecs. (See Paper No. 4602, 
Proemdings Inst. C.B., by Powys Darles.) 

Bridgapcrt Dam, Kerada. 1926.—Gross-section, 8 ft. by 6 ft.; air rents in qn[>hon hoods at 
different derations, so that the syphons will come into action one at a time. 

TuU of Syphon WHrs (J. T. Oorwin and A. W. Kidder).—The tests diowed that the lower end 
of an Inotmed syphon barrel sboold be sealed, by a pool or by a rertical bend, the former being 
preferable, as it does not gire rise to polsation. When a s^^hon has to work on a rery small rise 
in the water toreU the proridon of an auxiliary priming weir seems to be Jastifled. In respect of 
the racoom need^ for priming, a low throat section is adrantageons. Tests indicated that the 
ends of down-tamed racoom breaker pipes, with an area 6 percent, of the throat area, shoold be 
about 2 ins. abore the water lerd at which It is desired to stop the syphon. The coefficient of 
dischaige was, by a single test, 0-69 {Eng, News-Record, rol. 108, pp. 649-662 ; Eng, Abs., rol. 63, 
No. 266). 

Tummel Development,—Perthshire. The Hydro-Blectrio Power Works of the Qrampian 
Electricity Supply Oompany. In a concrete spillway 70 ft. long and about 60 ft. high; four 
syphons, two haring throat dimensions 6 ft. wide by 3 ft. high, the suction heads being 16 ft. 9 ins. 
and 22 ft. 3 ins.; two haring throat dimensions 8 ft. wide by 4 ft. high and a suction head ot 
23 It. l^e priming is automatic and occurs when the water lerel is, abore the throat, 6^ ins. in 
the smaller and 7^ ins. in the larger syphons. Capacities, the smaller syphons, together, 860 
cnsecs; the larger, together 1,700 cosecs. (Fully described and illustrated, a dimensioned drawing 
included. The Engineer, July 6 and 13, 1934.) 

Shing Mun Dam.—^To supplement the flow orer the bell-mouthed weir: six 4-ft. dia. syphons 
hare been constructed ; of the type which has a separate air pipe to the throat for the control 
of priming; these pipes being so set that three of the syphons prime for 6 ins. depth on the weir 
cill and three when the depth is 12 in. Each syphon has a discharge capacity of 600 cusecs. 

Brent Reservoir.—Area draining into the reservoir, 19,000 acres, or nearly 30 square miles. 
Syphons provided as an additional means of discharge in case the sluices do not suffice to carry 
the whole flow. The five syphons are of reinforced concrete. The lip of the hood (of each) 
reaches to a depth below crest varying from 7 ft. 6 in. to 8 ft. The area of the opening into the 
hood is about 83 sq. ft., reducing to 21 sq. ft. (7 ft. wide by 3 ft. high) over the crest and down¬ 
ward to 12 ft. 9 in. below it, whence it reduces, in a length of 6 ft. 6 in., to a circular section of 
4 ft. 6 in. diameter, or 16*9 sq. ft. cross sectional area, maintained to the outlet. (Description 
and drawings in Civil Engineering {London), August 1037.) 

Laggan Dam.—Six syphons, each haring a discharge capacity of 600 cusecs, are embodied 
in the concrete of the dam. The hood and throat is of steel, the remainder being formed in the 
concrete, except the outlet, which is a cast steel bend, throwing the Issuing jet slightly upwards 
so as to clear the toe of the dam. The toe is at, about, eleration 690 ft., four of the jets at 766, 
and two at about 766, the crests of the syphon throats being at 822, maximum flood level. (See 
* Syphon Spillways,* by A. H, Naylor ; a book. The syphons are shown, in a section of the dam. 
The Engineer, May 29,1936.) 

BBLLMOUTH SPILLWAYS. 

Ladybower Reservoir.—Derwent Valley Water Board. There are two Identical weirs, The 
rim is 80 ft. in diameter, and the shaft curves to a horizontal tunnel 16 ft. in diameter. To 
prevent whirlpool formation, 12 cutwaters are disposed radially in the lip and guide walls beyond 

Bumhope Reservoir.—Durham County Water Board; opened in September 1937. The 
provisions for overflow comprise a weir about 200 ft. long with its crest 7 ft. below the top of 
the embankment, and a bell-mouthed swallow-hole, 60 ft. in diameter at the top, reducing in a 
depth of 26 ft. to a vertical shaft 12 ft. in diameter, which connects, by a bend constructed of 
oast-iron segments, to a horizontal tunnel. 
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Duntoan AM^rvotr—Easiwoud and Meanis Water District of the county of i{«;iifrew. A 
combined belimouth weir and upstand tower. Orerall diameter of bellmouth 33 ft., internal shaft 
diameter, 21 ft. Mazlmom depth over sill in an ezceptiofial flood, 1 ft. 8 in. Internal diameter 
of upstand tower, 11 ft. The whole structure is of reinforced concrete, founded on rock. Described, 
with dimensional drawings and photographs, by J. Semple, Civil Engineering {London)^ January 
1939. 

Other BeU-numth Weirs,—In a paper (/nsf.WJ?.) on Bell-mouthed Weirs and Tunnel Outlets 
for Disposal of Flood Water (Extracts, Civil Engineering {London)^ June 1937), W. J. E. Binnie 
furnished data of dboienslons and yelocities of flow relating to such weirs, as provided for the 
reservoirs: Taf Fechan, Silent Valley, Pontian (Singapore), Davis Bridge (United States), Bum- 
hope, Jubilee (Hong Kong), and Falls Dam (New Zealand). 

Laboratory Experiments.—In Paper No. 6236, Journal Inst. C.E.^ January 1941, A. M. Binnie 
and H. K. Wright describe laboratory experiments on bellmouth spillways, one being a simple, 
or cone, funnel and the other a splayed funnel. Tests were made with orifices of different sizes, 
and both with and without a tailpiece. 

The Danel Weir.—Described, with illustrations. The Engineer^ May 6, 1939. The system con¬ 
sists of constructing a semi-circular or semi-elliptic drainage basin, the floor of which ends In a 
half funnel or half trumpet shape, so calculated that the water flowing out at the bottom can run 
directly into a canal or tunnel without the provision of any special transitional or connective 
works. 

Dams Recently Built or Under Construction. 

Earthen Dams. 

Sardis Dam.—Under construction, 1939. In the Mississippi flood prevention scheme. Situated 
on the Little Tallahatchie River. Volume, 16,760,000 cu. yd., including 13,816,000 cu. yd. of 
hydraulic fill. Maximum height above river bed, 117 ft. Crest length about 2} miles. Reservoir: 
area, 92 sq. ml., capacity, 1,670,000 acre-ft. 

Tal-y- Bont Dam.—Newport water supply. The reservoir has a catchment of 6,000 acres, and 
the average rainfall of the three driest consecutive years is (or was in 1933) 68^^ ins. The expected 
yield is 16 million gals, per day. The capacity of the reservoir is 2,600 mUlion gals, and the water 
spread 320 acres. The dam of the earthen type with a clay puddle core above ground and a 6-ft. 
concrete core from ground level, carried well Into the solid rock. Dimensions are: length, 
1,400 ft.; height above river bed, 97 ft.; the crest carries a 10-ft. carriageway ; maximum width 
at base, 650 ft.; slopes, upstream, 2| to 1 with a berm of 15 ft. at half height; downstream, 
varying from 2| to 1 to 4 to 1. Both slopes have toe walls. The water slope is pitched with 
roughly squared stones on shingle. The overflow weir is 270 ft. long. Volume of dam, 660,000 
cu. yd., including 40,000 cu. yd. of puddle clay. Described The Engineer^ July 21, 1939. 

Rio Salado Dam.—Don Martin Project, Mexico. An earthen and gravel embankment 3,231 ft. 
long with a concrete overflow portion of 768 ft. The embankment portion has the dimensions : 
greatest height 114 ft.; upstream slope If to 1; downstream slope 2 to 1, crown width 19*7 ft., 
freeboard 13*1 ft. It is revetted with a concrete slab, 11 to 8 ins. thick, reinforced with f-in. 
rods, 12-in. square mesh. 

Fort Peck Dam.—Oompleted in 1939 ; on Uie headwaters of the River Missouri. For power, 
the irrigation of 180,000 acres, regulation of flow for navigation, and mitigation of floods. Maxi¬ 
mum height, 287 ft.; water surface at flood level to be raised to 220 ft. above river bed. Maxi¬ 
mum width at base nearly 3,000 ft.; crest width 100 ft.; length 9,000 ft., or including a dyke 
portion, 20,600 ft. Volume of main dam, 92 million cu. yds.; of the dyke portion, 6*6 million 
cu. yds. The reservoir will be nearly 186 ml. long, with a maximum width of 17 ml. and a 
capacity of 19*6 million oore-ft. (See Engineering Nevos-Record, August 29, 1936; Civil 
Engineering (U.S.A.), July 1936 ; Tlu Engineer^ June 4, 1936, April 6 and 23, 1937.) 

Ladyhower Dam.—Derwent Valley Water Board ; completed September 1945. Length (f), 
1,250 ft.; max. height (/i), above river bed, 141 ft.; volume (r), about 900,000 cub. yds. Upstream 
slope, about 1 in 3, the. lower part protected by a stone * beaching ’ and the upper part by stone 
pitehing. 1 lownsiream slopes (benched), upper part 2 in 3 ; lower part, 2 in 6. 

The eompleD?(l works w’cre opened by His Majesty. The greatest width at base is COo ft., 
crest width, 17 ft. I’he capa<?ity of the reservoir is 6,300 million gals. 

UoUowi'U - Nortlianipton water supply. An earthen dam l,4u7 ft. long, 43 ft. max. 
height and 368 ft. max. width, an increase of 30 ft. on the design width. The capacity of th<‘ 
reservoir is 160 million gals.; the area of the catchment, 2,500 acres, the average rainfall 26 • 5 ins. 

AfUm Dam,—Ayrshire; supply Inaugurated, September 1936—a part of the Looh Bradan 
water district scheme. Oatohment reaching to aft. 2,000 ft. Length, 600 ft.; A, 80 ft.; 
oapaoity of reservoir, 102*4 million cub. ft. Cost, including subsidiary works, about £100,000. 

( Ref. Paper by J. A. Banks; IrM, WJS,^ 
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Schwammenaul Dam*—In Ruhr Valley, Germany. Completed June 1988. Height, 18 ft. 0 in.; 
base width, 984 ft.; crest width, 84 ft. 6 in.; crest length, 984 ft. 

Deer Creek Dam.—^A work included in the Provo Biver Project, Utah. Height above 
streambed, 156 ft.; base width about 840 ft., not including heavily pitched toe of 200 ft. 
in the cross dimension. Orest width, 86 ft.; length, 1,400 ft., between flanking canyon walls. 
Slopes: upstream, 1 in 3, downstream, 1 in 2|. The dam rests on sand, gravel and boulders, 
through which a trench about 80 ft. deep, 206 ft. wide at the original ground level, reducing to 
30 ft., was excavated to rock, in which is founded a reinforced concrete cut-off 20 ft. in maximum 
height. The trench is filled integrally with the body of the dam, which is formed of clay, sand and 
gravel, rolled in 6-ln layers: (a) in the upstream prism, graduated in coarseness to the upstream 
face ; (6) in the middle prism—the base of which extends to some distance downstream of the crest 
—impervious material; (c) in the downstream prism, seml-impervlous material, graduated in 
coarseness to the downstream (ace; (d) in the extended toe, sand, gravel and cobbles. The useful 
storage ewadty of the reservoir will be 147,000 acre-ft. (Information and illustrations in a 
paper by B. A. Jacob and B.O. Larsen ; condensed in Civil An^rin^ennyCU.iSr.A.), January 1939.) 

Rock-Fill Dams. 

Bakhadda Dam^ Algeria.—Height, 148 ft.; crest width, IG ft.; length 726 ft. Maximum 
size of rock, 3 tons. The impermeable shell on the upstream face is of r.-o., in two layers, the 
lower 12 Ins. thick and the upper—laid 7 weela later to allow for settlement under water load— 
16^ ins, (For reference and abstract, see Engineering Ahetracts^ vol. 73, No. 36.) 

Oued-Kebir Dam^ Tunisia.—Height, 116 ft., crest lenght. 1,096 ft., with a central impermeable 
wall of r.-o. The construction presents unusual features. (For reference and abstract, see 
Engineering Abstracts^ vol. 73, No. 38.) 

San Gabriel Dam.—Under construction, in San Gabriel Oanyon, California. Stated to be the 
largest rock-fill flood control dam in the world, necessitating the blasting, quarrying, removal and 
placing of 10,478,000 cub. yds. of material. Estimated cost, £2,400,000. Average height above 
bed rook, 376 ft.; crest length, 1,640 ft.; downstream slope, 3 to 1, benched; capacity of 
diversion tunnel, 36,000 cusecs. 

Long VaUey Reservoir.—}J[ono Lake Project. Waterspread, 6,000 acres; capacity, 163,000 
acre-ft. The rock-fill dam will have a welded steel face. (The project is described in The Engineery 
July 3,1936.) 

A Composite Dam.—Loch Treig Dam, Lochaber water power development. Base width at 
maximum section, 266 ft. including a spill-receiving trough at the downstream toe, structural 
width, 238 ft. 10 in.; height from ground level to spillway crest, 37 ft. Upstream and downstream 
slopes 1 in 3. A middle concrete core-wall about 7 ft. thick at the top, widening to 10 ft. at the 
base, and carried down to 21 ft. below ground level, into rock. On the downstream side, next 
the concrete wall, a prism of hand-packed rubble about 18 ft. wide at the base, backed by tipped 
rubble, rolled in layers about 12 in. thick; facing 1: 6 concrete on 18 in. of large gravel, quarry 
rid and spalls. On the upstream side of the concrete wall, a prism of selected clay, 3 ft. wide 
at the top and 18 ft. at the base, the remainder being earth fill, and the facing, 18 in. granite 
random rubble pitching, on the same base as on the downstream face. Sheet piles have been 
driven to rock at the downstream toe. Dimensioned Oross-section, Civil Engineering {London')^ 
February 1937. 

Masonry and Concrete Dams. 

QBAvrrr type. 

MASONBT AND OONCRBTB DAMS. 

The Chambon Dam.—The largest dam in Europe. Gravity type, one flank curved in plan. 
On the river Romanche, near Grenoble. Oatchment. 264 sq. kilom.; mean annual flow inter¬ 
cepted, 280 million cn. m. Capacity of reservoir (useful), 60 million cu. m.; height of dam above 
river-bed, upstream, 89*74 m. (294*4 ft.), downstream, 91*26 m. (299*4 ft.). Maximum height 
above foundations, 136*63 m. (447*9 ft.). Orest width, 6 m. (16*4 ft.). Stresses,at the downstream 
toe, reservoir full, 16 kg. per sq. cm. (218 lb. per sq. in.; 13*7 tons per sq. ft.). At the upstream 
toe, reservoir empty, 17 kg. per sq. cm. (242 lb. per sq. in.; 16*64 tons per sq. ft.). Full de¬ 
scription, The Engineery April 24, and May 1 and 29,1936. 

Grand Coulee Dam.—Under construction ; the principal work in the Columbia Basin project 
in the State of Washington. Orest length, 4,200 ft.; height above lowest contact with the 
supporting rocks, 667 ft.; water surface to be xuised 367 ft. above low water in the river; max. 
width at base, 600 ft.; crest width, SO ft. Volume of concrete in the dam, the two associate 
power houses, the pumping stations and appurtenant works, 11,260,000 cub. vd., or 2^ times 
the volume placed in the Boulder Dam. ^e dam and power houses together will contain 
32,600 tons of reinforcing steel. The capacity of the reservoir will be 1,060,000 acre-ft. (The 
scheme and works were described in The Engineer^ February 4,11 and 18,1938.) 
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The Shasta Dam,—In the irrigation and flood control proj^eot for the Central Vall^, Oalifomla. 
Stores 4,500,000 acre>ft. Maximum height above foundations, 560 ft. Volume, concrete, 
5,400.000 cub. yd. Sllghtlv curved in nlan on the wings. Crest Imgth 8.100 ft., including, In 
straight section, a 875-ft. spillway. Initial water power plant, 375,000 h.p. 

The Friant Dam.—In the same project. A concrete gravity dam ; central spillway; 286c c 
maximum heigltt (320 ft. above lowest foundation); crest iength, 3,430 ft.; maximum base width, 
268 ft.; crest width 20 ft.; volume 2,150,000 cub. yds. Supplies a canal 160 miles long, flow 
3,500 cusecs, and another, 40 miles long, 1,000 cusecs, also one 50 miles long. Reservoir 520,500 
acre*ft., the top 70,000 acre-ft. reserved for flood control, the remainder also functioning in flood 
control. Lake (reservoir) 15 miles in length, reduced to 10 miles with 90,000 acre-ft. dead storage. 

Fontana Project.—Begun 1942, dam on the Little Tennessee River. Catchment, 1,571 sq. mi.; 
average flow, 3,970 cusecs. Design flood based on an assumed run-oif of 10 in. in four days 
giving peak inflow 239,000 cusecs, corresponding to 6,000\/A; or a coefficient of 1,770 in the 
Ryves* formula. Usable capacity of reservoir 1,200,000 acre-ft., storing 42 per cent, of the 
annual flow, from the catchment. Fall from reservoir to river mouth (60 miles), 1,400 ft. The 
works will increase the outputs of existing plants and plants in hand, 1943, by 2,000 million 
kllowatt-hrs. in a year of average flow. Height of dam (or height above foundations) 470 ft. 
Straight, gravity, concrete type ; volume, 2,600,000 cub. yds. Transverse joints spaced 60 ft. 

The Qinissiat Darn.—Under construction, 1936-39. In a gorge of the river RhOne. Length, 
at base, 147 ft., at a height of 312 ft., 656 ft. It will create a lake 14-3 ml. long with a storage 
capacity of 53 million cu. m., ornearly 418,000 acre-ft. Height, above river bed 80 m., or 863 * 35 ft.; 
above lowest foundation, 110 m., or 360 * 9 ft. The body of the dam will be divided up into mono¬ 
lithic concrete masses, 15 to 30 m. In width, separated by transverse vertical joints, having sealing 
spaces which will be fllled by means of injection pipes when the mass concrete has sufficiently 
cooled. (The works and natural conditions are described, with plans and illustrations, in The 
Snmneer^ December 30,1938.) 

Hume Dam.—On the Murray River, Australia.—Oatohment, 6,000 sq. ml. A main concrete 
dam, 1,042 ft. long, flanked by earthen embankments of 430 ft. and 3,913 ft. Capacity of the 
reservoir, 155,000 acre-ft., when first used, in 1931. Recently increased to 255,000 acre-ft. 
Ultimate capacity, os provided for in the plans, 1,250,000 acre-ft. 

Vaalbank Dam,—^The concrete dam is of the overspill gravity type, the section allowing 
of 8 ft. heightening. Volume 330,000 cub. yds.* The length of the earthen embankment is 
4,600 ft.; crest width, 20 ft.; upstream slope, 3 to 1; downstream slope, 3| to 1, with berms; 
volume, about 300,000 cub. yds. See Port IV. 

Tygart Dam.—On the Tygart River, West Virginia. Catchment, 1,183 sq. ml. Reservoir 
capacity, 290,000 acre-feet to the spillway crest, equivalent to 4 * 5 in. of run-off. Capacity above 
spillway crest, 88,000 acre-feet. Provided to control floods and augment low-water flows in the 
Monongahela River, 128 ml. long. The dam is 1,920 ft. long and 230 ft. high, above bedrock. 
Volume, 1,250,000 cu. yd. (See ‘ Operation Experiences, Tygart Reservoir,* by R. M. Morris 
and T. L. Reilly, Paper, Proc. Am. Soe. C.E.^ April 1941.) 

SmGLE-ABOH Dams 

Mount Bold Dam.—On the Onkaparinga River, Sooth Australia, 25 ml. from Adelaide, for 
which city it will create a storage of 6,500 million gallons. Catchment, 150 sq. ml. Data (80 years 
records), max. year’s rainfall, 50'41 in. with run-off 24 • 17 in.; min., 16 * 8 in. with run-off 0 * 537 in. 
Greatest flood, 10,000 cusecs, in 1917. (Greatest recorded, 24,000 cusecs.) The dam has a constant 
upstream radius of 350 ft.; height over foundations 170 ft., thickness tapering from 92 ft. at the 
base to 12 ft. 6 in. at the crest; length along crest, 733 ft. The spillway section, 200 ft., providing 
for a discharge of 36,000 cusecs. The downstream face is battered 1 in 2*3 ; the upstream face 
is vertical for 120 ft. and is thence overhung with a batter of 1 in 3 • 3. (Described, with illustra¬ 
tions, in Civil Engineering {London\ July 1938.) 

Airel Dam, Washington,—Of the thin arch type with ore gravity abutment. Height, 313 ft.; 
crest length, 1,300 ft. The catchment, Lewis River bBAir., is 750 sq. miles; the maximum 
recorded flood 63,000 cusecs, the minimum flow 800 cusecs. 

Mareges Dam.—Stores water for a power station of the Paris-Orleans Railway Company at 
Mar5ges, on the Upper Dordogne. Catchment, 2,500 sq. km. (965 sq. ml.); average flow of the 
river 65 mecusecs (3,295 cusecs). The dam is arched and of arched type section, extrados radius, 
at crest, 100 m. (328 ft.) ; at base, 80 m. (262 • 5 ft.); maximum height, 90 m. (395 ft.); capacity 
of the reservoir, 47 million cub. m. (1,660 million cub. ft.); available capacity, 35 million cub. m. 
(1,236 million cub. ft.). The hydro-electric power plant has a capacity of 150,000 kv.-a. 

Parker Dam.—Colorado River, Southern California. Height above lowest foundation, 
320 ft.; above river bed, 85 ft., the depth below river bed being 235 ft. Gracing of the concrete 
is assigned to the use of a high-alkali cement wiUi certain types of aggr^ate. (See Proc. .4 m. 
Soc. C.E.f December 1940, and April 1941.) 
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0*Shauffhnenif Dam.—^Water snpply of San Francisco. Has been increased in height to 
480 ft. O^ed to a radius of 700 ft., to the upstream face. Orest length, 600 ft. Might be 
classed as a gravity dam; for the radius is a large one, and the average thickness is about 60 ft. 
Heightening described. The Engineer^ July S8,1939. 

SINGLE ARCH AND TANOBNTUL QRAVITT WINGS. 

QaXUtwy Water Power System.—Dams, as named ; height (A) in feet of spillway from original 
ground level; radius (r) of curvature; downstream batter (6) of arch, of wings, 0 * 76 in all cases. 

Deugh : A, 70; r, 230 ; 6,0*33. Ken: A, 70 ; r, 166 ; 6,0*26. Blackwater : A, 40 ; r, 126 ; 
6.0*25. Oarsfad: A. 65; r, 190 ; 6,0*30. Earlstoun : A, 70 ; r, 145 ; 6,0*22. Tongland : 
A, 70 ; r, 146; 6, 0 * 26. (See The Engineer^ September 26, 1936.) 

Multiple-arch Dams. 

Beni^Bahdel.—On the Oued Tafna, Oran. A multiple-arch dam, in the central portion, 
726 ft. long, the flanking portions being of the gravity type. Total length, 1,066 ft. The 
counterforts are built of plain concrete, are triangular in form, and spaced 66 ft. apart between 
centres. They are 10 ft. thick at the top and about 16 ft. at the base and their maximum 
height above foundations is 188 ft. (Ref. Butt. Tech, SuUse Rom. 63, 141. See also Civil 
Engineering {London), September 1937.) 

Hohenwarte Dam.—Under construction, 1940. With the completed Bleiloch Dam will control 
the flow of the River Elbe. Height, 243 ft.; length, 1,360 ft.; radius 1,300 ft. WUl impound 
6,060 million cu. ft. 

Bartlett Dam.—On the Verde River, Arizona. Catchment, 6,600 sq. ml. Reservoir capacity,' 
200,000 acre-ft., for irrigation in the valley of the Salt River. Ten arches of 48 ft. clear span 
and 60 ft. between centres of hollow buttresses. Inclination of the arches about 46 deg. 
Described with illustrations and drawings in The Engineer, August 2,1940. 

Basic Economy of Dams. 

VOLUME OP Water stored per Unit Volume of masonry in the dam. 

Poona, India, 62 ; Beetaloo, Australia, 79 ; Booton, New Jersey, 200 ; Cross River, New 
York, 610 ; Granite Springs, Wyoming, 716 ; Wachusett, Massachusetts, 1,369; Sodom, New 
York, 1,669; Sweetwater, California, 1,679; Aswan, Egypt, 3,900; Periar, Madras, 2,620; 
Roosevelt, Arizona, 7,426; Calitzdorp, S. Africa, 113; Woronorah, 2,402; Boulder 14,470; 
Oauvery Metur, 1,731; Shasta, California, 1,344. 

Earthen Dame: Bon Accord, Transvaal, 36*4; Blijde River, 20*2 ; Grassridge, S. Africa, 
202; Vaalbank (300,000 cu, yd., earthen, 220,000 cu. yd. concrete), 6,866 ; Port Peck, 319. 

Dam Failures. 

St. Frauds Dam.—Los Angeles water supply. An arch dam, curved to a radius of 492 ft. 
and 205 ft. in maximum height. Failure was due to defective foundation materials, for which 
the design was not suited. The dam was built without State control and without the services of 
a consulting engineer or a geologist. The dam collapsed when the reservoir was nearly full, in 
March 1928. Deaths, about 400. Damage, about £2,000,000. 

Spencer Dam.—^The failure of the Spencer Dam in Nebraska was caused by the dam being 
built on a shale so weak that it was hardly more than mud rock. The dam, which failed on 
September 24, 1036, was built in 1926 and was a 1,800 ft. long earth dyke, about 18 ft. high, 
witJi a 400 ft. concrete spillway section. It was the spillway section which failed. {Engineering 
Eew^Beeord.) 

MarshaU Dam, Kansas.—Am earthen dam, 1,480 ft. long and 90 ft. high. When within 10 ft. 
of full height a slump occurred, 170 ft. long and extending from 20 ft. upstream of the centre line 
to 110 ft. downstream of it. Samples taken from the disturbed ground showed high proportions 
of sUt and soft day. 

Fort Peek Dam.—The dam was built by the hydraulic-fill method. In September 1938, 
when it was nearly completed, a slide carri^ away about 8,000 cu. yd. of the upstream slope, 
releasing the water from the core pool and burying eight workmen. The slide occurred sudd^y, 
though distortions were noted, it has been stated, more than three hours before it took place. 

Test bores, drilled after the accident, showed that there was very high hydrostatic pressure in 
the shale downstream, one hole developing a pressure equivalent to 60 ft. head above the top 
of the dam. It was deduced that trapped water was squeesed out of the shale. Though it was 
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concluded that there was a good factor of aafetj againat the bureiing of the shell by the core, 
the upetream face, the average elope of which had been 1 in 4, was very much flattened when the 
dam was completed. 

riteb Oontbol and Divbbsion Wbibs. 

Egyjpt.—The Nag Hammadi Barrage (fully described in articles in The Engineer^ September 3, 
1937, January* 30 and February 6, 1931). Oontract price £1,976,666. Founded entirely on 
sand. Length between centres of abutment piers, 833*26 m., or nearly 2,700 ft. Tot^ of 
sluiceways, 1,968 ft. provided by 100 sluices of 6 m. widths and 6 *1,7 *1, or 8 *1 m. deep. Opened 
December 1930. 

Qehel Avlia^ River Nile,—Including the portions in embankment. The length of the maaoniy 
dam is 5,654 ft.; of embankment, 10,850 ft. (1,693 m. and 3,307 m.). The masonry portion 
includes a solid dam, 60 ft. high, a length of 1,488 ft. with 60 sluices, and a large lock. The 
water will pool up to 300 ml. upstream on a width of about 4 ml. The flrst year's programme 
of work was completed before the rise of the Nile in 1934 and the river diverted to a channel, 
626 ft. wide, between embankments. The 1936 prc^ramme included the closing of this channel 
and the diversion of the river to the eastern bank, where a temporary bridge with an opening 
span had been provided. Batimated cost about £B2,100,000. The work was completed in May 
1937. See * literature.' 

Mohammad Aly Barraaee,—New barrages and locks in the Damletta and Rosetta branches of 
the Nile. Estimates: weirs, £1,168,000; sluicegates and mechanisms, £230,000 ; lock gates and 
swing bridges, £103,000. See ‘ literature.' 

Iraq,—The Eut Barrage. Opened March 1930. On the River Tigris. Has the effect of 
semi-canalising a tributa:^, the Shatt-el-Qharraf, for a considerable distance. Rise of the 
Tigris, from low water to high flood (140,000 cusecs) level, is 20 ft. There are 66 sluices, each 
19 ft. 8 in. wide and controlled by a single gate. The piers are of precast concrete blocla and 
mass concrete hearting. {The Engineer^ April 1939.) 
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* Arch Deflections and Temperature Stresses In Curved Dams.' Article, by Ivan B. Houk, 
The Engineer^ April 2 and 9,1937. 

* A Buttressed Dam Built in 1747.' Revieta de Obrae Puhlicae^ June 1, 1936 {Engineering 
Ahstrade^ vol. 70, No. 66). 

* Stresses Around Oaileries in Ooncrete Dams.* Article, by Ivan E. Honk, The Engineer. 

* Stress Conditions in a High Multiple-arch Dam.* Article, by Ivan E. Honk, The Engineer, 
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‘ Geology of Dam Sites.’ By Prof. W. J. Mead. (1) ' In Hard Rock '; (2) ' In Shale and 
Earth.' Ancles, CivU Engineering ((J.S.A.), (1) May, (2) June 1937. (Extracts, The aurveyor^ 
(1) June 11, (2) August 20, 1937.) 

‘ Dams on Shale,* By Irving B. Orosby. Paper, Proc, Am, Soc. C.E,^ Vol. 66, No. 6 ; May 
1940. (Extracts and Abstract, The Surveyor^ June 14, 1940.) 

' British Practice in the Founding of Dams.' By W. L. Lowe-Browne. Paper, Inst, of 
Water Engineers. 

* Fort Peck Dam : Investigation of the Cause of the Slide.' By T. A. Middlebrooks. Paper, 
Proc, Am. Soc. G.E,, December 1940. 

* The Gtebel Aulia Dam.* By A. G. Vaughan-Lee. Paper No. 6238. Journal Inst. C.B,y 
June 1941. 

* The Gorge Dam.' By W. J. B. Binnie and H. J. F. Gourley. Paper, Journal Imt, C.B.^ 
March 1939. 

* The Design of Dams.' By F. W. Hanna and R. 0. Kennedy. Book: reviewed, Civil 
Engineering {London), March 1939. 

‘ Assiut Barrage Remodelling.' The Engineer, September 3, 1938. 

'The Emerson Barrage.* By F. F. Haigh. Paper, Journal Inst, C.B., December, 1941. 

* Testing the Materials of an Earthen Dam.’ By F. M. Van Auken. Paper reproduced in 
Civil Engineering (U.S.A.), August 1941. Relates to systematic and comprehensive tests. 

Paper No. 6324, Journal Inst. C.E., November 1943. By L. F. Cooling and H. Q. Golder. 
Relates to an analysis of the failure of a dam during construction. 

* The Waldershelf Slip: Broomhead Reservoir.' Paper, by L. Bendelow, describing the ex¬ 
tensive and elaborate remedial works carried out. Journal Inst. C.E., February 1944. 
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addenda 

I>AM FAILUHKfJ. 

The desigr of earthen dams and the cuuset; of some failures was the subjeet of a pn])er (Inst. K. 
Australia, 1944), by Mr. M. fl. Sp(‘edic, aetiuK chief desiKuiin; enjj:in(‘»‘r. State Kivers and Water 
Supply Commission of Australia. The following; notes relate* to passa,i:es in that paper. 

Source of Iufonuation.~Tn a table analysing the muses of failure of 25^ dams (11. Himha’- 
lider, Trans. Ann. Soc. O.E., Vol. 9S, lOS.*!), the earthen dams number IHu. l)f those earthen dams 
which showed some form of failure, 29 per eent.nv'ere less tb;in 25 ft. higli, 82 per cent, le.ss than 
75 ft. Lack of spillway capacity caused 28 per cent, of the failur<'S ; inadequate cut-off provision, 
22 per cent.; excessive proportion of lino material, 8 per cent.; instability of ('mbankment or 
foundation, 6 per cent. 

Piping Through Foundations.—'I’his w.as the cause of the failure of the Corpus Cbristi Lhim, on 
the Nueces Kiver, Texas. The northern wing wall was undermined and overturned, and sonii! 
200 ft. of embankment, 00,000 cn. yds. of lilling, wa.shed away, 'riu! sheet juling had not becji 
driven into the clay of tlie foundation—it was ollioially conclinled ; liut one engineer thought that 
because sheet piling is not perfectly watertight, resuiting leakagi* may cause piping. DitTerential 
settleraent was another suggested cause. The d:im is 4,080 ft. long, including .1,250 ft. of (‘oncrele 
spillway. Maximum height, 61 ft. 

Horizontal Shear.—Tappan Dam, when under construct ion, was 28 ft. higli when stune liundreds 
of feet of the up.stTeam toe moved about 8 ft. into the reservoir. A horizontal shear iilaiie was 
foimd 6 to 12 ft. below the top of the foundation clay layer, c.xtending for more than 50 ft., under 
the filling, from the upstream toe. 

Inadequate Drainage.—To this defect was assigned a failure of flu* Alexamh'r Dam, I\auai> 
Ilawaiian Islands. Some 250,000 cu. y<ls. of materud slid ilownstri'am in 50 seconds. 

High Pore Pressures.—Belle Fouivh Dam is 6,500 ff. long and 150 ft. high. Tlie uiistream 
slope was originally 11 to 1 alun o and 2 to 1 below maximmn wider level. In 1952, about 25 years 
after const motion, a slide of 20,000 eu. yds. of earth, 6(0 it. in length, occurred cm the upstream 
face following a wator-lm el drawdown of 25 ft. in (JO days. 'Dse rate »)f dr.awilown was, obviously, 
too rapid to allow of release of pore water at a eorrespondiin: rate. 

JlbCKVr LiTKHATUm:. 

‘ The WaldoT’shelf Slip : Broomboad Keservoir.' Hv J-. Itcndclow. ]’a])er (.7e?//7/e/ Inst. C./A, 
Aprill91l). 

Foundations : Design.—A paper by 'P. II. Crosby (/'/ec. Am. Soe. Mav 19 to), related to 
Dam.s founded on Shale. In the.sami* i<sue arc papers on flu* sul>jccts : basic design assumptions, 
the design of arch dams, the i»reparation of foundations, < unstru<*tion joints, and concrete control. 

Geology.—In his book, ‘ Geology for Kngiueci's,'' Mr. K. G. IT. Blyth, deals very nldy \\itli the 
subjects: rainfall, run-off, dispersal of rainwater.ground water,and some of tbe most important 
formations from vvliii.'h water i.s derhed. Tlie chapter on tlio geology of reservoir ami dam sites 
includes description.^ of conditions at the Vyrnwy Keservanr; Caban Ooch Dam, llhadcr; the 
Dolgarrag Darn, Laggan; Boulder and (Jrand Coide<* I);iTn.s. [bondoM; Mdward .Ai’nold (V', (,'o., 
second edition, 1915. Price 21.v. Tiet.] 
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SECTION XVIII 

PART IV 

IBRIGATION — AVAILABLE SUPPLY EVAPORATION — AB¬ 
SORPTION-EVAPORATION PROM SOILS—LOSSES PROM 
IRRIGATION CANALS — CRITICAL VELOCITY — DUTY 
OP WATER. 

Contributed by Reginald Ryves, M.Cons.E. 
(Author of * A Note on Mass Dams and Dams of Arobes/ eto.) 

IRRIGATION. 

Available Supply of Water. 
Irrigation from Large Rivers,—The disohaiges of the river during the seasons when the water 

will be required are calculated from the observed depths over weirs, from differences of water 
level above and below bridge openings, and bj the methods described in Part 11 under 
* Capacities of Canals.’ Whether these supplies will be fully available or not may depend upon 
the water levels which can be maintained above the weir, and upon what cultivable areas are 
commanded by the water at these levels. In this respect the scheme must be considered as a 
whole, and by making suitable regulations as to the crops which may be grown on certain area? 
and at certain seasons the availability of the supply may be increased. 

Supplies from Defined Catchmenl8,-~la. the case of a supply from a defined catchment the 
estimates of run-off may be made by the methods describe under ' Uainfall,’ the necessary 
dedug^ions being made when the whole of the water stored cannot be directly utilised. Out 
of the whole recorded range of annual or seasonal rainfalls, and corresponding rune-off, one 
will be chosen as that suitable as a basis for the project, and the capacity of the reservoir designed 
accordingly. A table drawn up for catchment areas in Nagpur, Ontral Provinces, India {Strange)^ 
gives estimated yields for monsoon rainfalls ranging from 1 In. to 60 ins., and from this table 
the following examples are taken. 

MONSOON PAINVALLS AND ESTIMATKD RUNS-OFF FOB NaQPUR. 

Monsoon Rainfall iu Inches. 1 5 10 20 30 40 60 60 

Runs off in Good catchment 0-002 0-116 0-999 6-970 18-33 34-86 60-69 83-63 
millions of 
eubio feet ^ Aver, catchment 0-001 0-087 0-749 6-227 13-76 26-13 42-61 62-73 
per square 
mile ( Bad catchment . 0-001 0-058 n-499 

1 
S-48& , 9-17 17-42 28-34 41-87 

Evaporation from a Water Surface. 
The actual rate of evaporation from the surface of a pool of water depends mainly on fou** 

factors: the temperature of the water itself ; the velocity of the wind; the degree of humidity 
of the air; and ^e temperature of Uie air. As regards the first, this is more or less proportion^ 
to the air temperatures if we are measuring evaporation over considerable periods of time in 
different places. As regards the second, the velocity of the wind, this factor does not as a rule 
vary so much as others if we take a period such as'a year; but it sometimes varies a great deal 
within areas of moderate extent, and it should be taken into consideration in making estimates 
of evaporation. The degree of humidity varies very greatly, not only in different oountriei 
or different distriots, but also in proportion to the distance from the sea and, in some oases, with 
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alevfttion. There may be a marked decrease in the humidity of the air in a distance of a few 
miles from a long, straight coast line, the decrease being more gradual as we pass fartlier inland. 
Thera are also sharp differences between places just within and those just without the path of 
a monsoon current. The relation between water temperature and the rate of evaporation was 
studied at four stations in Oaliforuia {Fortier) with the following results, the evaporation being 
in sizty>fourths of an Inch per day. The tanks used were of galvanised iron, 22 Ins. in diameter 
and 28 ins. deep sunk in the ground. 

Water Temperature and Evaporation,—53*F., 6 ; 62*F.. 12 ; 73*F., 23 ; 80*F., 31; 88*F., 39. 
The following were the results of experiments to test the rates of evaporation in air currents 

of different velocities, that in still air being taken as unity. {Russell.) 
Wind VOocUy and Evaporation,—Velocity 0, evaporation 1*00; velocity 6 miles an hour, 

evaporation 2*2; velocity 15, evaporation 4*9; velocity 20, evaporation 6*7; velocity 25, 
evaporatitm 6*1; velocity 30, evaporation 6*3. Obsorvations taken at the Aswan reservoir 
show the relative importance of average month's temperatures and average month’s wind veioci- 
ties. The results do not, of course, aid in the estabiishment of a relation between actual wind 
velocities, actual temperatures, and rates of evaporation, but they are of practical use for purposes 
of comparison. 

AVBRAGB VKIiOOmSS OP WIND, AVBRAQB TBMPBRATORBS, AND RATES OP EVAPORATION, 
ASWAN, Egypt, latitudb, 34^ Year 1912. 

Month . ! Jan. | Feb. : Mar. Apr. May > June ' July Aug. Sept. Oct. Nov. i Dec. j 
Wind ve- ^ I 
iocity,miies, 1 
per hour . 3*6 4*2 6*6 

Tempera- 
ture *P. . 60*7° 66*7* 72*3* 

Evaporation, j 
ins. per day ; 0*12 j 0*17 0*24 

6*3 4*2 3*0 3*3 3*5 1*2 1*7 3-4 3-7 

80*7* 87-2* 91-4* i 91-2* 92*1* i 
i i 

89-3* 83*3° 73*6® 62*2® 

0*31 ' 0*36 1 0-46 ! 0*43 0*44 0*32 1 0*29 0*21 0*1 sj 

Humidity and Evaporation. 
By taking a sulBcient number of observations of rates of evaporation, it is possible to establish 

at the same time the relation between evaporation and air temperature and that between evapora¬ 
tion and humidity. Experiments of this kind with water at a constant temperature seem to be 
lacking, nor have observers, as a rule, noted the actual temperatures of the water. Results are, 
however, comparable in groups, such as those with small experimental tanks, and those with 
floating tanks in deep and shallow waters, respectively. 

The following table gives the results of observations at Vebar reservoir, near Bombay, lati¬ 
tude 19° {Conj^eare)t and in Nagpur, 21° {Binnie), The values seem to be low, but this hardly 
affects their application in practice, as the engineer would draw the curves and fix his own zero 
line on the result of monthly or annual evaporations for the locality. 

Approzimatb monthly Evaporations in Feet with given Temperatures and 
Relativb Humiditibs. 

^ Mean Temperatures, Fahr. 
Percentage 

of Saturation. 65* 70* 75* 80* 80* 90* 93* 

88 0*14 0*17 0*19 0*21 0*24 0*27 0*30 
85 0*19 0*22 0*22 0*23 0*27 0*30 0*33 
80 0-22 0*27 0*29 0*30 0*32 ! 0*36 0*88 
76 0-24 i 0*29 0*33 0*35 0*37 ; 0*40 0*42 
70 0*26 0‘30 0*34 0*35 0-38 0*42 0*44 
65 0*28 0*31 0*34 0*36 0*40 0*44 0*46 
60 0*30 j 0*36 0*38 0*40 0*42 ! 0*47 0*49 
55 0*32 ‘ 0*37 0*42 0*46 0-50 1 0*52 1 0*64 
50 0*35 i 0*40 0*45 0*50 0*55 0*60 ! 0*62 
45 0*45 j 0*60 0*57 i 0*67 0-71 0-76 0*78 
40 0*61 0-66 0*70 j 0*72 0*77 1 0*82 j 0*84 

The figures in the following table are taken from results of observations by the Egyptian 
Publto Works Survey Department {Cay), It ii clear that the rate of evaporation depends con¬ 
siderably upon the mean altitude of the sun, since, for air temperatura- which are nearly the 
same, me rate of evaporation is affected by the latitude and the month. This is shown by the 
small iabies,and the evaporation at latitude 24* In October with air temperature 83* and humidity 
41 may be oompaied with that at latitude 27* in August with nearly the same humidity. 
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OBSBRVAXIOMS BT UOTPriAM PUBUO WOBKS DBPABXMBMX. 

Locality . . . Abassia, Cairo. Lat., 80° 1'. 

Month May. June. July. Aug. Sept. Oct. 

Mean temperature of 
month, . ̂ ahr. 76® 78® 81® 80® 77® 78® 

Relative humidity . 47 60 65 62 70 71 
Evaporation, inches . •32 •26 •20 •22 •17 •18 

Locality . . . Asyut. Lat ., 27® 11'. 

Month . . . May. June. July. Aug. Sept. Oct. 

Mean temperature of 
month, : s’ahr. 81® 84® — 85® 81® 76® 

Relative humidity . 26 26 — 40 46 56 
Evaporation, inches. •66 •61 — •61 •37 •27 

Locality Assuan. Lat., 24® 2'. 

Month . . . May. June. July. Aug. Sept. : Oct. 

Mean temperature of 
month, : rahr. 90® 90® 90® 90® 89® 83® 

Relative humidity , 16 20 20 20 32 41 
Evaporation, inches . •62 •60 •62 •62 •47 •36 

Temperature 80*-81*F. Temperature 89®-90®F. 

Humidity. Evap. Month. Lat. Humidity. Evap. 1 M oath. Lat. 

C2 •22 Aug. 30® 32 •47 i Sept. 34® 

55 •20 July 30® 20 •60 j June 24® 
46 37 Sept. 27® 20 •52 i 

[ July A) 24® 
26 •66 May 27® 1 Aug. f 

16 •62 1 May 24® 

The effect of altitude upon evsporatloa waa tested at four stations on the same mountain in 
Oalifomia with the following results :— 

Evaporation at Different AJUUud4t,—4,600 ft., 2*69 ins.; 7,100 ft., 2*04 ins.; 10,000 ft., 1*63 In.; 
12,000 ft., 1*61 in. 

Annual Evaporation. 
At stations selected as representing the chief irrigation districts of California the following 

were evaporations for a jvat {Fortier), At Berkeley, me cooler coast area with relatively high 
raiidlall, 41 ins.; at Chico, the bottom of the Sacramento Valley, 63 ins,: at Tomona, represeutiiig 
Southern Oalifomia, 66 ins.; at Tulare, the San Joaohin Valley, 68 ins.; at Calexico, the Imperial 
Valley, 71 ins. 

The evaporation at a number of representative stations is given in the following table, but 
the methods adopted in measuring evaporation varied considerably. At Croydon, the evapora¬ 
tion from a .vin. vessel in air was more than 50 percent, greater than that from the l2-in. vessel 
noatiog in water. 
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EVAPORATION AT REPRESENTATIVE STATIONS. 

Approxi¬ Evapora¬ 
Locality. mate i tion iu 

Latitude. : Inches. 

Whitehaven, England . 54^ 29-91 

Bolton-le-Moors, Eng!an<l 53i® 2.5-65 

Croydon, England . • • 
514® 19-95 

Eennlch, Devonshire, England 504® 20-88 

Dijon, France . 474“ 2G-11 
Boston, U.S.A. •12 4® 39-11 
Croton River, U.S.A. 414“ 24-15 
New York, U.S.A. . 41® 39-21 

Tharsis Mines, Spain 374® 60 -I 

Chioco, California . 3--U® 53 \ 
Berkeley, „ 41 
Tulare, „ 36® 68 ) 
Pomona, „ .34® 66 
Calexico, ,. . — 71 .1 
A station iu California . — 30 
Pertii, Western Australia ! 32“ 65-8 
Rajputana, India . 
The Rand, South Africa 

. 25® to 28®, 73-8 
26® 63 

Talai Lake, Bombay Presidency . 19® 36- i j 

Red Hills, Madras, India 13*^ 66-9 

Remarked. 

Elevation 90 ft. near coast. 
Average of 10 years. Ele¬ 

vation 320 ft. 
13 years, max. 22*85, min. 

15-01. A 12-In. vessel 
floating in a tank 4 ft. in 
diameter. 

Elevation 830 ft. Average 
of 4 years. 

Inland station. 
! 

Average of 7 years, max. 
nearly 65 ins. 

I I Galvanised iron tanks, 2 to 
3 ft. in diameter, and 30 
to 36 Ina. deep; sank in 
the earth. 

Elevation 6,225 ft. 

General average. 

Average of Floating boxes. 
8 years. 

Near the coast. 

Seasonal and Monthly IjOsbcs by Evaporation. 
It is often necessary to be able to estimate the losses by evaporation during particular seasons, 

and monthly rates of evaporation, or daily rates in individual mouths, are frequently recorded. 
For considerable areas in India the seasonal losses may roughly be reckoned as: In the cold 
weather 12 ins., in the hot weather 32 ins., daring the monsoon 16 ins.; total, 60 ins. 

In the following table, some of the rates of evaporation are comparable, but the table has 
been drawn up chiefly iu order to show the relative rates of evaporation in different months at 
the same station. 

Monthly Evaporations from Water Surfaces. (Inchw.) 

Locality. Approx. 
Lat. 

Jan. Feb. 

Month, 

Mar. April. ! May. June. 

Emdrup, Denmark (av. of 
11 yean) 56^ 1 0-7 

1 
0-5 0-9 2-0 3-9 5-3 

Bolton-le-Moors, England, 
320 ft. (av. of 10 years) 53JO 0-64 , 0-95 1 1-59 2-69 4-38 3-84 

Whitehaven,England, 90 ft. 514° i 0-95 1 1-01 I 1-77 j 2-71 4-11 4-25 
Tulare, California 36° 1-6 2-7 3-3 3-8 7-2 10-5 
Perth, Australia 32° 2-06 

(July) 
i 1-75 

(Aug.) 
3-20 

(Sept.) 
.5-51 1 

(Oot.) j 

7-69 
(Nov.) 

9-47 
(Dec.) 

Cairo, Egypt . 30° — — — _ 9-88 7-56 
ABwan, Egypt . 21? I — — 19-16 ; 17-96 
Poshau, Poona, India . : 18° . 5-27 3*92 5-27 8-10 11-78 • 

Bed Hills, Madras, India. 13° 1 4-37 4-93 6-67 7-51 8-67 8-16 

* Monsoon month. 
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Montelt Efaporations from water Surfaces. (Inches.) -Cone. 

Locality. Approx. 
Lat. 

July. Aug. 

Month. 

Sept. Oct. Nov. Dec. 
Year. 

Emdrup, Denmark fnv. of 
11 years) 56® 5*2 4-4 2-6 1-3 0-7 0-6 27-9 

BoIton-le-Moors, England, 
320 ft. (av. of 10 years) 53J® 402 3-06 2-02 1-28 0-81 0-47 25-66 

Whltohaven,Bngland, 90ft. 541® 4-13 3-29 2-96 1-76 1-25 1-02 29-91 

Tulare, California 36® 11*6 9-8 7-4 6-5 3-8 2-0 68-5 

Perth, Australia 1 32® 

j 

10-22 
(Jan.) 1 

8-35 
(Feb.) 

8-26 
(Mar.) 

5-21 
(April) 

2-27 
(May) 

1-80 
(June) 

65-79 

Cairo, Egypt . 1 30® 6-35 ; 6-95 5-09 5-49 — — — 

Assuan, Egypt . 24° 16-11 16-11 14-17 10-74 — _ j I — 

Fashan, Poona, India ' 18® Mon soon m onths. 7-75 5-7 4-34 — 

Red Hills, Madras, India. 1 13° 6-91 3-92 4-38 4-80 :i-29 4-01 66*88 

Losses by Evaporation and Absorption taken together. 

In a great many cases the available data of losses from reservoirs are those for evaporation 
and absorption, or percolation, taken together. The more nearly the eiigiiicei- can estimate 
what proportion of the total loss is due to evaporation alone, the more easily will he be able 
to decide as to the necessity or expediency of taking measures to reduce percolation. Fairly 
hitrb losses may be tolerated horn reservoirs where a considerable proportion of the percolating 
water reaches wells from which it can be lifted and used; and this may in some cases be an 
advantage when the level of the water in the reservoir is very low, or, at leMt, a mitigation of 
the disadvantage. Actual losses by percolation can be estimated when the rate of evaporation 
is obviuusiy very small. Conversely, the proportion lost by evaporation may be e.stimated when 
tlie lasses by percolation are knowm to be small. The losses may be measured as depths on the 
maximum waterspread, or .as actual depths on the mean of the waterspreads at the beginning and 
end of each short period of observation. Thus, there are often apparent discrepancies between 
really similar cases, especially when the reservoirs are very shallow in parts, and when, as often 
happens, the maximum rate of evaporation occurs when the tank is very low. 

Losses by percolation are sometimes very large. The looses from four irrigation reservoirs 
ill the United States were as follows, measured in acre-inches or acre-feet referred to the maximum 
waterspread in acres <1) one year, 50*4 ins., ail attributed to evaporation ; (2) maximum of 
2 years, 53*8 ins.; (3) maximum of 4 years, 132 ins.; (4) maximum of 2 years, 17’3 ft., |x>f which 
was attributed to percolation. 

At Red ilills tank, Madras, a total loss of about 7*5 ft. seems to have been indicated by one 
sot of tests, and 8*39 by another series. An allowance of 9 ft. is now made, and is considwed 
to be ample, a fairly liberal estimate being desirable as the water is used for the supply of the 
city. Tanks in Rajputana were found to lose 9*77 ft. per annum, of which 3*66 ft. was attributed 
to absorption. 

The reservoirs of the Sheffield waterworks are estimated to have lost only about 15 to 15J 
inches by evaporation and absorption, the loss at Rotherham in a neighbouring area being 22 ins. 

The following were the results of observations at Red Hills Tank, Madras, the year being 
roughly divided into seasons which do not, however, begin and end at even approximately the 
same dates every year. 

Skasunal losses (Imuhes per day) by Evaporation and absorption. Red hills Tank 
Madras. 

Humid Season under the 
modified influence of the South- 

West Monsoon. 

North-East Monsoon and 
Cool Dry Season. Hot Dry Season. 

July 0-33 
Aug. 0-32 
Sept. 0-88 
Oct. 0-27 

Nov. 0-27 
Dec. 0-13 
Jan. 0-24 
Feb. 0-24 

Mar. 0 26 
April 0*30 
May 0-37 
June 0-36 

Average 0*33 Average 0*22 | Average 0-31 
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EVAPORATION AND ARBORPTION (ALMOST BNTIRELT BTAFORATION) BBOKONBD ON THB TOP ABBAS 
OP BBSUBTOIBS NBAR DHARWAR, BOMBAT PRBSZDBNOr (Strartffe), 

Month. Nov.j Dec. 1 Jan.' Feb. Mar.j Apr. j May.jJune.j July. Ang. Sept. Oct. 1 Total. 

Evaporation, 
Ins. per day \ 0*16 i 0*16 0*16 0*33 j 0*67 i 0*67 ! 0*51 0*31 | 0*16 0-16 1 ! 0*16 

j 
1 0*17 3-65 ft 

Evaporation from the Soil. 
A study of rates of evaporation from the soil is of practical importance as bearing upon esti¬ 

mates of the actual amounts of water required by crops under varying conditions, and the probable 
losses from the ground when the water is applied some time before cultivation. The importance 
of the subject is the greater In proportion to the extent to which the cultivation has the character 
of fruit growing or gardening, as distinct from the growth of large areas of grain crops. In orchards 
especially, it is possible so to apply the water that the loss by evaporation is considerably reduced. 
It Is often an advantage to keep the water in distinct channels as long as possible. 

CALIFORNIAN BXPBRIMENTS ON EVAPORATION FROM THB SOIL. 

Important series of tests have been carried out during recent years in California, and have 
been reported by Mr. S. Fortier, Chief of Irrigation Investigations, United States Department of 
Agriculture. 

The experiments were carried out with tanks about 47 Ins. deep and 231 ins. diameter, sunk 
into the soil and fiUed nearly to the brim. These tanks were weighed in order to measure losses. 
The following tabular statement gives the results of experiments made in July and August on the 
evaporation from soils containing different proportions of water, measured as inches depth over 
the area of the surface. In the case of the initial free moisture this represented about 4^ to 6 per 
eent. The amounts of irrigation water added represented, respectively, very light, light, and 
ordinary irrigation. 

WATBR CONTBNT3 IN SOIL AND EVAPORATION (IN INCHES). 

Initial moistore , 2*8 2*7 1 2*7 4*1 

Irrigation water . 0 
i 

2*6 4*8 6*3 

10 days* evaporation 0*4 
1 

0*9 1., j 1-6 

Evaporation from the soil may be much reduced by beating or crumbling the dry surface to a 
powder, bv ipreadlog a layer of finely divided soil over the surface, or by irrigating by means of 
furrows, afterwards spread!^ the dry soil from between the furrows by some means which will 
tend to crumble or powder it. In small-scale irrigation and where the cost of the water is high 
these considerations may be of importance. The following resulte were obtained in California 
with espeilmental tanks containing sandy loam, the evaporation from which when it was left 
uncovered after the water had been applied was compared with the evaporation after coverings of 
different depths of tlnely divided sandy loam had been added. The result of the experiment 
with the thinnest layer is, of course, the most important generally. During the fourteen days 
of the experiment the shade temperature of the air at nooo was often more than 100*, while the 
soil temperature in the sun, at noon, varied from 120* to 140*. The figures were:— 

Evaporation in hundredth* of an inch per day : from uncovered soil, 72*5; from soil protected 
by a 4-inch layer, 20-6; S-inch layer, 10*0; lO-inch layer, 2*0. 

The following were the results of a twenty-one days* test. 

SOIL EVAPORATION IN FEROENTAQB OF WATER APPLIED. 

Days 10 14 17 21 

Bare soil . 11 18 21 25 *8 32 

8-incb cover . . | 2 5 7 94 14 ! 14 

A furtner series of experiments was carried out with tanka 47 inches deep and 23| Inches 
diameter.* 

* See Engineering Nem^ Sept. 5.1912, but note that in figs. 2 and 3 the diagrams of evapora¬ 
tion in inches bare been aooidentally transposed. 
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In one set of tests the tanks were nearly filled with soli, leaving room for the covering of loose 
soil In each case, spread after the application of the water, while in another set of tests the tanks 
were nearly filled and the water applied at the bottoms of furrows of corresponding depths, the 
soil being afterwards spread. The following table gives the results of both experiments: 

Evaporation and Soil coverings. 

Period after water was applied: days • . 7 21 28 — 28 1 

Evaporation in percentage Evaporation 
of water applied in inches. 

Surface irrigated and left 17*6 25 31-6 1-76 
! (29) 

Surfaces irrigated and covered with loose ] 

3 ins. 4-8 9-5 13'7 
(12-6) 

0*76 

1 Sins. 1-6 3«2 60 0-34 
soil (inches) 1 1 ! (6*7) 

1-6 1-3 4-1 0-22 
1 1 1 (3-3) 

Surface irrigated and left 13-2 16-4 18-6 20-8 1-25 

Water applied at the bottoms of fur- I 
rows, depths in inches 1 

f 3 ins. j 
6 ins. 1 

i 9 ins. 

! 9-2 
! 7*0 

6-1 

1 120 
9*6 
7-6 

14-9 
12-3 

9*9 

16-6 
14*3 
12-0 

0*99 
0-86 
0 72 

In the column for the 21st day, the ^ures in brackets are calculated from the evaporatloo 
in inches, and possibly correspond to earlier readings. The other figures in the column are taken 
from the curve. 

Belation between Evaporation from Soil and Evaporation from Water. 

The experiments, on the results of which the table below is based, showed what were the 
evaporations from soils containing different proportions of water, and from a water surface. 

Percentage 
Temperatures, Fahrenheit. Weekly Evaporation 

in Inches. 
of Free 
Water. Air iu 

Shade. 
! Soil in 

Shade. 
Soil in 

Sun. 
Surface of 

Water. Soil. Water. 

{Saturated. 71® 76* 95* 77* 4*76 1-88 
17-6% 76* 78* 106* 80* 1-33 1-94 
11-90/p 76* 7b* 106* 80* 1-13 1-94 
8-9% 
4*86/0 

76* 7b* i 108* 80* 0-88 1-94 
7GO 78* I 108* , 80* 0-25 1-94 

Ratio of Pan Evaporation to Open Water Evaporation. 

{Meeker: Trans, Am,Soc,C,B., voL 90,19S7.) 

Denver, Colorado, field laboratory; on open prairie land at elevation 6,S46 ft. Mean annual 
temperature, at Denver, 68 yeara record, 60 >1* F.; mean annual precipitation 14'27 ina.; relative 
humidity 63 percent. 

Cfround Pans,—Fane 8 ft. deep, water in pans 2'76 ft. deep; paiu set 3*76 in the ground. 
Coefficients of reduction to open water surfaces: diameter of circular pans; 2 ft., oo^ 0*77 ; 
4 ft., ooefl. 0*84 : 6 ft., ooell. 0-90; 9 ft., ooefl. 0-98. Also 6 ft., tank, 2 ft. deep, 1 -76 ft. in 
ground, ooefl. 0*88; and 4 ft. dia. 10 ins. deep pan, set on timbers, depth of water 0*62 fu. 
ooefl. 0‘66. 
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Floating Pans.—^Three feet square by 1 • 5 ft. deep, depth of water in pan 1 • 26 ft.; coeff. 0*91; 
circular, 4 ft. dia., 10 ins. deep, depth of water 0*68 ft., ooefl. 0-92; 3*6 dia., 1*83 ft. deep, 
depth of water 1*5 ft., 0*91 (approximately, by interpolation). 

Conversion.—-(R. FoUansbee, Proe. Am. Soe. G.B.^ voi.' 69, p. 223.) (Conversions of pan 
evaporations to equivalent (i.tf., corresponding) evaporation from a reservoir: (1) Land pan, 
0*70, with a reasonable range from 0*60 to 0*82; (2) sunken pan, 0*78, ranging from 0'76 to 
0*86 ; (3) floating pan, 0*80, ranging from 0*78 to 0*82. 

EvapomUon and Oalifomia Bureau of Agricultural Engineering, 1933. Tests of 
evaporation from bare soil and from soil covered with vegetation, including Salt Grass, Bermuda 
Grass and Tule. With the water table ranging from 1 ft. to 6 ft. below the surface, the grasses 
evaporated water at the rate of 22 to 43 in. per year. 

AlJNUAL EVAPORATION IN INOIIE3 DUmNO TWELVE YEARS, LBA BRIDGE, ENGLAND. 

Water: max., 26*93 ; min., 17*33; mean, 22*2. 
Soil: max., 26*14; min., 12*07; mean, 19*63. 
Sand : max., 9*10 ; min., 1*42 ; mean, 4*66. {Greaves.') 

Rice Irrigation.—(^. T. Cheng and 0. L. Pien.) See The Engineer^ July 26,1940. Typical 
flgures are:— 

China. United States 
(South-West). 

Ins. % Ins. % Ins. % 
Evaporation . 8*64 23*7 9*28 47*6 10*10 36*0 
Transpiration. 16*48 43*2 6*86 36*0 16*38 58*6 
Seepage. 11*88 33*1 3*42 17*5 1*66 5*5 

Total . 36*90 100*0 : 19*56 100*0 28*04 1 100*0 

Factors of variation; variety of rice ; method of irrigation ; length of the irrigation season, 
and climate. 

Water Losses from Irrigation Canals. 
No general rales can be given for estimating the rate at which water is lost from irrigation 

canals. Some are practically watertight, and only lose water by evaporation, while others lose 
large proportions of their supply by leakage. 

On the Ganges Canal, at one period the water sent down was accounted for as follows ;— 
Irrigation, 66 per cent.; loss in canal, 15 per cent.; in distributaries, 7 per cent.; in village water¬ 
courses, 22 per cent. 

In the Fnn]ab, a loss of 8 cusecs per million square feet of wetted surface has been allowed, 
and larger amounts id some oases. Certain canals with discharges from 400 to 450 cusecs were 
found to lose «oout one cusec per mile. The Bari Doab Canal, when eighteen years old, lost 
abont 12 to 14 per cent, of its discharge in a length of fifty miles, 

Reoenuy, instead of allowing 8 onseos per million square feet of wetted area. It has been 
usual to allow, within the limits 4 ft. to 12 ft. depths, one cuseo per foot depth per million wetted 
square feet. 

Many canals lose a great deal of water for some time after tboir construction, and afterwards 
become reasonably watertight. The deposit of silt at a reasonable rate for some time after the 
canal is in service may be fadlitated by suitable designing of the cross-sections and temporary 
adjustments of levels at the falls; but no general rules can be given as to this diillcult problem. 

Whm L Is the loss from a canal, measured In the first mile, the loss up to a further distance 
of D mflet is L D^, where x varies from | to 

Reservoir Losses.—Cauvery-Metur reservoir; estimated, evaporation and percolation, inches : 
June, 7*0; July, 6*4; August, 6*8 ; September, 6*8 ; October, 6*0; November, 4*0; December, 
4*0; February, 4*0 ; March, 6*0 ; April, 9*0; May, 10*0; Total, 70 Ins. 

River Losses.—Percentage losses, estimated, during the flow from the Cauvery-Metur reservoir 
to the Grand Anicut—for the double crop : June, 60; July-October 16, 20; October 16 to 
December (inol.), 16 ; December 16 to January 16, 40. Single crop : July to November 15, 20; 
November 16 to December 16 .30. 

Critical Velocity. 

The * critical velocity ’ is that mean velocity at which, for a canal of given depth, the current 
will neither deposit much silt nor unduly erode its bed. A determination of the oritical velocity, 
the theory of which was evolved by R. G. Kennedy (see Min. Froo. Civil Engineers, vol. cxix.), 
is of great importance in the design of irrigation canals. 
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The equation for determining the critical Telocity for a given depth of water in the canal is 

Vo B cd*. 

The values of c and m vary somewhat according to the nature of the silt. For line sand-Bllt 
brought down from the bills usual values are, « » 0*84 and nt b 0*64. The following table 
gives the oritloal velooities calculated on this basis, for different depths, and the observed critical 
velocities on the Shwebo and Mandalay canals, Burma. With the latter velocities there was, 
on the vrtiole. a slight tendency to scnnr. 

OarnoAL vblooities. 

Depths in feet . 

V B 0-84 , suitable for 
the Punjab . 

1 : 2 1 3 i 4 
-- 1 ; 

i 1 i 
6^7:8 9 10 12 15 20 

, 0-84 1-30! 1-701 2-04 2-35 2*64;2-:>2 3-18! 3-43 3-G7: 4-12! 4*7.') 5‘7l 
Observed in Shwebo and ' 1 '■ 1 

Mandalay Oanals . i — ' — 11-72| 1-98 2-24 2'48j 2-76| — j 3-09! — ; — i ~ ■ — 

A canal whlcli would be non-silting on a slope of 1 In 7,UU0,if drawn from the Indus in Sind, 
would require to have a slope of 1 in 4,200 to be non-silting if carrying the silt usually found 
in the Punjab {Buckley). 

Argentina.—Adopted for canals of the Upper Rio Negro Irrigation {R. B. BaUester): 

V B 0 • 62£^*** metric, 

the relation being, British V^^ — 0*84d**** corresponds to metric, V^^ ■- 0*646d***^. 

UnUed States.—Working data for irrigation engineers (E. A. MariU): proposed values; for 
fine silt or sandy mud, V^ — 0*464<P-*; for somewhat coarser silt or sandy mud, V^ ■■ 0*608d*** 

and, for the same index, the coefficients: sandy, loamy silt, 0*55; coarse silt and other hard 
earths, 0*602. 

Lacey*s Formulae.—First presented in Paper No. 4736, Inst.C.E.^ by G. Lacey. 
(1) Vo« 1*17 (2) A/«b 3*8 Vo»; (3) Q/*« 3*8 Vo*; (4) P« - 2-668 Q***; 

(6) 8 B /1788 Q* /*. In which, P»o Is wetted perimeter and / is a silt factor, equal to the square 
of the ratio of (a) the critical velocity required for the depth of channel and character of silt 
considered, to (5) the critical velocity for the same depth and the character of silt in the Punjab 
canals, on which Kennedy’s formula is based. This definition is limited to channels of 2,000 
cusecs or leas; for rivers, / « 8 -\/d, where d Is the diameter, in ins., of the predominant type of 
silt transported. 

Critical velocitt ratio. 
The application of a formula cannot be usefully made except by engineers of special qualifica¬ 

tions and experience. The subject was presented by such engineers in a discussion on a paper, 
‘A Theory of Silt and Scour,' by W. M. Griffiths (ift'n. Proc. Inst. C.B.^ vol. 223), In the course of 
which Sir Thomas R. J. Ward observed, in reference to the application of Kennedy’s formula to 
Punjab canals: It was soon discovered that, although the rule worked well for the head reach of 
the distributary, farther down the distributary Nature threw up very broad berms which reduced 
the width and increased the depth of the cross section to what had been the practice before 
Mr. Kennedy published his diagrams and formula. That difficulty had been surmounted by the 
introduction of the * critical vdocity ratio *—by reducing the coefficient as one went down the 
ohannd. Kiiowledge of that ratio was a matter of practice, and it could only be learned by long 
experience in that particular dass of designing. 

Htdraxtlio Mean depth : Mean Yelooitt ; Sooub. 

(P. A. M, Parker.) 

For; FineSUt. Heavy Silt and 
Floe Band. Coarse Sand 

Tbereisnosconr i 
In a ehannel of 
H.M.D. I 

1-0 2-5 ! 5-0 1*0 2*5 5*0 1-0 2-6 5*0 

Until a mean ) 
velocity is 
reached of ) 

0*4 0*7 

1 i 

0-0 1 0-9 ; 1*5 : 1*75 1-75 ; 2-25 8*0 

: i 
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Small Pebbles (Siae of i Large Pebbles (Hen’s Bgg) and I 
Peas) and Gravel. Ooarae Gravel. I 

There is no scour ) 1 
in a channel of 1 • 0 ‘ 2*6 6*0 1*0 2*5 5*0 10*0 1*0 10*0 
HJfJ). 1 1 

Until a mean > , 
velocity 
leeched 

is 3*26 1 3*0 , 

'i ! i 

86 ; 5*0 < 6*0 : 7 0 9*0 15*0 23*0 

VaLOE OP C IN V « c Vrs. n » 0*0250. (By KUtter's (ormuia, page 676.) 

R 
in Feet. 1 in 1,000. ' 0-5 in 1,000. 0*3 lu 1,000. 

3 

015 in 1,000. 0*10 In 1,000. 0*05 in 1,000. 
1 in l.OOO. ; 1 in 2,000. I in .3,33.3. 1 in 6.667. 1 in 10,000. 1 in 20,000. 

10 55-4 54-9 54*3 52-9 51-8 49 4 
1-5 61-3 60-9 60*5 59-5 68-7 oti-e 
20 65*5 65-2 i 64-9 64-3 G3-7 62-1 
2-5 63-7 ♦'8'3 t’.80 6? 6 68-9 
30 71*2 71-2 711 71() 7()-9 70*6 
40 751 75-3 7r)-4 75-7 76-0 76-6 
5*0 78*1 78*3 78*6 79-3 79-9 81-3 
60 80-4 80-8 81*2 82-2 83-1 85-2 
7-0 82-3 82-7 83*3 h4 85-7 88-5 
8-0 83*9 8J'4 85*1 8(5-6 88-0 91-3 
9-0 85*3 85*9 86*6 88-4 S9-9 9.3-8 

100 86-5 87 1 88*0 89-9 91-6 96-0 
110 87*6 88-3 89-2 91-3 93*2 98*0 
ISO 88*5 89-3 90-2 92-5 94-6 99-8 

VaLCBS OF c IN V = C'/BS. n = 00225. (By KUtter’s formula, page 676.) * 

R 
In Feet. 1 in 1,000. 0-5 in 1,000. 

S 

0-3 In 1,000. 0-15 in 1000. 0-1 in 1,000. 0-05 in 1 000. 
L in 1,000. 1 in 2,000. 1 in 3,333. 1 in 6,667. 1 in 10,000. 1 in 20,000. 

1-0 62*5 61*9 61-2 59-7 58-5 66-7 
15 63-8 68-4 67-9 66-8 66-9 G3-8 
2-0 73*2 72*9 72*6 71*9 71-2 69-8 
2-6 76*5 76*4 76*2 75-8 75*4 74-6 
30 79-2 79*2 79*1 790 78-8 78-5 
40 83*3 83-4 83*6 83-9 84*2 84-9 
60 86*3 86*6 86-9 87-6 88-3 89-9 
60 88*7 S9-1 89*5 90*6 91-6 93-9 
70 90*7 9M 91*7 93*1 94-3 97*3 
80 92*3 92*8 93*5 95*2 96*6 100*3 
90 93*7 94*3 96*1 97*0 98-6 102*9 

10*0 94*9 95*6 96*5 98*5 100*4 105*1 
ll-O 96'0 96*7 97*7 99-9 102-0 107-2 
12-0 96*9 97-7 98-8 101*2 103*4 1 109-0 

(For tbe same act%uU B (such as 3*28 ft., or 1 metre) the coefficient for metric unite is the 

coefficient for British units x or nearly.) 

Duty of Inigation Water. 

The duty of irrigation water, or the area irrigated by a given rate of flow daring the season, 
depends apon the nature of the crop, the initial proportion of moisture in the soil, the rate of 
evaporation, and the rainfall during the irrigation season. It may also depend upon custom and 
acquired rights and ia^often affect by the degree of care or of eareleesneas exercised by the 
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eoltlTftton. All OgntM relating to dntT are, tberefore, to be accepted with due reserre for pur* 
poses of estimates. The duty reckoned on the amount passing the headworks is, of course, less 
than that reckoned on amounts measured out to the culUvators, and the former figures wfU be 
affected by the length of the main canal and principal branches, and the rate of loss therefrom. 
The duty of irrigation water may be measured in cusecs continuously for the crop; in feet; or 
in acres per million cub. ft. stored. 

On the Jamrao Canal system, India, the duty of one cusoo per 50 acres has been allowed fot 
during the inundation season, and 100 acres during the cool season. The duty has been as high 
as 83 acres in the Inundation season, for * dry crops * s\ich as millet and cotton. In the Punjab 
100 acres has been allowed for in the rains, and 200 acres in the cool season. 

The following duties. In acres per cusec, may be noted :— 

Palked canal, Bengal Deccan, 63 ; Gkrak tank project, Bombay, 133; Pahakarpur canal, 
Bombay, 165 ; Kabul river canal, Bombay. 114 : Lower Swat river canal, Bombay, 176 ; I^tabo 
canal project, Transvaal, 145 : Mooi river, Transvaal, 145. 

OCTIES OF OEBTAIN IMPORTANT IRRIGATIONS. 

Lovter Chenab : at heads of distributaries, kharlf crops, 80 to 111, usually about 96; rabi 
crops, 217 to 284, usually about 260. At heads of canals kharlf, 73 to 95, usually about 76 
rabi, 100 to 237, usually about 220. 

Jamrao : kharlf, 86 ; some branches give 90 at their heads, and one gives 100 ; average at 
heads of branches. 86. 

Sind: proposed under conditions to be brought about by the Sukkur project; kharlf crops, 
87 ; rice, 43|; rabi crops about 180. 

Kharif Crops: Triple Oanal Project, 100; Lower Bari Oanal, 109; other oases, 66 to 76, 
and 86. 

RcUii Crops : Lower Bari Oanal, 200. Lower Ohenab, 208 ; Upper Bari Doab, 234; Lower 
Bari Doab, 198. 

Cautery Delta: Requirements in respect of the Oauvery-Metur project were based on the 
yearly depths of irrigation—Single crop: existing area (e) 4*2 ft.; new area (n), 3*6 ft. 
Double crop, (e) 6-6 ft.; (n) 6*0 ft. 

Sif amounts: in Kathiawar, jowari, a grain crop, requires 100,000 cub. ft. per acre, and in 
Jeypore State the same crop requires about 120,000 cub. ft., including losses and contingencies. 
In ^s Vladras Presidency, where large areas are irrigated from numerous shallow reservoirs, the 
quantity, including all losses, which is stored per acre i.s, roughly, about 316,000 cubic ft., or nearly 
6 ft. depth, for the 5 months* ' monsoon ’ rice crop, and 175,000 cubic ft., nearly 4 ft. depth, for a 
cool weather rice crop. In Central India, the storage is about 200,000 to 260,000 cubic ft. per acre. 

TOTAL DEPTHS IN INCHES. 

Punjab: wheat, barley, and poppy, 10*6; senji, 10*6; gram, 3*4; sugar cane, 26*3; 
Indian com, 10*6 : cotton, 10*6; charki, 6*3. 

Punjab: the Oolony Canals (H. W. Nicholson); not including preliminary watering of the 
ground : kharlf crops; sugar-cane. 30 to 46; rice, 36 to 40; cotton, 12 to 20; maise, 12 to 18; 
great millet, 6 to 9; rabi crops; wheat and barley, 9 to 10 ; sometimes 16 for wh^t; toria 
(Brassiea eampesiris), 6 to 10 ; senji {Mendieago wNva), 16 to 20. Bari Doab : kharit crops, 32 ; 
rabi crops, 20. 

Duty of iurigation Water : AyBRAGBS or Kstimatem Apbragbs : acres per Cusec. 

( Duty X 14*3 M hectares per ou. metre per sec., or, ou. metres per day per hectare.) 
duty 

Southern California, surface irrigation, 150 to 300; S. California, sub-irrigation, 300 to 600 ; 
Southern Arizona, 100 to 150; New Mexico, 60 to 80; Utah, 60 to 130; Colorado, 80 to 120 ; 
Northern Italy, 60 to 150 ; Madras Presidency, rice 66. * dry crops,* 132. 

The average duty of five canal irrigation systems in the Bombay Deocan, from 1894->1896 to 
1900-1901, excluding two famine years, was, successively ; 

For KhariU 70, 52, 74, 111, and 138, with a mean of 89 ; and for ra6t, 60, 68, 90, 75,86, with a 
mean of 76. 
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Costs of Irrigation Projects. 

Tlie oosts of irrigation projects in India do not admit of comparison unless the nature and 
purpose of the project m each case be described in considerable detail. Some projects are highly 
productive, others are protective, and many are of an intermediate char&oter. The conditions 
are very ditlerent in the United States, and, on the assumption that the works have been carried 
out on the narrower economic basis, the following costa may be worth noting. 

COSTS OP UlRIOATlON PROJECTS OP TBK UNITED STATES RECLAMATION SERVICE. 

Area in Thousands) 
of Acres f 216 206 164 131 129 118 103 100 72 60 

Oost of water right i /SO 
\ to 

22 
to 

45 
to 

55 
to 

45 1 
to 1 

22 
to 52 

30 
to ^ 30 45 

in dollars per acre 1136 30 50 66 ! 65 ! 30 I 35 

In Nebraska, 1920, 1 per cent, of farm lands irrigated; average per farm, 147 acres; capital 
Invested, 61.4«. per acre; annual cost of operation and maintenance, 6a. 3d. per acre; average 
depth of irrigation water on the land. 2 *4 ft. 

Costs of ibbioation : s. Africa. 

WUh Stored Water. 

Blijd§ River: per acre of irrigable area, 311. 18a. 

CaliUdorp: per acre of irrigable area, on total oost inoluding land and roads, 1201. 12a. ; on 
engineeriDg oost, 1101. 18a. 

Van RynevOd^t Pate: per acre of normal irrigation. 231. 11a. ; per acre of total area (Irrigable 
in good seasons), 171. 18a. 

WUh Pumped Water. 
On the total cost of 63 pumping projeots, the cost per acre was 61. 17a. Near the coast, the 

cost of potting 2 ft. per acre on to the land may be taken as between 11. and 21. for a 50-ft. 
lift, and between 11. 10a. and 21. IOa. for a 150-ft. lift. Up country, the costs would be about 
21. 10a. and 31. respectively. (Legg.) 

Pumped Water Systems: Australia. 

Vistoria.—About 11,000 sq. miles of almost streamless sandy country, supplied by more than 
6,100 miles of earthen channels, supporting apopolationof 100,000. Minimum charge to farmers, 
4d. per acre per annum. 

South AuAfrolld.—Pumping from the Tod River supplies 10,000 sq. mileB of farm lands. The 
charge is 4d. to 7d. per acre. 

Murray River.—In the county of MiUewa, 1,000 sq. miles are supplied by pumping from this 
river. There are high-level and low-level channel systems, with respective minimum rates of 
lOd. and 8d. per acre. 

Waste Weir Capaoities. 

For rates of rainfall and oaloulations for run-off, ^ee Part 1. For discharges of weirs, see 
Part n. The following formula is used In India for the discharges of the overflow weirs of 
storage tanks and reservoirs. 

Diteharge of dear overfaU weirs 
D *= c 6 V 

D » discharge in ouseos; b a width of the crest in feet; H =s total height above the weir 
crest in feet, allowing for afflux ; els a coefficient usually about 3*333, or as low as 3*25. 

Iq ordinary practice in the Bombay Presidency, India, it is usual to assume a general rainfall 
over the whole of a small catchment, and to oalculate the run-off accordingly, thus :— 

Catchment in Sq. Miles . . . Up to 5. 6 to 10. 10 to 25. 25 to 76.j75to 150.,Over 15U. 

R,un-off in ins. of rain per hour 2-00 1-60 
i 1 1 00 1 0-76 1 0-50 

in using this table special circumstances have to be considered; mountain catchments 
would be given larger runs-off, and for catchments wholly in the plains smaller runs-off would be 
assigned* (Strange.) 
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MbtriO taluks of « in V — c v'ES. fi 0-0950. 

(See page 710.) 

S 

• 1 ! 1 1 1 1 1 1 
R 

In Metres. 
40,000 20,000 10,000 6,000 2,600 1,000 100 

0-000026 0-00005 0-0001 0-0003 0-0004 0 001 ' 0-01 

0-026 9 10 1 11 13 13 13 14 
0-06 12 13 ' 16 16 17 18 18 
0-10 17 18 19 20 21 22 22 
0-20 22 23 24 26 26 27 27 
0-30 26 28 29 30 SO 31 31 
0-60 31 32 33 34 34 36 36 
1-00 40 40 40 40 40 40 40 
2-00 50 48 47 46 45 46 46 
3 00 66 63 61 49 48 48 47 
6-00 64 69 64 53 53 61 60 

10 00 76 66 60 67 65 64 63 
16-00 81 71 63 59 67 66 66 
20-00 86 72 64 60 68 57 66 
30 00 90 76 67 62 60 58 67 

N«te.—A ocir7e drawn for one slope will gire iatermediate ralaes for that slope and for all 
raluea of li. 

Aeueas—Depths and Flow. 

For the full table see Bucklej*s * IrrlgatloD Pocket Book ’ the figures giren below sufilce 
lor the ealoulation of any acre-feet-time quantity, from cusecs. 

Cusecs. 

1 

Hour. 

0-08 

12 hours. 

0-99 

Acre-feet per 

24 hours. 

1-98 

Week. 

13-88 

80 days. 

69-5 
3 0-17 1-98 3-96 27-76 119-0 
3 0-26 2-97 6-96 41-66 178-6 
4 0-33 3-97 7-93 66-63 288-0 
6 0-41 4-96 9-92 69-42 297-6 
6 0-49 6-96 11-90 83-30 367-0 
7 0-68 6-94 18-88 97-18 416-6 
8 0-66 7-93 16-87 111-10 476-0 
9 0-74 8-92 17-85 124-96 636-6 

Sll/nNO OF BESBRVOTRS. 

Muehkundi: capacity, 704 million cub. ft.; catchment, 26 sq. mis.; accumulated silt, in 
22 years, 68 million, and in 26 years, 64 million cub. ft.; respectiye rates, 101,000 and 96,000 
cub. ft. per sq. ml. of catchment per annum. Capacity reduced 8-2 per cent, in 22 years; 
9 • 0 per cent, in 26 years. 

Ookak: capacity, 908 million cub. ft.; catchment, 1,080 sq. mis.; accumulated silt, in 
18 years, 165 million, in 19 years 174 million, and in 20 years, 189 million, or 8,760 cub. ft. per 
sq. ml. of catchment per annum. Capacity reduced 28 per cent, in 20 years. 

Lake Fife: not haring sluices for silt, in the dam; at 14 ft. abore sill, area of water surface : 
in 1883, 88-76 million sq. ft.; in 1906, 72-34 million sq. ft.; loss of capacity in 22 years, 16-33 
million cab.ft., or 18 per cent. 
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L<xke WhUeinff: haring sluloes for silt, in the dam; no appreciable change In capacity In 
6 years. 

The O'Shaughnessy reservoir, on the Scioto river, Oolombus, Ohio. Waterspread, 839 acres; 
length, 8 mis.; greatest width, 1,900 ft.; average depth, 20 ft. Original capacity, 16,673 acre- 
ft.; volume of silt deposited in 9 years, 1,016 acre>ft., or 6*1 of the capacity and equivalent to 
0*03 In. ofE.the catchment of 988 sq. mis. Specific gravity of the silt, 3*66. Including 3*31 ins. 
in 1934, the average annual rainfall of the 9 years was 10*5 ins. On the same river, the average 
annual rate of silting in the Griggs reservoir, daring 30 years, was 0*8 of 1 per cent. 

Mahadeo Nala Reservoir, Bombay Presidency. Catchment, 13 • 3 sq. mis.; water impounded, 
1911, 47*47 million g^.; reduced by silting to 33*33 million gab. in 1927 ; a reduction of 38*9 
per cent, or 3*43 per cent, per annum. 

Fbopobtions 09 Silt borne by Rivers and canals. 

Reputed maximum proportions of silt to water, by weight: Rivers—M ississippi, 1/373 ; Nile, 
in August, 1/666 ; Indus, at Sukkur, 1/163 to 1/198, velocity 6*4 to 8*3 ft. per second ; a tidal 
river in Bast Bengal, during six days, ranged from 1/433 to 1/35. The Vaal, rising, and 3 ft. 6 ins. 
over weir, 1/268 ; falling, and 1 ft. 7 ins. over weir, 1/630 ; RhOne, velocity 8 ft. per second 1/43 ; 
Ybtula, velocity 10 ft. per second, 1/48; Eistna, June, 1/42 ; Vaal River, 1/400. 

Cub. ft. of damp silt per million cub. ft. of water: Sirhind canal (1897, 83,600 million 
cub. ft. intake), 3,464, (1893, 43,000 million cub. ft. intake) 1,660, (1896, 34,600 cub. ft. intake) 
3,343. Sone canals, June 1,786 ; July, 3,250; Aug., 3,760; Sept. 625 ; Oct., 62. Guadalquivir, 
on successive dates, March 30 to May 2, 2,321, 776, 621, 693, 3,048, 596 .273, 333, 198. 

Irrigation Systems. 

Typical South African Irrioations. 

Van Rynveld’s Pass : catchment, 1,477 sq. mis.; average rainfall, 14^ ins.; area irrigated, 
max., 23,314 acres ; average, 17,000 acres. Dam, length, 1,170 ft.; crest width, 10 ft.; clear 
height (max.), 109 ft.; height plus deepest foundation, 163 ft.; capacity of reservoir, 61,000 
acre-ft. Cost 400,0001. 

The Hartebeestpoort River: Irrigation controlled by the Hartebeestpoort Dam ; altitude of 
river bed, 3,827 ft.; catchment, 1,660 sq. miles; average rainfall near the dam, about 23 ins. 
Dam: height above river bed, nearly 190 ft.; thickness at base, 73 ft.; radii at base, downstream 
face, 73 ft., upstream face, 148 ft.; increasing radii to vertical top section where the upstream 
face radius b 340 ft.; one tangential abutment; crest and top section width, 13 ft.; both batters 
1 in 3*714; freeboard above hill supply level, about 23*76 ft., capacity of reservoir, at waste 
weir crest level, 136,241 acre-ft.; capacity above outlet level, 123, 300 acre-ft.; waterspread 
at F.S.L. (waste weir crest level), 6 - 7 sq. miles; 9*2 sq. miles available. 

Orange River,—A scheme for the control of floods and the supply of irrigation water involves 
the construction of a dam, at an estimated cost of £1,000,000. 

Vaal River Scheme,—Abo called the ' Vaal-Hartz ’ scheme. It has cost round about 
£7,000,000, and includes the following works. 

The Vaalbank Oam.—See Part III, page 097. 

Loekap,—^The dam, averaging 100 ft. in height and creating a lake 16 ml. long. Is situated 140 ml. 
from Johannesburg and 33 ml. from Middleburgh. The area to be irrigated, about 18,000 morgen 
or 38,000 ao., is in the Pretoria district, 100 ml. from Loskop. The works inolud^ driving a 
tunnd 3,000 ft. long. 

Riet River,—The dam has created a storage of 398,000 acre-ft., for the irrigation of 33,000 ao. 
The works included a tunnel 11,000 ft. long. 

LindUyepoort Dam,—Storage, 9,840 acre-ft. 

Bgmant Dam,—Storage, 10,400 aore-ft., for the irrigation of about 1,700 ac. 

Irrigation m new Zealand. 

8T8XB1I8 IN Operation ; Totab i—number .* twelve or thirteen. River dieehargee^ minima, 
393 ouseos. Main Canal DUeharget: maxima, 793 cusece, designed diaohaiges; attained in 
1939^1930, 483 cuaecs. RainfaUe: mean of averages at estimated from records available, 
18*33 in. Qrou Area Commanded t 71,839 acres. Area Irrigated at Preeent: 42,693, in 1929- 
1930. Main Canale: 300 miles; average 33 miles. Dietributarieet 343 miles; average 26*4 
miles. 

The above totab include the systems:—Steward SetUemenl: supply from Waitaki Elver; 
aranga rainfall 30*94 in.; main canal, maximum designed discharge, 110 ousecs; gross area 
eommauded, 18,000 so.; main canal 13 miles; dbtributarles, 30 miles. 
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/da VoSUfft: rappljfromstreomi,andBioragobylianorbntn Dam: ararage rainfaU, lg>07In.; 
main canal disohai^ (max.)i 110 oobcob ; groBS area commanded, 14,000 ac.; area at present 
irrigated, 11,440 aoree; main canal, 73 miles; distrlbatarles, 64 miles. 

The Thai Irrigation Project.—The most rooofit of the lart'c irrigation systems in India. Fully 
described in Civil Engineering (London), August l‘J42. 

Upper ^anuherikia Project: Booroee of sapply, Dnnstan Rirer and a storage dam at the 
falls on Manaherilda River; average rainfall 20*81 in.; mimlmnm riveie* flow, 77 coBeos; 
maximum dlBoharge of main canal, 600 cnsecs; gross area to be commanded, ^6,000 acres; 
main canal, 130 miles. 

INDIAN Irrigation ststems. 

Sind.—Dominated by the recently completed Sukkur Barrage and canals served by it. 

Barrage 4,926 ft. long, with 66 openings of 60 ft.; gates, 63 ft. 3 ins. by 18 ft. 6 ins. In hels^t; 
The Rice Oanal, capacity, 12,846 ousecs; length, 87 miles; North-West Perennial Oanal, 
4,313 cosees, 97 miles; South-Bast Perennial Oanal, 2,767 ousecs, 140 miles; liohrl Perennial 
Oanal, 10,260 ousecs, 206 miles; Eastern Nara Supply Channel, 12,200 ousecs, 16 miles; 242 
miles of River Nara canalised. Totals of areas to be irrigated, acres; rice, 823,000; cotton, 
lowarl, etc., 1,739,000; rab! crops, 3 338,000. Oultivation acreage, total, 6,900,000 annually 
in a total commanded area of 8,132,000 acres. Bstlmated annual tonnages of crops after 
30 years* development: rice, 616,000: cotton, 190,000; Jowari, etc., 676,000; wheat 936,000. 

Estimated cost about 20 crores, or £16 nUllions. 

Total quantity of earthwork in canal construction, and major drainage works, 6,690 million 
cu. ft. Relating to the barrage works and relators (millions of cu. ft.) : excavation, 87*92; 
concrete work, in cement and in lime. 1*24 ; rubble masonry in foundations, 8*20 ; superstruc* 
ture masonry, 3*40; oat stone work, 0*17; reinforced concrete work, 0*64; concrete block work, 
0*7 ; stone pitching, 16*61; also pile driving, permanent piling, 0*71 million sq. ft. 

The River Indus, the flow of which is thus related, at a point virtually the head of a vast 
delta, has an average flow of 110,000 ousecs and a minimum flow of 17,667 cusecs. The greatest 
recorded flood was about 1,100,000 cusecs. 

Bombay Preeideney,—Lloyd Dam, at Bhatgar: completed October, 1928; catchment, 
128 sq. miles; capacity of reservoir, 666,666 aore**feet; height above lowest foundations, 190 ft.; 
crest lengtli, 6,333 ft.; 81 sluices, of which 46 are automatic; volume of masonry in the dam, 
21,600,000 cu. ft.; area commanded, 834,000 acres, of which 202,000 will be Irrigated annually; 
cost of dam, 1,260,0001. of the whole project, including the two main Nira canals, 106 and 100 
miles long, cost 4,140,0001.; annual value of crops grown on the irrigated area, 2,380,0001. 

Cauvery-Metur System.—Effects improvements, regulation and extension of irrigation in the 
river basin, chiefly in the delta. Catchment of reservoirs 16,700 sq. mis. fed by the South-West 
Monsoon on about 10,000 sq. mis., receiving also the North-East Monsoon rains. At the head of 
the delta the average yearly discharge of the Oauvery, June to January, is 426,000 million cub. ft., 
of which the South-West Monsoon, June to mid-October, supplies 336,000 and iht North-East 
Monsoon, mid-October to January, 90.000 million. The Upper Anicut is about 64 mis. from 
the coast, the Grand Anicut about 20 mis. farther downstream. The Cauvery delta irrigation 
is about 896,000 acres in extent. The Lower Coleroon (delta branch) Anicut controls the irriga¬ 
tion of about 108,000 acres. Non-deltaic irrigation, Bhavani, 39,000 acres; the Noyel, 14,600 
acres ; Amravati, 44,000 acres; Oauvery, 62,600 acres. 

United Provinces: Tube Wells.—The Ganges Canal ITydro-electric Grid has made available 
16,000 kW. for pumping for irrigation. Seven hydro-electric generating stations on the falls of 
the Upper Ganges Oanal, the total installed capacity of which is 18,900 kW.; a steam station at 
Chandaussi, 9,000 kW.; transmission system 4,625 ml. in length. The pumping load includes power 
for 1,600 tube wells, the average yield of which is 1 *2 cusecs each ; for the Ramganga pumped 
canal, carrying 160 cusecs ; for a distributary fed from tube wells carrying about 80 cusecs, and 
for about 300 private tube wells. All those pumping installations command about 1 * 6 million 
acres. The allotment of power for irrigation pumping is 26,000 kW., out of a total installed 
capacity of 36,000 kW. In 1938-39 about 700,000 acres were irrigated. 

The Emerson Barrage.—Controls the flow (900 to 660,000 cusecs) of the Chenab. Provides up 
to 7,750 cusecs for Kaveli project canals. Length, 3,026 ft.; the weir section has 37 spans of 
60 ft. with single gates 16} ft. high. Sluice sections; left 8 spans, right 6 spans eaeh of 30 ft., 
with double gates of total height 21 ft. All piers exeept those, 25 ft. wide, between weir section 
and sluice sections, are 7 ft. thick. The difference in level between gate tops and cistern floor 
is 29 ft. Areas affected by the project; Old Area., to be irrigated—^) perennially, 647,000 acres; 
(6) non-perennlally, 369,000 acres; New Perennial Area: (c) Orown-waste, 166,000 acres; 
(d) proprietary, 26,000 acres; New Non-Perennial Area: (c) Crown waste, 61,000 acres; (/) pro¬ 
prietary, 326,000 acres; total, 1,472,000 acres. 
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IBBIOATION IN AUSTRALIA. 

following notes are from an article by J. M. Antill, in Civil Ermineering {London)^ January 

Rainfatt.—}lote than 36 per cent, of the continent has an annual rainfall of less than 10 ins. 

[More than twoT-thirds of the area of 3,000,000 sq. ml. has an annual rainfall of leas than 20 ins. 
Away from the coastal districts evaporation is estimated to equal the rainfall when that is about 
36 ins. [T. R. East.)3 

Victoria.—One-fourth of the State is now watered by artificial means, at a capital expenditure 
of £26,000.000. 

Eeto South Wales.—An area of over 8,000,000 acres is under the control of Water Trusts. 

South AustTialia.—Irrigation systems cover 20,000 sq. mis. There is a large system of pipe 
reticulation, totalling about 6,000 miles of water supply mains. On Eyre's Peninsular a large 
tract of wheat land is reticulated, the trunk main extending 240 miles from the reservoir. 

Bore-Wells.—^There are five large and three smaller artesian basins on the continent, including 
the Great Basin 670,000 sq. mis. in area. Both artesian and pumped supplies are derived from 
government bore-wells, of which there are 100 in South Australia, 40 to 60 in north-west Victoria; 
200 in New South Wales, yielding 63 million gallons per day, also 260 private bore-wells yielding 
150 million gallons per day ; 800 artesian and 300 pumped bore-wells in Queensland. The cost 
of boring is usually 14s. to42j. down to 2,000 ft.; at 4,000 ft. the range is from 28s. to 66#. 

IRRIOATION IN NORTH AUBRICA. 

Irrigation System, San Diego County, California.—Average annual rainfall, 9*76 in. with an 
increase of about 6 in. per 1,000 ft. of altitude on the Pacific slope. Longest drought 1897-1904, 
practically no run-off. A low run-off at intervals of 11 years. Area of district served, 16,772 acres, 
of which 12,390 acres are entitled to water; assessment values, watered 166 • 8 dollars, unwatcred, 
6*04 dollars, per acre. Cost of water for irrigation, from 6 dollars per acre-ft. for lands with 
shallow wells, to 30 dollars for ‘ the larger agencies.’ Average 1 • 13 acre-ft. per acre. 
Assessment charges, inclusive, 7 to 8 dollars per acre. 

A Rio Grande Project.—A Mexican Government project, to create an irrigated area, or an area 
mostly irrigated, of 180,000 acres in the lower Rio Grande valley, opposite the irrigated land on 
the United States side of the river. Estimated cost of the dam and canals, $8,600,000. 

Don Martin Project, Mexico. (See Rio Saiado Dam, p. 695.> The irrigable area of 160,000 
acres is supplied from a reservoir of 48,412 acres area and 1,123,600 acre-ft. capacity. Dis¬ 
charge capacity of the overflow weir, with 21-1 ft. depth over sill, 210,000 cusecs. Main canal, 
bottom width 60 ft., depth of water 10*6 ft.; computed velocity 2*78 ft. per sec.; discharge 
2,239 cusecs. Length to first branch 26 mis. beyond that 76 mis. See ‘ The Don Martin 
Project.’ By A Weiss. Proe. Am Soc. O.E., December 1930. 

Central VaUey Project.—Oolitomia: Works are in hand. The scheme is for bringing the 
surplus waters of Northern California southward to the delta and Suisun Bay re^ons near San 
Pran' i-co and to parts of the San Joachin Valley. Estimated cost, 170,000,000 dollars. The 
works include the formation of Kennett Reservoir, capacity nearly 2,960,000 acre-feet, by the 
construction of Shasta Dam, 420 ft. in height; also San Joachin Reservoir, capacity 460,000 
acre-ft., formed by a dam 250 ft. in * height.’ 

The project may be described (1939) as intended to check retrogression, control floods and pro¬ 
vide permanent irrigation (see Shasta and Friant dams, p. 697) bv storage of water in the San 
Joachin and Sacramento rivers. There will be 360 miles of main cmials and a series of pumping 
stations and canals for Irrigating high lands. Estimated cost, £36,000,000. (Description and 
map, The Engineer, December 16,1938.) » , . v p » u 

Columhia Basin Project.—State of Washington. Designed hydro-electric plant capacity, 
2*7 mUlion h.p. Area to be irrigated, 1*2 million acres of semi-arid lands, on which the normal 
annual rainfall is about 10 ins. (See The Engineer, February 4,11 and 18,1938.) 

River Flows. 

Plue^ations of the Vaal River.— (W. Van Warmelo). A table gives for eight gauging stations 
on the River Vaal and its tributaries the average flow for each month of the year, in one case 
based on 2 years’ observations, in two cases 8 years, in other cases 9 to 17 years. A rough 
averaging of the 8 cases gives the following months’ flows, as percentages of the average 12 months’ 
flow: Oct., 4 ; Nov., 10 ; Dec., 12 ; Jan., 17 ; Feb., 21; March, 20 ; April, 7 ; May, 2 ; June, 
IJ ; July, 1^, Aug., 1^; Sept., 3. For the River Vaal, at Standerton, the figures, based on 
16 years’ODservations, were: Oct., 6*66; Nov., 14 *99; Dec., 14*76; Jan., 27*16; Feb., 20*12 • 
March, 11*49; April, 2*39; May, 1*06; June, 0*63; July, 0*83; Aug., 0*72; Sept., 0*62. * 
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Run-off of the Thames Basin^ in 1932 : 87 per cent, on 10-48 ine. from 28-2 ine. of rain. The 
rainfall dlctiibution was unusual. Over the basins of the Thames and Lea the summer months* 
rainfall was 8-97 ins. more than that of the winter months, whereas, normally, the winter months' 
rainfall exceeds that of the summer months by 2-47 Ins. 

Thames and Lea Basins.—Rainfall July-Deccmber, 1933, 8-9 ins., the lowest in 61 years; 
in December, 0-48 ins., comparing with the average, 2-99 ins. Deficiency in the 6 months, 
413,000 million gallons (66,080 cub. ft.). Flow of the Thames in February, 600 million gallons 
per day, or 926 cusecs, comparing with the average 2,399 million gallons per day, or 4,443 cusecs. 

Flow of the River Severn,—From a paper (Inst. O.B., April, 1937), by S. M. Dixon, G. Pitz- 
gibbon and M. A. Hogan. Relates to flows measured at Bewdley, from the catchment of 1,632 
sq. mis., during the 16 years, 1921-1936, the water-year being October 1 to September 30. 

Years' Discharges, expressed as Inches of depth on the catchment: average, 18 • 90 ; maximum, 
26-63, or 141 per cent, of the average ; minimum, 8-49, or 64 per cent, of the average ; average 
of the wettest three consecutive years (1929-1932) 24-19 ins.; of the driest three consecutive 
years ai>'i3-1936) 12 69 ins. 

Run-ofb; consecutive percentages of the 16 years average : 86, 99. 117, 108, 83, 110, 122, 
72, 141, 139, 104, 81, 46, 76, 119. 

Corresponding Rainfalls, expressed as percentages of the 16 years average ; 96, 94, 114, 106, 
96, 118, 100, 78, 133, 123, 100, 76, 68, 89, 110. The average for the 16 years was 38-14 ins. ; 
for the period 1881-1916, it was 34-6 ins. 

Canal Excavation: The Dragline. 

Outputs and Costs. 

Snkkur Barrage Canals System.—Costs per cu. yd., in pence; (1) i)ig steam draglines, 3-5 ; 
(2) medium-size, steam, 2-8; (3) Diesel-electric, 1-9; (4) small Diesel, 1-4. Fuel costa per 
cu. yd.: Coal, (1) 1-2; (2) 10 Diesel oil, (3) 0-3; (4) 014. (W. Barnes.) 

Cauvery-Metur System Canals.—Diesel-electric, crawler-mounted draglines, about l-2d. per 
cu. yd. The conditions were unusually difficult. (W. Barnes.) 

Salonika Plain Reclamation Works.—Small draglines (.t) and large ones (f) ; horse-power per 
cu. yd., j, 84 to 88 ; f, 63 ; h.p. per ton weight: #, 2-4 to 3-0 ; i. 0-83 ; weight, tons per cu. yd. 
capacity : 28 to 36 ; 1, 76 ; ground pressure, lb. per sq. in.: 11 to 13 ; i, 22J ; average out¬ 
put, cu. yd. per hour per cu. yd. of bucket capacity : s, 46 to 72 ; Z, 31. (B. W. Huntsman.) 

Operating costs In cents (U.S.A.) per cu. yd. are given with reserve, owing to fluctuating 
exchange rates, but the relative costs of items are of interest. Mr, fluntsman gives these for 
(a) Diesel, and (6) steam draglines on land, and for (r) Diesel-electric, and (d) steam, afloat; 
costs in cents (U.S.A.) per cu. yd.: (a) 2-29; (6),4-48; (c), 3-26 ; (fO, 6-00. Theitemsfor (a) were 
(cents) : fuel, 0-20, or 8-73 p.c.; lubricants, waste, etc.: 0-25 or 10-91 p.c.; spares and repairs, 
0-80 or 39-94 p.c.; labour oa machine, 0-82 or 36-26 p.c.; labour on repairs, 0-21 or 9-17 p.c. 

RECENT LITERATURE. 

‘ The Salonika Plain Reclamation Works.' By B. J. ITuntsraan. Paper, Journal Inst. C.B.^ 
March 1937. 

‘The Dragline Excavator.' By W. Barnes. Paper No. 6217, Journal Inst. C.E.^ March 
1940 ; discussion on the paper, oral, March; written, October 1940. 

‘ Methods of Excavation Work at Home and Abroad.' Dugald Clerk Lecture, 1940, by 
W. Barnes. Journal Inst. C.E.y January 1941. 

* Underground Supplies of Water In the Trap-Rock Zone in the Bombay Deccan and Other 
Allied Tracts.* By N. S. Jo.shl. Journal Inst. E. (India), April 1941. 

‘The Development of Irrigation.' By B. Bruce Ball. The Engineer, February 23, 1940. 
A part of a presidential address entitled ‘ The Influence of the Mechanical Mind on the Develop¬ 
ment of Irrigation throughout the Ages ' 

‘ Staining Natural Rivers Sands for Studies of Sediment Movement.* By R. G. Grassy. 
Civil Engineering (\1 .^.k.), November T941. 

‘ Indian Irrigation at the Outbreak nf War.’ By R. A. Ryves. Civil Engineering (London^, 
Mandi 1914. 

The Flood Problem in Iraq.' By E. V. Richards, Journal Insf. U.^., April 1945. 

ADDENmi.M 1919. 

('osts of Tn igution. 'L'lic costa giv»‘n on j'p. 712, 714 and 716 arc, of ('oursc, much lower than 
lucsciit costs, Tlicy :iro, however, of full sigiiilicMucc with regard to rclativi* costs of ililTcrciit 
forms of irrii'atiou. and in dilTcront coimirics. 
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SECTION XVIU 

PART V 

THE DEVELOPMENT OP WATEB-POWEK. 

(Revised by R. A. Ryves, M.Cons.E.) 

WATER-POWER. 

The theoretical power or effective energy of a fall of water, in fL-lba. per min., ia equal to the 
weight in Iba. of the volume of water flowing per min. over the fall, multiplied by the vertical 
height of the fall in ft. 

p _QxAxW QxAx62*5 QxA . • 

where, 
Q — discharge in cub. ft. per see.; W weight of 1 cub. ft. of water i> 62*5 Ibe.; A net 

head or net fall of water in ft.; horse-power (33,000 ft.>lba. per min. or 650 ft.-lb8.per sec.). 
Thus 1 00. ft. of water per eeo. falling through a head of 10 ft. will devdop theoreticallj 

1 * 1S4 h.p. 
For practical purposes, and in order to take into account the losses in the water-wheels, it is 

better to adopt the following formula, which is based on a water-wheel efficiency of 80 per cent., 
Practical H.P. = QxA.+ll. 

An efficiency of 80 per cent, ia now attained even in the medium-priced wheels, and 90 per 
cent, is frequently reached in the high-priced wheels. Assuming an efficiency of 88 per cent., then 

Practical II.P. « QxA-rlO. 

In metric units one oubio metre of water falling through one metre develops 13*15 British 
borse-power. 

Compariaon loith Coal Power,—10 tons of water (about 358 cu. ft.) falling 100 ft. develops the 
energy equivalent to that which can be produced through the burning of one pound of coal. That 
is, 10 tons, or 20,000 lbs., falling 100 ft., will develop 2,000,000 ft.>lbs. Dividing this by 778 gives 
2,570 B.Th.U. of energy. Assuming a hydraulic turbine efficiency of 92 per cent., which is a fair 
average lor a modem hydraulic turbine, the energy actually developed from this water is about 
2,370 B.Th.U. This oorrespoods to the energy made avaliable by the combustion of coal having 
a heating value of 13,000 B.Th.U. per lb. with an over-all plant thermal efficiency of approximately 
18 per cent., which is perhaps fairly representative of good central-station practice although not 
equal to the beet, which approaches 26 per cent. 

AtaUabU Power from Rainfall {W, T, Tartar).—In terms of avero/ge of rainfall, catchment area 
and head, the available power can be expressed:— 

H.P. - 0*00828 fmh \ BR.P. — 0*0073 /m A; kW - 0*0062 fmh\ 
where 

/ >■ average rainfall in Inches; m oatohment area in sq. miles; h » average head in ft. 
Examplo.—The catchment of the Lochaber water-power scheme is 303 sq. miles; the average 

annual rainfall is 73 in.; and the average head of water available near Fort William is 742 ft. 
What will be the theoretioal power 7 

H.P. - 0*00828 X 73 X 742 i- 136,000 H.Pn 
and,as 1*0 H.P.-year 1 x 8,760 x 0*746 — 6,535 kW-hours, theou^ut(theoretioal)would be 

6,535 X 136,000 -i 888*76 mOlion kW-howo. 

Tide-Power. 

Depending upon the tidal and topographical conditions, tide-power may be developed: 
(a) directly, with the small and varying (alls and the natural flows; (b) by utilising that power 
to pump water to embanked reservoirs on adjoUiing land; (o) similarly, but pumping a propor¬ 
tionate volume of water tu a high-level reeervoir. 

Tbe poseibillties of Udal power, if it can be developed commercially, are very great. 
In Qreat Britain the highest tides are found in the estuary of the Severn, the mean range of 

the spring tides at Uhepstow being 42 ft., and of tbe neap tides 21 ft. In France the maximum 
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range occurs at St. Malo, where it umounta to 42*5 ft. at spring tides, and about 18 ft. at neap 
tides. The tidal range in the Dee is 26 ft. at springs, and 12 ft. at neaps, while the mean range 
of spring tides around the coast of Great Britain is 16*4 ft., and of neap tides 8*6 ft. 

Assuming a mean tidal range of only 20 ft. at springs, and 10 ft. at neaps, and adopting the 
single-basin method of development with operation on both rising and falling tides, each square 
mile of basin area would be capable, without storage, of giving an average daily output of approxi¬ 
mately 110,000 h.p.-hours. In such an estuary as the Severn, where an average of 20 square miles 
could readily be utilised with a spring tidal range of 42 ft., the average daily output without 
storage would be approximately 10,000,000 h.p.-hours. 

{Nature^ June 3, 1920.) 
Severn Estuary.—Near the site of the proposed barrage and power station, the mean water 

levels are: high water, springs 23*6 ft. and neaps 12*7 ft. above O.D.; low water, neaps 9*7 ft. 
and springs 17-1 ft. below O.D.; mean tide, 2*4 ft. above O.D. (See The Engineer^ March 31, 
1933.) 

Wind Power (Ryves).—Inland, as well as on the coasts, wind power can be utilised by con¬ 
version to water power (as (e) at the bottom of the preceding page). Inter-dependent factors are: 
(1) reservoir capacity ; (2) the sigiiihcant period of least wind power—OS'a shorter period with 
little or no wind, or a longer period of low averf^e wind power ; also water heads, that pumped 
and that serving the hydro-electric plant, being included as numerical factors; (3) the capacity 
of the wind-engine plant; (4) the capacity of the hydro-electric plant. For a period long 
enough to give, substantially, the average of wind power, or wind duration-force, curves of 
reservoir inflow and outflow can be drawn, the former for a number of different wind-engine 
plant capacities and the latter for a number of different power-station capacities; and the 
required size of reservoir can bo deduced therefrom. Should that be greater than the available 
size, the diagram, studied with inflow and outflow curves for the maximum available size, will 
give the wind-engine plant capacity. The costs of impounding the water and those of providing 
wind-engines should then be compared and—farther curves being drawn as required—the most 
economical provision determined. If alternative, higher and lower, reservoir sites be available, 
the cost of installing power units has also to be considered, and, as a minor item, the cost of the 
pressure pipe. Final calculations can be precise, and the only serious obstacle to such projects 
is with regard to amenities. 

A wind-power electric plant on the top of a 2,000 ft. mountain in Vermont is built on the top 
of a tower 110 ft. high. The wind turbine has a 24 in. shaft and stainless steel blades 65 ft. long. 
The turbine drives, through double helical gearing, a 1,000 kilowatt, CO-cyclc, 3-phasc gcneiator 
running at 600 r.p.m. 

Praotical Horse-power corresponding to heads in feet and Cubic Feet op Water 
USED PER Minute. 

(1 cu. ft. per min. «= 1 * 7 cu. metres per hour. 1 cu. metre per hour o • 69 cu. ft. per min 
Writing the equation on the preceding page. 

Practical H.P, - A 

where /is the percentage efficiency; and making//8'8>b 1/K, the equation becomes. 

Practical H.P.-=(Q X /0/K, 
and the values of K corresponding to efficiencies from 80 per cent, to 90 per cent, are: ~ 
80p.c., 11 0: 81p.c., 10*86; 82 p.c., 10*73; 83 p.c. 10*6; 84 p.c., 10 -48; 86 p.c., 10-36; 
86p.c., 10*23; 87 p.c., 10*11; 88 p.c., 10*0; 89 p.c., 9-89; 90 p.c., 9*78; 91 p.c., 9*67; 
92 p.c., 9 -67. 

Instead of the table formerly given (pp. 720 and 721 in the 1941 and earlier editions), the 
engineer can draw a graph for the full ranges of heads and flows considered in any particular 
investigation, and for any adopted value of /. The graph can be to a relatively open scale if 
sero on the diagram be taken as the minimum head and minimum flow. Three calculations 
will give the straight line graph. 

General features of a Water-Power Dkvklopmknt. 

Although the lay-out of hydraulic plants changes with every water-power site, there are certain 
features which are generally found in all developments, and which can be described as follows; 

1. The dam, which impounds the water, regulates the level of the upper pool, and directs the 
water towards the water wheels. 2. The bead gates, which control the supply ot water, and by 
means ot racks permit the removal from the water supply of injurious floai^g and suspended 
matter. 3. Theheadraoe,flameorpen8tock, which camee the water to the wheels. 4. The power 
house, which contains the hydraulic machinery, b. The water wheels, which transform the 
hydraulic energy. 0. The draft tube, and the tail race, which discharge the water used In the 
power house into the river. 

la some plants the power house forms a part of the dam. and the water Is delivered to the 
wheels without passing through a canal or penstock and discharged back into the river directly 
through the draft tubes. 
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Fig. 1 Bhow8 a rather complfoated lay-oat, with a regalatfng canal for the head race. The 
regulation of the level of the apper pool is obtained eitherby a regulating weir or sioices in the dam, 
or shatters (slaioes) on the crest of the 

Fig, 1.—Typical General Arrangement of Hydraulic Development. 

In approaching the stndy of any water-power site, the two first things to be determined are the 
head of water avallsble at all times and the characteristic fiow of the river. It is not economical 
to instal machinery which can atiilse oniy the minimnm fiow of the river, and it is considered 
good practice to bnUd a plant capable of osing the eharanierittic fiow of the river, which can be 
defined as the available dependable flow during at least nine months of a low year. 

The available head is determined by levelling and by the daily reading of gauges located In the 
upper and lower pools of the proposed develc^ment. 

The eharaetaistie fiow is found by a series of discharge measurements combined with the dally 
read ing of gauges extending over as long a period as economically possible. 

AVAILABLE DISCHARGE. 

(Contribuud bp R, A. Eyvat.) 

Graphical Records and CompuUUiont.—^The records of gaugings supply the basis of computation. 
If they do not extend far enough back to cover periods of nearly maximum and minimum flow, 
including both short and long periods, the period examined may be extended on the basis of 
rainfall data. (See Part L) 

A base is drawn representing elapse of time to scale. On ordinates to this base, flow records 
and anticipated drafts on the supply are marked and the carves of flow and draft thus drawn. 
The area of each curve, that Is, to scale, the volumes of water, can be shown—as increasing amounts 
from sero time and as amounts between any two ordinates marking points in time—by means of 
sum curves. The areas enclosed between any two ordinates and between the flow and draft 
carves represent volumes available for storage dr to be drawn from storage in the period between 
the two points in time. 

ArUhmetical TabulMion.—It is convenient to accompany the graphical record and computations 
by arithmetical computations, which are tabulated, with columns for progressive totals. No 
other mathematical work is needed. Thus, for any period of time, the average and total discharge 
or draft can be found by drawing a baianoing straight line through the intercept on the carve. 

Reservoir Capacity.—^The corves will show when In the whole period examined there would 
have been flow in excess of that which could be stored in the reservoir. Or the carves (or the 
tabulated figures) will show what storage capacity ie necessary in order that no water may be 
wasted. The costs of construction of reservoirs of this and a series of diminishing capacities are 
considered in relation to the money advantage in each case of the respective output of the power- 
station. Usually, a minimum and a maximum capacity, the latter not intended to provide for 
the storage of all the water in the wettest rainy season or year on record, will be decided op<m by 
judgment, and that range of capacities examined as described above. 

Provision for Floods.—The curves will show the effect of the reservoir in abating floods. 
Opening Sluices in the Dam.—If the provision of sluices at levels considerably below top-water 

evel in the reservoir is contemplated, or to be considered, as a means of lowering the water in the 
reservoir in order further to abate dangerons floods, a curve is drawn on the (Uagiam representing 
the varying flow through these smices—with diminishing head between the time of receiving the 
flood warmng up to the time when the discharge from the reservoir only eqnals the inflow, and 
with increasing head as the inflow exceeds that outflow. Similar computations to those alnsady 
described will indicate, precisely, how far the slaioes for which the carve of their flow is drawn 
are too many or too few. Or the number and depth of the slaioes may be directly oompoted from 
a carve showing the differsnoe between inflow on the one hand and, on the other band, the draft 
to the powerHrtatlon, the flow over the waste weir and the discharge of each sluices as would In 
any ease be provided. 

The procedure applies toall oases in which determinations are reqaired of the efl^ of a fsiecvoir 
in abating floods. 

VOL. I. SB 
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Head Gates. 

Hesd gates are placed at the entrance of the head race, in order to permit the emptying 
of the canal and pipes in case of repairs, and in order to be able to stop quioklj the admission of 
water in case of accident to the canal, flomee, pipes, or water wheela 

The head gates are, of course, built differently, according to the size of the opening they hare 
to close. 

Head gates for a canal consist of wooden or steel gates moTing between concrete, masonry, or 
crib piers. The weight of the heary gates la generally partly balanced by a counter weight, and 
ther are raised;and lowered bT electric or hydnullc motor. The smaller gates are moyed by hand 
with the help ot a mechanical h<d8U 

The piers most be designed to witnatand load equal to the total water load between the centres 
of two adjoining opsningB. (See Part m, * Parallel Since Dams,* p. 683.) 

When pipes are used to carry the water to the turbines they ate generally protected by a 
emiorete head wall designed to resist the full hydroetatic pressure. The gates in this ease are 
mooh smaller, and are operated by hand, or mechanically (as electrically) operated yalyes are 
proyided. 

The force necessary to raise the gate can be calculated as follows i—^The total weight of gate 
in water plus the total water load on the gate must be multiplied by a coefficient of friction 
which yailes according to the materials used. To this weight should be added the weights repre¬ 
sented by the mechanical losses in the transmission of power, and the grand total Increased by 
aboot 18 per eenti in order to proTide for the extra force necessary to start the gate. 

Racks. 

Backs are usually made of flat bars having sections from in. by 1 in., to | in. by 3| ins. 
held together by bolts and separators. These racks may be either of large or small spacing, the 
former being those in which the bars are from 11 ins. to 4 ins. apart, and the latter where the bars 
are from | in. to 1| in. apart. The spacing is determined by the cross section of the openings 
of the distributor and runner buckets of the water wheels. 

Sometimes two racks are provided, to facilitate the removal, without loss of time, of the larger 
floating objects brought down by the stream. 

The racks are generally placed at an angle varying from 45* to 60* with the vertical; there 
should always be an operating platform at least 3 ft. wide, so placed that the attendants can work 
to best advantage either when cleaning or raising the racks. 

The racks should be designed on the assumption that they act os a solid dam, and that all 
water behind may be drawn off. In such a case the racks and their supports would have to take 
care of the entire water pressure. 

For the purpose of keeping floating dibris from choking the gratings at the circulating water 
intakes at an American power station, a pipe has been installed just above water level in front 
of the grid. The pipe is drilled with |-in. holes, and is supplied with water at 120 lbs. per square 
inch. The jets of water issuing from these holes wash away any leaves, sticks and snow that 
might dog the grating. 

Design of Head Races. 

The cross-section area of a head race should be such that the water will rise to about three- 
quarters to seven-eighths of the height. 

Wooden flumes are ordinarily rectangular and designed to carry a depth of water equal to 
about half the width. 

In other respects head races may be designed as ore canals (see Fart II for basic hydraulics 
and Fart IV for other information). 

Design of Pipes. 

Pressure in pipes. 

The interior pressure in a pipe due to the presence of water, and tending to burst this pipe, is 
larger transversely than longitudinally. 

The pressure in pounds per sq. in. p, determined by a head of water H expressed in feet, is : 

p a pressure in lbs. per sq. in. = head in. ft. x 0-44. 

and the diametral pressure P, tending to burst the pipe, is represented by the equation, 

P = p X d/2 
where d ■> diameter of pipe in ins. 

The longitudinal tenidon P in the pipe is given by, 

P'^px d/4 

This explains why steel riveted pipes have generally a single row of rivets at the circumferential 
joints and two rows of rivets along the longitudinal joints. 
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DasioH or SnaL Firag. 
The thlokneas of metal t (expressed in tns.) reqnired to carry a certain pressore can be 

determined by the following formula: 

,jf+T>yi+t 

where, t « thickness of steel shell in ins.; d ■■ inside diameter of pipe in ins.; p ^ pressore of 
water in lbs. per sq. in.; p* « allowance for water hammer in lbs. per sq. in.; / » allowable 
tensile stress of steel in lbs. per sq. In.; « — efficiency of riveted Joint; e » thickness to be added 
to plate for corrosion. 

The permissible unit tensile stress with ordinary open-hearth steel is assumed at 16,000 ibs. 
The efficiency of the Joint may be taken at 66 per cent, for single riveted pipe, and at 70 per cent, 
for double riveted pipe. The thickness to be added to compensate for the weakening of the pipe 
due to corrosion is about in. In large pipes under small pressure, the thickness of metal com¬ 
puted with the above assumptions must still be increased to give the pipe the necessary stiffness. 

DESIGN OP REINPORCJED CONCRETE PIPES. 

Reinforced concrete pipes are designed under the assumption that the steel takes care of all 
longitudinal or transversal stresses in the pipe whilst the concrete acts as a waterproof shell. It is 
evident that, in this case, the steel can be reduced to the minimum thickness required. 

The permissible stress per sq. in. of metal can also be taken at 16,000 lbs. per sq. in. 
The area of the circles forming the transversal reinforcement can be determined as follows: 
Let p => total internal pressure in lbs. per sq. in.; d diameter of pipe in ins.; A« — area 

of steel reinforcement per lineal foot, expressed In sq. ins.; / « permissible stress in steel in lbs. 
per sq. in.; then assuming that the concrete is to take no part of the tensile stresses, we have, 

. 2x/ 

The longitudinal reinforcement is taken with an area per lineal foot of circumference equal 
to half the area per lineal foot of pipe as determined above. 

SPidNa OP Pipe supports. 

Steel and concrete pipes are not always built resting on the ground, and very often they have 
to be carried on concrete or masonry piers resting preferably on rook, or having a be^ng surface 
in proportion to the load carried and to the resistance of the foundations. 

The spacing of the piers is determined by considering the pipe as a circular beam resting 
freely on supports and carrying a uniformly distributed load consisting of the weight of the pipe 
plus the weight of the water. This load determines a longitudinal tension in the lower side of 
the pipe, and this stress added to the longitudinal tension of the pressure of water caused by the 
static head, plus the extra head due to water hammer, should not be allowed to exceed /, the 
safe tensile strength of the material. 

3 WL* 
The stress, /*, in lbs. per sq. in., due to bending /* — 2* 8 * 

where, L — distance between supports in ft.: W -a total load in lbs. per ft. of length; 8 — sec¬ 
tion modulus of the pipe in terms of (inches)'. 

The longitudinal fibre stress, /i, due to water pressure is, /< — 
4r> 

where, p — pressure in lbs. per sq. in.; d — nominal inside diameter of pipe in ins.; t ^ thickness 
of pipe In ins. 

This formula applies to steel pipe, but can be utilised In the calculation of a reinforced concrete 
pipe, by reducing the total area of steel reinforcement per foot length to a continuous pipe of 
uniform thickness. This method, however, would not take into account the resistance in 
compression of the concrete on the upper side of the pipe. 

Adding together the stress due to bending and the stress doe to water pressure ft we have 
a total stress, 

8 WL* , pd, 
“2 S 4f * 

from this we can get the distance between the supports 

The permissible value of /, in a steel riveted pipe, can be taken from 8,000 to 11,000 lbs. per 
sq. in. according to the efficiency of the Joint; in a reinforced concrete pipe 16,000 lbs. per sq. in. 
could safely be assumed. 



724 DESIGN OF PIPES Sec. XVIII (v) 

DH8IQN OF WOOD BTATB PIPBS. 

In Canada and in the United Statea extensive nse ia made of pipes composed of wooden 
staves held in place by steel wires wound continuously around the pipe, or by separate steel bands 
or rods connected by malleable iron shoes. 

The steel Is designed to take care of all the stresses and the wood forms only tbe shell. These 
pipes are very cheap, and have a greater carrying capacity than either steel or reinforced concrete 
pipes: they have been used for heads as high as 200 ft. 

The following information has been compiled from the writings of Robert B. Horton and of 
Andrew Swickard. 

The staves are made of Oalifomla redwood, Douglas fir, and Canadian red pine. Practice 
varies somewhat as to the thickness of staves to be osed under given pressure for a pipe of given 
diameter. The following considerations should govern the thickness of staves to be adopted in a 
given cose. 

1. The thicker the staves the greater stability of pipe against deformation by Its own weightf 
and accordingly the staves must be thicker for la^e than for small diameter of pipes. 

2. The staves should be thick enough to prevent material loss by percolation, and accordingly 
should be thicker for lieavy than for lighter pressures. 

S. The staves should not be so thick as to prevent their being thoroughly saturated. This 
and considerations of economy require the nse of as thin a stave as Is compatible with the first two 
conditions named. 

DfTAiL Of Detail of Stave Joint 

Pi(3. 2.—Details of Wood Stave Pipe, 

The following rule serves as a general guide for determining the approximate thickness of 
staves to be used in any case; the actnal thickness of staves may be made equal to the nearest 

in. or i in. greater thickness than shown by the rule 

f 1 in. + (Head in ft. + Diameter of pipe in ins.) -i- 100 

The minimum radius of bends which may be made with continuous pipe increases with the 
diameter of the pipe and with the thickness of the staves. An approximate rule ia 

Minimum radius, in ft. 4 to 5 x (d+4f0 

where, d — inside diameter of pipe, in ins.; f— thickness of staves, in ins. 

Wood stave pipes should be supported through an arc extending about 65** each side of the 
vertical axis, in order to prevent deformation of the pipe by its weight and that of the water 
it contains. 
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Stove pipe! (flg. 3) ere generally oerrled on wooden or on concrete cradles, concrete being 
preferable for large pipes. Joseph P. Frlsell savs that wooden cradles are best made of 6 in. x 
8 in. or 8 in. X 8 In. timbers, spiked or drift-bolted together, of a length somewhat greater than 
the diameter of the pipe, and at distance apart abont equal to their length. Bobert E. Horton is 
of the opidon that the spacing of the supports is about the same for wood stove and steel pipes. 

The abutting end Joints of the stoves are connected together by iron plates inserted in a slot 
sawn in for tidat purpose. This iron tongue should be abont in. wider than twice the depth 
of the slot and about ^ in. longer than the slot, allowing a projection of adjoining 
stoves. 

Oreosoted ^ood-stave pipes put in place twenty-eight years ago were said, at the recent 
convention of the American Wood Preservers’ Association, to be still in perfect condition. The 
best method of treatment for the staves was described as being the empty-cell process with 
60 lbs. initial air pressure, following the creosote pressure period with several minutes’ reheating 
at about 26” F. in excess of any previous temperature, then a vacuum of not less than 20 ins. 
maintained for from 80 mins, to 1 hour. By this process a satisfactory creosote penetration 
is obtained, and the staves come out thoroughly clean, and so dry as scarcely to soil the band. 

Area of Banda and their Bpaeing, 

The two principal considerations governing the size and spacing of bands are as follows:— 

(1) The area of section of the band per ft. length of pipe must be such as to safely withstand 
the water pressure plus the stress in the band due to swelling of wood when saturated. 

(2) The size and spacing of bands must be such as not to produce crushing of the wood. 

Taking into account both the stress due to water pressure and that due to swelUng of the 
staves, the following formula has been derived for determining the necessary area of cross-section 
of metal in the bands per in. length of pipe. 

_pd-\‘ 200/ 

where, a ■■ required area ot band section per in. length of pipe ; p » pressure in lbs. per sq. in.; 
d -> i^de diameter of pipe in ins.; t — tMckness of stove in ins.; / ■■ permissible unit stress in 
lbs. per sq. in., token generally as 16,000 lbs. 

In order to avoid dangerous crushing of the wood, the bearing pressure between bands and 
staves should not exceed about 800 lbs. per sq. in. of contact between the band and stave. For 
round bands the width of contact between the band and stave should be about equal to the 
radios of the band. 

From these data the following formula is obtained for determining the maximum permissible 
spacing S in ins. between bands of given size under a given pressure. 

g _ 400 X diameter of round bands in ins. 
~ Pressure in lbs. per sq. in. 

Shoes or Band Couplings, 

The band couplings should be made of malleable iron. The weight of these shoes will vary 
with the size of the band and the diameter of the pipe, but the following table gives average 
weights for various sizes of bands, which are accurate enough for estimating purposes: 

Diameter of Band, ins. ^ /a $ I \ i 1 
Weight of Shoe, lbs. 0-36 0-40 0-65 1-00 1*75 2-76 4 00 6*00 

Length of Bands. 

Before the length of a band can be determined it is necessary to know how much lap-over of the 
rod there is in the shoe. This differs in shoes for different sizes of pipe, increasing with the 
increase in size of rod. However, this quantity will average about os follows for various sizes of 
bands: 

Diameter of Band, ins. . . iV 3 4 I I I 1 
Lap-over of Band in Shoe, ins. • I I 2 w lr.f U U If 

The end of the rods should be upset and threaded over a length of not less than 44 ins. for 
I in., 5 ins. for in. and 6 ins. for other sizes. There are thi'ee types of head in use—button, 
square, and tee heads. The tee bead has the advantage of keeping both ends of the rod closer to 
the staves, and shortens the space over which the rod is raised from the staves; it also permits the 
use of a shorter shoe. The length of rods under the bead should be such thaL after the pipe is 
finally tightened, at least 14 in. of thread will remain ahead of the nut. The length of the rod, 
excluding the head, is determined in the following manner, where the rod is one part and 6 ins, 
of thread is being used: 

Total length — 4 -f 31 -f- r) n- -f k -f 44 ins. 
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where, d — nominallnside diameter of pipe in ine.; I » thichnees of etayee in ins.; r diameter 
of rod In ins.; k » lap of rod in shoe in ins. 

If the rod Is in two parts, the following formula applies: 

Total length — (d + + r) tt + 2* + 9 ins. 

From 68 tests on wood-stave pipelines with diameters from 4 to 162 ins., and velocities ranging 
from 1 ft. to 8 ft. per sec., it was found that with diameters from 4 to 24 ins. the average value 
of n in Kntter’s formula was 0*0109, and with diameters from 31 to 162 ins. the average value of 
n was 0*0124. 

(MaUett: FUw of W-aier in PipeSf Vol. CCVIII {April 1921), Proceedings Inst, 0,B.) 

UNBALANCED FBESSUBBS ON BENDS, ETC. 

Where any considerable pressure has to be sustained by pipes of large size the unbalanced 
pressure on bends, etc., must be resisted, horizontally by strutting or tying, vertically by strutting 
or anchoring. The unbalanced pressure on any bend may be found thus:— 

Unbalanced pressure on back of bend — the sum of the areas of the ellipses shown in the 
elevation x the pressure per unit of area, or A x B x 0*7864 x 3P — unbalanced pressure, fig. 3. 

Outardes Falls Power Development^ Ontario.—^The works include a wood-stave pipe line with 
an inside diameter of 17 ft. 6 in. The staves are of Douglas Fir, 4^,', in. thick, with double-tenon 
butt Joints. The bands are 1 in. in diameter, of medium-grade structural steel, with malleable 
cast iron shoes. (See The Engineer^ March 25, 1938, for description and illustrations.) 

Fhbssurb Pipe lines. 

T?u Lochaber Plant.—In the second stage, for the utilisation of waters brought into the system 
from Loch Laggan and the upper Spey, a three-pipe line was constructed. The fall is about 
800 ft. The pipes are 2,900 ft. long, and make three changes of inclination, requiring, at the change 
points, massive concrete thrust blocks. The internal diameter of 78 in., in the upper sections, is 
reduced towards the bottom end to allow of the increased wall thickness, to a maximum of 1 in. 
The pipes, of the spigot and socket type, were shop-fabricated in lengths of about 30 ft., formed of 
a single plate with the longitudinal seam forge lap welded. They were joined by electric fillet 
welding of the inner and outer joints. 

The Etsel Plant,—^The power station utilises the fall of the River Lihl, which discbaiges into the 
Lake of Zurich. It has an output of about 160 mUllon kW.b. per annum. The fall isabout 910 ft. 
The pipe line comprises two pipes of diameters ranging from 82 * 7 ins. at the surge tank to 70 * 9 ins. 
at the power station. Each pipe was formed from a steel sheet bent to form a helical Joint, which 
was electrically welded. After welding, the pipes were heated to a temperature of 600** 0. 

Outardes FaUs^ Ontario.—In continuation of a wood stave pipe line of 17 ft. 6 in. inside diameter 
there is a steel pipe line, 18 ft. in diameter, stiffened at 22^ ft. intervals by ring-shaped steel plate 
girden. The head is 184 ft. 

Brooklyn^ New Zealand.—^The pipe line is 72 chains in length. The pipes are welded and are 
of copper-bearing steel with fiezlble joints. They are 14 in. in diameter from chain 0 to chains 61, 
and 12 in. in diameter thence to the power house. The thickness increases from 4 in. to A in. 
The fall is 920 ft. in 42 chains. 

The Roaring Meg Station, New Zealand.—PLeeA, 987 ft. The all-welded concrete-lined steel 
pipe, ml. long, tapers from 30 in. to 26 in. and then to 22 in. diameter. 
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loW'Hbad Installations. 

Piaanfon^ R. lakra.—Range of head, 41*6 ft. to 8*6 ft., the least head at which the turbines 
will work. Four 14,000 turbines; two Francis type, 16 ft. diameter; two Xaplan, 16*6 ft. 
diameter. Efficiency of Xaplan turbines, 87 per cent, with A, 41*6 ft.; 82 per cent, with />, 
21*3 ft.; 62*6 per cent, with A, 8*5 ft. Alternators each 12,600 kVA, at 10,000 volts ; rotors 
24 ft. 6 in. in diameter; weight of a unit, turbine and alternator rotor, 46 tons. 

Upper Oangh Canal.—Supplying current to the grid. In a length of 168 ml. of the canal, the 
stations : Ranipore, minimum head in feet (A), 12 ; cold weather discharge in cusecs (9), 6,000 ; 
capacity in kilowatts (k), 3,934. Bahadurabad and Salempore, A, 16*5; 9, 6,000; k, 6,082. 
Fathri, A, 10; 9, 6,000; k, 3,280. Asafnagar: A, 10; 9, 4,000; k, 2,623. Mahmudpur: 
A, 15*6; 9, 2,000; A, 4,066. Nirgajni, A, 16*6; q, 4,000; k, 4,066. Chitaura: A, 16*6; 

3,000; *,3,049. Salawa: A, 16*6; 9,3,000; *,.3,049; Bhola: A, 12 0; 9,3,000; *, 2,700. 
Falra: A, 9*0; 9,1,200; *, 708. Sumera: A, 15*6; 9, 1,200; A, 1,219. Total, *, 33,776. 

Chali Fall$f Ottawa River.—There are eight vertical propellor-type turbines rated at 28,000 h.p. 
under 36 ft. head and at 126 r.p.m. Each turbine is controlled by a Morrls-Pelton governor. 
The eight generators are rated at 23,600 kVA., 13*2 kV., 86 per cent, power factor. 

Pbatures of Recent plants. 

Malakand.—The fall below the Malakand Tunnel provides the power for three generating sets 
each with an output of 3,200 kW. at 11 kV. at 600 r.p.m. The single spiral reaction turbines are 
rated each at 4,660 b.h.p. under a head of 240 ft. The average span of the transmission lines is 
760 ft. Opened in April 1938, the plant will serve a wide area in the North-West Province. 
(Described in Indian and Eaatem Engineer, July 1938.) 

OaUoway Power System.—At one station in thissystem: head, 366 ft.; two 13,000 kW. vertical 
Francis turbines. At another there are three 11,000 kW. turbines of the same type. 

Grampian Power System.—The Tummel power station, in this system, is equipped with two 
horizontal Francis type turbines, each of 2,400 b.h.p. Current is generated at 11,000 volts, 
60 cycles, S-phase. 

High Falls, LUvre River, Quebec.—Three steel-plate penstocks 14 ft, in dia. The first three 
turbines to be installed are of the vertical axis type, rated at 30,000 h.p. under a head of 180 ft. 
at 180 r.p.m. Three vertical S-phase, 60-cycle alternators, direct-coupled, are rated at 25,000 kVA. 
at 85 per cent, power factor, generating current at 13,200 volts. 

Roaring Meg Stream, Few Zealand.—Head, 987 ft. Two double-jet Boving-Pelton wheels 
with deflector control drive two 800 kW. Metrovick alternators, generating current at 6,600 volts. 

Pangani Falls, Tanganyika.—Mead, 620 ft. Two Q.E.O. alternators, direct-coupled to the 
turbines, and generating 3,125 kVA, at 6,600 volts, 760 r.p.m. Power factor 80 per cent. 

Pykara River.—Out of a total fall of 4,000 ft., a head of 3,080 ft. is utilised at one station, 
to develop a maximum of 22,000 h.p. The penstock consists of two pipes, each in three sections 
of 27 in., 24 in., and 21 in. diameter, and is 9,100 ft. long. The power-house plant consistB of 
three single-jet horizontal impulse wheels rated at 10,900 h.p. each, coupled to 7,810 kVA. S-phase, 
50-oycle alternators, generating at 11,000 volts. (See paper No. 4976, Inst. C.E., by M. Q. Platts.) 
A major extension, 1939, provides two Pelton-wheel units served by a penstock pipe ranging 
from 42 in. to 37i in. diameter. The wheels are of 16,000 h.p. each, at 600 r.p.m., driving 
12,500 kVA. alternators generating at 11,000 volts. 

Papanasam.—For the development of about 27,000 h.p. in the Tinnevelly district, to tie in 
with the Pykara system, south of Madura. Begun in 1938. The works provided for include: 
a masonry gravity dam 170 ft. high, impounding 5,600 million cub. ft. of water; a diversion weir, 
6 miles downstream, 36 ft. high and 1,360 ft. long, designed to pass a flood of 120,000 cusecs; 
two 9 ft. low-pressure pipes, 3,600 ft. long; four 69 in. pipes (head 330 ft.); one vertical Francis 
turbine of 8,160 h.p., driving a 7,260 kVA, 11,000-volt alternator. 

Boulder Dam, Colorado River.—There are fifteen 82,600 kVA. water power and generating units 
at this dam; where the largest turbine is one of 115,000 h.p. of the Francis type; head 690 ft. 

River Isarco, Italy.—Carlo Oigogna station. Each of the five large units has its own pipe 
Une of welded steel plate with solid, forged reinforcing rings in the lower sections. Diameter 
diminishing from 9*2 ft. to 6*2 ft. A sixth pipe serves three Felton wheel units. The five 
45,000 h.p. vertical-shaft Francis turbines drive alternators generating each 36,000 kVA. at 
10,000 volts. The Felton wheels generate current at 16} periods for traction on the Brenner 
railways. They discharge 336 cusecs at 260 r.p.m. 

Recent Plant: United Stales.—Impulse turbines up to 70,000 h.p. for beads up to 3,000 ft. 
Reaction Francis turbines for heads up to 860 ft. The largest propeller type turbine (about 1941), 
66,000 h.p. For turbines under heads of 100 to 200 ft. the two-bearings unit with umbrella type 
generator, with an overall efficiency from headwater to tailwater such as 92 • 6 per cent., Is favoured 
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nyderabad State.—Available water power, kllowatta, of the rivers: Qodaveri, 66,000 ; Lower 
Kistna, 60,000 ; Tungabadra, 40,000 ; Upper Xiatna, 80,000; Lower Manjora, 3,000 ; Xaddam, 
4,000; Fama, 3,600 ; Fainganga, 3,600. Heads from 100 to 300 ft. 

British Installations.—Folly described in readily available literatore ; joamals, * Proceedings/ 
books, etc. 

Regent Literaturb. 

* The Mar6ges Dam and Power Station on the River Dordogne.' Oinie Civile 107, pp. 386-306. 

‘ Rating of Rivers for Water Power Purposes.’ Brit. Standard Specification No. 610—1936. 

* Water Power: Its Estimation and Development, with Special Reference to India.' Book, 
by J. W. Meares. 

‘ The Lochaber Water-Power Scheme.* A full description in The Engineer, May 8, 16, 23 
and 29, and June 6, 1936. 

* Recent Practice in Hydro-Electric Power Development.’ By B. Hellstrom. Lecture 
delivered at the University of London, November 1936, and published in The Engineer, issues of 
February, March and April 1936. 

* The Ghats Falls Hydro-Electric Power Development.' The Engineer, September 23, 1932. 

* Outardea Falls Power Development.’ A paper by H. G. Acres. See Engineering Journal 
(the journal of the Engineering Institute of Canada), or The Engineer, March 25, 1938, et seq. 

* The Waitakl Hydro-Electro Development, New Zealand.' The Engineer, August 24, 1934. 

‘ Roaring Meg Hydro-Electric Development, New Zealand.’ The Engineer, July 17, 1936. 

* Mandi Hydro-Electric Project.’ 7'he Engineer, March 3, 1933. 

* Hydro-Electric Power Plant at Cardano.’ The Engineer, March 29 and April 6, 1935. 

* The Galloway Water Power Scheme.’ The Engineer, September 11,18 and 26, and October 2, 
1936. Also Civil Engineering {London), Alarch 1936. • 

‘The Lochaber Water Power Scheme.’ The Engineer, May 8, 16, 22 and 29, and June 6, 
1936. Also Civil Engineering {London), March 1934 and January and February 1937, and (pipe 
line), November 1938. 

‘ The Eteel Hydro-Electric Scheme.’ Civil Engineering {London), February 1938. 

’Automatic Hydro-Electric Plants.’ Described, with a circuit diagram. The Engineer, 
September 1, 1939. 

References to Descriptions op Plants. 

The Engineer:— 

Lievre River, Quebec: August 12, 1932. Chats Falls: September 23, 1932. Outardes Falls: 
Paper by H. G. Acres; March 26, 1938, et seq, Waitaki, New Zealand: August 24, 1934. 
Roaring Meg, New Zealand: July 17, 1936. Mandi, India: March 3, 1932. Cardano, Italy: 
March 29 and April 6, 1936. OaUoway : September 11, 18, 26 and October 2, 1936. Lochaber: 
May 8,16, 22, 29 and June 6, 1936. Orampians: January 4,1936. Malakand: June 17, 1938. 

Ciril Engineering {London):— 

OaUoway : March 1936. Lochaber: March 1934, January and February 1937 and (pipe lines) 
November 1938. Rio Negro, Uruguay: article by W. Borkenstein; December 1937. Pan- 
gani, Tanganyika: July 1936. Etzel, Switzerland: February 1938. Marges, R. Dordogne: 
September 1934. River Vatcha, Bulgaria: October 1934. 

Waikato River: New Zealand.—A power station at Karapiro has an output of 90,000 kW. 
Completed in March 1947, the works include a dam 1,400 ft. long, the building of which took six 
years. It w’as accessary to carry tlie foundations to 43 ft. below sea level. The dam is arched 
in plan and is of a comi)lex design which gives it somewhat the character of a multiple arch dam. 
First functioning in 1943, a large horse shoe tunnel was constructed, to take the flow of the river 
during the building of the dura above the river bed. The closure of the tunnel is effected by lower¬ 
ing an iron gate weighing 50 tons. The flow of the river was such that the reservoir filled in four 
days, although the gate had been raised for a time in order to supply water to Hamilton and other 
towns. 
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SECTION XVIII 
PART VI 

(See also Parts I, II, and HE.) 

WATER SUPPLY. 

STOBAGhE BESEBVOIB8. 

The capaoitj of storage reservoirs is arrived at from the formula 

0- ‘OO, 

where, 
0 = uiimber of days* storage, B at available raiu in indies, as explained 

'Gathering Grounds.’ 
Me<4srs. W. J. E. Binnle and H. Lapworth suggested the following fornmlu 

storage:— 

.16’ (n - d)' 

under heading 

for calculating 

where, 
f = inches of storage required to supply (constantly from a stream) n inches per annum; 

d ^ the extreme minimum dry-weather flow reduced to inches per annum; r « mean run-otf, 
also in inches per annum. 

The storage required in gallon*^ is equal to « x area of gatherimr-ground in ncre.u x 22,010. 
The formula is empirioiii, and was arrived at by a study of tlie data of seven areas of supply. 

GATHERING GROUNDS 

In arriving at the water available from an area the average rainfall on the area must be found 
from rainfall records. 

Eor a study ut run-ulT under various climatic conditions, see ‘ Rainfall’ (Part I). 
On the moorland gathering-grounds supplying Shefflcld. rainfall avor!i.g(\s 40 ins. a year, 

two-tlilrds of wlilch is reckoned on as available; one-third goes as compensation to millow’ners, 
etc., and one-third to inhabitants. Every 1,000 acres is said to give an average of 1,260,000 gallons 
per diem. On the Leeds moorland gathering-grounds \ cubic feet per second, or 134,600 gallons 
per diem per 1,000 acres, is the usual minimum dry-weather discharge ; tlie formation is milhstoue 
grit, rainfall 26 ins. to 45 ins., of which 14 ins. is allowed for evaporation and 6 ins. as com¬ 
pensation to millowncrs. 

Water-Bearing Formations. 

The best water-bearing formation in England is the Lincolnshire (Oolitic) limestone, \Ahicli 
contains many spouting copious wells; notably one at Sleaford, only 6 inches diameter, which 
overflows at 30,000 gallons per hour 3 feet above surface. The chalk is very free bearing in many 
parts, but capricious and occasionally nearly dry. The Keeper marl yields good brewing w at or :i‘t 
Newark, Burton, Leicester,etc., but not very copiously, and apt to be very small in amount and 
capricious in character. The Eeuper sandstone is a free yielding stratum, and gives good soft 
water. The Permian sandstone is a fair and at times a copious water-bearing rock and so 
also is the magnesian limestone. 

The Lower Greensand sometimes yields copiously, and, as a rule, the more copious the sup]d v, 
the better the quality. It is at times ferruginous. The Lias clay is apt to produce saline w atof ; 
so also is the London clay. The Upper Tertiary beds of the London basin below the London I'lay 
often yield fair but slightly alkaline supplies. 

The carboniferous rocks vary greatly, and often give copious supplies, and but few rocks are 
quite dry. As a rule* the more copious yields are all within 200 feet of the surface. Deeper bores 
yield less and less. Water has been obtained from the Lower Greensand in Windsor Forest at 
1,243 feet below surface, the quantity being small, the quality good, and the water rising to about 
230 feet above sea level, or overflowing the surface nearly 8 feet. (W,H, BoUh,) 

PIIiTRATION. 

(Based on a eoniribution by H, F, Buiter, AfJ.C.B.) 

SedimenUUion.—For most waters, except those from deep bore-wells, sedimentation precedes 
flltration. Trouble arises if water of turbidity exceeding 100 parts per million be taken directly 
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to fllten. OoagulantB are often used, to promote sedimentation ot colloids, the choice of the 
coagulant depending upon the chemic^ constitution of the colloid. 

Filtebs. 

The area of sand surface needed per million gallons per diem Taries considerably, accord* 
Ing to the character of the water and the fineness of the filtering medium. Yields of from one 
million to two million gallons per acre are common yalues. Modem filters have four feet of 
water orer the sand, two feet nine inches of sand supported by eight inches of graduated gravel, 
or a greater depth, including a deep layer of shingle at the bottom. Oare should be taken that 
the uppermost layer of shingle should consist of stones less than half the size of a pea, so as to 
avoid &e danger of the sand being drawn through the shingle. The means of collecting the 
water should cover the whole fioor of the filter and should not consist of transverse pipes placed 
at intervals. A satisfactory and inexpensive method is to cover the fioor with transverse rows 
of bricks laid dry end to end with a space of 4^ inches between each two rows. These are then 
completely covered with bricks laid dry at right angles to the rows. A series of 4^ in. by 3 in. 
channels are thus formed, which iead the filtrate to the central channel made below the floor. 

A Deacon meter on the outlet pipe forms a useful means of checking and recording the rate 
of flow of the filter. Float gauges should be provided to show the relative levels of the water 
over the sand and in the outlet pipe. The difference between these levels indicates the head 
under which the filter is working. This head may vary from one inch when the filter is started 
slowly after cleaning, up to 2 or 3 feet. 

Means should be provided for drawing the raw water from above the sand to waste. In case it 
be required to clean a filter immediately which has become clogged. A quarter to half an inch 
of sand with l^e matter arrested thereon is removed by flat shovels. This sand can be washed and 
spread again either at once, or after the depth of the sand has been reduced by five or six suc- 
oessi ve cleanings. The cleanings may be at intervals of from one week to four months, according 
to the character of the water, and the amount of algal growth in the water, which latter condition 
may materially affect the life of the filter. The removal and cleaning of the main body of the 
sand is needed at very rare intervals. Filters are in use yielding water of perfectly satisfactory 
bacteriological character in which the main body of sand has not been changed for forty years. 

\^en a filter is to be cleaned the water should not be drawn down in the sand to a level more 
than 12 inches below the surface of the sand. This leaves the surface quite hard enough to 
support the weight of the cleaners, and prevents the sand becoming unduly compacted. 

All sensible suspended matter is arrested on the surface of the sand of a filter, and the largest 
elimination of bacterial life takes place at or near the surface. The bacterial contents are, how> 
ever, still further reduced progressively in the passage of the water through from five to ten 
inches of the depth of the sand. 

RAPID Filtebs. 

Rapid filtration is effected by passing the water under pressure through similar filtering 
media, the washing of which is effected by reversing the flow. (See Descriptive Section.) 

Remowd of Humut Colouring Matter.—(F. Sartorius). Employed in Germany. The water is 
saturated with oxygen and Altered, successively through: (1) 10 cm. of iron shavings; (2) 25 cm. 
of * magno*mineral,’ a burned dolomite, in grains of 2 mm.; (3) 60 cm. of a mixture of (1) and (2) 
in proportion 1:10; (4) 60 cm. of * magno-minerai.* Reduction of humus, 60 to 80 per cent. 

Standard of Purity of Water. 

Total hardness in practice varies from 0 to 30 degrees; 6 degrees is generally considered best. 
A degree is one grain per gallon. 

Water containing more than the following quantities of imparities should be looked upon with 
sasplcfion: Chlorine, 1 part per 100,000; Nitrites, 0*2 part per 100,000; Nitrates, 0*3 part per 
100,000; Ammonia, 0*1 part per 100,000; On?anio Carbon, 2 parts per 100,000; Organic 
Nitrogen, 3 parts per lOO.OiOO; Albumenoid Ammonia. 0*01 part per 100.000. 

Bacteriological Examination.—Examination of water in order to ascertain the number of, 
if any, bacilli of various species in a given volume of water is conducted by bacteriologists. In 
almost all but the purest spring or well water, baciUus coli communis is found. It is not a pro¬ 
ducer of disease, but is usually evidence of some accompanying danger, roughly proportional 
to the density of B, coli. 

Albuminoid Ammonia.—^The albuminoid ammonia content of water is, on the whole, the most 
impertont index with respect to the fltness of a water for human consumption. Water is re¬ 
garded as pure if the content is loss than 0*002 parts per 100,000, even if free ammonia is present 
in large proportion. If the content exceed 0*005 parts per 100,000, and the proportions of free 
ammonia and chlorine are large, a bacteriological examination is necessary. 

Free Ammonia.—^A water is seldom safe if the quantity of free ammonia per 100,000 parts 
of water exceeds: in spring waters, 0*01; in upland surface water, 0*008; in water derived 
from oultivated land, 0*025. 
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Chlorides.—Except in so far as common salt is naturallj present in the water, the significance 

of chlorides is with regard to the probability of pollution by sewage or excreta. 

SiMPiiB Tests of Water. 

Vor Sewage.—Four drop? of a solution of potash (^Condy’s Fluid) to a small glass of water. 
The colour turns pale or yellow if decomposed organic matter is present. 

Six drops of sulphuric acid in small glass of water. White precipitate will be found If 
lend is present. 

/tV/c. —Six drop.H of ferro-cyanide of potassium to small glass of water. Green colour if zinc 
is present. 

Copper.—Eight drops of ammonia in small glass of water. Water turns blue if copper is 
present. 

Hardness of Water. 

A water is said to be /tard when it is difficult to obtain a lather with soap; in washing, soap 
dissolves in pure (soft) water, but with a hard water it combines with the calcium and magnesium 
present, and forms an insoluble precipitate. Before a lather can be obtained it is necessary to 
add sufficient soap to precipitate all the soluble calcium and magnesium salts present in the 
water. About J oz. of soap is required to remove 1* of hardness from 10 gallons of water. 

At the present time the hardness is preferably expressed in terms of the salts actually cau^g 
it, and the proportion of each of these in the water. 

Temporary hardness is that which is removed by boiling the water. It is due to calcium 
bicarbonate and/or magnesium bicarbonate, which are decomposed when the water is heated, 
calcium carbonate and/or magnesium carbonate being precipitated and so rendered inert to soap. 

Permanent hardness is that which remains after boiling. It is chiefly due to calcium and/or 
magnesium sulphate and/or chloride, but may also be caused by any other soluble salts in the 
water. The calcium and magnesium salts combine with soap and form insoluble compounds. 
Soluble salts act ditlerently and precipitate the soap as soap, because it is insoluble *n a solution 
of salt. In most permanently hard waters the proportion of soluble salts other than those of 
calcium and magnesium is so small that it may be ignored, but in softening sea-water or other 
saline water it must be taken into consideration. 

Acid looter also decomposes soap and so may be regarded as hard water. 
Zero hardness is a term applied to water which is devoid of hardness. Most softened waters 

retain two or three degrees of harduess and are not softened to zero. 

SOFTENiNQ Water. 

Hard water may be softened by (1) rendering the hardness-causing substances insoluble, or 
(ii) by removing them. The substances causing temporary hardness may be rendered insoluble 
by (a) heating the water—usually to about 160® F., but in all cases by boiling it (212® F.). The 
heating decomposes the bioarbouates present, carbon-dioxide passing olT as gas, and the mono- 
carbonates being left suspended in an insoluble and inert form in the water. 

(6) Adding some substance which will decompose the bicarbonates without forming a product 
which can effec.t soap. Any alkali soluble in water can be used; the commonest being lime, 
caustic soda, and baryta. Lime is the cheapest of these substances. JAme combines with half 
the carbon dioxide in the bicarbonate and with it forms calcium carbonate which is insoluble 
and inert to soap. 

XCO,. 11,00, + OaO = XCO, + CaOO, -f H,0 

Soluble bicarbonate. Lime. » Insoluble^rbonates. Water. 
Baryta acts precisely like lime and forms insoluble barium carbonate. 
Caustic soda decomposes the bicarbonate, precipitating the insoluble mono-carbonate of lime 

and/or magnesia, and forming soluble sodium carbonate. The latter is useful if the water is 
permanently hard, but may be objectionable in water used for industrial or scientific purposes. 

Substances causing temporary harduess may be removed from hard water by passing it through 
a porous moss of zeolite such as * Permutit.* This is a sodium alumiuo-silicate which gives up 
its sodium in exchange for an equivalent amount of lime or magnesia in the water. 

Na,Z -H XCO,n,CO, » XZ -f 2NaH00, 
Sodium zeolite. Soluble bicarbonate. Altered zeolite. Soluble bicarbonate. 

The soluble sodium carbonate is useful in removing an equivalent of permanent hardness 
but may be objectionable in water used for some purposes. 

Permanent hardness can be removed from water by : 
(1) Distillation, i.e., boiling the water and condensing the steam. This is the only method for 

fully purifying water rich in soluble sodium or potassium salts (e.^. sea water). 
(2) Precipitating any soluble calcium or magnesium saltsby the addition of a soluble carbonate, 

■odium carbonate (soda) being generally used. 
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XSO4 + Na,00* - X 00, + Na,80, 
XOI, + Na,00. - X 00, + 2Na01 

Hardneea>fonning salt. Soda. Insolable carbonate. Soluble salt. 
This method leaTes a soluble sodium salt in solution; in most instances it does no barm, but it 
is objeottonable in water used for some purposes. This method softens acid water by neutralising 
the add and so rendering it inert to soap. 

If oausUo soda'ls used for softening a water haying both temporary and permanent hardness, 
sodium carbonate will be formed first from the action of the * temporary hardness * and this will 
be ayailable for remoring an equiralent amount of permanent hardness. 

+ 2NaOH - XOO, + Na,00. + 2H,0 
Temporary hardness. Oaustic soda, insoluble carbonate. Sodium carbonate. Water. 

TBO, + Na^t - TOO. -f NagSO, 
Permanent harness. Sodium carbonate. Insoluble carbonate. Sodium sulphate. 

Hence, for erery 100 parts of calcium carbonate (present as bicarbonate) causing temporary 
hardness, sulBdent sodium carbonate will be formed to remove 186 parts of the calcium sulphate 
causing permanent hardness. For this reason, when a water has both temporary and permanent 
hardness it Is mmally cheaper to use caustic soda than lime for removing the temporary hardness, 
Inddentelly canstio soda is much less troublesome to use as it Is readily soluble in water. An 
ezoesB cl caustic soda most be avoided as It may cause embrittlement and leakage at the fittings. 

(8) Removing the soluble caldom or magnesium salts by passing the water through a porous 
mass of seolite such as * Permotit.* 

Na.Z + XSO4 - XZ + NaaSO, 
Sodium seolite. Hardness-forming salt. Altered seolite. Sodium sulphate. 

The advantage of using a seolite for softening water is that it acts automatically so long as 
any unaltered seolite remdne ; and there can be no * mistake' due to adding too much or too 
litue reagent. On the other hand, when all the seolite is altered. It has to be re-activated by 
treatment with a solution of common salt. 

The periodic renewal of seolite is necessary with most waters containing permanent hardness, 
as the sodium bicarbonate liberated by the seolite combines with an equivalent amount of calcium 
and/or magnesinm sulphate or chloride, and precipitates the corresponding carbonate in the 
pores of the seolite which are gradually filled with it. 

Softening by a seolite also has the advantage of producing a water of zero hardness In many 
instances where the addition of * chemicals ’ leaves about 3* of permanent hardness. 

For farther information on the Treatment of Feed-water for boilers and the softening of water 
see Descriptive Section XXVI, Part II. 

Cost op Water Softbnino. 

From an article, Tfu Engineer^ October 28, 1938, fully describing the water-softening plant at 
the Newnham pumping station of the Mid-Kent Water Company. The water is pumped from 
three bore-holes 360 feet deep. 

Farts per 100,000. 
Chemical AnaAyiie,—Saline ammonia 
Albuminoid ammonia ... 
Oxygen absorbed from ENi.O, at 26 - V G. in 4 hours 
Totid solid residue, dried at 180^ 0. 
Nitrogen as nitrates 
Nitro^ as nitrites 
Oalcium 
Magnesinm . 
Silica . 
Iron and aluminium 
Sodium and potassium 
Sulphates as 8O4 . 
Ohlorlde 
0^,free 
HOOa combined . 
Hardness: Temporary 

Permanent 
Total . 

pH value 
BaeterMogieal ExoMinalion,—Number of micro¬ 

organisms per cubic centimetre growing on gelatine 
at 92*0.. . . 14 

Number of micro-organisms per cubic centimetre 
growing on agar at 37*’ O..3 

BadOkM Oett, Absent from 110 cable centimetres. 
Btteptoeocei ,, ,, ,, ,, ,, 

0-0006 
0-0007 
0-004 

33-6 
0-36 

Nil 
10-3 
0-36 
0-86 
Traces 
1-6 
0-6 
1-66 
2-8 

29-9 
24-2 
8-3 

27*4 
7-1 
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C9tt of the Treatment,—Vet 1,000 galloof. Reagent!: lime, 0 • hhOd,; fenio ohloflde, 0 • 09d,; 
chemical! tor test, O'OlSd.; total reagent!, 0*438. LaboTU^: onsldUed attention 9 hr. per day. 
0*08d.; skilled attention 1 hr. per day, 0*05d.; total labour, 0*180d. Total cost of labour and 
chemicals, 0 • 668d. per 1,000 gallons. 

Zim€ V. Soap.—To remove 1 lb. of calcium hardness requires about 12 lb. of soap, but only 
0*6 lb. of 93 per cent, lime if equivalent bicarbonates are present in the water, or 1*08 lb. of 
98 per cenji. soda-ash if bicarbonates are not present. The cheaper soaps cost at least fifteen 
times as much per lb. as equivalent lime, and ten times as much as soda. 

Therefore, to remove calcium hardness from water with soap costs from 100 to 3,000 times 
what it costs to remove it with lime or soda, depending upon the relative amounts of the chemicals 
required. (0. H. Spaulding, Supervising (demist. Water, Light and Power Department, 
Springfield, Illinois.) 

CHEMICAL PURIFICATION OP WATER. 

Reservoirs in which vegetable growth or algm has become profuse are cured by dragging 
a bag of sulphate of copper behind a boat to and fro over the area of the reservoir, or by dosing 
the water as it enters. A very minute fraction of this poisonous salt will effectually destroy aU 
growth, and it is said that the salt cannot be detected in the water after the process is complete. 
The proportion of the salt is varied according to the species to be destroyed and what life most 
not be destroyed. 

Water SteriliRation. 

The four processes in common use are: (1) Simple chlorination; (3) the ammonia-chlorine 
treatment, or chloramination; (3) super-chlorination followed by dechlorination (a) by the 
addition of a chemical anti-chlor, (6) by filtration through activated carbon; (4^ osonisation. 
The activated carbon process is of importance, apart from its use for dechlorination. (See 
‘ Literature,* Papers (3).) 

Ohlorination and Chloramination. 

Chloramination, the ammonia chloride process, is by some water authorities preferred to 
simple chlorination, and is applied to all, or nearly all, the waters of the Metropolitan Water 
Board. 

Comparing the two processes—it has been observed by J. Bowman, President, 1941, of the 
Institution of Water Engineers—the chief objection to chloramination is that the retarding 
influence of the ammonia may seriously interfere with sterilisation unless long contact is possible. 

Adequate contact time is necessary before the chlorinated water can be regarded as safe, 
and information should be sought as to the conditions under which the process is not suitable, 
before a plant is installed. Such conditions have been referred to (A. P. I. Gotterell) as * fairly 
prevalent.* 

SuperchUninalion.—The process comprising superchlorlnation and dechlorination presents 
undoubted advantages, as regards the safety and palatibility of the treated water, and the ease 
and flexibility of working conditions. In many cases it is outstandingly the method of choice. 
(A. P. I. OottereU.) 

OZONISATION. 

There were, in 1941, some 90 ozonlsation installations on public water supplies in France, 
14 in Italy, 6 in Belgium, 4 in Great Britain and 2 in the United States. At Ashton-under-Lyme, 
the experimental work with the installation (see * Literature,' Papers (2)) gave the results: 
cost per 1,000 gal., 0*260d., Including electrical energy (at 0*5<f. per unit), 0 *128(2. That cost, 
nearly 22j. 6(2. per million gal., could be reduced to 14«. 6(2., or nearly 0*17 per 1,000 gal., in cases 
in which the head necessary for the emulsification of the ozone and water <K>old be obtained 
without pumping. 

American Lata.—Whiting, Indiana: Cost of plant to treat 4 million gal. per day, 30,000 
dollars; average dosage, 11*7 lb., maximum 43 lb. per day ; total cost, 4*44 dollars per million 
gallons. 

THE USES OF AcmTATED CARBON. 

Granular carbon filters are described in the paper. No. 2, ' Literature.* They serve the two 
purposes, dechlorination and the removal of taste due to causes other than chlorine. The addi¬ 
tional expense of such a provision is small, on area of some 80 sq. ft. and about 33 cu. yd. of the 
filtering medium sufficing, in one case, to (leal with 6 million gal. a day. In another Installation, 
the rate of 13 gal. per sq. ft. per min. was adopted. 

At Philadelphia, a repulsive-looking river water was first put through charcoal filters, then 
through slow sand filters, and subsequently chlorinated, emerging as a clear and safe, if a somewhat 
* lifeless,* water. (J. Bowman.) 
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Greenish reservoir water which passed through pressure filters but retained a fishv smell, 
was rendered palatable and acceptable by Injecting finely powdered activated carbon into the 
main feeding the fllten. (W. J. B; Binnie) 

Inorustation and Corrosion of Iron and Steel Pipes. 
High water Telocity is favourable to corrosion and incrustation. Some waters, as chalh- 

well waters, will simply cause a clean layer of carbonate of lime inside a pipe. Upland waters, 
especialiy if containing peat acid, cause rust. Old red-sandstone water neither rusts nor causes 
deposit. Greensand water causes rust. Filtered water is better than unfiltered. 

Inn BatUria,—About three weeks after water was turned into the Alameda section of the 
Hetch Hetchy water supply, a 36-in. wrought iron pipe 22 mis. long, the carrying capacity began 
to drop off at the rate of 0*2 million gals, per day ; the normal capacity being 16 million gala, 
per day. Within 3 weeks the flow had diminished to 13*6 million gals, per day. The entire 
inner surface of the pipe was covered with a slimy gelatinous growth, i in. to t in. tldck, containing 
BehUomyetei Crtnothkx^ which originated in the tunnels supplying the pipeline. The use of 
li lb. of chlorine and 6 lb. of ammonia per million gals., for some months, progressively improved 
conditions, preventing the growth of the bacteria. 

Tracing Iicakages. 
To Identify and trace the aonice of ondergronnd water, such as leakages from canals, reservoirs, 

pipes, etc.:— 

Mix fluorescln with the snpposed Boarce of the leakage. One grain is sumcient 
to ooloor 100 tons of water. 

Indigo,—Omb grain of indigo dissolved In snlphuiio acid will colour a ton of water. 
The coloration is more easily detected by placing the water in a very long test-tube and 

looking through the latter endways. 

authowopo.—Proceeding along the line of the main in the night hours of least consumption, 
the patrol nearly doses the valves at principal branches, each in turn, and listens with an instru¬ 
ment which is essentially a large stethoscope, placing its stem against the spindle of the valve. 
Flow through the valve is indicated by a sizviing sound. Having found the branch main on 
which the leak is located, similar trials enable the patrol to find the pipe which is leaking. 

Diameter of Pipes. 

The diameters of pipes are usually calculated by either Eytelwein’s or KUtter's formula. 
Eytelwein^s formula is 

T= A/(n7b4R8)+ -01698 - *1303 
where, 
V =» velocity In feet per sec.; R = Hydraulic mean radius In feet = Area -i- wet perimeter = D 
for circular section of pipe, where D = diameter of pipe in feet; S » sine of inclination = A / 
where A » head in feet; f=length in feet. 

An adaptation of this formula which gives good average results Is 

Q = 4-7 

where, 
Q w discharge in onb. ft. per min., and D is in inches. 

This formula gives rather high results in the case of small pipes with flat gradients, and some¬ 
what low results for large pipes with steep gradients. 

K1UUr*t formula Is given in Fart n, p. 676. 

Now and Old Pipoo,—Aa a check on other formulas and on values in tables, we may employ the 
lormala t 

V - -'s/di 

in which e •> velodtv in feet per second; d — diameter of the pipe in feet; $ * slope. The 
valnes of e are nsnalfy taken as between those tor new and lor old pipes in the following series, 
the highest valnes being for new or perfectly clean pipes, and the lowest valnes being seldom 
required in water-enpply systems in which the pipes are cleaned or are renewed before they are 
very old. 

1 in.) d - s'i 1 0, 66-46. 12 ins.: d - 1; C, 109-77. 
i In. t d - : C, 80-56. 24 ins.: d » 2 ; C, 111-78. 
3 ins.: d « I s 0, 98-70. 36 ins.: d « 3; C, 112-79. 
6 Ins. s d I- I; C, 105-74. 

The highest valnes thos found eonespond with those in the following table, which are for 
new pipea. 
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Tablh 8UOWINO Velocity in Feet per Second, and Supply in Galix>n8 per Minute, 

FOR Long Pjpkh Plowing Full. 

(See note on the last page of this table.) 
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12 1-52 446-66 2-26 663-07 2-83 832-63 3-33 977-29 3-76 1105-8 12 
15 1-73 793-27 2-56 1174-7 3-21 1473-2 3-76 1727-8 4 26 1966-7 15 
18 1 1-92 1267-5 2-83 1873-4 3-55 2347-2 4-16 2731-4 4-71 3110-0 1 18 
24 ! 2-26 2652-2 3-33 3909-2 4-16 1891-4 4-88 5727-8 5-51 6470-3 ' 24 
30 ; 2-56 4698-8 3*76 6911-3 4-71 8638-9 5-51 10109-7 6-22 11415-0 1 30 

Head of Water divided by Lei gth of Pipe. 

Tijoo 
7 

1 *HM> ida'o 
1 

Ido 

1 ^ •562 •16 •618 •18 •670 •19 •720 •21 •770 ■22 T 
•670 •34 •736 •38 •798 •41 '856 •44 ■911 *46 i 

1 
•856 , •98 •938 1-08 1-02 117 1-09 1-24 1-16 1-33 J 

1-02 2-08 Ml 2-27 1-20 2-45 1-29 2-63 , 1-37 3*79 1 
M6 3-69 1-27 4-04 1-37 4-36 1-47 4*67 1-56 4*96 n 

U 1-29 5-91 1-41 G-46 1-52 6-98 P63 7-47 1-73 7-93 4 
1-41 8-79 I -55 9-6S 1-66 10-38 4-78 11-10 1-89 11-79 H 

2 1-52 12-41 1-66 13 56 1-79 14-63 1-92 15-65 2-04 , 16-61 2 

n ^ 
1 

1-73 22-04 1-82 23-30 2-04 25-96 2-18 27-75 2-31 ! 29-45 24 
1-92 35-21 1 2-09 38-43 2-26 41-11 2-41 44-29 2-56 46-99 3 

4 2-26 73-68 1 2-46 80-36 2-65 86-61 2*83 92-51 3 01 98-60 4 
5 2-56 130-52 i 2-79 142-30 3-(0 153-31 3-21 163-69 3-40 173-70 5 
6 •J-83 208-16 ' 3-09 226-8 4 3-33 244-32 3'55 260-81 3-76 277-10 6 
7 3-09 308-76 : 3-37 335-60 3-62 362-21 3-87 386-57 4-09 408-45 7 
8 3-33 434-35 3-62 473-09 3-90 509-38 4-16 613-49 4-41 575-83 8 
9 3-55 586-82 : 3-87 039-02 4-16 687-85 4-14 733-83 4-71 777-50 9 

10 3-76 767-92 ' 4-09 833-68 4-41 899-75 4-71 969-88 4-99 1016-9 10 
11 i .•;-97 9PJ'39 4-32 1()66-! 4-65 1147-2 1-96 1223-7 5-26 1298-4 11 
12 1 4-16 1222-9 4-53 1331-8 4-88 1432-0 6-18 1522-7 6-51 1617-6 12 
15 ! 1-71 2159-7 612 2349-8 5-51 2627-4 6-87 2694-9 6-lS 2853*8 16 
18 j 5-18 3126-1 5-66 3737-0 6-08 4019-3 6-48 4284-r «-86 4536*5 18 
24 6-Uh ) 7115-4 6*61 7769-1 7-11 8361-6 7*58 8900-4 ' 8-02 9421-1 34 
60 6-86 I l260i-3 750 13772-4 8-02 14720-4 8-64 16684-5 iO-04 16690-0 19 
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Table showing Velocity in Feet per Second, and Supply in Gallons per M^INutb 
FOR liONo Pipes Flowing Pull (continued). 
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I Head of Water divided by Length of Pipe. 

1 v*- loo loo 100 ioo* 
« 

loo 

oS 

5 

1 116 -33 1*47 •12 1*73 •50 1-96 •56* 2*18 •62 
1 1-37 •70 1*73 ■88 2-01 1*04 2*31 1*18 2-56 1*31 i 
i 1-73 1*98 2*18 2*50 2*56 2*94 2*90 3-33 321 3*68 i 

1 2-04 4-15 2*56 5*22 3*01 6*13 3-10 6*94 3*76 7*68 1 
li 2-31 7*36 2*90 9-24 3*40 10*85 3*85 12*27 4*26 13*59 11 

li 2*56 11-75 3*21 14*73 3*76 17*28 4*26 19*57 4*71 21*60 
n 2*79 17*43 3*50 21*84 4*09 25*53 4*63 28*95 5*12 .31*98 ll 

3*01 21*53 3*76 30*72 4*41 35*99 4*99 40*67 5*51 44*93 2 
3*40 43-39 4*26 54*35 4-99 63*55 5*63 71*79 6-22 79*27 

3 3*76 69*11 4*71 «6-39 6*51 lol-lO 6*22 114*15 6*86 126*01 3 
4 4*41 144*20 5*51 179*73 6*44 210*17 7*27 2.37*17 8*02 261*70 4 
5 4-99 254*30 6*22 317*08 7-27 370*57 8*20 418*02 9*04 461*08 5 
6 6*51 404*30 6*86 504*05 8*02 588*82 904 663*96 9*97 7.32*18 6 
7 5*99 698*62 7*50 749*83 8*71 870*78 9*82 981*68 10-83 10S2*4 7 
8 6*44 840*68 8*02 1046*8 936 12-2*2*0 10*55 1377*‘3 11-6*3 1518*3 8 
9 6*86 1131*1 8*54 1411*6 9-97 1647*4 11*24 1856*4 12*38 2046*2 9 

10 7*27 1182*3 9*04 1844*3 10*55 2152*0 11*89 2424*5 13*10 2666*9 10 
11 7*65 1888*3 9*52 2348*8 llIO 2740*1 12*49 3082*9 13*78 3401-4 11 
12 8*02 2336*3 9*97 2928*7 11*63 3416*1 13*10 3838*9 14*43 4239-6 12 
15 9*04 4149-7 11-24 5157*0 13-10 5998*2 14*75 6769*5 16*25 7457*0 16 
18 10*07 6653*8 12*38 8181*8 14-43 9539*1 16*25 10738*1 17*89 11826*3 18 
24 11*63 13664*4 14 43 16958*3 16*81 1975 4*1 18*92 22228*8 20*83 24 474*3 24 
30 13*10 23993*0 16*25 29828*1 18*92 34732*5 21*28 39073*2 23*43 43011*1 30 

Head of Water divided by Length of Pipe. 

iha ioS loo lo 

1 2*37 •68 2*56 •73 2*74 •79 2-90 •83 4*26 1*22 1 

2*79 1-42 3*01 1-53 3*21 1*64 3*10 1*36 4*99 2*54 1 

1 8*50 4-01 3*76 4*32 4-01 4*60 ' 4*26 4*89 6 22 7*1.3 
1 4*09 8*34 4*41 9*00 4-71 9*60 4*99 10*17 7*27 14*82 1 
li 4*63 14-77 4*99 15*89 5*32 16*94 6*63 17*95 8*20 26*13 li 

5*12 23*50 6*51 25 27 6*87 26*95 6*22 28*54 9*04 41-50 l| 
l| 1 5*57 34*79 5-99 37*41 6*38 39*89 6*76 42-23 9*82 61-36 H 
2 6*99 48*87 6*44 62*61 6*86 56*01 ; 7*27 59*29 10*55 86*08 2 

6*76 86-18 7*27 92*64 7*74 98*73 ' 8*20 104*50 11*89 151*53 
3 7*60 137-72 8*02 147*20 8*54 156*85 9*04 165*99 13*1(1 239*93 3 
4 8*71 284*34 9*36 305*50 9*97 325*41 10*55 341*32 15*26 498*17 4 
5 9*82 600*86 10*55 537*99 11-24 572*99 11*89 606*13 17*18 876*11 5 
6 10*83 795*20 11*63 854*02 12*38 909-41 1310 959*72 18*92 1389-3 6 
7 11*76 1175*3 12*63 1262-1 1 13*44 1343*7 14*22 1121*2 20*52 2U61-3 7 
8 12-68 1648*4 13*56 1765*8 ' 14*43 1884*3 15*26 1992*7 22*02 2874-7 8 
9 18*44 2221*3 14*43 2384*8 116 36 2538*6 16*25 2684*5 23*43 3871-0 9 

10 14-22 2900*4 16*26 3113*5 1626 3314-2 17*18 3514*5 24 76 6051-3 10 
11 14*96 3691*7 16-06 3962*7 17 09 4217*9 18*07 4159*7 26*04 6425-9 11 
12 16-66 4601*1 16-81 4938*6 17*rt9 5266*2 18-92 6557*2 27*25 8004-7 12 
U 17*63 8091 3 18-92 8683*1 20*13 9240*3 21-28 9768*3 3063 14069-7 15 
It 19-41 12830*1 20-83 13766*8 22*16 14648*5 , 23-42 15484-0 33*70 22273 1 18 
24 22-69 26645*4 24-24 2a477*6 25*79 30396-3 ; 27-25 32018-8 8917 46016-9 14 

26*41 46642-4 27-25 50029-4 11218-5 ; 30*63 56238-9 44-0 80770-1 80 
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Table sbowinu Velocity in Feet per Second, and Supply in GAiiLONB peu Minute, 
Fou lono Pii‘1*» Flowing fui.l icontinxml). 

i -g 
•f/J 

•g 
cn 

s a i o . 
"cs .2 li 

loJ S . 
Pi, *5 

8 1 

B il o 5 .s s 
: S: ^1 

a o 
•»- o 
t. 9 

*=;^ 

fl 3 

i:-w •SS 
•S 3 og 

SS .9 

i 
Is. Is Is p, is Is 

~C u 

IS ^s 
S. 
s 

"S S > s 
ai 

n > s 
m k s 

m 

S 
V Heiid of Water divide«l by Length of Pipe. 1 

1 I'o 
i 

fo l®d B 

5-32 1-62 6-22 1-78 7-02 2-01 7-74 8-42 2*41 1 
1 6-22 817 7-27 3-71 8-20 4*18 904 4*61 9-82 6-01 1 
•M 7-74 8-89 9-()l 10-37 10-19 11*69 11-21 12-89 12-20 14-00 1 
r 8-04 18-44 10*55 21-52 11*89 24-25 13-10 26-66 14-22 29-tX) 1 
n 10-19 32-48 11-89 37-88 13*39 42-67 14-75 47-01 16-01 61-02 u 
il 11-24 61-57 13-10 69-98 14*75 67-70 16-25 74-57 17-63 80-91 

1} 12-20 76-21 14-22 88-82 16-01 99-99 17-63 110-14 19-13 119-48 If 
2 13-10 106-64 15-26 124-54 17-18 140-18 18-92 154-37 20-62 167-45 2 

14-75 188-42 17-18 219 03 19-33 246-40 21-28 271-34 23-08 294-29 
lfi-25 298-28 18-92 34 7-3-2 21-28 Z'MyVA 23-4.3 4 30-11 25-41 466-42 3 

4 18-W 817-47 22-02 718-66 24-76 808-21 25-25 821-14 29-55 964-31 4 
i 21-28 1086-4 24-76 1262-8 27-84 1419-8 30-63 1661*7 33-21 1692-6 5 
< 23-43 1720-4 27-25 2001-2 30-63 2-248-9 33-70 2174-8 36-53 2682-4 6 
7 25-41 2539-4 29-65 2953-2 33-21 3319-2 36*53 3651-1 39-59 3957-0 7 
8 27-25 3557-6 31-67 4134-9 35-60 4647*9 39-17 5113*0 42-44 5,540-9 8 
f ■28-99 4789-7 33-70 6568-3 37-87 6256-8 41-65 6881-1 45-13 7456-4 9 

10 30-G8 6246-9 36-6() 7262-3 40-01 8161-0 44-(H) 8974-3 47-67 9724-4 10 
11 32-20 7947-9 37-41 9234-4 42-(K) 10365-4 46-24 114116 50-10 12364-4 11 

12 33-70 9892-2 39-17 11504-2 44-00 12923*0 48-38 11209-8 52-40 16391-1 12 
15 37-87 17380-0 44-00 20192-7 49-42 22579-2 64-33 24932-9 58-85 27009-8 15 
18 41-65 27524-2 48-38 31972-0 54-33 35903 4 69-72 39465-9 64-52 42641-5 18 

24 48-38 56839-1 66-18 65005-2 63-07 74102-1 69-32 81442-6 75-07 88204-4 24 

30 54-33 99731-6 63-07 1157H5-0 70-80 129971-0 77-80 142825-0 84-25 151688- 30 

1 Head of Water divided by of Pipe. 1 
1 

i 
1 Yo lO \ 

li 
9-04 

10-56 
13-10 

2-59 
6-38 

16-00 

9-63 
11-24 
13-93 

2-76 
6-73 

16*98 

10- 19 
11- 89 
14-76 

2*92 
6-06 

16-9-2 

The values in the foregoing table 
are caleulatcd from the formula 

f 

\ 
1 i 15-26 31-14 16-25 33*14 17-18 35-04 V = 140.//-s-ll ’rs; 1 

n i 
U i 

17-18 64-76 18-28 68-28 19-33 61-61 where V = vekKuty in feet ix'r If 
18-92 86-83 20-13 92*40 21 ”28 97-68 second, r = hydraulic mean depth 1 n 

if 20-62 128-21 21-84 136-42 23-08 144-20 (= area of wet cross section i| 

8 1 22-02 179-67 23-43 191-16 24-76 202-05 (uvided by wet perimeter = for | 2 
24-76 315-71 26-34 335-86 27*84 354-95 full pipes, J diameter, wa ^«et. 

3* 27-26 600-29 28-99 532-18 30-63 562-2-2 5 = sine of inclination , or total 1 3 
4 31-67 1033*7 33-70 1099-9 35-60 1162-0 fall divided by total lengtli. 4 
5 35-60 1816-6 37-87 1931-1 40-01 2040-2 5 
8 39-17 2876 1 41-66 3068-2 44-00 3230-8 For pipes of greater diameter 6 
7 42-44 4242-3 45*13 4510-7 47-67 4764-9 than aliove divide the nronosed ] 7 
8 45-50 59400 48-38 6316-4 61-10 6671-1 (liamctor bv 4. then twiv-e the 8 
9 48-38 7993-0 61-44 8199-2 61-33 8975-8 velocity opposite to the quotient 9 

10 61-10 10423-6 64-33 11081-3 67*38 11704-2 ill thfc table will be the velocity 10 
11 53-70 13252-8 67-08 14088-6 60-29 14880-0 roiiuired, or the corresponding 11 
12 6(J18 165013 69-72 17510-4 63-07 supply multiplied by 32 will be 12 
15 
18 

63 07 
60-32 

28)46-2 
45811-5 

67-04 
73-67 

30767-7 
4HG90-4 

70-80 
77-80 

32492-7 
51116-9 

the approximate supply in gallons 
oer minute. 

15 
18 

24 80-44 94648-9 85-49 100438-1 90-26 106052-8 24 
30 90-26 166708-0 96-92 176090-0 10! 26 185902-0 to 
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REQUISITE Pipe diameters. 

The diametecB of the pipes required in a water distribution system can be found by progressive 
calculation from the point of initial full head. The values in the preceding table provide all the 
data for the drawing of a graph relating : (a) head per 10 ft. or 100 ft. of pipe ; (6) gallons per 
minute(e) diameter of pipe. When the required diameter lies betw een two of the sizes actually 
in use, the larger is usually to be preferred. Thus, the sizes of pipes can be found in planning 
a system ; or the gallons per minute be calculated in an existing system, the allowance being 
made in the latter case for deterioration of the pipes. 

WEIGHTS OP LEAD PIPE REQUIRED BY WATER COMPANIES. 

Weights, per Yard, of Lead Pipe. Minimum 
Depth of 

Weight, per Yard, 
of Warning Pipe. 

Company. . ■'i Under¬ 

fin. *In. Iln lln. 1 In. H In- 
ground 
Pipes. lln. fin. 1 In. 

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
Metropolitan 

Water Board [ ® 
6 7* 9 12 16 i 2 ft. 6 ins. 3 5 7 

Colne Valley. 6 7 9 11 16 — 1 3 ft. — — — 
Croydon 4 6 7 9 12 16 ; 2 ft. — — — 
East Surrey . 6 6 8 10 14 — — — — — 

when : ) 
pressure ex- | 
ceeds 300 ft. r 

7 9 11 16 — — ! — — — 

South Essex, i 6 7| 9 12 16 1 ft. 6 ins. — — — 
Sutton . . 1 _ 6 7* 9 12 16 2 ft. 6 ins. ; 3 5 ; 7 
West Surrey. , 4 9 14 20 3 ft. 1 — , i - 

Sizes of Lead Pipe are Internal. 11 is tbe usual Minimum Size for Closet Pipe, and 9 lbs. 
per Yard Minimum Weight. 

The Number of Bricks and quantity ok liiiicKWouK in Wi:li-s and Cyi-induicat. 
Skwkrs for each Foot in Depth oii LEso rir. 

Diameter 
of Well, 

Half-Brick Thick. ! 1 One Brick Tlii^ i‘k. 

Number of Bricks. 
Cubic Feet 

1 Nuinl)crof Uricks. j 
Cubic Fuct 

in Feet. 

Laid Dry. 
Laid iu 
Mortar. 

of 
Brickwork. 

1 

Laitl Dry. | 
Laid ill 
M ortar. 

of 
Brickwork. 

1-0 28 23 1*6198 70 68 41233 
1-3 33 27 1*8145 80 66 4*7124 
16 38 31 2*2089 90 74 6*3016 
1-9 43 35 2&036 102 82 6*8905 
2-0 48 41 2*7979 112 92 6*4796 
2-3 63 44 3*0926 122 100 7*0686 
2*6 58 48 3*3870 132 108 7*6677 
3-0 68 57 3*9760 154 126 8*8367 
3-6 79 66 4*6661 174 142 10*0139 
40 80 73 6*1641 194 159 11*1919 
4-6 100 82 6*7432 2M 176 12*3701 
50 110 90 6*3322 234 192 13*6481 
6-6 120 98 6*9213 254 209 14*7263 
6-0 130 107 7*6103 276 226 16*9043 
6-6 1 140 116 8*0991 296 242 17*0826 
7-0 1 160 123 8*6884 316 260 18*2606 
7-6 160 131 9*2776 336 276 19*4387 
8-0 I ; 170 140 9*8666 358 292 20*6167 
8*6 , : 180 148 10*4666 378 ' 308 21*7949 
90 ! 191 166 11*0446 398 326 22*9729 

10-0 212 174 12*2227 438 860 26*8291 __ 
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BEOSMT LITBIUTUBB. 

(See also Parte I, n and III. 

Bookt, 

* Water Supply Problems and Developments.’ By W. H. Maxwell. Second Edition. 
(Review, The Engineer^ June 18, 1937.) 

‘ Waterworks for Urban and Rural Districts: including the Supply for Mansions and Isolated 
Buildings.* By Henry 0. Adams. (Reviews, The Engineer^ June 10, 1938; The Surveyor^ 
May 13, 1938.) 

* The Examination of Water and Water Supplies.’ By E. V. Suckling. 1943. 
* The Purification of Water Supplies.’ By G. B. Williams. 1944. 
‘England’s Rainfall Problem: a Survey of Rainfall, Drought and Di-itribution.’ By 11. 

Spence-Hales and J. Bland. 1939. 

Papers and Addresses. 
‘Application of Experimental Methods to the Design of Clarifiers for Waterworks.’ By 

R. Walton and T. D. Key. Paper No. 6213, Inst. O.E. 
* Water Sterilisation : The Choice of Method.’ By E. P. W. Mackenzie. Bull. Insi. San. 

E., November 1940, and Tfie Surveyor^ February 7,1941. 
* Science and the Divining Rod.* By J. 0. Maby, Royal Society of Arte. Extracts, The 

Surveyor^ March 16, 1940. 
‘ The Treatment of Water by Ozone.’ By M. T. B. Whitson. Paper, Manchester and 

District Association, Inst. O.E. (See The Surveyor^ March 22, 1940.) 
‘ Surge Control in Pipe Lines.’ By C. F. Lapworth, Inst. W.E. Abstract, The Surveyor, 

July 7, 1945. 
‘ Concreted Steel Communication Pipes.’ By J. F. Ilaseltine. Journal Inst. C.E., April 1943. 
‘ Roughness Factors In Fluid Motion through Cylindrical Pipes and through Open Channels.’ 

By J. Allen. Journal Inst. C.E.^ April 1943. 
‘ Problems of Increasing Water Consumption.’ Address (Presidential), by S. R. Raffety, 

Institution of Water Engineers. Reported in The Surveyor^ M ay 28,1943, and reviewed June 6. 
‘ Sedimentation in Reservoirs.* By B. J. Witzig. Paper, Proe. Am. Soc. C.E., June 1943. 
* The Problem of Fluorine in Water Supplies.’ By if. K. Box and U. J. Hodgins. Paper 

reproduced Engineering and Contract Record, May 31, 1944. Reviewed The Surveyor, July 14, 
1944. Relates to the teeth. 

‘ Rural Water Supplies.’ By S. R. Raffety. Journal Inst. C.E., March 1946. Abstract, 
2'he Surveyor, April 13, 1946. 

‘ Pumping Stations: with Special Reference to Land Drainage and Storm Water Disposal.’ 
By C. Clay. Journal Inst. C.E., March 1945. 

’The Use of Calgon in Treating Chalk Well Waters.’ By E. G. B. Gledhill and A. W. H. 
McOauler. Paper, Inst. W.E. 

‘ The Evolution of Waterworks Booster Plants.’ By J. P. Hallam. Paper, Inst. W.E. 

Artides. 
* Internally “ Sleeving ” a 36-in. Water Main.’ By A. M. Moon. The Surveyor, April 18, 

1941. The operation consisted in lining the 36-in. main with pipes of nominal 30-in. diameter, 
which were double-spigot, bitumen-coated pipes of outside steel diameter 32^ in.; 11 ft. 8 in. 
long and | in. thick. Five were used to line the cracked length of the main. 

‘ The Case for the Softening of Hard Water.’ By D. G. Davies, The Surveyor, February 11, 
1944. 

* Chlorine Treatment to Restore Yields of Wells.’ By H. L. White. Civil Engineering 
(U.S.A.), May 1942. 

‘ Measures for Reducing the Silting of Reservoirs.’ Editorial, The Surveyor, July 10, 1942. 
The note takes the form of an original exposition and specific measures are described. 

Reports and Annual Publications. 
Metropolitan Water Board. The annual reports of the Board present important information 

and data. With regard to the safeguarding of supplies, measures of purification and the con¬ 
tinual examination of the waters collected, stored and distributed, special interest attaches to 
the annual reports, for 1937 and 1938, of the Board’s Director of Water Examinations. 

* Water Supply Engineering in the United States.’ A review, included in the Progress Report 
for 1937 furnished by the Committee of the Sanitary Engineering Division, Am. Soc. O.E. l^b- 
lished in Proceedings, March 1938. Reference is made to the flow of silt-laden water through 
reservoirs, and much information in that regard has since been forthcoming. The progress 
report is reviewed in The Surveyor, April 32, 1938. 
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* Chemical Control of the Waters of Streams and Lakes.' An account, in Engineering News- 
Record^ January 4, 1940, of investigations carried out in Wisconsin. Includes a description of 
a method of treating waters with 0 *0003 to 0*0012 lb. of copper carbonate percu. ft. of water to 
control the larvse which cause ' swimmer's itch,* by killing the snails in which they develop as 
parasites. (See T?te Surveyor^ February 23,1940.) 

‘Water Supply.’ Annual Reviews, The Surveyor^ for 1943, January 21, 1944 ; for 1944, 
January 5, 1946. 

Third Report of the Central Advisory Water Committee: ‘ River Boards,’ August 1943 

Addknda, 1910. 

Watkuworks. 

Coventry.—Opened in Sejdeuiber 1011, new waterworks ]»vovidi‘d for the supply of a million 
gals, a day from the River Avon, d’he eosf was about £30,0o0. 

At the end of August 1018, the ^Minister of Health made an order euablirjg Bii*n)ingham to set 
aside in its Eden Valley reservoii-s an emergency stipply of 2,000/iniUion gals, for Coventiy. 
Both towns have schemes for obtaining further supplic.s. * Coventry’s s<henic is for a supply from 
the River Severn and the construction of a reservoir at Bredon Hill, the wt)rk having been begun 
in the summer of 1018. The estimated cost of the w(*rks is £H,U')O,()U0. 

Manchester.—The water level of Ilaweswater Lake was raised Oa ft. by the building of a dam 
completed in 1010. The watersjjread was increased from 340 acres to 074 acres, and the storage 
capacity increased by some 180,000 million gals, ’I’he dam is 1,550 ft. long and 120 ft. in its 
greatest height. 

Dntiiran Situated in the Eastwood and JVIeams Water District of Renfrewshire, the 
reservoir has a ca])acity of 300 million gals. O’ho catchment is 1,180 aen's in extent. Tin? work 
was completed in 1030. 

/{hyl Watcncorls.— Inaugurated in June 1030 additions lo the town’s wat('rw()rks com])rise 
a masonry dam, and the doul)ling In capacity of tlie liltcring station. The building of the dam, 
which impounds 270 million gals, in Aled 'I’raC reservoir, involved 35,000 eti. yds. of soft and 20,000 
cu. yds. of rock v.vcavatiori. 

Talybont Resenoir.—Opened in Juno 1030, this Breconshire reservoir provides additional 
storage of water for Newport (Mon.). The watersprend of the reservoir is 320 ai res and its 
capacity 2,527 milium gals. It contains 520,000 eu. ytls. of earth and 40,f»oo cu. jals. of elay 
puddle. Its length is 1,400 ft. and inaAimtiin height 07 ft. The eatehment of (1,000 acres has ail 
average aimual rainfall of 08^ ins. 

Glasgow.—The Corporation’s new works programme includes : a immjiiug station, estimate 
£25,000 ; finotlicr, with water towers, e.stimate, .£90,000 ; outlet works, (‘stiniate, £29,500, pij>e- 
layiug (contracts for four out of five sc'ctions let), £278,000. 

Lirerpool.~Vi<\\9, of rock in the lliniant tunnel entail the lining of 3,200 yds., expected to bo 
completed by the autumn of 1949. In the meantime, the water will be diverted to the Ab(‘r 
tunnel which also links Luke Vyrnwy with llim.'int. A new .storage reservoir, expected to be 
completed in August 1951, will cost about £750,000. 

Farm Supplies.—Jn August 1948 the proixuiion of holdings, of 5 ac’res or more, with farm¬ 
house, and having a pip(?d supply : to the house, England, 50 per e(>nt., Wales, 32 per cent. ; to 
the buildings, England, 30 per cent.', Wales, 23 jier cent. 

Rural Water Schemes.—In June 1948 some 656 rural water sujjply schemes for 3,052 parishes 
were under consideration by tlin Ministry of Health, the cstimaterl cost being £2.3,457,000. In 
addition, 1,061 schemes relating to 2,146 parishes had been a]tT»roved, the ('stima’ted cost, 
£12,221,000. Rcliiting to 609 parishes, 350 schemes hud been eotni)leted at a cost of £l,6l9,0oo’ 
Exchequer grants amounted to £46,000. 

Water Softening.—The case for the softening of hard waters was stat» d and proved by ]Mr. 
D. G. Davies in an article published in The Surveyor, issue of February 11, 1944. U'he elassifieation 
of 718 undertakings with i»ublis]ied records is, nearly, one-lifth very soft, 0-50 jtarts per million ; 
one-fifth nonnal, 50-100 parts per million; three-Jifths hard, iii the proi)ortion8, 14 per eent.’, 
100-160 ; 14percent., 150-200 ; 21 percent., 200-300 ; 6 percent., 300-400, and, ‘ exceptionally 
hard ’ 2 per cent., over 400. Only 84, or 11 • 7 per cent, of the 718 undertakings were op(?ratiijg 
Boftening processes. It is estimated that hardness in excess of loo i»arls per million costs, i.er 
100 parts per million, about 16jf. per head per annum. ’ 

See alio DaiiorlpUTa Section XYIIl, Pert YI 

Filtrators Ltd. 
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SECTION XIX 

PART I 

HYDRAULICS (MECHANICS OF FLUIDS) 

(Contributed by P. L. Boucher, Ph.D. (Loud.), A.M.I.C.E.) 

General Data. 

Weight of Water. 
Fresh Water (at 63® P.). 

Specific gravity of fresh water at N.T.P. (62® P. and 30 inches mercury barometer) is unity 
1 gallon (imperial) weighs 10 lb. or 4*643 kg. 
1 gallon (U.S.A.) welg^ 8 • S3 lb. or 3 * 786 kg. 
1 cu. ft. weighs 62*366 lb. or 28*316 kg. 
1 cu. metre weighs 2,204*6 lb. or 1000 kg. (at 4® 0. for weight in kg.). 
1 litre weighs 2 * 2046 lb. or 1 kg. (at 4® 0. for weight In kg.). 

Sea Water (at 63® P.). 
Average : S.Q. **1*03. 1 cu. ft. weighs 64 lb. 
Dead Sea: S.Q. « 1 *24. 1 cu. ft. weighs 77 lb. 

lee and Snow. 
Ice; S.Q. = 0 * 922. 1 cu. ft. at 32® F. weighs 67 • 60 lb. 
Snow : 1 cu. ft. of fresh snow weighs from 6 to 12 lb. 

1 cu. ft. of wet and eompaOed snow weighs from 16 to 60 lb. 

HXPANSION AND WEIGHT OP FRESH WATER AT VARIOUS TEMPERATURES. 

Temperature. 
Degrees P. 

Weight of 
1 Ou. Ft. 

Lb. 

Weight of 
1 Qallon. 

Lb. 

32 * 0 (melting point) 62*418 10*0101 
39*1 (maximum density) . 62*425 10*0113 
62 * 3 (ordinary calculations) 62*400 10*0072 
62 *0 (N.T.) . 62 *.366 10*0000 
76*0 .... 62*276 9*9871 
100 .... 62*022 9*947 
126 .... 61*664 9*887 
150 .... 61*201 9*816 
176 .... 60*666 9*728 
200 .... 60*081 9*636 
260 .... 68*76 9*422 
300 .... 66*97 9*136 
400 .... 64*26 8*700 
600 .... 61*16 8*204 

Coefficients of Volumetric Expansion for Fresh Water are• 
Prom 32® P. to 213® P. 0*00036420. 
Prom 212® P. to 392® P. 0*00061030. 
Prom 393® F. to 672® P. 0*00066718. 
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PRBSSURB OF WATER. 

1 ft. head of water at 62® P. — | 

1 lb. per sq. in. — - 

One metre head of water at 
4® 0. (maximum density) = 

One kg. per cm.* = j 

One atmosphere (14-7 lb. 1 
per sq. in.) *=• ] 

0*433 lb. per sq. m. 
0*883 ins. of mercury at 63® P. 
0*03046 kg. per cm.* 
2 • 2390 cm. of mercury at 0® 0. 
30*48 cm. head of water at 62® P. 

2*3069 ft. head of water at 62® P. 
2*0416 Ins. of mercury at 62® P. 
0*07031 kg. per cm.* 
6*170 cm. of mercury at 0® 0. 
70*31 cm. of water at 62® F. 

0*10 kg. per cm.* 
7*363 cm. of mercury at 0® 0. 
3*281 ft. head of water at 62® P. 
1*422 lb. per sq. in. 
2*900 ins. of mercury at 62" P. 

10 metres head of water at 4® 0. 
(see figures above for 1 metre head.) 

33*947 ft. head of water at 62® F. 
30 ins. of mercury at 62® P. 
1*0335 kg. per cm.*. 
76*0 cm. of mercury at 0® 0. 
1«033*5 cm. of water at 62® P. 

OOMPRESSmiLITY OF WATER. 

Compressibility may be defined as the reciprocal of the Bulk Modulus, K, as follows:— 

K “ 0\dph 

Where v = initial volume of water, 
and decrease of volume with pressure 

\ dp under isothermal conditions (T constant). 

Without mathematics, K, the Bulk Modulus, may be defined as the unital pressure which, 
acting on unit volume, would cause unit volumetric contraction, if the compressibility of the water 
could remain constant under the pressure. Thus, in any practical case, decrease of volume of 
water caused by pressure is equal to the original volume, multiplied by the applied pressure, and 
divided by the Bulk Modulus, K. 

Compressibility of water is of importance in problems dealing with sudden stoppage and 
initiation of fluid motion, particularly where water hammer phenomena are involved. 

Values of K determined by various authorities range between 284,000 and 300,000 lb. per sq. 
in. at 0® C., and 339,000 and 352,000 lb. per sq. in. at 50® C. 

The value for E of 300,000 lb. per sq. in., or 43,200,000 lb. per sq. ft., may be taken for most 
calculations. 

E for sea water is about 9 per cent, greater than for fresh water. 

Viscosity of water. 

The coefficient of viscosity, /m, is defined as the tangential force on unit area of either of two 
horizontal planes of indefinite extent, separated by unit distance, one plane being fixed and the 
other movi^ with unit velocity, the space between the planes being filled with the viscous sub** 
stance. 

The dimensions of fi in C.G.S. units are grammes per centimetre per second. 

COBFFIOTBMTS OF VISCOSITY, /ui, OF WATER AT VARIOUS TEICPERATURES. 

Temperature of Water. I 
Degrees 0. . 0 20 40 60 80 100 

Viscosity. 
O.G.S. Unite . .| 0*0179 

I 
0*0101 0*0066 

1 
0*0048 

, 

i 0*0036 0*0028 

(A. a, M, MUhtU.) 
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Fia. 9. 
Submerged Orifices. 

H » difference in level of water surfaces each 
side of the orifice. 
The jet discharges into water and for 
sharp edged orifices 0 may be taken as 
about0*60. 

Large Orifices.—When an orifice is large compared with the head of water over it, variation of 
velocity from top to bottom lips, duo to the increasing head, must (unless the orifice lies in a 
horizontal plane) be taken into account. The following expression for a sharp edged rectangular 
orifice is useful:— 

PIO. 10. 

Q - IOWVJO [h2? - Hi?] 

W =3 width of orifice 
(unit of measurement 1 ft.). 

The value of 0 may be taken as 0*C for approximate calculations of sharp edged orifices. 
Actually 0 varies slightly with the head of water and the dimensions of the orifice. 

Velocity of approach (va) may be taken into account by increasing the heads by an amount 

Submerged Large Orifices.—A submerged large orifice may be treated as a submerged small 
orifice, since the effective head at all points of the orifice is the same. Velocity of approach may 
have to be taken into account as described above. The value of 0 may be taken as about the 
same as when the orifice is discharged freely into air (actually it is slightly less). 

Some Approximate Values of G for Regulator Openings^ etc. 
For sluices of moderate size in lock gates, etc. . 0 0 * 62 
For regulator openings between 6 and 13 ft. wide 0 — 0*72 
For regulator openings above 13 ft. wide . .0 — 0*82 
For very large sluices and bridge openings . .0 — 0*92 

Weibs and Notches. 

Formulae in General Use. 

Rectangular Weirs (Sharp Edges). 
Q — discharge, cusecs. 
L — length of weir, feet. 
H — head of water over sill of weir, feet, 
n — number of side contractions (2,1 or 0). 
V — velocity of approach, feet per second. 
p — height of sill of weir above channel of approach, feet. 

Ftaneis. 

(1) Neglecting velocity of approach:— 

Q - 8*33(L~0*lnH)H»*» 

(2) Allowing for velocity of approach:— 

Q-S.33(L-0.1»H)[(h+Q--Q-] 

N.B.—The Francis Formvlos apply accurately (within ± 1 per cent.) to weirs from 8 to 10 ft. 
wide with heads of from 0 • 6 to 1 • 6 /t. and velocities of approach between 0 • 2 and ft.per see. Weir 
lip should be between 9 ft. and bft. above bottom of tank. 

IT 
H, 

H, 

—r 
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Bames, 
(1) For weirs with two end contractions:— 

Q = S- 824 « (L + 
(2) For weirs without end contractions :— 

Q - 3-324 L«-*« (L -}- 2H)*-” 
Qourley Crimp. 

For weirs with end contractions:— 
* Q = 

For weirs up to at least 19 ft. long and heads up to half the length of weir and depth of pool below 
sill of weir not less than twice the head. 

Rehbock. 
For weirs without end contractions :— 

Q (0-6063-,-0-08 

The Rehbock Formula is easy to apply and appears to give results that are very accurate. See 
Paper and Discussion: * Precise Weir Experiments * by Schoder Turner, Trans. A.S.C,E.tVol. 93, 
p. 999 (1929). 

British Standa^rd Specification for Pump tests. 

The rectangular weir is recommended for the measurement of discha^es exceeding 250 Q.P.M., 
either a weir with suppressed end contractions or a fully contracted weir being used. 

The head is measured at a point upstream at a distance from the weir of approximately six 
times the maximum head to be measured, and at the side of the channel of approach, li the weir 
is in the open and its length exceeds 6 ft., two gauges should be used, one on each side, and the 
mean head adopted. 

(1) Weirs without end contractions (suppressed weirs). 

Q - l(3*23 + 0-434^'(H + 0 0034)»'» 
V p , 

Allowance for velocity of approach is included in this equation. 
The width of channel of approach should be equal to the length of the weir crest and the down¬ 

stream channel should be the same width for a distance of 2 or 3 ft. from the weir. The weir crest 
should be at a height above the approach channel floor of not less than one and a half times the 
maximum head to be measured and not more than 4 ft. 

The Nappe should be fully aerated and the downstream water level should not rise higher than 
3 ins. below the lip. The area of any ventilating openings should not be less than L X H square 
inches. 

Accuracy to be expected is i 1 • 6 per cent, for heads between 2 ins. and 30 ins. 
(2) FuUy coiUraeted Weirs. 

Q = 3 -29(1#-01H)H> ‘ 

The sides of the channel of approach should not be nearer any point of the weir lip than 4 times 
the head and the bottom of the channel should not be nearer to the weir lip than 3 times the head, 
with minimum distances in every direction of 12 ins. 

Downstream neither the sides of the channel nor the bed should be nearer any point of the 
weir lip than 6 ins. and the downstream water level should not rise higher than 3 inches below the 
weir lip. 

The formula applies to rectangular weirs of any length from 12 ins. upwards having complete 

contractions and applies to heads of from 3 Ins. to 24 ins. provided that ^ is greater than 2. 

Accuracy to be expected is ± 2 per cent. 
See also B.S.S. for Pomp Tests, No. 699—1939.) 

Trapezoidal Weirs. 

Fia. 11. 
Qourley db Crimp. 

Q - 3-10L>-*»H*'*» 4- 2-48H**‘»tan9 
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CippoleUi WHr, 
If the ralae of ^ is selected in such a way that the discharge orer a trapezoidal weir Is the same 

as that over a rectangular weir loithout end contractions of the same len^h L, then the discharge 
can be calculated by any of the appropriate formulae above. The value of determined by 
Oippoletti is such that tan ■» 0*26. Thus a trapezoidal weir with end slopes of 1 horizontal 
to 4 vertical, is a Oippoletti weir. 

Vkb Notches (Sharp bdqes). 

Fig. 12. 

Oeneral Expressiw, 

Where 0 -■ coefficient of discharge and varies from 0 * 593 for a right angle notch to 0 • 62 for 
greater angles. 

90* Notches^ 
Thornton. Q “ 9*636H*’* 

Bames. Q - 2-48H**« 

British standard spbozfioatxon for Pump Tests. 

The vee notch is recommended for the measurement of discharges from 15 to 1,500 O.F.M. 
For the smaller discharges a half 90* vee notch may be used and for the larger discharges a 90* 
vee notch. The discharge of water over a half 90* vee notch is half that over a 90* vee notch with 
the same head. 

The head should be measured in the comers of the flume formed by the notch bulkhead if 
the flume is sufficiently wide, or at the sides of the flume at a distance upstream from the weir, 
approximately 4 times the maximum head to be measured. 

The depth of the bottom of the channel below the apex of the notch should not be less than 
6 ins. on the downstream side, while on the upstream side it should not be less than 12 ins. for 
heads up to 9 ins., nor less than 18 ins. for la^er heads. The width of the channel of approach 
should not be less than 4 ft. for heads up to 9 ins. nor less than 6 ft. for heads op to 18 ins. The 
water level downstream should not be allowed to rise closer than within 1 in. of the apex of the 
notch. 

90* Vet Notch. 
Q » 2*48H***' (Barnes's Formula) 

Hoi/90* VecNoUh. 
Q - 1-34H« « 

Accuracy to bo expected if every care is taken with setting and reading of the gauges, etc., is 
1 • 5 per cent, for heads between 3 ins. and 15 ins. 

(See also B.8.S. for Pump Teste. No. 599—1939.) 

EFFECT OF VELOOITT OF APPROACH. 

Velocity of approach when not allowed for in the formula used may be reckoned as equivalent 

to an additional head proportional to and added to the head over the sill of the weir. 

e* 
Due to higher surface velocity is usually multiplied by a constant greater than unity, as 

f(fllows;— 
e* 

No end contractions, head correction — 1*33. 

Two end contractions, head correction llto9-5 
v» 
2g 

N.B.—Vdooity of approach must be kept low for accurate work. 
{8mUh.) 
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EFFEcrrs ov srapb of Nappe. 

Free Nappe. 

FlO. 13. 

A free nappe, with full bottom 
contraction ia required for 
accurate measurement of flow. 

Depressed Nappe. 

Fia. 14. 

Flow increased some 8 to 10 
per cent, above that with free 
nappe. 

Adherent Nappe. 

PIG. 15. 

Flow 20 to 30 per cent, greater 
than with free nappe. 

Drowned Nappe. 

Fig. 16. 
Flow about 60 per cent, greater 

than with free nappe. 

limiting Oonditions for Drowned Nappe. 
(1) H > 4i> 
(2) A < - H 

To oalcolate discharge of drowned weir, multiply free discharge by 1 •06 -f- 1 • 

Broad Crested Weirs. 

FIG. 17. 

Simple approximate expression: — 

FLUME WITH SIDE 
CONTRACTIONS. 

FLUME WITH HUMR 

Standing Wave Flume. 

FIG. 18. 

The expression for Broad Crested 
Weirs is applied:— 

The simple approximation la:— 

Q -0-35-v/2fBH»-* 

N,B,—For more precise information see * Hydraulic Measurements,' Addison (Chapman At 
HoU, 1940). 
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ATPROZniATB DI80HABGB OF WATBB 07BB A EBCTANGULAU WBIB ONB FOOT WrOB 
Without end Ck>HTRAOTioNS: Q — 3*33 

Head in Ft. Discharge. 
Ousecs. 

Discharge. 
Q.P.M. 

0-026 0-0131 4-9 
0-06 0-0373 13-9 
0-10 0-1052 39-4 
0-20 0-298 111-8 
0-80 0-647 206-0 • 
0-40 0-841 315-0 
0-60 1-176 440-0 
0-60 1-55 580-0 
0-70 1-96 730-0 
0-80 2-38 890-0 
0-90 2-84 1066-0 
1-00 3-33 1248-0 
1-10 3-84 1440-0 
1-20 4-37 1640-0 
1-30 4-92 1846-0 
1-40 6-50 2060-0 
1-60 6-10 2283-0 
1-60 6-71 2610-0 
1-70 7-37 2760-0 
1-80 8-03 3010-0 
1-90 8-70 3260-0 
2-0 9-41 3620-0 

disciiarob op Waitir over Vbb NOTCHBS. 

Calculated from B.3.S, Formulae. 

90“ Notch. Half 90® Notch. 
Head. 
Ins. 

Cusecs. Q.P.M. Cusecs. a.p.M. 

3-0 0-080 29-778 0-040 ' 14-889 
3-6 0-117 43-662 0-068 21-826 
4-0 0-163 60-789 0-081 ' 30-394 
4-6 0-218 81-412 0-109 40-706 
6-0 0-283 ; 105-72 0-141 62-86 
5-6 0-368 1 133-91 0-179 66-96 
6-0 0-446 ! 166-16 0-222 83-08 
6-5 0-642 , 202-66 0-271 101-33 
7-0 0-662 ! 243-69 0-326 121-77 
7-6 0-773 ; 288-98 0-386 144-49 
8-0 0-907 339-14 0-454 169-67 
8-5 1-064 394-16 0-627 197-08 
9-0 1-216 1 464-20 0-607 227-10 
9-6 1-389 619-37 0-696 269-68 

10-0 1-578 689-83 0-789 294-91 
10-6 1-781 666-68 0-890 332-84 
11-0 1-999 747-09 0-999 373-64 
11-6 2-232 834-17 1-116 417-03 
12-0 2-480 927-01 1-240 463-60 
12-5 2-744 1025-8 1-372 512-90 
13-0 3-025 1130-6 1-612 665-3 
13-5 3-321 1241-5 1-661 620-7 
14-0 3-636 ' 1368-7 1-817 679-8 
14-5 3-966 1482-2 1-983 741-1 
15-0 4-313 1612-2 2-156 806-1 

(Ck^ndenMd from B.S.S. No. 699—1989.) 
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BBLLiiotrrH WmBa. 

Pip9 B«UnmUht,—W9Ax flow oooueb oyer the Up of a rertical bellmonth when the head is not so 
great that the outlet pipe becomes flooded. 

Experiments by John Barr show that for Bellmonth weirs with D between two and two and 

a half times d, the head H should not exceed ^ for pipes smaller than 5 ins. diaxneter or 

for pipes of from 6 ins. to 90 ins. diameter. 

Barr determined the following expression for discharge within these limits. 

Q - 11*73DH»*»» 

Where Q - discharge, G.P.M. 
D ■« diameter of bellmoath, inches. 
H « head of water oyer Up of bellmonth, inches. 

Larg* BtUmouih Weirs for Tunnel Outlets.—Recent data on the design of large bellmonth weirs 
(up to 160 ft. diametert is famished in a paper by W. J. B. Binuie Transactions of the Inatitntloa 
of Water Engineers,* vol. XLII, 1937, p. 103), in which such weiis as Taf Fechan, Silent VaUey, 
Pontian Ketohil, Dayls Bridge, Bumhope, Manuherlka Falls and Jubilee are described and model 
experiments detailed. 

The expression Q — 0LH>** (where L — length of Up) is given for various model experiments 
(with 0 varying from 9*06 to 4*04 for various models) and it is concluded that model experi> 
ments may be used to establish approximately the relation between Q and H for a prototype. 
A curtain wall dividing the weir into two semic&cular w^rs was found to be the best anti-vortex 
devloe. 

The original paper should be consulted for most useful information on large existing bellmonth 
weirs and for details of model experiments. 

SiPHOir WBXRS and SPOiLWATa 

CkOwn. 

Siphon weirs or spiUways, usually oonstruoted monolithioally with the dam, are employed to 
give a greater discharge than could be obtained with the same reservoir head and the same length 
of plain spillway. 

Two important features of design are the priming arrangements and the breaking arrangements 
both of which can be made automatic. 

For priming an air pump can be used, an auxiliary * baby' siphon, a priming weir, a joggled 
lower limb, and other devices which, at a certain reservoir level, cause the exhaust of air from the 
siphon until flow commences under suction head. 

In breaking a siphon the important object is to admit air to cause flow to cease before the 
reservoir level has been drawn down to a wasteful extent. This can be achieved by arranging 

VOL. I. 2 0 
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air ramto to tho alphon crest which are nncoTered aa the reeenrojr leyel falls, or by ptOTidlng watei 
oolomn or mechanical air yalvea of special design. 

The degree of yacuum under which siphons operate influence the design in an important 
respect. For high yacuum heads (oyer SO ft.) the outlet area is reduced by a nozsle or by tapering 
the lower part of the outlet limb. For medium heads (20 to 10 ft.) siphons are of constant crost 
sectional area. For low heads (up to 10 ft.) diyeigent lower limbs are generally employed with tbc 
object of taking adyantage of the increased discharge thus obtained. 

Coefflcietu of DUcharge,—If a siphon la considered as a pipe or orifice, discharge may be calcu¬ 
lated from the total head of the outlet area. 

Let Q — discharge of siphon, cusecs. 
A ■- outlet area, square feet. 
H o. total head, feet. 
0 coefficient of discharge. 

Then Q OA\/2yH 

If the throat area is taken instead of the outlet area 0 may haye a yalue greater than unity. 

Efflcimey.—^A. H. Naylor suggests that efficiency of a siphon should be taken as the ratio or' 
discharge to the discharge of a * perfect * siphon of the same throat area with perfect yacuum at 
throat (34 ft. at sea leyel). 

Where Q « discharge of the siphon. 
A — throat area. 

— atmospheric pressure. 
(units, feet and seconds.) 

Values of 0 and Q in the aboye expressions can be calculated or estimated from scale mode) 
experlmenta. No general rules for design can be given here, but reference should be made to 
published literature:— 

Brent Beservolr (Civil Engineering^ August 1937). 
Ohamplain Oanal (Engineering JSewi^ October 13,1910). 
Maramsilli Beservolr (Powys Davies, Proe, Inst.O.E. Paper No. 4602). 
Bridgeport Dam, Nevada, 1926. 
Tests of Siphon Weirs (Oorwin & Kidder, Engineering News Record^ Vol. 109, p. 649). 
Tummel Development (J'he Engineer^ July 6 and 13,1934). 
Shlng Mun Dam (The Engineer^ January 22,1937). 
Lochaber Water Power Scheme, I^tggan Dam (Naylor, Proe. Inst, C.E, December 1936). 
* Siphon Spillways,' by A. H. Naylor (Edward Arnold & Oo. i;^ndon, 1936). 

YsNTUBi Mbtbbs, Flow nozzles and orifice Oauoes. 

Pundamenua Expression for Flow, 

H 
0* 2g 

which may also be written:— 

Q- 30*82 AO 
1 

Where H -> differential venturi head, feet of water. 
V — velooity in main, feet per second. 
Q » flow in main, Q.P.M. 
D ■* upstream dimeter, inches. 
A «> upstream area, square inches. 
d n diameter ofthroat of venturi tube, of flow nozzle or of orifice, inches. 
0 » coefficient. 
F ■> loss of head, fbet of water. 

Venturi Meters.~-ThB value of 0 depends upon the design of meter and the conditions of 
flow. An average value is 0 • 976. 

F* D 
The loss of head F is a function of the velocity head , of the ratio ^ and it depends also 

upon the design of the venturi tube. A reliable figure can be obtained only from the makers, 
F is often less than 1 foot at maximum rate of flow. 
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Fia. 21. 

The retari meter hi not reoommended in smaller sizes than 2 ins. diameter, nor for pipe yeloci- 
bies less than 1 (t. per seo. 

There shoald be at least 10 diameters of straight parallel pipe upstream of the meter, 

loooraoj to be expected is :t 1*6 per cent. 

flow NoitUi 

ORIGINAL PIPE GRADIENT. 

I.G. FLOW NOZZLE. 
Fid. 22, 
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The TAliie of 0 for Tuiooi ntiof of are giTon below 

D* 
0 

d* 

10 0-985 
6 0-980 
3-S3 0-970 
2*6 0-960 
20 0-960 

Theee ralnee are correot for 
differential heads not lees than 

_7 

Vd 

The loss of head in a flow noxsle Is greater than in a venturi tube and may be from 1 foot to 
S feet or more at normal rate of flow. 

There should be at least 10 diameters of straight parallel pipe upstream of the nossle and not 
less than 5 diameters of straight parallel pipe of the same diameter downstream. 

Aoounu^ to be expected la ± 2 per cent. 

Oriflee Oauget,—^Two forma of orifice gauge are recommended. One consists of a thin plate 
clamped between pipe flanges and having holes for the pressure take-o£b drilled in the adjacent 

THIN PLATE ORIFICE. 
Via. 28« 

ORIGINAL PIPE 
GRADIENT 

h 1 
m 
z 
H 

.1 

SQUARE EDGE ORIFICE. 
WITH CLOSE TAPS. 

Via .24. 

pipes. The upstream pressure tap is situated at one pipe diameter upstream from the adjacent 

face of the orifice plate, while the downstream tap is situated at a distance of from the up* 

stream face of the plate. The other Is similarly intended for clamping between pipe flanges, but 
is of suflleiant thickness to contain its own pressure take^fb, located in the comers immediately 
before and after the orifloe. 
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It li not recommended that an orifice gauge be used for ratios of greater than 0*7. 

Values of 0 within this limit are 0*612 for taps at D and at j and 0*606 for orifices with 

close taps. 

There should be not less than 10 diameters of straight parallel pipe upstream of the plate and 
not less than 6 diameters of straight parallei pipe of the same diameter downstream. 

The length of parallel hole in the plate shall not be more than (^q)* 

The loss of head F is of the same order as for flow nozzles. 

Within the prescribed limits accuracy to be expected is db 2 per cent. 

(See B.S.S. for Pump Tests, No. 599—1939.) 

Thh Pepot Tube. 

SINGLE ORIFICE 
PITOT TUBE. 

f" 

THE PITOMETER. 

FIO. 25. FIQ. 26. 

The Pitot tube is often the most oonyenient means of measuring flow in pipelines, especially 
those of large diameter, and in other forms of conduits and open channels. 

In malting gaugings in a pipe it is usual to measure the centre Telocity and to calculate the dis¬ 
charge by multiplying this velocity by the coefficient (which is a constant represented by the mean 
velocity across the pipe, divided by the centre velooitv) and by the area of the pipe. To obtain 
the pipe coefficient, the pipe should be traversed with the Pitot tube on 3 diameters at right angles 
and the average taken of the mean velocity divided by centre velocity for each traverse. 

The best form of Pitot tube (the Pitometer) has two orifices which are set to point upstream 
and downstream. These two orifices are symmetrical and can be reversed to (ffieck accuracy. 
The effect of the upstream and trailing orifices Is to produce a greater differential head than is 
produced by a single upstream orifice. 

BxpretHon for Voloeity of Flow. 

V - KV2gK 

Where V -> velocity of flow, feetpersecond. 
K » instrument coefficient (may be 

taken as 0*990 for ordinary 
type of Pitot tube). 

g « accmeration due to gravity, feet 
per second per second. 

H — differential head between static 
and impact pressures, feet of 
water. 

N.B.—If indicating liquid has specific gravity 
X, and D — deflection in feet of this liquid in 
U-tnbe, H In the above expression may be 
written D(* - 1). 

Expression for Rale of Flow. 

Q - 374*lEpAy« 

Where Q» rate of flow, a.P.M. 
Kp » pipe coefficient (mean velocity 

divided by centre velocity). 
A effective area of pipe, square feet 

V« » centre velocity, feet per second. 
(If ' Q ’ is required in cusecs, substi¬ 
tute 1*0 for 374*1 in above expres¬ 
sion.) 
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A length of straight pipe not less than 15 diameters should be provided opstream of the 
gauging point and a length not less than 5 diameters downstream. 

Aocuraox to be expected is ± 3 per cent. 

Current Meters,—^Accurate measurements of flow cannot be made with current meters, but in 
favourable ciroumstanoes where the stream of flowing water is of reasonably uniform cross*section 
and free from serious cross currents and eddies, the current meter, in the hands of an experienced 
observer, will give results accurate to ± 3 per cent. 

The Salt Velocity Ifr<Aod.—Often, use has been made of the salt velocity method for measuring 
the flow of large volumes of water. Salt in solution increases the electrical conductivity of water 
and if brine is introduced into the stream at a convenient point, the passage of water past one 
or more sets of electrodes at different points of the channel at noted time intervals, recorded 
graphically, provides means of calculating the flow. 

Accuracy to be expected depends entirely upon individual circumstances. 

Water Meters.—Various positive and inferential types of proprietary water meters of the 
integrating type are available. Some of them, particularly the positive reciprocating type of 
meter, can have remarkable high accuracy (as high as :t one-flfth of 1 per cent.) and there are 
many circumstances in which such meters, especially when check calibrated, can be used to great 
advantage. 

Some type of proprietary water meters of the integrating type are described on p. 191. 

FiiOW IN Ohannbi^ and PiPBa. 

General Equation. (Ohesy Formula.) 

V 

Or Q - OAVeS 

Where Y — vdocity of flow, feet per second. 

Q M rate of flow, cusecs. 

A cross sectional area of water, square feet. 

B -a hydraulic radius, feet. 

oros^eotional area of water, A, square feet 
“■ wettM pmimeter, feet 

S slope of channel or hydraulic gradient of pipe. 

difference of level of free water surface, feet 
horisontal distanoe between ^inta of measurement, feet' 

This formula is the basis of all formulae for flow in pipes and channels. But the value of 0 
is variable and not easily established in general terms, and many expressions have been developed 
for its value in various circumstances. 

For very rough calculations 0 may be taken as 100. 

KuUer*s Formula. (For 0 in Ohesy Formula.) 

41-66 -f + 0-00281 
S 

^ 0^00^281^ 

Where N ■■ a coefficient denoting the roughness of the conduit. 
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SOIOB VALUBS OF KOITBa’S N FOB VABIOU8 SORFACBS. (HOBTON.) 

Surface. Perfect. Good. Fair. Bad. 

Uncoated cast iron pipe 0*012 0*013 0*014 0*016 
Coated oast iron pipe . 0*011 0*012* 0*013* — 
Commercial wrought iron pipe, black 0*012 0*013 0*014 0*016 
Commercial wrought iron pipe, galvanised i 
Smooth brass and glass pipe . . i 
Smooth lookbar and weld^ * CD * pipe 

0*013 0*014 0*016 0*017 
0*009 0*016 0*011 0*018 
0*010 0*011* 0*013* — 

Riveted and spiral steel pipe , . . 0*013 0*016* 0*017* — 

Vitrified sewer pipe j0*010 
1 0*011 0*013* 0*016* 0*017 

Glazed brickwork . . , . i 0*011 0*012 0*013* 0 016 
Brick and cement mortar; brick sewers ! 0*012 0*013 0*016* 0*017 
Neat cement surfaces . . . . \ 0*010 0*011 0*012 0*013 
Cement mortar surfaces . . . ' 0*011 0*012 0*013* 0*016 
Concrete pipe. 0*012 0*013 0*016 0*016 
Wood-stave pipe .... 0*010 0*011 0*012 0*018 
Plank flumes: 

Planed . 0*010 0*012 0*013 0*014 
Unplaned ..... 0*011 0*013 0*014 0*016 
With battens. 0*012 0*016 0*016 — 

Concrete lined channels 0*012 0*014* 0*016* 0*018 
Cement-rubble surface 0*017 0*020 0*026 0*080 
Dry rubble surface ... * 0*025 0*030 0*033 0*036 
Dressed-ashlar surface .... 0*013 0*014 0*016 0*017 
Semi-circular metal flumes, smooth 
Seml-circuiar metal flumes, corrugated . 

0*011 0*012 0*013 0*016 
0*022 0*026 0*0276 0*030 

Canals and ditches: 
f Earth straight and uniform 0*017 0*020 0*0226* 0*026 

Bock cuts, smooth and uniform 0*026 0*030 0*033* 0*036 
Rock outs. Jagged and irregular 0*036 0*040 0*046 — 
Winding sluggish canals . 0*0226 0*026* 0*0276 0*030 
Dredged earth channels . 0*026 0*0276* 0*080 0*033 
Canals, with rough stony beds, weeds 

on esuth banks .... 0*026 0*030 0*036* 0*040 
Barth bottom, rubble sides 0 028 0*030* 0*033* 0*036 

Natural stream channels: 
(1) Clean, straight bank, full stage, no 

rifts or deep pools . 0*026 0*0276 0*030 0 033 
(2) Same as (1), but some weeds and , 
stones. 0*030 0*033 0*036 0*040 

(3) Winding, some pools and shoals, ' 
clean ...... 0*036 0*040 0*046 0*060 

(4) Same as (8), lower stages, more 
ineffective dope and sections 0*040 0*046 0*060 0*065 

(6) Same as (3), some weeds and stones 0*033 0*036 0*040 0*046 
(6) Same as (4), stoney sections . 0*046 0*060 0*066 0*060 
(7) Sluggish river reaches, rather weedy 

or with very deep pools 0*060 0*060 0*070 0*080 
(8) Very weedy reaches 0*076 0*100 0*126 0*160 

* Values commonly used in designing. 

t In British Indian practice the values would be shifted one column to the left, 0*017 being 
hardly attainable with earthen channels; 0*020, perfect, 0*0226, good, 0*026 fair, 0*030 bad. 
See Section XVIII, part IV. 
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Bvnoi OV S, N AlTD B IN O IN OHBST FOBlfULA. (ANGUS.) 

8 N B 0 

0*0001 0*010 1*0 147 
0*0001 0*020 1*0 67 
0*0001 0*010 10*0 205 
0*0001 0*020 10*0 111 
0*01 0*010 1*0 166 
0.01 0*020 1*0 73 
0*01 0*010 10*0 196 
0*01 0*020 10*0 106 

The above table ehows that O varies only slightly and somewhat irregularly with S, while 
0 varies much more rapidly with R and almost Inversely with N. 

Manning*t Formula. 0 in Ohezy Formula.) 
A simpler expression for 0 than Xntter*s Is:— 

0 ^1-486R 
N 

Where N is the same value as Xntter*8 K. 
Baein’i Formula. (For 0 in Ohezy Formula.) 

0- 
M 

1 + 

Some Valuee for Batin*s M. 
For smooth cement or planed wood surfaces ... . M 
For planks, ashlar, brickwork. 
For rubble masonry. ... 
For earth channels of very regular surfaces .... 
For ordina^ earth channels. 
For exceptional rough channels encumbered with weeds and boulders 

0-109 
0-390 
0*888 
1*640 
8-860 
3*170 

Haten and WiUiam»* Formula. (For Flow in Pipes and Channels.) 
V » 1*3190R»*«»8**“ 

l-3190R»*‘»S»-»«-v/RS 
N.B.—0 in this formula is not a coefficient in the Ohezy Formula, Some values of Hazen 

and Williams' 0 for round pipes are as follows:— 
For extremely smooth pipes and channels.0 ■» 140 
For very smooth pipes and channds. 
For go<m masonry aqueducts ... .... 
For new steel riveted pipes and tiled sewers . . . . 
For ordinary cast iron pipes, steel pipes 10 years old, and old brick sewers 
For very rough pipes . . . 

Bamt»*» Formula. (For New Clean Asphalted Oast Iron Pipes.) 
Q » 47-087D**»«* 

Where D « diameter of pipe, feet. 
8 — hydraulic gradient of pipe. 

Crimp and Brugee Formula. (For Flow in 8ewer8.) 
V-124R**”8»-w 

According to Alexander this formula holds for all good ordinary pipe and brick sewers up to 
86 ins. diameter, but the coefficient 124 may have to be reduced by as much as 26 per cent, for 
old sewers and possibly increased by the same amount for large new brick culverts. 

admemi** Formula. (For Flow in Asbestos-cement Pressure Pipes.) 
V - 241R»-«» 8*-»« 

This formula was established by original experiments at Padua in 1925 and was verified at the 
National Phpical Laboratory, Teddin^n, in 1937. 

Tamers Asbestos Cement Company recommend that the losses calculated for asbestos-cement 
pipes by the Scimemi Formula be increased by from 4 per cent, to 7| per cent, depending upon 
the size of main and the conditions of laying, to compensate for individual imperfections. The 
greatest allowance Is made for the smallest mains and the least allowance for the largest mains. 

N.B.—In uting BeimemVe Formula for aebestoa-cement pipea eare ahould be taken to ealmlate 
the value of Rfrom the attual internal diametera of the pipet^ which are not neceaaarily equal to the 
naminaldiametera. Four elaatea ofpipea, A. F, 0 and D, are defined by B.S.S. 486-1933 and interna! 
diametera are given in the apeetfieoHon. 

- 130 
= 120 
- 110 
« 100 
« 60 
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DfMINIUTIOM IN DISCHARGE PER CEfsTT. 

Fig. 87. 

The above diagram has been oonetnioted from records of pipeline capacities with various types 
of water extending over periods op to 43 years. The number^ points represent measured loss of 
capacity at specific periods of time, each number referring to a particular pipdine for which the 
type of water and conditions of the pipe interior were known. Unnumbered points refer to pipe¬ 
lines in oases where the quality of the water and the state of the pipe surfaces were not recorded. 
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FU>W Of Watbb in NSW Olban 

Figniee taken from Diagram for the Sohitlon of the 
Where Q Dlaohaige in cubic feet per 

D ■■ Diameter of pipe in feet 
8 Slope or hydraulic gradient. 

Internal Diameter 

8 9 10 IS 14 15 16 18 20 

1460 1750 

866 1615 

818 525 

|256 424 

[220 i860 

107 |382 

177 294 

161 270 

160 263 

142 IsSO 

134 

123 207| 

IllO 184* 

94 Il67 

84 139i 

76 127‘ 

69 117 

66 lOd 

62 102 

I 57 96 

66 92 

1,160 1,660 

9B0| 1,885 

8OO) 1,160 

660 940 

560 800 

495 706 

445i 650 

410 690i 

88l| 555' 

36o| 625 

840 495|^ 

310 460 ‘ 

27^ 400 

240 340[ 

215 306 

194 977 
178 255j 

164 2881 

156 225' 

146 214 

189 202 

2,360 3,100 

1,890 2,616 

I.600j 2,180 

l,80o|l,750| 

1,130 1,490[ 

1,000 1,330 

910 1,200 

I 825 1,116 

776| 1,040 

726 980| 

I 670 9151^ 

63q| 850* 

665 750| 

I 480 640 ‘ 

430 575| 

385 526' 

I 851 475 

I 880 440 

8121 418 

296 886| 

280 876 

268 868 

660 19*6 27 60 84 127 184 267 840 670| 

700 12 26 48 80 123 177 248 329 H. 
800 11 24 46 74 114 164 230 806 626 

900 10*6 23 42 Toj 107 164 219 290 480 

1,000 9-8 22 40 66) 101 144 206 272 460 

1,200 8-9 20 86 61 132 187 260 412 

1,600 8 17-6 32 64 81 118|_ 166 291 362 

2,000 6-7 16 28 46 70 102 140 818 

8,000 — 12 83*6 87 67 82 116 162 266 

4,000 — 10*6 19 32 49 69 98 181 220 

6,000 — 9 17 28 44 63 87 117 194 

6,000 — 8*6 16-6 26 40 67 79 107 177 

7,000 — — 14 24 86 62 72 98 160 

8,000 — — 18 29 84 49 67 91 160 
9,000 — — 12-6 21 32 46 64 86 141 

10,000 — — 12 20 SO 44 62 82 136 

— -■ - - - 

5,260 7,800 

4,200 6,360 

3,590 6,460 

2,900 4,410 

2,500 3,700| 

2,220| 8,850 

2,020 8,050| 

1,860 2,800 

1,726 2,610 

1,610 2,460 

1,630 2,830 

I,400[ 2,160 

1,250 1,890| 

1,08QI 1,610 

960 1,460 

865 1,810 

790 1,200 

730 1,120| 

685 1,070 

666 1,000 

620 960 

596 910 

670| 866 

9.600 11,600 16,760 21,400 

7.600 9,860 12,660 17,100 

6.600 7,900 10,960 14,600 

6,400 6,460 8,860 11,900 

4,680 6,500 7,600 10,160 

4,060 4,900| 6,700 9,100 

8,660 4,460 6,100| 8,200 

3,890 4,060| 6,600 "TSSol 

3,180 3,800* 6,260| 7,000 

2,970 8,660 4,900] 6,660 

2,800 3,870 4,650 6,26o| 

2.600 3,100 4,300 6,760 

2,300 2,770 3,760 6,100 

1,985 2,890| 3,260 4,890 

l,770i 2,160 2.900 3,90o| 

1,690 1,910| 2,600 8,500 

1,460 1,760 2,400| 8,200 

1,840 1,610 2,240 2,990 

1,280 1,520| 2,100 2,800 

1,200 l,44o| 2,000 2,700 

1,160 1,800 l,900| 2,630 

1,100 1,810 I.8O0I 2,46U 

1,066 1,270 1,716 9,320| 

1,010 1,210 1,660 2,240 

940 1,180 1,640 2,090 

88o| 1,066 1,460 1,980 

835 1,000| 1,866 1,860 

766 910 1,236| 1,690 

670 806 1,116 1,486| 

680 690 960 1,290 

470 666 770 1,040 

896 480| 666 886 

363 426 680 786| 

826 886 635 710 

296 862 490 666 

278 380 469 620 

260 810 430 676 

260 800 410 560 

Table Qiyea Diaoharge 
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ASPHIXOXD OiSI IBON PIPM. 

Bxpreaaion Q - 47-087 D*-»« (A. A. Barnet.) 
second (converted to G.P.M. In tables.) 
(oonver^ to inches in tables). 

of Main—Inches. 

38,000 86,000 < 

) 32,600 28,600 1 

) 19,400 24,600 i 

) 16,600 19,860 i 

I 13,S00 17,000 i 

I 11,800 15,000 i 

I 10,760 13,600 1 

1 9,850 12,600 ] 

> 9,350| 11,760 1 

8.700 ll,000|l 

8.300 10,4001 

7,460| 9,600 1 

6,660 8,600 1 

6.700 7,160 1 

6.360 6,600 

4,600| 6,800 

4.200 6,86oL 
I 8,900 6,000" 

3,6601 4,700 ' 

3,460 4,460|j 

3.300 4,200" 

3,180 4,000 I 

8,100 3,806 I 

2,900 3,660 I 

2,720[ 8,410 1 

2.690 B,390|j 

2,410 3,040 " 

2.200 3,765 I 

1,966 2,480 I 

1.690 2,160|J 

1.360 1,710 2 

1,166 1,460 2 

1,040 1,300 1 

940| 1,190 1 

860 l,100|j 

806 1,030 "l 

766 960 1 

In Gkdlons per Minate. 

0 63,600 — — — — 

[) 43,600 63,600 — — — — 

} 87,000 46,600 69,000 — — _ 

) 80,000 36,600 48,000 — — _ 

) 36,650 81,200 40,900 62,600 — — 

) 33,000 38,000 36,100 46,800 — — 

) 30,800 36,160 88,000 43,000 67,000 — 

) 18,900 33,260 80,000 88,000 62,600 — 

) 17,760 22,000 28,500 36,000 49,000 ~ 

> 16,700 20,600 26,600 38,900 46,000 68,000 

!| 16,600 19,600 26,000 32,000 43,000 66,000 

) 14,300 17.7o6| 38,100 29,100 39,200 61,000 

i| 13,700 16,600 3Q,600| 36,000 84,800 46,000 

I 10,060 I3.400117,600 32,700 19,960| 88,600 

I 9,800 12,000 16,700 20,100| 87,000 84,400 

» 8,760 10,800 14,000 18,000 24,10o| 81,000 

> 8,000 9,800 13,860 16,400 22,200 28,600 

I 7,600| 9,260 13,000 16,300 20,900 26,600 

7,000 8,700 |ll«400 14,300 19.600 26,000 

6,660 8,360 10,800| 18,600 19,000 33,700 

I 6,800 7,800 10.160 I8,000j 17,600 33,700 

6,100| 7,400 9,660 13,40o| 16,700 31,800 

6,760 7,100j 9,400 11,960 16.000| 30,900 

6.600 6.8O0I 8.900 11,400 16,36oj 19,900 

6.200 6,360 8,860i 10,700 14,100 l8,60o[ 

4,900 6,000 7,700 10,06o| 13,400 17,400 

4,600| 6,660 7,360 9,460 13,660| 16,800 

4.200 6.160l_g»g60 8,600 11,500* 14.8001^ 

3,680 4,690 ®»960 7,60o| 10.360 13,160 ' 

8.200 8,900 9.160 6,600 8,800| 11,400 

3.600 8,190| ^190 6,860 7,000 9,300 : 

2,316 2,710 8,600 4,660 6,10o| 7,800 : 

1,980 3,410 8,180 4,060 6,460 6,900 

1,790 2,210 2,860 8,660 4,900 6,860 

1,626 2,030 3,680 8,860 4,670 6,800 

1,636[ 1,900 3,480 8,180 4,800 6,600 

1,436 1,790| 3,840 3,980 8,990 6,160 

1,880 1,7001 3,340 3,830 8,800 4,900 

Velocitj 1 Ft. per Second 

~ s. 
) 67,600 ^ 

) 49,600 S 

> 46,000 

) 40,000 

> 36,000 * 

I 34,000 

• 33.000 

' 80,100 

28,800 

27,800 

26,600 

26.400 

138.800 ^ 

32,600 ** 

31.100 

119.100 

17,000 

14,660 ^ ; 

11.800 ” i 

10,000 

9,000 I 

8,300 ( 

7.460 ^ ^ 

6,696 I i 

6,000 > ( 

6,360 1( 

H
y
d
rau

lic G
rad
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t—

1
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Plow THBOuan blown-out joints. 

(B.5., Plain, S.S.y 

Diameter of 
Main. 
Inches. 

1 Increase of Velocity in Main. 
Feet per Second. 

1 
; 100 Feet Head. 200 Feet Head. 300 Feet Head. 

4 19 
6 13 18 21 
9 i » 12 14 

12 ^ 6 9 11 
18 ! 4 6 7 
24 4 5 
36 ! 3 3 3*6 

N.D,—If the spigot falls from the concentric position in the socket, the velocitj increase and 
ooDseqaently the leakage may be as mncb as 100 per cent, greater than ti)e figures given in the 
table. 

(Qlenfleld A Kennedy^ Ltd,) 

Miscellaneous Losses or head. 

Entrance Lotset.—When water flows into a pipe from an open reservoir there is a loss of head 
(H, feet) proportional to the velocity (V, feet per second) in the pipe 

Where 0 has the following approximate values 

End of pipe flush with reservoir wall . 0=0-60 
Pipe projecting into reservoir = 0-93 
Bellmouth entrance, average = 0-10 

Loss at Sudden Esspansion (H, feet). 

H 

or 

V,« 
2g 

V.« 

Lose at Sudden Contraction {HJeet\ 

V. 

H I. 
OV*« 

2g 

Where 0 varies with the ratio A, 
FlQ. 29, 
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VaJuti ofO (y^eUbacK) 

At 
0«10 ' 0-30 i 

j 
0-80 : ! 0-40 0-60 0-60 ; 0-70 0-80 0-90 

0 • 0-362 1 0-838 ! 0-808 ! 0-276 0-221 0-164 0-106 0-063 0-016 

Loss DUB TO OBSTRUCrnON (H FEBT^ 

2g 

910. SOt 

The above expreesion can be need for oaloolating approximately the lose of head in alee valTee 
and other valvefl at any degree of opening. Onrvea are given below showing the relation between 
the area of valve opening and the stroke of valve for sluice valves, penstocks, disc valves, spectacle 
eye valves, rotary valves ,and butterfly valves. 

OPEN 

RELATION BETWEEN AREA OF VALVE OPENING AND 

STROKE OF VALVE FOR VARIOUS STANDARD TYPES OF VAl VE 

910. SI. 
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Ydlu€i of 0 (BelUuis.) 

0*30 0*30 0-40 0-60 0-60 0*70 0*80 j 0*90 

48 18 7*8 3>8 3*1 0*80 0*29 j 0*06 

* Length op Piping Equivalents * op i>ipb bends. 

% 
BRITISH STANDARD CAStV^ IRON 

FlQ. 32. 

Angle of Bends. 
Size of Main. 

Inches. 
90® 46® 22J® 

2 3*0 2*6 2-0 
3 4*6 3-0 2-6 
4 6-6 4-0 3-6 
6 8*6 7-0 6*0 
8 12-0 10*0 9-0 
9 16-0 12-6 11*0 

10 16-6 140 12*0 
13 190 16-0 14*0 
14 24*5 31*0 19*0 
16 28-0 24-0 21-0 
18 36-0 37-0 23*0 

(Equivalents in feet.) 

‘Length op PiPiNa equivalents’ op Sluice Valves. 

SLUICE VALVE 
FULLY OPEN 

FIG. S3. 

Diameter of Sluice Valve^ Inchee (a). 

Lengfth Equivalent^ Feet (6). 

8 4 6 8 9 iO ' 12 16 18 

2*0 3*0 6-0 7-0 8-0 9-0 i 11-0 13*0 14*0 17*0 

(Gtenfield A Kennedy, Ltd.) 
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LOSS OF HBAD IN ORDINABT HINGED DOOR REFLUX VALVES. 

m 
ORDINARY HINGED DOOR 
REFLUX VALVE ~ FLOW 

HORIZONTAL 

FIG. 84. 

Losses in flap type Reflux Valves cannot be estimated accurately in the form of a length 
equivalent. Approximate losses, which are practically independent of the size of valve within 
tho range IJ ins. to 18 ins., are given in the abovo_table. {Oknjield A Kennedy^ Ltd.) 

Velocity of Flow. Loss of Head In 
Feet per Second. Reflux Valve. Feet. 

2 0-34to0*35 
3 0*39to0-88 
4 0-88to0-39 
6 0*86to0«42 
6 0-41to0-46 

LOSS ov Head in Ohbok Valves at Various Rates of flow. 

(Approximate.) 
RigH Angle Type wUh Diec 7alvei (Olenfield A Kennedy. Ltd,) 

RIGHT ANGLE 
CHECK VALVE. 

FIG. 88. 

Flow 
Q.P.M. 2 

Diameter of Valve in Inches. 

3 4 6 

60 4 1*6 
100 12 3-0 2 1-0 
200 — 8-0 3 1-26 
300 — 18-0 5 1*6 
400 — — 8 2-26 
600 — — 13 3-0 
600 — — 18 3-76 
700 — — — 4-76 
800 6-0 

Losses in feet head of water. 

Straight Through Type ufUh Diec Valve, 

STRAIGHT THROUGH 
CHECK VALVE. 

FIG. 86. 

Flow 
G.M.P. 2 

Diameter of Valve In Inches. 

3 4 6 

60 8 2-6 
100 80 6*0 2-6 1*6 
200 _ 18-6 6-0 2*0 
300 — _ 12-0 3*0 
400 — — 21-0 4-0 
600 _ _ 6-0 
600 — _ _ 8 0 
700 — — — 11-0 
800 — — — 14-0 

Losses In feet head of water. 
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Fluid Flow through beds of Granular material. 

Three papers presented to the Institution of Mechanical Engineers 
fourth paper by Dr. H. E. Rose and Dr. A. M. A. Risk deal with fluid flow through bods of granular 

“*^She first paper (1946, Proc.I.Meeh.E., Vol. 163, p. 141) the general equation of flow of an 
Incompressible fluid through a bed of granular material is derived by the method of dimensional 
analysis, this equation being, in the notation given in the paper. 

By use of beds composed of closely graded, smooth, spherical particles, the effects of variation 

of the dimensionless parameters (Z), (U), and ; ^ i are eliminated and the relationships between 

and (^^ji and (/) are investigated experimentally 

Prom these tests it is deduced that (^) a and (^) a (^) ; also, from the author’s 

experimental results augmented by those of other investigators a curve is derived relating the 
resistance coefficient, to the Re3molda number defining the flow. j * 

A curve relating the resistance of a bed to the bed porosity is derived in a manner believed to 
be original. . . j 

A curve relating the resistance of a betl to fluid flow and the ratio (D/d) is also derived and 
fied experimentally to a very limited extent; it is indicated that the connexion probably depends 
also upon the Reynolds number defining the flow. 

The second paper (1945, Proc.l.Mech.E., Vol. 153, p. 148) commences with the extension, 
from first principles, of the general equation (above) to cover the case of the isothermal flow of a 
compressible fluid through a bed of granular material. 

This extended equation is 

- Po‘) = 2^ <f>i (a) 
Px 
Pm p 

and it is shown that for all normal flow conditions the term n* oau be neglected. In this 

equation the functions »<#>, (D/d), and (/) are identical with those for the flow of incompressible 
fluids. 

The validity of this equation is demonstrated by passing air, oxygen, hydrogen, and susetylene 
through beds of almost spherical sand ; for these gases the values of 2,940, 2,630,42,000 and 3,240 
for the gas constant, R, and 0 • 146,0 • 146,1 *046, and 0 -085 for the kinematic viscosity, respectively, 
are obteined. Although the results are not regarded as conclusive the agreements lend support 
to the view that a single basic equation is applicable to the flow of compressible and incompressible 
fluids. 

The third paper (1946, Proc.I.Mech.E.^ Vol. 163, p. 154) deals exclusively with the resistance 
coefficient—Reynolds number relationship for beds of spherical and nearly spherical materials, 
the relationship being derived from the investigations of the author and of many workers. 

As a result of that analysis, it is deduced that the most probable value of the resistance co¬ 
efficient is given by the empirical expression 

1,000 60 
+ 12, and that within the transition range between streamline and turbulent 

flow a very wide margin of uncertainty in the value of exists. For many practical problems, 
the flow conditions would fall within this transition range and, in view of the uncerteinty, a statis¬ 
tical method of dealing with the design problem is suggested. 

In the fourth paper (1948, Proc.I.Mf.ch.E.,) a more complete curve of wall effect is deduced 
and the results of the previous papers are considerably extended to cover the cases of beds 
composed of materials differing widely from the spherical form and also of beds composed of 
non-spherical materials of mixed shapes and sizes. 

For further information reference should be made to the orginal papers. 

Fluid flow through Filtering Media. 

A paper by toe author (‘ A New Measure of the FUtrability of Fluids with Applications to 
Water Engineering,’ Jmimal of the Institution of Civil Engineers^ February 1947, p. 416) deals 
mth the flow of fluids through filtering media and with the effect on flow of the progressive blockage 
of the media produced by the solids arrested by the media. 

A solution is proposed of certain aspects of the filter blockage problem, based on the conception 
of toe flltrabiiity of fluids, and a mathematical law, derived empirically, is expounded, by which 
a number of practical filter flow problems become susceptible of calculation. 

A new measure of hltrability is defined and methods of measurement described. 
For further information reference should be m^e to the original paper. 
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SECTION XIX 

PAET II 

HYDBAUIilC TBANSMISSION OP POWEB. 

(Contributed by F. L. Boucher, Fh.D. (Ijond.), A.M.I.C.E.) 

Hydraulic Transmission of Power. 

A remarkable static period in the development of hydraulic power has for some time been 
passed. Although direct application of electric power has rendered obsolete certain types of 
hydraulic apparatus (hydraulic lifts and hoists, for example), hydraulic power now more than 
holds its own in some of its original fields and has, in addition, found wide scope. Hydraulic 
power has been of very great importance in the war effort. The essential simplicity and con¬ 
venience of hydraulic machinery and the very large positive and flexible efforts at high efficiency 
which can be exerted against the heaviest loi^s, are among advantages responsible for the favour 
with which engineers have already regarded orthodox plant of this type, whilst many modem 
developments are due to the progressive improvements of materials of construction, and of design, 
which have enabled working pressures and operating speeds to be raised to figures formerly deemed 
unobtainable in practice. In addition, higUy devdoped automotive apparatus has extended the 
use of small scale applications of hydraulic effort by the use of standardised units as in the case 
of hydraulic automobile brakes, aircraft controls and similar devices. 

WOBXINQ PaBSSURBS. 

In the past a pressure of 760 lb. per sq. in. was adopted as standard for the hydraulic trans- 
miBsion of power. Now, for heavy work, pressures between 1,600 and 3,600 lb. per sq. in. are 
normal, whilst pressures of 6,000 and 6,000 lb. per sq. in. are not unusual. Some hydraulic 
machines with individual pump units work at pressures up to 10,000 lb. per sq. in. Manu¬ 
facturers of such machinery have facilities for testing components at double these working pres¬ 
sures and pressure gauges indicating up to 70,000 lb. per sq. in. are available. 

Pressures within this range give an entirdj new significance to this branch of engineering 
and to its economics, and stimulate the desig^ and production of machinery and controls to 
rigorous standards essential for such heavy duties, water itself, usually oosiudered as incom¬ 
pressible for practical purposes, behaves under a pressure of 6,000 lb. per sq. in. as an appreciably 
elastio fluid, a oub. ft. at atmospheric pressure contracting by nearly 80 cub. ins. with strain 
energy of some 6,000 ft./lb.* Oils are usually employed as hydraulic media for the highest 
pressures and for small scale apparatus. 

Htdbaulio Maoeenbs. 

There are very few branches of engineering to which hydraulic power is not applicable, and 
in many different types of machines and apparatus, efforts of from a few ounces to thousands of 
tons are transmitted hydraulically. 

Hydraulic machinery can be olsssifled in several ways, but fundamentally falls into two 
categories, which include (1) machinery for the provision of power—pumps, aocumulatorB, intensi- 
fiers, control valves and pipe work; and (3) machinery for the utilisation of power—presses, 
actuating machinery, handling plant, machine tools, and automotive mechanisms. Some modem 
examples of machinery in these categories are described, in this order, below. 

FROVISXON OF HTDBAUUO FOWBR. 

Pumps.—(See also Section XiX, Fart m, p. 801.) 
Fomps for the provision of hydraulic power fall into three desses: (1) Slow speed multiple 

ram pumps which very often, although not always, work in oonlunction with accumulator 
systeo^; (8) small high speed plunger pumps used for the individual powering of hydraulic 
machines; and (8) other devices for transmitting hydraulic effort including those for small 
scale apparatus. 

* See p. 744, for values of Bulk Modolns X, for water. 
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Pump In a system without acoumnlatois, the pumps must be capable of deliyering 
the maidmnm requirements, both in yolume pumped and in pressure generated. In an aconmu- 
lator system the pumps must be capable of deliyering at least the ayerage requirements of the 
system, tho aocumulatois being designed to meet the maximum demand. 

Treble Ram Pumps.—The slow speed ram pump is typified by the widely used treble ram 
machine, which, in the largest sizes, is inyariably of horizontal pattern, although for smaller 
installations yertical designs are employed. Ram pumps are usually driyen by electric motors 
coupled through flexible drlyes or through heayy reduction gearing. There is considerable 
yariation in ram speeds which are yery often less than 200 ft. per min., although speeds of oyer 
500 ft. per min. are used on carefully balanced pumps. Crankshaft speeds of more than 100 r.p.m. 
are unusual and would, for ordinary designs (see table below), require mechanically operated yalyes. 
For hydraulic purposes pumps are usually run at constant speed. 

Slip allowances depend upon the size of the pump, being greatest for the smaller machines. 
An ayerage figure for yolumetrio efficiency may be taken between 90 and 96 per cent. Mechanical 
efficiency, exclusiye of driying motor, is usually between 76 and 86 per cent. 

The following table giyes particulars of some representatiye examples of recent treble ram 
pomp construction. 

Bomb Tbeblb Ram pumps ov Regbmt Mamufaoixtbb. 

Diameter. Stroke. Speed. Ram Speed.! Deliyery. Pressure. Motor Power. 
Ins. Ins. R.P.M. Ft./Min. I Q.P.M. Lb./sq. in. B.H.P. 

H 16 60 160 135 1,600 186 
16 60 160 150 1,760 260 
18 60 180 167 2,240 360 

si 18 60 180 120 2,600 
12 66 130 45 3,600 160 

H 9 66 74 20 6,000 _ 
2 10 62 103 25 6,000 100 
7t 36 84 604 1,432 6,600 1 2,500 

The last machine in the aboye list is of particular interest as, not only is it an exceptionally 
large pump, but it works at high pressure and runs at relatiyely high speed. Unlike the others in 
the list, it is not associated with an hydraulic accumulator, but has instead two flywheels which 
assist ^e 2,600 b.h.p. electric driying motor to meet a peak load of well oyer 6,000 h.p. This 
pump, which is totally enclosed with forced lubrication and balanced rotating parts, proyides 
hydraulic power for the operation of a 7,000 ton forging press, one of the largest in the world, in 
which a si^le pump proyides directly the power for the main forging ram.* 

The treble ram pump, running at 60 to 70 r.p.m., and deliyering between 100 and 200 g.p.m. 
at pressures between 1,500 and 6,000 lb. per sq. in., is typical of many recent pump-aocumulator 
installations for hydraulic power supply. In some cases intensifiers are used for the production 
of finishing pressures, the pump pressure being used directly for the first effort. In other cases 
the pump is installed in conjunction with a low pressure supply used for filling and initial efforts. 

In addition to treble ram pumps, howeyer, there are in use other multiple ram pumps, examples 
of which are ayailable haying 2, 4,7 and 12 rams to each machine. 

MEAN PIPEUNE VELOCITY 
•-ONE REVOLUTION 

TIO. 1. 

• Xnghutrtnf, FOmurj 1», l»s», p. i«i. 
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DUFLBZ DOUBLB-AOIXNQ RAM PUMPS. 

A type of large elow speed ram pomp, suitable for the provision of hydraulic power, is the 
duplex double-ooting machine of which a number have been constructed recently. Details are 
available * of four machines, not actually used for power purposes, but for pumping oil at pressures 
of 1,000 lb. per sq. in. These pumps have two separate pumping units driven by a common 
erankahaft, each ^t having two separate rams in line, connected together by crossheads and 
long rods. The four rams, each approximately 6 ins. diam. with 24-in. strokes, provide, at a 
crankshaft speed of 40 r.p.m., a capacity of 276 g.p.m. Each pump is driven by a 330 b.b.p. 
gas engine. 

DUAL Pressure multiplb plunger Pumps. 

A typical machine of this class, of which a number have been constructed, has 12 rams arranged 
in groups of three, symmetrically about a common driving shaft. Four of the rams provide a 

. pressure of 2 tons per sq. in., and the 8 other rams a pressure of 0 * 6 ton per sq. in. The rams are 
all 2 ins. diam., have strokes of 6 ins., and are driven by eccentrics on the main shaft, which 
rotates at 80 r.p.m. The deliveries of pressure water are 21 g.p.m. and 42 g.p.m., in relation to 
the high and lower pressures respectively, and bypass valves are fitted to permit continuous 
working. 

DEVELOPMENT OP THE OONVENTIONAL MULTIPLE BAM PUMP. 

Intermediate between the large slow speed multiple ram pumps described above, and the 
small high speed pumps described below, is a type developed from the conventional ram pump, 
but arranged so that remarkably high crankshait speeds are obtained. One example has 7 rams 
driven by a 7-throw crankshaft rotating at 600 r.p.m. The valves are not mechanically operated, 
but the slip difficulty at high speed is overcome by the use of small multiple valves which, in the' 
example quoted, are diam., with lifts of in. 

High Speed Pumps. 

For certain applications of hydraulic power, the self-contained hydraulic machine has definite 
advantai^ The development of this type of machine had been made possible by the production 
of high speed pumps which are very compact, although capable of developing pressures up to 
6,000 or even 10,000 lb. per sq. In. Such a pump has been described f working at 6,000 lb. per 
sq. in., for which a volumetric efficiency of 97 per cent, is claimed at 1,600 r.p.m. High volu¬ 
metric efficiency is essential to obviate vibration and noise at such speeds, and to reduce flow 
pulsatlonB. 

FIG. 6.—Five-Throw Unlt-Moanted Pomp (Toipler). 

* The Eugfnsef, March 22,1940, p. 227. 
t ‘ Recent Developments in High Speed Reciprocating Pumps,* P. H. and J. M. Towler, 

ProeJMech.B., Vol. 187,1937, p. 79. 
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High speed reoiproostiiig pamps* in which oU is need as the hydraoUc medium, are 
to give constant pressure and constant deiiyeiy at a constant speed, or to giye rariable delirerr 
and inrerselj yarlable pressure at constant speed. Two-pressure pumps of thy type axe 
made to deal with the idle and working portions of the stroke of thelhydraulio machines with 
which they are associated. 

Fio. 6.—Radial Type High Speed Variable Delirery Pump {HeU~8haw). 

'J.'lic rams may operate in barrels located in a parallel group, or the barrels may be set radially 
around the centre of operation. The rams are driven by eccenMcs, by swashplate and con¬ 
necting rods or by cams, and the valves are spring loaded. The suction valves are invariably 
drowned; in fact the pumps are immersed in the hydraulic medium, which is a specially prepared 

FlQ. 7.—Swashplate Type High Speed Variable, Deliveiy Pump« 

These and other types of high speed pumps suitable for generating high hydraulic pressures, 
including rotary pumps and gear pumps of different designs, are described in * Modem Hydraulic 
Operation of Machine Tools,* H. 0. Town, Prcc, Vol. ISS, 198S, p. 911. 



772 HYDRAULIC TRANSMISSION OF POWER SeC. XIX (ll) 

WA?a TBANSmaSIOIl OV BNEBaX. 
It is possible to supply energy in the form of longitudinal vibrations, to a fluid column enclosed 

in a pipe line, and to transmit the energy through the column in such a way that the reciprocating 
motion of a plunger initiating the vibrations at one end, is reproduced by a plunger at the other 
end, without flow or circulation of the fluid through the pipe line. Oonstantinesco has patented 
a number of applications of this method which have been used in practice. A 3*phase system 
with three pipe lines, analogous to an electrical S-phase alternating current system, is usually 
employed. A 3-cylinder generator with cranks at 120*^ initiates elastic vibrations or pressure 
waves in the fluid contained in the pipe lines, and these vibrations are received by the putons of 
a 3-oylinder hydraulic motor having the same crank angles. Pressure within the system is 
maintained by a separate pump which compensates for any fluid slip past the pistons. 

An outline of the theo^ of wave transmission of energy, due to Dr. H. Moss, is given in 
* Mechanical Properties of Fluids,' 2nd Ed., 1936, Blackie & Sons, Ltd., London. See also Proc. 
I.MeeKE.f 1923, and Oonstantinesco's ori^al paper ' The Theory of Sonics,' (The Proprietors 
of Patents Oontrolling Wave Transmission, 132 Salisbury Square, E.0.4. 1920). 

HYDRAULIO AOOtnfULATORS. 

High pressure accumulators are of weight loaded and air loaded types, whilst low pressure 
accumulators are also air loaded, although of different design from the high pressure type. 

Accumulator Capacity,—^Although an accumulator is installed to provide capacity, this pro- 
vition must, on account of the large dimensions and heavy loads involved, be kept to the very 
minimum. The function of the accumulator is to store up excess water delivered by the pu\iips 
at times of reduced demand and to give out the water stoi^ when the demand exceed the pump 
capacity. If the total amounts of water pumped and used are both plotted against time, a chart 
of the following type is obtained:— 

The line AB is drawn parallel to the line OD representing the total water pumped at any time 
so that the ordinate distance 8 between these two lines represents the stroke of the accumulator. 
The ordinate distance 3 between the line AB and the curve of total water used at any time then 
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represents the distance of the aocmnulator from the bottom of its stroke, to the same scale that 
S represents the stroke. When the demand ourre drops to the pump delivery line, the aocuma- 
iator is full and the pomps are stopped or running unloaded, and they do not be^ to deliver 
again until the demand curve has left the line OD. If the demand curve should go beyond the 
l.^ne AB, the aooumolator capacity would be too small. From this diagram the rate of ascent 
and descent of the accumulator can easily be plotted. 

Weight Loaded Accumulator.—^The weight-loaded accumulator is the classic design but very 
large examples have been instcJled in recent years, and important units are under construction. 

The weight loaded accumulator consists of a long ram operating vertically in a cylinder. 
From the head of the ram a crosshead supports a load of cast iron or concrete weights, or a con¬ 
tainer filled with ballast,* the total load bdng sufficient to balance the pressure of the fiuid pumped 
into the cylinder. An automatic valve cute off the supply of pressure fluid towards the end of 
the upward stroke of the ram, to ensure that the ram shall not be driven out of the cylinder. 
In many designs there is also a mechanical safeguard in the form of a bayonet joint. Another 
valve automatically throttles the discharge from the accumulator cylinder towards the end of 
the downward stroke, in order that the accumulator and weights may come to rest without serious 
shook. 

Rede of Deeeent.—The relation between ram diameter and stroke is a question of economics. 
It follows that ram diameters are kept small and long strokes are used. A limiting factor is, 
however, the maxinrinTn permissible rate of descent which must not be such that the momentum 
of the deadweight load reaches a dangerous value. In many of the largest installations the rate 
of descent of weight loaded accumulators is kept to less than 1 ft. per sec., although there are 
large plants in which a or even 3 ft. per sec. are allowed. At these higher rates of descent, 
damaging pressure surges can be set up if the-power water being drawn from the accumulator 
is cut off suddenly. 

CROSSHE< 

cylinder 

LOAD CASING 
Filled with 
BALLAST.-• 

TOWER 

usual equipment 
PE LIEF (SAFETY)V4iV^ 
mechanically OIWTEO. 
tappet gear and 
SWITCHES TO STOP 
AND START OPTO 
UNLOAD PUMPS. 
CUSHIONING valve. 
CHECK VALVE. 
STOP VALVE. 

FlQ. 9.—Diagram of Weight Loaded Accumulator. 

* In a recent case where the pig iron would normally have been used as ballast, for the sake 
of economy of metal, barytes (barium sulphate) of S.G. 4*0 to 4*8 was used instead. 
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The table below gives details of some modern weight loaded accnmulaioni, and forms a guide 
to good pracUoe. 

Weight loaded acoumulatobs of recent manufacture. 

Diam. 
Ins. Stroke. I Pressure. 

Lb./8q.in. 
Capacity. 
Gallons. 

Load. 
Tons. 

Energy 
Stored. 
Pt./lb. 

Maximum 
Output 
H.P.at 
1 ft./sec. 

Situation. 

381 
Ft. 
SO 

Ins. 
0 760 376 146 6,500,000 590 Tyne Docks. 

SOI 36 0 800 600 117 9,200,000 475 Port of Bombay. 
•34 86 0 800 706 160 13,000,000 660 Leith Harbour and 

37 ! 13 1 800 300 204 6,060,000 830 
Docks. 

Port of Calcutta. 
80 16 1} 800 490 250 9,100,000 

4,900,000 
9,100,000 

1,020 Fort of Calcutta. 
14| 17 0 1,760 122 128 520 Government Factory. 
15| 31 6 3,340 176 188 770 Government Factory. 

^ 1 7 6 3,360 40 19 315,000 77 . Government Factory. 
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to supply the system. Running of the pumps is automatically controlled by the rise and fall 
of the fluid level, the pump being arranged either to start and stop, or to bypass, in accordance 
with the demand for power. An air compressor supplies air as required to maintain the working 
pressure. This type of accumulator is relatively light and compact, and can, therefore, be in¬ 
stalled on upper floors. It delivers fluid without pulsation of flow at a pressure which is main¬ 
tained within fine limits and the pressure can be varied as required. Because there are no moving 
parte except the fluid itself, under an air cushion, no dead weight inertia shocks are generated by 
sudden oessa^on of flow. 

Self-contained hydro-pneumatic accumulator sets including pumps and automatic control 
devices, excellently suited to small installations, are manufactured as complete units.* 

The differential type of air loaded accumulator is very suitable for larger installations. A good 
example from the latest practice has a fixed vertical ram 171 ii^> diam., on which a 2 ft. 1 in. 
diam. moving cylinder works through a stroke of 13 ft. 7 ins. The upper closed end of this 
cylinder forms a ram, 2 ft. 10 ins. diam., passing into a 35^-in. diam. fixed solid drawn steel air 
vessel carried on three columns from ground level. This air vessel is connected to 4 solid drawn 
steel air bottles, each of 130 cub. ft. capacity, at ground level. Automatic control valves for 
cutting out and bypassing are included in the equipment. A capacity of 145 gallons at a pressure 
of 3,000 lb. per sq. in. is obtained, within limits of d: 5 per cent., the air pressure being 760 lb. 
per sq. in. The total weight of this accumulator is about 27 tons and its overall height 38 ft. 

Similar accumulators of the differential air loaded type can be designed for any pressure and 
capacity required. It is worthy of note that there is a limit of size to which the solid drawn 
steel air vessels, which are used in accordance with Board of Trade requirements, can be made. 
For this reason, in the larger plants, groups of air bottles are used to obtain the required total air 
storage capacity. 

Fia. 11.—Diagram of Hydro-Fneumatic Accumulator, Differential Type. 

Low Pressure Air Loaded Accumulators.—Many hydraulio machines, presses in particular, 
require low pressure water to bring the moving parts of the machine up to the job, to bring the 
halves of a mould together, etc. Pressures of from 160 to 300 lb. per sq. in. are usually suitable 
for this work and are obtained from either reciprocating or centrifugal pumps. Standard pressure 
storage sets are used in which the pump delivers water into a horizontal oylindfical tank, perhaps 
6 ft. diam. x 30 ft. long, in which an air cushion is provided. 

* Engineering^ May 20,1988, p. 574. 
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Steam ^eeumtdator«.~>Siinilar in principle to the differential air loaded aocmnulator, the steam 
aooumolator employs available steam pressure to load a hydraulic ram through the medium of 
a suitably proportioned cylinder and piston. In addition, if the steam supply to the pumps is 
taken through the accumulator steam cylinder, automatic pump control at the limits of the 
accumulator strbke is readily obtained. Steam accumulators have special application to hy- 
draulio installationB where weight loaded accumulators would be unsuitable, as on board ship or 
in the case of very large plants. In recent years some very la^e steam hydraulic accumulators 
have been made for land use. One example has double units with steam cylinders 29| ins. dlam. 
by 13 ft. 9 ins. stroke, supplied with steam at 169 lb. per sq. in. and stores hydraulic energy at 
5,800 lb. per sq. in. for the operation of a 16,000-ton forpng press. 

Hydraulic Intensiflers,—It is necessary to distinguish between the differential accumulator 
and the intensifier. The hydraulic intensiffer is really a direct acting pomp or booster, and it 
can be operated by water pressure or by steam pressure. Compared with the differential accumu¬ 
lator it is similar except that the high pressure is not provided by external pumps but by the 
differential loading of water that may be delivered by low pressure pumps, or drawn from mains. 
The energy stored in the high pressure water is obtained from the low pressure side. The relative 
effective areas of the rams and cylinders are chosen to suit the available low pressure and required 
high pressure, allowance being made for frictional losses. 

A representative example of a recent hydraulically loaded intensifier has the larger ram 36 ins. 
diam., on which a pump pressure of 800 lb. per sq. In. acts through a stroke of 8 ft. The smaller 
ram, 14 ins. diam., delivers water at 2,240 lb., the relative displacements being, of bourse, in the 
ratio of the squares of the two diameters. (Not in the ratio of the two pressures, as there are 
appreciable frictional losses.) 

Another recent hydraulic intensifier for a still higher pressure has a low pressure ram 26 ins. 
diam., using water at 800 lb. per sq. in., and a stroke of 6 ft. The high pressure ram is 8f ins. 
diam. and delivers water at 6,300 lb. per sq. in. 

HydrattatlrUennfier.^AjioiheTtoTm of hydraulic intensifier for small installations, particularly 
suited for the development of high pressures for repetition testing purposes, is found in the Hydro- 
stat which, in this applicUon, provides by automatic double action a constant supply of 
pressure fluid. This machine consists essentially of a piston connected to upper and lower rams 
which are so prraortioned that uniform delivery pressure is obtained on the upward and down¬ 
ward strokes, valve gear for reversing the strokes is automatic and consists of a distributor 
valve, pilot operated, for low pressure water, and ordinary pump type suction and delivery 
valves for the high pressure water. 
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OomBOL VALVB8. 

Hydraulic control yalves include manipulating yalvee, atop yalyea, check yalvea, relief yalyee, 
cushioning yalyea and bypaaa yalyea. Full adyantage i^ould be taken of modem materiala of 
construction for yidyea to carry the yery heayy loada mposed by the highest fluid preesurea, and 
to witbatand the erosiye action of high yelocity streams which may flow through the yalye 
passages at speeds of seyeral hundreds of ft. per sec. 

Yalye bodies are made of gunmetal, high tensile oast iron, oast steel or solid forged steel, 
according to the size and working pressure. Spindles and other internal working parts are of 
special alloys among which may be mentioned forged aluminium bronze, nickel steel and stainless 
steel. Bolts are of high tensile steel, and construction generally is of a standard commensurate 
with the rigorous duties of yalyes which control hydraulic power at heayy pressures. 

ManipviUUing Valves.—^Three main i^es may be defined: the piston yalve, which is, of course, 
hydraulically biJanced; the rotary yalye, wh!^ is also in equilibrium, and the poppet valve, 
which can be hydranlic^y balanoM for direct operation or, alternatively, may be operated by 
pilot action. Bepresentatiye examples are illustrated by the diagrams. Servo operation, as 
by the Lockheed system, may be applied to large valves, valves working at high pressures, and 
valves which must be arranged for remote control (see p. 795). 

Various multiple-way valves are used—3-way, 3-way and 4-way—and combinations of 
multiple-way valves of various degrees may be arraDged in ganged units for operation in phase 
or in sequence. Oheok valves and bypass valves may require to be incorporated for the control 
of double pressure systems. Operation may be at the instigation of the operator alone, semi¬ 
automatic, or fully automatic. 

By an arrangement of semi-automatio valves it is possible to control a machine with a single 
lever. Low pressure is admitted to the machine at the first movement of this lever and also to 
an auxiliary cylinder which controls the high pressure valve. When the machine is closed the 
low pressure rises to its maximum value, and the high pressure valve control piston, which is 
spring loaded and adjustable, then changes over the machine to the high pressure, check valves 
protecting the low pressure system. 

FlO. 14.—Small Two-way Piston Valve. 
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EXHAi 

Fig. 16.—Homeyard Type Two-way Poppat Control Valre. 

Fully automatic operation can be obtained by time (^cle control using, say, a small syn¬ 
chronous motor to operate air switches, which in tom operate solenoids or diaphragms on the 
main hydraulic yalves, in a predetermined sequence. Exact and flexible control of hydraulic 
machines is readily gained by such arrangements, which have many applications in hydraulic 
engineering.* 

• See, for example : ‘ Hydraulic Maeblnery and the Plastic Industries,* M. R. Rhodes, Proc. 
t,Mteh,B.t Vol. 141, Sept. 1939. 
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FlQ. 17.—Poppet Oontrol Valre with Pilot Action. 

Stop Valvet,—For preasuree up to about 1,600 lb. per eq. in., gunmetal, high tensile cast iron, 
or cast steel, screwdown stop ralyes with conical metu to metal yalve faces are used, the choice 
of metal depending upon size and pressure. The yalyes may be unbalanced in the smaller sizes, 

Fig. 18.>-Hydraulio Stop ValTt, 
Unbalanced Type. 

for controlling flow in one direction only, but in the larger sizes, pilot yalyes are inoorporated Is 
the main yalyes to make possible opening against pressure in the direction of flow. Yalyes 
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balanced both waya are also used, in which the tnain ralve ia extended to form a piston worUnr 
in an upper cylinder, to which preeaure ia admitted by pilot action. 

For preaaiirea above 1,500 lb. per aq. In. valve bodiea are oanally of aolid forged ateel, and excep 
in the very amalleat aiaea, are balanc^ the uaual deeign being similar in principle to the poppe 
manipulating valve deeoribed below. 

Standard nydraullc screwdown stop valves up to 7 ins. diam. are obtainable from most makers 
for presaurea up to 1,500 lb. per sq. in., and in sis(>e up to 3 ins. diam. for pressures up to about 
6,500 lb. per sq. in. Luger valves, and valves for higher pressures, are usu^y deigned to meet 
individual requirements. 

. Sluice Voices.—Sluice vidvea of the round body pattern are suitable for hydraulic service, to 
act aa stop valves, and can be obtained in any size and for any working preasnre. 

Plug Cocks.—^The preasure lubricated plug cock is another type of valve suitable for service 
as hydraulic stop valve. It has a parallel, non*jamming plug, is adf lubricating, and has no gland 
or packing. Standard plug cocks of this type are available, 2-way and 3-way, in all the usual 
hyoraullo siaes for worUng pressures up to 3,000 lb. per sq. in. 

Chedi Valves.—^The bodies of standard hydraulic check valves are similar to those of screw- 
down stop vfdves, and as in the case of stop valves, conical metal to metal seats are used. Moat 
makers supply standard check valves of the same sizes and for the same working pressures as 
standard screwdown stop valves. Combined check and stop valves are also used. 

RmjCT YALVgS. 

Three distinct types of pressure relief valves for hydraulic doty are in use: Two of these, 
the ordinary weight loaded and spring loaded valves, are well known: the third, a weight or 
spring loaded relief valve of differential des^, is a development suited to the heaviest pressures. 

In choosing a relief valve for a given duty it is necessary first to determine whether the duration 
of the pressure rises against whidi it is to mitigate is likely to be long or short; and secondly, 
whether the volume of water to be discharged is likely to be large or small. In general, for 
shock pressures, long mains will be subjected to pressure rises of greater duration than short 
mains, and high pressure rises will require larger discharge rates than will moderate increases ol 
pressure. Also, the larger the pipes in use, the greater is the discharge to be ailowed from relie. 
valves. In every case the relief valve should be installed as near as possible to the origin of thr 
disturbance, and it is safest to err on the large size in fixing the diameter. 
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Wiight Loaded ReHif F(rfv««.-»The nonnal preasnre in the system, acting on the valve, is 
balanced by weights exerting their effort either directly or through a lever, and the pressure at 
which the valve opens depends upon the effective area of the valve, the loading, and the leverage. 
When the pressure rises relatively slowly, full bore opening is obtained without any sensible 
hunease of pressure above that which opens the valve. Weight loaded relief valves are not, 
however, suitable for the relief of momentary increases of pressure, as the inertia of the moving 
parts, including valve spindles, levers and weights, is relaUvely high, and for quick action very 
much larger momentary preesures are required to open such valves than are represented by their 
dead weight loadings. Pressure surges of very short duration may easily occur without opening 
suoh valves. 

FlO. 34.—Weight Loaded Belief Valve, for High Pressures. 

Spring Loaded Relief Valvet,—Other things being equal, this type of valve is capable of opening 
much more rapidly than the weight loaded valve, because the inertia of the moving parts is 
relatively smaller. Spring loaded valves are therefore to be recommended for the relief of sudden 
rises of ptessurs and of pressure surges of short duration. They have the advantage of com¬ 
pactness. Objection is sometimes made to spring loaded valves on the ground that the blow-off Eressure inoreaMS with the lift of the valve, due to the increased compression of the springs. This 

iorease can be confined within given limits by the use of suitable springB. Discharge pressure 
can be appreciably affected by the shape of valve, valve ports and valve seats, and there nay be 
unsatisfactory action, with a tendency towards vibration. In well designed valves these effects 
are not serious. 

Differential Relief Valvee.-r-jji relief valves of this type the valve element, which is either 
weight loaded or spring loaded, is similar to that of a poppet control valve, with plunger stem 
slightly less in diameter than the effective valve diameter. Oonsequently the total pressure load 
required to open the valve is very much less than that for ordinary relief valves of the same 
effective diameter. Thus the dead weight or spring load, which for the heaviest hydraulic 
pressures might otherwise be unreasonably large, is reduced to manageable proportions, and 
a much more sensitive relief valve is obtained. 

OblBIONlNQ VlLVBS AND BYPASS VALVES. 

The cushioning valve associated with some weight loaded accumulators is simply a throttle 
valve on the supply pipe, which is fully open during the rise and fall of the ram, but which la 
engaged by tappets wnen the ram approaches the bottom of its stroke, and thereafter closes 
during the final portion of the stroke, with the object of bringing the ram and its load to rest 
without shock. A check valve incorporated in the cushioning valve block allows water to flow 
freely into the accumulator. 

H is unusual to maintidn the delivery of the pumps while the accumulator ram remains at 
the top of its stroke and during the first part of its descent. The water delivered by the pumps 
is allowed to dconlate back to the suction through a bypass valve (also referred to as unloading 



FlO. 35.—Spring Loaded Belief Valve. 
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▼alTe, ohurnlng Talve or erroneoiuly, aa deflecUng valve Beoent examples are available of 
bypass valve controls operated mechanically and electricaUy. The actual bypass or nnloading 
valve is the same in both cases, and consists of an hydraulically operated three>branch valve, 
two branches of which are always in communication between the pump and the accumulator. 
The third branch, leading back to the suction, is closed while the pumps are supplying the accu* 
mulator, but opens when the accumulator reaches the top of its stroke and remains open until 
the accumulator has descended. A check valve, which is often a combined stop and check valve, 
on the accumulator side of the bypass valve, closes automatically aa soon as the bypass valve 
opens, and relieves the pressure on the pump side. Hydraulic operation of the bypass valve 
is controlled by a pilot valve which may in turn be operated either by tappets fixed to the moving 
parts of the accumulator or. In the case of electrical operation, by limit switches. (See fig. 27, 
p. 784.) Both the mechanical and electric methods of controlling b3rpass or unloading valves can 
bo applied to one or more sets of pumps delivering into one accumulator. Where two or more 
pumps are so controlled, it is best to stagger slightly the switching points so that the pumps 
cut in and out of supply in sequence and not together. 

Am Vessels and Alleviators. 

In hydraulic power transmission air vessels, apart from those important ones associated with 
pneumatic accumulators, are not generally employed except on the inlet connections to ram pumps. 
These vessels are often referred to as * suction * air vessels, although the inlet pressure will probably 
not be below that of the atmosphere. According to Richard8on,t the dimensions of an air vessel 
should be suflQcient to provide an air space (a cushion of compressed air) of from 6 to 6 times the 
displacement of one ram plunger. Air vessels of much larger capacity can well be used in all 
cases where appreciable cyclic fluctuations of velocity occur. They should be fitted as close to 
the pump aa possible. 

On the delivery side of hydraulic ram pumps, alleviators are often fitted and should always 
be fitted to pumps which have noticeable cyclic variations of discharge. Alleviators are also 
fitted at other points on a hydraulic system to provide elasticity, and damping action on pressure 
surges which may be set up by sudden variations of flow. Alleviators can be usefully associated 
with weight loaded accumulators which work at high rates of descent. 

The hydraulic alleviator is simply a spring loaded plunger with diameter, stroke, and spring 
specification determined by the pressure rise which may be allowed to result from the most sudden 
flow variation likely to occur in a system. The alleviator plunger should be preloaded against 
stops to the working pressure by compression of the springs, which are of necessity relatively 
long springs. The plunger stroke is then fully available when the pressure rises above the working 
pressure, and the characteristics of the springs determine the final rise of pressure which will 
complete the stroke. 

Htdrauuo Pipe Work. 

Pipes for conveying hydraulic power can be of c&st iron or steel for working pressures up to 
a range of from 900 lb. to 1,200 lb. per sq. in., according to size. Above these pressures lap- 
welded and weldless steel tubes are necessary. Flanged joints are invariable: in the case of 

FlQ. 28. British Standard Hydraulic Power Pipes : Flange Type 1. 

* A deflecting valve is really a safety valve usually opened directly by the accumulator at 
the top of its stroke, and closed immediately water is released from the system and the accumu¬ 
lator descends. If the pumps are still delivering more water than is being drawn oft, the accumu¬ 
lator ascends again and opens the valve. To prevent excessive wear of the accumulator ram at 
the top of its stroke it is better practice to use an unloading valve. 

t * Function and Design of Air Ohambers,' 0. H. Richardson, Potrsr, July 8,1913. 
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oast Iron pipes the flanges are integral with the pipes* whilst for steel pipes the flanges are loosely 
screwed on, the Joint being made on the pipe ends. 

Joint rings for hydraulic pressure are not made of soft materlala as these are likely to be ex¬ 
truded. Oopper Joint rings are commonly used and the B.S.S. recommendation for soft copper 
Joint rings is that they should be ^ in. thick. The flanges do not meet when the joints are 
drawn up. 

Fia. 29.—British Standard Hydraulic Power Pipes : Flange Type 2. 

British standard Oast Iron htdraulio power Pipes. 
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Cast Iron Pipes.—-Cast Iron hydraulic power pipes are covered by B.8.8. No. 44—15)48 which 
defines plp^ from 2 Ins. to 8 ins. diam. for working pressures up to 900 lb. per sq. in. (class A), 
and from 2Jm. to 7 Ins. diam. for pressures up to 1,200 Ib. per sq. In. (class B). Standard lenirths 

short lenfirths are also made from 1 ft., Increasinfr upwards by Increments 
of (i ms. to 7 it. foi* cliiss A iuid li pipes, with several special lengths to make up, with the aclditiou 
of a tee, the stiindard Ic'n^ths. It.S.S. No. I f fdso defines louj^ tees, short tees, lio'’ aud •15'^ hends, 
and Miin» flanges. 

Steel Pipes.— Steel tubes can, of course, be u.sed for any lower hydraulic pressure, but for 
pressures above 1,200 lb. per sq. In., steel tubes must be employed. T^ey can be lap*weided for 
the lowOT range of high pressures, but for the highest pressures solid drawn steel tubes are used. 

muV* w ’ ** smaller diameters, have been made for pressures up to 10,()00 lb. per sq. in. 
Thlckne^ of steel pipes up to 3 ins. diam. are suggested by B.S.8. No. 778—1988, which 

defines oval steel flanges for hydraulic working pressures of from 760 lb. per sq. in. to 1,600 lb, 
dfam^* ^ from 1,600 lb. per sq. in. to 4,600 lb. per sq. in. (up to 3 in. 

FiCk 80.—British Standard Oval Steel Flanges for Steel Pipes: Working Pressures from 760 ap 
to 1,500 lb. per sq. in. 
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Dimensions for Oval Steel flanges for Steel Pipes for Hydraulio Working Pressures 
OF from 760 UP TO 1»500 lb. per SQ. IN. 

(Ail dimensions in inches.) 

Nominal 
Bore of ABO D E F Q H J K L M N 0 p R s 
Pipe. 

i “ 2t 21 sy,', 1 i'. i-‘.v 11 t i^v- * 2t 11 1,-, 

i IxV : 4 ‘ l v‘r lA 2# 3 5 V' J } 1 2t u it 
1 lu 5 lU 21 Si 6 1 •* 1 IV t 21 ll 1^1 n in St 4 5| V' 1;'; It 1 3 : ' l/o 

in n 2^ 3 3i H 6}\ Ij p‘. It 1 3 1 1 ! liV 2 2| 7i 2k 2n 4t 6 6|i! iK It /o I 3} 1 1 n.- 
;S..7, 41 6t 1| 1.':. 11 ,‘o 1 4t It 1“. 3 St 9 3i i 

_ 1 

sn 6* 6t 61 ^t ^ 10 10 , i\l 9 i‘o It 6t 11 2/0 

Note.—The above flanges when fitted to the pipes have been designed for a test pressure of 
3,000 lb. per sq. In. 

Dimensions for oval Steel flanges for Steel Pipes for Uydrauijo Working Pressures 
from 1,600 UP TO 4,600 LB. PER SQ. IN. 

(All dimensions Ln inches.) 

Nominal 
■ 

Bore of A B 1 0 D B F Q H J K L M N 0 P R s 
Pipe. 

1 

k H i.v\- ^ S’.': 1 "0 1;: 1 .V I 21 11 l.V 1 ' ll^O M }i'.( 2» i 3 6 It 1^;- i'- * It 1*0- 1 3 1 1> 1 3 '}i ,1.'.. , 2f i 3| 6 It /•; ii[ii H I’o- 1 St } 110- 
\l\\ 6i 115; 135 3J ; 4 ;6i 1 1 It ^0- 1/0 1| V‘ 1 1 

H Isa 3i ! 1 2 3^ i 4i 6},\ r*o i.^o 11 1 4t It ly-i 
3 |2| 71 24 |2}S 44 1 6 ' 6l?i /V in 

**i 1*0 It H U 2iV 

Note.—^The above flanges when fitted to the pipes have been designed for a test pressure of 
6,000 lb. per sq. in. 

Solid drawn steel hydraulic tubes for higher working pressures than 4,600 lb. per sq. in. are 
made in sizes up to 6 ins. diam. Makers adopt flanged joints based on B.S.8. No. 778, but use 
circular flanges in order to obtain increased boltage. 

Very few high pressure hydraulic mains are laid of greater diameter than 4 to 6 ins. 

Velocity in Hyuraulic Mains. 

Pipe lines between pumps and accumulators are usually of relatively largo size with water 
velocities of from 6 to 16 ft. per sec., the higher velocities being used with the higher pressures. 
In trunk lines larger velocities are often allowed, up to 26 ft. per sec., while velocities of up to 
60 ft. per see. are sometimes permitted through lines serving small individual machines In 
general, velocities should be kept reasonably low to reduce frictional losses and the risk of water 
hammer. 

Ventilation and Drainage of Hydrauuo Mains. 

system can be troublesome and it is very necessary that air vents 
with suitable valves be provided at all high points and wherever air may collect. 

.... another Mrious cause of derangement and hydraulic systems must, therefore, be 
fitted with emptying valves at appropriate low points. 

Isolating Valves. 

Adequate stop valves must be provided for operation and maintenance, and It should be possible 
to isolate every machine from the rest of the syetem. 
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Hydraulic Frsssbs. 

A very great variety of work, in many different industries, provides applications for all types 
of presses of from less than 100 tons capacity up to huge machines of 10,000 tons or more capacity. 
The scope of press work is indicated by the following list. 

Ponging 
Flanging, bending, dishing, staving 
Funchii^, shearing 
Piercing 
Tube making 
Extruding 
Bushing 
Vulcanising 
Baling 
Brick and tile making 
Extracting 
Pelletting 

Lead working. 
Aircraft production 
Drawing 
Foundry moulding 
Stamping 
Moulding of plastics 
Ammunition making 
Gun straightening 
Printing 
Plywood and veneer manufacture 
Stretching (sheet metal) 
Die casting, etc. 

The continued development should be noted of hydraulic presses for special purposes, and 
the evolution of the self-contained press operated directly from pumps, automatically or semi- 
automatically, with push button control. 

Fia. 31.—Elements of Plerdng Type Hydraulic Press. 
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Praaseg differ in their charaoteiistioe, depending upon the class of work for which they are 
intended. A forging press, for example, although it may use filling water for bringing the ram 
down to the Job, must be capable of making a series of short working strokes at full load at any 
point in the total stroke. Presses for specialised operations, such as tube staying, on the other 
hand, have a fixed working stroke and do not develop fuU load until the final squeeze, two pres¬ 
sures being normally used. It is not possible to deal with every type of press in these pages; 
several outstanding examples are, however, quoted. 

A larqb forgiko Press. 

An example of a 7,000 tons forging press has a single main ram with a working pressure of 
tons per sq. in., automatioally limited to a maximum of 3| tons per sq. in., the desired pump 

pressure being 3 tons per sq. in. Ingots weighing up to 260 tons are dealt with at a penetration 
speed of 3 ins. per sec. at a rate of ten 6-in. penetration strokes per minute at full load; or, 
altemativelv, with a lesser number of long strokes or a greater number of short strokes in the 
same period. The return stroke of the main mm is effected by two lifting rams operated by 
water at 1 ton per sq. in. pressure, which give a total lifting effort of 464 tons. The lowering 
speed of the msdn ram is 6 to 7 ins. per sec., and the maximum gap between crosshead and anvil 
plate is 17 ft. 6| ins. Water exhausted from the main cylinder goes into a closed low pressure air 
vessd system under a maximum pressure of 70 lb. per sq. in., and water from this system is 
used for prefilling the ram cylinder. The main press operations are controlled by a single master 
lever which governs the admission and exhaust, in turn, of the prefilling watei', the high pressure 
water, and the lower pressure water to the lifting cylinder. The press is operated directly from 
a high pressure treble ram pump * driven by a 2,500 b.h.p. motor with flywheels, capable of 
developing a maximum of 6,600 b.h.p. to meet the peak load. The 1 ton per sq. in. supply 
used for lifting is obtained from an accumulator system which supplies also other smaller 
hydraulic presses in the same worka.t 

A much larror forging press,f made in Germany for the U.S.S.R., has a capacity of 16,000 tons. 
This remarkable tool has three main rams, the centre ram exerting 6,000 tons and the two side 
rams 4,600 tons each. Eight return rams in pairs are also provided, giving a total drawback 
pressure of from 460 to 690 tons, the weight of the moving parts being 460 tons. The main 
rams work at a pressure of 6,800 lb. per sq. in., and are supplied by a steam Intensifler. The 
drawback rams use water at 2,900 lb. per sq. in., supplied by three treble ram pumps and a 
pneumatic accumulator system. This pressure may be intensified to 4,400 lb. per sq. in. Make 
up water is supplied at 70 lb. per sq. in. 

This press can accommodate forgings up to nearly 16 ft. in diameter with a maximum weight 
of 300 tons. The total weight of the machine and equipment, which extends to a height of 
38 ft., is 3,600 tons. 

A Staving Pren far iMtge Steel Pipes,—^A horizontal staving press, used for forming sockets 
on welded steel pipes up to 48 ins. dlam., uses a pump pressure of 1,600 lb. per sq. in. on the main 
ram. followed bv an intensified pressure of 4,600 lb. per sq. in. The ram has a fixed working 
stroke. Operations are as follows:— 

The pipe with heated end is placed in position in the machine and the socket-to-be is gripped 
by a split diehead operated hydraulically. The die plug, attached to the main ram, is then 
entered into the pipe by admitting low pressure filling water to the main cylinder and water at 
1,600 lb. to auxuiaiy Jacking cylinders. The pump pressure of 1,600 lb. per sq. in. is then 
admitted to the main cylinder, the low pressure supply being automatically cut off. When the 
second movement of the ram has ceased an intensified pressure of 4,600 lb. per sq. in. is admlted 
to the main cylinder, the 1,600 lb. per sq. in. supply being automatically isolated. This com¬ 
pletes the formation of the socket and the main ram cylinder is then opened to the low pressure 
filling water system and the 1,600 lb. per sq. in. pressure is admitted to drawback rams. When 
the main ram is clear, the diehead is opened and raised (also by hydraulic means), allowing the 
sooketted pipe to be lemoved. 

Blx valves, interlocked and controlled by one lever, govern the admission, the isolation and 
the exhaust of the filling water and of the 1,600 lb. per sq. in. pumped supply to the Jacking 
cylinders, the main cylinders and the drawba<^. Two other valves, operated by a second lever, 
control the inlet and exhaust of the intensified pressure of 4,600 lb. per sq. in. The small Jack 
oyllndets referred to, which use water at 1,600 lb. per sq. in., have the purpose of hastening the 
tmvel of the main ram up to the job. In practice the 1,600 lb. per sq. in. pressure supnly is 
often admitted to the main cylinder also, to increase the speed of produ^on. When sooketting 
48-in. diam. tubes the main ram moves forward 2 ft. 6 ins. in 20 secs, with low pressure filling 
water in the main cylinder and 1,600 lb. per sq. in. pressure in the Jacking cylinders, and at 
2 ft. 6 ins. in 6 secs, when 1,600 lb. per sq. in. pressure is admitted also to the main cylinder for 
the full Jacking stroke. Otherwise the 1,600 lb. per sq. in. pressure is admitted only for about 
6 ins. of the working stroke, the intensified pressure of 4,600 lb. per sq. in. being used forthe final 
2 ins. of the workine stroke, the speed of the ram slowing up as Ihe work gets harder. The 
drawback oylinderB, using water at 1,600 lb. per sq. in., move the main ram 2 ft. 6 ins. in 6 secs. 

• This pump is referred to on p. 768. f Engineering, Feb. 16,1086, p. 171. 
I Engineerwg, Feb. 1,1036, p. 112. 
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Vulcanising Presses for Rubber Products.*—PreeoeB need for the vulcauleing of rubber articlee 
include autoclaye or open<«team presses such as those used for tyres; dry heat presses used 
for soles and heels, belting, hot water bottles and similar articles; and presses with several 
* daylights,* used for sheeting, tiling and flooring, with drawplates on which the material is built 
op by hand before being run into the press. For general moulding, dry steam>heated presses 
having up to * 8 daylights ’ are employed, with single large diameter rams, usually operated on 
3-pressure systems through automatic ch^ge-over valves. 

Hydraulically loaded rolls are used in continuous vulcanising machines for the production 
of long lengths of rubber materials. 

A 10.000 Ton Rubber Vulcanising Press.—^This outstanding example + of a very large press 
designed for vulcanising rubber belts and mats has heated platens with a working surface 31 ft. 4 ins. 
X 8 ft. 4} ins. Dealing only with its hydraulic operation, the table is carried on 12 rams arranged 
in pairs. Pressure water at 1,660 lb. per sq. in. is first admitted to one pair of ram cylinders 
and the table moved upwards to close the platens on to the work, the other cylinders filling with 
water form an overhead tank. This movement takes about 10 secs. The pressure of 1,660 lb. 
per sq. in. is then admitted to all the cylinders, the table moving through the fraction of the 
stroke necessary to put the load on the material. To increase the load to that necessary for what¬ 
ever work is being vulcanised, water at any pressure between 1,660 and 4,500 ib. per sq.in.may 
be admitted from an intensifier with automatic control. The table is lowered by 8 full stroke 

SOMB Htdbauuo Presses op Becent manufacture. 

Maximum 

Purpose. Maximum 
Capacity. 

Working 
Pressure. 

Accumulator or 
Intensiflet. Bern arks. 

Lb./sq. in. 

Forging press 16,000 tons 6,800 ' 3 treble ram Steam intensi- ToolhasSmain 
pumps for fier for main rams and 8 
drawback rams rams, pneu- return rams. 

matic accumu¬ 
lator for draw- 
baok rams 
(2,900 to 4,400 
lb./sq. in.) 

Weight of this 
tool 3,600 tons 

Bubber vul- 10,000 tons 4,600 Treble ram Steam Intensi- 
canising press pumps, 1,650 fier 

lb./sq. in. 
Pipe staving 48-in. diam. 4,600 Treble ram Air loaded ac- 
press Pipes pumps, 1,600 cumulator and 

lb./sq. in. i intensifier 
Gear harden¬ 1,600 tons 6,260 Vertical long ; Accumulator 
ing press 

i 

stroke 3-throw j and intensi- 
variable high, fier 

; speed pump, 
360 to 6,260 : 

: lb./sq. in. 
Moulding press 1,300 tons 4,480 Treble ram None 

for plastics 
Locomotive i 300 tons Treble ram None 4 main rams. 

wheel press each with 2 
return rams 

Sheet metal ! 160 tons 1 High speed * None 
stretching 
press 

' pumps j 

Moulding 76 tons i High speed 2- j None Single ram 
press for throw with ad-1 
plastics ; justable maxi-: 

; mum pressure! 
Portable press 60 tons 2,210 j High speed ram < None Press mounted 
for bending ; pump 1,000 to , on 4-wheeled 
and stretching 

1 
1 1,600 r.p.m. i truck 

* * Bubber Machinery and Process Plant/ B. Morris, Proc. I.Mech.E.^ June 1289, Yoi. 141, 
p. 110. 

t EngineMng, Feb. 9,1984, p. 166. 
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retarn ojlindera in a few seconds. The speeds of the rams are controlled autoniatically and the 
mloanisied materiaVis produced in correct thicknesses within vecy fine limits. 

Air loaded accumulator and intensifier plant serve this large press. 

Moulding Pres»e» for Double injection moulding presses of horizontal design ate 
used for the production of small articles from thermo-plastics. The powder, contained in a 
heated cylinder, is forced into the moiUd at the first movement of the ram and the return stroke 
of the ram ejecta the finished article from the mould, whence it falls into a container. These presses 
give continuous production, but it is important that the hydraulic supply should be free from 
pulsations. 

For larger mouldings single acting vertical presses are used with drawback rams, and ejector 
rams for the finished articles. 

The suitability of hydraulic presses for the moulding of plastics is to be noted. The forming 
or moulding process must have a degree of irregularity, the closing mould being free to adapt its 
stroke elastically to the fiow of the material. This condition is perfectly fulfilled by an hydraulic 
press with suitable power supply. The application of individual high speed, high pressure 
pumps to presses for plastics moulding is a prominent development. 

HYDRAUUO ACTUATINO MAOmNBRT. 

Hydraulic power has important applications in civil and mechanical engineering, to the actua¬ 
tion of machinery—i.e. the application of forc&i to control the relative movements of machine 
members, as distinct from press work in which the hydraulic effort is directed to the shaping of 
material in course of manufacture. 

Although electricity is now widely used for many driving duties that were formerly undertaken 
by hydraulic power, there are many cases in which hydraulic power, for various reasons, is still 
preferred. 

FlO. 32.~Hydraulic Dock Sluice Machine. 

• *Bydraalio Machinery and the Plastic Industries.' M. R. Bhodea, Proe^ I.Mech.E., 
September 1»S9, Vol, 141, p. 14S. 
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Sluice* and Lock Oatet.-^hi dock practice, before the general application of the electric 
motor, there waa great convenience in having a central hydraulic power station, with pumps and 
accumulatoiB, for the provision of the relatively heavy efforts needed to operate dock sluices and 
lock gates as well as coal hoists, cranes and capstans. Most of the large docks still retain their 
hydraulic power plants and have, in many cases, modernised them. Pressures of from 700 to 
800 lb. are used. Gates are often operate through hydraulic engines of the 3-cylinder radial 
type, and direct acting rams and cylinders are also employed as, for example, in the operation 
of sluices. 

Hydraulic power has been applied with success to the automatic operation of sluices or pen* 
stocks in sewage installations. In one of the latest Installations,* the largest sewage disposal 
works in the Empire, six large grit chambers for storm water have penstocks installed at each 
end, those at the inlets being 64 ins. wide X 114 inus. deep, and those at the outlet ends 73 ins. 
wide X 96 ins. deep, in both cases for operation under unbalanced heads of up to 18 ft. The 
penstock frames are extended to carry hydraulic actuating cylinders, the design ensuring that 
all the operating forces are confined to the sluice structure. A working pressure of 600 lb. per sq. 
in. is generated by two three-throw ram pnmps each of 6 g.p.m. capacity, with a pressure medium 
of oil of low freezing point. A pneumatic type accumulator is used with automatic control of 
the pumps by means of float switches on the fluid tank, which bring in each pump at a slightly 
different pressure. A standby hand-operated pump enables pressure to be generate even in the 
event of the failure of the electric supply. 

outut nnsiocki'oo 

The control valves, by means of which the penstocks are opened in sequence, are operated 
by float gear which responds to a given rise of level in the main sewer, the opening of the ontlet 
penstock in each case being controlled by the opening of the inlet penstock. This automatic 
gear is independent of ext^al power and would not be affected by dislocation of electricity 
supplies which might be the result of a severe Storm. 

Bridge*.—^There are numerous examples of bridges in which hydraulic power is used for 
lifting and slewing machinery. Some details axe given in Section XIV, Part IV, p. 626. 

Adju*table Floor*.—Even when electricity is fuUy available, advantage is taken of the special 
characteristics of hydraulic power when circumstances are appropriate. An excellent modem 
example of the conversion of electrical power to hydraulic power for the convenient manipulation 
of a heavy and cumbersome load, is found in the 730 tons adjustable floor at Earls C)ourt.t This 
floor is in three sections, each 66 ft. x 96 ft., and two rams, each 38 ins. in diam., are employed 

* West Middlesex Sewage Disposal Works, 
t The Engineer, December 84,1987, p. 707. 
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to r»iM eaoh section to the level required, after which permanent stilts take the weight. ^ Opera¬ 
tion of * chocks,' by nn^n<i of which the floor load is transferred through the stilts to the reinforced 
concrete load distiibuting beams in the bottom of the pool, is also hydraulic, and when the 
stilts have taken up the weight of the floor and its loading, the hydraulic power can be turned 
off the wniin lifting rams. 

Light Alloy Casting Machines.—Hydraulically operated continuous casting machines for light 
alloys have been used succe^ully In recent years and their use has been greatly stimulated by 
the war-time demand for aluminium and magnesium production. 

Teeing Machines.—For driving materials testing machines of various kinds, from the Biinell 
hardness testing unit with its tiny hand pump, np to the largest tensile and compression machines, 
hydraulic power is a convenient and flexible agent. 

Pressore testing machines for valves, pipes, fittings and general castings range from relatively 
elaborate machines with semi-automatic control valves for repetition testing, to simple hand 
pomps for connection to pipe lines or blanked off castings. Very high pressures are sometimes 
applied, reaching 30,000 lb. per sq. in. 

Hydraulic Transmissions.—There has been great development in mechanisms for the trans¬ 
mission of power through fluid couplings, fluid torque converters (Descriptive Sec. XIX (II), 
hydraulic transformers, and hydraulic variable speed gears (Descriptive Sec. XIX (II), and 
many ingenious devices for transmitting, transforming and receiving motion and energy 
hydnulloidly, have been evolved. Among successful applications of hydraulic drives, those to 
machine tools are of outstanding importance (Sect. XXII (I), p. 1022). 

Power operation of ship's main and emeigency steering gear and of slipway haulages * are 
among suooMsful applications of hydraulic drives in which exceptionally heavy and fluctuating 
loads have to be dealt with. 

Bulkhead Boors,—Watertight apparatus for ships, in conformity with the regulations of the 
British Ministry of Shipping, Lloyd's, Bureau Veritas and the International Convention, Include 
watertight bulkhead doors which. In many of the most important installations, are controlled 
hydranUcally. The chief requirements affecting the hydraulic operation of watertight bulkhead 
doors are as follows:— 

It must be possible to close all the doors simultaneously from the bridge. Under normal 
conditions of control it must be possible for any door to be operated locally under power or by 
hand, or from the bulkhead deck as required. When closed from the bridge any door must be 

FlO. 34.^Hydranlioally Controlled Watertight Bulkhead Doors—Stone System. 

♦ • Beoent Developments in the nse of Hydraulic Power,' H. 0. Town, Pros. I.Mech.E,, 1940, 
Vol. 14S, p. 199. 
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capable of being opened locally, bat moat aatomatically redoae when the controla are releaaed. 
It moat be poaalble to open any door from the local poaition at any time under power or by hand. 

Hydraulic power ia particularly auited to the fulfllment of theae requirementa and aereral 
ayate^ hare been erolyed. 

In the extenairely applied * Stone * ayatem a working preaanre of 700 lb. per aq. in. ia uaed, 
the hydraifllo fluid being deliyered either by ateam pmnpa or by electrically driyen pumpa of the 
rotary type, with air accumulator atorage and automatic running control oyer an open circuit. 
The bulkhead doora are of the eliding type working yertically or horizontally, and are opened 
and cloaed through the agency of hydraulic cylinders and appropriate control yalyes, neceaaary 
proyiaion being made for operation under power, and by hand in the eyent of failure of power, 
in accordance with the regi^tions. 

In a proposal to apply the Glenfleld-Lockheed system of remote hydraulic control to the 
operation of watertight bulkhead doora (proylsionally approyed'by the British Ministry of 
Shipping) a pressure of about 800 lb. per sq. in. is provided by electrically driyen transmitter 
pumps automatically controlled, with pressure storage of the hydraulic medium. Pairs of 
Lockheed slaye cylinders actuate the doora by direct effort. This system provides the following 
hydraulic controls: 

The doora can be opened or shut individually from the bridge using selector valves, or they 
can all be closed or opened together using a master control. 

Doora can be opened or closed locally under power, or by hand, but they will return to the 
positions decided by the bridge. 

Local power controls can be locked, but only in the door shut positions. 

Doors can be closed and opened from the bulkhead deck by hand. 

When the doora are closed by local or bulkhead deck hand controls, the power circuit is isolated, 
thus preventing the bridge from opening the doors. This power circuit lock can be released 
from either the local or bulkhead deck control positions. 

A door that has been partly closed by hand from the local position can only be closed and not 
reopened from the bulkhead deck position. 

It is of interest to note that the hand power in this system is also applied hydraulically, the 
hand controls being actually small hydraulic pressure transmitters independently connected to 
the door slaves, with appropriate automatic isolating valves in the circuits. 

SMALL SOALB AUTOMOnTB MEGHAIOSMS. 

Exceptional progress has been made with highly developed small scale automotive mechanisms 
or servo motors, some of which have become familiar even to laymen. The Lockheed and Bendiz 
Oowdrey automobile brake systems are examples. 

Aircraft Developments.—Hydraulic actuation, through remote controls, of aircraft mechanisms 
has been widely adopted. Hydraulically operated apparatus for aircraft includes retractable 
undercarriages and landling flaps of high speed craft, bomb compartment doora and releasing 
equipment for war planes, gyroplanes, comporate apparatus for mid air launching, and auto 
pilots.* 

Lodcheed Uydraulxc Remote Controls.—^The Lockheed system of remote hydraulic control 
employs a range of very highly developed standardised components, from which automotiye 
mechsmisms can be built up for many purposes. The essential components of this system indude 
hand operated and motor driven rotary transmitters, selector valves in ganged units, slave 
cylinders of several types, various automatic circuit control valves, and pressure tubing. Specially 
blended oil is used as the hydraulic medium. High overall efilciencies of the order of 90 per cent, 
are claimed for this system in comparison with mechaniQal gearing which for many operational 
purposes has an overall efflciency of only 26 to SO per cent. 

Rotary Transmitters.—^Two-cylinder and 4-cylinder units are employed giving pressures up to 
700 lb. per sq. in. and deliveriee which depend upon the throw of the crankshaft, of which there 
is a choice of three for each unit. The transmitters have incorporated in them valve arrange¬ 
ments which give reverse directions of fluid output for opposite directions of rotation of the 
crankshaft so that double acting systems can be operated where both push and pull efforts are 
required from the receiver unit. An adjustable relief valve is also included in the transmitter, 
or separate 3-way relief valves which make it possible to give two different pressures, depending 
upon the direction of rotation of the crankshaft. When the handwheel is released or the motor 

•See /sums/, I.Mech.B., Yol. 143, No. 3, 1940. 
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stopped, the hjdraoUo oirouit is * open * and variations of fluid volume due to temperature 
ohangee have no elleot. 

SUtM Cylinders.—Slave cylinders are of several types all of which consist essentially of a 
small bore oyUnder (the usual sizes are between f in. and 3-in. dJam.) fitted with a piston, in 

WUM6 TO aUlCVM 

Pxo. 36.—IsMkheed Slave Qylinder. 
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which Is incorporated a mechanical locking device to ensure that the piston can only be moved 
in the oyiinder when intemai fluid pressure is applied, and- that it cannot be moved by external 
effort. Any mechanism operated by a siave cylinder remains iocked in the position determined 
by the rotation of the transmitter, as soon as the handwheel is released. When heavy reactive 
loads are involved, an hydraulic lock is employed as well. Slave cylinders without the auto¬ 
lock are used for certain purposes. 

Fairs of hydraulically synchronised slave cylinders are used in cases where mechanical inter¬ 
connection between the two is appropriate but difficult or impossible to attain. 

The standard auto-lock slave cylinder can be fitted with indicator transmitters or limit switches 
for the transmission of visual indications of the movements of the piston. 

The cylinders are single ended giving differential efforts or double ended to give equal efforts 
on both strokes. 

SeleOor Valves.—Selector valve units consist of up to nine separate selector valves ganged 
together, each valve operated by its own lever and so arranged that pressure fluid from one 
rotary transmitter may be directed to operate slaves at any one of a number of remote receiving 
points, by depression of the appropriate lever. Banks of Sector valves can be employed. The 
levers are positively interlocked so that only one valve may be selected at a time. Electrical 
switching arrangements can be incorporated for position indication. 

Applications.—Among many successful applications of the Lockheed hydraulic remote control 
system may be mentioned Lockheed-Babcock remote damper control gear, the Glenfield-Lockheed 
system for the remote control of valves, marine steering gear and marine reversing equipment, 
accelerator and throttle control, the opening and closing of windows, and a wide variety of similar 
mechanisms. >*. 

Hydraulic Remote Control of Valves.—The conventional system for the hydraulic control of 
valves, often utilising water at ordinary distribution pressures, has disadvantages among which 
mav be mentioned the large hydraulic cylinders which are often necessary, and the necessity to 
maintain the pressure on the piston in order to keep the valve in the de^red position, creeping 
of the valve usually being unavoidable. Moreover, with wear of operaf^ valves and piston 
leathers, the tendency to creep becomes very pronounced. 
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Mecshanical locks, auxiliary to the conventional hydraulic equipment of a valve, have had 
limited applications and their use is not extensive. The Lockheed system applied to valves is 
differentiated from the conventional system by the smallness of the slave cylinders, resulting 
from the use of high pressure and by the fact that the hydraulic piston incorporates a mechanical 
lock which is applied automatically whenever pressure is taken off the piston at the completion 
of every operational movement. When heavy reactive loads are involved, as in large valves and 
sluice gat^ owing to the weight of the moving parts, an hydraulic lock is included in the circuit 
in the shape of an automatic valve in the pressure pipe leading to the lower side, say, of the 
cylinder.* 

FlO. 38.—Diagrammatic Arrangement of Sluice Valve OontroL 
Glenfield'Lockheed System. 

Htdrauijo HA2n>LiNa Maobinebt. 

Cranes^ CapitarUt sfc.—Hydraulic cranes, derricks and hoists have been largely superseded 
by electrically operated machines but there are, nevertheless, a large number of such hydraulic 
lifting devices still in use at docks and harbours, in shipyards and in many other industrial under¬ 
takings. Motor oar inspection jacking platforms are well-known examples of recently specialised 
lifting devices. In most cases the working pressure is between 700 and 1,600 lb. ner sq. in. 
Similariv, although electrically driven capstans are much more commonly installea now than 
hydraulic capstans, the latter machines remain in quite extensive use, and examples have been 
installed quite recently at several important sites. 

* * A. Hew System of Hyteolic Bemote Operation for Oontrol Valves/ B. Bmoe Ball. inn.. 
Journal of IM€eh.B.194ii),To\, 14S. *' * 
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Where existing hydraulic power systems are arallable there Is quite good reason, to consider 
the use of the silent and robust hydraulic machine for heavy lifts and pulls. Simplicity, com¬ 
pactness^ absence of fast running components and ease of control are among the advantages 
presented by hydraulic operation of lifting machinery. Although in the past, economical working 
was only obtained under full load conditions, with modem variable pressure and variable 
delivery hydraulic pumps, this objection need not be sustained. 

FBIOTION OF HTDRAUIJO PAOXINO. 

JJydraulie Leathers (see Sect. XIX (III), p. 866). 

Compression Packings.—(Braided Flax or Hemp). 

F = 0-26 PD (Houghton). 

Where F ■= friction (lb.); 
P total load on plunger 
D » plunger diameter (ins.). 

Htdbaulio Pressurb Gauges. 

Standard Bourdon type pressure gauges with solid drawn steel spring tubes of special alloys 
are manufactured for pressures up to 32 tons per sq. in. Gauges should be calibrated to twice 
the working pressure they are to register. Pulsating pressures and sudden variations of pressure 
should not be allowed to act directly on hydraulic gauges and protection should be provided in 
the form of fine regulating valves which should be adjusted to reduce the movement of the pointers 
to the smallest perceptible tremor. 

Each gauge should be calibrated against a deadweight testing machine and an individual dial 
should be written. Frequent checking of the oalibrations is desirable. 

See also Descriptive Section XIX, Fart II: 

.Beirs Asbestos and Engineering Ltd. 
Exactor Control Go. Ltd. 
Keelavite Rotary Pumps and Motors Ltd. 
Viokers-Armstrongs Ltd. (Variable Speed Gear Department). 
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SECTION XIX 
PART III 

CLASSIFICATION OF PUMPS — BECIPKOCATING PUMPS — 
PUMPING PROM WELLS-CENTRIFUGAL PUMPS-ROTARY 
PUMPS—AIR LIFT PUMPS-HYDRAULIC RAMS. 

(By J. Poster Petree, M.I.Meoh.E., A.M.I.N.A.) 

PUMPS. 

The function of % pnmp la the raising and forcing of liquid, either by transferring it from 
a lower to a higher level or by performing equivalent work in maintaining pressure or overcoming 
rmistanoes to flow. The work done is diriaible into the three seotiona of suction, hydraulic 
losses, and delivery, all three being expressed in feet of * bead *; a column of fresh water S *3 ft. in 
height representi^ a pressure at its base of 1 lb. per sq. in. The total resistance the pnmp 
must overcome to deliver the liquid, expressed in this way, is the * total gauge head' (fig. 
Liquid in motion has also kinetic energy, and this is convertible into head by the relation 

where k the head In feet, t velocity in ft. per sec., and y the acceleration due to gravity, 
usually taken in pumping calonlationa as S2 ft. per sec. per see. By transposing the equation into 

■■ Syh or t •• 
the corresponding velocity can be obtained when the head is known. 

SUOnON LIFT. 

The height to which liquid may be forced depends upon the design of the pump and the 
power applied to drive it; but the suction lift is doe solely to the pressure of the external 
atmosphere, and its maximum height depends upon the ability of the pump to produce a vacuum 
in the suction pipe. The theoretical maximum is 84 ft., this b^g the height of the water column 
corresponding to normal atmospheric pressure at sea-level; but air leaks, pipe friction, and the 
vapour pressure existing over any free liquid surface in the suction system, combine to rednoe 
the practicable maximum to about 96 ft., although some reciprocating pumps have been known 
to prime themselves and draw steadily from a vertical depth of 80 ft. It is advisable to limit 
the vertical lift still further, to about 90 ft. for reciprocating pumps and 16 ft. for oentrifugai 
pomps, unless all suction losses can be accurately predicted and a greater lift is found to be 
feasible. 

As atmospheric pressure alone raises the liquid into a pomp, any reduction whatever in the 
pressure difference between the inside of the pump and the outside air has a direct equivalent 
in feet loss of possible lift. Owing to the reduced atmospheric pressure, altitude above sea-level 
reduces the available lift by a foot for every 1,000 ft. of height, assuming the temperature to 
remain unchanged. Any rise in temperature, at any level, also reduces the possible rift at that 
level by promoting vaporisation, which creates a back pressure against the pressure of the 
atmosphere. The loss of lift from this cause, in the ease of water, is about 2 ft. for every 10* Fahr. 
For this reason a pump dealing with hoi water must be placed below the supply level to ensure 
a flow to the pnmp inlet by gravity. These limitations, due to natural laws, are independent of 
design. 

suonoir PiPtiro. 
CK>od design can lessen hydraulic losses by avoiding snob obstacles to free flow as sharp bends 

or sudden changes of section. As the frictional resistence in pipes varies approximately as the 
square of the velocity it can be diminished by using pipes of ample sise; hence, suctions ars 
often made larger than delivery piping, to limit the velocity to about 8 ft. per see. for reciprocating 
pumps. This figure is often applied to centrifugal pumps also; but the absence of pulsations In 
a centrifugal pump suction makes a higher speed pomible —6 ft. or 6 ft. per sec.—without inereaa- 
ing the total frictional loss, the higher surface friction of the pipe walls being oflhet by the reduced 
sddy-makine. Pipes and castings should be water-tested lor flaws or porous sp^ and care 
taken in making and maintaining Joints, to guard against air leaks. A v^ small Isak will allow 
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PREVENTION OF 

WATER HAMMER 

IN PUMPING 

SYSTEMS The Glenfield 
RECOIL VALVE 

A Non-return valve incorporating entirely new principles 
evolved and perfected by us for use in conditions of 
abnormal severity. 

In pumping practice where reversal 
of a column of water can occur 

more quickly than the valve door 

can close, water hammer shock 

can be so severe as to fracture the 

valve, the pipe, or both. 

The Glenfield Recoil Valve over¬ 
comes this danger; it does not 
mask the effect of water hammer, 
but completely prevents it, and has 
proved in service to operate silently 
and efficiently under the most 
severe conditions. 

A fully descriptive 
booklet is available 

on request 
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the pipe to omptj when the pomp le ftopped, eren though e foot-Telre mej be fitted, ■■ foot* 
relree ere not readily aoeeadble, and are eeldom quite ^bt. 

FOOI>?ALTlfl AND BIBAINKBS. 
The hinged flapa of foot-TalTea most hare enoogh lift to giro a clear paaiage at least equal to 

the area oi the pipe. If a pomp mnat be freqnentiy stopped and restarted a fall*bore slnioe-ralTe 
may be fitted in place of the foot^Talve, to ensare that the pipe remains fall when the pomp Is 
not working. * Shook loss * at entry to a soction pipe, doe to the sadden change in direction of 
the water, can be almost eliminated by fitting a bell-mooth piece of soltable design (see B. W. 
Allen, Frae. /nji. Jfeeh. Bng^ 1933). Soctlon stminers, in water that is normally clean, Aonld 
have a total area through the holes at least three times that of the pipe. When pomping from 
rivers this proportion may be doubled, and a swivel bend or other means provided for ralr^ the 
strainer to the sutlace for cleaning. For oontlnuons operation of large pumps for river and sea* 
water (such as the circulating pomps of eieotrleity stations), some form of revolving or traversing 
screen is necessary, cleaned by a mechanical scraper or a water q>ray, or both in conjunction. 
Ships plying in waters liable to toe have a live steam connection to the cirouiating intakes for 
melting aocomulated ice. This device, believed to have been fitted first in the d^esS Satiem 
steamship, is also effective in dislodging jellyflslL jammed by the inrush of water against the 
suction gratings; or a connection may be made from the discharge of another pump and water 
under pressure pumped out through we choked grating. 

Classifloation of Pumps. 

Although one principle of operation blends into another in some border-line cases, the majority 
of pumps can be placed in one or another of the following categories: 

RtHprooating Pumpt^ subdivided into (a) lift pumps, and (6) force pumps; 
Otn^ugai Pumpr, comprising (a) volute pumps, and (6) turbine pumps; 
Rotary Pumpi other then oentrlragal pumps; and 
Air Lift Pumpi, 
Other means for raising liquids are the scoop-wheel; the chain pump, in which a series of 

discs on an endless chain lifts water up a pipe; the Archimedean screw—perhaps better classed 
as a conveyor than as a pomp; the pneumatic or steam ejector and the steam injector; the 
hydraulic, or Montgolfier, ram (see p. 831) in which the kinetic energy of a large volume of water 
at a low head is used to raise a small quantity of the same water to a high head; and the Humphrey 
gas pump, in which the explosion of a gas charge above the surface of the water in a cloeed 
chamber forces some of it through the discharge valve, and the subsequent surging of the 
remainder admits a further supply, and also draws in and compresses a fresh gas charge, when 
the cycle is repeated. 

Yarious forms of axial-fiow pomp have been developed lor pumping from boreholes. Some 
are true screws and do not differ in principle from the Ajrchlmedean screw, but others are partially 
centrifagal in their action, and some are high-speed turbine pumps with diffusion passages for 
converting a part of the velocity of fiow into pressure between the successive impellers. 

The air lift, though styled a * pump,' is in essence a water-chimney, and functions similarly to 
the chimney of a. boiler plant by utilicdng the difference in density between the inside and outidde 
of the rising main to produce upward flow. 

BKGIPBOOAIINQ PUMPS. 
The simplest form of reciprocating pump, with a valve in the bucket only, is of limited utility, 

and needs no detailed description. A modernised form, often power-driven, is the portable 
diaphngm pump used by contractors for dewatering trenches. A non-return valve on the 
suction of the simple bucket-pump improves the regularity of performance without extending the 
working range; but if the top of the barrel is closed and a second non-return valve fitted on the 
delivery the scope is greatly extended, as the upward movement of the bucket will then lift the 
water to any desired height^ limited only by the power applied and the strength of the parts. 
This type is still used in waterworks, and for extracting air and condensate from surface con* 
densers. It is single-acting, and the rod is in tension daring the working stroke. To give the 
effect of double-action two pumps are used, connected by a rocking beam or a crankshaft and rods 
so that the buckets act alternately. 

The efficiency of this form of pump needs careful checking to detect leakage past the backet 
valve; a drawback not present in the force pump. In which the reciprocating member may be 
either a packed piston working in a barrel or a plunger working through an external gland. The 
suction and delivery valves of force pumps are housed in chests with bolted covets, allowing of 
examination and renewal without disturbing the pumpwork. The plunger pump is slightly 
cheaper to make than the piston pump, as the chamber need not be machined internally. luton 
pumps are either singie-acting or double-acting, and are suitable for clear liquids and pressures up 
to about S60ibs.persq. in. Theplungerpump, usaallysingleHmting, la preferable wherethedelivery 
bead is high or the liquid oarriesgrit in suspension, as leakage past the plunger can be seen at once 
and the paokmg adjusted whUe the pump is working. Both types require an air vessel on the 
delivery, and if the driving speed flaotaates, on the suction side also, to prevent damage by 
shook. Some cushioning may be provided by air naccs formed in the discharge valve chest, 
but there most be no pockets in which air might colleot tn the suction systenu 
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Powm PUMPS. 
It s force pump hes the plfton or plmiger sctneted by a oonneoting rod from a crankshaft 

driren by extemal power through belt or spar gearing, it is known as a * power pump.* The 
type is suitable for conthmons duty over a wide range of heads, but not for conditions invoWing 
rapid changes in speed or quantity, as the speed of the prime mover cannot readily respond to 
varying conditions to the pump. For example, if the innow to the suction does not completely 
^ the pump barrel severe shook results when the momentarily unloaded plunger strikes the 
water, if excessive pressure or the closing of a valve interrupts delivery the pomp still runs at 
full power, and practically full speed, and may generate such a head as to burst a vatve chest or 

stop when the total pressure on the plunger equalled the total pressure on the steam piston, 
res^urting automatically as soon as the plunger load again fell below the steam load. The suction 
pipe of a power pump most run full under all oondiUons, and a relief valve should be fitted to 
Uitot the delivery pressure. The rate of suction inflow, therefore, determines the maximum 
piston or plunger speed at which the pump can be run without producing cavitation and conse¬ 
quent water-hammer. The cavitating speed can be calculated by Goodman's method (Proc. 
/.if<eA.j;., 1903, p. 133). 

Duplex slngl^acttog power pomps have the cranks set at 180* apart, duplex double-acting 
power pumps at 90*, and triplex pomps at 130*. As Uneshaft and motor speeds are seldom 
suitable for direct belt-driving, belt pulleys are fitted on a countershaft carrying a pinion which 
engages a large gear wheel on the end of the crankshaft. Another drive is from a pinion on the 
motor shaft Uurongh double-reduction gearing to the pump crankshaft; but this gear is liable to 
become noisy in use and lacks the rwilience of the belt drive, shocks in the pump being transmitted 
through the train of gears to the prime mover unless a flexible coupling is incorporated. 

Pump speeds to excess of 100 revolutions per min. of the crank^aft are rare unless the valves 
are mechanically operated, the usual rates ran^g from 60 to 75 r.p.m. in medium-sized pumps 
(6 ins. to 9 ins. plunger diameter) down to 35 or 40 r.p.m. to pumps with 15 ins. plungers. Fuel 
pumps for oil engines and pressure pumps for oil-operated machine tools may run at speeds 
exceeding 1,500 r.p.m. of the driving shaft. Such pumps are of small size, have a short stroke 
and are actuated by cams or, preferably, by eccentrics. They have a drowned suction, very 
ihort and direct passages and, almost invariably, spring-loaded valves. Single-barrelled power 
pumps are used only to small sizes, f.e., under 6 ins. diameter of plunger or piston. In larger 
sizes, and often for duties within the capacity of a single pump, the duplex or triplex types are 
preferred for their greater uniformity of flow. For very high-pressure hydraulic duty (4 tons or 
5 tons per sq. in.) special pumps are made, having the barrels and valve chests machined from 
solid steel forgings. 

Pbopobtions op Bbakohbs. 
The suction and delivery pipes of power pumps are usually of the same bore as the pump 

branches, no taper pipes being fitted. To minimise losses the suction diameter should not be 
less tiian two-thir^ of the plunger or piston diameter, and in long-stroke pumps (f .r., with a stroke/ 
bore ratio greater than 1 *0) may equal the plunger diameter. Pumps for hot or viscous liquids 
mav have suction branches times the plunger diameter; but this adds greatly to the weight 
and cost of piping, and should not be necessary if an adequate positive bead is maintained on the 
suction and the pipe system has no sharp bends or sudden restrictions. The table represents 
current practice to the suction and discharge velocities of power pumps of the principal types. 

Feloolty in ft. per sec. 
of 

Suction. Delivery. 

i 
Triplex single-aottog plunger pumps.! 3 to4 3|to5 
Triplex double-acting piston pumps. 3 .. 4i 
Duplex double-acting piston pomps. 1 3} „ 5 8 .. 7 
Simplex atogle-acttog piston pumps. 1 3 8 j Hu9 

The low speeds of flow adopted for the simplex pomps are doe to the small average siae of 
this type. In small pipes the friction loss is relatively greater than in large pipes, and as it varies 
as the square of the velocity, high flow speeds ate detrimental to efficiency. 

AFFBOXXMATI OALOULATXON Of FLOW IN PlFBS. 
The quantity to gallons per minute flowing through a pipe of diameter D ins. at a velocity of 

1ft. per sec. is inven approximately by twice the square of the diameter (3D*); but a quicker and 
more exiaot method on the alide-ruie is to use the formula: 

D* 
Qanons per minute at 10 ft. per sec. — m follows:—• 

Set the 7 on Scalp 0 to the pipe diameter to inches on Scale D. The right-hand 1 of Scale B 
then Indicates on Scale A the quantity to gallons per minute at 10 ft. per aeo.; and a movement 
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of tbo oanor to the 9, 8, 7 or other yalae on Scale B (repreeentlDg velocities in ft. per lec.) gives 
the qoantities corresponding to those velocities on Seale A. Alternatively, setting the oanor to 
a known quantity on Scale A gives the speed of flow on Scaie B. The formula is based upon 
Imperial gallons of 877*874 on. ins.; to convert the quantities to U.S. gallons multiply by 1 *8. 

OAPAOITT 09 RROIPBOOATDia PUlfPfl. 

If D ai pia. of pump barrel in inches, S * Stroke of pump In inches, N » Number of working 
strokes per minute, and Q — Gallons per hour; then 

_ D* X S X N . ^ , 
Qaa-approximately. 

Actually the result is 8 per cent, less than the volume swept by the pump piston ; f.s., it gives 
the output at a volumetric efficiency of 98 per cent. This is not an impotable efficiency, but 
95 per cent, is probably the best obtainable in most cases. The remaining 5 per cent, is mainly 
leakage past the piston and gland. A small gland leakage may be tolerated as a seal against the 
ingress of air on the reverse stroke. A reciprocating pump with a long suction pipe may deliver, 
against a low head, more water than corresponds to the plunger displacement, f.e., the volumetric 
efficiency may exceed 100 per cent., the momentum of the long water column, acquired during the 
suction stroke, holding both valves open after the delivery stroke has begun. 

Discharge from Reciprocating Pumps. 
TaBIJS ok GjXHTAXTS WIIIOH, MuLTII'LIEO by EfFEPTIVK NUMBKU of STHOKK8 rEil 

MIXL'TK, (HVK THK DiSCHAUOK IX (iALI.oX8 PER JlOUR. 

MEOHAmOAL BmOIBNOT 09 REOIPBOOATINa PUMFS. 

As mechanical efficiency varies with the design of a pump and still more according to the 
standard of maintenance, only general figures can be given for reciprocating pumps as a class. 
Other things being equal, a piston pump is rather more efficient than a plunger pump owing to 
the large glands of the latter, embracing the full plunger diameter; and in all types a better 
efficiency accompanies increase in size of the pump. For small piston pumps 60 per cent, is 
a good figure, rising to 85 per cent, and even more in large waterworks pumping engines. Oorre- 
sponding sizes of plunger pumps would have efficiencies from S to 5 per cent, less when pumping 
water, with a farther redaction of at least 10 per cent, if pumping suoh liquids as tar or heavy 
erude oil. This must be taken into account when computing the boiler pressure lor steam pumps. 
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B«UB PBIMOBI BSQUIBaD MB PUMraMI. 

L dlMotfMtiiig fteam pamp with an 8-in. diameter eteam ojlinder and a 6-in. diameter pomp 
barrel li to be need for pumping freeh water to a height of 100 ft.; the water being eopplied to 
^e g^p niotion at a pteesaie of 10 Ibe. per iq. in. What working prennie will be required in 

nie meohanioal eflBdenoj of a pump of this aiae, in good working order, ia about 68 per oent. 
One foot head of fresh water repreaenta a preeeaie of 0*433 lb. per eq. in., and the preeaure to be 
pumped aninat ia, therefore, 100 x 0*433 — 43*3 lbs. per aq. in., plua the preaaure neoeaaarj to 
OTeroome fluid friction in the diacharge pipe, with all loaaea at benda, ralrea, etc. U nder ordinary 
oonditione the total pipe loaa would not exceed the equivalent of 10 Iba. per aq. in., and, assuming 
this value. It can be cancelled by the specified pressure of 10 lbs. per iq. in. on the suction. The 
net resistance to movement of the pomp piston la, therefore, the amount due to the delivery head 
alone, acting on the area of the 6-in. piston, and Its value is (6 x 6 x 0*7864) x 43*3 ■> 1,384 lbs. 
The mechanical efflcienoy being 66 per cent., the total resiatance to be overcome by the steam piston 

Is 1*883 lbs. To overcome that resistance the efleotive pressure that must be exerted on 

a direct-acting steam piston 8 ins. diameter would be ^7 *46 lbs. The boiler 
X 8 X U*7804) 

pressure must equal the effective pressure on the piston plua the loss of ateam pressure due to 
throttling in the steam ports and friction in the pipe. Allowing for a back preasure of 4 lbs. per 
aq. in., and aasnming a reduction by throttling of 10 lbs. per aq. in., the actual pressure in the 
boiler must be at least 37*46 + 4 -f 10 ■i 61*46 Iba. per sq. In. As boilers seldom work oon- 
ttnconaiy at the full designed pressure, a boiler rated at 60 lbs. per sq. in. would be selected for 
this duty. 

DlRBOT-AOTZNa FUMP8. 

Steam reciprocating pumps are described as * direct-acting * when the steam piston and pump Elston are boUi mounted on the same rod so that the delivery pressure in the pump is produced 
y the direct thrust of the steam pressure without Intervening gears or linkwork. Both pistons 

are double-act^, and the pumps may be either horisontal or vertical. They range from small 
pumps delivering three or four gallons per minute, to big triple-expansion units for waterworks 
pumping, fitted with Corliss or drop valves to give a sharp cut*ofl and a high degree of expansive 
working in the steam cylinders. 

In a simplex direct-acting pump the valve of the steam cylinder is operated by a swinging 
link with one end pivoted on the pump framing, the other end being attached to the reciprocating 
pump rod. Dupko; pumps have two steam cylinders and two pump barrels side by side, the 
valve of either steam cylinder being actuated from the rod of the other pump. If simple valves 
are used they have no lap or lead, the initial steam pressure being carried for the full stroke; this 
ensures that one steam port is always open so that the pump cannot become stalled by the valve 
sticking when both ports are coverra, but involves a somewhat heavy steam consumption. The 
valve IS not rigidly attached to the valve rod, but can slide upon it by a predetermined amount; 
thus the stroke of the rod exceeds the travel of the valve by the amount of * lost motion,' and the 
valve pauses for a time at the end of each stroke, allowing the full steam preasure to follow the 
piston almost to the other end of the oyUnder. 
▲ simplex pump is made to work expansively by using an auxiliary or pilot valve operated 

directly by the valve rod and admitting steam to a piston which forms the main valve of the 
steam cylinder. Where automatically variable delivery is required, as in boiler feeding, a float 
tank is added, the vertical movement of the float controlling the steam supply. (Oentrif^al feed 
pumps are treated under * Turbine Pumps,' p. 814.) For industrial uses the horisontal pump is 
favoured, but on board ship the vertical type is preferred owing to its compactness end, in addition 
to boiler feed-wSter supply, is used for fuel and lubricating oil, bilge, fire, ballast, and general 
services. 

Maubbials ow pump Bnds. 

Iron pump ends, with steel rods and iron or bronse fittings, are used for pumping asphalt, 
ammonia, tar, potassium cyanide, drainage water, sewage, and paint; with all parts in contact 
with the llqtdd made of iron, for naphtha, creosote, gas-works pumping, soda pulp, caustic soda, 
and alkaline liquids in general; lead-lined throughout, or with lead-iined barrel and lead covers 
and valves, for concentrated acids; gloss-lined, for milk. 

Bronse pump ends, or iron with bronse lining, are used for wood pulp and paper * stuff,' alcohol, 
whisky, molasses and sugar ^rups, boiler-feed water, drinking water, tan liquor, beer, salt water, 
vinegar, fuel oil and lubricatmg oils, and concentrated nitric acid; with all parts in contact with 
the uquid of bronse, for acid mine water, chlorate of lime, and dilute acids. BtainlMS steel and 
various nickel alloys are now extensively employed in pumps for corrosive liquids, liquid food-stuffs, 
etc. 

Lbaxheb Paohnos. 

A. capped leather ring or U-leather forms a self-tightening packing much used for rod glands 
and pump pistons subject to high pressures. It is effective if merely inserted in a groove of 
square section, the water pressure inside the ring forcing it against the rod or oyUnder wall; but 
the constant bending at the fold as the pressure is applied and relaxed causes rapid failure unless 



Sec. XIX, (ill) LEATHER PACKINa FOR PUMPS 807 

some sopport Ig prorided* and the life may be only a week or ten days. A metal eupportlngring 
within a U-leatber glreg long life, and a further improTement ii a shaped gland or backing ring 
(usually of gunmetal if separate from the gland) to fit orer the ourved outer surface. The inner 

Fia. a.—>U-Leather Packing. 

ring should not fill the leather, and should be drilled with holes to ensnre a free flow of the pressure 
water. (See fig. 3.) 

Fia. S.—Seotion of U-Leather. 

Leather packings wear badly in dirty or gritty water, and salt water, eren though clean, has 
the same effect, as it corrodes and pits machined Iron or steel snrfaces. Intennittent working 
demands absolutely clean fresh watw, as grit may lodge between the leather and rod daring idle 
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ptifodig <MMiiing Mrioog looriiig when prMnn Ic again applied. WhereTar ponlble anffldent 
pieann dumld be maintained to keep tne leather enanded in the gland at all timea. To enanre 
eloae fitting the inner diameter of a new leather ehomd be elightlj ta than the rod diameter, and 
the oatar diameter of the leather riightlj more than the bore of the atofling-boz. (Bee fig. 8.) 

LUBBioAXion or lutebbs. 

The working oonditiona ahoold be etated when ordering leathen, ae high- and low-pieHOie 
packinge maj be tanned by different prooeaMe, calling for different Inbrlcanta. The maken* 
reoommendationa ahoold, uerefore, be invited, and followed. Leatheia in atore ahoold be 
dfeaaed pwiodicallj with the recommended oil (neatafoot and apenn oila are commonly oaed) to 
keep thim pliable, and may with advantage be kept on wooden fonneia roonded to fit the inner 
apace of the ring. They ahoold not be bong on page, nor neated one on top of another. Imme- 
^ately before fitting, tallow or oil ahoold be thoroughly worked into the flbrea by band. Jffneraf 
9il »pe§dUy reto leather and must neaer be used, 

A preaervative dreaaing which will alao counteract alight ronghneaa of the metal anrfacea ia 
known aa Bntwlatie*a lubricant, and containa 80 parta atearine or tallow, SO parta aoapatone or Kwdered mica, S parta graphit^ 10 parta neatafoot or other anltable oil, 10 parta powdered zinc, 

d, copper or other aoft metal, and 10 parta oil of tar. By the redprocating motion of the rod 
the partiolea of metal and graphite are diatrlboted over the aorface and fill the porea and minute 
eavitlea, ao producing a amooth finUh. 

FUOnON or LBAXHEBa. 

The friction of leatheia involvea ao many variablea and ia ao much affected by eome of them, 
a.y., any eccentricity of loading, that no formula can give an exact value. The variona formoke, 
baa^ on ezperimenta with hydraulic rama, give reaulte which at beat are only approximate, and 
may differ widely. That of John Hick, baaed on elaborate teeta with rama | in., 4 ina., and 8 ina. 
diameter, at preaaarea op to 6,000 Iba. per aq. in., haa the form 

F - 0 X DP 
where F ■■ total friction in Iba., D — diameter in ina., P -i preaabre in Iba. per aq. in., and the 
coelBoient O may vary from 0-08 for a well-lubricated leather In good condition, to 0*047 for 
a new and atiff, or badly-lubricated leather. Later teeta by Tuit and by Goodman gave mnch 
higher frictional loaaee than Hick'e, and Prof. Goodman, from hia own and the pieviona experi¬ 
mental develi^Md the formula 

F - 0 08P + 0 

where F ««frictional retiatanoe in Iba. per aq. in. of water preaaure, P water preeanre in Iba. per 
^.^ln.,^(md the oonetant 0, baaed on the diameter D ina. of the rod or piston, haa valnea from 

to ^ for leathera in good and poor condition req;)ectively. Thia formula givea a friction of 

the order of 10 per cent, of the total preaaure. Bxperimenta by Martena (Germany) and Davia 
(U.S.A.) on hydraulic testing machinea indicate 6 per cent.; but the earlier teata of IWt {Engineer¬ 
ing, June 18,1888) ranged as high as 18*8 per cent., even with well-lubricated leathers and the 
moderate preeanre of S84 Iba. per aq. in. Two leathera were oaed in thia teat, however, and there¬ 
fore it appears that 10 per cent, ioas is a reasonable approximation. 

The n^on occurs almost wholly at the point A (fig. 3) and ia little affected by varying the 
depth A-B. Increased depth does not make the packing more effective, and there is a practical 
benefit in a shallow form ; aa the ring ia moulded under preaaure from a fiat sheet and deep 
drawing, by straining the fibres at the bend, may lead to early failure by crackiiig. 

Pumping from Wells. 

For wells under 80 ft. a band pomp with a 4-in. barrel and a stroke of 8 ina. or 10 ins., delivering 
about 84 gallons per minute, is as large as one man oan conveniently work. For wells of 80 ft. 
to 70 ft. depth, a 8|-ln. barrel may be fitted. For wells over 70 feet deep, three 8-in. barrels are 
preferable, worked by rods from a three-throw crank driven through a q)nr wheel and pinion. 

Dnp-WSLL Pimps. 

In deep-well pumping the pomp must be placed at or below the rest level of the water. 
A reciprocating borehole pomp comprises a gunmetal barrel about 1 in. leas in diameter than the 
well lining tob^ screwed upon a rising main about i in. bigger in diameter than the barrel, ao 
that the bucket and foot-valve can be drawn op for repair; and a pump rod carrying a gunmetal 
plunger, which paaaes through a gland in the top of the pump barrel. Alternatively a bucket 
pump may be used, the rising mam being a continuation of the barrel to the aorface. The foot- 
valve is contained in a heavy gunmetal casting resting at the bottom of the lining tube, and has 
a projection above the guard on to which the bucket can be screwed in order to lift the valve to 
the surface if required. 

It is usual to balance all the weight snq^ended f rmn the orankpin, plus one-half of the work 
done In lifting the column of water. If there Is a considerable lift above the surface, thia can 
be done ia part by a difleiential plunger at the aorface. Other methods employ a weighted lever 
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or A weight ■llding in guides And attached bj wire ropee paning orer polleye, to the eroeehead. 
Pomp rods may be of ateel, or of pitchpine (to reduce weight), coupled by wrought Iron plates. 
The crankshaft is driven either by spur gearing from a connter^ft fitted with fast and looee belt 
pulleys, or by worm gearing and motor. If electric motor or oil-engine drive is fitted, It is desirable 
to provide a clutch for use when starting. Worm gearing should be completely enclosed in an 
oil bath; igid a sUnllar casing may be used with advantage for spur gearing. 

Plants of these types will deliver op to 100 gals, per min. from weUs as deep as fiOO ft For 
larger deliveries the diameter of the well must to increased, at some extra capital cost which is 
a charge on the water raised. Inatancea are some boreholes of the South Staffordshire Wate^ 
works, 80 ins. diameter, which yield 790 gala, per min. (See paper by F. J. Dixon, Proas, /ast. 
Wolsr Engn„ 1990.) 

OBimakUOAL AltD AXUL-FLOW BOBBHOUS PUMPS. 

For deep wells the centrifugal borehole pump is a multistage unit driven at high speed by 
a motor on the surface. As the spindle is vertical there is no deflection to restrict the number of 
impellers. The eye of the impeller is large in proportion to the diameter over the vane tips, and 
the vanes are, therefore, necessarily short, so that the bead per stage can seldom exceed 90 ft.; 
hence 16 or 90 impellers may be required for a deep bore. The bearing in the suction end, below 
the pump, usually consitts of lignum vitse strips, lubricated by a small supply of water from the 
bore. If the water is gritty a rubber sealing ring is also fitted, bo ensure a pressure inside the 
bearing sufficient to prevent grit being carried in. The intermediate shaft bearings are of similar 
t^e. and supported to spider rings held between the flanges of the rising main, with which the 
Miifft is concentric. The span between bearings is usually from 7 ft. to 10 ft. 
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The larger the bore the more efficient can be the design of the pomp; but as the size of the 
pomp Is increased, so also is the diameter of the shafting, with a consequent increase in the 
uriotlonal loss due to the presence of the shaft and bearings within the rising main. This loss also 
increases at higher rates of rerolution, so that each design represents a compromise between the 
Taiioos factors. Fig. 4 illustrates the influence of borehole diameter upon pump efficiency, and 
fig. 6 the frictional loss for various shaft diameters and speeds; these diagrams being taken 
from the paper by Sherweli and Pennington on * Oentriiugal Pump Oharacteristics,' Proe, Jn$i. 
M0eh, Eng., 1933. Reference may also be made to ‘ Modern Methods of Raising Water from 
Underground Purees,* by R. 8. Allen and W. B. W. Millington, Proc.lnst, Mech. Eng., 1931, where 
particulars are given of oil engine and belt drives through bevel gearing in conjunction with high 
spe^ centrifugal borehole pumps. 

600 700 ~e00 900 1,000 1,100 1,200 1,300 1,400 {5OO 1,600 
Speed in R.P Al. 

FIG. 6.—Friction of borehole pomp shafting. 

Suction strainers, if fitted, shoold have an area through the holes of ten or twelve times the 
area of the suction orifice. Foot-valves are seldom necessary, and may be undesirable i^ a strainer 
is provided and the water carries sand in suspension, as they prevent the backwash through the 
strainer when the pump stops, which is of value in clearing the strainer holes. Ample headroom 
is required in the building bousing the plant, for initial assembly and r«ub!<equent inspection ; and 
provision for attaching lifting eyes must be made, cs, tLc pump is assembled unit by unit while 
suspended over the borehole. 

Okmtbdtuoal Pumps. 

The centrifugal pump acts by the effect of centrifugal force on the mass of water rotating at 
any Instant in the disc or impeller (sometimes also called the * wheel' or * runner'). Radial flow 
is thus caused and the water leaves the impeller in the relative direction of the exit angle of the 
vanes, with a velocity compounded of the radial velocity and the velocity of rotation of the tips 
of the vanes (see fig. 15). The absolute velocity of the a ater is outwards, and in the direction of 
rotation, and part of the energy due to the water velocity is converted into pressure at the outlet 
from the casing. 

The two main types are the Volute Pump (fig. 6), in which the impeller discharges directly into 
a spiral casing of uniformly increasing cross-section; and the Turbine Pump, in which a ring of 
tapering guide passages surrounds the impeller, reducing the water velocity and increasing the 
preseors until discharge takes place either to the inlet of the next impeller or to the delivery 
branch. Turbine pumps have usually two or more stages, as a volute pump can be designed in 
most cases to suit conditions that a one-stage turbine pump could cover, and is cheaper to make. 

Oentnfngal pomps were formerly thought suitable for low heads only, but developments 
during the present century have so improved the efficiency and widened the scope that they are 
now made for practically every water-pumping duty undertaken by reciprocating pumps, up to 
preanres exce^ing 1,300 lbs. per sq. in. T^ey are also used for pumping light oils, many 
chemicals* milk, meat extracts cement slurry, sewage, paper pulp, gravel, and even small coal; 
but are not suitable for dealing with liquids of a viacoslty much in excess of that of water. 
Oentrifugal pumps for crude oils have been made, but highly viscous liquids are handled more 
effeetivdy by reciprocating pumps or some form of positive-displacement rotary pump. (See 
p 824.) 
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Sec. XIX (ill) VOLUTE PUMPS 811 

Advantagei, 
1. Unilonnltj of flow with no roveiMl of dixeotlon; permitting higher pipe speeds and 

therefore smaller and lighter pipework. 
9. OompaotnesB; leading to a much rednoed bnllding cost as compared with laoiprooatlng 

pnmps of equal output* in the larger sises. 
S. Goo^ effloiency at high rotative speeds, permitting direct drive by steam turbine, internal 

combustion engine or electrio motor of moderate sise. 
4. Silent operation, and freedom from vibration. 
i. Low maintenance cost. 

VouiTB Pumps. 

Catingt. 

The casing of a volute pump is designed to maintain a uniform rate of flow all round the 
impeller, which, for some duties, may project into it; this construction being adopted when 
a wholly external volute would unduly increase the sise, weight, and therefore the cost, of the 
pump. The casing may be of single- or double-suction type, in conjunction with either open 
or slmraded impellers, in the single-snotion design the whole of the water pumped enters through 
one side of the impeller. It is cheap to make, and is, therefore, preferred for pumps of the smallest 
sises, in which the unbalanced thrust on the impeller is too small to need special attention ; also 
for vertical-spindle pnmps of larger sise for well, dock, and sewage pumping, as a short, straight 
inlet pipe can be fitted. 

For horisontal-spindle pnmps above 6 Ins. diameter branches the double-suction type, which 
is inherently in hydraulic balance. Is almost universal. It is also used lor some vertical-spindle 
dock and sewage pomps of large ^e owing to the compact form of the casing. Doable-euction 

FlG. 6.—Seotiou through casing of volute pump. 

casings may have either two removable end covers, extended to form bearing brackets (as in 
fig. 7), or a bolted joint on a plane through the axis of the spindle, usually on the horisontal centre¬ 
line. If the casing is split horisontally it is desirable to arrange both suction and delivery branches 
below the joint so that the top half of the casing can be lifted without breaking any pipe jointa. 
Two volute pumps are sometimes used in series when the quantity is too great for a turbine pump 
to handle economically, or the speed of the prime mover Is low for a tfngle impeller. For low 
heads and large quantitlee two low-lift pumps may be combined in a single casing with two 
volutes to form a * twin parallel * pump, and there are instances of three Impellers In parallel, 
although these are not numerous. 



812 TURBINE PUMPS Sec. XIX (ill) 

Gating Details. 

The Tolate leotioiia are proportioned on the baaie of the orofB<seotionnl nren nt the * thrMt ’ 
(see flg. 6), which is designed to pam the speoifled quantity at a yelocity rarying from 0‘8v H to 
0*5Vn[ ft. per see., where H ■■ total head in feet. Half-way round the spiral the area Is approm- 
mately half the throat area, and at intermediate point# in proportion. The taper is usually 
continued out to the delirery branch to conrert more of the Telocity energy into pressure, and 
may be carried further by a separate taper pipe. The taper in the pipe should be gradual, to 
minimise eddy losses; 1 in 8 on the diameter being a usual figure. (See also Prof. A. H. Oibson, 
* The Design of Volute Ohambers,* Proe. Inst, Meeh. Eng., 1913; and papers by the same author 
on flow through taper pipes and passages, Trans. Roy. Soe. Arts, 1010, and Trans. Roy. 8oe. Bdin., 
1911.) 

Supporting bearings should be outside and separate from the casing, no part of the rerolTing 
weight being taken by the glands; but steady bearings for the impeller are formed In the casing 
around the * eye,* or inlet, of the impeller. As the rubbing speed at these points is high, renew¬ 
able rings are usually fitted in the casing, and often on the impeller as well. Wear also takes 
place where the discharge from the impeller impinges on the edges of the volute, especially if the 
water carries sand in suspension, and renewable rings may also be fitted at this point. They are 
always advisable In gunmetal casings. 

The guiding principle in dedgning casing passages is to avoid sudden changes in the velocity 
or direction of flow, the water being accelerated uniformly into the eye of the impeller in a smoothly 
curving path, and the flow at exit&om the impeUer reduced in speed with the minimum turbulence 
to the point where It enters the rising main. 

PlO. 7.—Slectiun of volute pump, showing bearing brackets. 

tubbuhi pumps. 

In turbine pumps a * diffuser,’ or ring of tapering guide passages, takes the place of the 
volute; the passages reducing the velocity and increasing the pressure of the water before leading 
it into the eye of the next impeUer, or, after the final stage. Into the delivery end cover. Most 
diffuser arrangements embody a tangential outward flow, the return to the next impeller being 
either spiral or radial. (See A. B. L. Ohorlton,' Uonstmctlon of Turbine Pumps,* Proe. Inst. Meeh, 
Eng., 1917.) Turbine pumps have been made with ten stages in the one casing, but a practical 
limit is set to the number of stages by the unsupported length of the spindle between bearings; 
the intermediate bushes, eye rings, etc., being designed to prevent inter-stage leakage and not 
as supports for the rotat^ parts. Hence, eight stages is the usual maximum, and if the speoifled 
bead requires more the pump is divided into two sections with the driving motor between. In 
rach a case the motor bedplate is often extended to one side, with machined slides on which the 
motor can be withdrawn without disturbing the pumps. 

Casings and Details. 

Although horisontally-divided casings find some favour in America and Germany, most 
British mimers prefer either the ring-type oonstmotion (as in fig. 8) or the * cylinder * or ' drum * 
type (fig. 9): some controversy existing as to their respective merits, though the advuntag 



TUEBINE PUMPS 813 Sec. XIX. (tu) _ 

appean to reat with the ring type. In the drum type the serlea of etagee, each onlt oomprkdng 
impeller, guide ring, and perhaps a separate return ring, te inserted in succession into an outer 
cylindrical shell, closed at the ends by the suction and delivery covers. The assembly is neat in 
appearance, but has the drawbacks that there is no check on the tightness of the joints between 
stages, and internal rusting of the casing may make withdrawal of the parts very difficult; whereas 
the ring type of casing is easy to assemble and take apart, and any leakage is evident at once. 

DCLiveRv aRANcn 

FiQ. 9.—Section of multi4itage turbine pump (drum-type casing). 

comprising a disc secured to the spindle within the delivery end cover, where it rotates with 
a small axial clearance over the faced end of a chamber A, to which pressure water is led through 
a small external pipe from a soltable stage of the pump, or through the clearance B. As the 
spindle moves towards the suction end pressure builds up beJiind the disc and forces It towards 
the delivery end; this increases the running clearance 0 and allows the pressure water to escape 
until equilibrium Is restored. 
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ProL Gibion"hM •hown {Tram. Rof. 8ae. Artt^ 1910) that there it least ^draolio loss In 
tapering onaiinela when the angle between the walls Is about 11*; but this is diffloalt to arrange 
withoat aadae size of casing, and 16* Is the osnal compromise. Velocities between stages are 
high and smooth sarfeoes, therefore, essential, gunmetal or bronze diffaser sections being used 
in iron casing rings. Impeliers are of gnnmetal, bronze, or Monel metal, the bosses forming 
a continaons sleere on the spindle; with two keys, at 180* apart, in the larger sizes, to assist 
dynamic balancing. For high lifts the delivery cover is of oast steel; snotlon covers mav be cast 
iron or cast steel. Small pumps may be of bronze throughout. For pumping corrouve mine 
water oast iron covers are sometimes lined in part with bronze. 

TUBBINB PUMPS FOR BOILBR FEBDIHG. 

Turbine pumps are now used to feed boilers at all working pressures up to 1,960 lbs. per sq. in., 
and with feed water temperatures op to 400* Fahr. The duty calls for special design to ensure 
stable performance, as the delivery pressure must be kept constant almost irrespective of the 
steam demand on the boilers. The specified continuous overload rating of the boiler governs the 
pump design, and to prevent excess pressure In the feed range at light loads some control of pump 
n>eed is required. In motor-driven sets this is often obtain^ by some form of hydraulic coupling. 
Feed pumps are provided in duplicate, either set being able to meet the full steam demand. Some 
engineers still prefer reciprocating pumps as a stand-by, as they give positive displacement of 
the water and will either force open a sticking check-valve or come to a stop, which would at 
once be noticed; whereas a centrifugal pump would continue to run although no water was 
passing. It Is now quite usual, however, to rely entirely on centrifugal sets; half of the pumping 
plant being motor-dnven, and half by steam turbines, as a safeguard against an electrical break¬ 
down. The steam-turbine drive lends itself to sensitive automatic regulation, the high speed Promotes effloimt turbine operation, and the exhaust can be used directly for feed-heating, 

'he turbine governor responds to both steam pressure and boiler load variations and usually acts 
by controlling auxiliary steam nozslcB. An overspeed governor is fitted to shut the set down 
completely in such an event as a burst pipe or failure of the water supply to the pump. The 
compactness and eonnomioal working of these sets are strong points in their favour, especially 
for large evaporations. 

Fn, 10.—OharaoterisUo curves of turbine boiler-feed pump (Bradford). 



B
a
la

n
c
e
 
W

a
te

r 
T

ak
en

 B
a
c
k
 t

o
 

P
lO

. 
11

.—
S

eo
ti

on
 o

f 
4-

6t
ag

e 
b
o
ll

ar
-f

ee
d
 p

o
m

p
 (

B
ra

d
fo

rd
).

 



816 IMPELLERS Sec. XIX (in) 

Fig. 10 shows the charaoterlstlo curves of a turbine boiler-feed pump at Bradford (Torks.^ 
electricity station, delivering 75,000 lbs. per hour against 1,250 lbs. per sq. in. pressure, with an 
overload rating of 112,500 lbs. per hour at 1,200 lbs. per aq. in, Une set, electrically driven at 
2,950 r.p.m., comprises a 2'8tage low pressure pump and an S-stage high pressure pump. The 
other unit is steam turbine-driven at 4,000 r.p.m., and consiate of a single-stage low pressure 
pump and a 4-8tage high pressure pump (flg. 11). For full description see The Engineer^ Oct. 23, 

IMPBLLBRS. 

Impellers may be either single-inlet or double-inlet, having in each case either open-type 
raes supported by a single disc, or the vanes encloeed between two side plates or ‘ shrouds.' 
The applications of the single-inlet and double-inlet arrangements are described in discusaing 
the pump casings (p. 811). 

The open-type Impeller is cheap, easy to mould and machine, and is not liable to clog with 
debns, bdng self-clearing to a considerable extent; but the side friction loss is high if the running 
eleaianoe is small, and the 'eakage Irom delivery back to suction is serious if the side clearance is 
•“creased to avoid the friction. Hence this type is not suited to high heads or speeds. 

The shrouded impeller is a stronger construction, but is less simple to make and can only be 
msohined externally. Internal flmshing of the passages must be done by hand with file and 

cicth, and very little Is practicable In small impellers. Side leakage is almost eliminated 
by the shrouds, but disc friction, which varies approximately as the cube of the revolutions and 
we fifth power of the diameter (see Gibson & Ryan, Proe. Inst. C.E.^ 1910) becomes important at 
high speeds and may absorb 10 per cent, or more of the power Input. Fibrous matter in the 

■coo chokes a shrouded impeller unless the number of vanes is so far reduced as to Impair 
the efficiency, Ls., to leas than six. Some impellers, for gravel-pumping and similar duties, have 
only one or two passages and will pump anything that can pass through the suction pipe; but 
the efficiency is tken usually tow. 

The vane angles at Inlet and outlet are designed to pick up the water at the entrance or * eye' 
and deliver it to the volute or guide passages with ndnlmum loss. Rome loss by ‘ shock * is 
inevitable, especially at inlet, where the water strikes the vane at a different angle for every change 
In operating conditions. The impeller is, therefore, designed to give optimum performance under 
one set o# oonditione, known as the * normal,’ and ‘ percentage characteristic curves * are plotted 
from which the pecformance can be estimate for other loads and speeds. (Bee p, 817.) 

CHARACTERISTIC CURVES - CONSTANT SPEED 

FlO. 12.—Oonstant speed charaoteristio ourves of a centrifugal pump. 

CBARAOXBBISTIO OUBVBS 07 PBBFORIfANCB, 

The varistions of head, efficiency and power absorbed, plotted at constant speed on a basis 
of varying quantity, form the nsnal ‘ oharacteristic curves ’ of a centrifugal pump. Pig. 12 shows 
• typical MU from a pomp de^ed to deliver 550 gals per min. against a head of 200 ft. with an 
effioienoy of 72 per cent., taking 46 -5 b.h,p. at We pump coupling. If the actual speed differs 



IMPELLER PROPORTlOxVS Sec. XIX (ill) 817 

from the Msomed ooniUnt ipaed of the dedgn the head and ontpnt am alao aflaotad. bat ean ba 
oorrected to the conatant apeed valaea by applying Uie nilaa: 

Head Tariea directly aa the aqnare the r.p.m. 
Quantity Tarlea directly aa the r.p.m. 
B.H.P. Tariea directly aa (r.p.m. x Head). 

The percentage Tariation corres are conatnicted in thia way from the conatant apeed 
perfonnanpe correo, the abeciaan being varying qnantitiea expreaaed oa percentagea of the normal 
deaigned quantity, and the head, efficiency and power aimiiarly aa percentagea of the normal 
yaluea. Thua in fig. 13, plotted for the aame pump aa fig. 12. the point marked * 100-100 ' repre- 
lenta A60 gala, per min., and 200 ft. head on the head-quantity curve; 72 per cent, on the efficiency 
curve; and 46 • 6 b.h.p. on the power curve. To take an example illuatrat^ the uae of the cnrvea. 
What would be the performance of thia pump at a head of 170 ft. t 

The new head of 170 ft. la 85 per cent, of the normal head of 200 ft., ahown on the curve at 
100 ; and reference to the Head-quantity line ahowa that the capacity at 86 per cent, head haa 
increaaed to 119 per cent, of the normal, or 1 • 19 x 550 — 655 gala. Referring now to the Efficiency 
curve at the point correaponding to thia increase in capacity, it ia seen that the efficiency will 
be 95 per cent, of the normal, or 0*05 x 72 — 68 *4 per cent. From the b.h.p. curve it la found 
that the power required la 106 per cent, of the normal, or 49*5 h.p. 

PERCENTAGE CHAIMCTERISTIC CUR-yES 

Impeller Proportions ; SPBcmo Speed. 

The proportiona of impellera for different duties may be compared in various a ays to bring 
out the effect of different features, the efficiency obtainable for a given duty depending mainly 
upon the relationahip between output, bead and speed of rotation. Comparison by the ratio 
of the mean radiua at the vane inlet to the radius at the vane tip (B,/Bg) touches oniy head and 
speed, without reference to output; and the ratio D/B, where D — outer diameter of impeller, 
and B — width at tip. la of limited utility without other particulars. The most useful expression 
for combining the effects of changes in output, hesd and speed is the * Specific Speed,* denoted 
by the symbol N«. This must not be confused with the speoifio speed ' of a water-turbine; it 
is not a measure of movement, but a number indicating ths ' type' of the impeller, derived by 
applying the principle of similarity to impellers which are geometrically identical, differing onW 
in the ratio of their corresponding linear dimensions. 

Spsdfio speed (N«) 
Hi 

where N ■> speed of rotation ; 
Q — ou^ut; 
H total head per impeller. 
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DISC FRICTION OF IMPKLLERS 819 Sec. XIX (rii) 

■I In BritlRh praotlM N is nsaally taken In rerolotions per min., Q in gala, per min., and H in ft.; 
but other units maj be need, and it ie, therefore, important when comparing Taioee of from 
different sources in comparing a British and an American pump) that the onite should be 
known so that necessary corrections can be made. If Q is taken in gals, per min., the Talnes of 
N« are 19*34 times as great as those obtained from a Q In onb. ft. per sec.; if Q Is in 0.8. gals., 

is 21 18 times the ralne for Q In cub. ft. per sec. 

In erafuating N« on a sllde>mle the denominator can be obtained as the fonrth root of H*. 

The table below gires ralnes of from H — 30 ft. to H ■■ 300 ft., bj increments of 8 ft. 
As retexs to one impeller only in a multi-stage pump this range corers most requirements. 

The relationship between speoiflo speed, efBciency obtainable in practice and the genera) 
appearance of the impeller is shown in fig. 14, redrawn from a diagram by T. T. Sherwell and 
R. Pennington (Free. inat. Meek, Bng.^ 1933). Type 4 is the single-inlet impeller need in turbine 
pnmpt, where N« does not exceed 1,100. Between Na -> 1,138 and N« — 1,800 a medium->ift 
impeller of type B would be suitable; at still higher Talnes of N*, a low-Ult impeller of type 0. 
As N« riees beyond 3,000 a mtxed-dow impeller (type D) becomes necessary, with the vanes 
earried down into the eye; developing at N« — about 7,000 into the ‘ Prancis-vane ' form (type 
B), which Is partly a screw. Type F is the azfal-flow or screw pump, combining a high revolution 
speed, very *arge output and low head. 

The terms * low lift,* * medium lift,* and * high lift * give a general Impression of doty 
requirements, but are no longer a safe guide to impeller type. At the World Bngineering Congress 
in Japan In 1939 It was sngifasted that they should be abandoned, and a simple division adopted 
into * single-impeller and * multiple-impeller * pumps; bnt specific speed mors aocnratsly 
indicates ^s kind of pump and form of impeller reqnl^ tor any given purpose. 

SPBOono Spied. 

Values of (or H*) for heads of 30 ft. to 300 ft., bt incrbicents of 8 ft. 

Head in ft. 
- H. H* 

: Head in ft. 
j -H. H* 

30 9*46 118 38*13 
35 11*18 ’ 120 86*35 
SO 13*81 138 87 39 
38 14*39 130 88*50 
40 18*91 138 89*60 
48 17*38 140 40*70 
80 18*80 148 41*79 
58 3019 180 43*86 
60 31*86 158 44*18 
68 33*90 160 44*99 
70 34 19 168 46*04 
76 38*49 170 47*08 
80 36*78 178 48*11 
86 38*00 180 49*15 
90 39*33 188 50*17 
98 30*43 190 81*18 

100 81*63 198 83*18 
108 33*80 300 83*18 
110 i 33*93 

i ! 
Disc FRIOnON OF IMPELLERS. 

Oaksulatioos of power lost in disc friction are usually baaed on the work of Qibson and Ryan 
(Proc. irut, C.S.y 1910) from which is derived the formula: 

(rr^\n + 1 
. . infKiOl |^D\n+8 

Hoiwpowulort- ViooT+^UJ 

in which D impeller diameter in feet; 
N revolutions per minute; 

/and n -■ constaota, depending on the periphernl velocity of disc and the degree of 
rooghnees. 

Within the usual range of tip speeds the values of / vary from 0*0033 to 0*0048, and the values 
of fi from 3*0 to 1*78. By taking the approximate valuea of / >■ 0*004 and a 3, the formuln 
may be aImpUfled to 

^oiwpoww lo*t> xToi 



820 VELOCITY DIAGRAM FOR IMPELLER VANES SeO. XIX (Hl) 

VBLOomr Duoiuifs for Iicpbllbr Vanbs. 

The TMTloiia TtJodtiMof Impeller end water at inlet and outlet are shown graphically in 
beliig lepreeented to coale by the triangler ABO and DBF reepecUely. At inlet, BA ic the radM 
▼•loetty, set out to coate; TO, drawn parallet to the tangent to the eye at A, represents to tbs 
same scale the peripheral Telocity of the rane tip at inlet; OA, to the same scale, repr^rats the 
Tiloolty .and direction of the water panicles along the enrlMe of the Tane. The angle BOA ■■ the 
inloi angle ^ nf the rane, BO being parallel to Uie tangent at A. 

FlO. 15.—Velocity diagrams at inlet and outlet of impeller ranea. 

At ontlet the water leaTss the vane at D, making an angle 0 with the tangent at D, and 
haring a relooity represented to scale by DF. FB, parallel to the tangent at D, represents the 
peripheral relooity of the impeller at the rane tip; and DB is tbi absolute relocity of the water 
partlole, being compounded of the radial relocity DO and the * relocity of whirl ’ OB. 

Hio radial relooity at Inlet 
Plow in c^. ft. per sec. 
Area of eye in sq. ft. 

At tl t Flow througb impeller in cub. ft. per sec. 
an a on e Oircumferentlal discharge area in sq. ft. 

das allowance being made for the thickness of the ranes in calculating the area of discharge. 
In new designs the tip width may not be known when the relocity diagrams are drawn, and the 
radial relooity most then be awumed as a basis for the impeller dimensions. It may range from 
i ft. to 10 ft. per seo. in rolnte pomps, and to 15 ft. or eren 18 ft. per seo. in turbine pumps. 

SBHiNO Out impbllbb vanbs. 

Impeller ranes are usually oorred either to uniform oircolar arcs or inrolutes. A single 
Imroiote onrre can ssIdAm be drawn to glre both inlet and outlet angles correctly and separate 
larohitee are, therefore, described, in len^h about a quarter to a third of the length of the rane, 
and so spsood that they can be Soloed by asmooth corre or acommon tangent. This is best done 
Of dntwiiig the Inlet inrotute on the paper and the onfet inrolute on a piece of tracing paper, 
which oaa be tiled In dlfflsrsnt positions arcoiid tbs impeller periphery. 
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71^. 16 ^ows thft geometrical oonetraotion of aolroolar arc to out the oirelee of the impeller 
eje aud outer peripher? at the giren angles of <f>* and B* reipeotiTely, suiting from the Inlet edge 
of the vane. Fig. 17 shows a simitar construction^ starting from a set point on the outer oirel^ 
Fig. 18 shows the method of setting out inTolute tips. In all three impellers the rotation is left- 
handed, and the diagrams have been drawn for an inlet angle of 30* and an outlet angle of 80*. 

Fig. 16.—Oonstructlon for circular Fio. 17.—Construction for circular 
arc vane (I). arc vaue (II). 

Fiif. 16.—OA radius at intet to rane, OB radius at outlet from vane. From A draw 
AO. making the angle with OA, and AD making the angle 0 with AO, no that i DAO (0 + 6)*. 
On AD set off Afl OB, and Join B — O. Draw FG bisecting BO at right angles and outtiDiji 

FIO. 18.—Oonstraction for involute vane. 

AO at the point H. With centre H an are described with radius HA will cut the inner and outer 
circles at the required angles 4^ and B reepectivel/. 

Fig. 17.—From anj point J on the outer periphery draw JK, making the angle B with the 
radius OJ. 
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From tlie oent-ro O dr^w the radios OL of the inner (* eje *) olrole, makimy the angle 4- B) 
with OJ. Join J — L and produce to out the inner circle a^n at 1ft. Bisect JM at right angles 
bj the line NP, produced to out JK at Q. The point Q is then the centre from which to dssoribe 
an sro with radios QJ, making the required angles with the inner and outer circles. 

Fiff, 18.—An loYolote is the curre traced by the end of a cord as it unwinds from a cylinder) 
represented by the base circle. 

Let V be the tip of the vane at inlet, and B the tip at outlet. Draw VU making the angle 
<t> with the radius OF; and OU making a right angle with VU. Then OU is the radios of the 
base circle of the inlet involute. 

On a piece of traoimr paper placed over the diagram drawdi^, making the angle 0 with the 
radius and OT making a right angle with BS at T. Then OT is the radius of the base circle 
of the outlet involute. 

Having described the involutes, rotate the tracing paper about the centre O until a position 
is found in which the two involutes can be Joined by a smooth curve or a common tangent to 
complete the vane. It is advisable to draw two adjacent vanes, as the form of the connecting 
curve may require adjustment to correct the sectional area of the passage between them. 

The involutes are described by drawing a succession of tangents to the base circles, gradually 
increasing in length in proportion to the amount of the imaginary cord unwound, in the case of 
the inlet; decreadng as the cord winds on to the cylinder in the case of the outlet involute. For 
all but the largest impellers the amount of the variation can be judged by eye with snffloient 
accuracy ; or if the scale permits, a base circle of thick cardboard or wo^ may Im used, and a thin 
wire unwound from it, a pencil at the end of the wire tracing the curve. It is necessary to use 
wire for accurate work, ae string stretches too easily. 

There is little to choose in efficiency between the circular arc vane and the involute. The 
involute gives a longer vane, and consequently longer water passages and a slightly higher surface 
friction loss; but as the tips of saooessive vanes are parallel the flow is usually mors even, with 
less tendency to internal eddy-making. The circular arc is more easily drawn and perhaps makes 
for more aoourate pattern-making. 

number of Impeller Vakisb. 

There is no definite role for the number of vanee, which may vary from S, 8 or 4 in dredging Bunps to 19 In turbine pumps, and 14 or even more in special pumps for low and medium lUts. 
too few are fitted eddy-making behind the vanes impairs the efficiency, and cavitation may 

take place at high speeds, leading to Impeller corrosloD ; a large number of vanes increases the 
loss by fluid friction in the passages, but gives better guidance to the water. Bight or ten is 
usually the largest number of complete vanes that the circumference at the eye wib permit with- 
ont undue constriction of the paseagee; if more than eight are provided, alternate vanes are 
reduced in length by about one-third and do not reach ^e eye. Biz is the least number for 
pumping water with reasonable efficiency. The designer’s Judgment most decide in any par¬ 
ticular case; guided, if need be, by estimates of the losses with different arrangements. 

EXAMPLE OF OSMTRIFUaAL PUMP DBaiQN. 

iU^ired^To design a centrifogal pomp to deliver 3,100 gals, per min. against a total head, 
inoinding triotlon, of 4fi ft. 

Allowing 8 per oeot. for leakage past clearances, the impeller most handle 3,100 x 1 *06 « 
ga's. per min. Fump branches 13 ins. bore will pass 3,300 gals, per min. at 7 * 15 ft. per seo. 

duty if one for a low-lift pomp ronniog at 600 to 750 r.p.m.; 730 r.pjn. may be adopted, 
being a standard speed for a.o. motors on a 50-oyoles supply. The spociflo speed (see p. 819) 
oan now be oaloulated. 

Spedflo Bpeed K« 
730y_3.*M 

45* 
From the tablo (p. 831) 45* . 17-88 ; and ^3,300 - 46-9 

730 X 46-9 
TheraforaNt-—-1,348 

From 14, at N« >- 1,943 an efficiency of about 85 per cent, may be obtained with a double- 
inlet impeller of type 0, but 80 per cent, will be assumed, to leave a margin for contingenoies. 

W.t« h,. At 80 p«o«it. 88,000 

eflloienqy, the power required et the pomp coupling — — 
rated at. eay, 45 h.p. 

87*6 b.b.p.; oalling for a motor 
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As and the bead H ■« 40 ft, the reqnlfed peripheral speed of the impeller <- 
» 03*0 ft. per see. At 730 r.p.m., the reTolatloos per see. » 13, and the circamference in ins. 

“ ** M 03>0 ins., and tbediameter — ^saj 17ins. The quantity in ou. It. per see. 

“ g.jS x go*"" *** ®®* quantity entering through each eye of the impeller ■■ 3*96 cu. 

ft. per see. Velooity through the suction branch •> 7*15 ft. per sec., which may be increased at 
the vane inlets to a radial Teloctty of 9 ft. per sec. Clear area required through eye, therefore, 

3*90 
» ^ 0*838 sq. ft. Diameter of boss required will be about 8| ins. — 0*067 sq. ft.; and 

total area of eye, thertfore, ^ 0*338 4- 0*067 « 0*395 sq. ft. -■ 67 sq. ins., and diameter of eye 
a 8| ins. Neglecting rane thickness. 

Aria, width ollmplto p««*« .t . X 8'.^ , 

— 1 *77 ins., say 1| ins. 12 ^ 

At outlet a radial Telocity of 8 ft. per sec. may be assumed and, again neglecting vane thick* 

nsMrTane width at tip 
ft. per sec. 

Giro. ft. X Bad. rel. 

0*9 
03*6 

13 

X 13 
X 8 

1*98 ins., say 3 ins. 

Taking the area at throat «■ 0*4 of the area of deilrery branch, throat area — 113 x 0*4 
■■ 46 sq. ins., giving a velocity -■ 18 ft. per sec. From the dimensions now available the 
velocity diagrams isee fig. 10) can be drawn to find the angles at inlet and outlet. As the eye 
diameter of 8| ins. is half the extreme diameter, peripheral velocity at inlet — 26 ■ 76 ft. per sec., 

radial vel. 9 
and the Inlet angle <f> may be found by calculation, as tan <i) — periph "Vel. “ 36 *76 ■" 

As tan 18* -> 0*830, the inlet angle may be made 18*. Similarly, for the outlet angle 6, tan 9 
radial velooity 8 8 

••Trioolty oi wUri-(6sr» and»t»nU*-0.»S09, the outlet 

angle may be made 13*. (The assumption that the peripheral velocity v ■■y'SpH is not applied 
to every type; e may vary from 1 •1ty/2gK in asiow*running, large, low-lift pump to 
in a high-lift turbine pump.) 

EREOTION op OENTRIFUQAL PUMTd 

Centrifugal pumps of large else are mounted directly upon a foundation block ot concrete, 
but pomps below about 18 ins. (the dimension being the bore ot the delivery branch) usually 
stand on a cast-iron bedplate, which also supports the driving motor. Pump and motor are 
positioned on the bedplate by fitted dowel pins, and secured by holding-down bolts. The dowels 
should not be fitted until the bedplate Is finally bolted down to the foundation, lest any small 
irregularity In the foundation should distort the casting and necessitate re-alignment of the pump 
with the motor. A flexible coupling of the pin type ie almost invariably fitted between pump 
and motor (generally, though not always, with the pins bolted to the pump half and free in the 
motor half, as in fig. 7), but the flexibility of this type of coupling ie limited to a email axial move¬ 
ment, permitting ^e motor armature and the pump impeller tc centre themselves when running. 
A pin coupling of this type will not correct faulty alignment; therefore care must be taken in 
erecting to ensure that the two halves of the coupling are truly centred, and their faces exactly 
parallel. A ringle-inlet impeller moves axially towards the suction end when running, and the 
spindle should be moved to the limit in that direction before lining-up; a double-inlet impeller 
should be set centrally, as it is designed to be in axial balance when running. The motor arma¬ 
ture should also be set centrally, or the motor run * light * and the axial running position noted. 
The clearance between the coupling faces may range from ^ in. on a 1-in. diameter shaft to | in. 
on a 6-in. shaft. 

PAOKmO FOB Obntbifuqal pump Spindlbs. 

Soft packing only must be used in centrifugal pump stuffing boxes, especially if the spindle is 
fitted with bronse sleeves. Hard packings, or packings containing tallow (which sets hard in 
cold water)or flax, though suitable for reciprocating pumps, cause rapid wear of rotating spindles. 
Soft cotton impregnated with graphite is preferable, four or five rings being the usual quantity. 
The lantern ring, for introducing the seeing water, is placed between two packing rings and 
opposite to the sealing water connection; its axial width should allow of i in. movement along the 
■haft without risk of obstructing the connection. The glands should be bored in. larger than 
the spindle, and only lightlv screwed up. A small seepage of water should be always visibie, ns 
an indication that the packing is not bring run dry, and, on the suction side, that air is not leak¬ 
ing into the pomp. Unless the water pumped is perfectly clear, a separate clean supply should 
be arranged for sealing. 
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Whererer » gland can be aroidad bj ooinpletely eneloaing the end of the epindle, thle ehonld 
be done. In turbine pumpg wlUi hydraalio balancers the dellTery end gland is onteide the 
balance chamber, and Is not sabjeoted to the fall delirerj bead. 

Metallic packings for oentrinigal pomp use have been developed with some Bocoess, and 
grease labrication is also used in some turbine pumps. Where grease is employed it is necessary 
to provide means to apply sufficient pressure to the grease injected to overcome any hydraulic 
pressure acting on the bearing from within the pump. 

STABTINO A OENTRIFUGAL PUMP. 

If the pump is being run for the first time, see that the bearings are filled with oil to the level 
of the underside of the spindle. 

A centrifugal pump must never be storied or run unless it is full of water. 

To Prime the Pump.—If a suction foot-valve is fitted, open all airoooks, close the delivery 
valve, and fill the pump with water until there is an overfiow at the aircocks. Then shut the 
aircocks and start the pump. When nearly the full normal delivery pressure is reached (to be 
seen by the delivery gauge, if fitted, or judged by the ammeter reading, in a motor-driven set) 
open the delivery valve slowly. 

Small pumps are usually fitted with a funnel for priming; or, if there is a standing head of 
water in t^e rising main, they can be primed by opening the delivery sluice valve slightly and 
allowing water to run back. The delivery sluice and non-retum valves of large or high-pressure 
sets are fitted with by-pass valves for this purpose. 

A pump should not be run for more than a few minutes with the delivery entirely closed. If 
no water is passing the energy of the driving motor is dissipated in churning and heating the small 
amount of water in the pump casing, cac^ng a rapid temperature rise, with risk of seisure and 
serious damage. Close the delivery valve immediately before stopping the pump. 

Foot-valves cannot be relied upon to remain perfectly tight, and a very slight air leak at a joint 
may, therefore, allow the suction pipe to empty when the pump is standing. If a suction sluice 
valve is not fitted, or has been left open, the water in the casing may also drain away, and the 
pump must be primed again when restarting. If a suction vacuum gauge is fitted the gauge cock 
should be closed before priming and kept shut until the pump is delivering freely, to protMt the 
mechanism of the gauge against damage by the static pressure in the pump. 

Pumps located below supply level, with a positive head on the inlet instead of a vertical 
suction lift, are primed by opening the suction sluice valve, which should be fully opened before 
the pump is started. 

A centrifugal pump will sometimes pick up water for a few moments, as shown by the delivery 
gauge, and then * lose the suction.* This is evidence of air in the suction and may be due to the 
formation of a vortex in the water in which the suction is submerged. If the pipe is open-ended, 
the addition of a bell-mouth or a strainer may effect a cure; or, in an emergency, holes may be 
drilled in the pipe, as far as possible below water-level, to reduce the inlet velocity at the extreme 
end. 

Botary Pumps. 

Although the centrifugal pump is rotary in the mechanical sense, the term ' rotary pump' 
denotes in general usage a positive-displacement pump containing a rotor, and forcing the pumped 
liquid by direct pressure constantly in the one direction of fiow. Of the eight diagrams, figs. 19 (a) 
to (h), rix show true rotary pumps according to this definition; the first, fig. 19 (a), and the last, 
fig. 19 (b), conform to the definition in part only. The wing pump, fig. 19 (a), although the 
action of the handle is semi-rotary and there is no reversal of fiow, is In principle a reciprocating 
pump of the valve-in-bucket type arranged to work In a circular casing. 

The swashplate pump, fig. 19 fh), is also a reciprocating pump, though often classed as a rotary 
pump. The cylinders are form^ in a rotatable barrel keyed to the spindle. The swashplate 
fits loosely on the spindle and is prevented from turning in the casing. As the cylinder block is 
revolved by the spindle, the inclination of the swashplate causes the pistons to reciprocate; 
suction and delivei^ taking place through ports In the end plate which put each cylinder in turn 
in alternate communication with the suction and delivery branches. Bv mounting the swai^- 
plate on trunnions so that the angle of inclination can be altered at will, the stroke of the pistons 
can be varied, thus giving a variable delivery at a constant speed of rotation. 

A rotary pump contains two essential elements, namely, the rotating part through which the 
power is applied to cause displacement of the fluid; and an abutment against which the liquid 
is pressed to produce outward delivery. The pumps are classified: (a) according as the abutment 
Is fixed or movable; and (6) in sub-divisions under these main headings according to the method 
of causing displacement. In the language of patents the rotating element is a * piston,* although 
its motion may be solely rotary. Some categories in the complete claaslflcation have little 
signiflcance, most rotary pumps in commercial production being modifications of the six General 
t:imes Illustrated in figs. 19 (b) to 19 (g). There are also various devices such as a roller compressing 
a flexible tube coiled within a cylindrical caring, to expel the contents; rotating tubes, snob as the 
Frenier slime pump, formed in a spiral like a snairs shell and discharging through the trunnions; 
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OLAflSDlOATION OF ROTARY PUUPS. 

(Bated upon Patent OflSce OlaswificatioD.) 
Wited Abutmenl, 

1. OacillaUng vanes. 
9. Piston with axially-sliding vanes. 
S. Pteton with hinged vanes. 
4. Piston with outwardly-sliding vanes. 
5. Piston with roller vanes. 
6. Piston with rotary vanes. 
7. Piston with sliding-rocking vanes. 

MovabU Abuiment, 
8. Abutments sliding axially. 
9. Abutments sliding outwardly. 

10. Geared vane type (intermittent abutments). 
11. Gear wheel type (in principle allied to the Boots Blower). 
18. Hinged or rooking abutments. 
15. Inteniallj-meshing rotors with n and n + 1 teeth or lobes. 
14. Boots Blower type. 
1ft. Botary abutments (other than types S, 6, and 7). 
16. Sliding-rooking abutments. 

Fig. 19 (b) shows a pump of the rotary abutment type (1ft). By external gearing the abutment is 
revolved as many times as there are vanes, for each revolution of the rotor. The displacement is 
t^ volume swept by the vanee in a given time between the points of inlet and delivery. The ^ar- 
wheel pump (11), shown in fig. 19 (c), has no external gearing; the drive being through the spindle 
of one gear whe^ wnich drives the other. The centres may be adjustable for distance apart, as 
some backlash between ttie teeth is necessary for smooth working, but too much allows leakage. 
(For a discussion of gear pump design, see The Engineer^ Feb. 16, 1939.) Fig. 19 (d) shows one of 
the many forms of the Boots Blower type (14), this variety being invented by J. T. Wilkin in 1892. 
The lobes are formed with two epicycloids and two hypocycloids, the surfaces of which work 
together with uniform angular velocity, and are connectki by external gearing. 

Fig. 19 (e) is a pump with sliding-rocking abutment (16); If the vane were arranged to slide 
radially in a slot in the casing, with a hinge or pivot attachment to the eccentric * piston,' the 
pump would become a fixed abutment type of class (7). Fig. 19 (f) shows a pump of n and n -f 1 
lobes gearing internally, the n rotor driving the n -t- 1 rotor. Fig. 19 (g), with radially-sliding abut¬ 
ments moving in slots under the guidance of an eccentric ring or groove in the casing, resembles 
in principle some radial redprocatlng pumps in which the plungers are similarly constrained to 
move mto and out of the oyhndeis, supply and delivery bemg through ports and passages in the 
shaft («.g., the Hele-Shaw variable gear pump and motor, Free, Inti. Meeh. Eng.^ 1931). Air 
pumpsof thetypeof fig. 19 (g) are sometimes used as exhausters lor priming large centrifugal pumps. 
To prevent undue tip leakage In rotary vane pumps, a loose inner sleeve may be provided in the 
oasuig, free to revolve under the frictional drag of the vanes, and the viscosity of the liquid, and 
fully ported to leave ample suction and delivery area, however the sleeve may rest. 

Air Lift Pumping. 

The air lilt is a method of raising liquid by injecting air into the lower end of an open pipe 
immersed in the liquid to be pumped. It is most commonly employed in raising water from 
boreholes, and this application is here described as typical of the system, but the air-lift is also 
extensively used to raise oil from deep bores, and has a further sphere of usefulness in the pumping 
of corrosive chemicals. The action is illustrated in the diagram, fig. 20, and is explained as follows : 

11 an open-ended pipe is placed in a borehole containing a standing head of water, the water- 
level stands in the pipe at the same height as in the bore, the water columns inside and outside 
the pipe being in equilibrium. If air is injected into the foot of the pipe or rising main so as 
thoroughly to aerate the water contained in it the state of equilibrium is destroyed, as the density 
of the mixture of air and water is less than that of water alone. The column of aerated water 
inside the pipe being no longer heavy enough to balance the corresponding height of water outside, 
and the foot of the pipe being open to the well, more water fiows into the foot of the pipe, under 
the pressure of the standing head, and poshes the aerated column upwards in the endeavour to 
rssune equilibrium. 11 the pipe be continued upwards indefimtely, a state of balance will again 
be reached when the weights of the two cohm^ regain equality and the air will merely rise 
through the aerated column and escape to the atmosphere, no further fiow taking place. The 
aim of the designer is, therefore, so to proportion the total lift to the submergence as to ensure 
that the aerated column shall reach the height at which delivery is dedred, thus maintaining 
a eonttaMums flow, and to do so with the minimum expenditure of power. 

ADTAISTAOBS ARD DXSADVARTAOBS or XHB Am LUT ST8TBM* 
The advaateges of the system are i 
1. There ate no moving parts in the borehole. 
8. Provided that the Field is available, a large quantl^ of water can be pumped from a smaller 

bore than would snffloe for any other apparatus for deep-well pumping. 
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5. It ig not etsential that the bore ghonld be absolutely straight, nor that it should be truly 
rertical. 

4. The presence of sand or other foreign matter in the water, so detrimental to mechanioa) 
doep-welt pumps, has practically no effect upon the air lift. 

ft. The surface machinery, comprising the compressor and its prime mover, air receiver, 
tanks, etc., can be placed wherever is most convenient, possibly at some distance from the well 
head. * 

6. Duplicate compressing plant can be installed to provide a complete stand-by equipment 
without increasing the amount of apparatus to be accommodated in the well. 

7. A number of boreholes can be pumped simultaneously from a central compressing station. 
8. Water may be pumped at varying rates, subject to the maximum yield of the well, with 

only slight variation in eOlciency. 
9. Flow does not cease suddenly as the result of only a small fall in the pumping level. 
The main disadvantage is the low overall efficiency of the system. Although under favourable 

conditions an efficiency of ftO per cent, can be obtained, 33 per cent, is considered a good result, 
if the water must be raised through any great height. Under unfavourable conditions the eflBciency 
may fall as low as Ift per cent, or even 10 per cent. If hot liquid is being lifted, the apparent 
efficiency may reach 100 per cent., as the air is further expanded by heat abstracted from the 
liquid. 

The bore must be carried to a greater depth for an air lift than for other deep-well pumps; 
and if a considerable drop in water-level takes place, may need further deepening to ensure proper 
submergence for the air ejector, or the efficiency will suffer a serious reduction. The capital cost 
of further deepening, however, is often more than counterbalanced by the saving in running 
costa resulting from corrected submergence. 

DATA REQUIRED FOR DBSIONINa. 

The following particulars must be considered In designing an air-lift^lant. 
1. The yield of the well. 
3. The standing water-level in the well. 
3. The working or pumping level (below the standing level by an amount depending on the 

rate at which water flows in to replace the water pumped out). 
4. The total height through which the water must be raised. 
6. The correct submergence for the air-lift tubes. 
6. The sizes of the rising main and air main. 
7. The working pressure to which the air must be compressed. 
8. The correct amount required of free air per min. 
9. The h.p. required. 

The diagram, flg. 30, shows the various measurements required and the terms used 
A — Total vertical height through which the mixture of air and water passes. 
B « Correct submergence when running at full capacity. 
U ■■ Submergence at starting. 
D >■ Total vertical lift elevation -{- static bead -f drop. 
B ■■ Static head, or depth of standing water-level below surface. 
F >• ' Drop,' or distance between standing water-level and pumping water-level. 
Q — Elevation above the surface. 

There are so many variable quantities associated with the air lift that no definite rule can be 
laid down or formula devised to cover all contii^encles, and it is necessary that this should be 
clearly understood. To mention only a few of the factors which affect an air lift plant in greater 
or lesser degree, the height above sea-level, smoothness of air and water pipes, temperature of 
the water, amount of submergence, the ratio of air to water, and the sizes of air mam and rising 
main have each an important beating upon the final results. The following information, repre¬ 
senting the practice of one of the leading British firms specialising in this type of plant, provides 
a guide to the design and general operation of air lifts. An installation designed on the lines 
given will give satisfactory performance, although for the best possible efficiency, as stated above, 
consideration should also be given to a number of other points peculiar to the particular case. 

Volume of Air Required. 
The volume of air required for any given quantity of water depends mainly, though not 

wholly, upon the height to which the water is to be raised. Several formulss have been evolved 
to express the volume, and the following (by Rix and Abrams) will be found to give good results 
under normal working conditions, assuming correct submergence. 

where Vo » cub. ft. of free air per gal. of water; 
h » total lift in ft.; 

H >■ submergence in ft. when working; 
0 a constant. 
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The ralnee of 0 for rariouB lifts can be taken as foUowet 
so ft. to 60 ft. 0 - 204 
60 „ „ 200 . 0 - 124 

800 „ „ 600 „ . 0 - 180 
600 „ „ 660 „ 0 - 163 
SSfl )t M 760 „ . 0 - ISO 

(It should be noted that the Bix and Abrams formula is sometimes quoted from American souroes 
in the form 

Vtt 0*8 

Olog 

h 
H + 34; 

34 
the coefflcient 0*8 glTing a reduction In the rolume of air corresponding to the smaller capacity 
of the United StatM gallon. Slightly different Talnes may also be found for the constant 0, bot 
those giTen abore represent go^ practice and can be employed with certainty as being well 
proTed.) 

SUBMBRGBNOBfl. 

The submergence, the depth to the air ejector below the pumping water-leTel, depends 
chiefly upon the total lift, although it may be varied considerably to suit local conditions. The 
following proportions will ensure a good efficiency. 

SiZB OF msiNQ Main. 

The two main points to consider in selecting the best diameter of rising main are (1) the volume 
of water, and (S) the height to which It is to be raised. If the diameter of the main is too large 
the combined velocity of the air and water will be insufficient and slippage will take place, 
the air will rise through the water, causing loss of efficiency. On the other hand, too small 
a diameter involves a high velocity of flow, causing undue friction and consequent loss. In 
actoal practice the combined velocity of flow is never constant, bot gradually increases as the 
mixture rises, doe to the Increase In air volume, which in tom results from the decrease in air 
pressure as the emulsion travels upwards. For any given sice of pipe, therefore, the velocity is 
at its minimum at the point of injection, and at the maximum at the point of discharge. At the 
point of Injection the velocity may range between 6 ft. and 18 ft. per sec.; and at the point of 
discharge may be allowed to varv between the limits of IS ft. and 43 ft. per sec. without detriment. 
The higher the lift the greater the discharge velocity, and the greater the difference between the 
Initial and final velocities. When the total lift is large it is sometimes advisable to ose two or 
even three sizes of rising main, increaidng the diameter at the higher levels so as to restrict the 
velocity of flow In the upper part of the main; the theoretical ideal of a uniform taper from 
bottom to top being obviously impracticable on economic grounds. For practical purposes the 
nearest standard else of pipe should be selected which will give rates of flow between the above 
limits; Uie result being checked by the formula: 

Yelooity in ft. per sec. — ^; 

where Q ■■ the combined volume of air and water at any point in cnb. ft. per sec.; 
A — oroes-saotional area of the pipe In sq. ft. 

At the point of infection the volume of the compressed air most, of course, be taken, the pressure 
in lbs. per sq. in. being governed by the depth of the ejector below the pumping water>level. 

81ZB OF Am MAIN. 

Various formulae have been devised to give the most suitable size of air tubing; the one here 
given is known as Johnson's formula, and can be recommended from experience. 

where L — length of air pipe in ft.; 
d >■ bore of air pipe in ins.; 

Pi — initial air pressure in lbs. per sq. in. (absolute; 
Pi flnai air pressure in lbs. per sq. in. (absolute); 

q eub. ft. of free air per min. 
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Transpotiiig to obtain d, the lonnaU booomei: 

V p,* 
The length of air main taken must include that above the surface and, therefore, does not 

necessarily correspond to the length of the rising main, even approximately. It is very Important 
that the air main should be of adequate diameter, to avoid undue friction: the friction is con¬ 
verted into heat, which in turn increases the volume of the air, leading in a vicious circle to a still 
higher velocity and more friction. A proportion of 1 to 6*24 between the cross-sectional areas of 
the air main and rising main may be kept in mind as a safe guide. 

The air main may be fitted inside the rising main, in which case the same sectional area of air 
main can be adopted (the slight difference in cooling effect being neglected), and the diameter of 
the rising main proportionately increased. Taking the given ratio of 1 to 6*24, the diameter of 
the rising main will then be 

3 ‘04\/(area oi air main); 

the nearest standard size being taken in practii^, as in the former case. 

H.P. OONSUllBD. 

For normal lifts up to about 260 ft. it will be found that single-stage compressors are usually 
equal to all requirements; but If tiie working pressure is likely to exceed 110 lbs. per sq.in., it 
is advisable to use a two-stage or three-stage machine. The following table gives the approximate 
b.h.p. required by a well-designed compressor to deliver 1 cu. ft. of free air per min. (referred to 
as * F.A.D.* — Free Air Delivered) at the gauge pressures Indicated. 

Gauge Pressure. 
Lbs. per sq. in. Brake H.P. Gauge Pressure. 

Lbs. per sq. in. Brake H.P. 

10 0*047 66 0*167 
16 0*066 60 0*177 
20 0*082 66 0*186 
26 0*098 70 0*193 
30 0*110 80 0*210 
36 0*124 90 0*226 
40 0*136 100 0*238 
46 0*146 110 0*260 
60 0*167 120 0*264 

ABRANQEMENT3 OF PIPES. 

It is usual to fit the air main outside the rising main; the internal arrangement of air pipe 
being adopted only when space is very limited. Many types of ejector nozzle have been evolved 
and used from time to time, but in actual practice there is not a great deal to choose between 
them. It is desirable that the stream of air should be broken up as much as possible in the form 
of small bubbles, to prevent slippage. Nozzles of the perforated type are usually drilled with holes 
I In. diameter. Probably the beet method of introducing the air pipe is also the simplest, «.e., 
to lead it below the foot of the rising main and up the centre, as shown in the diagram (fig. 20). 
The ejector should be located not less than 3 ft. from the foot of the main. 

The delivery may be taken up the side of the collecting tank with a plain bend, as in the 
diagram; or may be led straight through the bottom of the tank, continued to a height of 2 or 
3 ft. above the tank water-level, and surmounted by an umbrella-kbaped deflector. The support 
of the rising main and air main at the well-head need only be of the simplest description ; a plain, 
cast-iron suspension flange being qiute sufficient. 

ARRANGEMENT OF COMPRESSING PLANT. 

Wherever possible the compressor should be installed in a cool, clean room, and a generous 
qpaee allowed around it for oiling and cleaning. The air intake should be placed outside the engine 
room to avoid a heated or dusty atmosphere; bearing in mind that a rise of 6” F. in the tem¬ 
perature of the intake air will cause a decrease of 1 per cent, in the volumetric efficiency of the 
eompressor. 

An air receiver of ample size should always be interposed between the compressor and the 
well, and provided with safety valve, pressure gauge, and a blow-off cock. On no account should 
a stop-valve be fitted in the air line between compressor and receiver. The function of the 
receiver is to damp out the pulsations and (perhaps more important) to act as a trap for oil and 
moisture carried over from the compressor. The blow-off cock should be used daily to draw off 
the trapped oil. 
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A greater presmm if required ft eiarfrlug than for maintaining flow, as at flret the riling main 
oontalni folid water which the air preasare tendi to force, unaerated, oat of the delirery. The 
initial diaoharge is oiualtj unbroken, and is followed by a higbir aerated section. This alterna¬ 
tion of water and air may be repeated a few times before steady flow begins. The correct dis¬ 
charge is an opaque emulsion, which clears almost instantly when drawn oil in a glass. 

TTPIOAL AIR LIFT PLANTS. (U Orand, Sutdiff S Oell, Ltd,) 

1 Gasworks. Laundry. Paper Mill. ! Oement 
Works. Brickworks. 

Borehole diameter 10| ins. 8| ins. 71 ins. IS ins. 10| ins. 
Borehole depth 620 ft. 600 ft. 898 ft. 380 ft. 260 ft. 
Rising main diameter 1 4 and 34 ins. 4 and 3| ins. 2} ins. 3 ins. 4 ini. 
Size of air main 
Standing water level 

2 ins. 2 ins. 1 in. ins. 1 in. 

(below surface) 200 ft. 207 ft. Overflow 149 ft. 44|ft. 
Pumping water level . 282 ft. 299 ft. 06 ft. 169 ft. 66 ft. 
Total Uft . I 302 ft. 334 ft. 116 ft. 174 ft. 62 ft. 
Size of compressor 
Oompressor capacity 

;9 ins.X Gins. 9 ins. X 6 ins. 6iDB.x4|lns. 6 lnB.x 6 ins. 6 in8.X 7 Ins. 

in cn. ft. min. 
Power of driving motor 

1 300 316 60 76 68 

(electric) 80 h.p. 80 h.p. 14 h.p. 22 h.p. 14 h.p. 
Depth to ejector 611 ft. 487 ft. 300 ft. 343 ft. 164i ft. 
Submergence 229 ft. 188 ft. 204 ft. 174 ft. 102^ ft. 
Yield in gals, per hr.. 8,000 6,000 4,000 6,000 11,000 

The PUIiSOMOTBR STBAM I'UMP. 

The Pulsometer stands in a class by itself. It may be described as a derelopment of the 
Savery pump for the suction is effected by the condensation of steam in a chamber and the water 
is lifted by the pressure of steam acting directly upon its surface. By the employment of two 
chambers the delivery is made continuous and completely automatic, and by careful attention 
to design a good efficiency is attained. The action of the Pulsometer is fully described in 
Descriptive Section XIX, Part HI. 

The htdrauuo Ram. 

The water-hammer effect due to the momentum of a long column of moving water in a pipe, 
noticed in connection with reciprocating pumps, is turned to advantage in the hydraulic ram, 
invented by Joseph Montgolfier and sometimes c^led by his name, which utilises the momentum 
of a relatively large flow, under a small head, to raise a smaller quantity against a great head. 
Although not usually classed as a pump it may be regarded as one if the moving column in the supply 
or * drive * pipe be considered as the plunger which, actuated by its own acquired energy, forces 
the water in the chest up the delivery pipe. The action can be followed from the sectional diagram, 
fig. 21, on p. 832. IVater from the source of supply, usually a small stream, is led with a moderate 
fall through the drive pipe into the branch marked * Injection,' and at low velocities can flow 
freely to waste through the ' outer valve' or * pulse valve,' which is of the mushroom type, 
arranged to open downward by its own weight. When the flow reaches a sufficient velocity the 
pulse valve is lifted sharply against its seat, the momentum of the moving water colunm, thus 
suddenly arrested, causing an instant pressure rise in the chest, forcing open the ‘ inner valve,' 
and driving water up the delivery pipe until equilibrium is restored. The delivery valve closes 
with the cessation of upward flow and the pulse valve falls again to the open position, allowing 
the cycle to repeat. An air vessel on the delivery prevents damage by shock. Both valves are 
provided with means to adjust the lift, and the flow into the drive pipe is regulated at the souroe 
by a sluice. The ram can be stopped by raising the pulse valve against its seat by means of the 
projecting spindle, when the bead of water in the drive pipe and chest will hold it there ; and it 
can be restarted by pressing down the spindle to force the valve off its seat and allow flow to be 
resumed. A snifting valve is fitted to admit cushioning air in replacement of that absorbed by 
the water. 

A polluted supply can be used to raise clean water from another source by means of the modifica¬ 
tion shown in fig. 22, in which the dirty water actuates a plunger in a cylinder, the other side of 
the plunger being in contact with the clean water to be pumped. When the drive water carries 
leaves or other matter In suspension a screening chamber must be provided at the inlet to the 
drive pipe. 
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Bams oao be made to work with a fall as low as 18 ins., but as a rule 6 ft. Is the praotloal 
minimum. With standard types the delivery head may be as high as 200 ft, beyond which 
figure a specially strengthened apparatus will probably be necessary. The working fall and rate 

h---h 5MA4.L AlK-.ES- 
I roniJuAM- 

of flow determine the limiting conditions of discharge in a given case, the efficiency of the ram as 
a water-raising machine depending on the ratio of vertical height of delivery to vertical fall of 
driving supply. If W » available drive water in galls, per minute, H vertical fall in ft., h «■ 
vertical height of delivery in ft., and Q galls, raised per minute 

W X H 
Q -1 ^ (efficiency per cent.) 

Typical efficiencies for various ratios of A/H are as follows :•«- 

3 4 6 6 7 8 9 10 12 16 18 20 26 

•86 •80 •76 •76 •70 •66 •66 •60 •60 •66 •46 •40 •40 

If the length of the delivery pipe is unusually long the efficiency will be less than is given in 
the table. The efficiency of a dirty-water ram of the type shown in fig. 22 is also less, owing to 
internal losses, and ranges from 36 to 66 per cent. By increasing the 
stroke of the pulse valve a greater quantity is delivered, but at a 
reduced efficiency, and vice versa. If the Imrgest possible delivery is ^ 
required with a limited supply of water a large ram should be used, 11 
with a short stroke of valve, but if water is plentiful it is cheaper to ^  4 I 
use a small ram with a long stroke. Ball valves are not advisable. V | j 
The delivery valve should have 1 sq. in. of area per gallon to be , ^ 
delivered per minute. The area of the annulus between the edge of ' 
the pulse valve and the wall of the chest should be rather less than ■ ■ • ly 
the area of passage through the valve, to impart a high speed of flow ilTin 
past the ed^ and a sharp closing action. This feature is shown in ILu U ( ( 
the half-section of Hie valve and chest, in fig. 23. The length of the r; i 
drive pipe may be from 9 ins. to 12 ins. for every foot of height 
throned which the water is to be raised, using a longer pipe in pro- 
portion if the fall is very low, and a shorter pipe if the fall is high; •. 
but it is generally preferable to have the pipe too short rather than 
too long, to reduce frictional losses. 

The number of beats may be as high as 200 per minute, but usually ranges between 40 and 
60 per minute. If the available supply is small the stream should be gauged before aeleoting the 
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size of nun to bo fitted. This can be done, with yery email flows, by damming the etream and 
measuring into a bucket or tank the quantitv of water flowing in a given time through a pipe 
inserted in the dam. For larger flows a welr>board should be used. The ram can be placed 
above ground, provided sufficient fall is obtainable, but for protection against frost is better 
housed in a brick*iined pit constructed in the bank of the stream and suitably covered, the floor 
of the pit being at such a level that the waste water drain has a fall of about 1 in 100. The ram 
must be truly* level on its foundation. 

Defective working may be due to fouling in the drive pipe, which should be periodically 
cleaned by drawing a scraper through it; to leaky joints in the ^ive pipe; to insufficient air in 
the air-vessel, or to a choked snifting valve; or to a fall in level of the supply, allowing air to be 
carried into the drive pipe. 

For further notes on hydraulic rams reference may be made to a paper by B. W. Anderson 
in the Proe. I.Meeh.E.^ 1929, from which figs. 21 to 23 are reproduced. Some typical operating 
results are given in the subjoined table. 

TABLV: of llKHUhTS OF Ol*KI{ATU)N.S OF llYDUALI-K RaMS. 

Number of 
Strokes. 

Height of 
Fall. 

Height of 
Elevation, 

Water 
Exiteiidcd. 

Water 
Raised. 

Useful 
Effwt. 

Min. Feet. Feet. Cubic F<;t't. Cubi<i Feet. 
6G 10-06 26-3 1-71 ■543 •9 
50 9-93 38-6 1-03 •421 •85 
3H 6-05 38-6 1 1 1*43 i •109 •75 
31 5-06 38-6 1 -29 •113 •67 
15 3’22 38-6 1-9S •068 •35 
10 1*97 38-6 1-5S 'Oil •18 

22 •« ; 196-8 •38 •029 
i 

■'’>7 

See also Descriptive Section XIX. Part £11. 

Olarke Chapman & Oo. Ltd. 
Chas. S Madan & Co. Ltd. 
Pnlsoineter Engineering Co. Ltd. 
G. A J. Weir Ltd. 





SECTION XIX 

PART IV 

WATER TURBINES. 

(By P. W. Seewer, D.E. (Zurich), M.I.C.E.) 

Tbe fundamenUl division is as in the case of steam and other torbines, between impulse and 
reaction types. 

IMPCLSB Turbines. 

In Impuise turbines the pressure energy of the water is transformed entirely into kinetic energy 
in the stationary parts of the turbine, f.e. the nozzles, the flow through the rotating parts is 
under atmospheric pressure and the forces on the rotating parts are due entirely to changes in 
the direction of the flow of the water, the arithmetical value of the relative velocity remaining 
unchanged, except for slight losses due to friction, etc. The absolute velocity of the water 
leaving the rotating parts is reduced as nearly to zero as possible, so that all the kinetic energy 
of the water is given up. 

The forms of impulse turbine that have survived and are now manufactured are Felton, and 
Turgo wheels for smaller power. Felton turbines have been built to give up to 30,000 h.p. for 
a single wheel and jet, operating under a static head of 718 m., or 3,300 ft. 

iiRAcnoN Turbines* 

In reaction turbines the pressure energy of the water is only partly transformed into kinetio 
energy in the stationary parts of the turbine, le. the guide apparatus, and tbe flow through the 
rotating parts takes place under a varying pressure, tbe passages remaining full. Tbe forces on 
the rotating parts are due both to changes in pressure and in the direction and velocity of flow 
of the water. Both the pressure and the absolute velocity of the water are reduced as the water 
gives up its energy to the wheel. 

The surviving forms of reaction turbines now being manufactured are Francis turbines, some¬ 
times called American or mixed-flow turbines, and of late various forma of propeller turbines 
both with fixed and movable blades. Tbe latter are known aa Kaplan turbines. 

Tee Relations between Foweb, Speed, Head, eto. 

Before it is possible to compare the varioos types of turbixtes operating under very different 
heads and at very different spe^, etc., it is necessary to be able to reduce all these variables to 
a common value. 

In all turbines, both impulse and reaction, the flow through the turbine takes place at a velocity 
which is some definite fraction of the free spouting velocity, \/SgU, where B is the bead. That 
Is, the velocity of the water, and hence, the quantity of water, Q, passed by a given turbine under 

different beads, varies as 

At the same time the energy per unit volume of water varies directly as the head, so that the 

power input varies as 
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Hie loases ol head in any turbine rary as ihe squares of the relooities ooncemed, i.4. as (H^>* 

or as H. The quantity ol water passing raries as and it follows that the amount of the hydranlio 

losses rary as the product of these, <.«. as x H, or H 

Since the power input and the losses both vary as it follows that the hydraulic sflBcienoy 
Is substantially Independent of the head, and the power output, N, of any giren turbine is the 

difference between input and losses and will vary as 
In the same way the peripheral velocity of any rotating part bears a definite relation to the 

free spouting velocity, and hence will vary, as The speed, n, of any given turbine therefore 

will vary as 
For homologous turbines of different sises under the same head, since the velocity of the water 

will be the same proportion of the spouting velocity, the discharge will vary as the square of the 
linear dimensions, f.tf. as O*. The power will also, therefore, vary as D*. 

The peripheral velocity of the wheel will be some definite fraction of the spouting velocity, 
that is, the speed in r.p.m. will vary inversely on the linear dimensions, i.e. as 1/D. 

For homologous turbines under various heads, therefore, we have the following relations: 

The quantity discharged, Q, varies as x D*. 

The power developed, N, varies as Q X H. 

X D». 

The speed, r.p.m., n, varies as X 1/D. 

SPBOirio Spbbd. 

The fundamental basis of comparison between all forms of turbines is a figure known as 
the Speciflo Speed, which has a constant valne for every turbine of a homologous series. It may 
be defined as the speed at which the turbine would run (.at its designed eflBcienoy) under unit head 
when reduced in size so as to produce unit power under that head. 

If metric units are taken for power and head the q^ifio speed is in metric units, and if h.p. 
and feet are taken the epedfio speed is in English units. The speoiOo speed, as found in metciu 
units, has to be divided by 4*446 to reduce It to English units. 

The following figures are also sometimes used : 
Unit ^>eed n, a speed of actual wheel under unit bead. 

fi 

“Vh‘ 
Unit power Nj — power of actual wheel under unit head. 

N 

Hy'u* 

Unit quantity Qi ■■ quantity panned by actual wheel under unit head. 
Q . 

"Vn 

Then speciflo q)eed, n, « 

h' 

W^here n — speed of wheel in r.p.m. 
N a output of wheel; 
Q la quantity passed by wheel: 
H head on wheel. 

Ohoiob or ttpb or tubbinb. 
When a given scheme is being considered in general the practical and economic outpnt and 

speed are only variable within limlta. From these, imd the head, the speciflo speed of the pro* 
poeed turbine can be found, and hence its type settled. Whether the type thus arrived at is 
possible or not, can be checked by the turbine makers, who bsve carves showing ihe highest 
spedfio speed that can safely be employed at a given bead, and with given suction conditions, etc. 
Tbs modem very high spedfle speed types hsve been developed in order that the speed of lai^ 
units at vary low heads may be as high as pomible, and the oest of the generators and all appnr* 
tmances kspt down, so as to make the lohemes attractive from the financdal staud^int. 
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The nngMi of speolflo ipeedf ooTond by tb« rariona typos of tnrbinoo arc as follows: 

^ (Mstno 
Units). Type of Turbines. 

Up to 18 
18 to SI 
11 16 
16 „ 30 

Single Jet. 
1 Jet ' Normal ^e impnlse wheel, proportioned for 
3 ,, ; best elficieocy. 
^ If ' 

18 to 21 
11 M 30 
30 ., 36 
86 „ 42 

Single Jet | 

j V High-speed modern type. Impulse wheels. 

4:: 1 

80 to 70 
80 „ 100 

100 „ 200 
100 „ 400 

Very low speed \ 

Highspeed j 

400 to 600 
600 800 
and above 

1 
: Propeller type. Fixed vanes. 
1 Propeller type. Kaplan types with movable vanes. 

It will be seen that a gap exists between the highest speciflo speed of the normal type of 
Pelton turbine and the lowest speoiflo speed of the normal type of Francis turbine. Such machines 
as the Turgo Wheel are intended to bridge this gap» but as yet no really satisfactory solution has 
been found tor large powers. 

PKLXOM TUBBINES. 

These consist of a |et, or Jets, striking a series of buckets mounted on a disc. The buckets 
oonslst of two ellipsoid meeting In a central splitter edge, and have a portion removed on the 
outside so that the Jet always strikes this splitter edge on one or other of the buckets, and thus 
meets the buckets without shock losses at entrance. The water is divided equally by the splitter 
edge, and diverted throogh approximately 180” by the bucket, so that it leaves in a direction 
directly opposed to the motion of the wheeL The action is shown diagrammaticaUy below : 

If the velocity of tbs Jot Is r and tbs vslooity of the bucket u, the relative veioolty of water to 
bucket Is V — 

VOL. I. 9F 
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TIm alMoliite Telocity of the water leavinff the baoket, meaeured in the direction the moTe* 
ment of the bucket, is a ^ (e — a), or 2a — e. By making a » thie absolute relocitT ol the 
leafing water is reduced to aero and all the energy uf the water is given to the wheeL This 
means that the peripheral velocity of the buckets* measured on the circle tangent to the ]et, 
should be half that of the Jet, and this is the figure usuaUy adopted in praotioe. This imaginary 
eiiole is usually known as the.pitch circle ol the wheel. 

Tim general proportions of a Pelton turbine may be taken as follows 

Velocity of Jet . ... v 

Peripheral velocity ol wheel (measured 
on pitch drole) . . . u 

Speed in r.p.m.n 

0*90 toO OSv'g^H. 

approximately ^v, 

0-44 to O -48V'20rH. 

60ti 
nD 

26 to 29 
V*»H 

ttD 

The quantity ol water . Q « ® to 0-246 rrdV*l^fi- 

Por best effidenoy the ratio D/d should lie between 14 to 1 and 10 to 1, but wheels have been 
built with this ratio up to SO to 1, in exceptional cases. 

Values of this ratio below 10 to 1 need very careful deeign* successful wheels have been built 
wltii this ratio down to 7*0 to 1* with oniy a small sacrifice of eflBciency. 

For large maehines, under good conditions, effidencies as high as 90 per cent, have been 
adhieved. 

The elBdenoy of a welMesigned machine is constant over a large range of load and varies by 
only 1 per oent. to 8 per cent, between half-load and full load. 

For horisontal-shaft machines, either one or two Jets per wheel is common, and three and 
fonr Jets have been used. Vertical-shaft machines, having S and 4 Jets per wheel, have been 
bnilt with complete success. 

For multl-Jet machines it is necessary to make a careful study of the paths of the water 
relative to the wheel in order to ensure that the lets do not interfere with one another, llie 
angles between the Jet of a multljet machine should uanally lie between 69* to 90*. 
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bdcksts. 

The proporUoBg of e typicel booket ere shown below: 

a ■■ 3*0 to S*6d. 
6 - 0-8 X a. 
e « 0*87 X a. 
M « I S X d. 

The exact shape of the backet Taiies considerablj tor Tarioos makers, and mach study and 
many experiments are necessary to arrive at the best form of bncket for any given ease. 

The eeotion of all modem nosslee is clrealar and the sise of Jet is regalated by a spear operated 
dither by hand or by an oil* or water-pmesure servomotor. 

Considerable experiment is necessary to arrive at the bsct form of nossle and spear to give 
a tnie steamline Jet, particalarly at the higher heads. The discharge co<«fflcient measored on 
the minimum area at the mouth of the noscle usually lies between 0*75 and 0*88 when the spear 
is fully open, and increases gradually to about 0*95 as tbs spear approaches the oKMed position. 
It is most Important that the area of the water passage should decrease steadily towards the outlet. 

Typical proportions are shown below: 

dj - 1*8 to l-4d. 
d. » 3-0to4*0d 
d. - 1-85 to l-5d. 
a - 60* to 90*. 

- 40* to 60*. 
BBQULATION. 

Unless the pipe-line is very ahort compared to the bead, direct regulation by means of the 
spear will cause severe water hammer when large loads are thrown off suddenly. To prevent this 
the spear is usuahy arranged to move so that the velocity of the water in the pipe is changed only 
very slowly, and special devices are used to cut the water off from the wheel when load is thrown 
off until the quantity of water flowing down the pipe is correct for the new load. 

This diversion of the water can be achieved in three ways: 
(1) ffWie/ Valw Device.—An auxiliary nossle is arranged to open simultaneously as the main 

nowle closes, and then this nossle is closed very slowly under the oCntrol of a dashpot. 
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(S) De/Uetor Device,—A delleotor li arranged in front of the noule which moToe to oat oil the 
Jet from the wheel notll the spear, which moves slowly onder the control of adaahpot,has reached 
the position corresponding to the new let. The Unit gear between the deflector and spear Is so 
arranged that the deflector Jost clears the Jet when the spear reaches its flnal position. 

(S) Dijfueing Device.—Small, inolined blades are made to protmde from the spear, and 
oanse the Jet to whirl and break np into spray, nntil the spear, moving slowly onder the 
control of a dashpot, reaches the potion corresponding to the new Jet. These blades lie Jost 
flash with the spear in the flnal position. 

One or other of the two last is the osoal Enropeao practice. 
In a weii>deeigned system the governor can be arranged to operate a deflector or spear, and 

relief noza:e in 1 *8 to S secs., and a Seewer governor device In | to 1 sec. 
The speed rise will depend on the flywheel efleot of the set, hot the following figures are osoal; 

Load thrown off. 
Per cent, of full 

load. 

Momentary speed rise above normal steady speed after 
drop in load in per cent, of normal spe^. 

Deflector or spear and relief Difloaer. spear. 

100 per cent. 10 per cent, to 86 per cent. 5 per cent, to 10 per cent. 
75 M 11 10 „ 4 .. ..8 „ 
50 ., 8 n » 11 .. 
15 .. 4 .... 6 „ 1 . 

For load thrown on the conditions are dictated entirely by the design of the pipe-line, since 
any attempt to oaose the water column in the pipe to accelerate suddenly will cause so great 
a drop of head that no greater power is available at the let. and dangeroos pressore waves are 
set op. 

Unless the conditions of operation are studied very oarefolly in the design of the pipe-line it 
will be impossible to throw 1(^ on the set quickly, and any attempt to adjust the governor to 
enable this to be done will only result In hontlng and dangerous surges in the pipe-line. 

Beaotion Turbines. 

All reaction turbines consist fundamentally of four main sections, f.s. casing (open or closed), 
guide apparatus, runner wheel and suction tube. The proportions and arrangement of them 
differ considerably for various conditions of speed and bead. The two extreme cases of a very 
low specific speed Francis turbine and a hish specific speed propeller turbine are shown in flg. 6. 

It will be seen that there is a ring of guide vwnes surrounding the runner, from which the water 
discharges through the runner into a tapering tube known as the draft tube or suction tube. 

The guide vanes are arranged to swivel to control the amount of water reaching the runner, 
either by links Interconnecting them directly or by levers on their spindles and outside the water 
stream. The latter method is more expensive, but is generally adopted in modem machines. 

By the use of the draft tube the turbine can be set above the level of the tail water without 
lorn of head due to its elevation, and at the same time a large part of the kinetic energy of the 
water leaving the runner can be recovered by giving the diWt tube a suitable taper. In low 
spedflc speed turbines this recovery is not of great importance, but in high specific speed turbines 
as much as 86 per cent, of the energy of the water is recovered in the draft tube, and its design 
and efficiency is consequently of great importance. 

The shaft of a reaction turbine may be horisontal or vertical with an improvement of 1 per 
cent, or 8 per cent, in the efficiency for the vertical shaft type—especially for high specific speeds 
—due to the absence of a suction bend near the runner. 

Ttpb of Tubbinb SffmNG. 

The method by which the water reaches the turbine proper determines the type of mtting. 

(1) Open Flume,—In the cam of low heads the turbine is made without a casing and is merely 
mt at the bottom or side of an open chamber as shown in flg. 6. 

(8) Caard Turbines.—When the head Increases, and an open flume setting !s no longer possible, 
or when an open flume setting is Inconvenient tor local reasons, the turbine is encased, and the 
water led to it onder pressure by a duct or pipe. 

(a) Cplindricai.—^Typical arrangements are shown in flg. 7. 
As will be seen, the turbine is entirely enclooed. The pipe bringing the water to the 
easing may be on the side, or on the end. 
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General PBOPoanoNS of hsaotion torbinbs. 

The following table, together with the tlgaree actaohed, will enable the general proportions of 
ranner for any epeciflo speeil to be determined. All relocitlee are given in terms of the spouting 
relooity, V 

LOW Us TYPE HIGH Ds TYPE 

CnT Absolute Discharge Velocity of Water ref. to Area 71 Op 
‘‘TmE ENfllNEER'’ 4 

FlO. 9. 

Spedflc Speed in Metric 
Units. 100 IfiO 

Ratio 3/D, . 0-12 0-20 
Velocity Om . 
Peripheral velocity of point 

0-18 0*21 

(a). 0-70 0-72 
(6) . 
(e) . 

0-84 0-33 
0-70 0-73 

(d) . 0-61 0-66 

200 260 300 360 400 

0-27 0-33 0-36 0-36 0-86 
0-23 0-28 0-32 0-34 0-83 

0-74 0-76 0-77 0-76 0-72 
0-33 0-33 0-33 0-34 0-36 
0-76 0-82 0-92 1-06 1-22 
0-80 0-88 0-98 1-13 1-30 

SPBOmO SPEED AND BFFIOIENOr. 

While the mazimnm effloienoy of a turbine differs within a few per cent, only whatever the 
specific speed, the shape of the efficiency carve differs considerably. As the specific speed 
increases the curve becomes more peaked, and the efficiencies on either side of the optimum decrease. 
Modem development is tending to increase the range of loads over which the efficiency is high, 
but if good part load efficiencies are required and a good overload capacity, it is not advisable to 
install a turbine with a specific speed higher than about 300 (metric). On the other hand, the 
higher specific speed turbines are lees sensitive to changes in the head under which they are 
running, and for a large scheme, it is advisable that the turbine makers should be consulted early 
in its preparation in order that the best speed and aise of unit and arrangement of station may be 
chosen. 

Regulation. 

The regulation of reaction turbines is achieved by moving the guide vanes to admit more or 
lees water. As in the case of impulse wheels, the spe^ at which this can be done depends on the 
pipe line conditions. For long pipe lines the rate at which the pipe flow can safely be decreased Is 
so slow that for good regulation it is necessary to by-pass the water. A relief valve is then 
provided which opens simnltaneously os the turbine guide vanes close, and which closes subse¬ 
quently slowly under the control of a dashpot. For load thrown on, the pipe line conditions 
determine the rate of opening of the turbine guide vanes, and consequently the momentary drop 
of speed of the sets. 

It Is usually impossible to close the turbine in less than S secs., whatever arrangements are 
made to by-pass the water, and the flywheel effect of the set must be ohoeen so as to keep the 
momentary speed fluctuations to a flgure consistent with sound oommeroial and industrial prmotioe 
for the type of load on the station. 
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QOYBBNOBS. 

Of all the typea ol govenior tried at rariotu timee for water turbinea only one type haa finally 
aoTYlTed, thia is the automatio oil-preaaore operated aervomotor type. In general the foroea 
required to move the control gear of turbinM are far too large to enable a plain oentrifngal ball 
type ol governor to do the work, and one or several relays are consequently always required. 
Modem governors always consist of some form of oentrilugal pendulum which either directly or 
through relays controls the admission of oil under pressure to one or other side of a cylinder in 
wUoh moves a piston connected to the control gear of the'turbine. In many oases some form 
of constant pressure, a spring, or piston subleoted to water pressure, is used to close the turbine 
in order that a failure of the oil-pressure supply will not result in a runaway. In order that the 
turbine may be able to drive a generator in parallel with the other sets and that the hydraulic 
conditions may be fulfilled, the following adjustments are required on the governor: 

(1) Steady 8peed.~--lt most be possible to adjust the steady speed of the set at any load, 
wltmnlimits of about 6 to 10 per cent, op and down. 

(9) Permanent Speed RUe.—In order that two or more sets when running in parallel should 
be able to share the load, a certain increase in steady speed is needed from the full load to no 
load, usually 9 or 3 per cent. This increase in the steady speed of the set from full load to no 
load should be adjustable from zero to approximately 5 per cent, of the normal steadj speed. 
In some special cases a negative speed rise, ije. a drop in speed from full load to no load is advis¬ 
able. In any station the machine with the smallest permanent speed rise will carry the largest 
proportion of the load changes. 

(8) Closing and Opening Times.—These must be capable of accurate, independent adjustment 
In order to get the closest possible regulation without exceeding the permissible pressure rise and 
pressure drop figures in the pipe line or dncts. 

(4) Temporary Statism.—lo order to prevent hunting, the governor should be arranged to 
approach Its final position asymptotically. This implies some form of non-rigid return-motion 
gear, which tends temporarily to bring the valve controlling the movement of the main servo¬ 
motor piston to its neutral position as soon as the gates begin to move, thus damping the osoilla- 
tions of the gates about their final position. The degree of this damping should be adjustable in 
order that the governor should be as sensitive as pcMwibie without causing bunting. 

QOVEBNOB POWBB. 

There are many tormuhe for the governor power required to control anv given turbine. Vor 
all large machines, the final choice of governor is made by calculating the water and friction 
forces acting on the moving regulating parte in every position. ▲ large margin, of the order of 
100 to 900 per cent, of the force thus calculated, is always provided in order that the acceleration 
of the moviog masses may be rapid. 

The governor power may be calculated approximately by the following formula: 

P - K 
N 

\/H 

when P ■> power of governor in EgM; 
N output of turbine in h.p.; 
H head on turbine in metres; 

and K is a constant depending on the turbine. 

'Values of K are approximately as follows: 
Impulse Turbines. Seewer governing device only K » 1 *0. 

„ „ Deflector only . . K» 9*0. 
„ „ Spear only . . E»9*0. 

Reaction turbine. High head . . K —2*0. 
,, „ Low head . . K » 3*6. 

Small changes in the design of the spear in the case of impulse wheels, or of the guide vanes 
in reaction turbines, can change the power required for regulation by 100 per cent, or more, and 
the makers should always be consult^ in any given case. 

MOMiNTABT Speed Ohangbs. 

Load Off,—^To calculate the momentary speed rise of a set when toad is thrown off itis necessary 
to know the flywheel effect. This is generally measured In metric units as kilogrammes X 
(diameter in metres)* and written OD*. In English units it is measnrei as lbs. x (radius in ft.)* 
and written WE*. It is arrived at by summing the products of weight x (diameter)*, or weight 
X (radiua)* lor all parts of the set. 

L flywheel efltet of lEpM* QD* is equivalent to 6-99 lbs. ft.* WE*. 



PIPE LINES AND ACCBSSORTES 845 Sec. XIX (iv) 

The fpeed rise may be caloalafced as follows; 
Let 

Ni ■■ original load In h.p.; 
Nt "■ final load In h.p.; 
fii -■ original stoadj spaed; 
fii — maximum momentary speed; 

* t mm closing time of tnrbine in seconds; 
GD* -■ fiywheel effect in KpM*. 

Then 
/5S0\* 

\fhy QDM 

Since the governor will be set to give some permanent speed rise, when the load is steady at 
N, the set will run at some new steady spaed, fig differing slightly from nj. 

The percentage speed rise quoted in regulation guarantees is the percentage rise in speed 
above the final steady speed, and is, therefore, 

»• — n. 
• „ - X 100. 

In actual oases there are two corrections to be taken into account. These are: 

(1) The drop in efficiency as the set speeds up. This tends to reduce the momentary speed 
rise. 

(3) The pressure rise in the pipe line when the water quantity passing is decreased. This 
tends to Increase the momentary speed rise. 

For preliminary estimates these corrections are usually assumed to cancel out, but before 
giving any final regulation guarantees a careful study is made, and in extreme oases a speed*time 
curve is plotted, and all factors taken into account by arithmetical integration, using the time 
and instantaneous torque to find the angular acceleration at each successive instant. 

Load On,—For the change of speed when load is thrown on the formula given above for load 
off becomes: 

/030\• 

1 - f"*) - ( «J ^ ~ ^ ‘ 
\ «i 

and if ^4 be the new steady speed, the peroentags speed drop is given by x 100. In 

general, however, the correction factors become so large that the results found from the formula 
above are not sufficiently close to the actual results In the field, and can only be regarded as approxi¬ 
mate. If a true figure is required It Is necessary to plot a speed-time curve, finding the value of 
the torque and hence the instantaneous angular acceleration at successive intervals, and obtaining 
the speed by arithmetical Integration. 

Fipr Links and Accsssoriks. 

Except in the simplest possible eases, a water power station consists of much more than the 
turbines, generators and governors. In fact, in large schemes the cost of these Is only 10 to 
30 per cent, of the total cost of the scheme. 

The modem scheme will usually consist of an intake headrace, or a canal or tunnel, leading 
the water to an open forebay, from which the pressure pipes feed the turbines. 

Sluiea OtUet are necessary at the canal or tunnel intake, and either sluice gates or valves at 
the head of the pipes, and in many cases at the power-house. 

Strainer Racks should be provided at the pipe intakes to prevent injurious fioating and 
suspended matter from damaging or choking the turbines. The spacing of the bars In the racks 
should be such that anything which will pass between them will also pass through the turbines 
without jamming. 

Fipe Lines shoold be designed with an ample factor of safety to provide for accidental water 
hammer effects, In addition to the normal designed pressure rises. A point that must not be 
overlooked is that a pressure rise is propagated as a wave from the downstream end, and has 
a value which Is a proportion of the static head at that end. The intensity of the pressure wave 
diminishes as It approaches the free, upstream-water surface, but the pressure attained at any 
point is not merely proportional to the static head at that point. If a pipe line runs for some 
distance at a small slope and then dips steeply, while the static pressure in the upper part la always 
small, the pressure waves will still have neany their Initial intensity at the top of the steepslope, 
and so may raise the pressure in the pipe to several times its static value. 
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Vahu are neeeieaiy in moat eaeea Jnat apiferaam of the torbinea themaelTea. Tbej fonm 
a Tltal aafetj factor in the erent of dama^ to the plant, and are required in manj oaaee for dia- 
mantUnq porpoeee. In addition it ia inoonrenient to hare to emptj the pipe line ererj time it 
ia oeoeeaary to inapeot the torbinea. When more than one torbine ia fed from one pipe a vatTe 
opatream of the torbine ia eeaential. For low heada either botterllj or alnlce ralrea are need, for 
higher heada alnioe Taivea, or aoma form of balanced atream-line Talre, snob aa the Lamer-Jobnson 
or the Bngliah Bleetric type. The raivea may be arranged for either hand, electric or hydranUo 
operation, and it ia Decenary to ensore that it is impMsible to oioae them ao fast aa to caoae 
water hammer in the pipes. The closing characteristic should be such that the ralTC slows 
down aa it approMhea its closed position, as it ia the proportional rate of closing, the percentage 
rednotion of quantity, that decides the consequent pressure rise. 

EgpanaUm Jointi must be prorided between the pipe anchorages to deal with expansion and 
contraction due to temperature changes. It should be remembered that an empty pipe exposed 
to the direct rays of the son will reach a temperature far aboxe that of the surrounding air, and 
unless the pipes are buried this effect must be carefully considered. 

Anchor Block* must be provided to take the hydraulic thrusts and the weight of the pipe, and 
the pipe must be sufficiently solidly anchored to prevent any loads being transmitt^ to the 
turbines. It is usual to provide feet and flanges on the pipes, and to oast round them large 
concrete blocks which are capable of resisting by their weight ^one the force applied to them. 
When the foundations are soiid rook it is possible to obtain good anchorage for the pipes without 
the use of heavy anchor blocks. 

PBBSSURB GHANQES IN THE PIPE LINE. 

Since so much in the design of water turbines depends on the pressure conditions in the 
pipe fine, a theory that enables these to be calculated for any changes in the flow is very necessary. 
Until recently no such theory existed, and the theories that were advanced led to results little 
in accordance with the experimental facts. No approximate methods of calculating the pressure 
rises or drops, doe to changes of the velocity of flow, are sufficient or satisfactory. 

A theory due to an Italian engineer, 8ig. L. Alti4vi,ha8 rendered it poesible to calculate with 
a high degree of accuracy what will be the result of any changain theoonditions of flow in a pipe line, 
and for information on this subject his work should be consulted. 

' It is moat important in anv scheme that the turbine makers be consulted before the final 
layout of the pipe line is settled, or the hydraulic conditions may subsequently make good 
regulation under commercial loads difficult or impossible. 
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SECTION XX 

PART I 

BAlili AND ROIiIiEB BEARINGS 

Ball and roller bearings are made in a number of types and designs that consist primarily of 
two race rings, between which are interposed the rolling elements, these latter being usually held 
in a form of cage or separator. 

The rolling elements, which are often made from direct hardening steel, may consist of balls, 
parallel rollers, taper rollers or banrel-shaped rollers. Some tapered rollers are made also of case- 
hardening steels of the chrome, nickel-molybdenum, and nickel-chrome types selected according 
to ousting conditions. 

The bails employed may be regarded as perfect spheres that are manufactured to a tolerance 
of plus or minus *0001', although to ensure more even distribution of the load over the balls in 
any one bearing, the balls should be graded to a considerably Oner tolerance. 

Parallel rollers are made either from the solid or from flat steel wound spirally, similar to a 
helical spring; the latter, known as spiral rollers, have the merit of slight flexibility. 

With parallel rollers, whilst in the majority of types the length Is equal to the diameter, rollers 
where the length exceeds the diameter are not infrequently employed, whilst in other types, the 
length may be less than the diameter. 

This type of roller is made to the closest limits of accuracy for parallelism, and the diameter 
should not vary by more than *0001*. 

The ends of the rollers are generally flat and parallel, although some types have rounded ends, 
whilst in other oases the ends are recessed, or may carry a projection to suit the type of cage 
employed. 

A common tolerance for the length of rollers la db *0002', although where the length considerably 
exceeds the diameter, this may be greater. 

Taper rollers, as the name implies, are made to a predetermined taper, the ends of the roller 
being ground parallel, or in some instances, they have a slight radius. Others are shouldered at 
the ends for the purpose of guiding the rollers in the bearing. 

Spherical or barrel-shaped rollers vary from the type where a perfect symmetrical barrel is 
employed, to a type where the maximum diameter of the barrel is not coincident with the centre 
line of the barrel. 

Race rings are, in the majority of instances, made with parallel fltting seatlngs, t.r. bore and 
outside diameter, whilst the path on which the rolling elements run usually conforms to the shape 
of these members. 

The rings are made either from direct hardening steel, or from case-hardening material, and 
the hardness obtained with either material should be approximately 600 Brinel, whilst with case- 
hardened material, the depth of the casing should be about 8 m/m. and can extend to as much 
as 6 m/m. in the case of the largest size tapered roller bearings used for rolling miUs. 

The cages, or retainers, can be made from steel, brass or bronze, machined from the solid bar 
or tube, or pressed from i^et steel or brass. Bakelite or duralumin are sometimes used for high¬ 
speed bearings where reduction of weight is of vital importance. Gages can be made to locate 
on the rolling elements, on l^e shoulders of the Inner ring, or in the bore of the outer ring ; balance 
and concentricity being essential features in cage construction. The cages in some roller bearings 
In principle consist of two side plates separated by rods or rivets. These side plates can have holes 
or projections to locate the ends of the rollers, or in the case of hollow rollers, the rods or rivets 
may pass through the roller. 

Standard bi^ and roller bearings are, in the majority of instanpes, made to internationally 
recognised sizes (see tolerances in Table I on p. 866), but the number and size of balls and rollers, 
etc., varies in accordance with the practice of different manufacturers. 

Bearing capacities are directly governed by the number and size of the rolling elements, and 
it Is generally the practice to flt the largest number of balls or rollers having the maximum 
diameter, at the same time retaining a section through the race rings that will adeqnateiy with¬ 
stand the abuse to which they may be subjected when being fitted. 

The closest limits of accuracy are adopted for track diameters; the resultant degree of 
accuracy may be as close as *0001' and where bearings are manufactured on a production basis, 
this limit is generally obtained by grading Uw track diameters of the inner and enter rings and 
pairing these together. 
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BALL JOURNAL BBARINQ8. 

Tb0 most common form of bearing nnder tbls beading Is the single-row rigid type ball Journal 
bearing (see fig. 1). 

The balls run in formed tracks, the radius of the track being slightly larger than that of the 
balls. 

Two methods are available for inserting the balls between the race rings. By placing the 
inner ring eccentric to the outer ring, the bidls can be Inserted as shown at fig. 2. llie race rings 
are then brought to their correct position, and the bails evenly spaced between the two rings, the 
space between the balls being sut^quently filled by the cage. 

The alternative method is to employ a filling slot, or notch, that is formed in the side of the 
races, through which the balls are Inserted. 

The filling slot should not be as deep as the tracks (this in some measure prevents the balls 
contacting with the edge of the filling slot when the bearing is nnder load), mechanical means being 
adopted to temporarily distort the rings to penult the balls being inserted. This enables a greater 
number of balls to be used than can be obtained by the former method of assembly, and t^oreti- 
cally, this results In a greater load carrying capacity for the bearing. 

Owing to the irregularity in the section of the race rings that Is caused by the filling slot, the 
advantage gained by the additional number of balls is sometimes lost, through the distortion of 
the tracking surfaces that Is Ukely to occur against the filling slot. Further, should the bearing 
be submitted to thrust duties, there Is alwa]^ the danger of the balls fouling the filling slot, and 
therefore bearings of this design are only desirable where Journal loads are present. 

For general purposes, the non-filling slot type is usually adopted. 
Alter insertion of the balls, the cage, which is generally in two halves, is Inserted, and secured 

in position by rivets or other means. 
A variation of the above type of bearing la that where no cage Is employed, the races being 

crowded with balls, and a filling slot used for the insertion of the balls. This type Is usually em¬ 
ployed with very light secrion^ race rings, and for lightly loaded applications. 

The non-filling slot type, whilst being primarily Intended for Journal loads, can also be used 
for combined Journal and thrust loads, or thrust loads only. The proportion of thrust to Journal 
loads that these bearings will carry varies with the different makes of bearings, and Individual 
manufacturers should consulted. It can be assumed that the thrust rating would vary in 
aooordanoe with the diametrical freedom or slackness in the bearing. This allows end movement, 
and therefore a bearing with the maximum degree of end play would give the maximum angle 
of contact between the balls and tracks, and would have the maorimum thrust rating, which would 
be at least equal to its radial rating. (It should be noted that theoretically all the baUs are under 
load when thrust is applied, whereas only a proportion of the balls are loaded when the bearing 
Is subject to Journal duty only.) 

A variation of the single-row bearing Is the double-row rigid type of Journal bearing shown 
at fig. 3. In effect, this is two bearings of the single-row type running side by side. Filling slots 
are usually employed to assemble the balls in the bearing. 

Although theoretically this bearing should have a 100 per cent, greater load-carrying capacity 
than the ah^le-row bearing of equal size, variations between track diameters due to manufacturing 
dUBoulties reduce the capacity somewhat, and the bearing can therefore only be rated as having 
approximately 76 per cent, greater Journal capacity than a single-row ball beiuing. 

F1Q« !• FlO. FlO. 3. FIG. 4. FlG. 6. 

Where misalignment is likely to be caused between two bearings, this is catered for with the 
bearings previously described by spherically forming the outside diameter of the bearing, and 
fitting this hito a corresponding spherical seat (see fig. 4). This increases the outside diameter 
of the complete unit by approximately twice the thickness of the section of the outer ring. 

Another form of seif-ali^ing bearhig, which is made Interchangeable with the overall dimen¬ 
sions of single-row ball Journal bearings. Is illustrated at fig. 6. The track in the outer ring Is 
ground to a sphere, the centre of which coincides with the centre of the bearing bore. Two dis¬ 
tinct timoki are formed in the inner ring, and two rows of balls are employed. It should be noted, 
bowerer, that although two rows of balls are used, when tbn bearing to of the same overall dlmen- 
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■loni M a iliigle-tow ball baariag, the balli are of a nnaller diameter. Thle, oombined witb the 
•mailer area of contact between the balle and the track in the outer ring, reeulte in the load- 
canying capacity being no greater than the eingle-row type. The bearinge will withstand a {>ropoition of thrust loading, although it la preferred that before adopting this type for combined 
oumal and thrust loads, reference ^ould be made to the manufacturer. 
• Self-aligning bearings are not intended to accommodate misalignment, which results in constant 

oscillation in the bearing, and no bearing will give efficient service under these conditions. Where, 
however, it is essential to cater for this, then double-row sell-aligning bearings, ae shown at fig. 6, 
should be adopted. 

The single-row angular contact bearing shown at fig. 6 is a bearing specially manufactured 
to withstand thrust, or a combination of Journal and thrust loads. In design this varies from 
the single-row rigid type bearing by the use of a one-piece cage, a greater number of balls, and 
that the track la out away on one side to permit assembly of the balls and cage. The cage being 
in one piece allows the maximum number of balls to be inserted, and by providing for the balls 
to contact at an angle with the tracks, the maximum thrust capacity is obtained. 

In providing for the angular contact of the balls, it is essential that an initial slackness In 
the be^ng is allowed. The bearings, however, are intended to be mounted so that the thrust 
load is of sufficient proportion that the balls are held constantly in their correct tracking position, 
or alternatively, means of adjustment must be adopted to ensure this. These bearings will carry 
any proportion of journal and thrust loads, or thixist loads only which are equal to or greater 
thu the rated Journal load carrying capacity of the bearings, and are particularly suitable for 
thrust loads at ^h speeds. 

In common with single-row ball Journal bearings, angular contact bearings are also made In 
the double-row series. Fig. 7 shows the simplest form, where a one-piece inner ring carriee the 
two rows of balls. The outer ring is divided into two pieces, each caring a separate track, and 
each row of balls Is held in a one-piece cage. These are made so that when mounted, and the 
cuter rings are clamped together, correct tracking of the balls is ensured. It is therefore essential 
that the two outer rings should be clamped. 

A similar bearing, but having a solid outer as well as a solid inner ring, is shown at fig. 8. 
In this type the balls again track at an angle. The bearings can be assembled by means of a 
filling slot, or can be of the notchless variety. Where filling slots are employed, these are so 
arranged that the slot is shallow In the outer ring end deeper in the inner ring, to prevent the 
balls fouling these points. The bearings can be used for pure journal loads as well as oombined 
journal and thrust loading. 

Bearings shown at figs. 7 and 8, whilst having an Increased load-carrying capacity over single¬ 
row ball bearings, do not have a corresponding increase In the thrust rating. When the bearing 
is subject to thiwt loads, one row of balls becomes more heavily loaded, whilst the other row is 
relieve of load. 

A further design of angular contact bearing Is shown at fig. 9. Four distinct tracks are 
provided, two in the outer, and two in the inner rings. A one-piece cage to employed, thus 
permitting the use of tihe maximum number of balls. It to essential for assembling the bearing 
that either the Inner or outer rings are in two parts, which are subsequently held together by 
means provided in the method of mounting the bearing. 'Phis bearing to used for oombined 
journal and thrust loads, or thrust In both or either directions. In order to ensure two point 
tracking, it should only be used under those conditions where the thrust to always of higher value 
than tlm journal load. In this case a alight axial freedom in the bearing will ensure clearance 
between tte balls and the tracks opposite the pointe of contact. This, in common with all 
angular contact bearings, when used as a double thrust unit, to capable of dealing with much higher 
speeds than the standi^ type of thrust bearii^, owing to the fact that the bails are restrained by 
the tracks against centrlfu^l loading. 

ROLLBB JOURNAL BSlBDraS. 

When loads are greater than ball bearings will withstand, roller bearings are to be preferred, 
the load-carrying capacity of the roller bearing varjring from 80 to 100 per cent, (according to 
speed) greater t^n ^ corresponding size of ball bearing. 

The most common types are shown at figs. 10 to 92. 
Fig. 10 illustrates the solid roller type, where the rollers have a length equal to the diameter, 

The rollers are separated In the bearing by a cage which also retains the rollers in position on the 
Inner ring when the outer ring to remov^. Guiding shoulders, which must be square with the 
tracks, are provided In the inner ring. 

In some oases it to an advantage for the guiding shoulders to be in the outer ring, and filg. 11 
illustrates this type. 

Other designs of roller bearings employing a similar type of roller are fig. 18, a double-row 
roller bearing, fig. 13 a roller bearing where the length of the roller exceeds the diameter, and 
fig. 14 a bearing made with multiple rows of roUeis. 

Similarly to single-row ball journal bearings, roller journals can be fitted in spherical Beatings 
to provide for self-alignment of the bearing (see fig. 15). 

A spiral roller bearing Is shown at fig. 16. The hollow spiral roller permits of slight flexibility, 
and by the use of left- and right-hand spiral rollers thron^out each bearing, tbs tendency lor 
therouers to skew is overcome. 



BALL AND ROLLER BEARINQS Sec. XX (1) 





THE ENGINEER'S YEAR-BOOK, i<n<.)—ADVEmiSEMENTS. 

Because two bearings 
do the whole trick! 

There is no simpler way of meeting all the loads on a shaft or rotating 
part, than by mounting it on two Timken tapered roller bearings. 

Heavy radial loads, or heavy thrust loads, or a combination of both, 
are all taken care of by a pair of bearings, and even If the thrust load 
is unduly high, nevertheless two bearings will still suffice. 

Furthermore, the bearings, having long line contact and 
a perfect rolling geometry, continue to give accurate 
location of the shaft for an extremely long life. 

tapered roller bearings 
Trade Mark: 

Timken. 

BRITISH TIMKEN LTD., Birmingham, and Duston, Northampton. Telephone: East 1321. 
Telegrams: ‘Brltimken, Birmingham.’ Associated Company: Fischer Bearings Co. Ltd., 

Wolverhampton, makers of FBC ball and roller beari-ngs and transmission equipment. 
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Needle roller bearioge are another form of parallel roller bearing, and coneiet of roUen where 
the length exceeds the diameter by many times, roUen 2 mm. in diameter may hare a length 
varying from 10 mm. to 40 mm. The rollers are crowded between the two tracks as shown at 
flg. 17, no separating cage being employed. Whilst these can be used for Journal loads only, 
their sphere of ntlUty is limited, and they cannot be regarded as superseding other types of roller 
bearings. Their most useful function is for applications where diameters are restricted, and 
speeds moderate, and for oscillatory motions. 

Barrel-shaped rollers, when employed in bearings as shown at fig. 18, provide a roller bearing 
that is capable of withstanding heavy journal loads and thrust loads, whilst at the same time the 
spherical track and roller formation will permit of misalignment. 

Another form of barrel-shaped roller bearing capable of correcting misalignment is illustrated 
at fig. 19. 

Another well-known form of roller bearing la the tapered roller type which because of its 
foil len^ line contact of rollers and races and true rolling properties is particularly well adapted 
to withstand combined radial and thrust loads. There are two common types, one, as In flg. 90, 
which has a normal angle for the roUers, and two, as at flg. 21, where the rollers run at a steeper 
angle. The latter is Intended for duty where the thrust loads are considerably in excess of the 
Jounialload. Urdess the thrust load Is always of suffloient magnitude to keep the rollers and tracks 
in correct ration, these bearings are not mounted singly. Two bearings are usually employ, 
and such a oombiutlon will resist loads from any direction. Means of adjustment is provided 
in the application to ensure that the rollers are contacting with the tracks. 

Taper roller bearings of the double-row type are also made, as shown at flg. 22, and other 
combinations of two and four-row bearings are also made, as shown in figs. 25 and 26. 

Other forma of roller bearings are shown In figs. 23 and 24. The bearings are of the solid roller 
type, and in these, location or thrust loads can be resisted between the shoulders, or on the loose 
side plates provided in, or on, the inner and outer rings. The use of these bearings for heavy 
axial loading is to be deprecated, particularly at high speeds. Under thrust loads the rollera are 
rubbing on the Ups, which is, of course, oontrwy to the principle of an anti-friction bearing; it 
being also appreciated that the efficiency of such a scheme is dependent upon adequate lubrica¬ 
tion between the roller ends and the Ups. 

Fig. 37 shows Uxe spUt type of roUer bearing. The advantage of such a bearing is obvious, 
particularly on UneshafUng, where puUeys and ooupUngs have to be removed before the ordinary 
types of baU and roUer beirings can be fitted. It Is generaUy accepted that bearing efficiency la 
greatly dependent upon the retentioa of an unbroken baU or roller track, and therefore the use 
of spUt type roUer bearings Is Umited to q>eoifle appUcatlons. 
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Thrust BiiRiiraa. 

B»ll thrust bsarings asually consist of a single row of balls held in a cage which ran in suitably 
formed tracks, see fig. 27. For light duties, however. It Is permissible to use flat track washers 
as illustrated at fig. 28, whilst for heavy doty two rows of balls are frequently employed, as 
illustrated at fig. 29. 

These beari^ can be provided with a self-aligning feature consisting of spherically ground 
race rings, which fit in correspondingly ground washers, as shown at fig. 80. 

r’lQ. 57. 

nltemate directions, then doable thrust 
* ’ "* *•“" •‘•O’rtn* on. tom ot ..U-.Ugning 

k jIT”*”** **** ttro»t datlo, uid ■ Motion ot on. of tbo. 

IdWESHAFI BBABDraS. 



FOR TUNNEL, ROLLER & BALL BEARINGS 
'* A better and more efficient oil *'—is the testimony of ALL USERS. Practi¬ 
cally unaffected by extreme temperatures. Suitably blended for melting points 
varying between 200° F. and 400° F. 

AGENTS (with Stocks) LONDON • LIVERPOOL • CARDIFF • GLASGOW 

W. B. HARRISON 
6, BRIDGE STREET, SUNDERLAND 

TELEGRAMS : HARRISON, SUNDERLAND TELEPHONE : 2282 

F. 854 
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BEABINO OAPAGimB. 

The inTestigatlons carried out by Goodman, Stribeck, Herts, and other pioneen, hare formed 
the basis of later investigation and research ca^ed out by yarions bearing manuiaoturere. 

The original Goodman and Stribeck formulae are only printed here in order that the user may 
compare the load-carrying capacitiee where the data required is available. 

• The load ratings published by the various manufacturers varies widely, notwithstanding the 
fact that in each case the bearing may be fitted with the same number and size of balls and roUem 

Quality is fairly consistent amongst the principal makers, and obviously in actual fact similar 
bearings of competitive make have approximately the same load carrying capacity. The varia¬ 
tions are due to the different makers* ratings being based on differing factors of ^ety and life. 
The only safe course, therefore, is to work to the load ratings published by the makers, and to 
adopt the life and safety factors that they advise. 

Let P — the maximum permissible working load in pounds. 
d » the diameter of the ball in inches. 
D » the diameter of the ball path in inches, 
n the number of revolutions per minute of the shaft, 
k ■> a constant, 
e — a constant. 

m ■> the number of balls in the bearing. 
s -i a co-efficient depending upon the revolutions per minute of the shaft. 

Professor Stribeck*s formula for radial ball bearings 
F-> 12-8 d;,md> 

Where x has the following values:— 

n 1 
1 

10 ! 160 300 600 1,000 1,300 
X 48-4 36-3 30-04 34-3 30-0 16-63 14-86 

\ 
n ; 1,600 1 3,000 3,600 3,000 4,000 6,000 10.000 
X i 

1 
13-64 ! 13-1 

1 i 
10-66 0-68 8-68 7-7 6-06 

Professor Goodman’s formula is :— 

p 
fiD + cd 

Where k and e have the following values:— 

Type of Bearing. k e 

Journal Hollow races (best quality) 3,600,000 3,000 

Thrust ... 1 Flat washers (best quality) 600,000 
Hollow races (best quality) ' 1,360,000 300 1 

Methods ov MoHNTXNa journal Bearinos. 

The closest degree of accuracv la essential in the machining of shafts, housings and other 
components used In the mountine of ball and roller bearings. T^ is particularly the case where 
the working conditions are exacting, and especially where the speeds are high. Where alignment 
cannot be assured, as when two independent housingB are employed, then self-aligning bearings 
or housings should be adopted. 

Shaft seats on which thf' bearings fit, and the housing bores, should be machined to a good 
fine finish and should preferably be ground. 

Abutment faces on shafts, or in housings acrainst which the bearing rings are clamped, must 
be machined square with the shaft or hnn«iii(r bore. (Out of squareness re^ts in stresses being 
imposed on the bearings, and Is a frequent source of bearing f^lure.) 

The diameter of the abutment faces should project well past the radius or chamfer on the 
bearing, as otherwise a tilting effect may be impaiM to the bearing ring. The depth of face 
should be at least twice the bearing radius or chamfer. 

The revolving race of a journal bearing should be an interference fit on its seat, the amount 
of interference varying with the duty to which the bearing Is to be subjected. 

Small lightly loaded bearings can be made a tight push fit, whereas with bearings subject to 
very heavy or shock loads, the Interference may be as high as *002 in. 

It Is advisable to consult the particular maker before adopting any tolerance for shafts or 
housings, but as a guide. Table I i^ves suitable toleraaoss In English siii^ which will ensure the 
correct fit of the bearing on the shaft, or in the houshig under diflstent eonditloiu>. English slses 
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only nn shown, bat the oolamn which gives the fit obtained between the shaft and the bore or 
the hoasing, should be ased as a guide for shaft or housing limits in those cases where the bearing 
tolerances vary from the figures given in the Table; this ruling being also applicable to metric 
siu bearings. 

In determining the amount of Interference, care must be taken to ensure that the bearing is 
not Initially loaded due to the expansion of the race rings. 

The prtocipal manufacturers segregate most types of journal bearings into three grades of 
internal fit, which are marked on the bearing faces in the form of one, two or three dots, or small 
circles, indicating the tightest, medium and slackest fits respectively. This internal fit relates 
to the clearance between tlM rolling elements and the bearing tracks, and it can range from nothing 
to several thousandths part of an inch. The advantage of this method of grading is that it 
enables the engineer to select a bearing fit that will be suitable for the particular conditions in 
service. For instance, where a heavy hiterference fit on a shaft is necessary due to the working 
conditions, the expansion of the beaiing ring may initially load the bearing. The aim should 
be that the grade of * fit of the bearing * selected should be such that there is the minimum degree 
of slackness when the bearing is assembled on the shaft and/or in the housing, due consideration 
being, given to such conditions as variation in temperature, which may cause expansion of one 
ring but not of the other ring, such as is likely to occur on some electric motor applications, where 
the shaft is subjected to heat that can only be dissipated through the bearing. It is also prefer* 
able that the revolving ring should be secured against endwise movement by a nut or other similar 
locking device. When tb^ is not adopted an increase in the interference fit is necessary. 

The stationary ring, except when the bearing is required to accommodate thrust loadp, should 
not be secured against lateral movement, and whilst being a good fit in the housing, it should be 
free enough to t^e up its correct position relative to the inner ring. 

Where thrust loads are imposed, then the stationary ring as well as the revolving ring must 
be secured against lateral movement, one bearing only on each shaft being mounted in this 
manner, except in cases where two bearings are adjusted against one another, as occurs with angular 
contact beartogs, or where two bearings are mounted to take thrust in opposite directions. 

When it is impossible to use shoulders for abutments on the shaft, or applications where the 
duty Is not excessive, such as lineshafting, the use of taper sleeves is pennissible, and fig. 88 shows 
this design as made by the leading manufactoren. 

The use of setscrewa o, similar devices to prevent the rotation of the race rings Is to be 
deprecated, as they are likely to cause distortion, and unless extreme care Is exercised, they will 
readily shear or fritter away. 

TATBBXD BOLUER BlARINaS. 

In general the revolving member should be prem-fltted into place, and by reason of the 
tapered oonstruction tighter Interference fits can be safely used, os the Internal clearance In the 
bssuring Is not affected, this latter being separatdy determined by the adjustment device. 

MBTHOD8 Of Mounting Thrust Bbarinos. 

When mounting thrust bearings it is essential to keep the supporting shoulders square with 
the axis of the shaft, and these should be of sulfioient diameter to afford support to the ball path. 
The revolving and the stationary race should be made an easy fit to ensure that there is no possi¬ 
bility of caning eocentrlcity between the tracks in the two washers between which the baUa are 
revolving. 

Fbovioon fOR Thrust ob Location Dutt. 

Means must, of coarse, always be provided for locating the shaft and withstanding such thrust 
loads as may be present. This can be accomplished by means of a double thrust bearing, or 
alternatively, by two single thrust bearings, whilst journal bearings carry all the radial load. 

In the average application, however, the ball or roller bearings carrying the ioumal loads have, 
in addition, to withstand the thrust load in both directions. The general practice la that one 
bearing only on eacn shaft or spindle should be so located, whilst the remaining bearings on the 
same shaft or spindle carry journal loads only. The reason for this is that any variation In the 
shaft length, which may be caused thsough the rise or fall in temperature, will not impose an 
artificial load on the becurings, such as would occur if two bearings were eat^ mounted to resist 
thrust loads. 

The common method of locating the bearing in the housing is by means of shoulders formed 
in the housing, or by the end caps, whilst on the shaft a locknut, which in turn is secured by 
some locking device, holds the bearing firmly against the shoulder on the shaft. 

As an alternative, spring rings can be used for location or light thrust duties. At fig. 39, 
grooves are turned in the housings into which the spring rings fit, and the bearing is located 
between these rings. Fig. 40 shows a bearing that to now common with some manufacturers, 
in which the spring ring fits in a groove in the outer ring of the bearing. This held in the manner 
shown in the illustration, resists light thrust duties in one direction, the major thrust in the 
appUoation shown being taken on the end cap of the housing. A spring ring to also shown for 
locating the inner ring on the shaft. 
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Where the combined jonmal and thnut loade are too beaTj for one bearing to rastaln, a alngle 
bearing of the ball Jonmal type can be need for throat dntlea only. The bearing la mounted ao 
that It la relieved of all jonmal loads, by being clear of the houai^ on Ita ontalde diameter and 
mi^be the ordinary alngle-row ball Jonmal bearing, or a duplex angular contact bearing aa ahown 

. In order to keep the bearing clear of the honaing, the bore can be made larger than the bearing 
diameter. Borne mannfactoren anpply bearingt that are onderaiae ao that they may be fitted 
to honsings that are bored to anlt the Journal bearing. 

FlQ. 41. Fra. 4S. 

Exceptiona to the principle of using one bearing only for locating the shaft occ4ir when 
angular contact bearings or taper roller bearings are mounted to take thrust in opposite directions, 
in the manner illustrated in fig. 42. In these instances the overall dimendona between the 
abutting faces should be governed so that the bearings are not heavily initially loaded, or where 
adjustable abutments, such as packing shims or screwed abutments are used, similar cart must 
be exercised to prevent overloading the bearings. 

It is permissible in instances where two ball Journal bearii^ are mounted on one shaft 
for each beuing to take tlurost in alternate directions. Such an application is shown at fig. 48, 
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und it it pnfertblt, whan thit tmDgemtnt it adopted, and the application will pennlt ol 
the feature, for olearanoe to be left between the faoe of the bearing and the locating (aoe of 
approximately 0*010 in., rather than the bearing thoold be Initially loaded. 

OIO" OIO" 

HOU8INQ DBSIQH. 

The arrangement of the houeiiig thonld adequately protect the bearing from the poetible 
intmtion of moisture, grit or abraeire partioles, and at the same time be grease- or oil-tight, in 
accordance with the form of lubricant used. 

^e method of sealing must rary with the conditions under which the bearings will be working. 
Figs. 44 to 51 show aeyeral altematlTe sealing arrangements. 
Felt washers are commonly used for ayerage speeds and conditions, as shown at figs. 44 to 46. 
Special seals of yarions designs, generally consisting of spring loaded leather or composite 

washers, can be fitted as an altematiye to the felt washer. These can be used for protection 
porposes, or altematiyely, as an oil or grease retaining deylce. 

Labyrinth washers of yarious designs are yery effectiye, and are a necessity for high speeds 
and oil lubrication; typical examples are shown at figs. 47 to 49. Fig. 61 illustrates a yertlcal 
mounting, and in such case, the housing arrangement must ensure that the lubricant cannot fall 
away from the bearing, leayfng the latter dry. 

Under wet conditions it is adylsable to fit a flinger to the shaft as shown at fig. 48. This 
prerents percolation of moisture along the shaft. 

A number of bearings are now also ayailable fitted with grease retaining deyloes as integral 
parts of the bearing. The bearings are packed with grease when they leaye the manufacturers* 
works, and recelye no forUier lubricant during their life. Before using a beulng of this type it 
is ementlal to consider whether the type of seal will ensure protection, and whether t^ amount of 
hibiicant present in the bearing is adequate to deal with the conditions in seryice, and glye the 
SDtloipated life required from the bearing. 
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Fig. 6S showi • shielded bearing of this tjpe, fitted with pressed side plates, the bores of which 
are a fine mnnlng clearance on the inner ring of the bearing. Fig. 63 snows a similar bearing in 
which felt washers held in side plates are a mnnlng fit on the shoulder of the inner ring. 

Fra. 63. FIO. 63. 

It should be noted that there are many rariatlons obtainable in this design of bearing, all of 
which adopt a similar principle. 

6LARING LUBBIOAHON. 

0 i600 3200 4600 6400 fiOOO 

REVS PER. MINUTE 

Ttmperaturt 10* F. 
Low . . Low Temperature Mineral Oil. 
Medinm Low Temperature Mineral OU. 
High . Low Temperature High Speed Mineral Oil. 

Timperatun 10* F. to 33* F, 
Low . . Low Temperature Mineral Grease or Mineral OU. 
Medinm . Mineral Oil. 
High . . High Speed Mineral Oil. 

Tomperature 32* F, to 160* F, 
Low . . Mineral Grease or Mineral Oil. 
Medium High Speed High Grade Soda Base Grease. 
High . . High Spe^ Mineral Oil. 

Temperature 160* F. to 380* F. 
Low . . High Melting Point Mineral Grease or Mineral Oil. 
Medinm . High Speed High Melting Point Soda Base Grease or High Speed Mineral Oil. 
High . . High Speed Mineral Oil. 

Temperature above 280* F, 
Low . . Mineral OU. 
Me^nm . High Speed Mineral OIL 
High . . High Speed Mineral OIL 
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YHEIE 
iELE-EUBRICAIINO BEARINOI 
PROVIDE A CONiYANY OIE EIEN 
Conipo bronze bearings start with a big advantage for they have a 

natural asset in their make up. They are die pressed from powdered 

metals and have a porous structure producing myriads of minute 

reservoirs which are charged with lubricating oil. This ensures 

a constant oil film on the shaft, increasing or decreasing according 

to shaft speed and bearing temperature. 

COMPO 
BEAniNGi 

BOUND BROOK BEARINGS (GB) LTD., BIRCH RD.. WITTON. BIRMINGHAM, 6 
(A Birfidd Company) 

F. 862 



F. 863 
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Labrioatlon la required to reduce frictional resistance between the cage and the unit on which 
it Is located, i.e. the race Hjirs or the rolling elements; and to prevent corrosion. 

Under hlgh-epeed conditions reduction of cage fiction is most important, and the senrloe 
obtained from either ball or roller bearings is entirely dependent on the correct lubrication. 

Grease la the most cx>nvenient medium. This should have a mineral base, as animal or veget¬ 
able fats become rancid and develop free acid. The majority of mineral greases of either lime or 
soda soap are suitable for all average conditions. Soda base greases have a high melting point, 
and are more suitable for high speeds. 

Many greases have a tendency to separate out at high speeds or high temperature, leaving a 
harmful deposit. Umler such conditions It is es^;Hntial that a suitable grade of grease is selected. 

Housings should not be tightly packed with grease, especially when speeds are high, as the 
churning of the lubricant is liable to develop a high working temperature, particularly if the 
design of the housing dues not permit of adequate radiation. 

The renewal of lubricant depends entirely on the working conditions and the design of the 
housing. Heoharging about every three moiith.s should bo ample for nurtnal conditions. 

Oil lubrication Involves the use of a better protection against the toss of lubricvint in the 
housing than does grease. At the same time <dl Is more reliable than grease ; it is essential for 
higher speeds, and a graph giving a rough indication of the conditions where oU is advisable Is 
shown at Table II. 

A good quality mineral oil is necessary, the specillcation depending uiiou tbe speed and general 
conditions. For temperatures from 25b to 3(»0"' P. and above, oil Ls necessary, in fsmt, the 
mAjority of greases fail to give service wh«re the temixfOiture exceeds 250® P. 

I'he method of feeding the oil varies ae.(H»rding to the working conditions. A drip or wick 
feed is ideal, or alternatively, a splash feed. In which the bearings are working in an oil mist. 

An oil bath can be adopted, but at ultra high speeds this will generate a Mgh temperature. 
Where a wick or other oil circulating system is used, the feed should preferably be taken right 

through the bearing and a suitable drain provided. 
Graphited oils should be used with discretion, and then only when they are compounded from 

a pure colloidal graphite. 

Bsabinos foh High Spsbds. 

Under ultra high-speed conditions the whole bearing arrangement requires careful and special 
consideration; the type of bearing, the method of mounting and the lubrication aro points of 
importanoe. 

As a guide as to what may be considered ultra high speeds. Table III gives an Indication. 
Experien^ is the only safe guide, and where such experienoe is lacking, the user should take the 
matter up with the manufacturer. 

BEARING 

bore table III. 
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Most manuftetureni supplj preolsiop bearings for very high speeds. These are made to a 
oloser limit of internal aoonraoy than standard bearings, and are sometimes fitted with special 
cages whioh are frequently made from bakelite or duralumin. 

niQH Tbmpbraturbs. 

The Hmittng temperature for ball and roller bearings Is approximately 300* F. This will 
Tary upon material used in the manufacture of the bearing, and the temperature at which 
this material is tempered. When the temperature approximates to 300* F., it is advisable to 
consult individual manufacturers regarding same. 

Prbloadino Ball and Roller Bearings. 

Preloading, applying an initial load on a bearing before the load from the application is 
imposed, is frequenUy employed on many applications, such as certain machine tools. This 
preloading gives i^dity to the shaft that Is otherwise unobtainable, and in some Instances it is 
adopted as a means of reducing noise. 

Ball and roller bearings can in this case be supplied minus any clearance between the balls 
or rollers and the tracks, or alternatively, the preloading can be curried out by springs or other 
adjustable features on the application. 

FIG. 64. 

Fig. 66. 

Fig. 66 shows an arrangement using a corrugated spring washer, whilst a number of small 
springs are used in the case of the grinding spindle illustrated at fig. 64. In both instances it 
will be seen that the springs exert a pressure which must be of sufiQoient magnitude to ensure 
that the full circle of balls are in constant contact with the tracks, and not only in contact at the 
heaviest loaded point. 

Another method of achieving this object would be to use an adjustable abutment, although 
the dilllealty arises here of determining the amount of preloading that is being exerted. 
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Fig. 57 A and B, shows two angular contact bearings mounted back to back, which are made 
so that when the inner and outer rings hare been clamped up laterally, there Is a degree of pre- 

X 

FIQ. 56. FIO. 57. 

loading present in these bearings. At flg. 56 is shown the two bearings before be^ seou^ 
laterally. Note the clearance ^tween the outer rings X; this space rarying according to the 

Fig. 58. 

amount of preloading required. Bearings mounted in this manner are specially made and paired 
up with flush outer faces. After clamping the outer rings these abut each other, and the dotted 
line through the bolls at fig. 57 shows how the preloading is obtained. 

FIG. 59. 

Figs. 58 and 59 illustrate respeotlyely the application of a taper roller bearing and a barrel* 
shaped roller bearing, where the outer ri^ are made in two halvea to allow for initial pieloadlng 
in a similar manner to that graphically illustrated with the ball bearings at figs. 56 and 57. 
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BEABIKQ FBESSURES AND DIMENSIONS. 

(Contributed by H. W. Swift, D.So*, M.I.Meoh.Rj.) 

Bearings generally may be divided Into two classes: A. Bearings on which the load is heavy, 
the speed low or the rubbing surfaces so shaped that a lubricating film cannot be maintained. 
B. Brings in which the robbing q>eed is so high in relation to the pressure and the surfaces 
so shaped that a film of lubricant is maintained by the rubbing motion. 

Cloia A,—These bearings operate under conditions of ‘ sparse' lubrication In which inter¬ 
mittent metallic contact occurs with resulting abrasion and heat dissipation. Such bearings 
should be designed to prevent seizure or mechanical failure of the metal and to limit the rise of 
temperature. For this purpose the pressure per unit of projected area should always be kept 
below the value at which there is danger of failure, and for higher rubbing speeds the pressure 
should be reduced in order to limit the intensity of heat dissipation. Limiting pressures for shaft 
bearings are shown approximately in Table IV. 

Table IV.—Fbbmissidlb Pbbssuke for Shaft BEARmas. 

Journal. Bearing. | Pressure. 
Lb./sq. in. 

Mild steel . . Cast iron . 300 
i» »» • . Bronze 600 
»» 1* . 'White metal . , 600 

Medium steel . Bronzo 800 
Hard steel . . „ . . 1,200 

»f »» . Hard steel . 2,000 
Oast iron . . 'White metal 200 

On the assumption that the heat dissipation per unit area determines the temperature rise, 
and that the effective coefficient of friction is constant (with sparse lubrication) the general basis 

K 
of design for journal and other rotary bearings will be: p » where p Is the pressure per square 

inch of projected area, D the journal diameter in inches, N the speed in r.p.m. and E a constant 
depending on the application and on the materials employed. 

Bepresentative values of K employed for various applications are shown in Table V. 

TABLE V.—BBARINQS WITH SPARSE LUBRICATION. 

Values of K » pDN. 

Application. K. 

Orankpins: Locomotive . 1,260,000 
Marine engine 260,000 
Vertical ei^ine 360,000 
Horizontal engine . 160,000 
Small engines 60,000 

Main bearings: : Horizontal engines . 70,000 
Vertical engines 200,000 
Electric generators . 60,000 

Axles: Locomotive • 800,000 
Carriage and wagon 600,000 

Pivots . 300,000 
Collar bearings . : 60,000 

In bearings of this class the least axial width B is determined by the load W and permissible 
W 

presbure p: B Although bearings of the types shown in the table are commonly designed 

on the basis of constant pDN which presupposes sparse lubrication, in many oases it Is possible 
to attain oonditlons of film lubrication and to apply the methods for (^ass B bearings. A rough 
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idea as to vrhether film conditions can be expected may be obtained from formuto of American 
origin delining the pressure below which firm formation Is reasonably certain:— 

p < lO^/DN when DN > 2,600 
Class B.—In these bearings a pressure film la maintained and metallic contact does not occur 

except at starting and stopping. The friction la therefore ranch less than in Glass A bearings and 
pressures may be higher for a prescribed temperature rise. Moreover, the pennlssible intensity 
of pressure does not vary Inversely with the rubbing speed, but increases with it. The principles 
of film lubrication are sufficiently well understood to form a rational basis for design procedure. 

Clearance Bearing Design for Film Lubrication.—The lowest frictional coefbcicnt for a clearance 
bearing and the greatest film thickness are obtained when the clearance is so chosen in relation 
to the load and speed that the working eccentricity ratio is about 0-6. 

For a given total load, speed and oil the frictional losses are least when the developed bearing 

surface Is approximately square : fora half-bearing ® = 2* ^20® bearing ^ I Moreover 

the friction becomes less the smaller the permissible film thickness. But film thickness increases 
as the width B of the bearing is increased. Hence the optimum bearing is one with a ' square * 
bearing surface provided the corresponding film thickness is sufllcient. If this thickness is 
insufficient a wider bearing is required. 

The least permissible film thickness depends lanrely on the limits of accuracy with which a 
specified clearance can be produced. At low speeds the smallest clearance capable of being pro¬ 
duced with a tolerance of db 30 per cent, is desirable, but at high speeds a greater clearance Is 
required to facilitate heat disposal. A reasonable clearance formula conforming generally to 
modem practice is:— 

where dx is the clearance in inches, Dj the diameter in inches and N the speed in r.p.m. 
If this clearance formula is accepted the procedure in bearing design is as follows:— 

1. For the given load W lb. and speed N r.p.m. Compute the ' critical diameter ’ below which 
the square bearing gives inadequate film thickness:— 

2. If the specified diameter D| > D® then make— 

(а) the width B ^ bearing. 

B - D, „ 120® „ 

3. If the specified diameter Di < D# then make— 

(o) the width B ^ bearing. 

B» D, „ 120® „ 

(б) the clearance:— 

Curves showing specific diameters and clearances will be found in the Proe.I.Mech.E.^ 
1935, pp. 421, 424. For convenience of designers alignment charts drawn up in accordance 
with the above procedure are shown in figs. 60 and 61, Prom fig. 60 the critical journal 
diameter De for a given load and speed is found by drawing a single line as explained on the 
figure. If this diameter la employed the corresponding clearance is obtained by another line on 
the same figure. If the chosen diameter Dj > then the appropriate clearance is found by 
drawing two lines on fig. 61. 

The procedure outlined above Is suitable for bearings with constant load. Cyclic variations 
of load on a bearing increase its capacity as based on the maximum load to an extent which may 
be judged from the tables of bearing pressures given in Table IV. 

The ratio of bearing width to diameter ^ is usually made greater at high speeds to Increase 

the area available for heat disposal. On the other hand the modem tendency is to reduce the 

value of for bearings of class B especially where the journal is subject to considerable bending 
g 

action. In aeroplane engines values of ^ as low as | have been employed. 



868 BEARING PRESSURES AND DIMENSIONS SeC. XX (l) 

Bepremntative values of bearing pressures and proportions for various applications are given 
In Table VI. 

Tablb VI. 

Main Bearings. 

B 
^ D 

drank Pins. 

P 
B 
D 

Application. 

400 U 600 i U Marine engine 
260 2 1,600 1 Locomotive engine 
300 2 1,000 1 Horizontal engine 
260 600 1 Vertical engine 
600 U 1,600 1 Oil engine 
200 2 1 400 1 ! OompresBors 
300 U 1 1,200 1 U j Gas and petrol engine 

60 
! 

Steam turbines 
60 n — Electrical machines 

260 2 — ■ — Shafting, heavy, brass or babbit 
100 2 — 1 — Shafting, medium 

60 2* — — Shafting, light, O.I. steps 
2,600 3 — ♦ ^ — Presses and rolling-mills 

200 U — i — Machine tools. 
260 1-U — j — Locomotive axle 
860 2 — — Railway, carriage, wagon, tender 

Orosnhead pins p *» 1,000-1,600 Ib./sq. In.* 

Grosshead slides p -* 40 Ib./sq. in. 
Eccentric straps p -= 80 Ib./gq. In. 

The following particulars of representative modem bearings have been collected by H. L. 
Haslegravo {Proe. I,Mech.E.^ 1936, pp. 466-473):— 

Tablb VII, 

1 
1 

1 
Rubbing Olearance Bearing 

Angle. 
B 
D 

Machine. i Bearing. Lb.fin.* Speed. 
Pt./scc. 1,000 p 

Steam turbine . Main 160 170 1-3 120 1-U 
„ engine . »» • • 300 11 1 180 1-2 
„ „ . . Crankpin . 660 10 1 360 1-2 
91 91 • • 

Electrical machines . 
Grosshead 1,200 0-6 1 360 1-2 
Industrial 130 26 1-3 360 li-2i 

— Induction motors 130 25 i-1 360 
(relieved) 

2i 

— Turbo-driven 130 75 1-3 360 1 
(relieved) 

Machine tools . General 200 9-18 1-2 100 lf-2 
— Lathe spindles . 160 10 360 1-U 

I.O. engines Main 600 12 X-U 140 1-lJ 
Oil ... Orankpin . 1,400 13 1-11 360 1 
Gas and Petrol Main 300 16 1-U 110-140 1 — Orankpin . 1,200 12 1-U 360 1 
Gears — 120-200 4-t'.7 

1 
f-2 140 U-2| 

* In American locomotive practice double this pressure is employed. 
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Supply of Lubricant,—^In bearings of Olaes B It Is necessary to provide an adequate supply 
of oil to replenish the pressure film and to allow for heat disposal. This oil is distributed by axial 

ORinOAL DIAMBTRR AND OliBARANOB. 

Da d 

Diameter d Thous. 
Dc ins. 

FXQ. eo. 
Join Speed on A to Load on B, cutting in Critical Diameter, 
Join Speed on 0 to Critical Diameter cutting d in Clearance, 

groove along the bearing, but no grooves should be allowed nearer than about 60* to the loaded 
region of the bearing. In bearings of Glass A an adequate supply of oil Is required at higher 
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speeds for purposes of heat disposal, but larrease is frequently more effeotlve lubricant at low 
speeds and high pressures. Since the oirculation of the lubricant by traction is not assured and 

10 n 

9 H 
-GO 

8 - 

-50 

-40 

7 
-35 
-30 

6 - -25 

5 - 

-20 
-18 
-16 

4-5 - -14 

4 - 
-12 

3 5 - 

-10 i 

-8 

3 - -6 , 

25 - 

-5 ■ 

-4 

2 - 

-3 

-25 

1 75 - -2 

15 - -15 

1-25- - 7 

1 - 

-0-8 

A 

c 

OPTnCUM OliBARANOB FOR JOURNAL 
BEABING8. 

120“-180* ARO. 

Join Diameter on A to Speed on B, 
cutting 0 in X. 

Join Load on B to X, cutting A in 
Diametral Glearanee. 

_ ^ Dt« ^ /N 
Law: d, - j y ^ 

G 
FIG. 61. 

B p 10,000 

-8,000 

-6,000 
-5,000 

-4,000 

-3,000 
-2,500 

-2,000 

-1.500 

\-1,000 

-800 
-700 
-600 
-500 

[-400 

-300 

-250 

-200 

h 150 

^100 

B 

no true pressure film is attainable, the lubricant may properly be conveyed by grooves quite close 
to the region of load. 

Of the ordinary automatic oil-circulating devices the collar Is by far the moet profuse In its 
supply. The oil-ring is sensitive to Journal diameter and speed ; its efficiency is improved if 
grooves are turned in its inner surface. 

Bee also Descriptive Section XX, Fart I. 

Bound Brook Bearings (G.B.), Ltd. 
British Timken, Ltd. 
Hoffmann Manufacturing Oo., Ltd. 
Manganese Bronse & Brass Oo., Ltd. 
Ban^me & Maries Bearing Oo., Ltd. 
Skefko Ball Bearing Oo., Ltd. 
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SECTION XX 

PART II 

LUBRICATING OILS AND LUBRICATION. 

LITBRICATINO OILS. 

(Contributed by Harold Moore, M.Sc.Tech., F.Inst. Pet., P.C.S., 
A.I.M.E., and E. Stokoe, M.Inst. Pet.) 

At the present time most machinery is lubricated either with mineral oils or with mixtures 
of mineral oils with a small proportion of either animal or Tcgetable oil. The mineral oils used 
are almost entirely derived from petroleum, but small quantities of low viscosity oils, as for 
example spindle oils, are prepared from oil shale, while certain tar and lignite products are used 
for the manufacture of greases. 

Apart from the small proportion of lubricants produced from shale oil, tar and lignite, lubri* 
eating oils may be divided into three classes, (1) straight run or unblended mineral oils which may 
be distillates or residues obtained by the distillation of petroleum, (2) blended mineral oils which 
are mineral lubricants prepared by the mixture of two or more ditferent varieties of mineral 
oil, and (3) compounded oils which consist of mineral oils * compounded ’ or blended with animal 
or vegetable oils. It may be noted that the term * blending ' is usually employed to denote the 
mixture of two or more mineral lubricating oils, while the term ‘ compounding ’ implies the miziDg 
of mineral oils with oils of animal or vegetable origin. Reference should also be made to * doped ’ 
lubricating oils, which may be oils of any of the types previously mentioned to which have been 
added special products or compounds in order to improve certain characteristics. 

A wide range of lubricants may be prepared from crude petroleum, and a brief summary 
of the various types of petroleum lubricating oils is given below. Reference is also made to 
commercial terms commonly need to describe certain grades. 

As previously mentioned, lubricants are prepared from suitable grades of crude petroleum by 
fractional distillation, and formerly oils of low and medium viscosity were usually recovered as 
distillates, while oils of high viscosity were prepared by distilling off a large portion of the crude 
petroleum, the residue being utilised as a lubricating oil. In recent years, however, largely as a 
resnlt of Improved technique in distillation under reduced pressure, many oils of l^h viscosity 
are now obtained as distillates, although they are still frequently described by the terms formerly 
used to describe residual lubricants. 

The petroleum distillates used for lubrication are generally refined either by treatment with 
Bulphurio acid or by filtration through Fuller's Earth, bauxite or clay, frequently both prooeeses 
are used. Oils of high viscosity, which were formerly obtained as petroleum residues after 
removal of the lighter oils, are also treated in a similar manner. Many such oils, however, contain 
paraffin wax and as the refining treatment previously mentioned has little or no effect on the 
wax content, additional treatment was found advisable in order to improve the setting point of 
wax containing lubricants. Earlier processes consisted in diluting the oil with petroleum spirit, 
the wax being then precipitated from the eolation by cooling. Alter removal of the wax in 
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suitable centrifuges the petroleum spirit was removed leaving a residual lubricating oil of improved 
setting point. Oils treated by these and similar processes were known as * orierhr stocks * as 
distinct from * filtered cylinder oils' which were rediied petroleum residues which had not been 
subjected to the dewaxing process. In more recent years various dewaxing processes have b?en 
developed and owing to the general adoption of such processes high quality oils of low coid test 
are more common than was the case some years ago. 

It should further be noted that treatment with sulphuric acid and Fuller's Earth, clay or other 
adsorbent medium, does not greatly change the general characteristics of the finished lubricants, 
which formerly were mainly dependent upon the nature of the crude oil from which they had 
been produced. In recent years, however, various solvent refining processes have been developed, 
by means of which it is possible to prepare oils of Pennsylvanian type from mid-Gontinent or 
similar medium quality crude oils. These processes perform what is in effect the separation of 
the high grade constituents from those of lower grade, the yield rather than the quality of the 
finished lubricant being determined by the grade of crude oil from which they are produced. 

Distillate oils of medium viscosity are frequently described by reference to their Saybolt 
viscosity at 100*’ F., qualified in many cases by reference to their colour, 300 Pale, 750 P«ed and so 
on, referring to oils having these Saybolt viscosities at 100** F. Oils of low viscosity, however, 
are frequently classified according to their A.P.I. or specific gravity, 36 Palo Neutral and 875 Pale, 
for example, indicating lubricating oils having these A.P.I. and specific gr:ivities respectively. 
The term Neutral indicated an oil which had been refined by treatment with Fuller's Barth or 
similar adsorbent medium without having been treated with sulphuric acid. 

* Dark steam refined cylinder oils * were petroleum residues of high fiash point which had not 
received refining treatment other than a possible treatment to reduce their hard asphalt content. 
Such oils are frequently classified in accordance with their open fiash points or fire points, common 
grades being 600" F. Fire, 630" F., 600" F. Flash and 640" F. Flash. These and similar oils are 
distinguished from * filtered cylinder oils,’ which are oils which have been treated with refining 
earth. 

Oils used for the lubrication of machinery may consist of unblended oils, of mixtures of two 
or more oils of similar or varying type, or of mineral lubricating oils compounded with fatty oils 
of animal or vegetable origin. 

Laboratory Tests vor LOBRiOATiKa Oils, 

Various laboratory tests have been devised in order to examine certain properties of lubrica¬ 
ting oils. The methods usually employed In Great Britain are described in ' Standard Methods 
for testing Petroleum and its Products,’ published by the Institute of Petroleum; standard 
methods are also described in certain B.S.I. Specifications for petroleum products. It should 
nevertheless be noted that the majority of the tests commonly employed in the petroleum industry 
give only an indirect indication of the suitability of a given oil for any particular purpose and 
considerable experience is therefore necessary in order to interpret the results of laboratory tests, 
such interpretation being based to a considerable extent on a knowledge of the properties of oils 
which have previously been found suitable for the particular type of machinery under consideration. 

These reservations being borne in mind the significance of some of the tests commonly employed 
is indicated below 

The specific gravity of a lubricating oil has little, if any, direct bearing on the lubricating 
properties, but is nevertheless useful as giving an indication of the base of the oil. 

The open flash point is determined by heating the oil in an open cup at a uniform rate, the 
temperature being observed, whilst a small flame is periodically brought near the surface of the 
oil, the open flash point being that temperature at which a small sheet of flame or flash flickers 
over the surface of the oil and goes out almost immediately. If the oil is heated to a higher 
temperature after the observation of the open flash point, a temperature will eventually be 
reached at which sufficient Inflammable vapour is generated to maintain a flame on the surface 
of the oil for a few seconds. This temperature is known as the burning point or fire test. 

Special instruments have been devised for the determination of flash points in which the oil is 
enclosed in a small cylindrical vessel so that the vapour is shielded from the effects of air currents. 
Results obtained by the use of such instruments are called closed fiash points. The instrument 
specified by the Institute of Petroleum and most frequently employed in Great Britain and many 
European countries is the Fensky Marten apparatus, in France the Luchairo instrument is 
commonly employed. 

The closed flash point test is of importance as a means for detecting whether lubricating oils 
have become contanrinated with inflammable products of low boiling point. I^le it cannot be 
stated that flash point alone is an accurate guide to probable evaporation losses in service, it may 
nevertheless be stated that high closed and open flash points are desirabie in oils used for the 
lubrication of steam engine cylinders, particularly when temperatures are high. It la usuallv 
considered that the employment of low flash point oil for this servioe is liable to cause high 
evaporation losses and to Increase oil consumption. 
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The property of viscosity is the resistance to motion or in common terms the thickness of the 
oil. As the viscosity of lubricating oils fails with increasing temperature, the temperature at 
which the test was performed should be stated when giving the results of a viscosity determina¬ 
tion. For convenience of comparison it Is usual to determine viscosities at certain fixed tempera¬ 
tures commonly employed in the trade in various countries. In Great Britain viscosities are 
usnaUy determined at 70** F., 100** F., 140** F., 200** F., and 260** F. In the United States the 
temperatures 100** F., ISO** F., 210** F., and 212* F., are usual, and on the Continent viscosities 
are frequently determined at 20** 0., 60** 0., and 100** 0. The temperatures chosen for determining 
the viscosity of any given oil naturally would not necessarily include all the temperatures given 
in the three ranges mentioned. When testing extremely viscous oils, for example, it is frequently 
not convenient to determine viscosities at the lower temperatures, similarly, extremely fiuld oils 
are occasionally tested at the lower temperatures only. Instruments for measuring viscosity 
may be divided into two classes, (a) the ‘ arbitrary standard ’ type, and (6) the * absolute * type. 
Examples of the first type are the Redwood viscometers commonly used in the United Kingdom, 
the Saybolt instruments used In the United States of America, both giving readings in seconds, 
and the Engler instrument giving results in degrees Engler commonly employed on the European 
Continent. A further example is the Rarbey instrument, occasionally employed in France, and 
measuring * fluidity,' i.e. increasing results on the Barbey instrument indicate decreasing viscosity 
and vice versa. 

When an oil of a given viscosity is tested at the same temperature by the various * arbitrary ’ 
instruments mentioned above, results are obtained in various diHerent units which do not bear a 
simple relationship to the true viscosity of the product. In recent years there has been a growing 
tendency to express viscosity in Absolute units employing, for example, the C.G.S. system. Unite 
in this system have been named the poise, defined in dynes per square centimetre per second, and 
the centipoise, being one-hundredth part of the poise. Whilst Absolute unite have not as yet been 
universally adopted for commercial purposes, * Arbitrary readings ' are nevertheless being steadily 
displaced by Absolute unite, particularly in specifications. When Absolute viscosity is measured 
by means of an efflux viscometer, or other appaiatus wherein the oil falls through a calibrated 
tube or orific by gravity, it is necessary to take into account the specific gravity or density of the 
liquid at the temperature of measurement, and an alternative system of measurement has been 
suggested wherein this correction is omitted. Results obtained in this manner are termed Kine¬ 
matic viscosities, the units of measurement being the stoke and centistokc, oils having the same 
Redwood, Saybolt, or Engler viscosity possess the same Kinematic viscosity in centistokes, the 
Absolute viscosity in centipoises, however, wdll vary if the specific gravities of the oils difi’er, 
the relationship between Kinematic and Absolute viscosities is given below:— 

. X i. .o Absolute viscosity (oentlpokses) at .* 
Kinematic viscosity (centistokes) at <** — Density at I* ^ 

Viscosities in Redwood seconds may be converted to Absolute viscosities in O.Q.S. unite by means 
of the following formula:— 

Visoodty in poises — 0-00363 ^3-6 Bod — approximately, where 'Bed* is the 

Redwood value, and 3 is the density. 

On pp. 876 and 876 graphs are given showing the viscosity temperature relationships of various 
oils. The viscosity scales apply to both sides of the charts and they can thus be employed for 
the inter-conversion of viscosities in various commercial unite and also for their conversion into 
Kinematic viscosity in centistokes. When it is desired to determine the Absolute viscosity the 
Kinematic viscosity should be multiplied by the density of the oil at the temperatures at which 
the viscosity is measured. 

Examination of the graphs previously mentioned shows that mineral oils possessing similar 
viscosities at any particular temperature may not possess similar viscosities at a higher or at a 
lower temperature, the rate of fall in viscosity with increase in temperature being dependent upon 
the chemical nature of the base oil. In geneml, oils of parafiin base possess flatter viscosity 
temperature curves than do oils of naphthenic or asphaltic base. The inclination of the tem¬ 
perature viscosity curve is of importance when comparing oils intended for many purposes. 

The viscosity of the oil to be used for any particular purpose is largely decided by its viscosity 
at the normal temperature of operation of the machinery for which it is intended. If this tempera¬ 
ture is appreciably higher than normal atmospheric temperatures, it will be noted that the 
viscosity of the oil, when the machinery is cold, will depend on the viscosity temperature curve of 
the oil employed. Oomparing, therefore, two oils having the same suitable visc^ty at working 
temperature, it will be found that the oil possessing the steeper viscosity temperature curve will 
be more viscous at atraospberio temperatures and there is thus increased resistance when the 
machinery is started from cold. This may result in difilcuit starting and in increased loss of 
power while the machinery is warming up. Similarly, if for any reason the temperature of the 
maohinery should appieoiablj exceed the normal operating temperature, the former oil will lose 
its viscosity to greater extent than the latter, so that oils possessing flat viscosity onrves are to be 
preferred. 
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In Tiew of the Importance of viscosity temperature oharaoterbtios, various formube have 
biien suggested by means of which it is possible to express the slope of the curve in terms of an 
arbitrary scaio. A scale commonly employed in the industry gives results in terms of viscosity 

Vwoosity-Temperatobb Ohabt. 

, ASPHAId? BAflE OILS (OALIFOainLAN AND TBXAB) AND RUSSIAN OILS. 

DEGREES FAHRENHEIT 
RUSSIAN- aSPHAIT- 

(*Petroleum CharUand Tables* H. Moore,') 
index. This index is an arbitrary figure derived from a formula based on viscosity at 100'* F. 
and 310" F. The scale is so arranged that oils of Pennsylvanian type poasess viscosity indices of 
approximately 100, while high gravity oils of the Oalliornian type give viscosity indices of approxi* 
mately 0. Owing to the introduction of various solvent reflni^ processes, however, it is possible 
to produce oils having visoosity indices considerably superior to 100, while oils of which the 
Viscosity indip^^ are less than 0 are aiso known. 
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In Addition to the detenninntion of epeoiflo grayity, flash or Are point and Tiscosity, rarloos 
other teste may be used for the examination of lubrloating oils and among these may be mentioned 
setting point, coke test, demnlsibility, saponifloation value and acidity. 

Viboositt-Teiiperatdbb Ohabt. 

PEtnstmvAmAs oiut. 
DEGREES CENTIGRADE. 

OEdREES FAHRENHEIT 

c Petroleum OharUund Tablet; H, Moore,) 

It is dealrable that the setting point of a lubricating oil should be lower than the lowest temnera. 
aces to which it is likely that the oU wiU be subje^ in service. wmpera 

Various coke tests have been devised and are frequently taken as being an Indication of the 
tendency to foim carbon deposits in internal ocmbustioa aid other engines. It should be noted 
however, that the ooke test of an anoaed lubrloating oil is not necessarily a true indication of 
caibeii-fonning tendency, the celationahip is by noSeans 
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(UyersitT of opinion regarding the exact elgnlfloanoe of the ooke test. For example, many dlatUlate 
oils of ^asphaltio' origin have extremely low ooke teste, bat the resistance of sooh oils to the 
efiects of oxidation Is usually inferior to that of high gr^e paraffin base lubrloants which may 
potsess higher ooke tests In the unused state. When, therefore, lubricating oils remain in the 
oirouit and are exposed to oxidising conditions the coke test alone cannot be taken as being a 
true and exact Indication of carbon-forming tendency. When, however, conditions are sooh ^al 
ttie oil may be burnt without being exposed to oxidising conditions for any appreciable period, 
then the coke test is of greater importance. It may nevertheless be stated, however, that for 
oils of similar type and base a low coke test is to be desired. 

Various demulsibility tests have been devised in order to determine the readiness with which 
lubricating oils will separate from water, and such testa are of importance, for example, when 
examining oils required for the lubrication of steam turbines. 

While it is not usual to determine the saponification value of pure mineral oils, the test Is of 
interest for the examination of lubricants the ori^ of which is unknown, as the results give an 
indication of the presence of animal or vegetable oil in compounded lubricants and if the nature 
of the fatty oil is known it is possible to estimate the percentage of fatty oil present from a eon- 
sideration of the saponification value. 

Acidity tests may be performed In order to ascertain whether the oils are free from mineral 
acids and whether they contain excessive quantities of organic acids. 

The above-mentioned list is by no means exhaustive and various other tests may be applied 
according to circumstances. For example, the determination of hard asphalt, ash, water or 
mechanical impurities may be necessary. 

It will be noted that when any or all of the above tests are applied to unused lubricants they 
give only an indirect indication of their stability under working conditions and tests have there¬ 
fore been devised in an effort to measure the stability of lubricants by means of laboratory tests. 
Such tests include the B.S.I. sludge test, which was primarily devised for the examination d 
electrical transformer oils, and the Air Ministry oxidation test. The B.8.I. sludge test has been 
included in the B.S.I. specification for turbine oils and certain users employ the test as a measure 
of the stability of lubricants. There is, however, a certain diversity of opinion regarding the 
utiU]^ of the test for this purpose. 

The Air Ministry oxidation test consists in passing air at a fixed rate through a given quantity 
of oil under specified conditions. The increases in Bamsbottom Ooke and Absolute viscosity are 
measured and these increases are taken as being an indication of stability in internal combustion 
engines. While it must be admitted that a laboratory test of this nature fails to duplicate the 
diverse conditions which may exist in practice, nevertheless the results obtained may be con¬ 
sidered as being of assistance in default of prolon^d engine trials, the performance and interpreta¬ 
tion of which are by no means simple. 

Notes on LTmaioATiNa ong. 

In addition to the various properties mentioned above, considerable research has been con¬ 
ducted in recent years on the subject of * oiliness.’ This is undoubtedly a surface tension effect, 
and to the property of maintaining a film when subjected to pressure between two plane surfaces. 
This to a property which cannot be readily measu^, but its influence to well known. Certain 
of the saponiflable oils, that to to say. animal and vegetable oils, are much more sattofactory as 
regards this property tnan are minenu oils, and It to frequently observed that when a siqioniflable 
oil or a compounded oil to employed for any particular purpose it to possible to use a product of 
lower viscosity than if a straight mineral oil were being used for the same purpose. The asphaltic 
and naphthenic oils are slightly superior to the paraflOn base oils as regards this property. 

A noteworthy development in recent years to the introduction of what are known as * Bxtreme 
Pressure * lubricants. Many of these consist of straight or compounded mineral oils to which are 
added special preparations or * dopes ’ which have the peculiar property of greatly increasing the 
film strength of the lubricant. Even should the lubricating film break down, it is claimed that 
certain additives react with the metal surface under extreme conditions and prevent or delay 
metal to metal seizure. These * E.P.' lubneants are primarily intended for use in machiner 
where the oil film encounters excepUonally high pressures, an example being the lubrication of 
hypoid gears in the back axles of automobiles and other road vehicles. The presBare between 
the teeth of gears of this type to extremely high and special lubricants have accordingly been 
developed for this service. Various machines have been developed in order to measure the film 
strength of E.P. and other lubricauts in the laboratory and among these may be mentioned the 
Timken, Cornell and Almen testers. Other recent developments inolnde the use of certain 
metallic compounds in order to improve the redstance of lubricating oils to oxidation. It to also 
claimed that the addition of chromium compounds reduces cylinder wear. Special products 
which the writer believes to be polymerised hydrocarbon bodies have been introduced, certain of 
these being used to lower the setting point, others being employed to inoceaae vtooosity and to 
improve vtooosity index. 

When drafting specifications for the supply of lubricants for any particular purpose it joaj be 
noted that while it to naturally essential to decide the type of oil which will be necessary, a know¬ 
ledge of the various grades of oil commonly availabie on the market to also deslFabla. The 
preparation of lubricating oil speclflcMtions usudly requires considerable experience, and detailed 
notes are therefore not included in this chapter. When drafting speoifloations note shauld be 
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taken of the type of base which It is desired that the labrloatlng oil should possess and for maoT 
purposes a specification covering specific gravity, flash point and viscosity Is totally insaflBolent. 

Among oils of the same type, and viscosity, tbe ooloor may osnally be taken as an indica¬ 
tion of the degree to which the oil has been refined, a lighter colour indicating more efficient 
refining. When comparing the colour of lubricating oils, however, it is very important to bear In 
mind distillates have a different appearance to residuum oils. A low viaoodty index lubrioa- 
ting oil distillate is frequently pale In colour, whereas an oil of similar viscosity prepared from the 
finest Penney ivanlan Long Residuom would have a green appearance torefieoted light and a dark 
red colour to transmitted light. Notwithstanding the lighter colour of the distillate oil the second 
ofl of oourse would be of very much higher quality. It is only when comparing oils of similar 
type that colour bears any relationship to the degree of refining. 

Bboovbrt of Used LUBBioATma Oiifl. 

Used petroleam lubricating oils may contain various bodies which are similar in nature to 
those present in petroleum crude oils. For example, used oils may contain water, mechanical 
imparities and h^ asphalt; when the oils have been used for the lubrication of internal com¬ 
bustion engines they may also be dilated with motor spirit or fuel oil fractions. 

As described in the previous section, various refining methods are employed in order to pro¬ 
duce lubricating oil from petroleum crude oil, and if used lubricating oils are submitted to similar 
or modified operations It is possible to produce a satisfactory Inbrlcant. The quality of the 
recovered oil may be equal to or even better than that of the original oil before use. The recovery 
of used oils is, therefore, limited by economic rather than by technical considerations. 

The methods which may be employed for the recovery of used lubricating oil Include:— 
(1) Oentrifuges, which may be used to remove water and to reduce ash. Settling tanks may 

also employed for the same purpose. 
(5) The used oil may be warmed and passed through a suitable filter. 
fS) The oil may be treated with sulphuric acid followed by decolourising earth or decolourising 

earui may be used alone. 
(4) Solvent refining methods may be employed but as a rule the quantities available do not 

warrant the nse of snch processes. 
(6) Distillation with steam or under reduced pressure may be employed. 
Various methods are thus available for the recovery of used lubricating oil. Settling tanks or 

centrifuges are frequently employe«l for the removal of water and mechanical impurities from oU 
taken from circulating systems. Various flitertiia systems have been developed and are need in 
many installations with satisfactory results. Filters may either be employed separately or, 
alternatively, may form a portion of the circulating system. The adoption of more complicated 
systems, as, for example, treatment with sulphuric acid and adsorbent earth, Is to a considerable 
sortent dependent on there being sufficient quantities of oil conveniently available in order to 
Justify the expense of such processes. 

Notes on lubrioation. 

Stationary and Marine Oil Engines.—^The lubricating oil specifications of the D.B.U.A. are 
given in Table on p. 879, and the grade of oil required for any particnlar engine will usually be 
indicated by the makers. In general it may be noted that slow speed, statlonair and marine 
Diese' engines osnally require a slightly more viscous oil than do engines running at higher speeds. 
Also as a general rule two-stroke enginea usually employ a slightly more viscous oil than four- 
stroke engines of similar size and type. 

Considerably more visnous oils are employed for the lubrication of paraffin engines as these 
engines are liable to fuel dilation of the oil in the crankcase. Here again two-stroke paraffin 
en^es usually employ a slightly more viscous oil than four-stroke engines. 

Soaring^ Shafting and Mcuhinery OUt.—For the lubrication of bearing, shafting and machinery 
plain mineral oils are nsnally employed. Compounded oils, however, are sometimes used when 
elroumstanoes demand. 

Low viscosity oils are used for light machinery and for very small high speed shafting, some¬ 
what more viscous oils being used for shafting operating at lower speeds. In general, it may be 
stated that reduced speed and increased bearing pressures usnaily ctffi for oils of increased 
lisooelty. 

Steam Cylinder OiU.—For the lubrication of steam engine cylinders oils of the steam refined 
cylinder class are a«inal1y employed. Where desirable steam cylinder oils may be compounded, 
oils of somewhat higher flash point being used when steam temperatures are extremely high. 

Oeu Engine OUa.—While plain mineral oils may be used for the lubrication of gas engines, 
compounded oils may be used to advantage, particularly when the engine is run on suction gas. 

Turbine OiU,—liie B.S.I. specification for turbine oils is given on p. 880- Oils employed 
for this purpose should possess, among other oharacteristlcs, good demulsibility and high resist¬ 
ance to oxidation. It should be borne In mind that turbine lubricating oils usually •'emain in 
serriofB for a oorudderable period of time and they sbonid consequently be as stable as possible. 
Oils which oxidise readily may give trouble by gumming or forming sludges In tbe lubricating 
citeiiit. In use turbine oils may become contaminated with water and consequently the oils 
•hould possess the property of separating readily from water, so that this can be drained off 
pcflodioaUy from the lubricating oil oiroult. 
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Am a genaral rale the lighter grades are used for rery^h speed tarblnes. slightly more vlsooai 
grades being employed for medium speed turbines. When the oil Is required to lubricate both 
turbine bearings and also reduction gears a slightly more viscous grade is usually employed. 

BxxRAoi VBOM BamBH Standard Turbinb oil BracmoAnoN. 

B.SJ3. 489~19SS.) 

Crankehamber OUs.—Oils required for the lubrication of the orankchambeis of high speed 
steam engines should possess properties whioh closely resemble those required in turbine oils. 
Both oils are required for bearing lubricating and should possess good rraistanoe to oxidation. 
A good demulaibility is also required as crankchamber oils may become mixed with water and the 
property of separating readily from water is therefore desirable. 

Air Compressor Oils.—OUs of high quality possessing good resistance to oxidation are usually 
employed for the lubrication of air compressors. Slightly compounded oils can frequently be 
used with advantage but the proportion of fatty oil ^ould be small in order to avoid poedble 
oxidation. 

GRAFHITB LUBRIOATION. 

(E. 0, Aeheson, Ltd.) 

Colloidal graphite as a dispersion in oil or water is used for the lubrication of a variety of 
equipment. It has largely replaced powdered graphite owing to its higher technical quality, and 
consequently wider range of application. In graphite lubrication purity of the material used la 
essential; fineness is also important, and in addition, homogeneity of aispersion and unvarying 
quality must be considered. 

Oil containing colloidal graphite made by the Acheson process is now standardised as a lubri¬ 
cant for the assembly and running-in of petrol, high and low speed Diesels, gas and oil by 
manufacturers. It is smeared on the working faces before assembly and the engine is then run-in 
with oil containing a lower percentage of the product. It is also used for running-in reduction 
gear. In high temperature work colloidal ophite is an excellent lubricant, being used for kiln 
and annealing car bearings, oven chains, die-casting machines, glass bottle machinery and other 
applications where plain oil would find it difficult to operate. Because of its value at high tempera¬ 
ture it is becoming widely used as a constituent for upper cylinder lubricants, particularly in the 
motorinjg field where it reduces cylinder wear and diraourages sticking piston rings. Aa a dis¬ 
persion in water colloidal graphite is employed as a steam oylhider and pump lubricant, being fed, 
by means of a special lubricator. Here, a^n, it is being standaridsed by manufacturers of steam 
engines and pumps. 

When a bearing face is lubricated with colloidal graphite there is formed on it an extremely 
thin lubricating surface: referred to as a graphoid surface, it is made up of flat particles of graphite, 
BubmicroBcopic in Bise, lying parallel to the bearing face. In this position the particles offer the 
maximum lubrication value of the graphite, and protect the bearing face mechanically from 
OWTOBion. ^ 
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Recent work has shown that colloidal graphite is essentially superior to ordinary powdered 
graphite, because the particles of the former being finer are able to lie uniformly on a bearing 
face, whereas particles of ordinary graphite if they are too coarse will He heterogeneously, offering 
relatively poor protection against corrosion and less efficient lubrication. The grapboid surface 
formed by colloidal materiid cannot be removed by bearing pressures and has a considerable 
value in lubrication at higher loads, where it provides a second line of protection behind the oil 
film, so preventing metal piok>up. 

There is much published information on the subject of graphite lubrication. The Institution 
of Automobile Engineers Research Department has shown in a series of tests that oil containing 
colloidal graphite made by the Acheson process added to the sump oil of a new engine reduces 
cylinder wear by one>half. The National Physical Laboratory conducted a test on a ball bearing 
assembly which showed that colloidal graphite in oil is suitable for such lubrication. The pro* 
perties of colloidal graphite may be summarised by the statement that: it raises the critical 
temperature of an oil, permits lubrication at higher loads, permits a lower oil feed and reduces 
starting friction in a bearing. Oraphited oils are marketed by various oil companies and can be 
obtained to any specification required. Penetrating oil containing colloidal graphite is also avail¬ 
able ; it is a superior penetrant and protects surfaces exposed to weathering, besides providing 
long-lasting lubrication. 

See also Descriptive Section XX Part II. 

Graphite Products, Ltd. 
Teoalemit, Ltd. 
A. 0. Wells dkOo.. Ltd. 
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SECTION XX 

PART III 

VISCOSITY AND VISCOUS PLOW OP OILS. 

(Contributed by Harold Moore, M.Sc.Tech., P.C.S., and 
E. Stokoe, M.Inst,Pet.) 

VISCOSITY OF OILS. 

Mineral oils of any particular origin may vary greatly in viscosity. For example, liquid 
petroleum products range from motor spirit to extremely viscous fuel and lubricating oils. Further, 
the viscosity of any particular oil decreases with increasing temperature, so that when considering 
pumping problems the temperature of the product must be taken into consideration. The rate 
of change in viscosity with change of temperature varies for different oils. Approximate com¬ 
putations, however. may be made by means of the graphs given in Part II on pp. 87ft and 876. 
A table showing the properties of typical petroleum lubricating oils is given on p. 873. 

CHANQB OV VISOOSITT BY OHANQB OF FRESSURB. 

Experiments made bv the National Physical Laboratory have shown that at a pressure of 
9,000 atmospheres, the viscosity of animal oils was about 4 times as much as at atmospheric 
pressure, but in the case of mineral oils the increase was as much as 16-fold. 

VISCOUS AND TUKBULENT PLOW. 

a) 
Although there are two kinds of flow, vis. * stream line * or * viscous * flow, and * turbulent' 

flow, for all practical conditions, heavy oils, in general, follow the law governing viscous flow. 

The frictional loss due to purely viscous flow is given by the equation 

TVP 
H - 0-0066876 

where, 
H — loss of head per 100 ft. of piping; F weight in lbs. per cub.ft •; 
T » viscosity measured in secs, by Redwood No. 3 Viscometer; d —diameter of pipe in iu * 
V — velocity in ft. per sec.; (O. dt J, Weir, Ltd^ Cathcart^ Olaagow,) 

B,ed. — Redwood viscosity nnmbw; 
W — weight in tons per hour of oil passing through pipe 
5 -oU density; 

then, 

T — 4-896 Y — 1-88 ft. per seo.; 

H 3-09 
Red. V. 

8-78 
Red. W. 

{H. li. K.y 

Exampfe.—134 tons (W) per hour of oil, Redwood No. 3 viscosity 679 seconds at 30* 0*. 
density 0*9496 at 30*0., is to be pumped through a straight length of 0-in. diameter (d)pipe. 
80 ft. lo^. What is the frictional 1^ (H; ? 
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rzoo-^ 

UOO- 

IWO-I 

400 

4^0 

Dir^tipns/or Use, 

Oiven m, r, and ^; Find the Point on the Inter¬ 
mediate Axis where a Line through the m and r 
Gs&dnationa cats it; thence take a Line through 
the /u. Graduation to the m/r/u. Axis. If the Point 
where this Axis is intersected lies between the 
Graduations 0 and 3140, the Flow will generally be 
* Viscous *; otherwise * Turbulent.' 

\-SOOO 

Given m and u, to find Radius suited to Viscous 
Flow. From a Point within the Viscous Region 
on the mfrfji Axis take a Line through the u Gradu¬ 
ation to the Intermediate Axis. A Line thence to 
the m Graduation wlU give the Radius for a Pipe 
in which the Flow will be * Viscous.’ 
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</90 
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<180- 

470- 

460- 

460- 

440- 

430- 

420- 

4t0- 

400- 

3SO- 

370- 

360- 

TUBBULBNT PLOW 
(Absolute Units.) 

Second Term in Lets' Equation^ 

#*•••• «**•“ . •<»fX)1824rw* 
66-08 r**‘*,, r*p 

» Pressure Drop in Poundals per Sq. Ft. 
per Lineal Ft. of Pipe » Pi 4 5>i, say. 

Add tbe Reading, p,, on the Bight>IIand 
Axis of this Chart to the Reading, pi, on the 
Right-Hand Axis of the Chart for the First 
Term in the above Equation. The Sum is the 
Total Pressure Drop. 

50 V 

"•s 

4CK 

FIQ. 4.—Torbulent Flow (Absolute Units). 

•SO 

’5S 

C* Enginoerinff,') 
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or 

Red. 

H 

570, 5 M 0*0495. therefore, 

679 X 124 570 X 124 

0* X 0*0406 ” ^*^*6661 X 0*9406 
-•48 ft.; 

43 X 100 ■■ ^ 60 ft. 

See Also ‘ The Design of Oil Pael Pipe Lines,* by W. Q. Watkins, Engineering^ Dec, 10 and 
26,1024. 

(*) 
Oils of yarioos degrees of viscosity are fieqaently pumped through pipes from the oilfields 

to ships or to distant storage tanks. To determine the power requij^ in a riven case, and to 
choose the most economical installation of pumping plants and pipes, bearing in mind the life of 
the field, it is necessary to know the frictional resistance encountered by the liquids when so 
transport. Sudi resistance will follow one or other of two laws according to the viscosity and 
velocity of the liquid, and it is desirable to have at hand ready means of determining which 
law to apply in a given case. Having determined this, one proceeds to ascertain the magnitude 
of the reeishEuice. If the fiow is viscous, or, as it is sometimes called, stream-line, all the particles 
then moving parallel to the axis of the pipe, the resistance can be calculated in terms of the 
viscosity, density, and velocity. If, however, the fiow is turbulent, frictional resistance cannot 
be foond from firri principles, and resort most be had to experiment, as in the case of the flow 
of water. Extensive experiments have been carried out with the object of discovering a law 
connecting viscosity, density, and velocity when the flow is of a turbulent character, and, in this 
connection, the work done at the National Physical Laboratory, Teddington, takes a foremost 
place. Various formulse have been deduced ^m these experiments, and, of these, probably 
none Is so reliable as that of Professor 0. H. Lees; the charts, figs. 1,2, 3, and 4, are bas^ on his 
formula. 

As the handling of the formulae for both stream-line and turbulent flow Is somewhat difficult 
in practice, especially when trials must be made of several difilerent schemes, attention has been 
dlr^ted to the use of graphic methods for displaying the results. The alignment charts shown 
wer^repared for the purpose by Mr. Qeoige Higgins, formerly lecturer in Civil Engineering at 
the University of Melbourne. 

The chart shown in fig. 1 may be used for determining which of the two laws will be followed 
when the quantity flowing, its viscosity, and the sUe of the pipe are known. Directions for the 
use of this chart are given at its foot, and other uses to which it can be applied are also indicated. 
For liquids of high initial viscositv, the practice on the oilfields is to apply heat at intervals along 
the pipe line, and thus reduce the resistance to flow by reducing the viscosity. When this is 
done, the average viscosity between heating stations is estimated, and the resistance calculated 
for this average. 

The chart fig. 2 is to be used when the chart fig. 1 indicates that the flow will be * viscous,’ 
i,e. stream-line. Qlven the quantity and kinematio viscosity, i.e, the ratio of the absolute 
viscosity to the density, then a stnught line drawn through the axes for mass and kinematio 
viscosity at the appropriate graduations, will out the intermediate axis in a certain point. 
From this point, a straight line drawn through the appropriate point on the radius axis will out 
the right-hand s^ a a graduation corresponding to the loss of pressure per unit length. It will 
be seen that swinging the latter line up or down about the said point on the intermediate axis 
as centre, will show how the adoption of one radius or another will affect the loss of pressure, 
and the most suitable radius can thus be more quickly found than by repeated calculations using 
the formula. 

Charts flgs. 3 and 4 are to be used when the chart flg. 1 indicates that the flow wiil be 
' turbulent.* Here the complexity of the formula rendered it necessary to separate the factors of 
viscosity and density, and also to construct two charts, the results of which are to be added 
together. The method of using these two charts is quite similar to that explained when describing 
the chart flg. 2, except that the chart flg. 3 involves the drawing of three lines across the 
graduated axes instead of two. Their employment dispenses with much troublesome tentative 
calculation when the object is to determine the most snitabie combination of pumps and pipes in 
a given case. 

In practice, the lines are not, as a rule, actually drawn across the axes, a straight edge or 
thread oeing employed; a very suitable appliance for the purpose is a transparent set^muare. 

(Abstract—' Engineering^* April 27, 1928.) 

Pumps pob Viscous Liquids, 

See Section XIX, Fart lU, 
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SECTION XX 

PART IV 

SHAFTING AND SHAFTS. 

Contributed by H, W. Swift, D.Sc., M.T.Mech.E.) 

For a shaft carrying torque only and free from bending stress the horse-power transmitted is : 

HP- 
ND*S . 

' S21,406* 

where N -i r.p.m.; D ■■ diameter In inches; S >=■ working shear stress, lbs. per sq. in. 

If S — 6,400 lbs./sq. in., a safe working stress for mild steel under reasonably constant torque 

^ 60 

and the diameter required:— 

D - a-7 V 

SHAFT HOBSB-POWER FOB TOBSXOH. 

ND* 
The table (page 890) is based on the formula HP a. ~ ; where N is the speed in r.p.m. and 

D the shaft diameter in inches. This formula assumes a working shear stress of 6,440 lbs. per 
sq. in. or 2*88 tons per sq. in. For other working stresses the horse-power Tories in proportion. 

If the torque Tories oTer a known range, without reTersal, the same formulae may be applied 
proTided the maximum Talue of the torque is employed. To allow for cyclic torque Toriations 
in steam engines, it is a common practice to increase the diameter D, as calculated aboTe, by 
25 per cent.; altematiTely the shaft may be designed as aboTe to carry twice the mean horse¬ 
power. 

For shafts subject to cyclic reTersals of stress the diameter should be increased 26 to 30 per 
cent. 

The formula D t -HP may be employed for mill shafting, the Tolue of k being chosen 

according to the factor of safety and pulley distribution. Oommon Talues are as follows:— 

Main shafts, k » 4*3. 
Line shafts with some pulleys, k — 3*7. 
Counter shafts, k 3*4. 

Sbafti under Ccmtined Bending and Torrion, 

When calculating bending moments for a length of shafting ft is safe to assume that each 
span is self-supporting, and that the reactions act in the centre line of the bearings. The greatest 
bending moment always occurs of the point of application of a load or of a bearing, not at an 
intermediate point. 

The shaft of a stiff rotor may be considered in two parts each assumed to be enoastre in the 
rotor and simply supported in its bearing. 
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The ehAft design Is based either 
(a) on the B^ivalgnt TioitUng Moment T#, which wonld produce the same shear stress as 

the combined system:— 
T,-Vm« + T* 

or (b) on the Equivalent Bending Moment M«, which would produce the same fibre stress as the 
combined system_ 

H*- KM+Vm* + T*) 

H the equiralent twisting moment is used:— 

If the eqniyalent bending moment is used:— 

For mill shafting it is sometimes assumed that M =<i T» in which case the diameter computed 
for torque only ^ould be increased by one in eight. 

Since the permissible tensile stress for steel is commonly taken as twice the permissible shear 
stress, while the equivalent bending moment is never as much as twice the equivalent twisting 
moment, it would appear safer to base the design of steel shafting on the equivalent twisting 
moment, a practice which is commonly adopted in America. 

But when account is taken of the fact that the bending moment produces cyclic reversals of 
stress, while the twisting moment is usually tolerable constant, the advantage of the equivalent 
twisting moment is lost and a design based as follows on the equivalent bending moment is more 
convenient:— 

Fatigue range for reversed direct stress » ^or more. 

«> If If shear „ / 
6 

Allowing a factor of safety of 3 on the fatigue range, the working stresses will be:— 

Under conditions where no bending occurs, the stress is steady and the shaft may be designed 

with a working shear stress This produces a working fibre stress of also. Under con¬ 

ditions where the stress is entirely due to bending it is subject to oycllc reversals, and the shaft 

most be designed with a working fibre stress of which produces a shear stress of Since the 
O IS 

working fibre stress has the same value in both extreme oases and does notvary substantially 

for intermediate combinations it is satisfactory and convenient to design in general on the equiva¬ 
lent bending moment and allow a factor of safety of 6 for a solid shaft and 8 for a shaft with 
keyway. 

Stiffnett of Shafts. 

(а) Torsional.—The angle of twist for a shaft subjected to torque producing a shearing stress 
of 0,400 Ib./sq. in. (see Table I) is 1 degree in 16 diameters. If a smaller twist is demanded 
the stress and power must be reduced in proportion. 

(б) Lateral.—The lateral deflection of shafting is commonly limited to in. per ft. length 
between bearings. For a shaft (diam. d inches) without pulleys this condition determines the 
permissible distance (L ft.) between bearing^:— 

L» 6-Sdt. 
For shafting with normal complement of pulleys a common rale is:— 

L» 6df. 
(e) Critical Speeds.—An unloaded shaft will whirl if its length between self-aligning bearings 

is: L 180 y/^ ft. The whirling speed of a shaft carrying pulleys or other lateral loads may 

be estimated from the formula:— 

N« ^ N,» ^ • • • 

When applied to self-aligning bearings; N« ■■ 33,000 is the whirling speed without load. 
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N„ N„ etc., are the whirling speeds due separately to individual loads Wi, W„ etc., at dis¬ 
tances Aj, A|, eto., feet from a bearing, calculated from formulm such as:— 

Ni - 9,500 

With fixing bearings 
A(L- A) Vw 

No' - 75,000 
L» 

N/-N,x 
\/A(L - A) 

Temperature Changee.—Longitudinal expansion of steel shafting — ^5 qqq in. per ft. for 

T* F. rise of temperature. Ail probable temperature changes will be covered by an allowance 
of 1^; in. per 10 ft. of shaft. 

Allowances for Keyways and Fillets.—According to H. P. Moore, the presence of a keyway 
of width to and depth 5 in a shaft of diameter d— 

%D h 
reduces the elastic strength in the ratio: 1 — 0*3j — 1*1^ 

increases the angle of twist in the ratio: l + 0‘4j+0‘7j 
a a 

Endurance tests by Batson show that the weakening effect of British Standard Keyways is 
about 20 per cent. 

It is a common practice to allow 25 per cent, off the nominal working stress when keyways 
are employed. 

According to E. P. Garner the stress in a fillet of radius To in a shaft reduced from radius B 
to r bears to the stress in the smaller shaft the ratio:— 

(a) Fibre stress ratio: ^0 -26 -f 0 *46 

(5) Shear stress ratio: ^0*43 + 0*15 

v;j 1 
V';.) 

Shafting for Passenger Steamships. 

The following particulars are abstracted from the * Instructions as to the Survey of Passenger 
Steamsiu'ps ’ issued by the Board of Trade. 

Ingot steel for shafts has generally a tensile strength of 28-32 tons per sq. in., and fulfils the 
conditions that the tensile plus elongation per cent, on standard test-piece shall not be less than 
57. OoupUngs of ingot steel shafts are forged from the solid. Oast steel webs for built crank¬ 
shafts have a tensile strength not exceeding 32 tons per sq. in., and are such that tensile plus 
elongation is not less than 50. 

Tnxbine-driven (Intermediate) shafts are not less in diameter than :— 

x P 
V B.P.M. 

where P » 64 or 58 according to the conditions of service. Wheel shafts of geared installations 
have diameters 1*05 d to 1*10 d according to the arrangement of gearing. 

Engine-driven (intermediate) shafts are not less in diameter than:— 

d- X S X p 
V nr+i 

where D ins. « equivalent diameter of L.P. cylinder; 
S ins. -B stroke, p Ib./sq. in. working boiler pressure; 
f n swept volume ratio L.P./H.P.; 
/ has values from 1,850 for two cranks at ISO** to 2,400 for two cranks at 120”, or four cranks 

balanced. 
Crankshafts of screw reciprocating engines have diameters not less than 1*05 d. 

Thrust shafts transmitting torque are increased in diameter to 1*05 d at the collars. Tube 
shafts have diameters not less than 1*05 d, and 1*075 d where exposed to sea-water. 

The minimnm diameter for tali shafts is d + where K — 144 or 100 

aooording as a continnons liner is or is not fitted. 
mt. II 11 w I t“be or tail shaft diameter + 9J, , u 
The minimnm liner thickness is--— in way of bushes and 

rednoed by 25 per cent, between boshes. 
These figures apply also to tube and propeller shafts for heavy oil engines. 
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SECTION XX 

PART V 

SPRINGS. 

(Contributed by B. G. Batson, M.I.C.N.) 

I.—OTLDmaiOAL ELHUOAL SPUNQS, OliOSB-OOlLBO, AJUALLY LOADBO. 

Section and Dimensions 
of Wire. 

In. 

! Shear Stress in 
Lb. per Sq. In. 

A* 

Load in Lb. 
W. 

Axial Deflection in 
Ins. 

8. 

(Circular (dia. -■ 4) . , 
„ 16WB 1 /,»'<*• 

El ‘ 1«B 
64WB*N 

^ • cw* 

BUipUcal (D and d) 
16WB 

• ;r Dd‘ 

1 fgnJXi^ 
Kj ’ 16B 

32(D* + d»)WB*N 
^ ’ QD»d* 

Bectangular • . • 
{ b parallel to Spring Axis 
(t radial to Spring Axis i 

(see note below) 

i (36 + 1-8<)WB| 
’ ■ w ■ 

i 1 
K»’(36 + 1.8<)B 

19-6WB«N 

_____.. 

Square (side ■■ «) . 
^ 4-8WB 1 /»•• 1 

K,'4-8B 
1 44-7WB*N 

Qt* 

W -■ Axial load on spring in lb* 
B "> Mean ooU radius in Inches. 
O — VioduluH of rigidity in lb. per sq. in. ( — 19 x 10* fcr steel). 
K M Number of effeotiTS coils. (For compression springs this is two less than the apparent 

number, owing to flattening at enda ol the bases.) 
fg ■> Safe shear stress in lb. per sq. in. 

*b* 
The deflection formula for rectangular wire is accurate to 1 per cent, where is between 1 and 

S. Where * 6 ' is iess than * < ' an approximate value is obtained by interchs^ing *b * and 
in the formula. 

For approximate results Kj and K, may be taken as 1, but for accurate estimations: 

4«-l 0-616 
“ 4e - 4 + c 

0-6 
and K, - 1 + - 

9B SB SB 
where 0 (tbs spring index) — ^ t ©r- 

VOL. I. 9H 
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The fr«qo«no7 of Tibraiion per minota of a heUoal oompreaeare spring 

where p pitch of the ooUs in inohes. 

L -■ efleotire length of the spring in inches. 
(Other symbols as above.) 

II.—(^lUNDUGAL BSUOAL 8PRINQS, EOOENTBIOALLT LOADBD PARALLEL TO THE AXIB. 

The load W applied at a distance mB from the axis. For open*coiled springs the obUqaitj 
of the ooUs to the horisontal » a. 

tl^idpy/Q 
B«L 

Max. Shear Stress 
1 Lb. per Sq. In. 
i 

Deflection in Ins. 

Oironlar 
wire ! 

dla. « Alns. j 

aoae^Ued i + •") + 
I Trd* 3jrd* 
1 i 

64WB»N , 9^,\ 

! 
1 Open-coiled — e4WB*N r8(l + m») + eo«>a(2 + m»)-| 

CW* L 10 J 

(For the meaning of the symbols see Section I., p. 895.) 

m.—OONIOAL HEUOAL SPBINOS, OLOSB-OOILED, AXIALLY LOADED. 

Section and Dimensions 
of Wire. 

In. 

Shear Stress 
in Lb. per 

Sq. In. 
Load in Lb. 

W. 

Axial Deflection in 
Ins. 

6. 

Oiicnlar (dia. « d) IflWB /•rrd* 
16B 

16WB«L 
G^rd* 

Bectangular 1 9WB ; 3/,6l« 1-8WB»L(6« + !■) 
{b parallel to Spring Axis ; 
If radial to Spring Axis 1 

2bt* 

1 1 

9B i 
1 

_1 
GOV 

W » Axial load on spring in lb. 
B » Maximum mean radios of coils in inches. 
G -• Modulna of rigidity in lb. per sq. in. ( — 12 x 10* for steel). 
L Length of developed spring in inches. 

For Sections I, n and III the safe tteady shear stress for heat-treated steel may be taken as 
70,000 lb. per aq. in. for wire np to i in. diameter. 
60,000 Ib. per sq. in. for wire above i in. and up to | in. diameter. 
60,000 lb. per sq. in. for wire above i in. diameter. 

Steel q>rings(wire np to J in. diameter) subjected to repetitions of deflection may be designed 
for a maximum shear screes of 60,000 lb. per sq. In. For valve springs where surging may be 
exporienced this stress should be reduced by 26 per cent. 

The values of the safe stresses given above apply to heat-treated normal commercial spring 
wire. Ma^ such wires snller from a surface raect which lowers the resistance to repeated 
stresses. For specially prepared wire, up to i in. diameter, the maximum shear stress under 
repetitloBS of deflection may be taken as 70,000 lb. per sq. in. 
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1V.^0TLINDBI0AL HBUOAL SPBING8, OLOSB^ILBD, UNDER iXIAL TWIST (RBUOAL 
Fowra Sprinqs). 

, Section and Dimensions 
of Wire. 

In. 

Bending Stress | 
in Lb. per Sq. In. 

A- 

Axial Torqae 
in Lb. In. 

M. 

Twist of Free 
End (one end 

fixed) in Radians, 
a. 

Oiroular (dia. — d) 33M 
TT^ 32 

128MRN 
Bd« 

Rectangular 
f b parallel to Spring Ajds i 
11 radial to Spring Axis 1 

6M 
6 

247rMRN 
Ebfi 

Square (side = «) . 
6M 
s* 6 

24;rMRN 
Br* 

M » Axial torqae on spring in lb. in. 
B M Young's modulus of elasticity in lb. per sq. in. (30 x 10* for steel). 
N -■ Number of effectlre coils in spring. 

(the safe bending stress) for wires below | in. diameter may be taken as 180»000 lb. per 
sq. in. for steady loading and 100,000 lb. per sq. in. for repeated loading. This 
assumes heat-treated and tempered steel wire. 

y.—SFiBAL Power SpatNOS (e.g. Clock Sprinqs). 

Section and Dimensions of Wire. Bending Stress 
in Lb. 

per 8q. In. Load in Lb. 
W. 

Angle tamed 
through by Dentre 
Shaft in Radians 
(Outer end fixed). 

U-R-^ 

Rectangular (as indicated in fig.). 

Square (side «) 

64WB A^^ 64WRL 
TTd* 64R End* 

12WB Abf 13WRL 
bt* 13R Bfrl* 

12WR 12WRL 
12R Es« 

L M length of developed spring in inches. 
(Other symbols as for Section lY.) 
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SnCBL HBUOAL SPBriroS—BOUND WIBB. 

(Contributed by R, A, Sturgeon^ AMJ.O.E.) 

Table of Safe Loada and Stiffness. 

The stresses from which the safe loads are oaloalated are given for each size of wire. The 
stiffness—i.e. me ratio of load to deflection produced—Is based on a sintrle coll spring. By dividing 
thf ngure given in the table by the number of coils in the spring, the load required to extend 
or oomprees the spring 1 in. is obtained. The value of Q is assumed to be 12,000,000 lbs. per 
sq. in« 

Mean Safe 
Load. 
Lbs. 

Stiff- Mean Sate 
Load. 
Lbs. 

Stiff- Mean Safe 
Ijoad. 
Lbs. 

Stiff- Mean Safe 
Load. 
Lbs. 

Stiff- 
Diam. 

of Ooil. 
ness. 
Lbs. 

Diam. 
of Coil. 

ness. 
Lbs. 

Diam. 
of Coil. 

neea. 
Lbs. 

Diam. 
ofOoiL 

nesa. 
Lbi. 

Ins. per In. Ins. per In. Im. per In. Ins. per In. 

16 Gauge— 0-064 In. 16 Gauge—0-073 in. 14 Gauge—0-08 in. 13 Gauge—0*092 in. 
(-i>^ in.+) diam. In.—) diam. (“A in.+) diam. (a A diam. 

Safe Stress—70,000 lbs- Safe Stress—70,000 lbs. Safest ress—70,000 lb«. SafeStress—70,000 lbs. 
per sq. in. per sq. n. per sq. n. per sq. in. 

9l 19-2 477 9 27*4 764 t 37-6 1,165 57 2.038 
A 16-6 801 A 23-6 481 32-2 734 49-0 1,283 

14-4 201 i 206 322 28-2 491 

U 
42-8 860 

A 12-8 141 A 18-2 226 A 25-0 346 38-1 60S 
t 11-6 103 16-4 166 22 5 252 34-3 440 

9 0 6 59-6 3 13-7 95-6 3 18-8 146 1 28-6 265 
8-2 87-6 I 11-7 60-1 7 

i 
16-1 91-7 

1* 
24-6 160 

1 7-2 26-2 1 10-3 40-3 14-1 614 21-4 107 
6-4 17-7 1; 9-1 28-3 n 12-6 43-1 n 19-0 75-6 
6-8 12-9 l! 8-3 20-6 1* 11-2 31-5 if 17-1 550 

If 6-2 9-7 1| 7-6 16-6 1? 10-2 23 6 16-6 41-3 
4-8 7-6 li 6-8 11-9 w 9-4 18-2 U 14-3 31-8 
4*1 4-7 15 6-9 7-6 ll 8-0 11-5 li 13-3 20-1 

3 3-6 81 3 6-1 6-0 2 7-0 7-7 2 10-7 18-4 
6-2 6-4 3i 9-6 9-4 

! 3* 6-6 3’9 31 8-6 6-9 

12 Gauge—0-104 in. 11 Gauge—0-116 in. 10 Gauge—0-128 in. 9 Gauge—0-144 In. 
in.-) diam. 

Safe Stress—70,000 ibs. 
ln.+) diarn. 

SafeStress—70,000 lbs. 
(=1 in.) diam. 

SafeStress—70,000 lbs. 
(=A •“-+) diam. 

SafeStress—70,000 lbs. 1 per sq in. per sq. in. per sq. in. per sq. in. 

1 83 3,327 1 86 12.173 116 3,221 I 164 5,160 
71 2,096 A 76 11,526 A 102 2,262 A 146 3,623 
63 1,404 i 69 !1,113 i 93 1,649 131 2,643 

A 66 986 i 67 644 1 77 964 j 
1 

109 r,629 
1 49-6 719 7 

i 
491 406 k 66 601 04 '963 

1 
1 

41-3 416 42-9 273 1 68 403 I 82 645 
86-8 262 u 38-2 191 61 283 11 73 453 

1 80-9 176 1* 34-3 139 li 46-1 206 if 66 330 
27-6 123 H 31-3 104 V 41-9 155 li 60 348 

U 34-7 89-8 H 28-6 80-6 u 38-4 119 if 55 191 
15 32-6 67-6 U 24-6 60-7 n 32-9 75-1 If 47-0 120 
IJ 20*6 62-0 3 21-6 33-9 2 28-8 50-3 41-0 80-6 
li 17-7 82-7 3i 19-1 23-8 2i 26-6 35-3 36-6 66-6 
3 16*6 81-9 n 17*2 17-4 2i 23-1 26-8 bB 32-8 41-3 
*1 18-7 16-4 8 14-3 101 3 19-1 14-9 bH 27-3 23-9 
>1 12-4 11-2 ■ 
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BTBBL HBUCAL SPRINGS—ROUND WlRB—eofKtfnW, 

8.»e 222: 
• DiRID. t^_ j llflfl#* 

of Coll. YSf* Lbs. 
Ins. per In 

Btlfl- Mean Sfclfl- 
neea. Diam. , imm. 
Lbs. ofOoIl. Lbs. 

per In. Ins. per In. 

Mean f,. Stiff- 
Dlam. noM. 

o£Ooil.!VSf( Lbs. 
Ins. per In 

8 Gauge—0*16 In. 
in.+) diam. 

Safe Stress—70,000 lbs. 
per sq. in. 

226 ! 7,863 
200 6,521 
180 4,027 
150 2,330 
129 1,467 
113 983 
100 690 
90 603 
82 378 
76 291 
64 183 
66 1 123 

: 50 1 86* 
45 ! 62* 

; 37*6 36* 

Stiff- Mean ^ . i Stiff- 
! noM. Diam. I neak 
I Lbs. of Coil. ■ Lbi. 
I per In. Ins. ^ j per In. 

6 Gauge—0*919 in. 
(A 10.-4-) diam. 

Safe Stress—70,OOOlbs. 
per sq. in. 

i 419 12,413 
1 349 : 7,183 

7 300 ! 4.523 
i : 262 3,030 
H 233 I 2,128 
U 210 1,551 
n 191 1,165 
11 175 898 
u 150 : 666 
2 1 131 379 
21 116 266 
21 105 194 
3' 87 112 
31 76 70- 
4 66 47. 

4 Gauge—0*232 in. 
(s=J{ in.) diam. 

Safe Stress—70,000 lbs. 
per sq. in. 

549 17,801 
i 

t 

468 
392 
343 

10,302 
6,487 
4,345 

11 305 3,052 
1 275 2,225 
1} 250 1,675 
li 229 1,287 
11 196 813 
2 172 643 
H 162 381 
2k 137 278 
3 114 161 
3i 98 

1 
101 

3 Gauge—0*252 In. 
(=1 In.) diam. 

Safe Stress—70,000 lbs. 
per sq. in. 

i 587 14,341 
2 603 9,030 

1 440 6,049 
U 391 4,249 
ll 352 3,097 
If 320 2,.327 
Ik 293 1,792 
n 251 1,129 
2 220 ' 766 
2k 196 1 631 
2k 176 387 

2 Gauge—0*276 in. 
In.—) diam. 

746 20,636 
639 12,993 
559 8,704 

1 Gauge—0-3 in. 
(—11 in.+) diam. 

afe Stress—G6,000 lbs 
per sq. in. 

0 Gauge—0*324 in. 
(—li in.—) diam. 

Safe Stress—64,100 lbs. 
per sq. in. 

00 Gauge—0*348 In. j 
(*=ki IQ-+) diam. 

SafeStress—62,200 lbs. 
per sq. in. 

000 Gauge—0*372 In. 
(esJ in.) diam. 

Sale Stress—60,000 lbs. 
per sq. in. 

0000 Gauge—0*4 in. 
(»i| in.—) diam. 

Safe Stress—58,000 lbs. 
per sq. in. 

J 860 16,530 1 1,033 22,000 ! 1 1,215 28,726 1 1,297 ; 86,970 
1‘ 765 11,610 1 ‘ 918 15,451 1| 1,080 20,175 1* 1,167 ! ie,6tii 
li 688 8,463 li 826 11,264 li 972 14,721 1-' 1,061 14,772 
1^’ 626 6,359 761 8,462 If 883 11,050 11 1 1 973 11,378 
li 674 4,898 11 688 6,618 li 810 8,511 li ' 1 834 7,165 
n 492 3,084 590 4,105 li 694 5,360 2 i 730 4,800 
2 430 2,063 2 616 2,750 2 607 3,591 2k 1 648 3,371 
2k 382 1,451 2k 469 1,931 2i 540 2,522 2h ! 584 2,468 
2k 344 1,058 2k 413 1,408 2k 486 1,839 3 486 1,422 
3 287 612 3 344 815 3 405 1,064 31 417 896 
3i 246 386 31 295 513 3) 347 670 4 365 600 
4 216 258 4 258 344 4 304 449 41 324 421 
41 191 181 41 229 241 41 270 316 5 892 3U< 
0 172 132 6 206 176 5 243 230 51 865 231 
61 166 99 li 188 133 11 221 173 6 243 178 
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Steel Helioal springs—Round Wi«a—amtinued. 

Mean 
Diam. 

ofOoU. 
‘ Ins. 

Sate Stiffness. 
Load. Lbs. 
Lbs. per In. 

Mean 
Diam. 

ofOoU. 
Ins. 

Safe Stiffness. 
Load. Lbs. 
Lbs. per In. 

Mean 
Diam. 

of Coil. 
Ins. 

Safe 1 Stiffness. 
Load. 1 Lbs. 
Lbs. ^ per In. 

00000 Gauge—0-432 in. 000000 Gauge—0*464 In. 0000000 Gauge—0*6 In. 
in.—) diam. (-1 it In.—) diam. («s^ in.) diam. 

Safe Stress—65,400 lbs. Safe Stress—63,700 lbs. Safe Stress—60,000 lbs. 
per sq. in. per sq. in. per sq. in. 

n 1,669 36,692 n 1,686 36,599 1| 1,782 36,063 
If 1,403 26,749 1} 1,533 26,746 U 1,634 27,784 
li 1,276 20,096 u 1,405 20,601 If 1,400 17,493 
li 1,169 16,479 i! 1,204 12,973 2 1,225 11,179 
1| 1,002 9,748 2 1,054 8,691 2f 1,089 8,230 
2 877 6,630 937 6,104 2f 980 6.000 

779 4,686 2* 843 4,450 3 817 3,472 
701 3,344 3 703 2,676 H 700 2,187 

8 684 1,936 3} 602 1,622 4 612 1,465 
8| 601 1,218 4 527 1,086 545 1,029 
4 438 816 468 763 5 490 750 

390 673 & 422 556 H 445 564 
5 861 418 H 383 418 c 408 434 

819 314 6 j 1 361 322 7 350 278 
6 290 242 7 301 203 8 306 188 

1 
8 263 136 9 272 129 

Mtdtipltfing OmskmU, 

1. For oompresBion springs with little TurUtion oi loed miiltiply Safe Loade br 1*25. 
2. For Springs, espedallj tension springs subjected to considersble yarUtion ox load suddenly 

applied, multiply Safe Loads by 0*67. 

8. F<» Square Wire Springs where the Side equals the diameter giyen in the table—multiply 

Safe Load by 1-06 
Stiffness by 1*6 

4. For Brass Wire Springs (round) multiply the Stiffness by 0>42. (Only for Hard Brass.) 

Hide,—^In getting out Oompression Springs allow lor the fact that one coil at each end is 
Idle. These two coIIb do not affect the Stiffness, but do affect the closed length, 

VI.—LAMINATED SPRINGS. 

All leaves gradttated. 

Type of Spring. 
Fibre Stress in 
Lb. per Sq. In. 

•^r 

Load in Lb. 
W. 

Deflection in 
Ins. 

2. 

Quarter BUiptic (cantileyer) . 6WL 
nbt* 

f^TU,t* 

6L 
6WL« 
Unbt^ m 

Semi-elliptio 3WL 
2nbt* 

2f^t* 

3L 
3WL» /|L* 
8Bn6i» 4BI 

Full elliptic .... 3WL 
2n6t> 

2f^nbt* 

3L 

! 
3WI^ 
4Bn6F 2Bf 

i 
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Where, 

W load In lb.; 
L roan (or length of cantileyer) in Incbos; 
B « Toong*! modolns of elastloitj in Ib. per sq. in. ( »i 39 x 10' for steel); 
n nnmber of leavea; 
h breadth of leavea in inches; 

, I =a thickness of leaves in inches; 
fi a fibre stress in lb. per sq. in. 

The above formulss assome that all the leaves are of the same thickness and no allowance is 
made for friction between the leaves. Modifications are introduced where one or more leaves are 
thickened, where the thickness is gradnated, or where initial stress in the leaves Is caosed by 
* nip ’ (see nnder * Nip 

For heat-treated and tempered spring plates the safe fibre stress may be taken as 30,000 lb. 
per sq. in. It has been found that most heat-treated and tempered spring plates have a 
decarburised surface layer which reduces the resistance to repeated stresses. If the leaves be 
machined after treatment or be heat-treated in such a way as to reduce the deoarburiMng effect 
to a minimum then the safe fibre stress may be taken as 70,000 to 80,000 lb. per sq. in. 

Nip.—Nip is a manufacturing practice according to which the individual leaves of a spring 
before assembly are given different curvature so that when the leaves are clamped together, 
generally by means of a bolt, they are all pulled to approximately the same curvature and initial 
stress is given to certain of the leaves. By carrying out such a procedure the stresses in the spring 
leaves of the unloaded spring may be considerable, and also may bo of opposite sign to that 
produced by loading. The advantage of nip if correctly adjusted is to give the master leaf of 
the spring a reduced mean stress when under load; by this means the master leaf is in a more 
favourable condition to resist the complex stresses imposed upon it. 

The stress in lb. per sq. in. in the master leaf (the longest leaO due to nip 

VK, u) i' 
where, 

«i radios of corvatore of leaf before assembly in inches; 
B «■ radios of curvature of leaf after assembly in inches; 
i M thickness of leaf in inches; 
B — Young's modulus of elasticity In lb. per sq. in. ( -• 29 x 10* for steel). 

B and Bj can be calculated by measuring the height * h * in inches on a span of ' L' inches 
as shown in the figure), 

Camber,—For smooth riding the camber should be such that the spring is fiat when under 
load. 

Leaf Endt.—^The tapering of the end of each leaf should bo carried back to the next shorter 
leaf and ihould be such that the deflection of the end or overlap is times that of the nntapered 
overlap. ThU can be done by making the end spear-shaped in plan or a semi-cubic parabola in 
elevation. The latter is achieved if the cube of the thickness is proportional to the distance from 
the tip. 

vn.—Befebbnobs. 
ITelical and spiral springs: 

Taub, ALBX. : * Practical Helical Spring Oalculation,* Amer. Maeh.^ Feb. 3, 1923, vol. 66, p. 179. 
Thomas, W. N. : * Helical Springs,' Irut, Mech. Eng, Jour.^ Nov. 1930, p. 869. 
WahIj, a. M. : ' Stresses in Heavy Olosely Coiled Helical Springs,' Am. 8, Meek, Eng, Tranty 1929, 

vol. 61 (1), pp. 186-300. 
Laminated springs: 

Bowell, H. S. : * Bxperiments on Laminated Springs,* Inst. Auto, Eng. (Xondan), 1926-26, 
vol. 20, p. 689. 

* Kinematics of Laminated Springs,* Engineering {Londan\ April 36, 1939, 
p. 606. 

Sanders, T. H. : * Laminated Springs,* MacMntry^ 1933, vol. 30. 

General: 
Report of the Springs Research Committee, 1931. Published by H.M. Stationery Office. 
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SECTION XXI 

PART I 

PACTOBY PLANNINO AND LAY-OUT—CHOIOB OP POWER 
TBABSMISSION TO MACHINES. 

The importance and advanta^ie of advanced planning for worlcs and factories is now more 
generallv recognised than formerly, and experience has shown that a factory which has been 
designed and planned on lines snitable for a given class of mannfacture or process, always proves 
more satisfactory and economical than a factory where advanced planning has been neglected. 

While no rigid rule or formula can be devised to govern planning and lay-out for all forms of 
manufacturing process, there are, neverthel^, certain aspects of the problem which are common 
to every case, and there are broad principles of planning that can be applied whenever new, or 
modernisation of existing, factories are contemplated. 

The one law that should always be remembered when designing a new factory is that it is 
always the ‘class' of mannfacture or process that governs the type, and * quantity * that governs 
the size of the factory required. 

SOMB Qbnebal Bulbs to bb Considered when Plankinq the Lat-out of Works 
AND FACrrOKIBS. 

The total area of factory Is governed by the maximum output required. 

Allocating Space for the Various Departments^ 

This is one of the moat important points to be decided when planning the general lay-out. 
The main aim should be to plan a well-balanced factory, wherein each separate department or 
each separate process of manufacture can always keep in step with all other departments and 
never be found lagging behind, nor yet getting to far ahead with its part of the work. 

As a guide to the allocation of space that should be allowed for the various departments in 
a modem engineering works, the author gives the following particulars of a works for which he 
was responsible lor the whole arrangement and lay-out. 

The works were designed for the production of medium heavy engineering products, all the 
departments, including the foundry, were under one roof, so that straight-line production was 
adopted without difficulty. 

The main building was 600 ft. long x 100 ft. wide giving a total area of 60,000 sq. ft. The 
area allocated to each department being oa follows :— 

Department. Space in Sq. Ft. Percentage of Total 
Area. 

Foundry. 
Bough Material Stores 

12,800 25-6 
3,400 6-8 

Machine Shop .... 12,600 25-2 
Inspection Department 1,100 2-2 
Tool Boom .... 1,600 

8,200 
3-2 

Finished Parts Stores . 6-4 
Tool Stores .... 600 1 
Assembling and Breoting Shop 8,400 16-8 
Testing Department . 2,400 4*8 
Warehouse, Packing and Despatch 1 4,000 8 

Total . . . . • 60,000 100-0 

Pattern Shop and Stores under separate roof . 6,600 9 

Hole,—All forgings and stampings were bought in and delivered by rail, the rough material 
•tores and the foundry being connected to the railway siding, so that handling of material was 
reduced to a minimum. Pattern shop and stores were under a separate roof adjoining the foundry. 
Works administration offices—planing, rate-fixing, etc.—were boused in an axmex. 
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These works have been in operation upwards of five years, and the spaoe allooated to the 
several departments has proved quite sati^aotory, and may be accepted as an example of the 
relative space required for medium heavy engineering work. 

There are three methods that may be used to determine the space required for each department 
in any factory. 

1. By exact time study of every process and of every operation involved in the process. 
3. Drawing on experience and judgment. 
8. Using a combination of time study and experience. 
In practice the third method proves the most reliable of all. 
But a point to remember is that a factory should never be planned on too rigid lines where it 

can only run smoothly in a given course. The lay-out engineer should always make his plans 
sufficiently elastic to cover contingencies and to allow for the fluctuations and variations in the 
flow of work, to which every factory is liable. 

The rate at which work must flow through each department is necessarily governed by the 
maximum output for which the factory has been designed. A time study of all the operations in 
the various processes will dictate the number of units and size of the phmt required, and experi¬ 
ence will be the guide to show what allowances must be made for contingencies throughout the 
whole ambit of manufacture. 

Science or Order in which Deparimenta are Arranged, 

Whenever possible departments should be arranged In the order that corresponds to the 
sequence of process through which the material passes in the course of manufacture. In an 
engineering works the pattern shop and pattern stores will be adjacent to the foundry, the rough 
stores will lie between the machine shop, foundry and forge, while the finished parts stores should 
follow the machine shop, and so on. The aim being to keep the flow of work in one direction, 
and always towards the despatch end of the factory. 

The position in which the tool and jig stores are located depends mainly on the system of 
distribution adopted, the most natural position is in close proxii^ty to the inspection room, so 
that the working gauges can be easily checked with the master gauges used by inspectors and 
gaugers. 

Lay-out of the Machine Shop, 

Before commencing the lay-out of the machine shop it is necessary to decide the system on 
which machine work is to be dealt with. Broadly speaking the choice lies between two well 
Aeflned systems. 

1. The group system, where a group of similar type machines are placed together, forming for 
instance a planing, milling or drilling group. 

2. Sequence of operation system, where the machines are placed to deal with the work in 
sequence of operation. 

In practice the group system is the more elastic, and lends itself to advantage in dealing with 
a l^e variety of work. It has the disadvantage of sometimes causing the work to pass through 
a circuitous course before the last operation is completed and the finished stores reached. 

The sequence of operation system is more rigid and can only be adopted where the machine 
parte are specific and vary but little in character over a long period. It also calls for a close time 
study of aU the operations in every part of the manufactured product. But where the conditions 
are favourable thl^ system has enormous advantages. It cuts transportation costs to a minimum. 
Every piece of work passes from one maL*hlne to another in proper sequence of operation until 
completed. Thus a prearranged routine for every piece of work is fimly established without 
the aid of what are called * router * or * chaser' men. 

Choice of Power Transmission to Machines. 

The method to be adopted for driving the machine plant should be decided before the lay-out 
of the machine shop is commenced, as the type of drive selected will affect the position in which 
the maohineB can be placed. 

Broadly speaking, the choice of power transmission Is confined to three systems. 
1. Line-shaft drive. 
8. Group drive. 
8. Individual motor drive. 
AU three systems are now extensively used. In certain oases a combination of these systems 

can be used to advantage. 
The direct-motor drive offers many advantages when applied to heavy machines, such as 

large planers, shapers, millers, grinding and drilling machines, whUe for multi-head matmines the 
direct-motor drive is practicaUy indispensable. 

When determining the type of drive to be adopted the following considerations should be taken 
into account. 

Line-Shaft Drwe.—Mam lineHtbaft driving Is the oldest system of alL and in the modern 
sense was the first form of power transmissioD to machines ever used. It remained standard 
praotioe for many years, but the extreme length to which many lines of shafts were carried, and 
the deplorable lack of alignment often found, resulted in heavy frictional losses. 
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Bat giTen proper alignment, both Initial and permanent, there are still some advantages in 
this type of drive. 

The first cost of line-shaft drive ts lower than any other form yet devised, and when ran in 
well supported, properly designed bearings of the ball, roller, or plain self-oiling types, the frictional 
losses are not neoessu’Uy high. 

In good modem praotioe the length of shaft lines are limited to 100 to 120 ft., with bearings 
spaced 10 to 12 ft. apart, and driving, say, 10 to 12 medium-sized machines. The power drive is 
by motor through roller chain and sprocket wheels, or through vee pulleys and belts. The motor 
should be supported overhead, and nave a minimum of 3 ft. centres between the motor and line 
shaft, the drive being placed near the middle of the shaft and as close as possible to one of the 
bearings. 

There are various factors governing the power of the motor required for driving all the machines 
from the shaft, and Investigation into the probable use of the machines is necessary. For instance, 
if the machines are to be used for the usual puniose of roughing and finishing work, the inaximnm 
load of each machine will be intermittent, and taking into account the stopping time for setting 
and gauging, it follows that the maximum demand from the driving motor never equals the total 
power of all the machines driven from the shaft. 

Experience shows that a simple formula may bo used for finding the power of the motor 
required for driving a line shaft, or a group of machines having a known maximum power demand, 

Where M » permanent safe load of motor; 
T = total maximum power required by all the machines in the group i 

a constant; 
T 

then M = 
c 

In the above formula the value of e varies according to the number of machines being driven. 
Thus, for 12 machines c « 4. 

8 „ c = 3 
6 „ c=2*5 
4 „ c=2. 

Taking a line shaft driving twelve machines whose aggregate rated power is 160 h.p. 

Then M ~ 40 h.p. power of motor required. 

Ifote.—The cost of one 40 h.p. motor with switch and starter plus the cost of shafting, bearings 
and pulleys, is considerably less than that of twelve small motors with switches and starters, 
plus the extra wiring involved; also maintenance and running charges will be less. A large motor 
running on full load is more efficient than small motors running on light loads. Bat it Is not 
economical to run a large motor and line shaft in an unbalanced factory, where only one or two 
machines are in constant use, or where only a few of the machines are required to run for long 
periods on overtime or night-shift work. 

Oroup Drive,—A. system that has come to be known as the group drive for machines, belongs 
to the same oatagory as the line-shaft drive, but generally there are fewer machines in the group 
than in the line drive. Its advantage lies in the fact that a convenient number of machines may 
be placed in any part of the fsKstory, and driven as a group from one motor. 

The group drive makes an alternative choice between the common line-shaft drive and the 
more expensive individual motor drive. A preponderance of machine tools are now made with 
the all-gear head and single pulley drive, and this renders group driving both convenient and 
economical. There is no neoeasitv for any overhead shafting, pulleys and belts which are some¬ 
times found to interfere with the lighting system, and form an obstruction to a clear view through¬ 
out the shop. 

Another advantage of the ^up drive is that a small nnmber of machines can be ran on 
overtime and night shift, should that become necessary, without undue loss, and even when only 
one or two maohmes in the group are required to run, the frictional and current losses are relatively 
small, as only a very short line shaft and medium powered motor have to be run for power 
transmission. 

The outline, fig. 1 (p. 908) gives a convenient and inexpensive lay-out for a group drive, 
the arrangement being suitable for 4, 6 or 8 machines. The figure shows four machines with the 
motor placed at the end of the shaft, when other machines are added to the group they should 
be placed at the motor end, and the riiaft extended accordingly. 

The advantages of this arrangement are, there is an entire absence of overhead transmission 
gear, and therefore no Interferenoe with light or obstruction to view. In this respect it has all 
the advantages of the individual motor ^ve, while the cost of installation and running are 
found to be appreciably lower. 

In factories where the general machines are driven in groaps or from overhead line ahafto, It 
is good practice to standardise the power of the driving motors, as this allows a minimum of 
spare parts to be stocked. 

Individual Motor Drive,—With this form of drive each machine becomes a separate and 
independent unit, it can be placed in any convenient part of the factory and be run at any time 
withont affecting any other part of the plant. Its advantages are most pronounced when applied 
to large machines and to machines of the multi-head type. 
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Ifaohine tools 0tted with this form of power transmiarion haye a relatlyely high flnt cost, and 
nniesB special preoantlons are taken the maintenance and depreciation charges also tend to 
become high. 

The power of the motor to be fitted for Indiyidnal drlye reqnires special consideration, and the 
nature of the work on which the machine is to be engaged shoald be taken into account. If the 
machine Is to be need for ronghlng out the work with heayj cuts and coarse feeds, care must be 

FlO. 1. 

taken to ascertain the maximum power the machine requires for these conditions, and to fit a 
motor of sufflolent power to meet this demand, otherwise orerloading and breakdown are likely 
to ooour. On the other hand, if the machine is only required for light duty it is a mistake to fit 
a high powered motor, beoaose on light loads the efficiency of the motor is low. This is particularly 
the case with small moton and machines. ^ 

There are three separate applications of Indiyldna Imotor drlye:— 
1. Belt drlye from motor to machine. 
9. Blreet ooupled motor to machine. 
S. BattMn motor with armature mounted on main spindle of machine. 
The seeond and third methods are the more compact, but for oonyenlenoe of cleaning, repair 

and replaosBient, the flnt method is of greatest adyantage. 
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SECTION XXI 

PART II 

BBIiTING—ROPE DRIVING—CliUTCHE8. 

(Revised and amplified by H. W. Swift., D.So., M.I«Mech.Eo 

Belts and Belt Drives. 

In a general way belting may be classified under three headings i— 
1. Leather; oak-tanned, mineral tanned, raw-hide, laminated. 
S. Solid woven ; cotton, hair, * tar ' dressed, oil dressed, rubber Impregnated. 
3. Oanras; friction snrface robber, balata. 

1. Lbateeb. 

Oak-tanned leather belting is pre-eminently a general ntillty belting; there are few applica¬ 
tions for which It Is definitely nnsnltable. When properly made from properly selected material 
it la dnrable, fiezlble, reasonably stretchless within its economic range, soltable for holding 
fasteners, for endless constroctlon and for fork action. Standards for the selection of raw mat?Tlal 
and methods of manufacture are laid down in B.S.S. 434—1931 together with test requirements 

Mineral-tanned (usually chrome) leather makes a durable, flexible and strong belt with power 
to withstand damp condluons when the spliced iolnts are m^e with waterproof cement. When 
suitab'y prepared chrome leather has better frictional properties than oak-tanned leather bat 
some types have a greater tendency to stretch. Oerttdn black-dressed types have the best 
frictional properties of any known belting, while the adhesion of the typical grey finished belt is 
relatively low. 

Raw-hide belting has a compact structure and good flexibility and is specially suitable for 
small pulley service It is durable, strong and relatively stretchless and for transmuslon calcnla- 
tion may be regarded as equivalent to an oak-tanned bdt of 20 per oent. greater thickness. 

Laminaled belting by virtue of its oonsfrootlon is strong but heavy. It can be made endless 
on site. Its special fleld of usefulness is for heavy, slow-epeed drives, partlculaiiy where metal 
fasteners cannot be used. 

3. SOUD WOVHN BEI/I8. 

Solid woven belting consists essentially of a number of fabric plies bound together in the 
process of weaving. The main warp according as It is cotton or hair, gives its name to the type 
of belting. The weft and binding yam are usually of cotton for reasons of strength. 

Solid woven belts can now be manufactured endless. The impregnation employed affects the 
life and flexibility of the belt and its susoeptibility to changing atmospheric oondiuons as well as 
its adhesion to the pulleys. Good bituminous dressings which do not contain oonstituents hannfol 
to cotton flbres protect them against atmospheric chanM and internal abrasion and provide 
excellent adhesive properties but are not q;>ecially oonduclve to flexibility. Oil dresstngs (of 
which * red ’ dressing Is typical) give less stretch and improved fastener holding properties but 
lower adhesion. They are more frequently used for hair belts than for cotton b^ts. 

Woven Cotton belts are strong and cheap. The bituminous dressed types are eminently 
salted for steady loads under reasonably constant atmospheric conditions. On the other head 
they have not tne flexibility and resilience of leather and hair belts. 

Woven Hair belts are more suited for changeable atmospheric conditions and are more resbtant 
to acid fumes. They have greater reslllenoe and are more satisfactory under shook or oj^o 
variations of load. On the other hand they are not suitable for use with olaw-type fasteners. 

Rvbber-impregnaied Woven belting is produced by impregnating the solid woven belting with 
robber by a special process either daring or after manufacture, in this way the fibres are to a 
large extent encased and cushioned with rubber. After vulcanisation a belt is produced with low 
stretch, good fastener-holding capacity, frictional properties and flexibility, in most oases It is 
insensitive to changes in atmospheric ooodlUons. This relatively new type of belting Is qMokUly 
suitable for small pulley service and short centre drives. 
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S OANYAS BBlilS. 

Oanraa belting consists of plies of oanras or duck either folded or sapetpoeed and bound 
togei^r by eit^r rubber or balata gum. Both types have good mechanical strength and good 
fastener-holding capacity Their intrinsic friction is moderate; it may bo Improved by suitable 
•drec^g but since the belt itself, being impervious to dressing, is incapable of acting as a reservoir 
frequent applications are necessary. 

Frictioned Surface transmission belting (rubber frictioned) is useful for general purposes. It 
resists wet and heat, and has fair elasticity. The folded edge of the normal constraction is not 
conducive to flexibility, but the straight-edged type though not so pleasing to the eye is more 
flexible and not so subject to opening at the plies. Rubber belting deteriorates rapidly in the 
presence of the lighter mineral oils. 

Balaia belting is proof against damp but not against high temperatures. It is not very 
resilient; otherwise its general properties are similar to those of folded rubber>frlctioned belting. 

The tensile strength of belting material varies over a wide range as shown in the table 

TypeofBelttog. 

Leather (oak-tanned) . . 3,000- 6,000 
Leather (mineral-tanned) . . 4,000- 7,000 
Solid woven cotton .... 8,000-13,000 
Solid woven hair .... 4,000- 6,600 
Rubber (frictioned) .... 6,000- 8,000 
Balata . .... 6,600- 9,000 

The British Standard Specification 424—1931 requires a minimum strength of 3,600 lbs. per 
sq. in. for splices of oak-tanned leather belting. 

HOBSB-POWBB RATINGS. 

The horse-power transmitted by a belt per Inch of width is given by the formula:— 

rr T.V. 

” 33,000 

where T is the effective tension (Tj — T,) in pounds per inch of width and V is the belt speed In 
feeder minute. 

The belt speed and horse-power capacity may conveniently be determined from a chart of 
the type shown in Chart A, fig. 3. 

On this chart any given pulley diameter D and speed N determine the relevant speed curve. 
Thib curve cuts the V scale at a point giving the belt speed in feet per minute. 

Oia. of Small Pulley Inches 

Belt Speed Ft/Min. 

Fias. 1 AND 2.—Correction Factors. 

To find the horse-power per inch of width : joii^ the origin 0 to the point at which the relevant 
speed curve outs either H.P. scale (chosen for convenience), produce to the tension abscissa 
corresponding to the working effective tension and read back the H.F. per inch on the selected 
HJ?. scale. 

On the chart an exai^le is taken in which a pulley of effective diameter 10 ins. runs at 1,000 
r.pjtt. The belt speed v is shown to be 2,660 ft. per minute and the corresponding capaoitv 
6-6 H.P.perinoh of width. r j 
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The eileotlTe tension Is beet determined from a basic value depending on the type of belt and 
ooETeoted for belt speed, pulley diameter and length of drive. Suitable basic values of the effective 
tension ate given m the table, together with the smallest diameter of pulley for which the belt 
is suitable. Oorreotion factors are shown graphically in fig. 1 aud 2. 

Type of Belt. Thickness or Ply. 
Basic Effective 

Tension. 
Lbs. per in. 

Minimum Pulley 
Diameier, ins. 

Leather oak>tanned . 4 mm. single 40 H 
(t , 6 Ttim, ftO S 

. 6 mm. „ 60 H 
7 mm. „ 70 4 

ft , 8 mm. double 80 8 

ft , 10 mm. ,, 90 10 

ft . 12 mm. ti 100 12 
14 mm. ,, 110 14 

Leather, chrome-tanned Add 20-40 per cent, to effective tensions above according to frictional 
properties, and add 40 per cent, to minimum pul ey diameters. 

Add 20 per cent, to effective tensions and subtract 20 per cent, from Leather, raw-hide • 
minimum pulley diameters. 

Solid woven cotton 
bituminous) . . A in. 60 n 

»• • • i tt 80 10 

•2 • • . A f 100 m 
1* • • . » ft 120 16 

(rubber impregnated) . A ft 60 4 

ti . i f. 80 6 

ft • It 100 9 

ft * 1 ,f 120 12 

(rubber impregnated and 
so made endless) A >t 1 

ft • i t« 60 2 

ft • A >t 70 3 

f» i t. 90 4 

Solid woven hair 
(bituminous) i tt 70 n 

ft • iV .1 90 . H 
ft I t. 100 11 

(rubber impregnated ) i ft 80 6 

A tt 100 8 

•» • I ft 110 10 

Balata or friction surface 
cobber (folded) 3-ply 40 

ft 4 60 9 

ft • ® ft 70 10 

ft • 6 „ 80 12* 

ft • 7 100 14 

ft • 8 „ no 16 

ft » ft 120 16 

ft • 10 „ 130 18 

Friotion-sorface rubber 
(straight-edged) 3 40 6 

ft • 4 „ 60 H 
,f • 3 f. 70 7* 

ft 3 ft 80 H 
ft 7 „ 100 10* 

The oorzeotion factors shown in the figures do not take abnormal conditions into acooaot, 
but are suoh as should give a reasonable belt life under normal conditions. It let good practice 
for example to allow 15*-26 per cent, additional width for vertical drives, the allowance inoreadhg 
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PULLEY CAHBEB 913 Sec. XXI (ii) 
with the length of drire, and 10 per cent, for horlsontal driTM with the alack aide below. Wet or 
oily oonditlona, inacceaaible poaitiona and Tariablo loada alao reqnire more generona beltiiur. In 
the oaae of twlat or oroaa driyea exceaeive width of belt ia nndeairabie and additional thlcknaaa 
may be reqniied. 

MBTHOD OF DgSIQN. 

When designing a belt drive, first decide what max imam H.P. will have to be transmitted by 
the belt. This maximum H.P. should include peak loads or high starting loads. It may be 
necessary to increase the nominal H.P. by 30 per cent, to 50 per cent, for disintegratorB or pumps 
where the load is Intermittent or suddenly applied. 

Examples.—What belt will be required to drive a 20-in. diameter driven pulley from a 6-in. 
diameter driving pulley at 10 ft. horizontal centres ? Belt speed 3,800 f.p.m. Max. H ■■ 34. 
Slack side of belt on top. 

A i-lnch endless woven, rubber impregnated cotton belt could be chosen as joint trouble at 
the rather high speed on a 6-in. pulley would be eliminated. From the tables:— 

Basic O.F. O.F. 
Speed. Centres. Pulley. 

Bfleotive tension T — 00 x 0‘98 x 0-95 x 0*74 
62 lb. per in. widUi. 

H.P. per in width 
62 X 3,800 

33,000 “ 
7*14. 

Width of belt 4*76 ins. Hence 6-in. belt required. 

SBLBOnON OF BEl/r AND FASTBNIBR. 

Bndless belts are preferred where practicable, particularly at high speeds. If it Is not possible 
to mount an endless belt the question of a suitable joint is of importance. 

For average drive conditions on pulleys 10 ins. diameter and upwards, solid woven belts give 
efficient service. They grip well an<'. for rather light applications they can be joined with wire 
hook lacing of the clipper type or alligator type fastening. Where pulleys are not less than 
IS ins. diameter, plate fasteners can be relied upon. 

For general machine shop work, etc., where pulleys less than 10 ins. diameter are often en¬ 
counter^, either leather, rubber impregnated solid woven, hriction-surface, rubber or balata may 
be used, fastened with claw type fasteners. Bobber impregnated belts are useful where small 
amounts of lubricating oil are present. Where water<«oluble cutting compound is present, high 
friction black chrome leather works well and if the pulleys are very small rawhide leather is be^ 

For damp, exposed drives, solid woven hair belts, Motion-suiiaoe rubber or balata may be 
used. Solid woven cotton is specially suitable for high temperatures but oak tanned leather or 
balata should not be used if the temperature ex eeds 100* F. 

For motor and dynamo drives where endless belts cannot be mounted, hair belts, rubber 
impregnated cotton belts or leather belts give good, lasting service. A good joint for such applica¬ 
tions is the Lagrelle tum-up joint. This is especially useful if the belt speed exceeds 2,600 Lpjn. 

PULLBT OAMBBB. 

The purpose of pulley camber is to cause the belt to track properly in spite of errors of align¬ 
ment (obliquity and twist) of the riiafts and want of truth In the belt itself. Since the efleetof 
camber is to cause differences of strain between the various fibres of the beit it is important that 
no greater camber should be used than is necessary for its purpose, and the better the mill- 
wrighting and the belting the lees camber is required. 

The effectiveness of pulley camber depends on the ratio of the height of camber to the diameter 
of the puiley: it is practically independent of the width of the belt. It increases somewhat 
with the len^h of drive and diameter of pulley but not to an extent calling for attention in design. 

The camber necessary to correct for a given misalignment also depends on the margin by which 
the width of the pulley face exceeds that of the belt. For errors of alignment and want of truth 
in beits prevailing in good practice sufficient camber is provided if the puiley width is 16 per cent. 

greater than the belt width and the ratio 
diameter difference 

diameter 
is made i per cent, on each pulley 

or 1 per oent. on one pulley the other being fiat. If these cambers are doubled they will cover 
any malalignment which should be tolerated in practice. Where one pulley Is much smaller than 
the other it is good practice to leave the small pulley flat and provide sufficient oamber on the 
larger pulley to seoure proper tracking. 



BELT PERFORMANCE 914 Sec. XXI (ii) 

The profile of a crowned pulley should be a smooth curve or two symmetrical smooth curves 
with a nat central portion not exceeding half the width of the belt. Flat tapers set op looal 
strains and impair t^e contact between belt and pulley. 

VEIiOCITT RATIOS# 

The effective radius of a pulley is the radius measured to the neutral layer of the belt running 
over the pulley. For drives between pulleys of very different diameters it is necessary to take 
account of the belt thickness if exact speed ratios are required. The neutral layer of solid woven, 
ply and double leather belting is at mid<section. For single leather belting it is about f of the 
thiokness from the grain (skin) side. Hence the effective pulley diameter depends on the belt 
used as follows 

Belt. 
Single leather (grain to pulley) 
Single leather (flesh to pulley) 
Double leather l 
Fabric I * 

Length op belts. 

The exact geometrical length of a belt in feet to run over pulleys of diameters D ,d feet at a 
centre distance I feet is:— 

(a) Open drive: 

^ + <*) + - <0 + 21 cos o- 

where sin a >=* 

(h) Grossed drive: 

=• 3 (D + d) + ^(D - d) + Slcos/S. 

u i , D + d 
where sin /3 « 

For most purposes these formuloe can be simplified to:— 

L = SIH-1-67(D + <0 + 

the upper or lower sign being taken according as the drive is open or crossed. 

For drives which are not self-tensioning it is necessary to cut the belt to a length somewhat 
shorter than the above geometrical length. A reasonable allowance for ordinary conditions Is 
1 per cent, or | in. per foot. With vertical drives and with inferior belting it may be necessary 
to increase this allowance by one-half; while for reasonably long horizontal drives and good belting 
it may be possible to reduce it by one-half. 

Belts exceeding 6 ins. in width should be mounted with the aid of belt clamps. Narrower 
belts may be mounted with the help of a special mounting pole; if mounted by hand the shaft 
must be turned slowly under complete control to avoid accident or damage to the belt. 

Effective Pulley Diameter. 

+ 
. D + l« 
. D4-1 

BELT PBRPORMANOB AND BPPIOIENOY. 

Under reasonable conditions a leather belt or a suitably impregnated solid woven belt Is 
T 

capable of a tension ratio ^ *=■ 6. The permissible tension ratio falls with the pulley diameter, 
■t* 

but even over small pulleys a suitable type of belt will give this tension ratio provided atmo¬ 
spheric conditions and maintenance are satisfactory. 

^ The conditions are exceptional when a properly chosen belt Is incapable of a tension ratio 

^ 3. With a tension ratio of 6, 80 per cent, of the tension in the belt Is effective ; with a 

tension ratio of 3 the percentage is 67. 

' The power losses in a belt drive arise partly from the speed loss due to belt creep or local 
slip and partly from the loss of torque due to bending, windage and bearing friction. This last 
item is attributable to the belt in the sense that it arlMs from the belt tension. The creep loss 
increases with the load transmitted while the torque losses are more or less constant. At light 
loads the efficiency is low because the torque losses are proportionately high and at heavy loads 
it falls again because of the increasing creep loss. At a certain load an optimum eccentricity is 
attained ; if the creep loss is proportional to load this occurs when the creep loss and torque 
loss are equal, more usually it occurs when the creep loss is about half the torque loss. 



TENSIONING DEVICES 915 Sec. XXI (ii) 
Ab a rule the creep loei is lese for fabric belts, while torqae losses are less for leather belts. 

Creep loss (based on pulley diameter plus effective belt thickness) should never exceed 1 per cent, 
in a properly belted drive. Bending losses depend on the pull^ diameters and belt thickness. 
Windage depends on the belt speed and length and the loss of effective tension involved may be 

LV* 
taken as ^qq lb. per in. width, where L is the total length of belt in ft. and V its speed in thousands 

of feet per mipute. Apart from windage the diminution of effective tension on an ordinary motor 
drive due to torque loss is approximately | lb. per inch width for rawhide belts, ^ lb. per inch 
width for single leather belts, {f lb. per in. for double leather, for friction-surface rubber and 
rubber impregnated belts and 1 lb. per in. for solid woven belts with bituminous or oil impregna¬ 
tion and laminated leather belts. 

The actual efficiency of a belt drive under well-designed conditions should be from 97 to 
9M per cent., higher values ruling for larger pulleys. A rawhide belt, for instance, may give an 
efficiency of 98| per cent, over a motor pulley as small as 6 ins. in diameter. 

SflORT-OENTRB DRIVES. 

Special care s required in the design of short-centre drives if satisfactory service is to be 
assured. These drives work under more onerous conditions than long horizontal drives because 
(a) the frequency of stress cycles in the belt is greater, (b) the belt usually has to run over a small 
pulley, and (e) the intrinsic self-tensioning property due to belt sag is ineffective. 

The disadvantages arising from frequent stress changes are more apparent than real. Under 
reasonable conditions a belt will transmit i horse-power year per cubic inch, which corresponds 
to about 6 horse-power years per square foot of single leather belting, and a short belt while 
lasting a shorter time is less expensive to buy. 

A small pulley in a short-centre drive involves a small angle of embrace and reduces the area 
of belt contact besides introducing severe bending strains in the belt. These effects can be 
minimised by adopting a wide flexible type of belt, preferably made endless, by ensuring that its 
frictional properties are kept high by intelligent dressing, and by making the small pulley without 
camber, perfectly true on its shaft and with a polished surface. The pulley diameter should be 
as large as possible provided the belt speed docs not exceed about 5,000 ft. per minute. Belts 
for small pulley service should not exceed 5 mm. in thickness and should not be loaded to give 
a greater effective tension than 20-25 lbs. per in. width for leather belts or 25-30 lbs. per in. width 
for fabric belte. Rawhide and rubber impregnated woven belts are specially suited for small 
pulley service. 

Suitable horse-power ratings for small-pulley short-centre drives are as follows;— 

Belt. Horse-power. 

Leather 
(2T0)’} p"*"®**- 

Fabric 
• ■<\ 

V-belt . 
• ■< U- (sm)’} P*"°P‘' 

where b => width of belt, ins., 

d = pulley diameter, ins., 

n a hundreds of r.p.m. 

In a long horizontal drive the total tension in the belt increases considerably with the load 
transmitted owing mainly to the catenary form of the free belt between the pulleys. This means 
that the full tension is only applied at full load and is automatically relieved at smaller loads and 
when the drive is standing. Hence take-up is less frequent and belt life is increased. 

Tensioninq dbvioes. 

The self-tensioning property is dependent on and increases with the value of ,, where w is 

the weight of belt per unit length, h the horizontal centre distance, e the initial elastic stretch of 
the belt and T,, the initial tension. This ' sag effect' can only be incorporated in short-centre 
drives by artificial means, and various devices have been applied with varying success. 

Self-acting Idler pulleys, either gravity or spring controlled, may be applied to the slack strand 
of the belt. Owing to the bending action involved they reduce the life of the belt, but a lighter 
type of idler of more generous diameter than is usual, set at a reasonable distance from the small 
pulley will give equal performance with less sacrifice of belt life, especially if the belt Is made 
endless. Self-acting coupled idlers are occasionally useful where the necessary weight of an 
ordinary idler would be excessive. 



916 VEE-BELT DRIVES Sec. XXI (n) 

An Idler made of resiUent material can be employed to press on to the belt In oontaot with the 
pnlley. In this case the belt mast be endless. Bending action Is eliminated by this device bat 
some * Ironing * is in^daced in its place. Pressare rollers of this kind can be made self-adjasting. 

The most satisfactory self-tensionlng method consists In making one of the palley axes so that 
itaotomatically adjusts itself about some pivotal axis in response to changes in the power trans- 
mitt^ by the drive. 

FlQ. 4.—Pivoted Motor Base. 

An electric motor can be mounted on a pivoted base in such a way that its own weight produces 
tension in the belt. This device (fig. 4) gives increasing tension with increasing load if the tight 
side of the belt is below ; it is specially suited for short horizontal drives arranged in this way. 
Oare shoald be taken not to over-tension the belt and the necessary overhang should be calculated 
from the weight of motor and base and the power and tension ratio required from the bolt. 

If the motor frame Itself is mounted on pivots relatively close to the axis of the pulley a self- 
tensioning property can be obtained independent of the weight of the motor such as to maintain 
an almost constant tension ratio at all loads. For very short drives this device is valuable but 
its capacity for automatic take-up is limited. 

Fig. 6.—Back and Pinion Mounting for Motor. 

With the rack and pinion mounting (fig. 6^ the motor or machine frame is pivoted about an 
lETfai which automatically adjusts itself as stretch takes place and the belt tension is automatically 

oentroUed to glre s constant tension ratio of »> at all loads, where D is the pulley 

diameter and d the pitch diameter of the pinions. If, for example, pinions are made half the 
pulley diameter the tension ratio will always be S: 1. If this device is used for oblique or vertical 
drives means must, of course, be employed to keep the gears in mesh. 

VEB-BEld! DBITES. 

The vee-belt made of fabric and rubber with various arrangements in croes-sectlon. moulded 
and vulcmiised into an endless rope of trapezoidal section, has several important advantages for 
use in short drives. Owing to the absence of iointe as well as the intrinsic strength of the material. 
it is poesible to employ a factor of safety sufficiently large to enable the belt to be run over small 
pulleys with a reasonable length of life, and at the same time to effect a saving in pulley width 
over ordinary belting varying from 10 per cent, with 6-inch diameter pulleys to SO per cent, with 
Id-Inch pulleys. The use of multiple ropes makes sudden breakdown of the drive a remote 
oontingency, although the breakage of a single rope necessitates the replacement of the whole 
set for satisfactory operation. The fact that the ropes are made endless helps to eliminate noise 
and intermlttentslip on th^ulleys, but Involves limitations in the dedgn of machinery to enable 
tile ropes to be mounted. The vee-belt drive is capable of accommodating greater errors of align¬ 
ment than the flat belt drive, and such errors may therefore pass undetected, though they cause 
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VEK ROPES 917 Sec. XXI (n) 

IneqaalltT In the distribution of tension and load between the Tarioiis ropes, and give rise to wear 
against the sides of the grooves. Inequality in distribution of load may also arh« from want of 
accuracy in machining the grooves in the pulleys or from the use together of new and worn ropes. 
Moreover, the precise velocity ratio of a vee-belt drive Is uncertain to some extent; it varies some¬ 
what with the tension and age of ropes, and on the relatively small pulleys common with motor 
drives the effective diameter may be aa much as 1 per cent, less than the nominal pitch diameter. 
Hie smaller the motor pulley dii^eter the greater does this discrepruicy become, unless the angle 
of the grooves is diminished to suit the modified croes-section of the bent rope. 

The great advantage of the vee-belt lies in the large effective coefficient of friction produced 
by the use of 40” grooves. This enables tension ratios as high as 20/1 to be employea without 

T ~T 
bodily slip and gives values of the coefficient of performance ^ ' as high as 0*95. This not 

■*-1 

only increases the power which can be transmitted for a given maximum tension, in proportion 
to the coefficient of performance, but makes the capacity of the drive less sensitive to the effects 
of the small angle of embrace which is common with motor drives. The high coefficient of 
performance also enables the drive to take advantage of any intrinsic sag effect in the drive to 
an extent out of all proportion to the improved coefficient of performance and an extent which 
becomes still greater at high speeds. On the other hand, since the drive does not provide per ae 
any automatic tension controL periodic take-up is necessary, and this is liable to introduce an 
excessive tension unless carried out with discretion. 

The expense of the vee-belt drive can be reduced in some cases by the use of the vee-flat drive 
in which the ropes run from vee-grooves in the small pulley on to the flat surface of the larger 
pulley. This arrangement is satisfactory so long as the diameter of the large pulley is lai^ 
enough to provide agood tension ratio, a condition which will generally be fulfilled if this diameter 
exceeds forty times the width by which the rope is rated. 

Vee ropes are made in five different sizes. The sketch below shows the profile of the pulley 
groove and the dimension * A' designates the size of the rope. 

A 

ol W 

Bop^Slze. iln. U in- ,in. ins. u ins. 

P.O.D. of smallest 
advisable ins. ins. ins. ins. ins. 

pulley . 8 5 9 IS 21 

.i rs I f 1 
0 ! ! Iff u 1 D j i 1 Iff 
P ! « 1 1 15 

Vee-rope drives should be capable of having endless ropes mounted, and there should be accom¬ 
modation for about 2 per cent, of stretch on normally loaded drives. The ropes are particularly 
useful for driving at short centres, and the following list of standard ropes indicates the range 
of drive lengths on which vee-iopes can be installed. 



918 VEE ROPES Sec. XXI (ii) 

Standard Lengths on Bndlbbs Vbb ropbs. 

Nominal 
Length. Inches. 

4 in. Ropes. 

Pitch ( 

}| In. Ropes. 

)lrole Length. 

} In. Ropes. 

Inches. 

li In. Ropes. 1^ In. Ropes. 

26 27 
85 36 86*5 — — — 
88 89 30-5 — 
48 43 43*5 — — — 
43 44 — — — — 
46 47 47*6 — — — 
47 48 — — — 
49« — 61*0 — — — 
51 53 52*6 — — — 

55 66 — — — — 

60 61 61*6 63 — — 

63^ — 64 0 — — 

68 69 69*5 70 — — 

70 71 _ — — — 

75 76 76*5 77 — — 
80 81 81*5 — — — 
81 — — 83 — — 
82 83*5 — — 
85 86 86*5 86*6 — — 
90 91 91*5 93 _ — 
96 98 — — 
97i — 99 _ — — 

105 106 106*8 107 _ 
108 — 109*5 — — — 
1094 — — — 113 — 
list — 114 — 1 — 
120 131 131*5 133 123*5 i — 
128 —i 129*5 130 130*5 — 
184 — 136 — 1 — 
144 _ 146*5 146 j 146*6 — 
168 1 — 159*5 _ 1 1 _ ' — 
162 1 — _ 164 ! 1 165*5 _ 

173 — 174*5 176 i — — 

180 ' — 181*5 183 j 1 183*5 — 

195 — 196*6 197 i 197*5 198*5 
210 — 311*5 213 313 ! 313*6 
840 ! — 240 240 840 j 240 
370 1 — 270 270 j 270 1 270 
300 i — 300 300 I 1 800 1 800 
814 — 814 816 314 
330 ' — — 830 330 330 
860 — _ 360 860 860 
430 > — — 420 420 420 

i 480 i — — _ 480 480 
1 540 — — _ ! A40 540 

600 1 — — — ! ! 600 600 
660 i — — _ 660 
730 i — — 

i 
720 

Power BAxmas. 

In designing a vee-rope drive, first decide what maximum horse-power will be Imposed on 
the ropes. Thtf mazimam should allow for any peak loads or high starting torque. It may be 
necessary to Increase the nominal horse-power bv 30 to 60 per cent, or more for drives to machines 
such as compressors, disintegrators, or pumps where the load is intermittent or suddenly applied. 

The choice of rope size will then be made according to the horse-power, the diameter of the 
small pulley and the desirable maximum width of pulleys. It is usually best to choose the smallest 
size rope for the hone-power and width available. It Is good practice to aim at a rope speed of 
about 8,000 ft. per min. 
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SPEED RATIOS 919 Sec. XXI (II) 

Hftying determined the maximam hone-power, eiie of rope, the pulley dlameten and the 
•peed, the horie-power aTallable per rope li tnen obtained from the tablei of hone-power rating 
and correction facton, which are self-explanatory. 

In order to find the number of ropes required, dlylde the maximum hone-power by the hone- 
power per rope. Remainder fractions greater than 0 • 3 count as one rope. 

• BASIC HORSB-POWBR RATINC Of BNDLBSS VBB ROPBS IN VEB-GROOVBD PULLBTS. 

The figures give the maximum rating on the minimum recommended pulley dlameten when 
the speed ratio of the driye is 1. 

Rope Speed. 
Ft. per Min. 

! 

i in. Rope. 

Basic Horse-Power. 

in. Rope. { in. Rope. li in. Rope. li in. Rope 

400 0-36 0*67 111 3-30 3-97 
600 0-66 0-86 1-73 3-39 4-46 
800 0*78 1-10 3-26 4-38 0-89 

1,000 0*0 1-88 3-83 6-46 7-38 
1,300 1-08 1*67 3-34 6-66 8-88 
1,400 1-33 1-81 3-87 7-66 10-98 
1,600 1-80 3-07 4-39 8-63 11-66 
1,800 106 3-39 4-88 9-43 19-83 
3,000 1-63 3-61 6-83 10-30 14-00 
31300 1*85 3-74 6-76 11-30 16-16 
3,400 1-98 3-91 619 13-10 16-30 
3,600 311 311 6-68 13-96 17-18 
3,800 3-34 3-38 7-00 18-76 18-16 
3,000 3-86 3-46 7-34 14-66 19-10 
3,300 3-46 3-63 7-69 16-30 30-00 
3,400 9'68 8-76 8'00 16-96 30-86 
3,600 3*68 3-89 8*86 16-64 31-66 
3,800 3-78 4-00 8-51 1706 89-30 
4,000 3-86 411 8-73 17-48 38-80 
4,300 300 4-30 8-90 17-73 38-97 
4,400 3-93 4-36 9 06 17-91 38-67 
4,600 3-96 430 919 18-06 : 33-80 
4,800 3-97 4-33 9-38 18-13 93-96 
6,000 3-97 4-83 

1 
9*84 18-16 34-00 

Note.—For larger pulley dlameten, for higher speed ratios, and for yee-flat drlyes, the basic 
horse-power rating should be multiplied by the facton given in the following tables:— 

CX>BRBOnON FACTORS FOR SPEED RATIOS. 

Speed Ratio 
of Drive. 

Goneotion Facton. 

VV Drive. V Flat Drive. 

1.0 1-0 
1-4 0-97 — 

1-8 0-96 — 

3-3 0-98 — 

3-6 0-99 — 

8-0 0-9 0-83 
3-4 0-89 0-81 
8-8 0-88 0-8 
4-3 0-87 0-79 
4-8 0-86 0-78 
6-9 0-86 0-77 
6-6 0-84 0-76 
6-0 0-88 0-76 
7-0 0-8 ; 0-79 

1 



BOFE DBIVIS3 Sec. XXI (ll) 

OOBREOnON FlCTOSfl FOB BHIOBIXB OF SMILL PULLBT. 

P.O.D. of 
Smallest 

Correction Factors. 

Pulleya 
Inches. i In. Bope. In. Bope. } In. Bope. li In. Bope. 1| In. Bope. 

S 1-00 _ 
4 1*09 — — — 

6 1*15 1-00 — _ _ 
6 1-SO 1-06 — — — 

7 1-S4 1-10 — — — 

8 1-S6 1-16 — — — 

9 1*38 1*18 1-00 — — 

10 1*80 1-30 104 _ _ 
18 1-80 1-36 1-18 1-00 — 

16 1-80 1*80 1-30 1-09 — 

SI 1-80 1-80 1-37 118 1-00 
S4 1-80 1*30 1*30 1-33 1-09 
S8 1*30 1*80 1*80 1-36 1*16 
83 1-80 1*80 1*30 1-80 1-SS 
88 1>30 1-80 1-30 1-80 1-36 
44 1*80 1*30 1-30 1*80 1*80 

SPRiKa BjguiB. 

Close wound helical springs are sometimes used to transmit small powers at high rotational 
speeds. The two ends of a spring belt may be connected either by a tapered end type coupling 
in which one end is tapered and screwed into the other, or by a loose type coupling consisting of 
a short coupling piece of spring of suitable diameter to screw into both ends of the main belt. 

The pulley on which the spring belts run are made with a total groove angle of 15* and the 
maximum belt speed is 4,S00 ft. per minute. The minimum pulley diameters suitable for various 
standard sizes of belt are shown together with power rating and permissible extensions in the 
table:— 

Size of Belt. 1 Maximum Bztenslon.' Minimum Pulley 
Diameter. 

Ins. 

Horse-Power at 
Ins. Ins. per Ft. 4,800 Ft. per Min. 

1*6 i H H 

i 
' 0-395 

1 31 0-401 
i 1 3f 0-535 
A 1 4{ 0-668 
A 1 4{ 0-835 
U 1 5t 0-995 
I 1 3| 1-100 

1 1-450 
1 7t 1-900 

Bopb Driybb. 

Three* and fonr<strand cotton ropes are much used for the transmission of power in main 
drives and group drives in this count^. The three-strand rope has somewhat greater flexibility 
and strength, while thefour«trand rope Is less extensible and generally provides a greater surface 
of oontaot with the pulley grooves. 

As an indication of the strength of cotton ropes the following figures for cotton rope slings 
supplied by Thomas Sari, Ltd., of Blackburn, may be useful. A factor of safety of 10 is common 
for Aiogs. In rope driving there is generally a very large margin of strength. 
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Diameter of Approximate Diameter of Approximate 
Rope. Breaking Stress. Rope. Breaking Stress. 

Ins. Lbs. Ins. Lbs. 
f 4,160 It 17,600 

6,260 It 21,000 
1 6,660 U 24,000 
1* 8,630 2 27,000 
u 10,380 21 33,000 n 12,250 

14,870 
21 39,000 

Rope Pulleys. 

J^pe palleys are osually made of oast Iron of good quality, proTldlng a hard bright 
sunaM in we grooves after machining. The grooves are generally cored in the casting, bat may 

from the solid for small diameters. Oarefal design and foundrywork are needed to 
obviate ponmty in the rim at the roots of arms, cracked bosses and transverse cracks at the 
smallest sections of the arms. The grooves are almost invariably straight-sided and may or may 
not have flanges between the grooves. The total groove angle is nsually 46* or 40*. but for 
ropes on short ^tre drives 80® total groove angle is occasionally used. Methods of setting oat 
poovM ara indicated In flg. 7 for flangeless grooves of 40® angle and in flg. 8 and the accompany¬ 
ing table for flanged grooves of 46® angle. It will bo clear that both types of groove give ample 
allowance for rope wear and permit of a reasonable range of rope diameters without any fear of 
the rope bearing on the bottom of the groove. 

PlO. 7.—Flangeless Groove of 40* Angie. 

The usual limit of peripheral speed for cast-iron pulleys is 6,000 ft. per minute for solid 
SSSlII* PiSf palleys. For higher speeds up to 8,000 ft. per minute 

Table of Measurements in Inches. 

Diameter of Rope j 
Pitch of Grooves. •69 

•t 
•84 1-02 1-18 

1 
1-35 

U 
1-51 

u 
1-676 

It 
1-82 2-16 

; 1} 
i 2-35 

H 
2-61 

! 2 
' 2-72 Depth of Groove . 

Thickness of Mid¬ 
•76 •93 1-125 1-31 ' 1-6 1-68 1.876 2-06 2-26 2-43 ‘ 2-626 2-81 3 

feather •126i •158 •187 •21 i •281j •31 •343 •376 •40 •43 , •46 -6 
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FlO. 8.—Flanged Groove of 46* Angle. 

Rope Sizes: ! 1 In 
i 

. ' lln. 

Minimum advisable Pulley Diameters in Inches. 

lln. Uln. Uln. 1| In. l|In. Ifln.i IJ In. l}In. 3 Ins. 

Rope Speeds: ' Ins. Ins. Ins. Ins, Ins. Ins, Ins. Ins. Ins. Ins. 
1,000 i 10 : 12J 16 18* 20 24 38 31 36 40 46 
1,600 i lli i 14 16* 30 32 26 29 33 38 43 47 
3,000 13^ i 16 18 21* 24 28 31 35* 41 44J 60 
3,600 13i \ 16| 19* 33 26 30 34 38* 44 48 63) 
3,000 16 : 18 31 26 28* 32* 37 41* 47 61* i 67 
3,600 
4,000 

16i \; in 33 37 31 36 40 44 60 66 61 
18i ̂ ! 81 26 39 33* 38 43 47* 63* 69 66 

4,600 ! 23 37 31 36 41 461 61 67 63 1 69 
6,000 — 1 26 29 33* 38* 44 49* 64* 60* i 67 ! 74 
6,600 ! — 37i 31 35* 41 47 63 68 66 I 71*; 79 
6,000 — 1 30 33 38 44 60 66* ' 62* 69* 1 76 84 
6,600 — 1 — 36 40* 47 64 69 67 ; 74 ; 83 90 
7,000 — 

i 
37 43 60 68 , 

1 
63 1 

i i ”*l 79 
1 

> 88 
i 

96 

SY8TBMS OF DBIYINQ. 

The multiple rope drive oonsists of a number of independent endless ropes running side by 
side. It has a wide margin of reliability and the incipient failure of a single rope does no*< 
endanger the whole drive. The multiple rope system is In general use in this country. 

The oontinuous rope drive consists of a single continuous rope passing from groove to groove 
of the drive and tensioned by means of a tension pulley. Applications for which it is specially 
suited are 

1. Short centre distances with large loads. 

3. Vertical drives, in which tension control is important. 

3. Special forms of angular drive. 

A crossed right>angle drive on the oontinuous system is shown diagrammatically in fig. 9. 
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Blther ayitem of rope drive provides greeter flexibility than belt drives tor skew and angle 
drives and with the aid of guide pulleys almost any relative position of driving and driven shafts 
can be aooommodated. 

Dbsion or RopB Dams. 
T X V 

At in the ease of belt drives the horse-power transmitted by a rope drive is H.P- -■ 

where T is the total effective tension of all the ropes. The belt speed V is determined by the 
angular speed K r.p.m. and the pulley diameter D measured to the centre of the ropes. Where 
powble it is good practice to arrange the pulley diameters to give a rope speed of 4,60(Mi,000 ft. 
per minute. At high rotational speeds this requires a relatively small pulley diameter and 
consequently a relatively large number of small ropes. The permissible ratio of pulley to rope 
diameter then becomes important. 

This ratio depends on the life required from the ropes, on the perfection of pulley and groove 
design and on the power rating demanded from each rope. The accompanying chart (fig. 10) 
shows the minimum pulley diameters advisable for use with good cotton ropes of various sises 
at speeds of revolution up to 1,600 r.p.m. It is based on the sssamption of a rope-life of 6-8 years 
and on the use of power capacities chosen according to the conditions of operation. 

For main drives over pulleys of ample diameter the following table of horse powers will 
be found useful. 

TABLB Of POWlBfl FOR OOTTON BOPBS. 

Velocity 
in Ft. 

Diameter of Ropes. 

per 
Min. V r 1' ir IK If' IK IK IK IK r 

8,000 3-6 6-0 6*6 8*3 10*1 13*8 14*9 17*8 30 23*9 36*1 
3,300 3-9 6-6 7*1 9*0 11*1 18*4 16*3 18*9 33 26*8 28*7 
3,400 4-3 6*0 7*8 9*9 18*1 14*7 17*8 30*7 34 i 37*6 81*8 
3,600 4'6 6*6 8*4 10*7 13*1 16*9 19*8 23*4 36 39*9 83*9 
3,800 60 7 0 9*1 11*6 14*1 17*1 20*8 84*1 88 83*3 86*6 
3,000 6*4 7*6 9*7 13*3 16*1 18*3 22*3 36*8 80 34*6 39*1 
3.300 6-7 8*0 10*4 13*3 16*8 19*6 23*8 27*6 88 86*8 41*8 
3,400 6*1 8*6 11*0 14*0 17*3 30*8 36*3 39*8 34 89*1 44*4 
3,600 6*4 9*0 11*7 14*8 18*3 33*0 36*7 81*0 86 41*4 47*0 
3,800 6*8 9*6 13*3 16*6 19*3 83*3 38*3 83*7 88 48*7 49*6 
4,000 7*8 100 13*0 16*4 90*8 84*6 89*7 84*6 40 46*0 63*3 
4,300 7*6 10*6 13*6 17*3 31*3 36*7 81*3 86*3 43 48*3 64*8 
4,400 7*9 11*0 14*3 18*1 33*3 26*9 83*7 37*9 44 60*6 67*4 
4,600 * 8*8 11*6 1 14*9 18*9 33*3 38*1 84*3 89*6 46 i 63*9 ' 60*0 
4,800 86 13*0 16*6 19*8 34*3 39*4 86*7 41*4 48 66*3 63*7 
6,000 90 13*6 16*3 30*6 > 36*3 80*6 37*1 43*1 60 ! 67*6 66*8 
6,300 9*3 13*0 16*9 81*4 36*3 81*8 88*6 44*8 63 i 69*8 67*9 
6,400 9*7 13*6 17*6 33*3 37*3 88*0 40*1 46*6 64 63*1 70*6 
6,600 100 14*0 18*3 33*1 38*8 84*3 41*6 48*8 66 64*4 78*1 
6,800 10*4 14*6 18*8 83*9 39*8 86*6 48*1 60*0 68 60*7 76*7 
6,000 10-8 16*0 19*6 34*7 30*3 ; 36*7 44*6 61*6 60 69*0 78*3 
6,300 11*1 16*6 i 80*1 36*6 31*8 87*9 46*1 63*4 63 1 71*8 , 80*9 
6,400 11*6 16*0 1 30*8 36*4 83*4 ! 89*3 47*6 : 66*3 64 78*6 83*6 
6,600 11*8 ! 16*6 31*4 37*3 83*4 i 40*4 49*0 i 66*9 66 76*9 : 86*3 
6,800 13*3 17*0 ! 33*1 38*0 84*8 41*6 60*6 68*6 68 78*3 ! 88*8 
7,000 13*6 17*6 

! 
33*7 1 38*8 86*4 : 43*8 63*0 1 60*8 70 80*6 91*4 

The choice of a suitable diameter of rope in relation to the pulley diameter is affected by 
consideration of the two principal causes of rope deterioration: bending and surface abrasion. 
Larger ropes increase the tendency to failure by bending while surface abrasion is more important 
with small ropes. Provided the pulley grooves are highly polished emrience shows that the 
sososptibility to surface wear is leas important than that to bending effects, so that it may be 
regarded as good praottoe to employ as small ropes as the width of pulley avauable will Justby. 
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Some ropes revolye in the nooyes. Others do not, and wear to some extent to the ihape of 
the groove. There is no obvions reason for the different behaviour and in actual praotloe it 
seems to make no difflerence to their life. 

For small-pulley and shortHsentre drives allowance should be made for 

, (1) the acute angled grooves commonly employed on these drives. 
(3) the diminished arc of contact on the smaller pulley. 

These allowances are made by means of correction factors fi and /• respectively, where fi is 
given by the following table:— 

Groove Angle. Factor/j 

46« 0-94 
40* 1-0 
36* 106 
30* 1-30 

while ft Is derived from the formula 

A - 1 
6 D - d 
11 I 

where D, d are the pulley diameters and I the centre distance, all in the same units. 

Fra. ll.^HOBSS-POWBl UURYBS FOR SMAI.LBR OOTTON BOPBS 40* QROOTES. 

For oonvenienoe of reference the accompanying chart fig. 11 shows the power oapaoities for 
small rope drives already corrected for rope speed. The correction faotois A and A should be 
applied to these oapaoities as necessary. 
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FLUorraATiNO loads. 

The resilience ot cotton rope drives malces them specially saitable for cushioning heavy oyolic 
peak loads whether the daotnatlons are due to the driving or the driven element. This rMilfenoe 

FlQ. 18. 

increases with the length of drive which from the operational standpoint is only limited by the 
dangers of rope swinging and robbing. Hope swingi^ is effectively remedied by means of a rope 
goard tooh as that shown in figs. 13 and 18. In some cases where this swingug Is doe to syn- 



927 Sec. XXI (n) spucino cotton driving ropes 

obronism It Is oompetely cured by altering either the speed or centre distance of the drire 
When a rope drive is employed to transmit the power from engines, particularly internal com- 
bastion engines, swinging is often an Indication of insufficient flywheel effect, the remedy for which 
is obvious. 

In designing a rope drive for an engine with cyclic irregularities of torque it is sound practice 
to*baBe calculaUons on the maximum rather than the mean cyclic torque or to allow extra ropes 
above those required under steady conditions. This allowance may amount to 60 per cent, in 
exceptional cases of single-eylinder engines. 

Instruotions for Splicing Four-Strand Cotton Driving Bopes. 

Storing^ StretchinQ^ etc. 

If it is necessary to store the ropee before fixing, they shonld be kept in a dry room, not on an 
earthen floor. When rea^ for fixing uncoil the ropee left-handed—the opposite to the way the 
hands of a clock move. Then stretch out with a pair of band blocks, but do not allow the rope 
to revolve during this operation, or the ‘ turn * or * twist' will be taken out of it. RverythJng 
depends upon the strength of shafting, etc., as to bow tight the rope should be stretched, but 
under ordinary circumstances it Is usual to have about four men pulling on a pair of hand blocks. 
Pass a string around the drive to get the exact running length of rope, and by tying two bands 
around the rope, mark off the exact running length whilst it is on the stretch, allowing ten feet 
(five feet each end) for the splice. For ropes 3 ins. diameter allow 12 feet of splice. 

Splicing, 

Unlay the five feet each end that has been allowed for splice, that is, as far back as the bands 
which mark the running length of rope; it is advisable to tie a string around the end of each of 
the loose strands to prevent the twist from coming out. The strands are now interlaced together, 
one from the right-hand side being next to one from the left-hand side, and so on, as shown in 

Fia. 14. 

fig. 14. These strands should be palled tight so that the bands butt together, and'the loose 
strands on one side tied temporarily around the rope to keep the two ends of the rope In the 
position they now are. 

Out one of the bonds, say the one on the right, and unlay strand No. 1 A, at the same time laying 
in its place its fellow strand No. 1 from the opposite aide ot the rope. Do this for about four 
feet, and tie the two strands temporarily until all are ready for tucking in. The next strand to 
this, as will be seen in fig. 14, is numbered 2, but do not touch this now ; take the next strand 
but one, numbered Sa, and unlay it, laying in its place strand No. 3, but only about 1 ft. 6 Ins.; 
tie these temporarily. It is very important in splicing four-strand ropes that two strands next 
to each other diould not be laid up in the same direction. 

Fia. 15. 

Next out the other band, and proceed in the same manner with strands No. 2 and No. 4, bat 
of course in the opposite direction. Care should be taken to keep the * turn * or * twist * in the 
strands, and they should be laid well and evenly down in theii places. The splice should now be 
as fig. 15. 

Begin now at joint No. 1 and lA; nntle the temporary fastening and shorten the strands to 
equal lengths of about 1 ft. 6 ins. An examination of the strands will show that the outsldt 
layer is composed of ten threads; for reference ws will call these the friction bands; the Internal 
portion of the strand ws will call the tension strand. Take No. lA and remove from it the tan 
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Motion bond* and diyido them into two lota of five, bat do not cut them oft. Now take strand 
No. 1 and imlay It two turns or laps, and whilst It is there remove from it the ten Motion bands, 
divide them into two lots of five, but do not cut off. Now lay in again the tension strand only 
of No. 1 turn, and reduce it by leaving out about one-quarter, lay up the remaining three-quarters 
one tun, thus bringing it up to tension strand of No. 1a; tie the two with an overhand knot. 

At this knot the rope should be about its original diameter, and the ioint should appear as shown 
in fig. 16. Take tension strand lA and with the splicing pin work it under and over tension 
strand No. 1, as shown at fig. 17, passing it under and over spirally about five times; it will then 
have reached McUon bands No. 1. Now reduce it by cutting out a portion, and pass the remainder 

PM. 17. 

between the two lots of five Motion bands, and look by passing once or twice through the centre 
of the rope. This is clearly shown at fig. 18. Five friction bands are also locked through the 
rope as shown. This complete, turn to three-quarteis of tension strand No. 1; this is locked 
exactly as tension strand No. lA, five of the Motion bands are also locked as previously shown, 
and the splice should now be as fig. 18. 

PlO. 18. 

AU loose ends are out off and this portion la complete. Treat the two other joints in the same 
way and the splice is complete. 

Mwmting Rvp* on the Pulley*. 

Pat the rope on the small pulley, and as far around the large pulley as It will go; lash it there, 
bat leave the lashing so that the rope has freedom to slip through it. Then bar pulley slowly 
round by hand, or barring engine if there is one, and the rope will fall into its place. The groove 
of the small pulley and the face of the large pulley where the rope will touch in barring on should 
be well gream vdth tallow to prevent wedging. A piece of canvas may also be put on the rim 
of the large pulley to prevent it catting the rope. 

Fast and Loosb Pullbt. 

Fig. 16 shows this combination in its most approved form. The working groove is set out at 
an angle of 80* on the lines previously described. A shallow intermediate groove provides for a 
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gradual start and knock off, oon'eaponding to the flip of a belt. The loose groove on the right ia 
simply hollowed out to fit the rope, and is flanged on one side only. The rope ahifter neually 

takes the carve of the pulleys, and la attached to a radius shaft and actuated by a small levei. 
A slight force on the slack side sufflces to pass the rope in or out of gear, and there is very little 
friotion. 

Friction Clutches. 

The choice of type depends on the purpose for which the clutch is to be employed, the space 
available, the frequency of operation and the dynamic requirements of the gea^g. 

It is generally desirable to provide suSicient adhesion for rapid acceleration without wearing 
the mating surfaces and without shock. The dimensions must be sufficient to keep temperature 
rise under operating conditions within reasonable bounds, but otherwise they should be as small 
as possible to reduce inertia and space occupied. Simplicity, compactness of design and aooessi' 
bUity are all desirable features, and a self-eustaiuing or locking device to maintain engagement 
during operation is usually necessary. 

The chief types of friction clutch are;— 
1. Axial clutches, in which the movement of engagement of the mating surfaces is axial: 

disc, plate, cone clutches. 
2. Rim clutches, in which engagement is by radial movement of one of the mating sur¬ 

faces : band, block, rim, centrifugal and coil clutches. 
A typical cone-clutch is illustrated in fig. 20 and a simple multi-disc clutch in flg. 21. 
The essential elements are the friction surfaces A. Half of these are keyed or bolted to the 

driving shaft or pulley B, while the other half are mounted on the driven shaft (or pulley) 0, by 
means of a feather key D, which permits axial travel of the moving part of the clutch along the 
shaft. The two sets of surfaces are brought into or out of engagement by a system of levers B, 
operated by a sliding shifter collar. 

The clutch ia usually provided with some form of spring which may either tend to keep the 
mating surfaces apart, so as to produce a quick reiea^, or may press the surfaces together as in 
the case of a motor-car clutch. In the former case the operator causes engagement, in the latter 
case disengagement of the clutch. The example in flg. 20 has springs of the former type. In 
order to ensure that the surfaces do not disengage of their own accord, the bell crank levers 
B. in flg. 20 are opened by the movement of a relatively steep coned surface which abuts on to a 
slight contrary cone F, on which the ends of the levers rest during operation. With this device 
no thrust is transmitted through the actuating gear in the fully engaged podUon, and external 
action is required before disengagement can occur. In other words the oiuteh is * self-sustaining.' 
It will be noticed that the maximum engaging pressure occurs slightly before the sliding collar 
reaches its fully engaged position. 

Plate clutches lend themselves to either pulley or coupling designs, and suitable oonstmotiond 
may be employed as slip couplings to protect against torque overload. 

A rim clutch of a compact type common in machine tool practice is illustrated in flg. 22. In 
this case an expanding ring Q, is opened into engagement with the wheels 0, by the movement 
of the sliding sieeve F, operating through the toggle levers B. These move from their disengaged 
position (a), through their critical position into their normal working position (6), and therefore 
require positive initial disengagement. 

In other designs of the internal expansion type of clutch, toggle effect is obtained through 
right- and left-hand screws, or through tapered dovetail slides, or actuation may be through cams 
after the fashion of a double-shoe motor-oar brake. 

Another type of rim friotion olutoh employs internal and external slippers or blooks which 
grip the rim of r usually) the driving member under the action of a linkage system operated by a 
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sliding oolUff on tho other member. When this tjpe Is used In oomblneilon with epnlley* the rim 
is more oonrenlentlj Inoorporeted in the palley, whether this is the drlrlng or driren member. 

The band olatch Is Ireoaently used for haulage and similar purposes where oonslderable power 
has to be transmitted at low speeds. The strap is lined with bonded asbestos, and is tightened 
into engagement by means of a leTer at the slack end, actuated by means of a sliding sicere. 
Screw adjustment is usually provided at the tight end of the strap. 

In centrifugal clutches engagement Is brought about by centrifugal action on suitably weighted 
blocks. These clutches enable a motor or engine to start up light and gradually to take up the 
load as the speed increases; they are therefore specially useful when the driven machinery has 
a large inertia. Centrifugal clutches can be simple in construction with no linkage and few 
working parts. Types are available with loose shoes and with hinged shoes; the latter are pre¬ 
ferred for pulsating loads, but are essentially unidirectional. 

An improved engagement characteristic in centrifugal clutches can be obtained by a spring 
control which delays engagement until a desired speed is attained, which may be half or thine> 
quarters of full speed. Delay may also be caused by trip weights which overcome the pressure 
of their restraining springs at a predetermined speed and so release the slippen which are then 
free to act under centrifugal action. 

Centrifugal clutches can be constructed to slip at a specified overload and hand-controlled 
types are available which normally operate by centrifugal action, but can be engaged fat speed) 
ordisengaged by hand. Centrifugal brakes to limit overspeed are similar in principle to the spring- 
controlled centrifugal clutch, but the shoes engage with a stationary external brake dram. 

PBiNciPLBS ov Clutch AonoK. 

1. Com and Plate Clutehee, 
After an initial period of running-in the wear will be uniform over the mating surfaces of these 

clutches. It is generally accepted and reasonably assumed that the rate of wear is proportional 
to the product of pressure (p) and rubbing speed (v). Hence over the mating surface of a oone 
or plate clutch :~r 

pv >■ constant — 0, say. 
For a oone clutch with a semi-cone angle a, the applied axial face is found to be:— 

P * * ttOB 
where B is the width of the lining on the clutch, and the corresponding torque transmitted is:— 

T •• fiTT CBD ooseo a 
where D Is the mean clutch diameter. 

T u 
Hence the ratio of transmitted torque to applied axial face 1* p ^ ^ ooseo a. 

In the case of a single plate clutch the same formula may be applied with a — 90*, giving 

p — ^® where D is again the mean diameter ^ 

In the case of a multi-plate clutch having n pairs of mating surfaces:— 

In order to avoid difficulty in disengagement it is desirable that the seml-oone-angle a of a 
oone clutch should be greater than the angle of friction: tan a> fi. It is common practice to 
specify a value of a between 10 and 16*. 

3. BloeJk Cluteheu 
The wear on the lining of a block type of clutch is not uniform, but is proportional at any 

point to sin 9 where B is the angle which the radius vector to the point makes with the line joining 
the centre of the dram to the (actual or virtual) centre of movement of the block or riipper. 
Since the rubbing speed in this type of clutch is uniform it follows that the intensity of pressure 
varies with sin B os defined above: p — kB cos 9, say. 

In this case the radial engaging force is found to be:— 

P- kBB,*j9hi*BdB; 

while the transmitted torque is:— 

T- /xkBB* 8ln^d0, 

the limits of integration being chosen according to the angle subtended by the lining. 
For a lining symmetrically disposed about the line of maximum pressure and subtending an 

angle p the ratio 

4sln 
fiB,. 

P ^ + sin /8 
The influence of the angle Q is small for blocks subtending angles up to 90*, but becomes 
apprsoiable with larger arcs of contact. 
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3. Band Cluuhet, 

Apart from the etlflening effect of the band Itself, oaloulatlons for this type of olatoh may be 
based on the ordinary laws of coil friction. If the actuating force P is applied at the slack end 
of the band and this band embraces an arc of a radians, then the transmitted torque will be:— 

T M BP — 1) where t is the base of Naperian logarithms. 

The intensity of pressure jt yaries of course from point to point, and may be calculated from 
the formula:— 

BB 
where 6 is the angle measured from the slack end of the band, where the actuating force P is 
applied. 

It will be appreciated that the difference of pressure are very considerable, and result in 
corresponding inequaiities of wear round the rubbing surfaces. 

Fovter Capacitiet, 

If all the dimensions are measured in inches and force in pounds, then the transmitted torque 
T is, of course, in pound-inches, and the correponding horse-power at a speed of rotation N r.p.m. 
is:— 

It will be understood that the torque required to start up and accelerate machinery will com¬ 
monly exced that required to maintain it at its normal running speed and appropriate allowance 
should be made for tti^ In clutch design. 

Frictional Coefficients and Pressures, 

The effective value of the coefficient of friction depends on the materials in contact, the state 
and finish of their surfaces, the presence of oil or contaminating matter and the pressure applied. 

Reasonable working values under ordinary conditions of operation are as follows:— 

(A) 

(b) 

Mating Surfaces. 
Dry. 
Oast iron—oast iron . 
Mild steel—cast iron . 
Asbestos fabric—cast iron or steel 
Wood—cast iron or steel 
Leather—oast iron or steel . 
Oork—cast iron or steel 
Lubricated. 
Metal—metal 
Asbestos fabric—metal 
Oork—metal 

Coefficient of Friction. 

. 0-18 

. 0-25 

. 0-26 

. 0-2 

. 0-25-0-3 
. 0-25 

. 0-08--010 

. 0-126 

. 0-16 
The permissible pressure depends largely on the intensity of heat transfer, and therefore 

varies inversely with the rubbing speed and frictional coefficient, diminishes with the frequency 
of operation and must be kept low in the case of materials, such as oork and leather, which arj 
liable to char. 

The permissible pressure is frequently determined from a relationship of the orm pv ■■ 
constant or alternatively from a specified limit of horse-power transmitted per square inch of 
surface. For asbestos fabric linings a common rule Is pv 60,000, where p is the permissible 
pressure in ib./sq. In. and v the mean rubbing speed in feet per minute. Alternatively, manu¬ 
facturers of clutch linings recommend that the power transmitted per square inch of lining should 
not exceed from ^ horse-power lor clutches subject to frequent engagement to 1 horse-power 
for clutches which are only operated occasionally. 

As a rough rule, over the range of service to which they are suited, other brake surfaces may 
be loaded to the following pressures: metal on metal 30 Ib./sq. in., wood on metal 26 ib./sq. in., 
leather on metal 5-10 ib./sq. in. In America cone clutches are loaded considerably in excess of 
these figures. 

The operating effort allowed in designing the engaging mechanism is of the order of 20 pounds 
for hand operaUon or 00 pounds for operation by foot. 

See also Desoriptive Section XXI., Fart II. 

Ooil mutch Oo., Ltd, 
B. d( J. Dick, Ltd. 
Ferodo, Ltd. 
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SECTION XXI 

PART 111 

WIRE ROPES 

WIRE ROPES FOB ENGINEERING AND MINING PURPOSES 

- ROPES FOB GENERAL ENGINEERING PURPOSES 

(Contributed by Norman Whincup.) 

Under this heading is included wire rope for cranes, hoists, lifts, excavators, and grabs, for 
various branches of engineering, quarrying, shipping, etc. The various typos available being 
illustrated in hg. 1 (a and b). 

The process of wire drawing has advanced considerably during recent ycare, and manufacturers 
are now able to produce ductile wire of high tensile strength, capable of withstanding wear and 
abrasion over long periods. Danger of brittleness has been overcome to a very large extent, 
and rope wire is being regularly produced with a tensile strength of 110/120 tons per sq. in. for 
special work ; in some cases, ropes are made from wire of ] 20/130 tons per sq, in, 

The analysis of steel varies in accordance with the tensile strength required, as follows :— 

Per Cent. 
Carbon.. . 0*4 to 0*8 
Silicon.0-05 to 0-15 
Sulphur for Special Acid ....... 0*04 max. 

Ordinary Acid.. . 0*06 max. 
Phosphorus for Special Acid ...... 0*04 max. 

Ordinary Acid.0*06 max. 
Manganese.0 • 46 to 0 • 65 

Breaking Stress in 
Tons per Sq. In. 

80-90 . 
90-100 

100-110 
110-120 
120 and over . 

Breaking Stresses. 

Trade Description. 
. Best Patent Steel. 

. . Special Improved Patent Steel. 

. . Best Plough Steel. 
. Special Improved Plough Steel. 

. . Extra Special Improved Plough Steel. 

In selecting a wire rope for a purpose where wear and abrasion is likely to take place, wires of 
100/110 tons per sq. in. have been foimd to give satisfactory results. 

Lang's Lay and Ordinary Lay.—When ordering a wire rope some engineers are often in doubt 
as to whether or not the rope should be Lang’s lay or ordinary lay. A Lang’s lay rope is one 
in which the lay of the wires in the strands and the lay of the strands in the rope are in the same 
direction : whereas in ordinary lay ropes the wires in the strands are laid in one direction and the 
strands in the rope in the opposite direction (fig. 2, p. 936). 

In a Lang’s lay rope the wear is shared over a plurality of wires, and in an ordinary lay rope 
the wear at any section is token by one or two crown wires in each strand. Thus the Lang’s lay 
rope gives a longer life as regards wear, but it is not suitable for conditions where one end is free, 
on account of its pronounced tendency to untwist. Lang’s lay rope can only be used where 
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both ends are flzed, and in other circumstanoes ordinary lay is used or one of the types of non* 
spinning rope. 

Pio. 2.—(Above) Ordinary Lay. (Below) Lang’s Lay. 

Crane Tho majority of these are constructed in C/19/1 to 6/37/1 ordinary lay, depending 
on the size of the smallest pulley, which governs the degree of flexibility required. If, however, 
the hook is attached to a single free end, then one of the various types of non*spinning rope 
should be used, to prevent the load from spinning during lifting or lowering. If the crane operates 
over heat, such as molten metal, or over a furnace where excessive heat is present, the rope should 
have a wire core. If a rope works in wet or com^ive atmosphere it should be galvanised. 

Crane ropes are usually of one of the following constructions ;— 

Round Strand .... 6/19/1, 6/24/7, 4/37/1, 6/37/1. 
Flattened Strand .... 6/26/A, to 6/30/A according to 

flexibility required. 
Non-Spinning . . 17/7/1, 30/7/1, 34/7/1, or of special 

oval strand construction. 

Minimum Sizes of pulleys and Drums. 

Crane Ropes from B.S.S. 302. Revised 1938. 

Construction. Size of Pulley. 

8*6 X circ. 
7*6 X circ. 
7*0 X circ. 
6-0 X circ. 
6'5 X circ. 

6/19/1 
6/24/7 
6/37/1 
6/61/1 

For each increase of rope speed of 100 ft. per min., 6 per cent, of the basic figure must be added 
to the diameter of the sheave. 

The steel from which crane ropes are made should be one of the following qualities as specified 
by the purchaser. 

Grade ‘ A ’ . . . . . . Special Acid, or Swedish Quality 
Grade’B' ...... Acid Quality. 
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The wire used in the manufacture of ropes to this specification shall conform to one of the 
ollowing descriptions, as specified by the purchaser. 

Tensile Breaking Strength 
in Tons per Sq. In. Trade Description. 

, 80-90 .Best Patent Steel. 
90-100 . . ... Special Improved Patent Steel. 

100-110 . . ... Best Plough Steel. 
110-120 ...... Special Improved Plough Steel. 

The fibre used for the central or main core of the rope shall be new, aoid free, long fibre good 
quality hemp, manila or jute. 

Mechanical Puopertiks. 

The trade designations and mechanical properties of the mo.st important types of wire used in 
the construction of wire ropes are shown in the Table. The figures for torsions in 100 diameters 
are in accordance with the various British Standard Specifications concerned. Columns A r fer 
to the wire at the manufacturer’s works before stranding and columns B to wire unstranded from 
the finished rope. This unstranded wire is required to give a strength not less than the lower 
limit of its specified range and, if its diameter exceeds 0*036 in., not in excess of the upper limit 
by more than 5 tons per sq. in. Tolerances in rope strengths are j to 71 per cent, below the 
loads tabulated for the rope in the specifications. 

1 
i 

Torcions in 100 diameters. 

1 Galvanised. 

Trade Description. 
Tensile. ' 

Strength. 1 Black. i Smaller. Larger. 

Tons per sq. in. \ A B 
i 

B A B 

Mild Patent Steel . 
i 

GO-70 ! 31 26 1 28 21 23 17 
Patent Steel . . 1 70-80 i 31 26 ' 28 21 23 17 
Best Patent Steel . 80-90 ! 34 26 ! 28 21 23 17 
Spec. Imp. Pat. Stjel j 90-100 31 26 I 28 21 23 17 
Best Plough Steel 1 100-110 32 24 ' 23 17 19 14 
Spec. Imp. Plough 1 j 110-120 30 23 15 11 11 8 

Steel . . . 1 
1 

1 115-125 ' 28 21 1 10 8 i ■ 5 
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DIHBNBIONB OF BBITISH STANDABD SHANK HOOKS, TRAPEZOIDAL SEOTION. 
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Hooks should be forged from mild steel com* 
plying with the requirements for class * A * steel 
in British Standard Report, No. 24, part 4, specifi¬ 
cations 8 and 9, or best Yorkshire Iron to B.S.S. 
No. 51, and annealed after forging by uniformly 
beating in a furnace to a temperature between 
980® 0. and 1030® 0. for wrought Iron and 880® 0. 
and 930® 0. for mild steel, and then allowed to 
cool in still air. Annealing should be done periodi¬ 
cally, at intervals of about six months for a hook 
in constant use lifting the full load or subject tu 
heat and at intervals of twelve months for hooks 
on ordinary workshop cranes. 

Orane hooks hanging from large travelling 
cranes in workshops should be painted white so 
as to be easily seen by the workmen. 

Fig. 3 and the accompanying table give the 
proportion of standard trapezoidal section hooks 
and are based on the formula:— 

0 = 1-5^^ 

Where 0 is the internal diameter in inches and 
W the working load in tons. 

The diameter of the shank measured at the 
bottom of the thread if screwed should be propor¬ 
tioned for a stress of about 3 tons per square inch. 

For further particulars refer to B-S.S. No. 
482—1933, revised 1946. 

Fig. 4 gives the proportion of ramshom hooks based on the minimum diameter of the shank 
as unity. 

Long ladle hooks are sometimes made of a series of shaped plates about 1 in. thick riveted 
together to the required thickness for strength and fitted with a gumuetal pad in the saddle of 
the hook. This construction is considered more reliable than a forging and is cheaper to 
manufacture. 

Lift and Boist Roper.—These are of numerous constructions, depending on the size of the pulley 
and other conditions of working. They are usually in Lang’s lay construction because invariably 
both ends of the rope are fixed, and there is little danger of twisting under load. 

They are usually one of the following constructions:— 
6/12/7, 6/19/1, 6/19/1 Seale’s, 6/24/7, 8/19/1 Seale’s, 5/29/1 Oval and 6/37/1. In practice 

ropes with a large proportion of fibre core give best results on ‘ V ’ grooved driving pulleys, and 
they are more readily deformed to fit the groove than the more solid constructions, 8/19/1, 6/24/7 
and 6/29/1 oval being examples. 

MINIMUM Sizes for Pulleys and Drums. 

6/12/7 « 13 X circ. 6/19/1 Seale’s = 16 x circ. 
6/19/1 *=* 13 X circ. 6/24/7 = 13 x circ. 

Excavator Ropes.—Ropes for excavators are subjected to very severe duty. They are required 
to withstand wear, abrasion, and severe stresses, and it is admost impossible to keep them well 
lubricated. Hence a long life is difficult to secure. 

The usual construction is 6/19 Seale’s over a wire rope core, or in flattened strand construction 
of 6/26/A, the pulleys being similar to those for crane ropes. 

In a flattened strand rope the centre of each strand may be a solid triangle, 3 or 6 wires, or 
plaited core. 

In a Seale’s lay rope the strands have two layers of wires round a centre wire; the outer and 
inner layers consist of the same number of wires. The outer wires lie in the grooves of the inner 
ones, and are stranded at one operation. They are consequently in line contact throughout, and 
there is no internal cross-cutting. 

DESIGN OF BARRELS AND PULLEYS FOR WIRE ROPES. 

The bottom of a groove for the pulley supporting a rope should be a true arc of a circle for a 
distance equal to one-third of the circumference of the rope, and the radius of the groove should 
be larger than the radius of the rope by not less than the following amounts:— 

2 in. circumference and under.^ In* 
2i In. to 2f in. oircomferenoe.A In* 
8 in. to 3| in. oiroumferenoe.A in* 
^ In. and over. .... ^ in. 
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The pulleys should be grooved to a depth equal to one and a hall times the diameter of the rope, 
and the groove should be smoothly finished. 

The angle of flare of the sides of the pulley groove should bo 62**. Barrel grooves should be of 
the same radii as the pulley grooves, but should have a depth not less than one>third of the diameter 
of rope, and should be so pitched that there is a clearemce of not less than in. betareen the parts 
of the rope when coiled on the barrel. The groove should be smoothly finished, and the edges 
should be rounded. 

For grooved drums and pulleys the angle of lead should not exceed 1 in 12, or 6®. For plain 
drums, which are detrimental to the life of the rope, this angle should not exceed 2® on each side 
of the centre line, anything in excess causes a side pressure and abrasion on adjacent laps, and 
uneven coiling. (B.S.S. No. 302.) 

The above remarks apply to the idler pulleys on lifts and hoists. 

Traction Sheaves.—The included angle for the flare of straight-sided V-grooves of traction 
sheaves should not exceed 42®, or be leas than 35®. There should be sufficient metal provided at 
the root of the grooves to allow the sheave to be re-tumed in the wearing surface, so as to permit 
the reduction of the diameter of the sheave to an extent equal to 76 per cent, of the diameter 
of the rope. (B.S.S. No. 329.) 

DURABILITY OF Wire Ropes. 

The two moat irnportent conditions appertaining to the manufacture and use of steel wire 
ropes that affect their durability are:— 

(a) Quality of material and size of wire. 
(b) Diameter of pulleys and arrangement of ropes. 

(a) Wire used for lifting ropes is of steel whose ultimate tensile strength varies from 80 to 
130 tons per square inch. Ropes of material having a higher tensile strength are of smaller 
diameter for a given load and factor of safety, but since ttiey are stiffer, larger drutns are necessary 
to obtain the same durability. 

The stress in a wire due to bending round a pulley is proportional to 

(^lodulus of elasticity) x (Diameter of wire) 
(Diameter of pulley) 

hence large wires are more quickly fatigued than small ones. On the other hand, small wires 
are more quickly worn through. 

For a given ratio of pulley to rope diameter, given rope diameter and load, the life of the 
rope, if limited by abrasion and not by fatigue, increases as the square of the diameter of the 
wires of which it is made. 

(b) For a given diameter of rope (d), diameter of wire (a) and load (P), the life of the rope 
depends on the square of the ratio of pulley to rope diameter (m) for large values of the latter. 

The above statements have also been deduced from theoretical considerations by Prof. J. T. 
Nicolson, D.Sc., and may be represented by the formula given by him. 

Life of rope 
m (m -j- 1) d*a* 

C p 

where the symbols m, d and a have the meanings given above, and 0 is a constant. 

The practice of passing wire ropes on a crab as shown by fig. 6, entailing successively a 
90® bend, a 180® reverse bend, and a 90® bend, is a bad one and deteriorates the strand wires; 

FIG. 5. FIG. 6. 

a better method is shown by flg. 6, the rope being taken over one upper pulley, down to 
the block, and up over the second pulley, the bend being always In the same direction, the 
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reverse bend being thus abolished; this arrangement will increase the life of a rope as much as 
50 per cent. 

Oil Well Ropes.—Wire ropes are largely employed in drilling oil wells, particularly when the 
American system of drilling is in use, which is known as the Californian Cable Rig. This system 
uses a drilling line for manipulating the tools, a casing line for the casing, and a sand line for clear¬ 
ing out the walls. The two former are generally 6/19/1 Seale’s or filler wire construction, and the 
latter 6/7/1. Although several constructions are laid down in B.S.S. 366, as follows:— 

6/7/1, 6/12/1 laid 9 over 3, 6/19/1, 6/19/1 filler, 6/19/1 Seale’s, 6/19/1 Warrington, 6/27/1 
and 6/37/1. 

Oil well drilling is very severe, and calls for ropes of a high quality in preferably acid grade 
steel. Galvanised ropes are sometimes advisable on account of the corrosive action of the water 
in the wells. Drilling lines are left hand lay unless otherwise specified by the purchaser. 

6x 19 
Warrington 

I'TtJ. 7. 

PuUey Sizes.—Diameter of sheaves and drums should be as large as possible and in no case 
should be leas than the following measures at the bottom of the groove. 

6/7/1 and 6/12/1.33 x dia. of rope. 
6/19/1 and 6/27/1 . . . . . 20 x dia. of rope. 
6/37/1 .18 X dia. of rope. 

The wires in oil well ropes call for special testa, for which reference should be made to B.S.S. 
366—1929. 

Flattened Strand Ropes.—For general engineering work and mining work a most useful con¬ 
struction is made up of strands in sectional outline, somewhat like on equilateral triangle with 
the cormers rounded o6C. Each strand presents a flattened side outwards throughout the whole 
length of the rope, and, in consequence, a larger wearing surface is always expos^. In addition 
the construction gives an increased breaking strength and wearing surface, without increased 
diameter of the rope, this being due to the fact that they are more compact, and the area of steel 
is greater than th&.t of an ordinary round strand rope of the same diameter. 

Flattened Strand Ropes splice very effectively, as the core is slightly smaller than the strands, 
and there is less risk of the splice drawing, but the tucks should be carefully made, by reducing 
the size of the strands, so that the surface of the splice does not present a lumpy and uneven 
appearance, otherwtee premature wear of the wires in the splice will take place. 

Tru-Lay Ropes.—In this type of rope the stranos are preformed to their final helical pitch 
before being laid up into the rope. Ropes made by this process show no tendency to unstrand 
when cut, and the wires lie in the natural formation without the ends having to be served. In fact, 
a piece of Tru-lay rope can be unwound strand by strand, and then reassembled with the strands 
in their relative positions, without using excessive force. The life obtained from this type of rope 
is far in excess of that of ordinary ropes of equal sectional area under reverse bendi^ stresses. 
Should the outer wires become broken through long wear, they remain in position and do not 
spring out, as in ordinary ropes. Some engineers do not appreciate this feature, as broken wires 
are extremely difficult to detect, and give rise to a false Impression of the condition of the rope. 
In any case, this type of rope has found popularity in America, the country of its invention, and 
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is strongly recommended for all purposes where round strand ropes are used, particularly in cases 
where small drums and pulleys exist. In fig. 8 a preformed rope is illustrated. 

Pig. 8.—^Preformed Rope. 

The illustration shows:— 

(1) A piece of Tru-Lay rope with a strand removed, showing how the remaining strands 
remain in situ, 

(2) The strand itself, showing how the normal formation is retained. 
(3) An ordinary rope when cut; the ends have opened out, and the ends frayed. Such a 

rope as this requires a wire serving at each end. 

Shippin{f Ropes.—^Tables No. 61, 63, 64, 66 and 66, published by Lloyd’s Register of Shipping, 
lay down for sailing ships and steam vessels, steam trawlers and tugs, the minimum size, breaking 
load, and construction of rigging, hawsers, tow lines, Eind warps for various tonnages, and reference 
to the tables gives most of the information required for ships’ outfits of wire ropes. 

Also reference should be made to B.S.S. 366—1929, revised 1942. 

Non-Rot(Uing Ropes.—This type of rope has been adopted in many cases where a strictly non¬ 
rotating rope is required. Such as on cranes with a single free end, sinking, winding, and for 
mine cage balance ropes, also for Eoepe system of winding. 

Clonstmctions vary with different makers, and accepted standards are amongst the following:— 

17/7/1,30/7/1, 34/7/1, or special oval strand construction over a concentric wire core, or round 
strands over a concentric wire core. 

Mining Ropes 

Winding.^ln selecting a winding rope to suit any particular Installation, the following details 
must necessarily be considered: Diameter of drum and overhead sheave; depth of shaft; load 
to be hoisted; kinetic shocks due to acceleration and deceleration; bending stresses; cage 
clearance and shaft side clearance; surface of drum (wood lagged or steel); whether or not the 
rope winds In multiple layers; whether or not water is present; factor of safety : type of guides 
and rubbing ropes; fieet angle. 

In medium depth and shallow pits, round strand or fiattened strand work quite satisfactorily, 
but, unless these are made on the Preformed Dead Lay principle, they sometimes give trouble on 
account of their pronounced tendency to untwist, causing excessive wear on the guides and rub¬ 
bing ropes. Where the cage clearance is small, the twisting might cause fouling of the cages or 
contact with the shaft walls. These troubles do not exist where fixed guides are in use. Twisting 





944 WIRE ROPES Sec. XXI (ill) 

of ropes, however, due to winding with slack chains, often oaoses broken wires at the capel end, 
equally as much as lack of lubrication and consequent corrosion fatigue, when moisture runs down 
the rope towards the capel end. 

For the deeper pits, from which heavy loads are hoisted, locked coil or non-spinning ropes give 
best service, because the greatest breaking load can be obtained for the minimum of diameter 
of rope, and the elongation is very much less than that of round strand or flattened strand ropes 
of equal diameter. In cases where a rope winds on itself in multiple layers, locked coil ropes give 
best service. They are absolutely free from any tendency to rotate, and therefore are specially 
suitable for sinking purposes, and winding from great depths. In the event of a wire breaking 
in service, it is held in position and does not unravel and lay across the adjacent wires. If it is 
necessary to repair a broken wire, this can be readily done by the makers on site. 

The full lock wires on the cover of a locked coil rope have an overlap which provides a teal 
against the ingress of corrosive matter, and the escape of internal lubricant, there is, therefore, less 
ds^er of internal corrosion than in any other type of rope—the core being packed with special 
rust resisting lubricant during manufacture as each successive layer of wires is layed up. The wear 
is lighter, as they provide a smooth wearing surface. 

In all cases of wet and damp pits, and those in which corrosive fumes are present, anti-cor* 
rosive ropes should be used, and adequate attention should be given to frequent periodical 
lubrication. 

PuUey Sites,—^The construction of a winding rope is largely dependent on the existing drum 
and pulley sizes, depth of pit, and load to be hoisted. In the case of round strand and flattened 

strand ropes the wires should not be greater than the ^ 2^^ in order to provide a reasonable 

bending stress, in accordance with accepted practice. However, the larger the pulley, the 
longer the expected life of the rope, and some investigators say that a winding rope should not 
be bent round a ptflley of leas than 100 rope diameters, others put this ratio at 120. In the case 
of electric winders, however, this ratio is often as small as 90 diameters of rope, and in these cases 
the construction has to be made to suit, sometimes with detrimental results. 

The following is a useful guide 

Wire rope should never be bent roimd a drum or pulley whose diameter is less than 
100 D, or 1,000 d; 160 D, or 1,500 d, are preferable, and the respective co-efficients 120 and 
1,200 are quite frequently employed. In Belgium, diameters of pulleys greater than 760 d for 
flat ropes, or greater than 1,000 d for round ropes, are allowed. In the Pas de Calais the 
following proportions of drum diameter have been adopted: for Lang’s lay, greater than 68 D, 
for flattened strand, greater than 72 D, and for lock coil, greater than 80 D. Where D •= rope 
diameter and d =■ wire diameter. (J. F. Perry, Mining Engineer^ vol. iv. No. 34, p. 24.) 

Wires in round strand and flattened strand winding ropes vary from about 0*128 in. diameter 
to about 0*040 in. diameter, but up to 0*140 dla. is used in some single constructions when th3 
drum is suitable. 

Designs normally work out as follows :— 

I in. to 1^ in. diameter 6/7/1 constniction. 
1| in. diameter to 1| in. diameter 7 or 8 outer wires per strand. 
l| in. diameter to IJ in. diameter 9 or 10 „ „ ,, „ 

in. diameter and over 12 or more outer wires per strand. 

The rule for diameters of outer wires is shown in table below :— 

I 

No. of 

lound Strand. 

Size of Outer No. of 

Flattened Strand. 

Size of Outer 
Outer Wires. Wire. Outer Wires. Wire. 

5 
Ins. 

Circumference x 0*0397 7 
1 Ins. 

Circumference x 0*0363 
6 „ X 0*0363 8 X 0*0320 
7 „ X 0*0320 9 X 0*0290 
8 X 0*0290 10 „ X 0*0264 
9 X 0*0264 11 X 0*0245 

10 X 0*0245 12 „ X 0*0227 
11 X 0*0227 13 X 0*0212 
12 X 0*0212 14 X 0*0198 
16 X 0*0175 15 „ X 0*0185 
18 „ X 0*0180 16 „ X 0*0176 
24 „ X 0*0116 17 „ X 0*0165 

18 X 0*0168 
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Approximate weight of wire ropea in lbs. per fathom where 
0 ■■ the clroomferenoe. 

Round strand with hemp core - 1*031 lbs. X 0». 
Round strand with wire core -1*145., X 0*. 
Flattened strand with wire core - 1*134 „ X 0* 
Locked coil - 1*6 „ X 0« 
Half-locked guide rods = 1*5 » X 0« 

„ „ aerial rupes - 1*6 M X 0* 
Round steel guide ropes = 1*34 „ X 0* 

The approximate breaking loads of wire ropes:— 

Ordinary ropes 6/7/1 . . . Circumference* x 3*24 at 80/90 tons per sq. in. 
„ x3-62„ 90/100 „ „ 

Round strand, compound construction 

Flattened strand .... 

Looked coil .... 

,, X 4 „ lOU/110 ,, X 4*38 „ 110/120 
X 2*9 „ 80/90 
X3*23„ 90*100 
X 3*65 „ 100/110 
X 3*91 „ 110/120 
X3*27„ 80/90 
X3*64„ 90/100 ,, X 3*97 „ 100/110 
X 4*28 „ 110/120 
X4*33„ 90/100 
X 4*77 „ 100/110 
X 5*27 „ 110/120 

From the aggregate breaking load of the total number of wires in a rope, the following deduo> 
fcions should be made to determine the actual breaking load :— 

6/7/1 Round strand . . deduct 
Per Cent. 

7k 
6/19/1 „ „ . . • • if 12i 
6/34/7 „ „ . . • • 21 12* 
6/37/1 „ . • • ff 17* 
6/61/1 „ „ . . • • 22 22* 
Non-spinning ropes ♦ • if 20 
6/7/A flattened strand . * • fi 7* 
Up to 6/38/a flattened strand 
Locked coil winding ropes 

12* 
16 

„ „ aerial ropej 10 
Concentric strands 7* 
7 wire guide rods • • M 5 

Bending Streues. 

Hrabak gives the following formulae for bending streeses in wire ropes:— 

* Where E is modulus of elasticity = 28,500,000 lbs. per sq. in. 
K is a constant 0*44 for round strand ropes, 0*6618 for a strand, and 0*2918 for 

cables. 
d is the diameter of the wire. 
D is the diameter of the pulley.' 

Ed 
Then bending stress X K. 

Tests have been taken on various ropes and for a flattened strand rope of six strands of 10/8/A, 
1} in. diameter, the modulus of elasticity for the complete rope was 13,650,000 lbs. per sq. in. 

For a round strand of 6/7/1,1| in. diameter 17,500,000 lbs. per sq. in. 
„ „ „ „ 7/7/- 3 in. circumference 31,000,000 „ „ „ 
„ locked coil . . 1| in. diameter 16,450,000 „ „ „ 

It will be seen that there is a considerable difference in the modulus of elasticity for various 
constructions, as compared with the formulaa used by Hrabak. Other opinions are set out 
below:— 

The maximum bending stress in lbs. per sq. in. produced by bending a rope round a pulley 

of diameter a is theoretically B where B is the modulus of elasUoity of the wire used; it 

ranges from 10,000,000 to 30,000,000 lbs. Owing to the strain not noting directly at right angles 

VOL. I. flX 
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to the oioBS-eeoitou of the whole rope, it is found in practice that the mean stress is more correctly 

represented bj the expression ^ . According to R. W. Chapman (Proc. Austr. Inst, Min, Eng,^ 

vol. iii., No. S, April 1908), if a is the angle of pitch of the wires in a strand and b of the strands 

in a rope, the bending stress is E ^ cos* a cos* b. 
A 

If f be the mean bending stress as above, T the breaking strength in lbs. per sq. in., m the 
factor of safety (ratio of total breaking load to total working load), W the total load to be carried, 

and A the total cross-section of steel in the rope, A « 

For ordinary winding ropes A = 0 • G D * approximately. 

Coefficients of friction of wire rope:— 

Dry rope on a grooved iron drum . . 0 • 120 
Wet „ „ „ „ . . 0*070 
Greased „ „ „ . . 0*70 
Dry rope on a wood Oiled sheave . . 0*235 
Wet „ „ „ „ . . 0*170 

Greased rope on a wood filled sheave 0 * 140 
Dry rope on rubber leather filling . 0*495 
Wet . M . . 0*400 
Greased,, „ „ „ . . 0*205 

According to G. Raw (Trans, Inst, Min, Eng., iv., p. 180) the coefficient of friction of a 
slightly oiled flattened strand rope upon an elm-filled sheave, fibres on end, is between 0 * 3 and 
0 * 36. 

The resistance to bending of a rope under tension T lbs. round a pulley of radius r f t. <= 1 * 26 -f- 
T 

0*002276 ^ (Weisbae/i), The maximum admissible stress in a medium wire rope may be taken as 

averaging 6,000 times the weight of 1 ft. of the rope. 

Elongation of a Suspended Rope,—^The elongation of a suspended rope may be worked out 
from:— 

o ^ + Wr) Where L «= Suspended length of rope. 
Wr = Weight of suspended rope. 
A » area of wires. 
B = modulus of elasticity. 
W *=* load to be hoisted. 

The acceleration stress in a vertical shaft may be calculated from the following:— 

Where A Acceleration stress. 
W = Weight of cage, tubs and coal. 
to = Weight of suspended rope. 

11= Acceleration time in secs. 
V *= Velocity of rope in ft. per sec. 
g = Acceleration due to gravity. 
s n Distance moved through in ft. 

V V* 2s 
Acceleration in ft. per sec. ^ “ t* 

A - (W + «)(! + y) "' + (W + «>)or J ~'+ (W + «) or 

For inclined shafts:— 

A. {(W + «)Sln«+(;j^ +“)0o8e}(l + ^^) 

Where 6 -■ Angle of inclination of shaft with the horizontal. 
Coefficient of friction for load. 

^ » Coefficient of friction for rope. 

Capping of Winding Ropes,—Various methods of capping are employed, and a large variety 
of oapels are used, apparently according to the individual ideas of the management. The most 
popular appear to be the White Metal Capel and the Reliance type, both of which are very 
efficient. 
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R€commendtd Method of SodeeHng,—^The metal shall conform to the following analysis:— 

Tin.5 per cent. 0*26 per cent. 
Antimony.16 per cent, db 0 *60 per cent. 
Lead.The remainder. 

The metal shall be free from zinc and the total impurities shall not exceed 0 *20 per cent. 

The rope to be socketed should be securely bound with suitable soft iron seizing wire for a 
length of not less than two rope diameters commencing at a distance from the end of the rope 
equal to the length of the conical portion of the socket less one-half diameter of the rope (plus 
allowance for tu^ng over the wire ends to form hooks). 

After threading the rope through the socket the rope end should be unlaid, the fibre core, if 
any, removed, and each individual wire separated out so that the rope end resembles a brush. 
Oare should be taken that the outer wires are not bent too sharply over the end of the binding. 

The ‘ brush ’ end should bo cleaned with petrol or other suitable solvent to remove all dirt 
and grease, care being taken to avoid saturating the remainder of the rope with solvent and thereby 
removing the intern^ dressing and exposing the wires to corrosion. The cleaning may be accom¬ 
plished either by immersing the brush in solvent, or by wiping the wire with cloths or waste 
soaked in solvent. In any case the individual wires should afterwards be wiped dry with clean 
cloths or waste. 

The cleaned * brush' end should be drawn into position in the conical socket with a length 
of seizing equal to one-half the diameter of the rope projecting into the narrow end of the socket 
and the ends of the wires fiush with the end of the basket. The ends of the wires should be even. 

The socket complete with the rope in place should bo clamped in a vertical position with the 
large end of the socket uppermost, and the rope should be in axial lino with the socket for a distance 
of not less than 24 rope diameters. 

The junction of the rope and socket should be tightly served with asbestos yam to prevent 
escape of the molten white metal. 

The socket should be gradually and evenly heated all round the outside circumference by a 
blow lamp, care being taken to avoid undue local heating, and particularly any heating of the rope 
outside the socket. The socket should be at a uniform temperature of about 212® F. immediately 
before pouring the molten white metal. Heating the socket is essential to the free fiow of the white 
molten metal; undue heating may impair the strength of the rope wires. 

When the socket is at the correct temperature, and immediately before pouring the molten 
metal, powdered rosin should bo dusted among the wires in the socket basket. 

The metal used shall be melted from new ingots of the composition laid down in British Standard 
Specification No. 643—1936. It shall be poured at a temperature of 660® F. d: 26®, i.e., between 
636® and 685® F. Dross should be removed from the surface of molten metal and clean bright 
lluid metal only poured into the prepared heated socket. The pouring ladle should be of sufficient 
capacity to hold the full amount of metal to fill the socket, and should be heated before use. The 
temperature of the metal should be taken when in the ladle immediately before pouring. Pouring 
should be continuous and uniform until the metal completely fills the socket, and when the surface 
of the metal sinks in the centre, a little metal should be poured in from the ladle. In no circum¬ 
stances shall the metal stand proud of the top edge of the socket. 

The temperature of the metal should be determined by a thermometer, and overheating of the 
metal must be avoided because excessive temperature will damage the rope wires and endanger 
the safety of the completed socket. On the other hand, the metal must not be too cold when 
poured or it will fail to penetrate between the wires and make a satisfactory solid cone. 

After pouring the metal, the socket should be allowed to cool gradually and should remain 
undisturbed until the metal has fully set and the socket has cooled to air temperature. The rope 
adjoining the socket should then be carefully cleaned and treated with preservative dressing. 
(B.S.S. No. 643—1935.) 

Note.—In the case of wire ropes of locked coil construction well fitting clamps, at least three 
in number, must be fixed as near as possible to the end of the rope, in order to prevent the outer 
covering wires slipping upon the core. 

In addition, before the wires in the end of the rope are disturbed, the socket must be threaded 
on to the rope, for which purpose the extreme end of the rope must have a wire serving to prevent 
the wires spreading out when the end is cut. 

CLUB END Method. 

According to this method a cone is formed with turned back wires. A conical seizing of soft 
wire is wound at a distance from the end of the rope equal to the length of the socket, or alterna¬ 
tively a cone may be found by split conical wedge sleeves. The wires of the rope end are on- 
stranded, one-third are cut to half the socket length, one-third to three-quarters, and the 
remainder are left uncut. 
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The wires are then bent back over the seising or cone, the shortest wires first; neat a seising 
wire is wrapped over the whole of the cone so formed in older to produce a smooth cone fitting the 
socket. method is frequently used with split sockets and rings. In this case the rings are 
threaded on to the rope bcdore the rope is unwrap|:)ed and the socket is forced on after the oono 
is complete, the eye being heated only sufficiently to allow the jaws to be opened. 

Thuiblb Splices. 

Particulars of thimbles suitable for bare wire rope not previously served will be found in B.8.8. 
464—1932, together with recommendations as to splicing procedure, which requires skill and 
experience. A splice for a six«strand rope should have at least five tucks, three with the whole 
strand and two with half the wires out out of each strand. The tucks are made under and over 
against the lay of the rope. After completion the splice should be served throughout its length. 

Olamps. 

In some oases the eye round a thimble is formed by clamping. Special U-bolt clips are pro¬ 
vided for this purpose with shaped bridge-pieces. Three to six of these clips should be emploved 
and they should be fitted with the U-bolt against the dead end of the rope and the shaped bridge- 
piece against the working end, otherwise the rope may pucker. 

Proportiona of white metal sockets may be calculated from the following:— 

Where A 

B 
b 
0 
d 
L 
M 
N 
P 
Q 
w. 

Then 

External diameter of base of socket. 
Internal „ „ „ „ „ 
External ,, „ top „ „ 
Internal „ „ „ „ „ 
Length of taper of basket. 
Diameter of pin. 
Distance between centres of jaws. 
Bunting force. 
Internal area. 
Internal pressure on basket walls ignoring friction. 
Mean tensile strength of material. 
Required breaking load of socket. (Ultimate strength.) 
Angle of internal taper. 

Tan a 

M 

N 

P 

A 

B 

6 — g 
3"cr 
W 

Sin a 
(b + a) 
'2 

X 0 

M 
N 

« /Q+JP 

6 /QiP 
V Q-P 

tons, 

sq. in. 

per sq. in. 

Gapsl Pm. 
WXi 

Bending moment» for an evenly distributed load. 

Z modulus of section of pin «■ ^ ^ 

Cylindro Conical Drumr.—Trouble with winding ropes is sometimes experienced in the adjust¬ 
ment of length of ropes on bi-oylindro conical drums when a new rope is installed. If this is too 
long or too short, the amount of adjustment is done more or less by rule of thumb methods, which 
are only approximate, often difficulty is experienced due to elongation of the new rope, which 
upsets the winding length. 

The solution of the following equations give the necessary adjustment aceuratelj:— 

Suppoie thtt when o;ifa B (fig. 11) is on the pit bottooi, cage A Is a distance a above the 
bank level, and that when cage A is on the pit bottom, oage B is a distance b above the bank 
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level. Then if ^ S and Z and Y are the alterations needed in length by ropes A and B 
a 

respectively, we have the following simultaneous equations to determine Z and Y. 

(1) a - T ° + Z. 

(S) 6 - T + Z ® 

This result may also be obtained by an alternative method as follows;— 

— a 
Z = g, _ 1 for rope A. 

„ Sa — b . 
y = g^ _ j for rope B. 

note.—If either cage A or cage B is below the bank level when the other cage is on the pit 
bottom, then a or 6 must be introduced in the formula with a negative sign. 

If Z or Y comes out positive, rope A or B must be lengthened. If Z or Y comes out 
negative, then rope A or B must be shortened. 

Guides and Rubbing Ropes.—These are made in half*lock and round wire construction. In 
the shallower pits with light loads round wire construction is usually used, or 7 wires up to about 
If in. diameter, and above this they are usually constructed 8 or 9 outer wires over 7 smaller 
wires In mild steel rods, of a tensile strength of 28/32 tons per sq. in., or in Swedish charcoal iron. 

Half-lock guides and rubbing ropes are usually constructed of a deep half-lock section and round 
wires over 7 wires, the section being of suflicient depth to withstand long wear. These are made 
in steel of 30/40,40/60 or 50/60 tons per sq. in. in tensile. 

The arrangement of guide ropes depends upon the layout of the shaft, clearance between the 
cages, design of cages, and so on. The diameter and breaking loads depending on the depth of 
the shaft. It is customary to hang weights on the lower end of the guides and rubbing ropes 
amounting to about 1 ton per 100 yds. of depth. In the deeper pits of 600 yds. or over, rather less 
is allowed. 

The breaking load of a guide rope should not bo less than flve times the weight on the bottom, 
and the weight of the suspended length of the rope. 

As guide ropes, the advantages of the look coil construction may be readily understood when 
it is borne in mind that, in the event of a rod breaking in the ordinary twisted guide rope, it 
would stand out from the rope, and be caught by the cage gland with disastrous results; in a 
locked coil rope the broken rod would bo securely held in position; this is also the case with 
Tru-lay ropes. 

Aerial Carrying Ropes.^Theao are usually in locked coil or spiral strand construction, composed 
of 19, 37, 61 or 91 wires. Locked coil construction may have outer wires of rod and half lock, or 
full lock. In this country, however, half lock finds greatest favour, and deep sections are easier 
to produce than full lock sections. 

Locked coil ropes possess many advantages for standing ropes or aerial ropeways, as their 
smooth surface affords easy running for the wheels of the carriage ; consequently less haulage 
power is required and wear and tear is considerably reduced. 

The load on an aerial carrying rope depends on the tension and sag. In practice, if the sag 
is too great, a high bending stress is set up on the saddles at the top of the towers, when the load 
is passing over, this causes rapid deterioration of the wires duo to fatigue. The wires themselves 
should be of reasonably deep section, so as not to make the rope too flexible. 

The stresses on aerial carrying ropes may be calculated from the following formula:— 

The tension on an aerial carrying rope is that due to the rope itself plus the tension duo to the 
load or loads added together. 

Let T »> Tension doe to rope. 
Tj Tension due to load or loads. 
W ■> A single load. 
V ■■ Sags, usually 1/35 to 1/40 of the spao. 
L »« Span. 
w » Weight of rope per ft. 

Then 
wL* 

Tension due to rope T « ~ 
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Tension due to load Ti 
4V 

2WL 
4V 

3WL 
6V 

for one load, 

for two loads, 

for three loads. 

No. of loads X WL 
8V 

for four or more loails. 

The factor of safety should not be less than 4. 

Traction cables are usually ordinary haulage ropes of six round strands or flattened strand 
construotiou. 

Haulage Ropes. 

Round Strand. Flattened Strand. 

Single 
Oonstniction. 

Compound Single 
Construction. Construction. 

FIG. 12. 

Compound 
Construction. 

Haulage systems vary considerably with the conditions under which they have to work, 
output required, gradients, and initial cost. 

Under rope endless haulage. 
Over rope endless haulage. 
Main and tail haulage. 
Direct haulage. 
Self-acting incline haulage. 

The choice of which will depend upon the conditions prevailing, gradients, output per shift, 
speed, and facilities for handling the output at the pit bottom and on the suHace, and whether 
or not the expense is justified. 

The usual conditions governing the selection of the various types are briefiy os follows :— 

Under or Over Rope may bo a matter of convention at some collieries, depending on individual 
preference. 

Vndertub is used on roads where there is no difliculty in keeping the rope down, and the tubs 
are attached by means of clips when the gradients are such that there is no danger of slipping. 

Overtub Uauloffe.ia common on steep gradients and undulating roads, where it is difficult to 
hold an under rope down in a swilly. Usually lashing chains or clips are used. Chains are simpler 
and there Is less danger of slip. The tubs, however, cannot bo topped up, and the deflection 
pulleys are somewhat clumsy. They are often used on wet roads to keep the rope out of the water. 

Main and Tail Haulage is used on gradients not steep enough for sets to gravitate and pull 
the rope. Also on undulating roads and level roads where it is not convenient to maintain a 
double road width. 

Direct Acting Haulage is used where roads are narrow and the dip sufficient to gravitate the 
tubs and pull the rope out. 

Self-acting Jigs are used where the gradient is in favour of the load, and suffloient for the full 
tubs to pull the empties up the incline. 
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Seleotion of Hope. 

Notes on Rope Construction. 

i. oiroum* 
wires are in 

are generally constructed 6 strands of 7 wires over a fibre core up to 4 in. 
above this size a compound construction is used, in order t^t the wire» 

mronable proportion to the usual size of haulage drums and pulleys. The ratio of wire diameter 
diameter should never be less than 1 to 460, but the aim should bo 1 to 660, 

® provide reasonable wear. The selection of the rope has 
an important bearing on its life. See fig. 12. 

ail casM flattened strand ropes provide an improved life, due to the additional wearing 
II** ™ be taken with splicing. The majority of haulage ropes are supplied 
^ there are ^rtain cases where ordinary lay has to be used. Haulage ropes 

tensile strengths between 80 and 120 tons per sq. in., but 100/110 tons 
per gq. in. gives best all round service on heavy haulages. 

are often inadequate for the size of rope in use, particularly diverting 
brow or round a curve. Extreme pressure and high bending stresses are 

caused to the detriment of the life of the rope. 

calOTlat?o]^*^£e flg piilley at the top of a steep gradient can be obtained from the following 

Fia. 13. 

Pressure on pulley W -« (P x sin c)(P x sin .S 
Where P = Rope pull. 

W =» Pressure. 
a and 5 « Angles of inclination. 

On some installations a jockey wheel is in use for tensioning the rope as in fig. 14. 

In this case W » 2P 

0. D. Meals states that the unit radial pressure of a wire rope in a groove of a sheave or drum 
IS given by 

T 
^ * Rd U *■ Unit radial pressure per sq. in. of projected area. 

T «■ Total load stress in lbs. 
R >■ Radius of sheave or drum at bottom of groove. 
d "m Diameter of rope in ins. 

U is Independent of the arc of contact and to consider this is erroneous. 



Sec. XXI (in) WIRE ROPES 953 

SAFE UNIT BlDUL PBESSURB OT LBS. PBB SQ. IN. 

1 Ordinary Lay Hopes. 
! 

Lang*s Lay Hopes. | 

Material. 
6/7/1 6/19/1. 6/37/1. 6/7/1. ; 6/19/1. 6/37/1. 

Oast iron 300 600 600 350 660 660 
Oast steel 560 900 1,075 600 1,000 1,180 
Manganese steel 1,600 2,600 3,000 1,650 2,750 3,300 

Where an nngrooyed pulley Is used, the pressure Is concentrated on the crowns of the strands, 
and is greatly in excess of that when the rope is supported in a groove. 

It is true that high pressures are likely to occur at such places as rounding a curve on diverting 
pulleys, too few and too small In diameter. Also at the top of an incline. The load should be 
distributed over a series of pulleys, rather than over one or two, as Is the case in many installations, 
as the pressure varies in direct proportion to the diameter of the pulley. 

Discarding of Ropes.—It is very difficult to assess the amount of remaining strength of a worn 
rope, unless one can examine a piece of rope. Measuring the outside diameter of a rope in service 
is not a true Indication of wear, it might be that the fibre core has pulled down slightly under load, 
therefore the measurement does not necessarily Indicate the amount of wear in the wires. If 
a rope is respliced at intervals a true examination can take place. 

Preferably the wires in a new rope should be tested and the tests recorded, and comparisons 
made from time to time of samples taken from the rope during its lifetime. These should include 
tensile tests, number of bends, and number of torsions in 100 diameters. 

Wear and corrosion are two frequent reasons for failure, and it is as well to examine the wires 
for pitting and cross-cutting of adjacent wires, and when testa reveal that the factor of safety 
is becoming low the rope should be discarded. 

Wnen a rope is respUoed, the worn wires should be tested and the amount of deterioration in 
a specified period may be determined and recorded. Fig. 15 shows a chart from which the remain¬ 
ing area of worn wires may be readily obtained. 

Psroentage of Area Remaining- 

Deterioration,—The booklet entitled * The Bxmmination of Colliery Winding Hopes in Service,* 
published by S.M.R.B. in 1938, is deserving of careful study. On page 33 the limits of deteriora¬ 
tion allowable are carefully set out, the following clauses being of utmost importance: * As a 
general rule, no rope should remain in use after it has lost SO per cent, of its strength by fatigue 
or corrosion fatigue, that is to say, a rope suffering deterioration by wear or oonosion is not likely 
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to become dangerous until it has lost 30 per cent, of its strength provided fatigue is absent.' . . . 
*No stranded rope should remain in use after the outer wires have lost 40 per cent, of their diameter 
by wear.* 

Friction of Tubs,—Opinions differ widely as to the coefficient of friction for haulages, and 66 lbs. 
per ton of load, or 1/40, appears to be satisfactory for good average bearings efficiently lubricated. 

The following table gives the pull per ton on various inclines including a coefficient of friction 
of 1/40. 

Tablb for Ascertaikikg Pull on Haulage Hopes. 

Pull in Lbs. Pull in Lbs. 
Incline to per Ton includ- Incline to per Ton includ- 

Horizontal. ing Friction Horizontal. ing Friction 
1/40. 1/40. 

1 in 1 46« 1624 1 in 21 162 
lin U 1289 1 in 22 168 
1 in 2 1042 1 in 23 163 
1 in 21 884 1 in 24 149 
lin 3 761 1 in 25 146 
1 in 31 670 1 in 26 142 
1 in 4 698 1 in 27 139 
1 in 41 641 1 in 28 136 
lin 6 494 1 in 29 133 
1 in 61 466 1 in 30 131 
line 423 lin 31 128 
lin 61 396 1 in 32 126 
1 in 7 372 1 in 33 123 
lin 71 352 1 in 34 122 
lin 8 334 1 in 35 120 
lin 81 318 1 in 36 118 
1 in 9 303 1 in 37 116 
lin 91 290 1 in 38 114 
1 in 10 278 1 in 39 118 
lin 11 268 lin 40 112 
1 in 13 244 1 in 45 105 
lin 13 227 1 in 60 100 
lin 14 216 1 in 66 97 
lin 16 206 1 in 60 93 
lin 16 196 lin 70 88 
lin 17 187 lin 80 84 
lin 18 180 1 in 90 80 
1 in 19 173 1 in 100 78 
lin 20 168 1 in 110 76 

Multiply the figure in the table by the gross load and weight of rope. 
Load and rope.10 tons. 
Incline .... ... 1 in 84. 
Multiple.670 
Load on rope. 670 X 10 - 6,700 lbs. 
Allow for factor of safety of not less than 4. 
Min.B/L. xi 26,800 or 13 tons (approximately). 

The formulae below give the pull on haulage ropes and covers load friction, rope friction and 
friction of wheels and rollers:— 

Where full tubs are ascending the incline. 
W/ Weight of full tubs and coal. 
W# ■«» Weight of empty tubs only. 
Wr ■> Weight of rope on incline. 

r Hicline to horizontal. 
n 

Pull on ascending side ■= ) + 0*0488 W/ + 0*06 Wr. 

Pullondescendingside *= 0*0488 W, + 0*08 Wr - 

Nett pull at haulage wheel x 2,240 X speed in ft. per min. 
83,000 x 0*8. 

Allowing for 80 per cent, effidenoy. 
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Splicing.—The Endless Spice.—Haulage ropes may be made endless by means of a long splice. 
The length recommended depends on the size of the rope and the duty imposed on it. 

A good guide for total length is 10 ft. for each | in. of diameter, for Lang's lay ropes. It is 
best to make the length divisible by 6, so tfabt the length of the tuck can readily be cut off to an 
even length. This is to say, if a splice works out at 47 ft., make it 48 ft. 

Wire Rope Splicing. 

LONG Spuor. 

This splice is used for haulage and where endless ropes are required. 
Mark off both ends the length required for splicing, which depends on the size of the rope, say 

48 ft., that is 24 ft. each end. Having marked each end, unlay three alternate strands from each 
end to within 6 ins. of mark, as shown in dg. 16, L. 

Out off the three remaining strands with the core and bend back at mark, as shown in dg. 16, R. 
Lock both ends together^ close up, so that the long strands pass alternately right and left, 

as shown in dg. 17. 
Grip the rope on one side of the lock with tongs, unlay one short strand and lay up in its 

place the corresponding long strand until within 4 ft. of the end. To facilitate operations, the 
short strand may now be cut 4 ft. from the cross, the two ends measuring 8 ft. Lay up the 
other two long strands, the crosses being 8 ft. apart; next repeat the operations with other side, 
cutting the ends at 4 ft. and the crosses being 8 ft. apart, as shown in dg. 18. 

The next operation is to run the ends in and substitute the core. It is advisable to serve 
the ends, this gives the outer strands a drra grip on them and prevents loose wires protruding 
through interstices of the strands. Grip the rope with tongs where Indicated by arrow, drive 
the spike through centre of rope three strands in advance of the strand to be run in, and with 
the aid of short spike pick the core out, as shown in dg. 19. 

Run spike back towards the tongs, insert needle over the end in the place of spike, hook 
spoon under the end, and in the same place as the needle, as shown in dg. 20. 

Take two or three turns out of the strand and twist it round the rope as indicated by arrow, 
at the same time bring the handle of the needle and spoon together, as indicated. This forces 
the strand into centre of rope, and by twisting the needle round the lay the strand will enter 
the rope one side and force the core out on the other. Out the core close up to the end of strand, 
and turn and run the opposite end in exactly the same way. 

Run in the other dve pairs of ends in exactly the same way as the drst pair. 
Oare should be taken not to run the core too far back, otherwise flat places will occur. 
This completes the splice, and if correctly executed there should be very little difference 

between the splice and any other portion of the rope. 
With a Lang’s lay rope the ends of the strands are run into the right of each other, as shown 

in fig. 21. 
With the ordinary lay rope the ends of the strands are run into the left of each other. 

Lubrication.—Wire ropes are thoroughly lubricated during manufacture to protect the fibre 
core against decay, and the internal wires against corrosion. 

During service it is not easy (not possible in the case of locked coil ropes), and should not be 
necessary to replenish the internal lubricant, but tbe rope should be lubricated externally at such 
intervals and in such a way as to keep the wires covered. It is important that nothing should 
come into contact with the wires which is culpable of producing chemical action. The rope should 
be cleaned as necessary with a light mineral oil and lubricated with a mineral oil compounded with 
petroleum jelly or graphite according to climatic conditions. If the lubricant is heated before 
application its chances of penetration are improved. 

Factor of Safety.—^The factor of safety to bo used depends largely on the condition of service, 
and the following are the minimum for new ropes. 

Dock cranes. 6 
Workshop cranes. 6 
Passenger lifts and hoists .... 12 
Goodslifta .... 12 

Colliery Winding Ropes. 
Ix>ckod coil over 700 yds. . 

„ „ under 700 yds. 
Round strand . ^ 
Flattened strand 
Mineral haulage ropes 
Man-riding haulage ropes . 

Not less than 

10 
9 
4 

7to8 

7 
8 

For colliery winding ropes the capacity factor is sometimes used to describe the factor of 
safety of a rope at the capel, that is the breaking load of the rope divided by the weight of the 
loaded cage and suspension gear. By this method the deeper the pit and the lower the static 
factor of safety of the rope. In s very long rope, the elastic elongation is greater than that of a 
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short rope« and it Is more capable of absorbing shocks. Therefore the capacity factor takes care 
of the Taring depths of shaft, and provides an adequate static factor of safety. 

The following are minimum capacity factors recommended by Dr. Hogan. 
Bound strand.Not less than 13^ 

• Flattened strand.. „ „ 12 
Locked coil.. „ „ 10 

These figures are, however, subject to increase when the conditions are unfavourable. 

Damping Dynamic Stresses in Mine Winding Ropes. 

Investigation has shown that dynamic shocks have a marked influence on the life of steel 
winding ropes, and has led to the design of apparatus for the continuous control of the stresses 
in the ropes. 

The elements of the shock-damping buffer are springs and pistons moving in hydraulic 
cylinders; the buffer (Xoepe system) is preferably interposed at the lower end of the Vope. as 
shown in lig. 22. 

The buffer is shown in fig. 23. The main bar (6) passes through the roof of the cage (a) and is 
connected to the piston-rod (e) by a bolt (d). The buffer itself consists of the piston (/), the 

spring (ff), and the cylinder (e), and is suspended by the two main trunnions (A), the chains (&*), and 
the headpiece (/). The dynamic effect of the brake depends on the throttle valves (m) (of which 
there are four), through which the fluid (glycerine) contained in the cylinder is forced as the 
cylinder is displaced. A feather (t) prevents the pistons from turning. An expansion space (n) 
is provided above the main space (e) of the cylinder, and connected to it by a hole (o). This 
space (n), which is filled only partlv with glycerine, serves to accommodate the expansion of the 
glycerine through heat and its varying displacement by the piston-rod. 

From fig. 22 it will be seen that when the lower cage is stopped at the bottom of the pit the 
heaviest shocks come when the portion LI of the winding rope is above the upper cage. Some 
of the shocks are taken up by the natural elasticity of the rope, but if LI is only short it cannot 
reduce them very much. In the first pit in which the brake was applied the dimensions of the 
piston and of the spring were so calculated that the effect of the damping apparatus was equiva¬ 
lent to that of a wire rope 400 ft. long. As the length LI was about 200 ft., the total elasticity 
was tripled by the arrangement. This holds for a new rope; old ropes have not the same 
elasticity as new ones, and with them the relative effect of the damping apparatus is therefore 
much greater. The first buffers were insttUled in 1924 at the Hannover pit ((Germany), and have 
since been in continuous service. The springs were designed for a normal load of 21*5 tons 
which compresses them by about 6 ins. They may be compressed for 3 ins. more with a load 
up to 32 tons. The total height of the spring is 24 ins., and its section is 1 • 4 in. by 2 *6 ins. There 
are about 12 coils in each spring. 

The practical value of the buffers can be seen from the records of a winding-rope. At the 
Hannover pit 140 wires had broken in a rope without a buffer in two years, and the rope bad to be 
removed after this time, but after the buffers has been fitted, only 20 wires were broken in two 
years of use; moreover, the breaks in the wires of the rope without buffers were concentrated at 
cer^n points, but were regularly distributed in the rope with buffers. The use of this rope has 
been permitted np to four vears, so that its life is at least doubled. Another advantage to that 
the renewal of the rope, which causes delays, to required leas frequently. 

(Timss Enqineering SuppUmefU^ Oct, 1028.) 
Yarions other methods are also employed for the above purpose. 



958 WIRE ROPES Sec. XXI (ill) 

PLAT ROPES. 

Plat ropes are composed of a oumber of individual ropes, alternative right and left lay, arranged 
side by side and stitched together with soft steel stitching wires. These ropes cw be used with 
advantage when space for machinery is very limited, or where it is necessary in any winding 
operation that the rope should operate on a centre line without travelling across the drum. 

Flat ropes make excellent balance ropes, and are extensively used for parallel drum installations 
where the cage centres are relatively close. They are also used on some installations for lifting 
heavy loads where an absolutely non-spinning rope is necessary. 

The usual construction is 6 or 8 strands of 4 reddles each stitched together with 3-ply strand 
stitching or a series of single wires. 

Pig. 24.—Eight strands of 4 Reddles of 7 wires each. 

Coiling on Drums,—Many ropes give unsatisfactory service because they are not spooled 
properly on the drum. If a rope is wound from the wrong end of the drum for the direction of 
lay, len^hening of the lay can be caused or deformation due to local tightening up of the strands. 
In order to avoid these troubles the following rules should be observed for the four different 
possibilities which exist:— 

(1) Overwinding on the drum from left to right, use a right-hand lay. 
(2) Overwinding on the drum from right to left, use a left-hand lay. 
(3) Underwinding on the drum from left to right, use a left-band lay. 
(4) Underwinding on the drum from right to left, use a right-hand lay. 
Illustration in fig. 25 shows the correct winding for the four conditions. 

“Tm* EnSinkCN' 
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Slings.—^Tbe safe working load on a double wire rope sling may be calculated from;— 

959 

Fia. 26. 

a 

a 
X 

c 

a 

included angle, 
working load of sling, 
factor of safety, 
breaking load of rope, 

a 0 
cos 2 X 

0-5* 

Rings.—Strength of iron rings 

w 

w 
D 
d 

W 

— proof load. 
»internal diameter. 
a diameter of bar from which ring is made. 

14-8 
" D ^ 0-3d. 

Fia. 27. 

should not bo lose than 2 or greater than 7. (B.8.S. 781—1938.) 

Small Bow Shackles. 
d mm diameter of material. 

W •" safe working load. 
D » diameter of pin. 

FlQ. 28. 

s a distanca from pin to inside of bow. 
w width between jaws. 

D 0-67v'W 

ti x=: 0-67VW 

to -O-TSyW 

s « 2-4'^W 

2r =. l-e^W 

Pin, W 
’ (w-hd 

(B.S.S. 826—1939.) 

Links. 

Px 

PIG. 29. 

P ■■ working load. 
X — factor of safety. 
d a diameter of material. 

dmm V P * r (L + 2 r) 

21 (L + ^ r) 

Proof load on short link chains 
— 12 X d* tons. 

See also Descriptiye Section XXI, Part 111. 
Whitecroes Go., Ltd. 
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SECTION XXI 

PART IV 

CHAIN DRIVING. 

Precision chains present an efficient method of transmitting power at short and medium 
centre distances. 

While the driye is positive, and so preserves a definite speed ratio and relationship between 
the driven and the dri^ng shafts, a certain amount of resilience or flexibility is also present. 

Differences in atmospheric conditions do not affect a chain drive, which is available for trans* 
mitting the full power of the electric motor or other prime mover immediately on starting np. 

Static electrical effects are entirely absent. 

Sfficiency tests conducted at the National Physical Laboratory have demonstrated that the 
efficiency of a roller chain drive is in the neighbourhood of 98* ft per cent. 

TTFB8 OV OHAOI. 

Two ^rpes of chain are available for power transmission purposes: roller type and inverted 
tooth ty^. 

BOLLKB OOilNB. INVEBTKD Tooth Ohaims. 
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The roller tjpe of ohain is generaUj osed in prefeience to the Inrerted tooth type, since it is 
simpler, cheeper and reqnires less width for the transmission of a giTen power. 

The inTcrted tooth type is furnished in two olassilioations, f.e. the round pin chain and the 
roeker-joint chain. It is claimed that in the latter there is a reduction in frictional losses, as 
the rooaer>jolnt works on the principle of an oscillating pin on a plain surface. The roller type of 
chain is manufactured in the round pin type shown in onr illustration, and aiso in the form of 
a semi-eegmental joint constmotion, which gives more uniform wheti tooth wear and semi¬ 
automatic lubrication of the pin and bush elements. 

The standardisation of roller chains and chain wheels has been investigated by the British 
Standards Institution, who have issued British Standard Specification No. 398—1934, to which 
reference may be made for further paiticnlars. 

Standardisation of inverted tooth chains has not been undertaken. 

The following notes and foimube apply to chains of the roller type only 

Proportions or rolijsr Chains. 

Although the dimensions of the standardised roller chains are not in strictfelationship to the 
pitch throughout, It is generally recognised that a roller diameter 0 * 635 x Pitch represents the best 
compromise between the provision of adequate shearing and bearing areas in the circular parts 
and tile midntenance of sufficient height and strength in the wheel teeth. 

The width between the inner plates is a basic dimension and is, in general, 0*6 x Pitch or 
0-4 X Pitch; chains with the drat>meutioned proportion being known as * wide,* and thos* 
with ^e second as the * narrow * series. The former is preferred for general use. 

rblahonship op Chain pitch to Shapt Spbsd. 

Bxperience has established maximum pinion speeds for each pitch of chain in normal drives; 
these speeds, which are those of the smallest pinion or wheel in the drive and relate to numbers 
of teeth from 19 to 80 inclosive, are given in the following table:— 

Pitch of Chain. Normal Maximum Pinion 
(Inches.) Speed. (Rev. per min.) 

0-375 8,600 
0-600 8,000 
0-750 1,600 
1-00 1,300 
1-36 800 
1-50 i 750 
1-76 600 
3-00 1 550 
3-50 400 
8-00 300 

NUMBERS OF TBRTH IN WHEELS. 

While there is no hard and fast diriding line for the mimimnm number of teeth to be used in 
a pinion (cotters are avaiiabxe for cutting down to 9 teeth) it is not good practice to use lees than 
19 teeth for drives running at normal speeds, and for some applications, e.g. for the driving of 
eleotrlo generators, the pinion should have not less than 38 teeth. 

It is not advlsible to exceed 150 teeth in the large wheel—a more usual limitation is 114 teeth— 
which, in conjunction with a 19-tooth pinion, allows a maximum ratio of 6 to 1. For larger ratios 
than this, it is advlsible to make the reduction, or Increase, in two stages; the ratio on each stage 
then beiz^ the square root of the total ratio. 
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The dieadvantagee of uejipg large wheels are that an earlier limit is sot to the Ule of the chain 
due to the fact that a given percentage of chain elongation, through wear, causes the chain to 
assume a correspondingly greater pitch circle diameter on the wheel, and that a large ratio drive 
calls for the centre distancp to be increased so that the desirable minimum arc of contact ot 120* 
on the pinion will I>e maintained. 

In low-ratio drives it is good practice to have the sum of the teeth in the two pinions not less 
than 50, t.g, a 1 to 1 ratio drive should have 25 teeth in each pinion. 

The shaft speeds in a chain drive are inversely as the numbers of teeth in the wheels. 

Nature of Load—Bearing Pressures. 

For all drives, except those running at very slow chain speeds, the beariiig pressure in tlie 
chain joints is the important consideration: where this condition is observed the necessary factor 
of saiety on the chain breaking load automatically follows. 

The nature of the load and the service expected from the chain have a determining influence 
on the bearing pressure to be allowed. 

For example, in drives working 50 hours per week, where the loads are steady and the con¬ 
ditions generally are favourable, bearing pressures up to 2,250 lb. per sq. in. of bearing pin projected 
area may be allowed. 

On the other hand, for drives working continuously and where the conditions are more arduous, 
due to the presence of impulsive loads, the bearing pressure should be restricted to 1,250 lb. pet 
sq. in. 

For medium conditions, where loads may be unsteady but not impulsive, a bearing pressure 
intermediate between these two, 1,750 lb. per sq. in., may be allowed. 

In general, where cyclic speed variation in excess of 3 per cent, is likely to be encountered, 
special consideration should be given to the conditions; it may be necessary to instal a shock¬ 
absorbing coupling or to provide additional flywheel effect. 

Horse-power TRANSMirriNO Oapaoitt of roller Chains. 

The horse-power transmitting capacity of a roller chain (wide series) can be conveniently 
expressed by tixe following formica : 

H.P. 
O.P*fn 
1000 

where C is a constant (see table below). 

P is chain pitch in inches. 

I is number of teeth in pinion, 

n is revolutions per minute of pinion. 

Folur# c/ 0. 

Conditions. Simple. Duplex. Triplex. 

Arduous—continuous running 1-0 2-0 30 
Medium—not Impulsive 1*4 2-8 4-2 
Steady—favourable . 1*8 3*6 5*4 
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Where one triplex roller chain is insufficient to transmit the required power, two duplex roller 
chains running side bj side on integral wheels may be used. If the calculations show that these 
are insufficient, it is permissible to use up to four triplex chains running side by side on integral 
wheels. An essential condition for multiple drives, however, is that the chains fitted on them 
must be matched and the chain manufacturer’s instructions regarding erection must be strictly 
observed. 

LIMITATIONS ON Pinion .Si/iK iMPasEi) bv Shaptino. 

The number of teeth in a pinion is frequently governed by the size of the shaft on which it is 
to be mounted : the following rough rule may be used to check the selection: 

4 X shaft dia. 
Minimum teeth in pinion «= Pitch 

Centre Distance Between Shafts. 

For normal conditions, the following expression may be used to determine a suitable centre 
distance between the driving and the driven shafts;— 

Centre distance (in.) -> 24 x Pitch + 18. 

Drives may, however, be run at centre distances such that the teeth of the wheels just clear one 
another, though it should be appreciated that due to the more frequent repetition of the chain 
in such drives its life is likely to be shorter. 

Wherever possible, the centre distance should not be less than that required to preserve an 
arc of contact of 120^ on the pinion. 

Overall Dimensions of Drive. 

Having determined the pitch of roller chain to be used and the numbers of teeth in the wheels, 
Uie approximate overall dimensions of the drive can be obtained from the following expressions, 
though for exact sizes reference should be made to the chain makers’ catalogues or data sheets:— 

(Simple 1-76 X Pitch. 

Lateral space required for chain Duplex 3*00 X Pitch. 

(Triplex 4-25 X Pitch. 

Clearance at sides of chain (per side):— 

0*375 in. + 0*125 in. per foot of centre distance. 

For multiple strand drives, the total width will be the sum of the chain widths plus the side 
clearances plus 0*25 in. clearance between adjacent chains. 

The radial dimension over the chain, measured from the shaft centre, exceeds the pitch radius 
of the wheel by approximately 1*3 x Pitch : this allows for the rise of the chain on the wheel 
due to wear. For clearance purposes, an amount equal to twice the pitch of the chain, with a 
maximum of 3 In., should be added. 

UNIT PnoH Diamstbb Table. 

The following table gives pitch diametere of chain wheels In inches for roller or inverted tooth 
ohains of 1 in. pitch. 



CHAIN DRIVING 965 Sec. XXI (iv) 

Pitch dlameten of wheels for other pitches of chain can be obtained from this table by malti- 
plying the figures given by the pitch of the chain under consideration, for 1*20 in. pitch, 
multiply the figum in the table by 1 >25:— 

Number Pitch 
! 

Number : Pitch Number Pitch 
of Teeth. Diameter. of Teeth. ; Diameter. of Teeth. Diameter. 

9 2-9338 67 18-1629 106 33-4376 
10 3-2361 68 18-4710 106 33-7468 
11 3-6494 69 18-7893 107 34-0640 
12 3-8637 60 19-1073 108 34-3823 
18 4-1786 61 19-4366 109 34-7006 
14 4-4940 62 19-7437 110 36-0188 
16 4-8097 63 30-0619 111 36-3371 
16 6-1268 64 20-3800 112 35-6664 
17 6-4422 66 20-6983 113 36-9737 
18 6-7688 66 21-0164 114 36-2919 
19 6-0766 67 21-3346 116 36-6102 
20 6-8936 68 21-6638 116 36-9286 
21 6-7096 69 21-9710 117 37-2467 
22 7-0266 70 22-2893 118 37*6660 
28 7-8439 71 22-6074 119 37-8833 
24 7-6613 72 22-9966 120 38-3016 
26 7-9787 73 23-2438 121 38-6198 
26 8-2962 74 23-6690 199 38-8381 
27 8-6138 76 93-8803 193 39-1664 
28 8-9314 76 24-1986 124 39-4746 
29 9-2491 77 24-6167 126 39-7929 
30 9-6668 78 24-8349 126 40-1119 
81 9-8846 79 95-1631 197 40-4996 
32 10-3023 80 26-4713 128 40-7478 
S3 10-6201 81 96-7896 129 41-0660 
84 10-8380 82 36-1078 130 41-3843 
86 11-1668 83 36-4260 131 41-7026 
86 11-4787 84 26-7443 132 42-0909 
37 11-7916 86 27-0696 133 42-3391 
38 12-1096 86 37*3807 134 43-6674 
89 12-4276 87 27-6990 136 42-9767 
40 13-7465 88 28-0179 136 43-2940 
41 13-0636 89 98-3366 157 43-6123 
42 13-8816 90 28-6637 138 43-9306 
43 18-6995 91 28-9719 139 44-2488 
44 14-0176 92 29-2902 140 44-6671 
46 14-3366 93 1 39-6084 141 44-8864 
46 14-6637 94 29-9267 142 46-2037 
47 14-9717 96 30-2449 143 46-6220 
48 16-2898 96 30-6633 144 46-8403 
49 16-6079 97 30-8816 146 46-1686 
60 16-9260 98 31-1997 146 46-4768 
61 16-2441 99 31-6180 147 46-7961 
52 16-6622 100 31-8362 148 47-1134 
68 16-8803 101 32-1646 149 47-4317 
64 17-1984 102 32-4737 160 47-7600 
66 17-6166 103 32-7910 — 

66 17-8847 104 33-1093 

Whevl Matbriai^. 

The normal material for pinions from 16 to 29 teeth inclusive, is a 0-6 per cent, carbon 
steel, untreated. 

For pinions having less than 16 teeth heat treatment is advisable to obtain mazimam 
resistance to wear. 

Wheels having 80 or more teeth can be made from a close grain cast iron for normal appUca- 
tions, but where shock loads are likely to be encountered and for certain specific applicationB, 
#.y. drives for marine work, steel forgings or castings are preferable. 
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Wheel MAomNiNa. 

All wheels for use with power transmission chains shonld bare machine-ont teeth. The 
machining may be done by rotary cntters, rack planing catters or by hobs. 

British Standard Dimensions for rotary tooth form cutters and for basic rack tooth shapes 
for roller chain wheels are contained in the British Standard Specification No. 328—1934, proTloosly 
referred to. 

When machining roller chain wheels, the bottom diameter is the Important dimension: top 
diameter is relatively unimportant, and assuming the blank is of adequate site, is controlled by 
the cutter. 

OASINQ AND LUBRIOAnON. 

The bearing surfaces in precision roller chains are of casehardened steel and eflicient lobri> 
cation most therefore be provided for them. This is usually done by enclosing the drive in a 
sheet metal case and directing oil on to the inner edges of the plates by means of feed or spray 
pipes, the oil being supplied either from a drip feed lubricator, or by a simple type of pump. 

Certain dispositions of drive can be lubricated on the oil bath principle, by maintaining oil 
in the case at such a level that the chain dips into It while running, but the pump method is in 
genmal the most satisfactory and is practically essential where powers in excess of 50 H.F. are 
ooncemed. 

CHAIN ADJUSTMENT. 

The cumulative effect of bedding-down and subsequent normal wear of the bearing surfaces 
in a chain makes it necessary to provide for chain adjustment. The simplest method is to arrange 
for the shaft carrying the driving or the driven wheel to be movable where this is practicable; 
otherwise a tooth^ )ockey pinion, having at least three teeth in engagement with the non-driving 
strand of the chain, should be fitted. 

Care should be taken when deciding on the initial centre distance of a drive to ensure that it 
will suit a chain having an even number of links when It is approximately at the commencement 
of the adjustment range (a small amount of negative adjustment is helpful during installation), 
as the use of cranked, or as they are sometimes termed * half,' links is most undesirable. 

The simplest method of checking chain length, particularly where more than two wheels are 
Involved, is to make a scale layout of the drive and to step around the chain contact arcs of the 
pitch circles with dividers set accurately to the pitch; the free lengths of chain being measured 
directly between the terminal pitch points on the wheels. 

OHAIN Drite Formula. 

F B Pitch of chain In inches. 
W Weight of chain in lb. per foot. 

t — No. of teeth in wheel. 

Pt 
Chain Speed (ft. per minute): x r.p.m. of wheel. 

TentUn in Chain due to Drive (lb.): 33,000 x ^ 

TentiM in Chain due UtCentHfugal Force 8-6 Wx 

TouU TeneUm in Chain (lb.).—The sum of the tensions due to drive and centrifugal force. 

Bearing Preerure (lb. per sq. in.).—Total tension divided by bearing area in sq. in. 

Faetor of Breaking load of chain divided by total tension in chain. 

See also Desoriptive Section XXI, Part IV. 
Morse Chain Oo., Ltd. 
Benold A Coventry Chain Co., Ltd. 



SECTION XXI 

PART V 

SPUR GEABING-BEVEIi GBABrnG-HEIilCAL GEARING - 
TURBINE GEARS-WORM GEARING. 

(Contributed by H. T. Davey, M.I.Mech.E.) 

Definitions. 

Straigfd Spur Gear.—One having the faces of the teeth perpendicular to the plane containing the 
pitch circle. 

Bevel Gear.—gear in which the teeth are formed on a cone instead of on a cylinder, as in a 
straight spur gear, the pitch cylinder in the latter being replaced by a pitch cone in the former, 
dee p. 988. 

Helical Gear.—L type of gear in which the teeth are portions of helices, the number of helices 
being equal to the number of teeth in the gear. Such gears may be single, double or triple helical. 

Rack,—A gear in which the pitch circle is of infinite radius, and is therefore a straight line. 
Crown Wheel and Pinion.—A crown wheel is a bevel wheel in which the pitch cone angle is 

90° (see fig. 11), a crown wheel being therefore a disc in which the tooth faces are perpendicular to, 
and radiate from, the axis of rotation. A crown wheel is in effect a circular raok. For a plrion 
to gear with a crown wheel the axis of its shaft must be inclined at an angle greater than 90° 
to the axis of the crown wheel. 

Hyperboloid Gears.—The teeth of these are cut on a hyperboloid, the solid of revolution of a 
h^erbola. They are used for the transmission of power between skew shafts, but owing to 
difficulties of manufacture are not very common. 

Uypoid Gears.—Similar to hyperboloid gears but manufactured along the lines of a helical 
bevel gear (see p. 989). Used for purposes similar to the hyperboloid gear. 

LatUem Pinion.—A pinion, the teeth of which are formed by round bars or rods of equal 
lengths, the ends of which are fixed in and near the peripheries of two discs mounted centrally on 
a spindle with their planes parallel to one another. Within limits such a pinion will operate 
wheels having any number of teeth. 

Straight Spur Gears- Nomenclature. 

Pitch cylinder is a virtual cylinder, the cylindrical surface of which would transmit by friction 
when in contact with a similar cylindrical surface the required relative motion. 

Pitch circle is the end elevation of the pitch cylinder. 
Pitch surface lies virtually in the tooth space, and is the surface of ^he pitch cylinder bounded 

on each side by the lines of intersection of the faces and fianks of adjacent teeth. 
Pitch line is the line of intersection of the face, and flank of a tooth. In the case of a straight 

spur gear it is the line perpendicular to the plane of the pitch circle at the point where the pitch 
circle is intersected by the tooth profile. Pitch line should not bo confused with pitch circle. 

Base Circle.—The generating circle or circle from which the involute curve for the tooth profile 
is developed in the case of involute teeth. 

Diameter of a gear is the diameter of the pitch circle, and is often referred to as the pitch 
diameter. 

Circular pitch is the length of the arc of the pitch circle measured from a point on one tooth 
to the corresponding point on the next tooth. It is equivalent to the oircumference of the pitch 
circle divided by the number of teeth in the gear. 

Diametral pitch is the number of teeth for each inch of pitch diameter, and is equivalent to 
the number of teeth in the gear divided by the diameter. It is a ratio and not a dimension. If 
a gear has a pitch diameter of 4 ins. and has 40 teeth, then it has a diametral pitch of 10. 

Module,—^This is the reciprocal of the diametral pitch and hence represents the pitch diameter 
per tooth. Measurement of pitch in this way is used mainly on the continent of Europe, in which 
case the diameter of the pitch circle is exprefmd in millimetres and the module stated accordingly. 
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Chordal pitch is the length of a chord of the pitch circle drawn from two exactly similarly 
placed points on two contiguous teeth. Oonvenient points are the centres of two contiguous 
teeth on the pitch circle. The chordal pitch is thus slightly less than the circular pitch. 

Addendum is the distance measured radially from the pitch circle (or perpendicularly from 
the pitch line in the case of a rack) to the crest of a tooth. It is the difference between the radii 
of the gear blank and the pitch circle. 

Dedendum is the distance measured radially from the pitch circle (or perpendicularly from 
the pitch line in the case of a rack) to the root of a gear tooth, or to the more definite surface, 
the bottom of the space between two contiguous teeth. 

Clearance is the distance between the bottom of a tooth space and the crest of the mating 
tooth when in full mesh. It is the difference between the dedendum and addendum of the mating 
teeth. This clearance is quite independent of any side clearance which may be allowed between 
a tooth in full engagement and the corresponding tooth space. 

4- 

Wiiole depth is the total distance measured rtidially between circles containing the periphery 
of the teeth and the bottom of the tooth spaces. 

Working depth is the distance which the teeth of one gear extend into the spaces of its mating 
gear. It is equal to the whole depth minus the clearance, and is also equal to the sum of the 
addenda of two mating gears. 

Line of action.—In properly formed gear teeth a line drawn normal to the profile at the point 
of contact of two engaging teeth passes through the pitch point, F, fig. 1. For involute teeth all 
points of contact of engaging teeth should fall on this line in order to secure unifonn transmission 
of motion. For other forms of tooth profile the path of contact is not a fixed straight line, but 
the normal to the profiles at point of contact must alwa3rs pass through the pitch point. 

Pressure angle or angle of obliquity of action is the angle of inclination of the line of action to the 
tangent at F. See angle fig. 1. 

Interference occurs when points of contact of mating teeth do not fall on the line of action. 
Motion cannot be unifonn under these conditions. 

Adive profile is that part of the tooth which actually comes into contact with the profile of 
its mating tooth. 

Arc of approMh is the arc of the pitch circle through which two engaging wheels rotate from 
the time that contact is first made between two mating teeth, and the time that the point of 
contact reaches the line of centres. See p. 969 for line of centres. 

Arc of recess is the arc of the pitch circle through which two engaging wheels rotate from the 
time they are in contact on the line of centres to the time when contact ceases. 

Fojce of tooth is that portion of the tooth surfeme above the pitch cylinder. 
Flank of tooth is that portion of the tooth surface b''low the pitch cylinder. 
Width of tooth face it the length of the surface of contact of two mating gears. It is usually 

equal to the full width of the gear-wheel. 
Gear blank is the prepared cylinder or disc or truncated cone in the case of a bevel gear) before 

the teeth are cut. 
Crests of teeth are the peripheral surfaces of the blank which are left after the teeth have been 

out to else. 
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Tooth tip Is the intersection of the crest with the face. 
Tip relief is sometimes referred to as eating. It is the amount by which the tooth fare is some¬ 

times modifled toward the tip, a small amount of material being removed. 
Rounding or chamfering are provided on sliding gears to facilitate engagement, a small amount 

of material being removed from the edges of the tooth profiles. 
Clearance curve is the curve connecting the fianks of adjacent teeth and forming the bottom 

boundary of the tooth space. 
FiUet is the portion of the clearance curve which joins the tooth flank to the bottom of the 

tooth space. 
Line of centres is the straight line containing the centres of rotation of two engaging gears. 
Centre distance is the linear distance between the centres of rotation of engagring gears measured 

along the line of centres. 
Hunting Tooth.—When teeth could not be so accurately produced as at present it was common 

practice to introduce in the gear an extra tooth to equalise the wear on the teeth as a whole. If 
the number of teeth in the wheel is exactly divisible by the number of teeth in the pinion the 
same teeth are continually coming into engagement. This, in teeth not exactly of uniform shape 
and size, tends to produce uneven wear, and hence the introduction of the odd or hunting tooth. 
The high standard of production now achieved mokes this practice utuiecessary so far as machine 
cut gears are concerned. 

PROFILES OP GEAR TEETH. 

The involute tooth profile is now practically universal in engineering work, although large 
gears having cycloidal teeth are sometimes manufactured. The Involute tooth profile can be 
produced very accurately with comparative ease, and is most suitable for gear manufacture on 
a first-class production basis. The modem method of gear manufacture is by the generating 
process. In this system the gear blank is made to rotate about its actual axis of rotation, and at 
the same time a cutter having a section of a rack is made to advance across the gear face a distance 
equal to the pitch of the finished gear, and in a direction at right angles to the axis of the rear. 
The rack cutter has properly ‘ raked ’ cutting edges, and reciprocates across the face of the blank 
as the latter oscillates about its axis of rotation. Such a system of production tends to produce 
uniform tooth profiles, since each tooth is formed under similar conditions. 

Slight inaccuracy in the fixing of the wheel centres does not have such serious effect upon the 
cdicient working of involute teeth as is the case with cycloidal ones in which accurate positioning 
is essential. Increase of centre distance results, however, in greater back lash with consequent 
liability to greater fatigue in the material, particularly if the tooth load varies frequently, when in 
such cases a minimum back lash is essential. The wear on involute teeth is rather greater than 
on cycloidal teeth, since the surfaces in contact are small in the case of the former profile owing to 
the convex curvature. 

There are several tooth forms in use such as the British Standard, Brown and Sharpe, Sellers, 
and Logue. Generally the 20^ pressure angle is favoured and it is common practice also to modify 
somewhat the involute profile to suit conditions of manufacture. (See sub-section on Gear 
Grinding.) Reference to the British Standard tooth form also exemplifies the alterations to the 
involute profile. (See also paragraphs on Interference.) 

Interference. 

This is an important phenomenon which occurs in all kinds of gearing when the number of 
teeth in mating gears and tooth proportions are unsuitable. (See also sub-section on Bevel and 
Helical Gears.) 

Interference is accentuated in gear teeth having a 14|* pressure angle ; a 20* pressure angle 
is more suitable in order to avoid this difficulty, although a slight increase in pressure on the 
bearings results from its use. Since the introduction of the generating system of gear production 
the former pressure angle has been much less used. In cutting tretb by this process, when 
interference exists due to too few teeth and unsuttabie proportions, the flanks of the teeth may 
be undercut so much so that they are seriously weakened. 

Interference occurs in 14^* gear teeth when the number of teeth is below 82, and 17 In the 
case of 20* teeth. In the case of gears having a very small number of teeth, say below 10, the 
whole of the involute portion forming the flank is cut away up to the pitch circle. 

Corrections for Interference in Spur Gears. 
There are three methods in general use for correcting this defect, namely, (a) addendum 

correction, (6) reduction of addendum, (c) increase of the pressime angle. 
The flrst method ya) combined with a suitable pressure angle is generally regarded as the 

best. The reduction of the addendum gives what are commonly called stub teeth, and when this 
method is adopted in conjunction with an increase of pressure angle the best combination is 
obtained to meet the most serious coses of interference. Usually 20* stub teeth are adopted. 

Method (a) enables a standard height of tooth to be retained, thus permitting the use of standard 
cutters which facilitates production. The general method of application of this system consists 
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In redaoing the dedendnm of tbo pinion which is probably the mors seriously affected by Inter- 
ferenoe aM increasing its addendum, applying reverse corrections of eaual amount to the engaging 
wlieel teeth. Such corrections produce stronger pinion teeth and more efficient tooth contact. 
There are no standardised corrections in rogue. Bach manufacturer makes his own particular 
allowances to salt requirements. 

In the stub tooth system the addendum is commonly reduced to 0*8/d.p., and the dedendum 
to 1/d.p. or 0*8 module and 1*0 module respeotirely. 

Back Iiash. 
In general engineering work a certain amount of back lash Is essential to allow for errors in 

the tooth form and i n the centre distance. The complete elimination of back lash is only desirable 
in special oases. When the loading on the teeth fluctuates and is thus liable to produce a hammer¬ 
ing effect between the teeth, then the back lash should be reduced to a minimum. Darld Brown 
A Sons, Ltd., Hudderefleld, recommend for general engineering work a back lash of 0*03 in. to 
0*08 in. for 1 diametral pitch teeth, and proportionately for other pitches. 

Face Width. 
The width of face of a gear depends largely upon the conditions under which it is required to 

work. If the power transmission is small and the speed not excessively high then the face width 
can be comparatively narrow. A width of from two to four times the circular pitch is common, 
but the correct estimate of this dimension should be made by considering the speed of the gear, 
pressure between teeth, materials in contact, and method of lubrication. The strength of the 
teeth is also affected by this dimension, the strength to resist bending being directly proportional 
to it. (See section on Zone Factors, etc., B.S.I. Import, No. 436.) For heavy wear the face width 
is often very great as in rolling mill gears where it is sometimes equal to the pitch diameter. 

Setting out Involute Teeth. 
Let ABOD (fig. S) be the pitch circles of two mating gears, and BF their line of 

centres. Through the point of contact of the two pitch oiroleaon BF, draw MN such that angle 0 
is equal to the angle of obliquity of action desired. MN is the line of action of the two gears, 
and is ther^ore the common tangent to the two base circles from which the teeth profiles are 
developed. Hence, with centres on BF draw the base circles nn and m, Just touching the tine MN. 
The involate curve of which the tooth profiles are a portion is geueratM from these base circles. 

A convenient way of setting out an involute curve is to roll a notched straight edge round the 
base circle, marking successive positions of the notch as the straight edge rolls around the circle, 
until a sufficient length of the involate curve has been derived. 

Proportions of Involute Gear-Teeth for Spur Gearing. 
p mm circular pitch; P a diametral pitch. 

British Standard Tooth Forms for Spur Gears.* 

Proportions for high-class or commercial cot gears, 20** pressure angle. 
Thickness of tooth and) Addendum 

width of tooth space [ 0 * or 1 • 671/P. Dedendum 
at pitch circle ) Total height of tooth 

Proportions for precision ground or cut gears 20** pressure angle. 
Thickness of tooth and \ Addendum 

width of tooth space [0*1^ or 1>671/P. Dedendum 
at pitch circle ) Total height of tooth 

0-31837>or l/P. 
0-30701) „ 1-2600/P. 
0-7162;) „ 2-2600/P. 

0-3183porl/P. 
0-4583P „ 1-4S07/P. 
0-7766;) „ 2-4897/P. 

* By permiacion of the British Standards Institution. 
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Detailed proportion! and tooth form are shown in figs. 3 and 4. 

Fia. 3.—British Standards 20” Tooth Form for Ck>mmercial Oat Gears. 

All dimensions are in terms of the Oironlar Pitch. 
Fia. 4.—British Standard 20” Tooth Form for Precision Ground or Out Gears. 

(Machine-cut gears of 144* and 20” obliquity.) 

(Brown and Sharpe.) 
^Thickness of tooth at) Dedendom 0 ‘3683p or 1-157/1*. 

pitch circle and width [ 0 • 6p or 1 • 671/P. Total height of tooth . 0 • 6866p „ 8 *167/?. 
of tooth space ) Bottom clearance . 0*06j9 ..0*167/?. 

Addendum • • 0*8183p or 1/P. 

* Nominal thickness in each case. 
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Proportions of Short Involute Teeth, Logue System. 

(Stub teeth, 20* obllquitj.) 

*Thio1cneB8 of tooth at) Dedendom . O'ip or 0* 942/P. 
pitchcircle and width I 0 • 6p or 1 • 671/P. Total height of tooth . 0 * 56j7 „ 1 * 728/P. 
of tooth space ) Bottom clearance . 0‘05p „ 0*157/P. 

A.ddendam . . 0*26p or 0* 785/P. 

Proportions of Short Involute Teeth, Sellers System, 20® Obliquity. 

*Thicknes8 of tooth at) Dedendum . . 0-85j) or 1-099/P. 
pitch circle and width ~ 0*6p or 1’671/P. Total height of tooth . 0’85y „ 2 *041/?. 
of tooth space ) Bottom clearance . 0’05p „ 0‘157/P. 

Addendum . . 0*3p „ 0’942/P. 

NOTH.—The above proportions in terms of the circular pitch are approximate. The error 
is very small. 

In the Fellows stub tooth system two pitches are used, the tooth proportions being calculated 
from one and the pitch diameter of the gear from another. 

20'> SELLERS. 

Pia. 5.—Forms of Gear Teeth. 

20” LOGUE. 

Machine-Moulded Teeth. 

Proportions for these vary. The following are typical values: — 

Thickness of tooth, 0 ’ 486p. 
Width of tooth space, 0 • 515y. 

Addendum, 0’25p to 0’35p. 
Dedendum, 0’35p 4- 0’08 in. 

to 0’4p + 0’08 in. 

] Total height of tooth, 0’6p+ 
j 0’8 in. to 0’75p + 0-08 in. 

Rolling-Mill Gears. 

The shape of the teeth for this purpose varies somewhat from the standard involute form, 
although the involute profile is closely followed. Good radii are provided at the root of the teeth, 
and a 22^* pressure angle is used. Usually the tooth face is exceptionally wide, often being 
made equal to the pitch diameter of the gear. This makes provision for the heavy wear to which 
these gears are subjected. 

Typical tooth proportions are as follows:— 

Addendum, 0 ’ 275p ; dedendum, 0 • 326p ; width of tooth at pitch circle, 0* 42^/. 

Proportions of Gear Wheel Bosses, Arms and Rims. 

The British Standards Specification No. 436 contains a number of charts which enable the 
dimensions of the boss rim and arms to be calculated. Proportions are given in fig. 6 for heavy 
types of oast iron gear wheels. In the case of cast steel gears of good quality the dimensions 
obtained from these proportions can be reduced on the grounds that in tension steel castings are 
approximately 4^ times as strong as iron castings. 

The dimensions of the arms of a gear wheel should, when the load to be transmitted Is appreci¬ 
able, be determined by calculating the bending moment to which they are subjected. Assuming 
the loading between the teeth to be steady then if HP horse power transmitted, V » linear 
velocity of a point on the pitch circle in ft. per min., and W -■ tangential load between the teetii 
in lb. at the pitch circle then HP »• W.y/33000 and W ei 33000 HP/V. This load may be 
increased due to the starting torque being greater than the mean running torque and also it may 
be greater due to external influences. Assuming that the arms are straight and take an equal 

* Nominal thickness in each case. 
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share of the load then the bending moment on each arm at its root — W</n where I length of 
arm between the boss and rim and n No. of arms, n is usuallj 4, 6 or 8 according to the sise of 
the wheel. Then Wl ■■ ft where/ is the allowable bending stress in lbs. per sq. in. which may be 
up to 2,600 for good cast Iron and 9,000 or 10,000 for cast steel. Z Is the modulus of section (see 

Proportions are in terms of Circular Pitch except where otherwise stated. 
FlO. 6.—Proportions for Oast Iron Gear Wheel Arms and Rluis. See also B.8.I. Report No. 436. 

appropriate tables) inTolying the dimensions of the cross-section of the arm at its root and depend¬ 
ing upon the shape of the oross-section. One of the dimensions of the croes-eection will in most 
oases be goTemed by the width of tooth face and hence the other may be calculated. If the *rms 
are ourred the actual stress produced by a given load at the pitch circle may be 60 to 70 per cent, 
greater than that calculated from the formulas given for straight arms, ^e dimensions of the 
cross-section of the arms may be reduced at the rim where the bending moment is obviously much 
less than at the boss. 

Involute Gear Cutters. 
Since the dimensions of gear teeth are proportional to the olrcular or diametral pitch in the 

standard tooth forms, it follows that, theoreticiUlj, a different cutter is required for gears having 
different numbers of teeth. 

In aotual praotioe, however, a set of 8 cutters is employed for the 14|'* system, and another 
set of 8 for the 30* Bjntam, 

The ontters are employed as follows and are numbered from 1 to 8, each one being known by 
its partioular number:— 

No. 1 for cutting gears having 136 teeth to a rack 
No. 2 It 65 134 teeth 
No. 3 If 36 M „ 
No. 4 If 26 54 „ 
No. 6 II 21 26 .. 
No. 6 II 17 20 „ 
No. 7 II 14 1« II 
No. 8 II 12 13 „ 

The shape of the cutter oouforms to that of the gear having the smallest number of teeth. 
The above outters are satisfactory for gears working under general conditions where speoial 

attainments are not needed, and for gears working under steady loading oonditions. 
For more accurate work and more precise oonditions, outters bearing half numbers are made 

as follows 
No. 1} for cutting gears having 80 teeth to 134 teeth 
No. „ „ II 42 „ 54 „ 
No. 3* „ „ 11 80 34 „ 
No.4*„ „ 92 .» 23 25 „ 
No. 6^ „ „ »9 I. 10 30 „ 
No. 6i „ „ »* II 15 16 . 
No. 71 „ „ IS teeth only. 
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Cycloidal Teeth. 
Bmall unoont of wear ocoun with this form of tooth profile dae to large sarfaoe of oontaot. 

To enaore quiet ruiining and no back lash it ia essential that the wheel centres be accurately located, 
since the path of contact consists of two curves which change direction at the pitch point. 

These gears are difllcult to cut accurately in a machine, and if the profiles of pinions of 12 teeth 
to a rack are generated with rolling circles greater in diameter than half the diameter of the smallest 
pinion, then the fianks cannot be cut by the ordinary rotating cutter. 

Gem of this form have good wearing qualities, but the advent of higher speeds of rotation 
have made the defects of these teeth very pronounced, and involute gears have superseded them. 

Epicyclic Gears. 
In epicyclic gearing the arm rotates, and hence its motion must be added to that of the wheels. 

In general, the action of epicyclic gear trains can be summarised as follows : The number of revo¬ 
lutions of any gear-wheel in the train for each single revolution of the arm Is equivalent to the 
number of revolutions that the gear-wheel would make if the arm was fixed and the first gear-wheel 
turned through 1 revolution + 1 for wheels rotating in the same direction, and — 1 for wheels 
rotating in the reverse diiection to that of the arm. 

With epicyclic gears high velocity ratios can be obtained in a compact and convenient form. 

To Determine Relative Motion of Components in a Simple 
Epioyolio Gear. 

In fig. 7 the number of teeth in each member of the system is denoted by Ha, and A 
represents the arm rotating about the principal centre and carrying pinion ,K«. To compile the 
following tables the driver is given one revolution, and the corresponding motion of the other 
wheels and arm are tabulated. The negative sign Indicates motion in the opposite direction to 
that of the driving wheel. 

No. of Revs. 
Member Member Member No. of Bevs. No. of Revs. of No. No. of Revs. 
Fixed. Driving. Driven. of A. of Ns. About own of Na. 

Axis. 

A N* Na 0 1 
N* 
N, 

N* 

Na 
Na Na 

1 A Na N* 0 N» Na 

Na A N* 1 
Na+N» 

Ns 

Na 
~ Na 

0 

N» A Na 1 0 
N» Na+N* 

N. N* A 
N» 

Na + Nf 
1 

N» \N„: 
Ua+N»yNai 0 

Na / Na \N*i 
Ns N. A N.+N* 1 

1 

0 Ue-t-Ns/Nai 1 
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Belation between Circular Pitch and Diametral Pitch. 

p. «■ clroular pitoL; P — diametral pitch; p.c.d. — pitch circle diameter. N — namber 
uf teeth; n - 8>1416. 

• p. « ^ • r -= ^ 
N * p.c,d. 

Hence, 

To Calculate the Linear Velocity of the Pitch Circle. 

^Multiply the pitch circle diameter in inches by tt (3'1116) and this product by the number of 
revolutions per minute of the gear. Divide the result by 720 which gives the linear velocity of 
the pitch circle in feet per second. 

To Calculate the Chordal Pitch of a Straight Spur Gear. 

Divide 180® by the number of teeth in the gear. Find the sine of the resulting angle (from 
trigonometrical tables) and multiply the sine by the pitch diameter of the gear in inches, thus 
obtaining the chordal pitch in inches. 

Tooth Load. 

The load on the teeth at the pitch circles of two gears in engageuient due to the power trans¬ 
mitted may be calculated from the following; H.P. •=» horse-power transmitted : V »» linear 
velocity in/h per min, of a point on the pitch circle of one of the gears : D *=> the diameter in 
feet of the pitch circle of one of the gears and N ss its number of revs, per min : W » load in 
lbs. between the teeth in engagement. 

V - irDN. W - H.P. 83,000/V. 

To Compute the Horse-Power transmitted by a Gear. 

Multiply the tangential load in lbs. at the pitch line by the pitch circle velocity in ft. per min. 
and divide the product by 33,000. 

Example.—A gear 8 ins. p.c.d, runs at 400 r.p.m. and carries a pitch line load of 800 lbs. 
What horse-power is transmitted ? 

■nii u t 1 1 li. X P.c-d. X N Pitch circle velocity — 
31416 X 8 X 400 

13 
837 ft. per. min. 

800 X 837 
* • “ 33,000 

80'3. 

The load W referred to above is not necessarily the max. load on the teeth since its calculation 
is based on the mean torque transmitted. It is, however, common (>ractice for example to make 
allowances for possible dynamic increases in the tooth load by modifying the working stress 
allowed when designing the teeth. The tooth strength is calculated on the principle that each 
tooth acts as a cantilever and carries the load W (referred to above) at the apex of the tooth, and 
in a direction perpendicular to its radial centre line. 

Thus if h n height of tooth in ins. "Wh « bending moment in in. lb. Also if the face width 
in ins. ma f^b the breadth of the tooth at its root in ins. and » » the allowable working stress 
in lb. per sq. In. which will depend on the material used and the speed of the gear, then 

WA - or /- 6WA/*«#. 

Qenerally b and h are fixed from general proportions. The above forms the basis of the well- 
known Lewis formula for gear teeth. 

VOL. I. 8L 
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Lewis Formula. 

As above Wh - or W =. 
6 6A 

Let p >■ circular pitch of teeth tn ins. Then if c and k ore constants, b ep say, and kp 
say, 

. Tfr ^ e*p*fs c*pft 
6kp 6k • 

is usually denoted by ‘ y,' and is called the Lewis strength factor. 

W — y»fpt which is the Lewis formula. 

When calculations are made in terms of the diametral pitch, Y Is used to denote the Lewis 

Ysf 
factor. In this latter case We* ^ and Y « n-y, and P =■ diametral pitch. 

The values assigned to s, the safe working stress, are based on a basic value of the stress, which 
is actually the safe static stress suitable for the particular materials in use. This basic value is 
Chen modified to allow for the pitch circle velocity of the gear. In the D. B.S. system the modifying 
factor is based on the revolutions per minute, and not on the pitch circle velocity. 

A common formula In use connecting basic stress and pitch circle velocity is 

^-^•(eooTv) 

where S« safe stress at given pitch circle velocity. 

So •“ safe basic stress. V *« pitch circle velocity in £t./min. 

Modem methods in vogue for producing accurate tooth profiles and the Increased velocities 
made possible by these conditions, have resulted in the above formula being modified thus 

S. So 
/ 1,200 \ 
U.200 + y) 

and in this form it meets the case of Mcurate machine-cut teeth working at high velocity. The 
American Gear Manufacturers' Association recommends the following formula for gears working 
with pitch circle velocities of 4,000 ft. per min. and over: 

®*”®*(78+Vv)- 

The following are suitable basic stress values for use in the above formulse:— 

Material. Basic Bending Stress. 
Nickel chrome steel, 100 tons U.T.S. . 56,000 lb. per sq. in. 

11 11 11 60 tons „ 33.000 „ 
per cent, nickel steel, case-hardened and 

heat treated. 26,000 „ 
0 • 6 per cent, carbon steel, 60 tons U.T.S. 27,000 „ 
0-4 „ 40 „ „ 22,000 „ 
0-3 „ , ... 18,000 „ 

•MUd steel. 16.000 „ 
Phosphor bronze ■ . . . 12,000 „ 
Oast iron ...... 6,000 , 
Raw hide ..... A 000 .. 

• See page 981, 
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Iiewis Strength Factors. 

! 

No. of 
Teeth. 

Involute 20® Obliquity. Involute 14P Obliquity and 
Oycloidal. Radial 

Flanks. 

y Y V Y y 

12 0-078 0-246 0-067 0-211 0-052 
13 0-083 0-261 0*070 0-220 0-063 
14 0-088 0-276 0-072 0-227 0-064 
16 0-092 0-289 0*076 0-236 0-066 
16 0-094 0-296 0-077 0-242 0-066 
17 0-096 0-302 0-080 0-262 0-067 
18 0-098 0-307 0-083 0-261 0-068 
19 0-100 0-314 0-087 0*274 0-069 
20 0-102 0-321 0-090 0-283 0-060 
21 0-104 0-326 0 092 0-289 0-061 
23 0-106 0-333 0-094 0-296 0-062 
26 0-108 0-340 0-097 0-306 0-063 
27 0-111 0-349 0-100 0-314 0-064 
30 0-114 0-358 0*102 0-321 0-066 
34 0-118 1 0-371 0*104 0-326 0-066 
38 0-122 0-384 0-107 0-336 0-067 
43 0-126 0*396 0-110 0-346 0-068 
60 0-130 j 0-408 0-112 0-362 0-069 
60 0-134 0-421 0-114 0-358 0-070 
76 0-138 0-434 0-116 0-366 0 071 

100 0-142 0-446 0-llC 0-371 0-072 
160 0-146 0-469 0-120 0*377 0-073 
300 0-160 0*472 0-122 0-384 0-074 
Rack 0-164 0-484 0-124 0-390 0-076 

In the D.B.S. system (David Brown & Sons) hi(?her values of ‘ y * are taken In the Lewis 
formula and the speed coefflclent is based on the r.p.ra. and not on the pitch-circle velocity. This 
latter substitution makes allowance for repetition stresses. 

Thus 

and 

y — 0-124 — ^ for 14 J® pressure angle. 

y- 0 -164- 
0-912 

T 
20® 

where T is the number of teeth in the gear. 

The British Standards Institution Report* gives the formula for tooth strength in a somewhat 
different form although fundamentally the same as that quoted previously. It can be written 
thus;— 

W//— strength factor x working stress/P. 

The value of the working stress is calculated from considerations of the speed and material 
of the gear. Tables and charts are given with the report to enable suitable working stresses, etc., 
to be selected. 

Davbi’s Modification or Lewis Fobmula. 

For the application to gearing problems where it Is intended to use oirouiar pitches, 

W - ys/p. 

Fot similar problems where it is ijitended to use diametral pitches. 

* B.S.I. Speclfloation No. 436. 
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Mo»t practical problems consist of deteroiiniDg a suitable pitch of teeth to transmit a given 
horse-power, together with the widtii of face, which in order to solve the equation for any particular 
case, is givm some value in terms of the pitch. 

In a practical problem the approximate pitch circle diameter is usually known, or can be fixed 
according to the conditions ruling. 

In applying the Lewis formula to the problem of finding the pitch, we have two unknowns— 
(3) Lewu factor; (6) pitch of teeth. The Lewis factor depends upon the number of teeth, as also 
does the pitch for a given pitch circle diameter. It is common to assume a number of teeth and 
select from a table the correeponding Lewis factor. If the number of teeth assumed is incorrect as 
shown by the application of the formula, then fresh values for the number of teeth have to be 
selected until a suitable pitch is obtained consistent with strength. The method is, therefore, one 
of trial and error, and requires considerable Judgment and experience in order to obtain suitable 
results. 

In order to obviate this, the formula can be written as follows:— 

Let, 
Width of facey ^ Sp (which agrees with average practice) 

then, for circular pitch gears. 

W — iytp*. 

Also, 

ttD 
P =■ N * 

where. 
N M number of teeth; 0 — pitch circle diameter 

and, 
y W 

Multiplying the right-hand side of equation by 10,000, adjusting values of 

we get 
V 3S7-7W 

N« "" D V * 

which permits easier tabulation and facilitates reading. 

For diametral pitch gears, 

sfY sfYB Sn«D«#r Y W 

y 
N« accordingly 

Or, multiplying the right-hand side by 10,000, 

Y loeiw 
N* “ D*s ’ 

If other values for the width of face are required the formulee become 

V 
K« 

1013-aw 
XD«t for circular pitches, 

and 
Y 
N» 

S183W 
KD*j for diametral pitches. 

width of face ^ ^ decided upon InItlaUy. 
circular pitch 

y X 
If values of and are tabulated, then it beoomes unnecessary to assume the number of 

teeth, since this can be seen at a glance from a table when the above calculation has been made, 
and the reqnired pitch of teeth can then be fonnd for the given pitch circle diameter. 
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Some slight adjustmenta may be necessary in order to make the pitch such as to enable the 
gear to be cut by the usual standard cutters. 

20* Involute Teeth. 14^® Involute and 
Cycloidal Teeth. 

No. of 
Teeth. 

y V Y 
N« N. N* N> 

12 6*42 17-0 i 4-66 14-6 
13 4-91 16-4 1 4-14 13-0 
14 4-49 14-1 3-67 11-6 
16 441 12-8 i 3-33 10-6 
16 3-67 11-6 i 3-00 9-45 
17 3-32 10-5 2-77 8-69 
18 302 9-47 2-66 8-05 
19 2-77 8-69 2-41 7-69 
20 2-66 8-02 2-26 707 
21 2-36 7-39 2-09 G-65 
23 200 6-29 1-77 6-59 
25 1-72 ! 6.44 1-56 4-88 
27 1*62 i 4-78 1-37 4-31 
30 1-26 i 3-98 1-13 3-66 
84 102 1 3-21 0-90 2-82 
88 0-846 1 2-66 0-741 2-32 
48 0-681 2-14 0-695 1-87 
60 0-620 1-63 0-448 ! ! 1-40 
60 0-372 1-17 0-316 0-994 
76 0-246 0-771 0-206 i 0-648 

100 0-142 0-446 0-118 0-371 
160 0-0644 0-204 1 0-0633 1 0-168 
300 0-0166 0 0624 0-0136 0 0426 

Tooth Strength. 

The continued increase in speed and the more exacting conditions demanded in gearing 
practice together with the wider application to engineering problems, has necessitated a closer 
study of the behaviour of materials under working conditions, and a more exact method of 
determining the actual loading to which the teeth are subjected. 

The Lewis formula is based entirely upon the assumption that the load due to the power 
transmitted is applied at the tooth point, and that each tooth in turn carries the full load at this 
point. Such an assumption is in practice seldom jostlfled. The load Is more often transmitted 
from two teeth to two mating teeth. Actually the whole of the load is not often carried by any 
one tooth until the point of contact has traycllcd.some distance along the profile. 

In the D.B.S. system and as recommended in the B.S.I. Ileport, No. 436, a tooth ttrength factor 
is employed in determining the load carrying capacity of teeth. 

The tooth strength factor is the tangential load which will produce a bending stress of 1 lb. per 
sq. in. on teeth of 1 D.P. 1 in. wide when the teeth are assumed to act as cantilevers. 

It is well known that a pinion with few teeth is stronger when gearing with a rack than when 
gearing with a pinion having an equal number of teeth. Hence the latter is a more reliable 
method of comparing tooth strength than the former, which assumes the load to be applied at 
the tooth point. 

An examination of the foregoing equation will at once reveal a similarity to the Lewis formula. 
The important points about this latter equation are (a) the method of calculating a suitable 
working stress to meet the given conditions, and (6) the method of determining the tooth strength 
factor * y* 

Surface Stress.—In addition to the bending stress it is important that the surface stress to 
which the tooth faces are subjected should not be excessive. If the surface stress is too inteuse 
failure may occur from crualiing or flaking uf the material. The basic value * of the surface 
stress, which varies according to the materials in contact, when multiplied by a speed coefficient 
gives the allowable surface stress S« suitable for the given conditions. 

* See British Standard Specification No. 130—1940. 
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X#fM /'actor ‘Z.’*—The permlasible tooth Iom! for any pair of gears depends wpon the faM 
width, snrfaoe stress, relatlTe oorvatare of tooth ourfaces, pressare angle, and the pitch tlanieteie 
of the gears. These rariablee are combined to give what w known aa the tow jactor. iniis tne 
Talus assigDed to Z depends upon the number of teeth in a combination, and varies accordiugly. 

Hie permissible tooth load per in, of face width • To obtain the values of 8* and Z charts 

ai t need. 

Increment Ijoad and Static Xioad. 

A report of leeearches oonduoted In America was presented to the American Gear Mann- 
factoiers' Aaaoolatlon towaid the end of 1930. The report deals with expe^ental work oon- 
duoted on tb* Lewis machine to verify or modify the method by which the stress on gear 
teeth le determined. 

Taking the Lewie formula, W — yj/p, and the stress formnla, 8„ — S© (jqq ^ y) and 

patting y/p - X, we have W - K y )8o» which can be rewritten thus; 

So 
^/eoo + v 

^ 600K ) W eoo> 
The first item, W within the biaokets- Is the static load which can be applied to the gear, while 

the second itmn la that usually known as the increment load, which arises due to errors in tooth 
form, inaocoraoy of tooth spacing, etc. 

The equation showe the latter to be directly proportional to the static load W, a tact which In 
the Ught of these researohee (e erroneons In the case of high-speed gearing. The increment load 
depends upon inacscuraolea in gear cutting, speed, and nature of material. The most common 
matHrials used seem to make the increment load practically independent of the static load. The 
former is apparently dependent upon the modulue of rigidity of the material used, since in the 
case of cast-iron geanng the Increment load is more dependent on the applied load than is the case 
with steel gears. Thie is probably accounted for by the fact that the material with the 
lower modulus of rigidity is better able to absorb shock. 

The increment loads given by the old formula are in many cases much in excess of the new 
values obtained in these researches, particularly in the case of the highly rigid materials such as 
the steels now employed. 

Internal Gears, 

When space is limited convenient use can often be made of Internal gears, since with these 
gears the centre distance is reduced owing to the pinion being inside the wheel. The arrangement 
of the bearings may be complicated, however, by tbe use of this form of gearing. The teeth have 
In general greater strength than a spur gear for tbe same purpose. 

For ratios greater than 2 to ] the teeth caft be of standard proportions if the number of teeth 
is sufficient to overcome the difficulty of undercutting. Thus, if 14^^ pressure angle is employed 
there most not be less than 32 teeth and 17 for 20° pressure angle. 

Bzceptional Interference occurs in this form of gearing when the velocity ratio is less than 
2 to 1. It can, however, be ignored if the difierence between the number of teeth in the wheel 
and pinion is not less than 14 for 14^** teeth, and 8 for 20° teeth. 

Gearing on Armature Shafts, 

In gearing, large revolving masses—as, for example, armatures of motors—should be separated 
from adjoining masses, such as laiiM gear-wheels of the second motion, by some elastic medium, 
such as a length of shafting or a flexible coupling. This is intended to allow for slight varia¬ 
tions in the angular velocity, duo to unavoidable errors In cuttbig the teeth, to take place 
without giving rise to destructive loads between tbe teeth. Tlie stresses due to Inaccuracie ^ 
in the spacing of tbe teeth may exceed the working stress. With an error of only 0*2 per 

* See British Standard Specifloation, No. 436—1940. 
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o«nt. fn the pitch the excess load due to acceleration and retardation may amount to as much 
as 28 times the load transmitted. Such loads inorease as the square of the mean pitoh-clrcle 
Telocity and as the mass of the wheel considered. 

.Gearing Noises. 
During the last few years considerable attention has been given to noise produced by gears. 

The kind of noise produced by a pair of gears will often give some indication of defects present. 

High-class gearing running in perfect order produces a low-pitched humming sound with 
absence of beats, the sound being quite * smooth * and continuous. 

The greater the accuracy in machining the teeth and the better-class finish put upon the 
tooth faces, all tend to reduce noise. Irregular spacing of teeth is a common defect, and can be 
recognisea by an intermittent clicking or a pulsating howl. Similar sounds occur when teeth are 
mis-ehaped. 

A pulsating howl may also arise duo to itnpropcr setting of the gears upon their spindles, 
torsional vibrations, or lack of static or dynamic balance. 

High-pitched screeching often occurs, due to rough tooth faces. A common defect, par¬ 
ticularly in heavy gearing, is to use either too little support for the shafts or too small a shaft 
diameter. Such errors set up spring in the shafts, resulting in pulsating sounds of varying pitches 
according to the pitch-circle velocities. 

A good condition of a set of gears, particularly those running at high speed. Is indicated by 
a more or less musical sound, or sounds of constant pitch. 

In the case of gears which are required to run in either direction, the fact that noise prevails 
more in one direction than another indicates that the teeth are not radial. 

Generally, fine-pitched teeth and wide face widths tend toward noise reduction. 

Critical Speeds of Gearing. 
Oertain conditions of genr-tceth surfaces after running for some time cannot be directly trace¬ 

able to general causes. Results of investigations go to show that the miming of gear shafts at 
speeds too near that of tbe critical speeds results in the development of rough tooth profiles snd 
general deformation of the surfaces in contact. Vibrations are often manifest in gearing, par¬ 
ticularly in the case of high speeds. These will be oousiderabiy increased if they harmonise 
with those of the shaft at Its critical speed, and such coDditious may produce fracture. 

In cases where gears are mnniug at or near the critical speeds of their shafts, unsatisfactory 
ninniug will invariably result. Hence dimensions of shafts must be arranged so that this defect is 
avoided. 

Approximate rule for determining critical speed 

°~Vs 
where, 

■■ oritloal speed of shaft in r.p.m.; £ max. deflection of shaft in ins. 

If a gear is required to ran above the first critical speed, then when starting up the gear must 
be allowed to pass quickly over this oritloal speed period. In general, tbe working speed of a gear 
should not be withm 28 per cent, or SO per cent, of the oiitl^l speed. 

Non-Rcsonant Pinions. 

In order to reduce noise when gearing is to run at high speed, it is common practice to employ 
pinions made of such materials as raw-hide, fibre, * fabroil,' and ' bakelite.' Such pinions are 
usually made with metal end ro-enforoing plates, which clamp together the softer uon-resonant 
material, and thus prevent spreading at the ends of the tooth faces. For raw-hide pinions the 
maximum tooth pressure per in. width of tooth face is about 260 lb., the pressure being decreased 
as the pitch line velocity increases. It is important to keep oil and grease away from raw-hide 
pinions, as mineral oil proves most destructive. A dressing of raw iinseed-oil occasionally keeps 
tbe material in good condition and Dreserves it. 

Cast Iron and Mild Steel Gears. 

During the past few years the quality and strength of cast iron have been much improved. 
Whereas 13 to 16 tons per square inch ultimate strength used to be considered good, 17 to 21 tons 
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j>er square inch ultimate strength is now procurable without alloy. Alloy cast iroM with ultimate 
sta^ngth up to 30 tons per square inch can now be obtained at increased cost, h or certain geare 
cast iron has advantages. For example, free graphite in the iron tends to provide for smooth 
running while phosphorous increases the length of life b5' resisting wear without prejudice to the 
other qualities if in correct proportion. Cast-iron bhtuk.s should be as hard as possible consistont 
with machining requirements. A IhineJI number belw’cen 170 and 220 is most suitable, while 
for sand casting the carbon content should not exceed 3*4 per cent. A phosphorous content up 
to 0 *8 per cent, gives good wearing quality. 

Common commercial mild steel having a carbon content of 0*1 per cent, to 0*25 per cent, is 
not recommended for gears required to carry appreciable tooth loads. Such material does not 
possess good enough wearing proiiortics. For geam which do not require to bo of very great 
fitreugth a 0 • 35 per cent, to 0 • 45 per cent, carbon steel is more satisfactory and costs 1 i ttlc more than 
mild steel ones. Pinions of this material working with cast-iron wheels give very satisfactory 
results under low loading conditions. 

Gear Tooth Failure. 

Failure of a gear tooth may be due to fracture or a breakdown of the tooth face due to excessive 
wear. Either may be caused by defcctiv'e material or use of unsuitable materials for the particular 
purpose. Improper design of teeth and insulbciont accuracy consistent with speed of gears may 
causefailure, wdiilu misalignment cjiuscd by l>ad workmanship, distorted mountings,and inadequate 
bearings will also cause or contribute to failur*. Tooth wear on an excessive scale may be due to 
lack of oi bad lubrication and unsuitaide lubricant. These latter defects may cause excessive 
running temperatures. Overloading c,auscd directly or by torsional vibrations or by inctlicient 
shaft couplings may contribute seriously to tooth failure. 

Running Temperatures of Gear Units.—Temperatures up to 200“ F. are satisfactory. A rise of 
100" F. is safe if units arc well designed, provided always that lubrication is adequate and cflicicnt 
and that correct lubricant is used. Excessive rise of temperature may be due to faulty design 
of casing resulting in insufliciont dissipaiir.n of heat due to improper circulation of lubricant. 
If a cooler is in use this may be defective. Excessive depth of lubricant with consequent loss of 
power by churning of lubricant may produce appreciable rise of temperature. Insufficient 
clearance between gears and casing increase risk of churning action. 

The Hardening oi Gears, 

The more exacting requirements demanded from gears in modern engineering practice has led 
to a very close study of gear hardening within the last few years. Modem systems of gear-tooth 
grinding as a finishing process, and the careiul selection of suitable materials for gear manufacture 
has enabled the difficulty of warping during the hardening process to be largely overcome. 

Oa»e Hardening.—The selection of suitable steels for case hardening is of primary importance, 
while it is hardly less important to use a suitable carburising compound for the hardening process. 
In regard to the latter, considerable effort has been expended in the production of suitable com¬ 
pounds since those used in general engineering work are not usually of sufficiently high merit for 
first-class precision gear practice. Firms specialising in gear manufacture are in most cases 
prepared to advise on the question of selecting suitable carburising compounds. 

The most suitable steel for gear manufacture, when case hardening is required is a carbon steel 
with low carbon content. The absence of dissolved oxides in the steel is an essential feature, since 
the beat generated daring the grinding process may be sufficient to impair the hardness if such are 
present. 

Steel manufactured by the acid open-hearth process is regarded by most authorities as the best, 
although under exceptional circumstances in manufacture basic open-hearth steel may be used. 

The following specification for steel for case hardening is recommended by David Drown & Sons 
Ltd., for all work except the very lightest. 

Minimum. Maximum. 
Per cent. Per cent. 

Carbon . 0-1 0-3 
Silicon . — 0-2 
Sulphur . . — 0-04(0 06 or acid) 
Phosphorus , —- 0-04 „ „ „ 
Manganese 0-5 1-00 
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The normal heat treatment for such steel atter the carbariRing process Is a quench In water at 
900** Om followed by a water qaench at 760** O. Such treatment ^ould give on a f in. to in. 
bar the following values:— 

Minimum. Maximum. 
Yield point . 18 28 tons per sq. In. 
Maximum stress 30 40 „ „ „ 
Icod Impact . 60 foot lb. — 
Brinell hardness No. 143 180 

For work of delicate nature the maximum carbon content should be 0*12 per cent., and 
manganese between 0 • 36 and 0 * 60 per cent. 

In many cases it is necesscury to provide a stronger core than that given by the foregoing steel. 
In which case an alloy steel is employed. The moat common is a 3 per cent, nickel steel, while 
5 per cent, nickel, nickel chrome, and chrome-vanadium steels are in demand to meet high stresses. 
Messrs. David Brown & Sons recommend the following BpeclOcation for 3 per cent, nickel steeh 

Minimum. Maximum. 
Per cent. Per cent. 

Oarbon . . 0*10 0*20 
Silicon . — 0*30 
Sulphur. — 0*06 
Phosphorus . . — 0*05 
Manganese . 0*20 0*70 
Nickel . . 3*00 3*60 

With this steel oil-hardening at 760** 0. 
1| ins. bars should be obtained:— 

is recommended, and tho following values on | in. to 

Minimum Maximum. 
Yield point . 24 tons per sq. in. 
Maximum stress 36 60 tons per sq. in. 
Izod impact . . 40 foot lb. — 

Brinell hardness No. . 166 229 

For 6 per cent, nickel steel beat treat as above but at 740** 0. 

Tempering,—In order to secure best results in case-hardened gears, particularly when the teeth 
are to be ground, a low-temperature tempering process is employed. The treatment consists of 
immersing the gears in an oil bath of liquid tallow or oil at about 140** -160** 0. The size of the 
job will govern the time of immersion, which should not be less than 1 to 1^ hours. 

Local Hardening. 
Warping is almost inevitable when case hardening is employed, but is almost entirely eliminated 

by use of the oxy-acetylene blow-pip e. Earlier methods of this type depended too much upon 
the individual capability smd knowledge of the operator for consistent results. 'The Shorter • 
process now being extensively used and developed combines effectiveness and consistency, made 
possible by mechanically-controlled flame movement and special burner. The process is suited to 
steel wliich can bo effectively heat-treated. The carbon content for steel forgings and castings 
being 0 • 4 to 0 • 7 per cent, and 0 • 48 to 0 • 66 per cent, respectively ; manganese in each case should 
be 0*4 to 0*8 per cent. The majority of alloy steels are also suited to the process. Local 
hardening la applied only to the suiifaces of the teeth in actual contact, and the depth of hardness 
Is controllable, ran^ng from 30 to 126 thousandths. Thus the portion of the teeth and gear not 
influenced by wear in the same way are left in their natural condition. 

Nitrogen Hardening Process, 
One of the moat recent advances in gear-hardening is that In which steel is heated in contact 

with nitrogen. It is particularly suited to gearing since distortion is extremely small and except 
in special cases is insufficient to need correction. For absolute accuracy the grinding allowiiuco 
need only be very small, and hence from this point of view the method is economical. Another 
important feature is the retention of the hardness at temperatures up to 600** 0., which is impossible 
with ordinary case-hardening methods. No quenching is needed after heating, and the process is 
carried out at low temperature, hence the reason for the small amount of distortion. 

The material used fortreatment by thisprocess is known as Nitralloy * steel, and after treatment 
possesses a hardness and wear resistance which surpasses anything yet known. The alloy is a 
ohromium-alurainium-molybdeiium steel, and in order that the material shall possess the required 
physical properties it is usually heat treated to the maker’s specification before the final machining 
operation is carried out. These properties are not affected by the nitrogenising process. Other 
steels do not harden effectively by this process. The beating and exposure of the work to the ga 
is carried out in high nickel stainless steel boxes. The work is heated to 600** 0., and maintained 
at that temperature for 30 to 100 hours, and at the same time ia acted upon by ammonia gas. 
The time of treatment varies according to the depth of hardening required. The parts are then 

* See page 1189, 
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•llowtd »wv>i (without quenchinii'). and resnltlng *^hlr flin- of soft matter Is removed by 
emer^ oioth "»r polianer. The luaximam depth of the case obtainable by thia proceaa ia about 
S9 thonaandtha. 

Other Methods of Hardening Gears. 

▲ taooeaafui prooeaa of hardening antomobile gears is given by the ilmerfean It 
is olaimed that a mtnlnnnTn amount of warping occurs, and the shrinkage of the shaft boles is 
inappreciable. The average case thickness is approximately 26 thousandths of an Inch. 

The gears are preheated in a large gas-oven or forge until a dull red heat is obtained ; temp, 
about 700* to 1000® O. The gears are then boiled in a solution of cyanide of potassium for about 
1 hr. After this treatment the gears are plunged Into a bath of fish oii which is kept constantly 

in circulation to ensure uniform temperature throughout. 
The hardening and tempering of alloy steels by quenciiing and drawing is sometimes employed. 

Ohrome-nickel and ohrome-vanadium alloy steels are used for the purpose. The method of boat 
treatment, etc., should in all oases be carried out according to the steel-makers’ instructions for 
hardening and tempering. 

Grinding of Gear Teeth. 

The necessity of running gears at high pitch oirole velocities has given rise to the need for finer 
and more aoourate finishing of tooth profiles. Hardened steel gears used under severe conditions 
are ground. At high pitch line velocities small defects in the tooth faces are very detrimental to 
efflolenf and oontinuous working. 

Defeohi in tooth laces produce noise, and also reduce the load that can be transmitted by a 
tooth. 

As compared with out gears, those which are ground produce a obaracteristio high-pitched 
note when running under load and at high pitch line velocity. Even fine cut grinding-wheels 
do not produce a safDuleutly smooth surface to entirely eliminate noise, but alter ground gears 
have been in service for a short time they should, if accurately out, run almost noiselessly. 

When gears are to be ground, errors due to the wearing of the grinding-wbeel must be guarded 
against. The material from which the abrasive wheel is made must be carefully select^. No 
■peciflc recommendation can be given as details affect each particular case, as also does the material 
to be ground. 

Ground gears are now being used extensively in antomobile work, lor power transmission in 
electric locomotives, steam iomes, and aiso in high-class machine-tools. Aero-engine redui-tion 
gears and those for the timing on oil engines are also invariably ground to a high degree of accuracy. 
In aM cases where heavy loads have to be transmitted at high speed the grinding of the tooth 
profiles is an essential feature in order to secure high efiicieuoy of transmission, silence, and lasting 
wear. The actual grinding process and the accuracy to be obtained is comparatively easy when 
modem machines are employed. The operation is certainly not beyond the capability of any 
gear manufacturing shop, although specialists in the process are often employed or the work 
sent to them for this final operation. 

Methods of Gear Grinding. 

At the present time there are two principal methods in vogue for the grinding of gear teeth, 
and in eaoh the basic principle is quite different from that of the other. The two methods are 
known as the Formed Wheel method and the Generating method. 

The latter is geomd,ricaUy the correct method of grinding the teeth, but so far as the finished 
products are concerned there is apparently little to choose between the two methods. In either 
oase the correction of the wear of the abrasive wheel is the all important feature, and in the two 
representative types of machines in general use, this point has undoubtedly received most careful 
consideration in order to eliminate every possible error. 

The Formed Wheel Process, 

The best example of a machine working on this principle is the Orcntt gear gHn'ler,tD which 
an abrasive wheel shaped to the tooth profiles ia made to traverse the tooth spaces. 

Ck>rreotlon tor wear of the abrasive wheel ie effected by a pantograph system in which three 
diamonds (fig. 8, A, B, O) are employed to * tme ’ the wheel. Two diamonds serve to correct the 
involute profllee of the wheel, while a third mounted above the wheel oorrecte lie periphery, 
(see fig. 8). The two profile diamonds are automatically operated by power, but the third 
trimmer le hand operated. In the latest design of this machine the abrasive wheels are cat to 
a radius on the periphery Instead of being made to the usual shape of the bottom of the tuoth 
spaces, as was the oase in the earlier design of the miujhine. Machines, however, can be obtained 
withoorreoting meohanism for retaining the normal tooth space If so desired. In these lattei the 
ttiird trimming diamond ie arranged below the wheel. The concave bottom to the tooth spaces 
stren^sns the teeth at the roots. From four to six thousandths of an inch are allowed for 
grinding on both the tooth flanks and the bottom of tbs tooth spaces. 



THE FOBMEO WHEEL PBOCE8S 986 Sec. XXI (v) 

Daring the grinding process the sbrastTc wheel Is at interrals withdrawn from the work, and 
the truing diamonds are brought intr) action bj the operator. This operation, made at the will 
ol the operator, is always effected just before the finishing cat Is to be made. 

FlO. 8.—-Principle of Orcutt Gear Grinder. 

The abrasive wheels used are about 19 ins. diameter, and are in effect the media between the 
diamonds and the work, the former moving as directed by an accurateiy-shaped form plate. 
Fig. 8 shows the type of wheel used aud the position of the correcting diamonds. 

FiQ. 9.—^Pantagraph Mechanism for Traing AbrasiTe Wheels in Formed Wheel Gear Grinder. 
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Wheel-Trimming MechanUm.—^The morementa of tbe correcting diamonda are governed by 
a form plate which ia made aix times as large as the actual teeth to be ground, and an accuracy of 
one ten-thousandth of an inch In the tooth profile is secured. The motion of the diamonds is 
obtained through a pantograph, in which a roller attached to the long lever works on the profile 
of the form plate (see fig. 9). The rollers are held in contact with the form plato by springs. 
To set the mechanism a gauge is used which fits over the diamond spindles. The diamonds are 
then brought up to bear on a flat surface, which sots them at the correct distance from the centre 
of rotation. The wear of tbe trimming diamonds ia allowed for by using different diameter rollers 
In contact with the form plates (see dott^ lines on fig. 9). 

Another important feature of this machine Is to be found in the indexing plate, which provides 
the means of setting the successive gear teeth in position for grinding. The accuracy of the profile 
is obviously dependent upon this, and hence a special arrangement has been devised for checking 
the accuracy of this plate. The checker consisto of a suitably arranged silver scale divided into 
6 minutes of arc, and further sub-division is effected by a micrometer and microscope system 
enabling one second of arc to be read. In addition the silver scale is checked by a system of three 
microscopes arranged 120® apart. 

Internal gears can be ground on the eame machine as that referred to above. 

The Generating Process. 
The well-known Maag-Sul*er gear grinder represents a class of machine working on the 

generating principle, and is extensively used in gear manufacture. 

It has been recognised by the designers of this machine that In order to obtain the high degree 
of uniformity necessary for interchangeability of gears it is necessary to grind both profiles of the 
teeth at the same setting. In order to achieve this object two grinding wheels are used and are 

mounted at angles equivalent to the sides of the teeth of a rack cutter. In earlier machines the 
two abrasive wheels operated in the same tooth space at the same time, but in recent designs the 
wheels have been arranged to work in adjacent tooth spaces. 

The abrasive wheels are mounted on separate sliding carriages, which allow Independent 
movement to enable a variety of pitohei to be ground. In the earlier type of machine flat abraaive 
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wheels were employed, but these have now been superseded by the saucer'Sbaped abrasive wheel, 
shown in fig. 10. Trouble was experienced with the former type of wheel in retaining a flat grind¬ 
ing surface due to the wear of the truing diamond. In the case of the latter the cutting edge of 
the abrasive saucer-shaped wheel revolves in one plane. Thus when the cutting edge wears, the 
plane of rotation is maintained. 

The difficulty referred to in regard to flat grinding wheels has been overcome in some cases by 
using larger diameter abrasive wheels, but when accuracy of one ten-thousandth of an inch ij 
demanded, the liability of the larger wheels to springing is apt to impair this accuracy. 

Motion of Gear in Generating Grinder.—The gear-wheel to be ground is mounted on a mandrel, 
which is given two motionSi one performed quickly and the other slowly. The gear is fed slowly 
longitudinally under the abrasive wheels, and at the same time reciprocated across the machine 
rapidly. Thus by giving a rolling motion to the gear, which combined with the latter reciprocat¬ 
ing motion, gives a motion equivalent to that which the gear would have when in engc^ement 
with a rack. The reciprocating motion may be as high as 200 per min., while the longitudinal 
feed may be one of eight rates, from 1 min. to 3 mm. per stroke. 

Oorrection of Abrasive Wheels for Wear.—Oompensatinn tor wear of the grinding wheels Is made 
by an automatic electrical mechanism. The principles of the original design first used in 1914 are 
still in vogue, slight modifications only having been made in the constructional details to facilitate 
manufacture. 

Lapping Gear Teeth, 
Lapping is an old process. In view of the high degree of finish and accuracy now produced 

this method is becoming obsolete, and cannot be regarded as of much value in the light of modern 
precision gear cutting. 

The idea of running hardened gears together with lubricant and abrasive material has been 
tried. For producing a highly finished surface to the tooth faces the method is not satisfactory, 
but it serves to correct slight errors in tooth profiles. From a production point of view the method 
is also unsatisfactory. 

Good results as regards finish and accuracy can be obtained by running a bard steel gear In 
mesb with one made of softer material and having a wide face. Both gears should be run at high 
speed and with load on while abrasive material and lubricant are applied to the tooth faces. The 
hard gear should be made to traverse the face of the wider soft gear. 

In some cases cut gears are run with load on with two or three hardened and ground gears. 
This process tends to produce a well-burnished tooth surface. 

Involute Measuring Machine. 

Biimination of tooth form errors Is a subject which Is being rapidly pursued, and in consequence 
new devices and modifications to existing ones are almost continuously appearing. 

The most recent machine produced is an Orcutt involute tootb profile-measuring machine 
(see The JSngineer, April 31,1933), designed for the examination of involute profiles, those of helical 
teeth, internal gears, and teeth produced by the Fellows’ gear-cutter. The machine also tests 
the radius of the base circle. 

Important Facts to he Considered when Setting Up Gearing. 
It is eaaentisi when setting up a system of gears to be sure that the correct tooth meshing !i 

not impaired by faulty or onsuitable fitments. 

Tooth meshing may be affected by errors such as improper foundation, temperature effects on 
shaft and casing, defective coupling arrangements between shafts, inaccurate shaft alignment 
and eccentricity. All these points should receive close attention when designing a system of gears, 
with a view to avoiding defective meshing of the teeth due to errors or unsuitable equipment in 
the * external * arrangements. Gear manufacturers are always prepared to advise in these matters. 

Bevel Gearing. 
Bevel gears are used to transmit power between two shafU whose axes of rotation are inclined 

to one another. 

A pair of bevel wheels which gear together having equal diameters, and having axes of rotation 
Inclined at 90 degrees to each other are often referr^ to as mitre toh^ls. 

Bevel wheels can be manufactured by the generating process and may have straight or spiral 
teeth. Either form of teeth are capable of produotlon by the generating process. 
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Pitch cone angU,—Represented by the angle d, and Is the apex angle of the triangle AMR 
which, when rotated about MR, sweeps out the pitch cone surface. Some authorities call this angle 
the semi-pitch cone angle. The former deflnitlon is more usual. 

Back cone angle,—Angle 

• Addendum angle,—Angle a. 

Dedendum angle,—Angle 

Face angle,—Angle A. 

Circular and diametral pitch.—These terms are used in connection with bevel gears and have 
the same meaning as in spur gearing. In the case of a bevel gear, however, the pitch of the teeth 
becomes smaller as the apex of the pitch cone is approached. In all cases the pitch is measured 
on the (ace of the back cone at the base of the pitch cone. Thus the circular pitch is the circum¬ 
ference of the base of the pitch cone divided by the number of teeth in the gear. Similarly the 
diametral pitch is the number of teeth per inch of diameter of pitch cone base. 

Equivalent number of teeth or Virtual number of teeth.—^These terms are synonymous. If the 
surface of the back cone is developed, and teeth set out on the developed surface, having the 
same pilch as the actual teeth in the bevel gear, then the number of teeth in this equivalent spur 
gear is called the * equivalent ’ or * virtual ’ number of teeth. 

If N ■■ number of teeth in bevel gear and =■ number of teeth in equivalent spur gear 

Proportions of Tooth and Pressure Anglos. 

The involute profile is now generally used in bevel gears and the tooth proportions are com¬ 
monly the same as in spur gears, i.e. 

addendum 1/F ; dedendum 1*167/P, 

Generally the pressure angles used are 14^ and 20** although higher values are employed in 
special cases. 

Face width.—The face width F should not be greater than one-third of the length of the pitch 
cone surface, since the strength of the teeth diminishes as the apex of the pitch cone is approached. 
The face width is seldom less than tivice the circular pitch or greater than five times the circular 
pitch. 

BRITIBH STANDARD TOOTfl FORM FOR BBVBL GBARS.* 

The standard tooth form recommended is of 20** pressure angle, involute, and of full depth. 
The proportions of the teeth are similar to those recommended for straight spur gears except that 
the radius of the clearance space is 0-082n. the centres of the two fillets being 0-09&p apart at 
the largest end of the tooth. At the small end the surface of the tooth space is almost semi¬ 
circular. It is claimed that by making the surface of the tooth space approximately semi-circular 
the resistance to fatigue of hardened and heat-treated gears is much improved. The static 
strength is reduced by this form of tooth space due to the greater height of the tooth. The 20* 
pressure angle tooth also possesses superior strength and wear-resisting qualities and interference 
in the smaller wheels is much reduced. 

Helical Bevels. 

These are used for drives in machine tools, and are suitable for general mechanical work, 
and combine quiet running with increased pitch line velocity. High pitch circle velocity is made 
possible with this type of tooth. 

Two forms of helical teeth are commonly made, one the ‘ Gleason ’ type, or curved tooth helix, 
and the other the common single helical; both are capable of production by the generating process. 
The former is generated by a cutter moving in a circular orbit, the tooth conforming very closely 
to a circular arc. The latter is generated by a tool constrained to move in a straight line across 
the tooth face and offset from the apex of the pitch cone. The curved tooth helical bevel is used 
in automobile drives. 

Helical angles,—Suitable spiral angles for the curved tooth bevel range between SO* and 
36* with a 141* pressure angle. In the plain single helical type, helical angles vary up to 30*. 
(For definitions of helical angle, see notes on helical gearing.) 

Tooth proportions of helical bevels,—^These vary somewhat. Typical values are as follows : 

addendum 0'86/P; dedendum 1 'OS/P. 

• See B.S.I. Specification, No. 646. 
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IntorfoTence in Bevel Goars. 

Bevel gears suffer from this defect In the same way as spur geai% when the number of 
is too small and the pressure angle unsuitable. Interference occurs when the equivalent number 
of teeth * is below 32 in conjunction with a pressure angle of 14 J*. By increasing tlw pr^ure^glo 
to 20® the minimum number of teeth possible in the equivalent gear is decreased to 17 witnout 
inteiference. 

CorrectUm for irOerference.—As in the case of spur gears, addendum correction is commonly 
applied to remedy the defect of interference. For purposes of design, charts we used ^m wmch 
suitable values of the correcting constants may be selected. See B.S.I. SpeciucatloJi, No, D4D. 

Strength of Bevel Gears. 
Since the pitch of the teeth diminishes as the apex of the pitch cone is approached, hence the 

size of the tooth becomes smaller, so the strength of the teeth diminishes. 
The method of calculating the strength of brvel gear teeth is similar to that used for spur 

gearing except that a correcting factor is required to allow for the varying strength of the tooth 
across the face. 

Thus the allowable load 
S.F.Y.(0-F) 

^ “ P.O. 
8 ■■ safe working stress in lb. per sq. in. Y — tooth strength feotor, and F — the diametra 

pitch. The factor approximately expresses the ratio of the strength of a bevel gear 

tooth to that of a spur gear tooth of similar size. The dimensions 0 and F are indicated on tig. 11. 
The tooth itrength factor T is based on the number of teeth in the equivalent spur gear, 

Safe bending and surface stresses.—These are determined as in the case of spur gearing. 

Zone factor.—This value for bevel gears is the same as for a spur gear having the same 
number of teeth as the virtual or equivalent number of teeth in the bevel gear. 

VALUES OP ‘ Y • FOB BBVBL GBABS. 

Y. Y, Y. T. 
N'. 14}* Involute 20* Involute N'. 14}* Involute 20* Involute 

Teeth. Teeth. Teeth. Teeth. 

12 0-210 0-246 27 0-314 0-349 
IS 0-220 0-261 30 0-320 0-368 
14 0-226 0-276 34 0-327 0«371 
16 0-236 0-289 38 0-336 0-383 
16 i 0-242 0-296 43 0-346 0-396 
17 0-261 0-302 60. 0-362 0-408 
18 0-261 0-308 60 0-368 0-421 
19 0-273 0-314 76 0-364 ! 0-434 
20 0-283 0-320 100 0-371 0-446 
91 0-289 0-327 160 0-377 0-469 
23 0-296 1 0-333 300 0-383 0-471 
96 0-806 1 0-339 Rack 0-390 0-484 

The horse-power which can be safely transmitted by a pair of bevel gears may be calculated 
in the same way as that for spur gears when the tooth load W has been determined from the 
foregoing formula. 

HELICAL GEARING. 

Helical gears are used to transmit motion between two non-lnteisectlng shafts, the axes or 
which may be inclined to one another at angles varying between 0® and 90®. When the shafts 
are at 90® to one another the drive is similar to that of a worm and worm wheel. Although the 
term * spiral ’ is often used to indicate this type of gearing, actually each tooth is part of a helix, 
and the correct description of such gearing is helical rather than spiral. 

Helical gears may be single, double or triple. The single helical gear is open to the objection 
that an axial thrust is introduced which requires special arrangements for taking up this end load. 
By using double helical teeth a form of gear is obtained which surpasses in efficiency, load carrying 
capacity, wear, and quietness of operation anything yet produced. 

Helical gears, either single or double, may be produced in any one of three wajrs: (a) by 
generating process in which a rack cutter is employed, (b) by a bobbing process, (c) by use of an 
end mill. 
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Interference in Helical Oeara. 

Ab in spur and bevel geara interference ocean in helical gearing and is most serious when 
a 14^* pressure angle is employed. 

To obviate the difficulty addendum correction Is applied In a similar way to that in spur gears, 
^he correction is, however, based on the virtual numbers of teeth and not on the actual numbers. 
(For definitions of virtual number of teeth and virtual diameter, see Nomenclature.) 

N0MENCL4TURB. 

Normal circular pitch is the distance between the centres of two consecutive teeth measured 
round the pitch cylinder and normal to the tooth profile. 

FIG. 12. 

Cireumferential or real circular pitch Is the distance between the centres of two consecutive 
teeth measured round the pitch cylinder and in a plane perpendicular to the axis of rotation. 
See fig. 12. 

Helix angle —^The angle which the tooth helix makes with the axis of rotation. Fig. 13. 

Lead Angle A.—The complement of the helix angle, or the angle between the tooth helix 
and a plane perpendicular to the axis of rotation. Fig. 13. 

Fig. 13, 

Helical pitch or lead.—A helical gear can be considered as a portion of a multiple-threaded 
screw If the gear was made wide enough each tooth would make a complete turn on the blank. 
The angle of the teeth controls the pitch of this complete turn, known as the helical pilch or lead. 
In order to cut the teeth at any desired angle the lead is required. See fig. 13. 

Pitch circumference 
Lead Tan ®” , where ^ = helix angle. 

Increase of helix angle increases the oircular pitch, and hence the pitch diameter for the same 
number of teeth. 
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Normal pressure angle Is the angle between a tangent to the tooth profile at the pitch 
cylinder and a radial, the angle being measured normal to the helix. Definitions given^previoasly 
for pitch cylinder, pitch diameter, etc., are similarly applied to helical gears. 

Equivalent or virtual diameter of a helical gear,—^The terms are synonymous. The rlrtual 
diameter is that of a circle hav^ing a radius equal to that of the pitch cylinder on a section normal 
to the profile of the teeth. 

Equivalent or virtual number of teeth.—^'rhis is the number of teeth in a gear of a diameter 
equal to the virtual diameter of the helical gear, the pitch being equal to the normal pitch of the 
latter. 

Bate diameter.—Tha diameter of the circle from which the involute curves for the tooth 
profiles are genwated. 

Centre distance.—^The distance between the axes of rotation of two engaging gears, measured 
perpendicularly. 

Other definitions applicable will be fo'ind under spur gearing. 

Let <4 "" Tirtual diameter of helical wheel, d -• actual diameter of pitch cylinder, and e «■ 
spiral angle, 

then dp =» 

Also, if Nf » virtual number of teeth in helical gear, and N « actual number of teeth in 

N 

C08*d 
helical gear. 

Relation between circular and diametral pitch as applied to helical gearing.—Actually it is more 
convenient to work on the diametral pitch as this obviates the introduction of tt. In modem 
practice either the diametral pitch or the module is always used. 

a tm helix angle; r.c.p. — real circular pitch ; n.e.p. «=» normal circular pitch; 

N «■ no. of teeth; r.d.p. real diametral pitch ; n.d.p. normal diametral pitch. 

Normal circular pitch real circular pitch X cos B. 

nje.p. * 
n.d.p. 

r.c.p. , n.c.p, 
COB 6 

r.c.p. X N N 
Fitch dia. * ^ r d p “ Fitch dia. -f- 3 (*3183 n.c.p. 

r.d.p, — njd.p. x cos 0. 

A common example of single helical drive is that in which two helices are used to transmit 
motion between two shafts at right angles to each other. 

Consider two gears A and C meshing under the conditions stated above. 

Let 
D — pitch dia. of A; d » pitch dia. of B; 
N ■■ no. of revs, of A; n » no. of revs, of B; 
a — helical angle of A ; /3 a helical angle of B. 

N 
Velocity ratio — ^. The number of revolutions of the wheels is inversely proportional to the 

number of teeth. 

Number of teeth in A — rjd.p.^ X D ; Number of teeth in B — r.d.p. pX d. 

Also, 

Number of teeth in A — n.d.p,^ X cos a x D ; Number o teeth in B =- n.d.p.^ x cos /3 x d. 

Since the wheels are in mesh the normal pitches must be the same, hence n.d.p.^ — n.d.p.^ 

Therefore, 
No. of teeth in A D cos a 
No. of teeth in B “ d cos fi 

N ^ d cos /3 
n D 008 a. 

since a — 30-/3, and cos /3 sin a, therefore 

N d 
- tan a (3) 
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The above relations are true for right- or left-handed helical gears, and hold good for any two 
wheels in mesh, whether axes are at right angles or not. The only difference will be in the relation 
between a and fi. 

From equation (2) the required helix angles can be obtained for a given velocity ratio and 
given diameters. 

Example.—The camshaft for a 4-stroke cycle gas-engine is to bo driven by a single right- 
angled helical drive. Determine the helix angles of the two gears. 

The gear diameters are usually equal in cases of this sort. The speed reduction is 2 to 1, the 
camshaft running at half en^ne speed. 

therefore, 

Hence, 

n 
^una. d 

D 
1, 

tan a « 2. 

a — 6S® 2G% and ^ 26* 24'. 

When the helix angles have been calculated, the actual diameters must bo obtained, so that 
with a standard normal pitch an integral number of teeth is given. 

In the case of single helical drives the provision of some means to take up end-thrust is essential. 
Ball thrust bearings are commonly used, while for light duty a plain collar on the shaft, bearing 
against a bronze bush or end-pad is satisfactory. 

Let 
H.P. — horse-power transmitted by a pair of gears; V pitch circle velocity in ft. per min. 

PNT 32 000 H P 
P — tangential load on the teeth; H.P. — 33 qoo* ^ V* 

If P^ « axial thrust, then P^ — P tan 6, 

Tooth face vfdlA.—This should not be less than about 2| to 3 times the normal circular pitch, 
to ensure proper continuity of action. The normal tooth profile is involute. 

The cutter for milling spiral gears is not selected according to tho number of teeth as is the 
case with spur gears. The number of teeth in the helical gear is divided by the cosine of the helix 

N 
angle cubed, i.e. ^ When this calculation has been made, the resulting number Is the number 

of teeth for which the cutter is selected. 

Addendum —^ ^; Whole depth of tooth 
2-157 
njd.p. ; Normal tooth thiokness at pitch line — 

1-671 
n.d.p. 

Double Helical Gears. 

When accurately designed and well made this type of gearing has many advantages compared 
with other forma of gearing. The chief advantages are :— 

(а) The engagement of the teeth is continuous when proper face width is used, and hence 
greater loads can be transmitted with high degree of efficiency. 

(б) Shock is eliminated as the teeth are in continuous engagement, hence the load is transferred 
from tooth to tooth smoothly. Wear is thereby reduoed, and also noise. 

(e) Vibration is practically eliminated. 

There are two forma of double helical teeth, one known as the continuous tooth type tooth, and 
the other as the staggered tooth type. In the latter, one half of the wheel is moved round relative 
to the other half a distance equal to a tooth thickness, thus the teeth on the one half are opp(^te 
the tooth spaces on the other half. This construction was mainly to facilitate the cutting of the 
teeth. With this latter form of tooth the permissible load is reduced owing to the discontinuity 
of the teeth. Methods of production have now advanced to an extent which renders the st^igered 
type of gear teeth almost obsolete. 

Tooth profiles and proportions.-—The standard normal section of double helical teeth is involute. 
Proportions vary somewhat according to different manufacturers. The following are typical 
values: 

addendum 0-88/P; dedendum 1-006/P; bottom clearance 0-126/P. 

The above are the standards adopted by David Brown & Sons (Hudd) Ltd. 

Other manufacturers use such values as : addendum 0-7/P; dedendum 0*86/P. 
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Face Width. 

The total face width should not be less than 5 times the normal circular pitch. High ratio 
g^ars have face widths up to 13 times the normal circular pitch. 

Preisure angles,—Usually a 20® pressure angle is adopted although occasionally 14J® is naed. 
To meet special requirements pressure angles above 20® are used. 

Eelit angles.—These vary according to the work for which the gear is designed. Angles of 
32J® are common for general purposes. Fine pitched turbine gears often have 30® helix angles. 
For rolling mill gears 32® 9' is adopted by David Brown & Sons, Ltd., as this angle la con¬ 

venient in setting up the gear cutting machine (tan of this angle =» . Gears for heavy duty, 

such as for haulage apparatus, including triple helical gears have helix angles as high as 46®. 

BackAash.—To secure efficient working of double helical gears, a certain amount of back-lash 
is essential. In general work David Brown Si Sons, Ltd., recommend 0*005 in. to 0*01 in. per 
in. of circular pitch, the teeth of each gear in mesh being reduced in thickness by half this amount. 

Gears working in high temperatures may require greater back-lash, and for satisfactory 
working, fine pitched gears, lubricated by spraying nozzles, also require increased back lash. 

Interferenee.—This is corrected in a similar way to that in spur gears, a chart being used for 
the purpose. (See B.S.I. Specification, No. 436.) David Brown Si Sons, Ltd., recommend the 
following addenda corrections. 

Diametral pitch gears correction applied in increments of 0*04 in. for a 1 P. tooth giving 

0*88) 
22 divisions (addendum ^ p • 

Oircular pitch gears 0*01 in. for a tooth 1 in. pitch, giving 38 divisions (addendum « 0*28p). 

Strength of Double Helical Gears, 

Surface stress.—It Is Important to keep this within certain limits, depending upon the materials 
of the two gears in mesh. This stress depends upon such factors as the modulus of rigidity of the 
gear material, Intensity of applied load, and radius of curvature of teeth. Suitable values of 
surface stress are found by multiplying basic values by a speed coefficient determined from 
charts.* The following table of baric values of surfaces stress is reproduced from David Brown's 
technical data. 

Material. 
Oast Iron. 

M 22 ® 
Phosphor bronze, sand cast . 

„ „ centrifugally cast 
MUd Steel 38 tons U.T.B. 

ft If If ft • 

0 **3 carbon steel 32 tons U.T.S. 
It II II II II 

ti 11 II II II 
C*4 „ „ 40 tons „ 

ft II II fi II 

II II II II II 
0*6 „ „ 60 tons „ 

Nickel steel 60* tons* U.T.S. ’* . 
„ chrome steel 100 tons U.T.S 
„ steel, case hardened . 
It II II II . • 

Rawhide .... 

Basic Value. When in contact with 
150 Oast Iron 
100 Steel 
126 Steel 
386 Steel 
460 Oast iron 
886 Bronze 
260 Steel 
660 Oast iron 
466 Bronze 
SIO Steel 
766 Oast iron 
660 Bronze 
440 Steel 
866 Bronze 
676 Steel 
886 Steel 

1,340 Steel 
1,860 Bronze 
1,240 Steel 

80 Oast iron or steel. 

Zone factor.—Aa In spur gears a zone factor Is employed. This depends upon number of teeth 
in wheel and pinion, the spiral angle, and pressure angle. The product of the zone factor and 
the allowable surface stress gives the allowable load per in. width of tooth face for teeth of unit 
pitch.t 

* See B.SJ. Specification, No. 436. 
t Oharts are used for detenniniiif lone factors. 
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Bending stress.—To obtain the stress due to bonding on double helical teeth, the tooth is 
considered to act as a cantilever with a load at the line of contact. The safe allowable stress is 
found by determining the product of the basic stress and the speed coefficient obtained from charts.* 
The speed coefficient used in this latter case is the same as that used in calculating the safe 
surface stress. 

BASIC VALUES OP BENDINO STRESS ALLOWED IN DOUBLE HELICAL GEARS. 

The following table of safe stress is abstracted from David Brown Si Sons, Ltd., technical 
data. 

Material. 
Nickel chrome steel, 100 tons per sq. in. U.T.S. 

„ steel, 60 tons per sq. in. U.T.S. 
0-6 per cent, carbon steel, 60 tons per sq. in. U.T.S. 
0-4 „ „ „ 40 „ „ 
Nickel steel, case hardened .... 
0 * 3 per cent, carbon steel .... 

fMild steel ....... 
Phosphor bronze ...... 
Oast iron ....... 
Rawhide ....... 

Basic Bending Stress. 
. 12,200 lbs. per sq. in. 
. 8,900 „ „ „ 
• 8,350 ,, ,, ,, 

7,750 .. 
. 7,750 „ „ „ 

7,000 . 
. 6 700,, „ ., 
. 4,700 . 
• 2,000 .. „ „ 
. 1,850 „ „ 

Tooth strength factor.—This factor, usually denoted by Y, is again obtained from charts ; its 
value depending upon the number of teeth in the wheel and mating pinion. It expresses the 
tooth load in lbs. per in. of face width, and the bending stress produced by it for teeth of 1/P. 
ITence, the allowable load per in. width of face in lbs. => /6Y/P. 

fh = bending stress at the required speed, Y is the tooth strength factor, and 

P. = diametral pitch. 

Similarly, considering the allowable working surface stress fc at required speed and the zone 
factor Z, 

allowable load per in. width of face in lbs. =» /cZ/P. 

Horse-power transmitted.—safe horse-power that can bo transmitted depends on the 
surface stress and the bending stress that can be allowed on cither the wheel or pinion. The weaker 
of the two obviously limits the power that can be transmitted, and hence the following calculations 
when applied to each of the units, will give the power which the pair of gears will safely transmit. 

fc =3 safe surface stress in lbs. per in. width of face at required speed. 
I = safe bending stress in lbs. per in. width of face at required speed. 
F ==> face width of wheel or pinion in ins. 
T a number of teeth in wheel or pinion. 
N =* number of revs, per min. of wheel or pinion. 
P =i diametral pitch. 
Y — tooth-strength factor. 
Z zone factor. 
TT « S-1416. 
D — dia. of wheel or pinion in ins. 

Safe horse-power based on surface stress 

/,.Z.P.7rDN /,.Z.P. 0 J^2 D.N D ^ T 
“ 33,000. P. 12" 33,000 P. "* P. 

. *. Safe horse-power fe. Z.F. 0-262 T.N 
33,000.P« 

A.Z.F.T.N 
120.OOO.P« 

Similarly the safe horse-power based on bending stress 
/,.T.P.T.N 
126,000.P« 

The factors in the foregoing are multiplied together, the . being a multiplication sign, 
basic values given for the stresses are for gears having 22^* helix angles. 

The 

• British Standard Spcciiicatioii No. 430, 1910. 
t See page 981 
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Mo ’nting of 

It is of first importance that the axes of rotation of a double helical gear reduction should be 
parallel and in the sarne plane. Uneven load distribution will result if this is not so. It is im¬ 
portant that the centre distance be such that the requisite amount of back-lash is obtained. Back¬ 
lash must not be excessive, but must be sufiicient to ensure proper lubrication. In special cases, 
such as in gun-sights, back-lash is undesirable. Excessive back-lash is liable to create hammer- 
blow. 

In order to ensure that there shall be no end thrust, it is necessary for the gears to take up a 
position of equilibrium, and hence flexible couplings between shafts should be used. 

Triple Helical Gears. 

A gear having two changes in the hand of the helices is called a triple helical gear. Such gears 
are sometimes used in mining machinery. The idea of the triple helical gear apparently evolved 
from the notion that helical gears gave best results when the apex of the teeth pointed in the 
directions of rotation, and hence the triple gear provided the best form of gear for reversing. Such 
a contention does not, however, appear to have much to support it in the light of modern gear 
technology. They are, however, still in some demand, and engineers occasionally specify them. 

Turbine Reduction Gears. 

The fact that large horse-powers are transmitted at high pitch-line velocities calls for special 
consideration in manufacture. Pitch-tine velocities up to 18,000 ft. per minute are dealt with. 
Speed reductions from turbine shafts to electric generator shafts, mill shafts, and ships' propeller 
shafts need specially designed and accurately made gearing. Similar kind of gearing is needed to 
increase speed from internal combustion engines, electric motors, etc., required to work blowers, 
compressors, rotary pumps, and the like. 

Turbine Gear Arrangements.—Figs. 14 to 20 are intended to show diagrammatically various 
turbine gear arrangements. In regard to .single reduction gear, ratios up to 1 to 20 or 1 to 26 are Eossible, while reductions up to 1 to 50 are possible with double reduction gearing. Double 
eiical gears are commonly used while the left- and right-hand portions are often separated. Axial 

thrusts may be balanced by the use of double helical gearing and high efficiencies of transmission 
often up to 98 per cent, are possible. 

In respect to marine Installations special precautions are necessary in design since uneven 
stressing may be set up due to rough weather and other causes. If not properly catered for, 
these stresses produce pitting in the teeth and excessive wear. The straining actions in the larger 
wheels require oareful treatment to prevent these defects arising. 

Turbine Gear arranqbments. 

Fig. 14.—Single casing turbine with single reduction gear. 
Fig. 16.—Twin turbine casings, single reduction. 
Pig. 16.—Throe turbine casings, single reduction. 
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To allow the condenser to be placed below turbine the L.P. 
pinions mesh near the top of the wheel, as in fig. 20. 
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Pig. 17.—Pour turbine casings In groups. 
Fig. 18 shows a twin turbine double reduction. 
Fig. 19 i^bows an arrangement for securing a more symmetrical stressing of pinions and 

reduction in twist than with the previous arrangement. The intermediate gears are arranged 
in the centre of the divided main gears. 

Pia. 19. Fig. 30.» 

Fig. 20 shows a single helical reduction gear by Brown Boveri et Oie. 

* Nozzles 0*10 in. to 0-16 in. diameter are employed, spaced ins. to 4 ins. apart. Oil 
pressure is governed so that the rate of flow is about *33 to -67 gals, per minute per inch width 
of tooth when peripheral speed is 33 ft. per second. When peripheral speed reaches 130 ft. per 
second, 1-0 to 1*33 gals, per minute per inch width are used. Nozzles having too small a bore 
should not be used, since clogging Is liable to occur. It is a further advantage tu have the <^1 
reservoir above the level of the gear wheels. Too high a jet velocity should not be used as 
atomisation of the oil Is likely. 
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Fig. 21 is a diagrammatio arrangement by Parsons* llarine Steam Turbine Oo.^ Ltd., ot a double 
reduction gear for a single screw cargo boat. 

Double Helical Turbine Reduction Gear Pinions.—These are commonly made of 3 per cent, 
to 5 per cent, nickel or nickel-chrome oil hardened steel, the pinion being an integral part of the 
shaft. The left- and right-hand portions of the gear are commonly separated to allow for the 
provision of a centre bearing, to obviate excessive deflection. 

Double HAicai Turbine Reduction Gear Wheels.—Small wheels are commonly manufactured 
from forged steel and forced on to the shaft by hydraulic pressure. Larger wheels are generally 
made in two parts. The wheel centre made either of cast iron or cast steel has a rolled steel rim 
shrunk on to it. The turning to size and the cutting of the teeth are carried out when the wheel 
haa been hydraulicly preased on to the shaft. Perfect balancing of turbine gears is essential in 
order to reduce vibration to a minimum. The production of this type of gearing calls for specially 
designed bobbing machinery and precision ground hobs. Heat treatment also forms a most 
important part of an organisation dealing with this class of work. 

Turbine Gear-Tooth Design. 

An Important factor in tooth design is the limiting pressure which can be allowed on the teeth. 
Points to be considered in fixing the pressure are wear, type of lubrication, and peripheral speed. 

Gears for cargo steamers limiting pressure per inch width, 350 to 450 lbs., calculated on the 
length projected on to the shaft. In naval turbines pressures up to 850 lbs. per in. are used. 

Double reduction gears tooth pressure is limited on the first pinion on account of high peripheral 
sp^d. About 450 lbs. is allowed on the first pinion, and 650 lbs. to 1,450 lbs. per in. width on 
gears running at 164 ft. per second. Under these latter conditions 10,000 horse-power has been 
transmitted -iSectively. 

The general treatment of design of turbine reduction gear teeth of the double helical type is 
given under' rm notes on helical gearing and may be applied when suitable stress values, consistent 
with the i^iral angles to be adopted, have been decided upon. 

The height of the teeth is usually about 0<6 times the circular pitch. The teeth are inclined 
usually at 30*. 

Fitches vaij. For small gears, values of *12ir to •19ir are used, while in the slower running 
gears, pitohss of -SItt are used. 
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One of the factors to be taken into account when deciding upon the tooth pressure if 
the danger of the oil film failing if this pressure is too high. According to H. M. Martin 
{Engineering^ August 11,1916), the stress on the oil film obeys some such law as p hd^. where, 
j) n load on tooth per inch run in lbs.; d « pitch diameter of pinions in Inches; and h — constant; 
n la given as and h is taken by Messrs. Parsons as 175, but values of 250 have been used. 

* In most of the examples given the pinions are located above the gear wheels with which they 
engage. The pinions are divided, each pinion or wheel forming one-half of the double helical gear. 

PnoH. 
Fine pitches give silent running at high speeds, and a normal pitch, that is, the pitch measured 

at right angles to the teeth, of 0*583 in. (or in.) has been largely used in this country. For 
small pinions, or where extreme silence is of importance, 0 • 4 in. in pitch has been used. For 
turbine gears the pitch for a pinion having at least thirty teeth may be found from the expression : 

where, 
p «« pitch in inches; P « total tooth load in lbs.; W width in inches; Z — constant 
corresponding to the velocity. (See fig. 22.) 

The expression applies to teeth with normal addendum and dedendura. 
The materials in turbine gearing are never highly stressed ; gears are designed primarily for 

wear, and this gives a much greater factor of safety than would be employed were they to be 
designed for considerations of strength alone. 

Thickness of tooth at pitch line is usually about \ circular pitch. Tooth clearance is allowed 
to compensate for heating of gears and to ensure proper lubrication. The centre distance is 
usually increased by this amount to provide clearance. 

In order to secure best results the highest degree of accuracy is needed in the manufacture of 
turbine gears, together with accurate lining up and careful attention while at work. 

The teeth are usually cut by generating process or special relief ground hobs. The end-mill 
process is an older method, but is still used where bobbing process is inapplicable. 

For turbine gears a 20® pressure angle is used, the normal tooth profile being involute. 
The actual length of tooth carrying the load depends upon the deformation, due to bending and 

twisting. The amount allowed is limited to about 0*0008 in. or 0*0012 in. 

NO. OF Tebth in Pinions, 
The number of tooth is not often less than 30 or 35. For cargo steamers and the first reduction 

gear, pitch-line velocities of 80 ft. per second are employed. For second reduction gear, 28 to 
40 ft. per second are used, while naval gears run at 150 ft. per second. Greater pitch-line 
velooities are sometimes used^ 

Tooth length 
tangential load on teeth 

bearing preMore per inoh width* 
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The Power Plant Oo., Ltd., of West Drayton, use for the pinions, alloyed steels (nickel or 
chrome-nickel steel), and for the wheels above velocities of 3,000 ft. per mlu., forged steel rims. 

The calculation must start froin the rcquisit'C pinion diatneterto iraiisoiit a given load without 
exceeding the very narrow limits within which bending and twisting are allowed. 

With gears where the pinion face exceeds tliree times the pitch diameter, tluee ueM- 
ings are invariably required for the pinion, to resist bending. The slighest inaccuracies in 
pitching and setting of the wheels, and comparatively small bending and twisting strains are 
liable to affect turbine gears very adverstily, but these effects can be counteracted by special 
designs, such as the wheels with the pressure compensating device os manufactured by the above 
company. _ 

An ample supply of oil Is Imperative, not only to lubricate the teeth, but also to carry off 
the heat generated. For this purjiose it Is usual to have i in. to in. noz/.les of about R ins. pitch 
squirting oil under a pressure of 10 to 20 lbs. per sq. in. on to the pinion, some distance in 
advance of the engagement, as this allows iomc of the oil to di.^^porse and it Is not carried forward 
and pumped out by the gears themselves. The quantity of oil is about 1 gal. per minute per 
100 to 160 h.p. transmitted. 1'he case must be well drained, otherwise if the wheel dips Into the 
oil at the bottom much heat will be generated by the churning of the oil. 

Turbine pinion distortion.—A discourse on the subject will be found in the Transactions of 
the Manchester Association of Engineers, 1919, by Prof. Gerald Stoney, F.R.S., D.8o. 

Gauging of Gear Teeth. 

Straight spur teeth.—Generally gear teeth are measured by taking two measurements at the 
same time. This process is effected by using a special vernier caliper provided with two sets of 
scales, thus enabling the two readings to be made at the same setting of the instrument. See 
fig. 23. 

FlO. 23. 

The instrument measures the chordal thickness of the tooth and at the same time the height 
of the tooth above the chord. If the length of the arc of the pitch circle is required between the 
two proliles of a tooth then a correction to the caliper measurement has to be made. The same 
applies to the addendum measurement; the nominal addendum must be increased by the height 
ol the arc, to make it equivalent to the caliper reading. 
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For =5trait?ht spur gears if D -x f,hc pitch dla. N — number of teeth. 

X,. 2.chord sin 180 , .. i i 
then ~ - from which the chordal thickness 

U N 

. ^ . /90n 
= D.s.n ( 

Similarly, the height of the arc » ^ ^) ] * 

For calipering helical teeth the instrument must he set normal to the tooth profile. The actual 
caliper readings are then the same as for the equivalent or virtual spur gear having a diameter 
equal to the equivalent or virtual diameter. Thus, if D* *= equivalent or virtual pitch dia. and 
N* =» equivalent number of teeth, a = spiral angle, 

Chordal thickness •« D sin 

Jleight of arc 

Dsln (®®) 

''90 co8*a 
. N , 

D«r / 90 \1 

I) r /90cos*tt\i 
cos»a “N Jr 

To facilitate the use of these formulaa tables are often used from which chordal distances can 
bo read off quickly. 

WORM OEARINO. 

There are two types of worm gear—namely, one in which the worm is parallel throughout its 
whole length and the other in W’hich the wonn is curved along its face to suit the curvature of 
the wonn wheel. The former is known as the ‘ parallel’ worm gear, and the latter as the * Hindley ’ 
or ‘ globoidal ’ worm gear. 

The introduction of machine-cut worm gear of high precision and the increased knowledge of 
the nature of tooth contacts has resulted in the uso of worm gear for the transmission of large 
horse-powere, with very high efficiencies. 

Formerly it was considered correct to make the threads of all worm gear straight-sided on a 
linear section through the axis of the worm, and to take the pitch line midway down the working 
depth of the threads ; thus, for the parallel gear this section showed the threads to bo a pure rack, 
and for the globoidal gear a similar rack formation but with the threads pointing radially to the 
centre of the worm wheels. Aolually these two types are very closely related because a parallel 
worm can be regarded as being a globoidal worm which has been made to suit a worm wheel of 
infinite diameter. 

The construction of the threads of the parallel worm to correspond to that of a rack gives 
involute profiles to the worm-wheel teeth on the central section, as shown in fig. 24, and with 
the rilndley gear, shown in fig. 25, a shape corresponding to the threads of the worm, consequently 
giving teeth in simultaneous contact. It would therefore appear as if these two types were 
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quite correct in every way : involute tooth engagement for the parallel worm and a complete 
tooth engagement for the Hlndley worm. Actually these conditions only apply on the central 
plane. Neither is the involute tooth profile nor the attractiveness of the Hlndley type main¬ 
tained ; their value is entirely lost on all other planes owing to the curvature of the face of the 
worm wheel. Whenever straight-sided threads are used for w'oniis, whether for the parallel or 
the Hindley type, the teeth on other planes than the central one are not, and cannot be, wholly 
conjugate to the threads of the worms, because the hob during cutting unavoidably removes too 
much metal from the wheel teeth. The result is that in actual practice neither of these worms 
transmits uniform velocities to the worm wheels, and instead of the contact being mainly on the 
leaving side it is almost wholly on the entering side, thus giving a higher coefficient of friction 
and a lowering of the overhaul efficiency of the gears. Worm gear, unless correctly designed, 
does not transmit a uniform velocity from one member to another. A close approximation is 
obtained with gears of comparatively fine pitch, and in those of a high lead angle any error is 
sometimes concealed by the adjacent thread being in action in such a manner that by sustaining 
an extra proportion of the load distribution the variable velocity period is tided over. Even 
the inertia of the parts may prevent a change in the velocity of the engaging pair, but this is 
detrimental to the gears. To consider a worm gear os a kind of a development from the screw 
IS fundamentally wrong. The pitch surfaces of the worm gear are cylinders lying at right angles 
to each other, hence they only touch at one point, whereas in a screw and nut the pitch surfaces 

FlQ. 27.—Enveloping Worm Gear. 

coincide. Expressed in simple language, one can say that, consistent with the transmission of 
uniform velocity, the normal to the surfaces from the point of contact must always cut the central 
plane which contains the axis of the wheel, at a point on the straight line lying on the wheel 
pitch cylinder, and consequently tangential to the pitch cylinder of the worm. Thus, for every 
point of intersection between a worm thread and the zone of contact, there is a definite relation 
between its angular and longitudinal positions. If contact takes place at any other point than 
this intersection, it does so to the detriment of the transmission of uniform velocity. 

The mathematical investigations carried out by Mr. F. J. Bostock have shown that the usual 
rack formation of the threads of the parallel and the globoidal worms is entirely wrong. Fig. 20 
shows the correct form of worm thread for the parallel worm, and is known os the ‘ D.B.S. Patent 
Worm Gear,' manufactured by David Brown & Sons (Huddersfield), Ltd. In this gear, instead 
of the threads being straight-sided on a section containing the axis of the worm, they are 
straight-sided on a section taken at a predetermined distance away from the axis, and the pitch 
line, instead of being half-way down the working depth, is taken at the bottom of the working depth 
or at the throat diameter of the worm wheel. This gear has been largely used for the propulsion 
of buses and lorries in this country and America, and upon test by the N.P.L. gave an efficiency 
of 97 * 9 per cent. 

The corresponding correct form of threads for the globoidal type Is shown in fig. 26, which 
was also the result of Mr. Bostock’s investigations, and is manufactured by Bostock & Bramley, 
Leeds. 

Although the ordinary involute type of parallel worm gear has cei'taln iubercub defects, it is 
•till largely used for drives in which maximum load-carrying capacity and efficiency are of little 
importance. 
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N omenolatur e. 
Gear Ratio 

No. of teeth in wheel 
worm (a single threaded, no. of starts to 1 ; if double threaded no. 

No. 01 starts on worm ’ 
of starts 9. and so on. 

Worm-pUch cylinder and worm-wheel pitch circle^ fig. 28.—The worm-pitch cylinder is a 
virtual cylinder which makes contact with the worm-wheel pitch circle at a point lying on a line 
through the axis of the worm wheel and perpendicular to the worm axis. 

I 

Fia. 28. 

Centre distance to the distance between the axis of the worm and the centre of the worm wheel. 

Axial pitch of worm threads.—The distance between the centre lines of two adjacent threads 
taken on an axial section. 

Normal circular pitch for worm threads is the distance between the centres of adjacent threads 
measured round the pitch cylinder and normal to the helix. 

Worm lead angle to the slope of the helix, and to the angle between the helix and a plane 
perpendicular to the worm axis, fig. 29 ; lead angle » a. 

Worm helix angle to the complement of the lead angle ~ fig. 29. 

Fig. 29. 

Axial pressure angle to the angle of inclination of worm profile at any point on an axial section 
to a perpendicular to the worm axis — </>, fig. 30. 

Normal pressure angle is the angle between a tangent plane at any point on tooth profile, and 
a perpendicular to the axis at that point. 

Lead of worm to the linear distance of advancement parallel to the axis of each thread of the 
worm per revolution of the worm. 

Circular pitch of wheel teeth Is the distance between the centres of adjacent wheel teeth 
measured round the pitch circle. 

Clearance at worm wheel tooth base as for spur gears. 
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Worm thread addendum,—Height of thread abore pitch cylinder. 

Worm thread dedendum.—Depth of thread below pitch cylinder 

Worm crest diameter.—The overall dia. of the worm threads. 

Worm root diameter,—The dia. of the worm at the root of the threads. 

Wheel throat diameter,—The dia. of wheel rim at the bottom of the curved tooth face. 

Wheel tooth throat addendum.—The distance between the pitch circle and top of teeth on a 
centre section normal to the wheel axis. 

Wheel tooth overall addendum.—The addendum measured to overall dia. of rim. 

Wlteel teeth dedendum.—The distance between the pitch circle and the bottom of the tooth 
spaces measured radially and on a central plane. 

Wheel overall diameter.—The greatest dia. of wheel rim. 

Wheel root diameter,—^The dia. at the base of wheel teeth. 

DESIGN. 

In the common type of worm gear, In which the straight-sided thread on the axial section is 
used, the 14^® axial pressure angle is generally adopted and 16® by some makers. The cross- 
sectional dimensions of the wonn thread are commonly made the same as the 14^® rack teeth—i.e, 
addendums 1/P.; dedendum « 1/P.clearance; clearances *166 module. If the lead 
angle used is greater than 20®. then the proportions are based on the normal pitch. If a 20® lead 
angle is adopted, then 14^® pressure angle is too small to give satisfactory results. For automobile 
drives a 30® pressure angle is usual. 

If the worm is to be cut on a shaft direct, then the pitch dia. must be such as to give 
sufficient strength to make the shaft rigid, and strong enough to carry the torque with the requisite 
margin of safety. The root dia. must be such as to prevent serious deflection when carrying the 
load. 

The width of face of the worm wheel should be a.s wide as is reasonably possible, compatible 
with general design of gear. 

The throat should not envelop root of worm by more than about 1 • 6 times the module, other¬ 
wise the wheel teeth will be cut to a sharp edge. 

OkIX)ULkT10NS. 

To compute gear ratio, revs, of worm and wheel being given :— 

B >=> revs, per min. of worm ; r » revs, per min. of wheel. 

K 
Gear ratio — 

To compute no. of wheel teeth N. when gear ratio is given and no. of worm starts, n, 

N =■ Gear ratio X n. 

To compute worm pitch dia., given centre distance and worm lead angle, a. 

2 centre distance 
^ “ 1 -f [gear ratio X tan a]* 

If centre distance and wheel pitch circle dia. is given, 

d — 2 centre distance — p.e.d. of wheel. 

To compute the circular pitch of wheel teeth (p), given p.c.d, of wheel D and no. of teeth N 

tm 
N ’ 
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To compute the pitch dia. of wheel when circular pitch and no. of teeth in wheel are ^iven, 

D-P^. 
rr 

, To compute the centre distance when the pitch dia. of worm is given and the pitch circle dia. 
of wheel, 

o=.D + ‘». 

To compute the lead of a worm, given the pitch and number of starts of worm.! n), 

Lead =» pitch x n. 

To compute lead of worm, given the pitch dia. of wheel and the gear ratio, 

Lead - trD ^ TrDn 

Gear ratio N 

To compute the worm lead angle, given the pitch dia. of wonu and worm lead, 

T^ead 
■nd 

To compute normal circular pitch, given the pitch and lead angle o, 

tan a : 

n.c.p. =» p cos a. 

To compute worm thread addendum and dedendum on wheel throat addendum, given the 
(dteh of the wheel teeth, 

Add. = *3183/); Bed. =-- -3083p. 

If a exceeds 20®, Add. =» -3183 n.c.;?.; Bed. = *3083 n.c.p. 

To compute w'orm crest dia., given worm pitch dia. and addendum, 

Worm crest dia. *= d + 2 addendum ; Wonn root dia. =» d — 2 dedendum. 

To compute wheel throat dia., given pitch dia. of wheel and wheel tooth throat addendum, 

Wheel throat dia. >=: B -f 2 wheel tooth throat addendum. 

To compute overall dia. of wheel, given pitch circle dia. of wheel and wheel tooth throat 
addendum, 

Overall dia. of wheel B -f 3 wheel tooth throat addendum. 

To compute wheel root dia., given pitch dia. of wheel and wheel tooth dedendum. 

Wheel root dia. -a B — 2 wheel tooth dedendum. 

Worm-wheel peripheral velocity, Yw «= *262 BN' ft. per min. 

Worm peripheral velocity, vw ■» *262 dn' ft. per min. 

where N' ■■ no. of revs, per min. of worm wheel, and n' =* no. of revs, per min. of worm. 

Rubbing velocity at pitch point. 

Let, 

Then, 

Also, 

=« \/Yw^ -f- w* 
w> 

cos a’ 

torque on shaft transmitting H.P. horse-power at N revs, per min., 

T 63,026 H.P. 
N 

lbs. ins. 

T- nd* 
16 A. 

where d »■ shaft dia. in ins.; fs >■ safe shear stress for the material in lbs. per sq, inch. 

Neglecting bending and other stresses. 

. V 16T. 
'V V.’ 

H.P. - 
2.7r.N.T. 

3.3,000 X 12* 

INTBIIFERENOB Of WORM GBABS. 

When it is necessary to have a small number of teeth in a worm wheel interference may occur 
as in other types of gearing. The difficulty may bo overcome by increasing the centre distance. 
This is equivalent to increasing the pitch diameter of the worm and reducing its addendum and 
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is therefore a similar correction to that applied to spur gears. For the proportions given the 
correction for the centre distance is as follows:— 

Increase In centre distance “ ^ 

where A worm addendum, N — number of teeth in wheel. 

Irreversible toorm g^rs,—To secure efficient results an auxiliary friction device is preferable 
to the use of a small lead angle, in order to make a worm gear irreversible. Theoretically, the lead 
angle must be equal to the corrected angle of friction ; in this connection the actual value of the 
coefficient of friction is always a doubtful factor. The efficiency of Irreversible worm gears is 
never above 60 per cent, and hence the power lost In wear and tear is abnormal. 

Worm and wheel proportions.—These vary with different makers, each having their own 
^rticular systems to suit special conditions. The following proportions are recommended by 
Bavid Brown & Sons, Ltd.| who work on the module principle. 

Worm addendum » l - 6 times normttl module. 
Worm dedendum ■= 0-6 of worm addendum. 
Clearance 0*1 of worm addendum. 

Wheel throat addendum « 0 * 6 worm addendum. 
Wheel overall addendum •>=> 0*8 worm addendum. 

Normal module M cos a 

n 

U\^' 
w« 

W* -f n» 

M ■« module «= oircular pitch of wheel teeth/ir; 
-> number of starts on worm. 

The width of face should not exceed 3 \'^A* 4- Ad. 

A ■■ worm addendum ; d ■» pitch dia. of worm. 

W pitch dia. of worm -r modulo 

Fia. 31. 

It is assumed that the resultant reaction between the worm and wheel passes through the 
pitch point A. 

Besnltant reaction >- Pr; resultant force acting parallel to wheel axis » Pvv; resultant force 
acting parallel to worm axis Pw ; force acting perpendicular to both axes » Pp; B Gear 
ratio. T a- torque due to H.P. in lb. ins. 

Approximatdy, 

« 2RT 2TN 
i) = D„< 

Pvv = 
2T. 

Pto tan 

tan a 
The efficiency is approximately « ^ ^ 

where A angle of friction. 

The maximum efficiency occurs when the lead angle is abont 45*. 
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Location. 

The parallel worm if not aerioofly affected bj alight I naoouraoy in the centre diatanoe, and doea 
not need apeolal precaation with reapect to endwiae movement. 

* The globoidal form, however, needo acoarate location in all directiona in order to work 
correctly. Farther, when dismantling the worm and shaft cannot be removed bodily as ia the 
case with the parallel worm. 

Finithing,—It la essential that worm threads Lave a very bard case, and must be ground 
to prodnce a highly polished aarfaoe. Hence the selection of suitable matcri <l la of prime 
importance. Generally worms machined from soUd steel forgings give best results. Partiouiar 
care ia also required n the hardening processes in order to avoid, as far as possible, serious 
distortion. 

Bxamplr.—Obtain the dimensions of a worm for a gear ratio of 10 :1 when the centre distaiic e 
is 8 ins. 

Assume number of worm threads ■■ 6 n, then no. of teeth in wheel — 50 » N. AsMiming 
Ic:ul angle — 46*. 

1. 
2c 

module 

module ^ • 29, for which a module of * 3 would be used. 

Pitch dia. of worm — ins.; dia. of worm wheel — ina. 

Worm Gear Application. 

Worm rwiuciiig gear units are w’ith great advantage coupleil «Ur»K?t to electric motors, 
enabling reductions in speed from 4 : 1 to 100 : 1 in a silent and effloient manner, and when 
both of them are mounted on the common baseplate they represent a simple, sound, and 
economical proposition. 

On account of their ability to withstand considerable overload for short periods they lend 
themselves admirably for intermittent work, l)ecause for tliework they are called upon to do 
they can be made relatively small; therefore they are of great use in crane work and for starting 
purposes of electric motors, steam, gas, and oil engines. 

Ilorse-Powor Formula. 

An authority gives the following method of calculating the horse^power that can betranamitted 
by a worm gear. 

H.P. — KxAxTxr*xR*x8, 
where, 

E » constant; A projected area of worm wheel in sq. ins.; T » No. of teeth in 
eunt.aet : r=> pitch radius of worm in ins.; R => revs, per minute of worm ; 8 fuaccion of 
lead Miigle. 

For K, use: 

Hardened mild steel worm and pho8phor<brooae wheel X = 0*14 
Soft „ „ „ „ t, K —0*1 
Hardened „ „ oastriroB wheel K = 0*08 
Soft „ „ „ K = 0-07 

For intermittent work multiply the above by 1*3. 

For T, use: 

Worm Threads 12 3 46678 
T 1-4 1-5 1-66 1-8 1-8 2 2-1 2-2 

For 8, use: 

Lead Angle 5* 10* 15® 20® 25® 30® 35® 40* 45® 
8 0>09 0*18 0-27 0-36 0*45 0*65 0-66 0*77 0*9 

2M Voli, 1. 
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IjubrioatiOD. 

Bfflol«nt labrioation and dm of aultable labrlcante are Important f Mtora in gearing detign and 
worldiig. Haarr tooth premore and high Telocity renders the selection of proper lubric^t and 
means of labrication highly important, and in consequence considerable attention has latuy been 
giyen to this problem. Such questions as churning loss, rlscosity, oxidation, and oMthoa of 
■Dpplsing oil to the surfaces concerned are factors which require careful consideration, ueneraiiy 
a fairly light oil is recommended for most purposes 

The following tables relating to lubricants arereproduced from David Brown & Sons* technical 
data, and are supplied by them for um of gear users. 

TABLE 1. 

APPROXIMATE VISCOSITY OF OIL AT I40T (SECS. REDWOOD I.) 

Material or Ultimate 
Tensile Strength 

PITCH LINE SPEED (Feet per Min .) 

Slov^ Speed 100 200 SOO 1,000 2.000 Over 

of Wheel up to 100 200 SOO 1.000 2.000 S.OOD 5.000 

Fabric. Cast-Iron cr Bronze ... 400 275 200 140 90 - 

Steel: 30—40 tons/in^ . 400 275 mi 110 90 

„ 40—50 tonsl/n* . 400 275 110 90 

„ 50—65 tons/in2 . 600 400 275 200 140 no 

„ 65—30 tons/in2 . 600 600 400 140 no 

„ 80—100 tons/ln2 . 1000 600 600 200 140 

Casehardened. 1000 600 600 400 275 j 200 I 140 

TABLE 2. 

APPROVED LUBRICANTS 

Approxi¬ 
mate 

Viscoiity 
Required 
at H0“F. 

MAKER 1 

Alexander 
Duck ham 

& Co. Ltd. 
Shell-Mex 

a B P. Ltd. 
Vacuum Oil Co. Ltd. Valvoline Oil Co. Ltd. C. C. Wakefield A 

Co. Ltd. 

90 
H.2 
(87) 

B.C.8 
(95) 

Etna Heavy Medium 
(95) 

V.L.M. 
(82) 

V.P.R. 206 
(81) 

“C" Engine Oil 
(95) 

110 
H.3 

(110) 
S.M.R. 
(106) 

V.P.R. 306 
(107) 

"MB” Engine Oil 
(110) 

140 
H.4 

(150) 
C.Y.1 
(135) 

D.T.E. Heavy 
(130) 

A.A.M. 
(138) 

V.P.R. 506 
(156) 

Deusol "G" 
(135) 

200 
N.P.D.3 

(200) 
C.Y.3 
(210) 

D.T.E. Extra Heavy 
(200) 

X.R.M.E. 
(207) 

Heavy "M" Engine Oil 
(220) 

275 
S.W.S. 
(300) 

D.T.E. B.B. 
(275) , 

V.H.E. 
(277) 

V.P.R. 808 
(280) 

Alpha Engine Oil 
(270) 

400 
N.P.D.5 

(350) PiiM D.T.E. A.A. 
(420) 

M.H.M. 
(410) 

Eboline 
Cylinder Oil 

(497) 

Extra Alpha Engine Oil 
(420) 

600 
D. 

(600) 
B.4 

(550) 
600W. Cylinder Oil 

(«0) 
S.R.C 
(590) 

No. 1 Red Cylinder Oil 
(600) 

1000 
N.4 

(920) 
B.6 

(1100) 
Extra HecIa 

(1100) 
A.A.E.C. 

(985) 
"CMP" Cylinder Oil 

(1050) 

The number In brackeu fives the actual viscosity at 140*’F (Secs. Redwood 1.) 
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The following table, aleo by the tame anthorlty, giree oUe ■oitable lor worm driree. 

Maker. 

Alexander Dnckham St Co., rt«l. 
Shell Mex and B.P. Ltd. 
Vaoaam Oil Go., Ltd. 

ValvolineOUOo.,Ltd. • 

0. 0. Wakefield ds Co., Ltd. . 

Grade of OIL 

. N.4. 
. Spirax Gear Oil. 
• Mobiloil * 0' Gargoyle. 

600 W. or Extra Hecla. 
• Edgewater. 
. ‘D.* 

liethodt of LiibrUaUon.—^Except in the case of worm gean, splash lubrication is efficient for 
pitch-circle yelocities up to 2,000 or 2,600 ft. per min. With this system it is important that the 
correct oil level be maintained in order to prevent over-heating and excessive loss due to the cbum- 
ing action produced. The oil level should be arranged and maintained so that the gear wheel is 
immersed to a depth not usually in excess of 11 in. or less than | in. 

Systems of forced lubrication are essential when very high pitch-circle velocities are employed 
and also for high tensile steel units. Specially arranged oil tanks and oil coolers may be neoeesi^, 
with circulating pumps, etc. Many double helical reduction gears are provided with spraying 
nozsles, and oil is supplied at pressures ranging from 1 lb. per sq. in. to 10 lbs. per sq. in., according 
to ruling conditions and manufacturers' own ideas on the subject. 

For worm drives mineral oil is not generally recommended, and the splash system should be 
replaced by a pick-up attached to the worm shaft and arranged so as to deposit the oil, after 
dipping, on to the surfaces of the worm. 

TABUI or DUMETRAL AND OOBRSSFONDIKa OiBCULAB PlTCBXS. 
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0*5 6-5 MiWhkPM ■FflW MiWkikm 
1-0 7-0 
V5 7-5 miwsksm 13-5 0-2327 

pgiM MiEtUPiM 14-0 0-2229 
rngm 14-5 0-2166 

3-0 ■Qi 0-3490 15^0 0-2094 
3-5 0-8918 9-5 0-3306 15-5 0-2027 

iMEm 0-7854 10-0 0-3142 16-0 0-1963 

0-6980 10-5 0-2992 17-0 0-1848 

5-0 0-6283 11-0 0-2855 18-0 0-1745 

5-5 0-5710 11-5 0-2732 19-0 0-1653 

6-0 0-5286 12-0 0-2618 20-0 0-1571 
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TABLE OF PITCH CIRCLE DIAMETERS. 

CIRCULAR PITCH. 

if). 181 
- 

28.051 29.921 
_Zi_ 
33.661 .37 401 

*•4 
41 142 44 8S2 

26.738 28.648 30.558 34.377 38.197 42.017 45 837 
27.2fl.i 29.245 31.194 35.094 38.093 42.802 46 792 
27.852 29.842 31.831 35.810 .39.789 43.7f)8 47 746 
28.40n 32.468 36.526 40..585 44.643 48 701 
28.960 31.035 33.104 37.242 41.380 4.5.518 49 ().5r» 
29.523 33.741 37.958 42.176 46.394 .50 (311 

32.229 34.377 38.675 42.972 47.269 51 5(36 
35.014 39.391 43 768 48 144 52 521 

31.1!)4 33.423 35.651 40.107 44.563 49 020 53 476 
31.751 34.019 36.287 40.823 45 3.59 49.895 54 431 

34.616 36.924 41.5.39 46.155 50.770 5.5 386 
37.561 42.256 46.951 51.646 56 341 

33.423 35.810 38.197 42.972 47 746 52.521 57 296 
36.407 38.834 43.688 48.542 53 396 58 251 

34.537 37.004 39.470 44.404 49.338 54.272 59 206 
35.094 37.600 40.107 45.120 50.134 .55.147 60 161 
35.651 38.197 40.744 45.837 50.930 56.023 61 115 
36.208 38.794 41..380 46.553 51 725 56.898 62 070 
36.765 39.391 42.017 47.269 52.521 57.773 6.3, 025 
37 322 39.988 42.654 47.985 53.317 58.649 63 980 
37,879 40.585 43.290 48.701 54.113 .59.524 64. 935 
38.436 41.181 43.927 49.418 .54.908 60.399 65. 890 
38.993 41.778 44.563 50.134 55.704 01.275 66. ,845 

42.375 45.200 50.850 56.,500 62 150 67. ,800 
42.972 45.8,37 51.566 57.206 63.025 68. ,755 
43.569 46.473 52.282 58.092 63.901 69. 710 
44.105 47 llOi 52.999 58.887 64.776 ' 70, 665 

41.778 44.762 47.746 53.715 59.683 65.651 1 71. ,620 
42.335 45.359 48.383 54.431 60.479 66 527 72. ,.575 
42.892 45.956 49.020 55.147 61.2751 67.402 73. 530 
43.449 46.553 49.656 55.863 62.070 1 68.277 74, .485 
44.006 47.150 50.293 .56.580 62.866 ! 69.153 75 .439 
44.563 47.746 50.9.30 57.296 63.662 1 70.028 76, .394 
45.120 48.343 51.566 58.012 04.458 70.904 77 .349 
45.677 fmm 52.203 58.728 65.254 71.779 78, ,304 
46.235 49.537 52.839 59.444 66.049 72.654. 79 .2.59 
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TABLE OF PITCH CIRCLE DIAMETERS. 

CIRCULAR PITCH. 

1 r 1 r 1 mm mam m 
10. 027 13. 369 16.711 20. 054 23. ̂ 96 26. 738 30, .080 133.423 36. ,765 
10 H6 13. 528 16.910 20. 292 23, 674 27. 056 30, .438 33.820 37, ,202 
10 .265 13. 687 17.109 20. 531 23. 953 27. 375 30 .796 34.218 37, .640 
10 .385 13. ,846 17.308 20. ,770 24. 231 27. .693 31 .155 34.616 38 .078 
10 .504 14. ,006 17.507 21. ,008 24. 510 28. Oil 31 .513 35.014 38. .515 
10 .624 14. ,165 17.706 21. 247 24. ,788 28. .330 31 .871 35.412 .38, ,9.53 
10 743 14. ,324 17.90.5 21. 486 25. 067 28. 648 32 .229 35.810 39, .391 
10 .862 14. ,483 18.104 121. 725 25. 345 28. ,966 32 .587 36.208 39, .829 
10 .982 14. ,642 18.303 21. 063 25. 624 29. ,285 32, .945 36.606 40, .266 
11 .101 14. ,801 18.502 22. 202 25, ,902 29. .603 .33 .303 37.004 40 .704 
11 .220 14 ,960 18.701 22. 441 26. 181 29. .921 33, .661 37.401 41 .142 
11 .340 15. ,120 18.900 22. ,680 26. 460 30. 239 34, .019 37.799 41. .579 
11 .459 15. .279 19.099 22. 918 26. ,738 30. ,558 34, .377 38.197 42, .017 
11 .579 15, .438 19.298 23. ,157 27. 017 30. ,876 34, .736 38.595 42, .455 
11 .698 15 .597 19.496 23. ,396 27. 295 31. ,194 35, .004 38.993 42, .892 
11 .817 1 15 .756 19.695 23, 635 27. 574 31. ,513 35, ,452 39.391 43, .330 
11 .937 15 .915 19.894 23 .873 27. ,852 31, ,831 35. .810 39.789 43, .768 
12 .056 1 16 .075 20.093 24, .112 28, 131 32, ,149 36 .168 40.187 44, .205 
12 . 175 16 .234 20.292 24 .351 28 .409 32 .468 36 .526 40.585 44, .643 
12 .295 16 .393 20.491 24 .580 28, .688 32 .786 1 30 .884 40.9S2 45, .081 
12 .414 16 . 552 20.690 24 .828 29 .966 33 . 104 37 .242 41.380 45, .518 
12 .533 16 .711 20.889 25 .067 29, .245 33 .423 1 37 .600 41.778 45, .956 
12 .653 16 .870 21.088 25 .306 29 .523 33 .741 ; 37 .958 42.176 46, .394 
12 .772 17 .030 21.287 25 .544 29 .802 34 .059 38 .317 42.574 46, .831 
12 .892 17 .189 21.486 25, .783 30, .080 34 .377 38 .675 42.972 47, .269 
13 .011 17 .348 21.685 26, .022 30, .359 34 .696 39 .033 43.370 47, .707 
13 .1.30 17, .507 21.884 26 .261 30, .637 35 .014 39 .391 43.768 48. .144 
13 .250 17 .666 22.083 26 .499 30 .916 35 .332 39 .749 44.165 48, .582 
13 .369 17 .825 22.282 26 .738 31 .194 35 .651 40 .107 44.563 49 .020 
13 .488 17, .985 22.481 26 .977 31 .473 36 .969 40 .465 44.961 49 .4.57 
13 .608 18. .144 22.680 27, .215 31, .751 36 .287 40 .823 45.359 49, .895 
13 .727 18, .303 22.879 27 .454 32 .030 36 .606 41 .181 45.757 50 .333 
13 .846 18. .462 23.077 27, .693 32 .308 36 .924 41 .539 ! 46.155 50, .770 
13 .966 18. .621 23.276 27, .932 32 .587 37 .242 41 .898 46.553 51, .208 
14. .085 18. .780 23.475 28, .170 32 .865 37 .561 42 .256 46.951 61 .646 
14. ,205 18. ,939 23.674 28. .408 33, .144 37 .879 42 .614 47.349 52, .083 
14. .324 19. ,099 23.873 28. .648 33 .423 38 .197 42 .972 47.746 52 .521 
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SECTION XXII 

PART I 
MACHINE TOOIiS-PORTABIiB TOOLS -POWER REQUIRED BY 

MODERN HIGH-SPEED MACHINE TOOLS-WOOD-WORKING 
AND PATTERN-MAKING MACHINERY-INTERNAL AND 
EXTERNAL BROACHING - TOOL STEEL - TUNGSTEN 
CARBIDE-TIPPED CUTTING TOOLS, THEIR PREPARATION, 
SHAPE AND USE - REPAIRING WORN PARTS BY DE¬ 
POSITION OF METAL-HARDNESS OP MATERIALS 

(Revised by N. K. Beard, M.I.Mech.E.) 

Miichine Tools. 

The treud of modem machine tool design has been governed by several progressive develop- 
tnenta which have each played their part in the composition of the present-day machine tool. 
The demand by the user for guaranteed output times has caused the machine tool maker to build 
the machine tool round the job. This is evident in the many excellent multi-tool lathes, multi¬ 
spindle milling and drilling machines which have been in the lirst place designed specially for the 
motor-car industry and which have later been mndilied for other manufacturing purposes. Many 
of the above machines have been made either automatic or semi-automatic, the operator having 
only to load and unload the workpiece and to start and stop the machine. On other machines, 
for example those of the capstan and turret typo, stops arc provided so that after the tools have 
been set the operator can produce articles of the same size within very close limits for long periods 
dependent on the tool life only. Labour saving devices such as quick power motions have been 
applied to reduce the idle time and considerable use has been made of air, hydraulic and electric 
power for chucking the workpiece and for clamping down or locking moving parts of the machine. 
All these features ease the fatigue of the operator and tend to increase the productive efficiency of 
the machine tool. The machine tool manufacturer has also taken advantage of the higher cuttting 
speeds which can be obtained by using the various types of hard metal or cimented carbide tips. 

Economics have also had their inducnce on machine tool design, for the purchaser must con¬ 
sider the initial cost of the machine tool together with the probable return and the length of its 
useful life. 

The most recent improvements in machine tools to meet modem conditions are given below :— 
1. Increased depth of bed, increased thickness of bed walls and flanges, and the introduction 

of diagonal or elliptical cross ribs, thus increasing the rigidity of the bed to resist distortions and 
absorb vibration when working at the maximum speed and feed. 

2. The material of the bed has been improved and is now often made of high duty cast iron, 
flame hardened, on the wearing surfaces of the bed shears. 

y. Main spindle Lxiarings are generally of the ball or roller type pre-loaded or may be made of 
special anti-friction nu;tal with forced feed iubrioatiou. 

4. Automatic pressure lubrication to bearings in headstock, gear boxes, saddle aprons and 
saddles with visual indicators. 

5. Shafts and main spindles made of alloy steels, heat treated and ground. 
6. Splines used instead of keys and key ways to give increased strength and more accurate fits. 
7. Improved design of spindle noses to facilitate changing faceplates and chucks. 
8. Main gearing in bcadstocks and gear boxes made of heat-treated high tensile alloy steel 

with teeth generated and ground. The pressure angle used being mostly 20® with teeth correotions 
oil iiinioiis below 22 'P. to prevent undercutting. The gear teeth are rounded to facilitate sliding 
engagement. 

9. Power traverse motions to all moving saddles. 
10. Narrow guides to all sliiles, inserted hardened steel wearing plates, taper gibs to facilitate 

alignment ndjiistmont and covered slideways. 
11. Live roller bearing centres. 
12. Oentralised controls. 
13. Direct motor drive either through vee belts or couplings. Flange mounted and built in 

motors and eiectrio control gear are also used to advantage. 
14. Spotlighting by low voltage system to give the maximum Illumination of the workpiece. 
15. Oompressed air chocking and clamping. 
16. ^Micrometer stops and dials. 
17. Tool setting devices. 
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There is still a useful place for belt-drlveu machiues, particularly those of the single pulley 
type, although the majority of the machine tools now made are mado vith some form of the 
indi^dual motor drive. 

There have been considerable developments in the use of hydraulic feeds as applied to grinding 
machines, milling machines, broaching machines and special lathes. Hydraulic feeds have also 
been used on planing and shaping machines. 

Portable machine tools have also been designed to meet modem requirements, for in shipyards, 
locomotive running sbeds and on heavy steel constructional work it is often more economical 
to take the machine to the Job. These machines may be summarised as follows; Deck planing 
and facing machines, portable cylinder boring machines, portable valve facing machines, portable 
outside crank pin truing machines, portable manhole facing machines, portable boiler stay hole 
drilling and tapping machines and portable drilling machines for structural work. 

HIGH SPEKD LATHBS. 

The increase In r.p.m. of the main spindle demands a greater number of speed changes, and 
a higher ratio in euooeasiva spindle spe^s. This has been made necessary in order to reduce 
the r.p jn. to a level sufBclently low to keep the catting speed on large diameters within reasonable 
limits. 

Ratio of successive spindle speeds accepted as good practice in modem design is:— 

For step cone headstock, 1 to 1^3 or 1 *36. 
For all gear headstock, 1 to 1 >4 or 1 *43. 

Non.—The lowest and highest spindle speeds sbonld be determined by the nature of the 
work the lathe is to be used for. Thus for turning relatively soft non-ferreons metals, both the 
lowest and the highest speeds will greatly exceed that allowed for machining the harder ferreons 
metals. 

Table I gives the highest and lowest spindle speeds and ratios, also the total nnmber of speed 
ehangas osoally allowed for modem high-speed lathes nsing good qnality high-speed steel or 
tungsten carbide tools. 

TABLE I. 

Swing over bed 

1 
r 13' 16' 30' 34' 28' 36' 

Highest r.p jn. , 868 717 600 600 400 330 04-8 

Lowest r.p jn. 18 17 13 10 8 6 3*13 

Ratio of highest to lowest . j 47-7 1 
1 " 

50 60 60 66 44-5 

No. of spindle speeds , 1 12 1 I » 13 
1 
j 13 13 1 

The spindle speeds given in the above table are for single pulley drive direct from the main 
line shaft, and for oonatant speed motor drive direct to the lathe. These can be increased where 
desired by means of a two-speed countershaft in the case of the belt drive, and by the nse of a 
variable speed motor for direct motor drive. But generally the speedi given are found sufficient 
to cover a widb range of work. 

For praetioal purposes, when designing the headstock of a medium-sized general purpose 
lathe, it is convenient to first decide the highest r.pon. at which the spindle is to ran, that being 
the factor mainly governing the type of bearing to be fitted to carry the maximum speed aod load. 
The lowest speed will then be determined by the ratio of successive intermediate spindle speeds, 
and the number of speed changes, taking care that the lowest speed obtainable by this rale will 
allow a proper cutting speed when the tool is operating at the periphery of the maximum swing 
of the lathe. 

MekU OuUing Speed*, 

OuttiDg speeds obtainsble with modern high-speed lathes. 

Tablb II. 

(kitting Tool. Avenge Speed in Ft. per Minute. 

High-speed steel. 
l^ingsten carbide or similar alloy . 

100 to 130 on medium mild steel 
350 to 460 on medium mild steel 
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Potoer Squired Jof Cutting. 
The faoU>n to be taken into account when calculating the power for cutting metals are, the 

angle of cutting edge of the tool, condition of the tool in use and the hardness of the material to 
be cut. 

A useful formula for finding the H.P. required for cutting steel with properly shaped tools is 
given below:— 

_p AxPxSxO 

"* * “ 33.000 
where A area of cut in square inches (depth and feed), 

P pressure on tool, 
8 « cutting speed in feet per minute, 
O - 9,S40. 

The'value for P being taken as 46 tons per sq. in. of cut for cast iron 200 Brinell. 
„ „ „ „ „ ,, 76 „ „ „ „ „ „ cast iron above 200 Brinell. 
»» »i j> »» »» >» copper. 
« » » „ » 60 „ „ „ „ „ „ soft brass. 
„ „ „ „ „ „ 160 „ „ „ „ „ „ hard brass. 
„ „ „ „ „ „ 90 „ „ ,. „ „ „ manganese bronze. 
„ „ „ „ „ „ 96 „ „ „ „ „ „ soft M.S. (28/36 tons tensile). 
„ „ „„ „ „ 120 „ „ „ „ „ „ medium M.S. (40/45 tons tensile) 
„ „ „ „ „ „ 160 „ „ „ „ „ „ hard M.S. (60 tons tensile). 

The resulting H.P. Is that required at the point of the tool, a margin of 9 per cent, to IS per 
cent, should be allowed for frictional losses. 

Guiding the Slides. 
All modem high-speed lathes are now built with the narrow guide fitted to the saddle and 

sii«ios, the guide for the saddle being arranged on the front shear of the lathe bed. The higher the 
ratio of length to width, the more durable and elScient Is the guide. 

Batio. where L -» length and W ■■ width of guide. 

In good practice the ratio of L to W •« 7 to 1, but iu deciding this ratio other considerations 
in the design must naturally be taken into account. 

Back Centres for Loose Headetotk. 

Increased r.p.m. of high speed lathes throws a heavy duty on the loose headstock and back 
centre, and to ensure the necessary rigidity, the loose headstock is now designed on more liberal 
lines than formerly, to prevent the tendency to lift under heavy cutting. Separate guide ways 
on the lathe bed are usually provided to oontrol alignment, and to allow the extended ends of 
the saddle to clear the sides. Crosswise adjustment is provided for taper taming, and locating 
faces for resetting in central position for parallel taming. 

Back centres require special considerations. For the high revolutions now common in every¬ 
day praotice, the ordinary hardened carbon steel back centre is unsatisfactory, the point being 
easily destroyed. Where the stationary or dead centre is used it should be made from high-speed 
steel correctly heat-treated and ground. 

But the best praotice now is to use the revolving back centre, for high spindle speeds. These 
are of special construetJon and have to be accurately made to ensure interchangeability of the 
running centre. The radial load is taken on a taper roller bearing, fitted at the outside end of 
the holder or housing, the inside end running on ball bearings, and the end thrust taken on ball 
thrust washers. The stationary housing is made of nickel chrome heat-treated steel, being ground 
to fine limit gauges after hardening. 

Table m. 

PRINOIPAIi DIMENSIONS AND BANQE OF BBVOLTINa CENTRES BT LANO A SONS, I/TD., JOHNSTONE 

Shank. 
Morse TAper 

No. 

Overall 
Length 

of 
Centre. 

Shank 
Length. 

Front 1 
Bearing 

1 Length. 

1 
Centre 
Point 

Length. 

! 1 
Front 

1 Bearing 
! Outside 1 

Dia. 1 

i 

Shank ; 
Dia. at j 
Front . 
End. i 

Shank 
Dia. at 1 

Baok ' 
; End. 

Angle 
1 of 

Point. 

i Ins. Ins. Ins. Ins. Ins. Ins. Ins. 0 

3 6/-.T 8«, in 1 1 -988 IV $0 
4 j 1-931 1 60 

1 4‘il H 8/,. i 1-748 60 
6 1 isi 7§ It *1 9-484 9 i . «o 
7 1 lOf 1 «t. 8-970 91 1 ” 
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Hydraulic Feeds. 

HydratiUc feeds are now extensively osed on grinding machines, milling maohinet, broaching 
maomnes and cold sawing machines, lliey have been used, but not to a great extent, on shaping 
and planing machines. Many special purpose or manufacturing lathes have also been equipped 
with hydraulic feeds, but for obvious practical reasons hydraulic feeds are not used on standard 
lathes. 

The advantages of hydraulic feeds are:— 

(а) The rate of feed may be infinitely varied between given limits. 
(б) The saddle can travel against a dead stop thus enabling accurate lengths to be turned. 
(o) The hydraulic medium can be used for the quick return traverse. 
(d) The feed is flexible and tends to adjust itself should the depth of cut increase or should 

there be hard spots in the metal being machined. 

There are two systems used in hydraulic feeds: one uses a variable delivery pump and the other 
a constant delivery pump. In the former case the rate of feed is controlled by vai^big the pump 
delivery. In the second system, see fig. 1, a constant delivery pump is used and the feed varia 

FEED Control 

DIAGRAM OF HYDRAULIC FEED SYSTEM 

Fig. 1. 

tions are obtained by controlling the rate of exhaust through an adjustable meteriug valve. The 
working pressure is controlled by a relief valve, at the pump discharge, w^ch is set to give the 
desired pressure. Pressure is always connected to the right hand side of the cylinder, the left 
hand side being alternatively connected to exhaust for power feed and to preesuio for quick power 
retain of the saddle. The working pressure of the system is 1,200 lbs. per sq. in. supplied by a 
TowlerAlgh-speed pump driven by a i h.p. electric motor. Hydralulc power may also be UMd 
to control the tallstock barrel and to operate the chuck. 
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This system has been successfully applied to boring lathes and rough turning lathes where tLi*; 
cuts have been as large as 0*030 in. feed by | in. deep at 230 ft. per min. using two tungsten 
carbide tools simultaneously. 

On a turning lathe haying 6^ ins. awing, 18 ins. between centres, 13 spindle speeds giving 
80 to 2,600 r.p.m. Feeds on all tool slides, longitudinal and crosswise, variable from 0 to 30 ins. 
jier nsinute. Constant return speed to all slides 26 feet per minute. Hydraulic power from 
constant pressure type pump giving 100 lbs. per sq. in. for quick return, and variable from a 
metering pump for controlling the rate of feed for cutting. 

Power for driving the main spindle, 6 h.p. at 1,430 r.p.m. 

Power for driving the hydraulic pump, 1 h.p. at 1,420 r.p.m. 

Several turret lathes have lately been introduced using pressure oil for feeding, indexing and 
automatic speed changing os each tool comes into action. Self-contained units with all controls 
and pumps in one box are becoming increasingly available for all types of machines, along with 
now methods of compensation for feed variation due to changes in temperature and oil viscosity. 

Note,—Super high-speed steel and tungsten carbide tools are used exclusively on this machine. 
A cutting speed of 3,826 ft. per min. can be obtained on a diameter of 6 ins. 

l‘LAXiNa Machines. 

Planing machines usually perform the first machining operation on large castings, and therefore 
tin; planing machine must be accurate and reliable, for the horizontal and vertical surfaces it 
produces are often used as reference planes for subsequent operations. It is obvious that the 
more accurate the surface produced on the planing machine the easier the finishing operation, 
whether it be hand scraping or surface grinding. The combination of good design, suitability of 
materials and good workmanship makes for the reliability of the machine. The planing machine 
has tindergone several stages of development in recent years, although the basic principles remain 
unaltered. 

Belt Driven Planing Machines, 

Ijighfc duty planing machines, particularly those of 4 ft. 0 ins. width of table and below, are 
generally driven through a two-speed countershaft and shifting belt built as an integral part of 
the machine. The countershaft is now generally driven by an electric motor, although it may be 
driven by belt from a convenient lineshaft. The countershaft drive is simple and cheap but has 
a limiting effect on the speed of the table, for it is difflcult to design a belt shifting mechanism that 
will work satisfactorily at both high and low speeds. 

Electrically Driven Planing Machines. 

The improvements in high-speed steel and the introduction of cimeuted carbide-tipped tools 
have each made possible increased planing speeds. 

Most planing machines, especially those with a 4 ft. 0 ins. width of table and upwards, are now 
almost entirely driven by reversing electric motors geared directly to the table and controlled 
by a ‘ Ward Leonard ’ type of control gear. With this type of drive it is possible to obtain a wide 
range of both cutting and return speeds controlled by line graduations, the return speeds being 
independent of the cutting speeds. Motors of this type have constant torque characteristics 
from the lowest to approximately half-speed, and constant horse-power from half to maximum 
speed. In iilauing it is not usually a disadvantage that the power falls as the high speed drops, 
because on general work less power is often required at the lower speeds. Should, however, 
greater power be required at the lower speeds, it can often be obtained by introducing a reduction 
gear between the driving motor and the table. Fig. 2 shows the graphical representation of a 
typical example of the speed characteristics of a modem planing machine. 

The advantage of using cimented carbide-tipped tools is less apparent on planing machines 
than oil any other machine tool, for, apart from the interrupted cutting action, the time taken for 
the return strokes reduces any gain that may be made on the cutting stroke. If, for example, 
the stroke being performed is 20 ft. and the cutting speed is 60 ft. per minute using high-speed steel 
with a return speed of 200 ft. per minute, the cycle time, that is for one cutting and one return 
stroke, will be 

/20 . 20 \ 
(60'*'20o) ^ «0 = «6 3econdB. 

If we assume that by using a oimonted carbide tool we now Increase the cutting speed to 200 ft. 
per minute, the cycle time will be 

(200 X 60-12 second,. 

Thus by increasing the cutting speed 3| times the cycle time has only been increased 3^ times. 
Had a similar increase in cutting speed been made on al athe, the full advantage would have been 
obtained. 
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The peak load comes on the planer motor at the point of reversal on the idle stroke, because it 
has to bring both the table gearing and armature of the motor to rest before the cutting stroke 
can commence. Special attention is i)aid by the motor designers to keep down the size and speed 
of the motor armature to facilitate the easy reversal. In calculating the stored energy of the 
table it is usual to assume that the weight of the job is equal to the weight of the table. 

The beds of planing machines aro now usually made with the slide ways at least twice 
the total length of the table stroke. This increased length of bed allows for the use of 
tandem tables which can be bolted together or used separately. When they are used separately 
one can be being loaded while the other is in operation. A special dumb bell connecting link is 
provided to bring the table rack into gear with the driving pinion. The drive to the table has 
received considerable attention and the most favoured type of drive for medium sized machines 
is known as the spiral drive. This consists of a multi-start worm or spiral pinion with a 45** 
lead angle which engages with the table rack. The spiral pinion shaft, which lies at an angle of 
45** to the bed ways, is provided with ball thrust bearings to take the end thrust. At the end of 
spiral pinion shaft there is usually a spur gear which in turn engages with a spiral pinion also 
with a lead angle of 45** on the motor armature shaft. This arrangement caused the driving 
motor to lie parallel with the table ways and makes a compact drive. Another type of drive makes 
use of worm gearing. 

Electric Feed Motions. 

Electric feeds are now extensively used on planing machines, the electric feed motor being 
connected by gearing to the feed shafts and screws. 

The usual principle is that on the feed switch being tripped by a dog, either on the side of the 
planing machine table or on the disc control, the feed motor makes a predetermined number of 
revolutions and so gives the selected feed. The same motor is also used for the power traverse 
motions to the tool-boxes and for raising and lowering the cross slide. Not the least of the ad¬ 
vantages of the electric feed is its silence in operation. 
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Cutting Speeds. 

Outting and return speeds of planers, even the large heavy type, have reached high levels. 
Gutting speeds of 500 ft. per minute, and quick return on that speed have been reached, but this 
may be considered quite abnormal and outside practical limits. 

Gutting speeds of 300 ft. per minute and quick return can be run fairly satisfactorily on a 
4 ft. X 4 ft. X 10 ft. planing machine, while a cutting speed of 100 ft. per minute, and a quick 
return speed of 180 ft. per minute has been proved quite practicable on a large planing machine 
with a capacity of 12 ft. 6 ins. wide x 10 ft. high x 30 ft. long. 

Table IY. 

-[ 
Gutting Betura 

Sise of Planer in Width, , 
Height and Length of 

Bed. 

Speed. Speed. 
No. of 
Feeds. 

Range 
of Feeds. 

Size of 
Table. 

P.P.M. 

1 (: 3' 6' 
3' 0* X 8' 0' X 16' 0* 1 20-200 110-220 14 *' K O'! • X 

8' 0' 
S'O' 

3' 6' X 3' 6' X 20' 0' 20-200 ^ 110-220 14 X 
10' 0' 

3' 6' 
4' 0" X 4' 0" X 20' 0' 20-200 ; 110-220 14 ..V r j 1 X 

1 10' 0' 
1 3' 9' 

4' 0-' X 4' 0' X 24' 0' 20-200 110-220 14 A'r 1 I X 
1 12' 0' 

j ' 4'0' 
4' 6^ X 4' 6^ X 24' 0* 20-200 ; 110-220 14 

! 
.vr 1 X 

^ 12' 0' 
[ 4'6' 

5' 0' X 5' 0^ X 24' 0' 20-200 ; 110-220 14 I .VV 1 X 
i 12' 0' 

6' 6' 
6' 0" X 6' 0^ X 24' O' 20-200 110-220 14 „vr 1 X 

12' 0' 

Note,—The fine feeds are used for roughing cots and the coarse feeds for the scraping or 
finiihing cut. 

Most planing machines of the high-speed type are equipped with a solenoid tool lifter, to hold 
the tool clear of the work on the return stroke. Ooutrols are centralised by means of pendant 
switches which hang within easy reach of the operator. 

MiLLiNO Machines. 

Modem milling machines are made in the following types:— 

(1) Vertical single spindle milling machines where the workpiece is mounted on a table which 
can bo traversed past the cutter. 

(2) Horizontal spindle milling machines of the planer type construction of table uprights and 
crossrail using cylindrical cutter. 

(3) Planer type milling machines having one or more vertical cutter spindle heads or one or 
more horizontal cutter spindle heads mounted on the faces of the uprights or columns. 

(4) Vertical spindle milling machines operating on heavy stationary workpieces. 
(5) Horizontal milling machines for face milling on heavy stationary workpieces. 
(6) Horizontal spindle knee and column type milling machines which may be of the planer, 

universal or manufacturing type. 

Usually modem milling machines are electrically driven but it is possibl (to obtain the amitllftr 
types of machine arranged for belt drive. It has been found that to take full advantage of the 
use of modem high-speed steel cotters and cimented carbide inserted tooth cutters wider ranges of 
speeds and feeds with increased power have been necessary. It has also been necessary to provide 
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more rigid machine frames and tables. Flywheels have been fitted to the spindles to damp down 
vibration. In many machines the feed and speed changes are obtained by the use of gear boxes 
which are built into the machines. Hydraulic feeds which are infinitely variable are now fitted 
as standard by some makers. 

Most high speed milling machine spindles aie mounted on taper roller bearings, but in certain 
cases it has been found that a plain lubricated bearing of the conical type gives better results. 

If a machine is intended to be used on climb or down cut milling, see fig. 3., it is essential that 
the table be provided with a backlash eliminator, otherwise the cutter will pull into the workpiece 
to the extent of any existing backlash in the mit with disastrous effects on the cutter. 

CLtN\ft-CUl M!LLIN<:i 

_ One of the chief of these conditions is the amount of metal that can be 
wMg^dlgtortton of the workpiece by catting etreeeeB or Interference with the reguklto 

It is th^ore necessary to arrange the cutter speed and the rate of feed to a«lf AikPh infiitriHnihi 
Job of work. It IS essential to know the hardness factor of the matnU 
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Upon this depends the optimum speed and rate of feed to give a reasonable cutter life. The ez- 
pensive nature of the cutter and the time taken to re-grind has a greater effect on production costs 
than has the cost of the tool used on any other machining operation. 

Besulta of milling tests taken recently on a milling machine fitted with anti-friction metal 
bearings are given in Table V. The tests were intended to prove the rigidity and capacity 
of the machine, and for this purpose a higher power motor was used than that usually supplied 
with the machine. 

The machine used was a plain horizontal miller, power being supplied by belt from motor to 
single pulley drive on the machine. 

Leading Dimensiom of Machine, 

Table 70 ins. by 16^ ins. Longitudinal feed 40 ins. Driving pulley dia. 16 ins. by 4 ins. 
width. Speed of pulley 626 r.p.m. Maximum cutting feed per minute 16 ins. Spindle nose 
6 ins. dia. 

Tablb V. 

Width Depth Peed Cu. Dis. n.p. of 
Motor. Material Cut. of of per of Metal 

Cut. Cut. Minute. Cut per Min. 

0 • 4 Carbon steel ins. ins. j j ins. ! ins. 

38-40 tons 
tensile. 

4 0-26 n 
i " 

>» »» ^ 1 0-26 j 1 12i 121 1 i 124 
4 0-420 IH 204 18-20 

Note.—As demonstrating the margin of strength and potential power In well-constructed 
machines, it should be stated that the usual power of motor supplied with the machine is 7^ to 
10 H.P. 

Leading dimensions of typical horizontal plain milling machines, production type, are given 
in Table VI. 

Tablb VI. 

Worktable. .1 sr X 121' 64' X 14' 70' X 164' 
Lengthwise feed . . : 30' 40' 40' 
Cross feed. 10' 12' 12' 
Max. height, spindle to tabli;. 184' 20' 18' 
Dia. driving pulley 14' 16' 16' 
Speed r.p.m. of pulley . 626 340 625 
No. of spindle speeds . 12 12 16 
Range of spindle speeds 17 to 460 14 to 340 17 to 460 

Cutting feeds and range per min. . J 12 rates 
• t 4" to 104' 

10 rates 
4' to 148' 

16 rates 
4' to 16' 

Quick traverse. Length 76' 60' 76' 
Cross per min. 60' 60' 66' 

Max. dia. of cutter used 124' 16' 16' 
H.P. fixed by nature of work 6 to 7 8 to 10 7 to9 
Type of spindle bearings . . 1 Taper roller Taper roller 

i_1 
Taper roller 

See page 1047 for observations on negative rake milling. 

SHAPmO ICAOHINBS I OBANK TTPB. 

The shaping machine still retains its place in the machine shop as a useful productive tool. 
It is economical in operation, and like the lathe and planer, uses an inexpensive tool. Recent 
modifications in desiips have brought it into line with other highly developed machine tools for 
rapid and aoonrate production, while for rate of cutting it is capable of using to advantage the 
best cutting tools. The drive may be bv belt or direct by motor. It occupies relatively little 
fioor space for the wide range of work it b capable of dealing with. 



SlIAPINd MACHINES 1028 Sec. XXII (i) 

Gutting speed ohangee from single pulley drive are ihrougb a gear box, with heat-treated gears, 
shafts running on ball or roller bearings. Automatic feeds and quick traverse are fitted to the 
table, which usually can be changed while the machine is running. 

Automatic lubrication by means of a pump supplies oil to slides and trunnion bearings. 

Control levers are centralised at the workman’s side of the table. 

Table VII gives relative sizes of machines, power, and floor space occupied, speed changes 
and cycles per minute obtainable. 

Table VII. 

Work table 17* X 14" 21" X 17" * 25' X 18" 30" X 20" 35" X 20" 
Travel of work 

table . 20' 26" ' 30" 30" 30" 
Speed cycles per 

min. 13-160 11-120 9-100 7-87 7-87 
Speed changes . 8 8 8 8 8 
Max. stroke 18" 22" 26" ! 32" 36" 
Usual H.P. 

supplied 6 i 10 12 12 
Floor space 1 6' 6" X 4' 0" 1 9' 0" X 4' 6" i 10' 0" X 6' 0" 

1 
11' 6" X 5' 6" 12' 0" X 6' 6" 

1 

The general usefulness of the shaping machine can be increased by fitting a swivelling and 
tilting table, this being of special advantage in the tool room. Other attachments are, extended 
tool bar for cutting Internal key ways, and mandrel with support, and dividing head for circular 
work. 

High-Speed Drilling Machines. 

In no class of machine tool is there so wide a variety of types and sizes, ranging as they do 
from super-sensitive air driven machines to the heavy pillar, multiple spindle, and radial drill. 

Air driven machines are made for drills from 0*010 in. to in. dia., with speeds of 60,000 to 
80,000 r.p.m.; compressed air pressure being 80 lbs. per sq. in‘; special hand lever arrangement 
being flt^ to control and ensure the very flue feed necessary. 

Small electrically driven metchines with direct coupled variable speed motors for drills up to 
i in. for steel and f in. for brass run up to 12,000 r.p.m., feed being by ordinary hand lever. 

Multi-spindle drilling machines are made with motor drive and speed change gear box. 
Machines with one up to six or more spindles are made, and can be arranged for both drilling and 
tapping boles, also reanierlng, by means of special fixtures adapted for quickly setting in place. 

Pillar drilllug machines for holes up to 2 ins. or more diameter are made with single pulley 
and direct motor drive, a good range of speed changes through the gear box being provided for 
high-speed drills. 

Radial drilling machines cover a general variety of work and are easily handled. Principal 
dimensions and speeds of medium sized machines are given In Table VIII. 

TABLE VIII. 

Max. swing of spindle 3' 6" 4' 0" 4' 6" 6' 6" 6' 0" 
Overall length of ann 5' r 5' 9" 6' 3" 6' 9" 7' 9" 
Spindle dia. 
No. of spindle speeds 

ir ir ir ir IJ" 
12 12 12 12 12 

Speeds In r.p.m., all sizes . 31 67 100 190 363 615 
42 72 1.34 262 443 ! i 830 

Base plate working surface 3'irx 1 3' 7r X 4' It" X 4' 4" X i 6' 4" X 
3'0" 3' 0" 3'0" 3' 6" 3' 6" 

Wdght of machine, not inc1u<ling cwta. cwts. cwts. cwts. ! cwts. 
motors. 90 j 96 

i 1 
1 187i 196 

1 
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spindle speeds given In Table VIII are common to all the range of radial arm slses given. 
The ratio of speeds are arranged to give a nearly anlfonn cutting speed of 70 ft. per minute for 
the drill diameters shown on chart below. 

Asquith*i Radial Drilling Machines, 

JlTof#.—The power rating for drilling machines is based on the penetrating rate of the drill, 
also sise and speed of the spindle carrying the drill, and not on the size of the machine. Thus 
the power of motor required to drive a radial drilling machine having 4 ft. radius, may be the 
same as a machine having 8 ft. radius, if the size of drill spindle is the same in both machines. 
The extra swing of the arm or radius of spindle making little or no difference to the power 
absorbed in driving the drill. The length of arm required is purely governed by the dimension!* 
of the work piece to be covered. 

GRINDINa MAOHINES. 

Production grinding machines and precision or finish grinding machines are now practically 
universally fitted with hydraulic power for table traverse and for in-feed to wheel and quick re* 
turns. In some cases both work headstock and taiistock are driven and moved by hydraulic 
power. 

When electrically operated the drive is generally by Yee pulley and belts from the motor 
to main spindle of machine. 

Hydraulic power to the table movement allows infinitely feeds within a wide range, some¬ 
times varying from 6 ins. to 240 ins. travel per minute. The sliding movement of the table is 
smooth and without shook at the point of reverse. 

Production grinding from rough casting or forging to finished surface is economically sound, 
as shown by the examples below:— 

Removing 0>126 in. stock from rough casting and finishing surface of flange 8^ ins. 
by 7 ins. Actual grinding time 1 min. 28 secs. 

Removing 0*0626 in. each side of nitralloy steei plate 6^ ins. by 6 ins. by g in. thiok, 
grinding 6 piates per loading. Floor to floor time average 6 mins. each. 

Grinding 0.1. railway axle liners 8 ins. long by li ins. wide, stock removed 0*038 in. 
each side, floor to floor time 8 pieces per loading ■■3G per hour; 
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th« work bting oarried oat on o rartioal spindle grinding meohine hering hjdraaiioelly operated 
table traTerse with • speed range of 1 to 36 It. per minute. Grinding wheel 14 Ins. dia. with 7 
segments, drlren by 30 H.P. squirrel cage motor running at 1,460 r.p.m. and 4 H.P. motor for 
the hydraullo system. Coolant pump 0 • 76 H.P. deilrering 36 gallons per minute. 

Portable Tools. 

Power tools of the portable type moat frequently used in engineering workshops ore 
pneumatic, electrical and flexible shaft drive. These are popular because of the ease with which 
they can be moved and used In places which otherwise are inaccessible to power operated tools. 

PNEUMATIC Tools. 

Used for drilliag, grinding, chipping and riveting. 

For Light Drilling and Grinding, 

Au: Pressure. 
Lbs. per 

Sq. In. 

Air 0on» 
sumption. Ou. 
Ft. Free Air 

per Min. 

Speed. 
E.P.M. Capacity. Welgnt. Used for Type. 

100 4 Up to 3,400 Drill holes lib. 15os. 
in M.S. 

Drilling. Spiral 
piston. 

in brass 
100 4 700 + 400 with DriU holes 3 lb. 6 os. 

redaction gears in M.S. 
i' in brass 

SO 31 30,000 to 1' wheel 18 os. Grinding Turbine 
40 Si 40,000 r to V „ IS os. 
60 1 H 46,000 ; r to 1^ „ 15 OS. 

60 4i 60,000 i f to 1' „ 13 os. 
*• 

For Light Rivaling. 

Air Pressure. Lbs. per Air Consumption. Cu. 
Size of Rivets. 

Weight. 

lbs. 

Sq.In. Ft. Free Air. per Min. 
Alumin. Steel. 

80 8 V — 4| 
80 9 K V 
80 10 V 
80 14 h'' 6 

For Heavy Riveting. 

Air Pressure. Lbs. per 
Sq. In. 

Air Consumption. Cu. 
Ft. Free Air per Min. Size of Rivets. Weight. 

lbs. 
80 to 100 33 V 19 
80 to 100 33 V 30 
80 to 100 34 ir 

! 

33 
80 to 100 36 334 
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Hsatt Portablb universal radial DRnjiiNa and Tapping Maohinis. 

Max. 
Vertical Height Horizontal Height 

! 

Weight from Floor to from Floor to 

Ta^”1n 
®"‘- Spindle. 

! 
1 i 1 

Radius 
of 

Drill 

Spindle. Spindle. 1 Motor 
I H.P. 

of 
Machine 

with 
Spindle. 

Max. Min. Max. Min. 
i 
1 
1 

Bogie. 

So 
/ 0 / 0 « ^ ■■■■ "No. 1 1 Owta. 
5 0 3 0 7 0 ' 1 0 i 3 : 4 ! 3 1 49 

4 0 6 0 3 0 7 4 1 1 0 ! 3 1 4 1 1 5 ! 61 
5 0 6 0 3 0 8 6 i 1 ’ ; ^ 1 * 88 

Spindle speeds for eaoh maohine range from 41 to 300 r.p.m. 

For Medium Drilling. 

Air Pressure. Lbs per 
Sq. In. 

Air Consumption. Ou. 
■ Ft. Free Air per Min. Size of Drill. Weight. 

lbs. 
80 to 100 35 r 18 
80 to 100 30 1' 24 
80 to 100 60 ir 35 
80 to 100 60 ir 37 

POBTABLB BLEOTBIO DBILLS. 

Voltage 
No Load 
Speed. 
R.P.M. 

Capacity in 1 
1 

How Used. Machine 
Net Weight. 

Steel. Hard Wood. 

ins. Ins. Ib. 
220-350 3,000 i i On stand or hand 
330-350 1,400 5 

f n n 
330-350 000 f } 
330-350 400 1 Stand or post ISi 

In Steel. 
Ins. 

330-350 600 tof t» •( 17* 
330-360 376 i »» t« 36* 
330-360 360 u Stand 1 66 
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PORTABLE Electric Drivino throuqh flexible siiafi. 

For DrUling^ QHnding and Boikr-tubg CUaning. 

Power of 
Motor. 

Speed. 
11.P.M. 

Flexible Shaft 
Length and 
Core Dia. 

Oapaolty. 

D.O. |H.P. 
A.O. 1 

2,000 
2,800 

6' long, y 
core dia. 

With pistol grip drills up to dia. on stand 
with screw feed up to 

P-0- 1 » 
A.O. f „ 

2,000 
2,800 99 99 1 Garries 6-in. diam. polishing mop. 

D.O.ii. 
A.O. P* •’ 2,800 — Driving double-ended polishing mop. 

Flexible shefti ere aleo used for boiler-tube cleaniuEt ranging from }-in. dia. to 4-lii. dia. 
tubes. 

Units are supplied with motor or engine power mounted on pedestal or runabout trollejs. 

• Horse-Power Bequired for Modern Machine Tools. 

The power units given in these tables are those generally supplied with the machines us 
standiud. For special purposes the power may be greater or less, according to the use to which 
the machine is put. Manufacturers should be consulted on questions of power. 

OOMBIEBO SLOmNQ AND GROSS PLAMINQ MAOHINB. 

Length Distance 
of between I 

Slotting Up- j 
Stroke. . rights. 

Max. 
Height 

admitted 
under 
Slide. 

Stroke 
for 

Gross 
Planing. 

Cutting 
Speeds. 
F.P.M. 

Extreme' Keturn „ Driving 
Speeds. Motor 

Machine. Slotting. 
hs Planing. 

4S 
60 

^ S ! 4 1 7 0 16 to 60 up to 76 19 6i 26 H.P. 26 H.P. i 68 tons 
8 3 j 4 10 7 0 12 to 60 up to 60 24 6 26 H.P. 26 H.P. 66 tons 

High Speed Lathes. S.S. and S. 

Swing over Bed. Standard H.P. Swing over Bed. Standard H.P. 

Ins. Ins. 
- - - - 

24 20 

J! 1 * 28 28 
7| 16 60 

10 2 Heavy type 
60/160 
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High Speed Planing Machines. 

Width X Height Standard Width X Height Standard 
X Travel. H.P. X Travel. H.P. 

3' X 3' X 8' 30 

X
 

X
 40 

3' 6' X 3' 6* X 10' 30 6' X 6' X 12' 46 
4' X 4' X 10' 3fi 6' '6 X 6' 6' 13' 60 
4' X 4' X 13' 40 6' 0^ X 6' 12' 60 

13' 6' X 10' X 30' ( Main motor .... 
1 Aoz. for traverse 

80 
10 

Single Head I Double Head 
High Speed Milling Machines. I High Speed Milling Maobines. 

Table Length and Length of Feeds. , Standard Table Length X , H.P. Width. Length x Gross. H.P. Width. 1 

Ins. Ins. Ins. : 
61 X 12i 30 X 10 i 6 40 X 34 6 
64 X 14 40 X 13 8 46 X 64 j 10 
70 X 18 40 X 13 8-10 67 X 64 ! so 

Single Head Single Head 
Shaping Machines. Traverse Shapers. 

Maximum Standard Maximum Standard 
Stroke. H.P. Stroke. H.P. 

Ins. Ins. 
18 6 14 7* 
33 n 30 13 
36 10 36 16 
36 13 33 30 

High Speed 
Slotting Machines. Capstan Lathes Bated by Size of Hole in Spindle. 

Stroke. Standard H.P. Light Duty. H.P. Heavy Duty. H.P. 

Ins. 
8 4 Ins. i Ins. 

10 6 If 3 If 4 
14 13 H ! 6 n 
30 16 n 6 3| 9 
38 30 

1 

VOT.. T. a N 
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Auto-Lathei. Heavj Combination Turret Lathe. 

Mazimam 
Swing. 

Mazimnm 
Stroke. H.P. 

Mazimam 
Swing. 

Mazimam 
Trayel of 
Toiret. 

H.P. 

Ins. 
19 
38 

Ins. 
10 
13 

7 
10 

Ins. 

88 

Ins. 

116 
1 

i 1 

40 

LocomotiTe and Tramway Wheel Lathee. 

Looomotiye Nomber of Tool H.P. 
Wheels. j Bests. 

Tamed when Front rests for Main driving 
mounted on taming wheels motor 
their azle. 3 86 

7'6^ die. 

Carriage and Waggon Wheel Lathe. 

Tamed when Number of tool H.P. of two- 
mounted on rests for taming speed A.C. 
their azle from wheels motor 
3'9-'dia.to8'9^ 

dia. 
3 30/40 

Tramway Wheel Lathe. Heavy Daty. 

Tamed when Number of tool H.P.of main 
mounted on their rests in operation driving motor 
azle from 1' 9}' at same time 36/60 
to r 91' overall 3 

dia. 

High Speed Sarlaoing and Boring Lathes. 

Swing over 
Bed. 

Admits in 
Front of 
Chuck. 

Standard 
H.P. 

Ins. Ins. 

Lathes with Sliding Bed • 

Normal 
Height of 
Centres. 

! Max. dia. 
SwunginOap. 

standard 
HJ. 

Ins. 

i 6' <r 30 
18{ i 6' 0* 36 
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Production O-rlnding MacbineB. Hydraulic Oylindrical Grinding. 

Max. Dia. and Length of ' Max. Dia. and Width of Main Drive Hydraulic Feed 
Work. Wheel. H.P. H.P. 

Ina. Ins. ' 
. ~ 

6 dia. 1 

24 long } ! 20 X 2 5to7i U 
10 dia. t 
24 long 1 24 X 8 20 2 

14 dia. ) 
40 long I 24 X 8 26 8 

1 Production Grinding Machinea. Rotary Surface Grinding Machinea 1 
with Hydraulic Feed to Head. 

! H.P.to H.P. 
Grinding Grinding Grinding Wheel. Grinding Hydranlio 
Lengtha. 

1 
Widtha. Heighta. Dia. Wheel. Feed. 

Ina. 1 Ina. Tna. Ina. 
- 

48 12 12 14 20 4 
60 I 18 18 24 40 4 
72 24 18 27 60 6 

Vertical Drilling Machinea. 

Type. 
Spindle Dia. 

at Drive 
Point. 

! 

Capacity i ^ n 

in Dia. 

Ina. Ina. 
Senaitive i 1 

»» 11 
1 rt \h i H 

>* 1 t U 

Vertical and Radial Single Spindle Drilla. 

Spindle 
Dia. at 
Drive 
Point. 

Size of Drill 
i Dia. up to: 

Morae 
Taper 

No. 
H.P. 

Ina. i 
11 r M.S. 1*^ 0.1. 8 2 
1 r 1 ly M.S. 2* C.I. 4 S 
1 : 1 l|* M.S. 21^ 0.1. 6 4 
2 ; 2K M.S. 2r 0.1. 6 
8 > 8KM.S. SJ'O.T. 6 121 

Multiple Spindle Vertical Drilling. 

Size of 
Drill. 

Penetration 
per Min. 

No. of 
Drills , 

Carried. 
H.P. 

Ina. Ina. 
8 16 

a| 8 16 
U U 8 26 

Note,- -Many typea of multiple spindle 
drilling and boring machines are made 
having a wide range of adjustable pitch 
circles. These are regarded as special 
purpose machinea. 

Single Spindle Honing Machine 

Max. DU. Min. DU. Length of H.P. 
of Hone. of Hone. Stroke. 

Ina. Ina. Ins. 
8i i 86 n 
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Produotlon Grinding Machines with Hydraulic Feed Motion. 
Vertical Spindle Surface Grinders. 

1 
Grinding 

1 

Grinding Grinding Grinding 
H.P. 

Grinding 
H.P. 

Hydraulic 
Length. Width. Height. Wheel Dia. Wheel System. 

Ins. Ins. j 1 Ins. Ins. 

Motor. 

48 12 I 1 12 14 20 4 
60 18 1 18 24 40 4 
72 24 18 27 60 6 

mbtal Gold Sawing. a.W. Hioh-Spbbd stbbl. 

Inserted-Tooth 
Saw. Material. Outting Speed. Time to 

Out Through. 

Diam. in Ins. i Ft. per Min. Mins. 
36 : Steel (joist, 20 ins. deep by 7| ins. 122 17 

wide; 1 in. web) 
36 ! Steel (rail, 100 lbs. per yard) 90 2 
36 Forged steel (bar 3 Ins. diam.) 90 
36 Forged steel (bar 10 ins. diam.) 90 11 
36 Forged steel (bar 7i ins. by 9 ins.) 84 9 

MiaOBLLANEOUS. H.P. 
Doable punch, running light.2*0 

Punching both ends 1 in. hole, | In. plate, 28 punchee per nxinote at each end 6*0 
Punch and shear, running light.2*0 

Punching hole as above, and shearing } in. plate, 6| in. cut, 28 strokes per 
mlnate.6*6 

Large plate-bending rolls, running light.6*6 
jEtolling plate in. thick, 4 ft. 4 ins. wide, and 16 ft. 6 ins. long, endways on 

(4 ft. 4 Ins.).. . . 6*9 
Sideways on (16 ft. 6 Ins.).12*2 
Plate U In. by 4 ft. 8^ ins. by 21 ft. long, sideways on . . . .19*3 

Same rolls lifting and lowering top roll: Lifting ! . .8*6 
Lowering.. 
Forcing U in. plate down.10-0 

Forge fan, for 24 fires.10*6 
Angle squeezer, running light.0*8 
Squeezing.. i . 2*6 

Blvetlng mabhine, running light.1.6 
Blvetlng.. 

Plate planing machine, running light.1 
Beverslng light.. 
Outting.. 

Stem frame, boring, cutting.1.76 

Angle-cutting machine, running light.! 1*6 

Catting angle 6 ins. by 3^ ins. by i in. . ..3*6 
Winch, lifting 28 cwt. single purchase, 60 ft. per minute.6*6 
Ending machine, running light.1*9 

Cutting girder 18 Ins. by 7 Ins.4 to 4*8 
(}old saw, running light, 24 in. saw.2-0 

Catting 4 In. by 4 in. angle.4 to 4*6 
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Miscblianeous Continued) h.p. 
Air oompressor, 10 ins. by 14 ins. cylinder, 50 lbs. pnwsure . . . 15 to 23*6 
Hydraulic pumps, three pumps, 3J Ins. diameter ; 4f ins. stroke, 60 «troke<i per 

minute; pressure 870 ibs.38*0 
Electric winch, running light.1*2 

Lifting 24 cwt. 16 ft. per minute.5*6 
Vertical cylinder boring machine (marine), 14 ins. diam. bar .... 16*0 

,, ,, ,, 18 ,, , ... 20*0 
Bevel gear planer to take wheels up to 12 Ins. diam. ... 2 *0 

» » 24 „ . . ... 4*0 
,, ,, ,, 36 ....... 6*0 

Sunderland gear planers to cut up to 3 D.P. (No. 6) . ... 7 *0 
„ „ „ lJD.P.(No. 9).10 0 
„ „ U D.P. (No. 11) . ... 15*0 

WOOD-WORKING MAOHINBRT. 

Improvements in the design of wood-working machinery as used in engineers' pattern shops 
and general wood-working factories, has kept pace with modern requirements. Full advantage 
has been taken of electric driving, both direct coupled and also operating through pulleys and 
belts for power transmission. 

The high speeds at which this class of machinery has to run to obtain the best results makes 
the electric drive desirable from several points of view. In the pattern shop in particular, where 
the machine should always be placed in the position most convenient to the pattern maker, the 
electric drive becomes praotically essential, moreover in some pattern shops it often happens that 
one machine is used in turn by several men, and in that case the machine should be placed in that 
position where waste of time in reaching the machine will be avoided. The electric drive makes 
it possible to always choose the right position. 

Practically all the best machines are now fitted with dust-proof heavy type ball bearings, 
rigidly supported in well-designed housings to prevent vibration, a feature so necessary to any 
form of quick and accurate machining. 

The introduction of the * Frequency Ohanger* in electrical plant allows for higher r.p.m. than 
can usually be obtained from standard squirrel-cage motors. E xperience shows that the necessary 
apparatus for high-frequency operation is reliable and occupies but little floor space. 

But probably for the heavy types of wood-working machinery, where the r.p.m. required 
exceeds that of the motor, it is mechanically sound to use vee pulley and belts, properly pro¬ 
portioned, and placed at conveniently close centres, to reach the speed desired. 

MAOHINEBT FOB ENQINEBBS* PATTERN SHOP. 

The semi-auto pattern miller is fitted with self-contained electric drive, with contactor control. 
All feed motions are positive and there are index scales and positive stops. The table has universal 
movements, and the overhanging arm carrying the spindles and cutter heads can be raised or 
lowered by hand or power. 

Wadkin Semi-Auto Pattern Millers. 

Gutter Centre Max. Height Spindle H.P. for Poor 
Space. 

Net 
Weight. to Body 

Frame. 
Table to 
Gutter. 

Speeds 
B.P.M. 

Gutter 
Spindle. 

4 0 Vert. 194 1,390 to 10 9x 
Owts. 

70 Hor. 24 4,140 10 9 

2 4 Vert. 144 2,700 to 4 * 8 Ox 35 
Hor. 18 

1 

4,000 : 64 
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Motor driven oroes-oatting and trenohliu machine, enitable for oroae-onttlng timber, straight 
or angniar, or for grooving and trenching. The saw carnage ia palled forward by hand for catting, 
and retamed by spring action, being air cashioned at the end of retaro stroke. 

Electric Orosa-Outting and Trenching Machine. 

Saw 
Dia. 

1 She of 
; Timber Out. Groves Out. Motor 

H.P. 
Net 

Weight. 

m 
18 { 28 X A A X deep 

' ' ! 
5 1 

Cwts. 
H ! 83 X 1 X 25} wide 

18 1 20 X ; 
25 X 1 

2t X if deep | 
X 171 wide 5 81 

Oiroalar saw benches may be driven by direct coupled motor to saw spindle, or from motor 
to spindle by vee belts. Also made for belt drive with fast and loose pulley, the loose pulley 
being mounted on sleeve. 

Tables may be fixed, or fitted with hand-operated screw for raising and lowering. 

Oircular Saw Benches. 

n "p Tuf ‘ ef R.P.M.| 
Max. 1 

Depth 
of Cut. 

Slse of 
Table. 

Rise and j 
FaUof 1 

1 Table. 1 
1 

1 Max. Diet. 
Between 

1 Saw and 
Fence. 

Floor 
Space 

with Vee- 
Belt Drive. 

Motor 
H.P. 

Net 
Weight 

with Vee- 
Belt Drive. 

1,600 1 26 9 4 ^ X 
2 6 ! ; 16i 1 6 9 X 

8 4 9 
Cwts. 
164 

1,300 1 32 
1 

12 6 2 X 
2 6 6 16i 7 0 X 

3 4 12 S 17* 

1,100 : 36 14 

1 

5 6 X 
2 6 6 15J 7 8 X 

3 4 15 { 30 

Surface planing and thioknessing machines are made for driving by motor with vee pulley 
and belts, or ordinary belt drive from countershaft having fast and loose pulleys, l^e fhinim«aaiTig 
table is raised or lowered by hand-operated gearing, and is supported and guided with vertical 
slides. 

Surfacing and Thicknessing Machines. 
1 
! Electric Drive. 

Machine 
Sise. 

Thick- 
1 neaaing 
Capacity. 

1 
Surfacing^ 
Capacity .1 

Surface 
Table 

Length. 

Cutter ' 
Block. 
B.P.M. ! 

Feed. 
Ft. per 
Minute. 

Main 
Drive. 
H.P. 

Feed 
Drive. 
H.P. 

Floor 
Space. 

Net 
Weight. 

2tl 20 X 9 i 22 6 f 4,200 20, 30 5 1 6ix 
Cwts. 
274 

1 ’ and 46 60 
84 24 X 9 26 61 1 4,200 20, 30 1 61 X 281 

i and 46 64 
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Vertical spindle moolden and sbapers are available with either one or two spindles to each 
machine; they may be driven by belt from countershaft, by motor through vee pulley and belt, 
or by high-frequency electric motors. In the latter case the motor is usually built directly on the 
cutter spindle, having B.T.H. rotor and stator, especially designed for high rotary speeds up to 
10,000 B.P.M. and are suitable for use on high grade work. 

I . . ... ■ '■Ml I ■« 

Vertical Spindle Moulders and Shapers (Belt and Countershaft Drive). 

Size 
of 

Table. 

Capacity 
in 

Depth. 

Fence 
Plates. 

Between 
Spindles. 

0/S 
Speed 
R.P.M. 

P. & L. 
Pulley. H.P. I Net 

IWeignt. 

! 
f m » m * / .f ; CwtS. 

Single spindle 3 8x38 6 6 X 18 — 850 8x3i 3 11 
Double spindle 6 0X30 6 6 X 18 2 6 860 10x4i 6 18 
Double spindle 6 0X30 6 6 X 18 3 6 850 10X4* 6 23 

Vertical Spindle Moulders and Shapers (Motor and Vee Pulley Drive). 

Spindle 

Single spindle 3 0x28 6 6 X 18 — 
R.P.M. 

up to 
6,000 

— 4 12 

each 
Double spindle 6 0x30 6 G X 18 2 6 6,000 — 'spindle 21 
Double spindle 6 6x30 6 6 X 18 3 6 6,000 - 4 23i 

Vertical Spindle Moulders and Shapers (High Frequency Electric Spindle). 

Spindle 

Single spindle 3 0X28 6 6 X 18 — 
R.P.M. 
up to 
10,000 

— 4 11 

each 
Double spindle 6 6x30 6 6 X 18 2 6 10,000 — spindle 

4 
22 

Band sawing machines, with stiiTencd frames, improved guiding, admitting of higher cutting 
speeds, compete favourably with other forms of hard- and soft-wood cutting. When adapted for 
motor drive, the motor is fitted close up to the bottom wheel, and is enclosed in the body of the 
machine. 

Band Sawing Machines. 

Diam. of i Width of Length of 
Depth i 

between j Speeds H.P. Floor Net 
Weight. 

Owts. Saw Wheel, j Saw. Saw. Guide and 
Table, j 

up to Space. 

.. 1 -- 
R.P.M. 

I — - - ! 
30 ! ft 17 0 14 j 

1 
1,000 3 j 4 8x1 

2 10 i 181 

36 

1 
11 1 30 0 181 1 

i 
1,000 6 6X 

i ’ ^ 
17! 

Vertical and horisontal boring machines, driven by belt or direct motor drive are useful tools, 
in the pattern shop. Arranged lor either hand or foot feed. 

Boring Machines. Vertical and Horisontal Types. 

Capacity. 

Wm bore 1' 
diam., 6*' deep 

Chuck for 
Tools. 

Up toi^ 

Spindle 
Speeds. 
R.P.M. 

Size of 
Table. 

aO' X 16*' 

H.P. Floor 
Space. 

Net 
Weight. 
Owts. 

3,800 1* 30' X sr H 
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Wood toniing lathes hare been Improved in design by the introduction of the electric motor 
drive, the entire absence of outside or overhead belts makes for a clean-cut compact tool that 
can be placed In any part of the pattern shop or factory. The simplest, and probably the most 
reliable, form of motor drive as applied to wood turning lathes, has the motor built into the head- 
stock frame at the floor level, the extended end of the motor shaft carries a 3- or 4-8tep cone 
pulley and drives by an ordinary flat belt to a reversed step cone pulley mounted on the head- 
stock main spindle, the belt drive Is visible and operatable through openings cast In frame oppo¬ 
site the top and bottom step pulleys. The headstock spindle runs in dust-proof ball bearings, 
and is screwed at both ends to take face plates. 

Another form of motor drive is through vee pulleys and belts direct to all gear headstocks, 
this form being generally used for the heavier type of lathe with sliding bed to allow for 
maximum swing in the gap. 

Some small wood turning lathes have the motor built into headstock, the shaft of the motor 
forming the headstock spindle. 

The ordinary lathe with open step cone pulley headstock driven from the familiar counter¬ 
shaft is still made and serves a useful purpose in many of the older pattern shops. 

Wood Turning Lathes. 

Type. 

Motor step cone 
drive 

Motor step cone 
drive 

Motor step cone 
drive 

Motor, vee belts and 
gear head . 

Sliding bed . 

Step cone headstock 

II II 

V. . 
o ca 

V . 
fii* .a HI •4^ . 

Speeds. 
R.P.M. n P 

Bo 

if W
id

th
 

G
ap

. 
Bl 

§1 
n.r. Floor 

Space. 

W
ei

gh
 

C
w

ts
 

f if f - 
1,500 

3,000 c/s 3 31 2 Oi 8i y U 6 9 X Hi 
500 2 3 

c/s 500 5 31 2 41 b* 13 H 8 9 X 
2 3 

12i 

1 c/s 600 lOi 7 31 2 81 8i 17 n 10 9 X 
2 3 

14 6 X 

13i 

98 to 1,904 12t 8 3 56 2 6 19 3 22 
3 3 

98 to 1,904 15i 83 60 2 6 25 3 14 6 X 23 
3 3 

c/s 600 7 110 1 9 5 10 2 4 0 X 
2 0 

6 
: c/a. 500 
1 

9 30 2 1 5 Hi 3 6 0 X 
2 4 

81 

c/s 500 
1 
1 

11 3 0 2 3 5 13i 4 COX 
24 

Sander Machines.—Vertical bobbing type and the disc type should always be fitted with dust- 
collecting hoods and ducts. Oanting tables are fitted for taper work, or draft on patterns. 

Vertical Bobbing Sander. Direct Motor or 0/S Drive. 

Max. Depth 
Sanded. 

Bobbin 
Sizes 

Supplied. 

Bobbin 1 Bobbin 
Max. Size { Min. Size 
Allowed. Allowed. 

Size of 
Table. 

Motor ' 
Drive. ' 
HJ». 

Oounter- 
^aft 

Drive. 
E.P.M. 

Floor 
Space. 

1 

8' 8i' Diam. 
^ Oi'Long 

•• 1 >■ 
26^ X 26i' 

Ill 
600 1 26^ X 27' 



Sec. xxiT (i) MACHINERY FOR PATTERN SHOP 1041 

Doable>Di3o Type Sander Machine. Direct Motor or 0/8 Drive. 

Disc 1 Size of H.P. 0/S Floor Weight : Weight 
* Diam. 1 Tables. R.P.M. Space. Motor Drive. 

. 

0/S Drive. 

30 ' 2'10'x 
1 1' 4' 

4 600 2' 10' X 
6' 4' 

16 cwts. i 11 cwts. 

36' 1 3'4'X 
! r 7' 

5 1 460 3' 4' X 
6 '8' 

m 1 

Grinding and honing machines for pattern makers' and woodworkers' tools have received 
practical consideration, and special types of machines for the purpose have been evolved. 

Powerful planing and moulding machines arc made with four or five cutter heads for floor 
boards, matchings, mouldings, etc. A wide range of machines are available with motor drive 
direct or from countershaft. 

4 and 6 Head Planing and Moulding Machines (Motor and Belt Direct Drive). 

Top 

Max. Size 
Boards. 

Outter 
Head. 
R.P.M. 

and 
Bott. 

Heads. 

1 Side 
1 Heads. 
' H.P. 

Feed , 
H.P. , 

Top 
Hollers 
Diam. 

Feed in 
Feet. 

Per Min. 

Machine 
Overall 
Length. 

Net 
Weight. 
Tons. 

H.P. 

4 
Head 12 X 4 6,000 16 1 7i: 8 30 to 160 7 S 4^ 

Head 12 X 4 6,000 16 1 7J 8 30 to 160 11 0 6 

Head 
6 

Head 

7x4 6,000 10 7i ! ® i 8 30 to 146 9 3 3| 

7X4 6,000 10 7i ; 5 8 30 to 145 10 8 4^ 
4 T. 0. 

Head , 4X4 
i i 

7,600 6 6 1 6 5 30 to 90 6 3-U 

4 and 5 Head Planing and Moulding Machines (Motor to Oountershaft Drive). 

Oountershaft Pulleys. 
Weight with 

Countershaft. 
Owts. 

Max. Size 
Boards. 

Diam. Width. H.P.M. 

Main Drive. 
H.P. 

Floor 
Space. 

4 
Head 16 X 6 16 16 1,800 40 172 16 8* X 

58 
5 

Head 16 X 6 16 16 1,300 46 178 16 8 X 
68 

4 
Head lOi X 3 14 11 1,050 20 82 12 6 X 

6 6 
6 

J lea 1 lOi X 3i 14 11 1,060 26 92 1 12 6 X 
6 6 

4 
Head 3X1 

“ 1 
91 760 6 i 

1 
32 

j 

7 4 X 
48 
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All Eleotrlo Drlren Finger Feed Planer. 

Width 

1 
Orerall 

' 
Peed. Gutter 

Block 
Motor to 
Gutter 

1 
Motor to 1 

Feed. | 
H.P. j 

Floor Weight. 
Planed. Length of 

Table. 
Feet per 

Min. Speed. 
E.P.M. 

Block. 
H.P. 

Space. Owls. 

t m 
20 

• • 
11 0 25, 

39, 58 
4,000 H 

1 
2 fldx ! 64 

1 

1 0*. 12*. l<r Surface Planers and Jointers. For Surfacing Timber, making Glue Joints, I 
1 Bebating, Bevelling, Tonguing and Grooving. Motor Drive with Vee Pulley and Belts, 1 

or from Oountershaft with Flat Belts. 

Max. i 
Depth i 

»'*“-|ReSite. 

Length of 
Table 
for 

12' 12* 
Machine. 

Length of 
Table 
for 9" 

Machine. 

Gutter 
Block. 
R.P.M. 

H.P. 

9* 12' 16' 

Floor Space. 

9' i 12* 16' 

I i i6 6 5 4,000 2 3 4 4 5 X 6 5 X 6 5 X 
2 9 I a 9 3 0 

Bleotrio High Speed Router. 

Distance 
Spindle to 

Frame. 

Sue of 
Table. 

Rise and 
Fall of 
Table. 

■ 
Spindle 
Speeds. 

Motor 
H.P. ! 

Floor 
Space. 

Net Weight. 
Gwts. 

241 35 X 30 * 

' j 
9 

: 
18,000 to 

24,000 
^ i 

40 X 
2 6 12| 

Chain and Ohisel Mortlser, with Adjustable Stops for Depth. 

Mortise 
Size of 

Ghisei for 
Size of 

Ohisel for Motor Floor Net Weight. 
using Ghain. Hard Wood. Soft Wood. H.P. Space. Cwts. 

11 X 8 or 1 i'x 2{ X j 1 1 4 iSxtS lOi 
2X8 1 lixSxe t 1 4 lSx4t 11 
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Force Bequired to Punch Holes and Cut Plates. 

If W » maximum ofce In lbs. required to punch hole, 

I e= thickness of plate n ins., 
then 

W « 190,000d/ 

for Btroctural steel, soft iron, boiler and atee plate. 

As W varies as d(, the same machine and i>ow^ would punch a J-in. hole in a {-in. plate, 
as would punch a 2i-in. hole in a i-in. plate, since } X f 2^ x I. 

If F ■» force required to shear plates with straight knives Inclined at an angle a* with each 
other, then 

F - 30,000cot a®. 

An approximate rule for finding the force required to cut metal by punching or shearing is 

Ftffce « 80 per cent, of the tensile strength of a bar having a cross-sectional area 
equal to the area of the metal cut. 

The side thrust on a shearing blade when it is dull and the plate is tipped may be taken as 
equal to 1 *6 W, when W la the force acting normal to the plate. 

Flat punches should always be used when the thickness of the plate is greater than two-thirds 
the diameter of the hole. If the thickness is less than half the hole diameter, much lest force 
is required when a shearing punch is used. Shearing punches are also recommended for oases 
where a large number of holes are to be punched close together, because they do not distort 
the plate as much as flat-ended punches. 

The diameter of a punched hole is equal to the diameter of the punch, but if there is an 
appreciable clearance between the punch and tne die. the hole will be conical. 

Small Tools for Use on Machine Tools. 
AAlLLINO OUTIBBS. 

standard milling cutters made from the best high-speed steels are supplied by several well- 
known makers ; there are also many types of built-up milling heads carrying various brands of 
aUoy cutting tools for maximam cutting speeds. 

The size and shape of the milling cutter is entirely dependent on the class of work for which 
It Is to be used. As a general rule, in determining the correct angle for the face of the teeth, the 
diameter and shape of the cutter should be taken into account. For smalJ-sized cutters it will, 
in order to obtain a strong shape, generally be found best to make the faces truly radial, but for 
large cutters the teeth may with advantage be undercut 8** to 12** (figs. 5 and 6). This also is 

FIO. 6 

more convenient when the cutter is to have teeth both on the sides and periphery. Cutters with 
the teeth so formed have worked upon both wrought and cast iron perfectly well, and at the same 
time they are not so liable to seize hold and bite into the work as cutters which have the faces 
of their teetii too much undercut. The pitch of the teeth is, again, partly determined by the 
diameter and class of cutter. In those cutters which are cut at the sides, the pitch at the circum- 
ferenoe has often to be made wider than is advisable, in order to give clearance room for the emery 
wheel when grinding the converging side teeth (see figs. 5 and 6). A pitch from inch to % Inch 
will oiually be found to give good results. In all except very narrow cutters it is advisable to 
cut the teeth on the periphery spirally. This ensures a smoother action of the machine and 
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prodaoet better work. In deciding whether to make the cnttere right- or left-hand eplrala, at¬ 
tention ehonld be paid to the direction in which they are to reyolTe. For example, in a rertiaal 
machine whose spindle revolyes to the right hand, as in an ordinary drilling machine, tbecuttact 
should be out with a left-hand spiral. This has the effect of forcing the work down on to the 
table and the spindle up against its end bearings, as the entter and the work act as a screw and a 
nftt. 

No hard ana fast rule can be laid down for cutting speeds and feeds, this being mainly 
dependent on the nature of the metal to be out, deptn of cut, the amount of metal to be re¬ 
moved, and the power available on the machine. Cutting tests have been taken showing that 

cu. ins. of 0 *4 carbon steel has been removed per minute with a 4-jn. length of milling entter, 
absorbing 30 H.P. 

But for ordinary work, with cutters made from good class high-speed steels, the cutting speeds 
for heavy cutting can be taken at 60 to 60 ft. per minute, and for light cutting at 66 to 70 ft. 
per minute. For cutting mild steel and cast iron these speeds can be taken as representing good 
practice. 

A point to remember Is that for heavy milling work a coarse pitched entter gives more satis¬ 
factory results, also it is better to grind frequently to keep a keen edge than to chance raining a 
cutter by allowing it to run after the edges have become dulled. 

Beference table of cutting speeds obtained from cutters of stated diameters and revolutions 
per minute is given in Table IX. 

TABLB IX. 
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TabIiB IX (eanUnMd), 

Feet 

NlEmte 15' 20' 25' 30' 35' 40' 45' 50' 60' 70' 80' 

Diam. REVOLUTIONS PER MINUTE. 

2i 25-4 34-0 42-4 51-0 59-4 68-0 76-2 85-0 102-0 119-0 136-0 

2* 22-9 38-2 45-8 53-5 61-2 68-8 76 3 91-7 107-0 122-0 

21 20-8 27-8 34-7 41-7 48-6 55-6 62-5 69-5 83-4 972 111-0 

3 191 25-5 31-8 38-2 44-6 51-0 57-3 63-7 76-4 89-1 102-0 

3i 16-4 21-8 27-3 32-7 38-2 43-6 49-1 54-5 65-5 76-4 87-4 

4 14-3 191 23-9 28-7 33-4 38-2 43-0 47-8 57-3 66-9 76-4 

a 12-7 16-9 212 25-4 29-6 340 38-2 42-4 61-0 .59-4 67-9 

5 11-5 15*3 19-1 22-9 26-7 30-0 34-4 36-2 45-0 53-5 61-1 

13-9 17-4 20-8 24-3 27-8 31-3 34-8 41-7 48-6 55-6 

6 9-6 12-7 159 191 22-3 25-5 28-7 31-8 382 44-6 61-0 

7 8-1 10-9 13-6 16-4 191 21-S 24-6 27-3 32-7 38-2 43-7 

8 7*2 9-6 11-9 14-3 16-7 19-1 211 239 28-7 33-4 38-2 

9 6'4 8-5 106 12-7 14-9 17-0 191 21-2 25*5 29-7 34-0 

10 5*7 7-6 9-6 11-5 134 15-3 17-2 19-1 22-9 26-7 306 

11 5-2 6-9 8-7 12-2 13-9 15-6 17-4 20-8 24-3 27-8 

12 4-8 6-4 8-0 9-6 IM 12-7 14-3 15-9 19-1 22*3 25-5 

13 4-4 5-9 7-3 8-8 10-3 118 132 14-7 17-6 20-6 23-5 

14 4-1 5-5 6-8 8-1 9-8 10-9 123 13-6 16-4 1 19-1 21-8 

15 3-8 5-1 6-4 7-6 10-2 11 5 12-7 15-3 * 17-8 20-4 

16 3-6 4-8 60 7-2 9-6 10-7 11-9 14-3 16-7 19-1 

(8. Otb<tm*»Table.) 

Th« catting qiecdt giren are normal for good claee onttere made from reoogniaed high*q>eed 
•tecla. 

The partioalan and dimenilons glyen in fig. 7 oorer a neefnl range of milling eatten for 
ordinary work. 

OUTXBB DDCENBIOlfre. 

Fia, 7, 
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Diam. of 
* Gutter. 

A 1 B C D 

Coarse 
Dimensions 

E 1 P 

Pitch, 
in Inc) 

G 

les. 

1 

® i 

1 ’ 
1 Key-way. 

J ! 

No. Of 
Teeth. 

H ‘ 1 U t 80* 103* iR i i 8 
3 11 u 80° 103* ! 2fir ! 8 
31 11 lA u A 80* 103* IR 1 263 ; 8 
4 It US 11 71* 94* 251“ txA 10 
41 2 2,^ u 1 71* 94- 26p , 10 

Diam. of 
Gutter. 

A B G 

Dimei 

D 

Pine Pitch, 
isions in Inches. 

E > P G 
1 Key-way. ! No. of 

i Teeth. 

21 1 li*i i U 70° h iV X I 8 u U /iR : 70° Axi 
31 1 u U'a U -^.R i 70° 64 A X j 16 
4 1 11 U i*.»R i 65° lx A ! 18 

i 11 ! V. U ,»aR ; 65° \ IH lx A 20 

Tha above table gives partlcolan of a range of cntteis suitable for heavy looghing work» 
and also corresponding fine pitch cutters used for light milling. 

(P. F. Vemon) 
{Paper read before the MantheUer Aetocialion of Engineered 1913.) 

NEQATIYB RAKB MlLLINO. 

The application of cimented carbide tips to milling cutters has been the subject of considerable 
experiments both in the U.S.A. and in Great Britain. 

Milling is an intermittent cutting operation and therefore each tooth or cutter is subject to a 
series of shocks as it enters the workpiece. Cimented carbide is very brittle and its cutting edge 
soon collapses under shock. This has been the chief cause of the failures that have occurred when 
cimented carbide tips have been used on conventional milling centres. When positive rakes are 
used the full force of the cut Is taken near the point of the cutter which is unsupported and Is in 
tension, but if negative rakes are used the direction of the cutting thrust is such that the tip is in 
compression and it therefore can take the shock of intermittent cutting better with a corresponding 
increase in cutter life (tig. 8). It is, therefore, possible with negative rakes to take fuDadvantage of 
the improved cutting qualities of cimented carbide and to overcome the Inherent weakness of 
this hard but brittle cutting medium. With n^ative rakes higher cutting speeds are po^ble 
and an improvement in the Hnish of the work is obtained. Harder grades of tips can be used and 
by this means the effect of cratering due to abrasion near the cutting edge is considerably reduced. 
This is an important advantage, for usually cracks develop from a crater and so cause the failure 
of the cutter. In general fewer teeth are used in the cutter than is the case with conventional 
milling and loose dywheels are fitted on to the machine spindle to make up to some extent for the 
lack of rigidity in the available machines. 

Axiod Rake. 

For the best cutter performance the negative axial rake should be selected to give the best 
cutting conditions. It is important that it should be of sufficient magnitude to protect the 
chamfer or radius on the comer of the teeth so that the impact load is taken at a point remote 
from the comer when the tooth contacts the entering side of the work. The axial rake angles 
in use at present vary between 8° negative and 16^ negative. 

Radial Rake. 

The radial rakes being used vary from 6* negative to 10* negative for milling steels. One maker 
recommends 6* negative radial rake for steels In the 835>500 Brinell hardness range, gradually 
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ENLARGED VIEW OF INSERT 

;fiq. 8. 

the rake to 8” positive for steel of Brinell hardness 200. Standard cutters may be 
obtained in the following combinations 

Axial Bake. Badial Bake. 

(«) 10® Negative. 10® Negative 

(p) B® „ 

(C) 10® B® „ 
10® „ 

Bevel or Comer Angle, 

This angle on face or end milling cotters serves exactly the same purpose as the side cutting 
edge angle on a single point tool. It protects the chamfer or radius when the cutter first touches 
the work and so tends to Increase the cutter life; therefore its width should always be greater 

the depth of cut envisaged. When the cutter uiills past the work a comer angle of 15* Is 
generally sailslactory. If a 15* comer angle Is not sufficient to allow the chamfer or radius to 
enter the metal last the angle should be Increased and may be made as large as 35*. Whenmllling 
up to a shooMee and a 0* bevel angle Is used the radial rake should be from 3M* negative. 
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Face. 
The face of the cutter should be ground 2^-4^ concave from toe towards the heel and a clearance 

below the heel ground at making the face | in.-/,{ in. loug. This eliminates the picking op 
of work material when the cutter is operating. 

Tip Thickness. 
The thickness of the tips used should be as thick as possible and those used for steel should 

be 30 per cent, to 50 per cent, thicker than those used for cast iron. 

Cutting Speeds. 
It is possible to use increased cutting speeds with negative rake milling cutters and the average 

cutting speeds for steel are given below. 
Gutting Speeds in 

Brinell Hardness. Ft. per Minute. 
300 and below 500-700 
300-400 250-500 
400 and above 150-350 

The formula for obtaining the cutting speed in feet per minute for a given diameter of cutter 
when the revolutions per minute are known is: 

Gutting speed in ft. per minute 0*262 X cutter diameter in ins. x H.P.M. 

Feffd. 
The table feed rate in inches per minute for a given milling job should always be determined 

from the feed per tooth. It has to be established that for a reasonable cutter life that a feed per 
tooth of 0*005 in.-0*008 in. will give the maximum number of accurately hnished workpieces per 
grind, when using face mills which cut past the work. In certain cases where the milling machine 
and fixture are sufficiently rigid and there is ample power available a feed of 0*015 in. may be 
used to advantage. For dotting cutters or other cutters which cut up to a shoulder the feed per 
tooth should only be about 60 per cent, of that used for ordinary face mills. 

The rate of table feed which can be obtained is dependent on : 
1. The number of teeth in the cutter. 
2. The cutter speed In revo ntlons per minute. 
3. The feed per tooth. 
4. The horse-power available. 

The following formulas give the relationship between the various functions: 
{D ■■ Average depth of cut in ins. 
R Bs Revolutions per minute of cutter. 

, W <=> Maximum width of cut in ins. 
F a Feed per tooth in ins. 

H.P. -» Horse-power of driving motor. 
N >■ Number of teeth in cutter. 

0*66 H.P. 
^“DxFxBxW 

H.P. - 1*8 D X F X N X B X W. 

The above formulas are based on the generally accepted assumption that 1 h.p is required 
to remove f cub. in. of steel per minute and that 35 per cent.-40 per cent, more powder is required 
when the cutter is dull. 

DRY OUTTINO. 

The best cutter life is obtained when milling dry because the chips are thin and most of the 
heat generated flows into them until they seem to approach a plastic state. In this condition 
they wear the cutting edge much less than when they are chilled by a coolant. 

Cutter Bodies. 
Gutter bodies should be designed to give the chips an unrestricted flow from the cut and con¬ 

sideration must always be given to chip clearance when designing a cutter. In certain Instances 
it is possible to direct a strong air blast against the rut In order to remove any chips that are 
inclined to stick to the cutting edge. Where chips stick there Is always a danger that they will 
min the cutting edge when it bits the work. Cutter life is lengthened if the work is not dragged 
across the cutter on the return stroke because a pressure is built up between the cutter and the 
work to the extent that the cutter actually takes a cut which Is shallower than the machine setting. 
Therefore on the return stroke when the work and cutter resume their normal positions the cutting 
edge drags across the work. This not only marks the work but ruins the cutting edges and causes 
chipping when the cutter is not rotating. If the work cannot be removed before the table is 
returned to the starting position the cutter should be kept rotating. This will permit it to cut its 
way across the work and although it is liable to min the finish on the work and to increase the wear 
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on the catting edge, it Is better practice than to drag an onrotating cutter acrose the work. The 
ideal set up is one where either the cutter or the workpiece is automatically relieved on the return 
stroke. 

In all negative milling operations it is desirable to use as massive a cutter body as possible to 
give a flywheel effect. This reduces the shock when the cutting edge impinges against the work, 
provides a smooth cutting action and results in an increased number of pieces per grind. It 
enables the machine to take momentary peak loads considerably greater than that of the motor 
eapacity. With most milling machines it is recommended that auxiliary flywheels be added to 
the spindles to make the cutting operation as smooth as possible. 

Machine Requirements. 
It is important that the machine should be robust, rigid and sufficiently powered for the desired 

milling operations. All backlash should be eliminated from the feed screws and the table strips 
or gibs should be adjusted so that a good sliding fit Is obtained. 

Spindle end play should be reduced by taking up any wear on the adjusting collars. The sliding 
ways of the machine should bo checked periodic^ly because wear occurs when the table is only 
used on one section and should a longer cutting stroke be required the table may be a good fit 
in places and sloppy in others, which will cause chatter. 

Work Fixture, 
The correct type of work holding fixture or clamping device has a direct bearing on the success 

of any milling operation. Owing to the increased feed rates which are now possible with cimented 
carbide cutters the cutting time is reduced to such an extent that the time required to load and 
unload the workpiece often becomes a major problem. Therefore the material handling time must 
receive special consideration. The only way to reduce this is to provide special fixtures and 
actuate them either by air or hydraulic pressure. One solution is to use an automatic cycle type 
of milling machine which has two fixtures, one of which can be unloaded and loaded by the operator 
while a part is being milled in the other. The following observations should be of help when 
designing a fixture: 

1. The fixture should be arranged so that when the workpiece is clamped rigidly it remains in 
a state of rest without bending or torsional strains. 

2. The workpiece should be clamped so that the surface being milled is as close as possible to 
the machine table. 

3. The cutting area and the machine table should be kept as close as possible to the spindle 
nose. 

4. The milling fixture should be robust enough to absorb all the forces created by clamping 
and cutting without spriqging or deflecting the machine table and should be able to absorb the 
vibration developed by the cut. 

fi. The fixture should be designed to allow for the free flow of chips from the workpiece. 
6. All cutting pressures should be taken against rigid stops and supports. 
7. Align all milling fixtures with the table slots by inserted keys on the bottom of the fixture. 

Direction of Rotation of Cutter, 
Longer cutter life is obtained with climb milling than with conventional milling. Fig. 8 illus- 

trates the two methods. The main reason for the improved results from climb milling is that every 
tooth takes a chip of definite thickness at the time it enters the cut. With conventional milling 
every tooth starts with a chip which has no thickness and reaches its maximum thickness near 
the end of its cut. The maximum chip thickness obtained with conventional milling is practically 
the same as the chip thickness at the beginning of a climb cut. At the beginning of a climb cut 
each tooth actually cuts a chip, while at the beginning of a conventional cut there is an abrasive 
action until sufficient pressure has been built up to where the cutting edge penetrates the work. 
All milling machines are not designed for climb cutting and caution should be used before attempt^ 
ing climb cutting on any milling machine. Those machines which are provided with a bacUash 
eliminator in the feed cut can be used for climb milling. 

Broaching Machines and Broaching. 
In oommon ^ith other machine tools and small tools, the broaching machine and the broach 

has been developed to meet modem requirementa, although the process of broaching for internal 
surfaces has been in use for many years, it is only in recent yeare that the process has been used 
for machining external surfaces of both plain and i rregular contours. The advantages of broaching 
operations In the machine shop are now ftiliy recognised, but it is still true to say that it is not an 
economical proposition for every machine shop, as it is only in factories engaged on repetition 
work in large quantities that the relatively high cost of the broach can be Justifled. 

At tile same time, in cases when the number of similar parts to be machined are big enough, 
the broaching process is extremely accurate and economical for internal and for external work. 

MAOBIgS DBSION. 

The modem broaching machine is now built on much heavier lines than formerly, it is recog¬ 
nised that the accuracy and quality of finish with this process, depends largely on the machine 
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being fufflolently rigid to preTent vibration and distortion. It also affects the life of the broach, 
a springy or vibrating machine would quickly wreck the tool. 

Both horizontal and vertical machines are used for broaching, the most suitable being entirely 
dependent on the nature and class of work the machine is used for. In some oases twin broaches 
^n be operated simultaneously to accelerate the rate of production, whether used for wiaishining 
intemal or outside surfaces. 

Types ov Dbivb. 

There are several recognised types of drive all operating satisfactorily on horizontal and 
vertical broaching machines on many varieties of work. 

(i) Full mechanical drive with fast and loose pulleys, by belt from line shaft or countershaft. 
(ii) Blectric drive from motor to machine by Vee puiieys and belts, and mecha^cally operated 

clutch. 
(iii) Full hydraulic drive for cutting and quick return stroke. 
(iv) Oombinatlon of mechanical and hydraulic drive, the cutting stroke being mechanical and 

the quick return stroke hydraulic. 
The factors that usually govern the choice of drive for the broaching machine are much the 

same as with other machine tools. These are—First cost. Product of the factorv in which the 
machine is to be used. Position the machine is to occupy in the factory. Probable percentage 
of full time the machine will be worked. 

In a factory where the machine can only be in operation a small percentage of full time, the 
cheapest form of drive will probably be found the most economical. But in a factory where the 
broaching process is continually In operation and maximum output is of first importance, the 
question of first cost is of relatively small importance, and the most reliable type of drive will 
prove most economical in the long run. 

OmnNQ AMD Return Speeds. 

The efficient cutting speed of the broach is generally governed by the hardness of the material 
to be out. In that respect it differs but little from other forms of metal cutting, but does not 
always follow the same rule, as in practice it is found necessaiy to reduce the cutting speed for 
broaching very soft steel parts because of the risk of the teeth biting into and tearing the soft 
metal, but when cutting medium and hard steels the rules of cutting run true, the medium hard 
steel being cut at higher speeds than the very hard metal. 

Broadly speaking, cutting speeds for broaching may be stated thus:— 
Medium soft . . . . 15 to 26 ft. per min. 
Medium hard . . . 12 to 14 ,, ,, 
Hard.5 to 10 „ „ 

In all oases, however, the finish required on the work, and the life of the broach must be taken 
into account when deciding the permanent cutting speed for anv particular class of work. 

Ail broaching machines have quick return speeds, the usual ratio between the return and the 
cutting speeds being:— 

Speed Batie, 

Medium and large machines—Return 2. Gutting 1. 
Small maohinea—Retum 2 • 5. Gutting 1. 
Hydraulic variable speed intemal broaching machines—Return S. Gutting 1. 

Goolamt. 

All broaching work requires a copious supplv of coolant delivered under pressure, and must 
be of sufficient quantity to imep the work and the tool quite cold and prevent inaccuracies 
occurring through heating. 

For intemal work the coolant is delivered to the point where the broach enters the work piece 
and cutti^ commences. 

For external work the coolant should be delivered to two points. One at the cutting position 
to cool and lubricate tiie tool, and the other at the point where the broach leaves the work, this 
being to wash the chips off the tool and keep it free from cutting before the return stroke is made. 

There are a number of lubricants used for coolant purposes varying from a straight undiluted 
oil to a compounded lubricant oontaining several ingrMllents. 

BBOAOHES, 

Broach tool making, both for internal and external work, is highly specialised work, and can 
only be successfully carried out by experienced men. 

Selection of the steel from which the broadi is to be made is of first importance, and should 
receive careful consideration. 

Actually, the cost of the tool steel used in making the broach is only a small percentage of 
the total cost of the finished tool, and as the working life of the tool depends in large measure on 
the oto of steel naed and its treatment, it follows that it pays handsomely to nse the best steel 
obtainable. 
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Special brands of steel are made by the various tool steel makers, and the correct heat treat* 
ment for annealins, hardening and tempering are always supplied by the steel maker. 

To secure the best results the treatment specified by the steel mi^er should alwavs be closely 
adhered to, and as that varies with the different classes of steel, according to its chemical analysis, 
no general rule can be given that would suit every case. 

But as an example, showing the care that should be taken in the heat treatment of steel for 
Broach making in particular as well as for other tools in general, the following method of heat 
treatment is given in proper sequence for each process. 

HkaT TBBATMBNT for BROAOH1S8. 
Process. 

I. Machine broach roughly to within in. of finished sizes, all over. 
H. Heat slowly and uniformly in furnace to 800" 0. (1,472" F.) and cool right cut In oil, prefer¬ 

ably whale oil. 
ClI. Anneal broach by heating slowly in furnace to a uniform temperature of 900" 0. (1,662" F.), 

maintaining temperature for half an hour to two hours according to size of broach, then 
allow to cool in furnace with doors and dampers closed. 

IV. After annealing, machine the broach to within in. of finished size all over. 
V. Normalise by heating slowly to a uniform temperature of 660" 0. (1,200" F.), allowing the 

broach to cool slowly with the furnace. 
VI. Finish machine and grind to exact dimensions. 

VII. For final hardening, pack broach in muffle or box with charcoal to a depth of 2 ins. round 
every surface, then heat slowlv in furnace to 860" 0. f 1,662" F.) temperature inside the 
box, taking care that heating Is uniform throughout (the temperature of the furnace will 
be rather higher than the interior of the box, probably about 900" 0. (1,662" F.). After 
heating immerse in whale oil until quite cold. 

VIII. To temper finally the broach immerse in oil which is maintained at a temperature of 200* 0. 
(392" F.). The length of time the broach is immersed for tempering depends on the type 
and size, and judgment must be exercised in this respect. 

BROACH DBSIGN FOB INTERNAL WORK. 

Pull type broaches for small and medium size work are made in solid tool steel, with cutting 
teeth formed on the outside to the shape and finished dimensions of the work to be broached. 

On the larger sizes, these broaches are sometimes bored through the centre to facilitate 
hardening. 

In the case of broaches of approximately 3| ins. diameter and upwards, it is found mors 
satl^hmtory to make the cutting teeth in the form of rings and mount them in series on a high 
carbon steel centre to make up the required length. The cutting parts are thus easily replaced 
when worn below size without involving the cost of a new broach. 

Bven with solid broaches, particularly of the expensive type, it is advisable to make the last 
4 or 6 cutting teeth in the form of rings, and mount them on the solid broach, as this prolongs the 
working life of the broach. 

Push type broaches, used on hand or power presses, are made shorter than the pull type; 
they are commonly used for sizing holes in boshes and other parts. 

Burnishing broaches are usually made to be forced through the work and are comparatively 
short in length. They are made much the same as a sizing broach, but have blunt or rounded 
teeth which have the effect of burnishing the hole and removing the tool marks, leaving a smooth 
surface of exact size. 

Practically anv shape or form of internal surfaces can be cut and finished to exact size by 
broaching, providing a bore is first made to allow the broach to enter. 

The most common form of work for the internal broach is cutting and finiabing a round, 
square, or any shape hole. Cutting and finishing single or double keyways. Cutting and 
finishing splined holes to anv number and shape of spline. 

Bxamples of the form of broach used for internal work are shown in figs. 9,10 and 11. Methods 
of attachmg the broach to the machine are sho^ infigs.9and 10. These are the ordinary methods 
adopted, but some machines have semi-automatic gripping and releasing devices fitted, these 
being designed for quick operations. Fig. 10 also gives an example of the form of cutting teeth 
for broaching keyways and splined holes, and fig. 11 gives details of broaches for round holes. 
In oases where the amount of metal to be removed is greater than can be done with one broach 
it is usual to use two or three on the same piece. . 

BBOAOR DBRiaN FOB BXTHRNAL WOBX« 

Broadhes for external work are made lor palling or pushing over the surface of the work. In 
oases where broaching is done by pushing, an ordinary power press, with suitebie attachments, 
may be used. Borne machines are designed to do both Internal or external broaching, these 
usuallv being of the pull type. 
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1 ■ f 

...^ 

a Slip in Fit. Broach for round boles,Adopted to ensure 
accuracy of Alignment freedom from loothi'^ark^ 

Design sometimes adopted for round holes, this 
Broach gives a Continuous Helical Cutting Edge 

Broach Proportions, 

Fig. ll.->Typi8 of Broaobee. 
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The deelgn ol the cutting teeth for external work Is the same In that used for 
internal wora, see examples In fig. 9,10 and 11, but at most only three sides w the iwaoh may be 
used on external sorfaces, as one side at least must be used for support, Md in order to provent 
chatter and vibration, with consequent risk of breakage, It Is essential to have the broach rigidly 
■npported and heM up to the face ol the work. 

While many solid broaches are used for external work, it Is o^n wore economical to um 
those of the built-up type, having the cutters inset in steel of good quality, but generally this 
type can only be used where the faces to be machined are suflBciently deep to allow the cutters to 
bo spaced and leave adequate metal between them to securely hold them in place. In all forms 
of broaching, internal and external, it is necessary to have at least two, but preferably three or 
four, teeth in contact with the work, otherwise good finish will not result. 

The actual cutting time In all forms of broaching is relatively short, and often changing the 
work takes longer than the cutting operation. For this reason it is necessary to have specially 
designed locating and clamping attachments made for external broaching, as otherwise much of 
the advantage of the process may be lost. 

Where well-designed fixtures are provided, the number of pieces that can be accurately 
machined by the external broaching process runs into hundreds per hour, and may equal in 
quantity and quality that of internal broaching. 

POWBR BXQUIRBD BT BROACHING MAOHINBS. 

Horisontal Hydraulic, Variable Speed Broaching Machine. 

Normal pulling capacity, in lbs. . 6,100 i 
Gutting speed (variable) ft. per min. 80 max. 
Return speed „ „ „ 120 „ 
Hydraalio pressure, lbs. per sq. in. . ! 1,000 
Maximum length of stroke, ins. . I 38 
Direct connected motor, H.P. . ! S 

21,000 
26 max. 

180 „ 
1,000 

32 
7* 

41,000 
20 max. 

100 „ 
1,000 

64 
10 

106,000 
16 max. 
60 „ 
1,000 

76 
25 

1 Vertical Hydraulic, Variable Speed, Surface Broaching Machine. 

Capacity, tons 2i 6 16 20 
Maximum travel, ins. . 80 ! 86 42 64 
Maximum length of broach, ill^. 24 80 86 48 
Variable outth^ speed, ft. per min. 32 26 26 20 
Variable return speed „ „ 68 60 60 40 
Motor recommended, H.P. 6 n 16 20 

Mechanically Driven Vertical Broaching Machine. 

Surface 
Broaching. 

Internal 
Broaching. 

Oapaoity, tons . 
Stroke of Bam, ins. . 
Maximum length of Broach, ins. . 
Broaching speed, ft. per min. 
Motor drive, H.P. 

6 
26 
24 

8-8 to 10 
6 

6 
26 
31 

6-3 to 16-6 
6 

Ohanges ol speed effected by altering ratio of belt pulleys. 
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Twist Drills. 
Special grinding machinea for ahaipenlng twist drills are now unfreraally need In production 

factories and works, and if properly set these machines ensure that the angle of the catting edges 
^re correct 

A twist drill possesses three cutting edges. A, B, and 0, as shown In fig. 12. 
The point A, being the least effective, since it cannot be made anything like as keen as the 

other two, B and 0, is a hindrance to clean and rapid cutting and is one of the most important 
factors to bo considered when arriving at the amount of feed progression per Inch of travel. 

In order to obtain the greatest posdble duty from a twist drill, it is imperative that it should be 

ground perfectly true, so that the point of the drill shall be central and in line with the axis on 
which it revolves. The cutting edges must be of equal length and at the same angle to the axis 
of the drill. If the point of the drill is not central to the axis, the two cutting edges are not 
at the same angle, the result being that all the duty falls on one cutting edge, and the hole made 
will still be larger in diameter than the drill, there being a tendency for the cutting edge B to 
push, or crowd, the drill over to the opposite side of the hole. 

Another important point when the maximum duty is expected from a twist drill is the rela¬ 
tionship between the speed and feed, which varies more or less with different mate^ls and with 
different grades of hardness of like materials. 

The grooyes of a twist drill make either a constant angle with the axis or an angle that 
inoreases gradually from point to shank. Tbe latter form is supposed to facilitate the escape 
of the cuttings, though opinions differ, but it has tbe serious effect of rendering tbe cutting 
angle more obtuse as the drill becomes ground back. When the angle is constant it ranges 
from 24* to 32® with the axis, measured at the periphery, 26* being an average. In tbe increasing- 
twist drills it ranges roughly between SO* and 26*, the angle lessening by that amount from 
pofnt to shank. The thickness of the web is increased from point to shank to enable It to resist 
torsional stresses. The diminished area for the escape of chips consequent on this thickening 
is counteracted by increasing the twist. 

GRINDINa DRUJA. 

When grinding the drill points, the following rules should be observed:— 
I. Both cutting lips, fig. 14. should be inclined at tbe same angle with the axis of the 

drill, and must be of equal length. .The, point angle of 69* baa been universally adopted as 
best suited fur average conditions 

Fig. 14. FIQ. 16, 

n. Tbe drill point roust have the proper oiearanoe or oontoor of surface behind the catting 
edges, and this clearance must be identical on both sides. Approximately a 12* clearance 
angle, fig. 16, combined with the centre angle of 130*, which will give a constantly increasing 
oiearanoe toward the centra, fig. 16, has proved best for average oonditions. 
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Moet twist drills are made with a gradual increase in the thickness of the web or centre of 
the drill toward the shank. As the ^ill becomes shorter and the web thicker, greater force 
is required to drive it. To overcome this, It is good practice to thin the web by grinding away 
the excess thickness, reducing it to its original dimensions. This grinding must not extend 
too far up the flute of the drill, and care must be exercised that the cutting Ups are not Injured 
and the same amount is ground out of each groove. 

Twist drills are made with a slight taper from point to shank, so that the largest diameter 
is always across the comers of the cutting lips. This prevents the drills from binding in the 
work when they are sharp. If the outer corners are allowed to become badlj worn, the drills 
will bind and cannot perform satisfactorily. Whenever the outer corners of the cutting lips 
show wear, the drills should be reground and every particle of worn surface removed, or the 
drill will continue to bind and very quickly be damaged beyond repair. 

In grinding high-speed drills care should be taken not to overheat them, and when heated 
they should never be plunged into cold water. Doing so is likely to cause small surface cracks, 
which reduce the efficiency of the drill and may result in serious damage to it. Forcing the 
grinding on a wet grinder may also bring about the same condition. 

It is hardly possible to do grinding as accurately by hand as by using a good twist-drill 
grinding machine. 

Broken or damaged tangs of drills are generally the result of an imperfect fit of the drill 
shank in its socket, which may be caused by a worn-out socket, dirt or chips accumulating in 
the socket, or bruises on the shank of the drill. 

In any case, the driving power of the taper is reduced or destroyed, resulting in an abnormal 
strain being put upon the tang. 

Morse Taper Measures for Twist Drills. 

Fig. 17. 
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BRITISH Standard Spbcipication for Twist and Stbaioi!t Flutr Drit^ls. 

(No. 328—1928.) {Extract.) • 

Tables are given in this specification of the standard diameters, overall lengths and flute lengths 
for the various types of drills, and the dimensions of the Morse taper shanks. Standard limits are 
laid down for the permissible variation in the diameter of the drills, and performance tests are 
specified for both carbon and high-speed drills from No. (>0 to 2 ins. diameter, inclusive. The 
performance tests consist in drilling a series of holes, as continuously as possible. In steel billets 
of a given analysis. The penetration per minute and the number and depth of the holes to be 
drilled are specified, but the revolutions per minute and the feed per revolution are left to the 
discretion of the maker. The drills must withstand these tents without seizing, choking, or fusing, 
and the points of the drills and the lips must be in good condition and fit for further service without 
regrinding on completion of the tests. Standard nomenclature and definitions for the different 
types of drills in common use are also included. 

MORSis WiRB Drill Gauob. 

No. 
Wire. 

Decimal No. 
Wire. 

Decimal 
No. 

Wire. 

Decimal No. 
Wire. 

Decimal Decimal 
Equivalent 

Inches. 
Equivalent 

Inches. 
Equivalent 

Inches. 
Equivalent Letter. Equivalent 

Inches. Inches. 
80 0 0136 68 0*0420 36 0*1066 16 0*1800 P 0*2670 
79 0-0146 67 0*0430 36 0*1100 14 0*1820 G 0*2610 
78 0*0160 66 0*0465 34 0*1110 13 0*1860 H 0*2660 
77 0*0180 66 0*0620 33 0*1130 12 0*1890 I 0*2720 
76 0*0200 64 0*0660 32 0*1160 11 0*1910 J 0*2770 
76 0*0210 63 0*0696 31 0*1200 10 0*1936 K 0*2810 
74 0*0226 62 0*0636 30 0*1286 9 0*1960 L 0*2900 
73 0-0240 61 0-0670 29 0*1360 8 0*1990 M 0*2960 
72 0*0260 60 0*0700 28 0*1406 7 0*2010 N 0*3020 
71 0*0260 49 0*0730 27 0*1440 6 0*2040 O 0*3160 
70 0*0280 48 0*0760 26 0*1470 6 0*2056 P 0*3230 
69 0*0292 47 0*0786 26 0*1495 4 0*2090 Q 0*3320 
68 0*0310 46 0*0810 24 0*1620 3 0*2130 K 0*3390 
67 0*0320 46 0*0820 23 0*1640 2 0*2210 S 0*3480 
66 0*0330 44 0*0860 22 0*1670 1 0 2280 T 0*3680 
66 0*0360 43 0*0890 21 0*1690 Letter, U 0*3680 
64 0*0360 42 0*0936 20 0*1610 A 0*2340 V 0*3770 
63 0*0370 41 0*0960 19 0*1660 B 0*2380 W 0*3860 
62 0*0380 40 0 0980 18 0*1696 0 0*2420 X 0*3970 
61 0*0390 39 0*0996 17 0*1730 D 0*2460 Y 0*4040 
60 0*0400 38 0*1016 16 0*1770 B 0*2600 Z 0*4130 
69 0*0410 37 0*1040 

Note.—The Drill sizes No. 80 to No. 60, inclusive, are manufactured in Carbon Steel only. 

Notes on DRiLLiNa. 

The power for a given diameter of drill and feed is proportional to the cutting speed. 
The horse-power is proportional to the torque, and for a given drill and speed does not increase 

as fast as the feed. 
Since the torque is practically proportional to the diameter of the drill squared, the horse¬ 

power, for a given feed and cutting speed, is proportional to the diameter of the drill. 
The horse-power per cubic inch of metal removed is inversely proportional to the feed and 

independent of the drill and cutting speed. 
The work required to drill a given hole, when one drill is used, is greater than that required 

to drill the same hole in two operations with drills of different diameters. The greater the differ¬ 
ence in the drill diameters, the greater the saving in work; speed and feed remaining the same 
throughout. This is due to the fact that the mean cutting angle of the single drill is greater than 
the average angle in use for the two drills and that the stress is proportional to the angle. 

With twist drills of the usual proportions, the cutting angle is not sufficiently keen to drag 
the drill into the work when enlarging a hole in cast iron or steel. 

The horse-power when operating on soft cast iron or medium steel varies as {t = feed per 
rev.) for a given drill and speed. 

The horse-power for a given feed and speed does not increase as fast as the diameter but 
varies as d'** (where d is the diameter of the drill in inches). 

* By permlaiion of the British Standards Inititutlon. 
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The torque and boree-power when drilling medium steel is about 2*1 times that required to 
drill soft oast iron with the same drill speed and feed. 

The end thrust when operating on cast iron or steel does not increase in proportion to the 
feed for a given diameter of drill or in proportion to the diameter for a given feed. 

While the chisel point scarcely affects the torque it is accountable fur about 20 per cent, 
of the end thrust. 

Lubricated trials on steel when compared with the dry tests show a diminution in the torque 
and horse-power, varying from 28 per cent, with the jj feed to 8 per cent, with the feed. 
This may be due to the lubricant washing away the small metal chips which tend to jam betw'eeu 
the walls of the hole and the drill, and to the preserved cutting ed^e. The diminished frictional 
resistance of the shaving across the lip together with above reauces the end thrust by about 
25 per cent, for all feeds. 

Am the result of a series of experiments on twist drills, recently undertaken at the engineering 
experiment station of the Illinois University, the following lubricants are recommended:— 
Vor tool steel—lard oil, machine oil, turpentine, soda-water, kerosene: lor soft steel—lard 
oU, machine oil, soda-water; for oast iron—dry or compressed air; for brass—dry or paraffin 
oil; for aluminium—^kerosene, soda-water, and aqualine and soda-water. 

Tbe drill most commonly adopted in practice has an included angle, at the point, of 120*. 
If this angle is increased, the torque diminishes but the end thrust increases, while if 
this angle is decreased, the reverse is the result. So far as economy in power is concerned the 
torque is the factor to consider, as the feeding horse-power is onlj^ about 1 per cent, of the whole, 
in small drills, and very much less for the larger si^ea. From this point of view the drill with the 
larger point angle is to be preferred. Tbe accompanying increased end thrust, however, strains 
the machine parts in proportion. When the point of the drill breaks through the metal at the 
bottom of tbe hole, a considerable portion of the end load is removed. The strain due to that load 
is released, thereby causing the drill to advance more than its rated feed, and possibly to break. 
The drill with the greater included angle will be moat likely to give trouble in this direction, both 
on account of tbs increased strain and torque, and conversely. 

By decreasing the spiral of the drill a keener cutting angle with a decreased end thrust 
and torque can be obtained without altering the point angle above the accepted standard, 
ISO*. This, however, would in turn affect tbe durability of the drill. 

With a small included point angle there is little metal to support the cutting edge at the 
chisel point, and trouble due to blunting of this part is to be expected. 

In estimating the time required to drill a bole of given depth, the length of the drill point 
must be taken into account. The length of tbe point for different included point angles is : 

90*-i0-6d; 120®-0-29il; l60*-01S4d. 

Trae drilling ie usuaUv dependent upon good centering, and it may be advisable In turret 
lathe work to draw attention to the well-known but often ignored rule, namely, that the centering 
tool most have a lesser cutting angle than the drill point, otherwise the drill will strike on the 
point, wobble, start out of centre, and sometimes break. 

A B 
FlQ. 18. 

Good eentering. Bad centering. 

Fig. 18 shows good centering at A and bad at B. As a general rale tbe centering drill should 
have an Induded angle of 100* against the standard angle for the drill point of 119*. 

Speed and feeda at which twiat driUa can be ran are dependent on the material to be drilled 
and the depth of hole. A general guide for drilling varloua metala is given in Table X. The 
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Bpeedf and feedi gtren are those nsoallj obtainable with good class high-speed drills need on 
machines where the necessary power Is aTailable. 

tabli 

1/16 12230 350 6115 350 5500 350 4278 350 
1/8 6112 250 3056 250 2750 250 2139 250 
3/16 4074 175 2037 175 1833 175 1426 175 
1/4 3056 120 1528 120 1375 120 1070 120 
5/16 2444 120 1222 120 1100 120 856 120 
3/8 2038 90 1019 90 917 90 713 90 
7/16 1746 90 873 90 786 90 611 90 
1/2 1528 75 764 75 688 75 535 75 
5/8 1222 60 611 60 550 60 428 60 
3/4 1018 60 509 60 458 60 357 60 
7/8 872 60 436 60 393 60 306 60 

1 764 60 382 60 344 60 267 60 
1-1/4 612 60 306 60 275 60 214 60 
1-1/2 510 60 255 60 229 60 178 60 
1-3/4 436 60 218 60 196 60 153 60 
2 382 60 191 60 172 60 134 60 

(i8. Otbwn*t TahU,) 
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Cemented Carbide Tipped Tools. 
demented carbide tipped tools were first introduced on a commercial basis in 1026 and since 

tbat time they have been used increasingly in all branches of machining. See fig. 10. 

NEf'^TlVE RHKE 

The tip is moulded and cintered and can afterwards only be shaped by grinding with special 
wheels or by cutting with diamond impregnated wheels. 

The tip is brazed on to its shanh by the use of a torch, furnace or electric resistance heater. 

Cemented carbide is very hard,but its resistance to shock is muchlower than thatof high-speed 
steel. It is also strong in compression but weak in tension, therefore it must be well supported 
by the shank. 

Tool Shanks. 

The cross section of the shank should be as large as possible, and the material recommended 
is 0*5 carbon steel with a tensile strength of 45/50 tons per sq. in. 

Oare must be taken when brazing the tip to the shank tbat during the process the tool must 
be heated up and cooled down slowly. 

Conditions required for Successful Application. 

The lathe on which cemented carbide tipped tools are used must be sufficiently powerful for 
the work to be carried out at the necessary speed. It should be rigid; there must be no end play 



CEMENTED CARBIDE TIPPED TOOLS 1061 Sec. XXII (i) 

or radial play in the spindle bearini^ and there most be no slip in the drive. The chuck and 
running centre must hold the workpiece posltivelj. Vibration or chatter is absolutely fatal to 
a cemented carbide tip. It Is Important that the cutting speed should not be too low. 

Qrinding. 

*It is essential to regrind the toot before the cutting edge becomes dull, and specially designed 
grinding machines have been naade for this purpose. Special abrasive and diamond impregnate 
wheels must be used to obtain the best possible finish on the cutting edge. The nose radius should, 
unless there is some definite reason to the contrary, be kept as small as possible, for a large radius 
produces a chip section which runs out to a very thin edge and tends to cause excessive building 
up of metal on the cutting edge, which produces a rough finish on the work and shortens the tool 
life through abrasion. It also increases the tendency to chatter. 

CMp Breakers, 

The normal angles at which tools are usually ground produce long turnings when machining 
steel. At the high speeds used when cutting with cemented carbide they are difficult to control 
and are a danger to the operator. A chip breaker ground on the top of the tool will correct this. 
The depth and width of the chip breakers vary with the depth of cut, the feed, and the class of 
material being machined. Fig. 20 shows two types of chip breakers: (a) where the groove is 

ANGULAR CHIP BREAKER 

TYPICAL CHIP BREAKERS. 
FIQ. SO. 

ground parallel to the cutting edge, and (6) where the groove is ground at 8^ to the cutting edge. 
The depth of the groove should not be more than in. 
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IfegtUive Rake, 

The ttrength of a cemented carbide tip is considerably increased by the use of a negatiTe top 
rake. The effect of the negative rake to increase the ‘ lip * angle by about 20^ and to Increase 
that section of the tip which bears the shearing stress of the cutting force (fig. 19). By this means 
the possibility of failure due to shear Is practically eliminated. The impact load on the tip is 
moved away from the point of the tool so enabling the tool to meet conditions of greater severity 
such as heavy roughing cuts on rough castings or forgings, interrupted cuts on lathes and on 
planing machines. The abrasive action between the chip and the tip also takes place at a point 
remote from the point of the tool, therefore failure due to cratering is long delayed. 

Tool Anglee. 

It has been found in practice that good results are obtained with a negative top rake of between 
2* and 8**, 3** and 6** being tne avei^e. The side rake should be positive and of about 2**->5* 
greater than the negative rake angle. With this combination it has been found that a better finish 
and longer tool life have been possible; there is also a reduction in the power consumed. 

General CondUiont, 

The tool overhang should always be reduced as much as possible by supporting the tool shank 
as near to the cutting edge as practicable. 

The projection of the tool should only be sufficient to allow clearance for the work and a free 
passage for the chips. 

The cutting edge should never be set up to the work and then the tool clamped down. 

The tool should never be set by tapping the tip with a spanner. 

Never atop the work with the tool engaged, withdraw the tool first. 

The correct speed should be chosen. 

For the material being cut and the type of tip being used the table bdow gives average figures. 
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Teatl. Test 2. 

Tool Angles 10** Negative Back Bake. 4® Negative Back Bake. 

6® Negative Side Bake. 8® Positive Side Bake. 

Gross I1.P. used . 14 12 

Net H.P. used 11 9 

Where there are severe interraptlons in the cut specially designed tools are required; a 
typical case is illustrated in dg. 19. This tool has a negative back rake of 40** and a positive dde 
rake of 16** which gives a pronounced shear action on the chip. It will be noticed that the chip 
impinges on the tip at a point well behind the nose. 

Magnetic Chucks. 

The Magnetic Chuck is now largely used for holding machine parts of iron and steel for 
grinding, turning, and planing operations. Many pieces, such as milling cutters, thin saws, air- 
compressor valve discs, chain links, etc., can be more effectively held by this method than by 
any other. Not only is there a great saving in the time ordinarily reciuired for setting up, 
but the likelihood of distorting the job due to unequal straining of the holding down bolts is 
eliminateiL 

It must be understood that the holding power of a magnetic chuck depends as much on the 
shape and section of the piece to be held as on the magnetic chuck itself. If the piece Is small 
in section the hold will be very light, no matter what the section or intensity of the chuck 
magnets may be. The hold is entirely dependent upon the number of magnetic lines that can be 
passed through the section of the piece, and not on the total magnetism that the chuck can 
produce. Some makers claim a holding power of 100 lbs. per sq. in., this having been attained 
on a perfectly surfaced cube of Swedish iron applied between the chuck poles. This affords no 
useful measure of the holding value of a maitnetic chuck, as theoretically a small magnet either 
of steel, wrought iron or even cast iron, if perfect at the joints, would give (on such a cube) 
100 lbs, per in. On the other hand, if two such cubes w'ere placed together the pull would not be 
proportionately increased, as the magnet being small the section of the first cube would absorb 
all Che magnetism it could supply. Thus a chuck, say 30 ins. by 8 ins., which would pull 100 lbs. 
on any sq. in. of its surface could not, under any circumstances, pull 30 ins. by 8 ins. by 100 lbs„ 
or nearly 11 tons, on its entire surface. The pitch of the poles should be arranged to suit the 
class of work to be held; if the pieces are of heavy seotiou, the magnet must be of heavy section 
to get the best results. 

Fim Orinding.—For fine grinding it Is well to reduce the magnetic pull of a chuck face, 
either by inserting resistances in the coil circuit,or by the interposition of nou-magnetic material 
between the work and the chuck face. The lighter the pull the more accurate the resultant 
work. Specially constructed chucks of a very light but even pull are necessary for thin saws, 
light piston rings, etc. Grinding with water, soda and other liquids makes it absolutely essential 
that the magnetic chucking apparatus must be impervious to water. 

5u»Wc/i«.—One of the most important pieces of apparatus in connection with the magnetio 
chucks are the switches used for operating. When the current from a magnetic chuck is cut off, 
a back current is induced in the ouuck coils. This induced current is of a very high voltage, 
and if the switch gear is not perfectly designed to deal with it, the insulation of the chuck, 
however well designed and carried out, will inevitably break down. The switch must be donblo 
pole, that is, it must operate on both the positive and negative supply wires at the same time, 
also it must be capable of admitting current to the chuck in either direction, and in order to deal 
with the induced back eurrent when switching the chuck off, it must be provided with a non- 
inductive resistance whioh must automatically be put in circuit with the chuck prior to breaking 
the circuit. 

TOOL STEEL AND TOOLS.* 

Carbon Steel and High-Speed Steel Cutting Tools. 

Their Preparation and TJse. 

Oabbon Steel toois. 

Oarbon tool ateel ia aoitable for making tneb tools as are required to keep a keen edge thatls 
not easily dolled. It can be hardened and tempered to the degree neoeasaiy for the purpose for 
which it ia to be used, and can therefore be used with advantage tor a large variety of purpoaea 

• For ohamioal oompoaition aee lilTALUIBaT, Seetioa XXITT, Part 1. 

VOL. I. 10 
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saoh as flnlahing tools for metal outtlng* woodworking tools and razor blades, also for drawing 
dies, stamping and pressing tools. 

Bot care must be taken to select the proper grade of steel for the purpose for which it is to 
be used, remembering that the * temper,’ or d^ree of hardness, is governed by the carbon content 
of the steel, so that when ordering carbon steel, the percentage of carbon required should always 
be specified. 

Some well-known makers of carbon tool steel recommend the per cent, of carbon for various 
USAS as given in Table XI. 

Tablb XI. 

Purpose for which Carbon Steel is Used. ' 
! 

Boll turning tools, razor blades, vulcanite turners* tools . 
Cutting tools for lathes. Blotters, planers, borers 
Drills, reamers, milling cutters, screwing dies, joiners' tools 
Taps, pneumatic chisels, lathe centres, mint and other dies 
iland chisels, caulkers’ tools, shear blad^, punches, cold sets 
Hammers, masons’ tools, stamping and pressing tools, miners 
driils. 

Carbon 
Content. 

per cent. 
U M 

U M 

1 
i 

I 

Like all other tool steels, carbon tool steel requires careful treatment when forging, hardening 
and tempering, as the grain of the steel may easily be affected. When the steel is heated In an 
ordinary smith’s hearth the blast should never be allowed to impinge directly on it, as this may 
result in hard and soft places in the tool, and may even cause cracks during the hardening process. 
Whenever possible the steel should be heated in a muffle where the temperature is under better 
control. It is always advisable to allow suffleient time for the heat to penetrate through the steel 
before beginning to forge to shape. 

The cutting .tools used on such'machiues as lathes, planers and Blotters are forged to near the 
shape and angle required, they are then finished on dry grinding machines before hardening and 
tempering. When rough grinding the tools to shape and angle, it is advisable to use free-cutting 
carborundum grinding wheels, and to grind away the rough metal at a rate that will not overheat 
the tool. It is always necessary to grind well below the forging surface so as to remove the film 
of decarburised steel that is always formed by the forging or even rolling process. This decar- 
burised metal will not harden, so that for small light tools at least s^j-in. of metal should be ground 
away, and on the heavier tools not less than ^'..-In. is recommended. If this is done it will prevent 
hard and soft spots, and help to ensure a uniform hardness throughout the cutting edge of the tool. 

It is usual to make drills, taps and reamen by machining direct from the rolled bar, but it is 
false economy to use bar steel that is too near the finished size, adequate machining of the surface 
must be allowed for, to remove the decarburised metal. 

Milling cotters and forming tools may also be made from rolled bar steel, but generally it is 
more economical to obtain forged bUnks from the steel makers than to cut from the bar, par¬ 
ticularly if only a few tools of the same size are required. In all cases where the steel is cut from 
the bar, it is always safer to cut it while hot than to nick it and break off cold—there is always 
danger of causing internal cracks if heavy carbon steel is broken off cold even after it has been 
deeply nicked. There is generaUy less waste of steel when the blanks are cut from the bar either 
with a power hack saw or in a cutting-off machine. But always allow sufficient tnanMninff ©n 
the blanks for the reason given above. 

All tools and cutters that are machined to shape should first be rough machined all over, and 
all surplus metal cut away until the shape approximates to the finished form. It is then neceUarv 
to anneal the tool to relieve aU the strains in the metal, and. In the case of forged blanks, to restore 
the structure and density of the metal. 

Annealing of ^y metal, and particularly carbon tool steel, is always more effective when 
the process is carried out in a muffle or air-tight box. The muffle or box containing the steel 
is then brought to the proper temperature and allowed to remain at that temperature until the 
heat has penetrated through the metal, after which it is allowed to cool very slowly. 

It is sometimes necessary to anneal the steel before it can be machined, but even when it is 
not absolutely necessa^. It is generaUy found more economical first to resort to the annealing 
process because of the time that is saved by being able to cut the steel at higher speeds, particularlv 
is that the case where large numbers of tools are being made. —o ^ / 

Where a muffle is not available, steel of moderate size can be annealed by bringing it slowlv 
to the given tempemture, but not soaking it too long, and then covering it up with attilck layer 
of bot ashes or sawdust and allowing it to cool before being removed. ^ ^ ^ 
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In every process of making the tool of whatever else or shape, there is a correct temperatnre 
which most be closely adhered to, if satisfactory results are to be obtained. 

The required temperature for each process of forging, annealing and hardening, are always 
more definitely obtained by the use of a pyrometer and a beat*controlled furnace, and these should 
always be used where large numbers of tools are being made. 

• When carbon tool steel has been heated to a degree reaching the carbon change point, that is a 
temperature of 686* 0. to 736* 0. and then quickly cooled, it reaches its maximum hardness and 
is said to be * dead hard.* If, however, scale has formed on the tool daring previous heating, it 
is advisable to raise the temperature 60* 0. over the temperature given above to ensure the heat 
penetrating right through the steel before quenching. In this condition the metal is highly 
stressed, and if used for catting in that state it would be liable to chip away at the cutting edge, 
or may even fracture at the point of extreme hardness. So that before using it is necessary to 
reduce the degree of hardness by the process known as tempering. 

To temper hardened carbon steel tools, it is necessary to reheat the tool to a temperature 
varying from 220* 0. to 330* 0. or 428* P. to 626* P. and then quickly cool in water or other 
cooling liquid* The temper depends entirely on the class of tool and the purpose for which it is 
to be used. 

When tempering tools, the temperature is judged by the colour which forms on the surface, 
due to oxidation, while being heated. But before starting to temper it is necessary to thoroughly 
clean the surface of the tool with emery cloth or emery block, in order to remove any oxidation 
already there from previous heating, as otherwise the temper colour cannot form on the surface. 
The t^perature corresponding to the temper colour is given in Table XV. It should be noted 
that colour changes only operate between 220* G. and 330* 0. and that for other temperatures a 
pyrometer should be us^. 

After tempering it is only necessaiy to grind the tool lightly to bring it to a keen edge, but care 
should be exercised to avoid heating the tool during this grinding, or any subsequent grinding, 
as this may destroy the tempered hardness requix^ for the work. 

The sequence of operation in tool-making from carbon tool steel can be taken in the following 
order. See Table ZII. 

Forged Tools.—Prom carbon tool steel having per cent, carbon content. These generally 
relate to : turning, planing, boring, slotting and shaping tools. 

TABLB ZII. 

Operation. 

Out steel of suitable size and length from bar. First 
heat the steel if cut by set, or cut cold with hack saw 

Porge near to shape required. 
Anneal (only in cases where more than ordinary forging 

has been necessary). 
Grind to shape and angle. Bemoving ,V'in. metal 

from surface.. 

Harden tool. Heating evenly all through the metal 

Clean surface of tool with emery cloth or emery block 
Temper tool. Allow the heat to travel towards the tip 

of the tool. 
Finish. Grind the tool to be ready for use. Take 

care not to draw the temper .... 

Temperature. 

Cent. Pahr. 

826* 1,617* 

826* 1,617* 

720* 1,328* 

730* 1,346* 

226* 437* 

— i ^ 

i Heat 
lOolour. 

(Cherry 
Bed 

j Blood 
i Bed 

I Low 
iOherry 
! Bed 

Straw 

Milling cutters, twist drills, reamers, taps and broaches are made from tool steel bar, or in the 
case of milling cutters of large diameters from tool steel blanks. When made from carbon tool 
steel, it is usual to select a steel having 1J per cent, carbon. 

The outside machining allowance for rolled bar or forged blanks should not be less than jl-ln. 
diameter, on sizes from 1 in. to 3 in., ,^,i-in. diameter on sizes from 3jL to 5 ins., this will ensure 
the deoarburised metal being remov^ and prevent soft places in the cutter. 
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A rdtabto oonne of treatment for expenslye too]a» inch as milling entten, form tools* broaches* 
dies* and long tops used for tapping boiler stay holes* etc.* Is given in Table XIII. This treatment 
should obviate risk of distortion when finally hardened. 

Table XIII. 

Operation. 
No. 

Rough machine all over* leaving s\>ln. all over on 
small tools and ^^r'ln. all over on large tools . 

First hardening. Heat slowly all over and immerse 
in oil. 

Annealing. Heat slowly in closed furnace for 1 hour 
and cool down In furnace. 

Machine again to within for small tools and 
J^^i-in. for large tools ...... 

Normalise. Heat slowly I n furnace all over, and cool 
down in furnace. 

Finish tool to exact size. 
Finally harden in mu£Be packed with charcoal . 
Tempering requires great care. Tools of long length 

should be heated in oil or lead bath to required tem¬ 
perature . 

Temperature. 

Cent, i Fahr. 

Steel already annealed 

800* : 1,478* ! 

Steel annealed I 

666* 1,049* 

Steel normalised 
730* , 1,846* iCherrvi 

i I Red' 

Tbs temperatures recommended for forging* hardening and tempering carbon tool steel 
vary somewhat with the different tool steel makers, but the temperatures given in Tables XIV 
and XV for forging and hardening respectively* with the specified carbon content of the steel, may 
bo taken as safe practice. 

Forging Carbon Steel Tools. 

Carbon 
Content. 

Maximum 
Temp. 
Fahr. 

Temp. 
Cent. 

Correspondhig 
Surface 
Colour. 

H% 1,617* 826* Bright Cherry 
Red 

U% 1,617* 826* Bright Cherry 
Red 

u% 1 1,662* i Full Red 

1% ! 1,662* 860* : ♦» »* 

\ 

1*662* 1 

, i 

860* 
860* 29 99 

Hardening Carbon Steel Tools. 

Maximum 
Temp. 
Fahr. 

Maximum 
Temp. 
Cent. 

Corresponding 
Surface 
Colour. 

1,346* 730* Low Cherry Red 

1,346* 730* »» »i 

1,382* 760* Medium Cherry 
Red 

1,400* 

1,436* 
1,436* 

760* 

780* 
780* 

Medium Cherry 
Bed 

Cheny Red 
fi •* 

When baling ^e steel for forging or hardening, do not bring it up to full heat too quickly. 
the heat to penetrate right through the steel* without ove^eati^ 

^e outside rarfao^ at the same time do not soak the tool by allowing it to remain in the furnace 
^***i5^ ^^*»*!**^ praotlM is ^ heat ^ gradually and uniformly until the proper temperature 

tended rad then prm^d with the forging or hardening at once. Also it is better to reLat the 
tool several tow fw forging than to continue hanunerlng after the tool has cooled to a brown- 
red colour, which indicates a temperature of 666* 0. end 1,049* F. 

▼fries with the class of tool and the purpose for which 
it is used. For instanee* the colour temper of a turner's tool for cutting brass is pcM straw* corre* 
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sponding to a temperature of 330” 0. and 438* F.,while the colour temper for shear blades is full 
blue, indicating a temperature of 893* 0. and 660* F. But where a given class of tool is used 
constantly for the same purpose, experience very quickly shows which is the most suitable temper 
for the work. General practice however is given in Table XV, and this will be found reliable for 
the range of tools covered. 

Table XV. 

Tempering Carbon Steel Tools. 

Purpose for which the tool is used. Temp., Fahr. Temp., Cent. Temper Colour. 

Taming tools for non-ferrous metals 428* 220* Pale straw 
Turning tools for iron and steel 437* 226* Straw 
Planing and slotting tools 446* 230* Dark straw 
Circular paper cutters . 466* 236* Very dark straw 
Milling cutters and drills 467* 242* Brownish yellow 
Taps, dies, hard wood planers . 496* 267® Brown 
Press tool, surgical instruments 618* 270* Bed-brown 
Woodworker's hand tools 627* 276* Purple 
Hand chisels, centre punches . 640* 282* Light blue 
Shear blades, fine saws . 660* 293* Full blue 
Saws for wood, circular steel saws 666* 296* Dark blue 
Steel springs. 673* 300* Greyish-blue 

Various cooling mediums are used for hardening and tempering carbon steel tools. For 
ordinary forged tools used on lathes, planers. Blotters and the like, water is found quite satis* 
factory, particularly water that is soft and free from lime, but it is necessary to have an ample 
supply to prevent ^e water becoming heated with continual quenching of tools. Where it can 
be arranged running water is recommended, but in any case sufficient cold water should be con* 
stantly t^ded to the hardening bath to keep it cool. To harden these tools it is only necessary 
to heat the cutting tip to the specified temperature, and then to dip the heated tip of the tool in 
the quenching water. If the water la still, that is not running or being stirred, the tool should 
be moved about so as to prevent the water In contact with the hot tool becoming heated. 

For hardening and tempering milling cutters, taps, dies and other carbon steel tools of that 
nature, it is advisable to quench in oil. Whale oil and cotton*seed oil are frequently used with 
satisfactory results, but it is necessary that whatever oil is used it should have a high flash point, 
and means provided to prevent heating. For tempering the more intricate tools special tempering 
baths are obtainable, using oil, lead and lead alloys which are heated to the proper temperature 
for tempering the tool. liiese are recommended for use when tempering expensive tools such as 
long taps, internal and external broaches. 

Hiqh-Spebd Steel TooiiS.* 

Suitable high-speed steels are available for making practically every class of tool used. The 
flrst known self*hardening tool steel was discovered by Musbet in 1871, and for some thirty 
years was the only tool st^l that remained unaffected by the heat generated by cutting metals 
at high speeds, the high speeds of those days being about SO ft. per min. Alloy cutting tools 
will now cut metals up to 300 ft. per min., and cutting speeds up to 100 ft. per min. with several 
brands of high-speed steels are common every day practice. 

High-speed steels are readily forged to shape to be used as cutting tools on the lathe, planer, 
Blotter, borer and other machine tools. It is primarily used for rough machining metal parts to 
within narrow limits of finished size, leaving only a small margin to be removed by grinding. 

Finishing tools are also made from high-speed steel of suitable chemical composition. These 
are capable of being hardened and tempered to retain a keen cutting edge that is not affected by 
ordinary cutting temperatures. 

Measured in terms of price per pound of steel, high-speed steels appear expensive, but measured 
in terms of performance and durability they are found to be very economical. 

In the annealed state high-speed steel is readily machined, and there is no difficulty in making 
milling cutters, form cutters, twist drills, taps, reamers and many other engineers' small tools, 
hardened and tempered to suit a great variety of work. 

* Befer to MBTlLLPEar, Section XXm, Part I, p. 1160, for chemical composition. 
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Owing to the high catting speeds and feeds made possible by the use of these steels, it Is necessary 
to use them on machine tools that have the requisite power for driving, and the rigidity to prevent 
^bration when catting to the full capacity of the high-speed steel tool, as otherwise much of the 
advanti^ge of using superior tools will be lost. 

It should be noted that the cutting eiliciency of high speed steel tools is dependent on the 
correct heat treatment being followed daring the forging and hardening process. Also that the 
heat treatment varies according to the chemical composition of the steel. Hence it is only 
possible to give general rules and examples for guidance. The correct temperatures for forging, 
hardening, annealing and tempering should always be obtained from the steel makers, who are 
best qualided to give directions for the proper heat treatment of their particular brand. The 
directions given must be closely followed. 

Steel for taming and planing tools can be heated in a blacksmith's fire, but for milling cutters 
and drills it is advisable, wherever possible, high-speed steel should be heated in a closed muffle 
furnace, with facilities for temperature control and registration. The heating medium may be 
solid fuel (coal or coke), liquid (oil), gas or electric current. Gas as a means for heating has 
many advantages, being quick in heating and easily controlled. 

The size of the furnace naturally depends on the weight of steel to be treated, but while it is 
wasteful to use a large furnace for small work, it is a mistake to use one that is too small, as in 
that case the furnace will be appreciably cooled every time cold steel is put in. It is more 
economical in the long run to have a furnace that is automatically heat controlled and that is 
not unduly affected by the weight of steel put in. 

Temperature registration is most important, and wherever possible should be taken with 
pyrometers or thermometers, where these are not available the temperature may be judged 
fairly near by the colour of the heated steel. Table XVI gives the colour for varying heats in 
Oentigrade and Fahrenheit. To work successfully by colour alone requires judgment and ex* 
perience, but where doubt exists it is better as a rule to treat the steel at a temperature above 
rather than below that specified, particularly when heating for forging purposes. 

Table XVI. 

Heating Steel—Ooloun and Temperatures. 

Temperature Temperature 
Centigrade. Fahronheit. 

Brown Bed . 666* 1,049* 
Dark Bed 600* 1,113* 
Blood Bed . 700* 1,393* 
Blood or Low Cherry Bed 780* 1,346* 
Low to Medium Cherry Bed 740* 1,364* 
Medium Cherry Bed 760* 1,382* 

»» i» II 760* 1,400* 
Cherry Bed 770* 1,418* 

ft ft « « 780* 1,436* 
1,473* If ft • • 800* 

Bright Cherry Bed 826* 1,617* 
Full Bed 860* 1,663* 
Bright Bed . 900* 1,663* 

Full Bright Bed . 
920* 1,688* 
966* 1,761* 

Yellow ]^d . 980* 1,796* 
White 1,360* 2,283* 
Full White . 1,300* 3,373* 

ft ft • • • 1,330* 3,426* 
Incandescent White 1,360* ! 3,463* 

f» If 1,360* 3,480* 

Forging and heat-treatment temperatures usually recommended by the makers of 14 per cent, 
tungsten and 18 per cent, tungsten vanadium high-speed steel tools, are generally as follows:— 

Hiqh-Spebd Lathe aitd FLAHiNa Tools. 

First heat gently in a slow part of the fire until the steel is red (860* 0.) then bring the heat 
quiokly to near white heat (1,300* 0.) and forge to shape. Be-heat again when the heat falls to 
a bright eherry red. Do not attempt to forge the steel below bright ^rry red or splitting may 
result. 
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In tha case of heavy tools or tools of uneven section, It Is possible the steel may be strained 
during forging, and It is necessary to allow them to cool slowly in the smith's hearth during the 
night, or to anneal them properly. 

Hardening, 

before commencing the hardening process it is convenient to rough grind the tool to shape 
and angle, using a dry, free cutting carborundum or similar grinding wheel. If the steel heats 
during grinding do not cool It in water or cracking may result, the steel must be allowed to cool 
In the atmosphere. 

To harden, heat the cutting end to a white heat (1,250^ 0. to 1,300* 0.) and then cool it down 
quickly in an air blast. The air blast supplied by fan to a smith’s hearth is suitable, and it is 
sometimes convenient to take a connection from this supply for the purpose of cooling high-speed 
steel tools. The connection for this air should be approximately 6 ins. diam. and reduced to say 
i ins. diam. to form a nozzle. Place the heated point of the tool near the air blast, allowing the 
air to flow over the tool lengthwise. Air blasts from air compressors are not desirable: it is not only 
wasteful but may produce small cracks in the tool because of the particles of moisture usually 
found in compressed air. 

When heating the tool for hardening take care to heat only the actual cutting part of the tool— 
that is, the tij^-^o not heat the stock. 

If an air blast la not available, the tool may be cooled in oil; either whale or cotton-seed oil 
is suitable. 

Tempering^ 

Ordinary lathe and planer tools do not as a rule require tempering, but it is sometimes advisably 
where intermittent cutting is done, or where the tool is small or fragile. 

Where tempering Is neoessary, heat the tool to a straw colour, say to 230* 0., and cool. 
Secondary treatment is advi^d by some steel makers, as a means to obtaining maximum 

cutting efflciency from the tool. The treatment consists in re-heating a hardened tool to 580* 0. 
and then blowing cold. This should increase the toughness, but is only successful after correct 
first hardening has been carried out. 

Final XMnding, 

High-speed steel tools should always be well ground after hardening to remove the top surface 
metal. A. free-cutting abrasive wheel of vitrified or silicate bond is suitable, ample water supply is 
necessary to keep the tool cool while being ground. 

HlQH-SPEBD MlLLmO OUTTRBS Ain> TwlST DRILU9. 

Forged blanks are supplied by leading tool steel makers, suitable for making milling cutters 
and form tools. It is usual to make twist drills, reamers and taps from the rolled steel bar. 

The process in sequence of operation is given in Table XIII, and may be taken as a reliable 
guide in making these expensive tools. 

For dealing with high-speed steels for these high-class tools, the precise beat treatment can be 
had from the maker, the steel can usually be supplied in the annealed condition if so specified, 
but where it is neoessary to carry out the annealing process in the tool-room, the following is the 
routine advised by the makers of 14 per cent, tungsten and 18 per cent, tungsten vanadium steel. 

Annealing, 

Heat slowly in a closed furnace or muffle to a bright red (860* 0.) taking care to prevent the 
entrance of cold air. Allow the steel to remain in the furnace until quite cold, when it can be 
withdrawn. Proceed to make the tool as given in Table XHI, but operate at the temperature as 
under. 

Hardening, 

First heat gradually in the furnace to 750* 0. and then transfer the tool to a muffle furnace 
or a heated bath of lead and bring the temperature of the tool to 1,250* 0. (white heat). At this 
heat withdraw the tool and quench in a bath of whale oil; when it is cooled to a black heat it 
may be finished cooled outright in the air blast. 

Tempering^ 

Heat the tool in an oil bath to 250* 0., or temper in the usual way for tempering oast steel to 
a light straw colour (225* 0.). This considerably relieves the strains in the metal. Forspeoial tools, 
the secondary treatment may be applied, as given under Lathe and Planing Tools Section. 

In all oases it is necessary to carry out each process at the temperatures recommended to 
ensure good results. 



1070 HIGH-SPEED STEEL Sec. XXII (i) 

OuTTENQ Tool Anglbs. 

Gutting angles of high-speed steel tools rary according to their uses. With ordinary taming 
and planing tools the first essential Is to adopt a shape as well as a catting angle that will remore 
the maximum of metal in the shortest possible time, taken over the period of a working day. For 
this reason It is necessary that the shape and the cutting angle shall allow free cutting of metal 
without absorbing an undue amount of power, and at the same time have the quality of durability 
to avoid too much time being taken up by frequent re>grinding. 

The shape and cutting angle of the tool shown in the accompanying line drawing (fig. 21), 
is often used in machine shops engaged in turning medium and heavy parts in high teasUe steel. 

This tool has a combined cutting angle of 75**, the end clearance is 4*, side rake 10**, top rake 
(front to back) 5**, shear rake (left to right) 7**. The radius of the cutting point is \ in. for medium 
heavy work, this being scaled down to a radius of in. for light work, the leading cutting edge 
is ground to an angle of 30** and the trailing edge to 60**, giving a combined nose angle of 90*. 
Allowing sufficient metal to absorb the heat generated by catting. The tool is generally freer 
catting and less likely to cause vibration than the fuller bull-nosed type of tool, and the top shear 
rake allows the cuttings to come away in a natural flow. 

A similar shape of tool operates equally well on the planing machine, though as a rule the 
radii would be reduced to in< when used on medium planing work. 

Leading angles for tools cutting various metals may be stated thus:— 

Table XVII. 

Material. Gutting 
Angle. 

Olearance ' 
Angie. 

Side 
Bake. 

Top 
Bake. 

Leading 
Oatting 
Angle. 

Soft mild steel . 63* 6* ' 18* 7* 25* 
Medium hard steel . 69* 6* 14* 6® 30* 
Hard steel 75*» 4* 10* 5** 30* 
Oast iron, medium grey 78* 8* 12* 4* 30* 
Brass .... 82* 14* 2* 4* 
Good gon metal 84* 3* 1 14* 8* 4* 
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TABLB XVlIl.—TABIiB OV OUTnNG SPEEDS.* 

Feet 
X>er 

Minute 
15 ft. 20 ft. 25 ft. 30 ft. 35 ft. 40 ft. 45 ft. 50 ft. 60 ft. 70 ft. 80 ft. 

Diam. Revolutions per Minute. 

917- 1223- 1528- 1834- 2140- 2445- 2751- 3057- 3668- 4280' 4891' 
i 459- 611- 764- 917- 1070- 1222- 1375- 1528- 1834- 2139- 2445- 

306- 408- 509- 611- 713 815- 917- 1019- 1222- 1426' 1630- 
i 229- 306- 382- 458- 535- 611- 688- 764- 917- 1070- 1222- 

183- 245- 306- 367- 428- 489- 550- 611- 733- 856- 978- 
ft 153- 204- 255- 306- 357- 408- 458- 509- 611' 713' 815- 

131- 175- 218- 262- 306- 349- 393- 437- 524- 611' 699- 
115- 153- 191- 229- 268- 306- 344 382- 459' 535- 611- 

ft 91-8 123- 153- 184- 214- 245- 276- 306- 367- 428- 489- 
I 76-3 102- 127- 153- 178- 203- 229- 254- 306- 357- 408- 
ft 65-5 87-3 109- 131- 153- 175- 1%- 219- 262- 306' 349- 

I 57-3 76-4 95-5 115- 134- 153- 172- 191- 229- 267' 306- 
1ft 51-0 68-0 85*0 102- 119- 136- 153- 170- 204' 238- 272- 
1ft 45-8 61-2 76-3 91-8 107- 123- 137- 153- 183' 214- 245- 

41-7 55-6 69-5 83-3 97-2 111- 125- 139- 167' 195- 222- 
38-2 50-8 63-7 76-3 89-2 102- 115- 127- 153' 178- 204- 

n 35-0 47-0 58-8 70-5 82-2 93-9 106- 117- 141- 165- 188- 
i| 32-7 43-6 54-5 65-5 76-4 87-3 98-2 109- 131- 153- 175- 
ift 30-6 40-7 50-9 6M 71-3 81-5 91-9 102- 122- 143- 163- 
2 28-7 38-2 47-8 57-3 66-9 76-4 86-0 95-5 115- 134- 153- 
2ft 25-4 34-0 42-4 51-0 59-4 68-0 76-2 85-0 102- 119- 136- 

22-9 30-6 38-2 45-8 53-5 61-2 68-8 76-3 91-7 107- 122- 
21 20-8 27-8 34-7 41-7 48-6 55-6 62-5 69-5 83-4 97-2 111- 
3 19-1 25-5 31-8 38-2 44-6 51-0 57-3 63-7 76-4 89-1 102- 
31 16-4 21*8 27-3 32-7 38-2 43-6 49-1 54-5 65-5 76-4 87-4 
4 14-3 19-1 23-9 28-7 33-4 38-2 43-0 47-8 57-3 66-9 76-4 
41 12-7 16-9 21-2 25-4 29-6 34-0 38-2 42-4 51-0 59-4 67-9 
5 11-5 15-3 19-1 22-9 26-7 30-6 34-4 38-2 45-9 53-5 61-1 
51 10-4 13-9 17-4 20-8 24-3 27-8 31-3 34-7 41-7 48 6 55 6 
6 9-6 12-7 15-9 19-1 22-3 25-5 28-7 31-8 38-2 44-6 51-0 
7 8-1 10-9 13-6 ! 16-4 19-1 21-8 24-6 27-3 32'7 38-2 43-7 
8 7-2 9-6 11-9 , 14-3 16-7 19-1 21-1 23-9 28-7 33-4 38-2 
9 6-4 8-5 10-6 12-7 14-9 17-0 19-1 21-2 25-5 29-7 34-0 

10 5-7 7-6 9-6 11-5 13 4 15-3 17-2 19-1 22-9 26-7 30 6 
II 5-2 6-9 8-7 10-4 12-2 13-9 15-6 17-4 20-8 24-3 27-8 
12 4-8 6-4 8-0 9-6 Ill 12-7 14-3 15-9 19'1 22-3 25-5 
13 4-4 5-9 7-3 8-8 10-3 11-8 13-2 14-7 17-6 20-6 23-5 
14 4-1 5-5 6-8 1 8-1 9-6 10-9 12 3 13-6 16-4 19-1 21-8 

15 3-8 5-1 6-4 ! 7-6 8-9 10-2 11-5 12-7 15-3 17-8 20-4 
16 3 6 4-8 6-0 : 7-2 8-4 9-6 10-7 11-9 14'3 16-7 19-1 

Note :—To find the revs, per min. of Speeds not mentioned in the above 
table, add or subtract any two numbers in the same line. 

Example:—^To find the revs, per min. at 120 feet per min. for 6" diameter. 
Speed at 80 ft. per min. == 51‘00 revs, per min. 

.. .. 40 = 25-50 

.. 120 .. . = 76-50 

Balfour^s Table. 
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ShftpM, BizeSf and cutting anglei of tools vary In different loc^Ities and As a rule e^h 
finds from experience (the best teacher) the tool to suit the work In hand. The tool illustrated 
and the table of angles given in Table XVII are those the author has found to give good results 
in works producing medium-heavy engineering products, and are intended as a guide to tool- 
making of good cutting quality. 

Table XVIII gives cutting speed in feet per minute ,on certain diameters, running at stated 
revolutions per minute. 

Colours of Tempered Steel. 

The tempering In this case relates to lowering the degree of hardness obtained by plunging 
the steel when heated to a cheny red (1,65(P F., 899* 0.) in cold water:— 

Golour. F.* 0.* 

Very pale yellow 430 221-1 
Straw yellow 460 237-8 
Brown yellow . 600 260-0 
Bright purple • 630 276-7 

T 

(]6loar. 1 F.* 0.* 

Dark purple . . I 287-8 
Clear blue . . . 1 298-9 
Pale blue . . . i 321-1 
Blue tinged with green . i 630 333-3 

Composition of Quenching Baths for Tempering Cutting Tools. 

Fused nitrates of potassium and of sodium are too high in temperature for certain cutting 
tools, as they do not permit of cooling below 328* F. (230* 0.). Mixtures of nitrate of potassium 
and of nitrate of sodium can, however, be employed, and a series of mixtures, fusing at diflerent 
temperatures, be obtained. 

Temperature. Nitrate of 
Potassium. 

Nitrate of 
Sodium. Temperature. Nitrate of 

Potassium. 
Nitrate of 
Sodium. 

F.* 0.* F.* 0.* 
636 380 0 parts 100 parts 279 137 66 parts 46 parts 
446 330 20 „ 80 „ 393 146 60 „ 40 „ 
343 173 40 „ 60 „ 437 835 80 „ 20 „ 
393 146 w „ 

1 
60 „ 636 336 ; 100 „ 0 „ 

Higher temperatures than 763* F. (400* 0.) cannot be obtained with these mixtures. In 
steels where without extreme hardness absolute absence of brittleness is necessary, 932* F. 
(600* 0.) to 1,113* F. (600* 0.) are temperatures more suitable. The following bath gives, on 
xusion, a temperature of 933* F.( 600* 0.):— 

Sodium chloride, Ipart; potassium chloride, 1 part; fused calcium chloride, 3 parts; 
hydrated barium chloride, 1 part; hydrated strontium chloride, 3 parts. 

For a bath fusing at 1,393* F. (700* 0.) the following mixture may be used 

Hydrated boric acid crystals, 1 part; silver sand, li part; anhydrous potassium carbonate, 
1 part; anhydrous sodium carbonate, 1 part. 

When prolonged treatment Is required, a little cyanide or charcoal may be added to prevent 
supsrfloial deoarbarisr.tion; but, in view of the strongly oementating action of cyanide, this salt 
most be need with osntion. 
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QUBNOHINa LIQUIDB. 

When hot steel fs oontinually damped into a tank of oil, the lighter and rolatile oils are 
evaporated and finally only the heavier oils will be left. When the oil becomes thick, it will not 
taae the heat away from the steel rapidly; consequently, the steel will be soft and will not 
show the maximum physical properties. To obtain good results, the quenching liquid should 
be of a constant specific gravity and maintained at a temperature of 70* to 90*, bat the exact 
temperature at which the bath is maintained does not matter so much if it is always the same. 
To ensure the beat results, the bath should always be maintained at a certain specific gravity 
and at some certain temperature. 

In hardening and tempering a chisel, the best way, says the English JfeoAanie, is to heat 
it to a very dull red fur a good inch op from the edge, holding the tongs in the left hand, and 
in the right a rub stone, a piece of broken grindstone or emery wheel, or, failing these, a 
piece of emery cloth wrapped round a small file. Dip the chisel for about half-an-inch until it 
Just turns black, then withdraw it from the water and let it rest against the side of the pail, so 
as to steady it; rub it sharply with the stone, so as to brighten it, and watch the colour as it 
runs down from the part which is still hot, and when the edge is of a deep plum colour, verging 
on blue, dip it right out. 

GaiNDZNa. 

1. The tool should be forged roughly to shape and ground to the requisite contour by means 
of a composition wheel (preferably dry) without any lubricant being applied. The heating of 
the tool during grinding at this stage is not of any importance. 

S. After shaping, the tool should be subjected to the heat treatments indicated (page 1069). 

3. It is advisable to finish-grind with a copious stream of water playing on the nose of the 
tool. If reasonable care to avoid heating be exercised, the tool may be ground on a composition 
wheel running in water. 

Al/TBBNAIiyB SHAPB OF TOOL FOB EOUGHINa FUBPOSBS. 

The durability or length of time a tool will continue to out under constant conditions as to 
feed, speed, etc., increases with the nose radius (fig. 22). The tendency to chatter, however, limits 
the ei^nt to which the nose radius may be increased, and a round-nosed tool having a radius 
of ^ in. to I in. has been found to give the most satisfactory results for the general run of work. 
With work of a springy character a smaller nose radius may be required. The durability is 
also affected by the cutting angle, f.«., the angle between the cutting face of the tool and the 
tangent to the work or 90* minus the top rake angle. The cutting angle is increased when the 
tool edge stands above the centre of the work, by an amount equal to the angle contained between 
the cutting edge of the tool and the axis of the bar. 

The cutting angles which give the greatest durability to tools for roughing purposes are as 
follows:— 

Material. Gutting Angle, Material. Gutting Angle. 

Soft steel . 65* Soft cast iron 70* 
Medium steel 70* Medium cast iron . 75* 
Hard steel . 80* Hard oast iron 85* 
Nickel steel . 80* Brass . . . . j 85* 
Manganese steel . 85* Hardgunmetal 85* 

The above angles are measured in a plane at 45* to the length of the tool which is approxi¬ 
mately the plane of the shaving. The aide and front clearance angles for tools with cutting 
edges on the line of centres need not exceed 6*. The shape of the tool recommended is shown 
opposite. 

Front top rake (I*); height above centre (Z); front top rake (reduced to centre) (d 4* I*); 
side top rake (8*); front clearance (0*): radius of work (B); angle (/3); front oleaianoe 
(reduced to centre) (0**j3); side clearance (k*). 
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OuTTnra Spbhios for Carbon stebl lathb Tools. 

When finishing soft, medium, and bard steel the cutting speeds which may be used are 
20 ft,, 16*6 ft., and 11 ft. per minute, whilst for finishing soft, medium, and hard oast iron 
the outting speeds are 24 ft.. 19 ft., and 14 ft. per minute in the order given. When finishing 
brass and copper, speeds of 80 ft. and 160 ft. per minute respectively should be adopted. The 
finishing oat should not exceed in. in any case. (J)efnptt0r Smith,) 

OUTTINQ SPBBD for HIOH-SPBED STBBL TOOLS WHBN OirrrZNG STBBL. 

An extensive series of experiments have been carried out by the Lathe Tool Research 
Oommittee of the Manchester Association of Engineers, when operating on steel under different 
conditions.* The Oomndttee in many of its investigations selected cutting speeds which would 
give a twenty minutes life to the tool, but state that for practical purposes and economic con¬ 
siderations, a speed which will give a two hours run is desirable. A relation is, therefore, given 
between the cutting speed and durability of the tool, and this conforms to the expression ; 

where, 
VT^ — constant, 

y «■ catting speed in ft. per min., and T ■■ duration in mins. 

The value of the constant varies with the material operated upon and also with the dimensions 
of the out. This relationship is of the atmost value, since for a given material, tool, and cut if 

• See Report of Lathe Tool Research Committee, by Dempster Smith, published by 
H Jf. Btationeiy Office, 1922. Price fir. 
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the cutting speed Y and the life of the tool T be obsenred, the cutting speed Y* for the tool to 
last a time To can be obtained thus: 

• The change in the cutting speed with time as given bj the above law may be better appreciated 
ftom its graphical representation in fig. 23, where the appropriate cutting speed Is plotted on a 
base of toollifei 

LIFE OF TOOL IN M'NljTES 

Fia. 23.—Relation between appropriate cutting speed and life of tool. 

As an example, assuming a tool under testl asts 40 minutes when cutting at 110 ft. per minute, 
and it is required to find the speed at which the tool will last 120 minutes,othercondiUons remain¬ 
ing unaltered. Trace vertically above 40 minutes until the diagonal line, passing through the 
horizontal line of 110 ft. per minute, is reached. Follow this (Uagonal line until vertical over 
120 minutes, when it intersects the horizontal line at 96 ft. per minute, which is the speed required. 

OUTTINO SPEBD and DIMENSIONS OF OUT (STEEL). 

The value of the cutting speed varies with the dimensions of the depth of out and traverse, 
shape and section of tool, as well as the material out. 

The cutting speeds for the various cuts and traverses given in fig. 24 correspond to a S-hoors* 
life of tool (which is considered to be the most economical life) when cutting a steel having an 
ultimate tensile stress of 38 tons per sq. in. and without any cooling medium. 

The values were obtained when using a li In. square tool having a 60* plan angle, 70* cutting 
angle, and I in. nose radius. 
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Feeds for torningi drilling^ and reaming operations on ebonite shonld always be high, and 
about three times those used on brass. This remark does not apply so much to forming opera¬ 
tions, when the feeds should be a little less than for brass on account of the fragile nature of the 
material. 

Fibre. 

Red and black fibre can be worked in much the same manner as ebonite as regards feeds, 
speeds, and the type of tools employed, but diamond tools are not so satisfactory as on ebonite 
on account of the irregular quality of these materials, for when the stone strikes a bad patch 
in the rod or tube there is a tendency to dislodge the diamond or sapphire. Drills, which should 
be of high-speed steel, should be fed at a higher rate than for ebonite, as should also reamers. 
The 1 to 4 solution of paraffin and lard oil will be found a good lubricant. 

. Erinoid, galalith, and other lactic base compounds are best machined when ran at a high 
speed similar to that for ebonite, but, owing to the fact that these materials do not generate 
heat to the same degree as ebonite or fibre, they do not require any lubricant, and should be 
ran dry. High-speed steel tools should be used, and wherever it is possible to employ a diamond 
tool for either boring, turning, or forming, it will be found an advantage to do so. The same 
points in regard to the type of tools apply to erinoid and galalith as iu the case of ebonite .whilst 
the feeds are approximately the same. 

PORTABLE PNEUMATIC TOOLS. 

BiyEHNa hammbbs. 
Pneumatic riveting hammers are now recognised as thoroughly practical, and efficient tools 

for dealing with any class of work which was formerly done by hand, and rivets from i In. up to 
in. diameter can be closed by suitable tools. It takes from 7 to 10 seconds to close a } in. 

snap-headed rivet. 
The air consumption of these tools is generally from 28 to 36 cubic feet of free air per 

minute, and the pressure may be from 80 to 100 lbs. per square inch, the latter figure being 
necessary for the heaviest class of riveting, and particularly for steam- or water-tight work. 

Oaulkinq hammbbs. 

The chipping or caulking hammer has now taken its place as an indispensable ereiy-day tool, 
without which present rates of output could not be maintained. The average chipping hammer 
will remove mild steel at the rate of 3^ to 4 oz. per minute, and the air consumption is from 
17 to 20 cubic feet of free air per minute : pressure from 80 to 100 lbs. per square inch. 

A pneumatic drill of average size can be relied upon to drill in mild steel plate 1 in. diameter 
holes at the rate of 1 in. to 1} in. deep per minute, and larger and smaller holes in proportion, the 
air consumption varying from 30 cubic feet in the average drills to 50-^ in the larger tools. 
Usual air pressme 80 lbs. per square inch. Reamering and tapping are also among the varied 
uses to which these tools can profitably be put. Pneumatic drills are now available in a la^e 
range of sizes, from a tool weighing 8 lbs. for drilling ^in. holes up to a weight of 86 lbs. and 
a capacity for 3 in. drilling and tapping. 

PNBUMATIO TOOLS FOB SALYAGB WORE. 

The chipping hammer and drill mentioned above can be fitted for use under water, for 
ship repairs, dock construction, and other simiiar work, and are already very largely used in 
this connection. 

AiB Mains and Rbobivbbs. 

Air Mains for the distribution of compressed air are generally made of wrought-iron piping 
of steam quality, and should be so arranged that the rate of flow will not very much exceed 60 
feet per second. At intervals along this main, or wherever tools are likely to be employed, a 
tee piece should be inserted which will take a connection for the flexible rubber hose which joins 
up to the tools. An important point to take care of is the provision of adequate means for drain¬ 
ing any moisture from the air receiver or the pipe lines themselves, and it is advisable to arrange 
for the discharge of the compressor to deliver the air at the top of the receiver, and to connect 
the air main lower down. This assists in depositing any moisture or oil which may be in the 
air as delivered from the compressor. Efficient separators are available for the removal of water 
and oil from the compressed ajr. It is advisable to connect the separator in the pipe line as near 
as possible to the pneumatic tool to be operated. 
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Air Reeeivtrt thoald be flfcted with b, manhole. In order that their Interior condition maj be 
examined from time to time, ae It la posalble for oorroaion to take place, or on the other hand, 
if the lubrication of the compreaaor is not carefully attended to, a large deposit of oil will be 
formed, which may result in an explosive mixture being present in the receiver. 

Air should not bo throttled at connections. It Is a good plan to introduce water traps in 
suitable places In a pipe system. Strainers should be carefully watched, they are liable to get 
choked; they may be cleaned by blowing air through them in the reverse dire^lon. 

Tubing and Tube Couplings. 
To secure good, economical service, air hose must not kink. EJnldng not only shots off the 

supply of air at the time, but it creates a permanent injury in the wall of the hose, which later 
develops Into a leak. To prevent accidents of this character, the thickness and number of plies 
must be proportioned to the size of the hose; the rubber must be of good quality; and the inner 
tube, fabric, and outer cover must be properly proportioned to each other 

Sometimes customers specify wire winding as a protection against outside wear. The prao* 
tioe is not recommended. It makes the hose heavy and hard to handle. Once bent, the hose 
is hard to reshape: and a wire covering is more costly than the thick rubber cover recommended 
as the best protection for the outside of the hose. 

A moulded hose is advisable for any length over 60 ft. This t^e of hose eliminates extra 
couplings, which retard the flow of air and decreases the pressure at the tool. This is an important 
feature. It has been found that a 16-lb. increase in pressure can make a 37 per cent, difference 
in the amount of work accomplished by the tool. The tool being designed to give its maximum 
output at a given pressure the efficiency rapidly falls with drop in pressure. 

The pressure which the hose will stand is inversely proportionate to its diameter. A 1-in. 
6-ply hose may have a bursting pressure as high as 800 lbs., while a 2-in. 6-ply hose made of the 
same materials would burst at 650 lbs. Hence, care always should be taken to specify greater 
number of plies for the larger sizes. 

Flexible metallic tubing is being largely used for pneumatic tools. As the tubing withstands 
crushing and cannot kink, it is well adapted for conveying compressed air to pneumatic drillers 
and other machines, but care must be taken not to strain any part by bending at too small 
a radius, otherwise toe metallic coil of the tube will become brittle and liable to burst. 

Oabb of Pmcuiuno Tooi& 
(1) 

Unless pneumatic tools are kept clean, well lubricated, and limited to the uses for which 
they are intended, they will not give the service for which they are designed. Wherever possible, 
the air supply should be drawn from some point outside the building where the air is most apt to 
be clean, cool and dry. In any event, a strainer should be placed over the exposed end of the 
inlet pipe. Such a strainer can be easily made by covering the opening with wire netting over 
wMoh one or two layers of muslin have been placed. A strainer should also be placed in the pipe 
lines leading directly to the pneumatic tools, and a strainer inserted between the pneumatic 
hammers and the hose nipple. 

LvbrictUion.—Valves and pistons for both hammers and drills require a light machine oil, 
and as the compressed air wUoh comes in direct contact with these parts has a tendency to 
drive the lubricant out through the exhaust, it is advisable to oil such parts freely and often, about 
once every hour while the tool is in constant use. Such portions of the tools as the gear and 
crank oases to which the compressed air does not have direct access are best lubricated with 
grease. This grease may be forced into the crank oases through the dead air handle by means 
of a squirt gun or syringe. A Ailing every 10 hours while the drills are in constant use gives the 
best results. It is a good plan to immerse pneumatic hammers in a bath of benzene or kero¬ 
sene over-night and then blow them out under pressure the following morning, after which they 
should be thoroughly lubricated with a light machine oil. 

(*) 
The greatest damage done to the working parts of air tools may be found in the compressor, 

or rather in the air delivered bv the compressor, for not by any means do all users of ^r tools 
appreciate the actual necessity for clean, dry air. Until the advent of the air filter, dirty, gritty, 
moist air had been the cause of thousands upon thousands of pounds being spent in needless 
repairs on air tools, and on the compressor itself, especially that of the portable type. Besides 
seeing that clean air is delivered by the compressor, care should also be taken to keep dirt out of 
the hose and leaders. Open hose ends are often allowed to lie on dusty, dirty, and even sand- 
covered floors, and then be hooked up to motors and guns srithout a thought of the necessity for 
blowing out before connecting. 

Motor and gun valves require regular inspection in order that impending trouble may be caught 
in time, but with clean air and regular, systematic oiling with the right kind of oil, the time 
needed for inspection can be reduced greatly. Of course, the utilisation of a known, valued oil 
is a positive requirement. An oil of good quality will remain for some time in the valves and 
around the plunger of a riveting or a chipping gun. and guns with the right kind of oil have been 
known to work perfectly when oiled onoe In three noors of oontinnal servlee. 
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Fneumatio Biveting. 

According to information received from one of the leading East Coast shipyards, the best 
day's work on a shell with pneumatic riveting la 700 rivets of } of an Inch diameter, and for hand 
work, under the same conditions, 430. An average day's work, however, is considerably less 
than this, and may be taken as being 610 rivets with pneumatic rivets, against 204 with a hand 
sqoad, the figures being taken for work on all parts of one ship. According to the Board of 
Trad* Journal the following may be taken as indicating the difference in the day's work of a 
hand and pneumatic riveting squad:—On the shell, with | in. rivets, hand-riveting, 260 to 360 
rivets; with pneumatic riveting, 500 to 600; on the deck, with f in. rivets, hand-riveting 460, 
pneumatic 700; on deck with | in. and } in. rivets, hand-riveting 360, pneumatic 660. i^n, 
the pneumatic tool requires fewer men to work it. A hand riveting squad consists of three 
men and one or two boys. From two of these squads three pneumatic riveting squads can be 
formed, effecting a saving of 60 per cent, in labour alone. A third advantage of the pneumatic 
tool is that it ^ves both the other great advantages with less exertion and consequently less 
fatigue on the part of the men, providing that the nervous system of the operator is not too 
greatly affected by the vibration of the tool. 

COST Of OOliPBBSaZNa aib. 

In a large shipyard on the north-east coast the actual cost of compressing 100,000 ou. ft. of 
free air to 100 lbs. per sq. in. pressure with electric current at Id. per unit worked out as follows 

t. d. 
Power.20 1 
Oiroulating water.0 3 
Labour.6 Of 

(A. W, Wilson. Paper read before Inst, of Mech. Bngs.t Feb, 8,1934.) 

Bepairing Worn Parts of Machinery by Deposition of Metal. 

ELBOTRO-OUBMIOAI. AND MBTAIi SPRAYINQ PBOOBS8BS. 

Worn parts of machinery of practically any description can be repaired by building op the 
worn part to its original size, by a process of deposition of metal on the worn surface, and thereby 
makiiig it suitable for farther service. 

The correct method of repair is to have sufficient metal deposited on the worn surface to make 
it over size, and then to reduce to correct size by machining or grinding. 

By this process of repair, the worn parts are made equally as good as new, while the cost 
in many cases is much less than the cost of a replacement and generally takes far less time* 

Formerly, the building-up process was by welding or brazing, but this has been largely dis¬ 
continued, excepting in the case of rough work, because of the danger of heat distortion or de¬ 
terioration of the surrounding metal. 

The more modem method for repairing worn parts of machinery Is 

(1) Electro-chemical deposition of metal. ^ 
(2) Metal-spraying process. 

Both these methods can be regarded as * cold process,’ where the danger of distortion or other 
heat-effects are entirely eliminated. 

BLEOERO-OaEHIOAIi PBOOBSS. 

Nickel, chromium, cadmium, copper, lead, or a combination of these materials can be satis¬ 
factorily deposited on steel and other metals by the electro-chemical process. 

In all cases where worn parts are to be repaired by deposition of metal, it is of the greatest 
importance that perfect adhesion is obtained between the part under repair and the metal 
deposited, and it should be noted that adhesion is in no way affected by the thickness of the 
deposited metal. It has been shown that with the Fescol process of dectro-chemical deposition, 
any required thickness can be applied with safety, close blending of the metals being obtained. 

Adhesion is of particular importance when the process of deposition of metal is applied to 
moving parts of machinery, such as piston rods, pistons, valves, shafts and hydraulic rams, etc., 
as any movement between the basis metal and deposit would be destructive. Adhesion is of 
equal importance when nickel and chromium are applied as a protective coating to parts exposed 
to weather conditions, such as motor-car fittings, or to prevent wear by corrosion and abi^on 
of gauges and other tool room measuring instruments, pistons, valves, shafts, eto. 

Actual tests carried out go to show that when metal has been properly deposited, it is hardly 
possible to separate the deposit from the original metal, the interloddng or blendli^ of the 
materials being perfsot. 
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RasnltMi of tests for adhesion of nickel deposited on steel by eleotro-diemioal process is gfiren 
below. 

* The specimens tested were mild steel discs, forming a steel core, with a layer of nickel de- 
])ositod on the periphery. 

Tons per Sq. 
Core Diam. Outside Diam. Depth. Failing Load. In. Max. Shear 

Ins. Ins. Ins. Tons. Stress 
Applied. 

1084 1-17 0-25 14-96 18-4 
1-035 1-17 0-25 

i 
16-17 19-9 

Notb.—In each case examination of the fracture showed that failnre occurred by shearing 
of the steel just inside the nickel coating, and not by failure of the adhesion between coating and 
the steel. 

Mioropbotographs of specimens shows the blending of materials obtained by the Fesool 
process, and accounts for the high adhesion results obtained by the physical test. 

Fra. 26.~Showing interloddng of deposited nickel on steel. 
Magnification 60. 

FlO. 37.—Same microphotograph. Magnification 250. 

• Test at the National Physical Laboratory on nickel deposited on steel by the Fescol 
prooess of eleotro-obemlMl deposition of metals. 
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While the elecfcro-cheiiiioal process of deposition can be applied to all external surfaces of 
reasonable dimensions, it is more limited when applied to Internal surfaces, the ratio of length 
to diameter has to be taken hito account, and also whether the cylinder or other part is open at 
both ends or only open, at one end. 

There are also difficulties in filling cracks or cavities by this process, and those should be 
removed In all cases before any attempt is made to build up any worn or damaged part. It is 
also necessary that the surface to be treated is clean and free from scale or rust. 

The question of cost largely depends on the depth or thickness of the deposit to bring the 
part to its original size, and for this reason it is usually more economical to have worn surfaces 
repaired before excessive wear has taken place. 

In addition to actually saving worn parts, the deposition of cadmium, chromium and nickel 
have been found to add considerably to the working Itfe of some parts of machinery, for instance 

Cadmium will resist the action of sea water, and the atmosphere. 
Nickel resists wear, abrasion and corrosion. 
Chromium deposit^ on printing rolls give a longer life to sharp impressions. 

MJBTAL SPBAYIIfO PBOOBS9. 

•Fig. per cent, carbon steel sprayed using dissolved acetylene, with 
nitrogen as impelling medium upon a bar of 0*80 per cent, carbon steel. 
Transverse section at Junction of deposit and bar. Btched. x 160. 

> B. B. Sillilaat, Bri^ Oxygen Go. Ltd., paper read before l^Tnd 8M inst., London, 1687. 
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Any metal capable of being drawn to a wire and melted in an ozy-hydrogen flame can be 
deposited on to other metal surfaces and also on to many non-metallio materials. 

Any of the following metals can bo sprayed either as a protective coating or to give a hardened 
surface to soft metals for wear-resisting purposes. The metals may also be sprayed to a thick- 
pess necessary to build up worn parts of machinery for repair work. 

•Fig. 29.—Same as fig. 28, but after heat treatment at 900® 0. for one hour. 
Etched. X 150. 

The metals commonly used are 

Stainless steel, high carbon steel, mild steel, iron, nickel, mono metal, copper, brass, alu¬ 
minium, cadmium, tin, iead. 

Carbon steels that have been deposited by the spiaying process are usually capable of being 
improved with heat treatment, and results of experiments which have been made in this direction 
are seen in the microphotographs shown above. 

* E. B. flililfant, British Oxygen Oo. Ltd., psper read before Iron imd Steel Inst., London, 1937. 
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For the purpose ot the experiment, 0‘36 carbon steel was sprayed to a thlokness of i In. on a 
0*80 carbon steel bar. 

Fig. 28 shows a section of the bar etched X 160 before heat treatment, and the line of contact 
between the deposited metal and the bar metai is clearly seen. 

Fig. 29 is a section of the same specimen after heat treatment, etched X 160. The refined 
stnioture of the deposited metal, due to the heat treatment, is quite yisible. 

Mechanical tests hare also been taken on specimens having metal collars built up on mild 
steel sl^ts by the metal spraying process. 

Both tensUe and torque tests were taken to determine the degree of adhesion established 
between the original shaft and the metal deposited in the form of collars by the spraying process. 

Tensile or Full Tests taken on Tensile Machine.* 

Specification of 
Oollars 

Sprayed on 

Test 
Shaft. 
Diam. 

Test 
Shaft. 

Length. 

Finished 
Diam. of 
OoUar. 

Sprayed on. 

Finished 
Length of 

Collar. 
Sprayed on. 

Pull required to 
separate Collar 

from Shaft. 

Mild steel Ins. i Ins. 

■ 
' Ins. Ins. Tons. 

0*06 % carbon. 
High carbon steel i 

0*90 ' 12* ! 1-33 
! 

1 12-3 

0*8 % carbon . j 
Foxes stainless | 

0-99 ' Hi 1 1-33 
1 

22-45 

steel . 0-99 
: 

1 1-33 
1 

20-96 

Torsional Tests taken on Torsional Testing Machine.* 

Finished Torque at 
Elastic 
Limit of 
Shaft. 

In./lbs. 

Torque at Torque at Position of 
Collar. Fracture of Fracture of Collar on 

Sprayed on. Shaft. Shaft. Shaft with 
Length. In./lbs. Tons/sq.in. Max. Torque. 

Ins. Ins. 1 Ins. 
I li lU 1,700 4,600 24-8 Unmoved 

Note.—^To take the torsional test, the collar, which was built up on the test shaft by 
spraying process, was slotted and keyed into the adaptor of the torsional testing machine. 

The preparation of metal surfaces to receive deposition of metal by spraying, is effectively 
carried out by sandblasting which should give a clean surface. This method can always be used 
for parts requiring only a protective coat of about in. thickness. But in all cases where 
worn parts of shafts and the like have to be built up and then machined to original dimensions, 
it is preferable to rough machine the worn part, lea-^g a surface resembling a roughly cut screw 
thread. 

Test report supplied by Metallisation Ltd., Dudley, Woros. 
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In » metal spraying outfit, the spraying pistol is the most Important unit. This pistol is 
operated with oonmressed air at 50 lbs. gauge pressure. The heating medium is oxygen and a 
combustible gas. The gas may be either compressed coal gas, dissolved acetylene, or hydrogen. 

The following tables give the approximate gas consumption per hour, the amount of metal 
sprayed per hour, and the speed of the metal wire passing through the spraying pistol, also weight 
of wire consumed by covering the surface of parts to a given thictoess to form a protective 
coating. 

Coal Oa» and Oxygen,—Table of pressure and consumption of gases and metals, using coal gas at 
near constant pressure (oaloriflo values 450 B.Th.U.) and oxygen. 

Gases. 1 
Wire. 

Coal 
Gas. Oxygen. 

Metal 
Sprayed. 
Lbs. per 
hour. 

Weight of Area in 

Metal. Dlam. 
Mm. 

Speed. 
Ft. per 

,0^.0 in. 
Metal per 

sq. ft. 
covered 

Press. 
Lbs. per 

Press. 
Lbs. per 

Cub. ft. 
per 

min. sq. ft. 
Ozs. 

per hour 
1 <10 ti in. 

sq. in. sq. in. hour. 

Tin . 1-5 19 9-8 0-601 39 1 34 33 37 
Lead 1-5 31 17-5 0-938 45 1 34 33 37 
Zlno • . 10 31 4*8 0-663 17 ! 37-5 35 41 

»» • • 1-5 13.5 64 0-663 33 37-5 35 41 
Oadmium . 10 35 7*3 0-730 33 37-5 35 41 
Aluminium 10 14 1-15 0-311 18 37-5 36 43 
Copper . 10 8 3-3 0-733 8 37-5 36 43 
Brass 1-0 85 3-4 0-701 8-5 37-5 36 43 
Bronse 10 8-5 8-4 0-783 8 37-5 36 43 
Nickel 10 5 1-4 0-730 4-75 37-5 37 44 
Iron . 10 5*5 1-8 0-640 4-75 — 37 44 

DUsolvod Acetylene,—Where supplies of hydrogen or compressed coal gas are not available, 
dissolved acetylene in cylinden is adopted as the combustible gas, and the mixtures for the 
gases are as follows. 

Metal. Acetylene. Oxygen. Speed. 
LbB./sq. in. Lbs./sq. in. Ft. per min. 

Lead . ! 11 11 19 
Tin. 11 11 19 
Zinc . . 1 9 9 34 
Aluminium 13 18 13 
Brass 33 23 11 
Copper 38 33 10 
Bronse 33 33 10 
Nickel 34 34 6-5 
Iron 34 94 6-6 
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Hjfdrofftn §nd 0«^m.<~Tabl9 of prsMore and oonanmpUon of gasef and metala nilng hydrogen 
and oxygen. 

Gases. 

wire. 

Hydrogen. Oxygen. 

Metal. Diam. 
mm. 

Speed. 
Ft. per 
min. 

Metal 
Sprayed. 
Lbs. per 

hour. 

Weight of 

Metoi per 
sq. ft. 
Ozs. 

Area in 
sq. ft. 

covered 
per hour 

In. 
thick. 

Press. 
Lbs. 
per 

sq.ln. 

1 

Ctt.ft. 
1 per 
1 hour. 

Press. 
Lbs. 
per 

sq. in. 

Ou. ft. 
per 

hour. 

Tin . 1*6 33 11*4 0-801 45 18 88 12 11 
Lead . 1*6 23 , 18-4 0-9S8 47 14 58 13 19 
ZIno . 1-6 IS 6-6 0-663 24 21 72 18 85 

tf • • 10 24 S-6 0-663 30 31 72 18 35 
Oadmlom . 1-0 28 8-0 0-730 36 21 73 18 85 
Alnminium 10 16 1-3 0-311 15 23 74 21 26 
Copper 1*0 10 2‘8 0-783 j 10 28 77 22 27 
Brass 10 i 11 8-9 0-710 ! 11 23 77 28 27 
Bronze 1-0 ' 11 3-9 0-733 1 10 88 77 23 27 
Nickel 1-0 6-5 1*8 0-730 1 6 28 1 90 27 83 
Iron . 10 6-8 1*5 0-640 ' 6 38 90 37 82 

Bigh djMMl No$»U,—Oaoaampilon table using t mm. nocale, air preamire 50 Ibe. per aq. in. 

Ozy-Coal Gas. Oxy-Hydrogen Oxy-Aoetylene. 

Metal. Oxygen Goal Gas, Wire i Oxygen Hydrogen Wire. Oxygen Acetylene Wire. 
Pressure Pressure lbs. : Pressure Pressure. lbs. Pressure Pressure. lbs. 
lbs. per lbs. per 1 per ; lbs. per lbs. per 

sq. in. 
per lbs. per 

sq.ln. 
lbs. per 
sq. in. 

per 
sq. In. sq. in. hour. sq. In. hour. hour. 

Tin 26 39 ' 22-6 33 83 23-9 30 18 24-5 
Lead 26 39 85-0 33 33 41-5 18 17 40-5 
Zinc 37 29 11-9 26 25 13-5 85 34 11-9 
Copper . 29 29 7-5 27 26 9-0 86 1 25 7-5 
Aiuminlum 38 29 2-4 SO SO 8-5 86 ! 25 3-8 
Iron 39 29 8-0 36 88 4-0 27 36 4-0 

With the metal spraying process, blow holes and cracks In castings can be filled, and where 
necessary the process can be carried oot in fibi, whether required for protectire purposes or for 
building up worn parts. 

The process can also be used for depositing metal on non'metalllo materials such as bakellte, 
wood, paper, porcelain and other substances. 

Hardness of Materials. 

DIFFERENT METHODS OF DETBBlCINlNa HiRDNESB. 

The test to which a material Is generally subjected In order to obtain a measure of Its hard¬ 
ness may be of two classes, riz. 

(1) The rssistanoe ollered by the material under Investigation, (3) the resistance offered 
by the material to abrasion or cutting. 
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Of these, the first finds most extensive favonr in practice, and the indenting mediom may 
be a chisel, cone, or sphere. Repeated use on hard materials la inclined to blunt the chisel edge 
or point of the cone, and the sphere is the agent commonly adopted. 

In 1900 Biinell introduced a method of ascertaining the hardness of a material by indenting 
It with a hardened steel sphere subjected to a predetermined load. The ratio of the load on 
the sphere to the area of indentation produced gives the hardness figure. The ball commonly 
used is 10 mm. diameter. The load for the softer materials is usually 600 kilograms, and that 
lor the harder metals 3,000 kilograms. 

The load should be applied for at least 30 seconds In order to secure equilibrium between 
It and the resistance of the material. The diameter of indentation is obseryed by means of a 
special microscope fitted with a scale, and from this the depdh of indentation can be calculated 
since:— 

A = i(D - 
where, 

A depth of indentation; d diameter of Indentation; D « diameter of sphere. 

The hardness figure or number N for a load P is given by the expression:— 

N= - . . 
^ D (d- ^ 

The hardness number is therefore inversely proportional to the diameter of ball and depth 
of indentation, and for a ball of constant diameter is directly proportional to the load. The 
hardness numbers for diameters of Impressions made by a ball 10 mm. diameter under a load 
of 3,000 kilograms are given In the table, page 1090. 

The depth of indentation may be obtained directly by means of a micrometer microscope 
by observing the difference between the readings of the datum line on the piston when tbepa^ 
are brought together and after the load has been applied and removed. This procedure pre* 
eludes the possibility of lucluding the comprossioii of the piston, sphere, and other parts of the 
machine beyond the datum line. 

As It is difficult to bring the parts together without indenting the specimen to some extent, 
a small initial load may be applied. Observations of the datum line are then made when the 
initial load Is applied, and also after the full load has been applied, and when the load has been 
brought back again to its initial value. 

By measuring the actual depth of penetration, the error due to the elMtic deformation of 
the sphere (which is included when the diameter is observed) is avoided. This elastic deforma¬ 
tion is relatively greatest when the load, and consequently the Indentation, is least. As the 
indentation increases so does the lateral component of the resisting force, and this tends to keep 
the sphere to its true form. 

In testing some cast Irons the metal flows from beneath the ball and causes a ridge to be 
formed which stands proud of the original surface, whUst with bronze and some of the coppra 
alloys the metal is drawn In. In the case of the former the diameter observed Is greater than the 
trne value corresponding to the depth of indentation, whilst in the latter case the diameter is 
less than its true value. 

The Shore Scleroecope. 

This instrument consists of a small hammer, weighing about ylj of an ounce and fitted with 
a diamond which is somewhat spherical in shape at the silking end. l^e hammer is suspended 
on a stirrup piece fitted to a head on a vertical stand and upon which is also mounted a glass 
tube about 10 inches long and a graduated scale subdivided into 140 parts. The hammer is 
released and raised by a pneumatic device and moves within the tube. As the end of the glass 
tube is made to rest upon the material under investigation, the hammer always falls through 
a definite height and the measure of hardnei^ is obtained by observing its rebound on the scale. 
The hammer on striking makes a permanent impression in the material, but as this is very small 
and irregular In outline it Is impossible to measure the depth or diameter with any approach to 
aoooraoy. In a recent form a 3 mm, steel ball is soldered Into the hammer in place of the diamond. 

Abrasion Test. 

An early conception was to soratch a smooth surface of the material under Investigation 
with a sharp point of a mineral, a number of minerals being selected to constitute a scale of 
hardness. In their order of hardness these were:—(1) talc, (2) gypsum, (3) calcite, (4) fluor, 
(6) apatite, (6) felspar, (7) quartz, (8) topaz, (9) sapphire, (10) diamond. The method is only 
suitable for materials which differ widely in hardness. 
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The 8eUrorMttr» 

This Instrument was developed by Prof. Tamer to obtain a measare of hardness of materials 
whioh differ bat slightly in value. It oonsists of a diamond carried at one end of a balance lever 
in a horizontal plane and which rests upon a knife edge fitted into a vertical pillar. The pillar 
is free to tarn by hand, so that the diamond is made to travel across the smooth face of the 
metal being investigated. The end of the lever carrying the diamond is loaded, and the weight 
in grams necessary to produce a scratch of standard depth gives a measure of the hardness. 

With apparatus similar to the above, some have taken the width of the scratch produced 
by a diamond under a constant load as the measure of hardness. As the scratch is very minute, 
it has to be measured by means of a microscope, and the surface must be smooth and polished 
in order to give a sharp definition. The test is therefore more adaptable to the laboratory than 
to the workshop. 

Drilling Test. 

This test can be made with an ordinary sensitive drilling machine having a vertically free 
spindle. A constant load is applied to the spindle, so that the drill is made to penetrate the 
material under observation. The revolutions made in drilling a hole of predetermined depth 
gives a measure of the hardness or tenacity. 

With the object of observing the variation in the hardness as the drill proceeds, the machine 
is fitted with a drum which rotates with the descent of the spindle. A screw, attached to the 
drum support, carries a nut in which is fixed a pencil. The screw is driven from the spindle, 
and as the nut cannot rotate the pencil moves In the plane parallel to the drum axis. The 
combined motion causes a diagonal line to be traced on a piece of paper around the drum, the 
height and horizontal length of the line being proportional to the depth drilled and revolutions 
respectively. The slope of the line varies with the hardness, and a soft or hard patch in the 
material under teat is shown on the graph by the line becoming steeper or flatter in the order 
itientioned at that part. The drill is periodically tested for sharpneu on a piece of material 
of standard hardness. (Dempster Smith,) 

BRINELL HlRNDKflS NUMBERS (for load (P)of 3,000 Kg.). 

DIAMETER OF BALL (D; — 10 mm ; H 
D* VI—Vi — (d/D)*/ 

Diam. of 
Impression, 

mm. 
d 

Hardness 
Number. 

H 

Diam. of 
impression, 

mm. 
d 

Hardness 
Number. 

H 

Diam. of 
Iropreroion. 

mm. 
d 

Hardness 
Number. 

H 

Diam. of 
Impression, 

mm. 
d 

Hardness 
Number. 

n 

mm. mm. mm. mm. 
2-0 946 3-25 351 4'5 179 6-76 105 
2*06 893 3-3 340 4>55 174 6-8 103 
3-1 857 3*35 332 4-6 170 5-86 101 
2-16 817 3-4 321 4-66 166 6-9 99 
2-2 782 3-45 311 4-7 163 6-96 97 
2-23 744 3-5 302 4*76 159 60 95 
2*3 713 3*55 293 4-8 156 6-06 94 
2-35 683 3-6 286 4-86 153 6-1 92 
2-4 652 3-65 277 4-9 149 6-16 90 
2-46 627 3-7 269 4*96 146 6*2 ! 89 
2-6 1 600 3-75 262 60 1 143 6-26 87 
2-66 578 3-8 256 5-05 140 63 86 
2-6 556 3-86 248 6*1 i 137 6-36 84 
2-65 532 3-9 241 5-16 134 6-4 82 
2-7 612 3-96 235 6-2 131 6*45 81 
2-76 496 4-0 228 5-35 128 6-5 80 
2-8 477 4-05 223 6-3 126 6-55 79 
2*85 460 4*1 217 5>36 124 6*6 77 
3*9 444 4-16 212 6*4 121 6*65 76 
2-95 430 4-2 207 .6-46 118 6-7 74 
3*0 418 425 202 5-5 116 6*75 73 
8*06 402 4-3 196 5*55 1 114 6-8 71*6 
31 887 4-.35 192 5-6 i 112 6-86 70 
816 875 1 4-4 187 6-66 ! 109 6*9 69 
8-2 

i 
864 

i 1 
4*46 183 5*7 107 

1 
6*96 68 

For other test loads the hardness nambers are proportional to those in the table* 
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British Standard Tablo.s of Brincll Hardness Numbers.* 

(No. 340—1937.) (Afcrtrocf.) 

Definition^ 

*1. The Brinell hardness number is the quotient of the applied load divided by the spherical 
area of the impression. The Brinell hardness number is given by the following formula:— 

7rD ~ - 
j (D-VD*-d«) 

where, 
P — Load (in kilogrammes); 
D — Diameter of ball (In millimetres); 

(d*) (i_ 

d 1=. Diameter of impression (In mlllimeties); 
H — Brinell hardness number. 

Note.—The spherical area must be calculated from the average diameter of the impression 
obtained by taking two readings at right angles, and not from the depth of the impression. 

Apparattts, 
2. (o) The micrometer microscope or other measuring device used shall be capable of measuring 

the diameter of the Impression to i 0 • 6 per cent. 
Note.—An accuracy of measurement of ±0-06 mm. (0'002 In.) may be accepted for 

Impressions made with a ball of 10 mm. diameter. 

(b) The bails used in Brinell hardness testing shall be of hardened steel or of some harder 
material. 

Note.—When ordinary hardened commercial steel balls are used, Brinell hardness numbers 
exceeding 600 may be subject to error owing to permanent distortion of the ball. The error 
increases with Increasing hardness of the material tested. With hardness numbers above 600 
care should be taken to see that the balls are considerably harder than the material to be tested. 

(e) The standard balls and loads used for Brinell hardness testing shall be as follows:— 

Diameter of 

Load. 

BaU. P P P P 
Dt -1 D*" * D‘"-^0 

mm. 
i 

Kg. 
i 

Kg. Kg. Kg. 
1 ; 1 5 10 30 
3 I 4 30 40 120 
5 ! 26 136 S50 760 

10 i 
1 

100 600 1000 3000 

The limit on the diameter of the balls shall be 0'0025 mm. (0-0001 in.). 

Note.—^The same Brinell hardness number Is given by tests on the same uniform material 
P 

with balls of different diameters when the same value of the ratio is used. 

Test Specimens. 

8. fa) The centre of the impression shall be not less than two and a half times the diameter 
of the impression from any edge of the test specimen. 

(6) The thickness of the test specimen shall be at least seven times the depth (<) of the 
P 

impression as given by the formula ^ j) H alternatively, shall be such that no bulge or 

other marking showing the effect of the load appears on the side of the piece opposite the 
impression. 

When tests are made on thin specimens, care should be taken to ensure that the under surface 
of the specimen is smooth and in good contact with a smooth supporting surface of hardened steel. 

* By permission of the British Standards Institution. 
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(c) The surface on which the impression la to be made shall be polished If the diameter of 
ball used is 1 mm. or 2 mm. If the diameter of ball used is 6 mm. or 10 mtn.^ it is still advantageous 
to use a polished surface, but, if a high order of accuracy is not required, the surface may 
alternatively bo filed, ground, or smoothly machined. 

4. (a) The value of the ratio follows : 

For steel and materials of similar hardness ....... 30 
For copper alloys and materials of similar hardness . . ... 10 
For copper . . ......... 6 
For lead and tin and materials of similar hardness.1 

It is advisable that the ratio of the diameter of the impressiou to the diameter of the ball 
shall not exceed 0 * 6. 

(6) The load shall be applied slowly and progressively to the test specimen. 

(c) The full load shall be maintained for at lea.st 16 seconds when the ratio jji=“ 30 and (or 

P 
30 seconds when the ratio — 10, 6 or 1. 

Note.—For steel, experiment has shown that an approximate indication of the tensile strength 
in tons per sq. in. can be obtained by multiplying the lirinell hardness numbers by 0 • 22. In 
cold-worked material and in exceptional cases the ratio may dilYer widely from this figure. 

The Specification gives twelve tables with diameters (D) of balls varying from 10 mm. to 
2 mm. and loads (P) varying from 1,000 kg. to 4 kg. 

BALLS FOtt BRINELL TESTS. 

At a meeting (1927) of the American Society for Steel Treating, a paper was read on the 
use of an iron-carbon-vanadiuni alloy fur balb for making Brinell teats. When Brinelling 
steels of such hardness as causes ordinary Brinell balls to deform, the alloy recommended for use 
in testing consists of 2 9 per cent, carbon and 13 per cent, vanadium, the remainder being iron. 
Balls made from this material, and heat-treated, are found, when tested on steels of approximately 
700 Brinell hardness, to fiatten only one-fifth as much os the ordinary balls used and only one- 
half as much as certain special balls. 

The Herbert Pendulum Hardness Tester. 

This instrument consiste of an arched weight of 4 kg. pivoted on a fixed ball of 1 mm. 
diameter, the ball beiug of hardened steel, ruby, or diamond. The position of the centre of 
gravity of the instrument can be varied, but for all standard tests the centre of gravity 
is 0*1 mra. below the centre of the ball, and the instrument constitutes a very short compound 
pendulum. A curved spirit tube with bubble and scale graduated from 0 to 100 serves to measure 
the amplitude of the oscillations. On rocking the instrument the specimen is slightly indented, 
but the degree of hardness is not measured by the indentation but by the awing of the instrument; 
the readings are, therefore, expeditiously made. 

Time Tett. 

This is the number of seconds taken by 10 single swings of the pendulum when placed gently 
on the specimen and caused to oscillate through a very small arc. The ‘ time hardness numbers ’ 
(seconds for 10 swings) vary from 3 seconds on lead to 20 seconds on mild steel, 86 on very hard 
steel, and 100 on glass. 

The pendulum time test, like the Brinell test, measures ' indentation hardness ’ or resistance 
to Indentation. 

Work-hardening Teel. 

Another teat is that which measures the ‘ work-hardening capacity ’ of metals, or the increase 
of hardness which can be induced in them by working them cold. In making this test the 
Pendulum is placed on the specimen in a tilted position with the bubble at 0 on the scale and Is 
then released. The pendulum swings through a certain arc which depends upon the hardness of 
the metal, and the position of the bubble on the scale at the end of the first swing measures the 
* work hardnses' or resistance to working hy rolling. 
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The next operation is to tilt the pendulcun an^ complete tne ewlng bj hand. The bobble 
Is then at 100 on the scale and Is again released. The effect of tilting the pendulom is to elongate 
the impression and to harden the rolled surface by cold work. When the pendulum is released 
the ball rolls back along the hardened sarfacey and the position of the bubble on the scale at the 
end of the swing measures the hardness of the work-hardened surface. This process is repeated, 
the pendulum being tilted alternately to right and to left, and the hardness measured after each 
Buftcesslve rolling by the ball until a maximum is reached. The difference between the first 
reading and the maximum reading measures the work-hardening capacity of the metal. Glass 
has zero work-hardening capacity. The first reading and the subsequent readings are the 
same. Manganese steel is shown to be soft by the Brinell test, soft by the pendulum time test, 
soft by the first reading of the work-hardening test, but after being rolled by the ball it imme* 
diately becomes as hard as hardened tool steel, which explains why it cannot be worked. 

The time test and the work-hardening teat have important applications owing to the ease 
with which they can be applied to heated specimens. The pendulum equipped with a diamond 
ball measures the hardness of hot specimens as easily as cold, and the tMts are conveniently 
made while the specimen is actually in the electric furnace. 

* BOOKWELL * HARDIGBSS TESTER.* 

There are several types of * Bookwell * hardness testing machines designed to cover a wide 
variety and size of parts to be tested. The standard * Bockwell * is made in a number of s^zes 
which range in vertical capacity from 3^ ins. to 12 Ins. All standard types are open at the sides. 
Another type of * Bockwell * tester is known as the * Universal,' and is made with a bridge-piece 
supported on threaded columns. It has a horizontal working clearance between the columns of 
Sft ins., and an effective vertical gap of 20 ins. 

In all types the method of measuring the hardness of metals is the same, and, like the * Brinell, 
is based on the resistance offered by the material under test to a definite applied load. 

The ' Bockwell * hardness number is computed on the additional depth to which a test point 
is driven by a heavy load beyond the depth to which the same test point has been previously 
driven by a definite light load. This dual operation is accomplished without moving the piece 
being tested. The light or minor load is applied fir-^t and is Immediately followed by the major 
or heavy load, the hardness number being automatically registered on a dial indicator mounted 
at the front of the machine. The whole operation can be carried out in from 7 to 10 seconds. 

In order to obviate errors in measurement of depth of impression which otherwise might be 
occasioned by surface imperfections of the part tested, the * Bockwell ’ machine is designed to make 
two superimposed impressions, the first with a load of 10 k^., and the second with a load of 
100 kgs., operating on a iVin. diam. steel ball penetrator, or 160 kgs. when the diamond test point 
penetrator is used. 

There are thus two types of penetrstors, either of which may be used on any size of nutohlne. 
They are designated Penetrator * B ' and Penetrator * 0.* The first-mentioned * B * is a hardened 
steel ball ,^rin. diameter, mounted in a special chuck to readily permit replacement or change of 
balls; this Is usually used for testing unhardened steels and the softer metals such as bronse. 
brass, oast iron and many of the other alloys now in use. The standard major load for the ' B * 
penetmtor with the ,^,-ic• steel ball is 100 kgs. The penetrator * 0' is a Brazilian diamond, 
termed * Conical Brale.* The diamond is ground and polished very accurately to a cone of 120° 
angle and has a mechanically lapped spherical point of microscopic but exact ra^us, and is patented. 
It is used for testing hard steel whether tempered or not, and, as it makes a deeper impression 
than the ball, it is not used on sheet metal because the depth of the impression made would be 
out of proportion to the thickness of the part being tested. The standard major load for use 
with the * 0 * penetrator diamond cone is 160 kgs. 

Only a few seconds is taken to change over from * B * penetrator to * 0 ' penetrator, or from 
100 kgs. to the 160 kgs. major loads, also the weights which constitute the load are so formed as 
to preclude any possibility of error in applying them. 

The diamond cone is used on verv hard steel because of the possibility of the iW"* 
taking a fiat, even with 100 kg. load. Also the diamond cone is more sensitive and retains its 
shape with a load of 160 kgs., and because Its shape and mpression is deep in proportion to its 
diameter. 

The * Bockwell * machine operates on a system of dead weights and levers, and to ensure the 
load being applied slowly and smoothly to the penetrator, an adjustable oil dash pot is fitted so 
that the speed at whieh the load is applied can be governed as desired. 

• See also B.S.S. No. 891—1940. 

2 r VOL. I. 
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A dlreot-reading dial is fitted at the front of the machine. It is graded in two eoloars for the 
* B * and * 0' scales. The * B ' scale in red applies with the * B * penetrator and 100 kg. load. 
The * 0 * scale in black applies with the diamond cone penetrator and 150 kg. load. Both by 
letters and oolonrs the * B *and * 0 'scales are distinguish^ on the dial and all notation of readings 
shonld always be written down with the prefix ‘ B ' or * 0.' This applies to all ordinary ‘ Bockwell ’ 
hardness testers and must be rigidly adhered to. 

A^later design of machine, which may be regarded as a special purpose machine, is known as 
* Bockwell' Supeificial Hardness Tester. It has all the essential features of the ordinary 
* Bockwell,* but has been designed for use where the penetration into the work must be kept 
shallow, while its sensitivity is preserved. It is intended for use in testing nitrided steel, safety 
rasor blades, and brass, bronze and steel sheet. This machine operates with much lighter minor 
and major ioads, and has a more sensitive depth measuring system. Instead of the 10 kg. minor 
load and the 100 and 150 kg. major loads of the ordinary * Bockwell,* the * Superficial * applies 
minar load of only 3 kgs., and major loads of 16, 30 and 46 kgs. Whereas hardened tool steel is 
penetrated to a depth of about 0 *0035 in. on an ordinary * Bockwell 0 * scale test, the superficial 
machine on metal of the same hardness, and the 30 kg. major load, would only penetrate to about 
0*0010 in. depth. 

In recording readings obtained on the superficial hardness tester, the value in kUograms of 
the major load used should first be written, and second, the letter N if Brale K is used as penetrator, 
or T if the /,rin< diam. steel ball is used as penetrator, and third, the dial reading. The scale pan 
alone applies 15 kg. major load, and each of the weights 16 kg. more, the load therefore may be 
15, SO or 45 kgs. 

The established prefix symbols for the * Superficial * tester are: 

For Brale N. For 

16N 15T 

SON SOT 

45N 45T 

afpboximatb Comparison of habj>nbss Scales. 

(B.S.S, No. 860—1939.) 

Foreword, 

The most widely employed methods of measuring hardness are the * Brinell,* ' Diamond 
Pyramid,* and * Bockwell * tests. There are individual preferences for using these, but cases are 
increasing where the same material Is tested in difiereot works or laboratories by the three 
different methods. There has, in consequence, been a general demand for some means of cor¬ 
relating the most used A, B and 0 Scales of the Bockwell trat with those of the Biinell and Diamond 
Pyramid tests. 

Investigations show that there can be no general theoretical relationship between these scales, 
and empirical formulie devised from experiments only hold closely for materials of approximately 
similar composition and in a given condition. Variations in the empirical relationships result if the 
conditions as regards composition, heat-treatment and cold work differ appreciably, and also if 
different loading ratios are selected in the Brinell test. On the other hand, groups of materials 
similar as regard composition, cold work, etc., when tested by any of the above methods, may 
give fairly close comparisons. 

The following table is therefore a general approximation. It is issued solely as an Indication 
of the order of the relationship between the three systems of Hardness Beadings, and must not 
bo used as a standard for the conversion of hardness values given on one scale in any British 
Standard to those of another scale. 

The Diamond Pyramid Scale has beci. taken as the basis of reference and the most probable 
comparative values have been adoptr frem published experimental results. 

This Table requires reference to the foliowii^ British Standards:— 

No. S40. Methods and Table for Brinell BEardness Numbers. 

No. 437. Tables of Diamond Pyramid Hardness Numbers. 

No. 591. Dliiot Beading Hardness Tail (Bockwell Principle). 
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DIAMOND 
PYRAMID 

SCALE 
(B.S.427— 

1930. 

(0 

6RINELL (STEEL 
BALL) SCALE. 

(B.S. 240—1937). 

DIRECT READING HARDNESS TEST (ROCKWELL PRINCIPLE). 
(B.S. .J) 

C. SCALE. 
150 kg. Diamond Cone. 

A. SCALE. 
60 kg. Diamond Cone. 

B. SCALE, 
lod kg. Vro in. Steel 

Ball. 

Variations.* 

(2) 

Adopted 
Value.t 

(3) 

Variations.* 

(4) 

Adopted 
Value.t 

(5) 

Variations.* 

(6) 

Adopted 
Value.t 

(7) 

Varia¬ 
tions.* 

(8) 

Adopted 
Value.t 

(9) 

20 

40 

60 

70 

80 

90 

15-25 20 

40 

55 

65 

75 
85 

100 80-100 95 43 47-61 54 
120 115 47 65 
140 135 50 77 

160 155 53 83 
180 175 56 89 

200 175-205 195 58-60 59 93-95 94 

220 215 60 97 
240 235 18-23 20 61 100 

260 255 24 63 

280 275 27 64 

300 280-300 295 27-33 30 65-68 66 

320 310 32 1 67 
340 325 34 1 68 

360 345 36 69 

380 360 39 70 

* range to be expected among indlTidnal oases. (See Foreword, paragraph 8.) The 
yarlatlons given apply to the line on which they occur, and intermediate values may be estimated 
by considering the next set of variations in the same column, 

t See Foreword, parc^aph i. 
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DIAMOND 
PYRAMID 

SCALE 
(B.S.427— 

193*). 

(I) 

BRINELL (STEEL 
BALL) SCALE. 
(8.8.240—1937). 

DIRECT READING HARDNESS TEST 
(ROCKWELL PRINCIPLE). 

(B.S. .t) 

C. SCALE. 
150 kg. Diamond Cone, 

A. SCALE. 
60 kg. Diamond Cone. 

Variations.* 
(2) 

Adopted 
Value.t 

(3) 
Variations.* 

(4) 

Adopted 
Value.t 

(5) 
Variations.* 

(6) 

Adopted 
Value.t 

(7) 

400 370-395 380 38-42 40 70-72 71 
420 395 42 72 
440 415 44 73 

460 430 45 73 
480 445 47 74 

500 445-480 460 46-50 48 73-76 75 
520 475 49 75 
540 490 50 76 

560 505 51 76 
580 520 52 77 

600 515-550 535 52-56 54 75-79 77 
620 545 55 78 
640 560 56 78 

660 570 57 79 
680 585 57 79 

700 580-620 595 57-61 58 76-80 80 
725 605 59 81 
750 630 61 81 

800 60-64 62 77-83 82 
850 63 82 

900 63-67 65 78-84 83 
950 66 83 

1000 65-69 68 i 84 
1100 69 85 
1200 70 87 

1250 87-90 88 
1400 71 90-93 91 

* range to be expected among indlvidaal caaee. (See Foreword, paragraph 2.) The 
▼ariationa givai apply to the line on which they occur, and intermediate values may be estimated 
by considering the next set of variations in the same column. 

t See Foreword, paragraph 4. X B.S.S. 891. 

See also Descri^ve Section XXII, Part I. 
Heenan & Fronde, Ltd. 
Edward O. Herbert, Ltd. 
0. Winn & Co., Ltd. 



THE ENGINEER'S YEAR-BOOK, ADVERTISEMENTS. 

Electronic Engineering 
A British publication covering all applications of 
electronics to industry and research. 

MONTHLY 2/- 

Original articles by experts appear regularly on : 
Telecommunications 
Cathode Ray Tubes 
Photo-electricity 
H.F. Generators 
Vacuum Physics 
Television 

in addition to Book and Instrument Reviews and other 
features. 

SUBSCRIPTION 26s. yearly, post free 

The ELECTRONIC ENGINEERING series of technical 
Monographs provide up-to-date and comprehensive in¬ 
formation on special electronic subjects. 

Titles already published : 

FREQUENCY MODULATION 2s. 8d. post free 

ELECTRON MICROSCOPE 4s. 9d. 
PHOTO-CELLS IN INDUSTRY 3s. 2d. 
ELECTRONIC MUSICAL 

INSTRUMENTS 3s. 9d. „ 

Obtainable from all newsagents and booksellers or direct from 

Electronic Engineering, 28, ESSEX STREET, 
LONDON. W.C.2. 

P 1096 



THE ENGINEER'S YEAR-BOOK, 19ADVERTISEMENTS. 

Pne^ufruztic 
DUST COLLECTION 

Our illustration'shows two t/picai 
Dal low Lambert plants. 

The cyclone plant designed for the 
pneumatic collection of dust from 
a large number of machines and 
the self-contained Drytex unit used 
for single machine applications, 

□allow Lambert specialize in the 
design of pneumatic dust collection 
equipment to cover a wide range 
of process dust control problems. 
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F. 1097 



1097 

SECTION XXTI 

PABT II 

GRINDING, ABRASIVES, AND POLISHING APPLIANCES. 

ABRASIVE MATERIALS ~ NATURAL GRINDSTONES - 

ARTIFICIAL GRINDSTONES — ABRASIVE WHEELS AND 

BLOCKS - SELECTION OP WHEELS - SPEEDS OP WHEELS- 

MOUNTING ABRASIVE WHEELS — WHEEL GUARDS — 

LUBRICATION —DRY VERSUS WET GRINDING—GRINDING 

PROCEDURE — CYLINDRICAL GRINDING - EXTERNAL 

GRINDING —INTERNAL GRINDING - SURFACE GRINDING — 

GRINDING ALLOWANCES-POLISHING-SAND BLASTING. 

Revised and amplified by Alfred B. Searl© 

(Ooimiltant and Advisor on Abrasive Materials). 

QBINDING, ABRASIVES, AND FOLISHINQ APPLIANCES. 

The appliances used lor grinding and polishing may be divided Into two chief groups 

(e) The abrasivt tnateriaU, which may be in the form of powders, liquids, wheels, blocks, 
ups, etc. 

(6) The tnaehiMt used in the application of such materials, and commonly known as * Grinding 
and Polishing Machines.* 

Abrasive Materials.* 

The chief natural abrasive and polishing materials are sandstone, sand, emery, corundum, 
diamond dust, pumice, rotten stone, tripoll powder, rouge, lime, whiting, and chalk. The 
chief artificial abrasives are: (1) carbon sllicide, which is known by various trade names, such 
as carborundum; and (ii) fused or crystalline alumina or arUfloial corundum, which is also 
known under a variety of trade names such as Aiundum. Oorlndite, etc. 

These materials are ground and then sifted so as to ensure the particles being of slses 
suitable to the particular purpose for which they are to be used; this being a matter of great 
importance. 

• For farther details see Aftfsefort, by A. B. Searle (Pitman); also 07mnicalimMrt§»^ xlv. S (19S9). 
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materials may be used in the form of powders or pastes, or suspended in 
convenient liquids (as liquid polishes), or they may be made into grindstones, 
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These abrasive 
water, oil, or other 
wheels, blocks, etc. 

Natural Grindstones. 

Natural grindstones are made by cutting blocks of suitable stone to the desired size and 
shape. The stones used for this purpose are shown by the following tables:— 

FOB GRiNDiNO Machinists’ tools. 

Name of Stone. 

Nova Scotia | 

Bay Ohalenr (New | 
Brunswick) i 

Liverpool or Meling 

Yorkshire and Derby¬ 
shire grit stone 

Kind of Grit. 

All kinds, from finest 
to coarsest 

Medium to finest 

Medium to fine 

1 Medium to fine | 

Texture of Stone. { Colour of Stone. | 

All kinds,from hardest; 
to softest 

Soft and sharp 

Soft, with sharp grit 

Hard to soft, as| 
selected i 

Bine, or yellowish- 
grey 

Uniformly light blue 

Reddish 

Biscuit to grey 

For Wood-w ORKiNO Tools. 

Name of Stone. ; Kind of Grit. Texture of Stone, j Colour of Stone. 

Wickerolz 

Liverpool or Meling 

Bay Ohaleur (New) 
Brunswick) J 

Huron, Michigan 

Mc<iium to tine 

Medium to fine 

Medium to finest 

Fine 

Very soft 

Soft, with sharp grit 

Soft and sharp 

Soft and sharp 

Greyish-yellow 

Reddish 

Uniformly light blue 

Uniformly light blue 

Fob Grtnoino Broad Surpacks, as Saws or Iron Plates. 

Name of Stone. | Kind of Grit. Texture of Stone, Colour of Stone. 

Newcastle 

1 independence 

1 Massillon 

Coarse to medium 

Coarse 

Coarse 

Hard 

Hard to medium 

Hard to medium 

Yellow 

Greyish white 

Yellowish white 

For PULpmo Wood in Paper Manufacture. 

Name cf Stone. Kind of Grit. I Texture of Stone. Colour of Stone. 

Grlndleford Grit Coarse ! Medium Biscuit 

Maximum Speed of Natural Grindstones. 

Except under expert advice, grindstones should not be run at a higher peripheral speed than 
3,400 ft. ner min. This corresponds to the following speeds of rotation 

Diameter of 
Stone. 

Revolutions 
per Minute. 

Diameter of 
Stone. 

Revolutions 
per Minute. 

Diameter of 
Stone. 

Revolutions 
per Minute. 

Ft. Ins. 
8 0 135 

Ft. Ins. 
6 0 180 

Ft. Ins. 
4 0 270 

7 6 144 5 6 196 3 6 308 
7 0 164 6 0 216 3 0 360 
6 6 166 4 6 240 
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To Tbxtb Natural OBUiDfiTONBB. 

Drive at a moderate speed and true up with a piece of iron tube. Keep turning the tube, 
which should be held at right angles, and turn it as the edge grinds away. The stone should 
be dryy not wet. 

Artificial Grindstones. 

Artificial grindstones are made by converting abrasive powders into a plastic paste, com* 
pressing this in moulds of the desired shape and size, and then heating (or cooling) the product 
until it becomes sufficiently strong for use. 

The abrasive matenals used are those mentioned on p. 1097. They are united by a bond 
composed of (i) vitrified or porcelain bond; (ii) sodium silicate; (iii) shellac or similar material; 
or (iv) magnesium oxychloride. Each bond gives the wheel special advantages for certain pnr* 
poses and care should be taken when selecting wheels to stipulate the bond (porcelam, silicate, 
etc.). 

Wheels with oxychloride bonds should not be used in contact with water. 
Wheels with a porcelain bond are the most resistant and powerful, but they are also the most 

expensive. Wheels with other bonds are satisfactory for ‘ mild * work. See British Standard 
Specifications Nos. 620 and 671—1936. 

Abrasive Wheels and Blocks. 

The partioles of abrasive material are held together by clay or by a mixture of materials in 
which clay is an important ingredient, the wheels being moulded from a plastic state and after* 
wards burned in kilns at a temperature of about 1,400* 0. In other abrasive wheels the binding 
materials are shellac, rubber, or silicate of soda. 

Abrasive wheels, blocks, etc., are classified according to the nature of the abrasive (corundum, 
carborundum, emery, etc.), the size of the abrasive particles, the hardness or tenacity of the 
bond, and the bond. 

Much economy, speed, and quality can be obtained by using abrasive wheels in the place 
of files, especially when the wheels are used on the varied machines to which they are applied. 
The great profit to be derived from the general introduction of abrasive wheels is due to saving 
in wages, files, increased output, and Improved work. 

The grade of a wheel Is represented by a letter, A and Z being the hardest and the softest. 
The term * grade' is confined to the relative hardness of the wheel or block as a whole, and does 
not refer to the hardness of the abrasive particles. This distinction is important, because the 
cutting or abrasive power depends quite as much on the bonding material as on the abrasive 
particles* 

No wholly satisfactory method of grading abrasive wheels, etc., has yet been devised, various 
mechanical devices of testing having proved unsatisfactory. The method adopted by manu¬ 
facturers consists in gouging the wheel with a tool resembling a screw-driver, the * feel * indicating 
the grade with fair accuracy to an experienced tester. It is, however, almost impossible to 
compare accurately the grades of abrasive wheels made with different bonds, as they do not 
work equally satisfactorily with any material. 

The term' grit' is used to indicate the sizes of the abrasive particles present, and it is usually 
expressed by figures indicating the number of meshes per linear inch in a sieve through which 
the abrasive particles will pass completely. Thus, in a 60-grit wheel or block the abrasive 
particles will pass completely through a sieve having 60 holes per linear inch. It should be 
observed that the grit only indicates the largest particles, and has no reference to their average 
diameter nor to the proportion of much smaller particles present. It is understood, however, 
that there Is only a small proportion of particles sufficiently fine to pass through a slews which 
is represented by the next grit figure. 

Grit Sizes of Gbindinq WHEBiiS. 

Class of Work. Emery. Alundum. Corundum. Carborun¬ 
dum. 

Glass and marble polishing . 150 200 240 
Fine hardened steel work 40-80 46-100 60-120 60-150 
Sharpening milling cutters . • 40-60 46-60 46-60 50-80 
Genial m^hine shop use . . 20-24 20-30 20-86 24-40 
Brass castings . 16-20 20-30 24-36 80-40 
Agricultural implements 14-20 16-24 16-30 16-86 
Bough castings' . 10-16 12-16 12-20 14-86 
Marble .... 3-4 

* Alnndum * and * carborundum * are both * trade mark' named. 
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WmnwJi fob DlFraRBMT MAIBBIAU AND 0PKBAT10N8. 

Material. Operation. Abrasive. Grit Grade. Bond. 

Alnmlnlnm . , Finishing ; Carbide S4>30 P-B Vitrified 
Bits, Auger . „ : Alumina 60-80 B-K Bubber 

„ Woodworking 
Carbide 

86-80 M-P Vitrified 
Brass Oastings, large Smoothing 16-30 H-K II 

„ „ small II II 36—50 H-I II 
Bronze Castings, large II It 16-30 H-I II 

II II small II 36—60 Jti—J 
Cams, unhardened . Boughing Alumina 16-34 D-K II 

„ hardened „ II 34-40 K-P 
„ hardened Finishing fi 86-60 G-K 

Copper Boughing Carbide 16-80 3-4 Shellac 

II • • Finishing II 60-80 6-8 or 
L-P 

II 
Vitrified 

Dies, Cast Iron Smoothing II 46-60 Ir-P 
„ Chilled Iron . 34-80 H-J 
,, Steel . . Boughing Alumina 86-40 H-K ft 

Finishing . II 60-80 1 P-S 
' Shellac Bdge Tools . Sharpen&g Al. or Oarb. 36-16 1 M-P 

Iron, Cast General Carbide 16-30 1 G-K ; Vitrified 
tt *1 * * Surfacing .. II 34-80 1 K-M It 
„ Malleable Castings II Alumina 10-30 j 1 G-H II 
„ Wrought Boughing II 16-34 F-H ! II 

Knives . Finishing 60-100 4 or J Sh.orV. 
Milling Cutters, Carbon Steel Grinding II 60-60 M-N ; Vitrified 

„ „ High Speed Steel •» II 36-40 M-0 
Piston Bin^ . Finishing Carbide 36-40 K-P 
Saws, metal (hot) . 

„ „ (cold) . • 
Grinding 

II 
Alumina 
Al. or Oarb. 

860 
40-60 

K 
H-P 

II 

** „ wood (band). , II Alumina 860 K-L II 
Steel Casting, large Smoothing II 8-13 B-G 

II II small ♦I II I 10-16 B-G 
Stove parts • 

:_ • 
Surfacing Carbide 60-80 H-K II 

KOTB.~Thefle figures are onlj intended os a rough guide. It is usuallj desirable to consult the 
manufacturers of the wheels (see p. 

The iuUabUity of an abrasive wheel or blook for any given purpose depends on the grade or 
hardness of the wheel as a whole, on the grit or size of the abrasive particles, and on tiie bond 
which unites them together. 

For grinding steels and the harder materials, f .e. materials with a high tensile strength, wheels 
or blocks composed of an aluminous abrasive (corundum emery) are preferable. For cast iron, 
chilled iron, brass, soft bronzes, aluminium, copper, granite, marble, leather, wood, and other 
materials of lower tensile strength, wheels or blocks composed of a carbide abrasive (carborundum, 
orystolon, etc.) should be used. The binding agent which unites the particles of abrasive also 
determines the suitability of the wheel or block for any given purpose. Thus— 

(1) Bubber-bonded abrasives are very tough and resistant, and so are specially suitable 
where a bond of exceptional strength Is required in conjunction with a thin wheel or ring, as 
in the case with various cutting operations, such as slotting iron plates, sawing stone, eutting 
glass and saw teeth, or sharpening milling cutters of awkward shape, as well as for cutting metals, 
grinding chilled iron rolls, and for other work where a fine fiidsh is required. Shellac-bonded 
wheels are too soft for this purpose. They are also used where it is necessary that the shape 
of the abrasive article should be retained as long as possible. This is particularly the with 
the thin catting discs used by watchmakers, dentists, etc. 

(ii) SheUac-bonded wheels are used for cutter and reamer grinding, pointing drills, sharpening 
knives, saws, and other edge tools, and for similar purposes as rubber-bonded wheels, but as 
they are more elastic they can be nsed to give a finer finish. They will not stand high tempera¬ 
tures. but can be used for wet or dry grinding. They are less porous and less free cutting than 
wheels with a vitrified bond. They are singularly free from * glazing,' as the baked shellac has 
lost the stioklneas characteristic of the natural material. BakdUt is a better bond than shellae. 

(ill) Silicate wheels are very close in texture, and as they cut freely they are very useful for 
grinding tools and eutieiy. 

(It) Abradve articles made with a vitrified bond are eharacterised by a high porosity, a 
great resistance to heat and adds, and great freedom in cutting. They may be used for almost 
any purpose if care is taken to select them of suitable grit and grade, though when very thin 
cutting wheels are required it Is often preferable to use a shellao—or mbber^bond may be 

TJ I. At... _.._1 X- . -I_.... . 
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In tba Selection of an Abrasive Wheel 
the most important points to be kept In mind are tuitabilUv for th« particular eku$ e/ and 
tafety Irom accideni. 

It is obvious to everyone that a wheel specially manufactured for fettling Iron castings Is not 
the one to be imed for needle pointing, but few people, except those connected with the trade, 
bate any conception of the number of kinds or classes into which such wheels have been divided 
and subdivided, each main group (designated by symbols, B, S, SS, G, R, M, etc.) being varied 
In hundreds of ways to suit the work. 

The general practioe is to state the purpose for which the wheels are required and leave the 
selection to the judgment of the makers; it is to their interest to give satisfaction. The other 
particulars to be given when ordering are—quantity required, diameter, thickness, and sise ol 
centre hole. 

For iaformation on the dimensions of abrasives wheels and mode of attachment, see British 
Standard Speoifleation No. 620—1935, also pp. 1102-1105. 

Speed of Wheels.* 
This varies somewhat according to the make and the purpose for which they are used, but no 

abrasive wheels should be operated at a speed exceeding that recommended by the manufactnrer 
thereof. The following speeds are equivalent to a peripheral speed of 5,000 ft. per minute:— 

Speed Table. 

Diam. 
of Wheel 

in Ins. 

j 
Speed. 

Revs, per Min. 

Diam. 
of Wheel 

in Ins. 

1 19,000 18 
2 0,549 20 
8 6,866 22 
4 4,778 24 
5 8,820 26 
6 8,188 28 
7 2,728 80 
8 2,887 82 

10 1,910 84 
12 1,592 86 
14 1,864 88 
16 1,194 40 

Speed. Diam. 
of Wheel Speed. 

Revs, per Min. in Ins. Revs, per Min. 

1,061 42 455 
955 44 484 
868 46 415 
796 48 897 
788 50 888 
688 52 869 
687 54 854 
596 56 841 
561 58 880 
581 60 819 
508 
478 

The peripheral speed of a grinding wheel—which is a function of its diameter and the number 
of revolutions per minute whidi the wheel makes^has a marked effect on the apparent hardness 
of the wheel. Hence, the hardness or grade of an abrasive wheel or cylinder appears to vary 
with the speed at which it rotates. Thus, by running a soft wheel above its normal speed it 
appears to become harder, and by reducing the speed of a hard wheel it appears to become softer. 
Hence, by varying the speed within reasonable limits a wheel which is normally too soft or too 
hard may be used satisfactorily. 

As a wheel wears, its peripheral speed is reduced and the wheel appears to soften, but by 
increasing the number of revolutions per minute so that the orlginai peripheral speed is obtained 
the whed appears to regain its former hardness. Many workers suppose that the faster the 
work revolves the greater will be the output, and so they use very hard wheels which require 
m^Timnm driving power and cause a maximum wear of the machine. Yet, in most cases, they 
produce work of inferior quality which requires a longer time and greater effort to produce than 
if softer wheels and slower work speeds were used. 

The following speeds are typical, but should be modified to suit particular oases:— 

Appliesaion, 

Oylindrical grinding. 
Snagging and gene^ off-hand grinding on bench and floor stands . 
Surface grinding 
TTniia grinding .... 
Hemmicg cylinders . 
Tool grinding .... 
Yertioal surface grinding machines 
Blastlo and rubber cut-off wheels 
Polishing wheels 

Peripheral Speed 
in Feet per Min, 
5,500 to 6,500 
5,000 „ 6,000 
4,000 „ 5,000 
2,000 „ 8,000 
2,100 „ 2,400 
8,000 „ 4,000t 
4,000 „ 4,500 
9,000 „ 12,000 

about 7,000 

* Some of the following tables and recommendations are taken from a booklet issued by i^e 
Royal Society tor the Pievesition of Accidents, 52, Qrosvenor Gardens, London, B.W. 1. 

t Seme large users ol grinding wheels regard as maximum peripheral speeds for machinist’s 
tools 0-1,000 ft. per min., and for carpenters tools 550-600 ft. per min. 



Every care must be taken to guard against the possibility of wheels being run at too high a 
speed. Thus, in the case of variable speed motor drive the speed control should be enclosed in 
a locked case, and cone pulleys should not be employed for speed regulation unless belt locking 
devices are provided. ° 

Now wheels should be run at working speed for 1 minute before applying the wheel to the 
work, the operator standing to one side. A heavy cut should not be taken with a cold wheel but 
the wheel should be allowed to warm up slowly. * 

Storage of Wheels. 
Extreme care should be exercised In the storage of wheels. They should be stored in a dry 

place and supported on edge in racks, except straight-sided shellac and rubber-bonded wheei 
of i In. or leas In thickness, which should be laid flat on a straight surface to prevent warning 

Wheels used for wet grinding should not be allowed to stand partly immersed in waten’as 
this would tend to throw the wheel badly out of balance. * 

Mounting Abrasive Wheels. 
If there is a large area of contact the method of mounting and safeguarding abrasive wheels 

and the condition of the grinding machine are of great impori^ce. 

British St^dard Specification No. 620—1936 deals with the dimenHons of grinding wheels 
Skud methods of attachment. ® ^ 

Sizes op Spindubs. 

The minimum •i*** •Pi^dles in i^es (at that part where the wheel is located) for the 
yarioufl diameten and thicknesses of grinding wheels should not he leas than the following toble 
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The spindle should be threaded left or right hand as required, so that the wheel clamping 
nuts will tend to tighten as the spindle revolyes, and the threaded portion should be long enough 
to provide a bearing for the entire nuts when the wheel and flanges are in place. 

The diameters of the spindle bearings for machines with overhanging wheels should not be 
less than the wheel-location diameters in the above table, and for single wheel machines (where 
the wheel is mounted between two bearings) should not be less than 80 per cent, of the diameters 
in the above table. 

The wheels should be an easy fit on their spindles or locating spigots, and the soft metal 
bushing should not extend beyond the sides of the wheel. 

Inner flange keyed 

Blotter or ^ 
.rubber washer 

Flange bears 
on wheel here 

Spindle 
'End Guard 

A grinding wheel should be fixed carefully and securely between recessed steel or iron plates 
or flanges about half the diameter of the wheel, with a washer of compressible material soon as a 
sheet of thin rubber or one or two thicknesses of brown paper, on each side between the wheel 
and the flanges (fig 1). These washers should be an easy fit on the spindle and not larger In 
diameter than the flange. If flanges with Babbit or lead facings are used, the thickness of the 
Babbit or lead should not exceed 4 in. 
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Splndto «nd*nato ihould b« tightened onlj folBolentlj to hold the wheel finn» elherwlee 
oodae etmin mej be eet op In the wheel. 

Oare ahoald be taken in eorewlng tip rery thin wheels that too mnoh foroe is not applied. 
Sec British StandivTd No. 

Flakoks. 

No abraslTe whee osed on the periphery shoold be mounted except with suitable flanges. 
When wheel gomds are fixed, straight, doretail, or taper flanges sbonld be employed. Where 
guards cannot be used, and also on swing frame and portable grinders, taper flanges should be 
used with taper wheels. 

Flanges over 6 ins. diameter should be of sted of not less than SO tons tensile. Smaller flanges 
may be made of cast iron. All flanges shoold be machined on the bearing surface and balanced. 
Byerj flange should be receoed at the centre at least in. on the side next to the wheel for s 
distsnoe specified in the tables. The inner flanges should be keyed, shrunk, or pressed on to 
the spindle, and the bearing surface shoold run true with the spindle. 

The mfnimnm taper flange dimeosioos for taper wheels are given in the table, p. 1105. 
Such flanges should hsve a taper of f in. per ft. No taper wheel over 94 ins. in diameter should 
bs mu with the wheel projecting from the flanges more than 4 ins. In ths csss of wheels 94 ins. 
diamster and onder, the projection should not exceed S ins. 

Dovetail flanges of the raised or countersunk type should be at least equal in diameter and 
ihiokneas to the taper flanges. The taper provided for gripping the wheeu should not be less 
than I in. per ft. The recess should hsve ample clearance and 1m well radlnaed. 

Oup, cylindrical, and sectional ring wheels should either be provided with guards or enclosed 
In protection ohucks. Not more th*n a quarter of the height of the wheel should protnids 
beyond the gnsrd or chuck. Where the thickness of ^e rim Is less than 9 ins. tbs maximum 
HiafAiuMi that the wheel should. project is 1 in. If the thiokness of ths rim Is 9 ins. or mors, 
a in^’gimnm projection of 9 ins. is sUowsble. 
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Tapkb PiAirai DnaoraiOHS. 

A 

k- _G _ _ I 

1 

j 

rn '.-.-rr J 

E P 
t—1—L 

i 

1- 
B 

— 

(AH Dimensions in Inches.) 

A. B. 0. D B. F. Q. 

Min. TUeknM. of 
PtaUUBo™. 

Min. Thickness a 

Min. Bdge of Recess. Max. Approx. 
Diam. Outside Flat Diam. 

of 
Wheels. 

Diam. 
of 

Plates. 

For 

Min. Max. ^a^r* 

For 
Single 
Taper 

For 
Double 
Taper 

For 
Single 
Taper 

Spot at 
Oentre 

of 
Plate, 

of Flat 
at Centre 

of 
Wheel. 

Wheel. Wheel. Wheel Wheel. 

8 4 1 \ ^ ! 1 i 0 1 
11 6 1 4 ik 

• 16 10 ^ i 4 
10 14 n i 1 i 4 6 
14 18 1 4 6 
80 14 4 } 1 I 4 8 
86 SO 4 1 1 1 1 4 6 
41 86 « U 1 1 H 
60 42 6 1* 2 u 

Both flangat ihoald be of equal diameter, to aroid oroae-atrainlng of the wheel The inner 
flange ahould be keyed to the shaft and abutting against a shoulder on the same. Various Anns 
hare special mountings which hare prored satisfactory. 

Wheel Guards. 

All abraalTe wheels should bare a guard or protection hood made of rolled steel. The hood 
should ooTer as much of the wheel as possible and also the spindle rod. The hood should bo 
constructed to act as a dust hood which, when connected with an exhaust system, will eliminate 
the injurious effects of wheel dust. 

To meet the requirements of factory inspectors, a number of wheel guards, good, bad, and 
indifferent, hare bera introduoed by manufacturers. The features to be looked for in an appUance 
of this kind are: 

(1) That it is of ample strength; (9) that it can be readily adjusted to follow the wear of the 
wheel. (8) The maximum anralar exposure for guards used on bench and floor grinders should 
not exo^ 90*, the expoeure beginning at a point not more than 66" abore the horisontal plane 
of the wheel-spindle. When the work demands contact with the wheel below the horisontal 
plane of the spindle the exposure ahould begin not more than 65* abore, and extend not more 
than 60* below, the horisontal spindle plane. (4) On cylindrical grinders the maximum wheel ex¬ 
posure should not exceed 180*, beginning at a point not more than 65* above the horizontal 
spindle plane. (5) The maximum wheel exposure on surface grinders should not exceed 160*, ami 
on swing frame and portable grinders 180*, the top half of the wheel being protected at all timiif, 
(6) Quards should be so constructed that the peripheral member may be adjusted to praesrve 
the iwAximnm wheel exposure. The distance between the wheel and the peripheral membet 
should not exceed i in. The connection between the peripheral and side msmbsn or between 
the parts of a section gaud should have a strength in a radial direction at least equal to the 
strength of the material of which the guards are constructed. 

It is assential that the guard shooid be kept olose to the periphery of the wheel in order to 
limit the flight of any portion whieh may break away. 
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fact Of Cap Whteli ought to be protected by being well and properly secured inside a Safety 
Adjustable Ohuck, designed to allow only a small portion of the wheel to project whllat at work, 
and construoted so as to secure and support the wheel as close to the grinding face as possible. 

Automatic Wheel 

Machines fitted with two or more speeds should be provided with safety devices to prevent 
mftTrimnm speed of the wheel being exceeded. In fig. 2 is shown a two-speed machine fitted 

with stops to limit the diameter and to prevent the belt being shifted to the high-speed pulley 
when the wheel exceeds a predetermined diameter. 

Wheel Dressers; 

Before using, the wheels should be trued up on their own spindles with a truing tool, and 
they shotdd also be turned up when they get out of truth through wear. 

Wheel dressers are used for * truing ' worn wheels ; they should be equipped with rigid guards 
of sheet or cast metal over the tops of the cutters, to prevent flying pieces of broken cutters or 
whed-particles from injuring the operator. 

Dust Collection. 

Dust generated by grinding should be suppressed or removed ; preferably by localised exhaust 
ventilation. The hoods may be combined ^th the wheel guards or quite separate. They should 
be adjustable and should enclose the wheels as far as practicable. Hoods and ducts should be 
of substantial construction. 

Except for very light dusts a pressure type of fan is a necessity, and special attention should 
be given to (a) the fan capacity; (6) the correct proportions and shapes of the ducts and branches ; 
and (c) the means of collecting the dust after it has passed the fan. The efficiency of an exhaust 
installation is greatly Increased by separating by gravity the heavy dust, burrs, fins, and mis¬ 
cellaneous material from the light dust, so that only the latter is directly dealt with by the fan. 
For this purpose some form of dust-s^arator (usually a cone) should be inserted in the duct 
between the hoods and the fan. 

For testing Dust Oollectors, see British Standard Specification No. 893- -1939. 

Bests. 

Grinding wheels should revolve towards the rests, and the rests should be moved close to the 
wheels so as to prevent work being Jammed between the rest and the wheel. The rest must never 
be moved while the wheel is in motion. 
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Lubrication. 

The rate, effect, and efficiency of the grinding are also affected by the water or other lubricant 
appMed to the wheel when in use. The function of the water la to cany away the heat resulting 
from the friction between the abrasive and the article being ground, and to wash away any loose 
particles dislodged by the grinding. 

The water supply for all external grinding operations should be ample in volume without 
force. Using, say, a 14 in. diameter wheel, not less than 5 gallons and up to 10 gallons per minute 
should be used ; on larger wheels 20 to 50 gallons per minute. 

For many purposes, solutions of soap or emulsions of oil and water are preferable to plain 
water. A solution of carbonate of soda containing 2 oz. per gallon has the advantage of not 
producing rust, especially if 1 or ^ pint of iard oil is mixed with it. 

In grinding aluminium it is advisable to use a lubricant of lard, oil, kerosene, or a mixture of 
kerosene and gasolene or lard, or oil and gasolene. 

Dry rgr.iu3 Wet Grinding. 

In certain circumstances water may—or must—be dispensed with. Whenever it is necessary 
to see the edge of the wheel distinctly, to be sure of reaching some particular spot, water cannot 
be used, as it obstructs the view. Work revolving in the chuck or on the faceplate is also generally 
ground dry, as water is awkward to deal with on ordinary machines under such conditions. 
Gutters are alsc usually ground dry, although special care has to be taken to prevent * drawing the 
temper' of the cutting edges. The amount to be removed is, in most cases, small, so that the 
sacrifice of time is balanced by the greater convenience of dry grinding. 

More material can be ground away by dry internal grinding than by wet, and It is fairly 
common practice to run water on the work externally to dissipate as much heat as possible 
whilst grinding dry Internally. On such classes of work as aeroplane cylinder grinding, or ring 
gauges, where a high degree of accuracy and finish is essential, water must be used, but it should 
be in such volume as to prevent as far os possible the chips being carried round to the wheel 
and interfering with the cut. 

In wet grinding^ care should be taken that the water supply Is steady and adequate, and 
particular attention must be paid to this in the case of tool grinders, where it is of the utmost 
importance that the tool should be effectively covered with water, to obviate any loss of temper 
in the steel during the process of grinding. Some grinding machines provide for this; e.g. in 
one such patent machine the water is forced by a centrifugal pump through a series of small 
holes in the tool rest itself in such a manner as to completely envelop the tool being ground. 
A noticeable feature of this grinder is that there is total absence of splashing. 

Grinding Procedure.* 

OTLINDHIOAL dBINDINQ—EXTERNAL. 

The best average surface speed of modem grinding wheels, as made to-day from artificial 
abrasives, is about 6,000 ft. per minute for external cylindrical grinding, and the useftil speed 
range is from 6,600 to 6,500 ft. per minute ; below this speed excessive wheel wear is liable and 
very probable, and grinding machines should be arranged so that the effective life of the wheel 
falls within this range. It is of the utmost importance that the speed of the wheel be maintained 
during the cutting operation, no matter what the speed may be, and the drive should be sufficiently 
powerful to prevent slowing down during momentary heavy cutting. Not only Is the wheel 
wasted by being allowed to slow down, but the wheel face is destroyed and more frequent truing 
up is necessary. It Is more economical, from the point of view of wheel wear to metal removed, 
to keep the speed up so that softer and freer cutting wheels can be used, the speed enabling them 
to stand up to heavy cutting without undue wear, and, further, such wheels have very little 
tendency to glazing. 

The grade of the wheel is determined by the material to be ground and tlie rigidity or other¬ 
wise of the work, and whether it is of large or small diameter. No definite rule can be laid 
down for the adoption of any particular grade, but it is unusual in general machine work to 

* Abstract of Paper read by H. H. Asbridge before the Manchester Aseooiation of Bogineers. 
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Mqalrt mora thui two wheals to • maohine, one to grind ell elesees oi steel work end the other 
to deel with ell oest metels. Closer ending oen be done where the work is ell of one oless, es, 
for instenoe, e meehine mej be em^ojed wholly on oest-tron pistons, orenkshefts, or piston- 
rods, etc., in which oases partlooler giedes of wheels can be employed. 

The diameter of the wheels shoold be as large as possible. 

The direct resolt of nslng large diameter wheels is economy of operation, the cost of wheel 
per cable inch of material removed being less than in the case of the smaller wheel. 

The wAmI width has a direct resolt on the output, providing It is made use of, and to utilise 
a wide wheel to Its full extent the table-travel must correspond. 

Pio. S.—A -i tcavene per rev. of work — | Pio, 4.—A — traverse per. rev. of work — 1 
wldthof wheel. Mazlmom wear of wheel tends width of wheel. Maxim am wear of wheel tends 
to concentrate on shaded portion. to concentrate on shaded portions. 

Totltf TravtL—lt the traverse of the work per revolution is less than half the width of the 
wheel, then the cutting face of the latter will gradually wear convex, but If the traverse per 
revolution of the work Is over half the width of the wheel, then the wheel will preserve a flat 
face. (See flgs. S and 4.) 

The ideal traverse per revolution of the work is about two-thirds the width of the wheel, 
bat it should not, except for flnlshlng, be less than half the width. 

The table should travel as rapidly as can be used. (See * erou feed^' page 1110.) 

The main factor governing production on external cvllndrical grinding rrumhfntt ig the 
combination of wide wheels with fast table speeds, as, other things being equal, the machine 
which possesses these advantages Is the meet efiBclent tool, 

Hie work opted has only an Indirect effect on the output. With a good wheel It makes 
little difference to the flnish obtained whether the work surface speed be, say, 80 or 60 ft. per 
minute, except that. If the lower speed Is persisted In, it limits the table travel, and so In turn 
limits the output. For external cylindrical grinding the practice is to work on an average surface 
speed of 60 ft. per minute as a basis. Low work speed is directly conducive to distortion and 
inaccuracy. The heat created by the cutting action of the wheel must be dissipated or dis¬ 
tributed as quickly as possible, and can only be done oy a higher work speed and table travel 
aided by an ample flow of water. 

Vibratiano in the work itself and disintegratioa of the grinding wheel are more liable to occur 
in lar^ diameter and heavy work than in small work. It is much easier to control vibration in 
small diameter work, and it would be almost impossible to rotate it at such a high speed as to 
disintegcate tiie surface of the wheel, but the tendency would be to cause unnecessary wheel 
wear, and if the table speed was such that the traverse was less than hall the width of the wheel 
the later would wear more at the comers than in the centre. 

Yibrations on heavy work are much more difficult to control, and much depends on the 
machine and method of supporting the work. No deflnite rule can be laid down, as so much 
depends on circumstanoee. For instance, it would be both permissible and advisable to ran 
an 8-in. tube at a higher surface speed than an 8-in. solid shaft, the limiting factor in the tube 
being a surface speed such as would cause disintegration of the wheel face, there being no heavy 
body of metal to set up vibration, whereas in the shaft the limiting factor would be a surface 
speed sufficient to set up an osciUatoir motion difficult to control, and which would prevent 
the shaft from being ground to a perfect evlinder. This same defect could also be obtained 
by usiDg a too slow surface speed, due to insufficient dissipation of the heat created by the 
grinding wheel. Between these two extremes there is a wide margin of surface speed at which 
grinding can be successfully carried on. 

A good rule is to get a wheel suitably graded for the work, and when once a suitable grade 
is found it riiould be recorded, as wheels such as are made from artiflolal abrasives can be duDll- 
cated wfti^ very floe limits. 
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The crot9 feed to the grindLog wheel ihoald operate at each roTenal ol the table, that Is, at 

the end of each stroke; this Is necessary to dlstribnte the work orer the wh<^e width of the 
grinding wheel. Prodoctlon Is not governed so much by the amount of cross feed as by other 
eonditions. There should be as much cross feed as the work, the machine, or the grinding wheel 
will stand ; thin wUl be from *0006 in. to *0016 in. on the work diameter at each reversal of 
table. Under these conditions, a machine with a fast table travel will ^ve maximum output 
with a comparatively light cross feed, as compared with a machine having only a slow table 
sp^, and will have the advantage also of not streaslng the work to the same extent. The 
wheel will remove more material for a given wheel wear, and the machine will be nxore economical 
in power. 

Over-run of work should be avoided (see p. 1110). 

The time required in external grinding cannot be calculated with any approach to accuracy 
on the usual basis of cutting speed and feed, etc. 

The finish grinding of a shaft of a given diameter and length is not a constant operation with 
an abrupt termination, as in other methods of machining, but is an operation staking at eero, 
rising quickly to the point at which possibly the maximum cutting capacity of the wheel is 
demanded, and then falling gradiially to sero or finished size, and the finer the limit fixed for 
the finished diameter, the more gradual will be the closing stages of the operation. Qrinding 
times must, therefore, so far as the wheel is concerned, be based on a mean of its cutting capacity, 
much lower than its maximum. 

The formula, as deduced from the above method, is as follows: 

Diameter of work in inches X length in feet x constant — grinding time in minutes for 
the removal of In. in diameter and finishing to commeroial limit. 

TAALi or OovsTAsn. 

Diameter of Work. sue of Wheel. Oonstant. 

4<in. shaft and upwards. 36 ins. by 8 ins. 1*8 
8-ln. 1*4 
3-ln. „ 1*8 
l*-ln. 3-3 
1-ln. „ 8 
S’in. shaft and upwards. 14 ins. by 3 ins. 3-3 
2-ln. „ 8 
U-in. 8*7 
1-in. ,, ft 6 
3-in. shaft and upwardr 13 ins. by 1 in. 8 
3-ln. „ 8-8 
l|-fn. ,, »* 4-6 
1-ln. 6*8 

For the removal ol In. in diameter allow l of time oalcolated. For work below 1 in. diameter 
the grinding time tends to increase, depending entirely on rigidity of support afforded to same. 
Bxtra time should be allowed to special limits, nicb as may be required for drive fits, etc., or for 
speoial finished surfaces, such as are necessary for spindles, gauges, etc. 

Internal Grinding. 

The idea that internal grinding cannot be satisfactorily accomplished at spindle speeds 
less than 80,000 to 60,000 r.p.m. is erroneous. Provided that there is rigidity in the spindle 
employed, the grindin^whem diameter has UtUe effect on production. The effective speed 
range of a good grindi^ wheel is very much greater than in any other form of grinding, and 
ranges from 1,000 to 4,000 ft. per minute, and much of the most successful grinding is done at 
the surface sp^ of from 1,600 to 3,600 ft., but a very rigid spindle is necessary. 

There are two types of internal spindles, the * tube * type having a bearing immediately behind 
the wheel (this type Is not to be recommended for holes, say, less than 6 ins. in length, as holes 
of this length, and longer, are generally insuffiolentiy large in bore to admit of a substantial 
spindle), and the * adaptor * type. The eonstraetlon of the latter type is sueh that the spindle 
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bearings never enter the bole being ground, the tvbeel being carried on an adaptor fitted into 
the main spindle and held bj a draw bolt, or, if the work to be ground is of limited range, the 
adaptor portion is formed integral with the main spindle. For general commercial work the 
loose adaptor is preferable, os long or short-, heavy or light adaptors can be used suitable for 
the particular work in hand. The fact that the main spindle in this instance never enters the 
hole permits of it being made of liberal dimensions. The Ohurchill Afachine Tool Go. fix the 
higher limit of such spindles at 1,600 r.p.m., and so long os the rigidky is there behind the adaptor 
no higher speed is necessary for holes from ^ in. upwards. 

The wheel width has a direct result on the output. 

Given a spindle with the necessary rigidity, the use of wide wheels and a high table speed 
are the governing factors in obtaining maximum production. The standard practice of the 
above firm is to use all wheels fiom | in. to 3 ins. diameter j in. wide, above 3 ins. diameter 1 in. 
wide. Such wheels are of no advantage unless combined with high traverse speeds, in order to 
utilise as much of the wheel width as possible, and also to dissipate the heat generated evenly. 

Table traverse speeds up to 9 ft. and 10 ft. per min. are commonly applied to internal grinding 
machines. 

The work speed in internal grinding can be varied considerably above or below the speed 
which has been previously detennined to be the best for the particular work in hand. Such 
variation would have very little effect on production, but might affect the finish obtained. In 
standard practice a work surface speed of from 100 to 120 ft. per minute is used as a basis or 
starting point, and varied according to circumstances. 

The cross feed requires special care in internal grinding. 

Whatever type of internal grinding spindle is used (where the work to be ground is carried 
on a rotating spindle) there is bound to be overhang from its supporting bracket, with more or 
less unavoidable spring, and whilst the slide carrying the spindle can be set to a predetermined 
position with great accuracy, it docs not follow that the hole being ground will have reached the 
desired size, owing to the spring in the spindle. This fact makes the use of automatic cross 
feed almost impossible of accomplishment if the amount of the feed has to equal the amount 
of cut which the wheel will take at each traverse of the table. Hand-operated cross feed fitted 
with an adjustment dead stop is therefore to be preferred. 

In another type of internal grinding, the w'ork is stationary and the grinding wheel has 
imparted to it a planetary motion whilst rotating at a high speed on its own axis, the planetary 
spindle being eccentrically adjustable whilst grinding is proceeding. This type of machine 
has been employed for grinding motor-car cylinders when cast en bloe^ and the possibilities of 
this type of machine for finishing holes are great. 

Over-run of work should be avoided; that Is, the wheel should never be allowed to leave 
the work, the traverse being only Just sufiicient to allow of not more than one-third of the width 
of the wheel projecting beyond the end of the work. If the wheel is allowed to run off, the result 
in external grinding will be to have the face of the wheel sheared away by the sharp ends of the 
work ; and in internal grinding the hole will be bell-mouthed. 

Surface Grinding, 
There are two methods of surface grinding—one using the side of the grinding wheel,* and 

the other the edge of the wheel, carried on either a vertical or horizontal spindle, the more widely 
used being the vertical spindle type. The two methods are further subdivided according to the 
manner in which the work is moved, machines being made with the work carried on a recipro¬ 
cating table, or on a circular revolving table, briefiy classified as follows:— 

1. Horizontal spindle surface grinding machine, where the work is reciprocated under the 
grinding wheel. 

2. Horizontal spindle ring and surface grinding machine. In this machine the work is carried 
on a cirtnilar revolving table, generally made in the form of a magnetic chuck, and rotated under 
the grinding wheel. 

8. Vertical spindle ring and surface grinding machine, where the grinding wheel is of cup 
form, carried on a vertical spindle, and the work is carried on a circular rotating table, generally 
in the form of a magnetic chuck and rotated under the wheel. 

4. Vertical spindle surface grinding machine, where the wheel is of cup form corxled on a 
vertical spindle, and the work is carri^ on a table reciprocating under the wheel. 

The first and fourth types are the most commonly used, and intended for the grinding of 
flat surfaces of all kinds and in all materials. 

* Grinding on the flat sides of straight wheels Is often hazardous, and should not be allowed. 
Oup or ring wnssls should be used. 
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The second and third tjpes are widely used for grinding the sides of disc work, each as 
circolar knlvee and saws, piston rings, disc valves, etc., using the rotary table. The second 
type of machine with the horizontal spindle leaves the work with a concentric finish, whereas 
the third type of machine with the cup wheel leaves the work with a radial finish, and which 
ii\ some classes of work la objectionable, particularly, for instance, in piston rings, where the 
concentric finish is preferred. So far as production is concerned the vertical spindle ring and 
surface grinding machine will give a greater output then the horizontal spindle ring and 
surface grinding machine. Both machines can be arranged to grind flat, concave, or convex 
surfaces. 

The most largely used machine for regular commercial purposes is the macliine with the 
vertical spindle, owing to Its greater productive capacity. 

The best toheel speed for all-round surface grinding is about 4,000 ft. per minute, with very 
little margin of speed—that Is, if a wheel is working successfully at 4,000 ft. per minute, it cannot 
be varied up or down from this speed without affecting production, conseriuently the vertical 
spindle machine with the cup wheel has a great advantage in this respect, due, of course, to the 
wheel retaining its diameter as It wears. 

The grade of the wheel for surface grinding demands far closer attention than in any other 
type of grinding. The only remedy for a wheel that is too hard or too soft is to change it for 
a wheel of the correct grade. 

A high table speed is the main factor governing output, using suitable grinding wheels, but 
the machine which will so work that the temperature is even throughout the whole ground 
surface will produce the most accurate results. 

The vertical surface grinding machine with the cup wheel, which covers the full width of 
work at each stroke of the table, has a distinct mlvantagc over the horizontal spindle machine 
using the periphery of the wheel, and which would have to be traversed transversely in order to 
cover a work surface wider than the width of wheel. 

Quite apart, however, from the question of heat distribution, the vertical spindle machine 
has the greater productive capacity, and for grinding wide surffices or groups of small articles 
this type of machine has the advantage of the horizontal spindle machine. The vertical surface 
grinding machine is now being adopted in all classes of engineering works, and wherever flat 
surfaces have to be produced, such as in machine-tool work, there is no method that can be 
compared with It for cheapness of production. 

A machine of this type added to the equipment of any works, and used for the production 
of flat surfaces, has, more than any other type of grinding machine, a beneficial effect throughout 
the works, and in this respect raises automatically the standard of work produced. In this 
way, given an accurate machine. It is so very easy to true up straight edges and similar tools 
and keep them all in a constant high state of perfection ; and by having a machine of this type 
always in readiness to produce flat siufaces the result is that more accurate work is automatically 
produced throughout the works. 

The time required for grinding a given surface can be ascertained with fair accuracy once a 
basis is found, based on area ground and amount of metal removed. Under normal working 
conditions, a grinding wheel has a certain capacity for the removal of metal, based on its cutting 
area or its diameter and width. 

Grinding Allowances. 

(For Norton and Heald Grinding Machines.) 

^ Frequent inquiries os to the amount of stock which should be left on turned and bored work 
to bo ultimately finished to size by grinding had led to the answer that this depends on several 
factors which must be ascertained before a correct allowance can be determined. The object 
aimed at should be to so proportion the work between the lathe and the grinding machine that 
the total time taken by both in producing the desired degree of finish and accuracy is reduced 
to the minimum. 

In a desire to turn out a * good job * the turner sometimes overlooks the fact that a smooth 
piece of work having only a small allowance may take as long to finish In the grinding machine 
as a rou|^-tumed job on which more metal is left. 

The chart, fig. 6, shows the grinding allowancoa which are recommended for turned or bored 
work up to 12 ins. diameter. Although the amounts specified may, to some, appear excessive, 
they may be allowed with confidence In eetablishments poeseesing a grinding department run 
according to modem Ideas of efficlenoy and lathes sulBciently powerful to take the ooaiee feeds 
recommended. 
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OoTTM A and A' ihow maximum and minimum amounts to be left on the diameter of rough 
turned work over 12 diameters long. 

Ourves B and B show maximum aud mioimum amounts to be left on the diameter of rough 
turned work under 12 diameters long. 

Ounres 0 and O' show maximum and rainimtun amounts to be left on diameter of smooth 
turned and bar-lathe work over 12 diameters long. 

Ounres D and D' show maximum and minimum amounts to be left on diameters of smooth 
turned and bardathe work under 12 diameters long. 

OlAMCTER Of WORK 

Fia. ft.—(Iririding Allowances for Norton Cylindrical Orimling Machines, 

NOTB.—Bj * rough turned,* Is meant work having coarse traverse marks, the measurements 
being token on the top of the ridges. The following are the finest feeds which should bu 
em^jed:— 

For work up to 3 Ina. diameter.SO per inch. 

Fov work from 2 ins. to 4 ins. dlametei.. 20 „ 

For work from 4 inii to 8 ins. diameter. 

For woric from ft Ins. to 12 Ins. diameter.ft 
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Oa^^hardened work Is an oxceptlon, baeaoaa the finish most be fairly smooth to allow regnlar 
penetration of the easing oompoond. Use curres 0 and O' for all such work. 

Pm. 6.—(^ruulin^» Allowance's for FTcaM Internal Orin'linf? Machines. 

Ounres B and B' (fig. 6) show maziraam and minimum amounts to be left in the bote of mild 
steel work that is to be case-hardened before grinding. 

Ourves P and F' show inazimuni and rninimum amounts to be left in the bore of carbon or 
high-speed steel work that is to be hardened before grinding. 

Ourves Q and G‘ show maxitnam and minimum amounts to be left in the bore of soft work, 
whether steel, cast Iron, or brass. 

Nofks. 

The following explanatory notes will senro to show the theory followed out, and will assist in 
•ieterinining allowances for the exceptional jobs which will ocoa^ionally present themselves:— 

Taking first external work (fig. C), as being the more common, it will be noted that a larger 
allowance is made on articles which exceed twelve diameters len^h than in the case of shorter 
jobs. This is to save lathe work. 

A Job over twelve diameters long will spring considerably under a good cut, and there is a 
possibility of bends making their appearance. The largest possible allowance is therefore made 
on this work, so that the turner need not waste the time which would be taken in producing 
articles mors nearly parallel and straigiit. 

Then, again, a distinction is made between rough-turned work and that which is produced by 
a fine feed or made oo turret lathee with a box tool. 

For all work turned between oentrea, with the exception of that which ie to be carbonised for 
case-hardening, the use of a coarse traverse is advoca^, the finest feed per Inc^ that should be 
used for various diameters being specified on the chart. Work which is to be carbonised must 
be turned with a fairly smooth finish, so as to allow regular penetration of the casing oompoond ; 
therefore the allowanoe specified for smooth work over twelve diametets long should be used for 
chse-hardeued work whatever its length. If such work Is hollow it may distort after quenching, 
therefora great care most be exercised in hardening, as the allowanoe above specified cannot be 
exceeded or the hard skin would be entirely removed lu grinding to sise. 

The allowance for carbon and high-spi^ steel work which is hardened will be the same as 
that provided for soft work, as any distortion whioh occurs must be corrected iu the straightening 
press before grinding. 

Internal work (fig. 6) is divided Into three oiasaes as follows 

1. Mild ateel case-hardened. 
tl. Oarbon or high-epeed steel hardened. 
S. Soft work, whether steel, oast Iron, or bronie. 

Hardened and oase-hardened work in whioh the hols is less than halt an Inoh In diameter 
shonld as shown In the ohart, be bored or roamed to standard alas, as there will be a aolOolMii 
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ahrinMng when the quenching takes place to provide a grinding allowance. It will be noted that 
the amount allowed in case-hardened work increases veir rapidly up to 6 ins. diameter; this is 
to allow for distortion in hardening. Above this size the increase is slow, and care should be 
taken to avoid excessive distortion, as no larger allowance can be made, otherwise the hard skin 
would be removed by the grinding operation. In determining the allowance for soft work it 
should be remember^ that the class of finish given to the hole will decide whether the high or 
low limit should be worked to. Thus, in holes which are rough drilled or bored, the allowance 
should approach the maximum, whilst in reamed holes the minimum allowance should be left. 

Abrasive Cloths and Papers. 

It is usually advisable when ordering Abrasive Cloths and Papers to stipulate that they must 
conmly with the corresponding British Standard Specifications.* These specify the abrasive, 
backings, adhesive, workmanship, form (sheets or rolls), sizes, grades, tensile strength and the 
Marks whereby material corresponding to the B.S. Specification may be identified. Each sheet 
or roll must also show the (a) manufacturer’s name and trade mark so that the manufacturermay 
be readily determined and (6) the Grade Number. 

Material. 
! 

Uses. 
i 

1 Abrasive. B.S. Specifi¬ 
cation No. 

Identifi¬ 
cation Mk. 

Aluminla Cloth . Metal work Aluminium oxide 872—1939 872F 
Emery Cloth Engineering and Emery 871—1939 871A 

; general 
Emery Paper ’ — ■ — — 
Flint Cloth , Wood and general Flint, quartz or 

quartzite 
871—1939 871E 

Flint Paper „ 871—1939 871D 
Flint Paper (Water¬ Paint, rub down, 

and general 
872—1939 872B 

proof) 
Flint Rolls . Wood and general tf 872—1939 872A 
Glass Cloth Glass 871—1939 1 8710 
Glass Paper ' „ 871—1939 871B 
Garnet Cloth Garnet 872—1939 872B 
Garnet Paper 

Wet rubbing down 
872—1939 872D 

Silicon Carbide Paper . Fus^ Silicon 872—1939 8720 
(Waterproof) of filler, paint 

and lacquer sur¬ 
Oarbidef 

faces and general 
work 

Polishing, 

The tenn * polishing ' is applied to two distinct processes: (i) the removal oi coarse irregu¬ 
larities on a surface, and (ii) the production of a smooth, reflective surface. For the flrst, coarse 
abrasives or even abrasive wheels or blocks are employed, but for a glossy surface milder abrasives 
and sometimes solutions of waxes are used. 

For polishing slabs of martlet etonet gkuSt and similar materials steel discs, mechanically 
operat^ scour the surface with the aid oi wet sand, emery carborundum or other abrasive powder, 
which is gradually replaced by finer abrasive particles, the final polish being Imparted by whiting 
and sometimes by a mixture of whiting and oil. 

For tmoothing wood and similar materials, garnet, emeiy, sand or glass, mounted on paper or 
cloth, are laingely employed, garnet being especially suitable for hard woods. For finiidiing 
wooden handl^ sand mounted on endless belts is largely used (see * Re-polishing *). 

For work in which an exceptionally hard abrasive is required, including the truing of abrasive 
wheels, diamond bort or carbonado are employed. 

* No. 871—1939, for papers and cloths for general purposes, and No. 872—1939, for papers 
and cloths for technical and other special purposes. Publii^ed by the British Standards Institu¬ 
tion, 28 Victoria Street, London, S.W. 1. 

t Silioon Oarbide is the technical name of the abrasive; the trade-mark names for two well- 
known brands are * Oaibomndnm ’ and * Silundum.’ 
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For polldiing tteel artidett blocks of osrboruDdtun or aluminous abrasire or * mops * mads of 
cloth or paper corered with emery or corundum are largely employed. 

For poUshing other rneUds^ fte.^ loose powders are employed. Such powders may be 
used in the dry or wet state, and may be rubbed on to the material to be polished, or they may 
He applied by means of a wheel, * mop * or * dolly ’ composed of discs of cloth. 

For polishing bran and other tofler meUxU^ very fine silica, quarts flour, emery, silicon, 
carbide or alumina, crocus, rouge, or whiting are employed. For tiXver and gold^ well-elaked 
lime Is largely used. The polishing powder is sometimes treated with rouge to disguise its nature 
and to gire white metals a slightly ruddy tint, which improves their appearance. 

Re-polUhing is the process employed to restore a brilliant surface to one which has previously 
been polished but has become dull. For re-polishing a mixture of (a) a detergent such as oxalic 
acid or soap, (b) a mild abrasive such as very fine (air-floated) silica or whiting, and (c) a vehicle 
is used. The vehicle may be water, but paraffin or other organic liquid is generally used. 

For re-polishing most metals it is sufficient to apply a little of the poltsn and to rub vigorously 
with a soft cloth, but if the surface is very seriously tarnished it may be necessary to give a pre- 
iiminary treatment with a slightly coarser abrasive (emery) by means of a * mop ' or ' dolly.* 

When re-polishing wood or similar materials, the surface is first cleaned in any suitable manner 
and the pores are filled with wax or other suitable * stopping.* The surface is then coated with 
a solution of shellac or other * gum * in alcohol or other solvent. At the present time several 
* gums * and solvents are available. 

For leather^ the most suitable polishes consist of a solution of one or more waxes (with or 
without a dete^nt) in a convenient solvent, of which many, sold under trade names, are available. 

Lacquers are now increasingly used instead of polishes, those consisting of celluloid in a suitable 
solvent being quite satisfactory. These lacquers are usually sold under trade names. 

POWKB RBQCTIBKD FOB BHBBT POUSHINO. 

A calico mop, 13 ias. diameter by 3 ins. wide, run at a speed of 10,000 feet per minute, requires 
about S| b.h.p. to apply it with the requisite force. A 10-in. mop requires about 3 b.b.p. 

Sand Blasting. 

The prooeas of sand biastiug consists in projeotlng a stream of sand, suspended in air, against 
a surface either to smooth it or to impart a siight roughness such os that on * ground glass.* 

The sir prsMoras used for diflersat materials are, approximately, as follows:—Steal csstlngi 
or forgings, 80 to 100 lbs.; malleablt iron, 70 to 86 lbs.; cast iron, 60 to 70 lbs.; and brass and 
alumioiom, 86 to 60 lbs. 

For some clasees of work a small noaals opening, tliat is, a fine strong ]et, may be desirable; 
for other work a broader stream, oovering a larger surface but working at a lower pressors may 
bs best. Table I. gives the relation between air flow in cubic feet of free air per minute at 
varying preMOies, and the horse-power required to produce them by single-stage oompreasion, 
for nestles ranging in diameter from | to | in. inolusiTe. 

In oases where there is much molstors in the air or sand it is well to make provision for its 
elimination by Installing a moistore aerator or a soitahlt heater, as moist sand * balls' badly 
and chokes the Jet. 

Sand is the most commonly used abresivs on account of its relatively low price. Ordinary 
sand is inferior to sharp sand and crushed silica, as the two latter poaseee greater cutting power 
and are therefore more effective. Abrasives such as steel grit and shot are now largely used, 
For classes of work such as sleotro-plstlng or galvanising, the metallic dust adhering to the work f>rohibits the use of oarbonmdam, because it prevents perfect galvanising, although no difficulty 
I exptrlsnosd in this respect with sand. For some purposes, steel grit appears to have Q>ecial 

advantages over sand and other abrasives. 

AU abiasiTes should bs sorsensd each time before using, to remove partldst Isive eaougii 
to clog the nossle, and also to eliminate fine particles wbloh only product dust and have no 
sbrasivs qnsUty, but which oonsums soms of the pressure. Borewi ssparators, f lequsnUy operated 
hf compissisd sir, may bs used for ibis purpose. 
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TABUI 1.--VL0W Of FBEM Am fob DlfflBBNT SUlf Of Nobubb. 

Fresemre (oob. ft. per min.) and Corresponding Home-power 
Reqnired. 

Diam«t«r 
olNonle. 

Ins. 

20 
Ibe. HJ*. 30 

lbs. H.P. 
40 

lbs. H.P. 60 
Ibt. H.P. 

7*70 0*63 10*00 1*03 13*30 1*60 14*60 1*99 
T*« 17*10 1*40 22*60 2*32 27*60 8*26 82*80 4*49 

i 80*80 3*63 40*00 4*12 49*10 6*99 68*20 7*97 
A 48*17 8*96 62*89 6*48 76*60 9*86 90*70 13*48 

I 69*00 6*66 90*00 9*27 110*00 18*43 130*00 17*81 

Diameter 
of Nocale. 

Ine. 

60 
ItM. 

H.P. 70 
Ibe. 

HP. 80 
lbs. H.P. 100 

Ibfl. HJ». 

i 16*80 2*67 19*00 i 3*19 21*20 8*86 36*78 6*88 
A 37*60 6*74 43*00 7*22 47*60 8*66 67*88 11*98 

i 67*00 10*26 76*00 12*77 86*00 16*47 108*00 21*82 
*_ 106*00 16*07 119*00 20*00 133*00 24*10 161*00 88*82 

1“ 161*00 23*10 171*00 28*78 191*00 84*76 283*00 47*90 
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SECTION XXII 

PART III 

STEAM-HAMMERS. 

Bmebqt AifD TsLOomr or Bix>w. 
1/ 

a •m area of piston. In equars laches: p -■ average pressure of steam on piston daring 
downward stroke, In pounds per square inch ; S m stroke of piston, in feet: W >■> falling weight 
in pounds: IS •• energy of blow after full stroke and before striidng, in foot-poonds, friction 
bei^ neglected; 

E = lap -f W)S. 
If 

P -■ total pressure on piston ^ pa : F ■■ total force oausing downward acceleration -■ 
P + W«>pa4-W:g*" acceleration due to gravity 32 >3 : y i. velocity after fall stroke and 
before striking, in feet per second, friction again being neglected ; 

'2FffS 
^ “ W * 

No oommerolal nse is made of these oaloolatioos, either for the naming of sises of hammers or 
for any other porpoae. 

The question is sometimes asked : What wtight of blow does the hammer etrike t 

The force of a blow cannot be stated in terms of weight at all, because the preasore of a weight 
is conUnuous, whereas the force of a blow is expended in a moment. It has, however, been 
ascertained, by oaweful experiments, that the mairfmam blow of a 6-cwt. double-acting steam- 
hammer, with moderate steam preasore, produces a omshlng effect upon a piece of hot iron as 
great as that produced bv a load of about SO tons, and a i-ewt. doable-actl^ steam-hammer a 
crushing effect equal to that produced by a load of about 2| tons. 

NAMXMG SUBS OF STBAM-HAlfMKRS. 

In naming the sises of steam-hammers, no account Is taken of the pressure of steam upon the 
piston. Thus, a 6-owt. hammer is one in which the falling mass weighs at least ft owt.. bat 
of oonrse the foroe of the blow Is greatly increased by the pressure of steam above the puton 
accelerating the fall. 
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Dimbmbions, Weights, and Memoranda of Overhanging Form Steam-Hammers 
WITH Slides (B. A S, Massey.) 

• All these figures are necessarily rough approximations. 
They are meant to apply to average engineers' smithwork, and are for efficient results on this 

class of work, with a steam pressure of about 60 lb. per sq. in. 
Even for this they may for occasional jobs be considerably exceeded. 
There are many classes of work which require much larger hammers, and some classes which 

require smaller hammers than those indicated, owing chiefly to the varying amount which has to 
be done at a heat. 

t Steam Consumption. A steam pressure of about 60 lb. per sq. in. is assumed. 

During ordinary forging there are many blows of leas than full force, and there are also neces- 
sar^anaes (holding up) for adjusting work or tools during a heat. 

While line (a) gives the consumption on continuous hard blows only, line (b) gives the 
consumption aa ordinarily reduced by these ciroumstances. Further, under average smithy con¬ 
ditions, a hammer may be assumed to be actually in motion about 15 minutes in every hour, and 
the figures given in line (b) are based on this assumption. 
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In eawi in whiob one boiler is put down solely to drive one hammer, the capeol^ of snoh 
boiler shot^d be fixed aoooxding to line (ay, page 1118, beoanse otherwise the preamre would fall 
too low during a normal ran of hard blows. 

The standards are normally made of oast iron, batforspeoiallyeerere work oast steel standards 
are leeommended. As a fnr&er altematlTe the standards may be bailt up of steel plates and 
angles firmly riTeted together. 

Foundations. 

FlO. 1.—^Typical Fonndation for Steam* FlO. 2.—^Typical Foondatlon for Steam- 
Hammers of the Oyerhanging Form. Hammers of the Arch Form. 

(B. A 8. Money, Ltd.) 

PNEUMATIC POWER HAMMERS. 

These hammers are arranged for belt or for direct eleotrio drim They are similar to steam- 
hammers in many respects, and are about eqaai to them in working eiq;>aoity, aasnmlng the 
steam-hammers to be working under ordinary oondltlons of pressure, etc. 

Dimknsioxs, Wkiguts, and Memouanda oe Pneumatic Power-Hammkrh. 

OvERiiAxaiNG Form with Slides. 

Standard sizes i cwt. 1 cwt. 1 cwt. 3 cwt. 6 cwt. 7 cwt. 10 cwt. 16 cwt. 20 cwt. 
Longest stroke (inches) 
Driving pulley diam. | 

11 12 14 17 21 24 27 30 33 

and width of belt >■ 
(inches) . . ) 

2lx2i 24x3 30x3 33x4 .39x5 45x7 48x10 27x6 30x9 

Blows per min. . 
Size of bar worked 

efficiently (inches 

280 240 200 160 140 126 no 100 86 

square) . 
Maximum power (full 

u 2 3 4 6 7 8 10 12 

blow) B.H.P. . 
Mean consumption in 

B.T.U. (kwt. hours), 

4 * 10 16 21 S6 36 48 60 

approximate . 
Size of motor (con¬ 

•G ■9 1-5 1-9 2-7 3-8 4*2 6-6 6*6 

tinuous rating) 
Approximate weight 

3 6 n 12 16 so ! 27 36 40 

of hammer (tons) . , 
Ditto, without anvil 

n li 3 61 91 • 131 18} 231 

block (tons) . — — H 8 41 6| 81 It 161 

(B, A a. Money, Ltd,) 

DROP STAMPS. 

The precUoe of Stamping, in Dies, parte which hare to be made in large numbere, saoh ee motor¬ 
car poxta, railway wagon parte, etc., etc., has become very general, and the tool usually adopted 
tor this purpose in this oountry is the * drop stamp.* Latterly, the friction lifted typo of drop 
•tamp (of the strap or of the board type) has tended to supersede the steam lifted type, on aoooant 
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of the improved oontroh the greeter efBolenov end the smaller cost of up-keep. A usual plan la 
to bare two, three, or four drop stamps of different falling weights arranged In a battery. 

The strap lifters themselves resemble a band brake in construction. A steei brake band lined 
with suitabie materiai, and connected with the lifting arm, is made to grip a constantly revolving 
drum by means of a lever actuated bv band through a pulling cord, and the top is thereby raised. 
As boon as' the tension on the cord is released, a spring disengages the band, and the tup falls 
under the influence of gravity. In the board type the strap is replaced by a long piank which is 
raised by being pinched between steel rollers. 

Progiass in drop stamping in recent years has been very considerable, owing to the fact that 
the manufacturer of equipment has had to keep pace with an ever-increasing demand from the 
user of drop hammers, for increased production, in order to meet particularly keen competition. 
One of the outstanding developments is the application of dies containing multiple impressions. 
Instead of the usual single impression. By this means drop forgings can be produced direct from 
the bar in the same hammer, from start to finish. The saving of time is very considerable, and 
there is no necessity to employ a separate hammer for dummying. Multiple dies can, of course, 
be used with all types of hammers, assuming they are of the latest design, providing the necessary 
strength to resist the eccentric shock created by the impact of the tup coming on to one side, 
instead of centrally. 

The Table below—kindly prepared by Brett's Patent Lifter Co., Ltd., of Coventry—gives 
the production obtained for plain and also intricate forgings, bv means of this type of equipment, 
together with the else of stock required on the basis of the projected area. Whilst it is advisable 
to take each stamping on its merits, it may be said that, in a general way, this information is 
authentic, and bas^ on actual results. 

DnOP FOBGINOS PBB HODB. 

Ordinary 
Weight to Projected Thin flat forgingSfSquare Intricate 
hammer. Sise of steel. area of furgings, flat or round forgings. 

(lbs.) forging. stock. stock. 

600 34 sq. in. 380 300 170 
3| ,, „ 300 260 160 

800 1 in. round to { in. 24 „ „ 380 346 216 
square t( It 300 260 170 

1000 1 in. round to 1} in. H I. II 216 195 
square 3* I, 1. 196 170 

4t I. I. 300 216 160 
6 I, 216 160 130 

1300 1 in. square to in. 4* ., ,. 260 216 160 
square 6 I. .. 260 215 170 

♦*t .1 1. 236 216 170 
1600 It in. square to 3^ ins. I. 1. 216 196 170 

square 6 ,. „ l'.»0 170 160 
9 II 1. 170 160 126 

3000 It in. square to 3t ins. 6 I. „ 170 160 
square 6 „ 160 135 

7 .. „ 190 190 160 
» .1 190 190 130 

3600 ® It II ISO 
6 .. 180 
7 1. „ 190 816 160 
» I. .. 170 170 120 

10 „ „ 170 166 86 
13 ,. .. 126 130 65 

3000 3 ins. square to 4 ins. 0 tt 1* 160 ISO 70 
square 11 .1 136 86 70 

13 II II 126 86 66 

Drop forging mainly applies to the production of articles required in very considerable quan¬ 
tities, but this system of using multiple impression dies should be applied where poaaible, 
even in connection with a modeat production, that Is to say, in railway shops—-for example, where 
orders are only given out for SOO or 300 at a time of each partiouiar pattern. In such cases the 
design of the guide rods of the hammers must be sufficiently strong to give the required assistance 
and aocuraov of adjustment. 

The Table on page 1133 gives an Idea of the space, etc., required by drop stamps. 

Sas also DsKiripUva Saotion XXII, Part m: 
AJldays 4 Onions Ltd. 
Bieirs PsUnt liftsr Oo., Ltd. 

VOL. I. *Q 
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SECTION XXIII 
PART I 

METAIiIiURQY 

Revised by Edwin Gregory, Ph.D., M.Sc., P.R.I.C, 

FURNACES. 

OLASSIFIOATION OF FUBNAOBS. 

FURNACES IN WHICH THE OHAROE AND THE FUEL ARE INTEBMINQLBD. 

1. Hearth Furnaces. 
(a) With blast. Forge for smithing. Orate for zino-white manufacture. Fumaoes (Swedish) 

for the manufacture of wrought iron of high quality. 
(f)) Without blast. Heap and stall for coking and roasting. Trough for liquidation and 

iiro6.sing. J^ieraens-Murtin open-hearth furn:u <*s fur steel maiiufuel ure. 

2. Shaft Furnaces. 
(а) With forced draught. Blast furnaces for smelting ores of iron, copper, lead, etc. CupoUiS 

for iron-foundry practice. Bessemer converters. 
(б) With Induced draught. Only rarely employed. 
(e) With natural draught. Furnaces for smelting readily fusible ores. Kilns for calcining, 

roasting, etc* 

Furnaces in which the Oharqb and the Furl are Separate. 

1. Reverberatory Furnaces (Radiation). 

(a) With forced draught. Furnaces for the refining of metals and the smelting of ores. 
lb) With natural draught. Furnaces for the roasting of ores. Furnaces for the manufacture 

of puddled iron, etc. 

2. Crucible, Retort, Muffle, etc.. Furnaces (Conduction). 
(a) With solid, liquid or gaseous fuel. 
(b) With electricity. 

Furnaces in which tub Charge Suppijes its own fuel. 

(а) Preheated furnaces with solid charge. Kilns for ore-roasting. Ooke ovens. 
(б) Preheated furnaces with liquid charge. Oonvertere for refining, etc. 
(c) Non-prcheated furnaces with solid fuel. Blast-roasting furnaces with up and down 

draught. 

Elbotrio Furnaces Heated dt Resistance Eftecto. 

(а) The charge is included in the electric circuit. H^roult aluminium fumaoe. KJeilin 
induction furnace. 

(б) The charge is heated by means of an electrioally-heated conductor. 
(c) The charge is heated by eddy ourrenta induced in it by means of a high-frequency inductor 

coil. 

BLEOTRin FURNACES HEATED BT ARC EPFECfTS. 

(а) Direct heating. The charge forms one or both poles of an electrio arc. Hdroult, Siemsns- 
Schuokert furnaces, etc. 

(б) Indirect heating. The charge is enclosed In or below a space heated by an eleotrio are. 
"^tassano and Detroit rooking are fumaoes. 

Elbotrio furnaces Heated bt (X>ifBiNED Bbsistanoe and aro effeots. 

Soydsr, Glrod, Oreaves-Etohells, etc., steel furnaces. 
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BLAST FURNACES. 

(C. LMn§tkm,) 

A blMt furnace ehoold b« designed to suit the materials used In smelting; successful designs 
can best be accomplished by keeping in rlew the best practice with partioi lar materials. No 
general formula for the design of all blast furnaces, for a ^ren output, is possible. The following 
points are common to all successfiil blast-furnace plants, and should be kept in view, in new 
construction 

The aim of all blast-funiafo work is o)>viousl3- the proiluction of a f:»)oil marketable iron at the 
lowest cost. Low costs rest elii<‘ll\’ on low fuel eonsuinptiou ; low fuel e(>nsumption is governed 
by the quantity of fuel, dryness and tenqjerature of Mast, with eorreet furnace lines for the ores 
smelted. 

Blast temperature is entirely one of stove capacity ; it is essential that stove capacity should 
be on the generous side. 

Output will depend on capacity of furnace, diameter of hearth, and will vary according to 
materials used, quantity and pressure of blast, dry or wot blast, temperature of blast; blast 
pressure should Im able easily to penetrate to centre of furnace. 

B<Mh line angles are fonnd to vary very little; short steep bosh lines are a decided advantage 
with most mat^als. Leading American blast-fumacemen attribute some of their remarkable 
results, in part, to low steep boshes and large hearths. Furnaces with hearths 20 ft. 9 ins. in diameter 
are in snocessful operation. 

In general practice, furnace shafts should have a batter of at least 0*62^ in. in 12 Ins.; where 
fine ores are smelted this could be considerably increased with advantage. Diameter of bell 
shonld be 4 ft. to 4ft. 6 ins. smaller than diameter of throat. 

The furnace should be entirely enclosed in a strong steel shell, from the hearth level up. 
All parts of furnace top work should be securely fixed to main shell structure. 
In designing blast-fnmace details the main considerations should be (1) eflSciency, (2) strength, 

(3) simpUoity. 
The number of gas offtakes should be such that the gas leaves furnace as slowly as possible, 

so as to avoid carrying dust over to flues. 
The height of furnace varies from 80 to more than 100 feet; with the materials used, each 

district has come to fix the height found most suitable for its particular conditions. 
Sufficient relief area, by bleeders or explosion doors, should be provided on top of furnace 

to prevent injury from slips; the relief should, if possible be directly upwards. 
For hearth well and boshing, nothing but the best quality of fire-brick should be used.* The 

bricks should not be too large, so that they may be thoroughly burned. For the upper lining a 
fire-brick with more wear resisting qualities can be used. Oare should be taken that all bricks 
when laid are properly bedded and tight built, with fireclay joints as thin as possible. In re- 
lining a furnace, the bear In old hearth need not be removed, but simply levelled to start building 
well on. 

Some means should be taken to preserve the upper lines of furnace from wear where stock 
from bell strikes brickwork; a satisfactory way of doing this is to insert with brickwork alternate 
layers of cast iron or steel plates. In normal working, the stock level shonld be kept just high 
enongb to allow bell to swing freely when full open. 

l%e number of tuyeres is not so important (if sufficient area for output is provided) as equal 
distribution and penetrative power of blast. There shonld always be a reserve of blowing 
power available after providing for normal maximum requirements. 

Where blast-furnace gas is fully utilised and gas economy a necenity, the blowing should 
be done by gas engines. Where there Is a surplus of gas the turbo-blower can be installed with 
advantage, and will prove an Ideal blowing engine. Reciprocating steam-blowing engines are 
still being Installed, but only in cases where conditions make It unsuitable or inconvenient to 
discard existing plant. 

Codling.—Apart from tuyeres, jumbos, and hearthcooling, any cooling appliances provided 
for the bosh or upper lining should be carefully considered; external or spray-oooling has the 
great advantage that leakage of water into the furnace is prevented, or rather more easily de¬ 
tected. The trouble caused by water leakage from blocks inserted in the building is considerable, 
and can never be fully known ; it Is often when the damage is done the leak Is located. Modern 
praotice to to spray-cool the bosh and sometimes the entire ontside shell; by this means 
a much thinner lining can be used, the furnace presorv<*s its original lincK longer, and the linin ' 
has a longer life. 

SUnet,—Should be as simple in design and equipment as possible, with ample facilities for 
cleaning and inspection, and have a good chimney draught. 

Uring unwashed gas, chequers should not have less than 9-in. by 9-ln. openings; with washed 
gas smaller obeqner openings can be used, giving greatly Increased heating surface for same site of 

* Carbon or ‘ graphite ’ blocks arc now being oxtenHivoly employed in bosh linings. 



CUPOLAS Sec. XXIII (i) 1127 

fthelli and higher blast temperatares and lower chimney temperaturea for same gas consnmptlon. 
Openings S| ins. x 3| Ins. with 9-in. thick walls have proved satisfactory in practice. 

In latest practice for heating stoves the gas and air Is forced by special fan Into combustion 
chamber, the stove bums more gas, which ^ves higher and more regular temperatares, with a 
saving up to 25 per cent, in stove construction for a given production. 

Preheating the blast before entering the stove proper is in sucoesefnl operation with increased 
average temperatures. It is no advantage to go beyond 1,660* F. (n stove heats, any fuel 
economy bei^ more than off<set by stove repairs. 

It Is decided economy to clean blast-furnace gas, as better results are obtained. 
Better results with certain ores will sometimes be obtained by mnning on lower blast heats; 

this may seem to conflict with theory, but in blast-furnace work it is often the case that sound 
theory follows successful practice. 

Uniform ore mixtures and quality of fuel and flux should be kept in view, rather than frequent 
changes of ore mixture, with varying qualities of fuel and flux. It Is an advantage to break hard 
dense ores, especially magnetites. 

The approximate saving in lbs. of coke per ion of iron by increase in blast temperature is 
as follows:— 

1,000* to 1,100* P. (640*-696*0.) . . 60 lbs. 
1,100* „ 1,200* „ (896*-660*O.) . . 40 „ 
1,200* „ 1,800* „ (660*-706*0. . . SO „ 
1,300* „ 1,400* „ (706*-760* O.) . . 20 „ 

Dry BlaH.—Average results with dry blast give a saving of 10 per cent, in fuel consumption 
with 10 per cent, increase in output, more regular grade of metal, and more regular working 
conditions. 

A blast furnace in Its working and results responds readily to proper treatment; proper 
regulation of flux has much to do with this, and the formation of a correct slag is all important. 

The slag should not be too basic or limey; this causes the furnace to become sticky and gob 
up. If the slag is too acid the furnace will drive harder, but trouble is sure to result with gr^e 
and quality of pig. 

When the lime content of slag is high it will prove profitable to make such slag into cement; 
the slag from furnaces making Bessemer iron will generally be found suitable for this purpose. 
Most blast-furnace alags can be easily made Into first-class building bricks and large quantities 
of these slags are used in road-makiDg. 

The slightest indication of irregular furnace working should be promptly attended to and 
put right; irregular conditions will probably show first in change of slag or irregular settling 
of stock. The appearance and degree of fluidity of the slag is the fumaceman’s best indication 
of working conditions. 

Irregular working at tuyeres is generally caused by water leakage from jumbos and tuyere 
blocks. It is quite poesible for tuyeres to be shut by water leakage, in spite of very careful 
watching. No tuyere in a regular working furnace will close while the blast is on except by water 
leakage. 

Irregular working at tuyeres is sometimes caused by an alteration in burden ; in this case 
every tuyere will give trouble, which will continue till the trouble has been put right. 

The best way to open tuyeres that may have been hard closed by slips, irregular working, 
or water leakage, is by the application of oxygen ; the apparatus used is simple and cheap ; the 
worst stuck tuyere can be opened in a few minutes. 

CUPOLAS. 

BLISI-QUANTITT 4ND FllBaSURK IS CUPOLA WORKIMQ. 

An average of 120—in terms of quantity of air in pounds, multiplied by ^ pressure in ounoes 
is required to melt one ton of ordinary pUusphoric iron. 

The maximam output of metal melted per hour is more nearly oomparatlve to diameters of 
cupolas than areas of tame. 

The inaiimum output of a cupola will be obtained when the pressure and quantity of the 

bleat in ounces and pounds per minute respectively are so adjusted that ^ ^ 330, i>eiug 

the diameter of the melting zone in feet. Any further increase in the product W results in 
Axcenrive oxidation of the metal In the cupola. 

Iron melted in a cupola Is affected In hardness directly as the pressure of blast used, so that 
the total area of the tuyeres employed should be regulated according to the class of iron being 
melted, small areas being used when greater hardness is required. 

The height of the cupola from the top tuyeres to the oharging-door dll should noi bt t§ts than 
two and a half to three timea the diameter aoroas the melting aone. 
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The coke ooasomptioQ to a well-dosi^cd cupola need not be more than 0*10 Ib« per pound 
of wdinary phoipliorlo iron when melted, the coke contains from 90 to 92 per cent, of carbon. 

OKNTRIFUGAI, PAN’S FOR OtTPOIAS AND SMITH’H FIRES. 

To give the high pressure required to supply air to Cupolas and Smith’s Fires the fans must be 
of the ‘ centrifugal * type and suitably designed. They usually have smaller inlets and outlets than 
those used for ventilating, as pressure, not volume, is the essential feature. 

Care is required in the choice of a suitable fan, as the efficiency Tarlea within wide limits with 
the design. 

BBVBRBBRATORY PURNAOBS. 

In a reyerberatotr fomaoe the material to be heated is contained In a long hoilaontal or 
slightly doping hearth, the heat being supplied by flames and hot gases which travel over it. A 
condderable amount of heat is radiated on to die hearth from the arched roof of the furnace. 
The proportions of the various parts of the furnace are Important, as if the roof is too high the 
gases ww not * lick * the hearth, but will travel close to the roof. Care must be taken to have a 
sufliolent volume of gases in the furnace, as otherwise the upper part of the hearth will be too cool. 
There is a strong tendency to open the exit damper too wide. When in constant use, a reverbera* 
tory furnace heated by producer gas is more economical than one heated by solid fuel. 

KILNS. 

A Min |g • furnace which Is filled almost completely with the articles to be heated. Usually 
the flames and hot gases from the fuel droolats among the goods and raise them to the required 
temperature by conduction. When contact with the kiln gases would spoil the goods, they may 
be e^osed in fireclay oases or a muffle Jumace may be used. 

MUFFLB FURNAOBS. 

A muffle furnace is one iu which the articles or materials to be heated are protected from 
direct contact with flames and hot gases from the fuel, but the term is sometimes used loosely 
for any kind of furnace heated by town's gas instead of solid faeL Tbs latter kind of furnace 
is sxtsnsivelj used for annealing, normalising, case-hardening, tempering, forging, and other 
heat treatments iron, steel, and the non-ferrous metals. 

The following are figures from actual practice:— 

Operation. Load. Duration. Oub. ft. per ton. 

Annealing H.S. steel 3} tons IH brs. 6,000 

„ steel 

„ OJi. parte packed in filings 

3| tons 8 brs. 3,000 

In boxes. 2,000 lbs. Shis. S,S60 

CRUCIBLE xMELTlNG FURNACES. 

‘ liift-out Crucible ’ or Pit Type Furnaces.—These are supplied where require¬ 
ments o< molten metal are imall, or In cases whets it is preferable to melt in relatively smali 
capadlw erooibles. natural Draught Coke Fumacet can be either connected up to one main fluo 
and chlmnov or can be provided with smaller collecting flues, each flue having a chimney to 
serve a small nnmbsr of Ores, or again, each firs can have its own small stack. 

Fareti Draught Coke Furnaces can be similarly arranged as regards provision for exhausting 
the waste gases, and as they are not dependent upon ohimuey pull the height# of etsoks are 
oonalderab^ Isas than those required lor natural draught fnmaoes. 

It is usual to supply air from a blower or fan of sufflcient capacity to feed any numbei 
np to the whole of tlm plant. Forced draught offers the advantages of (a) Independence o( 
atmospheric conditions, and, therefore, absence of variation in chimney pull; (b) quicker 
hsatiflf qnalltiss of fumscss; («) a greater degree of beat intensity than is ponibls under all 
conditions in natural draught foiziaces. 
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Oil-flred Furnaces. *~TheM osa bs Attad with.burnani to work with oompressed 
air St SO*tO lbs. per square inch, depending to a large extent npon the temperature desire^ 
the higher preMure effecting a more pertect atomisation of hesTj grades of fuel, or with low 
pressure burners wblob ran with a pressure of only jf lb. per square inch foraU temperatures 
up to that necessary for melting mild steel and nickeU 

llie former require an air compressor, which Is a relatiTely ezpeasire machine, and asaj 
require 6 to 10 h.p. per burner, whereas the latter needs only the ordinary open high-speed 
fan, and the burners wil take If to h.p. according to slse of the fornace, etc. Almost any 
grade of commercial fuel oil can be used with either type of burner, and this is fed to the 
burners by gravity. 

Producer Oa» can be applied to Uft-out crucible furnaces if these are made in the multiple 
form, vis. several omoibles in one common melting chamber, or several oraoibles in separate 
chambers, but exhausting into one air or gas heating regenerator. 

For ordinary low-powor producer gas, 136 to 176 B. Th.U. per cubic foot, it is essential to pr^eat 
the air or gas supply to about 300* 0. for efficient melting of copper allojm; for iron and higher 
temperature melUng, both the gas and air should be supplied at about this temperature. 

When using high-power gas, such as water gas of roughly 280 B.Th.U. value per onbio foot, no 
preheating is required for melting temperature up to about 1,400* 0. 

Tilting Furnaces for Coke Fuel are always of the forced draught pattern, for one of 
their chief features, quick heating, would be greatly impaired if worked on natural draught. This 
tjrpe of furnace is more efficient than the pit type, and it has the Important advantage of melting 
in greater bulk than can be handled In a lift-out crucible—up to ^ ton of metal at one charge— 
and the further advantage of making it poesible to mechanically tilt the furnace on a fixed front 
trunnion, so that the metal can be poured direct Into ladles or moulds. In the portable pattern 
the body portion holding the crucible can be transported by means of an overhead crane to the 
point at which the molten metal is wanted. 

Fumaeet for OH Fuel.—The remarks made above in connection with pit furnaces apply 
also to the tilting pattern. The economy in oil when melting, say, | ton of metal in one crucible 
witA one burner, will be very marked, compared with, say, five burners for five 200-lb. size pit 
furnaces, and the consequent saving in power for air blowers in equal proportion. 

Producer Oat can be applied to tilting furnaces as for pit furnaces, but tilting furnaces being 
of greater capacity than the latter it becomes poesible to run single fcunaces with prodnoer gas, 
the heat in the waste gas being utilised to warm the incoming air or gas supply. For copper 
alloys it Is usual only to preheat the air. 

The Morgan Oruoible Company give the following details regarding their oU-fired tilting 
fumaoes;— 

Mbtal to bi Msltbd. 

Aluminium. Brass. Bronse. 
Copper and 

Nickel Osstiron. 1 
Brass. 

Melting capacity of furnace I 
(lbs.) (Brass basis) 160 1,120 160 1,120 160 1,120 160 1,120 160 600 

Weight of charge (lbs.) . 60 376 ! 160 1,120 160 1,120 160 1,120 130 636 
No. of melts per 8-hour shift . 
Oil consumption (lbs. per 100 

lbs. metal) 

16 9 i 10 6 9 6 8 4 6 8 

19 13 ‘ 
! 

14 8 16 9 18 13 S3 34 

For the melting of steel and pure nickel the values for oil consumption are obviously greater. 
For a single crucible furnace the oil consumed Is about 100 lbs. per 100 lbs. of metal, but about 
66 lbs. only with larger furnaces where the melting chamber will accommodate four omoibles. 

ELECTRIC FURNACES 

El 60trio Furnaoes Heated by BoBistanoe EjOfeots. 

Fumaoes of the type in which the charge is included in the electric circuit (fig. 1) are employed 
largely in the manufacture of aluminium, carborundum, calcium carbide, graphite, electro^ 
etc. 

Furnaces of this type in which the charge Is heated by means of an electrically heated 
conductor find extensive employment in laboratories, and are coming into more general nas for 
the annealing and thermal tfMtment of steel and the melting and heat-treatment of non-ferrous 
alloys. 

* Oil-firing has now superseded producer-gas firing in many opon-hearth steel-making plants; 
Mulckcr^smelting and increased proa\ietion have resulted. 
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flauUtor fomaoee, anoh as are need In laboratories, are often made after the style of gas*heated 
muffle furnaces, but in plaoe of muffle lets, wire of niolcel*chrome alloy (Nlchrome) or aTumlnlam« 
iron alloy (Xanthal, p. 1920), heated by the passage of an eleotrio current, is wound round the 
bodT of the (fflamber. Other types incorporate a helix or spiral of carbon, or a series of * Silit' 
(oarborundum) rods, through wUch the current flows. Industrial forms of resistance furnaces 
of these types are arailable for the heat-treatment of steel and other alloys. 

Air ft'- k\/ater Coe!e<i r. re Sric/t or 
Connecticn Concrete - 

Fiu. 1,*—Cross Section of Resistance Furnace. 
Current passes from one electrode throngii tiie churge to the other electrode. 

These furnaces are provided with separate heating elements, which do not come into contact 
with the charge, but are made iacandefloent by the current passing thremgh them, and thus heat 
the interior of the furnace chamber. 

Induction furnaces, which may be olaesed under this head, find employment in the manu- 
factnre of certain steels and non-ferrous alloys. Low or normal frequency furnaces are not now 
much need in steel-making, but furnaces of the Ajax-Wyatt type (flg. 2) are extensively employed 

EUetrio Fumaet Oe., Ud, 

Pro. 2. 

In braie-melting. B is a copper coil, or core, through which alternating current is paased, and 
this Mte M the primary of a transformer, the narrow V-ehaped slot constituting the secondary. 

Induced eurrent in the secondary generatee heat In the metal and aete up a vigorous olroala« 
tion, so IhsI a head of molten metal is soon estabUriied above the slot. The moltm metal la the 



BLBCTRiO FURNACES 1131 Sec. XXIII (I) 

Blot is, ander all oiroumatances, hotter than that abore lt» ao that conrection curreoia are indaoed 
in the multen churKo. 'Pho molting vohIh por Um for 60/iO l^rass in a oijo ll>. furnucc in 

wore given w follows :— 
s. d. 

Bleotrioity, 324 kW.b. at id.9 4 
* Lining of furoace and rcpain .... ... 1 6 

Labour, 1 man per shift at £6, makiiig 13 tuns per week per aUift .84 

The principal advantages of this type of furnace are low melting losses, low power consump¬ 
tion, and complete mixing of the charge. The power factor lies between 0 * 80 and 0 * 85, accord¬ 
ing to the frequency of the power sujjply. 

One great disadvantage of thia type of furnace is the need for the maintalnence of molten metal 
in the slot at all times. The low frequency furnace is thus unsuitable for intermittent worklngi 

The high-frequency or ' corelesa * induction furnace is the latest development in the methods 
for the melting of metals and alloys. It is essentially a crucible furnace (fig. 3), in which the 

FlO. 8. — AJax-Northnip High-Frequency Fumaco. 

charge is melted by the eddy currents induced In It by the pitssage of a high-frequency current 
through a water-cooled copper coil surrounding the crucible or container of the molten metaL 
Owing to the unreliability of crucibles, fritted linings are more commonly used In irdustrial units. 
The furnace is lined by tamping dry refractory grist between the coil and a hollow metal ‘ former,’ 
having the external shape desired for the interior of the lining. When current is passed the former 
is heated and eventually melts, but long before this occurs the surface layers of the Lining are 
fritted into a hard coherent mass capable of holding molten metal. The refractory near the coil 
remains as an unchanged grist or powder and acts as an effective heat insulator. By this means 
an acid, basic, or neutral lining may be built up as circumstances demand. 

To some extent the frequency depends on the capacity of the furnace. With small experi¬ 
mental furnaces capable of melting a few grams only, the frequency is of the order of 1,000,000 cycles 
at 7,000 volts pressure. With more commercial types, capable of melting between 10 lbs. and 
5 tons, the fumaocs operate with frequencies between 500 and 3,000, according to their design, 
l^or eOioient melting it has been shown that the ratio r/jj must be greater than 3, where r is the 
radius of the charge in centimetres and is given by the expression 

V P 

4irp 

p is ths resistivity of the charge and p the pulmtanoe (Sir times the frequency) In radians per 
second. In all oases, very high voltages are essential to that a step-up trairsformer becomes a 
necessary unit. Tbs indaoed eddy currents in the charge create a sUrrmff of the molten metal 
the lower the frequency and the greater is the droulation for a given ooO diameter. This resnlts 
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in the oentre of the molten charge being raised abore the onter layers, a phenomenon described 
as the fountain effect. The aotomatic stirring of the molten chai^ results in nnlform dissemi¬ 
nation of Its oonstitnents, an important point In the manufacture of alloys such as stainless and 
high-speed steel. The estimated cost of meHing one ton of steel in a furnace of 6 owt. (160 kW.) 
capacity pre-war wtis about £2 the current coiisianption being about 700 kW. hours. With 
furnaces of larger capacity ^e power consumption per ton is lessened considerably. Furnaces up 
to 7 tons capacity have now been installed. 

Induction furnaces are able to hold their own against other types of steel-melting furnaces 
on account of their steady current consumption and low power consumption in the melting of cold 
stock, but suffer from certain disadvantages of a well-defined character. The heat being generated 
in the metal and only conducted to the sli^, renders it dlfllcult to work a fluid basic slag, with 
the result that desulpburlsatlon of the charge Is not so efficiently carried out as in the case of 
furnaces of the arc-type. Nor can dephosphorisation be so perfectly attained, since the desira 
of these furnaces militates against ready and complete removal of the oxidising slag needed for the 
rmnoval of phosphorus. A farther dmdvantage arises as a result of the continuous circulation 
of the molten metal in the bath which leads to the erosion of the lining. 

Electric Furnaces heated by Arc Efifects. 

These fall into two dames (a) indirect arc furnaces, where the current arcs from one electrode 
to another above the charge, which Is thus melted bv radiation and (61 direct arc furnaces, where 
the arcs are struck between the extremities of vertically suspended electrodes and the liquid or 
solid charge (fig. 4). In some furnaces of the latter type electrodes are built Into the furnace 

Fio, 4.—Cross Section Direct Keating Arc Furnace. 

Current arcs from one electrode to charge ainl from cliarge to other electrode. 

bottom so that enrrent is forced to flow through the bath (e.fr, Greaves-Btohells furnace) by which 
it isolaimed that more uniform heating of the bath is obtained. Indirect arc furnaces are not now 
used to any great extent in the melting of steel, although the single-phase Detroit furnace (rocking 
arc) is extensively employed for melting brass, cast iron, etc. For the melting of steel, S-phase 
current Is largely employed, and the dectrodes, which are of graphite or amorphous carbon, are 
controlled, either by band or electrically, so aa to yield the dedhed arc-length for melting, refining 
or beating of the charge. 

Acid-lined furnaces are employed in the melting of high-grade materials for the manufacture of 
steel castings. By far the largest number of arc fumacee operate with basic linings, however, 
and t^UB the proportions of sulphur and phosphorus In the final product may be reduced, if 
initially not more than 0*06 per cent., to little more than traces. In the ordinary process, where 
it is desired to lower the percentages of both elements, the charge consists almost entirely of steel 
scrap. This is melted under a basic oxidising slag, which is then removed by tilting the furnace; 
the oath, if neoesmry, is then recarburised by the addition of crushed electrode, authraclte coal, 
etc., and finally refined under a * toAite ’ sloff, composed of lime, fluorspar, coke-dust and crushed 
ferro-siliooD, which removes sulphur and thoroughly deoxldi^ the molten metal. When in 
proper condition this slag, on extraction from the furnace, undergoes an enormous change in 
density on cooling and disintegrates into a flue white powder. It is then described as a * fallirv ’ 
Mlag, Unlike most of the other steel-making processes the final additions of ferro-mangauese, 
ferro-sUicon, etc., are added at the end of the aro-fumace process merely to bring the stem up to 
inpedfioation ralaes, and not for purposes of deoxidation. In consequence, arc furnace steu is 
dean and free from non-metallic inclusions. The steel is thus of exodlent quality and its com* 
position can be very accozatdy controlled. For the manufacture of high-speed steel, stainless 
and heat-resisting steels the furnace is mainly used for melting selected high-grade materials. 
Vo dag ranoral thin beoomes neosssary hut automatic desulpburlsatlon and deoxidation oooors 
daring the finishing stage of the prooees. 
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Fnmaoes with capacities of from i to 30 tons are In operation in this country chiefly of the 
H^roult, Greavos-Btchells, ‘ BfcoV or ’Lectro-Melt types. The current consumption varies 
with the capacity and furnace design, and with the method of working. Average figures, starting 
with cold scrap charges, are as follows :— 

« S| font HirouU. 25 tons high-voUnge Are furnacr. 

Daration of Heat Melt 3^ hrs. 3 hn. 
Refining 1 to H hn. 3 hrs. 

Current consumption . Melt 660 k w. houn per ton 460 kW. houn per ton 
Refining 380 kW. „ „ ,, 230 kW. „ „ „ 

Voltages . Melt 30 at 6,000 amps. 180 at 15,000 amps. 
Refining 78 at 3,000/6,000 amps. 104 at 3,000/8,000 amps. 

iOregoTf.) 

The chief losses in electric furnaces are due to radiation fr tm the walls and conduction 
through the electrodes. Since the radiation losses increase us the square and the capacity as the 
cube of the linear dimensions of furnaces, it is obvious that large installations are more 
economical than small ones. Conduction losses can be rftiuced to a minimum by suitably 
designing the electrodes. 

Although, with coal at 14r. per ton* and electrical energy at Jd. per kW.-hour,* the latter 
costs twenty-eight times as much as the former per British thermal unit purchased, the efficiency' 
with which the electrical energy is applie<l is so much higher that the difference is largely 
neutralise^!, and in the case of crucible steel is completely wined out. In addition, the labour 
cost is greatly reduced with electric furnaces and there is a considerable economy of space and 
buildings, while the steel produced is of higher quality and uniformity than by any other 
method. 

A useful method of calculating heat flow through the furnace walls, etc., has been develojied 
by Carl Herlng on the lines of Ohm's law. If— 

W = heat flow in watts ; T = drop in temperature in degrees C.; R = thermal resistance in 
* thermal ohms,* 

then, 
W = T/R. 

A thermal ohm is that thermal resistance which requires a drop of temperature of 1® C. to 
produce one watt of heat flow and = 4*2 gramme-calorie units; 1 gramme-calorie unit of thermal 
resistance = 0*24 thermal ohm. 

Assuming that the electrodes are of uniform section, aud that no lateral loss of heat takes 
place-—conditions which are only approximately fulfilled in practice-lleriug finds that the total 
loss of heat through the cold end of the electrode equals the sum of the loss by heat conduction 
alone (i.e. when no current is flowing) and half the T*R loss. This combiue<i loss is least when 
the loss by heat conduction alone equals half the T’R loss ; the total loss then equals the T*R loss, 
and uo heat will be conducted out of the furnace by the electrodes. This miiiimum loss is 
dependent only on the material of the electrmies, the current, aud the temperature, but not on 
the absolute dimensions ; it fixes tlio ratio of cross-section of electrode to length. In the case of 
a furnace working at 1,400° C)., the cool end of the electrode being at lOU® U., the length of the 
electrode 20 ins., and the current 10,000 amperes, the following dimensions were given by 
Hcriug’s methoil of calculation : — 

Carbon, 12’6 ins. diameter, loss of power in electrode 23*4 kW. ; Graphite, 7*1 ins. diameter; 
loss of power 16-1 kW.; Iron, 4*8 ins. diameter, loss of power 4*6 k\V. (HlansfieU.) 

The power, etc., provide<l in ooimection with H^roult furnaces ustxl by the United States 
Steel Corporation are given in the following table, which api>lies to cold charges ; if the charge 
iB pat into the furnace iu a molten condition about half this power suffices 

Power requiiucd for Electric Fprxacks. 

Size of Furnace, Transformer Amperes, Square inches 
('upper, 

per phase. tons. capacity, kVA. per phase. 

1 ; 375 2,260 3 
2 600 3,6tH) 5 
3 760 4,600 6 
4 000 6,400 1 7 

® i 1,200 7,200 i 9 
10 1 2,000 ! 12,000 I 16 
16 8,000 18,000 24 

* These are pre-war values and cannot properly be amondod until the true results of 
nationalisation are stabiliseil. 
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Tbe voltage used in arc furnaces depends upon the current and the length of the arc. In 
three-phase furnaces it ranges between <>6 and I BO volts, and in single-phase furnaces between 
150 and too volts. In resistiince furnaces the voltage at starting, with a cold charge, may be 
400 volts, decreasing as the charge heats np to 35-00 volts. The consumption of the electrodes 
variei wlddy aoooMlng to the conditions obtaining. For steel production, starting with cold 
scrap charges, average values are between 8 and 10 lbs. per ton, using graphite electrodes and 14 to 
18 lbs. per ton with amorphous carbon electrodes. Tlie furnace bottoms last from 1 to 3 years, 
the walls from 100 to 300 heats, and tlie roof from 60 to 200 heats. To make ordinary carbon 
steel of crucible quality with a 6-ton furnace requires from 650 to 760 kW.-hours per ton, 
starting cold. In smaller furnaces the input per ton is greater. 

The power factor of the arc resistance furnace varies from 76 per cent, to more than 90 per 
cent.: that of the resistance type from 90 to 97 percent.: that of the induction furnace varies 
from 50 to 60 per oent. only and that of the eoreloss Induction furnace Is less than 15 pw cent. 

Tlie leads from transformers to eii>ctric lu; naces should be a.s sliorc and direct as possible, and 
close togetlicr, as the voltage drop due to their self-inductance and the very large currents is con¬ 
siderable, resulting in a low power factor. The conductors should be wide thin bars, or tubes, to 
prevent loss of energy due to the tendency of alternating current to flow in the skin of the 
conductor. 

Electrical RKj^isnviTV of Matkuiau^, Ohms per I.sch Cube. 

Material. Cold. Hot. Temperature ° 0. 

Craphit.. . . . . 0-00034 0-00031 100-2000 
Carbon. 00018 0-0014 100-2000 
Silicate slag .... 1 to 2 Molten 

Fire bricks (various) eo 
( 8 to 24 
t 24 to 300 

850 
815 

{StansjiHd.) 

FURNACE CONSTRUCTION. 

The following are points reciuiriug special attention in the oonstniction of furnaces:— 

1. Sections of furnaces such as are exposed to differing physical and chemical actions should 
be united In such a manner as to allow of free and independent movement and as to be subject 
to independent c<Hidltion. 

S. Such sections as are exposed to high temperatures should be made thin and shoold, when 
possible, be water-cooled; such sections as are exposed to low temperatures should be made 
of such a thlckneas as will reduce thermal losses due to radiation and conduction to a minimum. 

3. The interiors of iurmices should be constructed so aa to resist meobanical, physioal and 
ohemicai wear. With this end in view choice must be made of suitable materials of oonstiuction 
and of efficient design. In this connection note sliouid be made of the following factors:— 

(a) The action of heat. 
C5) The erosive and corroeive actions of flame, slag, eta 
(e) The mechanical wear due to abrasion by the solid charge, etc. 

4. The exteriors of furnaces should be supported and strengthened la such a way as to allow 
of the free expansion and contraction of the body. The foundations of all furnaces must be of a 
strong and ri[^d character. 

MELTIXU POINT.S OF REFRACTORY MATERIALS. 

® 0. 
Alumina ^pure;. 2060 
Bauxite brick. 1666 to 1786t 
Chromite , . . . . . 19u0 to 2200 
Fireclay brick. 1660 to 1760 
Canister. 1700 to 1 BOO 
Magnesia brick. 2600 to 3300 
Silica—Pure. 1830* 

Pure, will, l i o per cent, aluuiiiia 1690* 
Pure, with 63*0 per cent, alumina 1890* 
Brick. 1700 tul7«0t 

Zirconia. 2800 to 3400 

The melting points have been considered to be those temperatures at which tlie material in 
question was flrst seen to flow easily. 

• Boudouard. f Kanolt—‘Iron and Ctoal Trades Review,’ vol. Ixxxv. p. 309. 
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FVaMAGB BFFICIBNCY. 

The ihwnwl efflolenoj of fumaoet may Iw itated either abaointcilj or rriatirely : 

Abwlat. fimuo «ffld«no; - .i*^. 

Retative thermal eflloieney« 

Oaloriflc power of the fuel 

^ Net thermal effect prodooed 
A.etnal caloHee reaUeed 

Owing to the large rariatlon In the aotoal number of oaloriee roelleod in indlridual fnmacee 
tt If general to employ the former of the abore ratios. In order that a determination of the abe<rfDte 
effldenoy of a glren fomaoe may be made, a icnowledge of the hent>abeorbing and the heat- 
producl^ faoton that are likely to be enooontered In practloe, of which a numbw are tabulated 
below, !■ required. 

(A) Heat-absorbing Factors. 
1. Heat absorbed by fame, gases, eto. 
S. Heat remored by such solids and liquids as are periodically or oontinuously remored 

from the fumaoe. 
8. Heat lost by radiation and conduction. 
4. Heat absorbed owing to endothermic reactions within the furnace. 

(It) Heat-producing: Factors. 
1. Heat supplied to the fumaoe by the oombustlcm of fuel either imdde or outside the fumaoe. 
2. Heat added by such solids and liquids as are periodically or oonttnuously charged into the 

fumaoe. 
3. Heat gained owing to exothermic reaotlons within the furnace. 
The thermal eflSclency of the furnace is represented by the ratio of the heat-absorbing factors 

to the heat-produdng factors. 

Heat Economy by Insulation. 
A oonsiderabls reduoUon In the loss of host by radiation (see A, 8, abors) may be effected by 

building a * wall' of insulating brioks between the ilning and the exterior of the fumaoe. 

Latent Heat of Fusion of Metals. 
The latent heat of fusion is the number of nam oaloriee required to oonrert one gram of 

substance from solid Into liquid without ohange of temperature;— 
Mercury 2-8 calories. Platinum . 27*1 calorier 
Lead* . Sodium . 81-7 
Bismuth* 10-2 „ Palladium 868 
Cadmium* . 10-8 „ Manganese* . . 36-7 „ 
Tin . . . U« „ Magnesium . 46-6 „ 
Potsssiam . 15*7 „ Antimony* . . 38*9 
Gold* . . 
Iron 

15-9 „ 
490 „ 

Copper . 
Nickel . . . 

80-8 ,. 
780 

SUver* . . . 26-0 Cobalt* 68*2 
Zinc* . 23-0 Aluminium . 98*0 

Heat and Electrical Energy required for Fusion of Metals. 
The following table (after Stansfleld) give.s the heat and electrical energj’ re(|ihnHi to melt 

various metals, per lb. : - 

Tin . 
(^alb.f 

. >8 
Watt-hours. 

15 Copper 
('alb.t 

162 
Watt-hour* 

85 
Lead . . 16 8 Cast iron (gray) 245 129 
Zino . 68 36 Tool steel (1 % C.) . 30U 158 
Aluminium . 268 136 Wrought iron . . 843 181 
Brass . . 130 69 

TEMPERATURE CONTROL OP FURNACES PYROMETRY. 

Determination of Calorific Intensity. 
The oaloriflo intensity of a substanoe is tbs theoretical maxlmnm tsDq>eratare attained 

daring the perfect oombostion of the same in air at 0* 0. and 760 mm. pressure, and is inverselj 
proportional to the time oocupied in attaining this tempeiature. The caloriflo intensify of a 
substanos may be determined by oalculatlon or by experiment. 

Values {liter Wlist, JStaM and Eisrnt 1918, 38, 177. 
t Calb.—'.J’he iunount of hciit miuired to raise one pound of water tbiough one degree Conti- 

;irade# 
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OAI.CULATION. 

Let 0 a the oaloriflc power of the snbstanoe, 
T the rise in temperatore daring combuetion, 

IT, fir', 10*, — — the weights of the prodaote of combnetlon, 
i, s‘'y — the speciflo heats of the products of combastlon, 

then, n 

10# + 10'#' 4- etc. etc. 
for the faol at 0* 0. and 760 mm. pressure. 

The calorific intensity of a fuel (by formula) will be seen to be directly proportional to the 
oalorifio power of the fuel and inversely proportional to the weights and the specific heats of the 
piquets of combastlon. 

The oalorifio power can be raised by 
(4) Superheating the fuel. 
(h) Superheating the air needed for the combustion of the fuel. 
(0) Using a minimum of excess air. 
(d) Increasing the proportion of oxygen in the air. 
(0) Reducing the proportion of incombustible material in the fuel. 

Expansion Type Thermometers. 
The mercurial thermometer is most important for use at about atmospheric temperatures, 

iaigely on account of the wide range of temperatures through which mercuiy is liquid, — 39* O. 
to 367* 0. The Beckmann thermometer with a range of 6 degrees may be read aocnrately to 
0*001* C. By the use of Inert gases (nitrogen or carbon dioxide) under pressure In the tube 
of a thermometer, the boiling point of the mercury may be raised to allow temperatures up to 
640* O. to be determined, at which temperature the glass softens. Quarto thermometers contain¬ 
ing mercury under pressure can be used up to 700* 0. By using tin instead of mercury the maxi- 
mum limit may be raised to 1000* 0. Steel tube mercurial thermometers. In which the capillary 
is attached to a form of a Bourdon pressure gauge, are not easily broken, and may be relied upon 
up to 640* 0. These are particularly suitable for oil, lead and salt tempering baths, tinning and 
galvanising baths, etc. 

Fusion Pyrometers. 
Observations of the fusion of metals, alloys, salts or mixtures of salts enable the observer 

to judge the temperature reached in a furnace at the moment of fusion, given that the temperature 
of fusion of the material employed Is known prior to its introduction into the furnace. Metals 
and alloys are not much used now, but salts and mixtures of salts are still employed. 

The following are the melting points of a number of metallic salts:— 
SALT. Mblting Point. 

Sodium nitrate 
Potassium nitrate 
Oalclum nitrate 
Strontium nitrate 
Barium nitrate 
Potassium iodide 
Potassiam bromide 
Potassium chloride 
Sodium chloride 
Sodium carbonate 
Sodltim sulphate 
Barium chloride 
Potassiam sulphate 

, 310* 0. 690’ 
S38 „ 640 
661 „ 1049 
670 „ 1068 
ft93 „ 1099 
706 „ 1301 
760 „ 1383 
790 „ 1464 
800 „ 1473 
849 „ 1660 
880 „ 1616 
960 „ 1760 

1060 „ 1932 

Mixtures of Saiau. 

Under this beading may be included two important types of fusion pyrometers 
(а) 84ger cones. 
(б) Sentinel pyrometers. 

SkOBB OONBS. 

These are small three-sided pyramids, each about Ins. high and about 4 In. wide at the base 
The term * cone * is rather misleading, as they are more pyramidal than conical. They are made 
of a finely ground mixture of fel^ar, china clay, and flint, the composition of the mixture 
depending on the temperature to be inrilcated. For the lower memben of the seriee other 
mixtures are used. 
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Their shape and coniposibiou are such that when healed to their Indicating temperature at a 
reasonably slow rate and under suitabie conditions they bend over slowly from the upright position 
possessed by them when placed in the kiln or oven and gradually form an arch. When the 
top has almost reached the same level as the base the indicating temperature is reached. A 
fart}ier rise in temperature will cause the cone to collapse and form a shapeless, glazed mass. 

It is customary to employ three different cones at a time; the first will indicate a temperature 
about 20 degrees Cent, below the one required to be known, the second cone will indicate the 
desired temperature (such as the finishing temperature of a glaze) and the third cone will serve 
as an indicator that the required temperature baa not been exceeded by 20 degrees. The com¬ 
position of the cones is such that the difference in temperature shown between two successive 
cones is about 20 degrees, though they are not quite regular in this respect. 

It is important to remember that S4ger cones do not serve as strict indicators of temperature 
ill the sense that a thermometer does. If heated too rapidly a much higher temperature may be 
reached than is nonnally required to bend a cone, and which they arc supposed to indicate. Under 
ordinary conditions of use, however, it is easy to find which cones (MJircspond to the temperatores 
or conditions of heating which it is required to control, and S6ger cones are, therefore, Invaluable 
when they are rightly used. They serve as excellent indicators of the effect of heat on pottery 
and similar materials, and as it is this, rather than the mere momentary temperature which is 
important, they have advantages not possessed by a pyrometer or high temperature thermometer. 

Sentinel Pyrometbbs {BrearUy). 

These are small cylinders, measuring about | in. by i in. and manufactured from salt 
mixtures of definite melting points. Only such mixtures can be utilised as are formed of salts that 
neither dissociate nor corr^e when in the molten state. Brearley stateas that mixtures of salts, 
after being melted together and ground to a very fine powder, may be made into an adhesive paste 
with vaseline, and applied to many purposes for which no ordinary pyrometer is available. In the 
smith’s hear^, for example, a tool may be heated to low redness and smeared near the point 
with a small portion of a paste whose melting point is, say, 770** 0. The tool is then reheated 
directly in the fire or protected from the coke by a piece of scrap, wrought or cast Iron piping, untM 
the white mark left by the thin layer of the salt mixture disappears. This indicates that the steel 
itself has nearly reached the desired temperature and may be quenched. 

The following are the melting points of a niimber of mixtures of salts:— 

Salt. 
Farts by 
Weight. Salt. Parts by 

Weight. Deg. 0. 

Sodium nitrate . 6D Potassium nitrate 45 205 
Potassium carbonate . 00 Potaaaium chloride 60 580 
Sodium chloride. 30 Ditto 70 625 
Ditto 42 Ditto 58 656 
Potassium sulphate 20 Sodium sulphate 80 825 
Ditto 30 Ditto 70 830 
Ditto 50 Ditto 60 850 

Heat Radiation Pyrometers. 

In this type of instrument the relation between the effect of radiant beat on suitably chosen 
thermal elements and the temperature of the radiating body is observed. The F^ry Radiation 
Pyrometer Is an example of this class of instrument. 

In this pyrometer the rays from the hot body are received on a concave mirror, which can so 
be adjusted that the rays form a heat image which covers a small sensitive element pennanentlv 
fixed on a line through the axis of the mirror. The sensitive element consists of a delicately 
adjusted thermo-couple, which delivers current to a millivoltmeter, calibrated, if desired, to 
read the temperature of the body, whence the beat rays are emanating, directly. In both cases 
suitable means are provided for ensuring that the sensitive element is completely covered by the 
image of the radiant body. 

In order that correct results may be obtained when using pyrometers of the radiation type it is 
necessary that the hot body sighted should be enclosed within a vessel whose walls are approxi¬ 
mately at the same temperature as the body itself. If this precaution is not otwerved the riding 
obtained will be lower than the true temperature of the body, the degree of inaccuracy being 
dependent almost entirely on the nature of the surface of the body iu question. When sighted on 
to bodies In the * open * &e error may amount to as much as several hundreds of degrece. 



1138 PTB0MBTBR8 Sec. XXIII (I) 

Optical Pyrometers. 

Approximate esUmatloiis of the temperatoxes of inoandesoent bodies be made bj visaal 
obaei^tioii. Namerooa oolour scales hare been proposed, bat those dne to Howe and Taylor and 
White are generally accepted as the most aooarate. 'Dm following table la of valae In tlds oon* 
neotlon. 

f Taylor and White. 1 Howe. 

Name of colour. Degrees 0. 
1 

Name of oolour. Degrees 0. 

_ Lowest visible red in the dark 470 
— — Lowest visible red in daylight 476 

Dull red, blood red, low red 666 Dull red ... . 660-686 
Dark cherry red . 
Oherry, full red . 

636 — 

746 Full oherry .... I 700 
Light red, bright oherry, 

light cherry . 843 Light red .... 860 
Orange . 899 — — 

Light orange 941 — — 

Yellow. 996 Full yellow .... 960-1000 
Light yellow. 1079 

1906 
Li^t yellow. 1060 

1160 

The design of optical pyrometers Is dependent on the fact that the intensity of the light rays 
emitted from an incandescent *blaok body' Udirectlyproporiionaltothetemperatareof the* body.' 

The Wanner photometric pyrometer compares the Intensities of the lights emitted by the 
incandescent body and a standard lamp respectlTsIy. In this instrument spectra of the two 
sources of light are, drstly, broken op into two polarised planes at right angles to one another; 
secondly, a^usted so that only the narrow red bands of each spectrum are transmitted further; 
and thirdly, so brought into Tudon that the intensity of either field, both being in Ttsual contact, 
can be strengthened or weakened, untfi they are equally intense, by rotation of a Nlcol prism. 
The amount of rotation, which can be obseryed on a suitably situated scale, serres to measure 
the intensity of the emitted light, and hence to define the required temperature. As with the 
toted heat radiation pyrometer, the optical pyrometer only indicates true temperatures when 
the hot body is enclos^ in a heated chamber whose walls are at the same temperature as the body, 
and when the instrument is sighted on to a body in the open low readings are obtained. The 
error is considerably less, howerer, than with a total radiation pyrometer, and corrections may 
be applied more readily. 

The Oambridge Optical Pyrometer is, in principle, the same as the foregoing, and can be used 
for temperature measurements between 700* and 4000* 0. 

A most cooTenlent optical instrument Is the Disappearing Filament Pyrometer. A hair-pin 
filament lamp is used as a light standard, the electric current passing through it being adjusted 
until the image of the filament, viewed through an eyepiece, just disappears into the field 
illuminated by the hot body whose temperature Is sought. The temperature is then indicated 
on a milliammeter or voltmeter placed in the circuit and which is graduated in degrees 0. For 
calibration and checking the formula 

0 - o + + c<> 

is employed, where 0 is the current flowing through the filament (or the voltage drop across its 
terminals), t is the temperature in *0., and a, d, and c are constants. Three determinations at 
known temperatures thus serve to evaluate these constants and hence establish the current or 
voltage-temperature relationship. 

Thermo-Eleotric Pyrometers. 

This type of pyrometer Is dependent for Its action upon the fact that a current is produced 
within a dosed diooit formed of two dissimilar metals when the junction between the two metals is 
heated, the elsotromotlve fores being dependent on the temperature of the junction. 

The essential features of this pyrometer are two thin insulated rods or wires of dissimilar 
metals ooapled at one of their ends and connected at thehr other ends to separate leads. The 
oonneoUoB between the two metals and the leads, which is known as the * cold-junction,' is 
enclosed within snltably designed apparatus that can be retained at a known constant tempo- 
latoie. The leads from the * odd-junotloni * pass to some form of eleotrioal Instrument oapable 
of fsgistering ov leooiding changes In the P. D. produced in the now dosed drouit when the 
thermo-son^ Is heated oroooML 
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Tlia namber of metola and alloji aTallabla lor the manolactore of tbarmo-cooplaa ara law. Tha 
following ara among thoaa moat ganarally amplojed ;— 

Ooapla. Range. 
Platinum-platinum rhodium (10 per cent.).Up to 1400* 0. 
Platinum-platinum iridium (10 per cent.).  1000*0. 
Nickel ohromlum (90>10>nlokel chromium aluminium (88-1U-3) . . . „ lS00*O. 
SilTer-oonatantan.  800*0. 
Oopper-conatantan.  600*0. 
Iron-constantan.  700*0 

Union between couple wires ia effected bjr fuaiou in the electric arc or ozjhjdrogen flame 
in the case of couples baying a platinum base, by soldering or brasing in the case of base-metal 
couples or by twisting. Union between the wires and the leads can be effected as abore or by 
means of electrical clamps. 

The couple wires, when in use, are generally protected by tubes of nichrome, fireclay, silica 
or glased porcelain, the last being particularly useful when it Is desired to defend the wires 
aga]^t the deleterious action of hot gases. When necessary, protection is afforded these tubes 
by enclosing them in steel Jackets. 

Heavier types of thermo-deotrio pyrometers consist of a rod of one metal fitted tightly into 
one end of a oylinder conoentrlo with the rod and of another metal and insulated from the same 
by suitable means. 

Oalibration of thermo-eleotrio pyrometers is effected by Immersing the protected couple in 
substances or the yapour of substances whose melting or boiling points are known. The couple, 
being subject to the like thermal changes as the substance, generates an electromotlye force, the 
fluctuations of which are registered by a milliyoltmeter within the circuit. For example, while 
solidlflcatfon of a metal in which the protected couple la immersed Is in progress a constant 
reading ia obtained on the instrument. This yalue ia observed, and is recorded on a graph 
against the melting point of the metal as ordinate. A series of such points may pe obtained 
by employing a number of metals in similar manner to that already described, and, these points 
being united, a curve is obtained from which the temperature oorresponding to any given reading 
of the instrument may be abstracted. 

The following are the melting points on the thermo-dynamic scale used as standard temp- 
peratures in the standardisation of thermometers and pyrometers *— 
Mercury 
Ice . 
Diphenylamlne 
Naphthalene 
Tin . 
Lead . 
Zinc . 
Antimony . 

-39*0. Aluminium . (>(*(► Copper free from 
0*0. Sliver-oopper oidde 1083*0. 

64*0. eutectic 779* 0. Nickel . 1465*0. 
79*0. Sodium chloride 801*0. Iron 15.39® C. 

233*0. Silver . 961*0. Palladium hOSl’ 0. 
387*0. Gold . 1063* 0. Platinum nra-c. 

419-4*0. 
631*0. 

Oopper-oopper 
oxide eutectic . 1063*0. 

Tungsten 3400*0. 

At temperatures of 1000* 0. the error ia of the order of 0*1* 0.,at the melting point of platinum 
6* 0., at that of tungsten 85* 0. 

In addition to the above the boiling points of water (100* CX) and sulphur (444-7* 0.) are 
employed as standard temperatores. 

Platinmu-platinuiu rhodium (13 per cent.) * iminc.'siou ’ thormo-coui)k*jj arc now estcusivclj 
employed in tho in«>:u<urt'iiie.ut of molten stwl temperatures up to C., and even higher. The 
thermo-couple ‘ end ’ is dipi)ed into the liquid steel for a period of about 30 seconds. Measurement 
of temperature i.*? then indicated by direct reading on a sensitive potentiomet^T or a dial-amplifier. 
Amplilieation is al.st) used to give permanent pen-records on charts. 

Electric Besistance Pyrometers. 
In these instruments advantage is taken of the change of resistance of a wire with temperature. 

Platinum wire is generally employed. The essential features of the commercial apparatus are a 
ooU of fine platinum wire, enclosed in a suitably designed protecting tube, a cell or aocomulator for 
the supply of current to the wire and an indicator or recorder on which the temperature may be 
read off directly. 

In the original type of tide instrument errors due to the residual strain and impurities in the 
lead wires entered, but later instruments are designed with 'compensating wires,* i^ose 
component parts ars equal in reaistanoe to and are so arranged that they are heated to the eame 
temperature as oorresponding parts of the lead wires. Changes In roustancs in the lead wires 
are compensated by equal changes in ths * oompenssting wires.* 

Besistance pyrometers are accurate at temperatures np to 1000* 0. ,and are employed in¬ 
dustrially wherever reliable msssuremsnt is ssMntial They suffer owing to their high ooet 
and their fragile oharaoter. 
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METALS AND ALLOYS. 

ALLOYS. 

There are three well-recoguieed types of alloys:— 

(I) Aggregates of metals, or of metals and non-metals. 

(ii) Homogeneons solid solutions of metals, or of metals and non-metals. 

(iii) IntermetalUc compounds, or compounds of metnls with metals or with non-metals. 

(1.) 
In this type of alloy the component elements crystallise out from the molten alloy in a 

practically pure state, or in the form of solid solutions of different concentrations, and the addition 
of the one dement to the other results—within certain limits—in a lowering of the freesing point 
of the resulting alloy. The alloy having the lowest initial solidifving point in such a series is 
called the * eutectic.' Lead-tin, lead-antimony, and bismuth-tin alloys are of this type. 

(li.) 
In this type of alloy the component metals do not crystallise out from the molten alloy 

in the pure state, but the resulting alloys contain one kind of solid solution only. Oopper-nickel 
alloys are of this type. 

(ill.) 
IntermetalUc compounds behave similarly to pure metals, crystallising in like manner, i.e. 

their freesing and melting points are identical, so that freezing and meltii^ occurs at constant 
temperature; with solid solutions and other alloys there is a melting or freezing range. 

IntermetalUc compounds are usually extremely hard and brittle. 

IRON. 

IRON (FERRITE). 

GhemicaUy pure iron is not an article of commerce. Iron has been obtained by electrolytic 
deposition of a degree of purity greater than 99-9 per cent, iron, while the American Rolling 
Mills Co. manufacture a commercial product which they claim to contain 99 • 84 per cent, of iron, 
and spectrographicaUy pure iron is now available. Pure iron powder is also being produced by 
hydrogen redaction in increasing quantities. 

Stead, by extrapolation, arrived at the following ligures for the approximate mechanical 
properties of pure iron :— 

Yield point 9 tons per square inch. Elongation 51 per cent, (length'area «= 8). 

Mtiinatc tonsil". 
strength 17 ditto. Reduction in area 84 per cent. 

Actual tests on higii purity iron guvc ultirautc tensile .strciiijth of H-l;i tons persfj. im li with 
IDO per cent, reduction of area. {Adcock and JSri.stoir.) 

The term * Ferrite ’ is applied to pore iron when it is considered as a microscopical constituent 
of iron or steel. Pure iron is composed of polyhedral crystal grains of ferrite. 

Carbon, manganese, silicon, sulphur, jthospborus, nickel, molybdenum, etc., all have effect 
on the iron in which they occur and are frequently added with d view to obtain alloys having 
more or less definite physical and mechanical properties. 

INOOT Iron. 

Ingot Iron, unlike Puddled Wrought Iron, is produced in the basic open-hearth furnace, and 
in view of a certain amount of difficulty in finding an acceptable definition of ' iron ' and in differ¬ 
entiating between * lion * and ' steel ’ it is well to quobt the following definitions advanced by 
Dr. Alb^ Sauveor:— 

* ComcBBOXAL Iron is the element iron as pure as it can be commercially produced.' 

' INQOT Iron is commercial iron which has been produced in a fiuid condition and cast.’ 

* WBOUaHT Iron is a ferrous metal which is malleable and which has been produced from a 
pasty condition,* 
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* Stbbl if mn ftUoy of iron and carbon which is mallaabla, nsnaUj oontaining snbstantial 
qaantltias of n&anganfft.* 

PROPBBTIBS OF *AAtf00 * IKOOT IRON. 

• Chemical Puritv,—Oontalns Isas than ono-alxth of 1 par cant, of imporitias oonaidaring allioon, 
sulphnr, phosphorus, manganasa, carbon, ooppar, and tha gases oxygen, hydrogen, and nitrogen. 

Unijdffnity,~—Th9 method of mannfaotara and ita freedom from imparities ansara nniformity 
of analysis; this, oonpled with tha fact that tha metal is free from sUg indnslons, sach as exist 
In aran tha best puddled irons to a greater or lesser degree, ensures mechanical nniformity. 

Corrosion ReiiMtanee.~-ThB oonoluaion that pure iron resists rust is not merely darlTad from 
theoretical inference, but represents tha definita finding of manr obserrars of the problems of 
corrosion, after fully inTestigating generations of serrloa eTidance in the form of old band*wrooght 
irons, such as, for example, the uon Pillar of Ddhl. These old irons were not mstless, bat they 
resisted rast and oorroslon to a remarkable degree, by reason of their freedom from oorrosion' 
promoting impurities. 

WorkabUitv.^lngoi Iron being a dense, ductile, and uniform metal, possesses exceptional 
working qaalitles. 

Welding Propertiet.—^The superior welding qualities of Ingot Iron are due to its parity and 
homogeneity. Being of even texture and density throughont, it welds erenly and easily. 

Paint-Holding Surface.—It has been found in serrioe that Ingot Iron sheets require painting 
leas often than other iron and steel sheets. This Is partly explained by its relrety sorfaoe, which 
grips and holds paint tightly, and partly by the degasifioation which the metal undergoes daring 
manufacture, thereby redaclag to a minimum oomuded gases which In course of time tend to 
become liberated, and causing flaking of the paint film. It is also suitable as a base for ritreoas 
enamelling. 

Electrical Properties.—Ingot Iron possesses a high magnetic permeability and low retentlTity. 
It Is farther a better conductor of electricity than steel; in this connection the following is the 
result of tests undertaken by the National Physical Laboratory:— 

Resistirity 
Bj rdaUre mass 11*43. Bt rdatire rolume 6*17. 
(Oompared with the British standards for eon copper.) 

INOOT Iron can be sappUed in the form of black and galxanised sheets, plates, billets, bars, 
shapes, wires, rods, welding rods, cold rolled strip, and welded tubes. 

WROUGHT IRON. 

Wrought iron is iron low In carbon content, which in course of prodaction is in a pasty con¬ 
dition, owing to the fact of its being worked at a temperature too low to render it ftnid. It 
contains a r^tixdy large percentage of non-m^Uio impurities in the form of slag, whidi may 
be readily seen when the iron is examined microscopically, and which, therefore, serrea, among 
other features, to distinguish this product from steel. The percmtage of carbon in wrought iron 
rarely exceeds 0* 16 per cent., and the total of other elements present In the metal is generally less 
than 0*S6 per cent. Wrought iron is not appreciably hardened by quenching. 

The fracture of wrought iron is fibrous in appearance and is occasionally charaotm'ised by the 
presence of somewhat larger proportions of non-metalUo inclusions. 

FIG IRON. 

Typical Analyses of Pig Iron, etc. 
The following lUt of analyses is taken from Dr. W. H. Hatfield’s book, ‘Cast Iron in the 

Light of Modern Research.’ It is published with the kind permission of the author and of the 
publishers, C. Griffin «t Co. Ltd. 

West Coast Hematites. 

Brand. G.O. 0.0. Si. S. r. Mn. Cu. 

No. 1 3-750 *300 2*60 •o*i in 6 •60 •04 
2 . 3*600 ■460 2*10 1*3 1>45 •60 •04 

„ 3 . 3*260 •540 2*10 •04 •045 •60 *04 
M i • 2*800 1*000 1*65 *10 •045 •50 *01 
M & . 2*4(K) l*6(X) 1*20 •10 •045 .50 •04 

Mottled 1*600 1*960 *90 *86 •045 •20 •04 
White . trace 3*250 j *66 *30 •015 •10 •04 

From Native Ores only. 

Special . 3*75 300 2*80 *02 *02 0*600 — 
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Bast Coast Hematites. (* Seaton.*) 

Brand. G.O. 0.0. Si. i s. I r. Mn. Ou. 

No: 1 8*726 *300 2*80 *02 •05 1*00 *06 
„ 2 . . 3*586 •460 2*25 *03 *06 1*00 *06 
,* t 3*160 •660 2*00 •04 *06 1*00 *06 
„ 4 2*760 1*000 1*60 •10 •06 1*00 *06 
„ 5 . . 2*450 1*660 1*00 •20 *06 ; *76 *06 

Mottled . 1*600 2*060 •7.5 *25 *05 *50 *06 
White . trace 3*160 *65 •30 •06 *60 •05 
Special No. 1 . 3625 *300 2*60 •016 *03 1*00 *06 

M ». 2 . 3*860 •4C0 2*25 *020 *03 1*00 *06 
.. „ 8 . 8-00 •600 2*00 *026 •03 1*00 *06 

Sootoh Hematites. Welsh Hematites. 
These are practically of the same composition as the East Coast Hematites. 

No. 1 Foundry Pig-Iron. 
amoxnuTi ahaltsxs (Makibs*) of DxysBSB brands. 

Brands. SUloon. Snlpbor. Phoe- 
phoms. 

Man¬ 
ga neee. 

Com. 
Carbon. Oraphite. 

Per Cent. Per Gent. Per Cent. Per Cent. Per Oni. Per Cent. 
Qartahertie 3*60 0-020 0-70 1-36 0-26 8-20 
Oarron 8*80 0*036 0-70 1*00 0*14 8-10 
dannos . 2*90 0 03 1-62 0-60 0-16 8-80 
OsTeland 3-00 0*03 1-21 0-70 traoe 8-80 
Stanton . 310 0*02 1-07 0-48 — 2-6 
SUTslej . 3*20 0*02 1-40 0-80 0-16 8-48 
Biitlln 2-80 0*006 1-66 0-86 traoe 8*70 
LDlwhaU H.B. 2-60 0-035 ,0-70 l-OO 0-26 8-16 
Benton 2 70 0-02 1-34 2-16 0-77 2-80 
Heath . 2-76 0-03 1-13 2-76 0-82 8-06 
Donoaster 2*26 0-03 1-2 2-2 0-5 8-4 
MJ..B. . S-87 0-08 1-27 1-37 _ 

K-EL 8-00 0-06 1 0-90 1-20 0-20 8-0 

No, 3 Foundry Pig-Iron, 
AFFBOZlMAn ANALTSn (MAKERS') OF DlTRIUiE BRANDS. 

B€9n0mUs •/ Irmt tmd SU€l/ by J, £r. SktUmi, ind td.) 
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‘Ferro* Alloys. 

Brand. G. SI S. P. Mn. 

Ferro-Manganese 6-64 •61 *028 •180 80-10 
Ferro-Silioon 1*30 11*00 •040 *060 2-50 

„ (Electro) •27 28-52 •040 •040 •40 
Silico-Spiegel 1-70 11*00 •040 •049 18-32 

„ (Special) •G9 20*90 •018 •097 65-76 
Spiegel. 4*60 •90 •030 •070 1 18-00 

NoTK.-Ferro-irangaiKjae is usually S0% Mn. aii<J G-7% C. 
Ferro-Silicoii varies from 8% to 80% Si. 
Silico-Rplegel varies from 10% to 1 i% SI ami lh% to 2i)% Mn. 
Spiegel varies from 10% to 25% Mn. 

CAST IRON. 

(By W. J. Driscoll, B.Sc. (Eng.), A.M.I.Mech.E., British Cast Iron 

Research Association. i 

Dkwnitios. 

Cast irons may best be defined and classified by reference to their structure as seen under the 
microscope. Norbury’s definition as slightly modified by Pearce defines cast irons as ' alloys of 
iron and carbon with or without other elements, which contain eutectic carbide (white cast Iron) 
or eutectic graphite (grey cast iron), or both (mottled cast iron) in the microstructure.’ 

The U.S. Bureau of Standards gives the following definition ; ‘ Cast iron is a cast alloy of iron 
and carbon, with or without other elements, in which the carbon content exceeds the maximum 
limit of solid solubility, as determined at any temperature (which in plain cast iron is 1 • 7 per cent.), 
and hence coutains eutectic carbide or graphite as a structural feature. It Is not usefully forgeable 
at any temperature.* 

The following descriptions, while not complete definitions, may be more readily understood. 
Cast ironi are alloys of iron and carbon, with or without other elements, usually containing 

between 1«7 and 4 * 5 per cent, carbon. They are not usefully wrought, in their as-cast state, at 
any temperature. 

Orey cast irons contain flake graphite and no free iron carbide. 
White cast irons contain free Iron carbide and no graphite. 
MoUled cast irons contain both free iron carbide and flake graphite. Chilled cast iron, so called 

because one part of the casting is caused to cool much more quickly than the remainder, generally 
falls in this category. 

Pig irons are usually the product of the blast furnace, and are cast irons which may be either 
grey, white or mottled. 

Refined pig irons are pigs of cast iron, also grey, white or mottled, which have had their com* 
position and structure modified cither before solidification from the blast furnace or by a sub¬ 
sequent remelting process. 

Malleable cast iron is the product obtained by the annealing of a w^hite cast iron in an oxidising 
or neutral atmosphere so that part or the whole of the carbon previously in the combined state 
is dcpcaited as graphite in the nodular or spheroidised state known as temper carbon, as distinct 
from the flake graphite present in grey and mottled cast irons. 

CLASSiriOATION. 

The method of classification adopted by B.S.S. 991 based on reports of the Institution of 
Mechanical Engineers, to which students may be referred, is to make a firat division into three 
categories according to the typo of graphite, if any, present: 

Glass 1 Grey cost iron Flake graphite. 
Class 2 Malleable east iron Temper carbon graphite. 
Glass 3 White cost iron No graphite. 

Subdivisions are then made according to the microstructure of the metallic matrix. The 
two most common constituents of the matrix of grey and malleable cast irons are (a) ferrite (pure 
iron In the case of pure Iron-corbon alloys), and (b) the intimate mixture of lamellae td iron oamde 
and ferrite known as pearlite. The matrix of grey cast irons may alao be modified by heat-trsat- 
ment or alloying to produce other structures, of which the most important ars wimUnttU (cone- 
sponding to thehard oonstltaent of tool steal) and autteniu (oorretponding to the ooirosloii-raaisting 
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matrix oi the auatenltlc Btalnless steele). Wbite caat ironS) is addition to the free carbide, nonxi ally 
contain pcailite but, again, thlg can be changed wholly or in part to martensite by means of alloy 
addlUona. 

Thoa the three main categories may be sabdlTlded as follows: 

1 1 Prime 
i Constituent. Other Constituents. 

Glass 1 j 
Grey cast iron 

Glass 10 
„ lOA 
M 11 

12 
„ 13 

Plake graphite 
» i> 

t* •> 

M 

»» It 

Ferrite 
Ferrite and pearlite 
Pearlite 
Martensite 
Austenite 

Glass 3 
Malleable cast iron 

Class 20 
20A 
21 

Temper carbon Ferrite 
Ferrite and pearlite 
Pearlite 

Class 3 
White cost iron ! 

Gloss 30 
„ 31 

Free carbide Pearlite 
Martensite 

It will be noted that the two closseii to which the sufllz A bos been added, and which are not 
speciflealiy mentioned in B.S.S. 991, are really of an iutemiediate nature. There are, of course, 
irons with other intermediate structures, but these have not been given as their commercial use is 
Insignificant compared with those given in the table. 

One micro-constituent which has not been mentioned as it docs not allcct the classification 
scheme is phosphide eutectic. This is present in cast irons in aniounts approximately proportional 
to the phosphorus content of the iron. It is present in the n^ajority of grey cast irons, it ntay be 
present in white cast irons, but malleable cusl irons do not contain phosphide ow ing to their low 
phosphorus content. 

(iRAPBlTISATiON. 

The microstructure of oast iron in the as-cast state depends almost entirely on two factors : 
(a) the composition of the iron, and (6) the rate of cooling of the iron in the mould. This second 
factor is in turn dependent primarily on the thicluiess of the casting being produced. Thus, as a 
certain type of microstructure is aimed at in any one casting, cast iron is perhaps unique in that its 
chemical composition needs to be suited to the physical dimensions of the article being produced. 

As already indicated, the carbon in unalloyed, un-heat-treated cast irons may exist cither as 
flake gzaphite or as carbide, which in turn may be either lamellar (pearlite) or massive (* free ’ 
carbide), Ironfoundry practice thus consists, to a large extent, of suitably controlling the iron 
^mpoaition to give. In a given casting, the required relative amounts of graphite and carbide, 

the degree of * graphitisation,’ or breakdown from carbide to graphite w hich takes 

Pure iron-carbon cast irons, which are not commercially used, contain all their carbon in the 
MmUned state, i,e, as free carbide and pearlite. Silicon, which is present in all commercial irons, 
has, howefver, a grapbitising effect and increasing amounts of this clement therefore increase the 
amount of graphite and decrease the amount of combined carbon. The Increase in graphite con- 

VI place first at the expense of the free carbide and then of the pearlite. Other elements 
may be present in cast iron also have either a grapbitising or carbide stabilising 

M ^ dealt with more fully in the section dealing with the elements themselves. 
The following diagram illustrates the mechanism of graphitisation, with reference to micro* 
VCnilGvUiPBw 

Increasing graphite content \ Graphitisation and 
Decreasing combined carbon content 1 increasing softness. 

Jf AOB irrAA 

eubid. ! —' catbWe, I — ' 
' ''' ^ igt^phltoj 

, Pearlite, 
ferrite 

j and 
I graphite 

! 

I '' 

Decreasing graphite content ) Carbon stabilieation 
Increaaing combined carbon content j and increasing hardness. 

Ferrite ! 
and 

graphite ^ 
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PBOPEimss Of Ktono-CovwmvKSTa, 

Oraphite,—Qrapbite preBent in cast Iron has, aa may be expected, rexy little strength in tension 
or shear, but is relatively strong in compression. Thus grey cast iron has a high compression/ 
tension strength ratio compared with other metals and alloys. The size, shape and distribotion 
of the graphite flakes can have a marked effect on the properties of an iron, and these factors can 
bo controlled to a large extent by suitable control over composition, melting conditions or by treat¬ 
ment of the iron in the molten state. 

Ferrite.—This is the only constituent of pure iron, reprc'sented commercially by electrolytic 
or wrought iron, and aa such is of fairly low strength, soft and ductile. In norm^ cast irons, 
however, ferrite contains other elements, principally silicon and manganeBo, in solid solution, with 
the result that It becomes harder and stronger. 

PearlHe.—This constituent, which under the microscope has the well-known ‘ thumb-print ’ 
appearance, corisi.sts of an intimate mixture of lamellae of ferrite and carbide and has properties 
intermediate between those of its two components, i.e. it is harder and stronger than ferrite and 
tougher than carbide. In pure iron-carbon alloys pearlitc (the ‘ cutectoid ') has a carbon content 
of 0-9 per cent., but the presence of other elements in cast Iron may vary its carbon content 
within the range 0 • 7 to 1 • 1 per cent. Thus the combined carbon content of a cast iron containing 
no free carbide cannot exceed about 1 • 1 per cent., while that of an iron containing no ferrite 
cannot be less than about 0 • 7 per cent. 

Cementile.—Ceraeutite or carljlde corresponds to the true chemical compound of iron and carbon 
FcgO, although the presence of other elements may result in the formation of a complex carbide. 
It can be present in cast iron os one of the constituents of pearlitc and/or in its free or massive 
state. Cementite is hard and brittle. 

Austenite.—This constituent cannot be obtained in unalloyed cast iron, and is only found in 
irons alloyed with elements which appreciably reduce the pearlite change point temperature, 
notably nivikel alone or nickel and manganese combined. Austenite is a solid solution of iron 
carbide in iron. Its most important properties arc that it is non-magnetic, it is stable at high 
temperatures and the presence of nickel renders it corrosion-resistant to a high degree. It is 
relatively strong and ductile. 

Martensite.—Martensite may be regarded as an intermediate constituent between austenite 
and pearlite. It is not found in as-cast unalloyed irons but may be obtained by alloying and/or 
heut-treatment. It has a typical needle-like stnicture under the microscope. Martensite is very 
hard, relatively strong aiid less brittle than ceraentitc. 

Phosphide.—A small amount of phosphorus in oast iron may be dissolved or combined in other 
constituents but the greater part of it generally exists as a eutectic of iron, iron phosphide Fe,P, 
and iron carbide briefly known as phosphide eutectic. This eutectic has a relatively low 
melting-point and is therefore generally found at the grain boundaries of the previously soli'difled 
constituents. It contains only about 7 per cent, of phosphorus and the volume of eutectic present 
therefore incrc.oses rapidly with irons of increasing phosphorus content. Phosphide eutectic is 
brittle and relatively hani. 

The following mechanical properties of micro-constituents have been quotetl: 

Tensile Klongation Brinell 
Coiistituent. Strength per cent. nardness. 

tons/sq. In. on 2 in. Number. 

Pure ferrite * 170 61 70 
Pure ferrite • 17•6-18-7 61 76 
Ferrite containing 0*83 

per cent, silicon • 20-2 50 88 
Ferrite containing 2-0 

per cent, silicon * 380 43 130 
Ferrite containing 2-28 

per cent, silicon • 2S • i 50 124 
Ferrite containing 3 - 4 

per cent, silicon • .31-6 21 160 
Pearlite» . 63-6 15 226 
Pearlite • . 53-6 15 240 
Cementite • — — 660 4- 
Cementite • — 1 

600 + 

• Jeffries and Archer. 
• Puller. 
• Yensen. 
• American Society for Testing Materials, Symposium on Cast Iron. 
• Sauveur. 
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OHBiaoAL Composition. 

The oompotition of the majority of cast ironji lies within the following limita: 

Total carbon.2 • 2-i*0 per oeut. 
Silicon.0-4-3 0 „ „ 
Manganese 
Sulphur 
Phosphorus 
Iron 

0-4-30 
0-06-1-6 
0-03-0-36 
0-02-1-6 
Balance. 

The ‘ total ’ carbon content may be wholly * combined ” (as in white cast iron), wholly 
* graphitic ’ (as in completely ferritic grey cast iron, which is, however, seldom encountered in 
the as-cast state with silicon contents of the order of those given above), or partly combined and 
partly graphitic (as in mottled cast Iron or grey cast iron containing pearllte). As already 
mentioned, the combined carbon content of a grey cast iron cannot exce^ about 1 -1 per cent., 
while that of a mottled cast iron cannot be less than about 0 ■ 7 per cent. 

In addition to the cast irons falling within the range given above there are the irons which are 
given specifd properties by the addition of other elements or by increasing the nonnal percentages 
of existing elements, principally silicon and manganese. Thus, what may be regarded br alloy 
east irons may contain the follo^ng elements, singly or in combination, up to the unioonts given ; 

Silicon.up to 17 per cent. 
Manganese . • „ 9 » ». 
Nickel.. „ 22 „ „ 
Copper.. t. 7 .f ti 
Ghromium.. 
Molybdenum . . . „ „ 1 „ 
Aluminium . . . • .t *i 8 „ „ 

Other elements are also occasionally used as alloying elements in cast iron, but their use is not 
so common as that of those just mentioned. 

The Effect of the Various Elements. 

Carbon.—The carbon in cast iron may exist as graphite or as combined carbon. The amounts 
of other elements present in the iron will decide the carbon content of the pearllte. A combined 
carbon content in excess of this amount will indicate the presence of free ceraentite. From the 
properties of graphite, pearllte and cementite which have been given, it follows that for an iron 
with a given total carbon content an increase in combined carbon content up to the amount con¬ 
tained in the pearlite will result in an increase in strength and hardness due (a) to the Improved 
strength and hardness of pearlite compared with ferrite, and (6) to the reduced graphitic carbon 
content. An increase in combined carbon content over the amount in the pearlite (eutectoid) 
will result in a rapid increase in hardness due to the presence of free cementite, with consequent 
difficulty in machining. The ultimate product, is, of couree, white iron in which all the carbon 
is in the combined fonn and there is no graphite. As normal white iron consists of pearlite and 
free cementite it follows that an increase in total carbon content will result in increased hardness 
due to the formation of an increased quantity of cementite. Thus high carbon white irons are 
often used where a high degree of hardness and abrasion-resistance is required. 

In common with other alloys which are mutually soluble in the liquid state but not in the solid, 
iron-carbon alloys have a eutectic composition at which the temperature where solidification 
begins during frying from tbe liquid is at its lowest. The eutectic iron-carbon alloy contains 
4 - 3 per cent, of carbon, but the eutectic composition in most cast irons is modified by the presence 
of other elements, notably silicon and phosphorus, both of which reduce the carbon content of the 
eutectic. Irons containing less or more of carbon than the eutectic are known as hypo- or hyper- 
eutectic irons, respectively, the majority of commercial irons falling in tbe former class. 

The principal effect of silicon in cast iron is that it is a graphitiser. That is, increasing 
silicon additions to a white cast iron would result in it becoming mottled, then grey and pearlitic, 
then passing through tbe pearlite-ferrite stage until at a relatively high silicon content (in excess 
of, say, 4 per cent.) the iron is completely ferritic. Thus, considering grey irons only, the effect 
of increasmg silicon is to reduce tbe strength and hardness of the iron by reducing the pearlite 
content, and for maximum strength the silicon content is therefore adjusted to give tbe fully 
peailitlc (eutectoid) slmcture. Silicon in cast Iron is dissolved in the ferrite portions, on which 
it has a hardening effect, but this effect on the ferrite is generally masked on the iron as a whole 
by the graphitising (hence softening) effect. 

It has been found that in oeitain coses, if some of the silicon to be present is added to molten 
Iron before pouring, tbe castings possess superior properties, particularly from the point of view 
of strength, to those which would be obtained with iron of the same final composition obtained 
strait from the furnace. This fact is the basis of many * inoculation ' processes. 

SilioQn contents higher than about 4 per cent, generally result In Irons flfttmiaMng only of graphite 
and fterite (or, more oorreotly, sllloo-ferrite owing to the silicon in solution) and such irons are 
relatively hard and brittle, although still quite machinable. 
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Raoh 1 par cent, of illioon In caat iron ledooea th« eart>on content of the enteotold by ebont 
0*07 per cent, and the carbon content of the entectoid by abont 0*8 percent. 

Silicon increases the temperatnre of the * critical point,* f.#. the temperatore abore which Uie 
carbide in pearlite is re-dissolved to form austenite, and at which the iron undergoes a sudden 
volilme change. 

Both the thermal and electrical conductivities of grey iron are reduced by increasing silicon 
contents. 

Manganese,—Part or all of the manganese present in cast iron exists in combination with the 
sulphur as inclusions of the chemical compound manganese sulphide, MnS. To form this com¬ 
pound 1*7 parts of manganese are required for each 1 part of sulphur, but it has been found that 
in order to ensure that no sulphur remains uncombined with manganese, an excess of manganese 
is necessary. Norbuiy gives this excess at 0 * 3 per cent. Most grey irons contain sulphur to the 
extent of about 0*1 per cent., and as the presence of excess sulphur in such irons is generally 
undesirable the manganese content is generally kept above 0 * 6 per cent. The manganese sulphide 
inclusions have very little effect on the properties of cast iron. 

Manganese present in excess of the amount combined with the sulphur has a carbide-stabilising 
effect, i.e. it tends to increase the percentage of pearlite in a grey cast iron and so increase the 
stren^h and hardness. It also both reduces the carbon content of the eutectoid and the tempera¬ 
ture at which the eutectoid is formed, with the result that when about 2 per cent, of manganese 
is reached martensite tends to be formed instead of pearlite, while at manganese contents of the 
order of 10 per cent, fully austenitic structures are obtained. High manganese irons containing 
martensite or austenite are virtually unmachlnable. 

Svlphtir.—In moat cast irons all the sulphur exists as inclusions of manganese sulphide, to 
which reference has already been made, and therefore has little effect on the properties of the iron. 
Sulphur present in excess of the amount which can combine with the manganese acts, however, 
as a powerful carbide stabiliser, i.e. high sulphur and low manganese irons tend to solidify in the 
mottled or white condition. White irons for the production of malleable caat iron, particularly 
of the ‘ whiteheart * type, frequently have high sulphur and low manganese contents. 

Phosphorus.—Almost all the phosphorus present in cast iron exists as phosphide eutectic 
which, having the relatively low freezing point of about 060** 0., exists at the grain boundaries 
of the other constituents. Although phosphide eutectic is brittle it has no very marked effect 
on the static strength of cast iron in amounts up to about 0 * 7 per cent, phosphorus, but higher 
phosphorus contents tend to reduce strength by the formation of continuous phosphide networks. 
Impact strength progressivelv falls and hardness increases with increasing phosphonis content, 
the increase In hardness having, however, a relatively slight effect on inachinability, except in 
the case of some of the stronger irons where machinnbility is impaired somewhat. 

It has been indicated that in many cases the presence of phosphide eutectic has a beneficial 
effect on wear resistance. 

Phosphorus reduces the freezing point of the iron-carbon eutectic, and this fact, combined with 
the low freezing point of the phosphide eutectic results in molten high phosphorus irons being 
very fluid for a ^ven temperature. For this reason such irons are often used where intricate 
castings of thin section need to be produced. The appreciable temperature range over which high 
phosphorus irons solidify sometimes tends to produce shrinkage defects in castings, although such 
defects are often due to unsuitable contents of other elements. 

Qraphitisation is not noticeably affected by phosphorus but the carbon content of the eutectic 
is reduced by 0 * 3 per cent, for each 1 per cent, of phosphonis. 

L. W. Bolton showed that phosphorus increases the rigidity of cast irons at temperatures 
below the melting point of the phosphide eutectic. 

The physical properties of cast iron, as distinct from the mechanical properties, are but slightly 
affected by phosphorus. 

Nickel.—^The action of nickel in cast iron Is, perhaps, rather complicated. It acts as a graphi- 
tiscr in respect of irons containing free carbide, but its graphitislng effect on grey irons is less 
noticeable. Thus, considering an originally pearlitic iron, while the hardening effect of increasing 
silicon is masked by the softening effect of the graphitisation of pearlite, the reverse is true of 
nickel, i.e. the nickel in solution hardens and strengthens the iron more rapidly than the increasing 
graphite content can soften and weaken it. Thus castings containing sections of varying thickness 
tend to be free from mottle in the lightest sections and to have a more uniform hardness between 
the thinnest and thickest sections. 

Nickel, similarly to manganese, reduces the eutectoid temperature, and when a nickel oemtent 
of about 8 per cent, is reached martensite begins to ajmear In the miicroetnictuxe until at about 

per cent, nickel the iron is completely maitnisitio. Further increaae in nickel content lesnlta 
in the formation of austenite with the martensite until at abont 18 per cent, nickel the structure 
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If fully ftustenitio. The actual nickel contenta at which the abore changea take place will, of 
comae, rary with the cooling ratea (aection thlckneaBee) and the amonnte of other elementa present. 

Pearlitlo nickel cast iron is, of course, readily machinable but machinability rapidly falls off 
aa increasing nickel content causes Increasing amounts of martensite, until fully martensitic grey 
iron is only machinable with great difficulty. Machinability Improyes again as the iron becomes 
austenitic until fully austenitic grey Iron is quite readily machinable. Martensitic white iron 
may only be machined with carbide tools at low speeds. 

Austenite is non-magnetlc and austenitic nickel cast irons are often used when this property 
is necessary. 

Copper.—Copper as an addition to cast iron differs from most others in that only a limited 
amount is soluble in the iron. This limit may be taken os about 3*6 per cent, when no other 
alloying elements are present. Above thi^> limit free copper begins to appear in the microstructure 
as small microscopic particles (secondary copper), while above about 6 per cent, the limit of liquid 
solubility is exce^ed and visible globules or layers of free copper (primary copper) appear in the 
castings. Irons containing primary or secondaiy copper are at present little used. 

The effect of copper on cast iron in amounts up to about 3 per cent, is similar to that of nickel, 
i.e. the graphitisation of cementite is favoured and the pearlite is hardened and strengthened, 
the hmdness between thin and thick sections thus tending to be equalised. 

Copper is unlike nickel in that the temperature of the pearlite point is not reduced and mar- 
tensite or austenite are therefore not produced at higher copper contents. 

Combined additions of nickel and copper co cast iron increase the solid solubility of the copper 
itself above the normal figure of 3 - 6 per cent. Bach 1 per cent, of nickel Increases the solubility 
of copper in cast iron by 0 • 6 per cent. 

Chromium.—Chromium is a carbide stabiliser, being rather more powerful in this respect than 
silicon is as a graphitiser. Thus chromium additions to cost iron result in rapidly increasing 
hardness and combined carbon content, other factors being unchanged, while additions of equal 
amounts of chromium and silicon would result in less rapid carbide stabilisation. Chromium in 
cast iron is present in the cementite as a complex carbide of iron and chromium, this carbide being 
harder and more stable at high temperatui-. s than the normal iron-carbon cementite. An in¬ 
creased degree of corrosion-resistance is also imparted by the i)rcsence of (*hromium. Thus 
chromium is frequently used In castings which need to have on iniproved degree of hardness, 
wear-resistance, heat-resistance or corrosion-resistance. 

Amounts of chromium in excess of 1 per cent, are seldom used in nunnal pearlitic irons on 
account of its powerful carbide-forming action, but about 1 ’ 6 per cent, may be present in mar¬ 
tensitic white irons to give a high harness value, while 2 per cent, or more may be added to 
austenitic grey irons to increase hardness or supplement corrosion-resistance. Irons of much 
higher chromium content (30 to 35 per cent.) have interesting pwperties In that they are very 
resistant to heat, corrosion and erosion. The mlcrostnicture of such irons consists entirely of 
carbides in a ferritic matrix, their hardness (260-660 B.H.N.) varying directly as the carbon 
content. These irons are not brittle like most white irons and, although relatively hanl, can be 
machined fairly readily. 

Molybdenum.—Molybdenum Is an element which has a very marked effect on the properties 
of cast iron even when present in relatively small quantities. It has a mildly carbide-stabilising 
effect and markedly improves the hardness and strength of grey cast irons when present in amounts 
up to about 1 per cent., the improvement being less rapid above this content. Molybdenum¬ 
bearing irons have been found to possess greatly improved impact and fatigue characteristics, 
particffiarly when nickel is present also, and the strength of such irons can often be increased 
even more by a low temperature heat-treatment process. Grey irons containing molybdenum 
are normally quite machinable, but difficulty may be experienced with irons of very high strength. 

Aluminium.—An addition of aluminium of the order of 0-1 per cent, may be made to molten 
cast iron to act as a dcoxidiser, but such a small amount may not really regarded as an alloying 
addition. When present in laiger amounts, aluminium has a graphltising Influence equal to about 
one-half that of silicon. This holds true up to about 4 per cent, of aluminium, above which it 
begins to have a carbide stabilising effect until at about 8 per cent, completely white Iron is formed. 
Alaminium tends to reduce the strength and toughness of grey Iron, firstly owing to the difficulty 
of ensuring that inclusions of alumina are not present in serious proportions, and secondly, owing 
to the tendency for coarse graphite flakes to be formed. 

The presence of alnminium in cast iron greatly improves its resistance to scaling and growth 
at high temperatures. The electrical conductivity of cast iron is nppreciablv reduced by the addi¬ 
tion of aluminium. 

Aluminium forms a very hard compoimd with nitrogen, and it is therefore Included, generally 
together with chromium, in cast irons which are to be hardened by nitriding. An iron containing, 
say. 1*5 per cent, aluminium and 1*7 per cent, chromium may be nltrlded to give a bard esse 
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The follo\Yiag table sumtnarlaee some o( the principal effeota of rarious elomeats on cast iron. 

; Carbon Content 
of Butectoid 
(Pearlite). 

Temperature Approximate 

* Blement. of Critical 
Point ('Pearlite 

. Carbon Content 
of Eutectic. 

drap hi Using 
Value 

Point). (Silicon Basis). 

Silicon . Decreased Increased Decreased 10 
Manganese . Decreased ^ Decreased — -0*36 
Phosphorus — — ! Decreased — 
Nickel , , — Decreased — 0*36 
Copper 1 — — 0-36 
Chromium ! Increased — - 1-3 
Alnminhim 

• — — i ~ 
0-6 

The negative signs in the last column of the table indicate that elements concerned have a 
carbide stabilising eHect and not a graphitiaing effect. The numerical values themselves are an 
attempt to give quantitatively the graphiti&ing or carbide stabilising effects of the various elements 
but the figures should be used with caution as the exact effect of an element will often vary with 
the amount of it to be present, as has already been mentioned^ and with the amounts of other 
elements present. 

A blank (—) in the table does not necessarily mean that the element has no appreciable effect 
on the given property—it may mean that the effect, if any, has little practical significance. 

Malleable Cast inoN. 

There are two main types of malleable cast iron known as blacktieart and ushitelteart^ the terms 
having reference to the appearance of the fractures of the irons. In the as-cast state all irons 
for the production of malleable cast iron are in the white form, i.e. all the carbon present is com¬ 
bined, and the malleable properties are obtained by annealing the castings at a high temperature 
for a suitable period of time. 

Whitebeart castings are made from an iron which has been rendered white by the use of a 
low silicon content and, sometimes, a relatively high sulphur content. The castings are then 
packed in iron ore, heated to a temperature of <J50*-1,U00® 0. for 60-120 hours and then slowly 
cooled in the furnace. While the castings arc at the high temperature some of the eurbon they 
contain diffuses outwards from the centres of the castings and is oxidised by the ferric oxide of the 
ore, which itself is reduced to magnetic oxide. Some of the carbon in the castings also becomes 
deposited throughout the castings as graphite of the nodular or spherical form known as temper 
carbon. On the outside surface of whiteheart castings there is usually a layer from w'hlch all 
the carbon has been removed and which therefore consists only of ferrite. The remainder of the 
castings normally contains temper carbon, pcarlite and ferrite, although very thin castings tend 
to become more completely ferritic. The total carbon content of annealed whiteheart castings 
is, of course, lower than that of the original iron. 

Biackheart castings are mode from white irons with lower total carbon contents and rather 
liigher silicon contents than for whiteheart. The castings are then packed in an inert material 
such as sand, heated to 660^-1100** 0. for 60-100 hours and then slowly cooled. Biackheart 
castings ore rendered madieable almost entirely by the deposition of graphite in the temper carbon 
form, little carbon being lost by decarburisation; hence the need for starting with an iron of low 
carbon content. The structure of biackheart m^leable, consisting of temper carbon and ferrite, 
is substantially uniform throughout the casting, although there may be a slight tendency for a 
carbon-free skin to be present at the outside suriace. 

The chemical compositions of white cast irons for the production of malleable iron generally 
lie within the follow ing ranges: 

WhUeheaH, BiackheaH. 
Per cent. Per cent. 

Total carbon . 3-0 —3-7 3*2 —^2«8 
SUioon . . .0-4 —0-9 U-7 —1-1 
Manganese 0-06—0'4 0*35—0*36 
Sulphur . 0-10—0-36 0*03—0-09 
Phosphorus . below 0*10 below 0*16 

The properties of malleable cast irons will be dealt with in subsequent sections. 

TUK PUOPKaTKS OP CAST IBONS. 

Bach of the following sections will, as far as possible, include information on the property 
under consideration on the whole range of oast Irons, but where, for instanoe, a partioolar type of 
east iron Is important only from the point of view of one speoUl property, €,g. hsst-iesistsnoe, 
a note of its other property may be included in that particular section. 
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Tensile Strength, 
NomuU Chrey Cast Irons,—^It has pravlouBly been pointed out that the straotuie of oast iron 

in the as-oast state is primarily dependent, firstly, on the oompoaition of the iron and, secondly, on 
the rate of cooling of the iron in the mould. The second factor renders it necessary that bjxj bar 
on which a meoh^cal or physical test is to be carried out should have a cooling rate similar to 
that of the iron in the casting concerned. British Standard Specifications Nos. 321—1938 (General 
grey iron castings) and 786—1938 (High duty iron castings) therefore include test bars of five 
standard diameters, as follows:— 

Nominal 
Diameter of 
Test Bar. 

Limits 
! 

Main Oross-sectional Thickness 
on Diameter. of Oasting Represented. 

0*6 in. ± 0 *046 in. Not exceeding | in. 
0*876 ., ± 0*065 „ Over } in. and not exceeding } in. 
1*3 >. ± 0*090 Over 1 in. and not exceeding 1| in. 
1*6 „ ±0*10 „ Over 11 In. and not exceeding 1| in. 
31 » ±0*10 ,. Over If in. 

The minimum tensile strengths of the six grades of iron covered by the two specifications are 
given in the following table. 

Nominal Diameter 
of Test Bar—In. 0*6 0*876 1*2 1*6 3*1 

B.S.S. Grade Ultimate Tensile Stress—Tons per Bq. In. 

321 C 10 10 9 3 i 9 
A 12*6 12 11 10*6 1 10 

786 1 16 16 14 13 ! 12*6 
It 2 19 18 17 16 16 
If 3 23 22 20 19 i 18 
!• 4 26 26 23 22 

j 
31 

The strength of grey cast iron depends on the strength of the metallic matrix and on the 
quantity and form of the free ^phite. Thus an iron becomes stronger as the amount of ferrite 
decreases (the amount of pearlite increases), the pearlite is refined and strengthened, the amount 
of graphite decreases (hence the total carbon content decreases for a given combmed carbon 
content) and as the arrangement of the graphite fiakes improves. 

The actual ways in which irons of improved strength may be produced can therefore be con* 
sidered: 

1. The composition of the iron, particularly with respect to silicon, may be so adjusted and 
controlled that a minimum amount of ferrite is present in the castings. 

3. The phosphorus content of the iron may be reduced below the amount (approximately 
0*7 per cent.) at which continuous phosphide networks tend to be present. 

3. Suitable amounts of steel may be melted together with the pig iron, etc. The silicon content 
of the resulting iron is thereby reduced, this tending to increase the pearlite content, while the 
redaction in total carbon content which also takes place causes the amount of graphite to be 
redooed. This is the manner in which so-called semi-steel is produced, but the use of this term is 
strongly to be deprecated as the product is essentially a true cast iron. Enimel iron is a low 
carbon cast iron produced by incorporating steel in the charge, although the silicon content is 
normally kept at a relatively high figure. A typical Emmel iron may have the following com¬ 
position : total carbon 2*7 per cent., silicon 2*4 per cent., manganese 1 per cent., phosphorus 
0 • 1 per cent. This type of iron is now seldom used. 

4. An iron which would normally solidify white because of a low silicon content may be cast 
into a heated mould. The reduced rate of cooling of the iron in the mould results in its solidifying 
grey and pearlitlc. This is the process by which Lans or PerlU iron is produced. The composition 
of this type of iron may be as follows: total carbon 3 per cent., silicon 0 * 9 per cent, manganese 
0*7 per cent., phosphorus 0 • 8 per cent. 

5. An iron which would normally solidify white may be ' inoculated ' while in the molten 
condition with a silioon-containing material. This causes the iron to solidify grey and pearlitlc, 
a favonrable sfleot on the graphite structure being obtained fldso. The inooiuation by caldum 
silicido was tho original basis for the produotion of MeehanUe oast iron, while Ni-Tentyl is a oast 
iron alloyed with nlokal and inooulatad with a silioon-bearing material. A typical analysts of 
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Ki'TenjBl iron is as follows : total carbon 2 • 9 per cent., silicon 1 * 5 per cent., manganese 0 • 8 per 
cent., sulphur 0 • 1 per cent., phosphorus 0 • S per cent., niclcel 1 • 5 per cent. Many manufacturers 
now make Inocula^ Irons, with or without brand names, and a number of inoculants are used in 
practice. 

6* Alloying elements such as nickel, copper and molybdenum, which strengthen the matrix 
of the Iron, may be used. Additions of nickel or copper, which have a graphitislng action, are 
generally accompanied by a reduction In the silicon content or by the use of a chromium addition 
to compensate for any graphitislng effect. Molybdenum, which is a carbide stabiliser, is fre- 
(juently used in conjunction with nickel or copper. 

7. Heat-treatment such as quenching and tempering may improve the strength of cast irons 
considerably, particularly some alloyed Irons. 

The following diagram gives some indication of the nicuns by which irons of increasing strength 
are obtained commercially. 

Grade of Iron (B.S.S. 331 and 786) 0 A 

Minimum Tensile Strength. 
(1-2 In. Dla. Bar)—Tons per Sq. In. . 

Silicon control . 

Phosphorus reduction . 

Carbon reduction 

Inoculation 

Alloying 

Heat-treatment . 

The above table is Intended as a guide only and should therefore be used with discretion. For 
instance, it is not suggested that a Grade I cast iron cannot be made without a low phosphorus 
content, that both inoculation and alloying are always necessary for the production of a Grade 2 
iron, or that Grade 3 irons are not sometimes product by heat-treatment. 

It should be pointed out that while British Standard Specitlcations at present only cover irons 
with a tensile strength of up to 26 tons per sq. in., strengths in excess of this—up to about 40 tons 
per sq. in.—are being produced regularly in commercial practice. 

Martensitic and Austenitic Orey Cast Irons.—The tensile strength of martensitic grey cast irons 
may vary between 16 and 30 tons per sq. In. according to composition and heat-treatment, if any. 

Austenitic grey irons such as Nomog, Nlcrosilal and Ni-Kesist have tensile strengths between 
about 10 and 20 tons per sq. in. Such irons are remarkable by virtue of their appreciable ductility 
and toughness compared with normal grey irons. W hile the elongation of the latter in the tensile 
test is negligible, austenitic irons have elongations of between 1 and 4 per cent. 

White Cast Irons.—These irons are seldom used in applications where tensile strength is of 
primary importance and relatively few tests have been carried out because of the difficulty in 
machining the test-pieces and of carrying out the tests accurately. The results available show, 
however, that tensile strength increases as total carbon content decreases, the range being approxi¬ 
mately 10 to 26 tons per sq. in. Alloyed martensitic white irons {f.g. Ni-Hard) are up to 60 per 
cent, stronger than imalloyed irons. 

Malleable Cast Irons.—British Standard Specifications Nos. 309—1927 (Whiteheart) and 
310—1927 (Blackheart) require the following tensile test results on unmachined, cast-to-shape 
malleable iron test bars: 

Whiteheart. Blackheart. 
Minimum ultimate tensile stress, tons per 20 30 

sq. in. 
Minimum elongation, percent, on 3 In. . 5 71^ 

Malleable cost irons in commercial production normally have superior properties to the above, 
the approximate ranges being as follows: 

Whiteheart. Blackheart. 
Ultimate tensile stress, tons per sq. in.. . 22-28 20-26 
Blongation, per cent, on 2 in. . . 6-18 12-18 

Transverse Strength, 
Normal Orey Cast Irons.—The transverse test, in which a bar supported at the ends is centrally 

loaded until fraotnre takes place, is commonly used for grey oast irons in view of Its eoonomy and 

VOL. I. SB 



1152 CAST IRON Sec. XXIII (j) 

sitnplioitj. The two readings which are taken are the maximum load sustained bv the bar before 
fraoture and the total deflection of the bar at the loading point when fracture takes place. The 
deflection of ^e bar may be considered as some indication of the toughness of the iron although, 
more recently, it is considered that the value has little mechanical or metallurgical signiflcance 
but serves as a valuable guide to the founder as to regularity and uniformity of product. 

From the transverse breaking load la calculated the traruverte rupture stress by means of the 
beam formula / -= WZ/4Z where: 

/ -3 transverse rupture stress in tons per sq. In. 
w » breaking load in tons. 

I distance between supports, in ins. 
Z » modulus of section, in in.* 

For a beam of circular cross-section Z «= 7rd*/32, hence transverse rupture stress equals SWZ/nd* 
where d is the diameter of the teat bar in in. 

The following table gives the minimum values for transverse rupture stress and deflection 
required in irons to Britl^ Standard Specifications Nos. 321 and 786. 

Nominal Diameter 
of Test Bar—In. 

Distance between 
Supports—^In. 

0-6 

9 

0*876 

12 

1*2 

18 

1*6 

18 

2*1 

24 

B.S.S. Grade. Transvene Rupture Stress—Tons per Sq. In. 

321 0 19*9 19*6 18*9 18*3 17 •7 
•» A 261 24-1 33*1 21*4 19 6 

786 1 27 26-9 25 24 23 6 ,, 2 30 28*9 28 27 26 1 „ 3 34 33 31 30 29 1 
i 41 39 37 36 33 

B.S.S. Grade. Deflection In Ins. 

321 0 0-06 0*09 0-13 0*10 0 14 
19 A 0-07 0*10 0'16 0'12 0- 16 

786 1 0-07 0*11 0*16 0*13 0- 17 „ 2 0-08 0*12 0*17 0*14 0- 19 
1* 3 0*09 0*13 0*18 0*16 0- 21 

4 0-10 0*14 0*23 0*18 0- 24 

The beam formula which la used for transverse test calculations actually onlv holds true for a 
material behaving elastically. Almost all metals and alloys, however, do not aeform elastically 
up to their breaking point, and this is true of grey cast iron, with the result that the * transverse 
rupture stress ' is greater than the true maximum tensile stress present in the test bar, which must 
approximate to the ultimate tensile stress. The ratio of transverse rupture stress to ultimate 
tensile stress varies in practice between about 1 *6 ; 1 and 2 ; 1 for cylindrical trat bars, the value 
of the ratio tending to decrease as the strength of the iron increases. J. Q. Pearce, following an 
analysis of a large number of transverse and tensile test results, gives the formula R 1 • IT + 9 • 6 
as applicable over the range of irons from 8 to 20 tons per sq. in. tensile strength, where R — trans¬ 
verse rupture stress and T «=> ultimate tensile stress. 

Martensitic and Austenitic Qrey Cast Irons.—Martensitic irons have a similar transverse/tensilc 
relationship to ordinary irons. Austenitic irons have a transverse rupture stress of between 
20 and 36 tons per sq. in., the transverse/tensile ratio thus being rather nigher than for pearlitic 
irons. Their ductility is also strikingly demonstrated by the high total deflections obtained in 
the transverse test. Thus a 1 • 2 in. diameter bar tested on 18 in. centres will have a deflection at 
breaking load of about 1 in. compared with the maximum of 0 • 23 in. given In the B.S. Speciflcatioii 
for high duty grey cast iron. 

White Cast Irons.—^These irons behave relativelv elastically and their transverse rupture stress 
approaches more nearly to their tensile strength than in the case of the grey irons. Deflections 
at fracture are also lower than in comparable grey iron ban as the plastic portion of the total 
deflection is extremely small. 

MattecMe Cast Irons.—The normal transverse test Is obviously unsuitable for malloable oast 
iron which is therefore subjected, according to B.S. Specifications Nos. 809 and 310, to a cold 
bending test. The test ban have a 1 in. by | in. rectangular cross-section and are bent round a 
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former with a 1 in. radios. The speoiflcations call for angles of bend, withont signs of cracks or 
flaws, as follows: 

Whiteheart.45* 
Blackheart.90* 

l^anj commercial malleable Irons, both whiteheart and blackheart, are now normally pro- 
«luoed with angles of bend of the order of 180*. 

Compretsion Strength, 
The compression strength of grey cast iron is generally between three and four times its tensile 

strength, the actual ratio decreasing as the stren^ of the iron increases. Thus an iron of 12 tons 
per sq. in. tensile strength will have a compression strength of 50 tons per sq. in., while a 30-ton 
tensile iron will have a compression strength of about 90 tons per sq. in. 

Malleable cast iron, when tested in compression, has an ultimate strength similar to its tensile 
strength, although exact results are difficult to obtain owing to the appreciable amount of plastic 
deformation which takes place. 

Sfiear Strength. 
Direct Shear.—A. number of investigators have compared shear and tensile strengths for a range 

of grey cost irons, and it is apparent &at the shear/tensile ratio decreases as the strength of the 
iron increases. A mean of the results which have been obtained indicates that the shear/tensile 
ratio is of the order of 1 *5 for irons of tensile strength 10 tons per sq. in., 1 ■ 3 at 20 tons per sq. 
in. and approaches unity at about 25 tons per sq. in. and above. 

Torsional Shear.—Few results are at present available on the strength of cast iron in torsion. 
L'he ultimate torsional stress will, of course, vary with the shape of the cross-section of the test 
bar, as in the case of the transverse test, it being probable that the torsional/tensile strength ratio 
will also decrease with irons of increasing tensile strength. Draffln and Oollins obtain^, for a 
13-ton tensile iron, a torslonal/tenslle strength ratio of 1 *3 for a solid cylindrical test bar, and of 
unity for a hollow thin-walled, cylindrical bar. 

Elastic Moduli. 
Orey Cast Irons.—The elastic moduli of grey cast iron increase with irons of increasing strength 

and decreasing graphitic carbon content. Thus Young's Modulus for an iron of tensile strength 
10 tons per sq. in. will be abotit 12 x 10* lb. per sq. in., while for a 22-ton iron it w ill be about 
21 X 10* lb. persq. in. 

Few estimations of the Modulus of Rigidity of grey cast iron have been made but, assuming 
a value for Poisson's Ratio of 0 • 25, the modulus of rigidity is 40 per cent, of the value for Young’s 
.\fodulus. This relationship is mostly confirmed by the results available. 

White Cast Irons.—Young’s Modulus for white cast irons is in the region of 30 x 10* lb. per 
sq. in. 

Malleable Cast Irons. — Blackheart malleable cast iron has a Young's Modulus of about 
26 X 10* lb. per sq. in., while that for whiteheart tends to be somewhat higher, although the exact 
figure will depend on the section size (hence degree of decarburisation) of the casting concerned. 

Impact Strength. 
Normal Orey Cast Irons,—The normal single-blow impact tests, such as the Izod and Charpy, 

on standard notched test bars, are unsuitable for most grey cast irons owing to the low values 
which are obtained. In order to show the very appreciable difference between the Impact strength 
of various types of grey cast iron, therefore, a modifled Izod test is used. It is ca^ed out in a 
standard 120 ft.-lb. capacity Izod machine, the test-piece, however, being a cylindrical un-notched 
bar of 0*708 in. diameter. The striking height—distance from the top face of the anvil to the 
moving knife-edge—is 22 mm. Using this trat impact strengths vary from about 5 ft.-ibs. for 
ordinary high phosphorus irons to about 30 ft.-lbs. for high duty alloyed irons. In general, 
impact strength increases as tensile strength increases, and is reduced by Increasing phosphorus 
content. High impact strength is common to most molybdenum-bearing high duty irons. 

Austenitic Orey Cast Irons.—The relatively high ductility of these irons is reflected in their 
impact strength, which is normally in excess of the capacity of the 120 ft.-lb. machine in the above 
test. 

Malleable Cast Irons.—The Izod Impact value for blackheart malleable iron is of the order of 
16 ft.-lbs. The value for whiteheart will vary with the amount of decarburisation which has taken 
place, i.e. thin sections may give rather higher and thick sections rather lower results than the 
above flgure. Impact tests on whiteheart malleable irons are complicated by the fact that the 
ductile decarburis^ skin may be pierced by the notch, and in such cases will give low impact 
values. This must be borne in mind where malleable castings have to be machined or threaded. 

Fatigue Strength and Notch Sensitivity, 
Orey Cast Irons.—The endurance limit for grey cast irons is generally 0*45 to 0*5 times the 

ultimate tensile stress, the higher values being applicable to most high strength irons. The 
fatigue strength is little affected by temperatures up to about 400* 0. Of importance to designers 
is the fact that the sensitivity of grey irons to any notch effects and stoess-raisers is negligible. 

Malleable Cast Irons.—The endurance limit for malleable irons varies from 0*48 to 0*64 of the 
tensile strength. The notch sensitivity is greater than that of grey iron but lees than that of steel. 
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VibraUcn Damping CapaeUg, 
This property is normally measured by stressing a machined bar in torsion to a pre-determined 

strees, msddng an autographic record of the vibration of the bar after the stress is suddenly re¬ 
moved, and calculating from this record the percentage loss of energy per cycle within the matmal. 
Hatfield and others give results which show that normal engineoing cast irons have a damping 
capacity generally within the range 8-16 per cent, loss of energy per cycle at an Initial strem of 
2 tons per sq. in. compared with values of the order of 1 per cent, for most steels. High duty 
cast irons of about 20 tons per sq. in. tensile strength gave about 6 per cent, loss of energy per 
oyde. 

In addition to the value of grey cast iron in the structural members of high speed machinery, 
it is, because of its high damping capacity, being increasingly used for tool-shanks, milling cutter 
bodies, crankshafts, ete. 

White cast iron, because of its highly elastic nature, may be expected to have a low damping 
capacity, while that of malleable cast iron will probably be intermediate between those of grey 
iron and steel. 

Hardness and Maehinability, 
It is convenient to consider the two properties of hardness and mochinability together because 

they ar«, of course, closely related, although that is not to say that they are simply related. The 
difficulty in relating hardness and machinability lies partly in the difficulty of giving a numerical 
value to the latter property owing to the number of factors which need to be considered, e.g. tool 
material, cutting speed, feed, tool life between sbarpenings, power consumption, etc. 

The hardness and machinability of a cast iron depend, of course, on the quantities, arrangement 
and composition of its micro-constituents, the properties of which, individually, have already 
been described. The properties of the various types of cast irons may, however, be summarised 
as follows:— 

Normal Orey Cast Irons.—The Brinell hardness of unalloyed irons containing ferrite and pearlite 
orpearlitc only generally lies between about 130 and 230, the hardness increasing as the pearlite 
content increases. Phosphorus, when present in amoimts up to about 0*5 per cent., does not 
materially affect the hardness, but higher percentages do increase the hardness on account of the 
rapiffiy increasing amount of the haM phosphide eutectic present, this also tending to have an 
adverse effect on tool wear. Unalloyed grey irons up to about 230 Brinell are readily raacblnable 
but a hardness figure in excess of this usually means that a small amount of ‘ mottle ’ or free carbide 
is present with the consequent deleterious effect on machinability. 

The maximum ease of machining of cast iron is obtainable by annealing the castings at 800°- 
900® 0. and cooling slowly through the critical temperature. The pearlite then breaks dow n into 
graphite and ferrite, the matrix, on cooling, thus being entirely ferritic. The Brinell hardness 
is then of the order of 120 but the strength of the iron is, of course, lower than when it contained 
pearlite. 

With alloyed, pcarlitic, grey irons a Brinell hardness in excess of about 230 does not necessarily 
indicate the presence of free carbide owing to the hardening and strengthening effect of the alloys 
on the pearlite itself. Thus high strength grey irons may have a Brinell hardness in excess of 
300 and still remain readily machinable although, of course, the cutting loads may bo somewhat 
higher than with unalloyed irons. 

Martensitic and Austenitic Orey Cast Irons.—^Martensitic grey irons may have a Brinell hard¬ 
ness between 380 and 600, and are machinable only with great difficulty. 

Austenite is ductile and relatively soft, the Brinell hardness of austenitic irons generally being 
of the order of 170. Such irons are, however, susceptible to work-hardening, and slower cutting 
speeds than with normal grey irons are therefore generally necessary. Deep cuts are preferable 
to light cuts. Austenitic irons are generally fine-grained and after machining take a polish which, 
in the case of the nickel-austenitic irons, is highly corrosion-resistant. 

White Cast Irons.—Unalloyed white irons consist solely of carbide and pearlite. Increasing 
the carbon content therefore increases the amount of carbide present and hence increases the hard¬ 
ness. Any addition of chromium to a white iron also slightly increases the hardness of the carbide 
itself. The Brinell hardness of an unalloyed white Iron varies from about 400 for a low carbon 
iron to about 500 for a high carbon iron. 

Martoositic white irons, which consist entirely of two hard constituents—carbide and marten¬ 
site—have Brinell hardnesses varying between about 676 and 700, the hardness again increasing 
with the carbon content. 

All white cast irons. Including the martensitic type, may be machined with carbide tools at 
low speeds, although grinding Is frequently used for both roughing and finishing. 

Malleable Cast Irons.—^The Brinell hardness of blackheart malleable iron castings generally 
lies within the range 110 to 120. Whiteheart castings vary in hardness between the skin and the 
core, the ferritic skin having a Brinell hardness of 120 to 140 and the ferrite-pcarlite core having a 
hardness of 140 to 180 in castings of normal thickness. In thin castings a hardness of 140 will 
piobablv not be exceeded throughout. 

Bla^eart castings, consisting entirely of ferrite and graphite, have extremely good machining 
properties. The graphite-free, ferritic skin of whiteheart castings Is soft and easily cut, but as 
the lubricating effect of graphite Is absent an external coolant is advisable in most cases, as for 
steel. The core of whiteheart castings, containing temper carbon, Is freely machinable. 
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Wear-ReHHana, 
Wear-resistance Is, of course, difficult of definition and eTaluation because results alwa^ need 

to be related to service conditions, e.g. the material by which the iron under consideration is being 
worn, degree of external lubrication, If anv, extent to which wear is caused by corrosion, etc. 
Fonthls reason the following remarks should be taken as general Indications only and not neces¬ 
sarily applicable to all conditions. 

Normal Orey Cast front.—Practical experience has shown that, in general, grey cast Iron has 
(▼ood wear-resisting properties, possibly due to the fact that either the graphite at the surface of 
the iron acts as a lubricant or the graphite cavities act as pockets for applied lubricantsi 

The wear-resistance of grey cast iron normally increases as the pearlite content Is increased, 
fully pearlitlc irons giving the best results. Phosphide eutectic has a beneficial effect on wear 
as long as it is firmly embedded in the rest of the matrix. If particles of phosphide eutectic tend 
to become detached In service they will, of course, cause an increase in wear. Alloy additions, 
such as chromium, nickel, copper, molybdenum, which harden or strengthen pearlite, improve 
wear-resistance In numbers of applications. 

Surface treatments such as flame-hardening, cyanide hardening, nitriding and chromium 
plating may be applied to cast iron surfaces to give excellent wear-resisting properties. A typical 
composition of an iron which would be particularly susceptible to nitrogen hardening is : total 
carbon 2*6 per cent., silicon 2*6 per cent., manganese 0*6 per cent., phosphorus 0*1 per cent., 
aluminium 1 * 6 per oent., chromium 1 • 7 per cent. The luirdness of the nitrided case on this iron 
would be of the order of 1,000 diamond pyramid number. 

Martentitie Orey Cast Irons.—The wear-resistance of these hard irons is very high and th'»y 
are used where a strong iron is required under severe erosive or abrasive conditions, and where the 
difficulty of machining the Irons is not of primary importance. A typical composition is as 
follows: total carbon 3*3 per cent., silicon 1*2 per cent., manganese 0*8 per cent., nickel 5 per 
cent., chromium 0*73 per cent. 

Austenitic Orey Cast Irons.—^These irons are corrosion-resistant, and in applications where 
corrosion is contributory to wear, e.g. cylinder liners for internal combustion engines, austenitic 
irons have given improved life. 

White and Chilled Cast Irons.—Chilled cast irons arc so named because the mould for the 
casting is so arranged that the part of the casting which is required to solidify white and hard is 
caused—generallv by means of a metal insert—to cool much more quickly than the remainder of 
the casting which solidifies grey because of the lower cooling rate. Examples of this type of 
casting are chilled rolls and plough points, in which the hard, wear-resistant working face is 
supported by strong, grev Iron at the back of it. 

white oast Iron, by virtue of Its high hardness, is very resistant to abrasive wear, while marten¬ 
sitic white Iron Is even more resistant. A typical analysis of Ni-Hard—a martensitic white iron— 
is as follows: total carbon 3 per cent., silicon 0*7 per cent., manganese 0*8 per cent., nickel 
4 * 6 per cent., chromium 1 * 6 per cent. This iron would have a Brinell hardness of about 660. 

MaReable Cast Iron.—Malleable castings are not at present often used in applications where 
wear-resistance Is of primary Importance. Provided that the carbon-free skin is removed by 
machining, wbiteheart castings can, however, be hardened by heating to about 800” C. and 
quenching. A wear-resistant structure results, and castings so treated have given very satis¬ 
factory results in certain applications. 

Heat-Resistance. 
Iron castings may fail in high temperature service due to one or more of various causes, e.g. 

(a) fraoturs or distoitlon due to stresses, which may be externally applied or internal, which the 
material cannot withstand at the temperature at which failure takes place, (6) ‘ growth * which 
shows Itself as a large permanent expansion, usually accompanied bv distortion, due to decom¬ 
position of carbide Into graphite and to the formation of oxides around the graphite flakes, (e) sur¬ 
face oxidation or scaling, and (d) corrosion by the materials in contact with the castings. These 
factors have led to the use of certain dosses of iron for high temperature applications. 

White Cast Irons.—Such Irons contain, of course, no graphite, and provided that the composi¬ 
tion is such that the combined carbon Is stable at the temperature concerned no growth can 
therefore take place. In spite of this the applications of these irons are limited, firstly because of 
their relative brittleness, and secondly, because of their low resistance to scaling even under 
mildly oxidising conditions. 

Zoic Silicon Orey Cast Irons.—Close-grained grey irons, such as may be obtaiued bv using a 
low silicon content, are moderately resistant to growth because of their small graphite size, 
^irowtb resistance may be further increased by incorporating, say, 0*5 per oent. of chromium 
which reduces the tendency for the pearlite to break down at high tempemturea. The critical 
temperatures, at which cast iron undergoes a marked and rapid contraction on heating and ex¬ 
pansion on cooling, remain, however, between 700” 0. and 750” 0., and operating temperatures 
are therefora normally kept below this to minimise risk of growth and cracking. Phosphide 
eutectic increases the rigidity of cast iron at temperatures up to 900” 0., but aa it Inorsasea the 
risk of cracking as a result of uneven heating the phoephorus content Is generally kept below 
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0 • 1 per cent. A typical analysis of an iron in this class is as follows : total carbon 3 • 6 per cent., 
silicon 1 • 5 per cent., manganese 0 * 8 per cent., phosphorus 0 • 05 per cent., chromium 0 ■ 6 per cent. 
Such irons still possess a relatiyely low resistance to oxidation. 

High Silicon Chrcy Cast Irons.—^The structure of these irons should consist entirely of fine 
flake graphite in a matrix of silico-ferrite. Their heat-resisting properties depend on (a) the low 
carbon content and fine graphite structure which minimise growth, (b) the relatively high oxida¬ 
tion-resistance of the silico-ferrite, and (c) the increase in the critical temperature caused by the 
high silicon content. The application of these irons is sometimes limited by their rather brittle 
nature. A typical composition for Silal cast iron, which falls within this class, is as follows ; 
total carfion 2 • 5 per cent., silicon 5 per cent., manganese 0 * 6 per cent., phosphorus 0 • 1 per cent. 

High Aluminium Qrey Cast Irons.—These irons also possess good resistance to growth and 
scaling at high temperatures, their oxidation-resistance being good even in atmospheres containing 
sulphur—a property not common to most other heat-resisting irons. In common with the high 
silicon irons, these irons are rather brittle. Standard Cralfer cast iron has the following com¬ 
position, which may be modified, however, to suit special circumstances: total carbon 3 per 
cent., silicon 1 per cent., manganese 0-6 per cent., chromium 0*76 per cent., aluminium 
7*26 per cent. Its tensile stren^h Is 16-19 tons per sq. in., Brincll hardness 290-340, specific 
gravity 6*77, this latter being lower than for most cast irons because of the high aluminium 
content. 

High Silicon Austenitic Qrey Cast Irons.—The essential micro-constituents of this type of iron 
are fine flake graphite in a matrix of austenite, which is produced by the use of nickel as an alloying 
element. Chromium carbide may also be present in the matrix according to the amount of 
chromium in the iron. The good heat-resisting properties of this type of iron are due to (a) the 
low total carbon content and fine graphite structure which minimise growth, (5) the excellent 
oiddation resistance of the silicon-nickel-austenite and chromium carbide of the matrix, and 
(c) the absence, on heating, of critical temperatures at w'hich sudden volume changes take place. 
Austenitic irons are ductile and retain a relatively high proportion of their strength up to 
moderately high temperatures. The composition of Hitrosilal^ an iron of this type, may be as 
follows: total carbon 1*8 per cent., silicon 6 per cent., manganese 0*8 per cent., nickel 18 per 
cent., chromium 2 to 6 per cent. High chromium improves both the graphite structure and the 
oxidation-resistance of the matrix but impairs maebinability, although even the 6 per cent, 
chromium iron is still machinable with high speed steel tools. Hi-Resist^ which will be referred 
to under corrosion-resisting irons, is also an austenitic iron with good heat-resisting properties, 
the silicon content of this iron being, however, lower. 

High Ckromium White Cast Irons.—Cast irons containing 30 to 36 per cent, of chromium consist 
entirely of chromium carbide and ferrite and are therefore immune from growth. The oxidation 
recdstance is very high, they are not attacked by sulphur-bearing atmospheres, their tensile 
strength is good—of toe order of 25 tons per sq. in.—and they are not brittle like normal white 
irons. Their Brinell hardness of 260 to 350 varies directly as the carbon content and they may 
be machined fairly readily with carbide tools. Their resistance to corrosion and erosion is also 
good. A typical analysis is as follows : total carbon 1 * 7 per cent., silicon 2 per cent., manganese 
0 • 8 per cent., chromium 33 per cent. 

Corrosion-Resistance. 

It is obviously impossible to assess the corrosion-resistance of a material writhout considering 
such factors as the nature and concentration of the corroding agent, the temperature and pressure 
of operation, etc. For this reason, without considering all sets of circumstances, it is only possible 
to slate the position in fairly general terms. 

Oast iron normally oflfers excellent resistance to corrosion compared with any other ferrous 
materials not specifically manufactured to resist it. The first requirements of any casting which 
is needed to withstand chemical corrosion are that it should be close-grained and sound. Apart 
from this there is, generally speaking, little that can be done to improve the corrosion-resistance 
of ordinary cast irons by modifying the amounts of the normal elements present. Low alloy 
additiozus of chromium, nickel or copper do under some circumstances, have a beneficial effect 
due partly to increased corrosion-resistance of the matrix, and partly to increased soundness and 
homogendty of the casting. It is by means of high alloy additions, however, that irons of more 
univ^nal corrosion-resistance are obtained, the three more commonly used types being given 
below. 

H^h Silicon Qrey Cast Irons.—These irons are produced under various trade names and for 
chemical use normally contains 14 to 17 per cent, of silicon. Thev are very resistant to all acid.s 
excepting hydrofluoric and hot concentrated hydrochloric. The high silicon irons are, however, 
rather brittle and difficult to machine. 

High Chromium White Cast Irons.—^The 30 to 35 per cent, chromium irons which have already 
been mentioned as heat-resisting irons are also very resistant to attack by a wide range of 
chemicals. 

High Nickel Austenitic Qrey Cast Irons.—The austenitic cast iron Ni-Resist is highly resistant 
to attack by a variei^ of corrosive media. Tbe normal composition of Ni-Resist is: total carbon 
8 per cent.,silicon 1*5 per cent., manganese 1 percent., nickel 14 per cent.,copper 7 per cent. 
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Where freedom from the possibility of copper coDtamination Is essential as in food processing plant 
and in the case of certain alkalis, the copper is omitted and the nickel content increased to 22 per 
cent. The austenitic iron Nicrosilalt previously mentioned as a heat-resisting iron, is also highly 
corrosion-resistant. 

There are a number of protective finishes which can be applied to ordinary cast iron to give 
nn increased degree of resistance against atmospheric and other mild forms of corrosion. These 
include Parkerising^ by which treatment the surface of the casting is converted into a continuous 
coating of a mixture of Iron and manganese phosphates, Donderiting^ by w’hlch iron and copper 
phosphates are formed on the surface, and Bower-Barffmg^ by which the surface is converted to 
the black magnetic Iron oxide. Sherardising gives an alloyed zinc coating to the costing, by 
heating the casting in contact with zinc powder, while Culorising is a similar process involving 
the use of aluminium powder. Cast Iron may be protected with a continuous coating of other 
metals by hot dipping (particularly zinc and tin), electro-plating (chromium, nickel, copper, 
cadmium, tin, silver, etc.) or metal-spraying (copper, nickel, aluminium, tin, lead, zinc, etc.). It 
may also be a vitreous enamelled, painted, varnished or coated with bituminous compounds. 

Physical Properties. 

Specific Gravity.—^Tho specific gravity of a cast Iron obviously depends on the amounts and 
specific gravities of its individual constituents. The approximate specific gravities of the main 
constituents are as follows:— 

Qraphlte . . . . . . . .2-6 
Ferrite. .7*9 
Pearlite. .7*8 
Oementite.7-66 
Phosphide eutectic.7*2 

It will be apparent that the specific gravity of an Iron will decrease considerably with increasing 
graphitic carbon content, while increasing phosphorus content will also effect a slight redaction. 
Thus castings in grey iron to the lower British Standard grades will have specific gravities between 
U*8 and 7*2, while the value for low-carbon hIgh-duty irons will lie between about 7*3 and 7-5. 

The specific gravity of white irons Is about 7*7 to 7 *73, increasing carbon content tending to 
decrease the density slightly. 

Malleable cast Irons also, of course, increase in den.’^lty with decreasing graphitic carbon con¬ 
tents. The specific gravity of blackheart castings is normally in the range 7-26 to 7*4, while 
(hat of whiteheart castings la 7*3 to 7*7 according to thickness, i.e. according to the degree of 
decarbiirisation. The carbon-free skin, consisting solely of ferrite, will, of course, have a cor¬ 
respondingly high density. 

Specific Ileat.—For most cast irons the approximate specific heats are as follows: from 
atmospheric temperatures to (a) 100® 0. 0-13, (6) 100® C. 0-11, (c) TOO® C. 0 155, (d) 800® 0. 0-17, 
(e) 1,000® 0. 0-175, (/) 1,200® 0. 0-22. 

Coejficitnt of Thermal Expansion.—The expansion coefficient for cast iron increases w-ith 
increase in temperature. For normal grey irons and malleable irons the value of the expansion 
coefllcient varies from 10 to 15 x 10”* per ® 0. over the temperature range 0-700® 0. 

Austenitic cast irons of the Nicrosilal an<I Ni-Resist types have expansion coefficients between 
16 and 20 x 10”* per ® 0. according to temperature. Austenitic irons with very high nickel 
contents have, however, low expansion coefficients. For example, low expansion Ni-Resist with 
the following composition has an expansion coefficient of 6 x 10”* per ® 0.: total carbon 2-2 
per cent., silicon 1 • 6 per cent., manganese 0 • 8 per cent., nickel 34 per cent., chromium 2 per cent. 

Thermal Conductivity.—The thcnnal conductivity of grey cast iron at normal temperatures is 
of the order of 0 • 10 to 0 -136 e.g.s. units, decreasing to approximately 0 -09 to 0 ■ 11 e.g.s. units at 
higher temperatures. Ferrite is a better conductor than pearlite. Silicon and phospbonis both 
reduce conductivity. 

The thermal conductivity of blackheart malleable costings is about 0-15 e.g.s. units at atmos¬ 
pheric temperature. For whiteheart castings it is slightly higher in thin sections and lower In 
thick sections. 

Austenitic grey ironi have conductivities of 0 07 to 0 08 e.g.s. units. 
Electrical Conductivity.—The electrical resistivity of grey csst iron is increased by increasing 

carbon and silicon contents, and variations between 60 and 200 microhms per cm. cube are obtain¬ 
able by adjusting these two elements alone. The majority of normal grey Irons fall, however, 
within the range 75 to 100 microhms per cm. cube. The resistivity of austenitic grey irons 
is normally about 150 microhms per cm. cube, this being associated with a low temperature 
coefficient of resistance. Blackheart malleable castings have an electrical resistivity of 
approximately 30 microhms per cm. cube, this increasing rapidly with temperature. 

Magnetic Properties.—^I'ho permeability of ferrite is greater than that of pearlite. Silicon 
increases the perroeability of rest Iron both by increasing the ferrite content and by increasing the 
permeability of the ferrite itself. Permeability la reduced by manganese, nickel and chroixdam. 
The remanence, coercive force and hysteresis loss is reduced by silicon and increased by man¬ 
ganese, chromium and aluminium. Irons containing temper carbon have a higher permeability 
than comparable irons containing flaks graphite. 



CAST IRON 1158 Sec. xxiii (i) 

It follows that for high permeability, grey irozui should be ferritic, this structure being obtained 
by annealioff, if necessary. The permeability of grey oast irons may be between 200 and 1,000 
gaaflB, lowdlioon irons in the as-cast state being at the lower end of the range, the upper end 
representing the higher silicon ferritic irons. 

Blackheart malleable cast iron, consisting of temper carbon and ferrite, has a high permeabiiity 
of the order of 2,000 gauss, while that for whiteheart iron, which contains pearlite (except in the 
thinnest sections), is about 1,800 to 1,400 gauss. 

Austenitic cast irons such as Nicrosilal and Nl-Reslst are virtually non-magnetic. No-Mag^ 
an austenitic iron specially developed for its non-magnetic properties, has the following approid- 
mate comparison: total carbon 3 per cent., silicon 1*6 per cent., manganese 7 per cent., nickel 
11 per cent. 

AnnthAr austenitlc iron which is practically non-magnetic (permeability 1*1), but which is 
slightly more difficult to machine No-Mag, has the folloiidng composition: total carbon 
S *6 per cent., silicon 3 per cent., manganese 0 per cent., aluminium S per cent. 

SPECIAL NOTE. 

It should be noted the names of most of the special cast irons which have been mentioned are 
registered trade marks, and the production of these irons may be covered by patents. 

STSllL. 

The term * steel' is applied in a general sense u> those alloys of iron and carbon whose carbon 
la present entirely, or almost entirely, in the combined condition and whose total carbon content 
does not exceed 2*00 per cent. In a special sense the term is applied to alloys of Iron and carbon 
with elements which are generally in excess of the carbon and whose presence considerably modifies 
the resulting alloys ; such allojra are generally referred to as * alloy or special steels.' 

Steel always contains some or all of (he elements—maufjanese, silicon, sulpliur un<l phosphorus, 
And the allowable percentages are given in the following specifications. Sulphur aud phosphorus 
should be kejjt as low as possible owing to the detrimental effect of these elements, althmigh in 
some instances high sidphur contents may be desimblc (see |)p. 1102-1103). 

Carbon renders the steel susceptible to hardening, although below 0*1 per coat, steel 
shows no appreciable hardening effect when rapidly cooled. As the carbon percentage increases, 
so does the tenacity and hardness, with a corresponding reduction in the ductility and toughness. 

Steel Is generally graded according to the percentage of carbon present. A general classifi¬ 
cation is as follows:— 

Carbon under 0 * 10 per cent. . 

Carbon 0*10 to 0*26 per cent. 
Carbon0*26 to0*60 percent. 

Carbon 0*60 to 1*20 per cent. 
Carbon over 1 * 30 per oent. . 

Dead soft sted, very mild or extra mild steel, very 
iow-carbon steel. 

Mild steel, soft steel, low-carbon steel. 
Medium-carbon sted, medium high-carbon stee 

ball-hard steel. 
High-carbon steel, tool steel, hard steel. 
Extra-hard steel, very high-carbon steel. 

The classifloatlon is not rigid, as no attempt has been made to standardise the various grades. 
A further classification la made with carbon tool steels, the steels being graded according to their 
* temper.* (This term has no connection with the term * tempering,' used in thermal treatment.) 
The Temper nnmbeis are arbitrarily chosen by the makers, and the following la an szample 

Temper No. 1 3 3 4 6 6 

Carbon Content 
(per cent.) U U U 1 1 i 

The critical points In a straight carbon steel are dependant on the amount of carbon present, 
and these criti<^ points control the temperatures for f oi^ng, annealing, hardening, and tempering* 
The higher the carbon content the lower the critical temperatures and the more sensitive is the 
steel. For the before-mentioned steels the recommended working temperatures are as follows 
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Other Dunclt specialities include Alloy Steels in black or bright finish, heat 
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Oarbon 
Oonteut. 
Per cent. 

Maximum 
Forging 
Temp. 
•o.« 

Annealing 
Temp. 
•0. 

Hantening 
Tamp. 
•0. 

If 1000 720 760-780 
If 1026 720 760-780 

1060 710 770-800 
1 1100 790 780-800 

1 1126 760 786-810 
i 1160 770 800-820 

Th« tempering temperetore depends on reqoiremente. The higher the reheating (tempering) 
temperature, the greater is the lorn In hardness, with a corresponding increase in the dootUitj. 

Oarbon 
Content. Boltable for; 

Per cent. 
Special taming and planing tools. 

11 liie most saitable for tominn and planing tools, twist drills and small oatters. 
l{ For large turning tools, clrcnlar cutters, taps, small ponohes, reamers, 

screwing dies, and small shear blades. 
1 For hot setts, large punches, large taps, cold chisels, etc. 

1 For chisels, setts, dies, smiths' tools, large shear blades, masons' tools, eto. 
1 For hammers, general dies, and minenT drills. 

Haring selected the oorreot qualltj steel for the particular purpose, it is eemntlal to giro the 
correct heat treatment in order to obtain the best resolte. The hardening temperatures are 
glren in Uie prerloos table. The following table giree the necessary tempering tempeiature:— 

Tempering 
Temperature Suitable for: 

•0. 

too Springs, wood saws. 
S96 Circular saws for metal. 
990 Cold chisels for wrought Ircm. 
986 Moulding and planing oatters for soft wood, needles, cold chisels for cast iron. 
980 Firmer chisels, saws for bone and irorj, cold chisels and setts (or steel, 

gimlets. 
276 Hot setts, axes, and adses. 
270 Augers, preming cutters, flat drills for brass. 
986 Ooop^ tools, wood borers, twist drills, stone-cutting tools. 
900 Plane irons, ^ugss, planing and moulding cutters. 
966 Moulding ana planing cutters lor hard wood, punches and dies, cups, snaps, 

and shear blades. 
960 Penknlres, cbssers, mill chisels and picks, taps, rook drills, eorsw-catting 

946 Leather-cutting dies, boring cutters, reamers. 
940 Bona^mtUng tools, milUng cutters, drills, wood engraTing tools. 
986 Paper cutters, planers for iron. 
980 iTory-cuttlng tools, planes for steel, eorewing dies for brass, hammer faceSi 
996 i light taming tools, steel engraTing toote 
990 ! Scrapers and lathe tools for brasa 

I 

• forging should be finished about 700* 0. 
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Hios-Bpuo Tool bthm. 

Tfpicai Ornnp—tHafu. 

Sec. XXIII (i) 

Tpps. 0. 81. Mn. 8. AP. Or. W. V. Mo. Oo. 

A 0-66/0-70 
1 

0-36 0-20 aelowas 
posaibte 

SO/6-6 14-0/18-0 nil to 
0-6 

- - 

B 0-70/0-76 0-30 0-30 88 8.6/4-6 160/180 0-6/10 — — 
0 0-76/0-80 O-SO 0-30 4-6/60 18-0/30-0 0-6 —• 6-0 
D 0-80 O-SO 0-30 ft 6-0 30-0/33-0 1-6 0-6 13-0 

Heal-TrttUmtnt, 

Type. Forge at Anneal at Preheat for 
hardening at* 

Harden at Temper at Quench in 

A 1100* to 800* 0. 8UU* 0. i 1 1280-1^00*0. 660-680* 0. Oil 
B 1300* 0. »• 1 1 1800-1SSO*0. Oil or Air 
0 Beheat and 1 1800-1840*0. ft ; Air 
D cool off 

** 
1820-1360* 0. ft Air 

Wh«i lMrd«tt«d highHQMttd 8t«el is tempered ite hardneas increeaes, % fna^<mnm Tslue being 
obtained at some temperatiire 660* and 600* 0. ThJa phenomenon la known as ieeendary 
hardntu. Beyond 600* 0. the hardnesv falls off so that It is adslaable to regard 680* 0. as the 
safe mazimam temperature. Typical hardncas values are as follows:— 

0 0-70, Si 0-30, Mh 0-36, 0 0-76, Si 0-30, Bin 0-30, 
Or 4-0, W 14-0, V 0-66. Or 4-3, W 18-00, V 1-00. 

Hardening temp. 
*0. Air-cooled. Secondary har¬ 

dened (676* 0.) Air-cooled. Secondary bar- 
dened (676* 0.) 

Vicken. Book- 
well. Vickers. Rock¬ 

well. Vickers. Rock¬ 
well. Vickers. 

■ 
Bock- 
wsU. 

1820 764 63-6 886 64-6 793 64-1 863 66-0 
1828 760 63-9 831 

1 1 
64-8 780 

< i 
63-4 : 864 1 

i 1 
66-3 

Cold-Tr€ttiment, 

Becentiy, it baa been claimed that cold or * deep-freeze ’ treatment after hardening, prior to 
secondary hardening, improves t)oth hardness and cutting efficiency. Treatment consists in 
cooling tools, after hardening, to about — 70* C. (— 100* F.) for about 2 hours, followed by a 
nsoal secondary hardening ti^tment. 

AHMiphtn Vontrol oj Uardtning Furruuu, 

Some control over the nature of the fnmace atmosphere is impeiatlvs in order to prevent 
dscarbnrtoation and scaling. It has been shown that the scaling is purely superficial in the 
absanoe of watar-vapcnr. For the hardening of high-epeed steel a mnffle loniaoe, into which 
amlead the cooled pxodnoto of combustion, yields most satisfactory teanlts. By cooling the bnmt 
faaea, water-vapoar is condensed and removed, and an inert atmoq>heie obtamed in the t»^«"g 
ehamber. In this way the risks of overheating and burning are minCm^A ginoe the does not 
impinge on ths work and the furnace walls ars always hotter than the articiss placed within them. 

w IJISi?*?***oondnoUTHy ^higbspeed Is low at low tsmperatares and the steel most be 
hsated slowly to a red hsat, otherwise It tends to sreok. 
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CLYDE ALLOY 
^eaa i <:^teelA 

& STEEL CASTINGS 
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We are manufacturers of Alloy Steels to Air Ministry, B.S.I., 
E.N., or any other specification, in Ingots, Billets, Bars (black 
and bright), Forgings and Steel Castings, particularly Turbine 
Casings and High Pressure Castings. All enquiries on any 
Alloy Steel problem are welcomed, and will gladly be investi¬ 
gated by our technical department. 

We are also Specialists in 
the Heat Treatment of Alloy Steels 

NICKEL STEELS 

NICKEL CHROME 
STEELS 

NICKEL CHROME 
MOLYBDENUM STEELS 

CHROME STEELS 

STAINLESS STEEL 

STAINLESS IRON 

ACID RESISTING 
STEELS 

HEAT RESISTING 
STEELS 

HIGH CREEP STEELS 

VALVE STEELS 

GEAR STEELS 

NON-MAGNETIC 
STEELS 
&C. &c. 
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8UPB1I HARD OomHO ALLOTS. 

Name. 0. W. Co. Or. Va. Mo. Ta. Tl. Oe. Fe. 

Widia and Gar« 
boloT . € 88 « — — — — — _ 

Toiomit . 4 94 — — — — — — — 3 
Lohmanit. 7 93 — — — 7 — — — — 

Miramant. 3 66 — — — 30 16 — — — 

Tisit 3 60 — — — — — 6 3 SO 
Oelsit S-8 26 81 36 0 6 — — — — 4-6 

Btellite 3 33 46 36 — — — — 
— i 

1*3 to 
3 

OHBOlOnM-PLATED TOOLS.* 

Ohromiom-plated toola aro capable of giving greatly increaaed service over anplated tools In 
certain applications. The effloiency-ratio is the ratio of the number of articles machined with 
ohromitun>plated tools to the number similarly machined with nnplated tools. 

Tool. Material. Average Bfflciency 
Ratio. 

Reamer Brass 6 
Reamer Bronse . 3 
Broach . Brass 6 
Drill . Various mild and 3 

alloy steels 
Slotting saw . 
Blotting saw . 

Copper . 
Mild steel 

3 
4 

Heading die . Mild steel 2t 
Wiredrawing die Copper . 1 6t 
Plug gauge Carbon steel . 6t 

CARBON AND ALLOT STEEL SPECIFICATIONS. 

The following data are baaed upon B.8J. Report 500b-1924I and upon the very complete 
ipeclflcations prepared by the 8.A.B. (Sooiety of Automotive Bngineen, t7.8.A.). 

The range of steels given covers praotloally all general requirements. The selection of a given 
steel lor a ^ven part moat depend upon an intimate knowledge of a number of important factors, 
such as the detailed design of the part and the severity of the servioe to be impost, whether the 
part is to be machined or forged, maohinability, and the method of manofscture. From the data 
given, a steel can be selected from a consideration of physical properties, after which the final 
choice depends upon such considerations as maohinability, beat>treatment, etc. 

OARBOV 8TR1LS. 

Reference Carbon Mangaaees Phosphorus. Sulphur. 
No. Range. Range. Max. Max. 

1 0*08-4)*18 0-80-0-60 0-046 1 0-06 
3 0-l(M)*30 0-80-0-60 0-046 0-06 
1 0-15-0-36 0-800-60 0-046 006 
4 0.30-030 0-60-0-80 0-046 0-06 
i 0-3M>*l8 0-600-80 0-046 0-06 
• 0*80-0-40 0-600-80 0-046 0-06 

0-S8-0-45 0-600-80 0-046 006 
8 0-40-0-60 0-600-80 0-046 0-06 
9 0-40-0-65 0-600-80 0-046 i 0-06 

10 0-90-1-06 ! 0-360-60 0-046 0-06 
11 0-46-0-66 1 0-90-1-30 0-045 O-Oi 
13 0-66-0-70 0-90-1-30 1 0-046 0-06 

* Uachimrjf, 
t Comparison refers to one plating only. Beplating and further service is practicable, 
: Sopcfsedsd by BJ9.S. 970--1947. 
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Composition. 

0 Si 8 P Mn 

* 0*20 max. 0*10 max. 0-2/0-3 0*10 max. 0-6/1-2 

Mechanical Froperties. 

M.S. Elong. %. 
Condition. 
Cold-finished . 38 min. 14 min. 
Other-finishers . 26 ., 26 min. 

Aotaal results on hlgb'Sulphur free-cutting steels are given in the following table:— 

Composition. 
0 
Si 
s 
p 
Mn 

Mechanical 
Properties. 

As rolled. 

0*12 
0*006 
0*234 
0*030 
0-86 

Bright drawn. 

0*10 
trace 
0*424 
0*038 
1*03 

As rolled. Bright drawn. 

Y.P. 16*8 260 16*3 310 
M.S. 24*8 26*8 36*0 31*6 
Elong. 84 22 33 16 
B. of A. 67 64 60 39 
Izod 66, 60, 67 37, 36, 36 60, 50, 60 37, 37, 36 

(Oregorv.) 

Liead-bearinff Steels —During recent yean lead has been introduced into steel, with the 
object of improving its mschineability, both to the usual high-sulphur free-cutting steels and to 
steels of more normal sulphur contents, even including certain alloy steds. In regard to the 
lower sulphur steels, the Introduction of lead considerably improves their machineability ard also 
results in improved tool-life. The amount of lead added for this purpoee is between‘0*15 and 
0 • 30 per cent. 

Lead is insoluble in steel, but in the leaded steels exists in the form of emulsifled sub-micro- 
scopio particles. This distribution can only be obtained by proper steel-making technique, which 
Is protected by patent, and the steel. If used for ordnance purposes, is required to pass a standard 
' sweating * test. This consists in reheating the leaded-steel to a specified temperature for a given 
time, after which no exudation of lead should occur. It is claimed that the introduction of lead 
does not influence the mechanical properties of the steel. 

liOLTBDXHUM SXUIA 

Eeftnnoe Carbon Ifangsnset Onromlnm Xflokel IColybdennm 
Ranges Letter. Range. Bimge. Bangs. Range. 

A 0*SM>*t6 0*4(M>*70 0*6(M)*80 0*18-0*28 
B 0-I6-046 0*40-0*70 0*80-1 *10 0*18-0*28 
0 0*46-0*6& 0*40-0*70 0*80-1*10 0*18-0*28 
D 0*10-0*20 0*8(M>*60 1*8-20 0*2<H>*S0 

In all cases sulphur max. 0*046 ; phosphorus max. -■ 0*040. 

In general these steels have ttmilar physloal charaotscistics to the corresponding nickel and 
nioksl-cbrominni steels. Bteel D is sultaole for oase-bardining. 
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OHBOMIUlf STULS. 

Reference 
Letter. 

Carbon 
Range. 

Manganese 
Ri^e. 

Chromium 
Range. 

S^hor Ph<^horas 

B 015-0-96 0-30-0-60 0-60-0-90 0-045 0-04 
F 0.35-0-45 0-50-0-80 0-80-1-10 0-045 0-04 
G 0-45-0-65 0-50-0-80 0-80-1-10 0-045 0-04 
H 0-95-110 0-30-0-50 1-20-1-60 0-050 0*03 

Steel This sted is intended primarily for case-hardening. For stroctural poxposes the 
chromium content of this steel gives a deeper penetration of the effect of heat treatment than can 
be obtained in a straight carbon steel having a similar carbon content. 

Steel Q> is an oil-hardening type of steel intended for heat-treated forgings that require 
greater strength and toughness than are obtainable with straight carbon steels, or with some of 
the simple alloy steels having a lower carbon content. It alM has a wider heat-treating range 
than the other simple alloy steels. 

Steel H is used ohieffy for the races and balls or rollers of anti-frlctlon bearings. The 
chromium and carbon contents cause a maximum penetration of the effect of heat treatment 
and give a high degree of hardness and resistance to wear. 

OHROMIUH VANAOnTM STEELfi. 

Reference 
Letter. 

1 
Carbon 
Range. 

Manganese 
Range. 

Chromium 
Range. 

VanadUun. 

Min. Desired. 

1 015-0-36 0-50-0-80 0-80-1-10 0-15 0-18 
J 0-25-0-85 1-0 -1-5 0-80-1-10 0-15 0-18 
K 0-35-0-46 1-0 -1-5 0-80-1-10 0-15 0-18 
L i 0-45-0-55 0-50-0-80 0-80-1-10 0-15 0-18 
M 0-90-1-05 0-20-0-46 0-80-1-10 0-15 0-18 

steel I is Intended primarily for case-hardening and can be used for structural parts after 
suitable heat treatment. 

Steels J and K. These steels can be used In place of the nickel and nickel-chrome steels 
of similar carbon content for heat-treated forgings requiring greater strength, toughness and 
resistance to fatigue than it is possible to obtain with straight carbon steels. 

Steel M can be used for anti-friction bearings and is used extensively for machine-tool 
parte, being primarily a tool steel. 

Siuco-Makgakbse Stbeu. 

Reference Carbon Manganese Silicon 
No. Range. Range. Range. 

N 0-45-0-56 0-60-0-90 1-80-2-20 
0 0-55-0-65 0-60-0-90 1-80-2-20 

Sulphur and phosphorus 0 045 max. 

These steels are essentiallv spring steels, but may be used for gears. In either oase the steel 
must be suitably heat-trsated. 

HEAT TBBATMBMT OF 8TBBL8. 
In order to obtain the desired physical properties from steels It is generaUy necessary to snb- 

ieoi them to a thermal treatment. The subiect of heat treatment embraces the operations of 
(a) normalWng, (5) annealing, (e) hardening, (d) cementing, carburising or case-hardening, (#> the 
tempering or ^wing of hardened steels. 

The nomenclature and deBnitions relating to heat treatment as given by B.8a. Beport 
No. 600fr—19S4 are as foUows: 

(a) Normalising. Normalising means heating a stsel (however previously treated) to a 
temperature exceeding its upper crlttoal magt, and sUowing It to cool freely In air. It Is desir¬ 
able that the temperature of the steel shall be maintained for not leas than 16 minutes, and shall 
not exceed the upper limit of the critical range by more than 50” Centigrade. 
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(ft) Annealing. Annaaling meaniMheating followed bj alow oooUng. ItipurpoMtmay be 
(1) To remoTe Internal etreesee or to induce softness, in which case the maximum tempera¬ 

ture may be arbitrarily chosen. 
(2) To refine the crystalline structure in addition to the above, in which esse the tem¬ 

perature need must exceed the upper critical range as in normalising. 
(«) Hardening. Hardening means heating a steel to its normalising temperature, and 

oooU^ more or less rapidly in a suitable medium, water, oil or air. 
(d) Cementing. Oementing means heating a steel above its normalising temperature in 

a medinm which will increase its carbon content. The core of a case-hardened bar is the Interior 
portion of the bar which is substantially unaffected by the cementing process. 

(«> Tempering. Tempering means heating a steel (however previously hardened) to 
a temperature below its lower change-point with the object of rcdiiciug the hardness or increasing 
the toughness to a greater or less degree.* 

Effect of Tempering, 

H per oent. nickel steel, oil-hardened at 860* 0. and tempered at the temperatures indicated. 

Tempered at. 
; Yield 

Point. 
Ultimate 

Stress. Blongation. Reduction : Impact. 
Test. Brinall 

•0. ! Tons per 
sq. in. 

Tons per 
tq. in. 

%. "" %. Ft.-lbs. No. 

Not tempered 103 0 1160 10-0 23-0 6 614 
200 93-6 101-0 10-6 33-6 6 461 
300 830 93-5 13-0 40-0 6 416 
400 66-4 76-3 16-1 60-0 11 363 
500 64-5 63-6 20-0 69-5 50 286 
600 44-0 63-0 35-0 64-6 78 341 
650 40 0 49-0 27-0 66-0 83 336 

CO Hefining (cemented parts). Beiining means reheating a steel to its normalising 
tempmture, and is nsuaiiy followed by quenchl^. 

See also p. 1188. 

(g) Sub-critical Annealing. As Its name implies, this means reheating the steel to a 
temperature below the lower critical point and in some ways may thus be regarded as high-tempera¬ 
ture tempering. It differs from the latter, however, in that a previous hardening is not a prelunin- 
ary operation, the reheating temperature is generally somewhat higher and conducted for much 
longer periods of time and, moreover, the objects of eub-critical annealing are entirely different 
from tboee of tempering. During sub-critical annealing the carbide is ' balled up ' and the steel 
softened, a neceesary preliminary for such purposes as the cold-rolling or deep-pressing of strip, and 
the catting and subs^oent hardening of certain high-carbon tool steels. 

Grain Growth and Grain Size Control. 

When a steel Is above its critical range sets in, f.«. some of the austenite- 
crystals of which It is composed grow at ^e expense of others. The higder the temperature 
the larger Is the grain siae. If reheated to very high temperatures the steel exhibits a coarse 
fracture even when slowly cooled or rapidly cooled oy quenching in oil or water. The steel is 
then described as ovtr-hioud. Sven when fully tempered the influence of the quenching of 
steel from too high a temperature is revealed by mechanical tests; the reduction of area per 
cent, and impact valoes are then lower than expected. 

American workers have shown that the gnin else of steel can be controlled by the addition 
of alamlntam to the Ingot moulds daring the time that the molten steel is being cast into them. 
From 0*03 to 0*OS per cent, of aluminium Is added, some of which Is oxidised to alumina, AlgOg, 
Uie remainder existing in solid solution. Swinden and Bolsover, In thif country, have thoroughly 
investigated this <mestion of grain-sise control, and express ths opinion that it is essentially a 
question of the olumate degree of deoxidation prior to the addition of alominlum. With proper 
foznace teohniqae it Is possible to produce ste^ of relatively fine or relatively coarse gr^ at 
will, as detennmed by the MeQuaid^Ehn cafbuTuing test. This consists in pacldng the specimen 
of the steel in a good casa-hardeniDg componnd, contained In a sealed box, heating for 2 hours 
and Boakixm for 6 hoars at 927* 0., followed by a slow cooling to 400* 0. or less b^ore emptying. 
A section is then cat, polished and etched with boiling alkaline sodiom plocate solntion. The 
carburised cam thyi has a clearly defined grain else as Indicated by the hypar-euteotold carbide 
ana tha stmetnre is examined at a magnification of 100 diameters on a projection microeoope. 

• Tempering generally implies subsequent cooling in air from the tempering temperatnre 
bat lomatimes tlm sM is qoanohed in oil or water after temparing, mainly with the onjeot of 
avoiding tamper-brltaanMi. (See also p. 1184.) 
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Tha gnln-alia aambar is than lodloatad bf tha nambar of gfmlna par sq. in. at this magnifloatloa, 
at tndlaatad at foUowa:«» 

Qrain Bias. Indax N, Nnmbar of Gkalna par aq. In. x 100. 

Mean. Hazimum. ICinlmom. 
1 1 1*8 
1 8 8 1-6 
t 4 6 8 
4 8 18 6 
• 16 84 IS 
• 88 48 84 
7 64 •6 48 
8 188 ~ 86 

Swlndan and Bolaorar bars shown that oo&aldambla latltada la pannlaalbla In lagard to oar- 
bnrlaing tamperatnra, Uma at oarboristng tampacatora and iamparatara to which alowlj ooolad. 
Soma idea of tha influence of train slda at in^oatad by tha HoQnaid-Bhn test ia giTsn bj tha 
following table, due to Swlndan and Bolaorar (Joam. Iron and Suel /nw., 19S6, rol. iL). 

SKtlA. 0,0 88%. lin,0-78%. Si, 0140% . 8,0*018%. P, 0*088%. n 

Siae. Treatment. 
Grain 
Siaa 
(N). 

Max. 
Streaa. 
Tone 
per 

aq. in. 

Yield 
Point, 

j Tons 
' per 
1 aq. in. 

Blonga* 
tion on 
8 ina. 
%. 

Radno- 
tion of 
Area. 

%. 

laod Impact Flgurea. 
Pt.-lba. 

llln.dia. O.Q. 880*.T.660*0. 8-3 46*7 80*9 87*0 66*3 31 89 
AraritaJ 

15 81*71 
*t i» 7 40-4 84*8 88*0 68*6 70 81 88 79*7 

W,Q.880*,T,|00*0, 8-8 60-8 40*8 16*0 03*4 88 84 88 88*0 
•1 It 7 08-8 48*0 80*0 04*S 04 60 60 08*0 

Sixliin. O.Q.880*,T.680*0. 

W.Q.’i80%<!800* 0. 

8-8 468 81*7 88*0 63*6 89 48 40 48*0 
7 40*0 80*4 89*0 63*6 74 78 96 80*7 

8-8 08*9 39*0 80*0 49*6 80 80 86 88*7 
It II 7 08-6 87*4 88*0 08*4 60 00 69 61*8 

SMB. 0,0-80%. Ifn .108%. 81, 0*180% 8,0*087%. P, 0*088 %. 

Bile. Treatment. 
Grain 
Siae 
(N). 

Max. 
Streaa. 
Tons 
per 

aq. in. 

Yield 
Point. 
Tone 
per 

aq. in. 

Blonga- Reduc¬ 
tion on tion of 
8 ins. Area. 

%. %. 

laod Impact Flgurea 
Pt.-lba. 

li in. dia. O.Q. 840% T. 600*0. 8 06-0 89*8 88*0 04*8 84 19 
ATaragaJ 

89 Sl*7l 
- 7 08*4 87*7 86*0 07*8 07 06 01 04*7 

T. 680*0. 8 000 87*4 84*0 04*8 10 11 80 17*0 
II 7 01*6 80*0 84*0 09*8 56 48 48 48*7 
„ T. 560* 0. 8 08*1 87*0 80*0 09*8 84 18 IS 16*7 
.1 7 00*0 80] 87*0 61*6 66 86 76 76*0 
„ T. 670* 0. 8 00*8 86*0 88*0 09*8 19 88 89 88*8 
11 11 7 47*6 84*6 87*0 68*6 78 64 78 71*8 

8x11 in. O.Q. 840*, T. 680*0. 

O.Q. 840*, 600*0. 

8 08*0 84*8 88*0 49*6 11 90 10 17*0 
7 08*0 84*8 84*0 49^6 80 48 40 87*8 
8 08*7 1 84*8 88*0 08*4 19 88 19 80*0 

•1 II lL 01*8 ; 84*4 
1 

88-0 08*4 87 U 48 41*0 
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MASS EFFECT. 

Sammariilng the effects of grain else on mechanical properties, the mazlmam stress and 
jleld-potnt ralues of flne-graln steels are slightly lower and the elongation and reduction of 
area ralnee slightly greater than those of coarse-graln steels. The greatest difference is found 
In the Isod Impact values: If these are accepted as a criterion of toughness, then fine-grained 
steels are infinitely superior to coarse-grained steels of otherwise similar composition and proper¬ 
ties. Swlnden and Bolsover obtained similar results on alloy steels of low carbon contents; 
with steels of higher carbon contents the differences between the properties of fine and coarse¬ 
grained steels becomes less marked. 

The McQuaid-Bhn test was really the outcome of experiments on case-hardening. It was 
found that the fine-grained steels exhibited abnormality^ i.e. carburisation was difficult and only 
a very thin carburised case obtained. For carburising, a relatively large grain slse is desirable. 
A further Important point is the fact that fine-grained steels do not harden to the same depth as 
steels of coarser grain. Shallow hardening is a characteristic of fine-grained steel. 

It should be realised that It Is possible to overheat fine-grain steels, ]ust as coarse-graln steels; 
the esNutlal difference lies in the fact that for a given degree of overheating the grain else is 
oonsideimbly leas in the former instance than in the latter. 

Effect of Mass. 

The effect of mass must receive serious consideration when dealing with the physical pro¬ 
perties of any heat-treated steel. 

The hardening operation consists of heating the steel through and just above Its critical range 
in order to obtain the condition of solid solution, and quenching with sufllcient rapidity to retain 
this condition. With large masses it Is practically Impossible to obtain a uniform temperature 
throughout the mass on heating, the interior portion always being at a lower temperature than 
the outside. On quenching the heat Is absorbed from the outside, and In many cases it is Im¬ 
possible, even with the most drastic quenching, to remove the heat sufficiently rapidly to retain 
the dedred structure in the core. Again, with very thin sections, the rate of cooling may be 
sufficiently rapid tf carried out in air. Only by experience can the effect of mass be correctlv 
estimated. l%e effect of mass on heat-treatment Is greatest with carbon steels and least with 
steels containing large proportions of alloying elements. 

The following table shows the effect of mam on the physical properties of a 6 per cent, nickel 
case-hardening steel. Bara of varying diameters were given exactly the same treatment and 
then tested: 

Size of ■ 
Bar. 
In. 

Heat 
Treatment. 

Oarborlsed at 860*0. 
Reheated to 860* 0. 
Qnsnohed in water 
Reheated to 760* 0. 
Qnsoolied in water 

Yield 
Point. 

Tons per 
sq. in. 

! Ultimate 
Stress. 

Tons per 
sq. in. 

Elongation. 
%. 

' 1 ' 
IReduotion Impact, 

of Area. Test. 
%. Ft.-lkM. 

Brinell 
No. 

400 61-0 37-0 66-1 66 386 
84-6 44-6 81-0 68-8 90 313 
810 40-0 86-0 70-0 106 197 
87*8 87-6 86-7 73-3 111 179 
36-7 1 86-3 86-8 78-6 111 174 
36-6 86-1 87-0 78-6 110 174 
36-3 86-0 i 87-0 73-6 104 1 174 
36-0 86-0 1 87-0 73-0 I 90 I 170 

Due cognisance of the mass effect is taken in the British Standards Institution's * War 
Emergency * Schedule 970 (1943). Some details are given In the following pages, as it Is fully 
anticipated that this schedule will persist for many years. 
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Age-Hardening: of Steel. 

Ag€-hardening or PreHpiUUxon-hardening ig the gradaal increase In hardness of certain 
heat-treated steels with time when allowed to stand at ordinaiy temperatnres or, in some cases, 
fit temperatnres above atmospheric. Although Increased hardness may resnlt from this sonroe 
in high carbon steels it is a phenomenon nsnallj associated with steels of low carbon content, 
and has been attributed to the presence of oxygen, nitrogen, carbon and other dements such 
as phosphorus. It is assumed that supersaturated solid solutions are formed which undergo 
gradual breakdown with time with the precipitation of sub-microscopic particles of carbides, 
oxides, nitrides, etc. It has been shown that ageing effects can be minimised by drastic de¬ 
oxidation of molten steel. The term qugnch-agting is applied to the increased hardness which 
results when quenched mild steels are allowed to stand. The Increased hardness is accompanied 
by decreased ductility and lower resistance to impact and shook. In certain cases a disastrous 
lowering of the impact value may result. The effects of quench-agelng are least in thoroughly 
killed steels, particularly when the final deoxidation is carried out by means of aluminium. 
Even in normalised mllcl steels super-saturated solid solutions may be obtained, which undergo 
breakdown with time, and there la little doubt that the blue-hrUtUness of mild st^I is associated 
with the precipitation of compounds previously held in a state of super-saturation. 

Strain-<igeing is the term applied to the gradual increase in hardness when steel is allowed 
to stand after being strained by cold deformation. Generally the effects of strain-ageing are less 
than those of quench-agelng, although the degree of ultimate embrittlement may be fester in 
the former than in the latter case. It has been shown that steels susceptible to quench-agelng 
are also susceptible to strain-ageing. The effects of strain-ageing are more marked in semi- 
deoxidised steel of the rimming steel type than in the fully deoxidised steel. The ultimate 
degree of deoxidation is an important factor in connection with the formation of strHcher- 
straim (rough surfaces) of cold-deformed sheets. Boiler-plate failures have been attributed, 
in part, to the effects of strain-ageing in areas around rivet boles. 

The cold-deformation of structural steel, followed by reheating as in such operations as 
galvanising, may lead to a decided embrittlement. In such cases the most satl^actory procedure 
is a reheating to about 6S0* 0. before galvanising, an operation often described as stabilising. 

Fully-killed steels are sometimes described as non-ageing. In these steels the freedom 
from ageing effects are partly attributed to (a) smaller grain else and (b) greater freedom from 
oxygen. 

In fine-grained alloy steels containing special elements, quench- and strain-ageing effects are 
much less than in carbon steels, although certain alloy steels, e.g. copper steels, may exhibit age¬ 
hardening properties to a very marked degree. 

Quenching Liquids. 

Liquid quenching mediums include water, brine, oils, and special liquids. Soft water, distilled 
if possible, is used for hardening ordinary carbon steels. Impurities in the water, such as grease or 
certain acids, are objectionable, as the former are liable to cause uneven hardness by Insulating the 
steel locaUy with an oil film, and the acids produce brittleness. Hard water is very unsatisfactory 
because of the scale thrown down when its temperature is raised. Water to which soap or salt 
has been added is sometimes used to secure quenohlng rates respectively lower or higher than that 
of pure water. Gold sea-water or brine produces extreme rapidity of quenching and consequently 
maximum hudnees. Pieces of complicated design cannot be quenched safdy In this medium 
because of the shock. 

Oil-quenching mediums are extensively used where extreme hardness is not required, and where 
freedom from quenching shook is neoeesarr. These include mineral oils, paraffin, fish oil, whale 
oil, cotton-seed oil, linseed oil, lard oil, and special animal hydrocarbon oils. 

Mineral oils are satisfactory where the quenching bath is kept cool by arUflcial means. If the 
oil is not cooled there occurs a gradual breaking down and thickening of the oil with heat, the 
formation of residue, and wide variation in the quenching rate. Paraffin is dangerous unless 
kept at a temperature well below its flash point. 

Fish and whale oils have the disadvantage of offensive odours and are open to the same 
objections as the seed oils. Ootton-seed and linseed oils become gummy from oxidation. This 
increases the viscosity and serioualj affects the quenching speed. Lard oil is unsatisfactory 
because of the tendency to become rancid. 

Special oils nsnallT obtained by distillation of wool grease are used extmiaiTely with satls- 
faotoiy results. Artificial cooling of these oils is very necessary when handling large quantities 
of metal continuously. 

(iffOM.) 
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Sec. XXIII (i) ANALYSIS OF VARIOUS STEELS 1181 

Ohisbl STBBLB. 

Class of Steel. 
1 
i 
: C. 81. , Mn. 

Analysis. 

Or. W. NI. 

1 
j 

V. 

1 

1 Heat-treatment. 

» 
Carbon . 0-86 0-ft 0-40 - - - - W.Q. 780® 0. 

T. 280® 0. 
Carbon-vanadium . ! 0-80 0-16 0-40 

- 

0-25 1 

1 

W.Q. 786® 0. or 
O.Q. 820® 0. 
T. 280® 0. 

Tungsten-vanadium ; 0-76 0-16 0-50 10 010 ' O.Q. 810® 0. - 
T. 280® 0. 
W.Q. 810® 0. or 

Chrome-tungsten I 0-60 0-20 0-50 1-6 2-0 — — O.Q. 860® 0. 
T. 300® 0. 

Chrome-nickel ; 0*40 0*25 0*60 0-75 — 3-0 — O.Q. 800® 0. 
- T. 260® 0. 

High-speed 0-66 1 0-20 0-20 350 14*0 — 0*60 As for cutting steels 

Typical Compositions of Various Steels. 

Type of Steel. 

C. Si. a 

Analysis. 

P. Mn. Ni. Cr. V. W. 
Boiler plates 0-22 0-82 0-028 0-03 0-62 — _ — __ 
lO-ton forging 0-86 0*41 0-036 0-032 0-80 — _ — _ 
Axle steel . 0-28 0*28 0-030 0-026 0-90 — _ _ _ 
Rails (railway) . 0-48 0-36 0-038 0-036 0*72 — _ — _ 

0-69 0-32 0-062 0-023 0-76 — _ 
Tyres, loco. 0-62 0-28 0-02 0-04 0-66 — _ _ 

,, wafflon . 
Turoine disc 

0-38 019 0-06 0-04 1-20 _ 
030 0-20 0-06 0-034 0-83 _ _ _ 

High-tensile carbon 
steel 0-46 0*26 0*03 0-038 0-66 

80-ton carbon steel 0*82 0*80 0-048 0-042 0-68 _ 
40-ton ,, ,, 0-61 0-33 0-040 0-036 0-69 _ ' 
Steel tubes for welding 0-20 0*42 0-039 0-027 0-61 _ _ _ 
Piano wire . 0-60 0-10 0-022 0-026 0-46 — 
Plough steel (for wire 

ropes) 0-86 0-14 0-01 0-01 0-60 
Plough steel (for wire 

ropes) 0-68 0«16 0-032 0-033 0-41 
Steel rolls . 1-08 0-27 0-02 0-026 0-39 — 1-88 _ 
File steel . 0-90 0-10 0-01 0-02 0-30 _ _ _ 

1-40 0-25 0-04 0-08 0-80 _ _ 
Carbon spri^ sted 0-89 0-22 0-022 0-024 0-43 _ _ _ _ 
Silloo „ 0-60 1-72 0-038 0-038 0-68 _ _ 
Chrome ,, ,, 001 0-40 0-030 0-029 0-79 _ _ _ _ 
SUioo-chrome spring 

steel 0*68 106 0-081 0-022 0-86 0-78 
Chrome - vanadium 

spring steel 006 0-86 0-086 0-086 0-60 1 26 0-16 
Silioo-manganese spring 

steel 
Non-corrodible nickel 

steel 

0-60 1-95 0-04 0 04 0-70 — — -- — 

0-82 0-88 0-026 0-021 0-26 26-7 
Nickel-vanadium steel 0-24 0-01 0-086 O-Odl 0-70 8-6 0-16 _ 
Chrome - vanadium 

forging . 0-26 0-44 0-04 0-038 0*60 1-0 0-18 
Ball-bearing steel 1>12 0-016 0-017 0-019 0-19 0-26 

>* «i • ' 0-96 0-014 0-018 0-019 0-26 — 1-26 
Chrome-molybdenum | 

steel 0-40 
1 

0-80 ; 
1 

0-04 0-032 0-41 1-0 
Mo 

0*36 
Nickel-chrome tube 0*30 0-16 0-08 0-03 0-46 1-10 4-0 V •_ 

Exhaust valve steel 0*87 0-10 0-03 0-02 0-36 _ 2-6 0-32 16*63 
»t »» It • 0*78 0-81 0-03 0-02 0-20 j 2-24 1*03 19*73 

Silico-chromium valve , 
steel 0-46 8-00 : 0-03 0-03 0-40 9-00 0-30 

Heat-resisting valve , 
steel 0*80 

! 

i ^ 1 low low 0-80 12-0 20-00 3-00 
Cobalt - chromium j 

valve steel . . ' 1*95 0-40 1 ,0.04 0-04 0-40 — 13-00 
Co 

6-00 
Mo 
0*70 
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Sec. xxiii (i) NICKEL STEELS 1183 

ErFflCT OF Nickel in Steel. 
I In the annealed condition the average effect of nickel in amounte up to 8 per cent, may be 

iitated as followe:— 
Each 1 per cent, of nickel:— 

lucreaBes the elastic limit by 1 • 8 tons per sq. in. 
„ „ tensile strength by 1 • 9 tons per sq. in. 
„ „ reduction of area by 0 * 5 per cent. 

Decreases the elongation by 1*0 per cent. 
For nickel steel with up to 6 per cent, nickel each 1 per cent, of nickel lowers the ATj critical 

point from 0. below those of a corresponding straight carbon steel, and the Ac. point from 
8**-14** 0. The lower the carbon content the greater is the depression of both Ac, and Ar^. With 
tt nickel content of 32-83 per cent, the Ar^., point is apparently depressed to absolute sero. 
The addition of nickel also reduces the eutectoid carbon ratio from *9 per cent, for a straight 
carbon steel to about *75 per cent, for a 3| per cent, nickel steel, and about *7 per cent, for 
a 5 per cent, nickel steel. 

In the heat-treated condition, the tensile strength, yield point, and hardness are raised with a 
corresponding reduction in the ductility as compared with a carbon steel. Nickel tends to retard 
grain growth, thus allowing greater iatltude in treating ; and a nickel steel may be held above the 
critical range for longer periods of time without serious injury. On slow cooling, the tendency is 
to maintain a fine-grained pearlitic or sorbitic structure instead of a full lamellar pearlite. 

Nickel further improves the endurance ratio, and this is marked in the heat-treated con¬ 
dition. Steel with a high percentage of nickel (austenitic nickel steels) have excellent corrosion- 
resisting properties and resistance to oxidation at elevated temperatures, and are practically 
non-magnetic. {Bureau of Information on Nickel,) 

Effect of Chromium in Steel. 

Chromium differs from nickel in that it forms a double carbide, resulting in greater 
strength and hardness in a heat-treated steel, lly the use of nickel and chromium, the nickel 
strengthens the ferrite matrix and the chromium strengthens the carbide constituent, giving 
superior physical properties than when either element is used alone. The presence of nickel and 
chromium ensures considerable hardening, with a rate of cooling through the critical range slowex 
than that permissible in the case of a steel with a similar content of either element. This makes 
uickel-chrome steels especially suited for large sections requiring heat-treatment; giving them 
deep and uniform hardening power.* In carbon steel chromium raises fairly uniformly both the 
Ac land AC| points. In nickel steel, however, the effect is somewhat different. The AC| point 
is uniformly raised, but according to available data the Ac, point, when the carbon is below 
•3 per cent., seems to be actually lower than in a steel of equivalent nickel content, while with 
higher carbon the Ac, point is higher than in an equivalent steel. 

Invar, t 
Invar is a nickel iron alloy containing about 30 per cent, nickel, together witli about 0-5 per 

cent, each of carbon and mangane.se, with metallurgically negligible quantitit’^ of sulphur, phos¬ 
phorus and other element.s. It is made cither in the open-hcarth funiace or by the crucible method. 
It melts sharply at 1425® O. Above some 200® C. to its melting point, invar may be considered 
to consist of a homogeneous solid solution of iron, nickel and carbon. Below 200® C. and at 
a temperature dependent on its history and exact composition it undergoes a reversible trans¬ 
formation of such a nature that for any sample the transformation may be incomplete. This 
condition of thermo-chemical instability gives rise to both slowly changing and quicUy changing 
values of its physical properties—changes which are particularly manifested in the expansion. 

Invar can be forged, rolled, turned, filed and drawn into wires, and it takes a beautiful polish, 
giving an excellent surface on which fine lines may be ruled. In general it should be worked 
slowly. It will withstand without spotting the co^osive action of water. Its density is about 
8-0 grm. per cm.*, its electrical resistivity is of the order of 80 microhm per cm., or about eight 
times that of pure iron, and its temperature coefficient of electrical resistance about 0*0012 
per degree centigrade. It is ferromagnetic, but becomes paramagnetic in the neighbourhood 
of 166® 0. 

The mean coefficient of linear expansion between 0 and 40® 0. is in the order of one millionth 
for the ordinary invar, and samples have been prepared with even small negative coefficients; 
the amounts of carbon and manganese present appear to exercise considerable influence on the 
expansion. Above 200® G. the expansion of invar is approximately that of Bessemer steel. 

Invar is subject to changes in length due to * after effects * following cooling from a high 
temperature, and to changes in length following even slight alterations in temperature. Invar 
also gradually elongates with time, forged and drawn material behaving somewhat differently in 
this respect, so that there is a determinable, seasonal correction to be applied to its lengUi when 
used as a length standard. It also shows marked magnetostriction phenomena or changes of 
length accompanying changes in strong magnetic fields. 

Mechanical properties: Tensile strength, 22*6-36 tons per sq. in.; elastic limit, 3•1*13*6 
tons per sq. in.; elongation, 40-60 per cent.; reduction of area, 40-66 per cent.; Brinell hard¬ 
ness, 160 ; soleroscope hardness, 19 ; modulus of elasticity, 33,600,000 lbs. per sq. in. 

* See, however, p. 1184. 
t Bxtrsot from Oironlar No. 68, Boreao of Standards. 
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Expansion of Nickel Steels (Guillaume). 

Mean coefflcienbs of linear expansion between 0® and <® 0. Applicable between 0® and S8® 0. 

Per Gent. Nickel. 
Mean OoefBclent of Linear 

Expansion X 10*. 

30-4 4-670 + 0-011941 
31-4 3-396 -f 0*00888f 
34-6 1-373 -1- 0-002871 
35-6 0-877 -f 0-001271 
37-3 3-467 - 0-00647< 
34*8 + 1-6 Or. 3-680 -0-001331 
86*7 -f 1-7 Or. 3-373 -f 0-001661 
36-4 -f- 0-9 Or. 4-433 - 0-00392 t 

Coefficient of Expansion of Steels at Elevated Temperatures. 
Average CoeJfi,eierU of Expansion on Heating^ X 10~*. 

0. Si. Mn. Or. w. Nl. V. Oo. 20® — 600® 0. 

0*10 0-10 0-40 11-6 — 14*6 
0-40 0-16 0-60 — — — — — 11-6 -- 16-6 
1-00 0-10 0-40 — — — — — 11*6 — 12-6 
0*30 0*20 0*60 — — 3-6 — — 12-0 — 16-0 
0-30 0-20 0-60 1*26 — 3*6 — 11-6 — 13-6 
1*06 0*15 0-40 1*60 — — — — 11-6 — 14-6 
0-66 0-20 0*20 3*60 14 0 0-6 — 11*0 — 12-6 
0-40 3-60 0*60 9-00 _ — _ 11-0 — 13-0 
1-00 0*40 0-40 13-00 — — — 6-0 11*0 — 12*6 
0-80 1 0-20 0-36 13-00 — 18-0 — 20-0 
0-10 i 0*25 0-40 14-00 — — — — 18-0 — 22*0 
0*16 1 0-40 0-60 18-00 _ 2-0 _ 11*0 — 12*0 
0-16 0-60 0*60 18-00 — 9-0 — — 17*0 — 19-0 
0*10 ! 0-60 0-40 13-00 12-0 — — 17-0 — 18*0 
0-40 i i 2-60 0-76 14-00 6-0 28*0 — — 16-0 — 17-6 
0-36 0-60 0-66 23-00 3-6 12-0 — — 1 16*0 — 18-0 
0-20 1-00 0*60 28-00 — 20-0 — — 16-0 — 16*6 
0-30 0-60 0-60 25-00 — j 12-0 — — i 18-0 — 19-0 
0*20 1-00 0-60 9-00 , — 20-0 — i — 1 29-0 — 86-0 
1-00 0-30 12-00 — — — — ! — ' 82*0 — 36-0 
0*30 0-60 0*60 8-00 — 18-0 ! 

i 
1-0 

1 ”” 
1 34-0 — 86*0 

Effect of Molybdenum in Steel. 

As little as 0*35 per cent, molybdenum la an effective hardening agent when incorporated In 
alloy steels, aad heat-treated steels containing molybdenum are more ductile than many similar 
alloy steels. It acts much like tungsten but is more potent, and is similar to chromium in the 
properties it imparts to steel, but much smaller quantities are required to produce a given result. 

It is need In nitriding steels, and may be substituted for tungsten in high-speed steel. It Is 
a valuable addition to rustless, heat-resisting and add-resisting steels, and to srey iron castings 
and steel castings. It enters into alloy steel guns and armour plate, saw steds, die steel, razor 
blades. 

Mo reduces mass effect. 

Temper-hriUleneee.—Oertain steels, notably Ni-Or steels, when hardened and tempered 
exhibit abnormally low resistance to impact or shock. When hardened nickel-chromium steels 
are tempered the impact test—tempering temperature curves show a minimum at some temper¬ 
ature between 350® and 600® 0. For this reason these steels are never tempered within this 
range. Bvra when tempered at higher temperatures and when elovaly cooled from the tempering 
UnnperaiuTe low impact figures may be obt^ed, whereas when quenched after temper!^ the 
resistance to impact is enormously increased. This phenomenon, known as temper-brittleness, 
although by no means confined to nickel-chromium steels is illustrated by the following test 
results 

Oomposition: 0,0*88; Or, 0*70; Nl, 8*60. 
Heat-treatment: O.Q. 880®O. — T. 636*0. 
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Method of cooling after tempering. > Y.P. ! M.S. 1 Bloiig.% j B.A.% Impact. 

011-quenohed . 660 60*6 33*0 61*0 ! 67 
FiPiiiace. 64*0 69*6 33*6 61*0 ! 

Molybdenam redaoes the saeoeptibiUty of nickei-chromlum steels to temper-brittlenees to a 
minimum and it is chiefly on this account that from 0*30 to 0*70 per cent, of the element is 
introduced. Slow cooling from the tempering temperature then has little influence on the impact 
values. 

MANaANESB-MOLTBDEKUM ALLOY STBBIB. 

Properties intermediate between the carbon steels and the high-class alloy steels. They are 
suitable for constructional steelsy but their use is confined to small sections, as complete hardening 
in larger sections is diflicult. These stc(.‘ls are almost free from temper brittleness and consistent 
impact figures can bo obtained if slow cooI«.*d from the tempering temperature. 

Produced in two grades, (a) carbon 0• 16-0• 20, (6) carbon 0 ■ 26-0 * 40; manganese in each case 
1 • 3-1 • 7, and molybdenum 0 • 2-0 • 4. 

Molybdenum additions to the normal carbon-manganese steel sliow a progressive increase in 
physical properties in direi^t ratio to the molybdenum <y>ntent. With 0 0-3, Mn 1*76, Mo 0*18, 
oil hardened at 850“ and tempered between 550-G5u“ (J., a U.T.S. of 6u ttjns per sq. in. may be 
obtiiiucd. With 0 0*16, Mn 1*0, Mo 0-26, oil hardened and tempered at 660“ 0., the tensile 
strength is 46-60 tons per sq. in. Parts that cannot be quenched may be normalised at 860“ 0., 
and tempered at 600“ 

Forging and stamping practice follows that of carbon steel, except that after those operations 
the parts can be thrown on the floor w'itbout any precautions being taken against cracking. 
Machining can be carried out at speeds approaching that of carbon steel. Comparative test 
values are indicated in the following table:— 

Oomposition. Mechanical Properties on Ban 
li-ln. Diameter 

1 
Heat- 

treatment. 

0. Si. Mn. S. p. i 
1 

Mo. M.S. Y.P. Elong. 
% 

B.A. 
% 

Im¬ 
pact. 

tons tons 
per per 

sq. in. sq. in. ft. lbs. 
0*30 0*26 1*36 0*036 0*030 — N. 840“ 0. . 42*8 26*8 29*0 67 44 

O.Q. 860“ 0.; 
oy 660“ 0. 48*4 34*4 26*0 60 41 

I 
O.Q. 860“ 0.; 

T* 600“ 0. 
O.Q. 860* 0.; 

46*6 38*0 27*0 64 63 

680“ 0. 44*6 31*1 27*6 66 78 

0*36 0*26 1*35 0*036 0*036 0*30 N. 830/860“ 0. 43/60 30/40 26/30 60/45 36/30 
O.Q. 840“ 0.; 

[ 
T* 600“ 0. 

O.Q. 840® 0.; 
64*3 67*6 16*6 63 86 

1 T< 660“ 0. 
O.Q. 840* 0.; 

69*9 64*7 18*0 63 61 

! T^ 660“ 0. 53*3 46*4 23*6 63 64 

NON-SaBINKING Dm ST£EI£. 

Most steels after hardening have a larger volume than when in the annealed or unhardened 
state. The difference in volume between hardened and unhardened high-carbon steels containing 
between 1 • 0 and 2 * 0 per cent, of manganese is almost negligible. These steels, albeit erroneously, 
arc described os ‘ non-shrinking ’ (better described as ‘ nou-dcforaiing ’) steels, and are used ex¬ 
tensively for the manufacture of precision tools, taps, dies, milling cutters, gauges, etc., where 
extreme accuracy to size and shape after hardening and a minimum grinding or polishing allowance 
is required. A certain amount of the manganese is often replaced by chromium, tungsten or 
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CASE-HAEDENING 1187 Sec. XXIII (i) 

vanadium. For softening or hardening, temperatures between 780® and 800® 0. are employed and 
f he hardening is carried out by quenching in oil. Typical compositions arc given in the following 
table:— 

• 0. 61. Mn. Or. w. V. 

0*86—0*96 . 0*2—0*4 1*6—1*76 0*1—0*26 
0*90—1*00 . 0*2—0*4 0*9—1*16 — — — 

1*00 . 0*26 0*86 0*76 0*45 — 

0*90 • 0*26 1*00 0*60 _ 0*60 
1-80 -2-00 . 0*2—0*4 0*2 0*4 14*00 — 0*2—0*3 

Extrusion Die Steed? and Mandrels. 

Steels for these purposes have to withstand particularly onerous duty at elevated temperatures. 
Typical co mpositions are given in the following table:— 

0. Mn. Or. Ni. W. Mo. 

Dies 0*36 ' 0*60 1*50 7*00 0*35 1 0*50 
ilaiulrols 0*30 j 0*25 1*75 4*50 6*50 — 1 0*30 

Heat-treatment consists In quenching in oil or cooling In air from about 1,000® C. followed by 
tempering between 660® and 650® 0. 

Hian-OARBON hioq-Ohromium 8teel. 

Typical analysis: carbon 2 • 1-3 * 6, manganese 0 ■ 3-0 * 36, silicon 0 • 1-^ * 26, sulphur 0 • 26 max., 
phosphonis 0*26 max., chromium 13-0-15-0. 

Heat-treatment: forge at 900-1050® 0., anneal, heat to 760® 0., cool in oil or water, Brinell 
240. Harden, preheat to 730-760®, then raise to 920-950®, quench in oil or still air; Brinell 600. 
Temper at 300® 0. This steel is suitable for rolls for cold-roiling and for drawing dies for wire. 

CASE-HAHDENING. 
Ttie case-hardening of steel is dependent upon the fact that above certain temperatures 

the affinity of iron for carbon is so great that when iron or steel is heated at these temperatures 
in contact with suitably chosen carbonaceous materialB ready abeorptiou of carbon supervenes. 
The quantity of carbon that can be absorbed by iron or steel under the above conditions varies 
according to the following factors— 

1. The composition of the iron or steel. 
2. The temperature at which the process is conducted. 
3. The len^h of time during which the process is continued. 
4. The nature of the carburising material. 

The Composition of the Iron or Steel. 
Oase-hardening, In the accepted sense, is rarely practised on steel containing more than 0*30 

per cent, of carbon or 0*60 per cent, of manganese. The process Is stated by Guillet to be hindered 
by the presence of nickel, silicon and aluminium, and hastened in the presence of manganese, 
tungsten, chromium, and molybdenum. 

The Temperature at which theJProcess is Conducted. 
The process is best oondnoted at temperatures above the critical range of the iron or steel 

treated. The osual temperatures for carburisation vary from 900® 0. to 1000® 0. The higher 
the temperature of carburisation the greater the rate of absorption of carbon and the deeper 
the effect of absorption. 

The Length of Time during which the Process is Continued. 
This factor can only be determined by experiment. It is generally considered that the best 

results are obtained when the carbon content of the surface layers of the case-hardened material 
are of eutectoid oomposition (about 0*90 per cent. 0.). 

The Nature of the Carburising Material. 
The carburising material may be either solid, liquid, or gaseous* Solid materials are employed 

more generally than are liquid or gaseous materials. 

Solid Case-hardening Materials. 
For the purpose of obtaining deep * cases' the articles to be hardened are packed In a suitably 

designed box with solid case-hardening substances or mixtures of substances, of which the follow¬ 
ing are examples• 
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Charcoal (animal or wood). 
Charred leather. 
Orated bone or horn. 
Barium carbonate 40 per cent, and charcoal 60 per cent. (Caron’s mixture). 
Charcoal (wood) 96 per cent, and soda ash 5 per cent. 
Charcoal (wood) 90 per cent, and common salt 10 per cent. (Quillet). 

As case-hardening composition is bought by weight, and is required to fill up the case- 
hardening boxes, the specific gravity is an important consideration. The speed of conduction 
of heat through various depths of carburising material requires determining by experiment. 
A good case-hardening material should not mmlnish in volume appreciably during the car¬ 
bunsing operation, and should be free from sulphur and phosphorus. 

The box should be of plate iron not less than | to ^ inch thick. The lid of the box has two 
holes pierced in it fo drawing testing-pieces out if requited. For small articles a piece of wrought- 
iron tube, plugged or capped at one end, may be used ; the other end is closed by a second plug 
fastened with an iron pin passing through it and the pipe, the whole being luted with fine clay. 
The articles being previously finished, except polishing, are put into the box in alternate layers 
with the carburising mixture, commencing at the bottom of the box with carburising mixture to 
the thickness of about | inch ; upon this a layer of the articles Is placed, then another oi car- 
burlsmg mixture about one-third the thickness of the first, and so on until the box is nearly full, 
finishing with carburising mixture about the thickness of the first layer, leaving room every way 
for the expansion of the articles by the heat, otherwise they will bend each other in the box. The 
packing completed, the lid is put on, the box luted and placed in a suitable furnace. The contents 
of the box require to be very gradually and uniformly heated to redness, and retained at this heat 
for the period required for the depth of carburisation desired. The depth of carburisation depends 
on the length of time the temperature is maintained. For testing plain pieces of the same kind 
of steel os the articles may be used. They require to be brightened, and are plac^, at the time 
of the packing of the box, m the central part, in such a manner that they may be readily pulled out 
through the holes in the lid, either by a piece of iron wire attached or by being made long enough 
to project through the holes, so that they may be gripped with pliers; the holes are luted the 
same as are the other parts. 

When the case-hardening is require*! to terminate at any particular part of the article, the 
part needed to be soft may be coated with copper, either electrolytically deposited or by wiping 
the surface with an acid solution of copper sulphate. This prevents the iron from absorbing carbon 
at that part. A frequent procedure is to carburise an object and allow it to cool in the box, 
finally machining off the carburised portion before quenching wherever it Is desired to keep the 
surface soft. It is of course necessanr to leave sufiicient metal on the object before carburising 
in order to ensure complete removal of all carburised metal before quenching. With long objects, 
one end of which requires hardening while the other is to remain soft, it is possible to carburise 
the entire length, then reheat and quench one end only, allowing the other end to cool in air. 

For the purpose of superficial case-hardening it is necessary only to heat the iron or steel to 
be treated to r^ness, to sprinkle one or other of the following finely powdered compounds or 
mixtures on the surfaces to be hardened, and to plunge the Iron so treated into pure cold water. 
This method is simple and speedy, but the case obtained is insufficiently thick to resist much wear. 

Potassium cyanide. 
Potassium ferrocyanlde. 
Sodium ferrocyanlde 90 per cent, and anhydrous sodium carbonate 10 per cent. 
Sodium ferrocyanlde 80 per cent., anhydrous sodium carbonate 10 per cent., and potassium 

ferrocyanlde 10 per cent 
Liquid Case-hardemns Materials. 

The immersion of steel articles in a bath of molten potassium cyanide, with sodium carbonate, 
heated to 900® C. results in the formation of very hard cases. 

Gaseous Case-hardening Materials. 
The following gases have been employed for case-hardening iron and steel—illuminating gas, 

carbon monoxide, acetylene and petroleum vapour. Ail, according to Brearley, are supposed 
to be more effective if they are led through a solution coutaining ammonia, or otherwise are partly 
saturated with ammonia gas before entering the furnace. By increasing the pressure of the 
gaseous mixture it is possible to increase the rate of carburisation. 

Thermal Treatment of Case-hardened Materials. 
Quenching,-—It the quenobing takes place directly after the carburising operation, the 

resulting product b liable to possess a ooarse structure in both the core and the case. In order 
to improve the structure it is better to allow the work to cool in the box after cementation, and 
then reheat it in a separate operation. The reheat may be made bare In the furnace, but with 
large objects which take long periods to obtain the desired temperature it is advisable to protect 
them from decarburisation by covering them with charcoal or old case-hardening mixture This 
second reheat is most satisfactory at temperatures of about 780® to 810® 0. It is claimed that 
very good results may be obtained by reheating twice, first with a view to refining the core and 
secondly to refine the case. A sample treatment of this description Is ;— 

1. Oarburlse at 920® G. 
2. Beheat to 880® 0. and quench in water. 
8. Beheat to 770® 0. and quench in water. 
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In order to refine the oores of caee-hardeued articlee it la adrlaable to heat the game to at 
least 876* 0. Cnnleas the carbon content of the core is above 0«S0 per cent.) and qnench. This 
treatment refines the core of the article bat coarsens the case, hence it is necessary to reheat 
to a temperatnre somewhat above the critical range corresponding to the carbon content of the 
case,(760* to 820* 0.), subsequently quenching the article in water, or in oil. 

Quenching in water results in a much more rapid cooling than oil quenching; the former is 
iioceesary for bail races, cams, and all parts which have to be subjected to bard wear and require 
f?xtreme hardness (80 to 90 scleroscope). Oil quenching of correctly carburised mild steel 
results in a hardness of 60 to 70 sderoscope. Small objects cool more rapidly, and therefore 
become harder than large objects undergolzig the same treatment. 

Tempering of the quenched articles still further improves the properties of the same. 

Rapid Case-Hardening Methods. 
One of the best la to instal a container for equal parts of sodium cyanide and sodium carbonate. 

'J’hese salts used molten are very efficacious, and many small parts can be thus cased without 
('oinq to the trouble and expense of casing in boxes. Sodium cyanide needs careful handling, but 
it is a siinplo matter to arrange for it to be placed into the equivalent of a fume chamber so that an 
adequate draught will take away any poisonous fumes. 

The immersion of clean machined steel parts In the mixture will prodooe a reasonably deep 
case in the course of ^ to 1 hour, and there Is the additional advantage that the perts emerge 
from the bath quite clean and bright and can be quenched for hardening at once, ^me trouble 
may be experienced In obtaining a suitable container for these molten salts, but the nse of one 
of the nickel-chromium alloys will give excellent resnlts. 

A good method of obtaining a hardened case of reasonable depth on the surfaces of such parts 
as gear teeth, cams, etc., is the * Shorter * fiame-hardening procets. This process is mechanically 
operated, the apparatus consisting essentially of an oxy-acetylene blowpipe flame with S water 
jet for the rapid quenching of the surface of the steel when It has been heated to a temperatnre 
somewhat above the lower critical, i,e. the pearlite-austenite, change-point. One development 
of the system Is the Shorter-Double-Duro Process for the hardening of the pins and journals of 
crankshafts and other shafts In which the heating and quenching are consecutive operations. 
A more recent development of the Shorter Process is the hardening of long shafts, rollers, etc., 
carried out during rotation of the work piece and the progressive movement of heating and 
quenching units. For the best results from carbon steels, a carbon content of about 0 * 6 per cent, 
is needed, but it is claimed that the process Is equally applicable to the usual nickel, nickel- 
chromium and nickel-chromium-molybdenum steels of the oil hardening types. (The Shorter 
Process may be applied to the local hardening of grey cast irons, provided that the combined 
carbon content Is of the order of 0 * 6 per cent.) 

The Tocco process is the latest method for case-hardening. In tMs method there is no 
carburisation, bat the surface layers to be hardened are heated by a high-frequenev electric current 
and quenched by flushing with water supplied through holes In the Inductor blocks. The process 
takes only a few seconds and almost any desired depth of hardening can be obtained. 

In both the Shorter and Toooo methods the steel Is previously in the beat-treated condition. 

• NimroiNa,’ or nitroobn Cask-Hardening. 

The process la based on the fact that certain steels will absorb nitrogen, and such steels under¬ 
go a eutectoidal transformation at 680* 0., which enables an extremely hard non-brittle surface 
to be produced. Steels containing 0*6-2 *0 per cent, aluminium and 0*6-4 *0 per cent, of an 
element, or combination of elements, having the properties of chromium are used. Ordinary 
carbon and alloy steels are not suitable. 

Typical analyses op Steel * Nitralloy ’ (Central allot Steel (Xirporation, U.S.A.). 

Nitralloy * 0.* Nitralloy * H.» 

Carbon 0*S6 0*23 
Manganese 0*61 0*61 
Silicon 0*27 0*20 
Aluminium 1*28 1*24 
Chromium 1*49 1*68 
Sulphur . 0*01 0*011 
Phosphorus 0*011 0*011 
Molybdenum 0*18 0-20 
Average Brlnell 

nealed . 
No.| an- 

186 167 
Aysrsge Brlnell No., heat- 

treated core . 
* i 

SOO 360 
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FHTSIOAL PaOPBRTIBS, ALLOY * G.* OlL-QUBNOHEO FROM 1650** F. (900* 0.). 

Tempered at i i 
: Yield Point.! 

Ultimate 
Strength. Elong. R./A. Impact. Brlnell 

- 
Tons per Tons per % % Ft.-lb8. No. 

•P, •0. sq. in. sq. in. 

800 427 ; 80-6 ! 100-0 11-0 36-0 12 446 
900 482 73-6 92-4 11-6 37*6 16 416 

1,000 637 70*6 81*6 160 60-0 22 363 
1,100 693 61-6 69-6 16-6 67-0 36 330 
1,200 649 63-7 61-6 20-0 60-0 44 286 
1,300 704 46-2 1 64-1 23-0 62-6 66 226 
1,400 

Annealed 
760 36-0 46-6 28-0 69-0 54 200 

1,460 788 30-8 1 42-4 30-0 67*6 32 186 

The nitriding process la carried out in a furnace (preferably electric), the temperature of which 
must be closely controlled around 960* F. (610* 0.)* The parts are placed in a gas>tigbt box pro* 
Tided with inlet and outlet tubes for the circulation of ammonia gas. No packing material is 
used, individual layers being separated by nickel wire netting. The rate of flow of gas is regu¬ 
lated by a needle valve on the ammonia cylinder, and this must be kept fairly constant during 
the entire cycle. The process takes from 2 to 90 hours, depending upon depth of case required. 

Farts that require to be kept soft can be protected by tinning, nickel or copper plating, or 
other means. 

Hardness of Cose.—Readings taken with Herbert pendulum and converted into Brlnell 
numbers. 

Depth in 
Inches. 0 000 0-006 0-010 ; 0-016 0-020 0-030 0-036 0-040 

Brlnell 
No. 1002 999 810 

i 
516 434 378 361 361 

Before the nitriding operation the parts should be heat-treated to impart the desired physical 
properties to the core. All strains set up by forging, etc., prior to nitriding must be thoroughly 
relieved by annealing at 1,000* F. (637* O.)* This process is described as ‘ stabilising* 

Kelation between Hardness Scales. 

Scleroscope Brinell No. Rockwell or Avery Vickers or Firth 
No. (3,000 kg.) ‘ 0 * scale 

Cone 160 kg. 
Pyramid 
Diamond. 

20 106 — 110 
30 200 18 216 
40 236 23 260 
60 300 32 320 
60 370 39 397 
70 440 46 476 
80 626 63 686 
90 610 69 706 

100 660 63 780 
108 700 66 860 
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Ratio ob* tbnsilb Strbnoth to Brinkll numbeb. 

Material. 
Ratio — TensUe strength. 

Tons per sq. In. -r , BrineU No. 

Heat-treated alloy steels. Brinell range, 260-400 . 
Heatrtreated carbon and alloy steels. Brinell below 260 . 
Medium carbon steels, as rolled, annealed, or normalised . 

0-21 
. 0-216 
. 0-22 

Mild steels, rolled, annealed, or normalised 0-23 

Tensile strength, tons per sq. In. — Brinell No. x ratio. 
The above values do not apply to severely oold-worked or to aostenltlo steels. 

In the Brlnell-ball hardness test corresponding hardness values are obtained only when the 
ratio L/D* is kept constant. For ferrous materials this value equals 30 {e.g. 3,000 kilograms 
with a 10 mm. badl), where L is the load in kg. and D is the diameter of the bail. . For certain noo' 
ferrous materials the following ralatioushipa are obtained. 

Material. M.S. (tons/sq. in.) L 
” BrineU No. D* 

Brasses containing less than 30 % zinc . 0-20-0-30 10 
a-fl brass of 60/40 type. 0-25-0-40 10 
Monel metal.. 0-20-0-23 10 
Oopper-alumlnium alloys containing less than 8% A1 0-20-0-.35 10 
Alloys rich in nickel, e.g. nlchromes, etc. . 
Aluminium-copper alloys containing between 4% and 

0-30-0-40 10 

14% copper. 0-16-0-23 5 
Magnesium allovs. 0-27-0-33 6 
Lead-tin and white metal bearing alloys . 0-17-0-21 6 

OOMPARAXIYB HABDNigsa 07 OOLD-BOLI.ED STEEL STRIP STOCK. 

Grade. BrineU No. Eriebsen. 
mm. 

Sclero. 
No. 

Hard 310 7-8 34-6 
Half-hard. . 166 10-1 27-6 
Medium soft 126 11-0 24-0 
Dead soft. . 99 12-0 19-0 
Special dead soft 94 12-6 18-0 

General analysis: carbon 0'07-0’11, manganese 0’30-0'40, silicon 0-01-0*03, sulphur and 
phosphorus about 0*01. 

RBLATIYB WEAR OF VARIOUS METALS OM STEEL AND OAST IRON. 

Metal. 
Ou Steel. 

(0-96 0. BrineU 
192.) 

On Oast Iron. 
(Brinell 163.) 

1. Austenitic steel 0-78 3-65 
2. BaU-bearieg steel . 0-81 0-79 
8. Oil hardening steel. 0-69 0-88 
4. Tool-steel 0-61 1-66 
6. High-speed steel . 0-41 0-90 
6. Oase-hardciiing steel 0-39 1-21 
7. Nitralloy 0-32 0-71 
8. Ohromium plating . 0-22 0-43 
9. Tungsten carbide (Wldia) Gould not be Oould not be 

measured. measured. 
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Composition. 
No. 1. 13 per cent. Mn, 1*36 0. 
„ 3. 1 per cent. 0,1 • 36 Cr. ,1 3. 0'86 percent. O, 3*1 Mn. 
„ 4. 1 per cent. C. 
„ 6. 0*66 per cent. 0, 4*0 Or, 16*6 W. 
„ 6. 0‘4 per cent. 0. 

Annealing. 
To PREVENT OXIDATION AND SOALINO DURING ANNEALING. 

It l3 sometimes desirable that steel should be thoroughly annealed without any oxidation 
and scaling whatever taking place. A popular method of doing this is simply to pack the stamp¬ 
ings in sand, but this method is not good, because, unless the sand bo extremely fine, air will 
eventually percolate through the grains of the sand. The following method has been found to 
give first-grade results, and steel articles may be heated for many hours and come out with a per¬ 
fectly bright surface. The packing mixture consists of (indy powdered burnt lime containing 
a trace of powdered charcoal. A thick layer of lime is tightly rammed down in the bottom of a 
box, similar to those used for case-hardoijing puq)Oses. The articles are placed in position on the 
lime and a further layer of lime is tightly rammed down on top of them, with a sprinkling of 
powdered charcoal on to]) of the lime. Several layers of articles may bo packed in this way till 
the box is full, when it is covered with a lid and lute»l up with clay. Although this process is not 
so quickly performed as some, it gives excellent results. 

If such articles as small die castings or brass or bronze extruded sections require to be annealed, 
the articles are dipped in a saturated solution of borax or boric acid in methylated spirit. The 
spirit evaporates at once, and leaves a sound protective coating of the solid which coagulates 
on heating and effectively resists the deleterious action of oxidising and other gases at tempera- 
tores up to some 760 deg. C., which is as high a temperature as is usually employed for the general 
heat treatment of non-ferrous metals and alloys. 

The coating of the borax or boric acid is so extremely thin that there is usually no necessity 
to remove it after heating, but should this bo necessary, hot water will suffice. 

* Machinery. 
The only real means of minimising oxidation and scale formation is by controlling the nature 

of the atmosphere within the reheating chamber (see p. 1160). It has been shown that the 
amount of scaling la greater the higher the sulphur dioxide and water vapour contents of the 
furnace atmosphere. 

Non-Mbtallio Inclusions in steel. 

Particles of non-metallic matter may exist in steel due to several causes, viz. (1) occluded slag 
daring tapping and casting; (ii) ero.sion of the nozzle, stopper, ladle lining and (with bottom 
poured ingots) of trumpet and runner bricks; (iii) oxides formed as the result of the final deoxi¬ 
dation of the molten steel with ferro-sillcon, ferro-manganese, ferro-titanium, aluminium, etc. 
Of these (iii) is the most fruitful source of non-metallic inclusions and here is one reason why electric 
furnace steel which may be almost completely deoxidised in the furnace instead of In the ladle. 
Is generally cleaner than that produced by most of the other processes. 

It has been shown that failure, particularly by fatigue, may originate from non-metallio 
particles and some idea of the amount and distribution of the non-metallic matter in steel is thus 
of importance to the engineer. An .attempt to place the degree of cleanness on a qaantltatlve 
basis has been made by Q. R. Bolsover, who devised the method known as the * Fox * Inclusion 
Oount. Hardened specimens of the steel are microscopically examined at a magnification of 130, 
and the particles in each field graded according to number and size. About 60 fields are examined 
for each steel and an average value thus computed. The method is approximate only, but cer¬ 
tainly does serve to discriminate between clean and dirty steel. 

CORROSION OP METALS. 
Protection of Iron and steel prom Rust. 

The types of coating applied to iron and steel for their protection may be classified as follows : 
1. Adherent coatings. 2. Compound coatings. 

1. Adherent Coatings. 

These may be metallic or non-metallic In character. Of methods for the production of 
metallic coatings of this type the following are the most noteworthy examples:— 

(a) Galvanising.^TMs is a proc^ which has for its object the coating of the material with 
zinc. Two processes, known resi)ectively as hot galvanising and electro-galv anisiug, are employed 
for attaining the desired object. 

Hot galvanising consists in the immersion of the object to be protected from corrosion in 
molten zlno or spelter, the snrface of which is largely protected from oxidation by a supernatant 
layer of ammoninm chloride. Modifications of the simple process briefly described In the last 
sentence are known under the following names, Winiwarter’s process, Eufler’s process, Bedson’s 
process, Reese’s process, Porter’s process, etc. 

The amount of zinc on modem galvanised sheets varies from 1 to 2 • 6 oz. per square foot 
ooated. The coating generally contains from 0 • 36 to 1 • 00 per cent, of lead and from 3 to 6 per 
cent, of Iron. 
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The most obvious disadvantages of galvanising are two in number: first, the iron or steel 
coated has to be raised in temperature lor the desired effect to be attained ; second, a layer of 
weak zlno-iron alloy forms at some point intermediate between the true zinc layer and the iron 
or steel upon which it is designed to rest. This thin lamina of weak alloy, mainly the compound 
FeZOf, may be insuffiolent in a majority of cases to cause trouble, but a serious redaction In 
tensile strength is frequently brought about os a result of the presence of this weak material in 
fine gauge wires and sheets. 

Eleetro-galvanUing (cold galvanising) consists in the deposition of zinc electrolytically upon 
the object to be protected from corrosion, a soluble zinc salt being employed as electrolyte. A 
suitable electrolyte contains zinc cyanide 12 to 14 oz., sodium or potassium cyanide, 7 oz., and 
caustic soda 3 oz., to 1 gallon of water. The anodes are of pure zinc and the electrolyte is re> 
generated by small periodic additions of sodium cyanide. The current density is between 2 and 
4 amps, per sq. ft. of cathode surface, and the best deposits arc obtained with a bath temperature 
of about 40° 0. 

After galvanising in this way the plated parts should be heated to between 100° and 200® C. 
to remove brittleness due to plating. 

The electrolytic process leads to the formation of an intennediate lamina of only minute 
thickness. In this particular the coating produced by the electrolytic process is an Improvement 
upon that obtaining as a result of hot galvanising. It is, however, porous, and in this respect is 
inferior to the zinc coating produced in the dipping process. 

By means of electro-galvanising a wide range of articles may be coated with a film of zinc 
which, while ample to protect from oxidation, does not affect ductility or tensile strength. The 
fact that perfect cleanliness must be achieved before the adherence of zinc can take place 
prevents dirty patches on the article becoming coated. The main cause of failure with 
hot galvanised work la the covering up, through the surface tension of molten spelter, of dirty 
or scaly places, which blister or otherwise fail in a comparatively short time. A commercially 
protective coating is obtained with a deposit of 4 oz. per square yard of surface. The deposit 
is practically pure, lead being the chief adulterant, then only in a fraction per cent. Accurately 
machined parts can be assembled after coating, this overcoming a difliculty ever present in 
the past. Hot galvanised bolts must have the thread bared before the nut will fit. Cold 
galvanising coats the thread so that the configuration is not destroyed, and unless the nut is 
a very tight fit the zinc remains on the thread and thus protects It against corrosion. 

Admiralty specifications require a deposit of 0*86 oz. of electro-deposited zinc per sq. ft. 
of surface of the articles treated. 

(&) Tin plating Is a process similar to hot galvanising, tin being the coating metal. The 
protection afforded to iron and steel by tin is less effective than is that of zinc. 

(e) Teme plating consists of the coating of the material to be protected with an alloy of lead 
containing from 50 to 76 per cent, of tin (generally 70 per cent, tin), 

(d) LohmaniHng—In this process the metals to be protected are (i) pickled in an acid bath, 
(li) dipped into a salt bath which deposits a metallic salt over the entire surface of the body, 
(ill) immersed in a bath of molten alloy of zinc, lead and tin heated to a temperature of from 600 to 
C00° C. The composition of the tin-lead-zinc alloy is varied to suit the material being treated. 

(e) Electro'plating—the coating of iron and steel electrolytically with copper, nickel, etc,, 
is well known. For nickel-plating, a suitable solution contains 40 oz. nickel sulphate, 2*5 oz. 
sodium chloride and 5 oz. boric acid to 1 gallon of water. The p^^ value of the solution should 

be about 4*6. The anodes generally consist of oxidised nickel. Best deposits are obtained at 
a temperature of 26-36° 0. with a current density of 8-16 amps, per sq. ft. 

(/) Cadmium plating consists in the electro-deposition of cadmium from a soluble solution of 
one of its salts. A suitable solution contains cadmium cyanide 2 oz., sodium cyanide 5 oz., per 
gallon of water, and a current density of about 10 amps, per sq. ft. is required. As with other 
articles coated by electro-deposition a subsequent reheating to a temperature between 100° and 
200° 0. la advisable In order to reduce plating brittleness. 

(g) Copper ‘ clothing *—the casting of copper round or the welding of copper to steel and 
the rolling of the resultant material to the required shape and dimensions has been practised, 
e.g. Monnot process, Willis process, etc. 

(K) Nickel ‘ clothing *—processes similar to the Monnot and Willis processes have been soccesi- 
fully applied t-o the coating of Iron and steel with nickel and cupro-nickel. 

(t) Clad iteel.—In this case a thin veneer of corrosion resisting material is inseparably bonded 
on to a thicker and cheaper backing iron or steel, e.g. austenitic 18-8 nickel chromium steel on 
mild steel. The thickness of the coating may be varied between 6 and 23 per cent, of the total 
thickness according to requirements. Two distinct processes, perfected and patented by F. F. 
Qordon, are employed for this purpose. 

1. Ingot casting method.—Two Identical stainless alloy sheets or slabs are fastened together 
along their edges by welding or mechanical means and with a separating layer between them of 
some refractory such as green chromic oxide or sodiom silicate mixtures. The exposed surfacce 
are then covered with a layer of Iron or special alloy or coated with iron or nickel, electrolytically 
deposited. The sandwich thus prepared is Inserted in a suitable mould and mild st^ oast 
around it so that a complete ingot of normal external appearance is obtained. This Ingot is then 
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roll<cogged, slabbed and finally finished In a sheet mill to the requisite thiokness. The edges are 
then pared away and two sheets of clad steel obtained. 

2. SkU> method.—In this method a single or multiple assembly of mild steel slab and alloy 
sheets may be made with a bonding layer of iron, nickel, cobalt or special alloy, either electro- 
lytioaliy deposited or as thin sheet. For 3-ply material, a stainless steel plate is placed on both 
sides of a mild steel slab, and each such assembly is separated with a coating of refractory material 
to prevent sticking during the subsequent heating and pressing. The heating of the composite 
slab is preferably conducted in an inert or controlled atmosphere furnace. After pressing the 
slab fa roll-cogged and finished in a sheet mill. 

These processes are suitable, not merely for the making of corrosion resisting sheets, but for 
the manufacture of compound strip composed of mild steel and Invar, etc. 

(O Metallic spraying—the application of liquid metal in finely subdivided form by a spraying 
mact^e has been accomplished by the ‘ Schoop process,* allows of the coating of iron or steel 
with an adherent layer of tin, lead, aluminium or zinc, the material Insing coated remaining mean¬ 
while at the ordinary temperature. The material under treatment must be scrupulously clean if 
adhesion of the finely-divided spray is to be perfected. The Meliozing process is similar. 

(k) Thin films of a suitable grease or oil may also bo employed as a protection against corrosion, 
particularly when machine parts or tools are shipped or placed in storage. For this purpose 
lanoline is very satisfactory. Lard, sperm and olive oils gradually generate fatty acids which 
may give rise to corrosive attack. Vaseline is satisfactory over relatively short periods, but pitting 
may result when the steel Is covered by a vaseline film for a very long time. * 

2. Compound Coatings. 

The term * compound ' Is applied here to such protective coatings as are produced by chemical 
action, the ultimate result of which is the formation of a chemical compound, such, for example, 
as magnetic oxide of iron (Fc«04), irou-zino (FeZu), etc. The compounds form^ may be, as 
already noted, either chemical (in the general sense of the term) or intermetalllo (In the specialised 
sense of the term). 

Chemical Compounds. 

Barff's process consists in passing superheated steam over the objects, which are heated in an 
air-tight retort to about 260° C.; for the formation of a more perfect protective coating higher 
temperatures are necessary (660* 0.). Articles so treated are said to be ‘ barfisd.’ Hulatively 
small objects only can be treated as above. The coating formed consists of the mixed oxides of 
iron (Fe,0, and FcgO*). 

The Bower-Barff process is an improvement on the above, and consists in the heating of the 
objects to be protected to about 900* 0., at the attainment of which temperature superheated 
steam is introduced to the same, which has the effect of producing a coating of the mixed oxide 
already referred to. This operation having continued for about twenty minutes, carbon monoxide 
is injected into the retort for a period of from fifteen to twenty-five minutes, during which time 
the entire redaction of the coating to the condition of magnetic oxide of iron is completed. 

The Gesner process treats iron and steel at a moderately high temperature (660° O. to 660° 0.) 
in a retort wherein to may be Introduced an atmosphere of steam. The preliminary heating 
occupies twenty minutes; the steam is then allowed to react with the oxide formed in the first 
operation for about half an hour, when naphtha is introduced and allowed to remain in contact 
with the material under treatment for about ten minutes. Finally, steam is again introduced. 
The whole sequence of operations occupies about one hour and twenty minutes. 

The Parker * dry ’ process.—Under a patent assigned to the Parker llust-proof Company, of 
Detroit, the formation of an adherent coating of oxide may be obtained by first heating the objects 
to be treated to about 600° F. and then subjecting them to fumes of the acid metaphosphates of 
strontium, molybdenum, and tungsten. 

The Hans Renold process.—Remove all grease or oil from the articles to bo treated by 
suspending in a bath of hot lyco (11 oz. per gal.) for about three minutes, wash in cold running 
water for a few seconds, then suspend from cathode brass bars by steel hooks in an electrolytio 
bath (EON, 98 per cent, pure, 4 oz. per gal. of water), iron plates forming the anodes. Leave 
here for five mmutes, and when a current of 25 amps, at 8-10 volts, is passed through the bath 
aU foreign matter on the surface will be removed. Wash off the cyanide by means of hot water to 
facilitate drying. 

Heat the articles to 700° 0., then quench in cotton-seed oil by immersing in the main body of 
the quenching tank for seven or eight seconds before allowing to fall to the bottom. 

Dry by heated sawdust and hot-air blast (dried and filtered by passing through calcium 
chloride and cotton wool). 

Insuffioient oxidation results in the finished bodies having a grey appearance, due to the 
atakosphere of the furnace containing too much gas. Blistering is due to overheating. 

Fittofi’s prScesi consists In subjecting the iron or steel to be protected to the vapour of sulphur 
as a result of which treatment the monosulphide of iron is formed. 

The Bertand proeett requires that the artloles to be treated be thoroughly cleaned by sand¬ 
blasting or slinllar means before they are immersed In a bath, such as will lead to the deposition 
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of ooppor upon the same ao a result of reaction between the Iron and a suitable electrolyte. The 
deposition may be achieved by the application of electricity or by more purely chemical means. 
After thorough washing the articles are heated in an oxidising atmosphere to a temperature of 
about 600** O.y which treatment leads to the formation of a fairly adherent coating of magnetic 
oxide of iron. 

The De Meietin'i procest depends upon the formation of a coating of magnetic oxide (Fe.O«) 
upon iron or steel which is placed as the positive pole in a batb of distilled water, maintained 
at a temperature of from 70® 0. to 80® 0.» a current of electricity being passed through it. The 
oxide coating is adherent, provided the current density is not over great, and may be rubbed and 
polished. This method is of value in the treatment of such articles as cannot be submitted to 
any processes which might tend to temper or anneal the objects under treatment. 

The Parker * wet' process (patent) consists in the immersion of the iron or steel to be protected 
In a bath of per cent, solution of the acid metaphosphates of tungsten, molybdenum, or any 
of the metals of the third, fourth or fifth group of elements. 

The Coslett process {CosleUising).—Cast iron or steel articles treated by this process are not 
only rendered rust>proof but improved in appearance. 

The articles to be treated should bo perfectly clean and free from tin, nickel, or grease. 
The best results are obtained on a frosted surface, such as is left by sand-blasting or pickling. 

Sand-blasting is to be preferred, as any traces of acid render the treatment ineffectual. 
The coslettising bath is prepared by heating in a cast-iron or welded steel tank a sufficient 

quantity of distilled water to easily cover the articles to be treated. When boiling add for 
every gallon of water In the bath (1) two ounces of phosphoric acid (syrupy sp. gr. 1 ■ 5); (2) cne 
ounce of iron filings. This should be carried out in the open or under an uptake, as the reaction 
results in the formation of disagreeable fumes. When this reaction has ceased the bath is ready 
for use. 

The articles should be placed in the bath as soon as possible after sand-blasting, and should 
be gently boiled for two hours. 

A second tank should be prepared contiunlng distilled water, which should be heated in time 
to wash the articles as taken from the coslettlsing bath. 

At the expiration of the specified time the articles should be taken from the coslettlsing bath 
and placed directly into the hot water and thoroughly scrubbed with a stiff bristle brush. 

They may then be dried off, and if heavy will dry quickly themselves, but if light should be 
placed io an extemallv heated oven. 

As soon os dry and while warm they should be dipped iu a mixture of lubricating oil and 
turps substitute, in the proportion of 2 to 1, and left to drain. When cold, surplus oil may be 
removed with clean waste or wiper. 

To allow for evaporation of bath a mixture similar to that in the bath should be made up 
and added as required. 

To keep the bath at the correct strength it is necessary to titrate a sample of the bath with 
normal sodium hydroxide. To make this test, 10 c.c. of the bath should be placed in a conical 

flask, a few drops of pbenolpbthaleln solution being introduced as an indicator. The normal 
sodium hydroxide should be added from a burette, until a permanent pink tinge is given to the 
liquid in the flask. The amount of sodium hydroxide dropped into the flask should be noted, and 
if the bath is correct this amount will be 10 c.c. If more sodium hydroxide is used, the bath is too 
stroi^ and will require diluting with distilled water; if less is used, the bath is weak and will 
require the addition of phosphoric acid and iron filings in the given proportion. 

The appearance of the deposit obtained on the article is a rough guide to the state of the bath. 
The proper deposit is of a uniform dull black colour, but if the bath is too strong this black coat 
is covered with a pearly white deposit which will not scrub off. If the bath is too weak the 
articles appear unevenly covered with a thin grey coat. 

It is stated that in the present coslettlsing process (which cannot be used except under licence 
from the Ooslett Anti-Rust Syndicate) phosphorised zinc, made under special conditions, is used 
instead of phosphorised iron, the solution otherwise l>eing prepared In much the same manner. 
This newer process is said to give much better results, and the depth to which the articles are 
rust-proofed to be considerably greater. 

The need for the absolute cleanliness of the articles before treatment cannot be too strongly 
emphasised, and they should not be handled after cleaning, or before they are finally oiled. 

IfUermetaUie Compotmdt, 

Sherardising.—The articles to be coated are first cleaned and dipped In an add bath as for 
galvanising; they are then thoroughly washed with water, dried, and packed In zinc dust In a 
suitable retort which is preferably air-tight. The retort is heated to a temperature below 425® 0. 
for a few hours. If the retort cannot be made air-tight about 3 per cent, of finely powdered char¬ 
coal should be mixed with the zinc dust to prevent the formation of zinc oxide. The coating 
consists mainly of the intermetallic compound FeZni. 

CaloHsing,—A somewhat similar prooeos to Uxe above, in which aluminium powder is utUised 
as the agent and wherein the resultant protective coating oonaists chiefly oi an intennetailte 
compound of Iron and alamlnlnm. 
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IIBLATIVB CORROSION. (Friend.) 

Bars exposed to sea-water for 4 years, totally submerged for about 93 per cent, of the time, 
showed the following results: 

Material. 
Belative 

Corrc'sion 
Stainless steel 64 
Nickel chrome 69 

ronght iron 100 
Cost iron . 110 
Oarbon steel . • 126 

Stainless Steel. 
Many different kinds of stainless steel are now available having diverse chemical compositions. 

Chromium is an essential constituent of all of them, however, and a rough classification according 
to whether they contain very low or very high proportions of nickel is as follows 

No. 0. Or. Nl. W. Ti. Mo. 

1 0 • 10 max. 12-0-16-0 0-1-0 
2 0-16 „ 12-0-15-0 0-1-0 __ — — 

3 0-25-0-36 12-0-140 — — — — 

4 0-40-0-60 12-0-14-0 — ... — — 

5 0-16 16-0-20-0 — — — — 

6 0-10 12-5 12-5 — —. 

7 1 0-16 max. 18-0 8-0 0-5-1-0 — — 

8 0-16 „ 18-0 8-0 0-6-1-0 0-5-1-0 — 

9 i 0 07 „ 18-0 8-0 — — 2-5-4-0 
10 , 0 07 „ 180 10-0 — — 1-0-1-6 
11 i 0-15 „ 16-0-16-0 10-0-11-0 — — — 

12 0-20-0-30 10-0-14-0 35-0-37-0 — — — 

13 ; 0-26 20-0 90 1-3 — 

(If. H. Hatfield.) 
Typical mechanical and other physical properties are shown in the table on page 1197. 
Steel No. 1 is described as * stainless iron * and is a product of the baslc-llncd electric furnace. 

Owing to its greater softness it forges more easily than the harder varieties of stainless material; 
it works probably as easily as a 0 * 4 carbon steel, and hence may be forged, rolled, or drop-stamped. 
Stainless iron does not air-harden so intensively as the higher carbon varieties. It does alr- 
harden, but the degree of hardness is considerably less, being in the range 280-380 Brinell 
instead of 400-560, as obtained with a stainless steel with 0 * 3 carbon. 

It may be readily cold-worked, and provided the amount of distortion produced is not too great, 
the resistonce to corrosion is not seriously affected. It can be drawn into wire and tubes. The 
general character of the resistance of stainless iron to various corroding media is simUar to that of 
stainless steel. It is attacked readily by hydrochloric, sulphuric, and sulphurous acids. It is 
practically unaffected by saturated or superheated steam, lubricating oils, petrol, benzol, paraffin, 
greases, etc. It resists oxidation well at elevated temperatures. Above 700°-760®0. up to 
about 825** 0. a polished surface becomes covered with a grey film without, however, losing its 
polished appearance, and the specimen neither gains nor loses weight appreciably. Above 
826® 0. it begins to scale appreciably.—(Monypenny.) 

Steel No. 2 is described as mild stainless steel. No. 3 is ordinary stainless steel and is used for 
cutlery, certain kinds of tools, sblpr’ ▼'ropeUers, etc. No. 4 is used for valves and No. 6 for purposes 
where superior resistance to corrosion is desired. All these steels are of the pearlitio typo, i.e. 
they are magnetic and may be heat-treated in much the same way as ordinary steels but, of course, 
different treatment temperatures must be used. 

Hardening, 
For hardening they are quenched in water, oil or in air, according to thickness of section, 

from temperatures between 960® and 1,000® 0. Thin sections such as knife-blades are effectively 
hardened by cooling in air. In the hardened state their structures are martensitic; they are 
therefore hard and magnetic, and in this condition offer maximum resistance to corrosion. 
JBven when maximum hardness is desired, as for tools, cutlery, ball bearings, etc., the steel should 
be lightlv tempered immediately after hardening, otherwise it may crack. Slow and uniform 
heating for tempering is essential. Tempering at higher temperatures lowers the hardness and 
tensile strength and is carried out when a combination of toughness, high shock-resistance, ana 
corrosion-resistance is desired. The corrosion-resistance is adversely affected by tempering 
within the ran^e 620®-680® 0. The susceptibility or immunity to this kind of corrosion, often 
referred to as l%ne<orro»Um^ may be revealed by immersion for about 48 hours in sodium chloride 
or common salt solution. This kind of corrosion Is inhibited by increasing the chromium to 
16-17 percent. 
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One of the yaluable properties of stainless steel is its behaviour at high temperatures. 
When pieces of the material which have been polished are heated up gradually, temper colours 
appear on the surface similar to those obtained when ordinary carbon steels are heated up, but 
in the case of mild stainless steel these temper colours appear at much higher temperatures, as 
shown by the following table:— 

Oolonr. 1 StainlesR Steel. Ordlnaiy Bteel. 

0. "0. 
Pale straw . 290 226 
Straw . 340 236 
Brown purple 390 366 
Purple 460 280 
Bright blue . 630 290 
Dark blue . 600 316 

Up to temperatures of about 826** 0., ordinary stainless steel resists scaling to a remarkable 
degree, but above this temperature the material begins to scale to some extent. 

Hot Rotting and Forging of Ordinary Stainless SteeL 
The most suitable hot roiling temperature for this material is 1050” 0. to 1100* 0., and it is 

essential that for rolling and fo^ng the material should be brought up slowly to about 900* 0. 
and then slightly quicker to the rolling and forging temperature. It mould be allowed to soak 
for a long period to ensure a uniform temperature through and through. 

For forging, it should be worked quickly and with rapid blows between the temperatures 
of 1160* O. and 900* 0. Below 900* 0. it is not so easily deformed, and If any heavy work Is put 
on the material after it has fallen below these temperatures it is very apt to be badly stressed 
or burst. 

For drop stamping, it is advisable to work at a slightly higher temperature, and all stampings 
most be trimmed while hot, or azmealed before trimming on account of the air hardening 
properties of the steel. Otherwise, if an attempt to trim Is made, cracking and splitting will 
occur, as well as damage to tools. 

Normalising, 
In view of its marked alr-bardenlng properties ordinary stainless steel cannot bo normalised 

In the ordinary way and for softening most either be annealed or fully tempered. 

Annealing, 
To anneal ordinarv stainless steel to obtain the maximum softness, it should be heated up 

slowly to about 1000* 0. and held at this temperature for a period of time in proportion to the 
mass of metal, and then allowed to cool off slowly In the furnace. 

Although ^el annealed this way has the maximum degree of softness, it is not in the best 
condition for machining, llie steel in this state is very soft and tough, and so drags and tears 
when machined, leaving a very rough surface. 

To soften the matwal for good machining properties or cold drawing and cold rolling, it 
is best to anneal at 700*0. to 800* 0., preferably about 760® 0.. and then to cool In the furnace 
or draw and cool in the open air. 

Stainless steel has distinct air hardening properties, so that it should always be annealed or 
high temperature drawn at about 760® 0. as stated above, after it has cooled down from a hot 
rolling or forging temperature, before it can be successfully machined or cold worked. 

Cdd Rolling and Drawxjig, 
The material wUl cold roll, cold draw and deep draw, or press very well, but owing to the 

percentage of chromium in the metal, the depth of each draw, when the steel is being deep pressed 
or drawn, obtained at each operation is only about half that got when working on mild steel 
before the material must be annealed. ' 

In cold rolling and cold drawing, the reduction of one gauge at a pass can be used, but it is 
found necessary to anneal after every second or third pass. 

As with all materials, a distorted surface is always more liable to rust, and the same applies 
to stainless steel, eepecially if tne surface happens to be unevenly distorted. 

In cold working, strains are always set op in the material, and sometimes strained parts are 
not confined to the snrface where they can bo ground off, but are Inherent In the steel and the 
•trains most be removed by heat treatment. These strains are not only liable to cause rust, 
but are apt to cause the steel to crack if cut into service. It is thus evident that it is advisable 
to anneal or high temperature draw at 750^ 0. all material which has been cold-worked in any way. 

PickliTig. 
Tlie prop» piokl^ of stainless steel Is a very impoitant factor in the manufacture of 

articles of this material. If tbe steel is left coated with scale, or has small pieces of scale left 
on the snrfaoe it will rust wherever the scale is preeent. It is therefore essentlai that the finished 
surface shoi^ ■cal®, roakes, seams, pits, or cracks, or even stamp marks, as 
otherwise rusting will result. 
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The aold pickling baths generally used for this material are as follows : 
1. 60 per cent, eolation of hydroohlorlo aold need hot at 60** 0. to 70* 0. 
2. 15 per cent, eolation of solpborlo acid used hot at 60* 0. to 70* 0. 
3. Ten minutes In a 50 per cent, commercial hydrochloric add, then transfer wlthoat washing 

to 20 per cent, nitno acid for 25 minutes, both these solutions being worked cold. 
» Of these aold pickling solutions. No. 3 is the one which has given most satisfactory reealts. 

Other methods which have been us^ for cleaning this steel are electrolvtio pickling in an alkaline 
bath, which has been more or less suooessfnl for bars, etc., and articles of simple shape. Acid 
pickles containing chemical salts to accelerate the action, have also been used ^th considerable 
success. 

Grinding, 
The gprlndlng of stainless steel must be carried out very carefully, as this material is more 

dlfOcolt to grind them ordinary steel. This metal dissipates heat very slowly, and great care 
should be taken In grinding in order that grinders' ‘ scorch * is not produced. Grinders' * scorch * 
is due to harsh grinding and produces a brownish discoloration on the steel. This discoloration 
is really a temper colour produced bv the heat generated on the surface of the work, and will 
cause rusting, due to the local distortion set up. Wet grinding is much better than dry griading. 

Etching, 
In etching ordinary stainless steel, the following solutions have given very good results : 
1. A saturated sofutlon of ferric chloride in hydrochloric acid to which a little nitric acid 

has been added. This solution Is used full strength. 
2. A mixture of hydrochloric acid and nitric acid In the proportion of three to one and used 

full strength after allowing to stand for about 2 i hours. 
3. A saturate solution of copper sulphate in hydrochloric acid. This solution is used for 

light etching. 
Physical Properties. 

The physical properties of mild stainless steel In the annealed condition, and also in the 
hardened and tempered state, cover a very wide range; this will be seen from the following 
table: — 

Tests on Tempered Bars. 

Tempered 
at. 

Yield Point. 
Tons per 
sq. in. 

Tensile 
.strength. 
Tons per 
sq. in. 

Elongation. 
Per Cent. 

Reduction 
of Area. 
Per Cent. 

Izod 
Impact. 
Ft.-lba. 

BrineU 
Hardness. 

No. 

•0. i i • 

200 1 66*5 1 73-0 12-0 1 37-5 35 340 
300 66-0 1 1 72-5 12-5 ! 37-0 39 332 
400 ; i 723 160 i 500 38 : 332 
500 i 59-0 ! 72-5 1 180 ; 62'0 36 340 
600 38-0 48-0 22-5 ! 62-0 66 235 
700 31-0 ! 41-0 27*0 1 66-0 80 i 192 
750 28-0 1 36*6 ' 30-0 j 69-0 88 1 174 

lliese teste were made on ‘ os rolled ' and * annealed ’ bars qaenchod from 250* 0. In oil and 
tempered at various temperatures. 

Hardness of stainless steel at elevated temperatures. 

Temperature. 
*0. 

BrineU Hardness Number. 

A. B. 

15 235 . 440 
100 212 420 
200 190 414 
300 160 345 
400 130 360 
500 110 345 
600 100 175 
700 85 89 
800 70 70 

A. OU-qaenohed, 950* 0,; water-qaenched, 600* 0. 
B. Oil-quenched, 950* 0.: tempered, 250* 0. (UadJMd.) 



1200 STAINIJISS STEEL Sec. xxni (t) 

Tf«Wn^. 
Ordinary stalnleas steels can be welded by either the electrical process or by the ozy-aoetylene 

m^od. It will not wdd by the nsoal meuiod of heating in a smiths* fire. 
In welding, the temperature of the metal at the weld is raised to a fairly hi0i temperatnre, 

so that the material on cooling down will air harden and should be annealed before any turning, 
grinding, or polishing is done. (//. 8, Primrose.) 

Austenitic Stainless Steels. 
Steels numbered 7-lS, p. 1196, are described as austenitic nickel-chromium steels. Unlike 

the ordinary stainless steels they offer their best resistance to corrosion when in the softest state. 
In this condition they are completely austenitic and non-magnetic, and are softened by rapid 
oooling or quenching from above 1,000** 0. In all respects but resistance to corrosion their proper¬ 
ties are entirely different from those of the pearlitio plain chromium type. The austenitic 
stainless steels cannot be hardened by heat-treatment but only by oold-work. They are readily 
rolled into sheets and can be deeply pressed, and drawn into wire and tubes. After cold-working 
softness, ductility, machinability, and maximum resistance to corrosion are restored by reheating, 
slowly at first and then more rapidly, to 1,100<* 0., followed by cooling in air. 

For forgings the steel is heat^ to 1,100®-1,160**0. and worked down to about 900*0. Typical 
physical properties are shown on p. 1167, and the relatively low yield-point values will be 
noticed. These are improved by slightly increasing the carbon contents and by increasing very 
considerably the nickel or chromium as indicated by steels 12 and 13. 

These steels are often used for castings. They resist oxidation and retain their strengths 
quite well at elevated temperatures. 

* Weld-Decay.* 
Austenitic nickel-chromium steels, if reheated to temperatures between 600* and 900* 0., 

are susceptible to inter-crystalline attack by corrosive media, a form of corrosion known as weld- 
decay, since it was first observed in welded articles in zones which had been reheated within the 
above range. The susceptibility to weld-decay can be overcome by reheating to the softening 
temperatnre (1,100* 0.) and oooling in air, or by modified composition. Thns carbon is kept as 
low as possible, chromium and nickel increased, and small proportiono of tungsten, molybdenum, 
titanium or columblum (niobium) added,* as indicated on p. 1)96. Such steels are said to be 
entirely free from weld-decay. The standard Air Ministry test for weld-decay consists in boiling 
suitable specimens for 73 hours in the following solution:— 

111 grams copper sulphate crystals. 
98 grams (about 64 ml.) concentrated sulphuric add. 
Water up to 1 litre. 

The specimens are then deaned and subjected to a bend test. Inferior specimens are brittle 
and crack, whilst satisfactory samples can be bent doable without the slightest sign of fracture. 

Austenitic stainless steel is readily welded, but as indicated above, the wdded artides must 
be normalised or else a weld-decay-free steel used. A suitable welding rod has the following 
composition:— 

0*25-m«66 per cent. 0; 18-19 Per cent. Or; 34-28 per cent. Ni; 3>0-3*6 per cent. Si; 
0*6-l*38 per cent. Mn. 

SELENIUM RUSTLESS STEELS. 

Austenitic steels, average analysis: 0 0*1, Or 18-0, Ni 9*0, Se 0’26. The outstanding effect 
of sdenium is to render the steels free catting, replacing sulphur in this respect. They can be 
machined at about 60 to 70 per cent, of the speed useci for ordinary screw stock. Selenium has 
a slight beneficial effect on tensile strength at elevated temperatur^ also increases resistance of 
steel to the action of boiling solutions of acetic acid and aluminium sulphate. 

PHYSICAL PBOPBBTIES OF STAINLESS AND SELENIUM STEEL AT BliEVATED TEMPERATURES, 

(o) Stainless steel; 0 0-11, Mn 0-39, Si 0*30, Or 17*91, Ni 8 06. 
(6) Selenium steel; 0 0*08, Mn 0-39, SI 0*48, Or 17*66, Ni 8*46, Se 0*33. 

Temperature. Elastic Limit. Tensile Strength. Blong. Reduction 
•0. Tons per sq. in. Tons per sq. in. Per cent. of area. 

SO a 24*6 63*0 43*3 64*3 
b 33*4 49*6 41-6 660 

4S0 a 17*3 36*6 43*8 64*4 
b 17*6 37*6 37*4 i 61*0 

480 a 16*8 33*6 41*0 64*8 
b 16*3 36*0 34*6 1 46*6 

640 a 14*6 ' 31*7 37*3 i 66*1 
b 14*0 33*3 31*0 ' 67*4 

* When columbiom Is introduced to prevent * weld-decay,* the columblum content must be 
at least ten times that of the carbon content of the steel. 
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Up to 8'5 per cent, of copper may be added to aoitenltio nickel-chromium eteels; ite addition 
improvee the resistance to attack by dilate hydrochloric acid and chloride solutions. 

Molvbdenum-bearing stainless steels of the 18/12 type containing about 3 per cent. Mo are 
particularly useful for resistance to attack by sulphuric acid and sulphate solutions. 

HEAT-BESISnKQ STEELS. 

* Although the austenitic nickel-chromium steels previoufily mentioneci possess excellent resis¬ 
tance to corrosion and oxidation, even at elevated temperatures, the modem demand for materials 
possessing greater strengths and at the same time possessing great resistance to oxidation and 
scaling by heat at high temperatures has led to the evolution of the so-oalled heat-resisting 
alloys. Ihtie compositions and physical properties of some of these steels are given in the following 
tables:— 

No. 0. , Or. ' NI. W. Ti. 61. 

14 0*4-^-6 6-0-100 3*0-4*0 
16 0-1-0-6 i 12-14 — _ _ _ 

16 0-1-0-2 26-80 0-6 — — l*0-2*0 
17 0*6 max. 10-16 10-16 2-3 — 1*0-20 
18 0*6 „ 13-16 26-36 0-4 — 1*0-2*6 
10 0*16 .. 18 8 0*6-1 0*6-1 — 

30 0-2-0-4 ; 20-36 20-25 — — 1*0-20 
31 1*0 max. . 16-26 60-80 0*4 1*0 

Mechanical Properties. Physical Properties. 

Condi- Yield 
tion. Point U.T.S. BI. lied. Thermal 

Conduc- 
T0MiT°*« % Hard- tivitv ■ ner on Area. Gravity. Bxpan- MI- per on Area. 
sq.ln. 2 Ins. % 

14 Hardened 46-60 66-70 16-20 36-45 260-286 7*60 0*0000130 0*030 76-86 
and tern- i 

pered 
1 ; 

16 Hardened 16-40:80-60 20-40i40-60 140-280 7*74 0*0000106 0*046 62-66 
and tern- 
pered i 

16 Softened 20-36 30-46 16-36 30-60 160-226 7 60-7*90 0*0000104 0*030 80—86 

17 Softened 30-46! 60-66 20-36'30-60 220-290i 8*00 0*0000169 0*033 78 
18 Softened 30-40; 60-60 20-30; 40-60 180-270 8*00 0*0000161 0*030 86 
19 Softened 16-20: 40-60 36-60 i 40-60 160-200 7*90 0*0000168 0 *030-0*036 73 
30 Softened 

i 

22-36 1 40-66 
1 

30-60! 40-60 
i 

180-260, 7*90 0*0000164 0*030 92 

■ ■■■'■■ 1 

31 Softened | 

i 

36-46! 60-60 16-26 1 26-36; 
! 

180-260 j 
1 

8*10 0*0000131; 0*020 ' 106 

(W.B. Hatfield,) 

Steel No. 14 is used for high-duty exhaust valves and for purposes where non-ecallng propextios 
are required. Its impact resistance at ordinary temperatures is relatively low. so that It is essen¬ 
tially a steel suitable for high-temperature work only. This steel also exhibits a marked resistance 
to attack by leaded fuels. 

Steels 16 to 20 are also used for exhaust valves and for baffle plates, oil or gas burners, enamel¬ 
ling trays, etc. 

Alloy No. 21 is essentially a non-ferrous alloy and is particularly snltable where considerable 
strength and great resistance to scaling at high temperatures are required. It has found con¬ 
siderable appucatlon in the manufacture of annealing and case-hardening boxes, baffle plates, 
furnace muffles and doors, pyrometer sheaths, dampers, etc. 



1202 COPPER STEELS SeC. XXIII (l) 

The above alloys are characterised by their relatirdy high maximam stress and limiting 
creep stress valnes at elevated temperatures. 

I ' 0 0*40- 
i 0 0*36- 0 0*86- 0*60* 

' i 0 0*16- 0*46* 0*46* 81 1*20- 
I O-SO* Si 2*00- 81 1*60- 1*60 
I Or 18-0-' 3*00 2*60 Mn0*60- 

0*17 % 0. 0*23 % 0. 22*0 i Mu 1*00- Mn 1*00- 0*60 
Steel. Steel. Ni6*0- | 1*60 1*60 Or 12*00- 

8*0 i Or 18*00- Or 14*00- 14*00 
W 2*0- ! 22*00 16*00 Ni 10*00- 

Temp. 2*5 ! NI24*00- Ni26*00- 12*00 
•0. 26*00 30*00 W2-00- 

2*60 

0 1*0 max.* 

810*6-1*0 

Or 18*0- 
23*0 

Ni63*0- 
66*0 

(Oast alloys) 

13 

20 — — — — leo — 26 — — — 64 — — — 
600 19*4 4*8 — — ! —. — — 14*0 40*0 — — — _ — 
680 — — 16*4 4*0; _ _ 
660 16*0 2*4 — — i 3S _ 19 — „ — 39 , 13.5 _ __ 
600 11*0 1*2 — — 33 — '16*4 5*0 3.3*0 13*6 36*6 9*6 89 — 
700 7*0 — — — 24 2*6 16 1*6 24*0 7*0 26*0 — 27*6 4*0 

800 8*6 — — — 14 1*25 7*6 — 17*0 2*0 14^6 — 2s” — 
900 2*0 — — — — — — _ ^ _ __ 13 1.75 

1000 — — — — j — — — — — — — — 7.5 — 

Alaminlom up to 4*0 per cent, is sometimes added to heat-resisting steels. Like silicon and 
molybdenum it improves the scaling resistance at high temperatures. 

Heat-resisting steels of the above types should be forged between 1,160® and 900® 0. 

COPPER STEKIiS. 

The beneficial Influence of small proportions of copper on the corrosion-resisting properties 
of mild steel has been known for a long time and it is on this account that the element is added to 
tube steels. 

The addition of 0*25-0*60 per cent, Ou raises the yield point and maximum stress without 
adversely affecting the ductility and working properties. The following are average comparative 
values for 0*26 per cent, carbon-steel in the form of hot-rolled sheet. 

Copper Content. U.T.S. Yield Point. Elongation. 
Per cent. Tona/sq. in. Tons/sq. In. Per'cent. 

0*015 30*8 16*6 30*5 
0*2 31*6 18*4 29*75 
0*46 32*4 19*9 27*4 

{Iron and Steel Industrial Research Council.) 

0*26 per cent, of copper and 0*26 per cent, molybdenum considerably Improves the limiting 
creqp stress of mild steel at temperatures up to 460® 0. 

Steel containing 0*26-0*60 per cent, copper and 1*0 per cent, chromium is used as a hlgh- 
t^le, corrosion-resisting structural steel. Its tensile strength is about 40 tons per so. in. with 
elongation of 20 per cent. 

The addition of more than 1 *0 per cent, of copper to dead-mild steels, suitable for pressings, 
etc., confers * temper-hardening ’ properties upon them. In the normalised condition their 

* Alter normalising from 860®-900* 0. 
t Limiting creep stress values based on a rate of 10-« Ins. per in. per hour. 
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propertlei are not much different from those of normalised copper>free steels, but a considerable 
increase In strength results from tcmperlnff between 4ft0* and 600* 0. Smith and Palmer.hare 
reported the following data on a mild steel containing 0*08 per cent, carbon and 1*60 per cent, 
copper. 

• 
Maximum stress. Elongation. Brinell 

Tons/sq. In. Per cent. Nnmber. 

Normalised 33*6 S3 160 

Normalised and tempered 1 46*0 26 215 

(Smith and Palmer.) 
Up to 3 per cent, copper is often added to ausienitic stainless steel of the 18/8 type to further 

improve corrosion resistiince. 
A high-carbon ctiromium-oopper steel has been developed by tne Ford Motor Company for 

cast and heat-treated crankshafts. This steel contains 1 • 35-1 * 60 per cent, carbon ; 0 • 85-1 • 10 
percent, silicon ; 0*6-0*8 per cent, manganese ; 0*4-0*5 per cent, chromium and 1 *5-2*0 per 
cent, copper. 

Effect of moi/ten White Metal on properties of Steel. 

When steel Is stressed In contact with liquid non-ferrons metals and alloys Its ductility may 
be seriously affected owing to inter-crystalline penetration. The following table, due to Swinden, 
shows the effect of white metal on the dnctlllty of several steels. 

/>oM of DuetilUp under Stress at 250* C. in Molten White Metal. 

Type of Steel. 
Per cent. 

Condition. 
*0. 

U.T.S. 
Tons per sq. In. 

Percentage Bedno- 
tioD in Elongation 

at Fracture. 

0*3 0,8*25 Or, 0*6 Mo . 
0*36 0,1 Mn, 0*5 Ni 

O.H. 900/T. 630 62*7 3 
O.H. 860/T. 630 48*2 30 

0*10 0, 0*7 Mn 
0*33 0, 2*76 Nl, 0*75 Or, 

Norm. 900 33*0 40 

0*6 Mo O.n. 830/T. 610 67*7 69 
0*38 0, 0*70 Mn Norm. 860 46*7 61 
0*86 0, 3 Ni,0*6 Or . O.n. 830/T. 600 61*6 63 

(Steinden.) 
The tensile pieces were pulled at a rate of ^«th of an Inch per min. in (o^oll and (6) In molten 

white metal. The valuee given above represent the percentage lowering of the elongation In (5) 
as compared with (a). The superior properties of the 5 per cent, chromium-molybdenum steel 
in this respect are well shown. 

COPPER. 

Copper containing at least 99*95 per cent, of the pure element Is produced on a commercial 
scale in large quantities. The average tenacity of cast copper is about 10 tons per square inch, 
llolling, for^ng or other kinds of hot or cold working, followed by annealing, have the effect of 
raising its tensile strength to more than 14 tons per square inch, with approximately 50 per cent, 
elongation. Cold worldng by rolling, drawing, pressing, spinning or hammering progressively 
hardens copper and raises its tensile strength although ita ductility is decreased. Average values 
for high-purity copper are as follows:— 

Condition. U.T.S. 
Tons/sq. In. 

Elongation. Per 
cent, on 2 ins. 

BrineU 
Number. Density. 

As oast . 10-11 25-30 40-46 8*6 
Cold-worked . 20-26 6-20 80-100 8*9 
Annealed after cold-working 14-16 50-60 45-55 8*9 

(Copper DerelopmetU Aseodatton,) 
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Very heavily oold-worked copper, which is generally in the form of wire, may have a tensile 
strength as high as SO tons per sq, in., but its elongation is then between 1 *0 and 6 per cent. Duc¬ 
tility is restored by annealing, but the annealing temperature required to induce maximum softness 
depends on its purity. High-purity copper is eSeotively softened by reheating to 200”-260* 0,, 
but if impurities are present in any appreciable amount temperatures between SOO* and 400” 0. 
may be required. 

Hlgh-purity copper (not leas than 90*9 per cent.) Is used for electrical purposes. The relative 
electrical and thermal conductivities and coeffloients of expansion of the metals are indicated 
in the following table:— 

Metal. 
Helative Electrical 

Conductivity. 
Relative Thermal 

Conductivity. 

Coefficient of Linear 
Expansion at 20” C. 

X 10-‘ 

Silver . • 100 108 19 
Copper 
Gold. 

100 100 16*6 
72 76 14 

Ahiminium 62 56 23 
Magnesium 39 41 26 
Zinc . 29 29 SO 
Nickel 25 15 13 
Cadmium . 23 , 24 31 
Cobalt 18 1 17 12 

Iron . 17 17 12 

Steel 13-17 13-17 12 

Platinum . 16 18 9 
Tin . 15 17 21 

Lead 8 9 28 
Antimony . 4*5 5 11 

(Copper Development Association.) 

The electrical conductivity of copper is reduced by cold-work. Hard-drawn has a conductivity 
of about 97 per cent, oi that of annealed copper. Impurities, notably phosphorus, dlicon, iron, 
and aluminium, reduce the electrical conductivity. 

The thermal conductivity of copper is about 0-92 O.Q.S. units and Is decreased by impurities. 
Its electrical resistivity coefficient at 20® 0. is about 0*00396 per ° 0. The melting point of pure 
copper (graphite or charcoal covered) is 1,083® 0. 

Impurities in Commercial Copper. 

Arsenic increases the hardness and the tenacity of copper. It improves the rigidity and 
strength of copper at high temp(;rature.s, hence, for lirc-box plates, the use of copper containing 
from 0 • 3 per cent, to 0 • 6 per cent, of arsenic is frequently .specified. Arsenic adversely influences 
both the electrical and thennal conductivities and about 0*40 per arsenic may reduce these 
properties by as much as 50 per cent. 

Antimony is similar in action to arsenic, but it should be limited to traces in such copper as is 
to be used for the manufacture of brass that is to be cold-worked. 

Bismuth being the most deleterious element that can be present in copper, owing to its tendency 
to induce red-shortness, not more than traces of this element should be allowed. 

Iron is rarely present in copper in more than traces. 

Lead is, after bismuth, the most objectionable impurity likely to be present in copper, although 
it is of value in metal that is to be rolled into sheets, on account of its softening effect on copper. 
Not more than the smallest quantities of this element should be allowed in copper for cold-worked 
brass. 

Jlickdf hardens copper, but Is in no way deleterious when present in such amounts as are usual 
in oommereial copper. 
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Oxygen in small quantitv does not have any rery radical effect on the mechanical properties 
of copper. It Is important in bringing copper up to the * pitch/ and in combining with deleterious 
Impurities to form insoluble and infusible compounds, thus separating and distributing these 
impurities and rendering them harmless. 

(.'oppor which hits been deoxidised by the addition of either phosplioriLS, niagneHiurn, boron, 
dilciuni or beryllium, is used for castings. To remove ail the oxygen, a slight excess of the de> 
oxidiser is required and this may adversely affect the ehictrieal and thermal «;onductivities. The 
main advantages gained by the deoxidation of e*>pper are soundness in castings, improved ductility 
and enhanced resistance to the action of reducing gas(«, su< h a.s hydrogen and carbon monoxide, 
at high temperatures. The resistance to attack by sulphurous gases in the atmosjjhere is improved 
by preliminary heating in air at 70® U. 

Sulphur tends to embrittle copper, but is rarely present in refined copper. 

Tellurium is similar to sulphur in its action on copper. 

SUvetf fin, and tine are sometimes present in copper, but are rarely present in such quantity 
as to have much effect on the metal. Of these the least harmful is silver. 

ZINC. 

Zinc Is a bluish-white metal, and, when pure, melts at 419*4® 0., a point which has been 
accurately determined and frequently used in the standardisation of pyrometers. The boiling- 
point of zinc is 906® 0. and its specinc heat 0*10 grm./cal. per ® 0. The thermal and electric^ 
0 )Qductivities are about 26 per cent, of the corresponding values for silver. 

The pure metal is mainly used as a protective coating on the surfaces of iron and steel articles, 
and may be applied by either galvanising(p. 1192),aherardising(p. 1196), or by spraying(p. 1194). 

The moat important zinc alloys are the brasses, the nickel-silvers or ‘ nickel-brasses,' and the 
alutnlniuin-base and zinc-base sdloya used mainly for ‘ gravity' and ' pressure' die-castings. 
Oadmlum-zino alloys containing about 70 per cent, cadmium and 30 per cent, zinc are used for 
special solders. 

Impurities in Commercial Zinc. 

Anenic is a common Impurity in spelter. It does not occur in such quantity as to have a 
deleterious effect upon the mechanical properties of spelter or of such allo^ as contain it. It 
is, however, an objectionable ingredient in such zinc as is to be employed in the production of 
hydrogen. 

Cadmium is nearly always present in zinc; in electrolytic varieties of the metal it rarely exceeds 
0*07 per cent., in other varieties as much as 0-40 per cent, is found. The effect of this element 
is to harden spelter and to make it more brittle. Cadmium is, on this account, objectionable 
when the zino has to be rolled into sheet or to be used for galvanising telegraph wires. In sine 
for the manuteoture of brass subsequently to be cold-worked as much as 0 • 20 per cent, of cadmium 
may safely be allowed. 

Copper tends to harden sine, but is rarely present in quantity suQloient to effect radical change 
in the metal. 

Iron hardens and embrittles zinc. Its presence tends to the formation of dross in the galvanis¬ 
ing process. 

Such zinc as is to be used in the manufacture oi cold-worked brass should not contain above 
0*10 per cent, of iron. Electrolytic spelters rarely contain above 0*025 per cent.; as much as 
2*6 per cent, of iron has, however, been fouml. 

Lead Is present in certain brands of zino up to 2 * 6 per cent. The purer brands of spelter eoiitain 
up to 0 *20 per cent, of lead. The presence of load Is not deleterious where the spelter containing 
it is to be used for general brass manufacture, but where brass Is to be cold-worked or speolally 
treated oare must be taken that the spelter us^ has not too high a content of lead. 

Lead in moderate quantity tends to make zino softer in rolling. When present in quantities 
in excess of 0*7 per cent, it tends to the production of serious cracks in slush castings of mine. 

Otitor elements occasionally present in spelter in traces are sulphur and carbon. 

TIN. 

The London Metal Exchange form of contract (1911) for the purchase of tin recognises two 
classes of tin—Glass A, tin assaying not l6« than 99*76 per cent, of pure metal; Glass B, tin 
assaying not lesi than 99 per cent, of pure metal. Ghempur tin contains more than 99*99 per 
cent, of the element. 

VOL. I. f T 
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The tensile strength of oast tin varies (according to Thurston) from 2,000 to 6,000 lbs. per 
square inch. The elongation is, for all practical purposes, nil. 

The principal imparities in commercial tin are lead, iron, copper, and arsenic. Sulphur, silyer, 
bismuth, and antimony are of frequent occurrence. Tin offers excellent resistance to corrosion 
under many different conditions, and it is for this reason that it is so widely used in containing 
vessels for food, fruit and milk and for protecting copper wire and cable from attack by the sulphur 
in the vulcanised rubber used for insulating purposes. 

An important application of tin la in connection with the electro-deposition of tin coatings 
to the cast iron and aluminium-alloy pistons in automobile engines in order to facilitate' running- 
in.* Tin-coated bearings are also employed on some rolling mills. 

l^e melting-point of pure tin is 232** 0., but its boiling-point is extraordinarily high (about 
2,26^ 0.). 

NICKEL. 

Nickel containing small quantities only of impurities Is a commercial article. After rolling 
and annealing conunercia! nickel has the following properties:— 

Yield point 9-13 tons per square inch, maximum stress 27-32 tons per square inch, elongation 
40-56 per cent, on 2 inches. By cold-working after annealing the tensile strength may be raised 
to as much as 60 tons per square inch. 

Impurities in Commercial Nickel. 

Carbon may be present in nickel up to 0 • 20 jicr cent., though it rarely exco(»(ls 0 • 10 per cent. It 
has an embrittling effect on nickel when in f he fonti of graphite, but when combined with nickel 
as nickel carbide it has .a streiigtheniiig effect. 

Cobalt has a strengthening and hardening effect on nickel, but In quantities—up to 1*00 
per oent.—^usualiy found in commercial nickel, this element has but little effect. Nickel free 
from cobalt is obtained by the Mond process. 

Copper is similar to cobalt in its action, but rarely exceeds 0*20 per oent. in amount. 

Artenic should not exceed about 0*026 per oent. in suoh nickel as is to be subjected to ooid- 
work, or in alloys for a similar purpose. 

Iron liiis an effect on nickel similar to lliui, of cobalt and chromium, lint, pre^sent in quantities 
less than <)• 75 per cent., its presence is scarcely noticeable. 

Sulphur is occasionally noted in samples of nickel. 

Niokel, if It is to be satisfactory for the manufacture of copper-nickel alloys for cold-working, 
should be free from all unreduoed oxides. 

OarbonlesB niokel containing as much as 1 per cent, of oxygen in the form of nickel oxide is 
used, however, for anodes. Even though it contains some of the niokel nickel-oxide euteotlo 
the material is readily hot-rolled to any requred section. The oxide in it serves to minimiss 
polarisation effects. 

CHROMIUM. 

The colour of chromium is silver-white. Niokel has a little more of a yellow tinge to it 
chromium. On the other hand, chromium will hold its colour indefinitely. Nickel will turn 
almost black in a laboratory atmosphere, and chromium will stay bright indefinitely. It is about 
the only metal known that will stay bright in a laboratory atmosphere. Not even platinum will 
stay as bright. 

It is for this reason that chromium-plating has become so popular. A suitable electrolyte 
for plating contains 30-83 oz. of chromic acid and 0*3 oz. sulphuric acid per gallon of water. 
The best deposits are obtained at temperatures between 45** and 66^ 0. with a current density 
of about 140 amps, per square foot of surface. To avoid any tendency to peeling It is customary 
to undercoat tbe chromium with a deposit of nickel. The melting point of chromium Is 1,830* 0. 

ALUMINIUM. 

For electrical conductors, and other^cial purposes, a grade of aluminium having a 
pnrliy of 99*5 per cent, is available. The lower grade, having a parity of about 99*2 per cent., 
is osM for rolling into sheets for the manufaotore of cooking utensils, chemical plant, etc. The 
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impurities Ronerallj^ present in primary aluminium are: copper, iron, silicon, sodium, zinc, 
nitrogen, and a typical analysis or hlgh-purity aluminium Is as follows :— 

Aluminium.99*5 percent. 
Iron.0*S „ 

. Silicon.0*1 „ 

Aluminium Is one of the lightest of metals and has a speoiflo grarity of about 3*70. The 
mechanical properties of oast and annealed wrought aluminium are as follows:— 

Condition. Ultimate 'rensile Elongation. Per Brinell No. 
Strength. cent, on 3 ins. (500 kgrm.) 

Cast.... 5-7 tons/sq. in. 5-4 30 
Boiled and annealed . 10-15 „ 30 34 

The tenacity of cold-rolled aluminium can be between 10 and 18 tons per square inch. 

Primary aluminium is not used in the cast condition for constructional purposes. It la used 
as a deozldiser in the manufacture of steel, and in the form of powder and dust in the thermit 
process and in paint. The principal use is in the wrought form, such as sheets, tubes, mouldings, 
rods, wire, etc. As commercially pure aluminium has extensive application in the brewing and 
chemical industries, and also for domestic purposes, it Is important to consider the action of acids 
upon it, which may be briefly stated as follows:— 

Hydroehloric Acid,—Attacked with great rapidity hot or cold and at all concentrations. 

Hydrofltunie Add.—Bapidly attacked. 

Sulpkurie Add.—Attack slow with concentrated acid. Appreciably attacked with hot dilate 
acid. 

JfUrtc Add.—Attack very slow, the metal becoming passive (can be used for containers for 
cold strong HNO«). 

Acetic Add.—Attack slow with cold acid, increases with use of temperature. 

Lactic Add.—Attacked very slowly (suitable for milk containers). 

Oleic AcW.—Practically no effect. 

Action of Air.—Attack very slow In fairly pure air, increases considerably in Impure atmos¬ 
pheres. (The oxygen forms a thin film of oxide which tends to retard further action.) 

Action of Alkalies.—Potassium and Sodium Hydroxide.—Rapidly attacked. Ammonium 
Hydroxide.—Attack slow. Alkaline Water.—Attacked appreciably by water in which alkalies 
or soap have been added. 

Most metals will alloy with aluminium, but only a few definite alloys (aluminium—copper, 
iron, manganese, magnesium, nickel, silicou, tin, zinc) are used to a large extent. These Include 
the binary alloys Al-Zn, Al-Ou, ternary alloys Al-Ou-Zn, Duralumin and related alloys, silicon 
and certain complex allo3r8. The so-called heavier alloys are the aluminium braeses and bronsea 
Certain iron-aluminium brasses and manganese-aluminium brasses are also used. Alumininm- 
chromium-iron alloys are used as electrical resistances for heating elements (p. 1252). 

Anneaunq Sheet ALUMmiUM. 

1. Prepare a mixture of ordinary whiting and oil, mixed to the consistency of thick paste. 
Coat the metal on both sides with this preparation, and place it on a clean fire or in a furnace, 
allowing it to remain until the oil in the paste Incomes ignited. When this occurs withdraw 
the work from the furnace and allow it to cool gradually. The coat of whiting should then be 
removed from the surface of the metal by washing and brushing. 

3. Heat the metal to a doll red oolour, perceptible in the dark, and cool slowly. With thfc* 
method care must be exercised to get an equal annealing temperature distributed over the 
entire surface of the work. 

8. Heat the sheet aluminium until pine-wood sawdust Just glows when sprinkled on It, 
which indicates a temperature of about 400* 0. At this temperature a dry match-stick will 
just char when nibbed on the metal. (A. Bytes.) 

THE PROTEOnON OF AliUMlNIUM PROU CORROSION. 

Aluminium and its alloys can be efilolenily protected against atmospheric oocroslon under 
the most severe oondiUons by the use of an enamd or vamish paint. Oil paints are very 
inferior in this respect. The best results are obtained by anodio oxidation (see p. 1339). 
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MAGNESIUM. 

PROPBRTUOfl OF PURB liAGNBaiUM. 

Pure Magnesium. Pure Aluminium. 

Cast. Worked. Cast. Worked. 

Ultimate strength. Tons per sq. in. 
Froof^stress „ 

7*5 14-5 6-2 10-1 
— — — 608 

Elongation on 2 in., per cent. 6 6 35 16 
Modulus. Lbs. per sq. in. . — 6-74 X 10“ — 101 X 10" 
Bigidlty modulus. Lbs. per sq. in. — 0-68 X 10 •• 8-46 X 10* 
Impact, Izod. Ft.-]bs. — 40 24 
Endurance limit, range of stress. Tona per 

sq. in. — ± S-48 — db 4-60 
Hardness, Brinell No. 20 42 28 46 
Density. Grammes per o.o. — 1-72 — 2*70 
Thermal expansion per * 0. — 26 X 10-* — 24 X 10-* 
Electrical r^tivlty. Microhms per cm.^ 
niermal conductivity (O.G.S. units) 

— 4-69 2-84 
0-84 ! - 0*62 

Magnesium alloys (see p. 1231). 

ANTIMONY. 
Antimony is a bluish-white lustrous metal. It Is extremely brittle, readily powdered, and 

is a poor conductor of heat and electricity. The pure metal melts at 631<* 0., and is sometimes 
used in the standardisation of pyrometers, but otherwise has little or no industrial application. 
Its most important alloys are the copper-tin-antimony, lead-tin-antimony and lead-tin-antimony- 
copper beating metals. ‘ Britannia metal ’ (p. 1243) and type metal (p. 1248). Antimony is 
also used in the manufacture of shrapnel bullets and in cable sheathing. A notable feature of 
the antimony alloys is their property of expanding during freezing. 

BBRYIiLIUM. 
Beryllium is a whitish metal and one of the lightest. Its spec.'fic gravity is 1*82 compared 

with 2 * 70 for aluminium and the metal melts at 1,284** 0. Although brittle when cold, beryllium is 
capable of being hot-worked. The pure metal has limited applications, although it is used in 
X-ray work and for the electrodes in neon signs. It is also used as a deoxidant for molten copper. 
Some of its alloys, notably copper-beryllium (pp. 1227 and 1241), are of considerable importance, 
since the resulting alloys may be heat-treated in consequence of the great difference between the 
concentrations of the solid solutions at ordinary and elevated temperatures. After quenching 
from high temperatures and * ageing ’ at lower temperatures, the alloys with copper and nickel 
yield extraordinarily high hardness and tensile strength values. Ferro-beryllium, containing 
about 80 per cent, of the metal, has been used in the case-hardening of steel and it is claimed that 
an equivalent Brinell hardness of more than 1,000 can be obtained by this means. 

CAESIUM. 
Oaeuum is a silvery-white nietal, resembling potassium. It is a soft metal, melting at 28 • 6** 0., 

and reacts readily and explosively with water and oxygen. It is used in the manufacture of 
photo-electric cells for television and modem cinematography, and certain other automatic 
processes. 

CALCIUM. 
' Calcium is an exceedingly soft, silvery-white metal which readily oxidises and actually bums 

when even gently heated in air. It is for this reason that the metal and its alloys are used for 
the deoxidation of molten metals and their alloys. Lead-calcium alloys, gener^ly containing 
barium also, are used for bearings. 

CADMIUM. 
Cadmium is a soft white metal, with a melting point of 321** C. The pure metal finds little 

industrial application apart from electro-deposition and metal-spraying; both these processes 
are often applied to iron and steel articles with the primary object of resisting corrosion. 
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Oopper-cadmium alloys are used for overhead trolley wires (p. 1227); lead-cadmium alloys 
for bearings, and the metal is a constituent of certain solders, notably of the special solders used 
for aluminium alloys. 

CEHIUM. 
• Oerium is a steelish-grey metal, resembling the alkali metals, sodium and potassium, in many 

of its properties. It is somewhat harder than lead but Is readily cut. The metal reacts slowly 
with water and rapidly bums when heated in air. 

Probably the most important application of cerium is in connection with the modem * petrol 
lighter * and similar devices. The flints used for this purfiose consist of ferro-cerium, which 
emits copious sparks when rubbed with a sharp flle or toothed wheel. Ferro-cerium has also been 
used as a deoxidant for molten steel. 

COBALT. 
Oobalt is a bluish-white metal, having general properties intermediate between those of iron 

and nickel. Thus, apart from Iron, it is the most magnetic of metals and actually retains its 
magnetic properties at higher temperatures; iron loses its magnetism above 900® 0., but cobalt 
remains magnetic up to about 1,100® 0. 

The melting point of cobalt is 1,466® 0. 

The metal is readily electro-deposited but, apart from plating, the element itself has little 
or no practical applications, although many of the alloys containing cobalt are of the greatest 
interest and importance. It is a constituent of modem ‘ super' high-speed cutting steels, the 
nickel-aluminium-cobalt and nickel-cobalt-titanium steels used for permanent magnets of high 
coercivity, and as a bond or matrix for tungsten carbide for the production of * tipped ' machine 
tools of the ' Widia ’ and Oarboloy type. The well-known ‘ Stellite * alloy (p. 1161) contains 
about 45 per cent, of cobalt, and about 3 per cent, of the metal is contained in the * Eanthal' 
alloys employed for electric resistance-heating purposes. In the latter respect, the cobalt alloys 
are claimed to have a longer life at higher temperatures than the usual nickel-chromium alloys 
used for similar purposes. 

oolumbium: (niobium). 
Golumbium is a greyish metal, having a hardness comparable with that of pure iron, and is 

available in wire, rod and sheet form. The element is associated in nature with the oxides of 
tantalum. Separation of the two metals is not easy, so that columbium alloys generally contain 
some proportion of tantalum. Both metals have been used in the manufacture of rectifiers in 
radio installations. The most important use of columbium is its introduction into the * austenitic * 
nickel-chromium stainless steels for the purpose of inhibiting ‘ weld-decay,’ a phenomenon due 
to carbide precipitation along the grain boundaries when the steel has been heated to a temperature 
within the range 600®-900® 0. Weld-decay has proved to be a very real problem in the past 
in connection with austenitic stainless steels and the employment of columbium has gone a long 
way towards the solution. To be really effective, the amount of columbium needed is at least 
ten times the amount of carbon present, and the metal is generally added in the form of its ferro¬ 
alloys. 

MOLYBDENUM. 
Molybdenum is a dense white metal (sp. gr. 10*0). It oxidises and volatilises when heated 

at about 600® 0., although the melting point (in an inert atmosphere) is 2,500® 0. Ordinarily 
the metal is brittle, but by high-tempernture swaging and heat-treatment, large single crystals 
can be obtained which are, then, ductile enough to permit rolling into sheets or drawing into wire. 
In the latter form, together with tungsten wire produced in a similar way, it is used for thermo¬ 
couples in very high temperature work. Tungsten-molybdenum couples can only be used in 
inert atmospheres, nitrogen and hydrogen mixtures, generated from * cracked * ammonia vapour 
generally being used. 

Molybdenum is mainly used as an alloying element in special steels and cast-irons, and may 
then function in several different ways. Thus it reduces the susceptibility of niekel-chromitun 
steels to * temper-brittleness,' increases their strengths at elevated temperatures, and improves 
the cutting effleienoies of * high-speed ' steel both at ordinary and elevated temperatures. (See 
also p. 1184.) 

MANGANESE. 
Pure manganese is generally regarded as a hard, brittle metal having no real practical use 

although it is an important constituent of many ferrous and non-ferrous alloys. In the great 
majority of commercial steels manganese must be regarded as an essential constituent and. 
Indeed, of similar importance as their carbon contents. In steel, manganese fulfils several most 
useful functions. In the first place it acta as a deoxidiser and desulphuriser of the molten steel. 
In the solid steel, manganese negativee the adverse influence of sulpbur by converting the latter 
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into the relatively harmleee * manganese sulphide * particles which do not appear to have much 
efltoot on the osuu mechanical properties. 

A most important influence of manganese on steel is that of ‘ hordenability.' With carbon 
steels of very low manganese content, the hardness depth, due to quenching is shallow. 

Manganese also has a marked effect on the volume alterations which occur when steel is 
quench^. The volume of a hardened piece of carbon steel is greater than that of the soft un¬ 
hardened material, but in many of the so-called * non-shrinking * steels containing about 1 per 
cent, each of carbon and manganese, this difference in volume is almost negligible. 

Manganese exerts a similar effect on the usual mechanical properties of normalised or hardened 
and fully tempered steels as does carbon, but to a milder degree. Thus its general effect is to 
increase tensile strength, but lower the ductility. 

AusteniUo manganese steel contains about 1 per cent, of carbon and 12-14 per cent, manganese. 
This steel, which is non-magnetic, exhibits a remarkable resistance to abrasion. Its Brinell 
hardness is generally about 200 only and the steel is exceedingly tough, but when subjected to 
pressure or abrasion, the surfaces rapidly work-harden, a property which renders the steel 
partioubrly suitable for rock-crushing machinery, dredger-buckets, tramway and railway 
orottings and on bends where wear is heavy, etc. The life of high manganese steel rails used 
on sharp bends with very heavy traffic is given as nine years, as against nine months for 
ordinary steel rails. Manganese steel is used for bullet-proof helmets, as it is very resistant 
to penetration and does not shatter. 

In its toughest condition, obtained by quenching from about 1000” 0., the steel has a tensile 
strength of about 66-60 tons/sq. in. with 40 per cent, elongation. Bven in this condition, it can 
only be satisfactorily machined by tools made from high-speed steels of special quality or * tipped' 
tools of the Widia or Oarboloy type. 

High manganese steel of this kind should never be annealed. 
Manganese is also a coiistituonb of ‘ manganese bronze,’ the well-known resistunec alloy 

Manganin,’ and a niunber of uluniiniuin-base light alloys, etc. 

SIIiVER. 
Pure silver is one of the whitest of metals and will yield a most brilliant finish when properly 

polished. It is for these reasons that silver-plated articles are so pleasing. It is a very malleable 
and ductile metal and in the annealed state is the best conductor of heat and electricity known. 
The density of silver is about 10 • 6, but the casting of the pure metal is difficult, owing to silver 
* spitting * giving rise to the evolution of gas during freezing, which considerably reduces its 
specific gravity. The resulting pores are closed by subsequent cold-work, however, and the 
metal then possesses its normal density. The melting or freezing point of pure silver, melted 
under charcoal. Is 961” 0., and this point is often used in the calibration of pyrometers. 

Silver finds considerable application in industrial processes in view of its marked resistance 
to attack by caustic alkalis and certain acids. Thus, it is used in the distillation and handling 
of acetic acid and vinegar. The metal finds wide application in electro-plating, and is also used 
to harden copper utilised for certain electrical purposes as it does not adversely affect its 
electrical conductivity. Small proportions of silver have been introduced into the so-called 
lead-bronze bearing alloys used in aircraft (p. 1223). 

SELENIUM. 
Selenium is an allotropic element, capable of existing in three different forms. Although in 

many of its properties it closely resembles sulphur, the grey form of the element conducts elec¬ 
tricity and is therefore known as * metallic seleffium.' The electrical conductivity of this metallic 
form of selenium increases enormouslv when exposed to light and the change is reversible, in the 
dark the resistivity returns to its previous maximum. It is assumed that the element is a mixture 
of two forms having greatly different conductivities and that the equilibrium between them is 
displaced by light. Practical advantage is taken of this in the photo-electric cell, utilised in 
quite a number of automatic processes. 

Selenium has also been introduced into copper alloys and the austenitic stainless steels 
in order to improve machineabllity. In the latter case it is claimed that, unlike sulphur, it does 
not matwially influence the corrosion resistance of the steel. 

TANTALUM. 
Tantalum is a white metal when polished but unpolished surfaces often appear steely-blue, 

doe to oxide films. Although relatively soft when pure, it rapidly work-hardens. As Indicated, 
tantalum is always likely to contain some proportion of columbium, and like the latter has been 
used to prevent weld-decay in austenitic steels. 

Tantalum resists attack by some of the most powerful acids, e.g. hydrochloric and nitric 
adds, aqua-rsgia, and sulphuric add, so that it has been used as a substitute for platinum for 
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certain purpoaee. Like oolombiom, It readily combines with a number of gases, e.g. oxygen, 
hydrogen, nitrogen, etc., when heated. 

Tantalum has been introduced, in the form of its ferro-alloys, into certain high-speed steels 
and acid-resisting alloys. Tantalum carbide (cemented in a nickel base) alloys haye been used 
in place of the tungsten-carbide (cobalt base) alloys of the Widla and Oarboloy types. Another 
alloy of this type (Miramant) contains tungsten, molybdenum, carbon and tantalum (p. 1161). 

TEIiIiUKlUM. 
Tellurium is a white, cmtalline-looklng metal. It is a poor conductor of heat and electricity. 

The element is undesinble in most commercial alloys. For instance, even minute amounts 
exert a detrimental influence on the properties of copper and its alloys, although, for certain 
purposes, it has been introdnoed in order to improve their machining properties. The metal has 
been added to steel for the same purpose. A useful application of tellurium is in connection 
with * tellurium-lead.* (See p. 1243.) 

TITANIUM. 
Titanium is a hard brittle metal which bums in air when strongly heated and when heated 

In nitrogen combines with it to yield a stable titanium nitride. 

The element, in the form of ferro-titanium, is a powerful deoxidant of molten steel and small 
proportions are often added for this purpose alone; it also serves to remove nitrogen in the steel 
by converting it into the insoluble titanium nitride. Larger proportions, up to 1*6 per cent., 
are added to the * austenitic* stainless steels to decrease their susceptibility to weld-decay. 
From 0*1 to 0*3 per cent, titanium is frequently added to certain light aluminium alloys in order 
It) iniprovo their ijrt)perti(‘S, ns also those of (»ther non-fem)us nll<»ys, A iiew<*r application of 
titanium is the incorporation of ferro-titanium in the coating's of electro'.les for the welding of 
steel. 

TUNGSTEN. 
Tungsten is generally obtained in the form of a hard, brittle, greyish powder. By repeated 

sintering and swaging in an Inert atmosphere, with intermediate heat-treatments, the aggregate 
eventually becomes one single crystal, sufliciently ductile to be drawn into wire for use in thermo¬ 
couples and electric light bulbs. Apart from the latter, its principal use Is as an alloying element 
In high-speed steel and other cutting alloys (see pp. 1160-1161). Tungsten confers the property 
of * r^-hardness * i.e. the ability of tools to continue cutting even at a temperature of a red heat, 
and even small proportions refine the grain of high carbon tool steels. Steels used for taps and 
dies frequently contain about 1 * 0 per cent, carbon, and up to 2 per cent, tungsten. 

Magnet steels containing 5-6 per cent, of tungsten are still made, where exceptionally high 
coercive force values are not essential. These steels are considerably cheaper than the cobalt- 
chromium, nickel-aluminium, nlckel-alnmlnium-titanium and nickel-aluinininm-cobalt steels 
used for permanent magnets. Steels containing about 2 per cent, carbon and 5-10 per cent, 
tungsten are used for drawing dies. The element has also been introduced to the extent of about 
3 per cent, into certain alpha-bronzes in order to increase the hardness and strength. 

Tungsten is a very heavy element and, on this account, when it is desired to add it to molten 
steel, the less dense ferro-alloys are generally preferred. The melting point of tungsten is about 
3400** O., and the element dissolves very slowly in molten iron. The melting point of feno- 
tungsten is considerably lower than this, so that homogeneous liquid metal is more easily obtained. 

VANADIUM. 
Pure vanadium is a brilliant white metal of great hardness. It is chiefly used as a deoxidiser 

and as an alloying element in steel. For the former purpose the equivalent of about 0*05 per 
ceut. only may remain in the solid steel. Higher proportions (0*15 to 0*4 per cent.) may be 
present in chrome-vanadium spring steels and still higher percentages (0*5 to 3-0 per cent.) in 
modem * super *-high-speed cutting steels containing tungsten and chroo^um. Vanadium exerts 
an important influence on the secondary hardness of high-speed steel. It is an ezpenslv eelement 
and this, in part, accounts for its limited applications. 

Viinadinm is generally introduced into stetd in the form of ferro-vanfulium, containing about 
40—15 per cent, of the element . 

ZIRCONIUM. 
This metal has been added to steel and appears to exert a similar influence to titanium. It is 

added in the form of ferro-zlrconium and it is claimed that the element counteracts the adverse 
effects of sulphur on the mechanical properties of steel, although any harmful influence of sulphur 
Is carried out more cheaply, and perhaps more efficiently, by proper control of the manganese- 
sulphur ratio. 
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NOW-FEBROUS ALIiOYS. (See atoo page 1249.) 

COPPER AND ZINC. 

The alloys o( copper and zino oontaining over 60 per cent, of copper are generally termed 
braases.' Average meohanloal properties are as follows:— 

PROPBBTIBS 07 STRAIOBT CorPER-ZiNO ALLOTS. 

1 Composition. Elonga- Reduc- 
Sclero- 
scope 
Hard- Copper. Zinc. 

Condition. 
i’ensile Strength. 
Tons per Sq. In. 

tion. 
Per 

cent. 

tion of 
Area. 
Per 

Brincll 
Hard¬ 
ness. 

Per Per on 2 ins. cent. ness. 

cent. cent. 

70 0 30 0 ' As cast . 
I As forged and 

16-7 68 67 66 16 

annealed 21-6 68 66 67 16 

69 0 41-0 As cast . 24*9 46 49-7 90 14 
As forged 
Forged and an- 

26-0 47 62 90 14 

noaled at 660 
0. for 1 hour 24-0 1 49 66 79 12 

6S-8 46-7 As cast . 29-7 I 24 21-6 108 18 
As forged 
Forged and an¬ 

32-8 28 30-6 
1 

114 1 18 

nealed at 660** 
0. for 1 hour 29-1 22 

1 
31-8 108 18 

61*2 48-8 As cast 26-9 19 21-6 108 18 
1 As forged 7 ; 
; Forged and an- i 

33-4 j 37 33-6 114 18 

nealed at 660* 
0. for 1 hour 

i 
29-0 j 26 27-0 108 18 

60-19 1 49-81 As oast . . 1 8-8 1 1 1-6 108 18 
As forged 16-8 j 6 6-6 117 19 

iSmalley.) 
The casting temperatures of these alloys are of exceptional moment. The following tests 

show the influence of varying casting temperature on the tensile properties of zinc-copper alloy 
castings poured from one crucible within a short interval of each other. Chemically the three 
castings were identical. 

Casting Temperature *0. 
U.T.S. 

Tons per Square Inch. E'ongation. Percent. 

1,038 12-45 6*0 
943 16-28 9-6 
934 i 18-88 16-0 

In every case with other alloys similar temperature variations have a similar effect on the 
mechanical properties. 

In judging a suitable pouring temperature the appearance of the alloy in ladle or crucible 
may be nsed as a guide. With manganese bronzes this appearance is somewhat confused by the 
aluminium present, for, as is well known, this imparts a characteristic skin to the surface of the 
molten alloy. The practical effect of this is to make the alloy appear colder and less fluid than 
is really the case. Careful observation readily overcomes this difficulty. 

There is little doubt that the pyrometer is, in the hands of careful workers, the best means 
of determining the temperatures of metal or alloy in the ladle or crucible. 
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Cast Brass. 

Oast brass is somewhat variable in composition, but usually contains about 66 per cent, of 
copper, this percentage being that found in English standard brass. 

The metals employed in the production of cast brass are not generally selected with such care 
as are those used in the manufacture of malleable brass. 

Lead in proportions varying from 1 to 3 per cent, is frequently added for the purpose of 
facilitating machining. It reduces the tenacity and hardness and increases the corrodibility of the 
resulting alloy, and is liable to segregate in those parts of the castings that solidify latest on 
cooling. 

Tin tends to harden brass and is added in quantities up to 3 per cent., though 2 per cent, is 
not generally exceeded. 

Iron hardens and increases the tenacity of brass. 

The presence of more than one of these elements in quantity is to be deprecated, as their 
combined effects on the mechanical properties of the resulting alloy are likely to be injurious. 

The mechanical properties of cast brass of average composition (66 per cent, of copper) and 
containing only small quantities of impurities or added elements are :— 

Tenacity, 14 tons per sq. in.; elongation, 40 per cent. 
A number of alloys, adapted for particular purposes, are tabulated below ;— 

Alloy. 
Ou. 

Per cent. 
Zn. 

Per cent. 
Other Metals. 

Per cent. 

Very delicate castings 8G00 14-00 
Good yellow brass 76 00 26-00 Sn 2-00 
Name plates 86 00 9-00 Sn 3-00 ; Pb 2-00 
Small castings (red) . 90-00 10-00 99 99 
Taps, cocks, etc. 78-00 14-00 Sn 3-00; Pb 3-00 
Fine castings (yellow) 71-00 24-00 Sn 2-00; Pb 3-00 
Hydraulic pumps 68-00 38-00 Sn 2-00; Pe 2-00 

Ductile Brass. 

The brasses containing upwards of 63 per cent, of copper, known .is a brasses, are ductile and 
malleable at ordinary temperatures, provided that the metals used in the production of the alloys 
be of t^e best quality, and that the alloys be well annealed during working. The most suitable 
annealing temperatures for ductile brass are between 600® 0. and 700® 0. 

The annonling tenipenilurcs required are raised by even small proporlioiis of impurity, notable 
iron. If annealed at too high a temperature large crystals are formed and then subjected to 
further deformation by cold-work, as in deep pressing, may give rise to the * orange-peel ’ effect. 
This can be avoided by keeping the grain-size between 0*03 and 0*04 mm. Over-annealing also 
tends to spoil the surface of brass due to scaling. In this connection atmosphere control is 
important. 

Brasses containing from 6 to 20 per cent, of zinc are known as gilding metal; when properly 
annealed they are exceedingly malleable and have a very pleasing colour. 

Lead is admissible in alloys that are to be rolled into sheet, but is injurious in alloys that are 
to be drawn into wire. It should not be present in such quantity as is liable to create trouble at 
the annealing furnace. Lead is deliberately intioduced solely to facilitate machining. The most 
ductile of the brasses contains 70 per cent, of copper and 30 per cent, of zinc (known as * cartridgt^ ’ 
brass) and may be expected to have the following properties:— 

' 
Proof Stress T'. T. S. 

Tns./sq. in. 

Elongation. Brinell 
Oondition. (0-1%) 

Tns./sq. in. 
Per cent 
on 2 in. 

Number. 

Ohill castings (i.e. strip in¬ 
gots prior to rolling) 6 16 60-70 60 

Hsuxl-rolled sheet Over 26 30-40 10-16 160-200 
Sheet annealed after rolling 6 20-23 66-76 60 

{Copper Development Atsoeiation.) 



1214 NON-PBBROUS ALLOTS Sec. XXIII (I) 

Cold-working sets up internal strains, and if tliesc are luievcnl}^ distributed spontaneous 
Gracing may subsequently occur when expaswi to even mild corrosive atmospheres, particularly 
those containing traces of ammonia. This phenomenon is described as season-crackinif and is 
inhibited by tempering the cold-worked bi i&s fur about an hour at 25u°-2 70'^ V. The susceptibll ity 
to season-cracking is revealed by immci'sion in a solution of lueivurous nitrate, containing a little 
free nitric acid. 

Like many other non-ferrous alloys the brasses show a marked resistance to corrosion-fatigue. 
Oold-worked brass, nickel-silver, and phosphor-bronze are used for springs, and the following 
eomparative values are of interest. 

Material. 

i 
Modulus of Rigidity. Torsional Stress. 

Lb./sq. in. Lb./sq. in. 

Steel .... 11-0 X 10* 
Phosphor-bron/c 6-5 X 10* 46,000 
70/80 brass 4*8 X 10* 40,000 
Nickel-silver 6-6 X 10* 40,000 

Hot-forgeable Brass. 

The alloys of copper and zinc containing from 57 to 61 per cent, of copper, described as a-/3 

brasses, are characterised by their ability to withstand hot rolling at temperatures ranging from 
600® 0. to 800® 0. They are employed in sheet form for the sheathing of wooden ships and in 
bar form for the manufacture of bolts, fastenings, etc. They are forgeable under the drop 
hammer and, hence, are frequently used in the manufacture of stampings. In this last con¬ 
nection it is particularly noteworthy that constancy of composition must bo attained, on account 
of the large variations in machining properties accounted for by small changes in the copper con¬ 
tent. The alloys in the range 67 to 63 per cent, of copper are forgeable, though not capable of 
withstanding rolling, in the temperature range already stated, and may bo considered here. 

AU the above alloys are retained in a harder, stronger, and less ductile condition if quenched 
from temperatures between 760® 0. and 800* 0. than allowed to cool slowly. They are liable 
to spontaneous cracking if worked at temperatures below 600® 0., which liability, if thought to be 
inherent, can be lessened if the alloys are annealed at temperatures between 200® 0. and 300® 0., 
snbsequent to working. The best temperatures for annealing, with a view to reducing variations 
in the psechanical properties due to variations in the mechanical and thermal treatment, are below 
rather than above 660® C. The temperature range (750® 0.-800® 0.) is, according to Stead, a 
dangerous one in which to conduct the annealing of hot-forgcable brass. 

The average mechanical properties of fully annealed cast 60/40 brass are as follows :_ 

Yield point . . .10 tons per sq. in.; Elongation . . ,36 per cent.; 
Tensile strength . . 26 „ ; Hardness (Brincll) . 86. 

Drawn rod of 60/40 composition is obtainable having the following average mechanical 
properties:— 

Yield point . 28 tons per sq. In.; Elongation . . 20-30 per cent, on 2. ins, • 
Temsile strength .32 „ ; Hardness (Brinell) 140. 

The last factor appears to be dependent on the diameter of the rod in question, being least 
when the diameter of the rod is greatest. On account of the almost infinite variety of hot- and 
cold-working possible in the treatment of these alloys almost infinite variations in mechanical 
properties are obtainable. 

Hot Brass Pressings.* 

Pressings are made from mrtal heated to the plastic state and squeezed to shape by heavy 
pressure. Accurwy can be kept to within close limits, within a few thousandths of an Inch, the 
clos^ess depending on and var;rmg according to the shape and size. Plain and straight cored 
work prints no difficulty, wlile parts that are undercut can, within reason, be produced by 
speoiM dlM. Tall pip^^d rigl^angled and obtuse bends can be produced with clean cores and 
sound walls of even thickness. Walla of less than in. should be avoided. 

piB correct design of the dies is of extreme importance. For work which is plain in design, 
oarbon steel dies are suitatde. For designs sharp in outline with squares or hexagons, sharp 
Mrners or for extn^on work, the cobalt and nickel chrome, tungsten, vanadium and manganese 

we used. The life of the dies varies greatly ; approximately 2,000 heavy pieces and 10,000 
light pieces may suffloe to fully cover the cost of the dies j f fw 

Willis Beard« 



EXTRUSIONS 
Extruded rods and sections of 
non-ferrous alloys in illimitable 
variety, reducing machining costs. 

STAMPINGS 
Hot brass and bronze stampings 
of superior finish and closeness to 
size, cutting down production 
time and often almost entirely 
eliminating machining. 

CHILL CAST BARS 
Solid or cored, in Phosphor 
Bronze and Gun Metal, cast in 
machined moulds, saving material, 
tools and labour. 

NON-FERROUS 
INGOTS 
(Including Anti-friction Metals 
for bearings) cover every need 
of the brass foundry. Produced 
to guaranteed analysis. 

.,al <" 

McKECHNIE BROTHERS LTD. Metal Works: Rotton Park St., eirmingham, 16 
Copper Sulphate and Lithopone Works : WiDNES. LANCS. 

Branch Offices : LONDON. LEEDS. MANCHESTER, NEWCASTLE-ON-TYNE 

McKECHNIE BROTHERS S.A. (Pty) Ltd.. P.O. Box 3B2, Germiston. South Africs 
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BRONZE and BRASS 
BRONZESi Whilst the use of bronze occurred in the very early days of the human 

habitation of the earth, it is only with the advance of engineering in comparatively 
modem times that its employment has been so universal. One of the first to manu¬ 
facture and market corrosion-resisting bronzes of great strength for engineering purposes 
was The Delta Metal Oo., Ltd., who now for over half a century have been adding to 
their list of alloys which are sold under their registered trade mark, * Delta,* differentiated 
by numbers or descriptions, and adapted for every conceivable requirement. 

It is essential for present-day work that absolute reliance can be placed on the 
material used, and that such material possesses the necessary qualities to enable it to 
resist the onerous conditions under which it is frequently employed. Consequently, new 
and untried alloys should be regarded with considerable suspicion, as, in spite of the 
high claims that are frequently made for them, supported in many instances by copies of 
elaborate test figures obtained under laboratory conditions, some comparatively trivial 
oircumstance encountered in actual usage may actually nullify all the attractive 
properties claimed in the prospectus. It is therefore obviously far safer to employ 
time-tested alloys or those evolved by years of patient research, such as are marketed 
by the pioneers of this class of metal. The Delta Metal Co., Ltd., of Delta Works, East 
Greenwich, London, S.E. 10, and Delta Works, Dartmouth Street, Birmingham. 

With the advent of the EXTRUSION PROCESS, an invention of the late G. 
Alexander Dick, the former Oliairman and Managing Director of The Delta Metal Co., Ltd., 
quite a new class of alloys was evolved by that Company. It was early seen that it was 
now possible to produce by their process bars of a shape even to this day unobtainable 
by the old-fashioned rolling process. The result is that The Delta Metal Company not 
only holds, at the present time, the record for making the fastest turning and screwing 
rod In the world, but they, the original manufacturers, are also by far the largest extruded 
metals manufacturers in this country, and probably In the world. With their vast and 
unique experience they are able to produce rods, sections, and tubes possessing almost 
every property that can be desired, and these find their way in ever-increasing quantities 
on the market under the trade marks ‘ Delta,’ ‘ Dixtrudo,’ ‘ Dixtampo ’ and * Deltoid.* 
Not only does this Company extrude copper alloys of every conceivable composition, 
size and shape, but they also manufacture * extrusions ’ in copper, zinc and aluminium. 

The EXTRUSION Process as carried on by The Delta Metal Co.. Ltd., at their two 
principal works at East Greenwich and Dartmouth Street, Birmingham, )ia3 been 
brought to a very fine state of perfection, and sections weighing half a cwt. and more 
per foot, to small wire, are being produced in large quanUties at the two works 
indicated. 

The Delta Metal Company’s well-known * Delta * Bronze No. IV, and ‘ Delta ’ No. 2 
Silver Bronze, are also largely used in the form of Extruded Sections, etc., for archi¬ 
tectural deooraUve work. The quality and finish of these sections is unsurpassed and 
it is of interest to note that tiu-so materials wt-re selected for the bulk of the Interior 
decorative metal work on tbe Cunard Liners, Queen Mary, Queen Elizabeth, Mauretania 
and C'awwia, and are also being used in numerous other new passenger vessels recently 
liullt or in course of construction 

F. 1215 
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The following alloys can be used for hot preasings:— 

(а) Forging qnallty brass, 58-60 per cent. On, up to 2 per cent. Pb, balance Zn. 
(б) Manganese bronze, 60 per cent. Cu, 1 per cent. Al balance Zn (total impurities under 

0-76 per cent.). 
• (c) Naval brass, 61 per cent. Ou. min., 1 per cent. Sn, total impurities 0 ■ 75 per cent. max. 

balance Zn. 
(d) High conductivity copper, 99-9 per cent. pure. 
(r) Special allo^: nickel brass, aluminium brass, silicon copper, aluminiam zinc, alu* 

minium silicon. 

• DKLTA • BllANO Ali/iys. 

The metals and alloys sold by the Delta Metal Go., Ltd. (of London and Birmingham), are 
employed for a very great variety of purposes, the oompoeition varving widely according to 
the requirements and purposes for which each of these metals or alfovs is more particularly 
adapted. Some of them are based upon the introduction and chemical combination of definite 
quantities of iron and other elements in copper-eino alloys. In most of the alloys which may be 
classed under the * Brasses,* the copper content lies between 57 and 69 per cent., that of sine 
between 42 ami 3H por riuit. whil^^tKomc contnin in»n, iihosphoriis, innnguiic-.'f*, or oil.* r clement* 
up to a total of about 2 per cent. 

Delta Bronzes Nos. 1 and IV are practically incorrodible; they are not attacked by sea¬ 
water, and resist acids much better than other copper alloys. On account of their great -trength 
and resistance to corrosion, these alloys are laigely used for parts of marine engines and 
mining and hydraulic plant which require a strength not less than that of the best stwl, but at 
the same time freedom from corroaion—such as pump rods, piston rods, shafts, cranks, plungers, 
etc. 

These alloys are malleable brasses of great strength, exceeding, even in the cast state, 
the strength of mild steel. They can be cast with facility, and will prepuce perfectly sound and 
homogeneous castings. When heated to a dull red heat, they become soft and highly malleable, 
and can be readily forged, stamped, rolled, or pressed, to any extent required. These opera¬ 
tions increase the strength considerably, as will be seen by the following copies of tests. 

Description of Diameter. Area. 
Ultimate 
Strength. Elongation 

in 2 ins. 
Per cent. 

Eeduction of 
Area. 

Per cent. Metal. In. Sq.in. Tons per 
sq. in. 

Delta Bronte No,l, 

Oast . 0-500 0-1963 41-30 20-0 20-4 
Extruded bars 0-502 0-1970 49-82 26-0 24-9 1 1 No. 17. 

Oast . ; 0-611 0-293 23-89 21-0 20-1 
Extruded bar 0-600 0-1963 37-1 . 27-0 20-0 

Extrusion Process, 

The process of extruding copper and other alloys consists of the pressing or squeezing of heated 
metals through dies of any desired cross-section, by hydraulic pressure varying according to 
the section to be produced and the character of the metal operatcid upon. 

Extruded bam and other sections sucli ;is tubes have a and uuiform surface, free from 
cracks or other defects ; si/.e and shape are <»f ^aeat- accuracy, and owinir to their superior finish, 
machiuing is reduced to a minimum. 

Extrusion dies and mandrels must withstand abrasion, resist tlie influence of heat on their 
mechanical properties and dimensions and the effect of sudden changes of temperature in regard 
to cracking and distortion. Special steels have been evolved for this purpose (see p. li 85). 

EFFECTS OF OTHEB ELEISENTS ON THE PROPERTIBS OF BRASSES. 

Iron is a constituent of almost all high-tensile brasses and, as indicated, is present in certain 
Delta bronzes. It refines the structures of oast a-^ alloys and 1 - 0 per cent, of iron results in an 
increase of between 2 and 3 tons per sq. in. in the tensile strength without, however, any serious 
influence on the ductility. More than 2 per cent, of iron is definitely harmful, parttoularly 
in regard to machining properties. 

Lead^ as in the ductile a-brasses, is often introduced into ‘ 60/40 * brasses in order to facilitate 
machining. Up to 0*4 per cent, does not appear to exert much influence on their meohanloal 
properties, but higher proportions are definitely harmful, apart from easier machining. 
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Ahuninivm Is often added in small amonnts to molten bra«. Higher proportions improve 
the coxroslon-resistanoe of both a (70/30) and a-3 (60-40) brasses, although it Is nsnally added to 
alloys of the latter type to inorease their tensile rtrengtbs. The influenoe of aluminium on the 
meidianioal properties of brass is indioated in the following tables:— 

VT.T.S. or 
Oomposition. ' '.r'onsile Strengtii 

i Tons/sq. In. 

Blongatlon. | Proof Stress. 
Per oent. { Tons/sq. in. 

<3a. Zn. ' Al. 
i 

; Bztruded. 
j 

Hard- 
i drawn. Bztruded. Hard- 

drawn. ^ Bztruded. Hard- 
drawn. 

76 33 
i 

! 33 40 i 70 10 • 38 

BiTBcrr or ^xuifiNinM ovi Ohill Oast brassss. 

Uopper. 

Composition 

Zinc. Aluminium. 

Yield 
Point. 

Tons per 
sq. in. 

U.T.S. 
Tons per 

sq. in. 

1 
! Blonga- 
1 tloh. 
i Per cent. 
! on 3 in. 

Bedno- 
tlon of 
Area. 
Per 

Brinell 
Hard¬ 
ness. 

Per cent. Per cent. Per cent. oent. 

68*96 41-04 ' Nil 8-8 24-9 46-0 1 49-7 90 
69*48 39-62 1*00 14-8 33-0 80-0 1 33-6 114 
68*36 40-11 1-64 16-4 36-3 17-0 1 18-6 139 
68*26 38*66 3-18 16*0 36-4 16-0 1 31*6 138 
69*86 .37*13 3*02 , 23-3 43-0 18-6 

i 
j 31*6 139 

(SmaO^.) 

Bven in the presence of lead, aluminium improves the properties of 60/40 brass as shown by 
the following data (or an alloy of oast brass containing 38 per cent, of sine, 3 per cent, of aluminium, 
and 3 per cent, of lead. 

Yield point . . .... 18 tons per sq. in. 
Toiisilnj-trengtl* . . . . . 34 „ „ 
Elongation.13 per oent. 

Aiuminiuin brass (or condenser tubes contains 3 per oent. of aluminium, 33 to 38 per oent. 
of zino. 

Tin Is often added to brasses of the 60/40 type. It greatly improves the oorroslon-resistanoe, 
notably against sea-water corrosion. Up to 1 per cent, of tin has little influence on the ductility 
but raises the tensile strength by about 3 to 3 tons per sq. in. Above 1 per cent, the ductility 
rapidly falls away although the effect is less marked the higher the copper content. 

The well-known Jfavai bran has the following composition and properties 

Oa. ! Total 
■ Impurities. 

! i 

i Zn. 

Minimum Tensile Strength 
(Tn8./Bq. in.) 

Up to I in. Bar. Over { in. Bar. 

Min. 
Elongation. 

Per cent. 

61 mlo. 
1 

1*0 min.. 0-76 maz. Bemainder 
1 

36 33 30 

Naval braes is used for bolts, nuts, etc., for the under-water fittings of ships. 

Manganese is invariably prc*scnt in high-tensile brasses, e.g. in the so-called ‘ maugunose I ironze ’ 
(thi.i is really a brass). It incTeases the y*nsile strength without stiriously affecting the ductility 
if less than 1 per cent, is added. By virtue of its powerful det)xi<ii8ing properties manganese 
leads to the protluction of sounder coatings, even when only smoll omounts are fidded. In the 
cast state manganese * bronze ’ has a b*nailc strength of between 28 and .l.t tons/sq. in., and an 
elongation of about .30 to 33 per cent. 

Niclcel in small proportions has little effect on the tensile properties of brass, and higher 
proportions are usually precluded on account of additional cost. When added with aluminium 
and/or silicon, nickel brasses may be heat-treated and temper-hardened (precipltation-hardcnod). 



SeC. XXIll(l) NICKEL ALLOYS 1217 

Thus one proprietary alloy contains 72 per cent, of copper, 6 per cent, of nickel, 1*5 per cent, of 
aluminium and 20 • 6 per cent, of zinc, and yields the following properties :— 

Treatment Proof Strets 
(Tns./sq. in.) 

1 U.T.S. or 
|Tejisile Strength 

(Tns./sq. in.) 

Elongation. 
Per Oent. 

Softened by quenching from 860* 0. 5*0 23*0 60 
Quenched and reheated to 500* 0. 22*0 86*0 ! SO 
Gold-worked and then quenched and tempered 46*0 48 0 1 11 

The addition of zino to oopper lowers lie oondactlvlty and increases the expansibility, 
coefflolents of thermal expansion per * 0. (range 25-100* 0.) are as follows:— 

H.O. copper 
80/20 gilding metal 
65/86 brass 
60/40 brass 

0 -000017 (17 X 10-«) 
0-000018 (18 X 10-«) 
0 -000019 (19 X lO-*) 
0-000020(20 X 10-») 

Average 

All aluniiniuni-nickel-siliccn alloy, known as Tn/njmti, is covered by the Air Ministrj- Sjiecitica- 
(ion J).T.D. 2Hr5; coppi.r 81-8(5 per cent., alnininiuni <»• 7 1 - 2 ix r cent,, nickel 0-8-1 -1 j'cr cent,, 
silicon 0-8-1 •.*{ per cent,, impurities not more tlian 0-5 per cent,, '/ine tiic remainder. 

This alloy may be cold-worked and heat-treated. It offers marked resistance to corrosion 
and possesses useful tensile propertlee. 

Iron-Nickel Alloys. 

'i’hese alloys j-enorally eontain 25 .‘55 per cent, nickel. They arc an.'^tenitic, and not subject 
lo heat-treatment. 'I'liey are tough an<l strong, wliilo some h.w^- a low thermal o.Npansivity and 
are very resistant to corrosion in air, fn-sli and sea water. They may bo forpod t»r rolled, but not 
so rearlily as ordinary steel. 

Average tensile properties in the normal condition (not heat-treated):— 
25-28 per cent. 30-85 per cent. 35-38 per cent. 

Nickel. Nickel. Nickel. 
Tensile strength, tons per sq. in. . . 38-41 38-42 45-51 
Yield point, tons per sq. in. 15*5-22 18-22 28-35 
Elongation on 2 in. per cent. 30-35 30-40 25-35 
Reduction of area, per cent. 50-60 40-60 50 

Alloys containing about 25 per cent, nickel are used for electrical resistance wire in the con¬ 
struction of rheostats and electrical heaters. Within the range of composition from 20-80 per 
cent, nickel, the lerro-niokel alloys may be readily obtained Lu a non-magnetic condition by 
cooling at normal rates from rolling or forging temperatures. 

Permalloy,—A nickel-lron alloy, nickel 78*5 per cent., iron 21*6 per cent., with impurities 
as low as possible. Heat-treatment. Heat to 200* 0. for 1 hour, cool slowly, i^cat to 600* 0., 
cool at a definite rate in air. This alloy possesses high magnetic properties, the maximum 
permeability is largely in excess of the highest values found for silicon steels. The presence of 
impurities affects the permeability and carbon is especially harmful, but the effect of changes 
in the heat-treatment are much greater than those due to small quantities of impurities. 

Typical composition of Permalloy : nickel, 78*23 ; iron, 21*35 ; carbon, 0*04 ; silicon, 0*03 ; 
manganese, 0*22; sulphur, 0*035; phosphorus, trace; cobalt, 0*37; copper, 0*10. 

fiH values for Permalloy : 50 per oent. nickel alloy, 4 per cent, silicon-iron alloy, and purs iron. 

Pure Iron. 

2,400 
3,600 

10,000 
26.500 
21.500 
16.500 
14,000 

Magnetising Focoe 
H. 

Gilberts per sq. em. 
Permalloy. 

0*05 74,000 
0*1 50,000 
0*2 30,000 
0-4 18,000 
0*6 13,000 
0*8 10,000 
10 8,000 

! 

Permeability 
D 

60 % Nl. 4 % 8I-Pe. 

69,000 6,000 
60,000 7,000 
39,000 13,000 
23,000 15,600 
16,500 14,500 
13,000 11,000 
10,000 10,000 
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Mumetal.—A. nickel-iron alloy containing copper and manganese. Its initial permeability is 
somewhat less than that of Uie binary alloy, bat has a higher eleotrloal resistiyity which is o( 
ralae in ^ping down eddy-current losses. 

The adyantage of the nickel-iron alloys are pronounced in yery low magnetic fields and are 
particularly well marked in respect of * initial permeability *—i.e. the permeability in fields whose 
strength approaches zero. Ternary nickel iron alloys containing such elements as aluminium, 
nadminip, ohiomlum, cobalt, copper, magnesium, molybdenum, tantalum, titanium, tungsten, 
yanadium, eto., haye been deyeloped to meet special requirements. 

In general, the alloys must be made from as pure metals as possible, the presence in the alloy 
of certain impurities, such as sulphur and carbon, being yery detrimental. Heat-treatment is 
of great importance, also care most be taken to protect metal from stress or work after treatment. 
An alloy with 81 per cent, nickel is less sensitiye in this direction, and the addition of 
molybdenum also helps. 

Permax.—^Nickel-iron alloy containing added elements. It does not possess the high per¬ 
meability of some of the other alloys, but is remarkably constant in certain of its magnetic 
properties—e.g, under fields varying from 200 gauss to 1 gauss, the coercive force changes only 
from 0*48 to 0*46. 

Invar.—See p. 1183. 

EHnvar,—An alloy of 36 per cent, nickel and about 12 per cent, chromium (or its equivalent 
where small quantities of manganese, tungsten, or carbon are used In conjunction with the 
chromium additions). 

At ordinary temperatures has a practically invariable elastic modulus coupled with a very low 
thermal expansivity. 

Newer alloys of this type have been developed by Ohevenard, Huguenin, Wach6 and Villachon. 
One such alloy has the composition : nickel 40 per cent., aluminium 2 per cent., titanium 2 per 
oent. It is quenched before drawing, after which it is reheated to 600-660^ 0., and then has an 
elastic limit of about 87 tons per sq. in. * 

DUver.—Forty per cent, nickel, has a coefficient of thermal expansion approximately that of 
ordinary glass. 

Pkuinite.—Forty-six per oent. nickel, has a coefficient thermal expansion equal to that of 
platinum. 

A.M.F. Alloy.—Fifty-seven per cent, nickel, has the same thermal expansion as steel but 
more stable and less liable to corrosion. 

Nickel Silver. 

The most harmful imparities are lead (except in rods or castings intended for machining, in 
which case lead up to 3 per cent, is purposely added to improve the machining quality of the alloy), 
sulphur and carbon, and precautions should be taken that these elements are kept within very 
narrow limits. Tin, iron, and unreduced oxides may also be present as impurities. 

Melting operations are carried out usually in coke-fircd pit type crucible furnaces. Electric 
furnaces are also used, and the metal is cast into iron moulds in forms suitable for rolling sheets 
or rods. The rolling and drawing of nickel silver is carried out at nonn^ temperatures, since 
none of the ordinary commercial alloys are capable of being hot-worked. 

Annealing temperature: Nickel, less than 14 per cent., 600-650** 0. 
Nickel, 16 percent, and upwards, 700-750®0. 

Average mechanical properties (nickel 18 per cent, and up) cold-worked (roiled or drawn) 
and fully annealed. Yield stress, 1.5 tons per sq. in. TJltimate tensile stress, 26-30 tons per sq. in. 
Elongation on 2 ins., 35-40 per cent, iteduction of area, 45-.50 per cent. With nickel less than 
18 per cent. Yield stress, 12-14 tons per sq. in. Ultimate tensile stress, 23-26 tons per sq. in. 
Elongation on 2 ins., 60-55 per oent. lied action of area, 50-55 per cent. 

The mechanical properties of nickel silver are not as important as other physical properties 
—I,s. whiteness of colour and brilliance of polished surface, resistance to corrosion. 

The alloy possessing the finest silvery whiteness is that produced from a specification of 
approximately equivalent weights of nickel, copper and zinc. This composition Is only suitable 
for castings. It is not so important commercially as the alloy coming next to It known as B.B. 
and containing 30 per cent, nickel. In general, the colour varies directly with the nickel content 
those alloys of highest nickel giving the whitest colour and most lustrous polish. ’ 

Besults of research show that the tendency of commercial nickel silver to * burn ’ is increased 
(a) by increasing the nickel content, (6) as the ratio of the zinc to the copper is Increased, and 
(e) with the amount of impurities present. 

The following alloy Is stated to possess the best all-round properties 

Copper, 46 per cent.; Nickel, 34 per cent.; Zinc, 90 per cent. 
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Niokel-Chromium Alloys. 
These alloys have a composition which varies considerably according to the purpose for which 

they are required, but in those of commercial utility the nickel content lies within the limits of 
60 per cent, and 80 per cent., and the chromium content between 12 per cent, and 22 per cent. 
Thp balance consists mainly of Iron, with small percentages of manganese, silicon, aluminium, 
magnesium, and titanium, other elements being pn^icnt only as traces of impurity. 

A typical alloy has the approximate composition of nickel 66 per cent., chromium 20 per cent., 
iron 10 per cent., the balance consisting of the above-mentioned minor components. 

Physical Properties. 
Tensile strength in cast state . . . 25 to 30 tons per sq. in. 
Melting-point. 1300*10 1360*0. 
Density.*29 lbs. per cu. in. 
Specifloheat.*11 

These alloys have two outstanding properties which have great commercial value, namely : 
.strength is well rnaintained at high temperatures, and they are chemically inactive under a wide 
range of conditions even at high temperatures. 'I’hus they resist the attack of furnace erases to a 
marked degree, and unless sulphur is present in unusually large quantities, their life ai. tempera¬ 
tures up to 1200'' C. is considerable. 

The actual life of articles made of this alloy is greatly dependent upon conilitions, but a period 
approaching 10,000 hours at such temperatures is by no means unusual. 

The above properties make the alloys eminently suitable for the manufacture of such articles 
as pyrometer deaths, oase-hsu’dening boxes, furnace parts, retorts, muffles, in which rOles they 
have been of great assistanoe to engineers in overcoming difflculties due to the severe conditions 
of temperature and corrosion which modern works practice produces. 

These alloys when drawn into wire or rolled in strip form, are extremely valuable for such 
electrical purposes as windings for electric furnaces and stoves. 

The alloys are frequently of service to chemical engineers for use with corrosive fluids at 
normal temperatures, and have found application in the manufacture of such articles as acid 
pumps and valves subject to attack by acids and acid vapours. 

Inconel contains 80 per cent, nickel, 14 per cent, chromium and 6 per cent, of iron and is both 
heat- and oorrosiou-resisting. Its tensile strength when annealed is between 35 and 4U tons per 
sq. in., but may be drawn into wire of 75-80 tons strength. Its coefficient of expansion is 
0 0000116 per * 0. (range 40-100* 0.). 

Heat- and Acid-Besistin^ AlloyB. 
'J'he following taldc givc.s the comi»oHitions of some typical commercial alloys :— 

Alloy No. 1 c. ; Mn. i SI. Cr, Ni. Oo. Al. Ou. W. Mo. Fe. 

1 ! 0-94 i 11 1 1*9 21-0 68-0 7-0 
2 i 0-27 i 0 06 ' 3-92 ! 29-1 62-4 — — — — — 4-9 
3 ! 1 0 09 1 0 02 1 i 0-46 i 15-6 81-2 1'66 0-42 — — — 0-8 
4 : 0-50 0-79 0-80 ; 13-68 57-6 — — — — — 27-3 
5 1 — i 0-98 ! 1-04 ' 21-97 60-7 — 1-09 6-42 2-13 4-7 0-76 
6 1 1-13 i i 2-2 i 0-63 15-5 64-9 — — — — — 15-8 
7 i 1-37 i 1-90 0-49 8-5 40-0 — — 6-5 — — 42-0 
8 0-60 1-88 |i.ir 13-2 59-9 — 23-2 

(Kayser.) 
Alloy No. 1 has the most geoerai^useful composition. Silicon rather higher than necessaiy. 

Narrow freezing range; solidification complete about 1325* 0. 
No. 3 alloy is suitable for the manufacture of wire, but Is expensive. The cobalt probably due 

to Imparity in the nickel. Melting range, 1230-1390* 0. 
No. 4 alloy is rather poor, suitable for reeistance wire. 
No. 5 alloy, generally known as Parr’s Alloy, developed specially for the manufacture of Mahlei 

bombs. 
No. 6 allov is an average alloy. The carbon is high, showing that a low-grade ferro-ohrome 

was used, and the manganese is also unneoeesarily high. 
No. 7 is a poor tvpe of alloy. Iron too high and nickel very low. The copper should not 

be added to an alloy intended for general purpose; it is useless in a heat-resisting alloy. 
Maximnm tensile strength of alloy Mo. 1 In oast state, 26-SO tons per sq. in.; alloy Mo 4 in 

rolled sheets; yield stress, 28 tons per sq. in.; ultimate strength, 50 tons per sq. In. Wongation 
8 per cent. Bmaotlon of area, 12 per cent. 
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Fractloallj all the alloys are capable of being softened and rendered more ductile by heat- 
treatment, and in that respect behave as many nou-fen*oiis alloys—1.<?. they become more ductile 
when quenched. 

The corrosion resisting properties vary according to composition, but if the silicon alone 
doei not exceed 9 per cent., and the combined carbon, silicon, and manganese 4 per cent., the 
properties of these alloys are very similar. Nickol-ehrominm alloys offer a perfect realstanoe to 
the oorrosiye action of the atmosphere in the preeenoe of either hard or soft water, or sea-water. 
In the case of stainless steel It is necessary that It be correctly heat-treated and free from surface 
scale or pit marks. 

No heat-treatment Is necessary for nlokel-chromlnm alloys. (Eayser.) 

Nickel-Barium allots. 

Alloys of nickel containing up to 0*3 per cent, barium are used for sparking plugs. The 
addition of barium to nickel inoreases Its resistance to the action of hot oorroslve gases, at the 
same time improTlng its hardness and temdle strength. The Increased thermionic eleotron emis¬ 
sion of the bariom nickel Is an added advantage for sparking plim, and this property can he 
mprored farther by the addition o^ 9 to 4 per c.ent. cbromlnm, or 1*6 to 9 per cent, manganese. 

*ADNI0* WniTB NlCAiCL ALLOT. 

Hits alloy la used for diaphragms for therraostatlo stenm traps and similar dericos. The 
normal composition Is: oopper 70, ulckel 39, tin 1. It resists oorroslon, has good strong at 
elerated temperatares and Is not susceptible to season cracking. It withstands the action of 
alkallw, hot gases, salt solutions, dilute organic and Inorganic acids. 

BLEOTRIO RESISTAMOE-HEATINa ALLOTS. 

’ *Nfckd-chromlum and nfckel-chromlum-iron alloys (NJehrome, Brlgbtray, etc ) are commonly 
.. ep:y>Ioj«d for this purpose. The best types contain atwnt 80 per cent, of nickel and 90 per cent. 
oLchromlq^, but the ternary alloys are cheaper. The more Important physical properties of such 
illdys are as follows 

Oompoaltion. 

Specific Beslst- 
snee. 

(Microhms per 
era.*) 

Resistivity 
(Joefficlont 

per ® 0. 

■ 
OoefiBolent of 

Linear Bx- 
pansloo. 

Maximum 
Tempera tuie 

for which 
suitable.* 

Ni. Cr. Pe. 
80 20 — 106-110 0*000098 0*000016 1160* 0. 
86 16 — 90-96 0-000264 0-000016 1000* 0. 
65 10 26 96-106 0*000210 0-000012 826* 0. 

Newer alloys developed for this purpose are' Xanthal ’ and * Smith Alloy No. 10.' Kanthal 
contains about 26 per cent, of chromium, 6 per cent, of aluminium, 3 per cent, of cobalt, and the 
remainder of Iron. Its resistivity Is about 30 per cent, greater than that of niohrome, and may 
be used for temperatures as high as 1260*' 0. Smith No. 10 Alloy contains approximately 
37*5 per cent, chromium, 7*6 aluminium, and iron the remainder. Its reidstlvity Is more than 
80 per cent, greater than nlcbrome and It may be used for temperatures up to 1350* 0.: on this 
aooonnt the alloy la being used as the heating element In high-speed sted hardening fumaoea. 
Allo^ of this type should uot he heated in contact with silloeous refractories* hut should he wound 
on alundom. 

Flatinite. 
^tlnite is an alloy of Iron, nickel, and carbon, which Is used extensively for scientific instru¬ 

ments for standard measurements of length because of Its peculiar quality of being practically 
non-expanslve when heated to high temperatures. It is also used in Incandescent eieotrio lamps 
where the wire conneotiona fused into the glass must have so small a coeflQoient of expansion 
as not to cause fracture In the glass. This mloy contains about 46 per cent, of nickel and 64 per 
cent, of iron, with a very small percentage (0*16 per oent.> of carbon. 

Monel Metal.t 
This Is a natural nickel alloy, and which, after refining, has an average composition of nickel 

67 per cent., copper 28 per cent., iron 3 per cent., manganese 2 per cent.; a small percentage of 
carbon may also be present. In appearance it Is very similar to pure nickel and takes the same 
Ugh finish, but has a slightly softer and somewhat more silvery lustre. It is as strong, tough, 
and ductile as steel, and under corroding infiucnces far superior to copper, gun-metal, and bronze, 
It machines readily, and can be rolled, drawn, cast, forged, soldered, brazed, and welded. 

• The maximum temperature depends on the section of the wire or tape, so that the above 
volnes ore approximate only. Thicker wires withstand high temperatares better than thin wires 
bat the latter are bent and twisted more easily. 

t Registered Trade Mark {Henry Wiggin & Co.^ Ltd.), 



MONEL METAL 1221 

1J. T. i?. or 
Tensile Strength 

Tns./sq. in. 

Yield Point. 
Tn8./sq. in. 

Elongation 
per cent, 

on 4 y/axen. 

Brineil 
No. 

Hot-rolled metal 34-38 16-18 38 • 120-140 
Gold-drawn bars 
Gold-drawn and an¬ 

40-46 36-40 18-20 190-210 

nealed . 30-36 I 14-17 36 110-120 
Gold-rolled strip. 46-60 40-45 16 — 

G.B. strip annealed . . 
Gold-drawn wire for ; 

29-30 14-16 30 — 

springs . . { 66-60 60-65 6-10 — 

Ditto, and annealed . | 29-33 14-16 36 — 

Gastings (as oast) . ; 19 23 12-16 12 110-130 

Monel metal resists sea-water, alkaltAfl^ and some dilute acids, but is not suitable where nltrlo 
acid is present. One of the most valuable properties is its tensile strength at elevated.tempera- 
tures. For example, at a temperature of 400^ C., a forged rod has a tensile stre^aj||||||j||er 
36 tons (see page 1186). 

Average Physical Properties. 
Melting point, 1,360® 0. (2,460® F.). 
Pouring temperature of castings, 1,600* C. 
Forging temperature, 1,040-1,100® 0. 
Annealing temperature, 700-900® 0. 
Specific gravity, 8 • 82. 
Weight per cub. In. = 0 *323 lb. 
Shrinkc^e allowance for castings, J in. per foot. , - 
Ooefflclent of expansion, 0*000014 per ® 0. (26-100® C.); 0*000016 per 

(26-300® 0.). ■ ^ 
Electrical resistivity, 48 microhms per cm.* ' 
Electrical conductivity, 3*4-6 per cent, of copper. 
Heat conductivity, ^ that of commercial copper. 
Elastic modulus, in tension, 26-26 x 10* lbs. per sq. in. 

in torsion, 8-9 x 10* lbs. per sq, in. 
Monel rnctal in the rolled condition is magnetic at ordinary temperatures, but becomes non¬ 

magnetic when heated from 100-160® 0. The magnetic change is reversible, the metal becoming 
magnetic on cooling. Hysteresis tests show that under a magnetising force (H) of 100 C.G.S. 
units the number of lines per cm.* (B) Is 2,460. The reraanence Is found to be 990, and the 
coercive force 1*1. 

Casting.—Melting practice, also gates and risers similar to that used for steel. The care 
required for moulding and ramming more nearly resembles that for non-ferrous metals. Cores 
must bo collapsible to allow free shrinkage of the metal. 

Metal can be melted in graphite crucibles, using (o) oil-fired pit furnaces; (6) oil-fired clay 
brick-lined reverberatory furnaces; or (c) in clay brick-lined or basic-lined electric arc furnaces. 
All ladles and crucibles used for transferring the metal should be preheated to conserve the heat 
in the metal. 

Forging.—Practiee similar to that for steel. The metal is harder under the hammer than mild 
steel and approaches closer to the nickel steels in behaviour. Oxide scale formed is strongly 
cidherent and will not free itself even under hammer blows with steam and salt. Metal becomes 
hot-short just above maximum forging temperature. 

Annealing should be carried out in a reducing atmosphere. General practice is to anneal in a 
cast-iron box covered with Hue charcoal and a cover sealed with fireclay. 

SnjooN MONEL Metal. 
Prepared by the addition of approximately 2*76 per cent, of silicon to remelted monel metal. 

Oentrifugal castings made from this idloy are sound and free from defects. 
The following properties may be expected from sand castings:— 

Silicon. 1 2*76 per cent. ; 3*76 per cent. 

Tensile strength, tons per sq. in.. 38 46 
Yield point, tons per sq. in. 23 40 
Blongatlon on 2 ins. 16 per cent. j 6 per cent. 
Brinell number 210 \ 270 
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standard Monel metal cannot be hardened by thermal treatment. Its mechanical properties 
can, howeyer, be considerably enhanced by cold working, and for certain pnrposes it is definitely 
adrantageons to employ it in a hard rolled or hard drawn condition. 

*E ' MONEL METAL. 

Heat~treatable alloys have been developed by the addition of between 3 and 5 per cent, of 
alnmJniam to Monel metal. An alloy of this type, made by H. Wlggln Oo., Ltd., is described 
as * K * Monel metal ahd has the following properties:— 

Density. 
Weight, lb. per cubic in. 
Meeting point. 
Specific Heat (20-400®) .... 
Ooefflcient of Expansion— 

26-100® 0. 0 • 000014 per 1® 0. 
26-300® 0. 0-000016 „ „ 
26-600*0. 0-000016 „ „ 

Magnetic transformation.—Below minus 79® 0. 

8-68 
0-81 
1816/1346® 0. 
0-127 

Elastic modulus— 
in tension . . 26,000,000 lbs. per sq. in. 
in torsion . • 9,600,000 ,, ,, 

Mechanical peopkhties at Oedinart Temperatures. 

Ultimate ! Yield Elongation! 
! 

FMb. i Condition. Strength. Point. Percent. ! 
Tons/sq. in. 'Tons/sq.in. on 2 in. ; 

Hot-rolled and softened 39 19 36 100 i 140 
Hot-rolled, softened and thermally 
hardened. 60 48 30 70 270 

Cold-worked and thermally hardened ’ 72 60 i : 60 1 320 

Mechanical properties at Elevated Temperatures. 

Tempera II.T. S, or ' 
Yield Point. 
Tons/sq. in. 

Proportion- Elongation. Beduction 
ture. Tensile Strength ality Limit. Per cent, on in Area. 
®0. Tons/sq. in. Tons/sq. in. 2 in. Per cent. 

26 1 73-6 66-8 46-9 21-0 38-9 
95 72-8 66-4 46-4 21-0 1 37-0 

206 69-6 62-7 44-6 20-0 36-0 
316 66-9 48-6 37-6 19-5 32-8 
426 66-8 47-3 36-3 18-6 29-8 
640 66-6 46-9 31-6 9-6 9-8 

To soften * K * Monel metal it is heated to about 800® 0., soaked, and then quenched In water 
or oil. To harden it is then reheated to 580®-690®0. from 4-8 hours and then slowly cooled. 
The alloy is hot-rolled or hot-forged at temperatures between 960® and 1160® 0. It must bo 
softened before cold-working. 

When heat-treated * K' Monel metal has a fatigue limit of more than dr 17-6 tons per 
sq. In. (10» reversals) and Its creep-strength at elevated temperatures is relatively high. 

iNCONKJi. 

This alloy, also developed by H. Wiggin & Co., Ltd., is a useful corrosion- and heat-resisting 
alloy, and can be mechanically worked, either hot or cold. Its approximate composition is: 
nickel 80 per centj chromium 14 per cent.; iron 6 per cent. 

Forgings will yield the following mechanical properties: proof stress (0-6 per cent.), 16-22 
tons per sq. In.; ultimate tensile stress 38-46 tons per sq. in.; elongation percent. (2 ins.), 40-26 ; 
redaction of area 70-60 per cent.; Brinell hardness number (3,000 Egm.load), 126-180. In 
forgl^, the r^e 660®-876® 0. must be avoided. Best forging range is between 1,000® and 
1,260® 0., but light work at temperatures between 660® and 400® C. results in improved strengtl. 
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Annealing Is carried out at 980° 0. In ibis condition bas tbe following properties: yield 
stress 16-20 tons per sq. in.; ultimate tensile strength 36-40 tons per sq. in.; elongation per cent. 
66-36. 

In tbe hard'drawn or cold-drawn condition will give 40-60 tons per sq. in., with 30-20 per 
cent, elongation. 

Tbe alloy is much more resistant to attack by sulphurous gases than pure nickel. 

COPPER AND TIN ALLOTS. (See page 1260.) 

Gun-metal. 
The alloys of copper and tin containing upwards of 86 per cent, of copper are possessed of 

high tenacity and elasticity. Those containing from 89 to 91 per cent, of copper are tbe most 
important and are known as * gun-metals.' 

The addition of tin to these bronzes results in an increase In the hardness of tbe resulting 
alloy. Gun-metal is rarely manufactured from specially selected metals and frequently contains 
lead, zinc, etc. The Admiralty specification for gun-mctal is as follows;— 

Copper.88 per cent. 
Tin.10 „ 
Zinc.2 „ 

Average mechanical properties being;— 
U.T.S. or Tonnilc Strcimfli . . . 17 tons per sq. In. 
Elongation . . ... 20 per cent, on 2 ins. 
Brindl number . . . . .65. 

Bell-metal. 
The alloys of copper and tin containing from 76 to 86 per cent, of copper are used in the 

manufacture of bells; iron, zino and lead are frequently added to the alloys either for cheapness 
or variety of tone. 

Ductile Bronzes. 
Copper-tin alloys containing upwards of 93 per cent, of copper consist of a single solid solution 

and, after annealing, may be cold-worked In the same way as tbe a brasses. To ensure soundness 
and freedom from tin oxide these bronzes are almost always deoxidised by small proportions 
of phosphorus added as phosphor-copper. Phosphorus-deoxidised bronzes are made into rods, 
bars, sheet and strip and are used for coinage. In the hard-rolled and bard-drawn condition 
they have found considerable engineering application. A bronze of this type, after annealing 
and cold-working, may have a tensile strength of 26-10 tons per sq. in. 

Effect of Certain Elements on Bronze. 

ZINC, LEAD AND PHOSPHORUS. 

Gun-metal, Bearing Metal, e:c. 
The alloys of copper, tin and zinc are rarely, if ever, free from elements such as lead, iron, 

etc. These alloys may be divided into two classes:— 
(I) AUovs containing from 7 to 12 per cent, of tin, up to 6 per cent, of zinc, and up to 2*6 

per cent, of lead. These alloys, among which may be not^ gun-metal to tbe Admiralty specifica¬ 
tion, are used in the manufacture of castings, such as cocks, stufiing-boxea and pump barrels, 
and for bearings which are subject to but little friction. 

(II) Alloys containing from 12 to 20 per cent, of tin, up to 6 per cent., though rarely more than 
2*6 per cent., of zino and up to 6 per cent, of lead. These alloys are used in the manufacture 
of heavy bearings, e.Q, railway wagon and looomotive axle boxes. Tbe majority of alloys of this 
class contain from 14 to 16 per cent, of tin and from 1 * 6 to 2 * 6 per cent, of zinc. 

Zinc combines with the oxides and free oxvgen of tbe bronzes, producing greater fluidity 
in the molten state, and hence freedom from ’ pinholes' in the solid state. Bearings rich in 
zino have a poor wear value and induce a tendency to seizing and should only be used with low 
speeds. 

Copper-lead alloys (known as ' lead-brouzos ') ouiitainiug 2D Do pt'r ei'Ut. lead are used for high- 
duty bearings. These are not alloys in the true sense but are really mixtures of copper and lead, 
and the chief manufacturing diliiculty lies in preventing segregation of thu lead. This is over¬ 
come by centrifugally casting, but where this is not possible, small additions of tin, sino or nickel 
are added to inhibit segregation. The addition of 1-2 per cent, of nickel also slightly increases 
the strength and toughness. One specification for an alloy containing 30 per cent, lead includes 
0*4-0 *7 per cent, of silver. 

Although the Brinell hardness of lead-bronze is low( about 30) it permits of about 20 per cent, 
higher loading than white-metal bearing alloys, but to avoid spreading under load onlv a thin 
layer (0*06-0*02 in.) is generally employed. The thermal conductivity of lead-bronze is about 
huf that of high-conduotivity copper, as against 10 to 20 per cent, of that of copper for other 
bearing bronses. 
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Nominal Feioentage Oompoal* j ATenge Mechanical 
tion by Weight. ! Properties. 

I ! TAtiaiu i 
* 1 Phrta Brinell 

p<S-, T.„. I^d Zinc P« ; HaM 

nnain. 

Description and 
Applications. 

III! 

86 1 16 

i 

(0.1) 14 i 3 100 

88 10 
i min. 

- 

1 

j ^ 
(0*6 
min.) 

18 4 100 

88 > 10 — ; 2 — 17 j 20 66 

i 

80 : 10 10 : - (0*06) 16 16 66 

77 ! 8 16 : - (0 06) 14 16 60 

85: 5 6 5 IS 16 66 

74 ! 1*3 26 
i max. 

able for heavy compres¬ 
sive loads. Employed for 
locomotive slide valves, 
bearings for turntables, 
etc. 

Phosphor • brontet suitable 3B8 
for heavy loading, and 
verv widely emploved. 

Admiralty Oun-^tneUu^ A 583 
bronze for general casting 
purposes, especially to re¬ 
sist marine corrosion. 
Suitable for bearings when 
lubrication is good. 

Possesses good anti-friction 
properties combined with 
plasticity. May be applied 
where lubrication is doubt¬ 
ful. 

Suitable for use where 
lubrication or alignment 
is still less satitfactory 
than for the above. 

An alloy suitable for 
general castings, such as 

I hydraulic fitting^ not re- ' 
' qulring high strength. 

Only occasionally used for 
: bearings but suitable for ; 
' bearing shells. 
This alloy has high thermal D.T.D. 
conductivity and is cap- I 328 
able of carrying higher 
loads at high spe^ than , 
' white metals * and is 
therefore used for hlgh- 

i duty aeroplane and other 
; engine crankshaft bear- 
I Ings, etc. Special tech- 
' nique in casting is re- : 
' quired. | 

{Coppor DevOopment AttociationJ) 

• Phosphoras content varies widely and values given are typical only. 

Bronses of the above types are used for bearing shells which carry thin linings of ' white- 
metal' bearing alloys. Castings for bearings should never be annealed. 
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PboBpbonu acta as a deoxidiser and la added in small quantities for tbe purpose of deoxidation 
to copper. Not more than 0 • 16 per cent, is allowable. 

The term * pbospbor bronze' is applied to tbe alloys grouped below. 
(i) Bronzes to wbicb pbospborus bas been added as a deoxidiser and containing either no 

pbospborus or merely traces of tbe element. These are better described as phospfwrut 
deoxidised bronzes, 

*(li) Bronzes containing less than 9 per cent, of tin and up to 0*26 per cent, of phosphorus. 
These alloys are forgeable and are relatively non-corrodible. They are employed for rolling and 
drawing into wire and rod, and in the manufacture of general castings; in tbe latter case lead 
is occasionally added in quantities up to 6 per cent. The forgeable alloys of this group generally 
contain less then 6 per cent, of tin. 

(ill) Bronzes containing from 8 to 14 per cent, and from 0*6 to 1 *0 per cent, of phosphorus. 
These allovs are employed for casting purposes in tbe manufacture of machine parts likely to 
be exposed to great friction. Lead up to 6 per cent, is added in certain cases. 

Phosphorus is added to these alloys in the form of phosphor copper or pbospbor tin. 

Silicon Bronze. 
Typical analysis: copper 94 per cent., silicon 4 per cent., zinc 9 per cent. 

Physical properties:— 
Tensile strength (Oast alloj’s) 
Yield point. 
Blongation. 
Modulus of elasticity .... 
CoeiBcient of expansion between 15-400* U. 
BrineU No. 
Specific gravity. 
Melting point. 

16 to 22 tons per sq. in. 
7 to 10 tons per sq. in. 
10 to 25 per cent. 
1*8 X 10* lbs. per sq. in. 
1*8 X 10* lbs. per sq. in. 
100 to 120. 
8*4. 
950* 0. (approx.). 

Shrinkage approxiuuvteiy midway between that i)f gun-inf tal and manganese bronze. 

Mslting Points of Commercial Bronzes. 

(OUleU dt JforKm.) 

Copper. Tin. Lead. Zinc. Copper. Tin. Lead. Zinc. No. of Melting 
(08 desired). (by analysis). Tests. Point. 

Gun-metal . 88 10 — 2 — — — — 4 995* 0. 
Leaded gun-metal 85*5 9*5 S 2 85*4 9*7 SO 1*9 6 980* 0. 
Leaded bronze 80 10 10 _ _ — — — S 945* 0. 
Bronze with zinc . 85 10 — 5 84*6 19*4 — 5*0 4 980* 0. 

OOPPBB AND ALUMINIUM ALLOYS. 

Aluminium Bronze. 
The alloys known as the ' aluminium bronzes * are solid solutions of copper and aluminium 

containing not less than 88 per cent, of copper. Of these alloys that containing 10 per cent, of 
aluminium is the strongest, though the alloys containing less thim this percentage are of industrial 
importance. These * bronzes' are of use, firstly, on account of their valuable mechanical 
properties and, secondly, on account of their resistance to corrosion. They are malleable both 
when hot and when cold; the alloys containing between 8 and 12 per cent, of aluminium are 
affected in a marked degree by heat-treatment. 

Following are tabulated the mechanical properties of some ot these alloys:— 

Percentage of 
Aluminium. 

Yield Point. 
Tons/sq. in. 

U.T.S. 
Tons/sq. in. 

Blongation. 
Per cent, on 

4 in. 
Remarks. 

2*5 20*0 40*0 Oast. 
5*0 — 25*0 55*0 Oast. 

10*0 18*0 85*0 25*0 Oast in chill. 
10*0 18*0 40*0 25*0 

1 

Oast rod reduced 25 per 
cent, by forging hot. 
Annealed. 

10*0 15*0 1 40*0 80*0 BoUed bar. 
10*0 40*0 i 50*0 8*0 BoUed bar qnenehed at 

900*0. 
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The following ate tests of the * B3' and ‘ B4 * aluminium bronses manufaotared by the 
British Aluminium Company ; — 

B3 Bronze.—Average breaking load, 34-04 tons; average elongation, 21 per cent.; maximum 
breaking load, 37 -6 tons; maximum elongation, 36 percent.; minimum breaking load, 32-8 tons; 
minimum elongation, 13 >5 per cent. 

B4 Bronze.—Average breaking load, 41 • 8 tons; average elongation, 9 • 76 per cent.; maximum 
breaking load, 43 * 7 tons; maximum elongation, 13 per cent.; minimum breaking load, 39 * 8 tons; 
minimum elongation, 6 - 6 per cent. 

Aluminium bronzb Dug Oastinqs. 

Alloys suitable for die casting may contain anything from 3 to 16 per cent, of aluminium, with 
small percentages of iron, manganese, or nickel, the balance copper; the majority of alloys in use 
contain from 6 to 11 per cent, aluminium. With less than 7 per cent. A1 the alloy displays charac¬ 
teristics more resembling copper, while with AJ exceeding 12 per cent, the alloy develops brittle 
properties. Allo3rs containing 7 per cent. A1 have a similar colour to 18-carat gold. 

Alloys containing 10-13 per cent. A1 have been found more resistant to attack by dilute 
sulphurous acid than the more complex compositions. 

An aluminium bronze containing about 10 per cent. A1 and 1 *0—1*6 per cent, of nickel is used 
for forgings for exhaust valve seats. Hardened by quenching In water from about 860® 0. and 
tempering at the optimum temperature to a Brinell hardness of 190-230. 

OOPPBB AND MANGANBSB ALLOYS. 

Manganese Bronze, Manganln. 

The term ‘ manganese bronze' is applied to copper-zinc alloys of 60/40 composition to which 
small quantities of manganese have been added. There are, however, alloys of copper and 
manganese of industrial application which rightly should be admitted under this heading. 
The alloys of copper and manganese containing up to 6 per cent, of the latter element are 
harder and tougher than is copper. Those containing from 2 to 4 per cent, of manganese are 
frequently employed in situations where high temperatures arc existent, on account of the 
retention of their mechanical properti^-s under those conditions. 

The following figures represent the results obtainable by stamping certain of these alloys 
at a red-heat (800® C.) 

Elongation. 
Copper. Manganese. Tensile Strength. Per cent. 

97 3 18*6 33 
96 4 21*0 60 

Manganin is the name applied to an alloy of copper, manganese, nickel and iron, charac¬ 
terised by low electrical conductivity and almost zero temperature coefiBcient. It Is employed 
in the construction of electrical resistance coils. The composition is somewhat variable, but the 
following figures will serve to indicate its approximate analysis ;— 

Copper . . 80 to 84 per cent. Nickel . . . up to 12 per cent. 
Manganese. 4 to 16 „ Iron . . . Difference. 

COPPBB AND NICKEL ALLOYS. 

Cupro-nickel, Constantan, etc. 

The alloys of copper and nickel containing upwards of 60 per cent, of copper are of industrial 
importance. The alloys may be divided into t^e classes:— 

(i) Alloys containing up to 6 per cent, of nickel and having the property of resisting high 
temperatures without undue deterioration. Of these alloys those containing from 2 to 3 per cent, 
of nickel have been employed in the manufacture of locomotive firebox tubes. Following are 
the mechanical properties of the 2 per cent, alloy:— 

Tensile Strength. Kemarks. 

46-0 8 o‘- Hardmlled. 
30*0 46*0 Hard rolled and annealed at 660® 0. 

Those of the 6 per cent, alloy are very similar in character. Low nickel alloys are used for 
armature slip-rings. 

(ii) Alloys containing from 16 to 36 per cent, of nickel are valuable on account of their ability 
to vnthstand cold working. 

For the best results with these alloys only the purest metals should be employed, as small 
quantities of such elements as iron, silicon and sulphur are detrimental to the malleability and 
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duotilitT of the resaltant elloj. The nuudmam percentages ot iznpnrltleB allowable In ni<Asl 
for this Qigh-olaaB work should be 0*060 per cent, of arsenlo, 2 per cent, of oobalt, and 1 • 6 per oent. 
of other metallio impurities. The metal should be free from all unreduced oxides. Oupro- 
manganese, 26-60 per cent., Is commonly employed as a deozldlser In the manufacture of these 
nickel copper alloys, upward of 0*26 per oent. being added to charges containing 30 per cent, 
of sprap. Following are the mechanical properties of the 20 per oent. alloy 

Tensile Strength. Bomarks. 

40*0 6*0 * HardroUed. 
20*0 36 0 Hard rolled and annealed. 

The alloy containing 26 per oent. of nickel has been successfully employed in the mano« 
faoture of firebox plates and for condenser tubes. 

(Hi) Alloys having low electrical conductivities and whose temperature coefficients of 
pleotrloal conductivity are practically nil. The 40-46 per cent, nickel alloy, known as eon* 
stantan, can be drawn Into wire, and Is employed in the construction of resistance coils and 
base-metal thermo-couples. Another alloy of t^ type, containing only 26 per cent, of nickel 
and 0*6 per oent. of iron. Is known as nickelino. 

All the above alloys can be hardened by cold-work only, but newer copper-niokel aUoys con¬ 
taining aluminium are heat-treatable, as shown by the following data. 

EFFECT OF HBAT-TREATMENT ON A NiOEEL-OOPPER ALLOT CONTAINING 30 PER OENT. NICKEL 
WITH THE ADDITION OF 1*6 PER OENT. ALUMXNIUlf. 

Maximum Limit of 
Propor¬ 

tionality. 
Tons/sq. in. 

Elongation. Reduction BrineU 
Treatment. Stress. Per cent. of Area. Hardness 

Tons/sq. in. on 2 in. Per cent. Number. 

Water-quenched 
Water-quenched and 

26*9 3*2 460 66 90 

re-heated 
Water-quenched, cold- 

drawn, 26 per oent. 
reduction in area and 

48*8 180 32*0 43 184 

re-heated 68*1 31*2 16*0 
i 

38 210 

(Bureau of Injormation on Nickel,) 

Copper and Silicon. 
Alloys of coppor and silicon are used for electrical purj)o.ses and in the manufacture of tele¬ 

phone and telegraph wires. The etfeet of silicon is to increase tlie tensile strength, but even 
U-20 per cent, of silicon reduces the electrical conductivity by nearly 50 per <‘ent. 

OOPPBR-OAJ>MlUM ALLOTS. 
The addition of cadmium to copper increases its tensile strength, hardness and resistance to 

wear without much influence, however, on its electrical conductivity. The conductivity of an 
alloy containing 1*0 per cent. Cd is more than 90 per cent, of that of pure copper. Cadmium- 
copper is thus most suitable for overhead cables, tramway trolley wires and other purposes where 
strength or resistance to wear combined with excellent conductivity is desired. It is a sobd 
solution alloy so that it is hardened by cold-work, and softened by annealing, although it is to 
some extent heat-treatable. Air Ministry Specification D.T.D. 208 gives the following details: 
Oadminm 0 • 8-1 • 2 per cent., total impurities less than 0 • 2 per cent, copper the remainder, and the 
following minimum physical properties r— 

Proof stress (0 • 1 %): 26 tons/sq. in. min. • Maximum stress: 36 tons/sq. in. min. 
Torsion test (wires)—No. of turns -■ 26 per Bend test (strip)—180® over radius equal to 

length of 100 times diameter. twice the thickness. 
Electrical resistivity at 16 5® 0. (60® F.) not greater than 2*26 miorohms per om.* 

COPrER-BHBYLLIUM ALLOTS. 
Small amounts of beryllium are sometimes used to deoxidise copper. Larger amounts, up to 

2*6 per cent., render the alloys heat-treatable and extraordinarily high hardness and strengtl^ 
mav then be obtained. When properly heat-treated their strengths are comparable with those 
of high-tensile steel. A 2*6 per cent, heryllium-oopper alloy may yield, when suitably cold- 
worked and heat-treated, a tensile strength of 90-96 tons/sq. in. with elongation of 1-2 percent. 
To soften these alloys are quenched from a temperature of about 800® 0. In this oondluon they 
are readily oold-worked and are then temper-hardened by reheating to temperatures between 
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350* and 800* 0. The following data, furnished by the Anaconda Oopper Oo., are icpresentative 
of the properties of Anaoonda Berylllnm-Oopper wire. 

Tensile Young’s Elongation. Approximate 
Condition. Strength. Modulus. Per cent, on > Brinell 

Tons/sq. in. Lbs./sq. in. 3 ins. Number. 

Annealed soft 34-5 17*5 X 10* 39-8 155 
Annealed soft then heat- 

treated 78-1 180 X 10' : 3-6 363 
Hard drawn 610 16-8 X 10* 20 281 
Hard drawn then heat- 

treated 81-1 18-5 X 10* 2-0 375 

The elastic properties and fatigne resistance are exceptionally high so that berylUum-copper 
is particularly suitable for springs, either in the form of wire or strip. For springs it is infinitely 
superior to phosphor-bronze. 

Beryllium-copper is also used for castings which, after heat-treatment, have tensile-strengths 
of the order of 50-65 tons/sq. in. 

The corrosion-resisting properties of these alloys are about the same as those of copper; they 
have a pleasing colour, and their electrical and thermal condnctiyltles are relatively high altihongh 
inferior to the copper-cadmium alloys. 

ALUMINIUM-ZINO ALLOTS. 

The alloys of aluminium and zinc are of importance a^ light alloys, their specific gravities 
varying uniformly from 3*7 to 3*3 as their zino content increases up to 30 per cent., which may 
be oonddered the limiting percentage for those alloys of this series that may be termed * light.* 
All those alloys containing upwards of 76 per cent, of aluminium are forgeable at temperatures 
between 300* 0. and 400* 0. 

These alloys do not allow of their use in casting Into intricate shapes, but for all plain cast¬ 
ing purposes they are quite satisfactory. Under certain conditions these alloys corrode rapidly; 
the use of high-grade spelter in their manufacture eliminates this defect. The machining proper¬ 
ties of these alloys which are, at all times, superior to those of the pure metal, improve as the 
zino content increases. 

Below are tabulated certain of the results of tests reported by Messrs. Rosenhain and Arch¬ 
butt to the Alloys Research Committee of the Institution of Mechanical Engineers. 

Zino. Condition Yield Point. Max. Stress. Elongation. 
Approx. of Tons per Tons per Per cent. 
Per cent. Alloy. sq. In. sq. in. on 3 ins. 

5 1 3-70 5-20 16-0 
2 3-80 6-60 39-0 
4 4*30 7-48 88-0 

11 1 6-40 9-41 8-0 

3 5-00 10-24 16-0 
3 9-42 18-78 83-0 (on 1 in.) 

15 1 9-60 11-14 3-0 
3 6-80 1 11-69 8-5 
3 11-61 I 17-03 81-0 (on 1 in.) 
4 6-80 16-88 83-0 

30 1 10-00 18-07 0-7 
3 7-80 13-87 4-0 
4 17-30 33-64 30-6 

26 1 nil 16-36 1-0 

3 9-10 13-50 3-5 
3 20-24 34-08 37-0(onlln.) 
4 26-00 

i 
27-09 16-5 

1. Sand-casting. 8. Hot-rolled bars, i in. dlam. 
3. OhUl-CBsting. 4. ditto 11 in. ^am. 

The straight Al-Zn alloys are subject to hot-shortness and high shrinkage and thus tend to 
crack after casting. 
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The addition of copper to aluminium-sino alloys improves their casting and mechanical 
properties. Alloy 2L. 6 is a well-known casting alloy used for gear-box and crank-case castings, 
etc. This alloy contains 2‘5-3'0 per cent, copper and 13*0-14*0 per cent, zinci and typical 
mechanical properties are given on p. 1237. 

ALLOTS HAVINQ A ZiNO BASE. 

Zinc-base alloys are widely employed in the production of die-castings, and particularly for 
prcsHuro-castings. They have superior casting properties to the aluriiiiiium-basc alloy!-;, and arc 
readily nickel or chroralum plated, enamelled or lacquered in order to improve their surfaces. 
These alloys, developed in the U.S.A,. aro manufa«dured in England by National Alloj’s, Ltd., 
under the proprietary name * Mazak Alloys.* Typical compf>sitions and properties are given in 
the following tabic :— 

Aluminium 

Mazak 3. 

41 

Mazak 6. 

4-1 
Copper .... . — 10 
Magnesium 0-04 003 
Zinc. . Remainder Remainder. 

Ultimate tensile 16-17 18-19 
Elongation (on 2 ins.) . 2-5 3-6 
Brinell Numeral . 62 73 

It has been shown that even traces of tin, cadmium and lead adversely influence the properties 
of these alloys, so that zinc of high-purity must be used as the base. 

Typical properties are given in the following tables: 

Temp. 

Tensile Strength (Tons per Sq. In.). 

Mazak 3. itazak 5. 

20" 0. 18-2 22-6 
0" 0. 19-2 24-2 

-40® 0. 20-6 24-2 

Temp. 

Elongation (Per Cent, on 2 Ins.). 

Mazak 3 Mazak 6. 

D
 

o o
 11 8 

0® 0. 9-6 8-5 

1 o
 

Q
 

4-6 36 

Temp. 

Impact Strength (Ft./Lb.). 

Figures Average of 20 Tests. 

Mazak 3. 
i 

Mazak 6. 

20® 0. 42 44 
10® 0. 31 41 

0® 0. 7-6 39 
-10® 0. 3-3 18-3 
-20® 0. 2-6 1 3-6 
-40® 0. 

1 

2-4 



1230 ALUMINIUM-COPPER ALLOYS Sec. xxiii (i) 

Property. Mazak 3. Mazak 5. 

Specific gravity 
Weight of 1 cub. in./lb. . 

6*6 

0*238 
6*7 
0*242 

Melting point ® 0. . 380*9 380*6 
Melting point ** F. . 717*6 717*1 
Thermal expansion per " C. . 27*4 X 10-‘ 1 27*4 X 10“« 
Thermal expansion ® F. . 16*2 X 10-* 16*2 X 10- 

1 Electrical conductivity Phos/Cm. 
cube at 20® 0. . . . 167,000 153,000 

Solidificatioushrinkage ins./ft.. 0*14 0*14 

The Mazak alloys have good casting properties, together with relatively high impact strengths 
at normal temperatures. Por this reason designers incline to reduce the whole thickness of cast¬ 
ings to the greatest possible extent. 

It must be borne in mind, however, that wherever these castings are likely to undergo shock 
loading at sub*normal temperatures, those sections of the castings liable to be severely stressed 
should have thicker walls. 

ALUMINIUM-OOPPEB ALLOYS. 

Like the sine alloys, the commercial alloys are not simple binary alloys, but generally contain 
iron and silicon, and may also contain Mg, Mn, Nl, Zn, etc. 

AL Ou. 
93-91*5 7-8*5 

92 8 

93 4 

91-89*6 9-10*6 
89-86*5 11-13*6 

90 10 

88 12 

Use. 
General castings. 
General castings, tendency to be brittle. 
Gtonoral castings, less brittle than 92: 8 alloy ; suitable for rolled sheets, 

sand-cast cooing utensils. 

MaSfoWs^ j American automobile practice. 

Die castings. Permanent mould castings. 

The specific gravity increases with increase of copper from 2 *7-2 *85 for sand-cast alloys 
for 0-8 per cent, copper. The speoido gravity of sand-cast alioys is less than that of chill castings, 
and that of rolled and drawn alloys is approximately equal to chill cast. In sand-cast alloys the 
strength increases with increase of copper at the expense of the elongation. In the hot-rolled 
condition the tensile strength increases up to about 6 per cent, copper and then decreases. The 
physical properties of these alloys are indicated by the following figures:— 

92-8 alloy. Ultimate tensile strength, 18,000 lbs. per s(|, in.; elongation, J-1 •& per cent. 

97-3 alloy (forged). Yield point, 16,000 lbs. per sq. in.; ultimate strength, 24,000 lbs. per 
•q. in.; elongation, 4 per cent. 

96-4 alloy (rolled, armealcd). Ulliinatc teiusile strength, 15,000-28,000 lbs. per sq. in. 
elongation, 1-16 per cent. 

Tensile strength of hot-rolled bars, 21,000-37,000 lbs. per sq. in. (for 1-6 per cent, copper); 
elongation varies from 30-18 per cent. For cold-drawn bars—tensile strength, 29,000-45,000 lbs. 
per sq. in. (for 1-4 per cent, copper); elongation, 14*5-6 per cent. 

Well-known alloys of this type for castings are 3L. 8 and 4L. 11. Typical mechanical test 
values for these alloys are given on p. 1196, and their compositions are as follows:— 

Ou. Fe. Zn. Si. Ti. Pb. Al. Sn. 
3L.8 11-13 <0*8 <0*1 <0*7 <0*2 <0*1 Remainder — 

4L.11 6-8 <0*8 <0*1 <0-7 <0*2 <0*1 99 <1*0 

An alloy of German origin, described as UUralumin^ has the approximate eoinpositioii: 4 - 7 per 
cent, copper, 0*2 per cent, nickel, and traces of thorium and cerium, having a spcoilic gravity of 
2*2. The-tensile strength and elongation are given as 21 tons/sq. in. and 11-24 per cent, 
respectively. 

Aeral is an aluminium-copper alloy of French origin containing 2*0 to 2*6 per cent, copper, 
0*5-2 *5 per cent, cadmium, 0*2-1 *5 per cent, magnesium, 0-2*5 percent, silloon, and small pro¬ 
portions of manganese, iron and titanium. Sand-casting have the following properties: maxi- 
mom stress 14-20 tons/sq. in., elongation 3-8 per cent. The alloy is heat-treatable. 
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ALUMINIUM-SILIOON ALLOTS. 
A striking property of these alloys is their low contraotion, due to the silicon expanding on 

freesing. Yield exceptionally sound sand castings. Iron should be a minimum, as it has a detri¬ 
mental effect. These alloys may be forged and both hot and cold formed, and, in their raw con¬ 
dition, are very malleable at the higher temperatures. In addition, they may be welded and will 
resist all ordinary corrosion, being unaffected by atmospheric conditions. The strength is largely 
dependent on the actual alloy used, but, in general, is somewhat higher than that of oast iron, 
and somewhat lower than that of brass. Much higher strengths are possible in the case of 
* modified * alloys. Modification consists in treating the molten metal, prior to casting, with 
sodium, potassium, calcium, the fluorides of these metals, or other of the patented mc^ifying 
egents. This results in a remarkable refinement of structure and enhanced mechanical properties. 
Both tenacity and ductility are improved by modification* The alloys most amenable to this 
treatment contain 10-13 per cent, silicon and are known as Alpax alloys. Their specific gravities 
are between S*6 and 2*7. 

All the Al>Si alloys are amenable to heat>treatment after casting. Typical compositions are 
shown in table on page 1231. 

OTHBR ALLOYS OP ALUMINIUM. 

Magnalium. 
Magnalium is the name applied to a series of alloys having an aluminium-magnesium base, 

containing from 1*6 to 10*0 per cent, of magnesium and varying proportions of other elements, 
e.g, copper, tin, nickel, lead. 

The table below giyos the compositions of certain of these alloys, together with the uses to 
which they are generally put. 

Use of Alloy. Magnesium. Copper. Nickel. Tin. Lead. 

Strong castings . 1*60 1*76 1*16 Nil. Nil. 
(General ditto . 1-60 1-76 nil traces traces 
Bolling and drawing . 1*68 0*21 nil 3*15 0-72 

Other commercial alloys of this class together with compositions and properties are shown in 
the table on page 1231. 

ALUMINIUM-MANOANESH ALLOYS. 
Manganese increases the hardness, strength and ductility of aluminium. Alloys containing 

1*0-1 *5 per cent. Mn are employed for the manufacture of sheet and strip. Their corrosion- 
resisting properties are similar to those of pore aluminium. The following properties are typical 
of 1*0 to 1 *6 per cent. Mn alloys. 

Condition. U.T.S. or Ten- 
silo Strength. Elongation. Brinell 

Number. 
Specific 
Gravity. 

Tons/aq. In. Per cent. (600 kgrm.) 
Annealed at 410/420** C. 7 SO 28 2*7/2*72 
Hard-rolled IS 4 66 2 71/2-78 

Aluminium-manganese alloys containing from 20-26 per cent. Mn are used for certain kinds 
of castings. 

Aluminiuxn-Magnesium-Mangauese Alloy. 
This alloy, which contains about 1 per cent. Mg and 1 per cent. Mn, is finding many applications. 

It possesses unusual combination of strength and corrosion-resisting properties. It is not sus¬ 
ceptible to heat-treatment, but is hardened by cold working. It presents no difficulty in fabrica¬ 
tion. Compressive strength and compressive yield point are similar to the values obtained in 
tension, endurance limit is exceptionally high (6-7 tons per sq. in., depending upon the 
temper). 

(Condition. Tensile Strength. Yield 
Elong. 

on 2 ins. Brinell No. Shear Strength. 
Tons per sq. In. Point. Per cent. Tons per sq. in. 

Annealed . 11-6 4-6 20 46 7*1 
i hard 18*8 11*1 6 55 7-6 
Ihard 

bSST* 
15*6 13*8 6 65 8*5 

1 17*4 i 16*6 > i 78 0*4 
i 18-7 i 17*0 8 1 80 9*8 
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‘ Duralumin.* 
‘ Duralumin * is the trade name applied to a series of alloys of aluminium containing small 

proportions of copper, manganese, magnesium, and silicon, and over 94 per cent, of aluminium. 
These alloys are possessed of great tenacity and hardness, and are also very ductile. They attain 
their maximum properties after a heat-treatment, i.e. they are quenched from a suitable tempera- 
tute (about 486® 0.), and after this quenching operation they increase spontaneously in strength over 
a period and reach their maximum after several days. Ageing is accelerated by boiling in water. 

The following table gives the range of composition of these alloys :— 

Oopper. Manganese. Magnesium. Silicon. Iron. Aluminium. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 

3-6-4-8 0-4-0-7 0-4-0-7 0-40 0-40 Difference. 

The specific gravity is about 2*8. The alloy has a melting range starting at 546® 0., but it la 
not considered wise to subject it to temperatures higher than 600° C. It may be satisfactorily 
annealed for forming or cold-working processes at 380® 0., after which the maximum mechanical 
properties may again bo obtained by the specified heat treatment. 

The alloy may be rolled, forged, drawn, and spun, and may be worked either hot or cold, and 
is supplied in sheets, tubes, bars, wires, strips, forgings, stampings, extruded sections and rivets. 

By suitable modifications of the composition the alloy may be adapted for many purposes, 
but the following table shows the mechanical properties of this alloy as normally supplied by the 
manufacturers:— 

0-1 per cent. Proof 
Stress. 

Ton per sq. in. 

Ultimate Tensilo 
Strength. 

Ton per sq. in. 

Elongation per cent, 
on 2 ins. Brinell Hardness. 

16-18 26-28 16-20 100 

Young's Modulus.~10 X 10* Iba./sq. in. 
Impact Value.—15 ft. lbs. 
Fatigue Range.—± 9*6 tons per sq. in. 

AQK nAlU>BN^ING OF DUIULUMIN. 

The rate at which Duralumin will age-harden te controlled to a large extent by the temperature 
immediately following quenching. It has been found (J. O. Lyst) :— 

(1) Duralumin aged at room temperature after quenching began to age-harden appreciably 
1} hours after quenching. 

(2) Duralumin stored at 0° 0. immediately after quencliing began to age-harden appreciably 
about 36 hours after quenching. 

(3) Duralumin stored at — 48° 0. does not age-harden appreciably over a period of 14 days. 
(4) Duralumin stored for 14 days at — 48® G. and then removed and allowed to age at room 

temperature, shows approximately the same behaviour as Duralumin stored at room 
temperature immediately after quenching. 

Advantage is taken of this property in practice by storing Duralumin rivets in refrigerators 
immediately after quenching. 

HiDUMfNTUM B.R. AL1:X)TS. 

These alloys have been developed by Rolls Royce, Ltd. They can be forged, drop-stamped, 
pressed, rolled, or extruded. 

Alloy. Cu. Nl. Mg. Po. SI. Ti. Al. 

RR 50 1-30 1-3 0-1 1-0 2*2 0-18 Remainder. 
BR 63 2-26 1-3 1-6 1-4 1-26 0-10 
RR 66 2-00 1-3 0-8 1-4 0-70 0-10 
RR 69 2-26 1-3 1-6 1-4 0-60 0-10 »« 

RR 60 is used for sand and die cast ings for general purposes; particularly suited for gearboxes, 
dilTcrential and back-axle casings, or similar parts where rigidity is essential. 
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BB 53 letaina its strength at elerated temperatures. Used for die oast pistons. A modified 
form of this alloy (Si 3 per cent.) oan be used for very delicate die castings. 

BE 56 suitable for general purposes forgings. 
BB 59 forging alloy. Specially used for high-quality pistons in aero and large Diesel engines. 
Alloys BB 56 and 59 should be preheated to 500 to 520 ^ 0. and held at this temperature before 

forging or rolling. Forging should commence at 480 to 520* 0., and continue to a minimum of 
350* 0. In stamping it is important that the correct dummy size be formed so that the die is 
filled just prior to the formation of the ‘ flash.' Cold work can be applied to these alloys provided 
they are in a hot-worked condition, and have been softened by annealing at 350 to 380* 0. For 
heat-treatment they are re-heated to 510*-535* 0., soaked for 2-4 hours, and then quenched in 
water, followed by tempering at 155* -175** 0. for 20 hours, after which they are again water- 
quenched. 

The chief feature of these alloys is their iron, titanium and nickel content. 

Titanium refines the grain and reduces oxidation at high temperatures. The iron appears 
to prevent crystal growth on ageing. R.R. alloys do not age-harden so readily at ordinary tem¬ 
peratures as duralumin and higher artificial ageing temperatures are permissible. This allows 
of greater latitude in straightening, etc., after quenching. 

Typical properties of BB 56 and BB 59 are as follows:— 

0*1 Per Maxi- 
cent. Yield mum Blonga- B/A. 

Per 
cent. 

Alloy. — 
Proof 
Stress. 

Point. 
Tons per 

Tensile 
Stress. 

tion on 
2 ins. Brinell. 

Tons per sq. in. Tons per Per cent. 
sq. in. sq. in. 

♦ BB * 56 
f Forging material) 
1 heat-treated f 23-25 24-5-27 28-32 10-20 14-25 121-160 

* BB * 59 f Forged piston ) 
\ alloy heat-treated j 19-22 22-24 23-29 6-10 10-20 120-150 

The alloys retain their strengths quite well at elevated temperatures. Thus at 200* 0. the 
tensile stren^h of BB 69 is 21-22 tons per sq. in., at 300* 0. it is 13 tons per sq. in., and 8 tons 
per sq. in. at 350* 0. 

The coefficient of thermal expansion of BB 59 is given as 22 X 10-* per * 0, (range 20-100* 0.) 
and its thermal conductivity as 0*428 O.Q.S. units. 

Heat Treatuent and Pbopertibs of ALUMiNiuif allots. 

The mechanical properties of a number of aluminium alloys are greatly improved by 
suitable heat treatment. 

Increase of hardness in the course of time, which can be explained by the 
‘Precipitation Theory.* 

' Age-hardening can occur in an alloy where some constituent is more soluble at a high 
temperature than at a lower temperature and where rapid cooling fixes this constituent In 
supersaturated solid solution. Being supersaturated and metastabie at lower temperatures, 
there is a natural tendency—slowly at ordinary temperature and more rapidly if the 
temperature is slightly raised—to precipitate out of solid solution some of the dissolved 
constituent. Precipitation of the excess constituent occurs in the form of submlcroscopic 
particles distributed throughout the mass of the solid solution, and this causes the hardening.* 

(N. F. Budgen,) 
Oertain aluminium alloys age ' naturally,* i.e. at room temperatures if given sufficient time 

after solution treatment; others can only be ‘ artificially ’ aged by re-heating to temperatures 
above atmospheric. 

For example, alloys with Mg.Si as the soluble constituent: * SUmatec.* Mg 0*6. Mn 0*6, 
811*0. * Afudar,*MgO*6,SiO*88. 

Soluble constituent CuAl.. *Laiaal*z Ou 4*7, Mn 0*5, Bi 1 *0-2*0: U.S.A. *25 3*: 
On 4*0, Mn 1*0, SI 0*8. 

Soluble constituent Mg|SI + OuAJg: * Duralumin,* * Y * Alloy \ ' AvUmal *: On 4*75, Mg 0*5. 
Mn 1*0, SI 1*4; * BB 66^ and * BB 69.* 

Age-hardening oan occur in wrought and cast alloys, but for similar treatment, cast alloys 
lower mebhanical properties. 

*SdhUion* 'Temperature depends on composition of alloy. Duration of 
heating depends on mass of article and must be such that all of the soluble constituents of the 
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alloy go into solid solntlon before quenching. Rapid heating is recommended for solution- 
treatment, but it must not be forgotten that the material is quite soft during this operation and 
care must be taken to prevent the articles warping. 

Close temperature control is essential. With too low a temperature the full mechanical pro¬ 
perties are not obteined ; if the temperature is too high overheating or burning may occur with 
loss of both ductility and tensile strength when neither can be restored by subsequent treatment. 
Molten sodium nitrate baths are now commonly employed for heating. 

Quenching is nece^ary to prevent the decomposition of the solid solution. Cold water quench 
is best for alloys subject to coiTosion. Boiling water may be used, but air cooling is generally 
too slow. 

AUoy. 

i 

Temperature for Sohitloo Temperaiore lor Predpi- 
Heat-treatment. 

! *0. 
tlon Treatment (Ageizig). 

! * 0. 

Duralumin (wrought) . . . : 610 16 for 4 days. 
Super-duralumin (wrought) 496 165 „ 20 hours. 
4-6 per cent. Ou alloy (wrought) 620 ; 140 „ 10 „ 

»» M t» »» »* (cast) . 1 616 ! 156 „ 10 „ 
Magnesiam-cllloon alloy . 620 1 156 .. 20 ,. 

DU Quenehing.—Chilling produced by casting in moulds is sometimes sufficient to prevent 
decomposition of the solid solution. This principle is nsed in production of die<«Bst pistons. 
The castings will age-harden to a certain extent at room temperature, but by accelerating the 
ageing process, considerable increase of hardness and strength is obtained. 

StabUtsing Tteaiineni.—Pistons are subjected to additional treatment to prevent warping, 
growth, or change of hardness in use. This treatment, which consists of heating to about 230* 0. 
for 20 hours, may or may not be preceded by a solution treatment. 

COMPABIBON OF PBOPEBTIISS OF WORK-HARDBNINa AND FRSCIPITATION-HAllDBBriNO OF 

Ck)PP]Ba-NlCEKL-ALUlflNIUM ALLOTS. 

- 
Work-hardening Alloy. 

Ou 92, Ki 4, A1 4. 
Precipitation Hardening. 
Ou91, Ni7-6, AIl-5. 

Melting point. ”0. 1,090 1,120 

Densiiv. Lb. per onb. in. 0-302 0-S16 
Mean ooefflclent of expansion. Per * 0. 1-r X 10-» i-7 X l0-» 
Tensile strength. Lb. per sq. in.. 46,000-120,000 48,000-110,000 

30,000-80,000 Yield point. Lb.per sq.i n. 20,000-80,000 
Elongation on 2 ins. Per cent. . 80-12 60-10 
Beduction of area. Per cent. 80-60 80-36 
Elastic modulus. Lb. per sq. in.. 21-18-6 X 10* 21-18 X 10« 
Hardness, Rockwell B. . . . 98-16 95-10 

Both alloys have excellent oorroslon resisting properties, and may be welded, brased or 
soldered. The work-hardening alloy has found considerable application for condenser tubes 
and lor a number of structural purposes. 

* LauttU,*—^Aluminium alloy with 4-6 per cent. Ou and 2 per cent. Si. This alloy does not 
age-harden appreciably at room temperature, and may be stored in tbe quenched condition and 
aged after it has been fabricated, by treating in an oil bath. 

Meohanloal properties similar to those of Duralumin, but the elastic properties are aomewhat 
lower. The reslstanoe to corrosion is also not so good, bat can be improved by anodic ozidatioii. 

Tenslie strength for sheets and wire: 22-24 i4>ns per eq. in., with lS-25 per cent, elongation. 
For forgings, tensile strength 24-26 tons per sq. in; 10-18 per cent, elongation. 

* L, /F.’ JOoy.—Cast variety of Lantal alloy. 

* AUautal,*—Lautal coated with pure aluminium, similar to ' Alciad,* which is Duralumin 
coated with aluminium. 

Aluminium-magneeium-siUoon alloy Mg 0*6, Mn 0*6, SI 1*0. 
Solution beat-treatment: heat to 620” 0. and quench. Age for about 16 hours at 160* 0. 
For wire, the material is drawn between tbe quenching and ageing operations. 
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This class of allov is used for telegraph wires. Blectrioal oondootiTitj, 80 per cent, pare 
alaminlam, bat tensUe atrengrth nearly doable that of alamlnlnm. 

Annealed 345” 0. Tensile strength 7 tons per sq. in with 30 per cent, elongation. 
Quenched from 330* 0., aged at 160* 0. Tensile strength SI • 5 tons per sq. in. with 14 per cent, 

elongation. 

* Duralumin^*—British Standards Institution specification (3 L 1) for bar. For composition, 
see page 1233. 

Mechanical Properties, 

Nominal Size of Bar (diameter 
or width across flats) from 
which test bar was taken. 

0‘1 percent. 
Proof Stress. 

Tons per 
sq. in. 

lllthiiate 
TensUe 
Stress. 

Tons per 
sq. in. 

Elongation 
per cent. 

B/A. 
per cent 

Not less than Not leas than Not leas than 
Up to 2f ins..... 16 36 16 ! 20 
3| „ 4 ins. 13 22 16 30 
^ 0 »» * • • • 10 20 16 1 90 
Ualzrated material — 17 I 16 18 

Heat-treatment,—Heat in salt bath to 480* O. db 6* 0. and when part has attained the 
temperature of the bath it should be quenched in water, or oil, and aged 4 days. 

On no account should tlie temperature exceed 490* 0. or the material Is embrittled. 

Annealing.—Aluminium alloys are generally softest when annealed at temperatures below 
their solution treatment temperatures, e.g. duralumin is softest when annealed at 380'’*-400" C. 
Subsequent cooling may be in either air or water. 

For sheets (Spec. 3 L 3) similar treatment, but the mechanical requirements are as follows 

0*1 percent. (Jltiniatc Elongation 
Thickness of Sheet. Proof Stress. Tensile Strength. on 3 ins. 

Tons per sq. in. Tons per sq. in. Per cent. 

Not less than Not less than Not loM than 
Below 0-02 in. (36 S.W.Q.) . 
From 0^03 to 0 048 in. (26 to 18 

16 36 8 

8.W.G.).i 
From 0*048 In. (18 S.W.Q.) and ; 

15 26 12 

thicker . 1 36 16 

Jtrap Forging.—Working temperature, 470*-600* 0. Dies used for steel stampi.ng may be 
used for Du^omin. The uae of oil during stamping is not neoeesaiy, but the dies ^ould be 
highly finished. 

Super-duralumin,—Duralumin containing 0 * 8 to 1'36 6f. Has superior mechanical properties 
to normal Duralumin, especially after accelerated ageing. 

Treatment for Duralumin: heat to 490* 0. lor sufficient time for the soluble consUtuents to 
be taken into solid solution; e.g, 4 hour for sections less than 4 In. thick, qaeneb in cold water 
and age at room temperature for about 4 days, or in boiling water lor 6 hoars. With normal 
Dura^min, ageing aboTe room temperature tends to lower the mechanioal prc^ierties, bat with 
Superdaralun^ the hardness and tensile strength are raised. If material that has been age* 
hardened at room temperature is cold*rolled and aged at about 100* 0., the yield point is rai^ 
considerably. 

* F * AUog,—Used as a casting alloy but can be extruded, hot and cold worked. Normal 
composition: Ca 4, Ni 2, Mg 1'6, balance aluminium. 

For cold working: (<0 to 600”*-620* 0. and quench. Work immediately. (6) Soften 
by annealing 360*<-400* 0. followed by air cooling. 

For forging x Preheat at 600* 0. for about 6 hoars; commence forging at 480*>600* 0., finish 
at860*0. 

There Is a tendency for this alloy to crack under the hammer. 
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B.SX speeUloatloii for wrought heat-treated * Y ’ Ahoy i— 

Oompoaitlon. Per cent 
Copper.between 3*5 and 4*6 
Niokei.. 1-8 „ 2-3 

• Magneiitnm.. 1-3 „ 1*7 
Alominlom.Bemainder. 

With Importtlea : Iron.Not more than 0*76 
SlUoon.. 0-60 
Lead, atno and tin . Not more than a total of 0*10 per oent. 

MeehanUal Propertiea,—In the form of the Britlah Standard teet-plece, 0*664 in. dlam., 
material ie teqaired to give:— 

Nominal Size of Bar 
(diameter or width across 

flato). 

0*1 percent. 
Proof Stress. 

Tmia per 
eq. in. 

Ultimate 
Tensile 

Strength. 
Tons per 

>q. in. 

Biongation 
per cent. 

H/A. 
per oent. 

Up to 21 ina. . 
2| to 4 Ina. 
4 ,, 6 ,, , . 
Untreated material . 

13 
10 

10 

Not leas than 
22 

20 

17 
14 

Not less than 
16 
15 
15 
13 

Not leas than 
25 
26 
26 
26 

HtcBi4teatmeni.—Heat to 490*-6t0* O. for not less than } hoar and quench (n boiling water, 
followed by ageing for 6 days, or the ageing can be aooelerat'^ by heating at 100° 0. for 1 hoar. 

* Magnalite*—Alloy simUar to * T * Alloy. Approximate composition: On 2, Ni 1*6, Mg 1, 
Si 0*6. 

CASTINa ALLOTS OF ALUMIXIUM. 

Alloy No. 3 L. 6.—High zinc content, 12 • 6-11 • 6 per cent.; Cii 2 • D-.l • 0 ; posvscsses good casting 
and machining properties. Susceptible to corrosion and hot shortness. Except for simple shapes 
should not be used for gravity dic-casting. 

Tyfieal PhyticaJ PropertUi 

Ultimate tensile strength. Tons per sq. in. 
Biongation on 2 ins. Per oent. 
BrineU (500 kg. - 10 mm. baU) . 

Sand. Chiu, 
10*5 12 

3 5 
65 66 

Alloy 3 X. 8 (11-13 per cent. Ou). Satisfactory for general gravity die-casting, 
qualities excellent. 

Sand. CbiU. 
Ultimate tensile strength. Tons per sq. in. .8*6 11 
Elongation on 2 Ins. Per cent. . . . NU 1 
Brlneii. 70 80 

Machining 

Alloy 4, X. 11. (6-8 per cent. Ou.)—Possesses greater ductility and shock resistance thtin Alloy 
3 L. 8. Used for motor manifolds, piunp parts, etc. 

Sand. Ohili. 
Ultimate tensile strength. Tons per sq. in. . 9 11 
Elongation on 2 Ina. Per oent^ ... 2 3 
BrineU. 66 70 

Alloy 2 X. 33 (10-13 per cent. Si).—Has excellent casting qualities and resistance to corrosion. 
Suitable for aircraft and seaplane castings. Not heat-treated but molten metal is * modified ’ 
by addition of sodium, calcium fluoride or otlier agent. 

Sand. 
Ultimate tensile strength. Tons per sq. in. 10 • 5 min. 
0 * 1 per cent, proof stress. Tons per sq. in. 3*6 „ 
Elongation on 2 ins. Percent. . 6*0 „ 
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AUoy X. 36 (‘ T ’ alloy’>—3 • 6-4 • 6 per cent. Cu; 1 • 2-1 • 7 per cent. Mg. and 1 • 8-2 • 3 per cent. 
Nl.—^Alloy Buitoble for pistons. High tensile strength and hardness at temperatures up t() 
400* 0. Gasthigs are heat-treated. 

Sand. 
Ultimate tensile strength. Tons per sq. in. . 14 min. 

AUoy Loex (12 per cent. Si, 2*6 per cent. Ni, 1 per cent. Mg, 1 per cent. Ou, 0 • 6 per cent. 
Fc).—Special piston alloy with low expansion. 

Sand-cast. Chill. 
Ultimate tensile strength. Tons per sq. in. . 10• 6-11 • 5 16*0-17 • 6 
Elongation on 2 ins. Percent. . . . 0-0-0*6 0-0-0*6 
Brinell. 120-140 120-140 

AUoy D.T.D. 300 (N.A. 350), developed by the Northern Aluminium Co., Ltd., is typical of 
alloys whoso properties are substantially improved by solution and precipitation treatments. 
It is essentially a binary alloy of aluminium and magnesium (9*6-10*6 per cent.) and is widely 
employed for stressed aircraft ciistiugs since, after solution heat-treatmeut, it gives the best com¬ 
bination of tensile, ductility and impact properties of any aluminium-base casting alloy, together 
with a lower density. 

Typical properties for heat-treated sand castings are : 0*1 per cent, proof-stress, 11-14 tons 
per sq. in.; ultimate tensile strength 18-22 tons per sq. in.; elongation (2 in.), 12-14 per cent. 
The cdloy has a wide freezing range so that control of casting temperature is important. 

BSTBUDED SEdlONS 

{Alvminium Vnion^ lAd.) 

Lnora of Manofaoturb of Extruded BEonoHS. 

Alloy. 
Itf'lnlrngm Minimum Minfmam MATfiwnm Maximam Maximam 

: Thickness. Area. WLperft. Area. Length. Dimension. 

Ins. 
Pore alumtoJam . 0*040 0*069 0*07 11*4 24 6 
8 8.. 0*040 0*069 0«07 9*4 24 6 
61 8Q. 0*080 0*129 0 16 4*7 24 6 
4 8.. 0*186 0*213 0*26 6*1 24 6 
IT ST. . . 0*187 0*330 0*40 2*4 18*6 3*76 
43 8. . 0*187 0*174 0*20 7*8 24 6 
No. 1 Taming rod. 0*260 0*200 0*24 4*0 24 6 

The eoonomlo lengths in which the extruded sectfoDS can be sappUed In order to avoid excessive 
scrap Ion can be determined by dividing the weight of the billet (approximately 40 lbs.) by the 
weight per foot of the seetioo. 

TTPIOAL PHTSIOAL PROPERTIES OF EXTRUDED SEOHONS. 

Alloy. Yield Stress. 
Tons per sq. In. 

Ultimate 
Tensile Strength 
Tons per sq. In. 

Blongatfon 
Per cent. 

Brinell 
Hardness. 

Pars alomlniam 3 5-6 87 26 
8 8. . 8*6 7 1 88 I 31 
61 8Q. . 7*6 14 27 1 60 
4 8. 6 12 1 24 48 
17 ST. . 16 23 IS 100 
No. 1 Taming rod . • 1 — 1, j " ! 47 

D€tQil9 of AXhyt, 

AUoy 8 Oommerdal pore alumlniiiBx with the addition of 1 *26 per cent, manganese. 

AUof 61 BTQ.—BxtrasioDS of this alloy are specially adapted for arohlteotoral porpoaes, where 
reslstanoe to oonosloA Is Important^ 

Alley 4 8,—^AUoy 3 8. plus 1 per cent. xnagneriBm* 

AAsy 17 Propertiss similar to those of Dmahimla. 
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Anodte MdaHan.—^The normal reafstanoe to ooiroelon of alnminJam and Its alloys Is duo to a 
proteotiTe coating of oxide. The natural film is exceedingly thin, however, and procesBes are 
available whereby the natural coating is reinforced by a thiclcer and more strongly adherent 
film. Improved resistance to corrosion is then obtained. This is nsoally accomplished by 
electrochemical means. The articles to be treated constitute the emode when immersed in a suit¬ 
able electrolyte solution. The well-known Bengough-Sttiart process uses a 3 per cent, solution of 
chromic acid in water at a temperature of 40® O. Owing to the non-metallic nature of the coating 
the resistance gradually increases so that the voltage must be altered as the process continues. 
The following procedure is recommended: During the first ir» mins, the voltage Is gradually 
increased from 0 to 40, maintained constant at 40 for the next 3r> rnins., gradually raised to 50 volte 
during the ensuing 5 mins., and finally maintained at 60 volts for 6 miiis. irnitiediately after 
anodising the parte are thoroughly washed with cold and then hot water, and dried. The current 
consumption is about 0*2 kW.Et. per sq. ft. of surface treated. 

In the Elaxal process (German) the electrolyte is oxalic acid plus some other material such as 
chromium salts, whilst the Aluminite (American) process uses dilute sulphuric acid containing 
glycerine, etc. 

The thickness of the film produced by anodic oxidation is about 40 times that of the natural 
film. The coating is sub-microscopically porous, but the pores can be closed by greases and 
waxes such as lanoline and beeswax, thus further improving the resistance to corrosion. Alter¬ 
natively, the pores may be closed and the coating coloured by immersion immediately after rln^g 
in inorganic or organic dyestulb. 

Most of the light aluminium alloys can be successfully anodically oxidised but difficulty la 
encountered with alloys containing more than 5 per cent, of copper and allo3ra relatively rich in 
silicon. 

Aluminium solders cannot be treated satisfactorily, but welded and riveted Joints present 
no difficulty. 

Magnesium alloys have also been successfully anodised. Buzzard and Wilson recommend 
an electrolyte containing 10 per cent, of sodium dlchromate and 2 to 5 per cent, of mono8odiu.m 
dihydrogen phosphate, maintained at a p^ value of 4 *0-4 *8, operating at 5 to 10 amps, per sq. ft. 

at 60® 0. 

In all cases the articles must be thoroughly cleaned before being subjected to anodic oxidation. 
Aluminium and its alloys may be cleaned with 20 per cent, caustic soda solution, and magnesium 
alloys cleaned eleotrolytically in sodium carbonate-sodium phosphate solution. 

After anodising still better results are obtained by painting and enamelling. 

Aluminium Paint.—Protection from corrosion may be improved by painting articles with an 
emulsion of the following composition: boiled linseed oil 850 parte, turpentine 60 parts, and 
aluminium powder 300 parts. (All parte by weight.) 

Alclad is a composite alloy having a rolled-on coating of pure aluminium to alloys of the'dura- 
liirnin type. The properties of the latter are then retained but llie corrosion resistance is improveti. 
The process has been extended to other allojs, now covered by well-known D.T.D. specifications. 

MAOKBSIUM ALLOTS.* 

It would appear from X-ray experiments that the mechanical properties of magnesium and 
its alloys are Intimately connected with lattice distortion. 11 is possible to produce work hardening 
in these alloys accompanied by improved mechanical properties, but cola working to the extent 
of oaosing lattice distortion at once ruins the materiaU 

Binary alloys of cadmium and magnesium are soft and ductile, the addition of cadmium not 
materially altering the ultimate strength. The addition of aluminium, up to about 6 per cent.* 
incrsaacs the duottlity and strength. The addition of sine and cadmium produces aUoys of 
moderate strei]^ coupled with high ductUity. Alloys of magneeiiim, cadmium and sine have 
valuable properties at normal temperatores, but are weak above 300* 0. 

Magnesinm and its alloys are very sensitive to rolling oonditioDs. 

• See also p.lSSI. 

iW.S.Pr^thtrch.) 
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EUktron.—^The well-known ' Elektron * or * Magnuminium ' alloys cover a wide range of 
compositions and are produced os castings, forginj^, extruded sections, etc. Details are as 
follows:— 

Compositions op Elektron alloys. 

Castings. 

Designation. D.T.D. i 
Specification. | 

Al. i Zn. 1 

j 

Mn. 
! 

Impurities. 

! 
Max. Max. i Max. Max. 

AZG 59A 8*5 3-5 0*5 1 1*7 
Akl603 140A 0-2 0*2 2*5 ! 0*5 

C>i 0*2 max. Si 0*4 max. 
AZ31 59A 8-5 3-6 0*5 ( 1*7 
AZ91 136A 9-11 3-6 : 0*6 j 1*5 

Wrought Alloys. 

Max. Max. Max. ! Max. 
AZM 259 11-0 1*5 1*0 1*5 
AM503 118 0-2 0-2 2*6 0*5 
A4 120 A 9*0 1*5 

Cu 0 • 3 max. Si 0 • 4 max. 
AZ855 — 7*5-8'5 0-4-0-55 0 

1 i 
15-0*25 

Physical Properties (Castings). 

Designation. Condition. 

O.yjorccnfc! 

Sq £ 1 Sq.m. 

Elongation. 
Per Cent. 

Brinell 
No. 

AZG As cast 4-5-5*6 ; 9-11 3-5 50-60 
Solution heat-treated 4 *5-5 *5 14-16 8-10 i 45-65 

AM603 As cast 1*5 6-7 3-5 35-45 
AZ31 „ 3 0-4 0 9-11 3-10 40-60 
AZ91 4*5-6-6 ; 8-10 1-3 66-66 

Heat-treated 7-9 15-17 1-3 76-86 

Physical Properties (Wrought Alloys). 

AZM Extruded 9-12 18-22 1 16-12 65-60 
Forged 8-10 18-20 1 12-10 65-70 

AM603 Rolled sheets 6-8 12-15 1 10-3 _ 
Extruded 8-9 15-17 10-3 40-60 

A4 Rolled sheets 7-9 16-18 1 12-10 
AZ855 Forged 11-14 18-22 ! 16-8 

1 
65-76 

The specific gravities of the above alloys are about 1*80 only with coefficients of linear ex¬ 
pansion of ^e order of 0*000025 per 1° G. 

As previously indicated magnesium alloys may be anodically oxidized to improve resistance 
to corrosion. 

Newer improved magnesiam alloys have been developed by the National Physical Laboratory, 
l^ioal oompositions given by Desch and Haughton are 8 Al, 8 Od and 2 Ag; 8 A1 and 8 Od; 
8*6 AJ and 8 per cent. Ag, toother with 0*3>0*4 Mn and 0*2-0*3 per cent. Oa. 
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Wrought alloys of this type after solution heat-treatment and age-hardening have given the 
following results: proof-stress (0*1 per cent.) 16* 6-17 *6 tons per sq. In., maximum stress 26- 
26 tons per sq. In., and elongation 4-6 per cent. 

For aircraft pistons an alloy containing 10 cerium, 1‘6 cobalt, and 1*6 per cent, manganese 
has given excellent results. 

LirmuM AND LrrrauM allots. 

LitUiuiu is the lighU^st metal known, sj). gr. 0*53. It is a silvery-white metal resembling 
sodium, melting at 186** 0., and burning at higher temperatures. Lithium-calcium alloys have 
been used to deoxidise molten copper and bronze. It also increases the strength and corrosion 
resistance of magnesium. Has great attinity for the metalloids and readily absorbs sulphur, 
phosphorus and gas inclusions from molten metal. 

Small additions of lithium to aluminium alloys Increase their hardness. With complex 
aluminium alloys with magnesium, copper, lead and zinc, it accelerates ageing, increases the 
tensile strength and hardness, and facilitates working. 

Alloys of lithium and beryllium, such as 25 per cent. Li, 75 per cent. Be, and C5 per cent. Li, 
and 35 per cent. Be, are extremely light, sp. gr. 1*0-1 * 5, but are at present still in the experimental 
stage. 

The Qerman alloy ' Bahnmetal,' which is used for bearings, contains a small percentage of 
lithium. The approximate composition of the alloy is: hS -C lead, 0 •sod. Jin, 0 • 7 t.alcium, 0-01 
lithium. 

The fluidity of molten cast iron is improved by tho addition of lithium. It also produces 
sounder and denser castings with improved physical properties. It also Improves the machin- 
ability. The addition of lithium to a 0 * 6 per cent, carbon steel increased the elastic limit and 
ductility without increasing the hardness. 

BBRYIiUUM ALLOYS. 

(See pp. 1208 and 1227.) 

Beryllium has similar hardness and mechanical properties to pure iron. Alloys of beryllium 
with magnesium and aluminium have been developed with success. Special beryllium-copper 
alloys are finding considerable application for instrument and watch balance springs. These 
alloys can be cold rolled op to about 2 * 5 per cent, beryllium, beyond which it is only possible 
to hot roll. 

To soften, the alloy should be quenched from 800® 0. To harden, heat to 300® 0, for 2 hours 
for softened material, and 275® 0. for cold worked material. 

The addition of 0 • 025 per cent, phosphorus to a 2 * 5 per cent, beryllium copper alloy gives 
a maximum hardness of 360 Brinell when aged at 350® C. in 1 hour. Without the phosphorus 
this hardneas is not attained under 7 hours. Copper-beryllium springs are non-magnetlc and 
resistant to corrosion. 

STRBNCITH-WEIQHT FACTTORS of AmOBATT MATERI4LS.* 

Material. 
Ultimate Strength. 

Lbs. per sq. in. S.Q. 
Strength- 

weight 
factor. 

WnmQht metdli in tension. 
Piano wire 0*01 in. diameter 400,000 7*85 61 
Alloy steel, beat treated (high) . 200,000 7-85 25 

„ „ „ „ (medium) 150,000 7*85 19 
Duralumin .... 55,000 2*86 19 
Magnesium alloy 34,000 

85,000 
1*76 19 

Alloy steel, normalised 7*85 12 

Mild steel, normalised 55,000 7*86 7 
Aluminium, annealed 

Wood <n compreuion. 
12,000 

2,200 

2*7 

0*12 

4*4 

Balsa. 18 
Douglas fir ... . 6,000 0*54 11 

Spruce ... 4,300 0*43 10 

Oak, white .... 5,900 0*74 8 

StrengUi-weight factor 
Ultimate strength (lbs. per sq. ^.) 

Speoifio gravity X LOOb * 

* H. T« Eeir, American Society for Testing Materials. 
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Modulus of Blastioift (B) at Obdinaky Tbmpbraturb and — 40*0. 

Material. 1 At 16* 0. At - 40* 0. 

Ghrome-molybdenam steel . . SO X 10* lbs. per sq. in. 30*6 X 10* lbs. per sq. in. 
Ohrome nickel steel 29 X 10* „ „ „ „ 37*0 X 10* „ „ ,. 

„ „ annealed . 30 X 10* ,, „ ,, „ 37-5x10* „ „ „ „ 
„ „ cold rolled . 28 X 10* ,. „ „ „ 36*5 X 10* „ „ „ „ 

Ahiminlani alloy 10 X 10* „ „ „ „ 10*0 X 10* „ „ „ „ 
Magnesium . 1 6*4 X 10* „ ., „ 6*8 X 10* „ „ „ 

Tests carried out at liquid air temperature (— 182* 0.) indicate that the general effect is an 
increase of tenacity, but at the temperature of liquid hydrogen (— 252*8* 0.) the number of 
metals that show an increase in tenacity is greatly reduced. Nickel and copper show a con¬ 
siderable increase in ductility at liquid air temperature, while the ductility of copper still further 
increases from 45 to 60 per cent, in liquid hydrogen. 

strsnoth of metai^ at low Temperatures. 
The physical properties of engineering metals at low temperatures (—40* 0.) are such that 

the designer is safe in using the allowable stresses determined by testing material at normal 
temperature. The resistance to fatigue, or a suddenly applied load on a part with a sharp change 
of section, is not reduced except in the case of steels. Greaves and Jones have shown that carbon 
steels are affected by cold to a much greater extent than nickel steels, but consider that Ni-Cr-Mo 
steels are affected to the least extent. 

Lead. 
Lead is one of the softest, but one of the heaviest of all metals. It is easily cut and worked 

and possesses several other valuable and characteristic properties. Its Brinell number is between 
8*2 and 4*6 (1 cm. ball, 100 kgrm. load). It is generally regarded as self-annealing, i.e. after 
dtsformation it almost immediately recovers its initial softness. Tellurium-Uad containing 0*05 
to 0*10 per cent. Tc, is amenable to work-hardening ; its strength is then much greater than that 
of ordinary lead. Ternary alloys of lead containing 0*20 per cent, cadmium and 0*6 per cent, 
antimony, or 0 • 5 per cent, cadmium imd 1 • 5 per cent, tin are used for pipes. Since these alloys 
are also stronger than lead a lessor thickness of the pipe wall is permissible. Lead exhibits a 
marked resistance to corrosion and attack by certain a(uds, notably sulphuric acid, although it is 
readily attacked by some organic acids such as acetic acid. 

The coefficient of linear expansion—0*0000293 per 1* 0. in the range 17*-100* 0. is relatively 
high, 

other important physical properties of lead are as follows :— 
Pure lead: Fatigue limit. . , ± 403 lbs. per sq. in. 
Lead containing 0*25 Od, 0*5 Sb: >» «> . • . ± 1,658 „ „ „ 

(Beckinsdale and Waterhouse.) 
Tensile strength . . 2,000-2,400 lbs. per sq. in. with an extension rate of 0*2 inch/inch/min. 

AUoys oj Lead.—Lead Is a constituent of white-metal bearing alloys, fusible alloys, leaded- 
bronzes, and many other important alloys. Lead containing about 0 * 5 per cent, of antimony 
is used for cable sheathing and an alloy containing 10 per cent, of antimony possesses enhanced 
acid-resisting properties. 

BEARING ALLOYS.* 
The requisite properties of good bearing alloys are hardness, to resist wear; strength, to 

bear compression ; and plasticity, to allow of ready adjustment of the supported body on the 
bearing. 

Two types of beari^ alloys are known:— 
(a) Bearing alloys in which the hard constituents of the alloy are distributed indiscriminately 

throughout a soft matrix. 
(5) Bearing alloys of spongy character; the network of the sponge being moderately hard 

and tough, the meshwork being soft and plastic. 
These types can be grouped according to composition as follows 
(i) Brasses and bronzes containing compounds of copper with tin, phosphorus, etc. 
(ii) Bronzes containing appreciable quantities of lead. 
(iii) Alloys having a tin base and containing compounds of tin with antimony, copper, etc. 
(iv) Alloys having a lead base and containing compounds of tin with antimony, etc. 
(V) General alloys possessed of the characteristics required of a bearing metal. 

Of the above, types (i) and (il) have been considered onder the heading of * Brass ’and ’ Bronze' 
types (ill) and (iv) are known as * white ’ metals, while the majority of the alloys of type 

• Sea also Bearing PtsMares, p. 866. 
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(▼) can be termed ' white metals.' Of types (iiOt (iv) and (t) it has been observed that metals 
whose atomio weight divided by their specific gravity gives a high number are good anti-friction 
metals, while the reverse is the case for metals which have a low tiuotient. Hence the use of 
lead and antimony for bearing alloys. In using white metal for bearings the best practice Is to 
use the bearings wholly of white metal, discarding the cast-iron shells and using op the old bear¬ 
ings with the addition of a further small quantity of the more volatile constituents. White 
metal must be melted in a clean vessel and at as low a temperature as possible. Dross and scum 
in the metal tends to rapid heating in service. For the metals to be properly alloyed the high 
as well as the low melting points of these must be reached, but care must be taken not to over¬ 
heat the alloy. For a thorough alloying a temperature of about 600** 0. (930*' F.) and less has 
been found to be sufficient. The molten metal should be stirred with a stick of pine, and a layer 
of charcoal always kept on the surface to prevent oxidation. The rate of cooling affects the 
size of the crystals and also the wearing quality. As a general rule cooling too slowly and pouring 
too cold produces a coarse crystal formation which is liable to heat quickly in use. In ^ case 
of the tin-antimony alloys it has been found that the best size for the tin-antimony compound 
cubes is 0*25 mm. edge. Pouring too hot on the other hand results in a soft metal. The shell 
should be heated to a temperature of 100® 0. to 160® 0. (212® F. to 300® F.) before pouring the 
metal into it, as this not only prevents blow-holes, but reduces the tendency of the lining shrinJking 
away from the shell. The bearing should not be disturbed while the lining is solidifying, since 
vibration tends to enlarge the crystals and produce brittleness. The matrix of the lining should 
be just stiff enough to support the crystals, and the latter should be as numerous as is consistent 
with these, lying clear of each other and thereby causing brittleness. A Brinell hardin ss of 
23*6 for an alloy with a lead base and 30 for a tin base has been found to give excellent results. 

ALLOTS HAVINa A TIN BASE. 

Tin-Antimony Alloys. 

These alloys, which are of type (a), are the basis of Britannia metal. 
Bina^ tin-antimony alloys are not so satisfactory as ternary alloys containing copper and 

nickel. The function of either of these elements is to inhibit flotation of the hard crystals which 
constitute the actual bearing surface. These hard cr3nBtals ha^^e a low density and otherwise 
tend to segregate in the upper part of the casting. Typical compositions are :— 

Tin. Copper. Antimony. Nickel. 
88 4 8-10 — 
92 4 3-6-4-0 0*6 

Babbitt' metal ’ is of similar type. 

Babbitt ‘ Metal.* 

This alloy, whose composition is as follows: Tin, 83*3; Antimony, 11*1; Copper, 6*0 ; is 
used on important bearing under heavy loads, such as crank-shaft, crank-pin, and cross-bead 
pin journals. 

In cast-iron boxes, for light work; 60 parts tin, 6 parts antimony, 1 part copper; for heavy 
work : 46 parts tin, 8 parts antimony, 4 parts copper. In brass boxes : 64 parts copper, 8 parts 
tin, 1 part zinc, l^e bearing to be lined with the metal is first tinned with the Babbitt metal 
mixed with twice its weight of tin. 

Babbitt metal should be stirred thoroughly from the bottom of the pot at frequent intervals 
when being used, to prevent segregation of the constituents. If the pot is used only occasionally; 
the Babbitt should Ira covered with sawdust to prevent the formation of dross. 

Admiralty White * Metal.’ 

Tin, 86*0; Antimony, 8*6 ; Copper, 6*5. 

Cadmium improves the strength and other properties of tin-base bearing and up to 1 *0 per cent, 
may be present. It is essential for the alloy to be practically free from lead, however, ainoe 
otherwise its melting point may be too low. 

ALLOYS HAYINQ A LEAD BASE. 

Lead-Antimony Alloys. 

These alloys should not contain more than 10 per cent, of antimony if they are not to be brittle. 
Such as do contain upwards of 18 per cent, of antimony must be given suitable support. As with 
the tin-base alloys, beat results are obtained from ternary and quaternary lead alloys. 

* Magnolia.* 

Lead, 80; Antimony, 14; Tin, f. 
Lead, 79 ; Antimony, 20; Tin, Ooppei, eto., 1. 
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Bearing Alloys with Alkali Hardeners. 
Name. Composition. 

Frary . . . Pb 97-B, Ba 1-6, Oa 0-76, Hg 0*26. 
Satoo . . . Pb 97-2B, K 0-1, Oa 0*16, Sn 2-B. 
LorgJ . . Pb 96-e, Ba2-8, OaO-4, NaO-3. 
Bahnmetal . . Pb 98-63, Oa 0-69, Na 0 62, A10 02, Li 0-04. 
Can . . . Pb94-9, Bal O,Oal-7B, Oul-3B, Stl O. 

These alloys have high compressive strength, hardness and melting point. They will not 
carry the oads, or operate at as high speeds as will the best tin-base alloys. They are also subject 
to excessive loss of hardening elements on remelting. 

Cadmium-nickel alloys containu^ from 0-5-3-0 per cent, of nickel and the rest cadmium 
have been used for bearing liners with excellent results. 

(^Svoartt.) 

Anti-Friction Alloys, 

DEMA ANTI-FRICnON AliLOYS. 

iThe Delia Metal Co., Ltd.) 

Delta White Anti-Friction Metals, Nos. IX and IXa, are used for lining bearings, bushes, etc., 
and are particularly suitable for heavy bearings such as those of marine engines, for railway 
tracks, dynamos, etc., as they do not wear, heat, or cut the journals ; they are also cheap. 

The application of the metals presents no difficulties whatever; the parts required to be lined 
should be thoroughly cleaned, and when the metal is melted (which may be done in a ladle, over 
a slow fire, taking care not to overheat it) it is applied in the usual way. The melting point is 
about 450^ 0. 

Fry’s ANXi-FRitmoN alloys. 

{Fry't Metal Foundries^ Ltd.) 

These anti-friction alloys cover the whole range of white metals employed in engineering 
practice; commencing with lead-free alloys of high tin content with sufficient antimony and 
copper to provide necessary hardness and wearing qualities combined with great toughness (as in 
the 01 brand) which are used for special service, as in the big end bearings of engines for aircraft 
or high-powered cars, and ending with the finest quality of lead-base alloys of the Magnolia class. 

The series includes bearing metals suitable for every class of service, heavy and light loads, 
high speeds and slow-running machinery, and plastic metal for emergency and special services. 
The high-tin alloys are self-tinning. All but the first alloy in the series have a structure consisting 
of a matrix of tough and durable alloy with cuboid antimony-tin crystals regularly embedded 
throughout. The first is a tin-antimony solid solution with crystals of copper-tin and copper- 
antimony constituents interspersed in dendritic or needie-shaped formation. The constituent of 
dendritio crystal form is actually present in all well-balanced alloys of this character, adding 
greatly to their toughness and durability, and also serving to ensure the even distribution of the 
cuboid antimony-tin constituent. Fimdly, hard and highly resistant zinc-tin rock crusher bearing 
met^ of great endurance can be furnished. 

The following table shows a selection of bearing alloys for particular purposes and for design 
work;— 

Tensile Test. Compression Test. 
Constituents, Brinell Tons per sq. in. 

per cent. Hardness 
Elong- Number. 

Tons ation 10-mm. Com- 
A- Tin; B- Antimony; per per Ball. Yield Pt. pressed to 
0 »* Copper; D — Lead. sq. in. cent. 500 Kilos. 0-001 in. half 

in 2", length. 

No. A B C D 
1 93 3-6 3-6 — 5-12 11-6 24-9 3-569 14-732 
2 86 10-6 3-5 — 6-65 7-1 33-3 4-372 17-232 
3 83 10*6 2-6 4-0 6-60 — 34-5 4-284 17-640 
1 80 11-0 3-0 6-0 6-70 — 32-1 4-640 17-600 
6 60 10-0 1-6 28-5 6-04 — 27-1 3-696 12-856 
6 40 10-0 1-5 48-5 4-58 — 21-8 3-660 11-284 
7 20 16-0 1-6 63-6 6-48 — 31-3 4-016 12-212 
8 78 11-0 11-0 — 6-36 — 37-0 4-550 17-856 
9 8 16-0 80-0 4-69 2-8 24-9 

:_t 

S-690 13-866 
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Miscellaneous Metals for Bearings and Engine Parts. 

The following special mixtures are stated to be satlsfaotory for the duty mentioned:— 

For Lining. Tin. Lead. Zinc. Antimony. Copper. Bismuth. 

Dynamos—high speed . 88 8 3-5 0-5 
Marine engines 77 17 — 3 3 
Booentrics .... 6 78 — 16 2 0-25 
Submerged bearings 40 48 — 10 2 — 

Main bemlngs 34 44 — 16 6 _ 
Slides, thrusts 63 — 30 2-6 2-6 _ 
Railway trucks 42 — 56 — 2 _ 
Axle-boxes (by analysis) 
Loco, and carriage bearings 

74-22 13-60 1-8C 6-66 3-60 
♦ — 

^(ItaUan Railways) 
Ouriage bearings (German 

38 37 — 26 — -- 

Railroad) .... 
Bearings for rock-breaking 

20 60 — 20 — — 

machinery 10 — 80 10 — — 
Loco, bearings f A. Allan & Sons) 
Gross-head slides and rod 

6-5 35 — — 59-5 — 

bearings (Eastern Railway, 
France) .... 0 66 25 10 

Axle bearings and connecting 
rods for heavy engines 
(Eastern Railway, France) . 83-3 _ _ 11-12 6-5 

Eccentric straps and slide 
valves (Eastern Railway, 
France) .... 10 70 _ 20 _ __ 

Passenger and freight car 
bearhigs (A. Allen & Sons) 4-6 46 — — 60-6 — 

Loco, bearings (Dewrance) 
Loco, and wagon axle boxes 

S3 — — 46 22 — 

(Fenton’s alloy) 14-6 — 80 — 6-6 — 
Bearings, sleeves, slides and < 

guide ^ba (U.8. Navy) \ 
12-6 to 

14-5 1 2-6to4-6 - 82 to 84 1 - 

Pivot beings (Hoyle’s alloy) 
Lining, bearings and crank pin 

46 42 “■ 

besiings (moderate speed) 
(Parsons’ white brass) 68 0-6 30-6 _ ; 1 _ 

Metallic rod packing (Eastern 
80 Railway, France) . . ^ 12 — 8 — — 

Piston packing rings . | 

Pump and pump chambers 
13 

60 
1 1 

60 
86 

87 and gun-metal valves 10 1-6 1-6 — — 

Cog wheels . . , 11 9 
10 

25 
10 

— 56 
80 _ 

Anti-acid metal (by analysis) . i 78-84 14-76 — Trace 3-70 — 
Plastic metal 80 10 — 1 8 1 
Genuine Babbitt (hard) . . ^ 80 — — 10 10 — 

„ „ (No. 2) . 83 — — 9 8 — 
Universal bearing meUi. 6 78 — 16 — 0-25 
Anti-friction castings 
Bearings for high-speed ma- , 

24 — 80 — 4 — 

chines . . . . ; — — 14 to 18 — 82 to 86 — 

•» »» »» • 17 — — 77 6 — 

»• M „ . . 1 18-6 76 5-5 

ZINO-TIN ALLOTS. 

Zinc and tin form a series of euteotlferoos alloys^ some of which are of ralue as bearing metals. 
The alloys, in common with all bearing metals, are rery susceptible to differences in casting 
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temperatare, as may be gathered from the following table, which gives in detail the effect of 
Taiying the temperatare of casting an alloy of 70 per cent, of zino and 30 per cent, of tin:— 

Oasting 
Temperature. 

U.T.S. or Tensile 
Strength. 

Tons per sq. in. 

Elongation. 
Per cent. 

Stress to compress 
to half length. 

! Tons per sq. in. 

626« 0. 609 8-0 7*7 

600* 0. 6*17 80 1 13-6 

476* a 6-60 80 16*4 

460*0. 7*37 17-8 14-8 

426*0. 7-8T 36-6 160 

400*0. 7*24 204) ! 16-8 

The above figures are for chill castings. 

The alloys of zino and tin containing from 26 to 75 per cent, of zino possess, when in the chill 
oast condition, tenacities varying from 6*0 to 6*6 tons per square inch, percentage elongations 
varying from 30 to 46, and are compressible to half-length under stresses (calculated In the original 
areas of the test-pieces) varying from 13 to 17 tons per square inch. The eutectic melts at about 
SOO* 0. and contains 16 atomic per cent, of zinc. 

In order that these alloys may approximate more closely to type (a) (g.v.) bearing metal, the 
zinc-tin aeries containing no relatively hard constituent, copper and antimony are frequently added. 
The addition of one or both of these constituents results in the formation of a bearing metal in 
which the hard compounds of antimony and zinc, etc., are indiscriminately distributed throughout 
the eateotiferouB matrix. The following are analyses of certain alloys of this type :— 

Zinc. Tin. Copper. Antimony. Use of Alloy. 

80 14-5 6*5 - Fenton's alloy for locomotive 
axle-boxes 

69 26-0 60 — Propeller bush. 
88 2-0 80 20 Bearing metal for general use. 

In this connection it may be noted that ternary alloys generally are far preferable to complicated 
mixtures and usually fuflU all the requirements of good bearing metals. 

PUBIBLB METALS. 

With the following combinations of metals, which form * eutectiferous * alloys, it is possible to 
prepare an alloy having a melting point lower than that of any member of t^ series. 

Alloy with Lowest Melting Melting Point. 
Point (Eutectic). *0. 

Antimony-lead 12*6 per cent. Antimony 247 
Btannth-lead 67-4 „ Bismuth 124-6 
Bismuth-tin . 66-7 „ 137 
Blsmotb-cad m lum . fio 146 
Oadmtam-tin. Cadmium 177 
Lead-tin 86*6 „ Lead 180 
Oadmfaim-lead • i 17*4 „ Cadmium 247-8 
Zino-lead 1 

3*0 t> Zinc 818 
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By the addition of one or both of the residnal metals to any of the above oombinationo, 

avstems of ternary and qnatemary alloys, having indlvidnal memMrs with melting points lower 
than those of all other members of these systems and less than those of the eutectics given above, 
may be obtained. These ternary and quaternary alloys are the true * fusible metals.* 

The alloys of lead, tin and bismuth are of value for the following purposes:— 

(i) The manufacture of casta of delicate objects that would be damaged If subjected to high 
temperatures. The following alloys are recommended for this purpose:— 

Bismuth . . 69*2 300 600 600 

Lead . 27*3 31>2 300 25.0 

Tin . . 13-6 18-8 20 0 25.0 

These alloys expand considerably on cooling and are valuable also for the taking of impressions 
from dies, medals, etc. 

(ii) Fusion pyrometers. Farkes and Martin recommend the following fusible metals as pyro> 
meters for the tempering of steel tools. The article to be treated is placed on a plate of the alloy, 
which is heated till it melts. The tool, being then in the required condition, is quenched in water. 

Tablk of Melting Poixrs of Bismuth-Lkad-Tin Alloys. 

Bismuth. Lead. Tin. , Melting 
i Point. 
1 

Bismoth. Lead. Tin. Melting 
Point. 

47-0 86’6 17-7 1 98® 0. 13-7 44-8 ' 41-5 160® 0. 

400 40-0 20-0 ! 113® 0. 12-8 490 38-2 : 172*0. 

33-8 33*3 33*3 123® 0. 12-6 600 37-5 178*0. 

30*8 1 38-4 80-8 130® 0. 11’4 I 46-6 430 166® 0. 

200 400 400 1 146®a 100 j 400 600 162*0. 

160 

i 

360 480 ! 166®0. 

j i 

i 

(Ui) Soft solders. For the union of metal to glass, e.f. in the manufaoture of paraf&n lamps, 
the following alloy has been suggested:— 

Lead, 40 0 ; Bismuth, 3S-4 ; Tin, 96-6 

(iv) Fusible plugs. 

The above alloys are nearly all of a brittle character. For the manufacture of daotlle fusible 
alloys the use of oadmlum in plaoe of bismuth Is recommended. 
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The following table includes the best known of the other fusible metals:— 

Alloy. 
i 

Cadmium. Lead. Tin. Bismuth. Melting PtJ 

Fusible alloy 12-6 260 12*6 60*0 66*6'* 0. 

lipowits's alloy 100 26*6 13-3 600 60-68® 0. 

Woods* alloy 16-4 30*8 16*4 38*4 71® 0. 

Fusible alloy 34-6 27-6 10 27-6 76® 0. 

6-2 34*6 9*3 600 77® 0. 

»* ■» • • 26 26 60 — 86® 0. 

fl »» • • 16*6 — 33*3 601 96® 0. 

12 • • 111 — 33*3 66*6 96® 0. 

•» W • • 36 — 26 ! 
1 

60 96® 0. 

SPRNOB’a Metal. 

This compound is obtained by melting the three sulphides of iron, zinc and lead with sulphur. 
The product is a dark grey mass of great tenacity, small power of conducting heat, a specific 
gravity of 3 *4, a melting point of 160** 0. In congealing it expands like bismuth and type metal, 
and resists in a remarkable degree the action of atmospheric influences, alkalies and acids, even of 
aquaiegia, its surface scarcely being affected after having been exposed to the action of the latter 
for four weeks. Its property of expanding in congealing, and therefore filling completely all 
depressions of the mould, makes it particularly available for castings. If the compound is poured 
on a plate on which the impression of the hand has been made, the oast will show all the lines 
and tile pores of the palm. 

The material has been used for Jointing gas and water pipes. 

TTPE'MBTAL. 

MeUl. Tin. Antimony. Lead. 

Monotype. 
Foondem* Type for Hand Composition 

o
o

o
 

16% to 19% 
20%,. 300yJ 

fiemainder 
II 

Slug Catting liaeMnet-- 
linotype, Intertype, and Ludlow 2-6%,. 60/p 

i 

' 10%., 13% ! II 
SUrwtgve— 

Flat Plates. 
Botary Plates .... 

13% ..18% ' 
1 13% 

II 
II 

The addition of copper to type metals as an extra hardener is generally discontinued. Small 
quantities creep in during repeated remelting. Quantities above 0 • 13 per cent, are apt to give 
trouble in machine composition work. 

NON-MAQNEnO ALIX)TB. 

These alloys are used as substitutes for steel wherever it is employed in the parts of watches. 
The oomposition of the alloys varies from 46 to 76 parts of palladium, 16 to 30 parts of copper, 
20 to 26 parts of silver, with sometimes the addition of small proportions of iron, nickel, gold and 
platinum. These alloys are claimed to be unoxidisable in moist air, to preserve their elasticity 
indefinitely, not to vary sensibly with changes of toinpcr.ature, and to remain nninfiucncc<l by 
proximity to dynamos. 

Another non-magnetic alloy is made of from 30 to 40 parts of gold, SO to 40 parts of palladium, 
0*1 to 6 parts of rhodium, 10 to 20 parts of copper, 0*1 to 6 parts of manganese, and the same 
proportions of silver and platinum. The copper and manganese are first mixed, after which the 
other metals are added; or all the metals may be put into a crucible at the same time, the man* 
ganese being used for the bottom layer. 

A non-magnetio variety of * Buirs Metal * is manufactured and sold as No. III> and is being 
adopted for funnels and other erections of warships where the material must poeeees the mechanioal 
properties of steel without its magnetio influence. 
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NON-FERROUS ALLOYS. 

The following tables * give repn-sentative compositions of alloys met with in commercial 

(‘iigineoriiig. In a number of cases the com])ositi<m of an alloy may vary over a relatively large 

rtuigc in i)ractico. 'J’he analyses given are «if alloys actually used for the jiurijose specified. 

Copper Base allots—Brasses. 

Cu. Zn. Sn. Pb. Fe. 

Brass. 
Aluminium . 63 33-3 _ _ — A1 3*3, Si 0*3 
Bell . 64*26 36 0*75 
Bismuth 47 21 1 _ — Ni 30-9, Bi 0*1 
Brazing 76 26 
Bullet. 90 9 — 1 

Burr . 62 38 
Cartridge . 70 30 
Clock . 62-6 36-76 — 1 76 
Diaphragm . 96 2 3 
Dipping 66-7 33-3 
Deep drawing 70 30 
Electrical castings 84 13 3 
Engravers . 66 33 
Free cutting 88*6 10 — 1-5 
Eyelet 66 36 
Hot pressings 60 1 38 — 2 

Red . 87 1 13 
»» • 86 111 2*9 

Reed . 69 30 1 

Rolled 74*3 22-3 3-4 
Rule . 62-6 36 — 2-6 

Screw. 78 16 4-6 1-6 

Spring 72 28 
Tube . 66 35 
Vanadium . 70 29-6 — — — V 0 5 
White. 69-8 25-8 4.4 

Wire . 67 33 
Yellow 66 34 

Variotu, 
Aitch metal 60 38-2 — _ 1*8 

Barronia (tubes) . 83 14-6 2-0 0*5 
Battery copper . 94 6 
Birmingham platina 46-6 6316 — — 0*26 
Bronze powder . 84 16 
Burr metal . 90 10 

Solder for steel . 82-6 17-4 
Gold-leaf metal . 84 16 
Gold leaf 66-80 34-20 
Hercules metal . 54 36 — — 7 6 A12-6 
Jewellers’ metal . 90 10 

»» »i 91 7-6 1-6 

Leaded , 88*6 10 — 1*6 

Manganese . 80 6 — — — Mn 15 
Mn-Ni 65 5 — — — Mn 20, Ni 10 
Matrix 62 36-^ — 1*6 

Manganin . 63-4 39 2-7 — — Ni2 6, Mnl*7 
, AJ 0*2 

Non-taniisbable . 63-6 31 3-26 2 

Pen metal . 86 13 2 

Pin wire 61 39 
Seamless tubing . 60 40 
Solder, hard 67 43 i 

„ white 40 ■ 60 j 

i 
* W. Oampbell {Proe, Anuf, 80c, Tett, Mat,) and other anthoiities. 
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OOPPEBrTlN ALLOYS—BBONZaa. 

On. Zn. Sn. Pb. i Pc. 1 
BrcmeM* i 1 

Acid . 82 2 8 8 

Alaminium . i 88 — — — 1-3 A110,Mn0-8 
Bearing, railway . I 83 — 18 

„ auto i 80 — 10 8 

,, machinery 87-8 — 12*6 

, bard 79-3 6*4 14-3 
Manganese . 83 5 8 3 — Mn 3 
Silicon 1 91 — 9 — — Si 0-06 
Telegraph . , 80 7-5 5 7-6 
Tobin. 68-2 2*3 39-6 
Screw. 93*5 60 1 

Plastic 64 — 6 30 — : Ni 1 
Forious. 

Argental 86 — 10 — — 0o6 

Speculum (Coopers) 67-8 : 3-6 27-3 — — ; As 1*2, Pt 10 
„ (English) 66-6 — 33-4 1 

t* i» 60 29 21 1 i 
Hairsprings. 94-3 — 6*6 — — PO-2 
Hercules 85*6 ' 2 10 — — AI2-6 
High temperature 90-7 , 6*3 2-7 1-3 
Instrument 92-2 , — 7-8 

82 6 13 1 

Gun*metal, small. 93 ! — 7 1 
„ large . 90 — 10 i 

Piston rings 84 8-3 2'i) 4 3 
Steam fittings 88 2 8 2 
Medals 93 — 7 
Bivets 64 — 36 

i 

Tm BASH Alloys. 

1 Sn. 1 Sb. Pb. Ou. 

Britannia metal . 91^6 71 1-4 
26 60 — ; Bi26 

„ „ spoons 84-7 6 3-7 ! 
Hoyt’s No. 11 . 91-4 3-6 0-18 4-3 NiO-66 

Pewter 81-2 6-7 1-6 1-6 

yy best • . < 86 14 
yy common . 80 _ 20 

Plairtio metal 80-6 8-6 ! — 9-6 1 Fel.4 
Bicbard’s babbitt 82-43 — 8-1 

surer solder. 76 j 
9-8 1 

— 3 ^ Ag lOy Zn 2 
Ship’s nail alloy . 60 1 17 ! 33 
surer foil . 90 i — — — ' ZnlO 

»» »f • • • ' 97-6 1 — i [ — 2-6 j 
TinfoU . . . i 87-6 1 0-6 j ! 8 ; 4 
White metal . . ! 28-4 66-8 ! 

1 
— 1 7-4 Zn7-4 

r.wAn BASB Allots. 

Aocumalator metal 
Anode metal 
Anttfiiotion. 
Oapsale metal 
Bleetrotype metal 
linotype metal 
Stereotype metal 

PrintiDg type 
Shot lead . 
Tea lead 
Terne metal. 
Alloy that expands on 

Pb. 1 Sb. : Sn. 1 i Ou. 1 

90 i 0*76 9-25 
94 — 8 ' 
77 14 1 
92 — 
93 4 3 1 
83 13 6 
82-5 13 46 j : 
69 i 16-6 — _ 1 Bi 16-6 
80 1 20 ; 1 — i 
99-8 AsO-2 
80 — 20 
80*26 1*76 18 

76 18*7 — Bi8*8 
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OOPnOUNXCKBL ALLOTS. 

i Oo. Nl. 1 
Ck>n8tantan .... 60 40 

i ■ 

»» 64 46 Mn 1*3, PeO l 
Oupro nickel sheet 80 20 

Mumetal .... 6-3 74 Pe20, MnO-7 
Turbine blading . . . 821 14-7 Al 2-6, ZnO'7, Si 

0-04 
Flat spring strip . 67 16 Zn 27 
Valves for superheated steam. 33 64 Sn 13 
German silver 33-3 33*3 Zn 33-4 
Watch alloy. 60 47-2 Od 2-8 
White copper 40-4 31-6 Zn 2&*4, 8n 2-6 

OOPPEa-NlGEBL-ZlNO ALLOTS. 

Ou. Zn. Nl. 

Argentan sheet 40-66 17-32 18-20 
Brazing solder 46 46 10 

Blectrom 61-6 22-6 26-8 
German silver 46 34 20 

Knife bolst^ 
60 29 21 

66 28 16 
Nlckelin 76-66 10-20 18-32 
Optical wire. 64 28 18 
Platinoid 62 22 15 
Resistance wire 66-5 26-6 18 
Eheotan 62 18 26 Fe 6 

Spoons, forks 60 22 18 
Watch-case bezels 60 24 16 
Watch-case metal . 66-66 30-16 10-28 Pb 0-1 
Touoas. 35-76 7-14 28-66 Fe 7*14, Sn 7-14 

Pb7-14, 8b 7-14 

Ooppeb-Manoanesb allots. 

Ou. Mn. Ni. i 
\ 

Magnetic alloy (Heusler) 68 18. _ Al 10, Pb 4 
Bheotan 84 12 — Zn 4 
Manganin 86-84 12 2-4 

ft • • • 84 4 i 12 

Resistance metal . 86 12 { 3 
Bverdur 96 Si 2-76-3-26, Mn 

0-76-1-26. Fe 
0-6 max. 

ALmfXNIOM allots. 

! Al. Ou. ' Mn. 

Mg7 . . . ^ 93 Mg7 
Ourtiss. 96-2 2-6 Mg 1-6 
Aerolite 86 12 2 
Magnalite 94 2-6 — Zn 0-6, Mg 1-6, 

1 Nil-6 
Magnalium alloy . . 1 96 ' — ! — Mg 6 
T alloy . j 92-5 ^ 4 ; — Mg 1-6, Ni 2-0 
Lynlte 90 ! 8 — Mg 0-6, Fe 1-6 
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ALUMINIUM AumB-^eontinueA. 

1 

i 
Al. Ou. Mn. 

Aerolite 
I 

96>9 1-2 MgO-4,Fel,SiO-& 
Alpax 1 
Silumin i ‘ 

; 
86-6 0-16 0*26 J Zn 0-2, FeO-8, Si 

12-13 
Duralumin . Bal. 3*6-6-6 0-5-0-8 Mg 0-6 

„ ... . ' Bai. 4-2 0*49 Mg 0*76, FeO-67, 
; Si 0-3 

Die casting . 92-82 8-18 
Magnalium (cast) . 85 — — Mg 15 

„ (sheet). 96 — — Mg 6 
Nickeloy 94 4-2 — Ni 1-4 
Dental alloy (Pages) 93 2-26 — Au 4-76 
Platinum substitute 23*6 — — Ni 72, Bi 3 -7, Au 

0-7 
Sibley Alloy. • • 1 67 — — Zn 33 

EUTSOTIO ALLOYS. 

Alloy. Temp, of Fusion 
•0. 

Bi 49-6, Sn 13-1, Pb ‘it 3, Cd 10-1 
Bi 61*6, Pb 40-2, Od 8*1 . 
Bi 62-6, Sn 16*6, Pb 32 . 
Bi 64, Sn 26, Od 20 . 
Bi 66-5, Pb 43*6 . 
Bi 58, Sn 42 . 
Bi 01-6, Cd 38-5 . 
Sn 60, Pb 32, Od 18 . 
Sn73-6, Od24-6, Zn2 . 
Sn 68-6, Cd 31-6 . 
Sn 63, Pb 37 . 
Sn 91-6, Zn 8-6 
Pb 87, 6b 13 .... 
Pb77,Od33 .... 

70-74 
91-6 
96 

103 
126 
137 
144 
146 
163 
178 
182 
197 
247 
249 

HEAT-RESISTINa AJ.LOYS. 

Alnmel • 
Ohromel A 

„ B . 
„ O . . 

Oorronil . 
Oronit . 

„ Heating units (up to 
Bunka or Manganin. 

Niokelin . 
Nicbrome 1 

;; IV 
Kon-magnetic, 
Permalloy 

high reaiatance 

i 94, Fe 0-6, Mn 2-6, A1 2-0, Si 1-0. 
li 80, Or 20. 
i 85, Or 16. 
i 64, Or 11, Pe 26. 
i 70, Mn 4, (Xi 26. 
i 60, Or 40. 
i 60-66, Or 12-16, Pe balance, 
i 4, Mn 12, Ou 84. 
i 12, Mn 4, Ou 84. 
i 6, Mn 26, Ou 70. 
r 26, Al 6, Oo 3, Fe 67. 
i 32, Ou 68. 
i 60, Or 11, Fe 26, Mn 4. 
i 76, Or 11, Fe 12, Mn 2. 
I 86, Or 16. 
i 80, Or 20. 
I 30, Or 70. 
i 78, Fe 22. 

Ferinyar 
Platinoid. 
Bheoton • 

Ni 46, Fe 39, Oo 26. 
Ni 14, Ou 60, Zn 24, W 1-2. 
Fe 12, Ou 84, Zn 4. 
Fe 45, Ou 60*4, Zn 16*9, Ni 26-3. 
Cri7-5,AI7-5,Fe55. 6mitli*e No. 10 Alloy 
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HBAT-BEglSHNO ALLOTS. 

Plame-reBlstlng . . Ni 9-7, Or 14, Fe 81 0-2, Mn 0-77, 0 0-2S. 
Oarbortaing boxes . . . N1 30>60, Or 16-22, Fe balance. 
Non-scaling . . . . Nl 24, Or 24, Si 3, Fe balance, 
electrodes ... . N1 93-97, Si 2-4, Mn 1-3. 

„ . . . . N1 82-86, Or 10-12, Si 2-4, Mn 1-3. 

OUTTENO-TOOL ALLOTS. 

Oarboloy I . . . . Tungsten carbide + 8 per cent. Oo. 
„ II . . . . „ „ 4 13 per cent. Oo. 

Widia.W 86*4, Oo 6*1, 0 6*68 (tungsten carbide 4 6 per cent. Oo.) 

Physical Properties of Metals and Alloys. 

(X>PFBR AND COPPIEB ALLOTS. 

55 

1? Is 1 Alloy. Condition. 

II s 
Bemarks. 

S 1. 11 5 r S 
h:|h w 

Copper, 99*9% (a) Bleotrolytio.an- 3*8 il6-9 60 60 40 Shearing strength, oast oopper. 
nealed at 200** 0. 

(b) Not annealed. — 1 30 0*8 64*5 
3,000 lbs. per sq. in. 

96% reduction 
(c) Hot-drawn, 64% — 20*9 4*3 70-6 

Modulus ofelasticity(Oopner). 

reduction Lbs. per sq. in. 
(o) Bleotrolytic 17*4 x 10* 
(6) Oast 11*0x10* 
(e) Hard-drawn 17*6 X 10* 

Copper, 99*6% Cast 4*6 11*3 20 60 80 
Cbmineroial Boiled bard (40% 9*0 22*6 6 8 94 

reduction) 
Annealed at 600*0. — il6*6 60 60 42 
Cold-drawn (50% 16*6122*6 9 — — 

reduction) 

Brass (red) Sand-cast — *13*0: 22 _ _ CompressiTe strength 
Ou 90, Zn 10 Hard-rolled — 24*6 6 — 60 (Brasses). 

Soft-iolled — 16*6 40 70 47 Cu Zn Lbs. per 
sq.in. 

90 10 30,000 
80 20 39,000 
70 SO 60,000 

BnuBS (yellow) Sand-cast 9*8 20-6 15 22 — 60 40 76,000 
On 68, Zn 40 Hard-rolled 20*0 31*2 30 50 — 60 60 110,000 

1 Modulus of elasticity. 
Ayerage, 13 x 10* lbs. per 

' i sq.in. 

Bronze ; Cast 3*8 12*6 20 _ -- CompressiTe strength 
On 97*7 BoUed 4*8 21*4 66 76 —• (Bronzes). 
8n2*8 Ou Sn Lbs. per 

sq.in. 
97*7 2*8 34,000 
90*0 10*0 66,000 
80*0 20*0 118,000 
70*0 30*0 160,000 

; 
Modulus of elasticity 

10-16*6 X 10* 11^ per sq.in. 

Bell metal Oast 4*6 114*3 1*6 — 
On 90,8n 10 

I i i Lj 
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Properties of NTon-Perrous Alloys at Elevated Temperatures. 

Alloy. 

A. Muntz Metal . 

B. Extruded Sceptre Brass 

0. Drawn Manganese-Bronze . 

D. Sand^Oast Manganese-Bronze 

E. Sand-Oast Phosphor-Bronze 

F. Ohill-Oast Phosphor-Bronze 

O. Nickel Oopper . 

H. Naval Brass . 

J. Sand-Oast Oun-Metal. 

Analysis. 

Ou 68 »6, Zn 39-77, Sn 0*66, Fe 0-14, Pb 0-67. 

Ou 61-7, Zn 36-6, Fe 1-44, A11-06, Pb 0-17. 

Ou 66-9, Zn 40-28, Sn 0-75, Nf 0-31, Fe 0-83, Al 0-19, 
Mn 0-19, Pb 0-66. 

Ou 68-6, Zn 36-9, Sn 0-08, Ni trace, Fe 1-46, Al 0*01, 
Mn 1*88, Pb 0-06. 

Ou 88-38, Zn 1-01, Sn 12-66, Ni 0-11, Fe 0-02, Pb 0-61, 
P 0-24. 

On 90-36, Sn 9-47, Pb 0-17, P 0-17. 

Ou 97-79, Ni 2-02, Fe 0-08. 

On 60-95, Zn 35-04, Sn 1-3, Fe 0-11, Pb 0-20. 

Ou 86-5, Zn 3-29, Sn 10-2, Pb 0-12. 

Bbinbll Habdnbss at Diffebbnt Tbiifebatubbs. 

Alloy. 

Temperature. *0. 

18. 250. 350. 450. 

A 126 107 63 18 
B ! 133 111 71 26 
0 114 1 99 61 16 
D 133 i 101 63 19 
B 98 ! 83 77 53 
F 77 i 75 64 43 
G 171 — 143 141 
H 96 88 61 17 
J 86 69 63 58 

Tbnbilb Strenoths at diffebbmt Temperatubbs. 
(Tons per sq. in.) 

Temperature. 0. 

Alloy. . - - - - 

30. 25a 860. 460. 

A 31-6 

.... ■'■■■■ ■ 
23-0 13-6 3-9 

B —— 

0 34-4 33-8 11-7 2-7 
D 33*5 33-0 13-6 4*1 
B 13*6 18-6 9-7 9-4 
F — » __ _ 

G 38-8 1 36-8 36*0 31-0 
H — — 

J 16-8 16*1 10*3 6*8 
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PHTBIOAL PBOnOBTlIB OV IfBTAUI AND ALLOTS.* 
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Yield Hltimate 

Metal or Alloy. Condition. Point. 
Tons per 

Strength, 
Tons per 

Blong. 
% li Bonarkik 

sq.ln. sq. in. 

Gold, 100% . Oast 11-8 26-0 1 
Hard-drawn _ 16-6 _ 

Qold-oopper Hard drawn _ 29-0 _ — 73 
Au 90, Ou 10 

Lead, Oast 0-8 
Oommerolal Hard-roiled _ 1-6 _ — _ 

Soft-rolled _ 1-1 _ _ 
Hard-drawn _ 1-4 _ _ _ i 

Nickel, 98-5% Oast 10-6 17-0 6-7 G-1 76 ' 
Wrought 8-0 19-0 11-0 — 83 
Hard-rolled 41-0 11-0 — _ 
Hard-drawn _ 69-4 — _ i * 

Palladium Hard-drawn __ 17-4 _ _ _ 
Platinum Hard-drawn _ 23-6 18-0 _ _ 

Drawn, an- 16-6 60-0 — _ 

SilTer, 100% 
nealM 

Oast 17-8 
Hard-drawn — 22-9 — ..— 59 

Ag 76, Ou 26 Hard-drawn — 49*0 — — _ 
Tantalum Hard-drawn _ 68-0 _ _ _ 
Tin, 99-8% . Oast — 1-8 35-0 14 

RoUed 0-72 2-4 _ — 
Hard-drawn _ 4-6 _ — — 

Tungsten, 8wa^ rod 
Hard-drawn 

— 96-0 4-0 28*0 — 
99-2% — 268-0 66-0 — 

Zino . Oast, fine — 6-4 — 48-0 — 
Rolled 1-3 18-0 .... — 
Hard-drawn — 7-1 — — 

Alch’s metal. 26-6 — 
Ou60, Zn 38-2, 
Pel-8 

Sterro metal : Oast 27-0 
Ou66. Zn49-4, Forged — 34*0 — — 
Fel-8,Sn0-8 ' Hard-drawn — 37-0 — — — 

Leaded brass . : Oast — 14-7-17-4 30-26 36-30 — 
Ou 60, Zn 86, ; Annealed .— 18-7 60 — — 
Pb6-S i sheet 

1 Hard sheet 27-2 80 
__ ^ 

Manganese* ! Sand-cast IS-4-16-6 31-2-33*6 30-22 32-25 109-119 , 
bronze 

Ou 68, Zn 39, Ohill-cast 14-3-16-6 33-6-36-7 32-26 34-28 119-130 
MnO-06 

Nickel sUver Cast 6-9 , 16-0 40-0 42 46 
Ou 60-4, Zn 
81-8, NI7-7 

German silver j Oast 8-4 18-3 28-6 26 80 1 
Ou 61*6, Zn 
17-2, Ni 21-1 

Naval brass : Sand-cast 7-0 19-0 30-0 32 

i 

Rolled and 16-6 27-6 25-0 37 — ! 
annealed 1 

Tobin bronze Oast 11*2 i 26-8 — — — i 
Ou 68-2, Zn 1 1 
. 89-6 
Sn 8-3 RoUed 24-1 

i 
36-2 36-0 40 _ ! 

Victor bronze i Oold-drawn 86-7 41-0 11-6 29 — 

Ou 68-6, Zn 
88-6, A1 1-6, 
Pel-0,V0-08 

i 

I 

i 
: i 

1 

* Boreaa of Studards, Washington. 



1256 METALS AND ALLOYS SeC. XXIII (l) 

PHTBIQiL PBOPBBTIBS Of MBIALB AMD AliLOTS—‘OOnlMtlfd. 

! Yield 1 Ultimate 
1** BrineU 

No. Metal or Alloy. Condition. I Point. 
Tons per 

j Strength. 
1 Tons per 

Blong. 
% 

P 

Remarks. 

sq.in. 1 sq. in. 

Cobalt, 99-7% Oast 12-4 14-7 _ _ _ 
Annealed 141 16-6 — 1 — 
Wrought wire — 39-7 j 3-0 — — 

Co 69-6, Mo Stellite . — — — 

1 
1 612 
! 23-6.Orl0*8 

; 

i 1 

i 

Pe 3*1, Mn 
2 *0,0.0 *9, Si 
0-8 

Mechanical Treatment of Metals and Alloys. 

Method Details of Method Consequences of Details 
of Treatment. to be avoided. of Method of Work. 

Hot working . 1. Excess ‘reduction’ or rate of 
‘ reduction.’ 

Cracking of metal. 

i 2. Deficient ‘retluction’ or rate 
of ‘reduction.’ 

Coarse, weak metal. 

3. Excess temperature at com¬ 
mencement. 

Weak, brittle metal and forma¬ 
tion of fissures therein. 

4. Deficient temperature at con¬ 
clusion. 

Internal strain and consequent 
hardening. Possible ‘ season 
cracking,’ 

ii. Retention of scale on metal 
during operations. 

1. Excess ‘ reduction ’ or rate of 
‘reduction,’ without amieal- 

Rough and pitted surface and 
possible cracking. 

Cold working Surface cracking and hollow 
drawing. Strain-hardening. 

111 g. 
2. Deficient * reduction or rate of 

‘reduction.’ 
Inaufiicicut hardening — where 

hardening is expected. 
‘Season cracking’ or cracking 

during annealing. 
3. Unequal‘reduction’. 

Heat Treatment of Metals. 

Method Details of Method Consequences of Details 
of Treatment. to be avoided. of Method of Work. 

Annealing 1. At too high a temperature 

2. At too low a temperature. 
3. For too long a period - - at 

correct temperature. 

4. Careless cliarging in or firing of 
furnace. 

i 5. Tn an injurious atmosphere or | 
1 in contact with injurious 
i substances. 
1 

‘ Burning’ and ‘ over-heating ’ in 
steel and brass. Brittleness 
and sponginess generally, owing 
to abnormal grain size. 

Insufllcient structure change. 
Diffusion and aggregation of 

micro-constituents of metal or 
alloy. 

Sudden access of heat may lead to 
cracking of cold metal. 

Copper is injured by reducing 
gases, steel by oxidising gases. 
Water and oil have injurious 
effects ill many cases. 

Quenching 1. From too high a temperature . 
j 2. From too low a temperature . 

, 3. Unequal. 

Cracking, warping and brittleness. 
The object of the operation is 

defeated. 
Warping. 

Tempering 1. At too high a temperature 
2. At too low a temperature. 

8. Unequal. 

Removes the effects of quenching. 
Does not remove the effects of 

quenching suffioiently. 
Lack of uniformity and con¬ 

sequent failure. 
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SOIiDEBB AND SOLDEBING. 

The followinif notes are published with the kind permission of the Editor of ‘ The Metal 
Industry.’ (See ‘The Metal Industry,’ voL 9, No. 4.) 

Points to bk Obskuvkd for Successful Soldering. 

Attention should be paid to the following points if success is to be attained in soldering or 
brazing 

1. In the preparation of the solder, uniformity of composition should be aimed at. Readily 
Tolatile or oxidisable constituents should be retained. 

2. In the choice of the solder, consideration should be tjiken of the fusibility of the solder. Tlie 
melting point of the solder should be less than that of the metal to be soldered. It should be 
noted, however, that the more nearly tlie melting point of the solder approaches that of the 
metal to be soldered the better is the union obtaiiud, althouirh the more diflRciilt is the operation 
of soldering. It should be considered whether the solder will mingle perfectly with the surfaces 
to be united. One having mechanical and physical properties as nearly as possible approximating 
to those of the metals to be united should be used. One whose mechanical and physical 
properties will not be subsequently modified by any treatment—thermal or otherwise—should be 
employed. 

3. In the operation of soldering, thorough mechanical and chemical cleanliness of thesurfacea 
to be united must be obtained, e.g. by scraping, filing, grinding, etc., and by dipping in suitable 
chemical reagents. A source of heat both smokeless and sufficiently hot to raise the temperature 
of the sections to be united above the melting point of the solder i.s necessary. A suitable flux 
must be used. 

Fluxes. 

Fluxes are used to protect the surface.? of the metal to be united from the oxidising action of 
the atmosphere during the process of heating. The presence of any nun-metallic materials, such 
as oxides or carbonates, on the surfaces to he joined, effectually prohibits perfect union. As the 
process of heating a metal in the air always leads to the formation of a film of oxide on its surface, 
means must be employo<l to protect the surface. Use is made of readily fu'ible salts and of oils 
that are non-volatile at the temperature of soldering for this purpose. For hard-soldering borax 
is practically the only flux employed. It is applied as a paste with a brush to the surfaces of 
small articles, and as a powder to those of larger articles. For soft-soldering a variety of 
materials is used, the following list giving the most important of these, together with their uses. 

(i) Zinc chloride is used for the soldering of sheet metal, copper alloys and bright iron. It is 
poisonous and corrosive, and is on these accounts unsuited (a) for the soldering of tins destined 
to contain food, and (6) for the production of delicate w’ork, e.g. electric fuses. 

Xi«c Chloride Solution. 

Kill 2 quarts hydrochloric acid with all the zinc it wiil take up. Add a (juart of water or add 
part until zinc is fairly dissolveti. A quart of glycerine which has been mixed with a quart 
of alcohol is then added to the solution. 

This fluid is used for all kinds of soldering, especially with greasy and dirty connections and 
iron. It is claimed that glycerine prevents rust, which plays havoc with other soldering solutions 
containing hydrochloric acid. (Street liailuay Journal.) 

Zinc Chloride Paste. 

1 lb. vaseline or petrolatum ; 1 oz. (fluid) sjitiiraro'! solution of chloride of zinc. 
The use of petrolatum instead of vastdine is n*ot»mmondetl. While they ui*e identical in com¬ 

position, the name ‘vaseline’ i.s registereil as a trade-mark, ami conunamls a higher price on this 
account. Petrolatum i.s niueh cheaper. The chlorule of zinc soluti«)n is made by dissolving as 
much zinc in strong muriatic acid as it will take up. An excess of zinc should be present, and 
all the acid noutralisCHl. This will ftirin a thick, oily solution. The petjolntum and chloride of 
zinc are mixed and thor mglfly incorptiratt^l by means of a mortar and i)estlo or by vigorous stirring. 
The advantage of this soldering paste lies in the fact that it does not spatter and is not corrosive. 

(il) Ammonium chloride is used as a flux when roldering copper and iron. 

(Ill) Ammonium phosphate is used when treating with tin, zinc, copper and brass ware. It is 
non-corrosive and non-poisonous, but is somewhat refractory. 

(iv) Hydrochloric acid is employed when dealing with zinc and zinc-coated ware. 

(v) Lactic acid is useful in connection with copper and its alloys, but has the disadvantage of 
producing a tarnish on the surfaces adjacent to the soldered surfaces. 
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(vi) Venice turpentine and Gallipoli oil are used (separately) when soldering pewter or 
Britannia metal. 

(vii) Russian tallow is employed when soldering heavy lead work, 

(viii) Palm oil is employed in the treatment of light lead work, 

(ix) Resin is an advantageous flux when subsequent corrosion is likely to be deleterious. 
It is used on soft alloys and tinware. 

Hard Solders. 

The hard soldera may be divided into two groups—brazing or * spelter * solders and silver 
solders. 

Brazinq or * Spelter * Solders. 

The basis of the brazing or ‘ spelter ’ solders (‘ spelters * they are commonly called) is brass. 
An the percentage of zinc te increased in the brasses so does their utility as solders for the more 
readily fusible metals and alloys increase. There is, however, a limit beyond which the addition 
of zinc to these alloys serves no useful purpose, owing to the fact that the resulting alloys are, 
on account of their brittleness and weakness, of no practical value. This limiting value is at 
about 46 per cent, of zinc. The particular alloy which is in most general use contains 60 per 
cent, of zinc and melts at about 875* 0. (1607® P.). It is employed in brazing general brass 
work, which is possessed of melting points varying from about 890* 0. (1634* P.) to about 
1,000* 0. (1839* P.). For brazing metals, etc., having higher melting points than the above, 
brasses containing a leas percentage of zinc are used. Thus, for the soldering of general iron¬ 
work the brass containing 36 per cent, of zino is used, while for the brazing of copper and light 
ironwork that having 40 per cent, of zino is employed. The most malleable solder contains some 
30 per cent, of zinc, but its refractory nature somewhat subtracts from its value. 

For certain purposes, the above alloys, owing to their yellow colour, are prohibited. Occaaion- 
aUy_^g. In the brazing of nickel silver and iron—whiter alloys are required. For this purpose 
alloys containing nickel are employed, of which the following are examples 

Copper Zino Nickel 
per cent. per cent. per cent. 
37-60 60-00 12-60 
36-00 57-00 8-00 

Other white solders, for use in the brazing of brass and more fusible than ' spelters,* contain 
lercentage of tin. Two such solders are given below :— 

Copper Zinc Tin 
per cent. per cent. per cent. 

43-84 6-66 60-00 
67-60 26-00 17-60 

The British Standards Institution has issued a Specification (No. 263—1926) covering two 
grades of brazing solder. The copper contents for the two g^es range from 53 to 66 per cent, 
and from 49 to 61 per cent, respectively, maximum limits being specified for the tin, antimony, 
arsenic, bismuth, iron and lead permitted in the alloy. A table is included as an appendix to 
the speoifleation giving a range of grain sizes of granular solder to which it Is recommended that 
the material be ordered. 

Silver solders. 

Silver solders are employed for soldering gold, silver, copper, iron, and their alloys, the flux 
generally used being borax, though with very hard solders—f.c. solders having high melting 
points—powdered glass is sometimes of value. 

Such as are suitable for general soldering and brazing, and containing an excess of base metal, 
are tabulated below :— 

Copper Silver Zinc Uses. per cent. per cent. per cent. 

90—95 10—6 Solder for thin sheets of mild steel. 
66-0 46-0 — Alloy for instrument makers; tough and fluid. 
60-0 30-0 20-0 Solder for small brass work. 
46-0 1 88-6 16-6 Solder for bronze and niokel silver. 
43-0 9-0 48-0 Solder for general work on copper alloys. 
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Tin-Dead Solders. 

Tin and lead form a series of alloys, of which only those containing upwards of 85 per cent, 
of lead are employed as solders. These alloys may be dlTided into two classes, thoee that 
solidify at practically one definite temperature*and those which are pasty over a considerable 
range of temperature before they become completely solid. The former are used as tinmen's 
Bdlders, the latter as plumbers' solders, their value to each of these craftsmen being dependent 
on the properties associated with their solidification already mentioned. 

It will be seen that fine tinmen's solder solidifies at a definite temperature of 180* 0. (356* F.) 
while coarse tinmen's solder commences to solidify at about 209* 0. (408* F.), passes through a 
pasty stage, and finally completely solidifies at 180* 0. (356* F.). Soft solder is the name given 
to the alloy containing 50 per cent, of lead, whilst the fine plumbers’ solder, used in making 
* wiped * joints, which commences to solidify at about 250*0 (482® F.), contains 66*6 per cent, 
of lead. A solder frequently used for the union of tinplate contains about 90*0 per cent, of lead, 
and hence has a very marked pasty range of temperature. 

The appearance of the tin-lead solders affords some idea as to their value. The surface of 
good solder should bo smooth and even, and rectangular castings of the same should have a 
distinct furrow along the centre of their upper surface. The presence of zinc, though only traces 
of this metal be present, causes the free surface of the solder to become minutely crystalline. 
Bismuth, copper, and silver do not affect the surface condition of solders when present in 
quantities va^ing from 0*2 per cent, in the case of the last metal to 1 *0 per cent. In the case of 
the first, while antimony up to 2*0 per cent, improves, rather than otherwise, the surftme 
condition. The presence of any of these elements leads to a reduction of the melting point of 
the solder. 

TO Pbbvent soldeb Sucking to Work. 

To prevent hot solder sticking to work, mix common whiting or cold-water paint with wood 
alcohol, and paint the part that is to be protected. The hot solder will not stick, even if the 
piece is held in the melted alloy. Water will do as well as alcohol to mix the paint; but alcohol 
is the most convenient, inasmuch as it can be used without waiting for the paint to dry. If 
water Is used the paint must be thoroughly dry, as otherwise the moisture will cause the solder 
to fly. 

Bismuth Soldkhs. 

These solders arc alloys of bismuth, tin and lead, and are in general more fusible than the 
tin-lead solders. The useful alloys contain from 20 per cent, to 05 per cent, of lead, from 12 per 
cent, to 65 per cent, of tin, and from 12 per cent, to 65 per cent, of bismuth. The alloys 
containing the higher percentages of bismuth are the most fusible ot these solders, which aVe 
employed for general pewtering. The solder containing about 50 per cent, of bismuth and 20 per 
cent, of tin has the lowest melting point of the series, its value being 96® C. (206® F.). 

ALUMINIUM Soldering. 

Success in soldering aluminium depends on the effective removal from the metal of the micro- 
soopically thin fllm of oxide always present on the surface. When measures are taken to deal 
with this film the main difficulty of soldering is removed. Three different types of soldering are 
employed, which may be distinguished by the terms hard soldering, soft soldering, and reaction 
soldering. A proper flux, usually containing fluoride, must be used. 

Hard Soldering. 

In this process the solder consists of an alloy of aluminium having a melting point between 
500 and 600* 0. Many snob alloys exist but the silioon alloy, containing 10 to 13 per cent, of 
silicon, appears to be the best. The oxide is removed by means of an alkaline halide flux, such 
as Is used for aluminium welding. At the temperature at which the soldering is carried oat the 
flax is melted and rapidly attacks the oxide, permitting the melted solder to come into contact 
with clean alaminium and alloy with the sarfaoe. In carrying oat the process a gas blowpipe 
is used as heating medium, but apart from this and the high temperature required, the process 
does not differ from the or Unary soldering of brass. The flux la applied on the end of the solder 
stick, which is melted up and flows readily, sweating the parts together. It is necessary to see that 
the edges to be soldered are properly hot, and in some oases it will be found convenient to heat 
them first until they are hot enough to melt the solder stick whoa the latter Is rubbed on them. 
Oertaln manufacturers supply silioon alloy solder in the form of a tube with the flux oontadned 
inside. 

Hard soldering with a silicon alloy solder Is thoroughly to be recommended as regards ease 
of application, stiragth, and permanence. Unlike soft soldering, the joint is eapable of withstand¬ 
ing ib9 action of boiling water or steam without protection. 
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Son SOLDERINQ. 

In this prooeBS the solder melts at a comparatively low temperature, and it is this type of work 
which has given rise to the widespread view that aluminium is difBoult to solder. The reason 
is that no satisfactory flux has been available until recent times which will attack the oxide at the 
low t^perature of working, so that the oxide had to be removed by mechanical means. After a 
preliminary cleaning, the metal is heated until solder melts upon it. The molten solder will not 
adhere but it can be made to do so by scraping through it with an old hacksaw blade or other form 
of scraper to break up the oxido him. Once the him is broken the oxide cannot reform under the 
solder, and alloying takes place. When the surface is fairly w'cll covered with molten solder the 
adhesion is improved by rubbing with a wire scratch brush while still molten, thus breaking up 
any remaining traces of oxide. After such * tinning ’ the parts can be sweated together in the 
ordinary way. Fluxes are sometimes supplied with these solders but these consist largely of 
stearin or resin and are of little assistance. 

ALUMINmM SOIDBRS (LOW-MEIAINO POINT). 

Al. Zn. Sn. Pb. Ou. Od. Melting point 
•0. 

60 46 1 3 196-360 
6 8 87 — — — 264-376 

— 60 1 — ! — — 40 270-368 
— 20 i 36 44 — — 186-369 
9 78« 1 — — — 200-460 __ 16-30 20-30 30-60 : 2-10 '— 

EBAOnON SOLDKRINa. 

The solder is a chemical mixture containing halides and zinc chloride, which is spread on the 
parts to be jointed and heated by a blowpipe to about 200*^ C. A chemical reaction takes place 
which results in the deposition of pure zinc in a molten condition on the aluminium sui^aces to be 
joined. The zinc flows readily between the edges and alloys readily with the aluminium, form¬ 
ing an excellent joint. Such joints are much more permanent than joints made by the ordinary 
soft soldering process. 

Cold Solder (Amaloabi Solder). 

By shaking finely-divided copper with mercury in a little dilute sulphurio acid an amalgam 
can be prepared which may be used to unite joints at ordinary temperatures. The amalgam is 
formed into pellets, which are heated till mercury begins to exude from the surface. These 
pellets are wiped free from mercury and are then rubbed to a soft paste in a mortar. The 
surfaces to be united are first treated with sodium amalgam (sodium 2 per cent.), the soft paste 
of copper amalgam being then applied. The surfaces to be joined are then tightly pressed together, 
the union being completed in about three hours. 

Soldering Aluminium brass. 

To solder alumiruum brass with ordinary soft (pewter) solder: Cleanse well the parts to bo 
joined from dirt and grease. Then place the parts to be soldered in a strong solution of sulphate 
of copper, and place in the bath a rod of soft iron, touching the parts to be joined. After a wlfile 
a copper-like surface will be seen on the metal. Eemove from bath, rinse quite clean, and 
brighten the surfaces. These surfaces can then be tinned by using a fluid consisting of zinc 
dissolved in hydrochloric acid in the ordinary way with common soft solder. If the surface is 
not coppered an aluminium alloy must be used. 

SOLDBRiNa Oast Iron. 

(1.) 
If the part of iron to be soldered is cast iron that is hard and thin, it should be polished on 

an emeiy wheel and made clean and bright. Then dip it in potash water, after which dip it for 
an instant in clean water, and wash quickly with undiluted hydrochloric acid of the ordinary 
strength ; go over It with powdered resin and solder made from half tin and half lead. This must 
be done quickly, before the surface has time to dry. 

(2.) 
File the surface clean, and wash as before; wipe it over with a flux made of sheet zinc dis¬ 

solved in hydrochloric acid until it is surcharged, or is a saturated solution and has been diluted 
with its own quantity of water; then sprinkle powdered sal ammoniao on It, and heat It on a 
charcoal fire until the sal ammoniao smokes. Dip it in melted tin, and then remove, and rap off 
the surplus tin. 

• Plqs 3 per cent. SpP, 



‘grade a 
Solidus 

B C D F G H J K M N 

°C 184 185 185 185 183 183 183 183 183 185 185 
°F 363 
Liquidus 
"C 188 

365 365 365 362 362 362 362 362 365 365 

204 227 248 212 230 244 255 188 215 275 
°F 370 399 441 478 414 446 471 421 370 419 527 

Tinmans sticks . Blowpipe strips. Ingots. Solid wire. Cored 
wire. Soldertape and sti ip. Solder Cream. Solder washers. 

Melting Points of Solders 
TIN-LEAD SOLDERS 

HIGH TEMPERATURE SOLDERS 
GRADE L.S.2 

"C 304 
"F 579 

L.S.4 
294-305 
561-581 

L.S.T.l 
308 
586 

H.T.3 
236-243 
457-469 

Tinmans sticks. 
Blowpipe Strips. 
Ingots. 

FUSIBLE SOLDERS 
ALLOY No, 2 No. 7 No. 9 No. 11 No. 15 No. 17 No. 18 No. 20 No. 21 

70 91-5 95 102 124 138 142 144 177 
°F 158 197 203 216 256 281 288 291 351 

2-3 oz. sticks. Blowpipe strips. Ingots. 

SILVER SOLDERS 
GRADE F.E.F. Grade A Grade B Standard 

C 630 735 775 780 
°F 1166 1355 1427 1436 

Strips iJj in. X -OlO in. 
Wire iV in. and in. 

FLUXES 
ACTIVE ELECTRICAL 

Frysol Paste Flux. Alcho-re Paste Flux. 
Frysol Soldering Fluid. Alcho-re Soldering Fluid. 
Frysol Tinning Salt. Alcho-re Solder Cream. 
Frysol Stainless Steel Fluid. 
Fry’s A.39 Zinc Flux. 

“ FRYOLUX ” SOLDER PAINT—for tinning and sweat soldering. 

A general review of solders and soldering will 
be found in Descriptive Section XXllI, Part I. 
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CASTING AND FOUNDING* 

MOUIiDTNO-SANDS. 

a.) 
93 parts pure quarts sand ; 7 parts clay free from lime ; the latter acts as a cement for the 

former. 

(2.) 
For small castings :~Bed sand, 8 parts by measure; coal dust (finely sifted), 1 part by 

measure. 

(3.) 

For large castings:—Bed sand, 3 parts by measure; coal dust (finely sifted), 1 part by 
measure; chopped straw, or dried horse manure, i part by measure. 

The latter makes the sand light and porous, facilitating the release of the gases. As the sand 
becomes impoTerished by being burnt, the coal dust is renewed from time to time. If paraffin 
is used to damp the mould, bls^k sand will bind and can then be dried as when red sand is used. 

Moulding-sand which has partially lost its cementing power may have it restored by mixing 
with fresh sand. 

Qreen, or floor sand that has ' gone dead * (dehydrated) is frequently revived with Mansheld 
sand. 

When the metal touches the clay bond the clay is undoubtedly killed, but not so the ferru¬ 
ginous bond, and long-life sand is generally rich in the latter. 

Ferruginous bond in moulding sand Is usually the cause of the production of a smooth, sound 
surface to the casting, particularly in the case of steel. 

The washes used for painting the mould have usually either china clay or a graphite substance 
as base. Qraphlte (plumbago) is itself used at other times. * Scotch blacking,’ which is a mixture 
of charcoal and graphite, is employed. 

A suspenifion of the powder in water may be assisted by the addition of a little borax or 
molasses. 

OORBS. 

For the making of ’ cores * In British foundries a * compo * moulding sand is made from 
ordinary sand such as Mansfield and broken fragments of graphite crucibles ground and mixed. 

The admixture of the coarser material ensures good venting of cores; at times the sand 
alone is used. 

Oil-bonded cores (where the oil is generally a commercial linseed, such as * Baltic seed oil *), 
unlike those used in steel founding, have not met with much success in non-ferrous founding at 
home, but are adopted extensively in America, where a fairly coarse high-silica sand is the base. 
Sands from Lumberton and Howell, N.J., are so used. (Horobin \ 

MOULDINQ-SAND3 

: Green Bonded Strength. 
Moisture i Transverse Permeability. 

1 Secs. 
Sand. Content. ; Strength. 

% t Riddled. Milled. Lbs. 
Ins. ! Ins. 1 

Qreen facing sand . 7-6 i a-3 2-4 -- i 120 
Dry facing sand 8-6 i 2-5 28 1 3*0 ; 99 
Black . 7-5 1-8 1 — 1 0*76 1 1*1 
Red . . . 10*1 1 2.3 

i 
2-26 86 

(Jfer^psfi.) 
VOUI. IX 
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OORB Sand mixtures. 

Moisture Transverse 
Qreen 1 

Bonded 
Strength. 

Perrne- 
Mixture. Content. Strength. ability. Remarks. 

% Lbs. Ins” Secs. 

Ordinary core sand 8-2 2-25 2*3 106 Not free venting, 
but can be handled 
in the green state 

gea-sand 20 parts to 1 5 65 1-2 46 Cannot be handled 
part linseed-oil iu undried state. 

Sea-sand 40 parts to 1 5 28 11 43 j Suitable for most 
part linse^-oil 1 ordinary work 

Leighton Buzzard 20 5 , 63 11 28 Binds better with 
parts to 1 part 
finseed-oil 

treacle than lin- 
seed-oil 

Leighton Buzzard 40 5 22 0*75 23 
parts to 1 part 
linseed-oil 1 

Tkshnq Moulding-sands. 

A rough-and-ready test for voids and porosity consists in putting 50 c.o. of water in a glasa 
measuring cylinder and 50 c.o. of the sand (previously passed through a IS-mesh sieve) into a 
graduated glasa cylinder holding 100 c.o. The water is added to the sand and the cylinder with 
its contents is violently shaken until the water and sand are thoroughly mixed. The mixture 
is allowed to settle and the total volume is then measured. The reduction in volume is a measure 
of the volume of voids or pores in 50 o.c. of the sand. 

By watching carefully, the time taken for the grains of different sizes to settle may also be 

SBALINQ UP CRACKS IN OASTINGS AND OEUBNTlNa JOINTS. 

Cracks in the walls of pressure vessels may be patched by bolting on a plate with a thickness 
of sal ammoniac and iron borings beneath it. Many an external firebox sheet has been patched 
in this way. 

The sal ammoniac treatment has also been used in railway shops for stopping cracks iu 
cylinders. 

White lead has been used with advantage in making up threaded pipe Joints and when press¬ 
ing the brasses into locomotive driving boxes, placing driving pins in the wheels, etc. In the 
latter case the white lead acts as a lubricant while the job is being done, and later on, after it 
has set, it serves to cement the part pressed in. For many uses red lead is preferable to white, 
and next to litharge, is best lor holding anything. If a threaded pipe Joint is made up, say a 
2 in., with white lead, alter a year’s time it will stiU be possible to remove the fitting, but if the 
same fitting is made up with red lead, and it is desired to take it off after the lead hiu hardened, 
the fitting will have to be broken unless sufficient beat can be appUed to cause it to loosen from 
the pipe. 

There is no cementing effect when graphite and oil is used on a pipe thread. With graphite 
and oil on a thread a fitting can be made up tighter than would otherwise be possible. Also, 
the graphite is squeezed compactly into the interstices in the Joint and its very compactness 
bolds it against blowing out under pressure, but it does not anchor the fitting. Therefore, no 
greater stress is necessary to remove the fitting at any time than was used to put it on. 

Litharge will make a threaded pipe Joint absolutely leak-proof against any kind of fluid and 
against any pressure that the pipe will stand. .p . 

FAIIBRN OOMPOSmON. 

A composition that has many advantages over wood for making small patterns can be made 
as followsWith hot water mix into a thick paste three parts by volume of starch, one part 
ground glue, two parts fine resinous sawdust. The sawdust should not be added until the starch 
and glue have been dissolved by the water. After the ingredients are thoroughly mixed, heat 
the whole to 190*’ F., and continue the heating until the whole becomes a hard mass, then allow 
to cool, and remove from the receptacle. The resulting composition is a strong, hard, hom-like 
substance, that can be machined, sand-papered and varnished Just as can wood. The principal 
advantages of this composition over wood lie in the fact that it has no grain, and therefore turned 
and complicated patterns made from it do not have to be built up or glued together, and that 
for the same reason it is easier to tom and machine, and offers a smoother surface when finished. 
It is also more fireproof than wood and not so readily affected by atmoepheric 

(American MacMnUt.) 
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SHRINKAQB of OAffCXNOS. 

The allowance for shrinking in casting should be for each foot in length:— 

Parts of 
an Inch. 

For cast-iron pipes . . >126| 
* „ beams and girders *1 

„ cylinders, large . *094 — 
«t *1 small . *06 ■■ 

In thick breadth . . . *166» 
In thin breadth . , . *160 = 

Brass 

Parts of 
an Inch. 

. *11 - 
Lead . -Bl “ ^ 
Zinc •26 - i 
Copper . -17 =- A 
Tin . . -26 - i 
Bismuth . . -166 - 

OLEAifiNa Castings. 

A large proportion of the loose sand on castings may be removed in the * tumbling ' process 
but the adhering sand and scale of oxide, which soon destroy the cutting edge of the tools, are 
best reduced by a pickle ; the following have met with general approval: 

Sulphuric Acid Pickle.—Ordinary commercial sulphuric acid and water in the proportion of 
1 of the former to 30 of the latter. In this case the castings are required to remain in the pickle 
for about 10 hours, and are then washed with hot water to remove all traces of the acid and prevent 
rusting. 

Hydrofluoric Acid Pickle.—This acid is slower in its action and not so liable to cause corrosion 
as the above. The castings, however, should be first tumbled in order to remove loose sard (as 
the sand neutralises the solution very much more quickly than the iron) and then immersed in a 
mixture containing 1 of hydrofluoric acid to 15 of water. The bath should be maintained at a 
temperature of 120° F. by a steam coil. The castings are then washed in clean hot water and 
sometimes in hot water with a small proportion of lime labout 1 lb. of lime to 8 gallons of water). 

The baths are best made of oak, wood pinned, with no exposed metal fastenings and well lined 
with asphaltum. The attendant should be furnished with wooden clogs, strong leather apron and 
rubber gloves to protect him from the acid. 

The acid should be added very ilowly to the waler and well stirred in the process. Never add 
the water to the acid. 

An American factory Is using high-pressure water for cleansing castings of sand and cores. 
A centrifugal pump, driven by a 50-h.p. motor, delivers 260 gallons per minute at a pressure 
of 250 lb. per sq. In., and the work is carried on in a closed chamber with glass windows. It is 
said that a casting which previously took a whole day to clean can be finished with the water 
Jet in half an hour. 

Dips for Oastdtgs. 

Special for EUetro-galvaniainy.—For preparing work for electro-galvanising the following 
can be used with advantage, but for no other solution except, perhaps, copper: Add to the dilute 
acid ^ lb. of sheet zinc to each 25 gals, of solution, adding additional amount occasionally as it 
works out. 

Bright Dip for Iron.—Work that has been pickled In the ordinary way to remove sand and 
scale, and then dried, usually has a dull-black appearance. If the work* is to be polished, the 
black will be removed and the colour restored in the polishing process; but if it is to be plated, 
or if it U to be left with parts of iron showing, the work should be run through the bright dip. 
This will bring it out white, Improving the appearance and tending to make it take on a white 
deposit if it is to be nlckelled. This dip is composed of;— 

Hydrofluoric acid, 24 oz. Nitric acid, 10 oz. Metallic zinc, 2 oz. Water, 2 gals. 

Work that is to bo dipped should be strung on copper wire, and swirled around in the solution 
for a few seconds, rinsed in cold and then very hot water, and dried in sawdust. Articles should 
not be allowed to stay in the dip any time, as they would be spoiled and the solution mined. 

Satin-finish Dips.—Brass work requiring a satin finish may be dipped for a few seconds Into 
:i mixture consist!^ of:— 

(1) Hydrofluoric acid, 1 part; Water, S parts; 
then dried and ron through the bright dip (4) to give it a lustre. If not satined enough the 
operation may be repeated. 

(2) nydrofluoric acid, 2 parts; Nitric acid, 1 part; hydrochloric acid, ^ part; Water, 6 parts. 
After which the work may bo rinsed, dried, and run through the bright dip (4) if necessaiy. 

(S) Hydrofluoric acid, 2 parts; Nitric aold, 1 part; Water, 10 parts. 

The following is a bright dip for copper, brass, bronze, or German silver:— 
(4) Hydrofluoric acid, 4 quarts; Nitrio acid, 8 quarts; Common salt, small handful. 



1264 DIE-CASTING Sec. XXIII (l) 

Die-Casting. 

Die-oaatinga hare been defined as castings prodnoed by pumping metal into metallic dies at 
a pressure higher than that of the atmosphere. This distinguishes them from the class of castings 
made by the permanent mould process into which the metal is simply poured, also sometimes 
referred to as die-castings and on other occasions as chill castings. There is, however, a tendency 
now to make the phrase * die-casting * embrace both the methc^s, and to distinguish the sections 
as 'gravity die-castings * and ' pressure die-casting.* 

^e equipment for die-casting includes a melting pot (usually of oast iron), gas-heated, placed 
near the die-casting machine, for supplying the molten metal to the reservoirs of the caster. 

The casting machines are of two general classes, those in which the metal is forced into the die 
or mould by the action of a plunger or pump, and the other in which compressed air is used for 
thispurpose. 

The reservoir attached to the machine is heated by gas, the pump being in direct contact 
with it; the plunger is actuated, by means of a long lever, by the operator, the metal being forced 
from the pump chamber through a suitable nozzle into the dies. The moulds are attached to a 
hinged plate which swings away from the reservoir and pump nozzle, after each cast, to allow the 
worlonen to remove the tang and clean the metal passages. 

The swinging plate is securely gripped to the reservoir at the moment of casting. 
The mould Is Wd to the swinging plate by means of a toggle Joint, and varies in form and 

design according to the particular castings ; it is always at least a two-part mould, but usually 
is also fitted with elaborate cores and drawbacks and mechanism for working them, which make 
the production of complex castings possible. 

The dies are made in alloy steel, and occasionally in cast iron, according to the alloy and 
character of the work in hand. Sometimes the dies are heated, for other work they are required 
to be water-cooled, so that no hard and fast line can be set In this respect. 

The oompressed-alr type of die-casting machine consists of an air-tight cast-iron chamber 
for the metal, suitably heated to keep the metal at the desired temperature. This chamber is 
connected with the die by one opening, and with the compressed-air line, by another. In the 
latter opening a valve is fitted with a lever for the sudden release of the air into the metal chamber. 
This valve also permits of a gradual decrease of the pressure on the metal after it has filled the die. 
This type of machine may be used on metals cast by the plunger type, but is especially suitable 
for meteds that cannot be oast in the plunger type of machine on account of their high melting- 
point or corrosive action on the cast-iron plunger. 

A die-casting die consists essentially of two parts which are brought together and maintained 
in perfect register by means of the usual dowel pins. 

Internal threads are produced by screwed cores and external ones by removable screwed 
collars, whilst the holes which are usually drilled in machine-made fittings are in these cases 
formed by means of retreating cores; the latter may be of almost any shape. 

Small cores are operated by levers, large cores by a rack and pinion ; they are always locked 
whilst the casting operation is proceeding. A vital consideration is the proper venti^ of the 
die; the position and form of the vents can only be determined by experiment. 

Great accuracy is obtainable; it is quite pc^ible to produce castings to a limit of 0*001 inch. 

(A. H, Mundey ) 

Allots used fob Dib Oastinos. 

The alloys generally used are of considerable variation, according to the special purpose and 
clroumstances; those of the white-brass or zinc-base group may contain approximately 

86 per cent. zinc. 7 to 10 per cent, tin; 4 to 7 per cent, copper; 0*6 to 1*0 percent, aluminium. 

Increased tin gives greater ductility, whilst increased copper renders the alloy harder. 
liazak alloys, made from 99*09 per cent, zinc, contain 4 per cent, aluminium and 0*03 per 

cent, magnesium. Some contain copper op to about 1 per cent. 
The tin-base alloys are (a) bearing alloys of all the usual grades of white anti-friction metal, 

and (6) alloys specially desired to withstand the corrosive effect of chemicals in food-stnffs, 
certain gases, and even acids. 

An alloy which is largely employed is:— 

90 per cent, tin ; 4 per cent, copper; 6 per cent, antimony. 

Of the aluminium group the most commonly used alloy is that known as No. 12, consisting of 

92 per cent, aluminium; 8 per cent, copper. 

Sometimes a small quantity of magnesium is added and also frequently from 1 to 8 per cent, 
of nickel. 

The finish or sUn of the casting is smooth and In a large measure satisfactory, but polishing, 
plating, and bronzing are frequently employed, for protective as well as decorative purposes. 
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Shrinkage Is an Important consideration; this Tarles greatly with the alloys need. Approxi¬ 
mate allowanoes are:— 

White brass or slno base alloys . . 0*00S6 
Lead base alloys.0*003 
Aluminium alloys.0*007 

* The alloys generally used for dle-castlngs are of relatively low melting-point and are of such a 
constitution that they have a period of plMticity during the process of solidification. This adds 
much to the chance of the production of sound castings. 

Temperature of working is an important factor; If too high, splashing results, with production 
of long fins, oxidation, and discon^ort in working. Too low temperature pr<^uce8 bad finish 
with little folds and creases on the surface, due to premature solidification. 

The metals known as yellow metals—that is, high copper alloys—have hitherto been cast 
almost exclusively by the grav ity process. In these cases great accuracy is not obtainable for 
long runs, owing to the wear oi the dies at the high temperatures employ^. 

A great advance has taken place, however, quite recently in the Introduction of several pro¬ 
cesses for the production of yellow metal dle-castlngs of very high finish, having high mechanical 
properties, by pressure machines. 

The yellow metal alloys usually employed for gravity castings are: copper 90 to 95 per cent., 
aluminium 10 to 5 per cent.; also copper 60 to 65 per cent.; zinc 40 to 35 per cent. For pressure 
work the series of alloys of the latter class are mostly employed. 

See also De&oriptive Section XXIII, Part 1 

James Booth A Oo., Ltd. 
Bull’s Metal and Mellold Oo., Ltd. 
Fry’s Metal Foundries, Ltd. 
Heenan A Froude, Ltd. 
Sparklets Ltd. 
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SECTION XXIII 

PART II 

WELDING AND CUTTING. 

(Contributed by D. Richardson, Wh. Exh., A.M.I.Mech.E.) 

OXY-ACBTYI.ENE WELDING. 

The term * autogenous welding ' is a cumbersome and loose description for the process when 
Its real meaning ‘ self-producing,' does not fully apply. The term was chosen to describe a process 
in which two sections of metal were melted together by means of a blowpipe in contrast with the 
then existing methods, in which a Joint was made by the addition of a different metal, as in braz¬ 
ing. The term ‘ fusion ’ is considered to be much more appropriate than ' autogenons,' and is 
applied to a weld worked in the flnid or vapoor state. 

The easy control and intensity of the oxy-acetylene flame, the low cost of operation, the 
relatiyely inexpensiye equipment required, the range of metals which can be welded, and the 
adequate suppUes of carbide of calcium, oxygen, etc., available, are factors which have led to its 
many and varied applicatioiis. 

The industrial development which has taken place can also be attributed to the increased 
effleienev of the welder and the efforts that have been made to reduce the art of welding to a 
more scientific basis. The uncertainty of the results, upon which opposition and critic^ are 
usually based, can, in general, be traced to one or more of the following causes: (a) inefliciency 
of the welder; (d) use of defective or unsatisfactory apparatus; (c) use of defective or unsuitable 
filling materials; (d) lack of proper supervision and maintenance of the generating plant and 
equipment; (e) low weldability of the material. 

It is not diflScult to eliminate these causes, and a well-trained welder using good apparatus, 
correct filling materials, etc., can produce welded ioints on mild steel, alloy steels, wrought iron, 
cost iron, copper, brasses, bronzes, alumininm and aluminium alloys, lead, etc., with mechanical 
and physical properties approaching those of the parent metal, and in which the strength and 
servioe of the Joint are absolutely reliable. 

Equipment. 

The apparatus required for an oxy-aoetylene installation depends upon several factors, such 
as (a) the class of work to be welded; (6) whether a portable or stationary installation meets 
the case; (c) whether production or repair work, or both, are possible applications; (d) 
faciliUes for installing equipment and for handling the work in prospect. In gmeral, the 
apparatus and accessories will comprise a generator for generating the acetylene gas. which 
may be a fixed or portable plant—the most portable type of plant uses compressed or dusolved 
acetylene in portable cylinders instead of a generator; chemical and mechanical pnriilylng 
apparatus, when the gas is obtained from a generator; oxygen apparatus for the production of 
oxygen, or oxygen in cylinders: oxygen relators for lowering and regulating the preesure of 
the gas after it leaves the oyllnaer, to the pressure required for the blowpipe, and, in the case of 
dissolved acetylene, an acetylene regulator for the same purpose; hydraulic safety valve or other 
safety device for dealing with explosive mixtures of oxygen and acetylene or air and acetylene; 
welding and cutting blowpipes of various capacities; aooeasories, such as flexible tubing, goggles, 
welding benches, blowpipe support, preheating devices, tools. Jigs, fluxes and flUing matolais, 
carbon paste and blocks. Are protection, protective equipment for the operator, etc., etc. 
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For oomparatdTely imall installations, the generator, condenser, washer, water-seal, and gas* 
holder form a single piece of apparatus, aa shown at A in fig. 3. The diagram shows at N a 
pilot light bracket attached to the branch tube D. An acetylene Jet burner consuming about 
0 litres of acetylene per hour, screwed into the bracket, forms an efficient and economical method 
of lighting the blowpipe. The burner should be at least 18 inches from the hydraulic safety 
V^lve and not more than 6 ft. above floor level. If arrangements are not made for an acetylene 
or coal-gas blowpipe lighting circuit a friction lighter should be used, not matches. The ad¬ 
vantages of a gas economiser support for the blowpipe should not be overlooked, especially in 
production welding. 

An installation of the type described is known as a low-pressure installation, to dtstinguish 
it from the type in which the acetylene is obtained from cylinders, known as the high-pressure 
system. 

Fig. S shows the equipment for the high-pressure system. After passing through suitable 
acetylene and oxygen regulators the gases are conveyed to the blowpipe by means of flexible 
tubes. 

FIQ. 3.—High Pressure or Dissolved Acetylene Installation. 

OXTQBN SUPPLY. 

The oxygen may be obtained in cylinders or may be produced on the premises. There are 
three methyls of production, namely :—(1) chemical processes: (2) the electrolytic process; 
(3) the liquid air process. The main objections to chemical processes, which are now seldom 
us^ In welding and cutting processes, are the cost and impuritv of the gas. The effect of 
impure oxygen in welding is to retard tlie welding operation, and thus increase the cost, and a 
tendency to produce defecUve welds. In cutting operations the purity of the oxygen is a most 
important factor, and tests have shown, for example, that with oxygen of 91 per cent, purity the 
cutting speed is halved when compared with oxygen of 98 per cent, purity. Simple and cheap 
apparatus is available for rapidly and accurately testing the purity of the gas. 

The electrolytic and llquid-air processes may be used for producing oxygen on the premises. 
The gas can then be charged into cylinders or piped into the welding shop from large receivers into 
which it has been compressed, or it may be piped direct from the oxygen-producing plant. 
The problem of distributing oxygen in a liquid state instead of by the existing method of 
distributing the gas in steel cylinders at 120 to 180 atmospheres pressure has been solved and 
the method Is In use. 

Oxygen produced by the electrolytic or liquid air processes has a purity of the order 99 per cent. 
Unless the consumption is very large the first cost of an oxygen Installation Is oomparatlTely high, 
and the majority of users obtain the gas in cylinders from the manufacturers. The cylinders sup¬ 
plied by the manufacturers for welding and cutting usually contain 200, 176 or 100 on. ft. of 
gas at a pressure of 1,800 lbs. per sq. in. (130 atmospheres). The Qas Cylinders Besearcb Com¬ 
mittee of the Department of Scientific and Industrial Besearcb have made a aeries of recommenda¬ 
tions for ordinary oommeroialoylinders nsed for the storage and transport of gasesindoding oxygen. 
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have taaed four reports dealing with: (a) periodical heat-treatment of gas pytlndeis; 
(b) allov steel light cylinders; (c) cylinden for Uqueflable gases.* An Oxygen Besearch Com¬ 
mittee have also issued a Beport dealing with the storage and transport of liquefied gases and a 
summary of the recommendations relating to compressed oxygen.f The British Standards 
Institution have Issued speolfloatlons for cylinder valve fittings, Identification colours for cylinders 
and steels for oylinderB.t 

In haniiHng oxygcu Cylinders precautions most be taken against leakages, and particular 
care must be exercised not to oil or grease any part of the o:i7gen apparatus or supply line. Dost 
MMt moisture should be expelled by opening the cylinder valve before the cylinder is pot into use. 
Bepairs to cylinder valves f^onld not be attempted by the user, and full cvUnders should be 
handled carefully. All oxygen cylinders are fitted with valves having right-hand connections, 
and are generally painted black. No attempt should be made to transfer oxygen from one cylinder 
to another by rigi^ng up some form of communloating tube. In the majority of cases a separate 
cylinder is used for each welding station or blowpipe In use. The arrangement of manifolding 
oxygen cylinders is being increasingly used as the handling of single cylindeis, and wear and tear 
on we pressure regulators, is largely obviated. Oxygen manifolds should be able to withstand a 
pressure of at least 3,000 lbs. per sq. in., and each cylinder connection should be equipped with a 
rngh-preseare shut-ofi! valve. It is extremely advisable that the necessary manlfolds'be purchased 
from a remonsible manufacturer or made to specification. A cylinder valve should never be 
opened suddenly when the oxygen regulator is attached. In the event of the oxygen supply 
being restricted owing to the freezing of moisture in the cylinder valve, hot water onlv should be 
used to put it right. Leakages can be discovered by the hissing noise produced by the escaping 
oi^gen, by the use of soap-suds spread over likely places, or by closing the valves on the blowpipe, 
cyunder, and regulator, and noting how long the pressure holds upon the gauges. Qy linders should 
be placed where they cannot be easily knocked over, and never near sources of heat. Spare 
cylinders should be s^ely and properly stored, care being taken not to store them near radiators, 
oil, grease, or combustible materials. 

For estimating welding costs, the following table will be found useful. The table gives 
the number of cubic feet of oxygw remaining in a 100 cn. ft. cylinder corresponding to various 
readings of the high-pressure gauge on the oxygen regulator. The amount of oxygen indicated 
by the gauge rea^g is more or less approximate, as it depends upon the temperature of the 
oxygen. For practical work the deviations can be ignored, and wo^d not affect the usefulness 
of the table. In general, the volume of oxygen in a cylinder is nearly proportional to its pressure, 
and thus, in the absence of the table, the volume Of gas remaining in a cylinder can be determined 
by observing the gauge reading. A regulator provided with a pressure gauge which serves the 
double purpose of restoring the pressure of the gas in the cylinder, and indicating at any period 
the quantity of gas m the cylinder, can be used. 

Gauge Pressure 
in Atmospheres. 

Oubio Feet 
of Oxygen 
in C^lWer. 

Gauge Pressure 
in Atmospheres. 

Oubio Feet 
of Oxygen 

in Cylinder 

10 1 8-3 70 38'4 
20 16-7 80 66-7 
30 26*0 90 73 0 
40 1 33*4 100 83-4 
30 i 41*7 110 91*7 
60 i 30-0 120 100 0 

At atmospheric pressure and temperature oxygen is rated at 12 '08 on. ft. per pound 

Oxygen is supplied to the trade at prices which vary according to the size of the cylinder, 
quantity purchased, and other conditions. Cylinders are loaned, or may be purchased outright. 
Demurrage charges are made on hired cvlinders when retained above a certain period. The 
cylinder valve should always be closed when the cylinder is not in use and when returned for 
re-filling. Bmpty cylinders should be handled with the same care as for full cylinders. The 
propw care of cylinders and valves and their prompt return to the filling station are important 
factors in obtaining cheap oxygen. Oxygen cylinders are conveyed by the railway companies 
under strict regulations and conditions. 

* Four ReporU oj the 0<u Cflinderr Reteeureh Committee (1981-1939). 
t Repotri of the Oxpgen Research Committee (1939). 
X British Btandardt InstUution, Publications Noe. 341, 349, 899-401. 
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AOETTLHira SUPPLY. 

The acetylene may be obtained compressed in cylinders filled with a porous material, the 
pores of which bold a film of acetone in suspension, it is then known as dissolved or compressed 

• acetylene, or may be generated on the premises. Before the gas is compressed into cylindeis 
it is thoroughly purified and dried. The precautions in handling acetylene cylinders are much 
the same as for oxygen cylinders. The gas should not be drawn off at too high a rate—in other 
words, the greater the demand the larger the cylinder. For heavy continuous work two or 
more cylinders should be manifolded together by means of special adaptors supplied by the 
manufacturers. For general work cylinders containing 60 to 275 cu. ft. of gas are advisable. 
For light work such as thin sheet metal, lead burning, etc., small cylinders can be used with 
advantage. All acetylene cylinders used for oxy-acetylene welding are provided witli valves 
screwed with left-hand threads, and are painted, or partly painted, a dark reddish colour. 
Cylinders for welding and cutting can be hired or purchased. Always close the valves of 
empty cylinders. Stocks of oxygen and acetylene cylinders, whether full or empty, should 
not be stored in the same place unless there is a fire-resisting partition between them. 
Cylinders i^ould be kept far enough away from the actual welding or cutting operation so that 
sparks or flame will not reach them. Acetylene should not be supplied from a battery of C3dinderB 
to a system of shop piping without consulting the suppliers of equipment. 

The acetylene and oxygen being under high pressure, a perfectly uniform mixture of both gases 
can be maintained in the blowpipe and the pressiue varied according to requirements. The 
elimination of the injector device, necessary in low-pressure blowpipes, and the hydraulic safety 
valve are advantages claimed for dissolved acetylene. Dissolved acetylene can be used with any 
type of oxy-acetylene blowpipe, but it should be recognised that the device for dealing with back¬ 
fires and flash-backs does not, as a rule, form part of the details of low-pressure blowpipes. 

The amount of acetylene in a cylinder cannot be determined, as in the case of oxygen, from the 
pressure gauge reading. The only accurate method of calculating the gas used from, or left in, 
a cylinder is by weighing before and after use. For calculating the volume of acetylene used the 
following are the equivalents: 

1*1 oz. of acetylene «=» 1 cu. ft. (approx.), 
lib. „ „ «14*5cu.ft. „ 

By means of an acetylene generator acetylene is produced by the interaction of calcium 
carbide and water. There are three general types of acetylene generators which may be classed 
under the heads of water to carbide, carbide to water, and the dipping or displacement type. 
They can also be classified as low-pressure and pressure generators. Briefly, low-pressure 
generators deliver acetylene to the blowpipe at a pressure of about 8 ins. water pressure 
(0*036 lb. per sq. in.), whilst pressure generators deliver the gas up to a maximum fixed by the 
Home Office at 250 ins. water pressure (9 lbs. per sq. in.). 

The design and layout of a generating plant must be such that the acetylene reaches tbe blow¬ 
pipe in a good condition, in sufficient quantity and at suflicient pressure, otherwise the welds 
may be porous, brittle, and burnt. The acetylene generator should be of good and solid con¬ 
struction, and the gai^older capable of storing all gas generated under working conditions 
or after stoppage of work. A safety tube, discharging into the open air, should be fitted to 
gasholders. There should be no signs of polymerisation or overheating of the gas even when 
working at the maximum delivery. The cross-section of tubes, pipes, and passages through 
valves should be such that tbe gas flows normally at tbe maximum delivery without appreciable 
loss of pressure. The pressure should bo as high as possible, and at least equal to 6 ins, of water 
pressure in the case of small plants, and 8 to 10 ins. Gi larger plants. The pressure should remain 
practically constant during working and not vary by more than | in. The cbaiging and cleaning 
of tbe plant should not result in any appreciable waste of gas, and be made without introducing 
sufficient air to interfere with the proper working of the blowpipe. The generator should com¬ 
ply with the Regulations of the British Acetylene Assoination. Tbe size of carbide suitable 
for the type of generator should be used. For commercial purposes carbide is broken and packed 
in the following sizes: 80/120, 60/80, 25/60, 16/26, 7/15, 4/7, 2/4, 1/2 millimetres. The figures 
refer to the approximate mean thickness of a lump in miUiroetres. Tbe 50/80 size is in general 
use for welding and cutting generators. The choice of carbide-to-water, water-to-carbide, etc., 
generating plants depend on several factors, such as location, class of work, etc. 

The Oarbic system of generation is based upon tbe use of a carbic cake, which consists of 
specially prepared and tr^ted carbide compressed into cylindrical cakes. It is claimed that 
the process renders every particle of carbide impervious to moisture, so that generation can only 
take place while water is in actual contact with the cake. Freedom from danger in handling, 
and from after-generation, the convenience in handling, elimination of waste, and purity of gas 
are advantages of this system. 

Overloading of the plant is a common cause of defective welds. In carbide-to-water generators 
an. allowance of not more than 1 cu ft. of acetylene per hour for each pound of carbide in the 
rated charge is recommended. In the case of water-to-carbide generators the maximum rate 
of gas consumption should be half this value. In well-designed generators the yield of acetylene 
gas from the generator will be 86 to 90 per cent, of the carbide yield. Practicailv, for every 
10 lbs. of carbide used in the generator a yield of 40 on. ft. of gas at the blowpipe can be assumed. 
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Th« proper can, elaaniag, obaigliig, and maintenance of generaton to of flnt Importance If 
sound welds are required. Leakages of acetylene should be traced by means of soap-suds and 
neyer with naked lights. 

The acetylene generating plant Should be installed in a well-ventilated Shed or buildinff, or 
In a lean-to having no direct oommunioation with a workshop or adjacent building, and no 
unauthorised person should be allowed to enter the building or enclosure. Where artifloial light 
Is required in a generator house or near a generator, electric incandescent bulbs, encased in outer 
gas-tight globes, should be used. A conspicuous notice prohibiting lights or smoking should be 
exhibited on the outside of the generator house. Generators should be cleaned and charged in day¬ 
light. Electric switches, fuses, etc., should be placed outside a generator house, or they Should 
be so constructed that risks due to sparking or fusing are avoided. To comply with existing 
regulations, a licence under the Petroleum Acts must be obtained from the lo^ authority for 
the storage of carbide. A sliding scale of licence fees, varying from 5s. to £5, according to 
the quantity stored, has been fixed, and severe penalties for contravening any condition printed 
or endorsed on the licence by the local authority are included. The London County Council 
have issued a circular setting forth the conditions which acetylene apparatus Should fulfil 
before being approved for use on licensed premises.* A raised platform in the generator house 
should be provided for the storage of carbide. Drums coutaining carbide should not be placed in 
the welding shop or near a fiame. Care must be exercised in opening drums to avoid striking 
sparks; a proper drum opener should be provided for this purpose. When the contents of an 
opened drum are not entirely used in charing the generator, the remainder should be transferred 
to a storage bln which can be sealed. 

All users and prospective users of oxy-aoetylene equipment should consult the memorandums 
issued by the Factory Department of the Home Office t and the Board of TTade.t 

PURIFICATION OF AOBTTLENH. 

The chief impurities found in acetylene gas are (a) those which affect the quality of the weld, 
such as sulphur, phosphorus, silicon, finely subdivided lime; and (ft) those which affect the cost 
of the weld, such as hydrogen and hydrogen compounds, nitrogen and nitrogen compounds, 
and water vapour. An efficient chemical purifer must be provided capable of removing sulphur 
and phosphorus compounds, the acetylene must pass through an efficient water-scrubber to 
remove or partially remove ^e impurities soluble in water and, finally, the gas should be filtered 
to remove solid impurities not eliminated by washing or chemical purification. A‘ first-class 
purifying material will remove chemical impurities, moisture, and limedust whlchare a common 
cause of defective welds. 

purification of the gas must be efficient, and the care and maintenance of the purifying 
chamber to very important. The cross-sectional area of the purifier stiould be ample, and the 
depth of purif^g material should not exceed that specified by the luskers, otherwise loss of 
pressure and overheating of the gas will take place. The quality of the gas can be simply and 
quickly tested by the use of a white absorbent paper, saturated with a 10 per cent, solution of 
ttlver nitrate, exposed to the gas. Should the paper turn black after a few seconds' exposure, 
the gas is unsuitable for welding purposes. 

Among the best known purifying mat^als are Heratol, Catalysol, and Suder. The two 
last are distinguished by their regenerative properties—that is, they recover their activity 
by simple exposure to the air, and thus can be used over and over again. In purifying acetylene 
the cost shomd be based on the volume of gas purified and not on the first cost ox the material. 

PKRSBRVATION OF ACBITLBNB APPARATUS. 

The question of preventing the corrosion or deterioration of the material used in the manu¬ 
facture of acetylene generators, purifying vessels, and other parts of the generating plant is 
important in view of the fact that according to the efficiency of the coating the Ufe of the plant 
may be a question of months or years. 

There are five cases to be considered, namely: (a) preservation of the external parts of 
the apparatus; (5) preservation of the immersed parts; (c) preservation of parts in contact with 
moist and impure gas; (d) preservation of the interior of purifying vessels; and (e) preservatioo 
of carbide containers. With regard to (a), good ironwork paints give good results when applied 
well to properly prepared surfaces. At least two coats should be applied. If the apparatus 
is exposed avoid paints used for woodwork, plaster, etc. For (6) it is necessaiy to use a water¬ 
proof paint which will resist the prolonged action of water. The best results are obtained when 
the biM consists of tar and graphite. For (e) the paints used for immersed parte of acetylene 
apparatus give the best results, but the work must be done with great care. For (d) the majority 
of mdustrial preservative paints give satisfactory results, except those containing a sine or similar 
base. Several ooaU are necessary, and great care is required in applying the coats on to well- 
prepared surfaceA For M tests have shown that no paint or coating will satisfactorily resist 
the action of the lime residue at the temperatures usuaUy present, and that the lime residue 
appears to have a preservative action on the parts with which it is in contact. It is therefore 
unnecessary to protect these parts. 

• • Carbide of Oaldnm,* L.O.O. Public Control D^artment (Circular 80). 
t Daagtfs from the use of acetylene gas and in osy-aoefylene welding in factories (Form 1704). 
X Instructions to Surveyors. Bqpalrs to Boilers (droolar 1600). 



Sec. XXIII (ll) AOETYLENB WELDING 1273 

OXTOEtr AND AdBTTLENN BBGOLAIOBB. 

Begulaton iu oommon use to reduce the preesure of gaeee are of the diaphragm type, and 
mar be roughlr divided into two claaaea—first, where the pressure of the gas closes the inlet, 
and, second, where the inlet is closed by a spring. They are designed to deliver automaUcally 

* gas to the blowpipe at any uniform pressure to which the regulator is set. They should be designed 
(or working over a wide range of pressures, and should be sensitire even at low pressures. Oxygen 
regulators are usually equipped with two gauges, a high-pressure gauge, which shows the pressure of 
gas in the cylinder, and in some types the quantity of gas In the cylinder, and a low-pressure 
gauge. Pressure gauges should be provided with a check to prevent a sudden Inrush of gas. 
For successful welding the regulator should be provided with a low-pressure gauge, giving the 
pressure at which the gas is delivered to the blowpipe. The range of the low-pressure gauge 
should not be too great, and a maximum reading of 76 lbs. per sq. in. will be suflSolent for 
the majority of wmding and cutting operations. Regulators must be kept in good order, other¬ 
wise defective welds are inevitable. Regulators intended for use when welding ^ould not be used 
when cutting unless the work is within the range of the regulator. It is dangerous to use oil, 
grease, or any organic material for lubrication. If it becomes necessary to lubricate the 
pressure-regulating screw, or to repack a needle valve, a little glycerine should be used. '!^e 
pressure-adjusting screw should always be released siter ceamng work and before changing 
from one cylinder to another. Oreeping regulators or regulators with leaky valve seats 
should be overhauled, because they are likely to become dangerous and uneconomical. Tlie 
g^ual increase of pressure when the blowpipe is shnt off indicates a creeping regulator. 
Devices in the form of electric heaters, which prevent freezing of regulators and thus interference 
with the supply of oxygen, can be used and are compact and convenient where electric 
current is ava^bie. They are interposed between the cylinder and the regnlator. Regulator 
gauges should be tested at regular intervals but never tested with an oil-testii^ pump. 

Acetylene regt^tors are usually painted red and have a left-hand screw thr^ oonreeponding 
to that on the standard valves of acetylene cylinders. Regulators for oxygen are usually painted 
black and have a right-hand screw thread. Any po^ble confusion is obviated by this 
distinction. Before connecting an oxygen regulator to a cylinder open the oxygen cylinder 
valve for an instant and then close it. 

Cylinder valves should be opened very slowly so that pressure does not suddenlv come on to 
the gauges or diaphragm. The proper working of regulators largely depends upon the care given 
them. They should not be left in places where dirt or dust may get into the Interior and be 
deposited on the seat or inlet nozzle, and they should never be repaired by inexperienced workmen. 

Htdraulio Savett Valves. 

These are indispensable In low-pressure and medium-pressure installations, l.e. where the 
acetylene Is generate on the premises. Their function is to provides water-seal and to prevent 
explosive mixtures entering or forming in the acetylene piping or generating plant. The valve 
should be chosen so that the maximum supply of gas ia obt^ed without burning the metal. 
Safety devices based on mechanical principles, such as valves, etc., may more or less prevent 
the return of the flame, but unless properly designed are not infallible in preventing exploaive 
mixtures forming in or reaching the generating plant. 

Hydraulic safety valves should be charged and examined daily, and should be installed so 
as to facilitate filU^ to the proper level. The local authority responsible for issuing the carbide 
lioenoe generally in&ts on the provision of a metal shield for the valve; to avoid aocidente in the 
event of the valve being fractured by an ezpimrion. In general, the valve should be charged 
with water whilst the acetylene tap admittinig gas to the valve is open. The design shooJd be 
such that no water is carried over with the gas. An investigation has shown that the water 
vapour contained in the gas after passing through the hydraulic valve rises with the temperature, 
and can attain 7 per cent, when the gas is at 97* F. With 9«6 per cent, of water vapour, there 
is a reductiou of over 8 per cent, in the speed of welding. No safety valve should have more 
than one outlet to which a blowpipe can be connected. Flexible tube should not be used to 
connect the hydraulio valve to the acetylene generator. 

Pressure relief valves or safety valves used on pressure generators should be tested 
perio^cally; they do not replace the hydraulic safety vuve, which is still required in a modified 
form. 

FlPlNa AND FLEXIBLE TUBES. 

The acetylene piping should be large enough to avoid loss of pressure. The else of piping 
should be based upon its length and the maximum supply of gas required. AU piping should, 
when possible and oonvenient, be run overhead. When piping has to be run underground it 
should be placed in properly ventilated trenches. Piping and connections should be Insulted by 
workmen experionoed In the installation of acetylene apparatus. Piping should be so arranged 
that any moteture will drain back to the generator, and where low points cannot be avoided these 
most be drained through drip cups oloeed with screw caps or plugs. No pet oooks should be used. 
A main gas oock should be amuH^ where it oan be conveniently reached and near the point of 
eatcnnoe, so as to allow lor shotting off the gas supply from the workshop. Ois oooks ahoold 
be provided on the bnnoh tube leaditei to the hjdn^o vaUe eo that a valve may ba ramovad 
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wltbont dUrohaxiriDg the line. All cocks, valves, anions, and Joints should be full bore, and the 
Instidlation should be thoroughly tested when the system is completed, and at remlar intervals. 
It snould not show a loss of pressure exceeding two inches of mercury within twelve hours when 
subjected to a pressure equal to a column of fifteen inches of mercurv. Acetylene piping should 
be painted a distinctive colour. Galvanised Iron pipe with welded or threaded connections should 
be used for piping acetylene. The pipes should be of uniform diameter, and bends—the number 
of which i^ould be as small as possible—should be used in preference to square elbows. Com- Jiressed oxymn should never be used for testing or cleaning acetylene piping. If compressed air 

B used for this purpose the acetylene plant should be disconnected. 

The following table will serve as a guide in installing acetylene piping for welding purposes. 
Manufacturers of welding equipment will supply full particulars as to pipe sizes suitable for any 
paitloolar layout. 

A.CBTTLENB MAIN PIPING. 

Approximate Diamelere of Service Piping, For working preesure of 6 in. to lOi n. water column. 

Consumption of Acetylene 
per hour. Length of Pipe. Internal Diam. 

of Piping. 

Cubic feet. Feet. Inchea 
15 100 1 
40 100 1 
80 100 1 

140 100 12 
225 100 u 
400 200 2 

1000 200 3 
2500 200 4 

Ordinary black steel p^ing may be used for low-pressure oxygen, and extra h«avy steel pipe 
for hlgh-preesure lines. The suitability of steel piping for this purpose is doubtful, and some 
manancturers recommend copper piping from the point of view of safety and convenience. 
It is advisable for prospective uaers of oxygen pipe lines, headers, and manifolds to purchase them 
from, and have them installed by, reliable manufacturers familiar with the correct shop practice 
with reference to their construction and instaUation. No oil or grease must be us^ for the 
connections; litharge and glycerine should be used. The diameter of oxygen piping will depend 
on the length of the lines. A 2-in. pipe is suitable for supplying twenty welding stations, 
provided the length of the line is not more than 300 ft. and the maximum consumption is not 
more than 000 cu. ft. per hour. 

The flexible tubes conveying the gases to the blowpipe should not be too long, too flexible, 
or too rigid. The strength ^ould be such that for welding purposes the tube should withstand a 
presBure of 100 lbs. persq. in. without bursting, swelling, or leaking, and for use in cutting operations 
it shouid withstand 300 lbs. per sq. in. Armoured or wired hose is not necessary or recommended 
for ordinary welding and cutting operations. Three-ply tubing with a cere of pure rubber is 
satisfactory for ordin^ work, and for welding and cutting in confined spaces flre-resisting hose 
should be used. Avoid greasing the ends of the tube to facilitate fixing to the biowpipe or other 
connectors; use water. No while lead, oil or grease, or other pipe-fitting compounds, should be 
used for making tight Joints. Tube clips should be used in preference to wire, etc., for securing 
the tube firmly to the connectors. 

Flexible tubing should be examined regularly, and defective tubing should never be used. 
Avoid tangling or kinking the hose, long lengths—about 10 ft. lengths are suitable for stationary 
equipment and 15 ft. for portabls->dragglng the hose along the floor, and exposing it where it is 
likely to get damaged. Special care should be taken to avoid the interchange of the oxygen and 
acetylene tubes when connecting up to the biowpipe. Both acetyiene and oxygen tubing should 
be blown through occasionally, so that dirt and dust will not get carried into the blowpipe, and 
tubing should be examined and tested periodically. 

WBLDiNa Blowpipes 

Welding blowpipes are classified in relation to the pressure of the acetylene. Low-pressure 
blowpipes are those fitted with an injector to aspirate the acetylene, which is supplied from a 
generator under a pressure of 6 to 12 ins. of water. Medium-pressure blowpipes, sometimes 
called positive pressure, use acetylene mnerated from a pressure generator at a pressure up to 
9 lbs. per aq. in. An injector or partial injector forms part of the blowpipe. High-pressure 
blowpipes use the acetylene supplied from acetylene cylinders, and are designed to mix acetylene 
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and oxygen In eqaal Tolomes. No Injeotor It reqaired» and a ohange of nottle with a oorre- 
sponding adjostment of preaearet la all that la reqnlred when changing over from welding one 
thioknesa of material to another. 

In the low-preaaare aystem thorough mixing of the gaaea in the blowpipe ia very neoeaaary. 
To obtain thia, well-designed blowpipes oarefully adinated to the oxygen preaaore recommended 
Oy the maker, are eeaential. In the mnlti-flame blowpipe two flamM emerge from the noaale 
and aerre to preheat the material, welding wire and form the molten pool of metaL 

The siae or power of blowpipe which ahonld be used depends npon the thiokneaa to be welded. 
By power is meant the amount of acetylene consumed per hour. Too small a power prodaces 
the defects of adhesion, inclusion of oxide, orerheating, and burning of the welds. Too large 
a power produces a molten bath which ia much too large, holes, and adhesion in the lower part 
of the weld. 

The figure denoting the power of blowpipes is anppUed by the maker, and is sometimes 
marked on the blowpipe. In welding materials other than wrought iron and steel Uie power of 
blowpipe to be used ia dependent npon the material, its dlmenaiona, and whether the Job has 
been preheated; as a general rule the power of blowpipe for a given thickness of material is 
greater, because in welding, for example, oast iron, copper, or aluminium, more heat Is required 
to melt a given weight of we metal, and, in addition, the hlgh-temperatore part of the flame is 
held farther from the molten metal. 

All blowpipes should be oarefully handled and treated as preciBlon tools. The procedure to 
be followed in lighting and extinguishing the blowpipes varies with the design and type of blow¬ 
pipe. The manufacturer's instructions should be closely followed. Lightial^ devices are con¬ 
venient and safer than matches. A blowpipe should never be put down, nnless a blowpipe stand 
is provided, until the gases are turned off, and should never be hung from regulators or other 
equipment. Gas economisers which serve the purpose of a stand and automatically cuts off the 
gases, except sufficient acetylene for a pilot 1 et, are valuable, especially in repetition work. Blow¬ 
pipes in wmch the acetylene valve is entirely independent of a single valve which oontrols both 
gases, thus obviating the adjustment of the flame every time the blowpipe is lit, can be obtained. 
Oarefully avoid the use of grease or oil, and never dismantle a blowpipe with a view to over¬ 
hauling, as this may lead to irregular working after assembling. In the event of obstruction of the 
nossle, a soft brass wire should be used for meaning. Dust in the interior of the blowpipe can be 
removed by blowing oxygen through from the nozzle end. Equipment should be inspected at 
frequent intervals by a competent workman, and only standard parts should be used in repairs to 
apparatus. 

In the case of back-firing or flash-back due to overheating, the tip should be cooled in water, 
taking care to close the acetylene valve and to leave the oxygen valve slightly open. By back-fire 
is meant the momentary return of the flame into the blowpipe tip, which may relight Immediately 
upon withdrawing the blowpipe away from the work or necessitate the reig^tJon of the gases by 
means of a lighter. By flaw-back is meant a sustained back-fire, the flame burning in the mixing 
chamber with a squealing sound accompanied by a smoky, sharp-pointed flame, necessitating 
the immediate cutting off of the gas supply, to prevent severe heating and possible destruction 
of the blowpipe head, and the subsequent cleaning to remove carbon deposits. If internal ignition 
ooours frequently, the blowpipe should be sent for repair. An iron or steel wire should never be 
used for cleaning the nozzle. 

Back-firing and flash-backs, which are a common cause of defective and expensive welds, 
may be due to one of the following causes:— 

(a) Faulty design and manipulation of the blowpipe. 
lb) Enlarging the nozzle orifice when removing obstructions 
(c) Workuig in confined spaces or with an accumulation of slag on the nozzle. 
(d) Overhauling and internal deaning. 
(s) Restriction and fluctuation In the acetylene supply due to bad lay-out, exhausted 

purifier, etc. 
(/) Defective hydraulic safety valves leading to air and moisture being carried with the gas. 
(}f) Defective oxygen regulators. 
(A) Presence of solid matter in the gas either from the acetylene generator or inferior 

flexible tubing. 

OXT-ACBTYIiUNB FLaMB OHAIUOIEIUSXIOB. 

The combustion of acetylene in oxygen produoes a flame which apparently oonsJsts of two parts 
—an inner cone, incandescent, clear, and well defined; and a non-lnminons outer envelope whiob 
may be transparent or more or lees opaque according to the purity of the acetylene. In a well- 
regulated ana oorreotly designed blowpipe there is, between the inner white cone and outer 
envelope, a reducing zone which is disUnotly visible when the acetylene is impure. The exact 
character of the flame will depend on the proportion of the oxygen and acetylene as they emerge 
from the nozzle. The oxygen and acetylene should mix in approximate^ equal proportions. 
Gas-ratio, or the ratio of the oxygen to the acetylene consumption, is an important factor in 
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detenitiiiiig the qu«ilty and cost of welds. Varying proportions of the gases prodnoe three oharao- 
teristlo types of flames, commonly known as oarbon^ng, neutral or normal, and oxidising. These 
are shown in flg. 4. It is important that in the majority of welding operations the flameshonld be 
neatral—'that is, there shonld be no excess of oxygen or acetylene. Defeotire welds mav be prodnood 
with carbonising and oxidising flames. It is particularly important that there should be no excess 

riAme pttooucioaYA mixture having 
AH EXCESS Of ACETTLENE. 

FLAME PROOUCEO ST A MIXTURE HAViMQ 
AM excess oe oxtoen. 

FIQ. 4.->Flamo Oharaoteristics. 

of oxygen, which not only tends to produce weak welds, bnt also to blow the metal forward and 
produce adhesion. Begulation of the flame during important welding operations is essential, as 
rery few blowpipes maintain a neutral flame under welding conditions, and further, the operator 
has a tendency to adjust the flame to oxidising. It is adriaable to adjust the flame whilst 
wearing dark glass goggles. 

It is necessary to emphasise that the white cone of the flame should never be brought into 
contact with the molten metal, and that its distance from the molten metal depends, in general, 
upon the kind of metal being welded and its thickness. 

Googles and PROTEonys equipment. 

For welding with acetylene it is necessary to protect the eyes with goggles fltted with suitable 
coloured glasses. There are a great many (USerent kinds of special seuety riasses on the market 
and many combinations of ordinary coloured glass are in common use. The eyes must be pro¬ 
tected from injurious rays, the heat and glare from the work, and from particles of hot metal 
Uiat fly op from the weld. To obtain the clearest definition or visibility with the least amount 
of glare, the selection of the colour tint in safety glasses should properly be decided by im expert: 
the depth of the tint may be determined best by the operator himself, owing to the individual 
difference which will permit one man to see clearly through a glass that would be too dark lor 
another man. Amber, dark-amber, or dark-amber-green glasses give efficient protection. 
For the frames a tough heat-resisting material like vuloanised fibre is advantageous. Goggles 
should be light, comfortable,and well ventilated,and should be obtained from a reliable source.* 

Welders employed on heavy work should be supplied with fireproof gauntlets and aprons, as 
a protection against radiated heat, and where welding is being performed La the interior of some 
stniotnie or confined space all the outer clothing should be fireproof. 

Filling Materials. 

The necessity for employing the best materials for every welding operation cannot be too 
strongly emphasised. It is only by using the most suitable filling wires, rods, and flaxes, 
spedafly manufactured and controlled for each particular metal or alloy, that the most satis¬ 
factory work can be done. 

Thin material is frequently welded by flanging, bringing the edges into contact and melting 
them together, but generally a filling material or * welding rod' Is melted into the groove or 
crack. 

* ProtectlTe Glass for Welding, B.S.I. No. 679. 
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The dioloe of the right fdse of welding wire or rod !■ important, and melting of both abonld 
take place in the molten pool and not in the iiame. The else of welding wire is baaed on the 
thlokneae of the sheet or plate and, in the cam of iron and steel, depends npon whether the leftward 
or rightward method of welding is need. For leftward weld^ the diameter of the wire shoold 
be one-half the thickness of the material welded plus one-sizteenth of an inch. In the case of 
rightward welding the diameter shonld be one-half the thickness of the sheet or plate. 

Fluxes. 

It is not always possible to include deozidiserB and special elements in the welding rod itself. 
By nsing a combination of chemicals in the form of a powder, liqnid, or paste, known as a flux, 
the difficulties of producing sound and reliable welds are frequently overcome. A flnz is used 
for (a) cleaning the parts to be welded ; (6) eliminating and preventing the formation of oxide; 
(clreplacing elements burnt out by the flame; (d) facilitating the flow of tho metal, and, when melted, 
(e) protecting the surface of the molten metal from the action of the flame and preventing blow¬ 
holes. The reducing tone of a well-remlated and well-manipulated flame protects, in a measure, 
the molten metal from oxidation. A flux is necessary in welding steel (exccnt in cases where the 
steel welding wire contains deoxidising materials), cast iron, copper, alumminm. etc.; for suo- 
oessful weldmg the proper flux should be used, and as the welding rod and flux are toportuit 
factors in welding they should only be obtained from reliable manufacturerB. 

Preparation of tho Work. 

One of the first principles of sound welding is seonrlng oomplete fusion and perfect union of 
the filling material and the edges of the parts to be welded. To ensure this, good preparat^ is 
necessary, which includes, as a rule, the deaning of the edges and the welding wire, the bevelling 
or chamfering of the edgc^ the adjustment and maintenance of the parts in position, and allow- 
ance for expansion and contraction effects. In general, the preparation of the parts varies 
according to the thickness and nature of the metal and with the organisation and equipment 
of the workshop. 

Gleaning the parts to be welded and the welding wire or rod is essential. Bevelling is 
generally recommended for materials t in. and above in thickness. Bevelling ensures good 
penetration, increase in ductility and strength, economy, and reduction in the overheating 
effects. The angle of the bevel depends npon the thickness of material and whether * leftward ' 
or * rightward * welding is used. All metals from | in. op to | in., and in some cases | in., 
shoold be bevelled from one side only. Pieces exceeding | in. may be bevelled from both 
sides, but this is not recommended. In leftward welding the * V * formed by the two bevelled Slates should be about 90* for material exceeding I in. m thickness, and HO* to 60* for material 

to i in. In rightward welding for material op to | in. an angle of about 45*, and above i in. 
an angle of 60*, can be used. The bevel should extend to the bottom ol the plate, and thorough 
penetration and oomplete fusion should be obtained. In repair work preparation of the work 
is a very important feature and will save considerable time and keep the cost of welding low. 
Shoold it be necessary to re-weld a Joint previously welded, it is essential that the weld metal 
be entirely removed, and on old work the same instruction applies, and corroded metal must 
be removM. In the case of aluminium repairs, for example, good judgment, as shown by the 
preparation, means snooess, and bad Judgment a ruined casting. 

Expansion and Contraction. 

It is impossible to produce satisfactory work unless expansion and contraction effects are 
properly allowed for. Warpage and residual stresses, followed by failure, are the common result 
of welders falling to master this subject. The methods commonly employed are, in the case of 
thin sheets, tacking, or manipulating the sheets so as to take advantage of the effects of expansioD 
and oontraotion; in the case of heavier material and castings, setting the plates so as to 
form an angle, heating tho entire work, partial heating, beating restraining members, breaking 
a member so that expansion and oontroction can take place freely, bending or sprlnfl^ the 
material, etc. 

If expansion can take plaoe in all directions, it will give the welder no trouble, but he should 
operate so as to leave practically no residual stresses. If, however, welding Is done at a 
plaoe that Is confined by various parts or by the particular oonstmotion of a piece, it Is necessary 
to give it due consideration. 

The effects of contraction must be oonsidered equally with thoee of expansion, as failures, 
cracks, etc., can often be traced to overlooking this property. 

Preheating. 
This may be partial or total, depending npon the work In hand, and is mainly employed 

with a view to (a) allowing tor expansion and oontraotion, (5) deoreasixig the cost of weldmg, 
and (c) prododiig a more homomneone joint. Fieheatlng is usually oatried oot with the welding 
blowppe, oil or gas bomeri, oharooal, or other suitable fuel. Where ftiels snob as obatooal are 
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aMd for preheating, the oombostion gases shoald, where possible, be carried away. In any 
case TentUatlon ah^d be proyided to avoid the harmful effects of the gases. The method used 
should be governed by the particular work In hand. 

No general rules can be given for preheating temperatures, as the degree of heat necessary 
will, of course, depend upon the slse and shape of the object to be welded. As a general rule 
however, cast iron should be preheated to a dull red heat for small and simple castings, and to 
a blood<red heat for large or complex castings ; aluminium and its alloys should be preheated 
very carefully, as too high a temperature will lead to the collapse or distortion of the article being 
welded. 

Preheating machines burning paraffin and giving a flame of high caloriflo value, smokeless 
and transparent, give satisfactory results where portability and a powerful flame are required. 

After-Treatment of Welds. 

Improvement in the structure of welds with a consequent increase in strength and ductility 
Is obtidned by proper after-treatment of welds. Thermal or mechanical treatment, or both, 
carried out in a correct manner is invariably beneficial, except in the case of defective welds. 

Strength of Welds. 

With proper equipment and suitable filling materials, the strength of a weld will depend 
mainly upon the care and skill of the operator. A good operator should be able to obtain welds 
95 per cent, the strength of the parent metal on material of good weldability; for the average 
weider 86 per cent, ^ould be taj^en as the lower limit of strength. 

Becognition of Materials. 
The identifloation of the metal, espedally in repair work, is invariably indispensable. Once 

the metal or alloy la known the next step is to get familiar with all the facts relating to its 
weldability and, in case of doubt, proceed to the necessary teats for determining these. Some of 
the means by which the materials of the parts to be welded may be recognised are colour, 
appearance of surface, contour, grinding spark test, chisel cut, fracture, blowpipe test. 

Steel Welding. 
The welding of wrought iron and mild steel is apparently simple ; in reality it is somewhat 

difficult to produce strong and reliable welds. Osiaation and inclusions are the most serious 
defects, and must be reduced to a minimum. Welding wires containing a small percentage of 
vanadium or nickel are used with highly satisfactory results. To produce the minimum o^da- 
tion the blowpipe must be well designed and handled efficiently, and the parts to be welded must 
be thoroughly cleaned. Expansion and contraction must receive proper consideration. The 
use of a flux in the form of a powder has not proved satisfactory. It has been found that de¬ 
oxidising materials in the form of a liquid ^ves excellent results. The product known as * Suder' 
is specially prepared for use with a welding wire which does not contain deoxidising elements. 
At the high temperature of the flame it slags the oxide, keeps the surfaces dean, and prevents 
the indnnon of oxide. The weld can be carried out rapidly, thus reducing overheating effects. 
The liquid is applied by means of a brush to the edges of the plates and the welding wire previous 
to welding. The welding wire should be a material low in phosphorus and sulphur, and free 
from oxide. The use of ordinary iron or mUd steel is unsatisfactory, and welding wire, such as 
* Suder* or *Ferrox,* made especially for the oxy-aoetylene process, should be insisted upon. 
It will be found that economy is on the side of the controlled, but slightly more costly, and 
dependable product. 

A simple test to indicate the fitness of welding wire is made by laying the wire flat on a clean 
surface and applying a good neutral oxy-aoetylene flame to the wire in such a manner as to heat 
it for a cUstanoe of about 3 or 4 ins., playing the flame backwards and forwards until the wire 
is red and then slowly melting the wire, moving the flame so that the wire only melts hidfway 
^hmngh its diameter. If tiie flame is withdrawn as soon as the metal begins to melt, the impurities 
can readily be seen being thrown off in the form of sparks, or a boiling action in the case of 
inferior metal; in some oases the metal will not flow together but * runs away.* The metal 
from gas absorbing wires will, when cold, contain numerous spongy, volcano-like irregularities. 
In the case of clean metal free from impurities the wire will melt and flow evenly without any 
disturbing action. 

The following table is useful when ordering steel welding wire: 

Siie. Inches A , A 1 A A i A i 

Lbs. per 100 ft. . 
Ft. per 100 lbs. . 

1-04 i 
[ 9,616 1 2-3 

4,273 
1 4-1 1 

2,403 { 
1 1 
1 1.637 1 

9-3 
1,067 

16*7 
600 ! 

26 
383 

37-6 
266 

The flame must be carefully regulated and held so that the tip of the white cone is about I in. 
from the surface of the molten metaL 
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A good practical rule In welding steel is that the boorlj consumption of acetylene In cab. ft. 
Is obtained by multiplying the thickness of the sheet or plate in inches by 90. This general law, 
based on investigation, holds good for both the rightward and leftward methods of welding. 

When using a blowpipe of the power fixed by the above law the speed of welding in ft. per hr. 
, can be obtained by dividing a constant by the thickness of the metal in inches. For leftward 
welding t^e value of this constant is 1 *6 and for rightward welding 2. 

The blowpipe must be given a motion which wiU cause the fiame to describe a series of zigzag 
or side>to-Bide movements in the case of light and medium sheets. This is known as ' leftward ’ 
welding. A variation of these movements has been introduced which gives more economical 
and better welds. The welding wire, in this case, follows the flame instead of preceding it, and 
the flame is directed towards the starting point instead of towards the flnishing point. The 
blowpipe is given a slight gyratory motion, whilst the welding rod is given a more or less elliptical 
or longitudinal motion. This method of welding is known as ' rightward ' welding. Subsequent 
thermal treatment, which may consist of annexing or normalising, according to the particular 
requirements, will improve the structure of steel welds, and materially increase their strength 
and toughness. Hammering may be resorted to with good effect, provided the hammering is 
not too vigorous or done at too low a temperature. The technique for making welds in a vertical 
plane has been established and these methods are rapidly developing. 

The following table gives the approximate speed at which the welding of mild steel plates 
oan be done under average conditions :— 

Speed of Welding. | 
Thickness of 

Plate in Inches. Feet per Hour. Feet per Hour for 
Average Day’s Work. 

30 to S3 23 to 26 
20 „ 21 10 20 

r' 5 
15 „ 16 13 
13 „ 15 10 
10 „ 12 0 

i 9 10 n 
8 „ 9 6| 

ai 7 „ 7i 6 
5|„ 6 5 

II 4| „ 4* H 
if 3|m 3| to 3 

II 2| „ 2* 14 « 2 

Owing to metallurgica Jehanges that take place when melting medium and high carbon stee 
with the blowpipe, the welds obtained are invariably unsatisfactory. As a general rule, the 
lower the carbon content of the steel, the more successful the welding operation. It is possible 
to get fair results on medium steels, but a flux, rapid welding, and thermal after-treatment, 
which requires skill to properly carry out, are necessary. 

For welding medium and high carbon steel and worn surfaces where great resistance to 
abrasive wear is desired and where machining is not necessary, a special welding wire such as 
chrome-vanadium is desirable. 

Alloy steels, such as chrome and manganese, are weldable, provided the percentage of carbon 
does not bring them into the range of medium and hard steels, which is frequently the case. 
The welding wire should be of the same character as the steel, and a flux must be used. In the 
case of nickel steel it is necessary to use a flux which will form a varnish over the molten metal 
and prevent the absorption of the gases from the flame of the blowpipe. It is important to 
recognise that alloy steels are used largely because of the excellent physical properties that are 
devdoped by suitable heat treatment, and that the uneven beat treatment produced by welding 
temperatures may produce considerable variations in quality. Hence they should be welded 
with a full knowledge of the alloy and the results likely to be obtained. This also applies to the 
welding of stainless steel, which has been thoroughly investigated. The principal difficulty is 
the formation of the oxide of chromium which is dealt with by the use of a first-dass flux. The 
method of applying the flux is an essential factor for success, and consists in coating the welding 
wire or rod and the underside edges of the sheets to be joined. To obtain an adhesive coating 
the wire and edges are first painted with a solution of silicate of soda and then sprinkled with 
the flux. First olaas results can be obtained on decay proof non-corrodible steels. 

Cast-Iron Welding. 

The two principal defects in cast-iron welding are the production of hard spots and blow¬ 
holes and sabsequent cracks or fractures in the wdd or adjacent metal. The oxide formed must 
be removed or destroyed by the use of a flux. The welding rod most be of good material and 
speoiallj made for oast-lron welding. One great trouble with cast-iron rods In general is that 



1280 AOBTYLENB WBLDINQ Sec. XXIII (ll) 

the quality ia by no meana uniform. Thia ia aapedallT true with the cheaper and onoontroUed 
prodnota. Hoda made from ordinary caat iron prodooe blowholea and hard apota. Special 
roda nnntAining titaniom, producing aound, aoft, and reliable welda, are obtainable. Bxpanalon 
and contraction ahould be considered as of great importance. Preheating shonld be used to some 
extent in all cast>iron welding. It is advisable to weld in position after preheating. The welder 
is protected by making use of asbestos sheet or simply plate. Specially designed blowpipes of 
considerable length are available for this class of work, and two or three welding rods are welded 
togother. The parts must be thoroughly cleaned, and In the case of cracks their extension must be 
prevented by drilling holes a short distance from the ends in the direction the crack would follow, 
The weld should be arranged horiaontally, and where this cannot be arranged carbon blocks 
should be used to prevent the metal flowing away. Carbon products, in the form of blocks, 
powder, or paste, play an important part in modem welding operations. Thev are far superior to 
Oreday or flre-bricki^ which are liable to melt under the blowpipe and invariably cause blowholes. 
Carbon compound, in powder form, which can be made into a plastic mass with water, is valuable 
for soaking moulds, dams, etc., and for lining up repairs and holding parte in position. To pro* 
tect mathmed surf^s during preheating operations, they should be coated with flaked grapnite 
and oiL This can be made into a paste and painted on, or the surfaces can be oiled ana Uie 
graphite dusted on. The graphite must be coarse, as fine flake is not satisfactory. The flame 
must be held so that the tip of the white cone la between I and f in. from the molten metal, the 
distance depending on the thickness of the metaU The after-treatment consists in annealing or 
allowing the meted to cool very slowly. In well-executed welds on oast iron the quality of the 
weld ia generally superior to that of the metal of which the casting is made. The grain Is finer 
and the welded cone ia sound, homogeneous, and can be easily worked. 

Gertidn cast irons of great strong and in which the carbon is in the combined state are 
difScult to weld. Cast Imn which nas been ESibmitted to the heat of a Are for a consider¬ 
able time is frequently unweldable. The metal in both cases melts under the blowpipe in a dis¬ 
tinctly different manner from ordinary cast iron, and the welder should have no difflculty in 
recognising this difference and consider whether it is advisable to attempt the repair. The * bronse 
welding' of oast iron, iron, steel, etc., is a process in which the oxy-acetylene flame is used in con¬ 
junction with a oopper-cinc alloy, such as * ^der Bronse,* * Bifbronxe,' or manganese-bronze, to pro¬ 
duce Joints whiob would be difficult or expensive to obtain by the nsnal method of melting the metal 
of the casting. The procedure in making Joints is very much the same as In actual welding. 
The * V * opmiing need only be about 16*. The heat must be Just right—too much will 
bum the bronze, too little will prevent any alloying—and the surfaces must be clean. It has 
been found In actual operations that the welding time is greatly reduced when the parts are 
prepared by sand-blasting. 

MATj.wAm.w Oast ibon. 

It la difficult to produce satisfactory Joints on malleable cast iron by welding. The welds are 
usually hard, brittle, and porous. The best results are obtained by bronze welding with the 
oxy-acetylene blowpipe, using the same methods of preparation as for cast iron, and naing * Suder' 
bronze or * Sifbronze * as a filling material. For invisible welds Monel metal welding wire can 
be used. The two pieces to be joined are brought to a point just below fusion, great care being 
taken that they do not become fused. When the edges are at the right temperature, the rod Is 
fused into the groove with the aid of a good flux. 

The use of acetylene for brazing purposes provides a fuel which has the highest known flame 
temperature and high calorific v^ue. By using dissolved acetylene with a special brazing 
blowpipe no air-bellows or oxygen is necessary, as the blowpipe is atmospheric and a clean and 
relativdy small flame of suitable power is obtained. 

AluminiTim Welding. 

Sheet aluminium welding can be handled in very much the same way as steel as regards 
preparation and allowance for expansion and contraction. The principal difficulty lies in the 
formation of the oxide, which must be dealt with by an energetic and reliable flux. The filling 
material is pure or alloy aluminium wire; before starting to weld, the wire and parte to be welded 
must be thoroughly cleaned by scraping. A delicate toudb and considerable practice are necessary, 
especially on thin material. Material under 22 gauge is best welded after flanging the edges. 
The flanged edges should practically have no radius, so as to leave the minimum of space between 
the nndetside of the sheets. The depth of the flange should be about two and a half times the 
thickness of the sfewet. The white cone of the flame should be level with the surface of the plates 
and the blowpipe held so that the flame is inclined to the horizontal at about thlrty-flve degrees. 
If the methods are correct the upper and lower surfaces of the weld appear identicu. The power 
of the blowpipe to be used is not in direct ratio to the thickness of the metal as in steel welding. 
For example, on 16 to 19 gauge material a blowpipe consuming 2 cu. ft. of acetylene per hour 
would be satisfaotory, whilst for material i in. thick 10 cu. ft. ia required, and for ^-in. material 
40 cu. ft. per hour. The flame must be carefully regulated, and the tip of the white cone 
should be fr^ i to f in. from the molten metal. After welding, the welds would be thoroughly 
washed with warm water and. where possible, internal strains would be removed by anneaUng. 
The struotoie and strength of the ihetal in the welded zone are improved by hammering. 
Subsequent corcoalon of the welded seams may be due to the physical condition of the 

sheet and the welds, and in the case of important work preliminary oorresion tests 
should be made on welded strips out from the sheets. 
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Pare atamlniam is not osuallr employed for castings subject to stress. In order to raise the 
tensile strength and increase the hardness varying percentages of sine, copper, or nickel are added. 
There is an endless variety of alaminiam alloys, bat from a welding point of view they fail into 
two classes, vis., those containing sine as their principal hardening medium, and those containing 

• copper. The material expands greatly and is verv weak at hi^ temperatures, consequently 
contraction strains are likelv to produce cracks and distortion unless the work is properly handled. 
In welding castings—crank cases, for example—it is often necessary to preheat tlmm either 
completely or partiallv. The preheating must be done carefully, otherwise the casting may 
collapse. For supporting the casting evenly and lining up, carbon putty is useful. For missing 
parts, and where the welder is not well skilled in this class of work, it is advisable to back np 
with sheet copper or galvanised iron. In rigging up Jobs for repaii^ care must be taken that 
expansion and contraction effects are not interfei^ with. The parts should be carefully cleaned 
and free from oil and grease. The repair of oil saturated casting is frequently one of consider¬ 
able difficulty. Oleuung, by dipping in caustic soda, followed by washing in siding hot water, 
and drying, bevelling to a larger angle than usual and sweating out the oil and scraping it away, 
indicate the methods which lead to successful repairs. A good grade of filling material of average 
composition is necessary; pure aluminium wire should not be used. The acetylene should be 
pure and the blowpipe should give a soft, non-oxidieing flame. Two methods of welding are 
adopted, one known as the flux and the other as the puddle method. In the former a flux is 
used in the ordinary way and in the latter no flux is used, a steel rod and paddle being used to 
remove or break down the oxide and to smooth the weld respectively. All traces of flux must 
be washed off. The casting should be reheated slightly to remove any local strains and then 
allowed to cool very slowly. For finishing off, a single cut-file or a * dreadnought' file is most 
suitable. 

The welding of the well-known aluminium alloy known as * Duralumin,* which contains copper, 
manganese, magnesium, etc., is satisfactory or not according to the mechanical properties re¬ 
quired in the joint. The alloy has important properties which are reduced, and in some cases 
almost eliminated, by welding operations. The metal should not be welded when the Joints are 
subject to bending action, shocks, or when the full properties of the metal are desired. 

^e welding of aiuminium-sUioon alloys in the form of eastings presents no particular difficulty. 
In sheet form, however, the difficulties. In general, are greater than with pure aluminium sheet, 
and the correct welding procedure must be followed. Bevelling for material slightly excerMling 

in. is advisable to obtain good penetration. A welding wire of similar composition and a good 
dux are essential. 

Copper Welding. 

Oopper can be successfully wdded when material of good weldability is used and the operator 
Is familiar with the technique. lieoxldiaed oopper in various forms and sidtable for welding pur^ 
poses can be readily obtained. Material which may be satisfactory for brazing may prove quite 
unsuitable for welding. Where possible, a sample strip 2 or 3 ins. long should be tested by 
making a weld and applving a bending test. It is necessary to clean and bevel the edges and to 
support the underside oi wdds made on thin material, oopper tubes, etc., by means of a mandrel 
consisting of an iron tube covered with asbestos, which must be free from moisture. Owing to 
its lack of strength when hot, the tacking of oopper welds ^ould be done carefully. For the 
same reason welds should not be started at the ed^s of sheets, but at a point about one-third 
the length of the seam. The power of the flame should be practically toe same as that used for 
welding steel of the same thlclmess and the flame must be carefullv regulated. The melting should 
not be too rapid or too slow. Without a correct welding rod it is impossible to satisfactorily 
weld copper. A flux to useful. Preheating to avoid adhesion to necessarv. The tip of the white 
cone should be about i in. from the surface of the molten metal. The welds should be hammered 
at a dull-red heat to improve their ductility and strength, and afterwards annealed. The 
technique for the repair of oopper fireboxes and tube plates has been worked out and applied 
with graat success. A good sense oi fusion, the addition of the metal in thin layers, and sat^ 
factory equipment are essential for sucoess in this class of work. Welds on oopper can be 
obtained with mechanical properties almost identical with those of the parent metal. Such welds 
can be planished, stamped, spun and, in general, submitted to the ordinary workshop operations 
carried out on sheet copper. 

Brass and Bronze Welding. 

Brasses and bronzes are only welded indifferently without the correct welding wire or rods. 
The Ailing material should be practically of the same composition as the metal to be welded, with 
small additions of phosphorus, silver, uuminium, nickel, etc. Fluzes, similar to those used for 
oopper welding, should be used in both cases, and the power of the flame is less than that used for 
the same thickness of oopper—that to. dtotincUy less than for steel plates of the same thickness. 
The regulation of the flame is very Important: a slightly oxidising flame will give a surface free 
from wrinkles, and prevent, or greatly diminish, the volatlltoation of the zinc. The position of 
the flame is the same as for oopper. The after-treatment of the welds consists in hammering 
at deflnite temperatures. Identlfloatloo of the particular brass or bronze to be welded to im¬ 
portant in view of the importance of choosing the correct welding wire or rod and the subsequent 
treatment which may be necessary. Bedsuning osstings and repairing worn or broken parts, 
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snob as gear wheels, bearings, etc., constitute the general run of the work on bronzes. In the 
case of castings similar methods to those outlined for the repair of cast iron are necessary. 

Lead Wf^ldincr. 

The oxv-aoetylene blowpipe is rapidly supplanting the older methods of welding lead, or 
‘ lead burning,* as it is generally called. It has proved superior in convenience, quality of joints, 
and economy. A small type of blowpipe is required, consuming from ^ to 6 cu. ft. per hour. 
When it is necessary to fill up a hole or to build up any part of a lead object, the work is facilitated 
by using a mould or a backing of steel plate. When welding patches in repair work avoid rect¬ 
angular patches on vertical faces, which make two edges of the patch horizontal. The patch 
should be made lozenge shape, so that the welds are done on the incline. The welding wire or 
rod should be of the same metal as the sheet. Special outfits have been designed for lead burning, 
using dissolved or generated acetylene; they are very compact and portable. 

Nickel and Nickel Alloys Welding:. 

The production of sound welds on nickel and high nickel content materials depends upon 
the deposition of metal which is metallurgicallv sound, and upon the welder being familiar with 
the recognised technique. The metallurgical features of the metal and its alloys have a direct 
bearing on success, ^e use of the ozy-acetylene blowpipe with an additional reducing flame has 
proved satisfactory. With a single-flame blowpipe, a well designed blowpipe and a carefully 
regulated flame are essential. It is advisable to use flux sparingly. Precautions should be 
taken to prevent stress causing fractures as the metal cools from 860® to 760® 0., in which range 
its duotUity is very low. Alloys of nickel such as Monel metal, Gronlte and Brightray can be 
successfully welded by following a technique closely similar to that for nlckeL The welding of 
German silvers, or nickel silvers, as they are now generally known, or nickel brass, as designated 
by the Institute of Metals, Is by no means simple and a preliminary test is advisable to determine 
the flame regulation, whidh will give satisfactory welds when used in conjunction with a good flux. 

Magnesium and Magnesium Alloys Welding. 

The behaviour of magnesium under the blowpipe is very similar to that of aluminium in 
that the fihn of oxide which forms on the molten metal prevents coalescence unless an active 
flux is used. Unless the flame is correctly regulated combustion of the metal may take place. 
The power of the blowpipe can be based on that used for welding corresponding thicknesses of 
aluminium. Magnesium alloys, such as electron, are weldable, but established technique should 
be followed to obtain reliable results. 

Machines for Wcldirg. 

Acetylene welding machines for the manufacture of tubes have been in use lor many years. 
The development of automatic welding machines for the manufacture of tanks, radiators used 
with centra) heating, etc., is more recent. For repetition work machines have been designed 
which accomplish the work in less time with comparatively unskilled men. The machines consist 
of two parts, (a) holding device for the work, and (6) apparatus for moving the blowpipes, with 
or without oscillatory motion, over the seam. 

Recent developments in welding machines have been mainly in the direction of the use of 
multi-jet blowpipes. In order to obtain speed it was recognised that more than a single jet of 
flame should be employed, and from two jets in tandem it has become customary to employ a 
large number of jets extending for a considerable distance along the line of the weld. The 
defects of this method have been overcome by distributing the heat on both sides of the centre 
line of the seam. The welded section produced in this way is wider, stronger, and more certain 
to penetrate than is the case with the narrow weld made by a central line of flame. Using dis¬ 
solved acetylene, the pressed halves of radiator elements are welded together, fifteen at a time, 
which means that one workman does equivalent work to eight welders using hand-operated blow¬ 
pipes, with a consequent economy of 60 per cent, in gases. 

Training Welders. 

An oxy-acetylene welder has been defined as a person who has the requisite manipulative 
■kill and technioal knowledge successfully to operate welding and cutting apparatus, and, at 
the same ttoe, has akiu in the operation of hand tools used in the preparation and finiahing of 
the work in connection with welding, and also has a reasonable amount of ingenuity. He must 
ftian have a knowledge of accuracy commensurate with the type of work to be welded. Naturally, 
a trade in which so much depends on the personal equation has drawn attention to the need of 
tralnins men to produce sound work. No doubt the best method is that which expounds prin¬ 
ciples followed by practice under expert supervision. Welding skill grows rapidly under a 
wml-worked-oat i^stem of exerdaes which aim at developing sUU in making typical welds on 
vailons metals. Testing the welds is also an important requisite of a training course. Glasses 
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lor training welders are held In the principal eentree, a standardised coarse for training welders 
for general work or speolallsed work, has been laid down, and manofactaring oonoems who 
train their workmen nsoaily follow methods depending upon the else of shop and olaes of work. 

A common error is to attempt work, especiallj repair work, in a shop where the tools and 
apparatus for snocessful all-round welding are not provided, or to endeavour to repair jobs which 
kre beyond the capacity of the welder. It Is much more economical, in such cases, to hand over 
work of this character to firms who have a reputation for repairs of all kinds, especially large 
castings which f^uentlv must be welded in situ and require specialised knowledge and a choice 
of the most suitable welding process. A firm specialising in general repairs have the neceesary 
equipment for carrying out and testing the work, and welders who are not mere blowpipe 
operators. 

Testing Welds. 

The importance of testing welds has, in recent years, become recognised. It is well known 
that the quality of a weld cannot be assumed from the general appearance, finish, etc., althou^ 
considerable information can be obtained from the visual inspection of welds. At lae 
present time the usual methods of testing Indnde tensile and impact tests on specimens welded 
under identical conditions, microscopic examinations of specimens, bending and hammerinir tests 
and X>ray examination. In the latter the actual welds can be examined, and flaws, blowholes, 
and other defects discovered. Bleotrioal and magnetic test for the non-destructive examination 
of welds are in use. In fact, simple and portable apparatus based on the magnetic properties of 
iron and steel is now in use for the non-destructive examination of welds on iron and steel of 
any thickness. 

The American Bureau of Welding have drawn op Standards for Testing Welds which are 
intended primarllv to serve as a standard uniform basis for testing and comparing sample welds 
as distinguished crom welds on structures. The testing of the Tatter must necessarily be by 
non-destructive methods, which would therefore be, in general, quite different from those employed 
in examining sample welds made for the purpoee of testing a welder's proficiency, comparing 
welding wires, or comparing welding methods. For the shop standard a bending test is reoom- 
mended; for the commercial standard, a bending and tensile test on approved lines.* 

Miscellaneous Applications. 
There are numerous applications of the oxy-acetylene process not included in the term weld¬ 

ing, but which have a direct or indirect connection with it and are worth consideration. The 
oxy-acetylene fiame, for example, is a convenient and simple method of applying local heat 
for numerous workshop operations, such as forging, straightening, riveting, expanding for 
shrinkage fits, heat-treatments, etc. 

Braaing operations are more effloienUv carried out with the oxy-acetylene flame than bv the 
older methods. Oase-hardening and surface hardening can also ^ effldently and economically 
done with the flame. 

OXY-ACETYLENE CUTTINO AND FLAME MACHINING. 

Wrought Iron, steel, and steel castings can be out with the ordinary catting blowpipe, and 
with a special cutting blowpipe or the ordinary cutting blowpipe operated in a special manner, 
oast iron can be cut. 

The cutting blowpipe usually consists of a compound ]et made up of one or more heating 
flames with a pure oxygen jet in the centre. The purity of the oxygen is, in general, of much 
greater Importance when used for cutting than when used for welding. As the purity decreases 
the oxygen consumption and time increases, and the speed of cutting decreases as the following 
figures, which represent testa on steel plates 6 feet long by 1 inch thick, show 

No. Purity Time Oxygen 
of of Gas. in Oonsumption Remarks on Outs. 

Test. Percent. Seconds. in On. Ft. 

1 99*7 380 8*0 Very smooth and clean. 
a 99-4 291 8-8 Smooth. 
s 991 316 9-8 Satisfactory. 
4 98-0 334 11*3 Good but rough 
5 96-0 366 13-2 Not smooth. 
6 96-0 412 16*4 Very irregular. 
7 90-0 644 200 Bough, surface bad. 
8 87-0 676 33-0 Very rough, surface bad. 
9 86*0 696 36-8 Very roagh,anaatisfsotory. 

10 82*5 28-4 Very rough A not through. 

* BAL Speolfloatlon No. 70». Bend Teat for Welds. 
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A spot on the met«l Is first heated to a bright red heat with the heating fiame, and then the 
oxygen )et is tamed on. It has been proved that only partial oombastion taxes place, the pheno* 
menon ol catting being resJly a disintegration by the oarrent of gaseslrom the blowpipes. The 
oxy-hydrogen or oxy««oal-gas fiame is often ased for catting in place of acetylene. Material ap 
to 86 ins. has been cat. The same acetylene equipment is used for cutting as for welding. For 
heavy outs special oxygen regalators are required. There are two kinds ol catting blowpipes, 
known as the ‘ central * and * following Jet * types. Hand<catting blowpipes for catting steel ap 
to 90 ins. in thlckniws and oast iron ap to 17 ins. thick are available. Where dissolved, acetylene 
Is used a vacaom type of regulator ^th many advantages can be used. Special equipment, 
known as oxygen lance equipment, can be obtained for opening ap the frosen tap holes of blast 
furnaces, boring holes in iron and steel blocks, steel or iron, castings, etc. Oxygen regulator 
heaters, electrical or gas, are frequently used when large quantities ol oxygen are being used, to 
§ revent interference ^th the fiow of gas as a result of freezing. Mechanical contrivances have been 

evised for special forms and shapes and for heavy cutting. Automatic catting machines using the 
oxy-acetylene or oxy-coal-gas blowpipe, with or without preheated cutting oxygen, have reached a 
high degree of perfection. These machines usually have tbc full range of movements found on a 
universal machine tool, and have a degree of accuracy such that accurate gear teeth can be cut, 
and any desired number of thousandths can be left for finishing. 

DATA FOB OXTQBN COTTINa BT HAND. 

(British Oxygen Co.^ Ltd,) 

Oxygen 
Pressure 

at 
Regulator. 

das Oonsumption. I 
Plate 

Thick¬ 
ness. 

Nozzle 
Size. 

Cutting 
Speed. 
Pt./hr. 

Oub.ft. 

Oxygen. 

per hr. 

Acetylene. 

i 26/30 180/226 76- 86 30-36 
1 h 30/36 100/126 86- 96 36-40 

\ 
36/40 70/100 86-106 40-46 

1 36/60 66/90 160-210 40-60 

1 ! 40/60 60/80 180-260 46-60 
2 i^r ! . 1 

I 1II ! 
46/66 j ! 40/60 190-270 48-66 

3 60/76 1 26/46 220-300 60-72 
4 1 ! 

a 4 « 66/76 1 18/26 330-430 66-72 
6 1 6 66/86 1 1 16/22 376-486 66-80 

Ti 1 70/90 j i 12/18 400-600 70-86 

The above figures are based on actual cumulative results and the chief variation to be expected 
is the cutting speed, which will vary according to the nature of the work, experience of the 
operator, etc. 

Heavy Steel OurriNa 

(British Oxygen Co,^ Ltd,) 

Material Nozzle 
Distance 
of Nozzle Oxygen Approximate 

Speed of Thickness. Size. from Pressure. 
Material. Gutting. 

Ins. Ids. Ins. Ll>s./eq. in. Ft./hr. 
7 1 t 70 13 
8 i 76 12 
9 A or ,h i 86 11 

10 7 
fl4 1 96 10 

12 o^or* 7 
1 A 120 8 

14 A 160 6 
16 1 t A 180 6 
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Flame machining or catting la deTeloplng ander Tailoaa tltlea. snob aa oxygen grooring, 
Boarflng, eto. It atuiaea the oxy<catting prindple and diilera only In the character of the cata 
which it prodaoea. Ita main distinction la in the aae of a tangential positioning of the cotUng 
oxygen stream. Many operations of the osnal tool-machining are similar to those obtained 
with the flame-machining blowpipe, each aa planing, milling, turning, drUling boring, eto. The 
results up to date have shown the Inherent possibilities In this application of the oxy-acetylene 
flame. 

Blowpipes can be obtained for cutting steel under water. Under-water catting is based on 
the fact that the water must be forced away from the heating flame and cutting Jet. 

Compressed air has been used for this purpose, and one type of under-water cutting 
blowpipe makes use of the products of combustion. The cooling action of the water necessitates 
using a heating flame Are to seven times as powerful as that used for cutting the same thickness 
of material in the ordinary way. With an efficient arran^ment an ordinary hand-cutter can be 
ad^ted for cutting under water. In salvage work steel plates have been cut at a depth of 40 ft. 
Various devices for lighting the flame under water when it becomes extinguished have been 
successfully introduced, bemg in the form of a pilot light burning continuously and forming 
part of the blowpipe. 

Oast iron can be cut by means of the oxygen lance or by a special oxy-aoetylene blowpipe. In 
the former case an iron tube from 6 to 12 feet long, ^ in. external and in. internal diameter, 
containing three wires of 12 gauge, is supplied with oxygen at a pressure of from 70 to 150 pounds 
per square inch, according to the thickness to be cut. The point at which the cut is to be started 
and the end of the tube are raised to a red beat 1^ means of an oxy-acetvlene blowpipe, the oxygen 
tumea on and the heating blowpipe removed. Oombustion of the cast iron and the tube proceeds 
rapidly ; it takes 20 seconds to penetrate a piece of cast iron 4 inches thick and less than 2 minutes 
for material 24 inches thick. In the second method a cutting blowpipe with a flame having a 
distinct excess of acetylene is used, or a blowpipe in which the cutting jet is modified and not the 
heating flame. In the latter type a certain quantity of acetylene is introduced into the cutting 
let and leads to an increase in the temperature of the oxygen. 

The following is an abstract from a manufacturers' table of catting data:— 

APPROXIMATE RESULTS FOR OAST IRON CUTIINa. 

{Britiih Oxygen Co,, Ltd,) 

Nozzle. 
! 

Gas 1 
Length. Approx. 

Speed 
Consumption. 1 

Metal Oxygen OT Cu. ft./ft. run. 
Thickness. Distance Pressure. White of 

Size. from 1 Cone. Cutting. 
Work. Oxygen. Acetylene. | 

Ins. Ins. Ins. 
1 
’Lb8./8q. in. 1 lus. Ft./hr. I 

Uptol* a. ! 110 i 2 i 12 80 10 
* ; 120 ' S ! ! 9 60 16 

ISO ' 7 ; 70 1 20 
6— 8 ii ! 160 i 4 3 100 26 
8—11 1 160 4 S 260 60 

11—14 \ ! 160 i I 4 i 2 860 90 
14—16 1 1 160 1 4 { 

1 1 U 
1 

600 120 

The above pressures, speeds, and consumptions are merely given as a guide to indicate the 
results obtained on cast-iron cutting and they will vary according to the composition of the iron, etc. 

Q-eneral. 

A lack of familiarity with the various welding processes by engineers and bodies controlling 
regulations is still a contributing factor to the retardation of progress. The primary problems, 
such as the training of welders, tests for welds, welding wire specifications, tedmique of welding, 
investigations on rail joints, pressure vessels, and structural steel, have received attention. There 
still remains a large number of fundamental research problems in welding which can be classified 
under the following heads: (a) investigations involving physical tests; (6) involving considerable 
metallurgical experience; (e) problems in physics; (d) problems involving welding procedure; 
{€) problems involving chemistry; (/) structural problems; and (p) psychological problems. No 
less than fifty separate problems, arranged in these groups, have been listed and the opportunity 
for real service to the welding industry by their solution Is obvious. The promotion and co¬ 
ordination of research in the welding industry Is essential In view of its vast expansion. 
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BIiECTRIO WELDING. 

Bleotrio welding prooeeses can be placed in two diatinct groups, one producing heat by the 
teiirtanoe of the metal being welded to the passage of the current, the other using the heat of 
the electric arc. They are known as Besistance Welding and Arc Welding, respeotiTely. These 
two main groups have formed the basia for many prooesses of welding. The differences rest 
entirdy on methods and special applications. The subdivisions are as follows:— 

Are Wdiing, (ft) Upset welding. (e) Button welding. 

(1) Oarbon or graphite (c) Automatio butt or (d) Disc depression weld¬ 
electrode. contact flash. ing. 

(2) Metallic electrode. (2) Seam welding. («) Projeotion welding. 
(a) Bare electrode. (a) Butt seam welding. (/) Multiple projection 
^) Ooated electrode. (ft) Lap seam welding. welding. 
(0 Covered electrode. (e) Bridge seam weld¬ (p) Multiple electrode 

(3) Electric blowpipe. ing. welding. 
(4) Atomio hydrogen. (d) Flash-seam welding. (A) Bidge welding. 
(6) Shrouded aro. (3) Percussive welding. (0 T-spot welding. 

(6) Gas shielded. (a) Blectro-statlo. (/) Duplex spot weld¬ 
(ft) Electro-magnetic. ing. 

RuManee Wdding, (4) Spot welding. (k) Mash welding. 

(1) Butt welding. (a) Lap spot welding. 

(a) Flash welding. ^) Bridge welding. 

In the of arc welding many of the systems that have been developed from the main 
groups are associated with the inventor's name or company exploiting the process. 

ARC WELDING. 

Oommeiolal efficiency of aro welding processes is estimated by the relation that the quality 
of the work bean to the cost. The principal factors which decide the quality of the work are: 
(a) electrodes; (b) current (D.O. or A.a); (e) welding equipment; and effloiencv of the 
welder. In anmfflning the cost the principal factors are: (a) capital expenditure; (b) deprecia* 
tion and maintenance charges; (c) wages; (d) cost of electrodes and, (e) cost of electrical energy. 
The speed of welding enten into the question of cost provided increased speed is not obtained 
at the expense of weTdlng efficiency. The absolute requisiteB for good work are: (o) low voltage; 
(ft) short aro: and (c) constant heat per unit area in the weld. An aro welding oircult should 
possess the following characteristics: (1) ease of aro establishment when the work and electrode 
are cold; (2) freedom from undue tendency to freesing of electrode or extinguishing of aro with 

of short arc streams; (3) stable arc with maintenance of &ort aro streams; 
(4) limited ourrent Increase with growth of liquid globule; (6) limited increase of ourrent at the 
instant and during the period the giobule short circuits the aro stream; (6) the aro voltage should 
increase rapidly at the instant of globular detachment or on breaking a momentary short circuit 
in order to facilitate re-establishment of a stable aro. Welding nomenclature, definitions, and 
symbols have been standardised. 

Carbon Aro Welding. 

The oharacteristio principle of this prooess, originally known as the Benardos process, is 
that an electric aro is held between the metals to be Joined, which forms one electrode of the 
drooH, and a carbon rod or pencil manipulated by the welder which forms the other electrode. 
By placing the carbon electrode in contact with the metal, thus closing the circuit, and instantly 
withdrawmg it again, an electric aro is formed between the two electrodes and, owing to the 
hi^ temperature of the arc, the metal is melted. Steel op to In. is satisfactorily melted together 
wmont niring a filling material, but for greater thicknesses a * melt bar * is melted into place 
by the heat m the arc. Experience has shown that the metal to be welded should be the positive 
electrode,and the carbon the negative electrode. If this order is reversed, a shorter aro is obtained 
and particles of carbon can enter the molten metal and cause brittleness. A long aro is the first 
essential of good carbon aro welding, the length varying from to 8 ins. 

The current used is direct, the voltage being from 60 to 90, and the amperes vary from 360 
to l/KK), depending upon the thickness of the metal. The carbons generally used are l-in. and 
|<in. diameter. 

The use of graphite eleotrodes in place of hard carbon electrodes is increasing as the merits of 
the graphite elsoteode are more widelv known. The chief advantams are: (o) breakage in 
handling and in operation is appreciably reduced; (ft) breakage and oraoUng due to sudden 
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ohangei of tempentore to •Umlnotod; (e) le« carbon to carried Into the weld; (d) the arc to mneh 
steadier; (e) the life to from two to three tlmee as long as for an amorphous carbon electrode of 
the same diameter; (/) electrical condactivitf to four times that of the carbon electrode of the 
same oross-section, consequently the heating caused by resistance to negligible and much higher 
current densities can be carried. Considerable development to being made in the art of carbon 
arc welding where graphite electrodes are used. The single or double graphite arc has proTsd useful 
in the welding of non-ferrous metals. Automatic camn electrode welding machlnee are now 
extensively used owing to the increased speed and lower costs obtained, as compared with hand 
work, and the reduction in distortion ana overheating effects. 

In one system of automatic carbon arc welding control of the arc is established by super¬ 
imposing a strong magnetic field on the arc flame. This control permits the arc to travel through 
the various flelds without disturbance, and the arc is given a gyratory motion of great velocity 
which also tends to hold it In a straight line. Increased stren^h, ductility, and high welding 
speeds have been obtained, and the process can be applied to light sheets or heavy plate. 

Metallic Arc Welding. 

The use of metallic electrodes for arc welding has proved more sattofactorv than the use of 
carbon or graphite electrodes, which necessitate feedixig the new metal into the arc by means 
of a rod or wire. A very wide variety of metal electrodes are used and can be classifled as follows: 
fa) bare wire; (h'l coated electrodes manufactured by dipping, painting, or spraying with a liquid; 
(c) covered electrodes, which are wrapped with a refractory material or otherwise encased in a 
much heavier covering than that used for coatings. They can also be classifled as: (a> heavy slag 
depositing electrodes; (b) light slag depositing electrodes; (e) flux-coated electrodes which de¬ 
posit no slag; and (d) bare wire. Sheathed electrodes have a flux between a metal core and sheath, 
whilst composite electrodes have one or more conductiDg materials combined mechanically with 
the flux. The ability of an electrode to fulfil its fnnotion depends upon: (a) chemical oorop<^t!on, 
(6) freedom from impurities, (e) grain structnre, (d) surface finish. The effect of sartsoe materials 
on electrodes from the standpoint of some of the scientific laws governing the metaUlo arc has 
been investigated and It has been shown that the presence of non-metallJc materials on the 
surface is required. In metal electrode welding a very wide variety of metal electrodes are nsed 
and, in general, there is a sphere of utility for each type, and provided care is exercised in their 
selection, a weld of maximum efficiency should be obtained.* 

The use of bare steel welding wires, that is, wires without a coating or covering. Is extremely 
dlfflcnlt, particularlv If the wire contains appreciable quantities of elements sneb as carbon, 
manganese, etc., or if it la a question of using alternating current or doing overhead welding. The 
metal from bare wire is extremely * wild * In the arc while it is being melted, and the presence of 
high stabilising factor in tbs equipment is desirable. The numerons advantages of coated and 
covered electrodes are now well recognised, and have led to a decreasing use of bare electrodes. 
Coated and covered electrodes aims at improving the metal in the weld, permitting the 
use of alloy steels, non-ferrous metals, etc., as electrodes, facilitating elective manipula¬ 
tion and the use of alternating current. Covered electrodes may be placed In two general dasses, 
the first dass being the electrode whi(^ has a heavy covering of scientifically prepared material 
containing a deoxldtoer. The second dass of covered electrode to of the type which has a very 
thin coating on the wire and alms at obtaining the same results as the heavy covered electrodes 
without manipulating the heavy coating of slag deposited daring the welding operation. The 
matching of the deposited metal with the base metal, which cannot be done with any certainty 
by V-irying the composition of the electrode metal, can be accomplished with the flux-coated 
electrode. By applying the correct oompodtion of flux coatings to cores of oniform quality, 
sound welds In all the ferrous metals In general ose can be obtained. 

The percentage, by weight, of an electrode which passes over Into a weld, sometimes called the 
deposit efficiency of the deotrode, to affected by the following factors: (a) current, bat not carrmt 
density; (b) polarity; (e) thldmees of the work; (d) chemical composition of the electrode; 
(e) surface materials of electrode; (/) occluded gases, slag indnslons, etc.; (g) arc length. 
Experiments so far recorded Indicate that a good oommerolal electrode will ahow from 80 to 
90 per cent, deposit efficiency, whQst a poor r^ may show as little as 60 to 60 per cent. The 
bearing of this on welding oosts merits attention. 

Arc Welding Equipment. 

Blectrio-aro welding may be done with a dirsct-carrent or altemating-oarrent arc, having 
a reasonable degree of stability and suffident amount of heat to acoompltoh fusion. The effect 
of the ' type * of current on the efficiency of metal deposition by the arc to threefold. It affects 
the speed of deposition, the amoant of penetration or fusing of the metal, and arc stability. The 
design of the welding generator or transformer affects the cost of welding. The necessity for a 
special machine rests upon economic factors, and the differences between the various tjrpes nsed 
are those of power, cost of operation, and difference In speed of operation doe to ths relative 
stability of the are. 

* B.S.I. Speoifloation Nos. 6S9, 640,788. Bleotrodee for Steel Welding and Ship’s Oonstniotion. 
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The qaestloii of direot or alternating oorrent raises many Interesting points which hare 
been the sabjeot of mnoh disonssion and research. Flnx-ooTered electees are essential 
for certain types of alternating current machines, apparently because the lagging effect 
of the flux snd slag maintains the necessary temperature during the periodical current 
rerenals. Oomparative data by independent authorities is missing, and the question of 
whether direotKiorrent welding is faster or slower, whether flnx<coTered electrodes enable 
direot current to take the lead in welding speed, whether the practical losses in motor 
generator and resistanoe compare favourably or otherwise with the alternating-current system, 
eta, eta, are questions which are answered by contradictory claims by both parties to this oon- 
troversy. However, there are advocates for both systems, and satisfactory equipment can be 
obtain^ for obtaining sound, efficient and economic welds with direct or alternating current.* 

The successful application of arc welding is largely dependent upon the selection of the proper 
equipment. With incorrectly or badly designed equipment output tends to be decreased because 
the arc is difficult to hold, and because the operator is likely to become fatigued after a short 
period of continuous work. The type of welding equipment which will be most suitable for any 
particular installation depends upon the power available, the number of operators and the class 
of work for which it is required, '^e following cases arise: (a) where electricity is not installed; 
(6) where direct current is available; (c) where alternating current is available; (d) special circum¬ 
stances, as, for example, where current is available and no transforming or converting equipment 
is required, or for outside work in exposed positions. Low first cost, low power consumption and 
negligible maintenance costs are important factors in choosing arc welding equipment and sugges¬ 
tions with regard to the most economical and efficient plant to fulfil any requirements can invari¬ 
ably be obtained without charge or condition from the technical departments of firms specialising 
in such equipment. There are two systems in general use—(a) single operator system, where a sep¬ 
arate machine is provided for each operator, each machine receiving its current supply from the 
supply circuit; (6) multiple operator system, where more than one operator receives current direct 
from the same machine, but each operator Is provided with a control panel, or devices which 
enable him to vary the current without interfering with the other operators. 

Amongst the accessories are protective equipnsent and electrode holders. 

protective equipment. 

The intense glare emitted in the process of arc welding consists of a combination of invisible 
infra-red rays, visible light rays, and invisible ultra-violet rays, and special safety devices are 
required to protect the operator from their harmful effects. Por light electric welding It is 
necessary only to protect the eyes with goggles fitted with suitable coloured glasses. Hand 
sbieldB are made for medium-weight electric welding work which can be done with one hand. 
They serve the double purpose of protecting the eyes of the operator and also shielding the face 
from the heat rays and ultra-violet radiations. For heavy electric welding It is common nractice 
to use a helmet or hood which provides protection for the eyes, bead, face, and neck, ana leaves 
the hands free. With regard to the tint of the protective glasses, a reference to the note on goggles 
in the section on oxy-acetylene welding will be useful. The filtering glass used should out off both 
ends of the spectrum, the ultra-violet and infra-red, and transmit, in reduced quantity, only rays 
of high visibility, such as the yellow and green radiations, thus giving the maximum visibility 
with the minimum reception of energy. For the protection of the hands and wrists leader 
gloves are osed. These devices are subject to modifications to meet the requirements of special 
work. Neighbouring workmen and operators should be protected from the dangerous rays of 
the electric arc. 

Precautions in Arc Welding, 

The precautions that should be observed in arc welding have been set forth in a memorandum 
issued by the Factory Department of the Home Office (Form 329, May 1925). These deal with : 
(a) hano^creen: (5) helmet or mask; (c) gloves; (d) aprons; (e) protection from hot metal; 
(/) chipping of uag. The memorandum also deals with the comparative dangers of direct and 
mtemating currents, use of direct current, injurious effects of radiations, etc. The memorandum 
on the Electricity Begulationi (Form 928,1925) should also be consulted. 

Automatic Metallic Arc Welding. 

Depositing metal using an automatic feed for the electrode results in a materially increased 
rate of depiction. Great strides have been made in the past few years, and machines 
with completely automatic heads and travel carriages which can be applied to all types of 
welding have been developed. Machines using covered electrodes are in use, one type 
of which has a braided covering in which the flux is pressed into the interstices of the weave, 
thus avoiding the flaking off when passing through the feed rollers. Higher welding speeds, 
and strong ductile welds are obtained. This method of depositing metal is particularly 
advantageous on sections of uniform shape upon which a considerable amount of metal is to 
be deposited. Automatfc welding does nqt eliminate the human element in welding, but does 
in certain cases greatly increase the speed of the process, and in other oases obtains results 

* B.S.I. Specification No. 638. Rating of Arc Welding Plant, 
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which are beyond the Umitailone of mannal operation. Antomatic welding with the bare 
metallio electrode is in more general oae at present than any other method, bat, as indicated, the 
ase of a coyered electrode has been accomplished with improved results. In one type of 
machine the electrode is fed to the arc from a reel by means of feed rolls actaated by a SO-y<dt 
motor which is shunted across the arc when the arc is struck. Regulation of feed is main¬ 
tained by devices which change the direction of rotation of the feed motor when the arc voltage 
increases or decreases above or below a certain amount. Research has proved condualvely that 
a faster, stronger, and more homogeneous weld can be made on material ^ in. or more in thickness 
by use of a multiple arc automatic welder, depositing the metal in two or more layers, using shout 
350 amperes in each arc, rather than by depositing in one layer, using an excessively high amperage. 
A number of welding applications involve all the requirements of automatic welding except that 
the size or weight of the pieces to be welded prohibits convenient handling, clamping, and tra¬ 
versing. In such cases a semi-automatic welding machine has proved to be of great advantage. 
One type of machine feeds the welding wire through a Ilexible conduit to a welding nozzle in which 
the control switch for the feed motor is located. The control mechanism operates to start and 
stop the feed motor. The maintenance of a uniform and steady arc depends on the operator. 

Arc Welding Applications. 

The application of arc welding to repair and manufacturing, particularly for structural welding 
and the replacement of castings, is very extensive, and should be made with a full knowledge of the 
possibilities and limitations of the process. In the welding of steels, with their great variety of 
physical properties, a familiarity with the wide range of conditions is necessary to meet and solve 
the problems presented. In all cases the steel to be welded should be identified, and not only 
should a suitable electrode be used, but also the correct welding technique applied. The operator 
should know how to prepare the parts, control expansion and contraction, control arc blow, and 
be familiar with the latest developments relating to the class of work be is engaged on. With 
regard to the subsequent heat treatment of welds the reports of the Welding Research 
Committee of the Institution of Mechanical Engineers should be consulted. In welding cast iron, 
copper, brass, aluminium, etc., the application of arc welding should be looked upon as in the 
development stage, where welds with physical, chemical, and mechanical properties similar to the 
base metal are required. 

To obtain satisfactory arc welds on cast iron requires special consideration and care on the 
part of the operator. An essential to success is a suitable electrode, especially if the welded 
parts are to machinable and fractures avoided. Such electrodes are available and represent 
the result of extensive researches in which the following points have been considered:—(1) prepara¬ 
tion of the parts; (3) prevention of slag inclusions; (3) suitable values of current; (4) method 
of deposition and its effect on the strength and hardness of the weld ; (5) reversed polarity versus 
straight polarity; (6) effect of long versos short arc; (7) effect of spe^ on the softness of the 
weld; (8) the haM zone and its removal; <9) relative weldability of various grades of cast iron; 
(10) tests of electrodes. 

In are welding aluminium and its alloys a machine desigpied to hold a stable are at low ourrente 
and, lor light work, the addition of a stabilising resistance are essentials. A flux-coated 
electrode—the flux satisfying not only the conditions essential in gas welding but in addition 
decreases the surface tension of the aluminium and aids in stabilising the arc—Is necessary. 
Reversed polarity, that is, with the electrode positive and the work negative, is used regardless 
of the alloy being welded, or the thickness of the material. 

Cost of Arc Welding, 

The cost of electric arc welding with the metal electrode process depends upon several vari¬ 
able factors, such as: (1) the price of labour; (2) tbe characteristics of the arc, (a) aro easy 
to msintain, (b) aro difflc^t to maintain, (c) amount of heat available; (3) the cost of power; 
(4) the cost of electrodes; (5) supervision required, (a) production work, (b) work of a varied 
character; (6) interest charge on equipment. 

Welding speed is fundamentally dependent upon the rate of metal deposition. This rate 
varies with such factors as, energy required for liquefaction of electrode material, aro stability, 
oorrent density, and electrical resistance of electrode material. Oomparative data showing the 
relative cost of aro welding and other systems of welding should be carefully studied, because 
omission to take into account one or more important factors may lead to misleading results. In 
general, it is conceded that metallio aro welding has economic advantages over other methods on 
steel plate above ^-in. in thickness, which increases with the thickness, bat for tbe welding of 
non-ferrous metals the oxy-acetyiene process is, at the moment, anrivalled. 

Atomio Hydrogen Aro Welding. 

The remarkable property of hydrogen to convert electrical energy to thermal energy and to 
ntilise it for welding Is the basis of atomio hydrogen welding. By striking an aro between two 
tungsten eleotrodee and blowing a stream of bydro^ gas throngh the arc core an extremely hot 
flame of a single gas with excellent welding eharaoteristios is obtained. Standard eqnlpmeBte, 
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whidi OAn be roughly olaaslfied as fixed and portable setSi and give a wide range of application 
and high welding speeds, are manafaotured. 

The welding tedinique has been worked out and although it is an aro method of welding, it 
has Tery similar oharaoteristics to ^ welding. The process can be used for almost any light 
gauge steel work, and is very suitable for welding alloy steels, suoh as stainless, and non-ferrous 
metals. Recent developments are a new three-phase torch for use with atomic hydrogen sets. 
This has the advantage of distributing the heat evenly over all three phases and increasing the 
energy in the aro for any given current. 

u view of the suooess of atomic hydrogen welding the substitution of other gases for hydrogen 
has led to the introduction of the Arcogen process in which acetylene is used in conjunction with 
the aro. The process has not the advantages of atomic hydrogen, and is not used extensively. 

The Oyo-aro process, named owing to the particular cycle of operations, is confined to the 
welding of steel or non-ferrous studs, rods, tubes, etc., on to steel plates by automatic apparatus 
which is portable. Onoe the apparatus has been set up for a particular size of stud or fitting its 
operation is automatic and the work can be done by semi-sklUed labour. 

BESISTANCE WELDINa. 

There is a marked distinction between the joining of metals by the two electric processes, 
vis., aro welding and resistance welding. In the former the heat is localised through the action 
of the electric aro and no pressure is applied ; in the latter the heat is localised by me resistance 
to the fiow of the current and pressure is used. 

The process of resistanoe welding is based upon the phenomenon that a poor conductor of 
electric current will heat if current is forced through it, or that a good conductor will also heat 
if enough current is passed through it. Since an imperfect joint, such as the abutting ends 
of two pieces of metal, or the lapping of two pieces of metal which are to be welded, is a poor 
conductor and offers great resistanoe to the passage of the current, it will naturally heat and 
flni^y cause the metal to fuse and flow sulSciently to weld. In practice the operation is very 
rapid because comparatively large amounts of current are used. 

For this type of welding a single-phase alternating current of any commercial frequency is 
generally use^ The transformer in the machine will take the current from an ordn^ry mop 
oircoit and reduce it to a suitable welding current. 

'Skilful development of resistance welding machines has made it possible to turn out welded 
products of high quality at mass-production speeds, and with a manufacturing economy 
wUoh recommend them to any line of manufacture. In general, one machine is designed for 
handling pieces of the same metal and for making joints of similar design. Repair jobs have 
been done in special cases, but it is only in rare cases that such an adaptation is attempted. 

A resistance welding machine is simply a single-phase transformer having a secondary of 
one or two toms, the voltage required between the terminals belzig only five to ten volts, and 
the onnrent being limited only by the size of the pieces to be bandit. The transformer is built 
into a heavy frame which supports the clamping jaws to handle the work and mechanical devices 
to regulate the heat and pressure. The characteristics of the transformer for welding ser^oe 
are influenced by many factors not encountered in other lines of transformer application. The 
major factors involved in the design of a transformer are: (a) the nature of the welding duty; 
(b) the mechanical features of the machine; (c) the load cycle; (d) the voltage used on the power 
lines in the plant where the welder will be in operation, and the cycles of that voltage; (c) the 
range of secondary or welding voltages to give the proper flexibility and the X.V.A. that will 
be required. 

Practically all metals or combinations of metals may be joined by the resistance welding 
process. Special adaptations for heating rods, bars, billets, rivets, etc., and electric brazing and 
soldering machines, and special machines for a variety of purposes, such as welding hollow objects, 
zinc tube welding, etc., can be obtained. 

The following factors have to be considered and co-ordinated when resistance-welded jol nts are 
contemplated; (a) current density per unit area; (t) time of current cycle ; (c) pressure per unit 
area; (d) electrical conductivity of the parts to be welded; (e) beat conductivity of the parts being 
welded; (f) specific heat of the parts; (y) melting point of the materials; (A) medium in which 
the joint is made; (0 cooling stresses; (j) heat of fusion; (t) contact resistance. The elements 
nsn^y considered are current, pressure, and time. 

Butt Welding. 

Electric butt welding consists injoinlng pieces end to end by securing complete fusion of the 
entire cross oeotion of the pieces. Ime parts to be welded are held in suitable clamps, and when 
the current raises the ends where they abut to t.he welding temperature, mechanical pressure is 
used to produce a weld. Contact is maintained by automatic means or by hand pressure, the 
earrent control may be automatic or by hand, and tne upsetting gear may be nydraulically 
operated or oontrolied by hand. Seouons op to SO sq. ins. in area can be welded together. 
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Bait welding may be lubdiTided into three claaeee, namely, (1) ayeet welding, (3) flash welding, 
and (3) contact flash welding or automatic butt welding. 

As remrds the first subdivision, in which the weld is made by butting the cold ends of the stock 
to be welded and than applying the electric pressure, it Is apparently being supeiseded for most 
purposes by flash welding. 

*Fla8h welding is made by applying the current before the ends are in actual contact and 
utilising the flash or minute arcs that play between the ends of the stock. Some advantages of 
flash over upset welding are (a) less power required. (6) less extrusion or upsetting, (c) burnt metal 
is thrown off, (d) increased production, (e) stronger welds. The convex shape oi the extruded 
metal in upset welding is replaced by a thin flu in flash welding, which can be easily removed. 

The third subdiviiuon, contact flash welding, is in some respects similar to percussive welding. 
The weld is made almost instantly by using high continuous contact pressure and heavy current, 
the current being cut off pj automaUc methods ot control. 

Spot Welding. 

Blectrlc spot welding consists in pressing the pieces together while passing the current through 
them, and localising the flow of the current so that the weld is confined to * spots' between the 
electrodes, which are used to obtain the pressure. The term automatic spot weld is given to a 
spot weld made on a welder which applies the pressure, and makes and breaks the circuit 
automatically. 

The material to be welded is placed between die points or electrode tips made of copper or 
a suitable alloy, supported on the ends of two arms, and the points are brought firmly together 
on the metal by the use of either foot or motive power.* Tne current is then turned on. The 
metal, being a poor conductor, becomes heated, and when heated to a suiflcient degree, pressure 
is applied. In the case of automatic control, the current is turned on and off and the necessary 
welding pressure applied automatically by controlling mechanism usually driven by a variable* 
speed motor. A recent development used with spot and seam resistance welding machines is the 
use of Thyratron tubes for closing and opening the electrical circuit which determines the time in 
which power is applied to a resistance welder. Plates op to ^ in., combined thickness 1 in., can 
be spot welded. For certain classes of work portable spot welders can be obtained. The majority 
of commercial metals can be spot welded, but it is essential that the metal to be welded shouid 
offer a considerable resistance to the electric current, otherwise sufficient heat cannot be generated. 

Considerable investigation has been carried out with regard to heavy spot welding for 
ships amd constructional work. Large machines capable oi supplying a welding current op to 
100,000 amperes, and equipped to exert a pressure up to 30,000 lbs. per square inch on each 
spot, have been constructed. The main difficulties which have been encountered are, briefly, 
electrode-tip protection and the preparation of the materials to be welded. Two secondary 
considerations have been the separation of the electrodes and the shape of the head of the spot 
welder. 

The following indicate variations of spot welding:— 

Button and Diso-DepressiOn Welding. 

Where very thick work is to be spot welded it is often desirable to find means to localise the 
current and cut down the amount of pressure required. Small metal discs or buttons can be 
used for this purpose placed between the head of the welder and the metal to be welded. Diso- 
depression weldi^ differs from button welding in.that in the disc-depression method an annular 
depression is provided in one of the sheets, around the disa The method makes possible the 
use of a comparatively light madiine for welding heavy steel plate, and also the use of leas power 
and time for making the welds. 

Bridge Welding. 

TUs method is used to join thin sheets edge to edge without overlapping and without reducing 
the dimansiona of the pieces. The sheets ore brought together in their oorreot position, and 
then thin strips or discs are spot welded across the joint. 

Multiple Electrode Welding. 

Time and power oaa frequently be saved by making several welds at once, iu which cose 
the spot welder is equipped with two or more electrodes. It is advisable to have projections 
on one of the pieces to be welded to assist in localising the current. Successful multiple welding 
requires a separate transformer lor each weld. 

* B.S.I. Specification No. 807--Blectrode Shanks for Spot Welding Machines. 

3 Y VOL. I. 
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Frojeotion Welding. 

In this method the metal to be welded to provided with projections. The projecting parts 
ate brooght in line with each other, and the welding effect is to provide a smaller contact point 
which increases the resistance and allows the weld to be made with the consumption of less time 
and power. Ridge welding is the same as projection welding, except that, instead of a single 
projwtion, a ridge to raised in the metals in such a way that the ridges on the two pieces come 
logger in Uie form of a cross. Projection welding, in which the two parts to be welded together 
have raised projections, not produced by shearing the sheets, to developing rapidly, and the 
marftiiifla for doing thin work must have toeir electrical and mechanical details well co-ordinated 
to obtain desired resnlts. 

Duplex Spot Welding. 

In this type of spot welding two transformers are need simultaneously on opposite sides of 
the sheets to be welded and their currents pass through two secondaries, welding two spots 

Oombinations of various spot welding methods have been made for special jobs. Sometimes it 
to only necessaiv to mi^e a change hi the construction of the electrodes to make a machine do 
work of a varied diaraoter. 

Mash Welding. 

Mash welding is a process of welding rocto, wires, strips, eto.. bv crossing or overlapping the 
pieces and weidh^ between relatively large electrode snrfaces tinder pressnre. The process is 
used in the msmifactare of lamp-shade frames, wire waste baskets, eto. 

Seam Welding. 

This prooess practically combines the features of bntt welding and spot welding, and to nsed 
for jointi^ pieces along a continuous line or seam, usually by moving the joint in the path of the 
current, so that fusion is secured continuously. Bxcellent welds have been obtained by the step- 
by-step method in which the roll moves and stops alternately. During the rest period the rolls 
are energised and the welds made. The oonatraction of all-steel motor bodies has given rise to 
a development which can be olaasifled as flash team welding, and consists of flash welding a long 
seam in a machine which really constots of two butt welding machines mounted on a single base. 
A 66-in. seam is flash welded in approximately 6 secs. Standard seam welders are usually equipped 
with two electrodes, which consist of power-driven discs between which the work is passed, or 
both etoctrodes may be converging rollers, with the converging edges resting on opposite parts of 
the work near the edge to be welded. The work is passed beneath the rollers, which carry the 
current into the metal, and makes a continuous line of welding. The work must be carefully 
cleaned and correctly positioned to get good results. The width and strength of the weld depend 
upon the current, pressure, and spei^ adjustments as well as upon the else and character of the 
electrodes and the shape, stoe, and character of the metal being welded. 

Oonsiderable development work has-been done and seam welding is applied to the manufacture 
of steel baneto, casks, tanks, ventilators, heating and ventilating pipes, etc., with conspicuous 
suooees. The low oost of the joints and their reliability when care is taken to see that the material 
has good weldability are factors which are recognised. Welds may be butt, lap, or br!<igc, and 
may be made continuously or intermittently. 

Rjleotro-percussive Welding. 

This is a prooess, sometimes called percussive arc welding, which is chiefly Intended 
for manufacturing applioations in which lai^e quantities of duplicate parts are to be pro¬ 
duced. The underlying principles ntiltoed in percussive welding were discovered In 1006 
by Mr. J. Obubb, of the Westinghouse Company. Following his original experiments, 
machines were developed for welding metals in wire form of rather small cross-section. 
Widely different physical properties offered no obstacle, and dnctile welds can be made 
with copper and alnminlnm, platinum and lead. Electrical devices are need whereby 
a rapid small separation of the parts to be welded causes an intense arc to melt the ear- 
faces. At the proper moment a forging hammer forges the nieces together. The advan¬ 
tages ctoimsd for the processes are (a) power saved; (6) time of welding negligible; (e) welds 
of onequal sections are poeslble; (d) welds of unlike metals can be made; (e) uniform welds; 
(f) oost of finishing welds reduced. Recent results have shown that percussive welding has 
ma^ valuable appucattoDS, espedally in non-ferrous and alloy-steel weldi^. 

Bxperimental work has been directed toward extension of the process to larger cross-sections. 
A larue tospulse toansformet has been built capable of storing 30,000 Joolea Sections up to 
I in. atoiwtsr have been saooe«fnlly welded and no apparent limitations are antiolpated from a 
prooess point of view. 
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AliBOTBIO CUTTING. 

Althoagh oattlng w!th a blowpipe has many advantages over electrlo are oattlng, jet there 
aVe many places where the electric are can be advantageoasly. The groove Is not so narrow 
as that eat with a blowpipe, nor Is the surface out as clean. One advantage of cutting with the 
are is that scale, either on the surface or in pockets, cold shuts, sand pockets, and olowholes 
have no appredable affect on the cut and will not extinguish the flame or arc as is the case in 
oxy-aoetyiene oattlng. 

The electric arc will cut any metal, ferrous or non>ferroas. and has been found parUcnlarly 
useful for the oattlng of cast Iron. The thickness that can be economically cut by the are varies 
from 4 to 6 inches, for straight catting. The current necessary for cutting operations on general 
and heavy cutting varies from 800 to 1.200 amperes. The voltage of the catting are varies 
between 36 and 45. a good average being 87. The best arc for cutting is a reasonably long one or 
a reasonably short one. whichever is preferred. The chief point Is to have the liberation of 
energy near the work to be cut* 

It will be seen that heavy values of current are required, and special apparatus Ims been 
designed so that the arc could be controlled with these heavy ourrenls. An hnportant part oi 
these developments Is the design of a handle to protect the operator, hold ttie electrode, and 
to carry the high amperage. A small item like the use of pure graphite instead of carbon for 
electrodes means the difference between success and failure. 

Increase of current means larger electrodes and hence more metal to be cut out. One 
development for this work is a low resistance graphite electrode, and the approximate sises for 
various current densities are as follows:—200 amperes, ^ to | in. electrodes; 300 to 400 amperea 
I to i in. electrodes; 400 to 600 amperes, ^ to | in.; 600 to 800 amperes, | to | in.; 800 to 
1,200 amperes, f to 1 in. electrodes. 

Oattlng on heavy sections is generally best accomplished from the underneath side or from 
a vertical face tipped dightly greater than 90 degrees so that the molten metal can flow awav. 
although the action is not entirely simply melting metal. In catting with the arc a reasonably 
smooth surface can be obtained by paying attention to one side only, or the cut may be made 
rough and trimmed up smooth by a second application of the arc. 

If covered metallic electrodes are used, the electrode should be soaked in water previous to 
cutting and, during the cutting operation, should be kept cool by dipping in water at intervals. 
A long arc should be used and a current of about 300 amps, in conjunction with a mUd steel 
electrode of about 8 gauge. 

A special electrode for catting with the arc, and for such work as piercing holes has 
been designed. This special electee, covered with a coating giving off free oxygen under 
the temperature of the aro, gasifies the entire metal melted, so that the boring action is 
uninterrupted after once started. This electrode is used by starting the aro and immediately 
pushtog tne electrode into the paddle. After the hole is through the piece it can be widened to 
any sise or shape by drawing the aro around its edges. This type of electrode only takes from 
350 to 350 amperes. A devmopment in under-water cutting is an adaptation of the carbon eleo- 
trode aro cutting process, in which the carbon electrode is pierced by two small brass tubes, 
through which a special cutting gas is supplied from the surface. The gas oxidises and blows 
away the metal melted by the arc, and aim converts the surrounding water into steam, thus 
makins a gaseous envelope for the arc. The combined action serves to greatly speed up the opera¬ 
tion of the cutting electrode, as the metal is blown aside before it has a chance to solidly. This 
device has been used successfully for cutting metal between three and four inches thick at a depth 
of about 70 ft. 

COPPBB HYDKOGBN-BLBCTBIC WBLDING. 

This is the title of a new automatic continuous welding process which welds without flame 
or arc, and produces welds on a quantity production basis with mechanical properties equal and 
in some oases, superior to the base metal. The parts to be welded are assembled by a snug lit, 
either by inserting one part into the other or by spot welding, or pinning the pa^ together 
Copper, either in the form of copper wire or copper paste, is applied to the joint and the assem¬ 
blies are placed in a hydrogen-filled heating lone of a special furnace, and gradually brought up 
to a maximum temperature of 1500** 0. Some of the copper goes into solid solution in the steel, 
and the rest produces a copper-iron alloy. Under non^ conditiona no free copper remains 
between the parts. The hydrogen atmosphere reduces all oxides, scale, etc., on the surface of 
the parts and provides chemically clean surfaces for the welds. The welds are hardly perceptible, 
and emerge from the furnace cooled to room temperature, clean and free from scale or oxide. 
The time occupied in welding is 4 mins., and no assembly seems too intricate for ths proosm which 
has been in use for a considerable time. 
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THERMIT WELDING. 

Thermit is a trade name for a mixture of finely diyided aluminium and iron oxide, which 
when ignited reacta to produce a superheated liquid steel at 6000** F. The underlying principle 
of the procees is the high chemical aflBnity of aluminium lor oxygen. Up to a temperature of 
SSOO**!*. thermit is an inert mixture. At that temperature the alumimum unites with the 
oxygen of the iron oxide and comes down as liquid steel at about twice the temperature of ordinary 
molten steel. If steel at this high temperature is poured around the sections to be united, 
especially if the sections hare previously been preheated, it will melt them and amalgamate 
ww them so as to form a fusion weld. 

Several varieties of thermit are produced and used for welding ferrous material, i.e. plain, 
oast iron, railroad, and wobbler then^t. 

In maMng a thermit weld, the parts to be united are first lined up with a space between the 
ends, the extent of wMoh depends upon the siie of the sections to be welded. The ends are 
thoroughly cleaned and a wax pattens is formed around them, the exact shape of the reinforce* 
ment of thermit steel which is to be cast at that point to make the weld. A sand box is next 
rammed around the pattern and inside a sheet iron box, proTision being made for pouring gates, 
heating gates, and rtsers. The parts to be united are brought to a good red heat by suitable 
means, such as compressed air liquid fuel. The charge of thermit is placed in a conical shaped 
crucible supported over the pouring gate of the mould and ignited by means of an ignition 
powder. In 35 to 36 seconds the reaction is completed and the crucible tapped. The slag does 
not enter the mould. 

The process is extensively employed for locomotive repairs, marine repairs, crankshaft repairs, 
steel mill repairs, pipe welding, rail welding, and miscellaneous heavy welding. Detailed instruo* 
Uons are availabie for carrying out thermit welds in the fields mentioned. The process is adapted 
to all sixes and weights of pipe up to 6 in. diam., and an important feature possessed by the thermit 
pipe welding process is the ease with which it can be applied to the welding of coils. The joints 
can be welded either before or after the pipes are bent. 

General Information. 

A lack of fainiliurity with the various welding ])rocoss(s and the established technique is still 
a contributing factor to the retardation of progress. The primary problems, such as the traiiiitig 
of welders, tests for welds, welding wire speciHcations, tecliniqiie of wcldnig, investigations on 
rail joints, pressure vessels, and struc-tural have received attention. There still remains 
a large number of fundamental research problems in wel<Ilng which can be classified under the 
following heads: (a) investigations involving i)hysicul ti.»sts; (f>) involving considerable inetal- 
lurgieal experience ; (c) problems in physics ; (d) probhaus involvitig welding procedure ; (f) pro¬ 
blems involving chemistry ; (/; structural i)robleins ; and (</) psy(;hologic:il problems. Ko h;ss 
than fifty separate problems, arranged in ttu'se groups, liave been listed and the opportunity for 
real service to the welding industry by their solution is obvious. The prf)niotion ami co-ordiuatioji 
of research in the welding indust ry is essential in view of its vast expansion. 

Oo-operatiou in the advanoement of welding, both by the users concerned with its efficient 
application or as manufacturers of welding equipment and supplies, is refieoted in the rapid 
growth of welding. Welding is becoming regarded us the standard method of joining metal parts 
in general manufactiu’iug, construction, j)roductioii and mainUuiance work. Some of tlic recent 
advances in welding have made possible light-weight railway equipment, airc.r:ift structures ami 
automotive construction of all kinds. This saving in weight is materially alTecting the design of 
structurc.s, .ships, machinery construction, etc. In spiUj of all these advances in welding m;w 
opportunities arc almost limitless in their (;xtent. 

Progress is illustrated by the issue of B.S.I. specifications for: bare rod or wire electrodes 
and covered electrodes for arc welding wrought iron and mild steel; oxy-acetylene welding 
applied to steel stmetores; cold bend test on welded joints; protrotive glass for welding; 
rating of arc welding plant, equipment and accessories; electrodes for shipbuilding purposes; 
eleotrodes for spot welding machines; impact tests for welds. In addition the following are 
in coarse of preparation: co-ordination of welding tests; steel sections for welding; welding 
rods for 03qr*eeetylene welding. The publication, in six volumes, of the Proceedings of the 
Twelfth International Congress on Welding and Allied Industries adds a rich store of information 
to the rapidly growing literature on welding. 

The maintenance of quality standards and welding procedure, as embodied in welding specifica- 
tions, will oertainly lead to further expansion since the elimination of doubt as to quality of work- 
maoi^P will bring induatiy in general to look upon welding with greaterconfldenoe. The British 
StandaM Specifloatlona for * Fusion Welded Steel Air Receivers* ; * Metal Arc Welding as 
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Applied t-o Steel Structures ’; ‘ Oxy-acetyleiie Welding as applied to Steel Structures,’ ‘ Tentative 
Kequlrements for Fusion Welded Pressure Vessels intendwi for Land Purposes ’ issued by Lloyds 
Register of Shipping, and the issue of i)rovisional rules for welding in ships by both Lloyds and 
the British Coriioration Register of fihippuig and Aintraft, indicate the growing irnportauce of 
welding. 

* The British Standards Specilication No. JiJU, dealing with noirH-ncIature, delinitions and 
symbols for wielding and cutting has beeti revised, d’he revisions of the syinbols and the method 
of indi(‘ating welds on detail drawings should hsul to flieir general application, particularly as this 
specili<!atioii h;xs been frequently referred to in oilier .specilications. 

A Welding Industry (Jotnniittee has been rM»nstituled by the IhS.J. In aJditif«u to the .standards 
already nuintioned the following .specifications have been issued by the B.S.I.: 

Methods of testing fusion welds, weldc'd joints and weld metal. (Applicable to the electric 
arc welding of steel.) Toy—litlo. 

Metal arc welding as applied to tuiailar steel structural memlaTs y.'lSi—J y 11. 
Welded joints in copper ve.ssels. Jo77 - ly J2. 
(las w'clding of aluminium. 112(> lyn. 
Test pioi’es for jiroduction control of aluminium alloy spot weld*-'. J JliS— 
Spot weldiug for light assemblies in mild steel. J ! pj—lyl.']. 
Symbols for shipyard drawings, irio.*]—1!»IG. 
'IVsts for use in the training of welders. 1205—lyiG. 

With regard to the tostsS the standard lay.'J down the gen* ral rc(4uircmciits. 'I'hcrc are eleven 
tests, covering butt weld.s in plate-s an<I laping, lill*-t welds in phifi>.^« and sliects, pipe branch w'olds, 
building up of surfaces and test pi(‘ces for ra*liograiihie examination. I'he ](r< paring of etched 
specimens and notes for the guidance of instnu tttrs are given in appendices. 

M’he London County ('louiadl has inodili**'! the L*)iulon Uuilding Act so as to permit the use of 
oxy-acctvlcJif! welding instoa*! of riveting, bolting or lajijting. 

Amongst the. fundamental researches which have be*-u compl*-ted, m; the folIf»\\ing :— 

* Welded Beam-Oolumn Oonnections.' 
' The Effect of Low Temperature on the Tensile Impact Resistance of Iron, Steel and Welded 

Jolnta.* 
* Strain Measurements in Welded Joints.’ 
* Welded Structural Brackets.* 
* X-Ray Methods of Studying Stress Relief in Welds.’ 
* Peenlng and its Effects on Arc Welds.* 
* Investigation of Plug and Slot Welds.* 
‘ Alternating Ourrent—Non-destructive Test for Welded Seams.’ 
* Fatigue Tests of Bntt Welds in Structural Plates.* 
* Static and Impact Tensile Properties of Stainless Steel Welds at Ordinary and Low Tern* 

peratures.’ 
* Blectrio Heating by the Proximity Effect.* 
' Effect of Welded Top Angles on Beam-Oolnmn Oonnections.* 
* Oharacteristics of a Universal Welding Generator.’ 
‘ r*)i»per Welding.’ 
Welded Girders with Inclined Stiffeners.* 

With regard to acetylene welding equipment, plants have been installed equipped with a 
compressor for boosting the acetylene obtained from a generator up to a pressure permitted by 
law (9 lb. per sq. in.) and distributing the gas at this pressure to the welding shop. There is a 
growing tendency to distribute the oxygen by a pipe line supplied from a battery of cylinders. 
At the moment it is advisable to hand over this work to the firms specialising in this class of work, 
in view of the hasards involved. 

A eompli-tc revolution in tlio weldintr tcehni«iue :is :iiq»li«'*l to the wedding of steid by tin* oxy- 
processIni.s t.'ikeu pl.ice. In.-ie-.-id eef the* so-cnlle*! iii'iitml ll.nne. in whie h theoxyg* n 

and acetylene are consumed in almost equal volumes, an excess acetylene flame is used which 
serves to carburise the surfaces of the bevelled edges and the dapositra metal wets the surfaces 
and produces complete fusion. With this type of welding larger flames are used in oonjunotion 
with a smaller V. Tixe welding speed is increased and greater amounts of alloying constituents 
are, as a resnlt, retained in the deposited metal. A distinctive feature of this method, whloh has 
been thoroughly investigated, is that a perfect bond can be obtained without melting the parent 
metal. The process is ^own as Lindewelding. 

The welding of stainless steels and high chromium high nickel steels have been investigated. 
The former can be welded by all the welding processes but in order to avoid * weld decay * and 
subsequent corrosion the carbon content sboold be very lowj the latter, in the form of heat- 
resisting alloys, are easy to weld without a flux provided the flame of the blowpipe Is well regv* 
lat^, and a welding rod of similar oharaoteristios used with the correct power oi flame. 
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The welding of mediom earbon eteele (0*0 per eent.)< which Is niaelly looked upon as dllBoali, 
has been InTeeUgated and excellent resiuta are obtained with a welding rod poHenlng eimllar 
propertiee to the parent metal bat with a lower oarbon content. The manganeee-ohrome eteel 
oeed for building op worn ralle gires the beet reenlte when need as a welding rod on this daes of 
work. 

In the field of eleotrio are welding the progress Is so considerable, partioalarly In the straotarat 
field, that more and more attention is being paid to the propertiee of the electrode to be used. 
The fact that the specification Oommittees are issning arc welding specifications in which pro- 
teotioii adpdnst atmospheric contamination during welding Is provide for, shows the necessity 
for sdentifically designing electrodes for Tarions classes of work. The leading manufacturers 
are coping with this asp^ of arc welding and are producing electrodes whidi will satisfy any 
requirement or spedfication. 

In the testing of welds considerable derelopment has taken place In non-destructlTe methods. 
The X>ray exazdnation is becoming a recognised test and, in Lloyds requirements for fusion 
wdded pressure Tessels, X-ray photographs are to be taken of the entire length of each welded 
seam. The magnetic test is now represented by portable equipment which reveals the presence 
of defects in a satisfactory manner. The Schmuckler test which mills out a portion of a weld 
and allows the weld to be etdied and examined at any particular point, is also being used, since 
the portion removed can be re-welded without difficulty or appreciable cost. 

For the spedfications relating to welded structures destructive tests, which Indude tensile and 
bend tests, are required. 

The Symposium on the Welding of Iron and Steel ozganised in 1936 by the Iron and Steel 
Institote, wl^ the co-operation of fifteen other Institutions or Societies, had for its objects: (a) the 
examination of the art of welding as It existed at present; (6) conslderadon of the difficulties 
encountered; (c) the scientific work endeavouring to solve the difficulties; and, the most Important 
object, (d) to determine the directions in which further work was necessary and the factors of 
importance which had not emerged and should be examined. 

The Report on the Symposium contains sections, two of which deal with the account of 
proceedings subsequent to the Symposium and proposals for the future organisation of research 
on the welding of iron and steel. The endorsement of the Report by the Societies and Technical 
Institutiona enumerated In the Second Schedule constitutes the authority for the Institute of 
Wddlng to carry out, on behalf of the engineering industries, the programme of research referred 
to in the Report. 

The British Welding Research Association, which has taken over the programme of the Weld¬ 
ing Research Council, has for its objects and activities the following :— 

To ensure that there shall bo continuous progress in the methods and inatcrials used for the 
welding of all types of metals, and to investigate the production of w'eldablo materials in all 
metals ; to provide codes of good practice for the control of the various arc, gas and resistance 
w'elding processes. The publications of the Association include ;— 

‘ Arc Welded Stmotural St(!ehvork,’ 1946. 

‘Investigation into the Pressure Welding of Welded Rigid I'Yarno Structures, 4th Interim 
Report,’ 1946. 

‘ Prassure Welding of Jjight Alloys without Fusion,’ 1946. 

* Technique for the Gas Welding of Magnesium Alloys,’ 1946. 

In view of the large number of problems whie.h require solution, or the provision of additional 
information, the Association lias drawn up a programme of work, baaed on prioritio.s, which has 
been adopted by the Couruiil. 

The Welding Research (yOimeil was set up in 19.16 by the Institute of Welding to invt«tigatc 
welding problera.s. 

The foniiation of an international welding org.anis.ation which will be open to technical insti¬ 
tutes, research bodies and similar associations, not engaged in commercial or trade activities, is 
well under way, as a result of a conference held at the iLLStituto of Welding. Wddlng societies 
of fourteen countries were represented. It will cover all welding processes !ind nothing but welding. 

A large number of films covering the technique and application of various proci^sses indus¬ 
trially have been made and can be obtained on loan for lecture purposes. 

The Associated Offices Technical Oommittee, which represents five of the leading insurance 
companies, has issued a sohedule of examinations and teste during construction and upon 
completion of metallio arc welded drums for steam generating units and steam receiver 

See also Descriptive Section XXm, Fart II.: 

Barlmi^Ltd. 
Murex welding Processes, Ltd. 
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SECTION XXIV 

THERMODYNAMICS. 

By B, H. Parsons, M.I.Mech.E. 

Below will be found the thermodynamical formulae of moat general use to engineers, with 
explanations of their application where necessary. For fuller information the reader is recom* 
mended to consult' Thermodynamics for Engineers,' by Sir J. A. Ewing, and ‘ The Properties of 
Steam,’ by Prof. H. L. Oallendar. 

Symbols usbd in this Sbotion. 

P — Absolute pressure in lb. per sq. In. 
V Volume of 1 lb. weight of gas in cubic ft. 
T "1 Absolute temperature in deg. Fahr. » thermometer reading plus 459 • 6*. 
B — The gas constant in ft.-lb. It is the work done by the expansion of 1 lb. weight of 

gas under constant pressure when the temperature is raised by 1** F. The value of B 
for any gas is very approximately equal to 1543 -r molecular weight of gas. For air 
B - 53*4. Also B - 778 (0^, - 0^.) =» 778 0„ (v - 1). 

Op -> Specific heat at constant pressure, or the B.Th.U. required to raise the temperature of 
1 lb. weight of gas by 1* F. at constant pressure. For air 0^, 0 • 24. 

Co »■ Specific heat at constant volume, or the B.Th.U. required to raise the temperature of 
1 lb. weight of gas by 1® P., the volume being kept constant. For air 0,, «- 0‘1716. 

y Batio of specific heats » 0^^ -f 0^.. For air y "* 1 4. 
W — Work in ft.-lb. done by 1 lb. weight of gas. 

>■ Entropy. (See later.) 
■■ Quantity of heat in B.Th.U. 
— Total heat in 1 lb. weight of gas in B.Th.U. 

N.B.—When logarithms are used in the formulae, they are always ordinary logarithms to the 
base 10. 

Formulae helatinq to perfeot gases 

All gases which are far from their liquefying pointy including air, fine gases, and products of 
combustion, may for most practical purposes be considered as perfect gases. The specific heats 
of perfect gases are constant at all pressures and temperatures. 

The temperature, pressure, or volume of a perfect gas may be found when the appropriate 
value of B and of the other two variables are known, by means of the Equation of State 

144PV - BT.(1) 

If the temperature after any change of volume or pressure is the same as it was before the 
change, we have the relationship 

PiV, - P,V,. 

Isothermal Expansion or Compression. 

The work in ft.>fi>. dona per lb. weight of a perfect gas during its expansion at constant 
temperature is given by 

W - 144 X 3 • ZQU PjVj (log V, - log VO . (2) 

or by the equivalent expressions 

W - 3 -3026 BT (log V, - log V,) 

W - 144 X 3 -3036 PjVj (log P, - log P,). 

It should be noted that the above formulae give either the total work during expansion alone, 
as measured by the area between the expansion curve and the line of sero pressure, or the total 
work as measured by the complete theoretical indicator diagram. 

The same formulae also give the negative work required to compress the gas at constant 
temperature, the Initial state in either case being represented by PiV,. 

The equation to the curve of isothermal expansion or compression is PV -> constant, the 
curve being a hyperbola. 
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The heat In B.Th.U. which most enter the gas during expansion or leaye It during compression, 
in order that the temperature may remain constant, is equal to W 778. 

The change in entropy caused by isothermal expansion or compression is found by dividing 
the heat added or withdrawn, by the absolute temperature. 

adubatio Expansion or Oomprbssion. 

Poring an adiabatic expansion or compreaiion, no heat enters or leaves the gas, nor is any 
heat generated in it by friction or eddies. 

The work In ft.>lb. done per lb. weight of perfect gas expanding adiabatically is given by— 

or by the equivalent expressions 

W - 

144(PiV,- P,V^ 
Y- 1 

W - 778 0„(T. - T.) 

(S) 

These expressions also apply to adiabatic compression, though in this case the work is given 
as a negative quantity if FiVjT, represent the initial conditions. 

It is Important to observe that the above formulae give the work done during .expansion or 
compreaslon alone, and take no account of the work done by the entrance of the gas, or of the 
work required to discharge it. They give, therefore, only the area of a diagram lying between 
the expansion curve and the line of zero pressure. 

To get the total work done In the expansion or compression of a lb. weight of gas, as repre¬ 
sented by the area of the complete indicator diagram, the following formula must be used, 

W-“^3(P,V.- P.VO . ... (3A) 

or its equivalents 

W - ^2! 1 RCTi - Tj) or W = 778 Op(T| - T,) 

Before formulae (3) or (3A) or their equivalents can be applied In practice, it is usually neces¬ 
sary to determine first the values of P„ V, or T,. This can be done by means of the following 
relationships. 

Pi “ Pi (v‘)^ P| + y Oog Vj - log V,) . . . (4) 

1 

Vi - Vi (p‘) “^or log V, - log V| + ^ (log P, - log P,) . . . (5) 

T, - T, ^ or log T, - log Tj + (y - 1) Qog V, - log V,) . (6) 

T, - Ti Y or log T, - log Tj + (log P, - log P,) . (7) 

The equation to the adiabatic curve is PV >■ constant. 

16 Y — 1 3 
For airy — 1*4,^ ■* y or 0*714, ^ ^ “y or 0*386. 

In adiabatic expansion or compression the entropy of the gas is unchanged. 

Thk Gbnbral Oasb of Bxpansion or Oomprbssion. 

Isothermal and adiabatlo processes represent ideals with which actual processes may usefully 
be compared, though they can never be attained in practice. In every actual case of expansion 
or compression some heat enters or escapes from the gas, or is generated within it by friction or 
eddies. The expansion curve of a dry gas may, however, always be represented by PVn — con¬ 
stant, if a suitable value be assigned to n. Hence by substituting n for y in the adiabatic equa¬ 
tions (3), (3A) and (4) to (7) these equations enable the area of the theoretical indicator diagram 
to be obtained, as well as the changes in pressure, volume and temperature. 

In the case of a water-jacketed air-compressor the value of n will be between 1*25 and 1*35, 
according to the effectiveness of the cooling arrangements. For the expansion of superheated 
steam without gain or loss of heat, n 1*3. For wet steam the value of n may be taken as 
1*035 -1- 0*lx, in which x is the drvness fraction at the beginning of expansion, but this is not 
Terr accurate, and for all oaloolations concerning steam it is preferable to make use of steam 
tables or diagrams. 



Sec. XXIV THERMODYNAMICS 1301 

Although, in accordance with what has been said above, when a gae expands or is compressed 
according to the law » constant, the area of the theoretical indicator diagram is always 
given by the expression 

. .(8) 
it is important to notice that the area of the diagram does not represent the work when n Is greater 
than y. This is the case when any heat is entering the gas from outside or is generated wltUn 
it by friction or turbulence. The work is then given by the equation 

W=.778 0^,(Tj~T,).(9) 

The final temperature Tj, being firat obtained from whichever is the more convenient of the 
formulae:— 

log T, = log Tj + (n — 1) (log V, — log Vgl . . . (10) 
or 

log T,log Ti + ” “ ^ (log P, — log Pj) . (10a) 

The quantity of heat, measured in B.Th.U. which enters or leaves a pound of gas when the 
latter changes its state according to the law PV*^ = constant, is given by the equation 

.(11) 

or its equivalent 

Q 
y — n P,V, — P,V, 
y — 1 n— 1 ^ 

144 
778 • 

. (IIA) 

When the entering heat is generated in the gas itself by friction or eddies, as In the case of 
an uncooled turbo-compressor, or Is received from the cylinder walls, as in an I.O. engine, addi¬ 
tional work equal to this heat has to be done by the compressor over and above the work shown 
on the theoretical indicator diagram. Similarly when the gas expands with frictional losses, 
os in a turbine or a nozzle, the area of the theoretical indicator diagram is greater than the work 
actually done by the gas, by the equivalent of the frictional heat. 

Equations (11) and (llA) enable the heat carried away by the cooling water of a compressor 
to be calculated. They al^ give the heat equivalent of the work in excess of the indicator 
diagram which has to be done by an uncooled compressor or blower. The value of n for such 
a machine can be calculated from the formula 

1 /y- 1) 
n e \ y / 

where « represents the efficiency of the compressor. 
When a gas expands or is compressed according to the law PV* = 

entropy oaus^ by the process is 

(12) 

constant, the change of 

■>1 - ♦. = 0„ (^ _ ”) X 2-3026 (log T. - log TO (18) 

the value of T| being obtained from formula (10) or (10a). 

THH EFFIOIBNOT OF A HBAT ENGINE. 

It is proved in the textbooks on Thermodynamics that even an ideal engine working between 
the temperatures T| and T« cannot tom into work more of the heat supplied to it then the 
proportion represents by the fraction 

. 04) 

This fraction therefore represents the maximum possible efficiency of any heat engine. There are 
only three cycles of operation by which such an efficiencv could theoretically be obtained, the best 
known being that of the Oxtmot engine, hence the efficiency as computed above is cidled the 

* Oamot effldency.* The other cycles giving the same theoretical efficiency are the Stirling and 
Ericsson regenerative cycles. 

The Effioibnot of a Stbam Enqinb^Bankinb otolb. 

The efficiency of a steam engine or turbine is generally compared with that of an ideal engine 
worMng on the Bankine cycle. The maximnm quantity of heat that could be turned into work 
by an Ideal engine working on the Bankine cycle li given by the expression 

+ ((^,- Ai) . . (W) 
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In the ease when the condition of the steam after its adiabatio expansion is drj or saper- 
heated, the expression takes the simpler form 

U =■ H| Hf* 

The values of H, T and 0 are to be taken from steam tables IIi and f/>|, referring to 1 lb. of steam 
in its Init^l dry or superheated condition, and and to 1 lb. of dry steam at the temperatures 
T*. 

The value of U may also be read directly from a MoUier diagram (q.v.) without any calculation. 
It is known as the * adiabatio heat drop.* 

The theoretical steam consumption of an ideal engine working on the Bankine cycle, is 

^ lb. per h.p.-hour, or ^ lb. per kW. hour. 

The * efflolenoy ratio* of an engine or turbine is the ratio between the theoretical steam con¬ 
sumption as calculated above, and the actual steam consumption. 

Owing to the departures from the Bankine cycle which characterise modem steam practice, 
the use of ^e * effldency ratio * as a figure of merit is falling into disuse, and steam turbines are 
now usufl^y compared on the basis of their total heat consumption per kW. hour. 

Thb Bffioesnoy of an Internal Combustion Bnqinb. 

The efflolenoy of any internal combustion engine is usuallv expressed by comparing it with 
that of an ideal engine working on the * air-cycle.* In the air-cycle, the working substance la 
supposed to have constant specific heat, which is not true for the actual gases. Hence the air- 
oy^ standard is mainly serviceable as a convenient criterion for the comparison of diff^nt 
en^es. 

The effldenoy of an ideal engine working on the air-cycle is given by the expression 

1 - 

in which 
clearance volume 

^ " piston displacement and clearance volume 

For formula more exactly representing the conditions of working of actual engines of various 
types, reference should be made to the * Report of the Heat Engine Trials Oommittee,* 1937. 

The Bfficibnoy of a Compressor. 

iM^hermaX EJjfMeney.—^The efficiency of an air compressor is usually expressed os the ratio 
of the work theoretically necessary for isothermal compression to the work actually required 
by the machine. The work necessary for isothermal compression may be calculated from 
formula (3) or its equivalents. 

7<Aumarie Efficiency,—^This is the ratio of the volume of free air delivered, reduced to normal 
temperature and pressure to the volume swept out by the piston of a reciprocating compressor. 
The volumetric efficiency of a well-designed compressor is from 85 to 90 per cent. 

The Bffioiency of a Befrioeratinq maohinb. 

The effldency of a refrigerating machine is stated in terms of its * Coefficient of performance,* 
which is the ratio of the heat extracted to the work spent, both being of course measured in the 
same units. If heat be extracted from a substance at T| and delivered at Tj the maximum possible 
ooeffldent of performance of an ideal refrigerating machine is T. 

Ti-T, * . a«) 
If an ideal refrigerating machine take in heat at Tg, and be driven by an ideal heat engine 

taking in heat at T, both machines rejecting heat at the temperature Tg, then the maximum 
possible ratio of Q«, the heat extracted from the cold body, to Q, the heat supplied to the engine. 

Qt _ T, (T - T,) 
Q T (T, - T,) • . (17) 

Entropy. 

For the practical purposes of the engineer, entropy may be regarded as a pure number related 
to the then^ conditioik of a substance. Its physical significance is that every increase in entropy 
impliee that heat has become less available for doing work. Entropy changes whenever heat 
enters or leaves a body, or is generated within it by frictional processes. Entropy is the one 
quality of a substance which does not change during adiabatio expansion or compression, although 
temperature, pressure, total heat, and internal energy are all changing. 



THERMODYNAMICS 1303 Sec. XXIV 

Entropy It meatured from some arbitrary sero, at its changes are alone of importance. The 
entropy of steam and water la always reckoned from the freesing point of water, at which the 
entropy is considered to be sero. The values of entropy for steam and water, per lb., are given 
In steam tables. Any area on a diagram which has absolute temperature and entropy for ordi* 
nates represents work measured in heat units. The ways in which the entropy of steam and water 
can be calculated are explained in connection with the description of the temperature-entropy 
diagram below. 

In Isothermal expansion or compression, and in evaporation or condensation at constant 
temperature, the change of entropy is equal to the heat added or withdrawn, divided by the 
absolute temperature. In adiabatic processes there Is no change in entropy. 

In the general case of a gas changing its state from P|ViT| to P,V,Ta, the change of entropy 
is calculate by the following formula— 

^,-4,j-.3.302e|o,(l0gT,-logT,) + EaogV,~logV0} . (1«) 

or Its equivalents— 

- 01 - 3*3026 1 0*0og Pt - log Pi) + Op(log V, - log VJ | 

or 

0t - <fri - 3*3020 |0,<logT, - log T,) - B(log P, - log P,) | 

Thh Tbmpbraturb Entropy diagram. 

If a diagram be prepared with absolute temperatures and entropies as the ordinates the area 
of any closed curve on this diagram represents work expressed in heat units. A temperature- 
entropy diagram for steam is shown in flg. 1. 

The lines AB and OD are the foundation of the diagram. AB is the water-entropy line, the 
point A for which the entropy is sero, being at the freezing temperature of water, or 491 - 6* F. abs. 
The line may be plotted by taking the entropy of water at various temperatures from steam tables, 
or the value of the entropy of water at any temperature may be calculated (on the suppositicn 
that the speoiflo heat of water is unity at all temperatures) from the formula 

itw- 3*3036 logT —6*1976 . . ^ . • (19) 
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OD la the aatarated ateam ilneu It mvj be plotted (tom the entropj of eatarated iteam as 
fiTen In the steam tables, or from the formula 

^.(80) 

In which L Is the latent heat of steam at the temperature In question. 
The use of the diagram may be shown by considering its application to an engine working 

on the Banldne cycle, taking superheated steam at a temperature T^, expanding it adiabatically 
to a temperature T^, and discharging it in a wet condition to a condenser at this temperature. 

The heating of the water is represented by the line AB, the quantity of heat required to raise 
it from the condensate temperature T« to the evaporation T|p being the area LGBM. The line 
BO represents the evaporation of the water, the heat taken in during this process being MBON. 
The superheating of the steam is shown by the line OB, the heat taken in during superheating 
being NOBP. ^e line OB may best be plotted from the values of the entropy of superheated 
steam at the appropriate pressure but at various temperatures, given in the steam tables. Alter¬ 
natively, the value of entropy may be approximately obtained from the equation 

1-1062 (log T-log T„) .... (21) 

In this equation the assumption is made that the specific heat of superheated steam is constant 
and equal to 0-48, which is only roughly correct. 

The line BK shows the temperature drop due to the adiabatic expansion of the steam from 
T, to Tt, and condensation at constant temperature Tt is represent^ by the closing line KG 
of the diagram. The heat rejected to the condenser is the area LGKP. 

GK 
The dryness-fraction of the steam after expansion is the ratio The expanding steam 

loses all its initial superheat when at a temperature and therefore at a pressure corresponding to 
the point F. Had &e steam been dry, but not superheated, beiore expansion, the adiabatic 

GET 
expansion line would have been OH, the dryness fraction and the heat rejected to the 

condenser LGHN. 
The * available heat * or the heat which would be turned into work by a perfect engine is the 

area GBOBK, and the efficiency of the cycle is the ratio of this area to the whole of the heat taken 
in, namely the area LGBOEP. Had the steam had no initial superheat, the available heat would 
have been GBOH and the efficiency would have been the ratio of GBOH to LGBON. 

The available heat and the dryness fraction are two of the most important facte to be deduced. 
To compute the available heat from the data given in the steam tables, we have 

Available heat « H, - H, + T, (<f, - 0,) . . . . (16) 

in which Hi is the total heat of a lb. of steam at pressure and temperature PjTi, while is the 
corresponding total heat of a lb. of ^ saturated steam at P^Ti, and i^i and ctre the corre¬ 
sponding values of the entropies. 

The dryness fraction. . (22) 

in which Aw is the water entropy at T,. In some steam tables the water entropy is not tabulated, 
and in this case the following equation may be used: 

Dryness Fraction — ~ "" ^i) ^ ^ .jgv 

in which At is the heat of the water at T,. For all ordinary purposes A, may be taken as equal to 
Tt — 491-6. 

Thb Molubr Diagbam. 
In the Mollier diagram the properties of a substance are plotted with reference to total heat 

and entropy as the ordinates, whereas the chief value of the temperature-entropy diagram is to 
represent neat changes graphically- as an aid to calculation, the Mollier diagram does away in 
many oases with the necesui^ for any calculation at all. Mollier diagrams are now supplied 
with all ateam tables, or may be purchased separately from Messrs. Edward Arnold & Co. 

In fig. 2 is reproduced, in skeleton form, a part of a Mollier diagram for steam, suflicioiit to 
explain the manner of its employment. 

The diafl^m it will be observed is divided into two fields by the saturated steam line SS. 
Above this line is the rerion of superheat, and below it the region of wet steam. The saturated 
steam line it crossed by lines of constant pressure sloping upwards from left to right. These lines 
are straight in the wet region bat curve slightly upwards when the boundary line has been crossed. 
The constant pressure lines are crossed by more or less horizontal lines of constant temperature 
in the superheat region, and by lines of constant dryness fraction in the wet region. 

Every point on the diagram represenU steam In some definite condition. Steam at 600 lb. 
pnssnie, superheated to a total temperature of 760* F., for example, specified by the point A. 
We will assume that this steam is expanded adiabatically to a pressure of 1 lb. absolute. The 
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prooeM of expansion Is represented by the yertloal line AB, and the work done In this expansion, 
measared In heat units, is giren by the length of the line. Beading from the scale of total heat 
at the Bide of the diagram, we see that the work done is 1390 ~ 916 474 B.Th.U. This is the 
same as the * available heat' oaloolated by formula (15). The diagram also shows that after 
expansion to the lower pressure the dryness fraction of the steam is about 83 per cent. 
* Now let us suppose that the expansion, instead of being truly adiabatic, is carried out with 
frictional losses as in a turbine. The steam will be partially dried by the frictional heat, arriving 

77 1-8 V9 20 22 
Scale of Entropy 

Fio. 8. 

at the final pressure in some such state as that indicated by the point 0, where the dryness fraction 
is about 93 per cent. The total heat at 0 being 1030 B.Th.U., the work done by the steam will 

AD 
be 1390 — 1030 or 370 B.Th.U., and the efficiency of the turbine will be ^2, or about 78 per 

cent. Conversely, knowing the efficiency beforehand, we can find the state 0 of the steam after 
expansion. 

The throttling of steam to a lower pressure is shown by a horisontal line on the diagram, 
because during throttling the total heat remains unchanged. Thus if steam in the condition A 
were throttled down to a pressure of 100 lb., the process would be shown by the line AB, from 
which it is seen that the temperature would fall to about 710*, although the superheat would be 
higher. 
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SECTION XXV 

PUEIiS: SOLID, LIQUID. AND GASEOUS. 

Oommerolal fuels owe their heating value to two main combustible elements, carbon end 
hydrogen. Carbon is capable of forming two ozidee, the monoxide OO formed when the 
oxygen supply is deficient and itself a gaseous fuel and ^e Dioxide 00|; Sulphur, which is also 
contained in many fuels is itself combustible, but ita effect on the total fuel value is relatively 
very small and it has the disadvantage that its oxide SO| haa strongly add properties and la 
thus liable to set up corrosion In metallio parts of the fuel consuming plant. 

Provided that a fuel is completely burned, the carbon to OOg. the hydrogen to steam, and the 
sulphur to SO«, the amount of heat generated per unit weight of the fuel is perfectly definite 
and independent of the speed or method of combustion and is known as the oaloiUo value, 
usually expressed in calories per gram or B.Th.n. per 1 lb. of the fuel. 

(1 cal. per grm. » 1*8 B.Th.n. per 1 lb.). 

If the steam produced from the combustion of the hydrogen is condensed, a further definite 
amount of heat la given out and there are thus two calorific values for any fuel oontainlng 
hydrogen: the gross or higher cal. val. (H.O.V.) when the produced water is condensed and 
cooled and the nett or lower caL val. (L.O.V.) when the produced water is not condensed. 

The difference between the two values is 

H.O.V. - L.O.V. = 10-55 (9H, + m) B.Th.U. per 1 lb. 
= 6-86 (911, + m) Cal. per gm. 

where H, is the percentage of hydrogen luid m the percentage moisture in the fuel. 

In most oommerioal fuels there is generally some oxygen, and the carbon and hydrogen are 
combined in a more or leas complicated manner. Such combinations may have resulted in 
the generation or absorbtion of heat and thus the aotoal oalorifio value of a fuel is generally 
different from the sum of the oalorifio values of its constituent elements. 

Certain empirical formnto have been evolved applicable to particular classes of fuel which 
give fairly satisfootorj results for those ekuses. It is. however, safest to secure an experimental 
determination preferably by means of a bomb type of eakNrimeter of the O.V. of actual fuel to 
be used. 

O.V. of Bituminous Coal is given roughly by the following— 

Net oalorifio value [8,1S7 0 + 89.100 (H, » j + 8,500 S - 600 HaO] -i- 100. where 

0» Hat and O, are the percentages of carbon, hydrogen, and oxygen respectively present, and 
HtO the percentage of hygrosooplo water present. 



1310 COMBUSTION Sec. XXV 

When the altimate analysla is not known and It la desired to obtain a rough estimate of the 
calorlfio power from the proximate analysis, this oan be obtained by the formula: 

Oalorifio Yalue » 1 *8 (820 + aV) B.Th.U. 

in which 0 — per cent, fixed carbon, V — per cent, volatile matter, and a Is a oonatant ocmpnted 
from the following : Oi — lOOV (0 + V). 

Oi 6 10 16 20 26 SO S6 S8 40 

a 145 130 117 109 lOS 98 94 86 80 

COMBUSTION. 

When a fuel Is raised to Its Ignition temperature In contact with oxygen, combustion 
commences. It comdsta essentially of the ohemloal combination of the combustible elements 
with the oxygen and Is accompanied with the generation of considerable quantities of heat, 
raMng Uie whole mass to inoandescence. The ^emlcal processes may be very complicated, 
bat the final results, if combustion is complete, are represented by the following equations: 

(а) If oxygen supply is insufficient 

30 + O, - 200. 

(б) If oxygen supply Is adequate 

200 + O, - 2CO, 

0 + O, «- CO, 

2H, + O, 2H,0. 

The amounts of heat generated and the volumes of the produots of oombustlon are given 
in Table I., p. 1311. 

When a fuel contains oxygen this is, of course, available, and a oorreepondlngly decreased 
quantity of external oxygen is required. The amount of external oxygen necessary for the 
oombustlon of 1 lb. of a fuel whose altimate composition is known would thus bo 

Oxygen required — Sil j f 0 — O, or 2 -661 0 + 3 ^IT, — ] 

where U,, 0 and (J, are respectively the proportions of hydrogen, carbon and oxygen present. As 
dry atmoq>here air contains 21 per cent, by volume of oxygen (23*3 per cent, by weight), the 
weight of air required is: 

u-e{o + 3(n.-0-)}. 

In accurate oalcuiatlons it is necessary to make allowance for the moisture contained in the 
fuel and In the air used for combustion. The latter depends on its temperature and humidity. 

The formula assumes that all the carbon is burned to 00., no 00 being formed, and that 
eombustible oonsUtuents other than those named are negll^ble. 

Bioh ooals require more air than those low in calorific value, and, in fact, for coals such as 
those used in steam raising, over a wide range of qualities, the * theoretical air required may 
be taken with fair accuracy as proportional to the oalorifio value, and calculated by the formula 

Lb. air per lb. ooal - “***" »•«"“<> X 7 •» 
10,000 ’ 

the oalorifio value being in B.Th.U. per lb. 
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Excess Air. 

Perfect regulation is never attained In praotioe, and in order to ensure that at least snfflolent 
air is everywhere present to ensue oompletion of the oombnstion, it is necessary to provide an 
average eroess over the quantity theoretically necessary. This excess mixes with and dilutes 
the products of combustion, lowering their average temperature and thna reducing the rate at 
which they will transmit heat, and when it finally leaves carries away heat corresponding to its 
temperature, which is lost, a It is thus advisable to reduce the quantitv of excess air to the lowest 
amount which will enable combustion to be jnst completed and avoid the production of smoke. 
Too little air will, however, lead to the presence of nnbumed fuel gases and a much greater loss of 
eiBoienoy than a corresponding excess of air. 

The percentage of excess air admitted can be calculated from the analysis of the flue gases. If 
the o^gen content of the'flue gases is known the excess air is given approximately by the 
equation. 

_ » X »*««" percntaiw 
lOO—fi X ozygw) p«ro«it.ge 

If, as is more usual, only the 00« content of the gases is known, the excess air can be calculated 
from the formula: 

Excess air (per cent.) — 
00« per cent, in flue gases 

X 100. 

▲ is the theoretical 00^ content of the products of combustion of the fuel when no excess air is 
added, and its value depends upon the ratio of hydrogen to carbon in the fuel. It can easily be 
calculated if the ultimate analysis of the fuel is known. For average bituminons coal A mav be 
taken as 18*9 per cent., for coke and anthracites as 20 *0 per cent., and for petrolenm fnel oils as 
approximately 14*0 percent. 

The amount of excess air necessaiv to secure complete and satisfactory combustion varies 
with the fuel used and with the type of furnace and grate. In well-regulated gaseous fuel furnaces 
very little excess air is used, with direct-fired, solid fuel fumaces.the’^mount varies from 26 per 
cent, for coke- or anthracite-burning fumaettf^ 30 per cent, in the case of modem, well-designed 
mechanically stoked coal furnaces, to 60 per cent, in the case of older designs, and may rise to 
100 per cent, or more in small hand-fired installations. 

Quantity of Flue Gases. 

In order to specify suitable fans for induced and forced draught, it is necessary to know the 
weight of flue gases and the weight of air actually used per lb. of fuel burned. From this the 
volume to be dealt with by the fans at the appropriate temperatures can be ascertained. 

The quantity includes all excess air present, and can be calculated from first principles of the 
quantity and composition of the fuel as known. 

The air used influences the percentage of 00, in the flue gases. For typical coals, the 
relation between air used and 00a may be expressed by the following approximate formula:— 

Lbs. air per lb. coal - ^ 
00a percentage x 10,000 

The weight of flue gases per lb. coal may be taken as (lbs. air 1). 

OoMBUsnoN OF Hydrocarbon Fitels. 

In the case of fuels containing hydrocarbon compounds many very complicated physical 
and chemical changes may take place before complete combustion is efCected. Upon beating 
such hydrocarbons, e.g, those in bituminous coal, many commence to melt, or to distil or 
decompose at temperatures well below their ignition point. In such cases there is a primary 
evolutmn of combustible vapours and gases, and these when subjected to the radiant heat in a 
furnace undergo further decomposition. In an ordinary furnace it may not be possible to giv^e 
such a r^olat^ air and to mix it sufficiently intimately with the fuel as to give rapid and 
complete combustion. The combustion will then be a relatively slow and heterogeneous process 
taking place in long flames, in which fuel vapours and gases and air are flowing in more or less 
parallel streams which only mix gradually. It is thus necessary to provide combustion cumbers 
sufficiently large to contain the whole of the flames produced. 

In addition to these physical effects it must be remembered that the combustion of a 
hydrocarbon is a stage by stage process somewhat similar in nature to the low temperature 
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oxidation by ohemloal means, e.g. ethane would be oxidised snooesslyely to ethyl aloohcrf, 
acetaldehyde and aoetlo acid, which latter would then suffer thermal decomposition to hydrogen 
and carbon monoxide before being finally oxidised to steam and carbon dioxide. Heat is giyen 
out at each step, resulting In a rise In temperature, and a stage is soon reached when the 
hydrocarbon molecules suffer thermal decomposition to simpler bodies and free carbcm. If 
th*ere is shortage of oxygon In Intimate contact or if the flame is cooled below the ignition point, 
combustion is stopped and smoke produced. It will be noted also that the flnal products of the 
incomplete combustion contain considerable proportions of free hydrogen and carbonio oxide. 
It will be seen therefore how important it is to secure rapid and intimate mixture of the flame 
gases with sufficient oxygen if we are to secure complete and smokeless combustion and ayold 
the loss of fuel gases. 

Internal Oombustion Bnginbs* Bzuaust Gases. 

The exhaust gases from internal oombustion engines are subject to the same considerations 
as flue gases. They, howeyer, cannot be related so as to produce a definite GOf percentage, 
as to obtain this result it would be necessary to throttle down the incoming air, thus load&g 
the engine by increasing the difference in pressure between exhaust and inlet, in which case a 

Thkoreti k^al Composition of Exuacst Gab with Varying Amounts oi* Excess 

loss of efficiency would occur. The graphs in fig. 1 show the composition of the exhaust gases 
of an engine burning heavy petroleum (about 88 per cent. 0 and 13 per cent. H) with yarious 
quantities of excess air. Diesel oil en^^es running at full load generally take about 100 per 
cent, excess air ; semi-Diesel engines a somewhat greater percenti^ excess air. 

Heat Losses in Flub Gases. 

The heat generated by the combustion of the fuel is communicated to the products of 
oombustion which are thus raised to incandescence. The temperature of the flames thus 
depends upon the quantity and spedfio heat of these products and is thus affected greatly by 
the quantity of excess air admitted to secure complete combustion. As this temperature 
determines the * temperature head * available for transmission of the heat, it will be seen what 
an important effect correct regulation of the air for oombustion has upon the capacity of any 
giyen furnace plant, as well as upon its thermal efficiency. 

When the combustion gases leaye the furnace (at some tempefatare higher than that of the 
entei^g air) they carry away a certain proportion of the heat of the fuel and this is wasted. 
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Its amoont may be oaloulated If we know the learlng temperature of the waste gases and the 
composition of both fuel and gases. 

The result with a typical bituminous coal is shown below:— 

Temp, 
of E^t 

Percentage of OOg In Exit Gases. 

1 r ‘ . ; ' 1 
GMes. 

4% 6% 6% 7% 1 8% 9% ; 10% ; 11% i 19% 13% 1 14% 18% 

Oorresponding Percentage of Excess Air. 

372% 273% 216% 170% 136% 110%! 89% 72% | 67% 46% J5% 36% 

P.* 0.* Total Percentage of Fuel wasted. 

400 204 32*4 26*2 21*8 18*9 16*4 14*9 13*4 12*8 11*4 10*6 9*8 9*2 
600 260 40*6 32*7 27*3 23*6 20*8 18*6 16*8 16*4 14*2 13*2 12*3 11*6 
600 316 48*6 39-3 32*8 28*3 24*9 22*3 20*2 18*5 17*1 16*9 14*8 13*9 
700 371 66*7 46*8 38*2 33*1 29*1 26*0 23*6 21*6 19*9 18*6 17*2 16*2 
800 427 64*8 62*4 43*7 37*8 33*2 29*7 26*9 24*7 22*8 21*2 19*7 18*6 

For each 1% (Jombustible Gases add approximate. 

- ^ ll-O 1*J-U 10-0 fi-T) 7 (» 6*2 : r.-r. ^ t-s i-u 
i . i i 1 ■ 

.’{•S 
i i 

3-2 

Combustion Computation. 

The total heat per pound of water vapour as found in air and in flue gases may be computed, 
within one B.Th.U., by the formula H » 1,057 + 0*461, where t is the Fahrenheit temperature. 
This formula frees the computer from all need for tables so far as computing moisture loss is 
oonoemed, while at the same time ensures a degree of accuracy sufficient for all practical purposes. 

Analysis of flub Oases. 

It is now standard practice to check the regulation of combustion by analysis of the flue 
gases. The simplest estimation is that of CO^, but as the * theoretical* percentage in ideal 
conditions varies with the hydrogen content of the fuel a knowledge of the Og content is really 
a better guide to the quantity of excess air admitted. For the purpose of checking waste of 
fuel a knowledge of the amount (if any) of combustible gases is very valuable, especially as 
there is a likelihood of these being produced when the excess air is being cut down to a 
mhiimum. 

Most methods for the estimation of carbon dioxide are based on the absorption of this gas 
by potassium hydroxide (caustic potash) solution, the process consisting in measuring a volume 
of flue gas at a definite temperature, and then absorbing the 00^ by means of a 35 per cent, 
solution of oausUo potash, after which the volume of gas is again measured, the reduction in 
volume indicating the volume of OOg originally present. Many simple forms of chemical 
apparatus are avsilable for this purpose. 

It; is frequently nccepsiiry to (ictomiinc the oxygen und carbon monoxide contents as \\ell as 
that of carbon dioxide. Those may be absorl^ed in suitable roagt*nts. Jn the lisual fonu of 
Orsat apparatus a 100 ml. graduated burette is used and the reage.-nts, caustie potasli (for COg), 
alkaline pyrogallol (for Oj) and acid cuprous chloride (for CO) are contained in a,bsori)t.ion vess('ls. 
The apparatus is comideted by a stopcock manifold and a levelling bottle and is (contained in a 
wooden case which is readily portable. 

.If other combustible gases such as hydrogen mid methane anj present they way be detennined, 
together with the carbon monoxide by combustion with air over a heated i>latinum spiral and 
measurement of the contraction, COg formed and Og used. 

As the amounts of combustible gases are usually small it is necessary to use an apparatus of 
the Haldane type for analyses of this kind. 
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SAlfPLING OF Flub aASBS. 

In ooUeoting samples of flue gases for analysis it is necessary to observe the following precautions. 
(a) The composition of the actual flue gas varies with each adjustment of the furnace and 

alteration in combustion conditions. When * spot' samples are taken it la, therefore, necessary 
t(/note the exact time and to co-relate this with any other records of furnace conditions. When 
coiitinuous samples are being analysed by one of the many 'automatic* devices a certain 
length of time is taken by the passage of the gas from the flue and through the conducting 
tubes before the result of the analysis is recorded. This is known as the * time lag * of 
the record, and in some oases the record may be upwards of 20 mins. late. The quantity of gas 
aspirated by these devices is small, consequent!v the tubing used to connect the instrument with 
the point at which the sample is taken should be as short and of as small bore as circumstances 
will permit. A very satisfactory device is to take a comparatively large bore tube (say in.) 
from the sampling point direct to the inlet of the induced draught fan or chimney base. The 
draught will induce a rapid flow of gas in this tube and the analysis instrument can then be 
connected to a suitable * T' thereon by means of a short length of small tubing. 

(by Gas in flues, etc., tends to 'striate,* consequently the sampling tube most be arranged 
to take an average sample. 

(e) Care must be taken to avoid contamination of the sample by inflltration of air, especially 
through the hole giving access to the floe for the sampling tube. 

(d) Where hot gases are being sampled the tube used must be inert to the gases, e.y. at tempera¬ 
tures over, say, 8(^** F. an iron tube most not be used to convey gases oontaini^ water vapour 
and 00 i as these gases will react with the metal of the tube and cause an alteration in the composi¬ 
tion of the gas. Porcelain or fused silica tubes are preferable in such cases. If an iron tube 
must be used it should be water-jacketed. 

(e) Liquids used to conflne gases during storage or analysis should not be such as to dissolve 
constituents and so alter the volume or composition of the gas. Mercury is a very satisfactory 
fluid to use, but is heavy and relatively expensive. Owing to the solubility of the component gases, 
especially carbon dio^de, in water and the variations of these solubilities with the temperature and 
pressure, this liquid sliould not bo used to collect the sample if accurate results are desired. 
If water be used, it will absorb carbon dioxide, for example, until it becomes saturated with 
this gas with respect to that gas mixture. This results in a loss of some of the carbon dioxide 
that was in the gas. Then if a gas cleaner in carbon dioxide is collected over the same water, 
the water will give up carbon dioxide and increase the carbon dioxide content of the gas. If, 
instead of water, a saturated solution of sodium chloride is used, these errors will be greatly 
reduced, as the gas is much less soluble in this solution. 

automatic 00, Reoordkrs. 

In ail large installations it is customary to instal apparatus to analyse and record continuously 
the composition of the flue gases. The majority of these record only the percentage of C0„ 
but instruments are available for recording also the percentage of oxygen or combustible gases. 
They are arranged either to— 

(1) record the reduction in volume after absorption of the constituent from a regular series 
of measured samples; or 

(2) to measure some physical property of the gas from which the desired result can be 
inferred. 

SOLID FUELS. 

The most important naturally occurring solid fuels are:— 

Goal; Lignite; Peat; Wood. 

These may be burned in the raw state, or may be subjected to destructive distillation. In 
the latter case solid, liquid, and gaseous products are evolved. The more important solid fuels 
which may be prepared by this treatment are coke (of two kinds, metallurgical and gas-works 
coke), lignite coke (of little value), peat charcoal, and wood charcoal. 

Powdered coal is sometimes made into briquettes by the addition of a small percentage of 
coal-tar pitch or other binding material, and pressing in moulds. 

COAL. 

Goal consists of the mineralised remains of ancient vegetation and varies considerably in 
composition according to the particular portions of the paleolithic plants preserved, the age of 
the deposit, its depth, and the properties of the surrounding strata. The younger formations 
are more nearly allied to cellulose, as the lignites and brown coals, and contain a relatively large 
proportion of oxygen. The matter which distils off on heating * to redness * is known as the 
volatile matter, and may amoiuit to as little Jis 7 per cent, or sis much as 40 per cent, of the coal 
according to its nature. (Sec Table, p. ISlfl.') 

It will be realised that bituminous coal is a very complicated mixture of heavy hydrocarbons, 
and much work has been done in attempts to determine its constitution. Prof. Phillips 
Bedson of Armstrong GoUege, Newcastle, uses the selective action of various solvents of which 
the most useful appear to be chloroform and pyridene, which dissolve out certain constituents.* 
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Worker! at Owens College, Manohester, have attempted to separate mlneralogloaloonstltaents, 
and recognise four main kinds, vis. Fusaln, Yitrain, Olaraln, and Duraln, but it is doubtful 
if these constituents are definite compounds, and their composition as well as their proportions 
yaiT from one seam to another. 

The preparation of microscope sections of coal and the examination thereof by transmitted 
light has been found to give valuable information as to the nature of the coal and its suitability 
for purtioular processes. 

llie composition of coal from various fields varies considerably according to the conditiona 
to which the coal has been subjected during its formation. Its variation in composition can 
be seen from tJie following table of coal analyses:— 

Ultimate OoMPoarnoN* of Goal rante and King) * 

Type of Coal. Carbon. ilydrogen. 
Oxygen 

and 
Nitrogen. 

Fixed 
Carbon. 

Volatile 
Matter. 

Lignites and brown coals . 69-5 5*5 26*0 62*0 48*0 
Splint coal (Fife) .... 820 50 12*8 61*0 39*0 
Gas coal (Durham) 85 0 , 5*6 8*2 66*0 34*0 
Coking coal. 87-3 i 605 6*9 ! ! 73*6 26*6 
Smokeless steam (Welsh) 91-3 4*05 1 3-9 1 86-5 14*5 
Anthracite (Scotch) . 9M i 3*5 i 4*65 88 5 11*6 
Anthracite (Welsh) 91*0 1 3*9 j 4*28 93*0 7*0 

Goal possesses a sp. gr. of from 1*2 to 1'SC water — 1) mainly depending on its composition. 
It also vaules considerably in hardness and t^ture. The combustible portion of coal usually 
consists of from 73 to 93 per cent, carbon, 3 to 6 per cent, hydrogen, 2 to 20 per cent, oxygen. 
1 to 3*6 per cent, nitrogen, and 0*5 to 6 per cent, sulphur. When completely burned coals 
yield from 1 to 16 per cent. ash. The moisture content varies within very wide limits. The heat 
value of coal Is generally from 12,000 to 16,000 B.Th.U. per lb. gross. A. comparison of the 
properties of coal with those of other solid fuels may be seen in the following table:— 

OAriOHlKJO VALUE OP VAKIOUS FUEL«. 

(Dry ash-free basis.) 

' Calorific Value 
Substance!. 

Cidories/g. B.Th.U. per Lb. 

Wood. Ash ...... 4,740 8,530 
„ Beech ...... 4,800 8,640 
„ Elm ...... 4,760 8,550 
„ Oak ...... 4,040 8,350 
„ Fir. 6,060 9,090 
„ Pino ...... 5,106 9,190 
Peat. 6,555 10,000 
Peat Coke. 8,480 15,200 
Lignite—brown—Devon .... 6,220 11,200 

„ „ Australia .... 5,720 10,300 
„ „ Germany .... 

Lignite—black—New Zealand 
0,280 11,300 
7,010 12,620 

„ „ Burma .... 0,220 11,200 
„ „ Canada 

Coal—Scotland—Slightly coking . 
7,260 1.3,060 
8,006 14,520 

„ Northumberland—Household 8,095 14,670 
„ Durham—Coking .... 8,000 15,480 
„ Lancashire—Coking, gas 8,430 15,170 
„ Yorkshire—Coking, gas 8,600 15,480 

Notts and Derby—Household, .steam 8,300 14,940 
„ a. Wales—Coking, gas • 8,210 14,780 
„ „ Steam .... 8,776 15,800 
„ „ Anthracite . . 8,005 16,600 

S. Xent—Coking .... 8,035 15,640 

* * Fuel: Solid, Liquid, and Osseous,* p. 02. 
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Sampliiifir and ^Lnalyais of Goal and Coke. 

The object of sampling is to obtain a small sample of the fuel for analysis which will be truly 
representative of the whole consignment. The method of sampling to be employed will depend 
upon the circumstances prevailing, e.g. sampling from wagons, conveyors, chutes, heaps, or barrows. 
In deciding the weight of total sample to be taken it must be remembered that the particle size 
and the degree of heterogeneity are the factors which determine the weight of sample to be taken 
7iot the gross weight of tho consignment to be sampled. 

With coal the chief variant is the ash content while in coke sampling the variation of the moisture 
content is the most important factor. 

Tho British Standards Institution has published methods for the sampling of coal and coke 
to suit a variety of industrial requirements. In 1942 two comprehensive specifications were issued 
covering the whole field: viz. B.S. No. 1017 ‘ Sampling of Coal and Coke ’—covering the sampling 
down to the stage when the laboratory sample is prepared and B.S. No. lOlfi ‘ Analysis and 
Testing of Coal and Coke ’ detailing the treatment of the laboratory sample in order to prepare 
the samples for analysis. This latter specification also contains the standard methods for analysis 
of the fuel (see below). In general it is particularly important to keep the gross sample free from 
contamination and from loss of moisture during sampling. In the preparation of the sample for 
analysis provision must be made for taking special samples for nmistiiro content and to use 
mechanical means for reduction in particle size to avoid oxitlation due to exposure. 

Analysis. 

Analysis of coal and coke may be either ‘ proximate ’ or ‘ ultimate.’ In tho former the fol- 
owing determinations are made :— 

Moisture.—Determined by loss in weight of a sample on licating at 10S° C. to constant weight* 
Special precautions are necessary to prevent oxidation. 

Volatile Matter.—Determined fis the loss in weight when a sample is heated for 7 minutes at 
925® 0. under standardised conditions. This is an empirical test and the conditions laid down 
must be adhered to strictly. 

Ash.—Doteniiined as the residue remaining after the sample has been heated to 800® C. to 
constant weight in an oxidising atmosphere. 

Fixed Carbon.—This is tho undetermined matter, i.e. 100—[Moisture f Asb + Volatile 
Matter]. 

In ultimate analysis the elementary constituents, carbon, hydrogen, nitrogen and sulphur are 
determined. Oxygen is obtained by difference. 

The results of the analyses may l>e reported as percentages of air-dried, dry, or dry asb-free 
material. 

In view of tho fact that some of the methods are of an eiiii*irical character it is highly desirable 
that ihe standard methods as laid down by the British Standanis Institution (see above), should 
bo followed. Close observance of details is necessary if comparable and reproducible results are 
to be obtained. 

The Commercial Selection of Coals. 
In tho preparation of coal for the market the run of mine coal is first screened to separate the 

large (over 1 in. or so) from the smalls, and the lormer is then passed over a picking belt where 
visible impurities—stone, shtde, pyrites, etc.—are picked out by hand. The large coal may be 
further sci-ecned for certain markets into nuts, cobble® and large-screened coals. The small coal 
may either be sold without further preparation or further screened into various sizes of smalls 
and duff, and where reduction in the ash content of smalls is considert'd desirable these may be 
subjected to washing or dry cleaning processes by which tho particles of high specific gravity are 
separated from the lighter coal. When purchasing coals, therefore, the sizes of screen to be used 
and the washing or other purifying processes used in its preparation should be known. 

Tho commercial value of a coal for auy specific purpose ami for direct combustion purjioses will 
be dependent upon the following factors';-- 

(i) Tho lower or net calorific value. 
(ii) The amount of volatile matter and nature of coke. 

(iii) The amount and nature of the ash content. 
(iv) Its physical suitability for the particular conditions under which it is to be burned. 
(v) The price per ton delivered on site. 

(vi) Local cost of labour for handling, firing, and romoval of ashes. 
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The net oaloriflo value (1) oalle for both a test lor calorlflo value and also either an ultimate 
analysis or calculation In order to arrive at the hydrogen content of the fuel. The latter calcu¬ 
lation or estiinate is made from the percentage of volatile matter in the coal as disclosed by 
proximate analysis. 

The net commercial calorific value will vary with the conditions obtaining in individual 
iostallationst and will depend upon the final temperature of the gases leaving the boilers or 
fomaoee, toother with Uie total hydrogen in the fuel as fired. 

The total hydrogen will be the sum of the hydrogen combined in the fuel and that forming 
ono-ninth of the moisture. Lower commercial calorific value for any specific plant will be 

HOV- { 9H( [212- <1 + 970-4 + 0-47 [T - 212] ) } , 

where, 

HOV ■■ higher or calorimeter value of fuel in la temperature of the fuel in *F., as fired; 
B.Th.n. per lb. as fired; T — final temperature of waste gases. 

H » hydro^ fraction of the fuel as fired; 

In the absence of direct ultimate analysis of the coal, the percentage of hydrogen in the 
fuel may be closely estimated by the following formula (Diederlohs*):— 

where, 
H a percentage of hydrogen In the combustible ; V » percentage of volatile matter in the 

combustible. 
Combustible — coal, lees sum of moisture and ash. 

(ii) The amount of volatile matter and nature of the coke are found simultaneously In the 
proidmate analysis. This test will give the correct classification of the coal as to its qualifying 
characteristics for special uses. The ratio of volatile matter to fixed carbon is of the greatest 
importance in deciding the suitability or otherwise of a coal for use on any particular plant; 
all otiier things being equal, the fuel with the lowest volatile content whidb can be efficiently 
consumed in the specific furnace conditions will be the most economical in use. This can only 
be definitely determined by the careful working test of a sample delivery of the fuel, and careful 
note made of the percent^e of 00., in the waste gases, together with the final temperature of 
the gases and the pocentage of combustible on the ash heap. The following general classifica¬ 
tion of coals will be of assistance in selecting suitable fuels for given purposes from the commercial 
viewpoint of economy in use. 

Per Gent.Volatile 
Glass of Goal. Matter in 

Gombostible. 
Bconomical Application. 

Short flame non-cakiiig, semi-bitu- 
minons, or Welsh ste^ coals 12-20 Steam raising with strong dxaugbt. 

Short flame caking colds 
Medium flame, moderately caking ; 

20-26 As above and coke manufacture. 

coals. 26-32 Steam raising, domestic grates. 
l^ng flame cAklng coals . j 
Long flame non-caking North 

82-40 
j 

Gas manufacture. 

Country coals . . . , over 40 j Furnaces, gas producers. 

Burning a coal in a furnace which has insufficient draught for complete combustion will result 
in excessive waste of unbumed carbon as coke in the ashes. Burning a coal of an unnecessarily 
high volatile content will produce an unnecessarily high loss in the waste gases, due to the 
hydrogen content, smoke will be difficult to avoid. 

The amount of ash and moisture will not affect the olassifioation given above. 
(iii) The amount of the ash in the coal will not only reduce Its commercial value by the 

reduction in actual calorific value, but also by its physical effect will reduce the value at a greater 
rate than that of the percentage of ash. For ordinary conditions of firing and draught, without 
steam Jets, the rate of fall in practical value with the ash content will gradually increase until 
at 40 per cent, ash the fuel will be unbumable and valueless. This is for average ash. 

The nature of the ash is chiefly affected by the percentage of Iron in its composition, the 
fluziDg effect of ferric oxide in the ferruginous ash coals cai^ng the formation of liquid slag 
at comparatively low temperatures, which closes up the fire-bar spaces, assists in the fusion of 
firebars, and entraps appreciable quantities of unbumed combustible. Ferru^ous ash is 
distinguished by its red colour, the percentage of iron being roughly Indicated by the depth 
of the coloration of the ash in the omoible after proximate analysis fmr ash. 

(iv) The physical suitability of the coal for particular conditions depends upon the construc¬ 
tion of the firegrates, type of mechanical stoker, and the amount of draught available. Under 
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practically every condition of use mixed coala aa regards siae should be avoided. For baad-flred 
boilers and furnaces screened cobbles or nuts should always be selected. Large steam coal is 
to be avoided; if fired as received, in lumps, efficient combustion Is impossible, while breaUng 
down results in uneven fires and waste due to the formation of a quantity of slack in the process. 

Fine slacks are unsulted for hand-firing on plain grates, but can be burned very efficiently 
• on special forced-draught grates fitted with steam jets and closely spaced firebars. High ash 
coals may be more efficiently burned on these grates than with plain natural or induced draught. 

(v) The price per ton of coal, delivered, U^ether with the cost of labour in handling and 
incidental work, is the last test of the value of the coal to be applied after all the technical 
deductiona already referred to have been made, and is to be utilised to arrive at the net number 
of B.Th.U. per unit of cost under practical conditions of work. 

Wherever possibie, the following procedure should be adopted in selecting the most 
economically suitable coals for contract purposes :— 

A sample delivery should be ordered of sufficient else to allow of observation under practioai 
working conditions for a long enough period to ascertain the maximum hourly evaporation 
under forced and economical condiUons of work, probable ash-heap loss, chimney loes, etc. 
This cannot be carried out without the proper equipment of testing instrumente. This working 
observation wih allow of a close estimate of labour and power costs. A low-gnuie slack of 
about 10,000 B.Th.U. per lb. will probably call for a power and labour cost quite double that 
involved in the use of good quality washed nuts of 14,000 B.Tn.U. per lb. This shows the 
uselessness of evaiuatiOQ on the calorific value alone. Standing tosses on the plant, sucb as 
oondnctlon and convection, etc., vary directly as the number of boilers, etc., used. 

Final evaluation should be made as follows:— 
Gross or higher calorific value of the coal, air-dried, then deduct the following ;— 

Hydrogen loss under practical conditions of waste gas temperature; 
Heat loss in waste gasee due to excess air as per 00^ and temperature readings ; 
Loes due to nnbnmed carbon in ash-heap per lb. of fuel used. 

The final figure thus obtained gives the practical warking value of the fuel in B.Th.n. per lb. 
To the price of the coal must be added the following costs *— 

Oost of attendance for firing per con ai coal used ; 
M power, such as stoker, fan, conveyor, economiser drive, etc., per ton of coal used ; 
,. ash removal per ton of coal used. 

From the data thus obUdned the ultimate cost of, say, 100,000 B.TI1.U. is obtainable for the 
actual conditions existing with the particular plant upon which the ooai is to be used. 

The system which has been used with success is to reduce the value of each coal to a figure 
of merit consisting of its comparative value with pure carbon as a standard, the latter tiing 
taken as ‘ 100.* The average final temperature of the gases Is ascertained in the usual manner. 
The chimney loss for pure carbon burned perfectly without excess air is then calculated for title 
oondltions of waste gas temperature obtAinlng on the plant. Taking the calorific value of pure 
carboD as 14,644 B.Th.U. per lb., the ’ 100 ’ fiprure of merit lor this plant will be 14,644 minus 
the gas loes per lb. of carbon. This represeute theoretical perfection with the plant. The 
actual results obtained tot the coal under examination are expressed as a percentage of the 
pure carbon theoretical figure, and this is taken as the relative fi^e of merit for the fuel. 

(C. F. Wade.) 

Economic Ekkk(”Ts ok Imkuuitiks in 0o.\l. 

Each per cent, of sulphur reduces the boiler capacity by about 1 * 5 per cent. In experiments 
made in America with a chain grate stoker, using Illinois coal mixed with various percentages 
of a^, the effidoncy dropped gradually as the :19b increased up to 35 per cent., after which the 
efficiency dropped to zero rapidly with a fuel containing 40 per cent, of ash. 

Tkmpkrature op Decomposition op Goal. 

Tlio tcMiperaiurcs at wliich conlo l)i-.!4in to dccoinjtos^c aiv of cuusiderablo importance, both 
for teclinical puriioses and as an aid to tiie study of tbo coni^t.itution of coal. There is little 
published information (»f a ju'eeise nature ou this point, and it is frequently assumed that eoal may 
be lioated to 250“ U., f(.>r juirposf's such as dryiiiLT, witliout causing' any modification in the cniil 
substance. A general investi«atinn of the lu*haviour of coal on heatiiij,' is beint; earned out 
at Il.M. Fuel Jiesoareh Station, and a report issued by 11..M. Stationery Ollice deals with the 
results of experiments to determine the lemijeraturcs at which products t>f decomposition of 
various t ypes of coal are first givi;n oil’ when the coal is heatrd. It is sliowii th.at when bituminous 
coals are* heated, oil fumes may appear at tianperaturos as low as 215' The investigations 
are continuing and further reports will be issued in du(‘.• 

STORAQE OF COAL. 

In Storage of large quantities of bituminous co:i] care has to be taken to avoid spoutaueous 
fires. Ooid slowly absorbs oxygen from the air (really a very slow form of oombostion) with 
consequent production of heat. The rate at which such reaction ooours is accelerated greaUy 
by rise in temperature, consequently the coal heaps should be arranged to allow of the escape of 
the heat generated so as to avoid a dangerous rise in temperature which would rapidly be followed 
by a spontaneous fire. With most British coals this can be effected, provided the heap is not 
more than 18 ft. 0 ins. deep if flat, or oorrespondingly higher if peaked. 
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All coal hMips ihonld be watched for eigne of heating. Thle can oonTenlently be done by 
inaerting In fctie heap at interrale tabee down whlw thermometers may be dropped and 
readings taken and logg^ at regular intervals. ... . x.. 

The absorption of oxygen is accompanied by slow deterioration in the quality of the coal. 
The calorific valne Is rednced, bat still more the free burning qualities of the fuel, and the use of 
coal which been stored for long periods will be accompanied by a redaction in the capacity 
of the famaoe. 

Loss OP Thermal Value op Coal by Storage. 

An average of 741 tests, in America, of a particular coal showed, after three years in the open 
air, a reduction of from 35 to 28*3 per cent, of volatile combustible matter, indicating a thermal 
value loss of 20 per cent. 

Goal in ston^ should be inspected regularly. If the temperature reaches 160* F. the pile 
should be carefully watched, and if the temperature rises to 176* or 180* F. the coal should be 
removed as promptly as po^ble. The coal should be thoroughly cooled before being replaced 
in storage. 

STOWAGE SPACE OP 00 4L. 

The stowage space occupied by coal is 40 to 42 cubic feet for one ton of Welsh steam coal. 
45 cubic feet for one ton of North country coal, and 45 to 50 cubic feet per ton of Scotch coal. 

EVAPORATIVE POWER OP PITEL8. 

It used to be the custom to express i he heating power of fuels as * Evaporative Power/ the 
number of pounds of steam which could be made per 1 lb. of the fuel. In order to obt^n com* 
parative figures, the resulte were reduced to * from and at 319* F.', f.e. steam at atmospheric 
preesure made from feed water at boiling point. Each 1 lb. of steam made under these con¬ 
ditions requires 967 B.Th.U.; consequently, if the calorific value of the fuel in B.Th.U. per 
1 lb. is divided by 967, we get the theoretical evaporative power * from and at 312* F.* Boiler 
plants never work under these conditions, and their efficiency varies from 60 to 80 per cent, 
according to care in design and working, consequently such evaporative figures are never realised. 
The reduction of evaporative factors usually obtained to the * from and at 913* F.* basis can be 
effected hr using the factors in the following table and such reduction will allow of ready com* 
parison oi the merits of different plants. 

EVAPORATION FA0T0B3. 

To reduce results to * from and at 212* F.* 

5.S 
Boiler Pressure in Pounds per Square Inch. 

60 80 ’ 100 * 120 140 160 180 200 220 240 260 280 300 

40 1-209: 1*214 1*218 1*222 1*226 1-229 1-232 1-234 1-237 1-239 1-241 1*243 1-245 
50 1-198 1*204; 1*208 1*212! 1*215 1-218 1-221 1-224 1-226 1-229 1-231 1*233 1-235 
60 1-188 1*193 1*198 1*202 1*205 1*208 1-211 1*214 1*216 1*218 1-220 1*222 1*224 
70 1-178 1*183,1-187| 1-191 1-194 1-197 1-200 1-203 1-206 1*208 1-210 1*212 1-214 
80 1-167 1-173 1-177 1-181 1 184 1-187 1-190 1-193 1-195 M98 1-200 1-202 1-204 
90 1-157:1-162! 1-167 M70 1-174 M77 1-180 1-183 M85 1*187 M89 1*191 1-193 

100 1-147 1*162; 1-156 M60 1-164 1*167 1-170 1-172 1-176 1*177 1*179 ; 1*181 1*183 
110 1-136 1-142:1-146 M50 1-153 1*156 1-159 1-162 1-164 1*167 1-169 i 1-171 1*173 
120 M26 1131 1-186 1-140 M43 1-146 1-149 1-161 1-154 1*166 1-158 i 1-160 1*162 
130 1-116 1-121, 1-125 1-129 1-132 1-136 1-188 1-141 1-144 1*146 1-148 1-160 1*162 
140 M05i l-llO; 1-115 1-119 1-122 1126 1-128 1-131 M33 1*135 1-137 i 1-139 1*141 
150 1-096 1-100 1-104 1-108 1-111 1-116 1-118 1-120 1-123 1*126 1-127 ! I 1-129 1-131 
160 1-084; 1-090 1-094 1-098 1-101 1-104 1-107 1110 1-112 M16 1-117 : 1-119 1*121 
170 1-074; 1*079 1-083 1-087 1-091 1-094 1-097 1-099 1-102 1*104 1 1-106 1-108 I 1*110 
180 1-063! 1-069 1-073 1-077 1-080 1-083 1-086 1-089 ; 1-091 i 1-094 1-096 1-098 1*100 
190 1058i 1-068:1-062 1066i 1-070, 1-073 1-076 1-078 i 1-081 1-083 1-086 1-087 : 1-089 
200 1-0421 l*048j 1-052,1*056; 1-059 1-063 1-066 1-068 ! 1-071 1*073 1*076 1077 1*079 
210 1-032| 1*037 1-042 1 046 1 049| 1-052; 1066| 1-067 1-060 1 1*062 j 1*064 1-066 j 1*068 

For every 10* superheat, 0*0065 is to be added to the above factors. 
See also table on p. 1327. 

It is, howivar, now beooming Inoreaslngly common to express the reeults of boiler tests In 
termB of overall thermal effldauqy, which is a more scientific method. 
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Coke and Coking. 
At the present time nearly all metallurgical coke is made in by-product orens, where the chief 

product is still coke, but where other valuable products are recovered. These are: fl) ammonia, 
marketed mainly as sulphate of ammonia for use as a fertiliser; (2) tar, wh^ is distilled or refined 
at the coke worn, or sold to tar distillers working prl vately or on a co-operative basis; (3) benzole 
and its homologiies, which either alone or mixed with petrol is sold os motor fuel. ‘ (4) (a) coke- 
oven gas, which is essentially the same gas ae that produced from gasworks’ retorts ; or (ft) waste 
heat, which serves for steam generation. The type of oven used determines whether gas or waste 
heat is the by-product produced. 

The largest waste which occurs in almost all coke works is in the sensible heat of the coke 
when dischar^ from the ovens, and from which it is possible to recover heat equivalent to 0*4 lb. 
of steam per lb. of coke. The extra plant necessary for the recovery of this heat is costly and not 
likely to be generally employed unless it can be simplified and cheapened. Sometimes, owing to 
the unfavourable situation of a coking plant, the whole of the surplus gas cannot be disposed of 
with advantage. 

In 1947, 14,697,000 tons of coke w’cre made from 19,820,000 tons of coal carbonised. Yields 
of products per ton of coal are (according to circum.stancea) from 12 to 10 cw ts. of coke; 20 to 26 lb. 
(and occassionally up to 36 lbs.) of sulphate of uinmonia ; 2 to 34 gals, of 66 per (.‘ont . crude benzole; 
85 to 110 lb. of tar; 10,000 to 13,000 cub. ft. of gas, a large proportion of which is available for 
external use either as gas or as its equivalent in waste heat. 

Ooung Ooiu. 

In contrast to gasworks practioe, great attention is paid to the condition and properties of ths 
coal used. (k>king ooals are bituminous in type and pass when heated through a plastic stags 
between 360* and 460* 0., and must possess sufficient coking power to leave a hard and compact 
residne on further heating. 

Usoally more than 8 per cent, of oxygen on an ash- and moisture-free basis denotes insufficient 
coking power. Oxidation or heating destroys coking power, and thus storage of coal, by encourag¬ 
ing this action, often tends to depredate coking value. The extent of depreciation varies greatly 
with different olmniea of ooUng ooals, some such as certain Derbyshire ooals becoming practically 
non-ooUng after only two or three days in the ooke-oveni^ service bunkers, whereas oerWn types 
of Durham coal have been kept in stock for five or six yean without appreciable loos of coking 
power. Other properties whl(^ distinguish ooals most suitable for coking are:— 

(а) Low content of ash and sulphur. 
(б) Volatile matter between 20 and 30 per cent., since high volatile matter causea the formation 

of a * q>ongy * ooke unless special carbonising conditions are adopted. 
(c) Negligible amount of alkalies, as these have an injurious effect on oven linings. 
(fO A uui/omi moisture content not exceeding 8 to y percent, as extra heat'above that required 

for carbonising must be applied to evaporate moisture from the ovens. Thus carbonisa¬ 
tion is retarded and the steam produced throws extra work on the gas cooling plant, 
as it has to bo subsequently condensed. 

In most ooke works tbs coal is crushed more or lese finely before being charged Into the ovens 
and only in a few ceees are mn-of-mine ooking amaUs used direotiy. The effect of emshing la tc 
dlsseTninate abale impailtiea through the charge, so that their effect as sources of cracks In ths 
coke is reduced. The avmge size and strength of the ooke made is increased, with a oorreq>onding 
reduction in the production of snuUl coke an<i bnnizc. (’rushing, however, decreases the packing 
dtfisity of the charge, and so reduoea oven capacity. A density variation of from 46 Iba. to 62 Iba. 
per cub. ft. of coal is typical of varying the degree of crushing within the limits possible in ths 
average coke works crushing plant. 

Ohaiging the coal in a loose condition through charge-boles in the oven tops is the usual method 
of loading. The once common practioe of using stamped chargee of finely ground moist coal hi tbs 
form of a solid cake is now oon&ed to a few isolated oases where an exceptionally feebly coking or 
highly volatile coal is used. Under ordinary conditions this method has nothing to recommend it. 

Gleaning processes are need in many coke works to reduce ash and sulphur before crushing ths 
coal. Wet washing plants are common, but require large drainage bunkers to reduce the water 
taken op by the co^ to workable amount; they also necessitate screening of the coal at acme part 
of the process to securo efficient washing. In some cases dry cleaning plants have been used, 
lu these, coal is scparatetl from its impurities by passing it over oscillating tables through which 
a strong current of air is blown. This method eliminates drainage bunkers. 

OVBNB. 
'Beehive' ovens, formerly largely used, are now almost superseded by the * By-Product' 

type; In the latter type two systems of oven heating are In use:— 

(a) Thewasto-heatsystem,inwhiohupwardsof 80peroent.of the total gas evolved is burnt in 
the wall floes with sir at atmospherio temperature or at the most only slightly preheated by 
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panagtt under the hot ovens to the flues. Burnt gases leave the flues at a temperature of abont 
ilOO** 0.y and are used principally for steam-raising^ and as in beehive practice, up to 1 lb. of ^am 
is obtained per lb. of coal carbonised. This type of oven is simple in construction and operation. 

(6) The regenerator system, in which chambers under the ovens, fllled with chequer brickwork, 
as in Siemen's open-hearth steel furnaces, are employed to transfer heat from the burnt gas leaving 
the fines to air entering them. In this way the waste gas is cooled to 260** 0. before lb leaves the 
regenecator chambers, and the air entering the flues is preheated to 900** 0. approximately. Only 
85 to 60 per cent, of the total gas is requir^ for heating the ovens, the remainder being surplus and 
available for other uses. The thermal efficiency of the two systems is about the same. 

The majority of by-product ovens whic h were constriK*f«‘d before the war of liill-lOlS had an 
average leni^h(^ 35 ft., a width of 20 ins. to 21 ins., and a height varying from 6 ft. to 7^ ft. Their 
capacity varies from 6 to 9 tons of coal. Working temperatures of the flues are from 1100” to 
1200” 0., being limited by tlie fusion point of the semi-silica (76-85 per cent. SiO^) refractories 
used lor oven linings and flues. On diy coal a carbonising time of 26 to 32 hours is attained, 
which gives a daily throughput of 6^ to 71 tons per oven. Heating flues are arranged either 
horizontally or vertically in the oven walls. In waste-heat batteries combustion occurs con- 
tinomisly in each flue, and the main diflerence between the various constructions is in the spacing 
of the flues to obtain uniform heating, and in the methods adopted to regulate air and gas to each 
flue. In regenerative ovens, the periodic reversal of gas and air flow through the regenerator 
chambers causes a periodic change in the conditions in the combustion flues. In ovens with 
horizontal flues this consists of a reversal of the path of travel of the burning gases in the flues with 
a change in the points at which air is admitted, but necessitates no alteration in the points at 
which gas is admitted. In vertical flue ovens, which predominate In number, only half the flues 
are used at a time for combustion, the other half being used for canying away the burnt gas. Flue 
dedgns in existing ovens vary in the arrangement used to eliminate uneven heating from this 
cause. They differ mainly in the way in which flues are grouped and cross connect^ to form 
separate reversal units. 

Queuchiug cuko by Witter in fnmtol’ the uvem wus iiMiitl on old I'utteries either on un inedined 
bench running the whole length of the biitf« ry or in some form of car movable from ovcji to oven. 
Approximately 1 ton of water was used ])er ton of coke quenched, and the coke was very slowly 
piLShed from the ovens ro allow' sullieicnt, Lime for (jneiK.-hing'. .Success of quenching by this 
method depends largely on the .'• kill of tin; workmen. 

A tyidcal modern co'ke-ovcn battery consists of -10 to (k» oven-?, each -l.'l to 44 ft. long, l.’l to 11 ft. 
high, and 16 to 18 ins. wide, heated r^eneratively so as to have a maximum yield of surplus gas. 
In order to withstand the higher flue temperatures used (1200”-1400” 0.), flues and oven linings 
are constructed in 96 per cent, silica material which will withstand temperatures up to 1660” 0. 
without distortion. In some types the heating flues are built vertically and arranged on the 
' hairpin * system^ in which reversal of air and gas takes place between pairs of adjacent flues. 
Alternate flues are fed with air and gas, so that combustion takes place up one flue and down the 
next, at the bottom of which burnt gases are withdrawn. Another method of flue arrangement 
ia by crosa connection of groups of flues in opposite walls of the ovens through flues in the oven 
tops, so that reversal of combustion takes place from one side of each oven to the other. Be- 
generator chambeis filled with firebrick chequerwork, built under each oven, are subdivided, so 
that each set of flues has its own regenerator lystem. The use of silica refractories increases very 
oondderably the safety factor when working at high temperatures, with the additional advantage 
of better thermal oonduotivity through the oven walls. They are also maoh more resistant to the 
action of alkalies than other ooke-oven refractories. 

Beoently erected ovens have a capacity of 14 to 17 tons of coal, which with a carbonising time 
of 16 houia gives a daily throughput of about 20 to 26 tons per oven. 

Subsidiary, but necessary iiuproveiueuts incorporated in modern ovaais arc :— 

(1) High-i^eed pushing machines by which a 44-ft. oven is discharged in 30 secs., or approxl- 
mattty in one-tenth of the time required to push the shorter pre-war ovens. 

(2) Blectrically driven coal cam, in which the volume of the coal oharged can be accurately 
gauged. 

(8) Self-sealing and plug doom, which are removed and replaced mechanically and which require 
at most an extremely small amount of luting to render them gas-tight. 

(4) Bemote coke quenching, by which the coke pushed from an oven at 900” to 1000” 0. is dis- 
obuged into a steel car which carries it rapidly from the front of the battery to a water-tower some 
dtetanoe from the ovens, where a measured volume of water is sprayed on to it. After draining 
the coke is taken to a coke bench and discharged to steam and cool off before being taken by high¬ 
speed mbber belts to the screening plant. This system of quenohing makes work in front of the 
oven tolerable under higb-qpeed conditions and prevents damage to the hot oven walls by contact 
with steam and water, such as is possible from quenching in front of the ovens. Bather more 
water is required than with other systems (from If to 2 tons per ton of coke), but quemshing is 
more nnlform and coke moisture more constant. 

Narrow ovena are better suited for the treatment of inferior coking coals. In extreme cases of 
feebly coking or highly volatile ooals. 12-in. to 14-in. ovens are need, carbonising in 12 hours 
and pcodooing a satiusotory ooke, bat with the average range of coking coals a 16-in. or 
18-in. oven, carbonising In 18 bonis, seems to give most satisfactory results. The amount of 
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beat eapplied to the OTens ela the oombuetlon flaee is nsnallj fr(Hn850 to 1100 B.Th.I7.*8 per lb. ot 
ooaloa^niaed, hot ratlee with the q>eed and temperature m carbonising and with the efflciennj 
of the system. Under average conditions 60 to 65 per cent, of surplus gas Is produced. For 
maylmum yield of gas, compound regenerative ovens are built in whlw the flues may be heated 
by combustion of preheated producer, water, or blast-furnace gas, the whole of the ooal-gas made 
bmng available for other use. 

Ooo. 
This varies in characteristics according to the coal used and carbonising procedure. Size is 

dependent on the thickneas of the charge carbonised. In beehive practloe the largest pieces are 
so ins. to 86 ins. long, approximating to the depth of coal in the ovens. With by-product ooke 
the Uurgest pieces are wightly less than half the oven width in length, laical charaoteristioa 
are:— 

Tm.Bp.Qr. App««,t Bp. Qr. 

BmblT.ook. . l-8S-l-tS O-87-O-aO 8^8 4A-M) 
By-product coke . 1*90-8 *00 0*95-1*10 48-58 S6-45 

Crushing strength varies from 1,000 to 8,500 lbs. per sq. in., and volatile matter from 0*5 to 
8 or 4 per cent. The volatile matter is greatest in high-speed practice where no over-coking takes 
place, lioet of the coke made la used in metallurgical fomaces, and from 85 to 95 per cent, of the 
product of a coke works is in pieces large enough for such purposes, the runainder being in the 
form of coke uuts dowu to f in. size uud coke breeze below this size. 

For smelting use a hard dense coke is required strong enough to resist the severe crushing and 
abrasion it receives. For many years after the introduction of the by-product oven some opera¬ 
tors still preferred bee-hive coke for metallurgical uses and there was some prejudice against 
by-product coke. Properly sized by-product coke, however, gives equally good results and.now- 
adays only about 0 • 6 per cent, of the coke product in coke oven is made in bce-hivo ovens.” For 
foundry purposes coke of large size is preferred, while for blast-furnace use smaller evenly-sized 
coke screened to remove sizes below about in. is preferred. 

Oorrect sizing and efficient screening is established as a means of obtaining greater efficiency in 
ita ose as a fuel. Structure and porosity have a definite bearing on the combustibility, while 
volatile content govema the ignition temperature, so that there are great possibilitiea in adapting 
oven conditions for various types of ooke production. Screened coke nuta are to some extent 
used in domestic applications. A small uniform ooke with low aah, up to 6 per cent, volatile 
matter and an open bat strong straotore is desirable, so that satisfactory ignition and combustion 
results under the feeble dranght conditions of open rangea and fire grates. A new and increasing 
use of ooke nuts is in tbe synthetic obemical industry where, as producer fuel, they supply the 
hydrogen and carbon monoxide required for ammonia and methanol ayutbesea. Other uses are 
in lime-kilua aud for steam-raiaing. Coke breeze under f in. size is usually consumed under 
boilers by means of mechanical stokers, chiefly to supply steam at the coke works and adjacent 
plants. 

to 5 lbs. of steam can be raised per lb. of coke breeze. 

BT-PnODUOI bbooysbt. 

This follows the main lines of gasworks reoovwy, with tbe following exceptions. Individoal 
ascension pipes are not liquid seal^ in the ooUeoting main, but are shut off by means of valves. 
The gaa-oolleoling main ia kept clear by a flush ot tar or aminoniacal liquor. In some cases, cold 
liquor is sprayed into the collecting main at the junction with each ascension pipe and givea 
additional gas cooling. 

In ooke-oven pnctlca ammonia recovery baa reached a higher stage of effioienoy than in gas¬ 
works praotioe, and benzole is always recovered. Aotnal yields depend on tbe ooai, and also on the 
extent of degradation of volatile products in the ovens caused by contact with the hot walla and 
ooke. Ovena are designed with a view to keeping tbs tops reaaonablv cool and to allow the rapid 
removal of gaaeona px^nota in order to radnoa the time of contact with heated snifaoea. 

Average Gas 

Oaa leaving ovena 
„ entering ooUeoting main . 
„ leaving ooUeoting main • 
„ entering by-prodnot coolers 

Temperatores. 
. 600^-700* 0. 
. 800*-4(WO. 
. 150*-800" 0. 

70*- 80* 0. 

TAB. 

This is removed partly by oondensation from the gas in vatioos parts of the ooolecB, and ia 
oomplstely removed by passsgs through tar axtrsotois before the ammonia recovery plant. Three 
types of axtraotoxi are in common oas* <o) the impact type, in which tar mist is praoipitatsd by 
sontaot with mstal aoiMos; (5) the oyolona typo, in which gas is oonsUainsd to follow a rapid spiral 

VOL. I. 8Z 
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couise, and tar mist is separated centrlfugally; (c) the direct type, in which tar Is precipitated by 
means of high-pressoie ammoniacal sprays. In some modem plants complete removal of tar Is 
affected in high-voltage electrostatic precipittvtors. 

Oomposition of Crude Coke-Oven Tar. 
Ammoniacal liquor . 2*5 - A‘0% Free carbon in pitch, •%-16%, 
Kaphthas .... Trace - 0*6% 
Light oils (to 180* 0. ) . 10 - 2 *0% Tar acids In carboUo oils, l%-2 • 6%. 
OarboUo oils (180*-230* 0.) . 6 0 - 8-0% Naphthalene In carbolic and creosote 
Oreosote oils (2S0«-270* 0.) . 8 0 -11-0% oils, 6%-10% 
Anthracene oils (270*-86CrO.) 16 0 -23 0% 
Pitch. 60 0 -63 0% 
Bp. Gr. at 60* P. . . . 1*160- 1*206 

AIQIONU EEOOVBRT. 
Three systems are used :— ^ ^ 
1. Indirect Sifstem.—Qna is cooled to atmospheric temperatures and sprayed with water. 

The resulting liquor with liquor condensates from the gas-coolers has a concentration of 
about I per cent, of which only 0*1 to 0*3 per cent, is tL\ed ammonia. The liquor is 
distilled with live steam and a little milk of lime In a continuous still and passed through a saturator 
containing hot mother liquor and 6—10 per cent, free sulphuric acid. Ammonium sulphate is 
formed and salts out, being removed by steam or air blowers at intervals. Draining and centri¬ 
fuging reduces the moisture in the salt to about 1^ per cent, and the acidity to 0*S-0*6 per cent. 
Complete drying and neutralisation of the salt is performed in a separate plant. The indirect 
system is confined to early coke works. It is fiexible and can be readily turned over to the manu¬ 
facture of concentrated ammonia liquor should the sulphate market be unprofitable, but results in 
the formation of about 6,000 ga^ of noxious waste liquor per ton of ^pbate, which is often 
Hifynaixi of with difficulty. The steam consumption Is about 9 lbs. per lb. of sulphate. 

2. Direct System,—Gas is cool^ to a temperature of 76‘’-80* 0., that is, just above its dew-point, 
to avoid condensation of ammoniacal liquor. After tar extraction the whole of the gas is passed 
through a closed saturator for ammonia recovery. Heat of reaction between the ammonia and the 
acid causes so much evaporation in the saturator that, theoretically, the process uses no steam 
and makes no waste effluent. Actually a small amount of fixed liquor is condensed from the gas 
and must be distilled into the saturator, or else evaporated to give crude ammonium chloride. 
This syet^ followed the indirect system, but it is rather difficult to work for complete tar extraction 
and efiminatlon of liquor condensation, and is not now built into new plants. 

3. Semi~direet System,—This emboffles most of the advantages of previous systems, and is 
generally used in modem practice. Gas is cooled to 40*-60* 0. with complete tar separation and 
partial liquor condensation. The remainder of the ammonia Is recovered by passage of the gas 
through the saturator into which the previously condensed liquor is also distilled. Approxi¬ 
mately 3-34 1^* steam are required per lb. of ^phate, and the amount of waste liquor formed 
Is only one-qoarter of that of the indirrot method. 

BB5Z0LS BEOOVSBT. 

Oil lonibblng of the gas at 30* 0. Is used to remove hydrocarbons of the benzene series, the 
benzolated oil being stripped by lire steam to give a crude benzole before being cooled and re¬ 
turned to the scrubbers. The crude benzole, of which approximately 66 per cent, distils at 120* 0., 
is redistilled to eliminate any wash oil, washed with concentrated sulphuric acid, neutralised and 
then fractionated into various products, motor benzole, pure benzole, toluole, xylene, naphtha, 
and so on, as required. Typical analyses of oils used for scrubbing, taken from the 1938 Beport of 
the Beseaich Oommittee of The National Benzole Association, are:— 

ou. Absorption VIscoelty 
(20* 0. Bed- 

wood). 

Sp. Gr. Drop DlstiUaUon 
Gapacity. 20*0. Point. Bange. 

Ugbt creosote 4*8-4*6 34*6 1*013 300*0. 96% at 800* 0. 
Hranm creosote . 
Washed blsst-fnmace 

4*6-40 37*6 1*031 ; 200*0. „ „ 860*0. 

oreoeote 4*0 39*8 i 0*935 210*0. „ „ 840*0. 
Green oil (anthracene) 
Gas oil, American petro¬ 

8*76 69*9 i 1*088 
1 

; 360*0. 
1 

; „ » 886*0. 

leum . . • . 8*0-2*8 40*0 ! 0*864 
! 

; 210*0. 
i 

„ „ 863*0. 

(The absorption capacity is the per cent, volume concentration of benzole in an oil solution in 
equilibrium with ooal-gas containing 3*4 gals, of benzole per 13,000 cob. ft.) 

A clroolation of 80-120 gals, of oil through the scrubbers is required per ton of coal carbonised. 
OiaoaoU oils are most generally used on account of their high absorption powers, but thicken 
quickly In uss and lose this dsalrable property. They are also rather volatile, so that stripping 
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rMRilts In the low of np to 6 gals, of oU per 100 gels, of bensole made. Blast-fomaoe creosote Is 
ased In Scotland and retains Its flnldltj well, bat tends to giro troablesome slndges in the oil coolers 
and beat exchangers. Gas oil, though of lower initial absorption power than creosote, is rery 
satiefactory as it retains its flaldity, and on aoooant of Its low volatility loses little in stripping. 
Its low speclflo gravity makes it easily separable from water in the stripping stills and avoldis 
troablesome emulsions. However, its parafBnoid natare ceases contamination of the bensole. 
This is of little oonseqaence in the manufacture of motor spirit, but it is undesirable when the 
products are to be used in chemical processes. Other methods tried for bensole recovery are 
absorption in absorbent charcoal ct silica gel. 

Coke-Oven Gas. 
This is practically identloal with coal-gas from gasworks* retorts,,a typical analysis after 

■tripping of tar and benzole being:— 

00.. OnHm. O,. 00. H,. 0H«. Gross Calorific Valuer 
% % % % % % % (60“ P. and 80 ins. 

pressure.) 
1-6 8-4 Nil 6*8 68-4 2fl-2 6-2 524 B.Th.U. per cu. ft. 

A surplus of about 110,000 million cu. ft. Is made annually. Most of this is supplied to gas 
undertakings for domestic and industrial use, and to steelworks. Of the total gas produced in 
1947 from coke-ovens, 24 • 6 and 19 • 3 per cent, representing about 53,000 and 42,000 million cu. ft. 
were supplied respectively for the above uses. 

Iiow-Temperatnre Distillation of Coal. 
This consists in the ffradual heating of bituminous coal to a comparatively low maximum 

temperature (fiOO* to 600r 0.). The retorting vessels employed are dedgned in snob a way as to 
ensure the rapid removal of the volatile products. By such a process a low yield of very rich 
gas is obtained, and a high yield of thin tar. The tar is richer in low boili^polnt fracUuns 
than the tars produced by the gasworks or coke-oven plants. The residual coke contains approxi¬ 
mately 10 per cent, of volatile matter, and may be marketed for use In domestic fires, for which 
purpose it is claimed to be easily ignitable, and at the same time to give off the major portion of 
its heat as radiant heat, and to burn without generating Fmoke. For many years the process did 
not meet with success, largely on account of mechanical difficulties in the opemtion of the retorts; 
these difficulties, however, appear to be now overcome in the production of * Coalite.* 

OOAXilTK. 

The following results were obtained in a test by the Government Fuel Research Board *: 
The coal used in the test wae a good average Yorkshire coal, and one which has been frequeuUy 

tested in every way at the Fuel Research Station. 
The yield of pr^uots per ton of coal carbonised was as follows 

* Coalite*.18*92 owts. 
Gas.6,620 OU. ft., or 39*6 therms, after stripping 

of motor spirit. (See f.) 
'Coalite* crude oil .... 18*68 gals. 
Ammonia liquor. 86*00 gals. 
Crude motor spirit from scrubbing the gas 1*78 g^. 
Equivalent ammonium sulphate . . 18*56 lbs. 

The * Coalite' produced was of a very suitable size (1 to 3-in. pieces), containing only 4*6 
per cent, of breeze, and was quite suitable to withstand the rough handling natural to or toad 
transport. Analy^ of this fuel showed a slightly lower percentage of volatile matter than usual, 
but when burnt in a household mte It readily l^ted ai^ gave a good hot fire. 

The yield of crude oil was high, showing 68 per cent, of that obtained in the standard assay 
apparatus developed by the Fuel Research Board, and upon examination proved to be a normiJ 
low-temperature coal oil. 

The yield of gas was greater than that anticipated from this particular coal, and averaged 

(89*6 X 100 000\t 
6 680 * / ** 706 B.Th.U. per oublo foot after being stripped of Its crude motor spirit. 

The motor spirit obtained by scrubbing the m was 1*78 gals, per ton, but as the crude oil 
also contained 1*09 gals., the total yield of this product amounted to 8*87 gals, per ton; a 
most satisfactory result. 

The ammonia was also higher than expected, and, when converted into ammonium eulphate. 
yielded 18 *66 lbs. 

* Report published by H.lf. Stationery OlBee, Klngsway, London. W.O. 8, price 9d. 
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Typical Yields prom One Ton op Goal. 

Low-tem] perature j Hi gh-temperature 
Carbon isation. ; Carbonisation. 

Temperature of 1 1,000. 
Oarbonisation *’0. 

External 
Heating. 

Internal 
Heating. Gasworks. Coke Ovens. 

Coke . . . cwt. 13-6-15-5 8-12 13-14-6 14-16 

Gas—Volume . cu. ft. 2,600-4,000 30,000-60,000 13,000-20,000 11,000-11,600 
„ Gal. value B.Th.U./ 

cu. ft. 800-900 180-230 470-660 600-660 
Therms 22-6-32 69-90 73-94 68-63 

Tar . . . gal. 18-22 16-18 10-14-6 8-10 

Sulphate of Ammonia lb. 16 26 28 

From one ton (Amerioan, 3,000 lbe.)o( bitamlnoni ooa], tbe Colorado Fuel and Iron Company 
of Denper, n.S.A., obtalne in actaal praotiee the following prodnoti^ Tie.: 

Ooks 1,400 lbs. Pure benxol . Ugals. 

Coke breese 60 lbs. Toluol . i gal. 

Gas .... . 7,600 ou. ft. Zyld . . 2/10 gal. 

Ammonium sulphate . 25 lbs. Pitch . 6 lbs. 
Tar .... 10 gals. Naphthalene . |lb. 
LIghtoil . 31 gals. Creosote Iq*. 
Motor bsniol Paint . Iqt. 

[Annual oapadty of otena, 640,000 tona (American) coke.] 

Many experimental plants on Tarioua methods of low temperature distillation of coal Lapi 
been tried. The Fuel Kesearch Board has carried out many tests on these, and reports o' t he 
results obtained are published by H.M. Stationery Office. 

Coke as a Boiler Fuel. 

With a view to cheapening the cost of steam raising by improving steam-boiler efficiency, 
and to eliminate the emission of visible smoke, gas coke is now largely used as fue lin lieu of erode 
coaJ. In hand-fired boilers, coke can be used under ordinary natural draught conditions. With 
a draught of 0*26 In. W.Q. over the fire, the average rate of combustion te 13 lbs. to 14 lbs. of 
suitably graded coke per sq. ft. of grate area ner hour. Some form of impelled draught is necessary 
if this rate Is insufficient. The forced draught apparatus usually employed is some form of steam- 
jet blower applied to the enclosed ashpit of the boiler, and used to maintain a ‘ balanced * draught 
over the fire. The steam consumption of the jets should not exceed 3 per cent, of the total steam 
generated when burning graded coke at a rate of 20 lbs. per grate-foot-hour. For hand-fired 
boilers the minimum allowance of grate area should bo 1 sq. ft. per 22 to 26 lbs. of coke consumed 
per hour. In practice it is found that this rate can be exceeded only at the expense of efficiency. 
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TToUke coal, the oombustion of coke is practically completed oo the grate, and a 1 Imited quantity 
of secondary air only is required. This tends to localise the heating effect to the boiler furnace 
area. The introduction of a circulator, tends to neutralise this effect and set up active circulation 
of the water In the boiler. The operation of cleaning fires, and the losses incidental thereto, due 
to inrush of cold air and consequent loss of steam pressure, are minimised by the use of the Gal¬ 
lagher Crompton baffle bridge. During the cleaning operation the live fuel is heaped op on the 
baffle bridge. 

In meohanioally-stoked boUers fitted with both forced and induced draught, average rates 
of combustion exceeding 40 lbs. of graded coke per grate-foot-hour are maintained. 

APPROxniATR Fuel cost of evaporation from and at 313" Fanr. 

Coal Slack. Hard Steam Coal. Smokeless Welsh Coal. Gas Coke. 1 

Mechanically Stoked. 
Hand Tired : 

Natural Draught. 
Hand F’ired : 

Natural Draught. 
Hand Fired: 

Forced Draught. 

At per j 
Ton. 

Evaporative 
Valne. 
7-6 lbs. 

At per 
Ton. 

Evaporative 
. Value. 

9-5 lbs. ; 

At per 
Ton. 

Evaporative 
Value. 

10-6 lbs. 

At per 
Ton. 

1 Evaporative 
Value. 

9 lbs. net. 

per 1,000 per 1,000 per 1,000 per 1,000 
! gallons gallons gallons 1 gallons 
evaporated. evaporated. evaporated.' evaporatsd. 

«. d. 1 $. d. 9. d. 9. d. 9. d. 9. d. ' 9. d. t. d. 
19 0 ' 11 4 20 0 12 2 28 0 11 10 ! 25 0 13 4 
20 0 11 11 37 0 12 S 29 0 12 4 20 0 12 10 
21 0 : 12 0 28 0 13 1 80 0 12 9 27 0 IS 5 
22 0 ' 13 1 29 0 13 7 31 0 18 2 28 0 IS 11 
33 0 13 8 30 0 14 0 32 0 15 7 29 0 14 5 
24 0 14 4 31 0 14 6 33 0 14 0 30 0 14 10 
26 0 14 11 32 0 15 0 34 0 14 5 31 0 15 4 
20 0 i 15 0 33 0 15 0 36 0 14 10 82 0 15 10 
37 0 i 10 1 34 0 10 0 36 0 15 4 S3 0 10 4 
28 10 8 35 0 10 5 37 0 15 9 34 0 10 10 
39 0 ! 17 4 SO 0 16 11 38 0 16 1 85 0 17 4 
SO 0 1 17 11 37 0 17 6 39 0 10 6 36 0 17 10 
SI 0 ! 18 6 38 0 17 10 40 0 16 11 37 0 18 4 
S3 0 1 19 1 39 0 18 4 41 0 17 4 38 0 18 10 
S3 0 1 19 8 40 0 18 9 42 0 17 9 39 0 19 5 
S4 0 20 4 41 0 19 2 43 0 18 2 40 0 19 11 
85 0 1 20 11 42 0 19 8 44 0 18 7 41 • 20 5 
SO 0 21 0 48 0 20 2 45 0 19 0 42 0 20 10 
87 0 23 1 44 0 20 8 40 0 19 5 43 0 21 4 
88 0 22 8 45 0 21 1 i 47 0 19 10 44 0 21 10 
89 0 23 4 40 0 21 7 ! 48 0 20 4 45 0 22 4 
40 0 33 11 47 0 22 0 49 0 20 9 46 0 22 10 
41 0 24 6 48 0 22 0 50 0 21 2 47 0 28 4 
42 0 26 1 49 0 23 0 51 0 27 7 48 0 28 10 

Anthracite. 

The bulk of the anthracite produced in Great Britain is mined In the western portion of the 
South Wales coalfield, the best qualities in Carmarthenshire and Glamorganshire. It oonsiats 
virtually of carbon—as much as 94 per cent, in the better qualities—with only a small proportion 
of the constituents of bitnmen. It is Jet-black, with a metallic lustre, very hard, slow burning, 
absolutely smokeless, gives Intense heat, and bums with a bright red glow. These qualities fit it 
for many purposes. It is used largely for smelting; in the burning of lime and brink: for the 
generation of steam; and in the United States and on the Continent of Boropt extenalTe^ for 
domestie heating and cooking. For malting and hortioaltaral porpoass, owing to Its purity and 
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freedom from arsenic, etc., it is in immense demand; whiie in Norway, Sweden, and Italy, WelA 
anthracite is used for maUng carbide of calcium. 

The American coalfield (Fennsylrmiia) produces the largest amount of anthracite—about 
65 million tons per annum—the Welsh output being only about .'1,000,000 tons a year at present, 
though capable of a much greater yield, the major part of the field being still untouched. 

One ton of anthracite used in a pressure or suction-gas plant will give power equal to 3 tons 
of the best steam coal used under boilers. Some typical figures for a suction-^ plant using 
anthracite were produced by a test carried out at the Metropolitan Reservoirs, Ghingford, under 
the direction of their chief engineer. A guarantee had been given that the consumption would not 
exceed 1 • 1 lb. of anthracite per actual b.h.p. hour, and in the report it was stated that the average 
fuel consumption for the four main pumps was 0*913 lb. per b.h.p. hour, whilst the small pump 
gave the figure of 0*8 lb. of anthracite. The general average for the whole of the pumps was 
0*904 lb. of anthracite per actual b.h.p. hour, and the guarantee lift of the pumps was exceeded by 
almost 20 per cent. The producer tests showed that 1 lb. of anthracite yields 82 * 1 cu. ft. of 
gas at standard temperature and pressure, the net calorific value being 146*8 B.Tb.U. per cu. ft., 
giving a yldid of 12,011 R.Th.U. per lb. of anthracite. The caloriflo value of the anthracite 
supplied was 14,600 B.Th.U. The fuel used under the boilers which supplied steam for the 
producer was taken into account. 

A ton of Welsh anthracite will produce from 170,000 to 320,000 on. ft. of gas for power 
purposes. The following is a typical analysis of good Welsh anthracite : 

Oarbon , 92*7 percent. 
Hydrogen . S-4 
Oxygen and nitrogen . 3*7 „ 
Sulphur . 0*4 „ 
Ash .... . 0*8 „ 

100*00 „ 

In furnace installations where crude gas can be used bituminous fuels are generally used, as 
the gas is supplied direct to the furnace along with the tar and soot. In small furnaces, where 
smaU burners areused, or where necessary to convey gas a long distance. It is generally not possible 
to use crude gas, and anthracite is more convenient than bituminous coal. The avera^ con¬ 
sumption in a pressure gas-producer is about 13 lbs. of anthracite per 1,000 cu. ft. of gas, and the 
overall consumption for producer and engine should be about 1 lb. of anthracite per b.h.p. hour. 

The principal anthracite collieries are equipped with electrical and other machinery, the 
preparation of the coal being very elaborate—breaking, screening, washing, etc. A revolving 
break er deals with the large coal; this coal travels to the various * screens ’ for slsing. These 
sising screens are placed one above another at an angle and worked on a shaking principle. Thus 
the c oal is kept steadily on the move to obviate congestion. The large collieries break and screen 
their product into at least eleven different sizes. The screens are perforated with round holes, through 
or over which the coal passes in sizes from 2} ins. by 4 ins. (the laigest cobbles) to | in. by ^ in. 
C grains *}. Similar moving belts, but not perforated, convey the screened coal to the pickers, 
w ho remove by hand whatever shale it may contain. Impurities are picked from the cobbles 
and large coal prior to the coal going to the breaker. These picking belts also load the coal into 
the railway trucks, but only convey th« larger sizes, viz. machine-made cobbles and machine-made 
‘ French * nuts. Sizes below the French nut cannot be conveniently picked and sorted by hand, 
and are therefore transferred to a washer. The * washery' belts work with the same shaking 
movement, carrying the small coals, such as stove nuts, peas, beans, pea-nuts, etc., through tanks 
of water to remove the small particles of stone. To ensure the maintenance of a maximum 
standard of quality, a coal examiner usually twice daily takes and tests samples of coal from the 
screens and washery, and the percentage of waste material detected rarely exceeds 1 per cent. 

What is known in the trade as ' rubbly culm ’ is the rough small coal which passes between 
longitudinal bars 1^ in. apart. It is used principally for lime-burning and steam-ralstog. 

The * duff,* or very fine, small anthracite, is used in the manufacture of patent fuel and cement 
making. 

In regard to ordinary boiler furnace utilisation of anthracite not much advance has been made, 
dae to the narrow conception of boiler-house practice, coupled with the question of availability. 
When anthracite is used for this purpose it most not be disturbed, and uouid be stoked with a 
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thin bed, very evenly, and if this mlnlmnm attention la given an evaporation of from 8~10 lbs. of 
water per hour can be easily maintained. Tests made in London in whloh anthracite peas were 
used showed an evaporation of 12 • 2 lbs. of water per lb. of coal in one test, and 11*3 lbs. in another. 
Sometimes the draught or other conditions render the nse of anthracite alone impossible, but its 
blending with other fuels gives very satisfactory results. Where mechanical stoktog Is used a 
larger proportion of anthracite—say 2 to 1—can be used, as distinct from equal quantities where 
hand-firing is adopted. 

An Important aspect of anthracite has been the recent utilisation of the large accumulations of 
duff and washery refuse. Hitherto, anthracite dust could not be satisfactorily burnt on standard 
furnaces, and considering that this fuel has a caloiihc value of 12,000 to 13,000, with over 80 per 
cent, fixed carbon, and about 10 to 12 per cent, of ash, it was ob'dous that valuable material was 
lying dormant in the dumps. Therefore a new furnace was introduced, with air spaces sub¬ 
divided into a large number of small holes, and other modifications. The following results of tests 
at a Welsh colliery show the great increase made in evaporation: 

Test No. Glass of Fuel. 
Evaporation in 

Lbs. Steam Remarks. 

1 Duff, good quality . 
' * Grai^ • 

per Hour. 

3,500 Jet pressure 60 lbs. 
2 4,400 > t *t * 
3 Duff 3 125 .. .. 
4 Duff 3,000 M », 25-30 
6 * Grains * 5,750 » „ 30 .. 
6 Duff 4,250 „ „ 40-50 „ 
7 Duff 4,875 .. „ 

The first (our tests were carried out on the old type, and tests 5, 6, and 7 on the newly designed 
bar-fumace. 

Burnt under proper conditions, there is no better coal (orsteam-ralsingthanWelshsuthracite. 
At one works using English coal it was necessary to employ two Lancasliire boilers 30 ft. by 
7 (t. 6 in., but after a patent furnace was fitted and anthracite coal introduced, one of these 
boilers was sutficient to do the work previously done by the two boilers. 

Below are some of the typical sizes of Welsh antliracite :— 

Gobbles . . 2r X V * Beans ’ . . r X r 
* French ’ Nuts . ir X 2K * Peas ’ . r X 1 
Stove nuts . r X ir * Grains * . . V X i* 
* Pea-nuts ’ . X IV 

Utilisation of anthracitb Wastes. 

A serie.s of tests made in America, consisting of 3u, 50, and 70 per eent. nin-of-mine coking 
coal mixed with anthracite culm, showetl that the pulverisetl bituminous coal alone produced 
better results, except the mixture of 30 per cent, culm with 70 per cent, bituminous, which was 
e(iual to that of the bituminous coal alone. 

Lignite. 

The composition of lignite, and its properties, lie between those of wood uini coal. 
Lignite occurs in most European countries and is abundanlly found in the (Joloriies, but does 

not ot'cur in (junutities in the British Isles. Lignites vary widely in oi»mposition, but generally 
between the following limits : carbon 56 to 80 per cent., hydrogen 5 to 7 j er cent., oxygen 10 to 
35 per cent, (in the dry .state). The calorific value is from 0,000 to l;5,0tHi Il.Th.U. ou dry .'sample. 
The high ash and wuiter contents of lignite frequently make it unsuitable for direct combustion, 
but good grades may be used for steam raising. Lignite is frequently subjeeted to destructive 
di.stilliition, whereby valuable Inpiid products are obtained. It may also be u.sed for the manu¬ 
facture of hid brilliiettcs, or be utilised iu gas producers. 

Peat. 

Large tlopo.sits of peat occur witliiu the Briti.sh I.sles, but little use has been made of them 
hitherto, t he high waWr content (about 95 per cent, when in bog, and about 30 per cent, after air 
drying) being a great drawback to their utilisation. Teat is suitable for use iu gas produeexs 
and is sometimes carbonised, when peat charcoal is the main fuel product. 
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The ash content of peat Is normally low, usually from 2 to 6 per cent, in the air-dried peat. On 
the dry-ash-free basis the percentage composition of peat usually Taries as follows;—Carbon 
66 to 63, Hydrogen, 6*7 to 6*3, Nitrogen, 1*3 to 2*7, Sulphur 0*3 to 1*0, and Oinrgen 31 to 38. 
Anhydrous peat usually has a o^orihc value (gross) between 9,000 and 9,600 B.Th.u. per lb. 

Wood. 
W^hen freshly cut, wood contains up to 60 per cent, of water, but this can be reduced to about 

20 per cent, by air drying. Tlio composition of dry wood is about 49*6 per cent, carbon, 6 per 
cent, hydrogen, 44 per cent, oxygen, and *6 per cent, ash, and the heat value is generally a little 
below 9,000 B.Th.U. It only finds use in countries where large forests exist and where coal is not 
readily obtainable. 

Wood Charcoal. 
Wood charcoal consists mainly of carbon and possesses a calorific value of 11,000 to 13,600 

B.Th.U. (Brame). Its use as a fuel is very limited. 

Briquette Fuel. 

The name * Briquette Fuel * Is given to the product obtained by agglomerating coal, in a 
more or less ground state, by means of a binder or agglomerant which, for general purposes, is 
coal-tar pitch. 

Up to the present time no real substitute for pitch on a large scale has been found to be 
economic, and among the binders tried with varying degrees of success may be mentioned starch, 
resin, bitumen (oil pitch), and sulphite cellulose. 

Coal briquettes can be used without change in the grates wherever coal is used, but it Is 
usually recommended that the bars should be a | in. apart in hand-fired boilers. On railway 
locomotive boilers briquettes are successfully used all over the world, and in fact their successful 
use is purely a matter of skilful blending of coals for a particular purpose. 

The requirements of a good briquette are as follows 

1. It should be soundly made and free from cracks and thus be able to withstand handling 
by the ordinary methods used in Its transport. 

2. Its moisture content should not be above 2 per cent^ 
3. The ash content should not be above ^8| per cent. 
4. The volatile matter should be 17-18 per cent. 
6. The calorific power should be 7,860-7,900 calories (expressed on the dry fuel). 
6. The cohesion should not be below 76 per cent. 
7. The ash should not fuse below 1,360® 0. (oxidising atmosphere). 
8. The sulphur content should bo below 1 per cent. 
9. The pitch content should not be over 8| per cent, and the briquette waterproof. 

A briquette conforming to the above analyses will meet practically every Industrial require¬ 
ment and can bo used in any climate, tropical or arctic, and it is of Interest to note that in the 
Antarctic Expeditions of Mawson, Shackleton and Scott respectively, briquettes were used, not 
only as fuel for heating purposes, but also as walls to protect the animals from the Icy blasts. 

Briquettes vary considerably in shape and weight, but for Industrial purposes the rectangular 
shaped block is favoured, varying in weight from 10 to 25 lbs. and of a size 10 x 6| x 3* ins. to 
10 X 8 X 6 Ins. Smaller rectangular blocks, weighing from 2 lbs. upwards, are also made, 
but these find an ouUet chiefly for domestic purposes, as well as those of the ovoid or boulet tvne. 
which weighs from 1| ozs. up to 7 ozs. * 

The British briquetting Industry is chiefly centred on the seaboard porta of South Wales, 
where supplies of good steam-raising coals are available at hand, and shipment of the briauetted 
fuel is convenient, for the trade is almost entirely an export one. 

pie pitch used for briquetting coals is known as ‘ Medium Soft Coal Tar Pitch,’ and Is the 
rendue left on the distiUatl^ daring which process the naphtha, creosote and 
wthracene olM are d^tiUed oil. Pitches made from horizontal. Inclined and coke oven tars are 
the most suitoble for briquetting, while those made from vertical retort tar are not so good. Pitches 
mr^from blast furnace, producer or low temperature tare are not used except under economic 

Theessenti^ of a good briquetting pitch are (a) covering power; (6) binding or agglomerating 
mentioned 

High coking t^peratures adversely affect the pitch in producing too much ‘ free carbon’ 
with cons^uent dec^e in binding power, while the same tar dlstUled from a pot still gives 
a better pit^ than if distilled In a oontinoons still. ^ * 



FUBLS 1331 Sec. XXV 

The eTslaailoii of a pitoh for briqaettlng porpoeea le carried ont ^ teete laid down In the 
* Handbook of the Stanaardiaatlon of Tar Prodncts Testa Committee (S.T.P.T.O.) 1989.* These 
tests, briefly outlined, are:— 

Softening (Melting) Point,—A |-ln. square cube of the properly sampled pitch is moulded 
or cut and suspended on 18 l.W.G. copper wire in a bath of previously boiled and cooled water. 
The water Is heated 2^ 0. per minute and the temperature at which the cube drops off the wire 
is taken as the softening point. This test is perhaps the most important In that it determines 
whether the pitch can be properly melted in the steam-heated briquetting appliances to be 
described later. 

Volatile Matter,—One gramme of finely divided pitch is heated for 3 minutes in the standard 
specified platinum crucible over a Meker burner at a temperature of 960** 0. The loss in weight 
is the volatile matter. 

*Free Carbon.*—One gramme of the finely divided pitch extracted with pure toluole (or 
benzole). The undlssolved residue is the *free carbon.* 

Aeb,—One gramme of the finely divided pitch (or the coke left from the volatile matter 
determination) Is ashed in a platinum or silica crucible. 

A suitable pitch, tested by the methods laid down by the S.T.F.T.O., will give volatile matter 
66-75 per cent.; softening (melting) point, 76-79** 0.; free carbon, 14-21 per cent.; ash not 
above 0*4 percent. 

The following table gives typical analyses of pitches used for briquetting:— 

- Ooke Oven. Inclined 
Betort. 

Horizontal 
Retort. 

Vertical 
Betort. 

Volatile matter 71-0% 68-6% 65.6% 76 0% 
Softening (melting) point . 78* 0. 76* 0. 76* 0. 80* 0. 
Free carbon 18.0% 20 0% 29-0% 16 0% 
Ash ... . 0*3% 0*4% 0-6% 03% 

In actual practice It is customary to mix the various types so that deflclences in one type are 
balanced by virtues of another type and so preserve a more or less uniform mixture of pitch for 
briquetting. 

Coaie,—Suitable coals must be moderately low in ash content, sulphur and moisture, and 
high as regards the fusibility of its ash. 

The coals used vary in vcriatile matter from anthracites (for domestic purposes only) of 
6 per cent, volatile matter to bituminous coals of 22 per cent, volatile matter. Higher volatile 
coals can be used when special requirements have to be fulfilled, but they are notgener^y favoured 
for industrial purposes. The coals used are known as * small coals ’ and may be Breaker Duffs 
Oarge coal mechanically broken and screened), purchased Washed Duffs, Bubbly SmaUs (these 
being washed at the works) and Unwashed Duffis. 

All Washed Duffs are dried before use so as to reduce the moisture content to about 2-3 per cent. 
It is usual to build up a briquette to the desired specification by using a variety of coato of 

different types for, as a general role, it may be said that no single coal fulfils all requirements 
for a particular purpose and, at the same time, have ohemiced and physical characteristics 
sufficiently flexible to meet other specific requirements. These deficiencies can, however, be 
overcome by skilful mixing of coals, and only a good knowledge of their chemical and physical 
properties, as well as of the briquetting process, will enable a judicious blend to be made. 

^ese coals may be classified according to their volatile matter as below:— 

Per Oent. Per Oent. 
Anthracites . . 6-8 Semi-bituminous . . 16-18 
Dry steams . 10|-12 Bituminous . . 19-22 
Steams . 12-14} 

A suitable briquette for industrial and railway locomotive purposes would be composed of 
the following mixture:— 

Bituminous and semi-bituminous coals . . 25 percent. 
Steam coals.46 ,, 
Dry steam coals.22 „ 
Pitoh.8 „ 

This will give an analysis conforming to figures given previouslv in this article. 
It is, of course, necessary that a go^ propoition of these coals be washed coals which have 

been dried prior to briquetting and also that care must be exercised in their choice as regards 
the fusibility of the ash. This latter factor is an important one for with modem day conditions 
of high grate temperatures the ash shouid not melt below 1,360* 0., but better stiU not below 
1,400* 0., a condition easily attained in the South Wales industry. 
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Anthraclta up to about 5-7 per cent, is inolnded in the ooal blend In briquette! intended for 
land boilers where the steaming load is not heavy, the anthracite in this case replacing an 
equivalent quantity of the dry steam class. 

Mention has been made of the cohesion teat, which is an empirical test designed to examine 
the soundness of the briquette to withstand transport conditions, such as the rolling of a boat 
at sea. This test consists of rotating in a cylinder (3 ft. x 3 ft.) of iron, fitted with radial ribs, 
100 lbs. of the briquettes cut to definite sized pieces, each weighing approximately 2 lbs. The 
iron drum is rotated 60 times in 2 minutes, the contents then being sieved through a l^-ip. mesh 
sieve, supported at an angle of 40° to the horizontal and the quantity retained on the sieve is 
expressed as a percentage cohesion of the original quantity used. 

A low cohesion (below 70 per cent.) may be due to unsuitable pitch, excess moisture or poor 
pressing. 

Domestic fuel Is made in many Instances on a small scale at individual collieries, where the 
coal is generally highly bituminous. This type consists of one class of coal only and may be in 
the form of rectangular blocks weighing 2-6 lbs. The ovoid or boulet type is also made from 
this class of coal. 

The ovoid type finds an outlet In domestic and central heating plants and the composition of 
the ooal blend is varied according to requirements: from purely anthracite with or without 
admixture with an equal part of the steam coal, to an ovoid approaching the composition of the 
briquettes intended for industrial purposes previously described. One of the diillcultles en¬ 
countered in the use of anthracite solely in the manufactu re of ovoids is the fact that on combustion 
on the grate the ovoids crumble to powder due to the lack of caking power of the anthracite. 
This, however, need not be the case if care is taken in the choice of a suitable pitch. The idea 
of using anthracite implies that a certain degree of smokelessness is aimed at and while the 
volatile matter of an anthracite ovoid is normally about 11 per cent, (which is the same as for 
a smokeless steam ooal) yet the pitch used produces a certain amount of smoke. With the object 
of eliminating this smoke, efforts have been made to incorporate starch (cassava) with about 
1 per cent, of pitch as the binder, the Idea of this small amount of pitch being to render an other- 
whe moisture susceptible ovoid impervious to moisture. 1'here are, however, difficulties in the 
actual manufacture and the other method of rendering the ovoids smokeless (i.«. the pitch-bound 
ovoids) is to subject them to a carbonisation process in a static or continuous oven, but here 
again the operation of carbonising suffers from mechanical and other defects, not the least being 
the sticking of the ovoids in a solid mass in a static oven. The ovoids so treated can be used for 
burning in enclosed stoves and are smokeless. 

An interesting development is the production of a modified ovoid of a cobble size weighing 
about 2 lbs., intended for locomotive use and general industrial purposes. The composition of its 
coal blend is that given previously for industrial rectangular blocks and, due to its very convenient 
shape, presents a very large surface for combustion and on trials in locomotive boilers has given 
excellent results. Another advantage being that it docs not require man handling but can bo 
picked up with grabs. 

Proceit and Plant, 

The following is an outline of the general practice of briquetting as applied to rectangular 
blocks:— 

1. Preparation of a suitable blend of coals and grinding to a predetermined size. 
2. Breaking and grinding the pitch and automatically measuring the requisite amount to be 

added to the coal blend. 
3. Mixing and heating the coal-pitch mixture In iron cylinders (' pugs ’) where jets of super¬ 

heated steam cause the pitch to melt and cover the coal particles with a film of pitch. 
4. Removal of the occluded steam with simultaneous reduction of moisture and cooling of the 

plastic coal-pitch mass to the temperature required for briquetting in the presses. 

1. Grinding of the coals Is carried out In mills of the cage type (Oarr mills) or the swing-hammer 
type, the coal, unless previously washed, being passed over a magnetic seperaior to remove 
pieces iron which are frequently found in coal wagons. 

The fineness of grinding has a bearing on the pitch consumption, and while very fine grinding 
improves the appearance of the briquettes yet it means increased pitch consumption. Another 
factor in the pit^ consumption is the rank of the coal, ije. the nearer the approach to the anthracite 
the higher the consumption as a general rule. 

2. The pitch is broken down roughly by means of pitch crackers, which have rolls with claws 
on their periphery, and then ground finely, the finer the better, in small Oarr miUs. 

In summer time trouble is experienced with pitches which are too soft and in some instances 
the fine grinding Is not carried out but the coarsely ground pitch is fed along with the coal to be 
ground in the coal grinder only, thus enabling a soft pitch to be used. 

3. The heating of the coal-pitch mixture is carried out in iron cylinders (pugs), about 8 ft. 
high and 4 ft. 6 ins. diameter, for presses with an output of about 25 tons per hour. Through 
the middle of the pug is a stout central iron rotating axis, to which are attached radial arms or 
knives, the object being to slowly agitate the coal-pitch mass which, on its downward travel, is 
mbjected to the action of superheated steam emitted from jets which are fixed through the 
perimeter of the pug and stepped up spirally. Eflacient heating or ‘ pugging * is one of the essentials 
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of the process. An outlet at the bottom of the pugs enables the flow of the hot coal-pitch mixture 
to be regulated to the pressing machines. 

4. The steaming hot mixture must be rid of its occluded steam and reduced to a temperature 
suitable for pressing for, in actual practice, the briquette must withstand five to six times its own 
weight of similar shaped briquettes, superimposed on each other on trolleys in a time period of 
about 6 to 8 minutes from the time it comes off the press. It will thus be seen that the selection 
of the pitch to produce this setting and the regulation of temperatures play a very important part. 

The type of press favoured in this country Is the steam press, while on the Continent the 
mechanical press is preferred. Both give good results under proper operating conditions, though 
the stream press is the more flexible in that it produces a sound block even from an improperly 
filled mould, while the mechanical press with its fixed motion will not do so. 

The excess of steam is removed prior to briquetting and use is made in some cases of a series 
of trays where the mixture is mechanically dropped through slots while a current of warm air 
passes upwards through the falling mass. A very successful method is to subject the hot steaming 
mass to the action of a direct flame, the hot mass being tossed about. This causes rapid evapora¬ 
tion of the excess steam and at the same time cools the mass to the required temperature for 
pressing. 

The presses are single or double acting, and pressures of 2 tons per sq. in. which are said to be 
obtainable are rather optimistic for, as a rule, the figure is rarely over 1 ton pressure and higher 
pressures are not productive of good blocks. 

Ovoid or Boulet Type. 

This form is made between two rolls on which cups or indents arc made corresponding to 
half the shape of the ovoids, so that when each roll Is properly sychronised with the opposing 
roll, the two halves meet and form the recess in which the ovoid is pressed. Care in aligning is 
necessary, otherwise badly formed ovoids with halves overlapping are produced, while unsuitable 
pitch and excessive moisture may cause the ends to gape or open out (‘ Duck Bills.*). Small 
amounts of tar are sometimes sprayed in hot by means of a steam jet to the coal-pitch mixture 
in the pugs. The ovoids should be well polished and resist considerable impact almost immediately 
on coming out of the press. 

Another aspect of briquetting is that of * pure coal ’ briquetting, i.e. no binder used, high 
pressures being utilised to bind the fine coal particles togethr*r. While good sound blocks of ^ery 
small sizes up to j lb. huvo been niade in experimeutal no fcuimereiiil pruetss for making 
briquettes for fuel purposes seems to liavc \vithsto(^d the t< st of time. Griiuiiiic; to 2'jO mesh is 
necessary for producing a good briquette from bituminous coals, but ronsideraldy finer grinding 
is necessary if attcmi)ts are made on steam coals. ProssuK S of around 10 tons per sq. in. arc found 
necessary Mr the fonner and around 20 tons for the latter. 

The chief difficulty appears to be the problem of obtaining metals to withstand such high 
pressures without distortion and the constant strain of 10 tons per sq. in. imposed on certain 
parts of the machines is no doubt the cause of the failure of large-ecale industrial plant not 
remiiiiiing in operation for any length of time. In (lenuany, however, tlie use of presses of tlie 
King-Iloll type operating at pressures of .about 15 tons per sq. in. has been successfully .applied for 
briquetting'brovvn coal without a binder. 

Firebars. 

The following proporti.ms are for tlie u.-ual •.M-r-irou l^ars : - 

Firebars require to be salted to the fuel. Glean riddled coal-nuts or cobbles may be burned 
on a i-in. bar with i in. to ^ In. spaces, but slack coal requires wider bars and narrow spaces. 
Bars are often made with projecting fingers or corrugations la plau, thus Increasing the length 
of air space considerably, too^h r^uoing it in respect of the increased width of the bar body. 
Such bars are made to rock for the purpose of shaking the ashes out of the fire and of breaking 
up clinker. Air, to supply a secondary demand behind the bridge for the combustion of the 
gases, is often admitted through hollow bars which heat the air and keep themselves cooler 
thereby, and under suitable oonditioDS good results may be obtained. 
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Some llregntee ere built op of abort ban or linka pioned together to form a aide trayeUlng 
band or oham; aooh gratea are aelf-oleaning and are much used In mechanical atokwa, and are 
good, if prorlded with suitable air control damper platea below. Other firegratea have a aome- 
what ateeply Inclined surface, and may be built up either of longitudinal bars or of tranayerae 
bata, In which latter case they hum the eo<»lled * step ' grate. Such grates may haye a creeping 
W a shaking moyement of the ban in ordw to assist gravity to lower the burning fuel down 
hUl to make op at the foot of the slope the vacant space left as the fuel bums away. The fuel 
la mechanically fed in, above, or at the head of the sloping grate surface, and gradually descends 
under the combined influence of gravity and the moving bars. A dumping device is often 
added at the foot of the slope by means of which the ash and refuse may be cleared from the 
furnace by movement of a lever. 

Grates for anthracite coal, which develops an intenso heat in the Are—^not sending off much 
gas by the heat-absorbing process of distillation—are often made in the form of flat plates with 
a number of perforated nipples or little mounds raised half an Inch above the general surface. 
The n>aoe between the air mounds Alls level with dust and preserves the iron surface from heat 
and <meoka the adherence of clinker. 

Firegrate bearera must never be rested upon the actual platea of furnace tubes of internally 
fired bofiera, but must rest on angle bracket pieces riveted to the plates by not lees than two 
rivets each. For convenience in handling it is usual to employ two or three bars in the length 
of a 6-ft. grate. 

Hollow bars are necessarily (or more conveniently) made in one len^ i this, however, makes 
them oumbMBome, and is one cause of their being sometimes unpopular, for they are heavy to 
remove and replace when cleaning; but where conditions are favourable. hoUow bars with 
outlets to the surface and a steam-impelled supply of air through the bars will beget economy, 
by enabling a cheaper grade of fuel to be employ^. 

Coal Combustion and Smoke. 

Bituminous coal cannot be burned smokelessly except under certain proper conditions. 
These are that the whole of the products of combustion most be allowed to travel over the full 
length of the fire towards the bridge; that additional air must be admitted in ^e streams above 
the fire after each fresh charge of fuel. The fresh air thus admitted mingles with the gases from 
the fuel, and the mixture must be hot enough to bom at the bridge, beyond which {mint there 
most be a clear space in which combustion may complete itself. The combustion chamber may 
with advantage be wholly or partially brick-lincd. The draught necessary depends on the output 
of the boiler. To compel air to enter over the fire, dampers are sometimes fitted to the ash pits. 

The most satisfactory results in coal combustion are usually obtained with thin fires, but the 
thickness of a fire depends on the draught and on the size of the fuel. The largest fuel will bear 
the thickest fire. 

The combustifjn space should be at a high temperature so as to ensure burning all the com¬ 
bustible into carbon dioxide and water, which would give smokeless operation. Although about 
14 lbs. of air is required to burn one pound of soft coal comi)letely, only half this amouit should 
be admitted through the grate ; the remainder should be supplied over the fuel bed. If this can 
be well pre-heated, improved combustion will be obtained. 

Leaving the door open a short interval after feeding fresh coal supplies an extra quantity of 
this secondary air when most needed. Poor draught always caiLses smoke and lowered efficiency. 
Ample combustion space is an advantage with bituminous coal and pulverised coal and with oil. 

There are two general ways of firing bituminous coal. One is to place a thick bed of coal on 
the front grates. Here it will coke, and the gases given off will pass over incandescent fuel and 
be consumed, the coked fuel then being pushed over the remaining grate area. This is well 
adapted to return tubular boilers. 

The second method is that of spreading the new coal evenly over the grate In small quantities 
over one-half the fuel bed. One-half of the fuel bed is kept Incandescent. A uniform size of 
coal, neither coarse nor line, gives best results. High-volatile cools require a bed of four to six 
inches, and those with less volatile somewhat thicker beds. 

Where gases rise directly upwards from a grate amongst water tubes without the admixture 
by travel pointed out above, smoke is liable to be made. 

Fine dust fuel can now be burned at the rate of 40 lbs. per sq. ft. of furnace area per hour. 
Given furnace room, the cheapest fuel may be the most economical. In practice the best economy 
Is that due to the use of the fuel which can be employed to raise the steam necessary at the cheapest 

The foregoing of couree, is qualified by the amount of ash in the coal where the expense of 
removal is great. 

With externally fired boilers which permit of a liberal design of furnace with suitably disposed 
firebrick, smoke can readily be prevented. It is less easy to secure perfect combustion with 
internally fired boilers, because of the difficulty of applying durable firebrick linings. But the 
question of smoke prevention is wholly one of air mixture and temperature. The burning gases 
must not too soon be brought into contact with cold plates or tubes. 



Sec. XXV GOAL COMBUSTION AND SMOKE 1335 

In boning bltamlnom ooal onlr n port of the total heat ie generated at the grate. Part of the 
heat of the fuel la abeorbed In drlnng off the ToUtfle parte of the ooai In gaaeona form. Thia heat 
beoomee latent and Terj materiallT rednoea the fnrnaoe temperature. The gaaea paaa off, contain¬ 
ing a third of the total heat capacity of the coal, aa well as the heat of gaelflcation. Unleas mixed 
with air and boned later, these gases may be totally lost. To bom bitominoos coat not only 
demands thoroogh air mixtore, but also a sofflcient temperature, and the heat of the bonixig 
gases most not be abstracted by too early bringing them into contact with the cool sorfaoes o1 
the boiler. Sofflcient length and clear space most be afforded for oombostion to complete itself, 
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1. Light grey smoke. 2. Darker grey smoke. 
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8. Very dark grey smoke. 4. Black smoke. 

FlO. 3. 

or black smoke will be formed. The furnace arrangements of the lioncashire boiler are correct in 
form, but the water-cooled plates are a hindrance to complete combustion in the case of hand¬ 
firing ; when high temperature mechanical-stoker conditions are obtained, however, it is easy 
to prevent smoke with bituminous coal in a Lancashire boiler. 

With the ordinary arrangement of bridge, however, the flamee pass*’over the bridge in mote 
or less parallel streams, and the secondary idr which passes over the fire has thus only aocess 
to the opperside of the flames. When fresh ooal is added there isa msh of volatile hydrocarbons, 
and the onderside of the flames produced have insnffleient air to complete oombostion and smoke 
is produced. There are on the market several smoke oonsoming devices in which a regolatable 
amoont of air is admitted through the bridge to the underside of the flame, and by jodiotoos use 
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of tbesa It Is possible to supply tbe requisite air to avoid the production of smoke. Another 
method is to cause a violent turbulence in the gases before they have been cooled sufficiently to 
prevent completion of combustion. This causes complete mixing of the flame gases, promotes 
and accelerates complete combustion, and assists heat transmission. Such a device can of course 
only be used successfully where the draught is adequate, but gives freedom from smoke and 
improved working results when used under suitable conditions. 

Water-tube boilers retjuirca special setting toenablc them to burn coal smokelessly. No furnace 
can be smokeless where the gases from the (ire rise vertically and pass amongst cold-water tubes. 
Bituminous fuel can rarely be burned satisfactorily unless there is some extent of firebrick lining 
to protect the gases from too early chilling. Cross water-pipes in the inner flues of tbe Lanca¬ 
shire or Cornish boiler are bad, and will seriously hinder perfect combustion and produce black 
smoke. 

The use of preheated air—the air for combustion being heated by the waste gases from the 
boilers—is becoming increasingly common in the best practice. In addition to the added heat 
in the air, the use of the hot air promotes rapid combustion, giving hotter and more Intense 
flames with less tendenev to smoke production, and thus Increases the capacity of both furnace 
and boiler. It also enables inferior coals to be burned with greater ease. Oare must however be 
taken as the increased fomace temperature will cause more troublesome olinker and greater 
wear and tear on the grates if onsuitable coals are used. 

Colour of Smokb. 

The colour of smoke Is indicated by Ringelmann’s smoke charts, which arc numbered from 
No. 0, all white, to No. 6, all black. In flg. 3 intermediate sizes 1, 2, 3, 4, are shown, the 
ratio of line to space breadth being respectively, 10: 90 ; 23 : 77 ; 37 : 63 ; and 55 : 45. Large 
ohartfl drawn to tiiese proportions and hung about 50 feet from the observer where the ohimney 
top can be seen simultaneously, if possible, are very great aids in correctly estimating the relative 
blackness of smoke. 

The four scales of the figure are called light grey, darker grey, very dark grey, and black 
the extreme all white or all black being respectively no smoke or dense black. 

MECHANICAL STOKERS. 

There are several tj'pes of mechanical stokers; for internally fired boilers (sneb as the Lanca¬ 
shire), the underfeed coking and sprinkler, and, for water-tube boilers, the travelling grate, the 
single horiaontal retort, and the multiple inclincKi retort. 

With regard to the internally fired boilers, by reason of their construction a stoker of the self- 
cleaning type is not easily arranged, and for this reason the efficiency of such boilers is rarely as good 
as that of the water-tube boilers. Lr the underfeed stoker tbe coal is forced onwards and upwards 
in a central trough by a helix conveyor, the hydro-carbons being distilled while the fuel is rising 
from the trough, and burnt while passing through the incandescent fuel bed, thus removing the 
possibility of smoke; and the coke is burnt while passing over the side grates, so that the ash and 
clinker collect at the extreme sides of the furnace, from which position they can be conveniently 
removed. In tbe coking stokers, tbe fuel is usually fed on to the front of a moving grate, the 
volatile portion being expelled and burnt near the front, and the coke homing while travelling 
towards the baok of the fire under the influence of the moving grate surface. In the sprinkler 
stokecB the fuel is thrown on to the grate surface by means of a throwing shovel or similar device. 
All three types of stoker are capable of biuning the fuel efficiently, but the underfeed type has the 
advantage as regards smokeless combustion. 

The single retort machine is quite satisfactory for small boilers, and has the advantage that it 
is driven by a self-oontained steam motor. The moltiple retort type of stoker gives satisfactory 
results with many kinds of coal. 

The travelling grate stoker Is highly effloient and is capable of dealing with a wide variety of 
fuels; it has the advantage that each portion of the grate is in tbe furnace only one-third of each 
complete revolution, so that it may be adequately cooled and repaired. If necessary, without 
shutting down the boiler; the ash is discharged automatically over the baok end of the grate. 

In its original form it had the disadvantage that the fuel bed tapered from full thiokness 
at the front to nothing at the baok and thus offered a diminishing resistance to the air supply, 
the majority of which passed through the thinner fuel layer* In plants subject to vaiving 
loads this led to ezeesafve amounts of exoeas air to secure smokeless oombnstion and limiting 
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Iron Fireman 
The world’s best Automatic Coal Stoker 
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Arrangement of a No. 
4 Iron Fireman Auto¬ 
matic Sloker on 5' 6" 
dia. X 12' 3" high 
Cochran Patent Verti¬ 
cal Mult ituhular Boiler. 
Other Iron Fireman 
models cover every In¬ 
dustrial, Institutional, 
Horticultural and 
Domestic stoker re¬ 
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Ashwell & Nesbit Ltd., Barkby Rd., Leicester, Eng. 
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INTERNATIONAL GAS DETECTORS Ltd. 

MANUFACTURERS OF:— 

W.R. CO2 INDICATORS AND RECORDERS 
FIXED AND PORTABLE TYPES 
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GAS ANALYSIS INSTRUMENTS OF ALL TYPES, 

INCLUDING THREE NEW 

MINISTRY APPROVALS FOR MINES:— 

THE RINGROSE 
AUTOMATIC FIREDAMP ALARM 
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METHANOMETER 

METHANE RECORDER 

★ 

FULL PARTICULARS FROM 

GREAT WILSON STREET, LEEDS, 11 
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th« power of the ■toker. It h«e now been Improred bj dlTlding the wind box Into n nnmber 
of oompartmenti provided with loltable regnlating dampen eo ae to eeoore reenlar oomboation 
under all load oondltlona, and thla hae reeolted In greater ootpnte and oonelderably Inereaaed 
thermal eflBolenbj. 

It la neoenary to atndj oarefnlly the podUon, dze and arrangement of the * Ignltton ardh' 
uaed with each atoken to lult the partioular olaas of fuel to be need If ready Ignition and even 
&nd amokeleas oomboation la to be attained. 

MECHANICAL DBATTGHT. 

Varlona mechanical methods have been Introduced for inoreaaiug the dran^ for boUen; 
this may be aocompliahed by an exhaoatlng fan drawing the prodacta of oomboation throuidi 
the flues* or by blowing air Into a closed stokehold or an encloeed ashpit, and forcing the iix 
through the fire with the neceaaary preaaure, which varies according to rate of combustion 
desired. There is also a combination of these mechanical means, termed * balanced draught,* in 
which air is forced under pressnra into the ashpit by one fan and the gases are drawn off by 
an exhausting fan so arranged that there is neither pressure nor vacuum above the fire. Another 
method is the * ejector draught * system in which the flue gases are drawn op the chimney by 
a high-speed Jet of air. 

The advantage of mechanical draught produced by a fan Is that the first coet Is lem than half 
that of a chimney; also the draught is independent of atmospheric conditions, can varied 
instantaneously to suit the demand for steam, permits of econonusers. and allows the reduction 
of the temperature of the waste gases to be carried to the lowest practicable point. It increases 
the capacity of the boiler, and permita of a more perfect combustion with less excess of air. 
It allows the use of lower grade and lest expensive fuel, and so produces steam more cheaply. 

Any desired rate of combustion from the normal of 20 lbs., to SO or 40 lbs. of coal per square 
foot of grate area, may be maintained with a mechanical draught plant. The air volume required 
depends upon the style of boiler, condition of b<dler setting, skilful stoking, the kind of coal used, 
and other factors; in round numbers 200 to 250 cu. ft. of air will be required per lb. of coal; 
these figures represent about IS percent, and 10 percent. OO^ respectively. 

To drive a fan requires about | to 1 per cent, of the total power generated. The full benefits 
of mechanical draught are only obtained where means are employed to utilise to the fulleet ex* 
tent the heat of the flue gases (by means of supertieaters or economisers) before the latter arc 
discharged into the chimney. The cost of installing a fan and engine is very much lees than 
the cost of a chimney, so ^t mechanical draught is economical in first cost. 

Fan draught enables a heated air supply to be employed, and it Is said that by beating the 
air supply to 180* the fire temperature will be raised an additional 360*, owibg to better 
combustion, etc. 

In order to ensure success it is necessary to have each portion of the plant propwly pro¬ 
portioned so as to give a proper * balance * to the whole. In many plants much power is wasted 
and results obtained are unsatisfactory owing to inadequacy of flues, etc., or the incorrect pro¬ 
portioning of some other portion of the plant throwing the rest out of ' tone.’ 

PULVBBISBD COAIi. 

OBNEHAb. 

Goal in pulverised form was first snooesafully applied to oement-bumiim Min*. This method 
of heating cement kilns has now become universal practice, the steadv long flisme with its resulting 
continuous and unvarying heat developmmit inade the rotary kiln being ideal for this work. 
Moreover, the ash which has always been a sonroe of tronble in other applications forms part of 
the finished product in this industry. 

For cement burning the coal is r^uoed to a fineness of about 80 per cent, through a 100-mesh 
screen (10,000 holes to the square inch). It is essential to pulverise to a greater degree of fineness 
for general applications. A coarser product can be permitted when burning high volatile fuel 
(SO per cent. V.M. and upwards), or in the case of very large steam-raising units, as now installed 
in the latest super-power stations in America and elsewhere, but the American standa^ of 
finenees, i.e, 85 per cent, through a 300-meah acreen (40,000 holes to the square inch) should 
be accepted for general boiler firing and for all metalluri^cal work. 

This fine degree of coal-dust, ooupled with a low presMire on the air snpp^, thereby decreasing 
the velocitv of the gases passing through the furnace or boiler, and a wider adaptation of the 
principle of turbulent mixing of the fnd and air, resulted in the removal of the former troubles 
due to the formation of ash slag in obequer-work, on metal to be heated, or on boUer tubes. 

It is now a recognised and suooeasful practice to apply pulverised coal to all ^*nwnt of 
metallurgical furnaces, and In a very marked degree to power-house boilers. (Open-hearth 
steel furnaces require special consideration.) 
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STEAM RAISING 

COMBUSTION 

GRINDING 

SCREENING 

FILTERING 

MATERIAL 
HANDLING 

. . , it is certain to be ^different’—and our answer will be 

different too. Almost everything we make is specially designed, 

and although w^e refuse to build down to a price, most of our 

clients find that it saves them money to bring their problem to 

LCL. 

INTERNATIOML COMBUSTION 

NINETEEN WOBURN PLACE, LONDON, W.C. I . 

.— .—■■■■■—.... "giiT' 
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Where the problem is 

Controlled Combustion 

the answer is a 

RILEY STOKER 

RILEY ROBOT AUTOMATIC STOKERS 200,000— 
2,700,000 B.T.U’s. Completely automatic. Burn inexpen¬ 
sive grades of ordinary coal. 

RILEY DIREKTO STOKERS 200,000 — 2,700,000 
B.T.U’s. Completely automatic. Feed direct from coal 
bunker to boiler. 

INDUSTRIAL ROBOT STOKERS 2,000,000 — 
8,500,000 B.T.U’s. For industrial furnaces, hot water, and 
steam boilers. 

RILEY CLASS ‘ B ’ STOKERS For Lancashire, Cornish 
or Economic type boilers. 

BABY ROBOT STOKERS For heating and domestic 
boilers in private houses up to 100,000 B.T.U’s capacity. 

FORCED DRAUGHT FRONTS A vital help in burning 
small coal, slack, breeze, duff, smudge, etc. Also reinforce 
feeble chimney draughts, where chimneys are low. 

ROBOT INCINERATORS will burn a wide range of 
combustible refuse. Gas ignition if desired. 

RILEY STOKER CO., LTD 
Members of the International Combustion Ornanhation 

NINETEEN WOBURN PLACE, LONDON, W.C.I 
Phone: TERminus 2622 

F. 1339 
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The lue of palTerieed fuel ae a meana of fixing boilerB» furnaces, cement kilns, luoomotlTea, 
public supply, and Incidental purposes throughout the world now accounts for a yast quantity 
of industrial fuel, perhaps 100 million tons per annum. 

Although ohimnoys of good height are adyisable for large installations, apparatus has been 
derised to trap much of the dust carried in the flue gases. Tests carried out at Milwaukee show 
that as little as 16 per cent., and as much as 86 per cent., of the ash in coal passes out at the 
chimney top under oertain conditions. These conditions are controllable, and whatever may be 
the amount permitted to escape into the atmosphere, this dust la unlikely to become a nuisance, 
for it is in such fine particles that the dust iises into space, and its deposition is very widely 
spread. 

Pulverised coal-fired boilers are now guaranteed to give a continuous evaporation oi 13 lbs. 
(from and at 312*’ F.) of water per sq. ft. of heating surface, at a boiler and furnace efiioiency of 
81 to 83 per cent, and a peak load evaporation approaching 20 lbs. per sq. ft., with water-tube 
furnace linings in series with the boiler elements. 

Mill Housb plant fob Central Stbtem. 

Fig. 4 shows an outline arrangement of a typical coal-pulverising plant with screen separator 
mill and rotary coal-fired dryer. 

The coal delivered by rail wagon Is crushed to 2-ln. cube and passed up the No. 1 elevator 
to the crushed coal storage bln. 

From this bin the crushed coal is fed by gravity Into the rotary dryer, wherein the moisture 
content of the coal is reduced to 1 per cent, l^ds is a necessity for bulk pulverisation, storage, and 
for conveying the fuel through pipes. 

Rotary coal dryers are fitted with furnaces, either hand fired, stoker fired, or arranged lor 
burning powdered coal. The hot gases from the furnace should not pass through the diryer in 
direct contact with the coal until these gases have been considerably cooled. Some dryers are so 
designed that the hot gases do not pass over the coal before they nave travelled the full length 
of the dryer through a central tube, when they are diverted into the outer portion of the dryer 
and pass back to the furnace end in direct contact with the coal. For high volatile coal this type 
is essential. 

The average coal consumption In the dryer is about 20 to 30 lbs. of coal per ton for a reduction 
of 10 per cent, in the moisture content. When coal is very wet it then becomes necessary to 
pass the coal twice through the dryer. The final temperature of the coal leaving the dryer should 
not be above 260* F. 

From the dryer the coal passes up No. 2 elevator to the dried coal bin, passing over a msgnetle 
separator pulley ia order to remove any pieces of iron from the coal, and is fed by gravity into the 
pulveriser. 

With the static diyer, which has no moving parts, a portion of the waste gases from the boilers, 
generally about 10 per cent., is forced through the coal, with the result that the coal is thoroughly 
dried without any loss of the volatile constituents or fine dust. 

The stationaiy type of dryer has been generally adopted for power-house installations. Initial 
troubles, regard^ the fiow of ooal from the dryer and uneven or over-heating, have been 
eliminated. 

Raw coal can be delivered to the banker above the dryer, from whence it falls by gravity 
through the dryer to the pulveriser mill. Thus, the rotary d^er motor, the No. 3 elevator, and, if 
necessary, the dry ooal bunker, shown in fig. 4, are dispensed with, and only in special cases are 
rotary coal-fired dryers necessary. 

The application of this dryer does away with a considerable portion of conveying machinery, 
for handling both the raw coal and the dry coal at the same time, eliminating expensive plant and 
fuel used to dry coal. As much as 2 to 3 per cent, of the coal purchased is sometimes employed 
in drymg fuel in revolving dryers, with the static diyer this ooal is replaced by waste gases from 
the boilers. On the Continent the levolving disc, grid, or shelf type of dryer heated by super¬ 
heated steam is favoured. 

Screen separator mills have been used very extensively in the cement industy for pulverising 
the ooal and for grinding the cement clinker. In this type of mill the fine particles of ooal are 
thrown tangentially through the mill screen; the fine product is then raised by means of No. S 
elevator to the powdered ooal bin, or it is delivered direct into the screw conveyor or into a 
pump, for transport to the bins at the furnaces. 

In the air-eeparator type of mill the fine coal-dust is exhausted through a fan and deposited 
by means of the upward air ourrent into the oyoione collector, whence it is delivered into the 
powdered ooal storage bin, or direct on to the screw conveyor or pump. 

The power required for operating a screen separator mill with its pulverised fuel (No. 3) 
elevator is somewhat less thau the power required for operating a screen separator mill and 
exhaust fan. The wear and tear on the latter mav be excessive when abnudve hard ooal is 
pulverised, but the vaooum extraction of the ooal-dust from the mill tends towards a cleaner 
miUohoiiM. 
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Against the screen separator niOl may be placed the occasional damage to the screen by a 
stray piece of iron. Ajiy perforation of the screen due to this cause permits coarse coal to escape 
with tne pulrerlsed product. 

Both types are in general use, and at the present time the advocates of one are as numerous 
as the advocates of the other. 

Hardinge ball mills in conjunction with Hummer screen separation are also in use for pul* 
verlsed coal production. 

TRANSPORTATION OF PULVERISED GOAL. 

The original method of transporting coalslust was by means of weathertight screw conveyors. 
This method, fig. 4, although used to some extent for small and compact installations, has 
given place to air pressure and pump transmission systems fur larger plants or greater distance 
delivery. 

For any one of these methods of conveying pulverised fuel the product must be dry, otherwise 
packing troubles will occur. 

FEEDERS. 

Whenever coal-dust is held In bulk at furnace bins, feeders are attached thereto fitted with 
screws or worms to introduce the dust into the air-blast as it enters the furnace, or compressed 
air is used as a means of syphoning out the fuel. 

The screw or worm of the feeder is usually operated by means of a variable speed motor. 

BURNERS. 

The usual type of coal-dust burner met with in general practice has been of very simple 
constructioa, merely consisting of an air-carrying supply pipe into which coal dust is fed by the 
screw feeder. These simple types of burner have ^veu fairly good results, but later practice 
has established the necessity for a more intimate mixing of the air and powdered coal. 

Many special burners have therefore been devised whereby a pre-mixing of coal dust and air 
is effected before the final stream of ah for combustion is introduced. 

BxGeptionally good results have been recently obtained with the turbulent mixing types of 
burners, such as the Peabody, the Buell, the Bailey-Tenney, Couch, Fraser & Chalmers, the 
International Co.’s Typo ‘ K,’ the Clarke Chapman, and tho Fuel Itcscarch Stations Grid and 
Multijet burners, to effect a short diffused flame. 

In each type a well-conceived combination of air and coal passages with adjustable or deflec¬ 
tion plates or vanes renders it possible to control the direction, length, and intensity of flame. 

By reason of the thorough mixture of air and coal, pulverised coal oan be applied direct to 
the lire tubes of Lancashire and Oomiah boUers without the use of external oombustion cham¬ 
bers, unless high ash coal is used, when it is preferable to collect much of the ash prior to its 
passage ^ough the boiler tubes. These burners also eliminate the extensive furnace alterations 
reqni^ tor long flame burners. 

No diffloolty is experienoed In burning low ash coal (10-15 per cent.) without external com¬ 
bustion chambers. 

usua^ 
By reason of wide diffusion of the air and coal-dust mixture, the areas of oombustion chambers 

*ly provided for hand or stoker firing are in most cases sufflolent. 

An actual example of results obtained with the * Buell' burners, as applied to toe stoker 
settings of a B. & W. boiler of 3,240 sq. ft. of heatlog surface, without external combustion 
chambers, is as follows 

Stoker Firing. 
Coal—B.Th.U. per lb.12,663 

„ lbs. per hour .... 1,792 
Water evaporated from and at 212* F. per 

hour ...... 13,365 
„ Per lb. of coal . . . . 7*4 

Bfflolenoy of boiler and furnace . . 57 per cent. 

* Buell ’ Burner. 
10,370 
1475 

10,553 
90 

83 per cent. 

Another method of liberating a very greatly increased number of B.Th.U. in a small com 
bastion area has been developed in the * Well'-type Burner, which oonsiste of a reotan^or 
chamber with pulverised coal burners at each angle, these producing a high degree of turbulence 
within the water-oooied bamer chamber. 
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Power of Motors. 

Mill hocsb Plaiit (for 40 tons per lO hours). 

Preliminary crusher (not required with slack coal) . . 16 to 20 h.p. 
Nos. 1, 2, and 3 elevators.7^ h.p. each. 
Dryer.10 to 16 h.p. 
Pulveriser mill, screen separation . . . , . 60 „ 76 h.p. 

» M air li .«0 „ 100 h.p. 
(Mill capacity^ 4 to 6 tons per hour.) 

FUEL Transportation (say 5 tons per hour, 300 ft. and 40 ft. lift). 

•By screw conveyor . 
tBy air pressure 
•By air mixture 
•By screw pump 

• Continuous operation. 

. . . 16 h.p. (motor). 
. . 76 (compressor). 
. . . 60 „ (fan mixer). 

. 20 „ (screw pump and 
compressor). 

t Intermittent operation. 

COAL-DUST Feeders. 

Constant or variable speed motors.1 to S h.p. 
(f h.p. motors are sometimes used, but are generally unsuitable under mill conditions.) 

Air Fans. 

No accurate figure can be given for the power required for air fans, as ibis will depend upon 
the size of burner used. The total quantity of air per pound of coal allowed is nsnally 
180 cu. ft., 60 to 100 cu. ft. being supplied at a pressure of 4 co 6 in. w.g.; tho remainder is induced 
at the burner when furnaces operate under induced or chirancy draught. 

Pre-Gasification op Coal. 

Much of the success obtained in the various applications of pulverised coal has been due to 
the fine and uniform pulverisation of the coal, and the provision of combustion chambers of 
considerable cubic area. 

Until the advent of the turbulent mixing type of burner, the latter requirement precluded the 
development of pulverised ooal-flring for such purposes as marine boilers, Lancashire boilers, 
locomotives, and the smaller range of trial furnaces. 

A greater measure of success isstill to be obtained by subjecting pulverised coal to temperatures 
In the neighbourhood of 1,000” O. at high velocity, and with an air supply sufficient only to 
maintain this refractory surfaoo temperature, gas can be generated and delivered direct to furnaces 
or boiler firing chambers with little loss of the sensible heat. 

Developments are now in train for the practical application of pulverised coal In this manner, 
and a measure of success has already been obtained. Due to the extraction of dost in the pre¬ 
gasification chamber, this system lends itself particularly to those applications where dostleas 
conditions on the hearth or in the furnace are essential. Moreover, it will doubtless be possible 
to utilise such generators or pre-gasifiers with either liquid fuel or pulverised coal. 

Self-contained Pulveriser Units. 

Great attention has been given to the perfecting of these small unit mills, which can bs placed 
alongside the boilers or fumaoes to be heated. So much progress has been mads in design, 
reduction of power oonsumption, maintenance costs, etc., that their installation at French and 
German iron and steel works and at American power houses has been generally accepted. 
Whereas power consumption was anything up to 30 kW. per ton of ooal, these units now operate 
at 12 to 16 kW. for similar fuel as burned at the furnace, including air supply. These units are 
also pulverising fuel oontaiuing up to 16 per oent. of moisture, but this moist fuel must necessarily 
be supplied direct to the fumaoe burners, and not stored in bunkers. 

The figures given in the table on p. 1348 represent the capital outlay required for complete 
miU-house plante of various capacities. The initial cost of same, with transportation sy^m, 
fumaoe bins, motors, feeders, eto., neoessitates an expenditure which. In many oases, will or 
can only be contemplated when aotual results have proved that the ooUeotive advantages 
and economies thereby introduced render suob an investment wholly attractive. 
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For MMller fael requlramonts and tor testing pnlTerised-ooal firing upon indlvldoal boilen 
or ftimaeoai a aelf*oont^ed pulTOiiBer unit can oonTonlently inatalled. There are now many 
efficient machines ot this type arallabie. 

Coal containing comparatively high percentages of total moisture—20 per cent, or so—can 
pulverised in several of the well-known types of units, and through the medium of hot air, up 
500* 0.; the resultant fuel powder will be practically bone dry. Goal containing 5 per cent. 
10 per cent, of moisture can be dried and pulverised with air at atmospheric temperature, t 
resultant degree of fineness depending upon the humidity in the atmosphere at the time of 
grinding. 

By we installation of self-contained units the value of pulverised-coal firing for any specific 
purpose can be ascertained, so that the question of capital outlay upon a complete mill-house 
plant and attendant equipment can be based upon the results asoertahied in this manner. 

Pulverised Coal at Sea. 

In the following table certain available data arc set out concerning four ships in which pul¬ 
verised coal is or has been used. - 

1 ! 
Name of Ship: S.S. Hororata. s.s. Meiz. s.s. Berwindlea. 8.8. Mercer,* 

Shipping Line, or New Zealand Blue Star Line, Berwindlea 

1 U.S. Shipping 
Board, leased 
to OonsoUda- 

Owners: Shipping Go. i Ltd. Steamship Go. tlon Navlga- 

Tonnage 11,240 

1 

7,600 

tion Go. (Ori¬ 
ole Line) 

6,219 

Trade route London - New Towage on U.8.A. and West New York- 
Zealand via Rhine Indies England 

Name of system 
Panama 

Howden-Buell * Resolutor* pul- Clarke Obapman Peabody 

Equipment sup¬ 
plied by 

R. & H. Green 
veriser 

Fours & Ap- Olarke Chapman ' Peabody Bn- 
and Silley, parells Stein & Co., Ltd., gineering Oor- 

First trip on pul¬ 
verised coal 1 

Trips or miles to 

Weir, Ltd,, i 
London 

; December 22, 

Gateshead 

August 15,1029 

poration,New 
York 

November 1027 
1 1028 

Over 40,000 1 Over 6,000 Over 60,000 
date t 

Number and type 6 Scotch marine 2 S.M. single- 2 S.M. single- 3 S.M. 
of boilers in ship 4 furnace ended ended 3 furnace 

Boilers pulverised 
17'0^ X 12'0* 
3 Scotch marine 2 S.M. single- 2 S.M. single- 3 S.M. tor pul¬ 

ooal-flred ended ended verised fuel 

Heating surface to 1 cu. ft. comb, i 
and oil 

combustion area. 
Batio 

Maximum fuel 

vol.to5 8q. ft. 
H.S. 1 

2-88 lbs. ! 4-2 lbs. 
burned per hr. 
peroo. ft. Comb. 
area 

Maximum fuel . 1,870 lbs. 1,344 lbs. 1,950 lbs. 
burned per hr. 
per boiler 

Number, type, and ' 3 ball type, 2 ‘Resolutor* 2 * Resolutor ’ 2 ball mills, each 
rating of pul¬ 2,000 lbs. per ; each 2 tons (1 per boiler), ] 3,600 lbs. per 
verise hr. each 1 ton per | hr. 

Method of driving Steam turbines Steam turbines 
hr. 

D.O. electric Non - condens¬ 
pulverisers motors ing steam 

engines 

* This ship has been treated largely as a pioneer experimental ship, 
t As at September 1222. 

S
'?

?
?
: 
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1 
Name of Ship : s.8. Hororata, SJB. Metz, 8.S. Berwindlea, s.s. Mercer,* 

Shipping Line, or New Zealand 
Owners: Shipping Oo. 

1 Blue Star line, Berwindlea 

U.S. Shipping 
Board, leased 
to Oonsolida- 

Ltd. Steamship Go. tion Naviga¬ 
tion Oo. (Ori- 

• ole line). 

Maximum mois- 7% New River 12% 12% 
1 ture in raw coal i coal, Panama 1 

Method of drying ; Heated primary Heated air Heated air Heated primary 
coal 1 air through through pul- through pul- air through 

1 pulverisers verisers verisers pulverisers 
Method of fuel ; Howden • Buell Ring main Ring main 1 Peabody pa- 

distribution ! patent 

Number, rating, ! Four 480 lbs. 1 each furnace 1 each furnace 

tent me^i^- 
cal 

2 patent pneu- 
matio 

3 Peabody pa- 
and type of bum- ; per hr. 
ers per boiler Howden - Buell Woodeson-Stein Woodeson pa- 

tent 
Combined coal 

patent tent, 660 lbs. and oil 
: i 

Total power per 18 kW. 
i 

15 kW. 
per hr. 

15 k\V. 
burners 

ton of coal con- | 
veyed to burners ; 

General results: j 
1 Quantity, eco- i 10% 20% — 
1 nomy in fuel ' 1 

Cost, eooaomy 10% — New ship, 1*377 
lbs. coal per 
l.h.p. hr. 

! Self - trimming 

in bunkers 1 

Labour economy ! 60% (firemen) A saving of 6 
in stokehold bunkers. One firemen per 
and trimming man only re- 24br8.ascom- 

quired in pared with 

Special oonsidera- Suitable for 

stokehold for 
6 furnaces; 
DO trimmers 

band-firing 

tion applying usual ran-of- 
to the system mine coal as 

bunkered for 
1 band-firing at 
' coaling ports 

* This ship has been treated largely as a pioneer experimental ship. 

Some valuable resulta of pulverised coal-firing in marine Scotch boilers, for the Harrison 
Line steamers of the Ohareute Steamship Cktmpany, Ltd., s.s. Aftuutan and s.s. Recorder^ vfeie 
given In TAs Engineer of October 30, 1931. These results were amplified in a paper presented 
before the Institute of Marine Engineers on January 31, 1933, by Mr. W. Q. Gibbons and Mr. M. 
Axthursou, which was abstracted in The Engineer of February 17, 1933, from which article the 
following particulars are taken. 

The Musician, built in 1919, is a more or less standard Glass ' A * ship, bought by the 
company in 1994. She is 38B ft. b.p. by 61 ft. 9 ins. beam moulded by 39 ft. 3 ins. depth moiMded. 
She has a load line displacement of 10,680 tons, with a block ooellicient of 0*777. Her engines 
are 37 ins. -f 44 ins. -f 73 ins. by 48 ins., with a working pressure of ISO lbs. She hoe three sb^le- 
ended boilers, 16 ft. 7^ ins. moan diameter bv 11 ft. 6 ins. long; three furnaces in each boiler, 
8 ft. 10 ins. diameter: tubes, 3} ins. outside aiameter by 7 ft. 8 ins. b.p.; total heating surface, 
7,668 sq. ft.; fitted with Howden forced draught; no superheat. 
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The Recorder^ one of nine sisters, was built in 1930, and commenced work in November of 
that year. She is one of the latest types of ships built to salt the owners’ special requirements, 
and is 420 ft. b.p. by 64 ft. ins. beam moulded.by 32 ft. 7 ins. depth moulded ; with a load 
lino displacement of 13,000 tons and a block coefficient of 0*76. The engines have cylinders 
27 ins. -f 46 ins. -f- 77 ins. by 54 ins., with a working pressure of 210 lbs. per sq. in. She has 
three single-ended boilers, 16 ft. 3 ins. mean diameter by 12 ft. long; three furnaces in each 
boiler, 4 ft. internal diameter; tubes, 31 ins. diameter by 7 ft. long b.p. The combustion 
chambers are large, being 3 ft. 7J ins. long at top and 3 ft. 10 Ins. at bottom Inside. The total 
heating surface in the three boilers is 7,200 sq. ft., the capacity of the furnaces 766 cu. ft., and 
of the combustion chambers 1176*7 cu. ft., or a total combustion space of 1931*7 cu. ft. 

There are three pulverisers of Olarke, Chapman and Co.'s make, one to each boiler, direct 
driven by Beiliss and Morcom steam engines at 1,200 to 1,350 r.p.m., according to the type of 
coal. The fuel feed mains are so arranged that with the spare lengths of pipe supplied any 
pulveriser can feed other boilers in addition to its own boiler. Hot air for the pulverisers and 
secondary air for the furnaces is supplied by a fan through a tubular heater In the uptake. The 
main steam is superheated by a Sugden uptake superheater to about 620" F. at the engines. 

The following are working results. The Musician is doing the same work on 29-30 tons of 
inferior coal as she did previously on 34-36 tons of better coal. 

It is difficult to get exactly similar passages of the Recorder and her sister ships, owing to the 
different displacements, consumption, speeds, weather, slip and condition of bottom, but the 
three passages given below are very good comparisons. 

8.8. Recorder. ss. Contractor. 
Liverpool to Liverpool to 
Port Said, Port Said, 

May 30, 1031. May 9, 1931. 

3,179 nautical miles 3,180 nautical miles 
11*4 knots 11*3 knots 
37 • 7 tons 40 tons 
6*3 percent. 6*6 percent. 
21 ft. 3 ins. leaving 21 ft. IJ ins. leaving 
439 tons 468 tons 
Staffs, slack Washed Yorkshire mixed 

per cent, in cost of fuel for this passage. 

Liverpool to Liverpool to 
Corpus Christi, Galveston, 

Oct. 19,1931. Aug. 28, 1931. 

5,081 nautical miles 4,958 nautical miles 
10*8 knots 11 knots 
37*7 tons 36*6 tons 
9 * 2 per cent. 6 * 7 per cent. 
15 ft. 0Jins. 17 ft. 4 ins. 
739 tons 686 tons 
Bolsover slack Washed Yorkshire mixture 

per cent, in cost of fuel for this passage. 

Distance .... 
Average speed 
Daily consumption . 
Slip. 
Draught mean 
Total coal burned on passage 
Description of coal . 

The Recorder shows a saving of 37 

Distance .... 
Average speed 
Daily consumption . 
Slip. 
Draught mean 
Total coal burned on passage 
Description of coal . 

The Recorder shows a saving of 28 

The cost of replacing wearing parts in the pulverisers works out at about the same as the cost 
of hand-fired furnace fittings. 

A number of anal3r8e8 made of the coal in the Recorder and the samples of ash obtained from 
the combustion chambers, tubes, and uptakes, show that there is only 1 • 4 per cent, of the com* 
bustible matter in the coal left in the ash. 

As regards engine-room crew, the Musidan has been reduced from fifteen to thirteen firemen, 
trimmers, and greasers, and given one extra junior engineer. The Recorder has twelve, instead 
of fifteen to eighteen firemen, trimmers, and greasers, and one extra Junior engineer. 

Steam is easily controlled and all readings, such as preBsure, temperature, CO„ etc., are very 
steady, and hardly vary throughout a passage. No trouble is experienced when working in 
and out of port. The boilers can be fired much harder than with hand firing, without trouble 
or Ion of efficiency. Speaking generally, very little trouble has been experienced with either 
ship. 

Pulverised coal firing in a ship makes much greater demands on the engineers in charge, as 
there is much more to look after and keep adjusted, but it eases the work of the firemen. So 
far as the anthors oan see, it is muoh easier on the boilers; there is no * firebar line * along the 
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furnace sides, and the furnaces scale more or less all round. In the Muiidan^ as is usual in forced 
draught jobs of her type, the owners were constantly renewing combustion chamber stay note 
opposite the furnaces, but since fitting pulverised coal firing to two of her boilers, they have not 
renewed a combustion chamber not, and so far there are no signs of such repairs being required 
in these two boilers, though they are doing over 75 per cent, of the work of the ship. 

Pulverised Coal for Locomotives. 

The advantages for pulverised coal, lignite, etc., as a locomotive fuel are— 

30 to 40 per cent, fuel economy as against hand-firing, running mileage and cylinder power 
of engines increased, cost of firing tools and repairs to fire grating eliminated, no cinders or 
sparks from the smoke stack, reduction of fire-box strains, firing conditions with pulverised- 
coal firing analogous to oil-firing with similar fuel-bunkering facilities. Any local fuel within 
reason can be ased. 

The following fuels have been and can be used : 

CmoAQo AND North-Western Railway. 

A B 0 D 

Illinois bituminous 
Kentucky bituminous . 
North Dakota lignite . 

Per Cent. 
. 3-18-16-36 

1-9 - 2-8 
. 1-8 

Per Cent. Per Cent. 
10-00 34-47 ! 
8- 00 36-54 i 
9- 32 47-26 1 

10,720-12,400 
13,964 
10,960 

New York Central Railway. 

Pennsylvania bituminous 
Brazilian bituminous . 

. ! 0-61-0-91 

. 1-73-9-16 
8 • 94-13 •2i!21-63-31-35 

23-14-29-33 9-6 -28-04 
13,671-14,096 
8,820-10,177 

The DEL.vwARiii and Hudson railway. 

Pennsylvania anthracite culm ; 0-6 
„ bituminous . j 0-6 

12-22 8-30 
9-0 33-0 

12,000(average) 
13,760 

A. Range of moisture. B. Ash. C. Volatile matter. 

D. Calorific value, B.Tb.U. per lb. (dry). 

On the Lehigh Valley Railway a locomotive bos been run on a mixture of 66 per cent, raw 
anthracite silt and 45 per cent, bituminous coal. Full steam pressure is maintained easily at 
all times, and the anthracite silt contains 38-42 per cent, of ash, and has a B.Tb.U. value of 
9,675, while the soft coal which is mixed with this has an ash content of 11-6 per cent, and a 
B.Tb.U. value of 13,660. Analyses of these coals arc as follows :— 

Anthracite Silt. 

Moisture 
Volatile 
P.O. 
Ash 

Ter Cent. 
2-26 

10-39 
49-30 
38-42 

Soft Coal. 

Moisture 
Volatile . 
F.O. 
Ash 

Per Cent. 
. 1-90 
. 36-69 

. 49-89 

. 11-60 

The raw coal and lignite to be burned on locomotives in Italy has the following analysis, 
figures representing the limits in each cose are given:— 

Per Cent. Per Cent. 
Moisture . 12-62 to 26-80 Volatile . . 31-5 to 60'94 
Ash . . 11-6 to 32-60 Carbon . . 36-26 to 68-60 

B.Tb.U. values from • . . 3,640 to 10,440 
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Befraotory Jjinings for Combustion Chambers. 

The construction end composition of the linings of combustion chambers for pulyerised coal 
fired furnaces are questions of considerable importance. 

Although the experience gained of recent years has rendered it possible so to design oombos< 
tion chambers that the refractory linings are not subjected to the seyere destruottye action 
from the flame and ash slag as heretofore, it is still highly desirable under all conditions to haye 
a ifafag that will not only withstand high temperatures, but will at the same time resist the 
OOTTOsiye chemical action of the ash under these conditions. 

In the case of high temperature metallurgical furnaces the factor of corrosloa is one that must 
be carefully considei^ in yiew of the presence of metallic oxides introduced through the fumaoe 
charge. 

Host coal ash consists chiefly of alumina, slUca, and iron oxide, together with yery much 
smaBer quantities of fiye or six metallic oxides. ‘ 

Metallic oxides are of primary importance, in yiew of the fact that many of them haye a 
marked fluxing action on ^most any refraotory material. Thus, a fuel ash that contains much 
iron oxide has in itself a destructiye action on furnace linings, Irreepectiye of any of its other 
constituents. 

Apart from this, some fuel ash contalos a predominating amount of basic material, whilst 
in other cases there may be an excess of acid material. When a furnace is to be fired generally 
or entirely with a fuel containing a basic ash It Is highly desirable to proylde a baaio lining, for 
by so doing much of the trouble and expense for renewal and repair of furnace linings wiU be 
ayoided. 

Preliminary analysis and inyestigatlon in connection with the composition of the ooal ash 
and furnace linings will often saye expense and preyent lining troubles daring the subsequent 
oporatioa of the plant. 

The m<we common and cheaper grades of refractory bricks usually contain a more or leas 
equal amount of sUica and alumina, and the slight excess of one or Uie other should be taken 
adyantage of. Oombostion chambers of suitable design and haying the requisite combustion 
area will then run satisfactorily with linings of (nrdinaiy firebricks. 

If, howeyer, there are exceptional conditions to contend with, such as high temperatures, 
confined combustion space, chemically actiye ash, etc., it is necessary to make use of the best 
grades of refractory materials. 

In many oases carborundum (silicon carbide) can be used as a facing material for linings 
with good results. Oarborundum, howeyer, although generally chemically inert, wUl not resist 
the a^on of iron oxide or ash containing much poto»ium or sodium compounds. 

In some few cases pure silica bricks can be used when the fuel ash composition is saitablt 
and high temperatures haye to be withstood, but special proyision must be made for expansion 
of the bricks. 

Pore alumina, magnesite, or bauxite are all high-grade refractories that may be used to 
resist high temperatures when ash or slag is of a basic nature. 

Advantages of Pulverised Coal. 

The chief adyantages of using coal in pulyerised form are;— 
Utilisation of low grade coals, peats (coals with 30 per cent, and 40 per cent, ash); lignites, 

anthracite slush and pit washings can be used. 
Control of flame temperatures with uniform heat regulation and greatly reduced requirement 

of attendant labour—^In fact, labour required is equiyalent to oil-firing practice. 
Increased efficiencies of furnaces due to direct firing of the fuel in minute particles, causing 

instantaneous and complete combustion, without smoke production. 
Some approximate sayings in fuel consumptions that haye been realised In practice are as 

follows:— 
Boilfrs-SO per cent, efficiency, and sayings of 16 to 60 per cent, oyer hand firing. 
Open-Hearth Steel Fumaeet—a saying of 300 lbs. per short ton of steel as against producer 

gas for small plants. 
Puddling Fumaeee—a saying of 1,600 lbs. per short ton of iron oyer hand firing, and from 

300 to 600 lbs. oyer mechanical stokers. 
Reheating Fumaeee—90 to 40 per cent, saying oyer hand firing. 
Heavy Forge FuTnaeei’—2h per cent, saying oyer band firing. 

Ught Forge Fumaeee—90 to 40 per cent, saying oyer hand firing. 
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AnntfoMn^ Fuma^es—tO per cent, taring orer hand firing. 

Tinning and OalvaniHng—20 to SO per cent, earing orer hand fixing. 

Sheet and Pair Fumaeet—30 to 40 per cent, earing orer hand firing. 

, Copper Smelting Fumacee—40 per cent, earing over hand firing. 

I.oeomoiitet—30 to 60 per cent, saving over hand firing. 

CupoUu—SO to 50 per cent, saving in coke and hotter iron. 

Crucible {Braee Melting) Furnaces—The use of coal in place of metallurgical coke or oil. 

The outpnt from many of these furnaces has been greatly Increased by reason of coal-dust 
firing, what are known as ' stickers' in the tin-plate trade having been reduced 60 per cent., 
whilst the quantity of tin and sine used has been reduced considerably owing, in a great measure, 
to the improved surface of the metal, and also to the more even heating of the kettles. 

Beduc^ oxidisation of steel and iron heated in powdered coal-fired furnaces and increased 
life of annealing boxes have accounted for an annual saving of many thousand pounds in some 
works. 

Very important economies have been made in firing malleable iron melting and annealing 
furnaces with pulverised coal, so much so that The Grlndle Fuel Equipment Co. of America 
have specialised exclusively on this work. 

Mills and Millhouse Plant. 

Tablb sROwnta Nxtmbrb of Pulveriser Mills required for inbtallatioks of various 

OAPAomEs, Labour Hours, Coal dryers, etc. 

Out- Number and Size Number and Size No. Maxi- Approx 
DaUy put of MUls. of Dryers. ber of 

Labour. 8-Hour mum Output 
Out- per Hours Shiite Output per 
put in Hour Bun- Stand- Bun- Stand- per" 

per per per Labour 
Tons. in ning by ntng by Shift. 

Day. working Shift Hour 
Tons. Plant. Plant, Plant. Plant. Day. Tons, Tous. 

Ins. Ins Tons. Tons. 
6 k 1-24 uone 1-4 none 1 16 2 4 0-33 

lu 3 1-33 1-4 3 16 1 16 0-62 
lo 3 1-33 1-4 3 33 3 16 0*47 
20 3 1-33 1-33 1-4 3 33 S 16 0-825 
EO 3 1-33 1-33 1-4 3 S3 3 16 0-94 
40 3 1-33 1-33 1-4 3 33 3 16 1-25 
60 4 1-43 1-43 1-4 3 33 3 32 1-55 
60 4 1-43 1-43 1-4 3 33 2 82 1-87 
70 4 1-43 1-43 1-4 2 33 3 33 2-19 
80 4 1-43 1-43 1-4 3 48 3 32 1-68 
90 4 1-43 1-43 1-4 3 48 3 38 1-87 

100 6 3-33 1-33 1-8 2 48 3 48 2-1 
150 8 2-43 1-43 1-8 1-8 3 48 3 64 : 8-1 
200 13 3-43 1-43 I-IO I-IO 3 48 3 96 i 4-2 
250 13 3-43 1-43 1-14 1-14 3 73 3 96 3-5 
300 16 4-43 1-43 1-14 1-14 3 73 3 138 ! 4*2 
350 16 4-43 1-43 1-14 1-14 3 i 73 3 128 ; 4-9 
400 20 5-43 1-43 2-10 1-10 4 1 96 3 160 : 4-2 
450 30 6-42 1 1-42 2-10 1-10 i 4 1 96 3 160 i 4-7 
500 24 6-42 1 1 1-42 2-14 1-14 5 i 120 3 192 1 4-3 
550 24 6-43 1-43 2-14 1-14 5 ’ 120 3 193 ; 4-6 
600 28 7-43 j 2-42 2-14 1-14 i 6 j 144 3 234 ! 4-3 
650 28 7-43 2-42 2-14 1-14 6 144 3 334 1 4*5 
700 32 8-43 2-42 2-14 1-14 I ® ! 144 3 358 1 4-9 
750 36 9-42 ! 2-42 4-10 1-10 ! ! 7 1 168 3 288 1 4-5 
800 40 10-42 i 3-43 4-10 i 1-10 1 1 8 ! 192 3 330 4-2 
850 40 10-42 i 8-43 6-10 1-10 ; 192 3 330 4-4 
000 40 6-67 ! 1-57 4-14 , 1-14 6 ! 144 3 830 6*35 
950 48 6-57 1 1-57 4-14 1 1-14 6 1 144 ; ’ i 384 6*6 

1,000 48 6-57 1-67 4-14 1 1-14 6 144 , 8 884 6 9 
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in a properly designed plant, and with due attention to ordinary oommon-eense regulations, 
there Is no ftot of w/iosiofn. from the ooal-dust, and, as hoe been already stated, tl:<e old troubles 
with the ash slag hare been orercome. 

There are certainly many Instances where the use of fuels In powdered form would show a 
handaome return for capital inrested, and the following table will enable an estimate to be 
made as to economy that oan be expected* 

Approximatk Cost of Complete Mill House, Plaxts and Operation Expenses. 

If ftatio dryers are installed the cost of plant can be reduced by 5 per cent, up to S50 tons, 
and by per cent, thereafter, and the cost for coal for rotary dryers is then omitted. 

Oost of plant exclusive of foundations and erection. 
• Oan be reduced to (rd for power-station plants. 

Table is based on costs in 19.39 and the following assumptions:— 
Labour at £4 per man per 44-hour week. 
Power at l^d. per kilowatt-hour fa high cost eyen for local supply), and an average allowance 

of 20 kw.-hours per ton of coal pulverised and delivered to the exit of mill house, including 
power for all operations. Dryers to be fired with pulverised coal, which is taken as 40«. 
per ton at the dryer burners; an average aliowanoe of 2 per cent, of the coal dried is made 
lor dryer fuel, assuming the moisture content of coal to be recced from 15 per cent, to 
1 per cent. 

Yearly output is based on 800 working days. 
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BEFUSE DESTBUCTOBS. 
Calorific Valuk of Refuse. 

The calorifio value of refuse is about! to } that of an equal weight of good dry coal. 
Average composition and calorifio value of London ashbin refuse, containing the average 

jjercentage of water :— 

Component parts of<Refii8c. Amount in 100 lbs. 
of Refuse. Calorific Value. 

Lbs. B.Th.U. 
Goal. •35 3,260 
Coke. •15 1,200 
Rones and olTal. 37 1,970 
Breeze and cinder. 25-55 • 102,000 
Rags. •40 1,330 
Paper, straw, fibrous material, ai’d vegetable refuse 1315 33,100 
Ash. 47-00 Nil 
Dust and dirt. 9-75 
Bottles. •48 <1 
Metals, including tins. •68 
Crockery . 1*72 »» 
Glass. •37 

99-97 142,860 

The above is the average of 1,0U0 cart-loads. 

About 40 per cent, of the refuse is combustible. 
The character of the refuse varies a great deal. In factory districts the percentage of 

unbumt cinder is high, whereas in residential districts with gardens it is much lower. 
When it is considered that ordinary green garden refuse when piled in a heap over a nucleus 

of fire will consume itself, it is obvious that refuse containing cinders will contain enough beat 
if properly applied, for its perfect destruction. It is essential that combustion should take place 
in brick cells, and tliat no heat should be abstracted until combustion is complete, after which the 
gases may be used for steam raising. If 40 per cent, only of the refuse is coinbiutible, its calorific 
value per pound will be about 5,800 B.Th.U. if it were dry. Taking it only as 1,500, this is more 
than would raise the temperature of the whole ga.seous and solid matter to a red heat. If half the 
weight were water, this would absorb about 600 B.Th.U. to evaporate and about 300 to become red 
hot, or 900 in all. The remainder of 600 B.Th.U. would raise the gases and solids to nearly 5,000* F, 
Thus destruction may be perfect with only tlie equivalent of one-tenth its weight of dry carbon. 
Inodorous combustion demands high temperature, and hence must occur in brick cells, with 
suitable movement of the fuel, so that the gases and steam cannot escape mitil completely 
decomposed. 

LONDON RBFUSB. 
Towns* refuse varies in general composition, moisture and heat value, and the annexed table 

by the Ministry of Health gives a general analysis of London refuse for the twelve months of 
192&-6, when 1,202,003 tong were collected and disposed of in various ways. 

SEASONAL ANALYSIS OF LONDON BEFOSU FOB TWELVE MONTHS. 

Content of Refose. Spring 
1925. 

Summer 
1925. 

Autumn 
1925. 

Winter 
1926. 

ToUl 
Tons. 

%of 
Total 

Fine dust minus in. 
0/ 

28*05 16*93 28*05 35*84 336,233 28*14 
Fuel oinder over 1“,, in. but minus 

1 in. 16*18 8*26 15*18 17*76 174.102 14*67 
Fuel oinder above f in. but minus 

1| ins. 13*94 7*05 12*94 14*07 144,729 12*11 
Putrescible matter 12*67 24*07 12*57 8*82 164,183 13*78 
Paper. 14*73 23*64 14*73 9*84 ' 179,694 15*04 
Metal: containers and other metals 3*54 4*71 3*54 2*98 43,112 3*61 
Rags, including bagging, etc. 1*75 2*05 1*75 1*64 21,271 1*78 
Glass: bottles and oullet . 3*23 8*28 3*23 2*42 i 3 ,852 : 3*00 
Bone. 1*03 0*80 1*03 1*96 11,509 I 0*;'7 
Combustible debris, nnclassifled . 8*89 6*92 3*89 3*40 ' 61,288 ' 4*29 
Inoombuftlble debris, unolaasified . 3*09 2*89 3*09 2*27 1 40*030 1 2*76 

1,202,003 100*00 

(Pablished by permiaMon of H.M. Stationery Office, from Public Cleanting, by J. 0. Dawes. 
M J.M.B., etc.) 
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Prom tests of towns* refuse collected In the winter time the following caloriflo yeloes were 
obteined 

Fulham 3,700 B.T.U. and 24 per cent, moisture. 
East Ham 3,360 ,, „ 37 ,, „ 
Lichfield 2,300 „ „ 16*4 „ „ 
Glasgow 6,390 „ „ 14*0 „ „ 
noTe 3,960 ,, ,, 33*4 „ ,, 

Summer refuse has about 66 per cent, of the heat value of winter refuse. All of the above 
values are as oolleoted. 

The largest and most complei [^totely equipped refuse disposal plant in the world is that at Glasgow, 
built by Heenan it Fronde, 

The nominal capacity of the plant is 670 tons of crude city refuse per day, but records show 
that 760 tons can be dealt with if required. 

The refuse is mechanically handled throughout and, with the exception of the removal of 
metals, the whole is cremated. The steam generated is used for driving two 6,000 kw. 3-phase 
60-cycle turbo-alternators running condensing. 

Over 90 per cent, of the current is transformed from 6,500 V. to 30,000 V. and delivered to 
the Dalmamook Power Station for distribution. 

The remainder (usually about 7 per cent.) runs the station auxiliaries and charges the batteries 
of the fleet of refuse collection vehklee a^r being transformed and converted as required. 

Forty oells are provided for Che bumfng of the refuse arranged in 8 groups of 6 cells each, 
complete with water-tube boiler and superheater. The grates are withdrawn by hydraulic power, 
the clinker dropping on to a lower platform, where it remains for the time being and gives op its 
heat to the air for the combustion of the fresh refuse on the grate above. This ensures rapid 
igniUon sod an increased thermal elilcienoy of the plant. When next cUnkered, the old clinker is 
scraped off the lower platform'by knuckl^ sorapers on the underside of the grate and the new 
clinker drops Into its place, in tom igniting the fresh refuse and heating the ^r for combustion. 
The old clinker Is removed in wagons running on a light railway in the basement. 

Refuse at Glasgow shows on analysis about 6,000 B.Th.U. per lb., and forms about 38 per cent, 
of clinker and dust, and the official acceptance test of 16 weeks* dnration at the Govan Plant is 
summarised in the following: Befuao is burnt in 30 out of 40 cells, 36 per cent, being spare plant. 
Water-tube boiler equipment supplies superheated steam to two 6,000 kW. turbo-alternators 
arranged oondensing:— 

Dates of test—First period, April 16 to June 16,1939; Second period, February 10 to April 13, 
1930. 

Total period under observation (actual) — 16 weeks. 
Total refuse passed through plant — 46,604 tons 11 owts. 
Total material extracted from refuse — 3,393 tons 14 owts. 
Total material burnt — 43,310 tons 17 cwts. 
Percentage of refuse burnt to total received ■■ 96 per cent, approximately. 
BleotrloiJ units generated — 13,630,890 kW. hrs. 
Ifaximnm load recorded during runs — 10,400 kW. 
Eieotrioal units per ton of refuse burnt, including starting op and shutting down periods 

- 313>86 kW. hiB. 
Oell bra. burning, including starting and stopping periods « 66,106 hrs. 
Average burning rate per oell per hr. — 13 -1 owts. 
Average burning rate per day of 34 hrs. on whole plant » 638 tons. 
Befuae burnt, excludi^ stopping and starting periods, etc. — 36,066 tons 10 cwts. 
Oell hn. burning, excluding stopping and sti^ing periods, etc. 37,630*6 hrs. 
Burning rate per ceil per hr. « 13*89 owts. 
Burning rate on whole plant per 34 hrs. ■■ 667 tons. 
Electrical units produced « 9,746,609 kW. his.* 
Eieotrioal units produced per ton of refuse burnt — 374*06. 
Average steam pressure per sq. in. — 163*64 lbs. 
Average steam superheat — 349*84* F. 
Clinker, flue dust, eta, produced -> 16,460 tons 16 owts. 
Total reddae to refuse burnt 88 per cent. 

During 1933 from refuse alone at these works, 40,300,700 units (kW. hrs.) wen generated, 
of which 36,066,426 were delivered into the mains for distribution about the city. 

One week*s run bj the Glasgow oifioials gave a total of 876,410 kW. hrs. generated with load 
faoton of 93*^ 98*7, 99*1 and 98*0 for four oonaeoutlve days. The load was kept steady at 
about 6,800 kW. hn. until the last two days before shutting the plant down for the week-end, 
when it was increased to 7,000 kW. his. Befuae only was the fuel used in all of the above results. 

(Published by permiadon of Mr. 0. H. Maofarlane, Director of Cleansing for the City of Glasgow.) 

* lacludea allowance for turbine operation, etc. 
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LiaUID FUELS. 

Whereas solid fuels are solely used for external combustion it is possible to employ almost all 
liquid fuels for either external or internal combustion. On comparing the most important liquid 
fiiel, petroleum with the most important solid fuel, coal, many remarkable adrantages of the 
former over the latter are foun<l to exist. The heat xalue of petroleum is some 5U per cent, greater 
than that of average coal, the stowage space being slightly less. Liquid fuels are more conrenient 
to store (places inaccessible to coal may be employed) and are more easily transported than solid 
fuels. Liquid fuel is almost entirely free from ash. When used for Internal combustion the 
thermal efl9ciency of liquid fuels is double that of the solid fuels U8e<l for power production. 
Certain liquid fuels can be employed in high speed engines, whereby a higher power per unit 
weight of engine is obtainable than by any other type of prime mover. 

The most important liquid fuels are jtctroleum and shale oils and cpal tar and its products. 

Petroleum. 

rctrolcuni occurs in the earth, and is in lunilly found in cerlain s »'f .-ciiinKiiiary I'a-k r.ji 
oil sands. It is usually acconipanictl )«y gasciais ii\airocariauis. 'rii'* crude oil is usiially brown 
or black, and the products of ditrercuf liclds viry }.;reialy both in ] hy.-ical atid chemical 
properties. 

Petroleum consists almost entirely of carbon and hydrogett. These are present in the form of 
compounds known as hydrocarbons. lIy«lrocarbon3 may be divided into three main g^^oups, 
known as aliphatic, aromatic and hydroaromatic hydrocarbons. Tliese groups may be subdivided 
into numerous series, the members of which possess certain definite relationships between the 
number of carbon and hydrogen atoms present in the molecules. The physical properties of the 
members of these scries generally progress by fairly regular steps. The carbon atoms in the 
aliphatic hydrocarbons are connected together in the form of chains, and the more important 
series of this type of hydrocarbons are 

Paraffin Scries. Olefine Series. 
General formula—(3«ira«+2 General formula—! \nin 

Methane . . . . on. , Kthylene . . . 0,TT 
Ethane. . 0,H, ! Propylene . . (\ll 
Propane . O.H, ! Butylene . O.H, 
Butane. . . O.Hu ! Pentylene . . C.H, 
Pentane . . O.H.. 

The carbon atoms of the aromatic compounds are 
a typical compound being 

Benzene, formula 0«H« 

connected together in the form of rings, 

OH 
II 

OH 
1 

OH 
1 

OH 

\oU!^ 

The hydroaroraatic compounds also contain carbon rings, but arc richer in hydrogen than the 
aromatic hydrocarbons. A typical hydroaromutic compound is cyclolicxane (',11 

Petroleum oils contain members ot all these series, but tlie proportion varies according to the 
locality from which the oil has bi«ii obtained. Pennsylvanian oils consist mainly of aliphatic 
hydrocarbons, Russian oil mainly of hydroaromatic compounds. The products of the destructive 
distillation of coal consist mainly of aromatic compounds. Crude petroleum from Mexico and 
South America generally contains quantities of a viscous sulphur-containiug bo<iy known as 
asphaltum, which has great Influence on their properties as fuels. Little petroleum is consumed 
In the crude state, it b^ng usual to separate it by distillation Into fractions boiling over various 
ranges. Other processes, as for example cracking, reforming, etc., may also be employed to 
change the yields and/or the qualities of the fuels obtalnalne from a given emde oU. Many 
petroleum fictions are chemioally treated in order to remove certain undesirable constituents, 
such as sulphur, oxygen and nitrogen compounds. 

The principal fuels obtained from 

Oasoline (or petrol) 

Keroslno (or paraffin oil) 

Gas oils, oto. . 

Besidoal fuel oils 

petroleum are:— 

. boiling from 30® 0.-160/200® 0., 
86-302/399® P. 

. boiling from 160® 0.-370/300® 0. 
303®-618/673® F. 

, boiling from 200® 0., 3U3® P. 
upwards 

boiling range varies greatly. 

Specific QravUy. 
0*700-0-760 

0*780-0*830 

about 0*870 

0* 880-over 1*000. 
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TIm world produotion of onido petroleom in 1938 was 279,048»000 metric tons, of which the 
UJ9JL. iHTOdnotion was 164,346,000 metric tons or 60 * 5 per cent, of the world total. The produc¬ 
tion in 1946 was 2,768,885,000 barrels (about 870,000,000 metric tons) of which the U.S.A. pro¬ 
duced about 63 per cent. 

GASOLINE (PETROL OR MOTOR SPIRIT). 

Gasoline, petrol or motor spirit is a light petroleum fraction used as a fuel in spark ignition 
Petrol was formerly obtained from crude petroleum solely by fractional distillation and 

in the early days of motoring the principal requirement was that the fuel should be suffloiently 
Tolatile for use in the oarburetting devices then employed, and little attention was then given to 
anti-knooking properties. With the development of more efficient engines employing higher 
oompiession ratios the importance of anti-lmocking properties became evident and in recent 
years much research has been performed in order to increase the anti-knock value of motor fuels. 

In addition to the production of gasoline from crude petroleum by fractional distillation, 
other processes have since been developed both with the oblect of improving the total yield of 
gasoline obtainable from a given crude oil and also with a view to improving the quality of the 
product. The principal processes used at the present time arc described below. 

(1) What is termed ‘ straight run gasoline * is obtained by fractional distillation, products 
boiling in the gasoline range being separated from the crude petroleum. The characteristics 
of gasoline obtained in this manner are largely dependent upon the quality of the crude oil from 
which ^ey are produced. 

(2) Gasoline may be obtained by cracking petroleum products boiling outside the gasoline 
range. Briefly described, the crackmg process consists in heating the raw material to a high 
temperature, frequently under pressure, whereby the oil charged is decomposed with the formation 
of bothlighter and heavier products. Gasoline can be obtain^ by cracking, for example, kerosinc, 
gas oil or heavy petroleum residues. Cracking processes may l)e operated in the liquid or vapour 
phase, and operations may be conducted in the prcscucc or absence of a catalyst. The charac¬ 
teristics of cracked gasolines arc dotenaiiiod mrtre by the l-yja* and conditiorjs of tlie emcking 
process than by the nature of the raw material. Catalytic cracking processes now play an im¬ 
portant part in modern petroleum refining. 

(5) Straight run gasolines of low anti-knock value are sometimes subjected to what is known 
as a * refonning * process. In effect this Is a cracking operation, the object of which Is to change 
the chemical nature of the hydrocarbons composing the straight run gasoline, In order to produce 
a * reformed gasoline' of higher anti-knock value. Beformlng processes may be applied to all 
or to only a portion of the products from a given crude oil which boil in the gasoline range. For 
example, straight ran gasoline of low end point may be removed by fractional distillation, heavier 
distillates beh^ subjected to either refonning or cracking operations depending on the exact 
prooedare which Is followed by the refiner. 

(4) Bxtremely volatile spirit may be obtained from the natural gases occurlng vith crude 
petroleam by compression and absorption, or by either of these processes. Spirit obtained In this 
manner is Imown as * casinghead guoline * and usually contains dissolved hydrocarbon gases. 
The storage and handling of casinghead gasoline frequently involves high evaporation losses, and 
various stabilising prooemes have been developed. These stabilising processes usually consist 
in the fractional dlstiUatlon of the casinghead gasoline under pressure, in order to remove the major 
portion of the dissolved gases, and so reduce the vapour pressure of the stabilised product. Casing¬ 
head gasoline which has been stabilised in this manner is consequently termed * stabilised casing¬ 
head gasoline.* It may be noted that stabilising processes are also frequently applied to cracked 
gasoline in order to obtain a finished product of suitable vapour pressure. 

(6) Processes ore also operatc-d by merfujs of whicli prodiicfs boilinf; in the motor sjiirit rnnge 
are obtained by the polymerisation of eraeked g.ases. These ])rorlnets, kmjwn jis ‘ polymer gaso¬ 
lines,’ are usually charaoterised by high octone numbers and high octane number blending values, 
differentiation being made owing to the fact that certain polyna rised ])roduct.s have higher values 
as blending agents for incre.asing octane mimber than is indicated hy the octane number of ibe 
product alone. Polymer gasoline may also be ])roduced from certain gaseous componenfs of 
natural gas, the processes usually involving pyrolysis or cracking of t he natural gns followed by 
polymerisation of the iinsatiirated compounds so produced. 

Later developments iudude the production of aviation gasoline blending stocks by processes 
of seieotlve polymerisation and subsequent hydrogenation, and the * alkylation * processes for 
the prodnotlon of blending stocks by direct combination of selected saturated and unsaturated 
hydrocarbons. 

Modem petroleum gasolines usually consisi. nf mixtures of products obtained bv means of tlic 
various processes mentioned above. 

Petrol has a much higher rate of expansion with increase in temperature than water, the 
coefficient ofexpansion varying for different spirits bat approximating 0* 00068 per *F.(«« 0*001134 
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per * OJ. The ooeffloient for correction of the epeciflo grevitj it not the tame flgnre m the 
ooeffloient of expansion, although related. The official specific gravity/temperature corrections 
for petroleum products hare been standardised by the Institute of Petroleum, and include the 
following:— 

Sp. Gr. 60P./60P. Factor per ®P. Sp. Qr. 60P./60P. Factor per ®F. 

0-6420-0*6630 0-00062 0*7638-0*7649 0-00043 
0-0531-0-6649 0-00061 0-7660-0-7760 0-00042 
0-6660-0*6776 0*00060 0*7761-0-7869 0-00041 
0-6776-0-6899 0-00049 0-7870-0-7988 0-00040 
0-0900-0-7026 0-00048 0-7989-0-8124 0-00039 
0-7026-0*7166 0-00047 0-8125-0-8283 0-00038 
0-7167-0-7300 0-00046 0-8284-0-8699 ' 0*00037 
0-7801-0-7424 0-00046 0-8600-0-9260 0-00036 
0-7426-0*7637 0-00044 0-9261-1-0249 0-00036 

{Note.—The above factors apply only when the specific gravity has been determined with 
glass apparatus referred to water at 60® P.) 

The elementary composition of motor spirit is approximately 16 per cant, hydrogen and 
86 per cent, carbon. The net calorific value is approximately 18,600 B.Th.n. per ib. of fuel. 
Theoretically, approximately 16 lbs. of air are required to bum 1 Ib. of petrol, and under conditions 
in wtdch this quantity or a larger quantity of air is present there should be complete combustion 
with no carbon monoxide in the exhaust. With quantities of air in excess of 16 lbs. free oxygen 
is present in the exhaust. In actual practice, however, it is found that under practically all 
conditions there are very considerable quantities of carbon monoxide delivered from the exhaust 
of petrol engines, in spite of the mixture containing excess air, so that both free oxygen and carbon 
monoxide are present in the exhaust at the same time. 

Maximum thcnnai efficiency is obtained on a petrol engine with a slight excess of air; maxi> 
mum power is obtained very close to the theoretical mixture. One lb. of petrol vapour, occupying 
4 cu. h., requires for its complete combustion approximately 16 lbs. of air occupying 196 cr. ft. 
at 60® P.; 16 lbs. of mixture thus occupies 300 cn. ft. at 60* F. and contains 2 per cent, by volume 
of petrol vapour, that Is on the assumption that the petrol is gasified and not merely atomised. 

Owing to tlie liigli cooiTunent of expansion of petrol, tanks ami closed vf^sels shonUl never be 
quite filled with the liquid, so as to avoid risk of ruptun? following a rise in tcmiicrutuic. 

THBOBEnOAL BmOOBNOT OP PKTBOL ENGUns. 

The theoretical efficiency, B, of an engine operating cm the constant volume cycle is— 

Wh.«. ■ “ * - ( i ) "”* 
R -■ expansion ratio. 

If no heat is lost, then n 1*46, but in practice beat Is lost during compression, with a result 
that the exponentiiu n is redooed to the value of 1*S6. Ricardo etates that when beat leakage, 
friotlonal losses, and losses doe to friction of gases have been allowed for, then n — 1 -36, so that 
the maximum effloienoy obtainable In praotioe may be considered to be 

DETONATION IN PETROL ENGINES. 

As will be observed from the formula for thermal efficiency of a petrol engine, it is desirable to 
OSS the highest possible oompression ratio In order to keep the fuel consumption to a minimum 
and the power output of the engine to a maximum. The compression ratio, which can be used 
In a petrol engine is, however, limited by the nature of the fuel employed, and if too high a com- 
prassion ratio Is used the engine' pinks,* or knocks, when running at heavy loads and slow speeds. 
Inie limiting oompression ratio for various motor spirits differs considerably. Highly aromatic 
spirits and cracked spirits will Withstand high compressions without signs of detonation or * pink¬ 
ing.* Straight'run paraffin spirits are very prone to detonation. Certain bodlea, partloularty 
lead tetraethvl, possess the property of reducing the tendency to detonate when they are added 
in very small quantities. Benzole and alcohol possess high anti-knock values and before the 
war various motor fuels wers marketed which contained either or both of these products. 

The method of testing detonation at the prosaent tiino Is by matching the spirit in question 
against a blettd of iso-ootane and heptane, and the rcsult-iiig figure Is referred to ea an * octane 
uuintHT.’ Tho orfano tiuuilx'r is equal iiuiuerlenlly to tlw jieoTutnge by volume <*f iso-iK'tnne in 
the heptane-iso-oetaue luixture which equals the fuel uiuier invt'stigatiou in teiulcnoy to kuoek, 
when tested in an engine under standardlse<l eonditions. Iso-octruie is of Idgli anti-knock value, 
whilst heptane knocks vf‘ry freely, consequently a high octane number indicates strongly anti¬ 
knock spirit. 
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The oomparison with iso^x^tane/heptane mlzturea Is performed on special variable compression 
engines, the oonstniotlon of which have been standardised bj the CI<M>perative Fuel Research 
Committee (O.F.B.). Various testing proceedings have been standardised by official bodies in 
t.Ma country and elsewhere, the procedure to be used being Influenced by the type of fuel under 

. test ftnd the information required. The Institute of Petroleum speclfles the O.F.R. Motor Method 
for rating fuels possessing octane numbers below 100, and the 25° Motor Method for obtaining 
relative ratings on fuels of above 100 octane number. Other methods include the Aviation Fuels 
Division of the O.F.R. Committee methods 1-0, specifled by the Institute of Petroleum for rating 
aviation fuels under weak mixture or * cruising ’ conditions and the A.F.D. 3-0. Method, which 
may be used for rating such fuels imder rich mixture or * full boost * conditions. 

The knock-ratings of a given fuel may vary according to the testing procedure employed, the 
numerical difference between the results depending on the chemical nature of the fuel tested. 
It should be noted that relation between the performance of a fuel under the flxed conditions of 
tt e various test procedures and the performance of the same fuel under service conditions in 
engines of other types is not necessarily identical, and considerable experience is therefore required 
in order to interpret the practical signlflcance of laboratory results. 

General. 

Various tests are used for the laboratory examination of motor fuels—the majority of those 
usually employed in Great Britain are described in * Standard Methods for Testing Petroleum and 
its Products,’ published by the Institute of Petroleum. 

Kerosine. 

Illuminating oil or kerosine, generally known in this country as paraffin oil, possesses a specific 
gravity in the neighbourhood of 0 • to 0 • 8o0. It is slightly lower in calorific value than petrol, 
but on account of its higher specific gravity It yields more heat per unit volume of fuel. The 
ultimate composition of kerosine is approximately 87 per cent, carbon and 13 per cent, hydrogen. 
The distillation range is generally between 160° 0. and 300° 0. For illuminating purposes 
paraffin-base kerosines are preferable as they bum cleanly without smoking. Kerosine, however, 
is also used as a fuel in spark-ignition engines fitted with vaporisers. For use in such engines a 
highly aromatic kerosine is preferable on account of its superior anti-knock qualities, a somewhat 
lower end point is also desirable, the upper limit of distillation range being for preference in the 
region of 280* 0. 

Kerosine will not withstand as high a compression ratio as petrol obtained from the same 
crude, and this applies throughout the range of fractions of petroleum, namely, the lighter fractions 
withstand the higher compression ratio or possess the better anti-knock properties. 

Gas Oil. 

In addition to motor spirit and kerosine a heavier petroleum distillate known as gas oil is also 
prepared for use as a fuel. Gas oil is a pale yellow or brownish red clear liquid of specific gravity 
about 0*860 and has a nett calorific value of approximately 18,000 B.Th.U per pound. The oil 
is used for the preparation of oil gas and considerable quantities are used in gas works for the 
enrichment of coal-gas. It is also used as a fuel for semi-Diesel and Diesel engines. When gas 
oil is intended for the manufacture of oil gas in gas works, speolflcations frequently include a 
minimum aniline point requirement. This test gives an indication of the chemical constitution 
of the oil, which In turn affects its suitability for oil gas preparation. Similarly the suitability 
of a given grade of gas oil for use In high-speed Diesel engines'is also affected by the chemical 
constitution of the oil, and various tests have been devised in recent years for the measurement 
of what is termed * ignition quality.* Reference to these tests is made in the Diesel Oil Section. 

Besidual Fuel Oils. 

After the removal of petrol, kerosine, gas oil and possibly lubrieatijig oil distillales from 
crude petroleum, the residue may consist of bitumen, heavy lubricating oil or residual fuel oil, 
the nature of the residual product depending on the grade of crude processed and also on the extent 
of the distilling operation. Other residual fuel oils may bo derived from cracking operations, 
from the solvent extraction of certain residual feed stocks and the like. The characteristics of 
residual fuel oils vary considerably. Heavy residual fuels are frequently used as boiler oils, while 
it is possible to prepare a range of fuel and Diesel oils by blending suitable residual fuel oils with 
gas oil or other light distillate. 
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Diesel Fuel Oils. 

The oharacteristics of petroleum fuels employed for Diesel engioes are yaried. For example, 
the small high-speed Diesel engines used In road vehicles, motor boats, etc., usually employ li^t 
g{« oil as fuel. Large land and marine Diesel engines, however, may employ somewhat heavier 
grades of gas oil, residual oil or residual oil blended with distillates. Specifications for Diesel 
fuel oils frequently include the following tests: closed fiash point, hard asphalt, coke, aah, 
viscosity, water and cold test. 

Closed flash point is included as a precaution against fire hazards in transportation and storage. 
The hard asphalt and coke testa are considered to give an indication of the tendency of the fuel 
to form deposits in the engine. The maximum permissible percentage of ash is limited in order 
to prevent excessive wear in engine cylinders and fuel sprayers. Clauses specifying a maximum 
viscosity and sulphur content and the minimum calorific value are alw frequently included in 
Diesel fuel oil specifications. 

When fuel is injected into the combustion chamber of a Diesel engine there is a slight period 
of delay between the moment of injection and the moment when the fuel commences to burn. 
This small interval of time is known as the delay period, and varies for different fuels. When 
used in the same engine the delay period is longer for fuels of low ignition quality than for fuels 
of high ignition quality. 

Largely as a result of the introduction of small high-speed Diesel engines considerable attention 
has been paid in recent years to the ignition quality of Diesel fuels, and a test has been devised 
whereby ignition quality is expressed in terms of cetane numbers. The cetane number is the 
volumetric percentage of cetane in a blend of cetane and alpha methyl naphthalene, which possesses 
the same ignition characteristics of the fuel under examination. Comparison of the fuel under 
test with the cetune/alpha methyl naphthalene blends may be performed In a special O.F.B. 
variable compression Diesel engine or, alternatively, in normal type Diesel engines fitted with 
special iiMMSui'iii!,' deviocs. JJOl'i — i'.i ('I.') ; l.l\- IJ IS (Tej.'t.itivo),) 

In addition to the direct determination of ignition quality by matching the performance of 
the fuel in specially equipped engines against that of blends of standard bodies of known Ignition 
quality, various tests have been proposed in order to estimate ignition quality from a consideration 
of physical or chemical characteristics. Among these may be mentioned spontaneous ignition 
temperature, aniline point and Diesel index. Beference is made to the determination of 
spontaneous ignition temperatures on page 1363 and on the following page a table is given 
showing the spontaneous ignition temperatures of various bodies. It is considered that the 
aniline point of petroleum fuels gives an indication of ignition quality in Diesel engines, and at 
the present time minimum anUine points are Included in some Diesel oil specifications. In the 
specification of the Britts Stands^ Institution, for example, it is stated that fuels for use 
in high-speed Diesel engines should possess aniline points not lower than 60** C. Methods for 
determining aniline points are specified by the Institute of Petroleum for various types of Diesel 
fuel, and consist essentially in the determination of the minimum temperature of miscibility of 
equal volumes of the fuel ami freshly redistilled aniline. (J.l’. —2 17'). 

The Diesel Index is an arbitrary figure calculated from the A.P.I., gravity and the aniline 
point in degrees Fahrenheit (I.P.—21; 12). The formula is given below : -- 

Diesel Ihdex — “Ajiillne Point ® F. x A.P.I. Gravity 
" 100 

It is claimed that Diesel indices calculated in this manner are a convenient guide to the Ignition 
quality of petroleum Diesel fuels. Aniline point and Diesel index, however, are not reliable when 
applied to other than petroleum fuels or to fuels contiuning ' dopes * intended to improve the 
lotion quality. 

Various other formulse have been proposed for the estimation of ignition quality. These 
include formuls based on specific gravity and viscosity, specific gravity and surface tension, 
and A.P.I. gravity and boiling range. 

Diesel fuel ignition quality is of particular significance when considering fuels for use In small 
high-speed Diesel engines such as are employed in road vehiolee and motor boats, and the engine 
tests whii'h liiiv<! Imhmi dcvelopt'd for thf moasureimMit of eetane values are similar iu genend 
prineiphi to those employed for measuriiiL; tlie oetane Mimber of motor spirit. Tt should be notcii, 
howt'ver, that while the maximum compression ratio whieh can Im' employed in a petrol engine is 
limited by th<^ design of the engine and the m-tane number of tlu? fuel used, the maximum com- 
prc'ssion ratio of Diesel engiia'S is not similarly limite»l by the eetane number of the Diesel fuel. 
Fuel ignition quality thus does not r(*striet the ellieieney and maximum power output of com¬ 
pression ignition engines in the same manner that aiiti-knoek values restrict the performance of 
spark ignition engines. 
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Shale Oil. 

Shale ezlata in many parts of the British Bmpire, the shale oil industry being most fully 
developed in Scotland. The diale Is mined In a similar manner to coal, and is then subieoted 
to destoaotlve distillation, the principal products of value being ammonia and crude shale oil. 
The omde oil is subjected to distillation, whereby a series of products similar to the petroleum 
distiUates is obtained. The shale oils are richer In unsaturated bodies than petroleum. In fuel 
properties they very closely resemble the petroleum products. 

Coal Tars and Coal Tar Distillates. 

When bituminous coal is 8ubjec;tcd to destructive distillation, gas, coke, tar and ammonia 
are obtained. The physical and chemical properties of the tars are dependent upon the type of 
coal from wliich they originate, and the earbonisitjg conditions employed. The appliances in use 
for the* carbonisation of eoal arc mainly gas manuf.icturing plants and coke maniifacturing plants. 
Certain special plants exist wiiich do not belong to either of these ciitogories. 

Qas manufacturing plants may ba divided into three classes—horizontal retort, inclined 
retort, and vertical retort plants. Retorts of the first type yield tars of high specific gravity, 
1*18 to 125, rich In free carbon, and viscous. Vertical retorts yield thin brown tars of low 
gravity (about l^Oa), which are comparatively low in free carbon content and relatively rich in 
aliphatic hydrocarbons, '.fhe tai-s from incliiu'd retorts an* intermediate between the products of 
horizontal and vertical plants in their chemical and idiysical properties. 

Ooke^ven tars are very variable, but usually approximate to horizontal retort tan in 
composition. 

Relatively small amounts of lar arc also prodiicial in low temperature carbonisation processes, 
in blast furnaces, and in producer ami water gas plant■*. 

The majority of coal tars may be employed for boiler firing purposes. Tars from vertical 
retorts have been found suitable for use on both two and four cycle Diesel engines, providing 
that certain special adjustments or fittings are employed, large quantities of such tars being 
used In Diesel engines on the Continent. Some coke-oven tars are suitable for use In Diesel 
engines. The compositions of several British coal tars are given in the accompanying table :— 

Propei;ti£8 of Tars. (Moore.) 

Chemical ! 
Oopipositloa. Ash. Coke.: (dry tar) 

Per I’er ' ’ ' Description. 
.Sp.Qr. Water 

at ; Per Per cent. 

Free 
Car¬ 
bon, 

16® C. cent. - 
C. H,. 0, + N, 

-cent. 
s. 

cent. 
Gross. Net. 

Per 
cent. 

Horizontal retort tar . 1*180 1-75 91-6 5*2 2-6 0*6 0*i ; 24*0 9093 8645 18-2 
Inclined retxirt tar 1167 1*11 ; 89-9 6-0 3-6 0-5 0*02 : 18-6 9096 8671 140 
Vertical retort tar 
Otto Hilgenstock coke 

P089 2-26 1 88-0 6-8 3-8 0-6 0-03 j 8*1 9246 8664 1*7 

oven tar 
Simon-Oarv^s coke oven; 

1*208 6*00 90*0 6*4 3-8 0-8 0-02 26-8 8921 8624 23-9 

tar . .! 1-090 0*60 88*1 6-6 6-1 0-2 0-07 6-0 i 9695 9261 traces 
Chamber oven tar 
Low temperature car-1 

P082 1-29 88 2 6-9 
i 1 

4*6 0-3 tiaces, 7-3 1 
i 

9229 8737 3-0 

bonisation tar . . ' 1*068 ! 3-00 86-8 8-1 6-6 1 0-9 i 0*11 ! 8-2 I 9196 3776 2-2 
Water gas tar 1*064 1 0*69 92*2 6*8 0-4 0*6 traces' 18-7 1 8961 3647 6-8 
Blast furnace tar . 1*172 1 3*00 89*6 6*7 0-6 0*84 0*36 23*4 i 8663 8288 96 

The lower-boiling hydrocarbons (‘ benzole ’) obtained in the earbonHation of coal, (mainly 
benzene, toluene, and xylenes) arc mainly u.sed as fuel for automobile engines. During the war, 
coal tar fuels, which consisted of mixtures of creosote and medium soft pitch, were extensively 
used. In the fuels covered by B.S.S, 1469—1918 (C.T.F. 100, etc.), the figures refer to the tem¬ 
perature in Fahrenheit degrees at which the particular fuel has a viscosity at which it is suitable 
for atomisation. The properties of some miscellaneous liquid fuels are shown in the table on 
p. 1367. 
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Lignite Tars and Bituminous Coal Tars. 

Lignite yields valuable liquid products by destructive distillation. The tar is of a butter* 
like consistency and possesses a specific gravity of *860 to *920. Its sole use in tlie raw state is as 
fuel for Diesel engines, for which purpose its richness in aliphatic hydrocarbons makes it behave 
similarly to petroleum. It therefore does not require either raised cylinder compressions or the 
use of an ignition oil. 

Fuels for petrol engines and heavy oil engines can be obtained from lignite tar by distilla¬ 
tion. Their properties are very similar to those of the corresponding fractions obtained from 
petroleum. _ 

inx 

Fia. 5.—Diagrammatic Arrangement of Fuel Pumps for Tar Oil Engine, 

•’ Tar oils were usckI in considerahle quantities in Diesel engines in iliir, country during the 191 -1-18 
war on aocoimt of the scaixuty of petroleum. 'I’he diflirulties oncoimtered in burning tar oils nro 
mainly due to their comparatively high spontaneous ignition tcmperaluro. TIk; ignition of the 
fuel charge in a Diesel engine is dependent, upon the temperature of eoinpression, no si)ccial ignition 
device being provided. With the fuel oils derived from petroleum or shale it has been found that 
a corapreasion pressure of 450 to 500 lbs. is suflicient to ensure regular ignilion under starting 
conditions and at all loads. VV'hercas the Bpontaiieous ignition temperature (in atmosphere of 
oxygen) of petroleum and shale oils is in the neighbourhood of 270'" tJ., this value for tar oils is 
generally over 400® 0.* As a result of the high ignition point engines will not start, or run at 

* ICoore, Jour, Soo. Cfum. Jnd,, Ftbrnary 15,1917, p. 109, 



Sec. XXV TAR Olli FUEL FOR DIEBEL ENQINES 1359 

low lends, on tar oil unless special means are taken for raising the temperature of the air in the 
combustion space at the t ime of fuel injection. I’hc more important, methods adopted for this 
j)urpose are—(1) to heat the cycle air, blast air and fuel, (2) to increase- the compression ratio, 
(3) to employ an ignition oil, and (1) to inject u small charge of tar oil jirior to the main tar oil 
charge. 

* Heating of cycle air, blast air and fuel is difficult to effect under starting conditions and 
has a deleterious action on the fuel valve when running. The increase of compression nccessi* 
tales a specially heavy design of engine to withstand the higher stresses on liners, cylinder cover, 
and bearings. To ensure certain starting on tar oils the compression would require to exceed 
600 lbs. The starting difficulty may be overcome by running the engine on a petroleum oil 
before closing down and when starting. If the engines can be always maintained at half load or 
over, a compression pressure of about 550 lbs. per square inch will give good running. 

The introduction of a small charge of a petroleum oil into the working cylinder prior to the 
main charge of tar oil has been found the most satisfactory method of burning tar oils. The 
ignition oil charge is pumped to the atomiser nearer the cylinder than the place where the main 
tar oil charge enters. Thus when the fuel valve opens the ignition oil is first injected into the 
cylinder and is immediately followed by the tar oil charge. The combustion of the ignition oil 
beats the air in the cylinder so that the temperature exceeds the spontaneous ignition temperature 
of the tar oil. The proportion of ignition oil is 6 to 8 per cent, of the total fuel at full load ; at 
other loads the quantity of ignition oil remains practically constant, the proportion increasing 
to about 50 per cent, at no load. This method has been found to yield satisfactory results at all 
loads, and under starting conditions, with cylinder compression pressures of 480 to 600 lbs. per 
square inch. An arrangement of ignition oil gear as given in a paper by Mr. 0. Day,* is ahown 
in fig. 6. Devices have been designed to give a small charge of tar oil prior to the main charge 
of tar oil. The device is so arranged that the initial tar oil charge is not accompanied by any 
appreciable blast air, the expansion of which would reduce the temperature of the combustion 
space. Such devices are said to have given good results on the Continent, but arc little used in 
this country. 

In addition to the ignition question tar oils are particularly liable to form deposits in the 
atomisers of Diesel engines. A rdsum^ of some experiences of burning tar oils on Diesel engines 
was given by Mr. G. Porter in a paper read before the Diesel Engine Users* Association, May 24, 
1917. In this paper several specifications for tar oils for use in Diesel engines are given. An 
abstract of these specifications is appended below 

Speoifleations of Tar Oil Fuel for Diesel Engines. 

(1) Specification of the M.A.N, Company ;— 

The tar oil must be a distillate of coal tar. 
The oil must fiow freely at 61® F., and on being cooled down to 46-6° P. and resting in a 

place undisturbed by vibration no separation shall take place at this temperature within the 
space of half an hour. 

The following constituents shall not be present in quantities greater than the stated 
percentages— 

Ash.*05 per cent. 
Sulphur.1*0 „ 

Proportions of water and coke residue not stated. 

Per cent, insoluble in xylol 0*3. 

(2) Continental specification for tar oil quoted by Mr. C. Day in his paper on ‘ Tars and Tar 
Oils as Fuel for Diesel Engines' (January 19,1916) :— 

Tar oils must not contain more than a trace of constituents insoluble in xylol. 
The water content should not exceed 1 per cent. 
The coke residue should not exceed 3 per cent. 
At least 60 per cent, of the oil should be distilled on heating up to 800® 0. (573® F.). 
The net oalorifio value should not be less than 16,840 B.Th.U. per pound. 
The open fiash point must not be below 65® 0. (143*6® F.). 
The oil must be quite fiuid at 61® F. 

Paper read before the DIomI Engine Uaori’Association, January 19,1916. 
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(S) Speoifloation of tar oil proposed by Mr. 0. Day (January 19,1916) 

The tar oil must be a product of the distillation of coal tar. No product that has not 
undergone distillation must be present. 

Per cent, insoluble in xylol 
„ ash . 
„ water 
„ coking residue 

. Not more than 2*0 
0*08 
26 

The oil must be liquid at €0^ F. when maintained at that temperature for half an hour. 

(4) Spociflcatlon of tar oil by Mr. Batho(the Diesel Engine Users* Association, February 23, 
1916):- 

^ecifie gravity—Between 1*0 and 1*1. 
Viscotity—Generally 2° Bngler at 6*0*O. 
Flash 100® F. to 130® P. 
Colour—One drop on white paper should show no black residue, as is the case with tar. 
Lotcer calorific value—Between 16,800 and 16,600 B.Th.U. per 1 lb. 
Ash—Should not exceed 1 per cent, (unburnt residue of tar oil is mostly harmless), 
iro^er—Should not exceed 1 per cent. 
Sulphur—O'b to 1 per cent. 

The burning of raw tars on Diesel engines has been accompanied by the same difficulties as 
the burning of tar oils, but an additional trouble is encountered on account of the free carbon 
which is always present in raw coal tars. 

Furnace Firing with Ijigiuid Fuel. 

liquid fuel possesses many advantages over coal or other solid fuels for furnace firing. The 
advantages when using heavy petroleum oils may be briefly enumerated as follows:— 

(1) Petroleum fuel oil possesses a gross heat value of approximately 19,200 B.Th.U.. whilst 
the gross heat value of coal averages about 1-1,000 B.Th.U, This shows two pounds of oil are 
equivalent in heating to nearly tiirec pounds of coal. 

(2) la spite of its lower specific gravity, oil can be stored in less space than a corresponding 
weight of coaU 

One ton of coal ooenpies about 43 cubic feet. 
.. oil 40 „ 

For marine purposes oil Is conveniently stored in ballast tanks and inacoeesible places, which 
could not be utilised for coal bunkerage. 

(3) Oil rarely contains more than 0-1 per cent, of ash, a negligible quantity, while coal 
may contain as much as 16 per cent. ash. This ash necessitates the removal of clinker from the 
fires, and besides involving expense it causes a eerions loss of heat. 

(4) Oil can be conveyed by pipe line^ a cheaper, cleaner and more rapid method than any 
method of coal conveying. 

This is of great importance In naval work. 
(6) Oil filing does not involve so much manual labour and attendance charges which accompany 

furnace firing with solid fuel. 
(6) A boiler fired with oil will generally raise more steam than the same boiler fired with lump 

coal. Increases in output up to per cent, have been obtained. 
(7) The furnace doors can be kept closed when oil firing, thereby Increasing the efficiency 

of the boiler and lessening the wear and tear on the boiler plates caused by f^nenUy being 
chilled with cold air, as is the caie when burning solid fuel. 

(8) Boilers can raise steam much more quickly when oil fired, thus leesesdng stand-by charges. 
(9) Boilers fitted for bomlng both solid and liquid fuel may be run on coal under normal 

conditions, while oil can be burned for peak loads, thus minimising the number of boilers In 
use. 

1 lb. coal under favourable conditions raises 9 lbs. steam. 
1 lb. oil under similar conditions raises 14| lbs. steam. 

It la essential that firing devices for liquid fusl should break the oil into an exceedingly fine 
state of division, so that the air can reach ths oil lesdily and snsurs speedy oombustlon. 

The mettbods of breaking np ths oil are 
(1) By means of steam. 
(2) By means of oompressad air. 
(5) By a Ugh pressure on the oil, which is pulverised on passing through a fins Jet. 
(4) By meaiis of meohantcal breaking up in a pulrerislng chamber. 
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STEAM Jets. 

A immbci* of oil-burniiiK installations used on land are operated by steam. Steam is always 
available at the face of the boiler, and at the same time steam burners, though not giving quite so 
high an ethelem-.y as air burners, give a soft flame, which is less liable to injure the plates or tubes 
with which it comes into contact. For marine purposwj there is a distinct disadvantage in the use 
of steam on the oil burners, as it clauses the loss of a considerable quantity of water, which has to 
be carried in storage tanks or else has to be Hi)ecially prepared by a disl illatirm plant whilst at sea. 
This drawback docs not apply to land installations, where plenty of water is usually available. 
.Steam Ijurners operate on a variety of principles, the majority of constructions being somewhat 
i!i the form of an injector. 

The Kermode steam jet burners, which have met with much success on land service, are 
designed to impart a rotary motion to the gases by passing the oil through a helical groove. The 

• Steam is passed through an annular space surrounding the oil duct, and in addition tj oaoslng 
atomisation, it Is used to Induce an air current which assists in the combustion of the fuel. 

With the Holden steam jet burner, fuel steam and air are passed' through annular spaces, 
the centre of the homer being left open to facilitate cleaning. 

Another principle used for palverlsing oil by a steam jet Is to allow the oil to trickle from a 
weir over a thin silt through which the steam Is passing. This system is used in the common 
typo of burner known as the * Mexican trough.* A modifleation of this principle is also used 
In the Ajax homer, made by Meldroms Ltd. 

COHPBIESSED Am BURNERS. 

The use of oornpresaed air for atomising purposes allows a higher ellicicncy on boiler-firing 
iostallations. At the same time the saving is not so great as might be untlci])atcd, as the steam 
or power used for driving the compressors is almost as great as the amount lost through steam 
burners. The flame bos a higher temperature than that of the steam jet, and greater oare must 
be taken to prevent it impinging on the plates. Some of the most recent types of compressed 
air burners will operate on air at low pressure (about 10 lbs. per square Inch), and therefore do 
not necessitate costly air compressors, as they can be operated with complete satisfaction by 
low-pressure air from a rota^^ blower. Such burners are the * White ' burner, the ‘ J. Samuel 
White,’ and one of the burners by Allday.s & Onioa-^, Ltd. 

Low PllESj^URB Am BURNP:n8. 

Low pre';sure air at G in. to 30 w.g. is supplied by a centrifugal fan to this eloss of burner, which 
varies eonsiib'raldy in d( sign. ;Most of tlunu are of tlie stationary type, but in some the oil is 
(listributeii over tile air blast from tliolip of u r.qadly ro1ating<’up. Typical burners of the rotary 
class are the * liotamiscr,* Combustion, Ltd., und the * llay,’W. S. Kay Manufacturing Co., while 
the stationarj' design is cxemjiilifled iii the Wullscnd, the Laidlaw Drew and the Botovac burners. 

The Oil Pressure system. 

This is mainly used for marine purposes, and complete oil-burning installations on ibis 
principle are comparatively expensive, on account of the necessity for well-constructed and 
effective preheaters, filters, and the specially constructed fuel pumps. 

In this type of burner the oil is forced through flue jets under a comparatively high preesnre. 
Many bumets are so constructed as to impart a rotary motion to the pulverised fuel (e.g. Kortlng 
burner). The pressure system, although expensive, is probably the most efficient of oil-bnming 
appliances. The power consumed In driving the fuel pumps is almost negligible, and the 
combustion is excellent. The pressure system has met with much success In marine work and 
largo land installations und invariably is used in gas turbines. 

Air Kequired for Oil Fuel Combustion. 

The amount of air required in pracUoe at normal atmospherio temperature for the 
combustion of 1 lb. of oil fuel, is from 250 to 450 cub. ft.; this is 1*6 to 2*5 times the 
theoretical amount. 

British Admiralty SpeoifLoation for Oil Fuel for the Na^y. 

(Adstroer.) 

* The oil fuel supplied shall oonslst of liquid hydrocarbons, and may be either (a) shale oil 
or (5) petroleom, as may be required, or («) a distillate or a residual prodnet of petxoieuin, and 
shall comply with the Admiralty requirements ae regards flash-point, fluidity at low temperalares» 
percentage of sulphor, presence of water, aoldity and freedom from Imporitise. 
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* The flash-point shall not be lower than 176® Fahr., close test (Abel or Pe^y-Martens). ^e 
proportion of sulphur contained In the oil shall not exceed 3*00 per cent. The oil fuel supplied 
shall be as free as possible from acid, and in any case the quantity of add must not exceed 0-06 
per cent., calculated as oleic acid when tested by shaking up the oil with distilled w^ter, and 
determining by titration with decinormal alkali the amount of acid extrac^ by the water, 
methyl orange being used as Indicator. The quantity of water delivered with the oil shall not 
exceed 0 * 6 per cent. 

*The viscosity of the oil supplied shall not exceed 2,000 secs, lor an outflow of 60 cubic 
centimetres at a temperature of 32® Fahr., as determined by Sir Boverton Redwood’s standard 
viscometer (Admiralty t3rpe for testing oil fuel). The oil supplied shall be free from earthy, 
carbonaceous, or flbrous matter, or other impurities which are likely to choke the burners.' 

SPXOIFlCinONS FOR BRITISH STANDARD FUEL OILS FOR HBAVT-OlL ENGINES.* 

No. 209, 1937. 

Marino and Industrial DIcspI FupI 

Forlargeengineswherethe 
speed does not exceed 

For engines where the 260 r.p.m., and where 
speed does not exceed means can, If necessary, 
about 800 r.p.m., e.g. in- ; be provided for heating 
dustriai units and main ' and cleaning the fuel, e,g. 
and auxiliary machinery largeenginesforstaiionary 
for marine purposes. and marine installations 

where oil engines for auxi¬ 
liary purposes are not re¬ 
quired to use the same fuel 

Flash point (closed) Minimum 160® F. 

as in the main engines. 

Minimum 160* F. 
Hard asphalt .... Maximum 2>0 per cent. Maximum 4*0 per cent. 
Ash content. „ O’03 per cent. „ 0*10 per cent. 
Viscosity (Redwood No. Ij at 100'’ F. „ 60 8ec8.t „ 760 secs. 
Water content .... „ 0*6 per cent. „ I’O per cent. 
.Pour point. M 30® F.t (It is considered unde¬ 

Oonradson carbon .... Maximum S’O per cent. 

sirable to specify limits 
to the pour point.) 
Maximum 8*0 per cent. 

Sulphur content .... 
Aniline point) .... 

„ 2-0 per cent. — 

Minimum 15® 0. _ 
Gross caloriflc value B.Tli.U./ib. „ 18,760 Minimum 18,260 

British Admiralty Specification for Oil Fuel for use in 

Diesel Fngines. 

’ Quality:—The oil fuel supplied shall consist of liquid hydrocarbons, and may be either 
(a) sbme oil, or (6) petroleum, as may be required, or (c) a distillate, or a residual product of petro¬ 
leum, and shall comply with the Admiralty requirements as regards flash-point, fluidity at low 
temperatures, percentage of sulphur, presence of water, acidity and freedom from impurities. 

* The flash-point shall not be lower than 176* Fahr., close test (Abel or Pensky-Morteni). 
(This compares with a flash-point of 200* Fahr. in 1910.) 

’The proportion of sulphur contained in the oil shall not exceed 8*00 per cent, fas asalnst 
0-76 in 1910). 

* By permission of the British Standards Institution. 
t The maximum viscosity permitted under this Specifleation shall bo increased to 100 secs. 

Bodwood No. 1 at 100* F. whenever the Oonradson carbon docs not exceed 2 per cent, and the 
hard asphalt does not exceed 1 *5 per cent. 

1 This limit is Intended for temperate climates only. 
6 Tentative test for Ignition quality (for fuel of petroleum origin only), pending the develop¬ 

ment of an engine test. 
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* Th« oil (oAl lapplied ihall be m tree m poealble from aokU tnd In anj caie the qnantitj of 
acid molt not exce^ 0*06 per cent., calcnlated aa okio acid when tested by ahaking np the oil 
with distilled water, and determining by titration with decinormal alkali the amount of acid 
extracted by the water, methyl orange being oaed aa indicator, (In 1910 it waa reqolred that 
the oil (thould be free l^m acidity.) 

* The quantity of water delivered with the oil aiiail not exceed 0*6 pet cent. 

* The viecoaity of the oil aupplled ahall not exceed 2,000 aeca. for an outflow of 6) cubic cent!- 
metrea at a temperature of 82* Fahr., aa determined by Sir Boverton Bedwood’a standard 
viscometer (Adnadralty type for testing oil fuel). 

* The oil aupplled shall be free from earthy, carbonaceous, or flbroos matter, 
impurities which are likely to choke the burners. 

* The oil ahall, if required by the inspecting officer, be strained by being pumped on dlacl 
from the tanks, or tank steamer, through flltm of wire gauze having 16 meshes to the ii 

* The quality and kind of oil supplied shall be fully described. The original sourc 
which the oil has been obtained shall be stated in detail, as well as the treatment to whic 
been subjected and the place at which it has been treated. The ratio which the oil 
bears to the original crude oil should also be stated as a percentage.* 

Special Oil Mixtures used for External Combustior 

Petroleum-Tab mixtubbs. 

The addition of tar or tar products to heavy petroleum oils causes a thick ' 
of pitch to separate, and this has till recently prevented the use of such mixture 
has been ovorcoino by the use of emulsifying agents which are capable r 
constituents in a state of emulsion for prolonged periods. 

COAL DUST/Petroleum mixtures. 

The U.S. Navy authorities have met with success In preparing fuel 
coal dust mixed with petroleum fuel oil. The coal is prevented from 
emulsifying agents. Such oils are claimed to have given satisfactlr 
U.B. warships. 

Morn m ontly siiiiiliir trials willi p«»\\d('n d ooal/pt truleuin fuel ' 
forinoii 1)3'one of the large ihitish ;s(t‘aiJisliij» J Oiiii>anie.>? ami it isuii' 
being continued. 

Spontaneous Ignition Tempe; 

When a fuel is mixed with air or oxygen there is a certa’ 
sufficient to produce combustion. This temperature is refer 
temperature. 

Experimental determination of spontaneous ignition te? 
conditions under which the experiments are conducted. 'J 
fuel are those determined by Moore in 1917, using an igr 
with a cruciblu-shaped cavity into which a stream of p’ 
introduced in the form of drops. The conditions are sii 
at which ignition can take place. A certain definite y 
does actually take place. The results obtained by Har 

Other experimenters have made investigations in 
Is subjected to heat is considerably reduced so as to 
the figures obtained are not a definite constant but 
shorter exposure ^vinff higher temperatures. Me 
which allow any lenra of exposure which will < 
liquid fuels are as follows;— 
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TBMPKBATURBa Of SPOMTANBOU8 lONITION.* 

1 
Spaoiflo 
Qrarlty. 

Spontaneous : Spontaneous 

Deforlption. Ignition 
Temperature 

Ignition 
: Temperature 

in Oxygen. In Air. 

PHroUum dUHUaUt, •0. •0. 
Pratta PtrfaoUon Spirit No. 1 0-710 873 888 
Pcfiroi (M«e). 
Pratta Spirit No. 1 .... 

0-718 879 861 
0-7S4 870 871 

Taz^bni Spirit (kJL,0. Oo., Ltd.) . 
P'aAraffln oil from A.A.O. Go., Ltd. . 

0-789 873 890 
0-807 861 _ 

Petarolita keroaena. 0-814 861-6 488 
Bmpira paraffin. 0-788 363 896 
Patrol from Anglo-American . 
«mp oil from Anglo-American 

0-786 _ 898 
0-787 — 867 

u oil (A.A.O. Go., Ltd.) 
leum Ccntde and residue). 

— 264 868 

da patrolenm (Bgypt) 0-861 860 — 

H>i oil (Aiaam) .... 
^•PandaQ Oil Go.*a oil . 

0-890 
0-894 

861 
864 

884 
408 

petroleom (Texas) 0-896 266 887 
American fnel oil. 0-900 869 480 
fexican oil .... 0-908 369-6 417 
‘trolenm (Texas) 0-936 368-6 416 

,. (Borneo) 0-989 869 880 
net oil. 0-948 869-6 434 
olenm (Mexico) 
„ (Trinidad) . 

0-949 368 436 
0-960 874 484 

(Gallfomia) . 
etroianm .... 

0-963 
0-966 

264 
276 489 

im (Galiiomia). 0-961 263 430 

Iroxbnrn Oil Ck>.) . 0-768 863 883 
%oxbam Oil Go.) . 0-808 861 338 

• a • • 0-860 484 _ 
0-863 616 — 

0-876 666 _ 
•11 .... 0-993 849 _ 
\o & Botden) . 1-010 416 _ 

> (Stainsby & Lyons) 1-036 473 — 

on Garves) . 1-046 478 — 

oeratnre carbonls- 
0-987 507 608 

s Works) 1-074 464 _ 
• 1-077 416 _ 

Heywood Qas 
1-114 446 

ockport Qas 
1-183 464 
1-138 494 — 

. 1-140 488 1 — 

vans) 1-146 496 _ 

Vorks) . 1-173 498 _ 

':o.) . — 410 — 

0-817 896 618 
V^. 0-848 876 276 
(Jtuig 

• 0-876 866-6 406 
tl . 0-894 366-6 1 401-0 

0-981 873 470 
<. 0-710 190 1 147 
V* — 846 1 — 

— 403 ! _ 

— 848 { — 

— 860 — 

qatd Fa«Ui fof Intarnal Oombnitlon Bnginet.' 
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GASEOUS FUELS. 

The more important gaseous fuels used commercially are generally mixtures. The combustible 
'es found in such mixtures are hydrogen, carbon monoxide together with the three hydro- 

‘ ns—methane, ethylene, and acetylene—also higher hydrocarbons of the series of which these 
pies, together with benzene vapoirr, and occasionally other hydrocarbons. 

Prat 
Pair Calorific Values, etc., of Gaseous Fuels. 
^?rat 

t:iblo, p. 1365, the calorilic valiu's pt r ll>. of some fuels nn* f^iveii, together with the weight 
P«!irii*oducti' of combustion, both when Inirnt in i>ure oxyjren and also when burnt in dry air. 
Petff riier value ’ is that obtained when the water produced in the eoinbustion is considered as 
Bmjbecii condensed to the liquid condithm, thus yieldinfr up lieat at the rate of about 1,055 

. per lb. produced. 
'^lally In calculations relating to internal oombustlon engines It is found more oonrenlent 
^ frith the volume rather than the mass of the gaseous mixture; accordingly in the 

table the oaloriflo value and weight per cubic foot at N.T.P. and also at 6U* F. and 
^^?rio preastire are given for the usual fuels :— 

V GASEOud Fuels—Density and Caixirific Value. 

4. Weight in !.!>. per Calorilic Value, 15/rii.U. per 
ii Cub. Ft. Cub. Ft. eSatd.). 
't 

Foot of < !iis. At At 60' F. 
At N.T.P. A 1 Atm. 

o. N.T.P. 
(i>«y). 

lAtm. . 
(Satd.;. Hi'4h»r. liower. Higher. howijr. 

e 
liii 1. 2. 3. •1. 5. 6 

. 0-00563 0-00607 338 2S5 320 270 
H . . ()-Oil77 9-01217 1,052 '.»-16 995 895 

0-07213 o-0()S2:’. 1,557 1,505 1,173 1,123 
. 0-07820 0-07351 336 33f; 318 3 IS 
. 0-07829 U*07363 1,650 , 1,613 ; 1,560 1,460 

'.O, at, N.T.P. weigls 0*1?298 lb.; in its formation from free carbon and 
u evolved. 
Md 1 atm. one cubic foot of 00, weighs 0 11634 lb., and In its formation 
c 

the volumes of oxygen and of air just necessary for the complete com* 
tif gas are given, together with the change of volume of the products 

-iat evolv^ per cubic foot of the mixture of gas and air before 

AND OF AIR NBOESSARY PER CUBIC FOOT OF GAS, 
AND IIBAT PER CUBIC FOOT. 

Vol. of 
t Mixture 
e before 
V I Combustion 

in Oub. Ft. 

^‘“•i with 
; Air. V .a. I 
d « 

V I 
3 i 

10*6 
l!i.O 

Cubic 
Feet 

of 
Nitro¬ 
gen 
in 

Mix¬ 
ture. 

1-9 
7-6 
»-5 
1*0 

Ratio Vol. of B.Th.U. 
of Vol. Mixture Ratio evolved 

of after of per 
Nitro¬ Combustion Final Cub. Ft. 
gen in Cub. Ft. to of Initial 
to Initial Volume 

whole With Vol¬ with Air 
Vol¬ Oxy¬ With ume. at 60*F. 
ume. gen. Air. & 1 Atm. 

6. 7. 8. 1 10.* 

•56 1-0 2-9 •853 79-5 
•716 .3-0 10-6 1-000 84-3 
•731 8-0 i 12-5 1 •962 10U^5 
•66 1-0 1 2-9 1 -863 93-6 
•740 40 1 10-6 1-00 1 9-1-8 

r». * Lower valoea. 
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Hydrogen. 

l-’roiTi t)i<’ jiliovc will b<j nob'll tliat a, hydroffen-air iiiixlun rontracf.- after corn- 
liustioii to only O-ST)*? of its initial volomo, tin- prosanro of tlif. cxjdopion beiiif,^ c-orrospoiidingly 
roduccil. I’urtlu'i', notwitlislaiaJing thn \«;'rv Jii^di caliirilic value of liydroj/en yrr pound, ita 
oxfi'ssivi! bulkiiirss resiills in a lu*at evolution td <»nly 79-5 iJ/l'lnU. p( r cubic foot of its admixture 
with air at, 1''. and atinosiiherie |ir<*ssur<“. 1 lydrogeii-air mixtnriK are alho very sharjdy 
explosive and troulde is exjterieneeil in engines from pre-it/iiition at the eompre>sioji jiressures 
usual ill firai'l iee hen hydroy'en is present in laryM* jirojiortion in a jrasoous fuel. 'I'lms it is clear 
that hydroL^'ii alone wouhl lie a very trouhle-ome fuel to cTiijiloy in the r onventional eas engine, 
thonydi its prese'uee is often lienelieial in eonferriiiLr suflieiently promjtt intlammahility ujton dilute 
mixtures of other ^'ases. Special t'ntrines, ho\\ev<-r, such as the Krren ent.o‘iU', havr* been df'fdp'ued 
to operate on hydro^'cn. for healintr juirjioMs a larye h\ilrooeii eontent is advantageous on 
account of the high temperature obtaimd in its lombustion. llMlrogen constitutes about ‘15 per 
cent. Iiy v(dumc of modern eotd-ga.s, on the average. 

Methane. 
Methane is an excellent fuel for power ])urposes ; it has a greater lu-at value per cubic foot ' * 

air mixture than hydrogi*n, and the vohnue of the pro*lu<-ts of combustion is equal to that of t. 
mixture before combustion. 

'rhe ‘ nat\iral gas ’ so largely used in the I nited States eon^ists )'Tiucipally of methane, that 
of ()h‘au fN.V.l, foi example, eontaining tio los than per eeiil. <1 thi> con'^titm'Ut. d’hc pa« 
usu.dly issues from lla- w<‘lls at, Idgh pri's.'':iire. o. rasionally approaching foot) Ihs. j-er.-^q. in. The 
Snow engine of the N.Y. iV I’emi. 'I’raction t <*. at Oh an is supplied liy nainral ga.s issuing at a 
pressure of :^<io lbs. jier sij. ill., wld<-b is redueed down to 1 -S lb. jiersip in. before being admitted, 
mixed W'ith air, to tla* engine. With natural ga< compression ]tre.>»suri'S of 150 It-s. ja r sq. in. arc 
common, aial mean elfeetivc jiresstires of so ll>s. persq. in. arc often attained. 

.Methane obtained from sewage ilispo.^-al jilant.-- is eompre.v:se<l and transfern'd to high pressure 
cylinders for use as a fuel for trausjiort vehicle^ hy a numta r of loeel autliorities in ( ireat liritaiii. 
Jlesearch .and dexclopmeid work on Ihjuid methane as a fuel has also been carrie d out.* 

Acetylene, 
Acetylene has to far been but little used as a fuel for internal oomboation engines. It la very 

violently exploaive when mixed with air, and owing to ita endotbermio nature the preaaure 
developed la onoaually high. 

The range of exploaive mixtures with air la alao oonaiderable; Grover found that at ntiuo- 
Bpberio preaaure exploaive mixtures were produced with one volume of acetylene to from 4 to 
18 volumes of air; at a compression of three atmospheres even a 80i 1 aJr^aoetylene mixture 
waa found to be explosive. 

Acetylene is soluble in water to the extent of 1*1 volume; in alcohol to about 6 volumes; 
while acetone at 60* F. and atmospheric pressure absorbs about twenty*five times its volume 
of the gas, and at a pressure of about 180 lbs. per sq. in., about 300 volumes. A solution of 
acetylene in acetone contained In a porons matrix under a pressure of 160 lbs. per sq. in., is sold 
commercially as dissolved acetylene (* D. A.'); the * D. A.' cylinders contain 100 times their 
own volume of acetylene at G0*vF. and ten atmospheres. Oommeroial oaloiom oarbide on 
addition of water usually yields about 4^ cubic feet of acetylene per lb. 

If bubbled through petrol, acetylene gna becomes beavilv ' carbaretted'; 100 cubic feet 
of acetylene thus treated will produce about 160 cubic feet of 'carbaretted* aoetvlena. 
According to Dr. Oaro, as a heating agent this exceeds pure acetylene about In the ratio of 8: S. 

Used as a fuel for internal combustion engines some remarkable results have been obtained 
with acetylene. Some early tests on a 8 h.p. engine showed that only 8| cub. ft. of the gas were 
required per b.h.p. hour, as against 36 cub. ft. of ooal gas. In another case 6 • 36 cob. ft. of acety¬ 
lene yielded 1 b.h.p. hour. And with a 6 h.p. engine using a SO; 1 mixture, and a compression 
pressure of 116 lbs. per sq. In., Ouinat found that only 6*36 oub. ft. of acetylene were consumed 
per b.h.p. hour, the consumption by volume of coal-gas being about three times as great. Specially 
designed acetylene engines of from 1 to 10 b.h.p. are built; these are mainly employed in pump¬ 
ing water for the generators of large village installations. The average consumption is about 
7 oub. ft. of acetylene per b.h.p. hour. 

Carbon Monoxide. 

Carbon Monoxide yields the large return of B.Th.U. per cubic foot of mixture with 
air, notwithstanding its low oaloriflo value per ib.; this results from Its weight being fourth 
times that of hydrogen. The products of combustion oocupy, however, only 0 • 836 or^ volume 
of the original mixture; it is the prinoipal oombustible oonstitoeqt of producer and blast fomaos 
gas. Carbon monoxide is extremely poisonous, forming with the red oorpnsoles of the blood a 
■table ohemioal oompound of a bright red colour termed oarboxyhiemoglobln; care must ahrays 
lie tiikcn to jin^voiit any loakair*' of the gas Into the atmosphere, and all engine and producer 
houses shoild bo freely ventilnted. 

* ‘ The Signilicance of Jiiquid Mothaiio as a Fuel,* A. G. Fgerton, F.ll.S. and M. Pearce, B.Sc 
A.U.G. r., Journal, Institute of Fuel, August 1915. 
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Ethylene. 

Ethylene is usually present to a small extent (up t«» al»uut I I'er eeiil. I»y volume; in foal ^as, 
and is a valuable producer of heat. 

GASEOUS FUELS EMPLOYED IN GAS ENGINES. 

1. Natural Qaa. 4. Acetylene Qa*. 
2. Ooal-Qas. 0. Producer Oaa. 
3. Ooke^ven Qae. 6. Blast Furnace Qaa. 

1. natuhai. gas. 

JfsUttral (7iu.—Large quantities of natural gas are evolved In most petroleum oilfields, 
^ie composition ot the gas varies in different localities, but it always contains a bigb percentage 
m methane. The net oalorifo power is usually 700 to 000 B.Tb.U. per cubic foot. It is used 
in gas engines and for beating and t nominating purposes. 

3. COAL-GAS. 

Ooal-Oas is still almost exclusively used in the smaller sized stationary gas engines, especially 
in towns; it is an admirable fuel for internal combustion engines of any site, however large, 
but its use for considerable powers la usually precluded by its relatively bigb cost. 

Owinjr to tho restri<dii)ii of judrol supplic't duriu;' the 1011-18 war many trials wore made on 
the use of coal-sriis us a fuel for tlio cm^lu* s of motor vchich's. l.ar'^c ufas-bai's were uttachcil to cars, 
vans and couches and qood ojicrai ion was obtained, 'rfic distanct; travelled on tlio ono lillitc.' of tho 
gas-bag was ubont 15 mih s and mutorially limited (he radius of action, I.ator, however, develop¬ 
ment work was carrie>i out on the use of coal-ga,s curried iu special iiigh-pressuro cylinders. ^Vith 
this arrangemeni the distance travelled per charge was increased to uboiit GO miles. Extensive 
use of thi.s method has been made in <Jermany although gases of higher ealorilic value than c<'>al- 
gas are gene-rally used. 

Calorific Value of Coal-Gas. 

Since the introduction of the Qas Begulatlon Act iu 1930 the gas undertakings in dreat Britain 
ceased to operate on official standards of candle power and are now subjeot to penalties in default 
of maintaining their respective standards of calorific power. The choice of calorific value of the 
gas which is distributed is left iu the bauds of iudividnal aadertakings,tbusa wide range of quality 
is found throughout the country. When utilised in gas engines the factor of ealorilic value plays, 
an important part, so that the operating data and adjustment of the engine must depend largely bn 
the quality of the gas supply in any partioular district, la general, it may be said that the calorific 
\alue of the cois supplied by undertakings in the country varies between 470 and 600 B.Th.U. 
per cubic foot, but there are a few outetanding exceptions, as, for example, the Sontb Metropolitan 
Gee Oompanj of London which distributes a gas of 060 B.Tli.17. per oablo foot, and the Naueatou 
Gas Company whois standard is 360 B.Th.U. 

OALOBZ910 Standards. 
Calorific value of gas. 

London (Gaslight & Coke Company) . 000 B.Th.U. per cu. ft 

„ (Sonth Metropolitan Gas Company) . . 560 »3 n 19 
„ (Commercial Gas Company) . 000 93 •• 9» 
„ (Wandsworth Gas Company) . . 470 

„ (Sonth Suburban Gas Company) . 500 9> 9 M 
,, (Tottenham Gas Company) . 600 

Manchester. ... . . 460 

Liverpool . . ,. . 470 9 * 1 > 19 
Birmingham .... . 600 99 19 99 
Bristol ... . 480 99 99 91 

So far as the composition of towns* gas is concerned, it is not possible to lay down any arbitrary 
figures for the reason that the ultimate analysis varies not only in different localities, but it varies to 
some degree even in the same looalit j in aooordanoe with the proportion of water-gas whiob is added 
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of ihfl mixture of coal-gM end water-gM dlftrlbnted. Ax a general guide, however, tbe analjaif 
given below repreeente the oompoeition of a normal itralght coal-gas having a oalorldo valiio of 
620 B.Tb.U. peroubio foot. 

Oompositlon of 520 B.Th.i;. Coal-(Ja«. 

Por ccnf. 
Volume 

Carbon dioxide . . . . . . 3*5 
IJnsaturated hydrocarbons . , . 3*5 
Oxygen . . . . . o-.'l 
Carbon inonoxiile . . . . 7*7 
Hydrogen . . . .47*0 
Methane . . . . . 27-5 
Nitrogen . . . . . 10-5 

100-0 

The gas supplied to-day by nearly all the principal undertakings constots, however,of a mixture 
of from 75 to 80 per cent, of stialght coal-gas (of above analysis) and 20 to 26 per cent, of tither 
blue or carburetted water-gas. In this oi»e the typical composition will be represented by the 
following analysis:— 

OompOAcion of Mixed Qas consisting of 80 per cent. Straight Ooal-Qas and 20 per cent. Blue 
VVater-Qaa. (480 B.Th.U.) 

Per c./nt. 
I.)y Volinue, 

('arlH)!! dioxide . . . . . . 3-7 
I’nsaturatcd hydrocaritotis . . . . 2-h 
Oxygen . . . . . . U-2 
(.’arbon monoxide . . . . 13 y 
Hydrogen. . 4y-0 
Methane . . . . .22-2 
Nitrogen . .... 0-3 

lUU-0 

It is important for the gas-engine user to bear in mind that in recent years it has been established 
that one B.Th.U. will always give the same service irrespective of the quality or concentration of 
the mixture. In other worc^ from the point of view of efficiency a poorer mixture (say, 400 
B.Th.U.)can be utilised as efflolently as a rich one (say, 560 B.Tb.U.) so long, of course, tnat com¬ 
bustion is alwavs complete. Proper adjustment depends, therefore, on the variation of the air 
supply in aooordance with the quality of the gas in any particular locality. The volume of air 
theoretically Just neceesaiy for complete combustion may be estimated by aid of the second table 
on page 1360. 

Increased economy In consumption is obtained by nslng mixtures of gas with such excess 
of air, or other gases, that only about 60 B.Th.U. are Introduced per cub. ft. of piston displace¬ 
ment for cylinders up to about 20 ins. diameter, while for larger cylinders (SO ins. dla. and above) 
the figure must be r^uced to 40 or even 36 B.Th.U. in order to avoid overheating tronbles. 

When e»^ of oxrgsn is present In the mixture, practically no carbon monoxide is found 
in the exhaust; with deficiency of oxygen, or irregularity in the mixture, the contrary is to be 
expected. 

Usually In practice the volume ratio of mixture employed is from 7 to 10 of air to 1 of coal- 
gas ; the richer mixture gives a greater power output, the more dilate a greater economy In 
consumption of gas per horse-power hour. 

3. COKE-OVEN OAS. 

Coko-Ovcn is prodiicod in large quantities in the process of the manufacture of metal¬ 
lurgical coke ; its compo.siHon varies somewhat, but in general, Nvhen deben/.olised, it has similar 
characteristics to coal-gas made at the gas works. 

The practice of strii)ping coke-oven gas of benzol by means of scrubbers is common and pro¬ 
vides a Binall but none the It-ss welcome supply of home produced light spirit. 

About half the gas cvolvd is used for beating the ovens and the remainder is used for industrial 
heating or sold as towns gas. 
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A typical analysis ol debenzoliscd coke*OTen gas is as follows:— 
Per cent, 

by Volume. 
vx^gcu .... 
Carbon dioxide 

. v** 
2*0 

Unsaturated hydrocarbons 2*6 
Carbon monoxide . 7-4 
Hydrogen .... . 64-0 
Methane .... . 28-0 
Nitrogen 6-6 

100-0 

The higher calorific value of this gas is 626 B.Th.lI. per cu. ft. 

4. ACETYIiENE QAS. 

Experiments carried out in Germany with acetylene gas for Internal combustion 
engines showed that the proportion of air to gas should be In the ratio of 12*02 to 1 to avoid 
the formation of soot. The maximum compression which may be used for a mixture of 
acetylene and air is about three atmospheres, compared with 4>6 atmospheres for petrol and 
10 atmospheres for coaUgas. One ton of carbide is sufficient to produce 10,000 cubic feet of 
acetylene. 

6. PRODUCER QAS 

In normal combustion, when an excess of air is present in the combustion space, the carbon 
of the fuel is burnt to form carbon dioxide accoi-ding to the reaction 

0 -f" Oj-^OOj. 
Nitrogen from the air passes through the combustion space into the resulting gas without entering 
into the reaction. By this reaction one pound of carbon generates 14,647 B.Th.U. 

By restricting the air supply and arranging to maintain a comparatively great depth of fuel 
upon the grate the carbon may be burnt into carbon monoxide according to the reaction 

20 + 0,->*200, 
nitrogen again passing through the grate without being affected. 

By this latter reaction, 4,400 B.Th.U. are generated for each pound of carbon gasified, 
the residual heat value obtainable from the carbon by complete combustion, i.e, 
14,647 — 4,400 •> 10,247 B.Th.U., remaining in the resultant gas. 

The greatest quantity of heat obtainable in the form of cool carbon monoxide from the 

air-carbon reaction is therefore only ~ 70 per cent, of the heat originally available in 

the carbon. 
Of the 30 per cent, of heat given out daring the reaction, a large portion leaves the producer 

in the form of sensible heat. 
The heat generated in the producer is sufficient to cause a temperature too high for satis¬ 

factory working. 
In order to cool the producer and to utilise this excess of heat, steam is introduced into the 

oombnstion space, when, if conditions are favourable, the following reaction takes place: 

0 4- H,0->00 + H, 

For each pound of fuel entering into the reaction 4,320 B.Th.U. are absorbed from the heated 
fuel. 

By the use of air and steam in certain proportions, it Is possible to absorb the excess heat 
generated by the air reaction and maintain a practically constant temperature in the producer. 

By alternately blowing the producer with an excess of air and raising its temperature by 
the combustion of carbon, either to the monoxide or to the dioxide, and then cutting off the 
air supply and passing steam into the hot fuel until the producer temperature has again fallen, 
it is po^ble to generate water-gas (the result of the steam-carbon reaction) which may be collected 
separately. 

Water-gas in conjunction with oil-gas (generated by the cracking of heavy petroleum dis¬ 
tillates) is largely used for mixing with coal-gas in normal times. 

As the fuel uim is not pure carbon, other considerations than thosd mentioned In the above 
theoretical outline affect producer design and working. As coals undergo a destructive distilla¬ 
tion in the produoeis it is necessary to make use of special devices for the removal of tar from 
the producer gas. The recovery of ammonia generated from the nitrogen ol the coal may be 
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of some Importance In th© economics of producer gas plants. These particulars ai© treated In 
greater detail in the following descriptions of vorions types of plant. 

(a) Pressure producer gas from anthracite (Dowson). 
(P) *. tf u coke ( M ) ^ 
C«) Suction and suction-pressure producer gas from antiiracite rDowson). 

wood, sawdust, chips (Dowson). 
’ „ „ charcoal (Dowson). 
,, ,, „ coke end anthracite (Dowson). 

(ff) „ „ coke (Dowson). 
(ji) ” „ bitumlnons coal (Dowson). 
(<) Pressure producer gas from bituminous coal (Mond) 
(/) Suction and suction-pressure producer gas from anthracite (Mond). 
(i) „ „ » .. "ke ( .. ) 
(l) „ „ » charcoal ( „ ) 
(m) Suction-pressure producer gas from wood, serai-bituminous ( ,, ) 
(n) Suction producer gas from bituminous coal (Faruham). 
(o) Producer gas from other substances, as colliery refuse, sawdust, wood obipi, cccoanut 

shells, belt pickings, ignite, and peat. 

In the table on page 1S71 some results of analyses are given of producer gas from anthracite, 
coke, and bituminous coal. The number of cii. ft. of air necessary for Jaet complete 
combiution is obtained by aid of taole on page 1366 from the formula :— 

Cu. ft. of air - lod 11 2 } 

WA8TJB HEAT RECOVERY. 

The directions in which profitable recovery of waste heat must be looked for are 
(I) Waste heat from various metallurgical and other furnaces ; 

(II) Waste gases from Internal combustion engines; 

(iii) Exhaust steam from non-condensing engines, steam hammers, steam-hydraulic 
intensifiers, etc. 

Waste faftat from high temperature metallui^cal operations, such as open-hearth melting 
fomaces, consists ol the sensible heat of the waste gases and the beat carried away by radiation 
and convection from the furnace walls. The latter Is permitted deliberately in order to prevent 
unneceesarily rapid boming of the walls. The beat of the waste gases is generally utilised for 
the purpose of preheating the incoming air and gas by means of regenerators and reversing 
valves. By jacketing the furnace walls and utilising the heat formerly wasted in radiation 
for air preheating, thus releasing approximately 30 per cent, of the beat of the waste gases for 
steam-raising in a waste heat iioiler, a very substantial saving of fuel will result. The loss of 
heat by radiation and convection from unjacketed furnaces is certainly not less than 2i per cent, 
ol the total heat of the fuel used. Even In a reheating furnace working at 1000** 0., jacketing 
of the furnaces instead of regeneration in chequer chambers will often give an air temperature 
of ever 300® 0. 

Small reheating fomaces for light forgings and similar work air-jacketed at the sides only 
will often give a temperatore of over 150® 0. in the air supplied for comoustion. In all cases 
the resnlt will be that the final temperature of the gases will be sufficient to make a waste heat 
boiler a profitable investment. 

In metalluigical fomaces wherein the process requires a densely smoky atmosphere and the 
air supply is deliberately restricted, the use of a waste heat boiler for the products of combustion 
together with a supplementary coal fire, through which an excess of air is passed, will not only 
lead to large recovery of heat in the form of steam, but will also fumisb a solntion to the smoke- 
abatement problem. Withont the supplementaiw fire-grate a supply of highly preheated air 
brought through ducts on the furnace settings will nsut^y onsoie reignition of the combustible 
matter in the smoky gases. Gold air will not do this owing to the low temperature of the gases 
to begin with, thus keeping the products below ignition point. 

For ordinary waste heat boiler work without supplementary firing a temperature of at least 
800® 0. is needed to make the proposition profitable. With tubular boilers of the Cochran type 
the usual evaporation per pound of coal consumed in the furnace is:_ 

' Temperature of Waste Cases. 1500® P. 1800® P. 2000® F. 

Lb* water psr lb. of coal from water 
at 68* F. 8'08 4'S5 500 
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Qaaes from internal comboation engines usually allowed to expand in a silencer, with corre> 
spondlng fall of temperature, are maintained at smaller volume and part with their heat to Uie 
water in the boiler with a final temperature of about 76* 0. 

This system is of considerable value also in dealing with the wast-e heat from gas retort 
furnaces. 

^ Where low-temperature furnaces are in use only the waste gases may be used for heating 
of water for shop and office heating by means of economisers, and where both high- and low- 
temperature furnaces are worked, the hot water from the latter should be used for feed to the 
high-temperature waste heat boilers. An interchange of heat and power from waste sonroes 
between adjoining establishments is often a practicable proposition where the means of power 
and heat generation and utilisation are collectively equal. 

The heat wasted in exhaust steam can be applied to the drive of low or mixed pressure 
turbines, which latter will have the additional economical effect of levelling out the load on 
the boiler plant, in that a falling-off of the supply of exhaust steam will cause the turbine to 
draw on the boilers directly for a high pressure supply. Other important advantages are the 
returning of soft water to the boilers for feeding purposes, either with or wittout preliminary 
electrolytic treatment for oil elimination. 

Other applications of the heat of exhaust steam are for beating processes in manofactore, 
heating of buildings, etc., all of which permit of the return of the condensate for boiler feed 
purposes. 

All proposals for the utilisation of waste heat of any kind require t.« be d'^alt with Individually 
on their merits, the conditions being so variable that no hard and fast rules can be laid down 
which will be universally applicable. 

See also Descriptive Section XXV. 

Olarke Ohapman A Oo.. Ltd. 
Heenan A Froude, Ltd. 
International Oombustion, Ltd. 
International Gas Deteotois, Ltd. 
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fRAIGPARlf 
V/ELECTRIC CABLES IV 

are notable for their high quality and 
should be used wherever reliable service is 

required. 

VULCANISED RUBBER INSULATED CABLES 
THERMOPLASTIC INSULATED CABLES 

IMPREGNATED PAPER CABLES 
VARNISHED CAMBRIC INSULATED CABLES 

FLEXIBLE CORDS 
etc. 

FOR ALL PURPOSES 

The Craigpark Electric Cable 
COMPANY LIMITED 

Hetid Office and Works : 

SPRINGBURN, GLASGOW, N. 
Branches: 

17 VICTORIA STREET, WESTMINSTER, 31 BRIDGE STREET, 
LONDON, S.W. I. MANCHESTER, 3. 

97 STATION STREET, 41 BRIDGE STREET, 
BIRMINGHAM, 5. ABERDEEN. 

3 LEIGH STREET, WHITECHAPEL, 7 DOCK STREET, 
LIVERPOOL,.! DUNDEE 

55 ST. PAUL’S STREET, LEEDS, i. 

F. 1377 
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SECTION XXVI 

ELECTBICAIi ENQINEEBING 

ELECTRICAL UNITS AND NOMENCLATURE — RESISTANCE 

— STANDARD VOLTAGES — STANDARD COPPER AND 

ALUMINIUM CONDUCTORS — FUSES — PORCELAIN INSU- 

LATORS —WIRING FITTINGS — REGULATIONS OF ELEC¬ 

TRICITY COMMISSIONERS — ELECTRICAL EQUIPMENT 

OF BUILDINGS, SHIPS AND AIRCRAFT — ELECTRICITY 

REGULATIONS FOR FACTORIES - ACCUMULATORS — 

ELECTRICAL MACHINERY AND MERCURY-ARC RECTI¬ 

FIERS — ELECTRIC MOTORS CARBON BRUSHES - 

SWITCHGEAR — STARTERS AND CONTROLLERS — 

TRANSFORMERS — INDUCTION REGULATORS — POWER 

FACTOR IMPROVEMENT — INSTRUMENTS — METERS — 

ELECTRICITY SUPPLY (METERS) ACT, 1936-LIGHTNING 

CONDUCTORS—HEATING AND COOKING—AGRICULTURAL 

APPLICATIONS — INSULATING MATERIALS — PHOTO¬ 

ELECTRIC CELL USES - ELECTRIC PROPULSION — 

ELECTRIC EQUIPMENT OP AUTOMOBILES — SYNCHRO¬ 

NOUS CLOCKS. 

(Revised by J. M. Burnett, B.A., A.M.I.E.E.; 

Electrical Units and Nomenclature, 

No. j<lU—1034. Nnijitwerhvj Si/nihol^ nml .Ihbnviaiions Hides: (:\) I’articiUar values 
of varying quantities to be represented by small lettora. Subscript letters may be used, (b) 
Effective (B.M.S.) or constant values of electrical quantities to be represented by capital letters, 
(c) Maximum values of varying quantities to be indicated by subscript ' max ’ or by small letter 
with circumflex accent, (d) Angles to be represented by small Greek letters, (e) Numerical 
constants to be indicated by small script or Roman letters; specifio quantities or their ratios 
by small Greek letters. 

Name of Quantity. Symbol. Name of Quantity. Symbol. 

Length, Mass, Time . /, m, t Difference of potential V 
Acceleration of gravity . 9 Electromotive force . E 
Work .... A Current . I 
Energy .... W Magnetic field-strength H 
Power . P Magnetic flux . a* 
Efficiency • »7 Magnetic flux-density u 
Rotational speed . n Magnetomotive force . ¥ 
Temperature . . 6 or T Reluctance s 
Frequency / Permeability 
Wave-length, Period A, T Resistance, Resistivity R.P 
Angular velocity . (U Capacitance, Permittivity . C,K- 

. L, M Phase displacement Seif-, Mutual-inductance 
Quantity of electricity . Q Reactance, Impedance X, Z 
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Symbols for aamm of Bleotrioal Units to be omployed only after numerical ralues:— 

Name of Unit. Symbol. Name of Unit. Symbol. 

Ampere A Watt-hour Wh 
Volt . V Volt-ampere VA 
Ohm o Ampere-hour Ah 
Ooulomb 0 Milliampere . , mA 
Joule . J Kilowatt . . : kW 
Watt . . w Kilovolt-ampere . 1 kVk 
Farad . F Kilowatt-hour . . 1 kWh 
Henry . . H Microfarad . : 
Volt-oonlomb VO Megohm .... MO 

B.S. No. 447—1933 refers to Graphical Symbols for use in connection with Interior Blectrical 
Installations and No. 108—1933 for General Electrical Purposes. 

B.S. No. 306—1U43 is a Glossary of Terms used in Electrical Engineering. 

One AmpeM (inUmeUionat) is the unyaiying electric current which, when passed through a 
solution of nitrate of sllTer in water, deposits silrcsr at the rate of 0*001118 gramme per second. 

On« Coulomb is the quantity of electricity represented by 1 ampere passing for 1 second. 

One Ohm (iniemaiioruU) is the reaiatanoe to an unvarying electric current of a column of 
mercury of uniform oross-section and length equal to 106*3 cm. whose mass is 14*4621 grammes 
at the temperature of meiUng ice. 

One YoU iinlernationaS) is the electrical pressure which, when steadily applied to a conductor 
whose reslatance is one intematioual ohm, will produce a current of one Inttf national ampere. 

One Farad is that capacity which is charged to a potential of 1 rolt by a current of 1 ampere 
flowing for 1 second. 

One Henry Is the inductance of a circuit in which an B.M.V. of 1 volt is induced by a current 
Tsriation of 1 ampere per second. 

One Watt is the power, or the rate at which work is being done, when a current of 1 ampere 
passes through a re^tance of 1 ohm. 

One Joule is the amount of work done, or heat generated, by 1 ampere flowing for 1 second 
through a resistance of 1 ohm. 

The following moltipies and sub-multiples of these units are in common use 

One miUiroU — one-thousandth of a volt. One microhm = one-mllllonth of an ohm. 
One milliampere = one-thousandth of an One microfarad = one-millionth of a farad. 

ampere. One millihenry = one-thousandth of a henry. 
One megohm > one million ohms. One kilowatt = one thousand watts. 

The following relations will be found useful:— 

One horee-power is equal to 748 watts. 

One ioa^-Tpaund Is equal to 1*366 Joules=0*333 calorie. 

One jouk is equal to 0-238 calorie. 

One (gm.) calorie is the work done in raising 1 gramme of water 1° C., = 1*2 Joules. 

One (kg*) Mierfr >■ 1000 (gm.) calorie^ 

One joule is equal to 0*7373 foot-pound. 

One dyne Is the foroe which, acting on a mass of 1 gramme for 1 second, will give it a Telocity 
of 1 cm. per second. 

One erg is the work done by 1 dyne acting through 1 centimetre. 

One watt = 0*00134 horse-power =s 0 7373ft.-lb. per second = 44*24 ft. lb. per minute = 0*0673 
British thermal unit per minute = 1 joule per second. 

One kilowatt-hour = 1,000 watt-hours = one Board of Trade Unit = 1*34 horse-power-hours 
as 2,666,400 ft.-lb. = 3,413 British thermal uDits=860,600 calories. 

The practical standard of electromotive force is the Weston Normal cell, which has an E.M.F. 
of 1*0186 Tolts at 16*^ 0., deoreasing by 0*00004 volt per degree 0. rise of temperature. 
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RESISTANCE. 

Elfoci of Temperature on Resistance. 
The resistance of metals increases with the temperature in accordance with the approximate 

formula 
. 11^ = 11.(1 + 17) 

where k is the coefflcicut given In col. 5 or 6 below (according to the temperature scale employed) 
div!de<l bv 100. 

If the resistance Ri at temperature In ^ O. be known, then for copper the resistance R, at 
temperature t . in ® C. will be 

/234.6 + /.>| 

K, ” W34-5 +r, ' 

Metallic Resistance Materials. 
Metallic resistance materials are clas.sifled by the British Standards Institution for maximum 

temperatures of GO, 200, 300, 700, and 1,000® 0. respectively. According to Speciflcatlon No. 
116—1938, the resistivity at 20* 0. is not to differ more than 5 per cent, from that declared by 
the supplier, and the material must be uniform in resistance within 6 per cent, in the case of sheets, 
strips and tapes, and within from 5 to 2 per cent, in the case of wires ranging in diameter from 
below O'001 to above 0*012 inch ; the temperature coetBcients in the two low-temperature classes 
must not exceed 0*00002 and 0*00004 respectively for ten hours without the resistance changing 
more than 0*01 per cent. Lists of standard sizes of wires, sheets, and tapes are given in the 
Report. 

Rrsistivity of PuiiK Axxkalf-i) Metals and Alloys, ai 0® C. (32'^F.). 

{.Fleming Jt Dewar.) 

Metal. 
Microhms 

per 
cm. cube. 

Microhm.s 
per 

inch cube. 

Ratio 
to Copper. 

Temp, 
t’oefft. F. 
per cent. 

Temp. 
Coe Hr. C. 
per cent. 

Aluminium . 2-665 1-018 1-08 0-242 0-435 
Antimony . 36-0 14-17 22-7 0-217 0-39 
Arsenic 33-3 13-1 21 — _ 

Bismuth 111-0 43-7 09-6 0-195 0-35 
Cupper . 1'588 0-6252 1 0-237 0-426 
Gold . 2-20 0-806 1-38 0-209 0-377 
Iron 9-07 3-57 5-71 0-3 47 0-625 
Lead . 20*1 8-03 12-8 ( 0.228 0-411 
Mercury 9-1*07 37-04 59*2 O-040 0-072 
Nickel . 12*3 4-84 7'5 0-345 0-62 
Platinum 10*92 4-299 688 0-204 0-367 
Silver , 1*47 0-679 0-920 0-222 0-40 
Tin 1305 5-1,38 8*22 U-244 0-44 
Zinc 6*75 2-20 3*62 0-226 0-406 

Coiistautan . 61 20 32 i 0-0006 ±0-001 
German Silver . 30 11-8 19 0-0152 0-0273 
Manganiu . 46*7 8*4 29-4 0-0008 0-0015 
Nichrome 95 .37-5 00 0-0239 0-043 
Platinoid 38 15 24 0-0122 0-022 

STANDARD VOLTAGES. 
B.S. No. 77—19 17. VOLTAGES FOR TRANSMISSION AND DISTRIBUTION A.O. SYSTEMS. 

The term * system' denotes all the conductors and apparatus electrically connected to a 
common source of voltage ' System Voltage,* the voltage between lines for which the system 
is designed and Installed ; * Declared Voltage,* the voltage at the consumer’s terminals declared 
by the electricity undertaking and subject to maiutonance within the limits laid down in the 
Electricity Oominissioners’ Supply Regulations. 

'L’he j)reforr<‘d staiidurd syst<un voltages in Britain arc 
Voltages to ntsulral ..... 

„ botw’cen lines .... 
J> '2 >i • • • * 

»» 51 ?» • • • • 
11 • • • • 

11 5* 12 • • * * 

210 volts 
415 ., 

11 kV. 
33 „ 

264 
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Othor staiulanJ systems which arc 
Voltage to neutral 

„ between lines 

ill use arc : - 
330 volts* 
400 ,, * 
3*3 kV. t 

0*« » t 
23 „ t 
88 „ 

110 „ 
165 „ 
330 „ 

STANDARD CONDUCTORS. 

The following speoificationa have been issued for copper and aluminium conductors :— 

No. 7—1916. 
„ 126—1917. 
, 446—1933. 
„ 216—1934. 
„ 166—1943. 
„ 116—1938. 
,, 128—1929. 

444—1932. 
446—1933. 

„ 23—1933. 
„ 169—1932. 
„ 480—1942. 
„ 618—1933. 
„ 608—1913. 

„ 672—1936. 

Insulated rubber copper conductors. , 
Copper conductors for power lines. 
Braided copper cables for power lines. 
Alumininm conductors for power lines. 
Enamelled copper wire. 
Metallic reslstajices. 
Bare copper wire for machines. 
Bare soft copper bars for machines. 
Commutator bars. 
Trolley and contact wire. 
Brushes and busbar connections. 
Metal-sheathed, paper-insulated copper conductors. 
Me^um-heurd copper strip bars and rods. 
Varnished cambric-insulated annealed copper conductors for electricity 

supply. 
Cadmium-copper conductors for power lines. 

COPPER CONDUCTORS. 

B.S. No. 7—1939. Relates to rubber-insulated copper oables. 
„ „ 480—1942. Relates to lead-oovered paper-insulated copper cables. 
„ „ 608—1936. Relates to varnished cambric-insulated copper cables. 
„ „ 760 —1938. Relates to metal-sheathed paper-insulat^ copper cables 

for use in mines. 

The International Standards of Resistance for Copper are as follows:—At 30* 0. (63* F.), the 
resistance of a wire of standard annealed copper 1 metre long and of 1 sq. millimetre cross- 
section is A-«« (0*017241) ohm. The density of such copper at 20* 0. is 8*89 grams per cab. centi¬ 
metre, ana the temperature coefficient of resistance is 0*00393 per degree 0. At 60* F. (16*66* 0.) 
the resistance of a solid conductor of standard annealed copper 1,000 yards long and of 1 sq. in. 
cross-section is 0*0240079 ohm; the density is 8*892015, and the temperature coefficient of 
resistance Is 0*0022221 per degree F. 

At 15*5*0. (60* F.), the resistance of a copper oonductor Is accurately given by the 
expresaion: 

Resiatance in microhms >■ 8 x length in ieet/cross section in square inches. 
For the purposes of the specifications an increase of 2 per cent. In the length of each wire in the 

stranded conductor has been assumed, and the area of the stranded conductor has been taken to 
be that of the solid wire which has the same resistance. In the case of multloora cables, an 
increase of 3 per cent, has been taken, to allow for the laying-up of the cores. 

Tolerances allowed on solid conductors are, in weight, 3 per cent.; in resistance, 3 per cent, 
plain, 4 per cent, tinned (0 * 036 in. diameter upwards), 6 per cent, (below 0 • 036 in.). On stranded 
wires, in weight 2 per cent.; in resistance, 2 per cent. pWn, 3 per cent, tinned (0*036 In. diameter 
upwards), 4 per cent, (below 0*036 in.). 

Thereslstanoe of hard-drawn copper Is about 3 per cent, higher than that of annealed copper 
conduotors. 

The speoifloatlons also give tables of sises, resistances and weights of standard solid and 
stranded otrcolar copper condooton, flexible cords and cables. Details of standard tblcknesi of 
dieleotriofor paper, rubber and vulcanised bitumen insolated cables the sixes and thickness of 
lead and tough robber ooreringr, galvanised steel wire and tape for armoarlng are tabulated for 
cablea up to 20,000 vdta. Pressure tests are q;>eaified together with the method of procedure. 
An appendix contains diagrams showing sections of single and multicore oables. 

* The standard low-voltage system before 1947 was 400/230 volts, 
t Subsidiary non-preferred standards in Britain. 
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Tabli II.>~Oompabazitb Table ov Old and Nbw Standard Sizes. 

New Standard. Old Standard. 1 New Standard. Old Standard. 
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0*001 1/ 036* 1/20 8 .W.G. ' 0*0010 _ _ 7/14 B.W.G. 0*0346 
0*0015 l/*044 . - — 0*04 19/*052 — 

— — 1/18 0*0018 — — 19/17 „ 0*0459 
... 2/22 0*0018 0*06 19/*064 19/16 0*0600 

0*002 S/*029 - - — 0*075 19/*072* 19/15 : 0*0750 
... 7/26 0*0022 — .. 19/14 .. 0 0937 

ooos 2/026 2/20 0*0030 0*1 19/*083 — 
— — 7/22 0*0081 0*12 87/*064* 87/16 .. 0*1168 

0*002 l/*064* 1/16 i 0*0082 19/18 „ 0*1250 
— 7/22 0*0042 0*15 37/*072 87/15 : 0*1500 

0*0045 7/*029 . — — ... 37/14 0*1824 
— 7/21J ; 0*0049 0*2 37/*083 37/*083* 0*2000 

0*007 7/*086 7/20 0*0070 0*25 87/*093« 87/*092' 0*2500 
... j ... i 7/19 0*0086 0*8 37/*103 87/*104* 0*8000 

0*01 7/*044 1 . . — 0*4 61/*093 61/*092' 0*4000 
— ! 7/18 , 0*0125 0*5 61/103 61/*104* 0*5000 

0*0145 7/*052 1 . — 0*6 91/*098* 61/*112* 0*6000 
.. _ 7/17 00170 0*75 91/* 103 91/*101' 0*7500 

0*0225 7/*064 7/16 0*0220 0*85 127/093* — — 
0*03 , 19/*044 . — 1*0 127/*103 127/*101' 1*0000 

— 
i 19/18 0*0388 

1 

• These sizes are now obsolete. 

FLEUBLE OAKJEB. 
A flexible cable la one In which the conductor (or conductors) exceeds 0*007 sq. in. In croes- 

Mctlon, and comprises a number'of wires, the diameter of the wires and the material of the dielectric 
b€^ sudi as to ensure flexibility. 

Table IIL—DncsNsiONa, oubbbmt RAiiNa and BEsiaTANOB ov flbziblb Cables.* 

Number and Diameter of Wires comprising Conductor. 
Current Bating Standard 

_ for VJ.B. Oabl^ Resistance 

|H; 0*010 in. 

Diameter. 

0*012 in. 0*018 In. 0*029 in. 
Two- Three- 

Conductor. Conductor.: 

in Ohms 
per 1,000 

yards 
at 60» F. 

(15*6»C.). 

0*01 140/*010 97/*012t 
amps. 

30 
amps. 

27 2*29 
0*0145 195/*010 — 60/*018t — 86 82 1*64 
0*0225 1 206/*010 — 91/*018t 45 89 1*08 
0*03 266/*012 117/*018t — 52 46 0*847 
0*04 — 868/-012 163/*018t — 62 55 0*606 
0*06 — 1 557/*012 248/*018t 82 71 0*400 
0*1 — — 416/*018 160/*029t 118 103 0*238 
0*15 — 610/*018 235/*029t 151 1 132 0*163 
0*2 — 810/*018 1 812/*029t 183 ' 160 0*122 
0*8 — 11248/*018 481/-029 238 ; — 0*0794 
0*4 ; ... .1677/*018 1 646/029 286 — 0*0591 
0*5 — — 2057/*018 1 792/*029 280 1 — 0*0482 

* Ul Jl. WIHng Bsgiilaticmi 11th ad. t Vot tcalling cables and similar purposes. 
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Flexible Gordp. 

▲ flezibiB oord it« flexible cable of croat-section not exceeding 0 •007 aq. in. 

TABLB IV.—DiMEIISIONa AND RESISTANCB OF FLEXIBLE CORDS,* 

Number of Current 
-1 

Resistance in Ohms per l,000t Maximum 

Nominal 
Oross-sectional 

Area. 

0* 0076-in. 
Diameter 

Wires 
comprising 
Conductor. 

Bating 
in Amps, 

(subject to 
Voltage 

Drop) for 
Twin Cords. 

Yards at 60° 

Standard. 

F. (15*0° 0.) 

Maximum for 
Tinned Wires. 

Permissible 
Weight 

supported 
byi 

Twin Cord. 

Sq. In. Inch. Ohms. Ohms. Lb. 
0*0006 14/*0076 2 39*7 41*3 3 
0*001 23/*0076 3 24*2 25*1 5 
0*0017 40/*0076 5 13*9 14* 1 10 

0*003 70/*0076 10 7*94 8*26 10 
0*0048 110/*0076 16 5*05 6*26 10 
0*007 162/*0076 1 3*43 3*67 10 

A flexible earth wire it not regarded as a oondaotor for the purpose of the aboTe table. 

* I.E.B. Wiring Regalatlont—BleTenth Bd. 
t An allowance must be made for the extra length duo to laying up. 
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Tabu y.—TXB. oabuds and pafhb oablh. 1/ 044 to 7/-0W inb. 

Ourrent rating (snbjeot to yoltage drop) for yiUoaiilMd-rabber-insiilated or impregnated* 
paper-inaolated oablea * mn 

(i) Bnnobed. and enoloaed in one oondoit, trongbing, or oaaing (o<d. S or ool. 9 according to 
the type and number go run); 

(li) Bunched, and open (ool. 3 or ool. 6 according to the type and number so run); 

(ill) Separated, and open (ool. 3 only). 

Not more than :—Pour dingle- Not more than —Eight Single- 
core Cables, or Two Twin (or 
Concentric) Cables, or One 

core Cables, or Four Twin (or 
Concentric) Cables, or Two 

Three^re Cable. Three-core Cables. 

1 Oonductor. 
Approximate Approximate 
Length in Cir- Length in Cir- 
cult for 1-yolt cult for 1-yolt 

Ourrent Rating Drop with Cur- Current Rating Drop with Our- 
(subject to rent Rating in (subject to rent Rating in 

Voltage Drop) Col. 3:—Lend Voltage Drop), Ool. 6 :—Lead 
for D.O., or 

Single-phase or 
plus Return^ for for D.C., or plus Retum^toT 

Nom^l D.O., or dingle- Single-phase or D.O., or Single- 
Number and 3-phase A.C. phase A.C.; 3-phase A.C. phase A.C.; 

Diameter (in.) Lead only^ for Lejd <wfp, for 

Area. of Wires. balanced balan<^ 
3-phaae A.C. S-phase A.C. 

1. 3. 3. 4. 6. 6. 

Sq. In. Amps. Ft. Amps. Ft. 

0 0018 1/-044 6 36 6 36 
0-003 1 3/-039 • 47 6 47 

0-003 ! 8/-036 10 1 36 43 
0-0046 7/-039 16 1 34 12t 43 

NOTB.—^Table V applies to cables employed in the wiring of buildings, but does not apply to 
eTeiy condition under which cables may be used. (Braided vulcanised-rubber-lnsalated cables 
run open are required under Regulation 403 to be spaced on insulatora.) 

In conditions of abnormally high ambient air temperature, the Notes to Tables VI and X 
should be consulted for vxilcauised-rubberdnsulated and impregnated-paper-inaulated cables 
respectiyely. 

The lower limit set to the size of conductor by the permissible yoltage drop is dealt with in 
Regulation 804, p. 1433. 

* Including tough-rubber-protected cables and lead-coyered cables, but excluding (for use 
with alternating ourrent) single-core cables armoured with wire or tape of magnetic material 
and such ferrous-sheatbed cables as are prohibited under Regulation 308. 

t These figures (8 and 13) may be Increased to 9 and 13-6 amps, respectiyely, where a 
diyersity factor can properly be applied to the oirooit which feeds the cables forming the group 
of final sub-circuits. 

I.B.E. Wiring Regulations—Eleyenth Ed. 
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Tablb yi.->V.I.B. Oablbs. 7/ • ose to 137/ • lOS INB. (See alio Table VII.) 

Current rating (lubject to voltage drop) for vulcanlsed-rubber'iniulated Oablea* run :— 

(I) Boncbed, and enclosed in one conduit, troughing, or casing (cols. 8 and 4 or col. 7, 
according to the type and number so run); 

(II) Bunched, and open (cols. 3 and 4 or co). 7, according to the type and number so run). 

1 Nor more than : —Pour 1 
Not more than —Two Single-core Single-core Cables, One or Two 

Cables. Twin Cables, or One 
Concentric Cable. 

Conductor. 

Current Rating 
(subject to 

Voltage Drop). 

Approximate 
Length in Circuit 

(Lead plus Return) 
for 1-voit Drop 
with Rating In 
Col. 3 or Col. 4. 

Current 
Rating 
(subject 

♦>0 
Voltage 
Drop). 

Approximate 
length In Circuit 
for 1-volt Drop 
with Current 

Rating In Col. 7. 

Lead plus 

Nominal 
Oross- 

sectlonal 
Area. 

Number 
and Single- Single- 

D.O., or 
Single- Lead plus 

Return^ 
for Single- 

phase; 
Lead onlyt 

tor 
balanced 

Diameter 
(In.) of 
Wires. 

D.O. phase 
A.C. 

D.C. phase 
A.C. 

phase or 
3-phase 

A.O. 

Return^ 
tor D.O. 

3-phase. 

1. 3. 3. 4. 6. 6. 7. 8. 9. 

Siq. In. Amps. Amps. Ft. Ft. Amps. Ft. Ft. 
0 007 7/-03C 29 29 27 27 23 34 34 
0*01 7/*044 38 38 32 32 30 41 41 
0*0145 7/-053 45 45 37 37 36 46 46 

0*0225 7/*064 56 56 45 45 45 57 67 
0*03 19/*044 65 65 60 49 52 61 61 
0*04 19/*053 78 78 58 67 62 73 73 

0*06 19/064 102 102 67 65 82 84 84 
0*1 19/*083 147 147 79 74 118 98 96 

0*15 37/-073 189 189 90 78 161 113 103 
0*2 j 37/-083 229 229 99 79 183 124 103 

0*3 37/-103 298 298 117 78 238 146 103 
0*4 1 61/*093 358 358 130 72 286 162 96 

0*5 I 61/-103 413 413 138 66 330 173 86 
0*75 91/*103 575 530 149 55 — — — 

10 137/*103 740 648 161 47 — 
i 

i 
— 

* Including tough-rubber-protected cables and lead-covered cables, but excluding (for use 
with A.O.) such of the (cllowing as are prohibited under Regulation 308:-<a) Single-core armoured 
or ferrous-sheathed cables; (6) Single-core cables above 0*3 sq. in. encased In brass, copper, etc. 

Note.—^Table VI applies to cables employed In the wiring of buildings, but does not apply 
to every condition under which cables may be used. (Braided vulcanised-rubber-lnsulated 
cables run open are required under Regulation 403 to be spaced on insulators.) 

Table VI refers to situations where the ambient air temperature does not exceed 30* F. 
(32‘2** 0.). Where the ambient air temperature Is abnormally high, see note to Table IX. 

The permissible voltage drop Is dealt with in Regulation 304, p. 1433. 

I.B.B. Wiring Regulations—Eleventh Ed. 
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TABLB vn.—CABLES. 7/-036 TO 87/*083 INS. (See also Table VI.) 

Oanent rating (eabjeot to roltage drop) for ▼aloanlsed-nibber-lnsalated oablea * ran;— 

(I) Bnnobed, and enoloaed In one conduit, trongblng, or casing (col. 3 or col, 6 acoordlui' 
to the type and number so nm). 

(ii) Bunched, and open (col. 3 or ooi. S according to the type and number so ran). 

Not more than Six Single-core Not more than Ten Single-core 
Cables, or Three Twin Cables, or Cables, or Five Twin Cables, or 

One Three-core or Pour-core Two Three-core or Pour-core 
Cable, or Two Concentric Cables. Cables, or Three Concentric Cables. 

Conductor. j 1 
Current 
Rating 

(subject 
to Voltage 

Drop). 

Approximate Length 
in Circuit for 1-volt 

Current 
Rating 
(subject 

to Voltage 
Drop). 

Approximate Length 
in Circuit for 1-volt 

Drop with Current 
Bating In Col. 8. 

Drop with Current 
Rating In Col. 6. 

Lead plus Lead plus 

Nominal 
Cross- 

sectional 
Area. 

Number D.O., or Return, for 
Single-phase 

D.C., or 
Single- 

Return, for 
and Single- Lead plus Lead plus Slngle-phasel 

Diameter pham or Return^ Lead phase or Return, 
for D.O. 

Lead 
(in.) of S-phase for D.C. only, for 8-phase only, for 
Wires. A.C. balanced A.O. baluiced 

S-phase S-phase 

1. 3. 8. 4. 6. 6. 7. 8. 

8q. In. Amps. Ft. Ft. Amps. Ft. Ft. 
0 007 7/036 20 40 40 17 46 46 
001 7/-044 27 45 45 23 54 64 
0 0145 7/053 32 63 62 37 61 61 

0 0325 7/-064 39 66 65 34 76 76 
0-03 19/044 46 70 70 39 84 84 
0-04 19/'053 56 82 82 47 96 96 

006 19/-064 71 97 97 61 113 113 
0*1 19/*083 103 113 110 88 131 129 

0-15 87/-073 132 128 118 113 160 137 
0*3 87/*083 160 142 118 — — 

* Including tongh-rabber>protected cables and lead-covered cables, but excluding (for use 
with A.O.) such of the following as are prohibited under Regulation 308:—(a) Single-core 
armoured or ferrous-sheatbed cables; (6) Single-core cables above 0*2 sq. In. encased In brass, 
copper, eto. 

NOTB.—^Table VII applies to cables employed In the wiring of buildings, but does not apply 
to every oondiUon under which cables may be used. (Braided vulcaulsed-rubber-insulated cables 
run open are required under Regulation 403 to be spaced on insulators.) 

Table VU refers to situations where the ambient air temperature does not exceed 90** F. 
(33 ^2^ 0.). Where the ambient air temperature is abnormally high, see note to Table IX. 

The permissible voltage drop is dealt with In Regulation 304, p. 1433. 

I.E.I0. Wiring Regulations—Eleventh Ed. 
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TABUS VIII.—V.I.B. Braided Cables on Cleats, is/*083 to 127/-108 Ins, 

Current rating (subject to voltage drop) for single-oore, unarmoored, Tulcanleed>rubber> 
insulated, braided and compounded cables* (with or without tape) run open on cleats as 
defined on p. 1391. 

Ourrent Rating (subject to 
Voltage Drop) for Gables run Approximate Length in Circuit 
under the conditions defined for 1-volt Drop 

on p. 1391. 

N^ilnal Nomber 
and Single- Three- 

Lead plus 
Return^ for 
D.C., with 

CJurreut 
Rating 

In Col. 3. 

Lead plus Lead tmlp. 
Return, for for balanc^ 

Single-phase 3-phaeeA.O., 

sectional 
Area. 

Dlamefer 
(I^n.) of 
Wires. 

D.O. ph^ 
A.O. 

phase 
A.O. 

A.O., with 
Oirrent 
Rating 

with 
Cmrent 
Rating 

in Ool. 4. in Ool. 6. 

1. 2. 3. 1 4. 4. 6. 7. 8. 

Sq. In. Amps. ' Amps. Amps. 
170 

Ft. Ft. Fi. 
0*1 19/*083 172 172 67 61 61 
0-16 87/*072 219 219 216 77 64 64 

0*2 87/*083 2G2 202 259 85 65 66 
0*8 37/-10S 342 342 338 101 59 60 

0*4 61/-093 425 423 410 • 110 47 48 
0*6 C1/-103 490 485 470 116 43 45 

0*76 91/103 647 610 585 132 39 41 
1*0 137/-103 786 697 669 152 39 40 

NOTE.—^Tid>le VUl applies to cables employed in the wiring of buildings, but does not apply 
to every oonditlon under which cables may be used. 

Table VIII applies to two or three cables run spaced as shown on p. 1392. Where four or 
more cables are so spaced the current ratings are reduced to 90 per cent, of those set ont in col. 3 
or col. 4 above for direct’Ourrent or alternating-current (either single-phase or three-phase) 
loading rospeotlYely. 

For two or three smaller cables (7/ *036 to 19/ *064 Ins. liioloaive) so spaced the current ratings 
are those given in ool. 3 or col. 4 of Table FI, and for four or more such smaller cables t^ 
ourient ratings are 90 per cent, of those given in ool. 3 or ool. 4 of Table VI, lor direct-current 
or alternating-current (either single-phase or three-phase) loading respectively. 

Table VIII refers to situations where the ambient air temperature does not exceed 90* F. 
(32 -2* 0.). Where the ambient air temperature is abnormally high, see note to Table IX. 

The permissible voltage drop is dealt with In Regulation 304, p. 1433. 

* Including single-core, uuarmonred, tough-rubber-proteoted cables; but ezohidlng (for use 
with alternating current) such cables as are prohibited under Begnlatlon 808. 

W iring Regulations—Eleventh Ed. 
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TABLB IX.—V.I.B. LEAIMX)yBABD CABLES ON CLEATS. 19/*083 TO 187/*108 iNS. 

Onxrent rating (■abject to voltage drop) for single-core, onarmoured, voloanlsed-mbber- 
iusalated, lead-covered cables, ran open on cleats as defined on p. 1301. 

Oonduotor. 

Ourrent Rating (subject to 
Voltage Drop) for Gables run Approximate Length in Oiroult 
under the conditions defined for 1-volt Drop 

on p. 1301. 

Nominal 
Cron- 

sectional 
Area. 

Number 
and Single- Three- 

Zead piM 
Return^ for 
D.O., with 
Ourrent 
Rating 

In Ool. 3. 

Lead plus 
Return^ tor 

Single-phase 

Lead 
for balanced 

3-phaae 
Diameter 
(In.) of 
Wires. 

D.O. phase 
A.O. 

phase 
A.O. 

A.O., with 
Ouirent 
Hating 

in Ool. 4. 

A.O., with 
Current 
Rating 

in Ool. 5. 

1. 2. 4. 5. 6. 7. 8. 

8q. In. Amps. Amps. Amps. Ft. Ft. Ft. 
0*1 19/*083 160 160 157 72 64 65 
0*16 37/*072 207 206 201 81 66 68 

0*2 i 37/*083 251 249 242 89 64 68 
0*8 1 37/*103 320 314 304 108 63 65 

0*4 61/*093 402 377 355 116 61 54 
0*6 61/*103 458 421 390 124 49 52 

0*76 91/*103 580 510 455 147 45 52 
1*0 127/*103 701 583 512 170 44 

i 
51 

Note.—Table IX applies to cables employed In the wiring of buildings, but does not apply 
to every condition under which cables may be used. 

Table IX applies to two or three cables run spaced as shown on p. 1302. Where four or more 
cables are so spaced the current ratings are reduced to 90 per cent, of those set out in ool. 3 or 
col. 4 above for direct-current or alternating current (either single-phase or three-phase) loading 
respectively. 

For two or three unaller cables (7/ -036 to 19/ *064 Ins. Inclusive) so spaced the current ratings 
are those given In ool. 3 or col. 4 of Table VI, and for four or more such smaller cables the current 
ratings are 90 per cent, of those given In ool. 8 or ool. 4 of Table VI, for direct-current or 
alternating-current (either single-phase or three-phase) loading respectively. 

Table IX refers to situations where the ambient air temperature does not exceed 90° F. 
^2 *2° 0.). Where the ambient air temperature is abnormally high the current ratings given in 
Table IX shall be multiplied, and the lengths for 1-volt drop divided, by the appropriate factor 
as follows:— 

Ambient air temperature . . 96°F. 100°F. 106° F. 110* F. 115* F. 
Factor. 0*90 0*80 0*69 0*63 0*38 

The lower limit set to the size of conductor by the permissible voltage drop Is dealt with in 
Begulation 304, p. 1433. 

I.E.E. Wiring Eegulatlonq—^Eleventh Ed. 
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Tabijb X—Paper Lbad-ooterbd Oablk. 7/-036 to 137/*108 Iee. (See also Table XI.) 
Cnrrent rating for lead-covered cables (with or without armour) Insulated with impregnated 

paper, varnished cambric or impregnated jute, and run :— 
(i) Bunched, and enclosed In one troughlng or casing (cols. 8 and 4 or col. 7 according to Uie 

* type and number so run); 
(il) Bunched, and open (cols. 3 and 4 or col. 7, according to the type and number so run). 

1 Not more than I—^Foor 
Not mors ttum -Two Singls-oore Single-core Cables, One or Two 

Cables. Twin Oablea. or One 
OoDoentric Gable. 

Conductor. Approximate 
1 Len^h In Circuit 
{Lead plus Return) 

Cnrrent Approximate 
Len^h in Oirooit Current Bating Bating 

(subject to Voltage for 1-volt Drop (subject for 1-volt Drop 
Drop). with Current to Voltage with Current Bating 

: Hating In Col. 3 Drop). in Col. 7. 
or Ool. 4. 

Lead plus 
Return lot 

Nominal 
Groae- 

eeotlonal 
Area. 

Number 
and 

Diameter 
(in.) of 
Wires. 

D.O. 
Single- 
phase 
A.O. 

D.C. 

D.O. oi 
Slngle- 
phaee 

A.O. 

Single- 
phase or 
S-phase 

A.O. 

Lead 
plus 

Return^ 
for D.O. 

Single 
phase A.O.; 
Lead only, 

for 
balanced 
3-phase 

1. 3. 3. 4. 6. 6. 7. 8. 9. 

6q. In. Amps. Amps. Ft. Pi. Amps. Amps. Ft. 
0-007 7/-036 33 33 33 23 26 29 29 
0-01 7/-044 60 60 23 23 40 29 29 
0-0146 7/-063 67 67 24 24 64 30 30 

0-0336 7/-064 89 89 27 27 71 34 34 
0-03 19/-044 103 103 30 30 82 37 37 
0-04 19/-053 123 133 36 35 93 43 43 

0-06 19/-064 160 160 40 39 128 60 60 
0-1 19/-083 229 ! 239 48 44 183 69 68 

0-16 87/-073 295 i 295 54 47 236 67 63 
0-3 37/-083 364 364 60 48 283 76 63 

0-3 37/-103 400 ! 460 71 48 368 89 63 
0-4 61^093 665 666 1 79 44 444 99 68 

0-5 61/-103 646 646 I 84 40 516 1 106 63 
0-75 91/-103 884 803 91 34 — — 

1-0 137/-103 1116 963 ; 101 31 — — — 

Nora.—^Table X applies to cables employed In the wiring of buildings, bat does not apply 
to every condition under which cables may be used. 

Table X refers to situations where the ambient air temperature doee not exceed 90* P. 
,(33*3* 0.). Where the ambient air temperature is abnormailv high the current rating* given 
In Table X ehall be multiplied, and the lengths for 1-volt drop dlvldsd, by the faotor• 

Ambient air temperature. 96* P. 100* F. 106* P. 110* P. 116* P. 120* P. 
Factor .... 0-96 0-93 0-88 0-84 0*79 0-74 

Ambient air temperature. 136* F. 1S0*P. 136* P. 140* F. 145* P. 150* P. 
Faotor . . .0-69 0-63 0-67 0-61 0-43 0*86 
The permissible voltage drop Is dealt with in Regulation 304, p. 1433. 

• Bzohiding (for use with alternating current) such single-core armoured cable* a* are 
prohibited under Relation 808, p. 1433. 

I.E.E. Wiring llogiilations—Eleventh Ed. 



1390 PAPEB, ETC., LEAD-COVERED CABLES Sec. XXVI 

Tablb XX.—Papbr Liad-ooyhbbd Oablbs. 7/*0Se TO 61/-103 Itfs. (See also Table X.) 

Oorrent rating (subject to voltage drop), for lead-covered cables* (with or without armour) 
. insulated with impregnated paper, varnished cambric, or impregnated jute, and run :— 

(0 Bunohed, and enclosed in one trooghing or casing (coi. 3 or col. 6 according to the tjrpe 
and number so run); 

(il) Bunched, and open (col. 3 or col. 6 acoording to the typo and number so run). 

Not more than Six Single-core 
Cables, or Three Twin Cables, or 
One Three-core or Four-core 
Cable, or Two Concentric Cables. 

Not more than Ten Single-core 
Cables, or Five Twin Cables, pr 
Two Three-core or Pour-core 
Cables, or Three Concentric 

Cables. 

Conductor. 

Current 
Rating 

Approximate Length Oarrent 
Rating 

(subject to 
Voltage 
Drop). 

Approximate Length 
to Circuit for 1-volt to Circuit for 1-volt 

(snbiectto 
Voltage 
Drop). 

Drop with Current 
Rating in Col. 3. 

Drop with Current 
Rating in Col. 6. 

Lead plus Lead p\us 

Number and 
Diameter 
(to.) of 
Wires. 

D.O., or Return, for D.O., or Return, for 
Nominal Single- Lead plus Single-phase Single- Lead plus Single-phase I 

Cross- phase or Return^ A.O.; Lead phase or Return, A.C.: Lead 
sectional 3-phase for D.O, only, for 3-phase for D.O. only, for 

Area. A.O. balanced A.O. balanced 
3-phase A.O. 3-phase A.O. 

1. 3. 3. 4. 5. 6. 7. 8. 

8<i.In. Ampe. Ft. Ft. Amps. Ft. Ft. 
0-007 7/086 23 33 33 20 38 38 
0-01 7/-044 86 33 33 30 38 38 
0-0146 7/-06a 47 34 34 40 40 40 

0-0335 7/-064 62 38 38 53 45 45 
0-03 19/-044 72 42 42 62 49 49 
004 19/-063 86 60 50 74 67 67 

0 06 19/-064 112 58 58 96 67 1 67 
0-1 19/-083 160 68 66 137 80 78 

0-15 37/-073 206 78 71 177 90 82 
0-3 37/-083 248 86 72 

0-3 37/-103 322 101 70 
i 
1 0-4 61/093 388 113 65 __ _ 

0-5 61/-103 452 120 59 — — — 

NOTB.—Table XI applies to cables employed in the wiring of buildings, but does not apply 
to every condition under which cables may be used. 

Table XI refers to situations where the ambient air temperature does not exceed 90® h\ 
(S3 -3® 0.). Where the ambient air temperature is abnormally high, see note to Table X. 

The permissible voltage drop is dealt with in Begulation 304, p. 1433. 

current) such single-core armoured cables as are 
prohibited under Regulation 808, p. 1433. 

I.E.B. Wiring Regulations—^Eleventh Ed. 
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TABLB Xll.—PAPBB LBAD-OOVBRBD OABLB8 ON OLBATS. 19/*083 TO 187/*108 INS. 

Current rating (subject to voltage drop) for single-core, unannoured, lead-covered cables, 
insulated with impregnated pai)er, varniBhed cambric, or Impregnated jute, and nm open on cleats 
a»dclinod below. 

Chirrent Rating (subject to 1 
voltage drop) for Oabies run Approximate Length in Circuit 
under the oonditions defined for 1-volt Drop 

below. 

Nominal 
Oroes- 

seotional 
Area. 

Number 
and 

Diameter 
(in.) of 
Wires. 

D.O. 
Single- 
ph^ 
A.O. 

Three- 
phase 
A.O. 

Lead plug 
Return^ for 
D.O., with 
Oumnt 

Rating in 
OoL 3. 

Lead plug 
Return^ for 

Single-phase 
A.O., with 
Oumnt 

Rating in 
Ooi. 4. 

Leadwlf^ 
for balanced 
S-phaae A.O., 
with Oirrent 

Bating in 
0oL6. 

1. 3. 8. 4. 6. 6. 7. 8. 

8q. In. Amps. Amps. Amps. Ft. Ft. Ft. 
0-1 19/-083 263 262 261 42 37 37 
0*16 37/-073 340 339 336 47 39 39 

0-3 37/-083 412 410 406 62 40 39 
0-3 37/*103 630 623 613 61 37 89 

0*4 61/-093 630 613 683 70 31 S3 
0-6 61/*103 739 690 666 73 30 30 

0-76 91/*103 962 866 788 84 38 39 
1-0 137/-103 1188 1006 898 96 26 39 

NOTB.—Table Xn applies to oabies employed In the wiring of bnildinga, but does not apply 
to every oondition under wbioh oabies may be used. 

Table XII applies to two or three oabies ran spaced as shown below. Where four or more 
cables are so spaced the oorrent ratings are reduced to 90 per cent, of those set out in col. 3 
or ool. 4 above for direot-ourrent or alternating-current (either single-phase or three-phase) loading 
respectively. 

.i^or two or three smaller oabies (7/ • 036 to 19/ *06 i ins. inclusive) so spaced the current ratings 
are those given in ool. 3 or ool. 4 of Table X, and for four or more such smaller oabies the current 
rati^ are 90 percent, of those given in ool. 3 or ool. 4 of Table X, for direct-current or alternating* 
ourrent (either single-phase or three-phase) loading resi^eotively. 

Table XII refers to situations where the ambient air temperature does not exceed 90* P. 
(33 •2° 0.). Where the ambient air temperature is abnormally high, see note to Table X. 

The lower limit set to the sise of oondnotor by the permissible voltage drop is dealt with in 
Regulation SO^p. 1433. 

Note to Tables VIII, IX and xn. Oabijbs Run Cndbr Darnnao Oonditions. 

The current ratings and corresponding lengths (approximate) in olronlt for 1 volt drop set 
out in Tables VIII, IX and XII, apply to oabies ran under the conditions defined below :— 

(1) The circuit comprises two single-core oabies carrying direct-current or single-phase 
alternating current, or three single-core oabies earring three-phase alternating onrrent. 

(2) Where the oabies are load-covered, the lead sheaths are electrically bonded together, at 
each end of the cable run, with bonds of negligible resistance. 

(3) The cables are remote from Iron, steel or feiro-conorete. 

(4) The oabies are supported horizontally one above the other on cleats on a verttoal wall, 
and are separated from one another and from the wall by the following dJstanoes:— 

I.B.B. Wiring R^ulations—^Eleventh Bd. 
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Nominal Oroas-aeotional 
Area of Oonduotor. 

Approximate Vertioal Distance between 
Cable Centres. 

Approximate Horizontal 
Distance of Cable 

Centres from Wall. 

1. a. 3. 

8q. Ins. 
0*1 toO'SinduslTe . Twioe the diameter of the finished cable Ulns. 

0*4 10,. 3|ina. . 1 n .. 

BABTH OONTINUITT Ck)NDUcrroBs. 

Sic« of earth oontlnaity oondootor In metal-aheathed and tough-robber-proteoted cables. 

Size of^urr^^arrying Wires forming Barth Oontlnaity Oondactor. 

Flat Twin and Flat Three- | Flat Twin Tough-rubber- 
Oore Lletal Sheathed Cables. | protected Cables. 

Nominal 
Cross- 

sectional 
Area. 

Number 
and 

Diameter 

of Wires. 

Approximate 
Cross-sectional 
Area of Earth 

Continuity 
Conductor. 

Number and 
Diameter (in.) 

of Wires. 

Approximate 
Cross-sectional 

j Area of Earth 
1 Continuity 

Conductor. 

Number 
and 

Diameter 

of Wires. 

1. 2. 3. 4. 6. 6. 

Sq. in. 
0-0015 
0-002 
0-003 

1/-044 
S/-029 
S/-036 

Bq.in. 
0-001 
0-001 
0-0015 

1/-036 
1/-036 
1/-044 

' 
6q, In. 
0-0016 
0-0016 
0-0016 

1/-044 
1/-044 
1/-044 

0-0046 
0-007 

7/-029 
7/-036 

0-0016 
0-0016 

1/-044 
1/-044 

' 0-003 
0-0046 

8/-036 
7/-029 

0-01 
0-0146 
0-0226 

7/-014 
7/-062 
7/-064 

0-002 
0 003 
0-004 

1/-052 
1/-004 
1/-072 

0-007 
0-01 i 
0-0146 

7/-036 
7/-044- 
7/-063 

B.S. 480—1942. Papeh-tnsulated Oables poa Electricity Sui’ply. 

This specifies cabltjs for operation at voltages between cores up to 22 kV., including thickness 
of insulation and sheath. If armoured, the armour is to be bedded on to a layer of two compounded 
paper tapes, with suitable fibrous materials. The armouring shall bo cither galvanised steel wires 
or two layers of tape. The serving over armouring shall consist of two layers of comiioundcd 
paper with suitable fibrous materieil. 
Tests:— 

(1) MeasuTement of Thickness of Insvlalions shall be sum of the measured thicknesses of the 
Individual papers removed from the cable. The thickness of the sheath shall bo measured on a 
ring cut from the sample. 

(2) Bending Sample of length 60 times overall diameter bent round a drum 12 times 
overall diameter, then bent opposite way round, then this operation carried out twice more. 
The cable shall then withstand the voltage test. 

(3) Voltage TesL—ln the works, with an A.O. supply of value stated in the tablc.s. When laid 
and jointed, cither on A.O. or D.C. test. The voltage shall be applied gradually und 
maintained for 16 minutes, between conductors and between each conductor and sheath. 

Identification of Cores.—Cores shall be numbered on the outer layer of paper, O standing for a 
neutral and other numbers, 1,2,3, etc., indicating live conductors. 

I.E.E. Wiring Begulations—^Eleventh Bd. 
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In all thb Tables below 

D is the thickness of the insulation bet ween conductors in a 8-core cable. 

B is the thldmess of the insulation between any one conductor and the sheath in a 3-core cable 
or between the conductor and sheath in a single-core cable. 

Table II.—3,800-voLr paper-insulated cables. 

Centre point earthed only.) 

(Up to 0*3 Sq. In. Nominal Area.) 

DIMENSIONS. 

1 2 3 
^ 1 

5 6 ; 7 ' 8 9 ' 10 

Thickness 
of Insulation Single-core Cables. 'Three-core (Belted) 

Cables. 

Nominal 
area of 

Con¬ 
ductors. D. E. 

Thick¬ 
ness of 

Diam. over 
Sheath. ' Thick¬ 

ness of 

Diam. over 
Sheath. 

Nominal 
area of 
of Con¬ 
ductors. 

Sheath. 
Min. Max. 

Sheath. 
Min. Max. 

Sq. In. In. In. In. In. In. In. In. In. Sq.In. 

0-0226 ; 0-11 0-09 0-00 0-49 0-65 • 0-06 
. 0-06 

•0-84 
0-72 

•0-92> 
0-83 f 0-022 6 

0-04 
0-06 

0-11 
0-11 

1 0-09 
! 0-09 

0-06 
0-00 

0-66 
0-62 

0-62 
0-68 

000 
0-06 

0-83 
0-93 

0-94 
1-05 

0-01 
0-06 

0-01 
0-16 
0-20 

0-11 
0-11 
0-11 

0-09 
j 0-09 
' 0-09 

0-06 
0-07 
0 07 

0-72 
0-82 
0-90 

0-78 
0-88 
0-96 

0 07 
0-07 
0-08 

1-1)9 
1-23 
1-37 

1-23. 
1-38 
1-63 

0-1 
0-16 
0-2 

0-25 
0-30 

0-11 
0-11 

! 0 09 
; 0-09 

0-07 
0-08 

0-97 
1-06 

1-03 
1-12 

0'08 
‘ 0-09 

1-48 
ICl 

1-64 
1-78 

0-25 
0-03 

* Circular conductors. 

Voltage Tests. 

The Toltage test shall be as follows: 

(a) At works: Between conductors: 10,000 volts A.C« t 
Between any conductor ' for 16 minutes, 

and the sheath: 6,800 volts A.Ot I 

(6) When laid and jointed: 

Between conductors. 
Between any conductor 

and the sheath. 

6,000 volts A.O., or 
9,000 volts D.O. 

8,600 volts A.O., or | 
6,000 volts D.O. ; for 16 minutes. 
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Table m.—6,600-TOLr papbb-Insulated Cables. 

(Centre point earUied only. 

DIMENSIONS. 

1 2 3 ’ 4 5 6 7 8 9 

Thickness of 
Insulation. Single-core Cables. Three-core (Belted) Cables. 

Nominal 
. 

A rea of Diam. over Diam. over 1 
Conductors. I). E. Thick- Sheath. Thick- .Sheath. 1 

ness of ness of 4 

Sheath. 
Min. Max. 

Sheatii. 
Min. Max. 

Sq. In. In. In. In. In. In. In. In. In. 

0*0225 0-16 0*13 0*06 0*65 0*61 f0*06 
10*06 

*0*95 
0*83 

•1*03 
0*94 

0*04 0-16 0*12 0*06 0*62 0*68 0*06 0*93 0*05 
0*06 0*16 0*12 0-06 0*68 0*74 0*07 1*06 1-17 

0-10 0*16 0*12 0*07 0*80 0*86 0*07 1*19 1*33 
0*16 0*16 0*12 0*07 0*88 0 • 94 0*08 1*36 1*50 
0*20 0-16 0*12 ; 0*07 0*96 1*02 0*08 1*47 1*63 

0*26 ' 0-15 0*12 ’ 0*08 1*05 1*11 0*09 1*61 1-77 
0-30 0*16 0*12 0*08 1-12 1*18 0*09 1*71 1-89 

• Circular conductors. 

The voltage test shall he as follows : 

(a) At works : Between conductors: 16,000 volte A.C. ' 
Between any conductor for 16 minutes, 

and the sheath : 9,200 volte A.C. > 

(6) When laid and jointed : 

Between conductors. 
Between any conductor 

and the sheath. 

12,000 volts A.C., or 
IS 000 volte D.C. 

7,000 volte A.O., or« 
10,600 volte D.C. for 15 minutes. 
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TABLB V.—22.000-VOLT PAPBB-INSULATED CABLES. 
(Centre point Earthed Only.) 

Dimensions. 

• 1 2 3 4 6 i ^ 8 9 10 

Single-core Cables. 3-core (Belted) Cables. 
Nominal 
area of Thick- 

Thick- , 
Diameter over Thick- Thick- 

Thick- 
Diameter over 

Con- ness of Sheath. ness ness Sheath. 
ductors. E 1 ness of ' of of ness of 

Insula¬ 
tion. 

Sheath. Min. Max. Insula¬ 
tion D. 

Insula¬ 
tion E. 

Sheath. Min. Max. 

Sq. In. In. In. In. In. In. In. In. In. In. 

0-04 0-24 0-10 0-94 1-02 0-34 0-27 0*10 1*62 1-74 
0-06 0*21 0-10 1-00 1*08 0*34 0*27 0-10 1-62 1*85 
0-10 0-24 0-10 1*10 1-18 0*34 0*27 0-10 1-77 2-01 

0-16 0-24 0-10 1-18 1-26 0-34 0-27 0-10 1-90 2-17 
0-20 0-24 0*10 1*26 1-34 0-34 0*27 0-10 2-02 2-31 
0-25 0-24 0-10 1-33 1-41 0-34 0-27 0-11 2-15 2-45 

0-30 0-24 0*10 , 1-40 1 1*48 , 0-34 j 0*27 0-11 1 2-26 2-67 

The voltage test shall be as follows : 
(a) At works : Between conductors : 44,000 volts A.O. . 

Between any conductor for 16 minutes, 
and the sheath : 25,500 volts A.O. 

((,) AVhen laid and jointed: Conductor 
Between Conductors. and the Sheath. 

40,0000 volts A.O. or 23,000 volts A.O. or . , ,, 
60,000 volts D.O. 36,000 volts D.O. i minutes. 

Table VI.~22,000-volt Paper-Insulated Cables (Screened). 

(Centre Point Earthed only.) 
Dimensions. 

1 3 3 4 6 6 7 8 9 10 

3-coro Screened. *3-core S.L . (All Types.) 

Nominal 
area of 

Con¬ 
ductors. 

Thick¬ 
ness i 

Diameter over Thick- Diameter over Diameter over 
of 

insola¬ 
tion B. 

Thick¬ 
ness of 
Sheath. 

Sheath. 

Min. 1 Max. 

, ness of 
Sheath 

(on Indi¬ 
vidual 
cores). 

Sheath. 

Min. Max. 

Laid up cores. 

Min. Max. 

Sq. In. In. In. In. In. In. In. In. In. In. 

0-04 0-23 0-10 1-63 1-86 0-07 0-86 0-93 2-00 2-18 
0-06 0-23 0-10 1-72 1-96 0-07 0-92 0-99 2-13 2-31 
0-10 0-23 0*10 1-87 2-12 0-07 1-02 1-09 2-34 2-62 

0-16 0-23 0-lC 2-01 3-38 0-08 1-12 1*19 2-57 2-76 
0‘20 0-23 0-11 2-15 2-44 0-08 1-20 1*27 2-74 2*92 
0-25 0-23 0*11 2-2G 2-66 . 0-08 1-27 1-34 2*89 3-08 

0-30 0-23 0-12 2-39 2-70 I 0-09 1-36 i 1-43 3*08 3*27 

* S.L.: Each core separately lead sheathed. 
The voltage test shall be as follows : 

(a) At works: Between any oondiiotor and Its sheath: 25,600 volts A.O. for 16 minutes. 
(5) When laid and jointed: Between any oondaotor and the sheath: 23,000 volts A.O., or 

36,000 volts l).0. for 15 minutes. 



1398 BEDDING, ARMOURING AND SERVING 

TABLE Vn.—CABLES SERVED (UNARMOURED). 

SOC. XXVI 

TABIjB VIII.—CABLES SINGLE OR DOUjILE WUIE ARMOURED. 

Minimum i National Thickness. Addition to Diameter. 
Tabulated 
Diameter ____ 

of Cable 
over Sheath* Diam. Sepa- S.W.A. D.W.A. 

S.W.A. 
Loft 

—- , - 
Bed¬ 
ding. 

of rator Bare. 
Up to ' 

Above 

eluding. 

Armour¬ 
ing 

Wire. 

for Serving. 
D.W.A. 
Cables. Min. Max. Min. Max. Min. Max. 

In. In, In. In. En. In. In. In. In. In. In. In. 

— 0-50 0-100 0-064 0-025 0-100 0-48 0-63 0-65 0-72 0-29 0-32 

0-60 1-06 0-100 0-080 0-025 0-100 0-61 0-67 0-71 0-79 0-32 0-36 

1-05 2-00 0-100 0-104 0-025 0-100 0-50 0-62 0-81 0-89 0-37 0-41 

2-00 — 0-100 0-128 0-026 0-100 0-60 ' 0-67 0-90 0-99 0-41 0-46 

Or minimum tabulated diameter over laid up cores in the case of S.L. type cables. 

S.W.A. Single wire armoured. D.W.A, Double wire armoured. 

Table IX.—Cables Steel Tape Armoured and Served. 

Minimum 
Tabulated 

Diameter of 
Cable over Sheath.* 

Nominal Thickness. Addition to 
to Diameter. 

Up to 
Above. and 

Including. 
Bedding 

Each 
Steel 
Tape. 

Serving. Min. Max. 

In. j In. In. In. In. In. ’ In. 

0-50 0-76 0-100 0-030 0-100 0-47 0-53 

0*76 1 3-00 0-100 1 0-040 0-100 1 0-60 ! 0-68 

8-00 i — 
i 

0-100 I 0-060 0-100 ! 0-68 I 0-G6 
i 

• Or minimum tabulated diameter over laid up cores in the case of S.L. type cables. 
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1400 VARNISHED CAMBRIC INSULATED CABLES Sec. XXVI 

TABLE ir.~3,300-VOLT VARNISHESD OAMBRIO INSULATED CABLES. 

(Centre Point Earthed only.) 

DIMENSIONS. 

1 2 3 4 6 6 7 8 

Thickness of 
Insulation. Single-core Cables. Three-core Cables. 

Nominal ■ 
Area of Diameter over Diameter over 1 

Conductors Thick- Sheath. Thick- Sheath. 1 
i D. E. n<»as of ness of 

j Sheath. 
Min. Max. 

Sheath. 
Min. Max. 

Sq. In. 1 In. In. In. In. In. In. In. In. 

0-0226 0-13 O-IO 0-06 0-61 0-67 0-06 0-76 0-87 
0-04 0-13 0-10 0-06 0-68 0-64 0-06 0-87 0-99 
0-06 0-13 0-10 0-0(5 0-64 0-70 0-06 0-96 1-09 

010 0-13 0-10 0-06 0-74 0-80 0-07 1-13 1-27 
0-20 0-13 0-10 0-07 0-93 0-98 0-08 : 1-41 1-57 
0*30 0-13 0-10 0-08 1-08 1-14 

i 
0-09 ' 1-66 1-83 

Table III.~6,600-volt Varnished Cambric insulated Cables. 

(Centro Point Earthed only.) 

DiMENSIONd. 

1 2 3 4 - 6 7 8 9 

Thickness of 
Insulation. Single-core Cables. Three-core Cables. 

Nominal 
Area of Diameter over Diameter over 

Conductors Thick¬ Sheath. Thick¬ Sheath. 
D. E. ness of ness of 

Sheath. Sheath. 
Min. 1 Max. 

i 

Min. Max. 

Sq. In. In. Ih. In. In. 1 In. In. In. In. 

0-0226 0-18 0-14 0-06 0-69 i 0-65 0-06 0-90 1-01 
0-04 0-18 0-14 0-06 0-66 i 0-72 0-07 1-03 1-14 
0-06 0-18 0-14 0-06 0-72 ! 0-78 0-07 1-12 1-24 

0-10 0-18 0-14 0-07 ! 0-84 0-90 0-08 1-29 ! 1-42 
0*20 0-18 0-14 0-07 1 1-00 1-06 0-09 1-87 1-72 
0-80 0-18 1 0-14 

i 
0-08 1 

I 
1-16 1-22 0-09 j 1*79 : 1-96 
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Table iv.--ii,ooo-voi/r Varnished Oambrio insulated Cables. 

(Centre Point Earthed only.) 

Dimensions. 

1. 2. 3. 4. 6. 6. 7. ' 8. 9. 

Thickness of 
Insulation. Single-core Cables. Three-core Cables. 

Nominal - ■ 
Area of Diameter over DiameD-r over 

Conductors. Thick- Sheath. Thick- Sheath. 
D. E. ness of ness of 

Sheath. 
Min. Max. 

Sheath. 
Min. Max. 

Sq. In. . In. ; In. In. In. In. In. In. In. 

0*0226 0*27 0*19 OOGO 0*69 0*75 0*07 ♦1*25 •1*34 
0*04 0*27 0*19 0*070 0*78 0*84 0*07 1*23 1*40 
0*06 0*27 0*19 0*070 0*84 0*90 0*08 1*34 1*52 

0*10 0*27 0*10 0*070 0*91 1*00 0*08 1*49 1*69 
0*20 0*27 O-IO 0*080 1*12 1*18 0*09 1*77 2*00 
0*30 0*27 0*19 0*080 1*26 1*32 0*10 2*01 2*29 

• Circular conductors. 

Armouring and serving : the jiarticulars are identical with those for paper-insulated cables. 

TAiiLK V.—Nominal Thickness of Tapino and braidino. 

Taped and Braided (Non-mctal-shenthed Cables). 

Minimum calculated Diameter 
of Cable over Cambric Insula¬ 

tion before Taping and 
Braiding. j 

Thickness in the Finished 
Cable of Addition to Diameter. 

Above 
! Up to and 

Including. Taping Braiding. Min. Max. 

In. In. I In. 1 In. In. In. 

— 1*00 0*008 0*03 0*070 0*090 

1*00 I 2*00 0*008 1 0*06 0*110 0*130 

2*00 I - 0*008 0*00 0*130 0*150 
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Sec. XXVI ALUMINIUM OONDUOTORS U03 

ALUMINIUM CONDUCTOB8* 

C&nduditity, 

* The oondootivlty ol alamlninm depends apon the purity, and, to a lees extent, upon the 
amount of work pat upon the metal In ite evolntton from billet to the finished wire or bar. The 
British standard of resistance for hard copper is 2 per cent, higher than that of soft, and this 
diflei'enoe also applies to hard and soft aln^niom. The oondaotlvity of all matcrals is normally 
compared with that of the International Standard for annealed copper, and on this basts hard- 
drawn alaminlnm will have a minimum condaotiy'‘ty of 60 per cent. Hard-dmwn copper wUl 
have a conductivity of about 98 per cent, and hence compared with hard-drawn copi^, hard- 
drawn aluminium will have a conductivity of 61 *8 per cent. 

Weight. 

The speeiflo gravity of aluminiam wire is about 2*703. As the specific gravity of copper wire 
is aboat 8*89, the relative weight of a given volume of each ntetal is in the ratio of 8 *89 to 2*71 
3*3. In other words, a copper wire of any given sfse and length will weigh 3*3 aa much as 
an aluminium wire of the same sise and length. Aiuminium, therefore, having a oonduotivity of 
61 per oent. ol that of copper, will have a sectionai area 1 *612 times as great as a copper oondoetor 
of the same resistance and length, and the ratio of the weights will be3*3tol*642a 2*01; that 
is to say, a copper oonduotor oi any given resistanoe and length will weigh approximstely twice 
as muoh aa an aluminium oondoetor of the same resistance and length. 

The ratios are therefore as follows:— 

Conductance for equal socUon . 
Section for equal oondootance . 
Diameter for eqofld oonductance 
Weight for equal bulk 
Weight for equal oondoctuioc . 

Copper. AluminiuTn. 
1 0*61 
1 1*642 
1 1*28 
3*8 1 

. 2*0 1 

Tensile Strength, 

Although the tensile strength of aluminium in the annealed state is low, the strength of 
aluminium in the form of wire is greatly Increased owing to the work put upon it during rolling 
and drawing. The strength can be increaced more than 100 per cent, without making the 
elongation too small for wglneering purposes. 

Durability. 

Aluminium has withstood the test of varying and severe olimatlc conditions. Lines have 
been in operation for over twentv years in exposed positlona on the sea coast which show little 
signs of deterioration. The meuJ Is less affect^ by Bulphurous and sulphuric fumes than copper, 
and shows lees deterioration in the presence of any of the commoner adds. On the other hand, 
aluminium is attacked by strong alkalies, and should not be used in such circumstances without 
eilldent painting. 

Increase of Resistance with Temperature. 

The coeffldent of increase of resistance with temperature varies somewhat with the extent 
and nature of the impurities present and the temperature range over which it is taken. At 
20** 0. the value for aluminium may be taken at 0*00407 per *0., at 15*6 °0. in aocordanoe v^ith 
B.S. Specifleationt No. 215-1934« 

Coeffleient of Linear Expansion. 

The coefDoient of linear expansion being somewhat peater with aluminium than with copper, 
due allowance should be made for this when installing long lines of solid feeders or bars. 

Action of Acids, 

Alamlninm is not acted upon by any of the common acids in a cold state, with the exception 
of hydrochlorio acid, and withstands the effects of sea-water better than either copper or iron ; 
but galvanic action is set up between aluminium and any of the common metals in the preaenoe 
of moisture, and for this reason, if iron and copper joints must be used, they should be thoroughly 
protected from moisture by taping or painting with bituminous paint. It is found that galvanised 
iron parts can be used with aluminium owing to their oloeer proximity in the electro-chemJoal 
series, and the hardware employed with iduminium overhead lines is usually of galvanised 
malleable iron. 

* See also BR. No. 216—1934, * Hard-Dxmwn Aluminium and Steel-Oored Aluminium Oon- 
dnetors for Overhead Power Transmission Purpoees.' 
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PH7810AL PROFERTTES OP ALUMINIUM AND CX>PPER. 

Atomlo weight of alaminiam (oxygon » 16) ■■ 26*97 {Int, Atomic Wt, Comm,, 1926). 

Goefflolent of linear expansion per ®C. ■■ 23 x 16-* (B.S., No. 216-1934.) 

•I .. t. .. ‘P. - 12*78 X 10-* 

Speniflo gravity, rolled or drawn -• 2*703 iB.S., No 215-1934). 

With regard to the tensile strength of H.D. wires, the iiiinlmum wire diameter given should 
be 0*093 Ins. (not 0*0935 ins.). See B.S., No. 215-1934. 

The modulus of elasticity of H.D. aluminium conductors — 9*9 x 10* lbs. per sq. In. 

The modulus of elasticity of H.D. aluminium stranded conductor ■* 9 *6 x 10-* lbs. per sq. in. 

OoefiBoient of increase of resistance with temperature at 15*6® 0. (60® P.) ■■ *00407 per ® 0. 

Ooeffloient of Lncreaso of resistance with temperature at 60® P. (15*6® 0.) % 0*00226 per ® F. 

Weight per 1,000 yds. per sq. In. of cross section •=■ 3515 lbs. 

Standard specific resistance in microhms per in.* at 20 ® 0. of H.D. aluminium — 1*1199- 

All the above specific resistance figures are standard values. 

Capacitance and Inductance. 

Aluminium being a non>magnetio materia), the Inductance or capacitance of the line can only 
be alfeoted by the Increased diameter. This increased diameter may decrease the inductance 
and increase &e capacitance by some 6 per cent., but as all transniission lines possess more induct¬ 
ance than capacitance, this difference is in favour ol aluminium, tending to Improve the power 
factor of the system and to reduce the pressure drop due to inductance. 

Healing Effect. 

Alumiuium, having a larger surface than copper of equal conductance, is more easily able 
to get rid of its heat, and when transmitting a given current with a riven 1*B loss, alumiuium 
will remain the cooler. This is a considerabie ^vantage when installing electric apparatus in 
a hot atmosphere, or where current-carrying capacity is of more importance than the permissible 
pressure drop, in any case aluminium wUl have a higher overload capacity, from a heating 
point of view, than copper of equal resistance. In consequence of this aluminium is being largely 
used lor busbars and solid rod battery conuectionB. Erection on site is facilitated by the ease 
with which bends and Joints can be made. 

Corona Loeeee.—With a high voltage overhead line a serious loss ol energy may occur in the 
form of a luminous discharge due to the breakdown of the air surrounding the conductors. The 
point at which corona begins Is a function of the conductor diameter, and the use of alumiuium 
or, better still, steel-cored aluminium, both of which Involve a larger diameter than that of the 
equivalent copper, will safely enable a higher working voltage to be employed. 

ALUMINIUM Gable. Steel-Gored. 

Alter the introduction of aluminium for electrical conductors it became apparent that if a 
conductor could be obtained, combining the advantages ol Lightness of aluminium with the 
strength ol high-grade steel now obtainable on the market, the highest efficiency would result. 
OablM of this character were made up and have now been in service In such a variety of localities 
and conditions that their efficiency has been thoroughly demonstrated. 

The cables consist of a steel core about which the alutniniuro is stranded. The steel for the 
smaller size cables consists of a single strand, while for the larger sizes several strands are used. 
These are composed of patent steel, having an ultimate strength of 160,000 lbs. per square Incli 
to 200,000 lbs. per square inch, according to the diameter, an elastic limit of 70 per cent, of the 
ultimate strength, and an elongation of 4 to 6 per cent, on 10 inches. The wira are heavily 
galvanised, and after the alaminiam strands are in place over the sted, around which they fit 
closely bv reason of the stress resulting from the load on the cable, the steel is to a large extent 
protected from oorrosiye action. This protection is due to the rimnat complete exriusion of 
moisture from the steel core by the aluminiam envelope, and farther on account of the insulating 
oxide film on the alnmininm, which tends to prevent the flow of local electric corrents. 
Another leatore which adds to this desirable ooiiCUtlon is the fact that slno and alaminiam are 
closer together in ttie eieotro-ohemloal series than any other two metals in nftmmnn tuw. 
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The XhUowing table ihows at a gUnoe the laperlority in meohanioal dharaoterlitioa of eteel* 
cored oondaotori OTtr all-alqmininTn, or copper of eqnirilent oondactanoe. 

8tM. Alqmlntnm^ Bteel-oond 
Alntnlnlnm. Oopper. 

0*025 sq. ins. Weight 1*0 1*48 2*04 
copper ana Diameter 1*0 0*98 0*79 

XTltlmate load 10 9*19 1*53 

0*10 sq. Ins. Weight 1*0 1-17 3-04 
oopper ana Diameter 1*0 1*07 0*79 

Ultimate load 1*0 1*95 1*55 

0*40 sq. ins. Weight 1*0 1-68 3*04 
copper ana Diameter 10 1*11 0*79 

Ultimate load 1*0 3*58 1*58 

PHTSIOLL PROPBRUBS OF STEEL-OORED ALUlONinM OONDUOTORS. 

The strength of a steel-oored alnmiiilam condactor is somewhat less than the tom of the 
strengths of the component wires, owing to the fact that the alumininm wires will break before the 
steel wire reaches its ultimate stress. The strci^th of the composite conductor may be taken as 
(а) 98 per cent, of the sum of the strengths of the aluminium wires, plus 89 per cent, of the sum 
of the strengths of the steel wires when taken from the stranded conductor and tested, or 
(б) 98 per cent, of the sum of the strengths of the aluminium wires, plus 85 per cent, of the sum 
of the strengths of the steel wires based on the strengths of the component wires before stranding, 
<.r. in the ooU (A.3. Specification^ No. 315-1934). 

The stress is not distributed uniformly over the different wires, and the stress in the steel 
will normally be about three times the stress in the aluminium. 

The coefficient of expansion and modulus of elasticity of the composite conductor are 
calculated upon the assumption that there will be no relative movement between the aluminium 
and steel wires. This is found to be the case in practice, and calculations based on * virtual * 
values of the constants as so determined are found to confiHrm with sensible accuracy to observed 
values. The constants depend upon the ratio of steel section to aluminium section in the eon- 
stmotion, and the following valura apply to standard forms ; 

No. of Ooefflcient of Linear Modulus of Elasticity. 
Wires. Expansion per * F. Lbs. per sq. in. 

7 10*65 X Id-* 13*49 X 10» 
87 10*03 X 10-« 18*31 X 10’ 
ei 10*90 X 10-« 11*98 X 10* 

Conductivity, 

The conductivity of a steel-oored aluminium conductor is taken as being that of the aluminium 
portion. 

National Grid Transmission Lines. 

The standard line conductor of the National * Grid * Transmission System in Great Britain 
consists of a central core of 7 strands of galvanised steel wire, each 0*11 in. diaro., surrounded 
by 30 strands of aluminium wire of the same diameter. The overall diameter is 0 * 77 in., equiva¬ 
lent in conductivity to a copper conductor of 0 * 175 sq. in. The car^rlng capacity of each S-phaso 
circuit is normally 50,000 kVA., and the current at 133 kV. is 219 amps.; but the conductor is 
suitable for currents up to 450 amps, and in practice loads up to 90 MW are commonly transmitted 
overa distance of 100 miles. The critical corona voltage for this diameter condactor under normal 
atmospheric conditions is 184 kV. The earth conductor has 7 steel and 12 aluminium strands, 
all 0*11 in. dlam. The normal span length is 900 ft. At the Firth of Forth croesing the scan 
ia 3,060 ft., and the oonductors consist of 19 strands of galvanised steel each 0 * 125 in. diam., and 
18 aluminium strands of the same diameter. 
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Aluminium Overhead Lines. 
3pan LtnqlK 

With short spans where a large cross section is reqolred, all-alaminiam oondactors hare a 
sag differing bat little from that of copper, while In the case of a small cross section steel-oored 
alnminiom may be installed with a smaller sag and lower poles. In the case of long spans steel* 
cored alaminlnm Is also employed, bat in this case the span length may be increased. This leads 
to a redoctlon of capital oatlay and apkeep expenses owing to me redaced namber of insulators. 

Sag in Still air at 120* F. op Varioos ooNnuoroRS Ereoted in aooordanok with 
THE Bamaii H.T. Bboulations. 

Span Length (Ft.). 100 200 300 400 600 600 700 800 i 900 1 
1000 

Oonductore 
having the 

\ Steel-oored 
I Aluminium . 0*26 1*31 3*8 7*62 

conduotivity Oopper . 0*46 2*4 6*1 11*37 — — — — — — 

of 0*06 sq. In. 
copper 

0*1 copper 1 Steel-oored 
j Aluminium . 2*72 6*18 8*46 12*55 
i Gopper . — — 3*94 7*10 11*35 16*5 — — — — 

0*16 copper l Steel-oored 
J Aluminium. — 7*10 9*91 13*2 17*0'21*8 
i Oopper . ' — ~ —■ — — 14*0 19*0 24-7 31*3 88*6| 

I 8 lbs. per ft. wind. 
Loading conditions.— ] | in. r^al thickness ice. 

( Factor of safety ■■ 2. 

Poles for Transmission Lines, 
B.S.NO. 613—-1933 refers to Earopean Larch Poles. 
BA No. 607—1'.) i('> refers to Keinloroed Ooncrete Poles. 

Cables for High Voltage, 
‘ ll ’ and ‘ 3L ’ Cablvx.—For voltaLr<s above ‘J2 kV. the use of the so-oallcl ‘ Tl ’ (Hochstiuiter) 

and ‘ ’ soparatc (Lead Sh(3athed) typo oablos has bcooino paicral. In tho It-typo each core has 
a thin niotal-foil shcathiiit', while the .SL con>truotioii provides a separate thin lead sheath for each 
core. 'I’his aiTangenicnt ensures a radial eloetric Jield and obviates tangential electric stresses 
whieh caused serious troiildes with lielteil cables. Tlw slu aths acquire earth pob'iitial by contact, 
so that tlio tillers carry no electric stress. 

tSO-Ti/pe ^Jablos of the ‘ .SO ’ type have been designed to improve the meehaiiical 
and thermal propertic.s of high-voltage cables, tho internal form Ijeiiig roughly triangular cor- 
respoudiiig with the thre(3 eondiietors. The insulation of the ron«hutors remains unchanged, 
but the tiller art-a i.s mueh nnluectl, resulting in a shortening of the periphery and a reduction in 
the lead sheath and armourimr. 

Oil-Fillrd OaWc.».--Tlire«‘-condiictor cables, with jeipor insubilion imprt\‘;iiatcd with highly 
viscou-s oil-resin compound, are satisf.actory up to ab<*ui k\’., but have given considerable 
trouble wheti used for higher voltages. This is due to tlu* i-oml'inod action of two processes : 
(1) tluid dielectrics experience nmchauical forces tending to move tln'm away from regions of high 
electric Held density towards tlu' sheathing ; (2) the vise<»siiy of impregnating comjiounds decrciises 
with rise in temperature, lloth lead to tho formation of gas voids in the insulation of tho cable. 

These dillicultios have been overcome in the oil-lilled cable. .Sinirlo-conductor cables are 
genendly used, although ILcouductor desigjis arc pos.sible. The conductors are wound with 
gi’;i(led paper, tho impregnating medium being a l(»w-viseosity luiuoral oil. The system is 
arrang<‘d so that the cxpan.sion of the oil duo to tomporaturo rise is aecommodatod by means of 
ext('rnal reservoirs which return tho oil to tho cable under a small hydrostatic pressure when the 
t(3nip<*rat.un’ falL. 

Oil-tilled cables at 1.12 kV. are in operation between Kidbrooke and Dt'plford, Wimbledon and 
Batb'rsea, in London, for connection to the national grid network. 

More n'cently cabh'.s have been dovclopcul in whieh the formation of voids is prevented by the 
maintenaiieo of th(3 cal»le under exti'rnal gas pres.sure of about 200 lb. per sij. in. either by placing 
tho cable in a steel pipe or by using two lead sheaths, with tho high-i>rcssure g;is between them. 
Exj)orimcntal lengths of different designs of 132 kV. tlirce-core cable have been installed in many 
parts of Britain. 

VoL. I. 80 
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ENAMELLED COPPER WIRE. 
Bilti<^ standard, No. 166—1943,gives the following dimensions and resistances of enamelled 

copper wire for instruments and apparatus. 

1 1 3 1 8 ' 
* 1 6 6 

Maximum Overall Diameters of 
Enamelled Wire. 

Eesistance per 1,000 Yds. 

Nominal 
Diameter of Normal I 1 Thick 
Bare Wire. Covering. I Covering, 

Standard. Maximum. Minimum. 

Maximum. Maximum. 

t « In. In. Ohms. Ohms. Ohms. 

0*0020 0*0025 0*0027 7642 i 8788 6872*1 
0*0022 0*0027 ! 0*0029 6316 1 7263*4 5724*4 
0*0024 0*0030 1 0*0033 5307 1 5944 4841.6 
0*0028 0*0034 I 0*0038 3899 ! 4367 3694*1 
0*0032 0*0039 , 0*0043 2985 3343 2773*1 
0*0036 0*00-14 1 0*0048 2359 2595 2193*0 
0*0040 0*00-18 1 { 0*0052 1910*5 2101*6 1786*7 
0*0044 0*0052 ' ' 0*0057 1578*9 1705*2 1482*3 
0*0048 0*0056 0*0061 1.326*7 1432*8 1260*2 
0*0060 0*0058 0*0063 1223*0 1320*8 1164*1 
0*0052 0*0061 0*0066 11.30*5 1220*9 1068*7 
0*005G 0*0065 0*0070 974*7 1052*7 923*87 
0*0060 . 0*0069 0*0075 849*1 900*0 806*70 
0*0064 0*0073 0*0079 746*3 791*08 710*50 
0*0068 0*0078 ! 0*0084 661*1 700*80 630.52 
0*0072 0*0083 0*0088 589*7 625*08 • 663.33 

0*0076 0*0086 0*0092 529*2 656*70 606*26 
0*0080 0*0090 0*0096 477*6 502*43 456*07 
0*0084 0*0095 0*0101 433*2 466*70 416*46 
0*0088 0*0099 0*0105 394*7 415*22 378*93 
0*0092 0*0103 0*0110 361*2 380*0 347*11 
0*0100 0*0112 0*0119 305*7 320*4 294*58 
0*0108 0*0131 0*0128 262*1 274*7 252 *.31 
0*0116 0*0129 0*0137 227*2 238*1 218*71 
0*0124 0*0138 0*0147 198*80 208*34 191.38 
0*0136 0*0151 0*0160 165*27 172*71 150*10 
0*0148 0*0164 0*0173 139*65 145*83 134*34 
0*0164 0*0181 0*0191 113*65 118*76 109-41 
0*018 0*0198 0*0208 91*35 98*50 90*826 
0*020 0*0219 0*0230 76*42 79*78 1 73*566 
0*022 0*0240 0*0251 63*16 66*94 60*801 
0*024 0*0261 0*0272 53*07 55*41 51-088 
0*028 0*0302 ■ 0*0314 38*99 40*67 37*534 
0*032 0*0313 0*0356 29*85 31*13 28*736 
0*036 0*0384 0*0398 23*59 24*60 22*709 
0*040 0*0425 i 0*0440 19*105 19*907 18*391 
0*048 0*0507 0*0524 13*267 13*824 12*772 
0*056 0*0589 0*0608 9*747 10*166 9*3830 
0*064 0*0671 ! 0*0693 7*463 7*769 7*1843 
0*072 0*0753 ’ 0*0777 5*897 6*139 5*6768 
0*076 0*0794 0*0820 5*292 5*609 5*0943 
0*080 0*0835 0*0862 4*776 4*972 4*5976 
0*084 0*0876 0*0904 4*332 4*610 , 4*1702 
0*062 0*0958 0*0988 3*612 3*763 3*4771 

* 0*100 0*1040 ; 0*1071 3*057 3*176 2*9428 
0*104 0*1080 0*1112 2*826 2*936 2*7205 
0*116 0*1204 1 0*1237 2*272 2*361 2*1871 
0*138 0*1328 0*1362 1*8657 1*9385 j 1*7960 

Tests are prescribed as follows:— 
The enamel must not be easily removed from the wire with the thumbnail 

after winding on a l*in. mandrel. Below 0 *01 in. diameter, a 10-in. sample shall be extended 
to 11 ins. and baked for one hour at 130** 0. wltliout crackii^ the enamel; above that diameter 
a sample shall be wound round a mandrel without cracking the under microscope. 
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Chemical,—^The enamel shall not be dissolved when Immersed for one hour In absolute alcohol 
or dilute sulphurio acid (sp. gr. 1*26); and the samples shall pass the mechanical teste after 
immersion as above. 

Elecirical.—Test samples twisted together shall withstand an arc test at a pressure varying 
from 160 volte (R.M.S.) up to 0*0032 in. to 1,200 volts above 0*029 in. dianjcter. A sample 

•shall pass specified pinhole tests. 

In the trade enamelled wire with a * thick' covering of enamel is sometimes known as * double* 
enamelled * wire. 

Appuoximatb Sizes op PusE-ELEMENra cx)mposed op Tinned Copper Wire 

OR Standard alloy* Wire for use in Semi-enclosed British Standard Fuses. 

Oorrent 
Rating.. 

Tinned Oopper Wire. 

. Diameter (lii.> S.W.O. 

Btandard Alloy* Wire. 

Dlametor (In.) 6.W.G. 

1. 2. 3. 4. 6. 

1 amps. 1 
1*8 — — 0*0164 27 
3*0 0 006 38 0*034 23 
6*0 0*0084 35 0*032 21 

8*5 00124 SO _ 

10*0 0 0136 20 — _ 

10*0 0*020 26 — 

17 0*032 24 __ 
20 0*024 23 — _ 

24 0*038 23 — — 

39 0*033 21 
37 0*040 19 — — 

46 0*048 18 — — 

63 0*048 18 _ _ 
60 0*066 17 — _ 

84 0*066 17 — — 

83 0*072 16 _ _ 

100 0*080 14 

Note.—Ths oorrent rattogs given la this table refer to the normal maximum current of the 
circuit and do not refer to the overload at whioh the fuse will operate. 

The values of the euzVente given in above table are approximately those necessary to oomply 
with British Standard No. 88. Where fuses are known tx) conform to this Specification the 
size stated by the manufacturer on the case of the fuse should bo adhered to in preference to 
that given above, if tUo fuse is loaded to its full capacity. 

Insulators for Overhead Dines. 

British Standard for Porcelain and Touohened class Insulators for Overhead 
Lines. (3*3 kV. and Upwards). No. 137—1941. 

(a) Porcelain Insulators, 

The porcelain must bo white, sound, completely vitrified, with insulation independent of the 
glazing, which must cover all exposed, parte. An arbitniry rating number is assigned to all insulatois 
which pass the tvssociated tests mentioned below. Table I shows the rating numbers and teat 
voltages. Tho porcelain must not engage directly with bard metal such ns n screw and must be 

* Tho term ' Standard Alloy ’ refers to tho tin-lead alloy (63 per cent, tin, 87 per cent. lead). 

l.E.E. Wiring Regulations—Eleventh Ed. 
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unaffected by temperature stresses. Every insulator must have manufacturer’s name, month and 
year of mani^acture printed on it before firing'. The following te.sts are applied ;— 

(1) 60 per cent. Dry Impulse Flash-over Tost. The dr}' and clean insulator shall be subjected 
to an impulse voltage rising to its maximum in 1 micro-second and falling to half its maximum in 
60 micro-seconds, the ‘ 50 per cent. ’ signifying that 60 per c(mt. of the impulses cause Hash-over. 
After not less than 20 impulses the insulator shall be undamaged. 

(2) One-minute Dry Test and Dry b’lash-over Test. The voltage shall bo gradually raised to 
that of column 4 of Table 1 and maintained for one minute, then gradiiallj’^ iiu*reasod till flash-over 
occurs. The insulator shall then be llashed-ovcr four times. The flash-over value shall not bo 
less than that in column 2. 

(3) One-minute liain Tost and llain Flash-over Test. As in (2) above, but the onc-nunute tost 
shall be that of column 5, and the flash-over voltage that of column 3, with artificial rain of 
0*12 in. per minute at 15° to the vertical. 

(4) Puncture Test. The insulator shall not puncture at the test voltages of column 6 or 7 
at power frequency or at three times the dry 50 per cent. Hash-over voltage in an impulse test. 

In addition routine mechanical tests (20 per cent, over speeilied load) and i)orosity, galvanising 
and routine electrical tests are s])eciiied. 

(b) Toughened Glass Insulators. 

As for porcelain insulators, but with a thermal shook test to prove that the glass will not 
crack due to sudden heating. 

The Choice of Insulators. 

Table II gives the insulator rating nuinbci-s recommended for use in clean ntmosi>hcric con¬ 
ditions for a range of service voltages. The toniiferatiirc must not exceed 40° C. and the altitude 
must be less than 3,300 ft. for these values. For polluted atmosi)hcrcs larger rating numbers arc 
required. 

TABIilO I.—STANDAHD TNSUI \T01t llATl.VO NUMUEllS AND TEST-VOLTAOES. 

(U.M.S. Values : 60 Cycles per Second.) 

1 2 3 4 6 6 

Puncture Tcst-Voltago, 

Insulator 
Rating 

Number. 

Minimum 
Dry Flash- 

Minimum 
’A'ct Flash- 

Oue- 
Minuto Drv 

One- 
Minuto 

Pin 
over over I’est- 

liain 
Insulator String 

Voltage. Voltage. Voltage. 
Voltage. 

or Line 
Post 

insulator 
Unit. 

Insulator. 

kV. iiV. kV. kV. kV. kV^. 

16 3S 17 UG 16 68 
22 44 23 42 22 80 
30 63 32 60 30 95 

50 74 53 70 50 J30 1*3 times the 
70 95 71 90 i 70 170 actual dry 
90 IKi 95 110 90 210 f 1 a s h-o V e r 

voltage of the 
110 137 lie , 130 110 250 unit. 
130 IGO 137 152 130 ' 290 
170 210 180 200 j 170 

210 255 220 : 210 * 210 
250 300 205 285 250 
310 370 325 350 , 310 

410 475 430 ^ 450 ' 410 
600 590 525 : 560 600 
COO 710 630 670 ; 600 

700 1 820 j 736 i 1 700 

NOTE.—^The tabulated voltages are minimum voltages and are not subject to any tolerances 
They relate to tests under standard armospheric conditious, or to test figures to which corrections 
have been applied. 
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Tablk II.—Insulator rating numbers recommended for use in clean atmospheric 
Conditions. 

Working Voltnge of System. i 

... 
' .. ■ 1 

J tisulator 
Minimum 

Declared Voltage Api)roxiinate Rut; Jig Number. 
(3-pliaso System). Voltage to Earth. 

kV. 
i i 

k\; : 

3-3 1-2 1 IG 
(J-G 3-8 22 

11 G 3 30 

22 12.7 50 
33 12 70 
4t 25 20 

53 32 110 
GG 3S ' 130 
SS 50 170 

110 G3 210 
132 7G 250 
1G5 25 310 

220 127 no 
275 MO 5u0 
330 120 GOO 

385 22 1 700 

Porcelain Insulators for National Grid Lines. 
For the national 1S2 kV. transmission scheme, insulators of the cap and pin type with ball 

and socket fittings hare been selected. Bach suspension string consists of 9 units and for tension 
insulators 10 units. The factor of safety is not less than when the insulator is supporting its 
maximum working load (4,000 lbs. on suspension and 8,000 lbs. on tension insulators) with full 
normal Toltage applied to it. The minimum flash-oTer voltage of a unit is 85 kV. dry and 60 kV. 
wet. The minimum puncture voltage i s 146 kV. per unit. The complete strings with all fittings 
have minimum dry flash-over voltages of S95 kV. and 450 kV, for suspension and tension types 
respectively, and 385 kV. and 440 kV. wet flash-over voltages. Since the normal voltage to earth 
is 76 kV., this gives a nominal factor of safety of 5. Bach chain of insulators has a guard ring at 
the conductor end and arcing horns at the earthed end with the object of equalising the voltage 
distribution over the units and preventing damage to clamps, conductors, and insulator when a 
flash-over occurs. Twe insulator strings is parallel are used at tension points. 

Meamrtmeni of High Voltage. 

Rules for the measurement of voltage with sphere gaps are given in B.S. No. 368—1939. 

Standard Rubber Cables. 
Rubber insulated cables were first standardised by the Oable Makers Association 1900. O.M.A. 

Standard cables had one layer of pure rubber adjacent to the tinned conductor and two layers of 
superimposed vulcanised rubber. Up to 250 volts, these cables were supplied in the 600-megohm 
and the 2,500-megohm grade. A cheaper quality * Nonazo * of the 600-megohm class was also 
manufactured. 

New Standard Cables were introduced in 1937. In them the pure rubber layer has been dropped 
and the standard dielectric for the O.M.A. grade is now a vulcanised rubb3r compound applied 
in three layers. The * Nonazo * class has similar compounds, but not of such high quality. 

The cla^ficatlon by megohms is discontinued, the cables being classified by the voltage they 
are designed for. 

Sises.—The maximum size In 250-volt, O.M.A. grade is 19/0-064 (0 -06 sq. in.). Larger sizes 
are made only for 660-volt and higher-voltage grades. 

In the * Nonazo * class, the maidmum for single-core cables is 19/-064, and in the case of twin 
and 3-core, flat, lead-covered and tough-rubber-weathed the maximum size is 7/-064. 

Flexible Coeds.—These have three-layer vulcanised rubber dielectric. Unkinkable twin-aud 
3-core domestic flexible cords are standardised. 
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Cables for Installation Work. 
As far as eleotrioal Installation work, and partloalarlj conduit work. Is oonoamad* tha type of 

oablo with wblcd] the contractor has mostlj to deal Is that known as a rubber Insulated cable. The 
real properties of rubber Insulated oablea are more or less obscure, and the question as to what 
oonstitates a good cable Is almost Impossible to answer with any degree of aocura<7. To give 
some Indication as to the quality of the rubber compound oorering, a careful chemical test is 
required, and this combined with a stretching test will gire a distinct clue as to the possible dura¬ 
bility of the material. 

GOTxamiiaiT DsPAimairr speoifioation for bdbbxr-Covbrbd Oabube J, k and l Olamis 
FOB Power and light. 

Duignatim,—Cables shall be designated by the nomtnal seotionai area of the oondootorand 
a letter prefix as follows: ' J Low ' and * J Low Twin/ * J Medium' and * J Medium Twin * for 
SSO-Tolt and 660-Tolt respectlTely for y.I.B. taped and braided. * K * and * K Twin * for Y.I.B. 
taped, and lead sheathed (660-Tolt) and * L' and * L Twin ' for T.I.B. taped, lead-sheathed and 
armoured C6<M) Tolts). 

Malerial,—^The conductor shall comply In all respects with B.S. Specification No. 7—19S9 
and be free from all mechanical detects. 

rinntfig.—Eaeb wire shall be tinned nnlfonnly with pure tin free from lead in a bath free from 
oontamtnatlOD with copper. Before stranding, a sample shall be bent into a loop of radius not 
leas than 13 and not more than 15 times Its diameter, cleaned to remore grease and immersed 
for 1 minute in hydrochloric acid specific gravity 1 *088 at 60* F., washed and examined under a 
lens for blaokenlnig. Average number of times of immersion to prodnce visible blackening shall 
not be lesa than 8 times for wire 0*029 to 0*048 inches diameter, 7 times for dlsmeters above 
0*048 np to 0*0808, and 5 times for diameters over 0*0808 Inches. A fnrther sample to be 
wnq>pea round a rod of diameter four times that of the wire and submitted to the above for one 
bybto. 

yetaMng.—Not more than one joint to be allowed in any wire forming 1000 yards of oondnctor 
nor a joint to be within 12 Inches of another In same laver, nor In eoaduetor after stranding. 
Jolnta shall be biased, silver soldered or electrically welded. 

Stranding,—To be uniform tbrooghout length. S-stranded wires to have a left-hand helical 
lay, 7 strand to have straight centre wire with ilx left-hand helically laid wires» tha stranding 
for other numbers of wires to have alternate left-hand and right-band lays. 

JUtUlanct of Cirndudori.—To eonfonn to B.S. specification No. 7—194C. Compensation 
for the laying np of twisted twin cables to be agreed between oontraotor and Inspector. 

DuUctrU,—Oondnetor shall be covered with one layer of British plantation pure robber 
applied helioally or longitudinally, then a covering and Jacket of vuloanlaed robber oonalsting of pure 
robber mixed idth •nlphur, non-hydroscoplo mizieral matter and wax if required. The dieleotrio 
shall oontatu not less than 45 per cent, by weight of pure rubber. After vnloonlsatlon the acetone 
extract ahall not exceed 6 per cent, by weight, of which rubber-reaina are not greater than 3 per 
cent, and free sulphnr U * 75 per cent. Maximum amount of organic matter In reddne after eoetooe 
extraetion not to exceed 1*0 per cent, of total dielectric. BnJphur eontent in rubber not to be 
le« than 1*25 or greater than 1*75 per cent, of total dielectric. No re-manufactured rubber 
or rubber substitutes to be used. Cable to be rejected if blackening Is shown on pore rubber 
or tin, or If pure rubber adheres to conductor. 

TMdcneu,—To be in aocordance with B.S. specification No. 7—1946. 

Taping and Vuleani$ing,^To consist of heliosl binding of fine cotton tape (red and black or 
bine for twin cables) of specified thickness, mbber proofed. The whole to be vnloanlsed into 
homogeneona body, after which mbber layers shall be inseparable bat tape removable without 
tearing mbber. 

Mechanical Tetle,—After removal of the oonduotor, an onter oovering a length of 3 inohee 
marked on the dlelectrlo shall be maintained stretched to 6 inches foe 24 hoars at an ordinary 
temperature not exceeding 65* F. After release, the len^ shall not be greater than 3| inches, 
no signs having been shown of the mbber cracking or elongating Irregularly. Tensile strength 
not to be le« than 800 lb. per sq. In. 

Heal yjtfs.—Separate samples after removal of oonduotor shall withstand without material 
deterioration a dry heat of 370* F. for 1 hr. and a moist beat of 320* F. for 8 hii. After three 
days interval saraplee to be stretched as above from 3 Ins, to 5 ins. lor 6 hrs., the distanoe becoming 
not greater thas 34 Ins. on release. 

etectncal rrsoi.—<a) High voltage testes B.S. SpeoilleaUon No. 7—1946 after vulcanising and 
before outer protective coverings are pat on. (5) Insulation lealstanoe shall not be leee than that 
given in Ublee and to be measured Immediate^ after test to)* Chble to be immersed In water 
and meaeurement madt with not leas than OOO-volt direct ounent after 1 minote negative eleetirlfl- 
oation. The eleotrifioation must proceed regularly. 
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Twinning,—For olroular twin, the complete eorei shall be twisted with a right-hand laj. 
wormed with tanned Jate and wrapped to approximate olroolar seotion with rabber-proofed 
ootton tape. For flat twin, the two cores side bjr side are tape-wn4>ped to fonn sTmmetiloal 
cable. 

Mechanical Prateeticn,—The spedfloation gives partionlars lor braiding, identifloatlon cotton, 
lead sheathing, bedding and serving, galvanised steel wire and steel tape armoorlng, tests on 
flnisbed cables and pacing, together with tabulated data and a temperature correction table 
lor insulation resistaMe. 

The loregoiiig details give some indication ol the main leatures which are to be looked lor in 
a high-class rubber insulated cable. As rerards the conductors, the conductivity question is 
one ol considerable importance, but it should be mentioned that trouble in this direction very 
seldom arises, because there is litUe difficulty in maintaining a standard purity in electrolytlcaliy 
refined copper. The phrase * to show no ^ga ol sulphide of copper after vulcanising * refers to 
the appearance ol the wire when it la stiipp^ ol its insulating covering. It should then present 
a clean, bright appearance, free from blackenhig. 

The building op of the robber dielectric in three layers represents the usual English practice, 
and the wording ol the specification is designed to exclude the use ol adulterants and deleterious 
substances, these being practically synonymous so far as the life of the rubber insulation is 
ooncemed. 

The specifying of a mintmntn percentage ol rubber in addition practically leaves no room lor 
anything but legitimate oompoondlug ingredients, the choice ol which la to the experience 
and skllT ol the cable mannlacturer. 

There is, perhaps, no industry so greatly dependent on detailed experience and skill in apply¬ 
ing that experience as that ol the manulactare ol rubber, and when electrical conditions are 
involved this is doubly true. 

Generally speaking, therefore, where considerations ol quality and dorabiUty are paramount 
it will always be best to purcham rubber-insulated cables, either to a specification such as that 
instanced above, or to agreed standards such as thoee ol the Gable Makers* Association. 

The provision ol suitable outer coverings for rubber-insulated wires and cables which are 
exposed to abnormal conditioDB is a point which should not be overlooked. Conversely, in a 
given situation, a certain method of installing may be nnsuitable. For instance, condensation 
effects, which occur in tubes and pipes, are notoriously bad for rubber cables, and in such situa¬ 
tions either the method of installing should be varied or special coverings, such as a bituinen 
■heath, should be applied to the cables. Many cable makers are prepared to advise as to the 
best type of covering and method ol running or fixing cables under abnormal surrounding 
oonditions. 

A second quality of vulcanised rubber cable has been placed on the market to meet the demand 
of those users who are satisfied with a cheaper grade of cable. Such cable, known as * non- 
Assooiation ' cable, is quite satisfactory when properly manufactured, and may be safely used in 
oases where only a moderate length of life oombined with good mechanical properties, is required, 
and where the oonditioca do not require a permanent maintenance of high elasticity of the di- 
eleotrio. 

Rkviskd SPKCiricATioN FOH Oab-Tyhk Shhathkd Cable.* 

The following specification for this class of cable is based on the Britieh Admiralty Specifica> 
tion Tests for Owb Tyre Sheatliing :— 

The cab-tyre sheathing shall contain not less than Sft per cent, and not more than 40 per 
cent, of first-grade plantation rubber or other rubber of not less good quality. 

The surface of the sheathing shall not be treated or dressed without the consent of the 
Admiralty Overseer. 

The acetone extract of the vulcanised sheathing shall not exceed 5 per cent, calculated outhe 
w'eiglit of the complete sheathing us mauufaccurcil. 

Bending Test,—A test length of tlie complete cable containing the conductor shall be bent 
round a hard rod having the same diameter as the external diameter of the cable to form a loop. 
The unbent portions of the test-piece shall be bound together so that the two parts touch one 
anotlicr closely throughout their length from their ends up to the beginning of the loop. 

In cables of large size when this method is not practicable the test-piece shall be bent in a 
loop so that the maximum extension of the external surface at the curvature at the bend 
reaches 60 per cent. 

The sample in either case shall be left untouched for a period of 48 hours and at the termina¬ 
tion of this time shall siiow no signs of cracking. 

Immersion Tests, (a) C^emfea/.—Test-pieces 6 ins. long shall be prepared, and after the 
conductor and dielectric have been removed they shad be drietl at a temperature of KK)° C. for 
one hour in an air oven ; they shall then be cooleii in a desiccator for two hours, and at the end 
of this period shall be weighed. The cuds of the test-pieces shall be pluggeti with rubber bungf 
and sealed with paraffin wax for a length of half an inch from each einl The test-pieces thus 
prepared shall bo completely immersed in a vertical position in the following solutions for a 

• Referred to in I.E.E. Rules as * tough rubber compound ' covering. 
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period of 48 hours at normal temperature; they shall then be removed and washed in running; 
water for a period of two hours, afterwards being wiped dry and the wax and plugs removed. 
The samples shall then be dried in an air oven for one hour at a temperature of 100° 0. and shall 
be oooled for two hours in a desiccator: they shall then be reweighed. The difference in 
weights betorc and after immersion shall be calculated as grammes per 100 sq. ins. of surface 
exposed to the solution. 

(1) Add Tesf.—The solution shall bo hydrochloric acid having a specific gravity of 1*045. 
The figure calculated as stated above shall not exceed 1*0. 

(2) Alkali Test.—The solution shall be sodium hydrate having a specific gravity of 1*116. 
The fig^tre calculated as stated above shall not exceed 1*5. 

(5) (HI Test,—A test-piece shall be prepared 6 ins. long; one end shall be sealed sg as 
efficiently to prevent access of oil to the interior. The test pieces shall be immersed in pure rape 
oil of the best quality to such a depth that not less than 2 ins. of sheathing is exposed to the 
action of the oil. The immersion shall be continued for six hours, the oil during that time being 
maintained at a temperature of 100° C. After immersion the sample shall be removed and rolled 
dry between blotting paper; the seal shall then be removed and the sample re-weighed. 

The difference in weights shall be calculated as grammes per lUU sq. ins. of surface exposed 
and the figures so obtained shall not exceed 15. 

The cable should be generally in accordance with St. Helena Gable & Rubber Oompany’a 
original Patent No. 8996/1911. 

Gab-Tyre Sheathed Gables are now made in * Nonazo' (non-Aasooiatlon) quality, as well as 
in G.M»A. grade. 

WIRIWa FITTINGS. 

The following B.S. specifications have been issued in connection with steel conduits, plugs end 
sockets, lampholders and other fittings:— 

No. 31^1940, Steel Conduits and Fittings. 
„ 74—1937, Charging Plugs and Sockets for Battery Vehicles. 
„ 196—1930, Reversible Two-pin Plugs and Sockets. 
„ 279—1933, Flameproof Plug and Socket. 
„ 372—1930, Side-entry Wail Plugs and Sockets. 
„ 62—1941, Bayonet Lampholders. 
„ 98—1934, Edison-type Lampholders. 
„ 67—1938, Ceiling Roses. 
„ 91—1930, Cable Soldering Sockets. 
„ 94—1930, Watertight Glands for Cables. 
„ 97—1936, Watertight Fittings for Lamps. 
„ 643—1941, Cable Glands and Sealing Boxes for Mines. 
„ 646—1934, Two-pole and Barthing-pia Plugs and Socket Outlets. 
„ 663-1934, Reversible Connections for Portable Applianoes. 
„ 617—1942, Identification of Conduits, Cables, etc. 
„ 1363—1947, Fused-plugs and Shattered Socket-Outlets. 

Conduits and Fittings for Eleotrical Installations. 

Conduits, with the exception of the seamless or drawn varieties, are generally made from 
ipedaUy selected steel strip, vazylng in gauge aocording to the diameter of the tube. The 
strips are rolled to a circular section of exact extomal and internal diameter, by a method which 
ensures freedom from internal roughness and an even surface to facilitate the drawing of the 
wires into the conduit, thus preventing injury to their insulation. Bxact sizes are essential in 
order to obtain a tight jnnotloa between the conduit and fittings with both socket and screwed 
junctions. 

The oonduits are made in two different types, viz. Light Gauge, for socket and continuity 
junctions, and Heavy Gauge for screwed Junctions. 

Ccmdults are usually supplied in two standard finishes, as follows:— 
(1) Stove enamelled (black); (3) Galvanised. 

For all ordinarr installation work in the Interior of buUdlngs, enamelled oonduits will be 
found satisfactoiy in working. 

The enamel employed should be fiexible, acid-reetstlng, insulating, and durable. 
The oondulta must be well cleaned before being enamelled, and subsequently stored at an 

even temperature until the enamel is set, so that it is not liable to fiake or break away when 
tlto oc^uit is bent. enamei should resist any chemical action which is likely to be found in 
the idaster of buildings. 

Where conduits are subjected to excessive chemical action, especially when burled in oinder- 
flil oonorete, qnldk-diylng onemioal plasters, and the like, a ipoie efficient protection Is required, 
and this is afforded by i^vanlsing. 
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BBmflH STikNDARD POB 8THEL CONDUITS fOB ELBOTBIOAL WlBINO. 

(No. 81-1940.) (^AhstraOs.') 

Steel oondaite ihall be either oloee-Joint, brased, welded or solid drawn as ordered, and shall 
be of mild steel and free from burrs and internal roushBess. The conduit fittings shall be made 
of steel or malleable iron. All steel shall have a tensue strength of not lees than 18 tons nor more 
than 24 tons per square inch of section, and an elonration of not less t^n 10 per cent, in a length 
of 8 inches. Malleable castings shall be well annealed and free from internal projections. 

The conduit shall be manufactured in straight lengths of ten to fifteen feet. 

TABLH Of STANDABD DlMBNfilONB Of STEEL CONDUITS. 

Conduit outside Diameter in ins. 

Threads per inch 
Depth of thread (ins.) 
Maximum length of thread on ends (ins. 
Minimum length of thread on ends (ins.) 
Nom. thickness—Class A (plain) (ins.) 
Min. thickness—Glass A (plain) (ins.) 
Nom. thickness—Close B (screwed) (ins.) 
Min. thickness—Class B (screwed) (ins.) 
Calculated weight per > 

100 ft., in lb., un< Class A (plain) 
enamelled and not 
inoluding oouplers ) Class B (screwed) 

1 : I 1 1 U 2 H 

18 18 16 16 16 14 14 14 
0306 •0356 •0400 •0400 •0400 •0457 •0457 •0457 

V i 
1 

! 19 

1 
040 •040 

i 
•048 

1 
'048 •056 •ot4 

» 
•064 

1 
•072 

•036 •036 •044 •044 •053 •060 •060 •068 
•066 •064 •072 •072 •072 •080 •092 : 092 
■052 •060 •068 •068 •068 •076 •088 ! •088 

20 26 37 60 78 100 185 ; 191 

27 89 58 73 93 ; 124 193 1 243 

1 

TABLE Of CAPAOITT Of CONDUITS.* 

(Type B. Screwed. BB. No. 81, for the Drawing>tn of V.I.B. Braided Cables.) 

SIse of Conduit (ins.) . 
1 

t 1 1 li U 2 H 

Internal Diameter (ins.) - : 0-388 0-498 0-606 0-856 1-106 1-84 1-816 3-816 

Nominal 
Area of 

Condoot<v. 
8q. In. 

Number 
and 

Diameter 
(In.) of 

Approxi¬ 
mate 

Overall ' 
Diameter. 

1 Maximum Number of Cables. 

Wires. Inch. 1 

0 0015 1/-044 ' 0-150 i 8 4 ; 6 10 14 ___ 
0 002 I/-039 ; 0-180 ; 1 1 8 5 10 14 , — — 
0-008 S/-0S6 0-200 I i 4 8 12 i — i — 

0 0046 71-039 0-210 j ' — i 1 2 4 G 10 i _ — 
0-007 7/086 0-386 { 

1 
— — ! 2 5 8 I — — 

0-01 7/-044 0-370 __ 1 __ 4 7 i 1 _ _ .. 
0-0145 7/-052 0-300 _ — 1 3 ® i i ® — — 
0-0326 7/-064 0-345 — » ! 

4 1 6 — — 

0-03 19/-044 ' 0-380 s 5 7 8 
0-04 19/-063 0*435 1 — 1 * i 1 4 6 7 
0-06 19/-064 0-500 _ _ 1 1 —. ... 1 1 8 6 f 
0-1 19/-088 0-630 .... — ! _ _ ! — — 8 4 
0*15 87/-072 0-760 — 1 1 ““ ___ ! 

1 ”” i ! ~ 
2 2 

These capacities apply to runs of conduit which deflect from the straight by an angle of more 
than 15**. 

* From LB.B. Rules (Eleventh Ed.). 
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For all fitting! made out of iub^, the minimum thicknee! of the fittInM shall be equal to that 
of the oorreeponding oondoit with which they are used. In no oaee shall * close Joint * tabs be 
used for these fittings. 

Two classes of steel conduit for electrical wiring are recognised as Standard 
Class A.—Plain. 
Class B.—Screwed. 

Class A consists of light gauge conduit of the thickness and dimensions given In the Table 
below. Class A conduit Is either close-joint, brazed, welded or solid drawn. The coupler 
joining the lengths of tubing la a sleeve, and neither the ends of the conduit nor the coupler are 
screwed. 

In the close-joint tubes, the edges of the steel strip, though brought tightly together in the 
process of manufacture, are not metallically joined in any way. 

Oass B consists of heavy gauge conduit of the thicknesses and dimensions given in the Table. 
Class B conduit is either brazed, welded or solid drawn. Both ends of the conduit are screwed. 

Unless otherwise specified with the order, all conduits and fittings shall be stove enamelled jet 
black or galvanised by the hot process both inside and out. 

Electricity Act, 1047. 

The purpose of this Act was to co-ordinate under public ownership the electricity supply 
industry of Britain, in place of tlic j)revious arrangements where there were the Central Electricity 
Board, the North of Scotland Hydro-Electric Boanl, r>50 company and local authority under¬ 
takings and ten joint authorities or boards. A Britixh JClrclricity Authority has been established 
to control the generation and bulk transmission of power and fourteen Area Electricity Boards to 
distribute electricity to consumers. 'I'lie North of Scotland Hydro-Electric Boards in its area, 
carries out both functions. 

The B.E. A. consists of a chairman and four to six other membi'rs, the chairman of four of the 
Area Boards taken in rotation and the ehairn an of the North of Scotland Hydro-Electric Board. 
The B.E.A. has power, in addition to its main functions, to manufacture ami sell or hire electrical 
plant and fittings. It also co-ordinates the activities of the Area Boards and exercises some 
general control over their policy. 

The Area Boards buy in bulk from the B.E.A. (or from each other) and distribute to consumers. 
For administrative puqaoses, and to maintain local touch with local events, they have each split 
their territory into sub-areas, corresponding more or loss at present with the ureas of tlie previous 
uudertakings. Within each Area Board's area a iJivisional Controller represents the IbE.A., the 
divisions of the B.E.A. conesponding to the areas of the Area Hoards. CI'lic Area Boards may sell, 
but not manufacture, and repair or maintain electrical littings (but not plant). 

The B.E.A. is empowered to standardise systems of su])ply and tyi)es of electrical fittings, and 
to standardise and simplify sysU'ins of charging for supplies. 

Each Area Board must submit an annual report to the Ti.E.A. and the B.E.A. must submit an 
annual report to the Jlinister of Fuel and Bower. Consultative councils are being established in 
each Area, each consisting of twenty to thirty persons, of whom half to tliree-lifths will be nomi¬ 
nated by the .Minister of Fuel and Power from persons suggested by local authorities and the 
remainder will represent other consumer intere.sts. Tlie Electricity Commissioners have been 
abolished. 

The tariff for bulk supplies from the B.E.A. to tl»c v\rca Boards is, at prc.sont, £3 10.?. per kW. 
of maximum demand at each point of supply, plus 0*335f/. per kWh., with a fuel cost variation of 
O'OuOTd. per kWh. for each Hi. by which the price of coal (liascd on a calorific value of 11,000 
B.Th.U. per lb.) varies from 38.?. per ton. There will be a percentage adjustment to the total 
charge for each Area Board as follows (based C'n the different fuel prices in different Areas). 

London.+3 
South-Eastern.-j- 7 
Southern.4* 0 
South-Western.4-5 
Eastern.d- 1 
Bast Midlands.— 
South Wales.-f 10 
Merseyside and North Wales . . . -f 3 
Yorkshire.— 2 
North-Eastern.— 7 
North-Western.— 
South-East Scotland.— 4 
South-West Scotland.— 8 

Ministry of Fuel and Power Regulations in reference to 
Overhead Electric Lines. 

Every appUostion for the consent of the Ministry of Fuel and Power to the placing of electric 
lines above ground should be accompanied by the following partloolars 

1. Where the undertakers are a company, or a local authority supplying outside their own 
area, evldenoe of consent of the looal authority for the district. 
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S. A atatement showing oommercial or other considerations whj underground cables should 
not be used. 

S. A brie! description of the proposed system, whether by continuous or by alternating current; 
the working voltage; the kind of wire, whether copper or iduminium ; whether solid or stranded; 
the total sectional area; tensile streni^ and elongation ; average and maximum length of span; 
minimum height of wirM from the ground ; name or description of automatic protective device, 
if any. 

4. A statement whether the supply is to form (1) extention of an existing system of under* 
ground cables, or (2) of an existing traction system, or (3) an independent system. 

5. An ordnance map on a scale of 6 ins. to the mile, showing the propo^ route of the over* 
bead lines and any eziatlng overhead lines. The sheets of these maps must be fastened together. 

6. In the case of high and extra high pressure, plana of construction of poles, etc., on a scale 
of about 1 in. to the ft., or a reference to previoi^y deposited plana where these are identical 
with the proposed work. 

Begulations of the Electricity Commissioners. 
BLBOTRIOITT SUPPLY BBOULATIONS—1937.* 

Rbqulations fob Sbourino thb Safety of the public and foii Insubiko a Proper and 
SUFFICIENT Supply of Electric Energy. 

lineM and Systems for Low and Medium VoUagcs. 
(Low voltage means not exceeding 260 volts and medium voltage not exceeding 650 volts.) 
1. (a) All lines and circuits of the undertakers to be tested for Insolation resistance after 

erection and before use. 
(b) Insulation must withstand either (i) testa prescribed by British Standards Institution, 

or (ii) test voltage of 600 volts for 15 minutes t^tween conductors and between conductors 
and earth. 

(e) After disconnection for alteration or repair, undertakers must ensure that insolation of 
circuit is in sound condition. 

(d) Undertakers most record result of every t^t. 
2. Undertakers must maintain insulation of every system so that leakage current shall not 

exceed one-thousandth part of maximum supply current. Excessive leal^e to be remedied 
without delay. 

3. In a medium-voltage supply, the voltage between earth and any conductor shall not 
exceed 250 volts. 

4. A point of any low-voltage A.H. S3rstem above 125 volts and of any medium-voltage system 
shall be connected with earth as follows :— 

(a) The earth connection shall be made at one point only in each distinct system (unless 
otherwise approved by the Oommissioners), and the insulation shall be efficiently maintained 
at all other parte. 

(5) With conoentric conductors, the external is the one to be earthed. 
(c) The earth connection shall be efficiently maintained except when testing or tocating a 

fault. 
(d) In a D.O. system, an ammeter shall be permaneutly in the earth connection and a record 

of ue current shall be kept by the undertaker. In a 3-wire, D.O. system, a fusible cut-out or 
automatic circuit breaker may be in the earth connection in parallel with a resistance of not more 
than one ohm. 

(e) In an A.O. system, no impedance, cut-out or breaker shall be in the earth oonnection, 
Barth currents made on test must be recorded. 

(/) A.O. systems connected to earth os above may be electrically interconnected provided 
(i) each earth connection is bonded to the metal sheathing or armouring of the lines concerned; 
(ii) the neutral conductors of overhead line systems are of the same material and cross-section 
as the phase conductors; (iii) generators or transformers not having a mesh-connected winding 
of low impedance which form part of any system have their nentral points connected to earth. 

(p) Where an earthed A.O. system provides a low or medium voltage supply to an electrode 
boiler which is also earthed, the metal work of the boiler shall be bonded to the metallic sheathing 
or armouring of the lines concerned. 

LineSf Systems and Apparatus for High Voltages . 
5. Every high-voltage line of the undertakers shall be completed and tested before use, and 

shall be in their sole charge, unless otherwise approved by the Oommissioners. 
6. (a) All hlgb-voliage lines, circuits and apparatus of the undertakers to be tested for insulation 

resistance after completion and before use. 
(5) Insulation must withstand either (i) tests prescribed by British Standards Institution, 

or (ii) continuous application for 15 minutes between conductors and between conductors and 
earth either an alternating test volti^ of II times working voltage or the working voltage plus 
10,000 volts, whichever be the leas. With concentric conductors where the outer Is to be earuied, 
the test volume between outer and earth shall be 1,000 volts. If the neutral conductor of an A.O. 

* Explanatory Notes on the 1937 issue of these regulations are published by H.M. Stationery 
Office, race 8d. The Regulations are now issued by the Ministry of Fuel and Power, which 
has taken over the duties of the Oommissioners. 
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qntom if not to be earthed, the working voltage between a phase and earth diall be taken to 
be the voltage betweexi phases. The duration of test may be reduced to one minute 11 test voltage 
is not less than times working voltage, cnr equal to working voltage plus 20,000, whichever 
be the less. Direct voltage may be n^ 11 testing voltage be 50 per cent, greater than the 
prescribed alternating test voltage. 

(«> Alter disconnection lor alteration or repair, undertakers must ensure, before use, that 
Insulation is sound. 

(d) Results of every test must be recorded by undertakers. 
7. (a) Every line and all associated apparatus to be provided with an automatic device to 

ensure immediate and safe discharge of energy in event of excess leakage. 
(5) Lines, other than overhead and station lines, to be enclosed in metal sheathing, electrically 

continuous and effectively earthed. 
<c) In event of failure of insulation between a conductor and the metal sheathing, the 

impMsnoe shall be such that with full supply voltage the fault current shall not be less than 
twice the value at which Uie automatic devices operate. 

8. A point of every high-voltage system shall be earthed thus: (1) the earth connection shall 
be made at one point ocJy in each distinct system, unless otherwise approved, and the Insula¬ 
tion shall be maintained at all other points; (ii) with concentric conductors, the external shall 
be the one earthed. 

U such a high-voltage earthed system is used to supply an electrode boiler which Is also 
earthed, then (i) the metal work of the boiler shall be bonded to the metallic sheathing or armour¬ 
ing of the lines concerned; and (ii) the high-voltage supply to the boiler shall be controlled by 
a suitable automatic circuit-breaker set to trip when the current unbalance in the phases continues 
to exceed 10 per cent., or in exceptional cases 15 per cent., of the rated current of the boiler. 

Transformation and Comtrol of Energy at High Voltage. 
9. Undertakers may transform or convert high-voltage energy in sub or switoh stations (Inoluding 

outdoor), in completely enclosed street boxes above ground. In street boxes under ground, in 
flre-resisting casings on consumers' premises, or on or near the supports of overhead lines; 
provided that: 

(a) Such stations be preferably above ground, but ventilated and drained where below ground. 
(5) Outdoor stations shall be protected by fencing not leas than 8 ft. high or other means to 

prevent aoeess to lines and apparatus by unauthorised persons. 
(e) Underground boxes containing transformers shall not contain switches or other apparatus, 

whimi must be separately housed, preferably above ground. 
(d) Fire-resisting casings on consumer's premises shall completely enclose lines and apparatus 

to prevent access by unauthorised persons, and shall be labelled with appropriate danger notice 
and with undertaker's name and address. 

10. (a) Street boxes or fire-resisting casings on consumer's premises shall have doors or covers 
that cannot be opened without key or a special appliance. When open, it shall not be possible 
to come Into contact with metal at high voltage. 

(5) The oonductois and apparatus unless completely enclosed and connected with the system 
by armoured lines) on the supports of overhead lines or adlacent to the lines shall have no live 
metal less than 16 ft. from the ground or any place accessible by an unauthorised person, or less 
than 15 ft. from any platform on which an authorised person may stand. Proton shall be 
made to prevent unauthorised climbing. 

11. Where energy is transformed, provision shall be made—preferably by earthing a point 
on the lower-voltai^ system—to prevent danger from this system becoming charged from the 
high-voltage system. 

Electric Lines and Apparatus (Oenerat), 
12. All lines to be in accordance with appropriate current spe^cation of British Standards 

Institution. 
18. Every olccnit of undertakers and all apparatus associated therewith shall be protected 

against excess energv by a fusible cut-out or other automatic oirouit breaker. In oonoentrlo 
eondnotors no such device shall be Inserted in any earthed external conductor. 

14. Where an electric line crosses or is near to any pipe, line or other metal, precautions 
must be taken by undertaker to prevent the latter becoming alive. Any metal work associated 
with lines (except serving as conductor) to be earthed where necessary to prevent danger. 

18. Oveidiead lines to be erected and maintained In accordance with Oommissioners’ 
Regulations. 

16. ^) In delivering energy, undertakers shall take precautions to avoid risk of causing fire. 
(8) Where fire risk to a building is Involved, and there is more than 2,000 gallons of oil in 

any one tranafonner or switch tank, provision must be made for removing any oil which may 
eacape from the tanksj precautions most be taken to prevent spread of fire from ignition of 
oil, also to extinguish firs. Spare oil must not be stored in the station. 

17. Regarding lines not completely enclosed in a continuous metallic earthed sheathing: 
(a) In oases where prior to these Regulations lines were in use which are insulated or pro- 

teotea in situ by oomposition or bituminous material: (i) such lines shall be frequently tested 
and inspected, the results being recorded by the undertakers: (U) any pipe or circuit in which the 
line is placed mnst be sealed at point of entry into assy street box to prevent flow of gas from or 
Into the pips or oireuit or into or from the street box. 
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(6) In fotore no llnei insulated or proteoted in tiiu by any oomporitlon or material known 
to oe liable to produce noxious or explosive gases on excessive beating shall be installed. 

18. Conduits, pipes, oasingB, street boxes, etc., used as receptacles for lines or apparatus 
shall be durable, and where placed under carriageways of ample strength. 

19. In addition to Regs. 9 and 10, street boxes must comply with the following: 
, (a) Street boxes shall not oontaln gas pipes, and reasonable means shall be taken to prevent 
influx of water or gas. 

Ct) Lines forming part of different systems and passing through the same street box shall be 
resdliy dlsUngulsbable and suppintedand protected to mlnunlserlu of damage to or from ad|aoent 
lines. 

(e) All street boxes to be regularly Inspected for presence of gas, and If any influx or accumu¬ 
lation Is discovered the undertakers shall give Immediate notice to the relevant gas authority. 
Where a peison can enter the box, provision must be made (i) that any gas shall escape before ibe 
person enters, ril; lor prevention of danger from sparking. 

(d) In this Regulation, street box includes underground sub or switch stations. 
90. Where access to a line is obtained through underground ways not regularly Inspected, 

no person shall enter until the undertakers have made teats tor presence of noxious or explosive 
gasM, and expelled same if present. 

91. The supply system shall be separated into sections, and where necessary provided with 
circuit breakers or fiuibto cat-outs so as to restrict reasonably ths area of supply affected by a 
failure. 

Connection with and SupjAy to Contumer'e PrtmUei, 

99. Service lines entering oonsumer'a premises below ground level must not permit influx 
of gas at point of entry. 

93. The separate conduotors shall be permanently marked by colouration or labels near the 
supply terminals to indicate olearly polarity or the neutral and Uve phase conductors. 

94. For proteotion against excess energy, a fusible cut-out or other automatic drcuit-breaker, 
completely enclosed in a locked or sealed ^proof receptacle, shall be inserted by undertakers 
In each service line in a suitable position close to supply terminals. 

No such device shall be inserted in any neutral conductor at a point common to more than 
one pair of conductors of a 3-wire or multi-phase system. With high-voltage supply, provision 
must bs made to isolate the cut-out or breaker from the service line, and (6) that the con¬ 
sumer can out off all voltage from the supply terminals without risk of danger. 

96. Lines and apparatus on oonsumer'a prcunises and belonging to or under control of imdertakers 
must be maintained by undertakers in a safe condition and proteoted to prevent leakage to any 
adjaoent metal. Lines and apparatus whioh comply with the I.E.E. Regulations for tbs 
Electrical Equipment of Building are deemed to satisfy this Begnlation. Lines and apparatus 
on consumer's side of supply terminals and forming whole or part of consumer’s installation shall 
be subject to any agreement made between undertakers and consumer with respect to hire or 
blre-purohase. Nothing in this Regulation shall relieve the owner or occupier as consumer from 
any oblation imposed by Home Office or Mines Department Bleotricity Regulations. 

96. ^e undertakers shall not permanently connect a oousumer's installation with their lines 
unless they are reasonably satiailed that such connection would not cause a leakage from 
consumer's installation exceeding 1/10,000th part of the maximum current to be supplied to said 
Installation. 

97. (a) Undertakers shall no be compelled to give a supply unless satisfied in respect of 
oonsumer'a installation:—<I) that all conduotors and apparatus are sufficient in size and power 
for the intended purposes, and are oonstruoted, installed and proteoted reasonably to prevent 
danger: (U) that every distinct circuit is proteoted by a fusible cut-out or other automatio 
oiro^t breaker, sultablv rated and oonstruoted and readily renewable; (iii) that every motor 
is controlled by a swltdb for starting and stopping, and placed to be easily worked by the person 
in oharge of Uis motor. Any consumer’s installation oomplying with the I.B.B. Regulations 
for the Electrical Equipment of Buildings shall be deemed to satisfy this Regulation. 

(V) The above provisions of this Regulation shall not apply to cases were the provisions of 
the Home Office or Mines Department Electricitv Regulations are applicable. 

These last two provisions apply also to Regulations 98, 99 and 31. 
98. (a) A supply of energy at low voltage from more than one pair of oonduotors of a 3-wire 

or multi-phase system at m^um voltage shall not be given unless the total rating of consumer's 
installation exceeds 8 kW., and then only if necessary to comply with Regulation 34. 

(6) Undertakers shall not in any case be compelled to give a low-voltage supply to any 
consumer from more than one pair of oonduotors unless satisfled : (1) that the supply terminals 
are arranged In separate pairs so as to avoid danger of shook at medium voltage ; (U) that the 
oonsomer’s wiring oonneoted to the separate pain of supply terminals is kept separata and 
distinct, or oompUes with Regulation 99 ; (ill) that in any room containing the different pain of 
oondooton, any apparatus oonneoted to one pair Is fixed at least 6 ft. away from any apparatus 
ooneoted to the other pair; or, idtematively, that the metal framework of all such apparatus 
is earthed, and that any flexible oonduotor attacdied to portable apparatus Is proteoted against 
meohanloal damage. Any metallic ooverlng of oonduotor shall be earthed, but this shall not 
ooDstitute the only means of earthing the metal framework. 

99. (a) Undertaken shall not be compelled to giT« a medimn-yoltage supply nnlesa satisfled:— 
(I) that all metalwork associated with consumer's InstaUation, unless serving as a oonduotor, is 
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earthed; (U) that all ooneomer'e wiring ia oompletely enoloaed in eleotrioally oontinaoua matal 
sheathing, or, alternatively. Installed and protected to prevent danger; (ill) that eaoh motor or 
separate pieoe of apparatus is oontrolled ^ a oatK>£f switch readily accessible to the person in 
oharge, and arranged so that it oan oat off all voltage from the motor, apparatas or associated 
device. 

SO. (a) A high-voltage supply shall not be given unless: (i) all high-voltage oondootors and 
apparai^ on oonsamer*s premises are inaooeaaible to oonsamer. and aU operations in oonneotion 
with same are oatiied oat by ondertakers by arrangement with oonsamer: (ii) the oonsamer 
gives a written gaarantee to andertaker that an authorised person will be in onai^ of oonsumer's 
high-voltage installation when in use, and that the latter will be efficiently maintained, and if 
retired to the andertaker*s satisfaction, and that instructions regarding treatment of persons 

(6) High-voltage energy shall not be supplied for water-heating in which a live element is 
in contact with the water ^thout the consent of the Oommissioners. 

(e) Undertakers are not compelled to give a high-voltage supply unless they are reasonably 
satMed: (i) that no metal at high voltage is exposed so that it can be touched ; (ii) all high- 
voltage oondoctors other than overhead lines are completely enclosed in eiectrically-continuoas 
metal protected against mechanical damage; (iii) all metalwork associated with consumer's 
installation, except conductors, ia earthed ; (iv) that the supply to eaoh motor or separate piece 
of apparatus be controlled by a cut-off switch readily accessible to the person in oharge, and 
connected so that all voltage can be cut off from the motor, apparatas or associated device; 
(v) that all high-voltage windings within reach are protected to prevent damage ; (vi) that the 
low-voltam side of tnmsformers be safeguarded—preferably by earthing—against becoming 
aoddentaily charged at the higher voltage; (vii) that unless the whole high-voltage installation 
oan be made dead at the same time for cleaning or other work, it must be sectionalised and the 
sections must be divided or screened from one another so that work oan be done safely on one 
section without danger from another; (viii) that adequate working space is provided in front of 
any switchboard (except low voltage) and at places where live conductors oan be exposed; 
(ix) that means be provided to prevent access to any part of high-voltage installation by an 
unauthorised person. 

(d\ Paragraphs (a) and (c) do not apply whore Home Office or Mines Department Electricity 
RegulationB are applicable. 

(tf) Undertakers must notify the District Factory Inspector of intention to supply high-voltage 
energy to promises to which Home Office Begulations apply. 

81. (a) Undertakers shall not be compelled to supply any consumer who proposes to transform 
the energy to a high voltage for an outside luminous tube sign unless they are satisfied (i) that 
cut-off switches on the lower voltage side are provided inside and outside the premises, easily 
accessible to the person in charge, and connected so as to cut off all high volta^ ; (ii) that no 
high-voltage metalwork be exposed so that it can be touched; (iii) that all high-voltage con¬ 
ductors (other than overhead lines and series connecting wires) are completely enclosed in 
eleotrioally continuous metal protected where necessary against mechanical damage; (iv) that 
all such enclosing metal is earthed; (v) that all high-voltage windings within reach are profited; 
(vi) that the low-voltage side is protected, preferably by earthing, from becoming accidentally 
charged at the higher voltage; (vii) that unless the whole iiutallation oan be made dead 
simattaaeoasly for cleaning or other work, it must be sectionalised so that work can be done on 
any dead section without danger; (viii) that means are provided to prevent access to any 
high-voltage part by an unauthorised person. 

32. (a) Where undertakers after examination have reasons to suppose that a leakage exceeding 
the amount mentioned in Regulation 26 exists at some part of a consumer’s installation, or that 
the installation or part of it is not in sound condition, the following provisions shall have effect:— 
(i) where immediate action is justified as a work of emergency in iuterests of public safety or to 
avoid undue interference with supply to other consumeie, undertakers may discontinue supply 
forthwith, giving immediate notice in writing to consumer and specifying matter complained of; 
(ii) in any other case, undertakers may by notice in writing require oonsamer to permit inspection 
aim test between 9 A.M. and 6 p.m. If consumer refuses facilities, or if after inspection and 
testing, the undertaker's officer reports excessive leakage or defective installation, tha andertaker 
may in writing specify the complaint and require the consumer to remedy the same within a 
spewed reasonable period. Should the consumer fail to show that the matter has been remedied, 
tiw undertaker may on expiration of said period, but subiect as hereinafter provided, discontinue 
the supply, giving immediate notice to consumer; (iii) if any question aii^ between consumer 
and andertaker regarding any matter to be remedied, either party shall take immediate steps to 
have the question settled as provided lor by Regulation S3; (iv) in exercising powers in (ii), 
undertaken shall not discontinue supply pending settlement referred to in (iii), and shall in no 
case discontinue supply to the whole of consumer's installation, where it is feasible for them to 
disoontlnae the part complained of, provided nothing shall prevent undertakers exercising 
powere in (i) ; (v) where in pursuance of this Regulation the supply has been disoontinoed, it 
shall not be recommenced until undertakers are satisfied, or until it has been decided as provided 
in Regulation 33. 

(6) This Begalation shall extend as far as practicable to any tines and apparatas on con¬ 
sumer's premJses and belonging to andertalrers or under ^eir control within the meaning of 
Begalation 25: and in case of discontinuance the undertakers shall forthwith remedy any dei^t, 
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subject to the terms of anj agreement between undertaken and oonsumer regarding hire or 
hire-purchase. 

(e) This Regulation as regards order or condition shall not apply where the Home Office or 
Mines Department Electricity Regulations are applicable. 

33. (a) Where undertaken de^ne to give a supply, or to recommence after disoontinuanoe, 
, they shall serve on the oonsumer a notice in writing stating reasons. 

(6) Any question arising between a oonsumer and undertaken under (a) or under Regu¬ 
lation S3 shall be determined by an Bleotrio Inspector appointed by the Bleotrioity Oommissioners 
on the application of either party, and the Inspector shall determine by whloh of the parties the 
costs shall be paid. 

(e) Either party may appeal against the inspector's report to the Electricity Oommissionen, 
whose decision shall be final and binding on both parties. 

34. (a) Before commencing a supply, the undertakers shall declare to the consumer: (1) type 
of current, whether direct or alternating; (ii) in case of A.O., the number of phases and the 
constant frequency ; (iii) the constant voltage of the snpply. 

(t) The declared type of current, number of phases, frequency and voltage shall be constantly 
maintained, subject to a permissible frequency variation of ± 2^ per cent, and a permissible 
voltage variation of 6 per cent. These shall not be departed from without the Commissioners' 
consent. 

(e) Public notice of any application of undertakers to the Commissioners for any alteration in 
type of current, number of phases, frequency or voltage must be made in accordance with the 
consumers' requirements. 

36. From the time when undertakers begin a supply through any distributing main, they 
shall maintain a supply sufficient for all consumers entitled to be supplied. Snpply shall be 
maintained without change of polarity in D.C. and without change of neutral in A.C. For 
testing or any other purposes connected with the efficient working of the undertaking, the supply 
may be discontinued by the undertakers for such period as may be necessary subject (except in 
cases of emergency) to not less than 24 hours' notice to all consumers likely to be affected. In 
event of any oonsumer objecting, the supply shall not be discontinued except with consent of the 
OommiaBioners. Provided also that the polarity in case of D.O., and neutral in case of A.O., 
may be changed with the like consent. 

36. Undertakers shall keep printed copies of these Regulations and supply a copy thereof to 
any person demanding same at a price not exceeding that paid by themselves. 

37. Inspections, examinations and tests may be made by authorised servants of the Oom¬ 
missioners. 

38. (o) Undertakers must report to Commissioners any accident as soon as possible—failure 
to do BO renders nndertakeis liable to a penalty of 201. for each default. 

(6) The Commissioners may appoint an inspector or other person to hold an inquiry into any 
accident affecting the safety of the public. 

39. Relates to penalties imposed on ondertakera failing to comply with these Regulations. 

Regulations of Electricity Commissioners for Overhead Eines,* 
(El.C. 53—1947.) 
General Regulations, 

1. Conductors to be of copper, aluminium, or other approved material. 
3. Conductors to conform to B.S. specification for elongation, breaking load, and elasticity. 
3. Minimum permissible size for copper and other line conductors (other than servloe lines) 

must have an actual breaking load of not less than 1,337 lbs. Minimum area and weight per 
mile for copper. No. 8 8.W.G., 0*0301 sq. ina., 409 lbs. For service lines, minimum breaking load 
816 lbs.; minimum area and weight. No. 10 S.W.O., 0*0139 sq. ins., 363 Iba. per mile. 

4. (Conductors must be rendered inaccessible to persons not having the ose of applianoes. 
Regard most be paid to the normal use of his land or premises by the oocnpler. See 18. 

6. Except in the case of contact between broken conductors and earth wire on the same support, 
precautions miist be tcdien by the ondertakers against contact between line conductor and any 
other overhead wire. 

6. Line insuiatozs to be carried on supports of wood, iron, steel, or reinforced ooiiorete. 
Oorrosion of metal work on or below ground surface to be prevented. Wooden supports must 
be of rad fir, except oak or hardwood cross arms, unless otherwise approved. 

7. Supports, in oonjonction with any stmts or stays, shall take all loads withont damage or 
movement in the ground. Strength in direction of line must not be lees than one quarter of 
transverse strength, i^actor of safety for iron and steel 3 *6, for wood and reinforced concrete 3 * 6. 
These factors to be calculated for 33* F. with ice covering specified in 13 or 16, and with a wind 
preeanre of 8 lbs. per sq. ft. on whole of the projected surface, corresponding to a velocity of 60 
m.p.h. at right angles to the line. Wind pressure on lee side members of lattice or other 
compound stracturea, A and H poles, to be taken as one-half that on windward aide, and factor 
of safety calculated on crippling load of strata and upon elastic limit of tension members 

8. Servloe linee to be connected only at a point of support, and fixed to insalatozs on conBumer’s Eramiaea. Service lines (other than an earthed neotnu conductor) which are accessible from a 
uilding must be proteotM by insulating material or otherwise. 

• Now issued by the Ministry of Fuel and Power. 
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Service lines over carriage ways mnst not be lower than 20 ft. from the ground except with 
consent of Oommiasionere. 

9. Adequate protection to be made against danger to linesmen, and from a lower voltage 
system becoming ohaiged above normal from a higher voltage system when conductors of the 
differmt systems are carried on same poles or supports. 

10. The whole structure with all appliances must be regularly inspected and maintained. 
11. Materials mnst conform at time of erection to B.S. specifloations and to the Post 

Office Technical Instructions of Aerial Lines. 

Specific RegukUions. 

A. For pressures not exceeding 660 volts D.O. and 326 volts A.O. 

12. Factor of safety of line conductors, 2, based on breaking load at 22* F., with j’y in. radial 
thickness of Ice and simultaneous wind prcszure as in 7. 

13. Minimum height of any wire (except service) at 122* F., not to be leas than 19 ft. across 
a publio road or 17 ft. in ocher p<^tion8. In places inaccessible to vehicular traffic, 16 ft. 
Minimum height of a service line aoross or along a carriage-way, except with permisrion, 10 and 
17 ft. respectively. 

14. Where pressure to earth exceeds 250 volts D.O. or 126 volts A.O., precautions shall be 
taken to prevent danger 

(а) from a broken conductor; by a neutral or earthed conductor sultablj disposed or 
other approved method: 

(б) from leakage; in cases of metal poles, by provision of earthed wire connecting the 
poles, or by supporting the insulators on insulated metallic frame connect^ to 
nratral conductor. With wooden poles by a bonding wire connected to supporting 
metal of all insulators and terminating at lowest part of supporting metal work. 
Other means may be approveil. 

Where lighting or uninsulated conductors are run down wooden poles to within 10 ft. of the 
ground, precautions against leakage must be as for metallic poles, unearthed stay wires must 
be insulated by insulator placed not less than 10 ft. above ground. 

B. For pressures exceeding 660 volte D.O. and 326 volts A.O. 

16. Factor of safety of conductors as in 12, except that for /V in. ice, read f Ln. 
16. Minimum heights of conductors above ground at temperatures below 122* F are 20 ft. for 

pressures not exceeding 66,000 volts, 21 ft. exceeding 66,000 and below 110,000 volts, 22 ft. 
110,000 to 166,000 volt^ and 23 ft. above 165,CK)0 volts. Height from the ground of any earth 
wire must not be less than the minimum prescribed in Regulation 13. 

17. Means must be taken to render broken conductors dead. All other metal work to be 
earthed by continuous earth wire earthed at four equidistant points per mile; alternatively 
metal shall be effectively earthed at each support. When earth contact is made by a line 
conductor, leakage current, must be at least twice that required to operate safety devices. 

18. At road, canal, or railway crossings, in addition to 16, there shall be provided (a) duplicate 
line insulators with automatic earthing of a fallen conductor or (6) duplicate insulators tied at 
intervals not exceeding 6 ft. 

Where line is erect^ along or within 60 ft. of road, canal, or railway, (a) duplicate insulators or 
(6) automatic earthing for fallen conductor shall be provided. In the case of a line crossing 
over any other overhead wire, (a) duplicate line insulators with automatic earthing of a fallen 
conductor, (6) duplicate insulators tied at intervals not exceeding 6 It.; together with arcing 
horns or rings for line conductors above 650 volts. Other means may be approved. 

19. Supports must be consecutively numbered and carry a permanent danger notice. 
20. Anti-climbing devices must be fixed to all supports other than single wooden poles, to all 

single wooden poles carrying transformers, fuses or switchgear and to stay wires arranged near 
each other. 

21. Tiines may be in accordance with B.S. 1320—1946, which has priority over the Electricity 
Supply B^pdations, 1937. This Specification deals with a design of light line for rural electrifica¬ 
tion prepared by the Electrical Research Association. 

An explanatory memorandum E1.G.53A is issued. 
The Electricity Commissioners have also issued a number of relaxations of their Regulations to 

facilitate rural electrification. These deal with lines of 8 S.W.Q. to 0*04 sq. in. section. Under 
M 2864 of 24tb September, 1937, such lines may be designed for a wind-loading of 8 lb. 
per sq. ft. with in. radial thickness of Ice. The minimum diameter of the pole 5 ft. from 
the butt is to be 7^ ins. Under A 950/820 of 16th September, 1942, lines may be designed for a 
wdnd load of 16 lb. per sq. ft. on the bare conductor, with a factor of safety of on the con¬ 
ductors and 31 on the poles (2^ on the poles for very light lines), and with a min&um ground 
clearance of 17 ft. for 11 kV. working. 

The most fayoorable regulations may be chosen by those erecting a line. 
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Regulations Relating to Extra High Pressure. 
(El.C. 13—1020.) 

The following additional regulations relating to extra high pressure have been lasaed bj the 
Oommissioaen. 

A. Regulations for Recuring the Safety of the Public, 

3. An extra^high-preesnre main before being brought Into nse sball be tested in position to 
withstand for half an hour continuously a pressure of 10,000 volte In excess of the working voltage, 
when this exceeds 10,000 volts, or twice the working pressure when this is less than 10,000 voltsi 
Results of tests must be recorded. 

4. Suitable fuse or circuit breaker must be provided lor every main, but not In earthed outer 
conductor of concentric mains. 

8. Where leakage from S-phase mains is prevented by a copper strip under the lead sheath of 
cable, this shall not be less that 0*016 in. thick, and where steel wires are thus employed outside a 
lead sheath, each shall not be less than 0* 1 im in diameter. A lead sheath must be efficiently 
earthed and not less than 0 • 1 in. thick. 

9. Single-phase supply mains to consist of two concentric conductors or separate conductors. 
Outers of concontrics to be earthed at one point: with separate conductors, leakage to be pre¬ 
vented as with 3-phase mains. 

Street Mains. 

11. These mains must be enclosed in strong metal casing where passing through street box with 
other mains; boxes must not contain any other undertaker’s electric mains, nor Water or gas 
pipes. Telephone wires belonging to the undertakers are allowed. 

Suh-skUions. 
12. Must be in sole or joint occupation of the undertakers or authorised distributor. 
13. When constructed below streets, must contain no switches or apparatus other than 

transformers. 
14. The transforming apparatus must be arranged to avoid danger of excessive voltage on 

eonneoted mains. 
1ft. Precautions must be taken against fire risks. 
17. Gives light of entry and examination to the Commissioners. 

Connection of Circuits with Earth, 
18. Earth connection to be made at only one point on a circuit, viz. generating station,sub* 

station, or transformer. Insulation must be maintained elsewhere. 
19. When neutral star point of each distinct 3-phase circuit Is earthed through a resistance, 

this most be low enough to ensure the action the cut-out in the mains. 
Separate electrostatic voltmeters must be connected in the generating station between each 

distinct circuit and earth to act as leakage indicators, r'aulty circuit insulation most bo 
immediately restored, 

20. Penalties are prescribed against default which are not to affect liability of undertakers 
in respect of damages caused by default. 

B. Regulations for Ensuring a Proper and Sufficient Supply of Electrical Energy, 

1. Undertakers must maintain sufficient and constant supply from the main to authorised 
distributors and consumers. 

2. Maximum load on a main not to exceed 1,000 kW. without consent of Oommissioxkers, 
unless provision is made lor alternative supply in the event of breakdown. 

3. Minimum pressure to be declared. Pressure at authorised distributors* terminals must 
not be less than this minimum, and not exceed it by more than 12i per cent. Alteration of mini¬ 
mum to be allowed only by consent of Commissioners after one month's public notice of such 
application. 

4. Frequency to be declared 60 or 26 cycles per second; 2^ per cent, variation allowed. Con¬ 
sent and notice of alteration as in S. 

6. Penalties are prescribed for default. 
Those regulations are in addition to any regulations relating to mines and factories made by 

any Act, and also include r^pilations 9,16,18,20, and 27 ot Bl.C. 38. summarised above. 

The Electrioal Equipment of Buildings. 

BBOULATIONS laSTJED BT THB iNSflXTUTION Of BLEOTRIOAL BNQlKKBRSt 

Tho Eleventh Edition was issued in 1939, and amended in 1913 and 1915. A Supplement, 
altering some of the Regulations, was issued in 1946. A Twelfth Edition is now being prepared 
to take into account the use of ring circuits and of discharge lighting, and other matters. The 
abstract (p. 1430) is the latest available. 
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Abstracted bj permisalan. (Abbreviated,) 

SUPPLY VOLTAOB. 

These regulations proyide for wiring baaed on the following voltages of supply:— 
Medium vcdtage^ l.e. above 360 volts and below 660 volts. 
Low voltage, he, above 80 volts A.O. or 116 volts D.O., but not ezoeeding 250 volts. 
£:ztra low voltage, i.e. below SO volts A.O. or 116 volts D.O. 
High voltage, exceeding 660 volts. 

general. 

These Regulations are intended to be applicable to voltages nob ezoeeding 660 volts. 
1. Good workmanship is essential for compliance with Regulations. 
3. Where a contract specifles compliance with Regulations, it shall not cover work outside the 

contract. 
3. No addition to an existing installation shall be made without ascertaining that the current- 

carrying capacity is adequate. 
4. The design and construction of all electrical apparatus, including cables, shall comply 

with the requirements of Section 13. 
6. Special forms of construction shall be adopted where thera is risk of fire or explosion. 
6. A notice shall be fixed near the main distribution fuse-board calling attention to the 

necessity for periodical inspection and testing of the installation. 

SECTION 1.—CONTROL AND DlSTRIBUnON OP SUPPLY. 

101. Main Switchgear,—Every installation obtaining a supply shall be adequately controlled 
by the switchgear spei^ed on pp. 1128-0. 

103. The main switchgear shall be easily accessible to consumer. 
103. If supply authority's switchgear is under consumer’s control, it need not be duplicated 

by Lfw*. 
104. With irondad iwitchgear, supplying two or more oiroolts, means must be provided for 

isolating busbars for supply. 
106. Omiiiion of Main Gut-auti,—Service cut-outs used for one consumer only may be used 

to control consumer’s wiring, replacing cut-outs in col. 7, p. 1428. This is recommended where the 
supply authority's fuses are of the quick-acting (H.R.C.) type. The largest fuse in the instal¬ 
lation should have a rating not greater than one-third of that of the authority's fuse. 

106. Where the distribution fuse-board is oombined with the main switch, i,e, as a * splitter 
unit,* the oot-oute specified in col. 7, p. 1428, may be omitted provided that:— 

(а) The distribution fuse-board comprises not more than three single-pole or double-pole 
ways, each of not more than 16 amperes rating and labelled for the rating of the circuit it controls. 

(б) The total lighting load does not exceed 5 amperes, nor the total load 30 amperes. 
(e) The faee-bmtrd and main switch are enclosed In a rigid case of metal, or of non-oonduetfng, 

non-absorbent, incombustible material—the latter only if protected against or not liable to 
mechanical damage. 

(d) The switch can be operated from outside the case and its handle does not pass through an 
unprotected slot. 

107. (a) Open-type SwUehboardt shall be placed only in dry situations and in well-ventilated 
rooms—if used near batteries, access of acid fumes must be prevented. 

(6) Switchboards in damp situations, or where exposed to inflammable dust or gas, must be 
of enclosed type. (See Regulation 1301 (m)). 

108. IHiinbuHon Fuse-boardt shall comply with Regulations 1303 and 1303, provided that:— 
(а) If sunk into a wall with adjacent material not entirely incombustible, the case be 

Inoombostible. 
(б) If exposed to weather or to very moist atmosphere, the case is weatherproof, and is either 

provided with cable glands or bushings or adapted to receive screwed conduit. 
100. Oonneaion of DiMribution Boards.—Every distribution fuse-board shall be directly 

connected to one of the following:— 
(a) The main switchgear oontroUlng the supply. 
(b) A separate way on a larger distribution fuse-board or switchboard. 
<e) A ebcooit feeding several distribution fuse-boards, either by looping into their busbars 

or in the form of a ring main. Such circuit shall itself be connected either to one way of a 
switchbcMud, or, through switchgear, direct to the source of supply. 

110. FroteeHon against Excess (/urren/.—Except as prohibited under Regulations 113 to 114 
and 1304, every drooit and snb-cirouit shall be protected on each pole by a cut-out or circuit- 
breaker. 

111. A fuse. non-Unked switch or circuit-breaker shall not be inserted in — 
(a) The mladle wire of a D.O. or 1-phase, 8-wire oirouit. 
c 6)The common return of a 3-phase, 8-wlre circuit. 
(c) The neutral of a 8-phase, 4-wire circuit. 
Non.—The terms middle wire, common return and neutral do not apply to a conductor of 

a 3-wlre oirouit deorived from a 8- or 4-wire oirouit. 
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IIS. Where an A.O. lapplv system is, with approyal, oonneeted to earth at more than one 
point, or where a snpply is taken from a transformer on oonsomer's premises and has one pole 
permanently and solidly connected to earth at more than one point, a oat-oat, non-linked switch 
or circuit-breaker shall not be inserted In an installation in that pole which is earthed. 

NOTB.—This includes 2-wire circuits connected to a 3- or a 4-wire system earthed as described. 
* 113. A fuse, non-linked switch or oirooit-breaker shall not be inserted in the external conductor 
of an earthed concentric system. (See Regulation 412.) 

114. An itolating link may be provided for testing. The link shall have at least as large 
carrent-oarrying capacity as the conductor it isolates, be securely fixed by bolts or screws, and 
used only when other oonduotoia are disconnected. 

115. In a two-wire installation or circuit all single-pole switches shall be fitted in the same 
conductor throughout, wliich shall be that connected to an outer or phase conductor or to the 
non-earthed conductor of the supply. 

116. (o) Except os provided in 201 (c) and 704 (c) every cable and flexible cord shall have a 
current rating not less than that of the fuse protecting the circuit In which if is connected. 

(5) When the cross-section of a conductor is reduced, the circuit shnll be protected locally by 
a fuse unless the rating of the fuse protecting the circuit docs not exceed the ratim.' of the smaller 
conductor. I'his does not apply to cases where, for technical reasons the reduction in cross- 
section must be mode (e.g. shunt coils of r‘ontactf)rp, etc.). 

(c) Where a branch conductor is tapped from a main conductor liuvii'.:^: a curreut rating greater 
than 150 amperes and it is not possible to place the local fuse or circuit-breaker at the tapping 
point, the length of branch to the fu.se, cic., sliall not exceed oO ft., the branch shall have a rating 
not less than one-quarter that of the main conductor, the branch shall be protected against 
mechanical damage, precautions shall be taken to reduce fire risk if the insulation of the branch 
be inflammable, the rupturing capacity of the fuses in the main and the branch shall be related to 
the estimated short-circuit current and the main conductor shall be iJiotectcd by a circuit-breaker 
incorijorating earth-leakage protection opeiating when the leakage exceeds 50 per cent, of the 
rating of the smallest branch. 

117. Terminals between which medium voltage exists shall not be installed except in rooms 
accessible only to authorised persons, or shall be not less than 6 ft. apart, or shall be enclosed in 
earthed metal. It slioll bo possible to open fuse-boards, etc., without necessarily exposing ter¬ 
minals, etc., between which there may bo medium voltage. 

SECTION 2.—Arrangement op Final sub-circuits. 

201. (a) Every fittol sub-circuit shall be connected to a separate way on a distribution fuse- 
board. Where there is only one final sub-circuit, it may be directly connected to the main switchgear. 

(5) A final sub-circuit having a rating not exceeding 15 amperes may supply an unlimited 
number of points, provided that their aggregate rating does not exceed that of the cable, that there 
shall be not less than one final sub-circuit for lighting (apart from socket outlets) for each 1,000 sq. 
ft. of floor area and that the protection of flexible cords complies with 202. 

(c) A final sub-circuit having a rating exceeding 15 amperes shall not supply more than one 
point except (i) for cookers comi>lylng with B.S. No. 438 ; (ii) a final sub-circuit not less than 
0*0045 sq. in. (7/*029) and protected by a fuse or fuses not exceeding 20 amperes may serve 
two 13 ampere sockets ; (iii) similarly a 0*007 (7/*036) protected by a fuse or fusesnot exceeding 
30 amperea may supply four 13 ampere sockets; (iv) a 0*0046 sq.^in. (7/-029) ring circuit both 
ends of which are brought into a fuse not exceeding 30 amperes may serve up to ten 13 ampere 
sockets (an unlimited number for a small house or flat of less than 1,000 sq. ft. floor area; (v) spurs 
may be taken from the ring provi<led they are not less in section than the ring. 

(d) Where grouped lampholders (e.g. in comice or panel lighting, electric signs, etc.) are con¬ 
nected to a final sub-circuit without flexible cords, more than 10 lampholders may bo connected 
to a final sub-circuit provided that the maximum working current does not exceed io amperes, and 
that any electric sign is controlled either by a fuse on each pole and a multi-pole linked switch or by 
a multi-pole circuit-breaker. 

202. (o) The rating of the fuse or circuit-breaker iirotecting a circuit shall not exceed the 
current rating of the cable. 

(b) Where a fuse is fitted in a plug, the rating of the fuse shall not exceed that of tlie flexible 
cord attached to the plug. 

(c) A final sub-circuit supplying one point only shall have a rating not less than that of the 
point. 

(d) Where a diversity factor Is applicable (SCO 303), a final sub-circuit supplying a number of 
points shall (except for (f) below) have a rating not less than that of the lar^t point or less than 
two-thirds the aggregate rating of the points, whichever is the larger. 

(e) Every 16 ampere point shall be taken to require 16 amperes, every 5 ampere point 6 amperes, 
every 2| ampere point at least ^ ampere and every lampholder at lejist 60 watts. 

(/) In buildings other than dwellings the cables may be smaller than those in (d) above pro¬ 
vided that the installation is specified by a competent electrical engineer and is in the continuous 
charge of a qualified person. 

(jf) U a fuso or circuit-breaker rating be replaced by one of larger rating, every flexible cord 
attaoned to the sub-circuit shall be increased accordingly. 
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(h) Fitting wire shall be used only for the internal wiring of fittings. 
(») Except for 203 (a), the size of every lampholder shall depend on the rating of the fuse 

protecting it. 

Final Sub-cibouits. 

(See Relation 202.) 

Nom—Where a final •ab'drouit is protected by a circuit-breaker or fuse-link adjusted or 
rated fn accordance with col. 1 or col. 2 respectively, then the smallest cables and flexible cords 
that may be usedin any part of snchsub-oironit withoutfurther protection (see Regulations 202 and 
203) are shown in cols. 4 and 5, and appropriate sizes of iamphoiders and socket-outlets in cols. 
6 and 7 respeotivety. 

Circuit-Breaker or 
Fuse-Link.* 

! Minimum 
Size of Cable 

other than 
Flexible Cord.! 1 

Minimum 
Size of 

Flexildo 
Cord.ll 

Appropriate Sizes of 

Appropri¬ 
ate Sizes 
of Socket- 

Outlets 
(B.S.L Current 

Size of 
Fuse 
Wire 

Number Number Lampholders.** 

Adjustment Bating and and Bating). 
of Circuit- 
Breaker, t 

1. 

of 
Fusc- 
Link.J 

2. 

('Finned 
Cop- 
pcr).S 

3. 

Diameter 
(in.) 

of Wires. 

4. 

Diameter 
(in.) 

of Wires. 

5. G. 7. 

Amps. 
Up to 4 

Amps. 
3 

S.W.G. 
' 38 l/*01i 11/-007G B.16, B.22, E.l ltt, 

Amps. 
2 and 6 

4-1 „ 6 __ _ i/-nii 23/*0076 
E.27, and K.40 

B.22,E.27, nndE.lO ) 2 and 5 
6-1 „ 10 ; 5 l/'Oll 40/-0076 B.22, E.27, and E.IO 2 and 5 

lO'l „ 20 i 10 20 3/-036 70/-0076 B.22. E.27, and E.40 5 

20-1 „ 30 j 15 7/-020 110/*0076 E.27 and E.40 
: 1 

5 and 15 

203. (a) Where a pilot bimp Is used In connection with and with its wiring Is built into a 
current-using appliance, the fuse or circuit-breaker protecting the appliance shall be taken to bo 
that protecting the pilot lamp. 

(6) When the pilot lamp is not built in it shall be supplied through local fuses. 
NOTE.—A pilot lamp circuit used in connection with a ourrent-nsing appliance and connected 

through local cut-outs is not deemed to be a final sub-circuit. 
204. JAfi Circuits.—(a) Oirouits supplying current to lift or hoist motors shall not be included 

In any twin or multicore trailing cable osed in connection with the oontrol and safety devices; 
and they shall not be connected to a Ughting dJstribntion fuse-board unless the maximum current 
(including starting) of the motor is less than 20 per cent, of the total rating of the fnse-ways, and 
unless the foae-way of the motor is clearly labelled. 

(3) A twin or mnitioore trailing cable for a lift or hoist and incorporating any conductor at 
supply voltage shall not include any conductor of a signalling circuit operated at reduced voltage 
from the supply system or energised from another sooroe. 

* Attention is drawn to the exception permitted in Regulation 704 for drenit-breakers and 
fuse-links in motor circuits. 

t The requirements for the current rating and adjustment of dreuit-breakers are contained In 
Regulation 611. 

t Sec Regulation 612 (c) and Table on p. 1413 for the <turrent rating of fuse-elements. 
f Standard alloy fuse-links which comply with B.S. No. 88—1939 may ^ used np to a 

working oumnt of 6 amperes (see Table on p. 1413). 
11 Oonductors of greater cross-sectional area than those indicated in cola. 4 and 5 may be 

necessary in order to comply with the requirements for voltage drop (see Regulation 304). 
** B.16 small bayonet lampholder; B.22 -> ordinary-size bayonet lampholder; B.14 

small Edison-type screw lampholder; B.27 mediom Bdlson-type screw lamoholder; B.40 » 
QoUstb Bdlson-type screw lampholder. 

ft 13.14 Edison-type screw lampholders should only be used on circuits not exceeding 130 volts 
and for apparatus not exceeding 40 watts. 
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905. Control of UghHng FiUinga,—Brery lightioff olrouit shall be oontrolled by a gwltob or 
switohes, or-HiabJeot to Begulatioa 208—by a readily aooeMible socket and plug. 

206. Brery atoiteh lampholder shall be provided with farther means of control in a readily 
accessible position in the same room. 

207. Single-pola 8witehea.—ia) In a 2-wire installation all non-linked, single-pole switches 
shall be fitted I n the same oondnotor throaghoat, which shall be the oondnctor connected to an 
onter or phase conductor, or the non-earthed oondaotor of the supply. 

(6) In a S- or 4-wire installation every non-linked single-pole switch shall be fitted in a 
conductor connected to one of the outer or phase conductors of the supply. 

208. Where the supjdy is D.C., each socket-outlet shall be coiitrolhd by a switch immediately 
adjacent thereto or combined therewith. 

209. Control of A,C. Soeket-outleta.—With A.O. supply, a socket need not be oontrolled by 
a switch In the final sub-circuit to which it is connected. 

Nonrs.—Where a socket may be misused by children, it is desirable to instal a type in which 
the contact tubes cannot remain alive after, or, alternatively, are automatically screened by, 
the withdrawal of a plug. 

210. A sub-circuit sui)i)lying an electric sign slrill l-c contrulkd by a multi-poleiiake J switch 
or a luuUi-jjolo circuit-breaker. 

SBonoN 3.—Conductors and Cables (General requireicents). 

801. CabUa.—All oondnetors of cables, other than the external conductor of earthed concentric 
wiring, shall comply with Regulations 1304 and 1306 as regards manufacture, and shall be of the 
standard sixes and constitution set out in Tables in the Regulations for ordinary cables, fiexible 
cables and flexible cords. (See P. 1381 et aeq.) 

802 (a). Carrying-oapaeitif of Cablea.—Every conductor of a cable shall be capable of carrying 
without the respective rating in Tables given in the Regulations being exceeded, the ma~imam 
oorrent which can fiow In it under normal conditions of service, 

15) Bare Conductora.—Relates to the carrcDtKsarrying capacity of bare conduotors. 
(a) Switchboard Connectiona shall comply with B.S.d. No. 159. 
(a) Jdotor Cireuita,—For a motor, the maximum current shall be deemed to be the rated 

fuU-load ouirent. 

303. DiveraUy Factor,—A diversity factor may be applied, provided that in the case of a 
final sub-circuit Regulations 201 and 202 are not contravened. 

301. Voltage Drop.—PorliL'litinir, thosizoof oombietors 'h!iUboj5Uoh that the drop of voltage 
froni the consumer’s terminals t<* any iM)iut does not exceed 1 \nlt plus 2 per cent, of the declared 
voltage at the consumer’s terminals when comluclors are carryiiig the maxiuium demand under 
normal service, except: — 

(i) Where the voltage of the consumer’s installation is automatically eontrollcd, the voltage 
drop at the terminals of any lamp or appliance may bo such tliat the voltage is not less than 95 per 
cent, of the declared volta^'o. 

(ii) In motor circuits the voltage at tlic tiTiuiuals of the motor shall not in normal service bo 
less than 1)2 *5 per cent, of the declared voltage. 

805. Where a D.O. supply is given to earthed concentric wiring, the p.d. between any two 
positions in the external conductors shall not exceed : (i) seven volts if the internal conductors 
arc connected to the positive pole of the system; (U) 15 volts if connected to the negative pole 
of the system. 

Note.—^This is to minimise risk of electrolytic action. 

806. Minimum Site,—^The smallest cross-sectional area of oonduotor for sub-ciroait wiring 
shall not be less than 0*0015 sq. in., except for fittings wire. 

307. Covering of Codfej.—Flexible cables and cords with a protective braiding of natural 
or artificial silk or of glac5 cotton shall not be used where subject to risk of mechanical damage. 
Twisted fiexible cords may be used only for fixed wiring and fixed lighting fittings (see Regu* 
lation 604). 

308. Cablea unauitable for A,G,—The following types of cables shall not be used lor A.O. 
except as earthed ooncentrio wiring In which the sheath forms one conductor 

(a) Single-oore cablea armoured with wire or tape of magoetio material, or encased In a sheath 
of magnetic material. 

(5). Single-oore cables enoased in brass, copper or equally bard and Incorrodible metal with 
a conductor cross section greater than 0 * 1 eq. In. 

309. Calle colours, (a) The middle wire, common return or neutral shall be black. The cover¬ 
ing of the earth continuity conductor in a fiexible coni shall be green. 
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(6) Where more than one phase or non-earthed oondnctor is nsed, the colours set out in 810 
and 811 shall be used. 

(c) Where busbars are distinguished by colour, either the colours shall conform to 310 and 311 
or, if they conform to £.S. No. 158 the terminals shall be coloured in accordance with 310 and 311. 

NOTB.—Brown may not be used for any purpose, and any green used should easily bo dis¬ 
tinguished from black or blue. 

810. J),C. Cable Cobmrs.—For D.O. supply systems, the following colours for cables shall 
be used:— 

(a) Two-oondnotor cironits connected to a 8-wire system—red for positiye or switch wire, 
bla» for negaUve. 

(b) Two-oondnotor oirouits connected to the middle wire and one outer conductor of a 
8-wire ^tem—red for outer, black (or middle wire. 

(c) ^o- or three-conductor circuits connected to a 3-wire system, except as in (5)—red for 
positive or switch wire, black* for middle wire, white for negative or switch wire. 

311. A,0, Cable Coloure.—For A.O. supply systems, the following oolonrs for cables shall 
be used:— 

(a) Two-conductor oirouits of a 2-wire system connected to one phase—red for switch wire 
or one conductor, black for neutral or other conductor. 

(b) Two- or three-conductor circuits of a 3-wire system connected to one phase, except as 
in (o)—red for one conductor or switch wire, black* for middle wire, white for other conductor 
or switch wire. 

(c) Three-conductor circuits connected to a 2-phase, 3-wire system—red for one phase, black* 
for common return, white for other phase. 

(d) Three-oonductor circuits connected to a 3-phase, 3-wire system—each conductor red, 
white and blue respectively. 

(e) Four-conductor circuits connected to a 2-phase, 4-wlre system—red for one phase, white 
for other. 

(/) Four-conductor circuits connected to a S-phase 4-wire system—red, white and blue for 
the thj^ phases and black for neutral. 

Note.—^The covering of an earth continuity wire in a flexible cord or cable shall be green. 

313. Cable JSnde, Soeiete, Terminals.—(a) The ends of all conductors above 0*01 sq. In. 
(7/*044 In.) in cross section shall have soldering sockets capable of taking all the strands. 

(b) Where oable sookets are not used, the exposed ends of stranded V.I.B. cables in damp 
situations and of all impregnated-paper-insulated cables shall be made solid by soldering. 

(O There shall be no appreciable mechanical stress on any socket or terminal. 
(cQ The insulation shed] not be removed farther than necessary to permit conductor to fill 

socket or tenninai and soldering. Insulation damaged by heat to be cut away and replaced 
by suitable insulation at least as thick as original. 

(e) Braid, lead, or other covering over the insulation, also the tape in contact, shall be out 
back at least half an inch from the insulation. 

(/) In impregnated-paper-insulated cables, the exposed oonduotor and Insulation shall be 
protected by sealing. 

(tr) Soldering fluxes containing acid or other corrosive substances ahall not be used. 

313. JainU and Canneetione.—(a) Every connection between cables shall be made by soldering 
or a mechanical connector. It ahall be readily accessible and mechanically and electrically 
sound. (For flexible oords, see Begulation 605.) 

(6) Soldered Joints in y.I.B. cable shall be lapped with rubber to at least thickness of cable 
insulation, and made moisture-proof with waterproof protecting tape. Joints in cables protected 
by tough rubber to be encloeed in boxes compiyl^ with B.S.S. No. 816—1938, the cable 
coverii^ to extend inside boxes. 

(e) Soldered JoiutB in Impregnated-paper-insulated cables to be insulated with impregnated 
tape and enclosed either in wiped lead sleeves or cable sheathings or in Joint boxes complying 
with B.S.S. No. 816—1938, the sleeves or boxes being filled with i^ulating compound imperious 
to moisture. 

(d) Every meehanioal connector used for Joints to be enolosed In a box complying with B.S.S. 
No. 816—1338, the cable covering extending inside box. With impregnated-psperHnsolated 
cables, the box to be filled with insulatiog compound impervious to moisture, or the cable ends 
protected by oompoanded tape. (For flexible oords, see ^gulation 605.) 

(e) Soldering fluxes not to contain aoid or other oorroeive substanoes. 

314. Joints in the external oonduotor of earthed oonoantrio wiring must not inorease the 
resistance of the oondaotor. 

Except in a three-core cable, when it shall be a bright blue. 
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810.<-<a) Oables must not be exposed to drip or Moomalatlon of water or oil or to high 
temperatore unless adequately shielded, or specially designed to withstand same. 

Noth.—Gables for use where acids or alkalis are likely to be present, should have an outer 
protective covering of thick rubber. 

Installing conductors in channels, etc., containing hot pipes is strongly deprecated—where 
unavoidable, they should be protected from reaching excessive temperatures. 

In long vertical channels (as in lift wells), barriers may be desirable at interva’a to prevent 
air at the top attaining an excessive temperature. 

When channels, etc., are being formed as runs, incombustible barriers should be provided to 
prevent spread of fire. 

(6) The maximum ambient temperature shall not exceed 115®,F.,for V.I.R. ^;ables and 160® P. 
for impregnated paper or jute or varnished cambric. 

(e) Blectrloity supply oables shall not be run in same oonduit, groove, etc., as cables of radio, 
telephons or bell circuits, except where latter conform to the requirements in these Eeguiations 
relating to lighting, beating and power circuits. Where pushes for such services are mounted 
in or on parts of the supply system, they must be protected by rigidly fixed screens. 

(d) All cables other than trailing cables in a lift shaft shall (except in special instances such 
as chemical works) be armoured or enclosed in steel or other hard-metal conduits. If conduits 
are used, the control and motor leads shall be in separate conduits. 

(tf) Bends in V.I.R. cable must have inside radius not less than 4 times the cable diameter 
if onarmoured, nor less than 6 times if (i) lead-sheathed and/or armouied, or (ii) hard-metal- 
sheathed. 

(/) Bends in any impregnated-paper-insulated cable must have inside radius not less than 
8 times cable diameter. 

{g) With P.V.G. cables precautions must be taken against deformation of the insulation with 
temperature, and P.V.O. cables sliall not be taken into fittings v^here the temperatures exceeds 
136^ F. 

(Ji) Where flexible corrls are used and the temperature may exceed 135® F,, the conia shall be 
of one of the types specified in 130U. 

BKOnON 4.—INOTALUNQ OF OONDUOTOaa AND GABLHa, 

401. Bar€ ConductorM.—Relates to bare, taped or painted oondootors other than earthing 
connections and the external oonductoc of earthed oonoentrio wiring. 

402. Exposed Wiring.—Braided V.I.R. cables or P.V.O. cables braided or unbraided comply¬ 
ing with R^ulations 1307 (a) and (6) and 1.308 (a) and (6) may be used without further protection 
of cosing, duct or conduit provided that:— 

(а) They are open to view throughout their length (ezoept as in clauses (v), (/) and (y) and 
in particular they are not installed under floors or within partitions (except as in ^) ) or buried 
in plaster. 

(б) They are prevented from ooming into oontaot with any other oondocior, earthed metal, gas 
or water pipes. 

(e) They are supported on insulators spaced to prevent cables from ooming into oontaot with 
one another, or with walls, oeilings, etc., or with any flxture. Insulators most have edges that 
will not damage the braiding. 

Cd) In damp sitoations, the supports and fixings of insulators are of non-rusting material. 
(«) Where liable to meohanioal damage or less than 6 ft. above the floor they are adequately 

protected. 
(/) If passing through floors, walls, etc., they are enolosed in metal or other non-absorbent 

inoombustible conduits with bushed ends. The holes for oenduits in walls and floors to be made 
good with oement, eto., to full thickness. Metal conduits to be earthed. 

(y) Where not open to view (in walls, roof spaces, eto.) they shall be protected by casings 
(Regulation 409), conduits (Regulation 407) or ducts (Regulation 406). 

403. Meialsheai/ud andfor armoured cables complying with Regulation 1300 may be used 
without the farther protection of easing or conduit, provided that:— 

(а) They are prevented from ooming into oontaot with gas or water pipes. 
(б) If liable to mechanical damage, they are suitably protected. 
(c) They are secured by dips, saddles or clamps (excluding driven staples) or (subject to (6) ) 

embedded in plaster. The dips, eto., must not set np eleotrolytio action with sheathing, eto., 
nor damage the latter. 

Noth.—Berloos oorroaion of lead sheathing is likely to result from oontaot, in ptesenoe of 
moistare, with lime, oement, oak and other woods. 

(d\ The maximum spaoLug of dips, eto., for metal-sheathed oables (other than hard-metai- 
sheathed—eee Regulation 1309—and armoured oables) installed where likely to be disturbed 
comply with the following table 
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Nominal Gross- 
Sectional Area 
of Oonduotor. 

1 
! Standard Number 
! and Diameter (in.) 
1 of Wires forming 

Conductor. 
i 

Maximum Spaolng of OUps, eto. 

Horixonta* Runs.! Vertical Runs 

Sq. In. Ins. Ins. 
0-0016 1/-044 9 16 
0-003 3/-030 9 16 
0-003 3/-036 9 16 

O'0046 7/-039 9 16 
0-007 7/-036 13 16 
0-01 7/-044 12 16 

0-0146 7/-063 16 18 
0-0336 7/-064 1 16 18 
0-03 19/-044 1 16 31 

0-04 10/-063 18 , 31 
0-00 13/-064 18 31 

NOTB.—^The ftboTtf spacing are also reoummandad for armoared cables. 

(«) Where xaetal-eheathed and/or armoared cables are not likely to be disturbed (as under 
floors, eto.) greater distances than in (d), bat not exceeding 10 ft., are permissible. Where vertical, 
oablee shaU be firmly gripped at supports; also special supports shall be provided where excessive 
pressure is likely. 

(/) Where exposed to dampness or weather, the supports with fixings referred to in (e) must be 
of non-rusting material. 

Where cables pass through floors, etc., boles must be made good with cement, etc., to full 
thimmess. Where oablee—other than armoared—pass through structural steelwork, holes must 
be bushed to prevent abrasion 

(A) All oonneotioos under floors, etc., are made in metal boxes complying with Regulation 1332. 
(i) All metal sheathing, armouring, joint boxes, etc., are earthed in accordance with 

Regulations 1001 to 1008, and made electrically continuous throughout by soldered Joints, or 
bonding damps, or by special earthing oonduob^rs. The resistance of metal sheathing and/or 
armoorlng and of eacthii^ lead shall not exceed 1 ohm between earth electrode and any part of 
installation. 

(1) The sheathing or armouring is l>rought into lighfing Hit ings, to the linished surface of a wall 
or ceiling, or into a recess lined with ijicombustible material. 

404. Tough-rubber Protected Cables.—V.J. It. cables protected with tough rubber, or similar 
types of P.V.C. cable, and complying with Ih-gulation l.'JoG may be used without further 
protection of casing or conduit provided tliat:— 

(а) If tough-rubber protected, cables arc suitably protected where exposed permanently to 
direct sunlight. This does not include sunlight which has passed through ordinary window-glass. 

(б) They are prevented from coming into contact with gas or water pipes or earthed metal. 
(c) If liable to mechanical damage they aro suitably protected. 
(d) They are run on insulators or other supports (excltidiug driven staples) or (subject to (c) ) 

embedded hi plaster, supports and fixings shall not damage the cable. 
(e) The maximum spacing of the supports where the cables are likely to be disturbed do not 

exceed those specified in Relation 403 (d), 
(/) Where the cables are not likely to be disturbed (e.g. under floors) greater distances than 

in (e), but not exceeding 10 ft., are permissible. Where vertical, cables shall be firmly gripped 
at supports; also special supports shall be used where excessive pressure is likely. (See 
Regulation 316 (e) for bends.) 

(ff) Where exposed to weather or dampness, supports and fixings are of non-rusting material. 
(h) Where cables pass through floors, etc., boles are made good with cement, etc., to full 

thickness, and where they pass through structural steelwork holes are bushed to prevent abrasion. 
({) All connections under floors or within partitions are made in boxes complying with 

B.S. 81G. 

for luminous-disoharge tubes) complj^g with Regulation 1306 may be enclosed in conduits 
provided that:— 

(а) The conduits of each circuit are erected complete before the cables are drawn in. 
NoTE!.~In8pection and draw-boxes should remain accessible. 
(б) The conduits are adequately supported, and are prevented from coming into contact with 

gas or water pipes or other electric circuits except where the conduits are associated with gas 
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compressors, pumps, etc., or where the conduits are Intentionally bonded to water pipes or in the 
case of communications circuits where the other circuits comidy with these Regulations. 

(c) The conduUs uro protected against mechanical tlamage. 
(d) U’he number of caiiles run in one conduit does not exceed the rnaxiraurn set out in the 

Table on p. 1419. Draw-boxes shall be provided to make it unnecessary to pull cable round 
.more than 2-90® bends. 

(e) Conduit bends must permit oompliance with Regulations 315 (e) and (f). In no case 
must inner radius of bend be less than times oonduit outside diameter. BIbows or tees (unless 
of inspection type) shall not be used, except at ends of conduits dose to fittings. 

(/) Where a conduit terminate.s at or pusses through a switch position, tiie outlet from the 
conduit is in the form of a box. 

(g) All oonduit ends are bushed or finished to prevent abrasion of cables, and at fittings are 
screwed or clamped Factory-made open sockets may be used as outlets, but opemngs shall not 
be made in conduits or their fittings to form outlets. 

(A) Where oonduit passes through a floor, etc., the hole is made good with cement, etc., to 
full thickness of floor, etc. 

(<) Ail connections under floors, etc., are made in metal boxes, except where non-metallio 
conduits are used, the boxes may be of non-absorbent, incombustible material. 

(j) Where exposed to weather or dampness, supports and fixings shall be of non-rusting 
material or finish. The conduits, if of metal, most be heavy gauge, welded or solid drawn, and 
screw-Jolnted. 

Notb.—Damp situations do not include burial In plaster. 

(k) Metal oondults are earthed according to Regulations 1001 to 1009, and are meohanloally 
and electrically continuous at ail Joints, so that the resistance from earth electrode to any part 
of installation shall not exceed 1 ohm. 

Notb.—Plain grip sockets do not comply with (j). 

(0 Inspection and draw-boxes for metal conduits are In rigid electrical and mechanical 
connection with same. With heavy-gauge steel conduits this device to be obtained by screwing 
or clamping both sides. 

(m) V.l.R. cables not to be used unless suitably protected where permanently exposed to 
contact with nist. 

(n) D.O. cables may be bunched whatever their polarity. A.O. cables shall be bunched so 
that outgoing and return cables are iu same conduit. 

(p) 0.0. and A.O. cables may be run in same conduit, except otherwise specified. 
(p) Tlu! interior of cojuluil.s into which taped and cotni'ounded nnbruided V.l.R. cables are 

drawn shall be tinned. 

406. Dud Sysienu.—Sheet-metal or uon-metallio duct systems shall comply with Regu¬ 
lation 405 as far as applicable. 

407. Where passing through floors, etc., ducts, etc., sbail be closed by barriers to prevent 
spread of fire. 

408. Deals with mineral-insulaU'd coi-per-yheathed cobles. 

409. Wood Gating,—Any cable complying with Regulation 1307 may be enclosed In wood 
casing provided that:— 

(a) Casing is used In dry sitaations only, is not buried in plaster or cement, is not fixed in 
contact with gas or water pipes or immediately below latter, and is not exposed to drip. 

(5) The capping is secured by screws. 
(e) If casing is part of ornamental woodwork, ready aocess to cables is provided. 
(d) Number of cables bunched In one groove does not exceed that shown in table. 

1 Nominal Oose-Sectlonal Area and Size Maximum Number 
of Gables. of (tables. 

Not exceeding 0*007 eq. in. (7/*036 la.) 10 
Exceeding 0*007 „ „ (7/ 038 i « Not exceeding 0*0225 „ „ (7/*064 „ 
Exceeding 0*0225 „ „ (7/064 „ ' 4 
Not exceeding 0*1 „ „ (19/*083 „ i * 
Exceeding 0*1 » » (18/-083 S 

(e) Size of casing does nob exceed that necessary for number of cables permissible. 
(/) D.O. and A.O. cables may be run in same groove, unless otherwise specified. 
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410. Earthed Concentric Wiring,-^a) This ghall only be cued where <1) it is oonneoted to 
eeooQdaiT tide of a tranaformer or convertor, and inaulated from inpply system; (il) it has been 
approved by Blectrloity Oommisaionecs for conneotion to a partionlar snppl y system, or (iii) snpply 
is obtained from a private plant. 

(6) A oaiH>at, non-linked switch or clronit breaker shall not be inserted in external oondaotor. 
(e) The external oondaotor shall be earthed. With D.O., the external conductor shall, where 

possible, be negative to the internal conductor. 
(d) Oonoentrio wiring shall be employed from earthed point to all points for fittings. Wherever 

the external ceases to surround the internal conductor, the latter shall be separated from the 
surface on which the fitting is mounted by an inoocrodible metal plate or terminal box to which 
the external conductor is oonneoted. 

411. Medium-voltage CircuiU,—These shall be completely enclosed in strong metal casing, 
heavyogauge screwed conduit or armouring; or so installed as to prevent danger. 

412. BeU and Signalling Circuftr.—<a) If connected directly to a supplv system (jije, not 
through a tranaformer) the wiring of these circuits shall conform with the Be^lations lor lighting, 
heating and power circuits. 

(J>) Where connected to a supply through a transformer or converter, the primary wiring 
shall conform with Beguiations for lighting, heating and power circuits. 

(c) The voltage of a bell or signe^ing circuit that is not metallically connected to a supply 
^tem shall not exceed 16 volts, unless the who>e of wiring is designed for the operating voltage. 

Notb.—See Regulations 709,710 and 1001 («). 

413. Flexible-cord Wiring.—Flexible cords should not be used for fixed wiring, but may be 
used as temporary extensions (see Regulation 604). 

Section 6 dbai^ with Temforabt Installations. 

Section 6.—Installino of accessories and UQHTiNa PirriNas. 

601. All accessories must be capable of carrying, without their rating being exceeded, the 
maximum current to which they are likely to be subjected. 

603. (a) Ceiling roee* must not be used on circuits for more than 350 volte. 
(6) Not more than 3 flexible cords, each of which shall not have more than 3 oonductora, 

shall be attached to one ceiling rose unless the latter be designed for multiple pendants. 

603. (a) Lighting ftuingt shall comply with B^ulstion 614 (damp aituations). Regulation 615 
(fire) and Regulation 306 (control). 

A) Cdlvloid must not be used for shades or candle tubes, nor near a lamp. 
(c) Portable lighting Fittings,—All exposed metal parts of a portable lighting fitting which 

have to be earthed in compliance with Regulation 1001 (6) shall be oonne^ed to the earth 
electrode through an earthing conductor in the flexible oord. If such o^ has a metal 
armouring, the latter also most be connected to the metal of the fitting and the earthed metal 
of the plug. 

Note.—A metal lampholder In a portable fitting may, as an alternative to being earthed, be 
insulated and shielded from oser. (See Regulation 1001 (a).) 

(d) Where passing Uurough ceilings, flexible cords shall be enclosed and end In ineombustibls 
tubes and boxes. 

(e) Weight Supported by Cords.^Tho maximum weight a twin flexible oord shall carry 
shall be;— 

Oonductor. Weight in Lb. 
14/-0076 8 
33/*0076 . 5 
40/-0076 , 10 

r/) The rubber insulation of the cores is not iJicssed against other cores or against a wall cr 
ceiling, etc. 

604. Temporary exteneions In flexible oord wiring in sbops and showrooms shall i » 
(а) Comply with B.S.S. No. 7—1939. 
(б) Be naed only for final sub-circalts and below 6 amps, and 260 volts. 
(cS Be open to view or protected in accordance with G03 (d). 
Qa) Be prevented from coming into contact with other conductors, gas, water, etc., pipes, or 

other wiring, and not be below water pipes or exposed to drip. 
(e) The rubber insulation of a core shall not be compressed against other cores or against walls 

or ewings, etc. 

605. (a) Connections bettoeen cables and flexible cords or between cords shall be made by 
mechamoal oonneotors shrouded in inoombustible insulating material. 

(6) Oonneotors for attaching flexible cords to portable appliances shall comply with 
Reflation 1338. 

(e) If connection be made by contact-tubes and pins, separation of pins from the oontact- 
tubes shall disoonneot pins from the supply. 
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606. <a) A lampholder shall not be used on oarrento over 250 Tolta except iot fused pilot 
lamps on switobboards. 

(6) Every switch lampholder shall be provided with farther means of control in same room. 
(See Regulation 206.) 

(c) Where contre-ooutaot bayonet or Bdiaon*type sorew-lampholders are used, the outer or 
screwed contact shall be connected to the middle wire or neutral or earthed conductor of the 
oirouit. 

607. Lampholder Plugs.—(a) A lampholder plug shall only be inserted in a lampholder 
controlled by a switch fixed conveniently near or by a readily accessible cord. 

(5) A lampholder plug shall not be used where appliance takes over 2 amperes or where 
exposed metal has to be earthed in compliance with Regulation 1001. 

608. Socket-outlets and Plugs.—(a) These shall comply with the appropriate B.S. Specification. 
(5) Where sunk, means shall be provided to ensure that floor may be washed without damaging 

insulation. Line metal must not come into contact with floor covering. 
(e) Where sunk, a receptacle of incombustible material, oak (English), teak or mahogany 

shall be provided to take up slack cable behind socket. 
(d) A D.O. socket shall be controlled, where required by Regulation 208, by a switch in final 

sub-clroult. 
(e) In earthed concentric wiring, where earthing is necessary under Regulation 1001, tho 

flexible cords shall terminate in non-reveisible plug and socket connections. 
(/) Where a socket is controlled by a I>pole switch in final sub-circuit, the switch shall control 

an outer or phase conductor, or tho non-earthed conductor of the circuit. 
(y) Terminals E, L and N of a socket for use with a 3-pin plug, shall be connected thus:— 

(1) Terminal E (earth) to earthing wire. 
(li) Terminal L ^ine) to an outer, or phase, or the nou-earthed conductor. 

(iii) Terminal N (neutral) to the middle wire, common return or neutral. 
(A) Terminals L and N of a socket for use with a non-reversible 2-pin plug shall be connected 

thus:— 
G) Terminal L (line) to an outer, or phase, or non-earthed conductor. 

(li) Terminal N (neutral) to middle wire, common return or neutral. 
Gj A plug containing a cqt-out shall comply with Regulation 1329, shall be non-revenible 

and arranged so that output controls an outer, phase, or non-earthed conductor. 
(j) The connections to the terminals of a 3-pia plug shall correspond with (jg). A1 pole switch 

(if any) on appliance shall control an outer, or phase, or non-earthed conductor. 

609. (a) Every socket-outlet adaptor shall comply with Regulation 1330. 
(6) It shall not be sunk below the surface of the wall to which the main socket is fixed. 
(c) Where a socket adaptor Is connected to a socket to supply one or more appliances of small 

rating, it shall contain a protecting cut-out complving with Regulation 1331. 
(d) A socket adaptor containing a cut-out shall be non-rever^ble, and the cut-out shall control 

an outer, phase or non-earthed conductor. 

610. Suntehes.—Every switch shall comply with Regulation 1332 and :— 
(а) If in a room with a fixed bath it shall comply with Regulation 1002. 
(5) If on a wall and surrounded by incombustible material, tho case or cover may be of oak 

(English), teak or mahogany; but if conductors are in metal conduit, the switch shall be in a metal 
box in electrical continuitv with conduit. 

(e> It shall not render ineffective Regulations 1333 (c) and (e). 
(d) Where subject to meohiuiloal injury, the cover, unless of rigid metal, shall be protected by 

a guard. 
Notb.—Special switches may be necessary for inductive apparatus. 

611. Circuit breakers.—A circuit breaker shall operate when a current flows equal to or less 
than twice the rating of the smallest conductor it protects, provided that this does not apply 
to a motor circuit installed in accordance with R^ulation 704 (c). 

612. Fuses—(a) Every fuse shall be fitted in accordance with one of the three methods below, 
and never in a ceiling rose or socket -outlet:— 

(i) On a switchboard, unless it protects a pilot lamp or instniiuent, it shall be on the front. 
(ii) In a socket-outlet adaptor or in a plug complying wdth 1312. 
(ill) In a readily aiTcesaible place and completely shielded. 
(б) A fuse shall not bo fitted with an element larger than that for which it is designed. 
(c) The rating of the fuse shall not exceeil that, of the smallest cable in the circuit which it 

protects, provided that:— 
(i) A fuse smaller than 3 amperes need not be inserted in a final sub-circuit (but see 902). 
(ii) Where the fuse protects a motor when the starting or accelerating circuit greiitly exceeds 

tho full load current , the fuse may'be of size given in 704 (c), 
(Hi) Fuses installed under exemptions permitted in 201 (c) may be of the rating indicated 

therein. 
Nora.—It is recommended that the supply authority be consulted as to the grade of main fuse 

installed. 
(d) Every fuse shall be marked with its appropriate current rating. 
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The rating of a fnee shall not exceed that of Uie smaUest cable it protects, snbject to:— 
(а) No fuse rated below 3 amperes need be inserted in any final snb-oircnit (subject to 

Regulation 903). 
(б) Bating of a flexible oable or oord shall, tot this Begulatioo, be deemed that of a V.LB. 

oable of like cross section, 
(e) For protecting motors with large starting or accelerating oorrents, the fuses may be of tiae 

permitted under Regulation 704 (c). 

613. VoUai^es above 360 Fotte..—Where the voltage between any two points in a room exceeds 
360 volts:— 

(a) Appliances with such high voltages shall be flxed not less than 6 ft. apart. Where this 
Is^jgacticable for switches, they shall be completely enclosed in earthed metal boxes properly 

(6) Flexible cables and cords for portable appliances to be protected against damage. Any 
me^ covering to be connected at each end to earthing wire in oable or oord in addition to other 
earthing devices. 

614. Damp Siiualion.—Qi) In damp sitnations, weatherproof fittings to be used, and switches 
to be provided with cable glands or bashings or adapted for screwed conduit. 

(6) Fittings shall be ei^er in electrical continuity with the sheathing of an earthed system, 
or be mounted on a block of ash, beech, birch, box, oooos, mahogany, oak (Bnglii^), tmk, or 
walnut, or upon some non-absorhent insulating material, in addition to its own base. 

(e) In a room containing a flxed bath, all flexible cords shall be of the tough rubber protected 
or equally waterproof type. 

616. (a) Where inflammable dust or gas la likely to be normally present, flameproof-tjrps 
fittings shall be used. 

(b) Lamps near to or which might swing nto contact with Inflammable material shall be 
suitably guarded. 

(e) In garages, etc., every fitting other than portable shall—unless flameproof—be flxed at 
not less than 4 ft. 6 ins. above floor level. 

Note.—Portable appliances should not be used where inflammable dust or gas is likely to 
be present. 

SBcrnoN 7.—INSTAUINCI AmnANCES (moLUDma MA0HIN1&9). 

701. Conlrol of Appliances.—(a) Every portable heating and cooking appliance shall be fed 
from an accessible socket. 

Note.—With appliances like irons a red pilot lamp may be desirable if an automatic tempera* 
ture-Umiting device is not fitted. 

(6) Every flxed heating appliance not fed from a socket shall be controlled by a switch in the 
final sub-circuit. These shaU be fitted either on the appliance or in the room. When appliance 
is thermostatically controlled, the switch niav bo at the fuse-board or elsewhere. 

(c) The load of a thermostatioally-oontrolled beating appliance shall not exceed 5 kilowatts, 
(а) Where switches are on an appliance, one luminousseotion of the heating element or a lamp 

on the appliance shall not be switch-controlled, and it shall serve as an indication whether the 
flejdble cord and socket are live. 

(e) A cooker not fed from a socket shall be controlled by a switch or push-button away from 
the appliance but within easy reach. For less than 30 amperes, this control switch shall comply 
with B.S.S. No. 438. Heat-control switches may, In addition, bo on or near the appliance. 

702. Motors^ Oenerators^ etc.—(a) Where the cooling air is above the limit permitted by the 
appropriate B.S. Specification, machines shall be specially constructed, or of the pipe-ventilated, 
forced or induced-draught type, or connected by ventilating duets to a cool air supply. 

(б) Unless enclosed, ss provided for in (ci), every machine shall be placed ;— 
(!) In a space ventilated to prevent accumulation of Inflammable dust or gas. 

(11) In a position not exposed to mechanicai injury, or damage from water, oil or steam. 
(e) No readuy combustible material shall be within 12 ins. horizontally or 4 ft. above any 

non-enolosed-tjrpe machine. 
(d) Where endosing is necessary to satisfy (b) or (c), the enclosure shall be of a type approved 

in B.S. Speoifioations. 
(e) Where an open-tvpe machine, mounted on a oombostible floor, is liable to a speolal fire 

risk, means to prevent oU dripping on to the floor shall be provided. 

703. Motor OontroU.—Every motor shall have starting and stopping switches, conveniently 
pisoed for tbe operator. Motors rated over J h.p. sliall be provided with:— 

(а) Means to prevent the motor re-starting after the uiidcr-voltag(! rolcuso has operated. 
(б) A starter or switch for limiting the starting or accelerating current, if this is required by 

the supply authority. 
(c) An isolating switch to cut off all supply, including that to the automatic circuit-breaker. 

(A single Isolating switch may be provided for a group of motors where all can be stopped for 
the Inspection of one). 
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Jti) Where the primary isolation is remote, local isolation also be provided or arrangements 
e for locking the primary isolation. 

704. Protectixm of Motor Circuits—(a) The maximum normal current in the motor circuit shall 
be token to be the rated current of the motor. 

(6) The size of the cables for the rotor circuits of slliJ-ring induction motors shall be suitable 
Of the starting, acceleration and load conditions. 

(c) Where starting current greatly exceeds running current, over-current protection must be 
provided but may include a suitable time-lag device. 

706. Transformers^ etc.—Oonsomer's transformers, choke coils, resistors (above CO watts), 
oondensers, rectifiers, etc. (except used as in Sections 8 or 9, or Hegulationa 709 and 710) shall 
eomplj with 

(a) If not enclosed, it shall not be exposed to water, oil, steam or meohauical damage. 
(6) If oil-oooled, placed in a chamber ventilated to ontaide only. If oil exceeds 60 gallons, 

escaping oil must not gain eneMn to building. 

706, Separatum from Woodtoork^ etc,—Combustible material within 24 ins. above, IS inn. 
* ^ ^ direction from frames oontaining control reaistanoea and rated at or above 
ou 1,^ pro^poted by iooombustlble material. 

Transformers.—A step-op transformer—other than an auto- 
^ 0“ the oonsamePs side by a mulU-pole (linked)switch for Isolating 

709. Bellt^ elc.—(a) Bella and signalling apparatus conneoteu .. ^ 
be installed in conformity with these Be^iationa regLurding lighting, * supply system shall 

(6) Where bells, etc., are connected to supply through transformers, circuits, 
the primary side shall conform to these requiremente. *‘®si8tor8, 

(0) The voltam of a bell or similar circuit not metallically connected to a supply system 
not exceed 16 volts, unless the spparatoa is suitably designed for the operating voltage. 

Note.—See Regulations 412 and 1001 (c). 

710. Bell transformers and similar devices shall conform to Regulation 1343 ; and 
(а) Its case (if metal) and core and frame shall be earthed to comply with Section 10. 
(б) It shall be mounted on incombustible material and, unless suitably enclosed, not be 

exposed to water, oil or steam, or risk ol mechanioal damage. 

^11. Electrode Water-IIcaters and Boilers.—Every instidlatioii shall comply with ;— 
(a) Tt shall not be connc<'tcJ to a D.C. suf»ply. 
(&) The shell shall be earthed to the metal sheathing ami armouring of the sujiply system, but 

shall not be connected to the neutral of the supjdy. 
(c) It shall be protected by a circuit-breaker fitted with earth leakage protection, which shall 

0})erate when the earth leakage current exceeds 10 per cent, of the rated current, or 15 per cent, 
if this is necessary to ensure stable operation, and an iiiverse-tiiiic device may be used to ensure 
stable operation during momentary leakages. 

(c^ The circuit-breaker shall be of the multi-pole liukod type. 
(e) A local as well as a remote circuit-breaker need not be lilted, provided that the remote 

circuit-breaker can be locked, and that a local pus,h-button and indicator lamps are provided. 
f/) Indicator lamps shall be iiustallcd wherever the circuit-breaker is not readily visible from 

the heator or boiler. 
(g) At least two over-current relciwes must be provided for 3-phase appivratus, one is in each live 

phase wire for 2-phase operation, one in the live phiise wire for single-phase operations. Where 
the consumer’s earth resistance e.xceeds 

4(1 _ 
operating current of circuit-bx’c.tker 

the earth-leakage trij) shall operate when the potential between earth and the shell of the ap- 
paratu.s exceeds 4U volts. 

(h) There must be an ammeter in each phase (or one ammeter with a multiway switch or 
plug). 

712. Other AppUafie»«.—Every appUanoe not otherwise provided for in Regulations 710 to 
712 shall be eontroUed by a readily aooeesible switch, or, subjeot to Eegnlations 208 and 209, 
by a readily aoooBslble socket and plug. 

718. Fire RUk.—ifi) Where appliances are exposed to inflammable dust or gas, and are not 
provided lor in Begnlatlone 701 to 716 or in (6) below, they ahall be of enoiosed or flameproof type. 

(6) Aro lamps shall not be osed where exposed to inflammable dnst or gas. 
(0) An open Inverted aro lamp near oombostible material snaU be fitted with a metal refleetor 

attaened below aro as in Regnlawon 1886 (0>. Where an open aro is essential, the floor beneath 
VOL. I 3D 
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»h«U be protected from falliuR particles of carbon. In other positions near combustible material 
or persona, arc lamp shall be 6tted with globe or lantern. 

g^es, every appll^ce other than a portable appliance shaU, unless flameproof, be 
nxed at least 4 ft. 6 Ins. above floor level. 

SEOnON S.-olNSTALLINQ OF LUMINOUS DISCHARGE TUBB.S AND BLBOTRIO SIGNS. 

In Regulations 803 to 811, the term ‘ luminous 
^ ^ device, of translucent material, hermeti- 

omission of light from the passage of a current through a gas or vapour 
^4® cathode-glow lamp, or to ele^o dischLge 

tabes d^gned to operate below 000 volts. The words ‘ primary ’ and * secondary • are used In 
^ respectively the oondnctois connected to the primary (low- 

dtoohai^tabeStoflation^^^^^^*^ windings of the transformers of iuminous- 

Ai<m<n<ifM-DMc;jaiVe-r«6« /njteZloNonr.—Every fixed luminous-dl80hari<o-tabe 
insteUation shall also comply with (o), (b\ (e), {g) and (h) and Regulations 803 to 811 • - * 

>?< ii ®u I ®® ®® arranged as to prevent possible spreading of fire. - 
<0) It shall bo suitably screened; or enclosed and sealed with a ii. ‘ DANGER. High 

Voltage»near the seal. ' ^ * 

(e) Ail live parts of an exterior insttillatlon shall be protc.'*»pJ’M.tiOjBl *->^5 effects of weather. 
*—^® installation in a closed market or <*-* ^:iiae Is deemed to be an oxtc rlor Installa¬ 

tion ; but not so in a permanent building i 'or exhibition purp Aes. * 
(g) secondary circuit shall be psnuanently earthed at the transformer in compliance with 

Regulations lOOfl to 1008, and t!ltj core of every transformer shall be earthed. 
Nom—It is ^jj^t the whole of the secondary circuit be examined not less 

ireqaenlu^tt|y^^ every three months by a competent engineer. 
^^here the primary circuit is insuiated from the supply It shall be permanently earthed 

at the motor-generator or converter, or at the transformer, in compliance with Regulations 1003 
to 1008. 

803 (a). Final tub-cireuit^ which form the primary oirouitsof iumlnous-dlscharge-tube installa¬ 
tions shall be reserved solely for fioch purpose. 

(6) A separate primary final sub-circuit shall be provided for each transformer of the 
lumlnous-diuharge-tube installation, except that transformers of less than 250 volt-amperes each 
may be grouped, provided that the aggregate does not exceed 1,000 volt-amperes. 

804. Switchgear Controlling Final Sub~CireuUs.—(a) Each primary final sub-circuit supplying 
a lununous-disebarge-tabe installation shall (except as in (c)) be controlled by a locked switch 
operating on ail poles, and so controlled that It cannot be put into the * on' position until the 
key has been':inserted in the lock, and it shall not be possible to withdraw the key unless the 
switch is in the * off' position. The switch cover shall not be readily opened without the use of 
the key or a special tool. 

(6) The* off' position shall be clearly marked, and a conspicuous notice shall be placed near 
the switch, word^ as follows: * Before working on or near electrical discharge-tube installations 
remove and retain key of locked switch.’ 

(c) Where distribution fuse-boards control exclusively the primary final sub-circuits of 
lumlnous-discbarge-tube installations, one adjacent switch of the type required in (a) may be 
used to control the busbars of the fuse-boards. 

806. Emergency Su/iteh for Interior InetaUaliom,—An Interior installation • shall be provided 
with suitable adjacent means (which may, if desired, be the locked switch referred to in Regu¬ 
lation 804) for disconnecting all poles of the supply except the neutral in a three-phase four-wire 
oiroult* 

NOTE.—It is recommended that the local fire-brigade authority be notified of the position 
of the switch or circuit breaker controlling an interior installation. 

806. ^ Fireman*Stoiteh.—For installations on the exterior of a building * a suitable emer¬ 
gency (’fireman’s *) switch complying with the following clauses (a) to (/) shall be provided :— 

(a) It shall be arranged to open and close the circuit on all poles except the neutral in a three- 
phase four-wire circuit, and it shall be connected either in the primary supply circuit or, alterna¬ 
tively, where the main supply is direct current, in the direct-current circuit from which the 
alternating-current supply to the primary circuit is derived. 

(3) It shall be fixed in a conspicuous position, reasonably accessible to firemen, and, except 
in the case of an agreement to the contrary with the local fire-brigade authority, at not more 
than 9 ft. above the ground. It shall be as nearly as possible vertically below the luminous 
discharge tube or tubes, or alternatively, a notice indicating the position of the switch shall be 
placed directly below the tube or tabes and a nameplate shall be fixed near the switch so as to 
reader It clearly dlstingaishable. 

* See note to Regulation 802 («) In regard to the term * exterior installation.* 








