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PREFACE TO THE NINTH EDITION.

First Edition (1876).—The first edition of Captain Marryat’ s Specifications was
published under Government Circular No. 178-E, dated 25th March 1876 with the
principal object of laying down a good standard set of specifications for use in the
Public Works Department in the Bombay Presidency for all ordinary works, and
a series of rates for such specifications. In addition to this, sketches of masonry,
brickwork, carpentry, etc., were added for the use of maistries and others by
whom, the Roorkee Treatise and other larger and practical books are unobtainable,
and some practical notes on various subjects were compiled so_as  to form a handy
note book.

The following were the principal sources from which the specifications were
framed and notes compiled :—Standard specifications, Oudh, by Captain Peile,
R.E.; for Rajputana, by Lieutenant-Colonel Forlong; for Bombay, by Colonel
Fuller, R.E; Specifications of G.I.P.and B. B. & C. I. Railways ; The Roorkee
Treatise ; The Chatam Course; Professional Papers on Indian Engineering ;
Engineer’s Pocket Book ; The Manufacture of Portland Cement, by H. Reid, C.S.

Second Edition (1877).—The second edition was issued in September 1877, with
the following principal additions :—

1. Index.

2. Table of contents.

3. Tables on roofing by Major Seton, R.E.

4. Tables of scantlings for doors and windows by W. Howard, Esq., C.E.
5. Tables of timber topped culverts,

Third Edition,—The second edition of this compilation, which was published
in 1877, was revised under the orders contained in Government Resolution
No. 33-E.—185, dated 6th February 1882.

The matter contained in this edition, both new and old, was arranged somewhat
differently to that of former editions. The specifications and rates followed each
other instead of being separately massed together as in previous editions. The
number of specifications and rates was largely increased, the most important addition
being a set of standard specifications for use in the Irrigation Department furnished
by the Chief Engineer for Irrigation.

Fourth Edition,—The third edition of this’compilation, issued in 1883, was revised
under the orders contained in Government Resolution No. 237-A.—1533, dated
16th September 1886. Some specifications which were somewhat incomplete
were replaced by others taken from the * Standard Specifications in the Madras
Presidency.” A new sub-head “ Drains, Culverts and Bridges ” was added. The
average plans and tables of quantities of which it consists were published with the
pengﬁssion of J. H. E. Hart, Esq., M.Inst.C.E., Chief Engineer for Irrigation. This
section was a reprint, slightly amended, of two very useful pamphlets * intended
to facilitate the preparation of road projects in Executive Engineers’ offices ”,
published by that officer in 1868,
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Fifth Edition.—The fourth edition of this compilation, which was issued in 1887,
was revised under the orders contained in Government Circular Memd. No. 52-E.,
dated 25th January i396. Under the resolution, Mr. C. I. Burke, M.I.C.E., was put
on special duty for “he purpose of revision. This edition was entirely re-arranged
80 as to bring all infermation pertaining to each particular kind of work together in
one place. A chapter on Irrigation Works including specifications for Earthen and
Masonry dams was included and the information on Water-works was extended.
A section on Fireproof floors was added. All rates were omitted, the materials and
labour required for a given quantity of work only being shown, so that Executive
Engineers might fill in for themselves the rates prevailing in their respective
districts,

Sixth Edition,—This edition was revised in the Secretariat under the immediate
supervision of Mr. R. W. Murphy. Some useful notes, recipes for preparing materials
were added. On the suggestion of many officers, the rates for work (which were not
given in the previous edition) were entered in this edition. The rate abstracts of
works specified in each chapter were placed at the end of their respective chapters
and numbered according to the specifications to which they related.

This edition was reprinted in the year 1916, with the addition of * Rules for
blasting with dynamite and other high explosives ” and “ General rules to be
observed in Government Magazines for explosives.”

Seventh Edition.—This edition was thoroughly revised and brought up-to-date
under the orders contained in Government Resolution No. 3225, dated 29th
November 1922. Mr. N. N. Ayyangar, B.A., L.C.E., M.LE. (Ind.), Ixecutive
Engineer, was appointed as Officer on Special Duty for the purpose. New chapters
were added on Reinforced Concrete, Arboriculture, Hydraulic formule and data,
Retaining walls, Sanitary, Engineering including drainage and sanitation, and
notes on Mechanical and Electrical Engineering. In the chapter on Road work
full notes were added on road construction and repairs, care of steam rollers and
tarring of roads. In the section on drains, culverts and bridges, additional matter
was introduced on high level causeways, temporary crossings and landing stages
on tidal creeks. The chapters on irrigation works and water supply, as well as
Chapters I, IT and III, were revised and additional notes included. A large number
of new tables, specifications, rate abstracts and plates were added. Some obsolete
portions and plates were omitted.

The following books were consulted : —
1. Indian Woods and their Uses, by R. S. Troup, F.C.H.

2. A Handbook for Cement Works Chemist, by F. B. Gatehouse, F.C.8.
3. Reinforced Concrete, by Harrington Hudson.
4. Reinforced Concrete, by J. C. Gammon, B.Sc. (Lond.), A.C.G.L., O.B.E,
5. Reinforced Concrete, by V. M. Kothasthane, B.A., B.Sc., L.C.E.
6. Detail Design in Reinforced Concrete, by E. S. Andrews, B.Sc.
7. Reinforced Concrete, by Captain A. F. Day, R.E.
8. Reinforced Concrete Manual, by Marsh and Dunn.
9. London County Council Regulations.
10. Rivington’s Series of Notes on Building Construction.
11. Manual of arboriculture. .
12. Hydraulics, by Lieutenant-Colonel H. D, Love, R.E.
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13. Treatise on Hydraulics, by Prof. Unwin.

14. Irrigation Pocket Book—Buckley.

15. Irrigation, Roads and Buildings—W. L. Strange.

16. Water Supply of Towns, by Prof. Burton.

17. Water Supply, by R. E. Middleton, M.[.C.E.

18. Surface Drainage, by H. A. Gubbay, A.M.I.C.E.

19. Sanitary Engineering, by Colonel E. C. S. Moore, R.E.

20. Drainage Problems of the East, by C. C. James.

21. Sanitary Engineering in India, by J. Wallace, C.E.

22. Manual of Vital Statistics and Public Health, by Dr. J. D. Munsiff.
23. Military Works Handbook.

24. Pocket Companion-—Messrs. Dorman Long & Co.

25. Civil Engineer’s Pocket Book-—Merriman.

26. Pocket Book of Engineering---Molesworth and Hurst.

27. Kemp’s Engineer’s Year-Book for 1922.

28. Engineer’s Pocket-Book-—Trautwine.

29. Proceedings of the Bombay Engineering Congress.

30. Do. Institute of Engineers (India).

31. Tublications of the Governments of India, Bombay and Madras.

Almost all the suggestions made by the P. W. D. Officers were given effect
to and contributions were specially obtained from many Officers including several
not in the P. W.D. It would be invidious to mention individual names among so
many and grateful thanks are due to all of them for the ready and valuable help
received. '

The rates were revised and brought up-to-date. This edition was published
in two volumes.

Eighth Edition.—This edition has been revised in the Secretariat. A number
of additions in the form of notes, new specifications, additional tables and plates
have been made in this edition. Exhaustive tables have been added in the chapter
on reinforced Concrete with a view to facilitate the work of designing and to ensure
as far as possible uniformity of practice in the same. Most of the useful suggestions
made by the Public Works Department officers have been given effect to ; besides
a number of additions and alterations have been made on the subject of cement
concrete and the allied specifications to bring this section up to date and as accurate
as possible and grateful thanks are due to the Concrote Association of India for
suggestions and assistance in this matter.

In most cases the rates prevailing in the Poona District have been adopted
and, in others, figures such as might be assumed as fair average have been entered.
As the rates are so very fluctuating from place to place and from time to time, the
figures are meant only as a guide and each item has to be worked out for each special
occasion and purpose.

This edition too, as the previous one, is published in two volumes.

Ninth Edition (1949).—The eight edition of the P. W. D. Hand Book, which
was published in 1931 was thoroughly revised in the P. W. D. Secretariat under



w

the direct supervision of Mr. H. K. Thakore, L.C.E., J.P., BS.E. (Retired Executive
Engineer), who was specially deputed on this work. The two main characteristic
departures over the previous edition of the Hand Book, introduced in the present
edition, are :—

(a) Non-embodiment of the rates in the rate abstracts.

(b) Distribution of the entire Hand Book, which previously was in 14 chapters
in 8 sections each section dealing extensively with the main subject as under :—

Section I . ... Materials,

’ II ... Buildings.

5 11T ... Reinforced Concrete.

’ v ... Roads.

’ Vv ... Hydraulic formulae and data, drains,
culverts, etc. etc.

» VI ... Irrigation works and storage for
Hydro-electric Projects,

" VI1 ... Water supply and sanitary Engineering.

' VIII ... Valuation tables, Mechanical and

Electrical notes and tables and
miscellaneous information.

Rates in the rate abstracts are not given in view of the fact that those entered
in the Hand Book (previous edition) are nowhere near the current rates or rates
which are likely to be obtained for some years to come. While compiling this
edition no effort was spared to bring the existing matter up-to-date as is warrant-
ed by the present times. Besides many new items have been introduced such
a8 Asbestos Cement sheets, Pile foundations, Lintels with their design with
necessary tables, curves and superelevations etc. in connection with Roads.
Also new specifications for many items, such as, Cement mortar, lime-cement
mortar, cement concrete, cement rendering and guniting, Shahbad stone floor-
ing, granolithic and Terrazo toppings, Sand clay roads, gravel roads and other
improved types of surfaces, etc. etc. have been introduced in this publication.

Great care has been devoted in the compilation of this publication, which includes
the latest available experience, so as to make it an extensive and the best guide
for all concerned as far as possible.

i e e e
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20. Lime cems=nt mortar

21. Surkhi mortar

22, Neeru
23. Sandlime (Caloium sillicate) briks e
VOLUME I—SECTION II.
24, Foundations . e
25. Couocrete of lime mortar shingle or stone e
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Lime pointing
Cement pointing

oee

Page No.
141
141
142
142
143

143
144
144
1456
146
147
147
148
148
149
149
149
150
151
152
167
167
157
167
158
158
169
160
163
164
164
166
166
170
173
174



XN}

No. Description, Page No.
67. Pointing masonry with Naylas e .. 174
68. Lime plaster Rough £ thick 175
S9. Hirda plaster 176
70. Lime plaster rough cost ha'f inch thick 177
71. Rough cast cement pluster ‘ . 177
72. PBrick rubbed rough plaster . . 178
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87. Paving third sort 237
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Gutters valleys and flashings
Down pipes
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Lightning conductors
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Doors panelled first class
Do. sccond class
Doors panelled and glazed first class
Do. sceond class
Doors ledged or battened
Doors plain planked ...
Doors battened framed and braced
Doors battened and framed
Door with iron-barred and plank shutters ...

Door venetianed first olass o

Do. second olass
Windows glazed first class
Windows glazed socond class
Windows plank shutters e

Windows with iron bars and plank shuttors
Windows glazed with venetian shuttera first class
Do. do. second class

290
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139. Windows iron-barred with glazed and plank shutters 305
140. Painting 310
141. Varnishing 311
142, Qiling wood work 313
143. Waxing e 313
144. Coal tarring 313 -
145. Dammering Roofl 314
146. Distempers 315
147. White washing 317
148. Colour washing 317
149. Papering 318
150. Glazing work 319
151. Wood=n stairs I 324
162. Galvanized corrugatad iron walling 324
153. Teak wood partition 326
154, Wire fenving 326
155. Pipe Railing 327
156. Tile skirtings 327
157. Hoop iron trellis work 397
158. Teak wood trellis work 327
159. Expanded metal netting e 328
VOLUME I--SECT1ON III.

160. General specifications 395
161. R. C. C. Roofs anld toors specifientions . e 536
VOLUME II—SECTION IV.

162. Earthwork for roads ... 553
163. Collection of metal H56
154, Spreading and Convolidating ee 557
165. Tar Macadam Surface Carpeting .. 614
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167. Do. on a newlyv cousolidated 2° metal coat aee 620
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169. 37 full Grout Asphals Macadam Surfuce . 625
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One Course Cement Conerete roads

("anal excavabion
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VOLUME II--SECTION VI.
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Farthen reservoir lams
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VOLUME II—SECTION VIIL.

.es
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Lazing and joining cast iron pipes

Wronght iron pipes

Well sinking
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Sewer Construction

“ee
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Tests of plumbing works
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LIST OF RATE ABSTRACTS

VOLUME I—SECTION 1.
Description.

Brick making on tables

Brick making on ground

Tile making (round tiles)

Lime burning with Charcoal
Lime burning with English coal
Lime burning with firewood
Grinding mortar

Grinding mortar in power-driven iron milli- “(1: 1§ for masonry). ’

Grinding mortar in power-driven iron mills-—(1 : 2 for concrete)

VOLUME I—SECTION 1I.

Concrete of trap metal

Concrete of broken brici

Cement concrete

Laterite concrete

Ashlar, fine

Ashlar, rough tooled

Ashlar, rock rustic or quarry-faced

Ashlar, champhered

Ashlar, facing rough tooled

Ashlar, facing rustic with chisel draft

Ashlar, facing champhered

Block in course

Block in course facing

String course, cut stone, 1st sort

String course, cut stone, 2nd sort .

Coping, cut stone, Rectangular, Ist sort ..

Coping, cut stone, Rectangular, 2nd sort . .

Coping, cut stone, semi-octagonal, 1st sort.

Coping, cut stone, semi-octagonal, 2nd sort

Coping, cut stone, Semi-circular, Ist sort ..

Coping, cut stone, Semi-circular, 2nd sort

Stone stops .

Stone stairs

Coursed rubble, 1st sort

Coursed rubble, 2nd sort

Coursed rubble, 3rd sort

Random rubble, 1st sort

Random rubble, 2nd sort

Uncoursed rubble

Stone and mud masonry

Dry stone masonry

Dry rubble retaining walls

Laterite cornice 8 inches high .. ..
Laterite stone coping 8 inches thick somi-octagonal top
Laterite and lime masonry (foundations) ..
Laterite and lime masonry (Plinth) o .
Laterite Superstructure (Block in course). .
Laterite arching over doors and windows
Brick work, 1st olass

Brick work, 2nd olass . .
Brick and mud work . .
Brick nogging . .
Ashlar arching .
Block in course arching

Rubble arching .
Brick arching over doors and windows, 1st Class
Brick arching over doors and windows, 2nd Class
Concrete arching in aqueducts, ete. .
Lime pointing, masonry

Lime pointing, brick work

Cement pointing

Plastering rough # inch thick

Fine coat (over rough plaster)
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333
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VOLUME I—SECTION 1I—contd.
Description.

Lime plaster, rough coat § inch thick .

Rough coat, v~ment plaster (1sv coat equlvulent to }” thxok)
Rough coat, coment plaster 3” thick ("nd cout)
Cement plast:r

Madras plaster

Wooden flooring for ground floor

Floor or teak wood planking li inches thwk
Stone paving lst sort

Stone paving 2nd sort

Stone paving 3rd sort

Stone paving 4th sort

Brick floor laid on edge on 6 inches concrote
Brick floor laid flat on 6 inches concrete ..
Chunum or terraced flooring

Minton tile floor

Asphalt flooring, § inch thick on 6 inches ‘concrote
Bastard Asphalt flooring

Concrete Jack arches

Plank ceiling § inch thick

Plank ceiling ¢ inch thick with teak J oxsts

Cloth ceiling (including frame work)

Double-tiled roof covering

Setting double eaves in chunum

Fixing eaves board

Mangalore tiled roof covering

Mangalore ridge tiles laid dry and pomted with cement mortar

Fixing Galvanised corrugated iron roof covering (labour and

nly)
Fixing Galvanized iron ridge . .
Galvanized corrugated iron roof covermg

Roof of Single (country round) tiles over G. C. L sheots 22, B. w.G.

Belgaumd-tiled roof covering

Terraced roofing 8 feet span

Terraced roofing 12 feet span

Terraced roofing 16 feet span

Gutters and valleys of shect lead

Valleys of sheet iron .

Doors panelled 1st class 4’ X 7

Doors panelled 2nd class 4’ X 7 .
Doors panelled and glazed 1st Class ¢’ x 7

Doors panelled and glazed 2nd Class 4’ x 7’
Doors ledged 4’ x 7/ .
Doors plain planked 24’ x 6’ .
Doors battened framed and braced 4’ x 7’

Doors with iron-barred and plank shutters 4’ xT
Doors venetianed 1st Class 4’ X 7’

Doors venetianed 2nd Class 4’ x 7/ .
Windows glazed lst glass 4’ x 5 . o
Windows glazed 2nd vlass 4’ % 5’ .
Windows with plank shutters 3’ x 4’
Windowa with iron bars and plank shutters 8’ x 4’
Windows glazed and venetianed shutters lst Cluas 4’ % 8’

(] .

‘e

Windows and venetianed shutters 2ud Class 4’ x 8’
Windows barred glazed with plank lhuttorl 3'x 4’
Pnnz 8 coats .

2 ooats . .

aﬁ pering 2 coats .
Seraping walls and distempering 2 coats
Soraping walls priming on coat, and distempering two ooats
Whitewashing 3 coats
Yellow wash

Blue wash

Pink wash

Green wash

Buff wash

Wire fencing, 4 feet above ground, five rows of wire
Hoop iron trellis work
Teak work trellis work

Expanded mefa) pstting § inph mesh .. .

e
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138.
139.
140.
141.
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144,

VOLUME 1--SECTION Ill.

Description.

R. C. C. Beams span 25 feet
R. C. C. floor slabs 10 feet
Cost of R. B. slabs per 100 sft. (Patna)

VOLUME II-SEC1TION 1V.

General rate abstracts.
VOLUME II--SECTION V.
Nil.
VOLUME II- SECTION V1.
Nil.
VOLUME I1- SECTION VII.

C. 1. Pipes Class B British Standard specifications per foot laid
Laying galvanized wrought iron piping l inch diameter ..
Laying galvanized wrought ijron piping 2 inch diameter ..
Well sinking in alluvial Soil ..

Do. do. (B. B. and lime Steining)
Well sinking in rock
Laying stoneware pipes 12 inchos diameter
Laying stoneware pipes 6 inches diameter
Laying stoneware pipes 4 inches diametor

Details of providing and laying Stoneware pll;e (Iubbulpore make)

VOLUME II-SECTION VIII.
Nil.
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CHAPTER I-NOTES FOR GUIDANCE,
1. GENERAL.

1. Procedure.—In all cascs the work shall be executed, in strict accordance,
with the contractor’s accepted tender and the specifications attached thereto, with
this book of specifications and notes, and with such drawings, specifications, quanti-
ties and orders, as may from time to time be ‘ssued by the Executive Engineer or
his authorised agent. '

2. Supply of Materials.—In cascs where the contract is for the supply of
materials, the materials shall be of such quality as may be specified in the contract
and the specifications attached thereto and shall be delivered in such quantities,
at such places, and at such times as may be laid down therein. They shall also be
neatly stacked and arranged in such a manner as may be ordcred by the Executive
Engineer or his authorised agent.

3. Supply of Tools, etc.——All tools, implements, materials and machinery
that may be required by the contractor will be provided by him at his own expense
and he will only be paid for the finished articles as scheduled in the contract and in
the specifications attached to the contract. It is, however, open to the Executive
Engineer to lend or supply to the contractor any tools. implements, materials and
machinery that the Executive Ingincer may consider desirable, but for any such
tools, implements, materials and machinery that may be lent or supplied to the
contractor by Government the contractor shall pay such deposit, hire, or purchase
price as may be determined by the Executive Engineer.

All articles that may be so let or hired out to the contractor, shall be returned by
him to the Executive Engineer or his authoriscd agent on completion of the work for
which they were lent or hired out, or earlier if so ordered. The hire charges, and
charges for any shortage or damage, shall be recovered in cash or from the contractor’s
bills as specified. : :

4. Workmanship and labour.— The quality of all materials, tools, apparatus
and labour used on the work shall be subject to the approval of the Executive
Engineer or his authorised agent who shall have the power to order the immediate
removal by the contractor of any that may not meet with his approval.

In case of failure to carry out the order of removal within the time specified, the
Executive Enginecr or his authorised agent, shall get it removed at the contractor’s

expense.

5. Keeping.dry and pumping.—Unless otherwise specially provided for in'the
contract, the contractor will, at hig own expense, keep all portions of the work free
from undue water whether due to springs, soakage or inclement weather and will vse
his own implements and machinery for this purpose, subject to the conditions in
para. 3 ante. The decision as to what consists unduc water rests with the Executive
Enginecr.

6. Facilities for Inspection.——The work shall at all times be open to inspection
by the Executive Engineer or his duly authorised assistant and the contractor shall
arrange easy access to every part of the work and shall provide such ladders,
scaffolding and lifts for this purpose, as necessary, without payment.

7. Delivery of work.—The final bill will be prepared after the work is handed
over to the Executive Enginoer or his duly authorised representative in a thoroughly
complete, clean, sound and workmanlike state.

uo-x Bk T 1—1
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8. Exira Items.—Whenever the contractor is ordered by the Executive Engineer
or the person duly authorised by him, to execute any item of work which is not in
his tender, it shall be the contractor’s duty to sce, that the order is duly entered in
the order book on the work, unless a separate communication to this effect is received
by him. It shall also be his duty, to get a rate sanctioned for the item by the
appropriate authority. For any extra item of work not thus ordered, either by an
entry in the order book or a separate communication, the contractor shall have no
claim to payment. If a rate for the extra item is not got sanctioned as
directed above, the contractor shall be bound to abide by the Executive
Engineer’s decision.

9, Compliance with Bye-laws, eic., and protection against accidents, etc.—
Contractors are responsible for complying with all Acts, Bye-laws, Municipal
and other Regulations for the provision and maintenance of night lights, fencing and
any other protection that may be necessary and will be liable for all claims that may
arise from accidents, or nuisances on or caused by the works.

10. Disputes.—Disputes on any points between the Executive Engineer and the
contractor shall be referred to the Superintending Engineer whose decision shall be
given in writing and shall be final.

11. Tolls, etc.—The contractor shall, unless otherwise specially stated in the
contract, be responsible for the payment of all import duties, tolls, octroi duties,
quarry fees, etc., on all materials and articles brought on site.

12. Treasure Trove and materials found during the execution of the work.—~
All materials or treasure trove obtained from excavations, demolitions or
other work on the site, are the property of Government, and shall be disposed of as
the Executive Engineer or his authorised agent may direct.

2. CLEARING OF SITES.

1. The site described and shown on the plan, to be cleared of all obstructions,
loose stones and materials, rubbish of all kinds, as well as all trees and brushwood,
the roots being entirely grubbed up.

2. The products of the clearing to be stacked in such a place and in such manner as
ordered by the Executive Engineer or his agents.

3.. In jungle clearing, all trees not specially marked for preservation, bamboos
junglewood, and brushwood shall be cut down and their rcots grubbed up. All
wood and material from the clearing to be the property of Government, and to be
arranged as the Executive Engineer may direct.

"4. Al holes or hollows, whether originally existing or produced by digging up

»aoots, shall be carefully filled up with earth, well rammed and levelled off, as may be
irected.

3. DEMOLITION.

1. ) The contractor may, at the Executive Engineer’s discretion, be required to
provide, erect and remove screens of canvas or other suitable material to minimise

the nuisance from dust and to provide for watering as the work of demolition
proceeds.

.2 The contractor will, if ordered by the Executive Engineer, make good any
‘walls or roads. etc., disturbed during demolition and will protect, as far as possible,
‘all trees, shrubs, etc., near the work.
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3. If sewers or drains are to be removed or disturbed, the contractor must at
once remove all foul matter, but the rates for taking up and removing pipes of all
kinds are, unless otherwise mentioned in the contract, exclusive of any excavation
that may be necessary. This will be separately paid for as such.

4. TUnless specially stated in the contract, no allowance will be made for shoring
or underpinning. .

5. All material demolished shall, unless otherwise laid down in the contract, be
the property of Government to be disposed of as may be ordered by the Executive
Engineer. Even though not specified in the item of the contract, the rate for any
item shall always include the sorting out of any demolished material, the stacking of
it anywhere within 300 feet of the place of demolition in accordance with the orders
of the Executive Engineer and also the removal of any material that the Executive
Engineer may order completely from the place of demolition and the further disposal
of it by the contractor. In the latter case, however, the contractor may realise such
profit as he can from the material so removed and disposed of, subject always to the
condition that the method of disposal shall be approved of in writing by the Executive
Engineer in the first instance

6. Precautions shall invariably be taken by the contractor to avoid breaking or
damaging material that may be considered by the Executive Engineer as likely to be
serviceable.

4. EXCAVATOR’S WORK.

1. Trenches for foundations, footings, cesspits, drains, etc., to be excavated to the
exact width, length and depth shown or figured on the drawings or as may be directed
by the Executive Engineer. The excavated material shall be used to fill in on each
side of the masonry or to form the filling in of floors, or it shall be placed or spread
elsewhere on or near the site of the work as may be ordered free of charge.
The contractor shall at his own expense, make provision for all pumping, dredging,
bailing out or draining water, and the trenches shall be kept free of water while the
masonry is in progress and till the Executive Engineer considers that the mortar is
sufficiently set. The sides of the trenches to be kept vertical and the bottom hori-
zontal and to be run at the same level throughout or properly stepped as may be
desired by the Executive Engineer. The contractor shall also, at his own cost,
remove such portions of boulders or rock as are required to make the bottom of the
trench level. He shall also make level and hard the bed of all the trenches and
consolidate the earth against all walls, pits, drains, etc. The foundation trenches to
be inspected and passed by the Executive Engineer before any concreting or masonry
work is commenced.

2. The contractor shall be paid for the quantity arrived at, by multiplying the
exact length, width at the lowest step of the footing, and the depth measured,
vertically, as shown on the drawings, or as executed under written instructions of the
Executive Engineer or his authorised agent.

3. The Executive Engineer or his authorised agent shall decide as to the classi-
fication of any material to be excavated.

4. Al grades of materials. whether in cut or fill, will be measured in the
excavaticns. The usual classification is given below :—

(a) Hard rock wedged or chiselled.—This shall include all rock occurring in
masses which could best be removed by blasting, but which owing to the proximity
of buildings or for any other reason should be cut out by means of cold chiseis or

- wedges, . ’
u01BsT1~1a
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(b) Hard rock (blasted).—This shall include all rock occurring in masses which,
could best be removed by blasting and where, in his opinion, : blasting is
permissible.

(c) Soft rock.—This shall include all material which is rock but does not need
blasting and could be fremoved with a pick, bar and shovel.

(d) Hard murum and boulders.—This shall include all kinds of disintegrated
rock or shale or indurated clay interspersed with boulders less than 1 cubic yard
and larger than 1 cubic foot Which do not need blasting and could be removed -
with a pick and bar and shovel.

(¢) Hard murum —This shall include all kinds of disintegrated rock or shale or
indurated clay free from boulders larger than 1 cubic foot which do not need
blasting and could be removed by means of a pick and shovel though not without
some difficulty.

(f) Average murum shall be stuff which is intermediatc between hard murum
~ and soft murum.

(9) Soft murum shall include matorials which can be easily removed with a
shovel after loosening with a pick.

(h) Earth or sand.—This shall include uny other material of an earthy or
sandy nature as the case may be, not classified above, which can bLe easily ploughed.

Nofe.—The use of explosives in excavations will not be considered as a reason for other classification
than the above unless clearly necessary in the opinion of the Executive Engineer.

5. Consolidation of fill shall be done by thoroughly rolling or ramming in 9"
layers which shall be watered at the contractor’s expense, according to orders from the
Executive Engir.eer.

6. All shoring, sheeting, strutting, ctc., that may be necessary shall be provided
by the contractor at his own expensc.

7. Unless otherwise specified and provided for in the contract, the price for
excavation shall include the removal of all grass, trees or other vegetation necessary
to enable the material to be excavated to be got at.

8. The rates for excavation shall include levelling or grading the bottom and
dressing the sides of the excavation. also levelling and dressing off the spoil, if so
ordered.

9. Excavation to dimensions greater than those authorised as above, shall not be
paid for, and if so ordered by the Executive Engineer or his authorised agent the
contractor shall have :—

(a) to replace the material removed to excess depth, and consolidate it as in
para. 5 ante, or

~ (b) to fill up the excess depth with new earth, murum or sand, and consolidate
it as in para. 5 ante, or

.- (c) to fill up the excess depth with lime or cement concrete or masonry

as directed by the Executive Enginecr or his authorised agent, without extra
payment for this filling,

5. CARRIAGE.

1. The rates for carriage shall include all cost of loading and unloading in ordinary

oase]:: and also as a rule, of stacking the material in regular heaps on site of
wor
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2. Carriage may be contracted for by weight or bulk at a mileage rate or at
a fixed rate between speoified places. In the former case, the distance shall be
measured by the nearest practicable route.

3. When carts are engaged by the day, the quantity of material to be conveyed,
and the distance to be travelled, or number of trips to be made, will be fixed by the
Exccutive Engineer or his authorised agent. '

" TaBLES FOR ASCERTAINING CosT OF CARRIA: £ BY COOLIES AND CARTS.

Memorandum on Cost of Carriage.

When any quantity of materials of given weight or cubic content (L) has to be
moved to any distance (d), in feet, by a succession of trips of a number of units of
conveyance, whose load in Ibs. or cubic feet is (I), then the cost of transport of (L)
will depend :

1stly, on X, or the proportion of (L) to (I)—that is, the number of unit-loads or
trips of a unit of conveyance, that will be necessary.

2ndly, on Y, or the fraction of a working day, taken by a unit to make one trip
to (d) and back. '

3rdly, on Z, or the hire of a unit of conveyance for a working day.
In fact the cost of transport will==X X Y X Z.
To make tables for all possible values of Z would be beyond the scope of this
memorandum. The following tables, however, give some useful values of Y for
various leads, also of X X Y for a few given values of X or L/l,

The calculation of Y requires the following data :—
M, the number of minutes in a working day.
t, the time in minutes taken to load and unload a unit.
*S, the average speed in feet per minute of a unit.
Tf also for convenience of notation —
T represent the time in minutes taken for a unit to make one trip to (d) and

back ;
N be the number of such trips made in a working day,
then—
9

.2
T =g 4t

MM
AN ==y
g t¢
2 -{;t
24 .
@Y="-_8% -
M M N

*, the average spoed, is the harmonic mean between the observed or known speeds s' 8° of the
298

unit when loaded and unloaded, respectively, i.c, = gt

24

If T be -observed as well as t, then from (1) § = T':T‘
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TABLE I.

COST OF CARRIAGE BY COOLIES.
When unit of conveyance=CooLyY Loap, or I=4} cubic foot.
Data : M=500 minutes, {=4 minute, =200 feet, d as per column 1.

d M T L o1 .
Formuls : T==2s +¢; N=,~r—; Y=ﬁ; X=—l~; Z = daily hire of unit.
Cost of transport of quantity L to d=X X Y X Z. .
8 feet of lift equals 100 feet of lead.
i ' '
| : !
L IL ' IIL Iv. V. L 1L m. | IV, v
| |
% !
. {Fraction |X x Y i Fraction | X X Y
' of a when ' ofa when
Time of | No. of | daytaken| I=%} Time of | No. of lday taken | =1}
Lead or |atrip to | trips to | to make C.F. | Lead or| a trip to |trips to | to make C.F.
distance | dand | dand |one tripto | L=100 |distance} d and | dand lone tripto | L=100
in foet. | back in | back in |[d and back | cubic | infeet. | backin |back in 'd and back| cubic
minutes., a day. | oxpressed 'fect,i.c., 1 minutes. | a day. | expressed [feet, f.e.
! indeci- | X x ¥ ©indeci- { X X Y
| ; mals. |=200Y mals, [=200Y
| )
; i
d T. N Y. XxY d. T. N. Y. XxY
: i
20 *70 | 714 | -0014 28 475 5-25 95 0106 2-10
30 ‘80 6256 0016 -32 500 5-50 91 0110 2:20 .
40 ‘90 | 556 *0018 -36 5256 575 R7 *0115 2-30
50 | 100 | 500 “0020 40 | 550 8-00 83 0120 | 2-40
60 110 | 456 0022 ‘44 575 6-25 80 0125 250
70 1-20 | 417 0024 48 600 650 77 0130 260
80 130 | 385 *0026 -52 625 675 72 0135 270
90 1-40 ! 357 -0028 56 650 7-00 71 0140 2-80
100 1-50 333 0030 <60 875 7-25 a9 0145 2:90
125 1-75 ! 286 0035 70 700 7-50 67 ‘0150 3-00
150 2-00 250 0040 -80 750 8:00 63 -0160 320
175 2-25 ‘ 222 0045 90 800 850 59 ‘0170 3-40
200 2-50 200 +0050 1-00 850 9:00 56 ‘0180 3-60
226 275 | 182 0055 1-10 900 950 53 ‘0190 3-80
250 3-00 | 167 0080 1-20 950 10-00 &0 <0200 4-00
275 325 | 164 -0065 1-30 1000 10-60 48 0210 4:20
300 3-50 I 143 0070 1-40 1050 1100 45 +0220 4-40
325 375 | 133 *0075 1-50 1100 11-60 43 <0230 4-60
350 400 | 125 . -0080 1-60 1150 12-60 42 0240 4-80
376 4:25 | 118 -0085 170 1200 1250 40 0250 5:00
400 4-50 ( 111 0090 1-80 1250 13-00 38 0260 520
426 475 | 106 0095 1-90 1300 13-50 37 0270 5-40
450 - | 5°00 i 100 0100 2-00 1320 1375 36.5 *0276 5560

N. B.—Quantity carried in a day is N unit loads.
Cost of carrying one cooly load to d=Y X hire of cooly ; of 100 C. F. of any
materials is X X Y X hire of cooly.

Example.
What would be the cost of removing 100 c.f. to 600 feet if coolies cost 10 annas
a day ¢
Ans, 2°6 X 10=26 annas.
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TABLE 1I.
COST OF CARRIAGE BY CARTS.

When unit of conveyance=CART LoaDp or I has the values in columns V to XII.
Data : M=540 mmutes t=10 minutes, s=100 feet, d as per col. 1.

Formuls:: T= 5 LAY N=o; Y-%;, X =, 2 = daily hire of uni.
Cost of transport of quantlty :Ltod=X . Y XZ

L | IL IIL 1v. V. VL Vil VoL IX. X X1 XIL
|
I

Fraction
| Tlme No. of [of 8 day X X U FOR UNDERMENTIONED VALUE OF |,
Lead or la tri f:‘(i,p; ::::lf: cfr(:e
distgm:ce t(:i N tri‘[j) ltpmll; L=100 Ci v1c FErT. L=:1 ToN.
in feet. an and bac .
| back I;:o: eXPress-
bin g,y |edin . , . . . . . .
| mi- v |decimals.| lin lin lin lin lin lin lin lin
nutes. C.F. C.F. CF. C.F. C(.F. cwt. owt  cwt.
a | T. | N | Y. 6. T & 9 10 8 9 10.

.

| l
400 | 18 30 0333 556 476 '416! '370! 333 -0825| -0730| <0666
421 | 18-6| 29 0345 *575,  +493 +431:  -383 *345| +0863| -0.66] -0690
482 . 19-6/ 28 0357 595 *510| 446 397 *357| -0895/ -0793; -0714
500 | 20 27 0370 817 -529 *463 411 +370{ -v925| -0826) ‘0740
H40 | 20-8| 26 0384 -640, 549 480  -427 -384] -0960| -0853| -0768

580 | 21-6| 25 0400 ‘666|  -B72]  -500I  -444] -400| 1000/ -0889| -0800
625 | 22-6 24 *0416 -693|  -5694) 5200 -416  -416| -1040] -0925| -0832
675 | 235 23 | -0435 *724 621 *544|  +483  -435| -1087| -0966] -0870
730 | 24-5) 22 0464 157 -649)  -567) -504)  -464| -1135] -1009| -0908
786 | 25-7) 21 -0476 793|680 -595; -520|  -476] -1202 -1068| -0952
850 | 27 20 0500 *833|  -714| 626/ -555¢ +500| -1250{ -1111} 1002
921 | 28-4 19 0526 8770 751 657 584  -526| -1315; -1169) -1050
1,000 | 30 18 05655 925 793 694/ -617)  -535| 1389 -1234 1111
1,088 | 31-8 17 05688 980, -840/ 735 '653' *5%%  +147C| 1307 -1176
1,188 | 33-7| 16 0625 | 1-042 893 -781) -694; -625| -1560| -1300| -1250
1,300 | 36 15 +0666 | 1-111 0521 -8331 '740‘ *666| -1666| -1480[ -1330
1,428 | 38'5 14 0714 | 1-190, 1-020{ -893  -793. -714| -1787| -1590{ -1430
1,675 | 41-o! 13 0769 | 1-282) 1-0990 -9yl -8 54l -769] -1925| 1710 -1540
1,750 | 45 12 0833 | 1-389| 1-190| 1-042! -926! -833| -2080; .1850| -1660
1,955 | 49 11 <0909 | 1-515 1-200f 1-136; 1-010! -909, -2280/ .2020{ -1820
2,200 | 5 10 1000 | 1-666] 1-429| 1 '250l 1-111; 1-000| -2500{ .2220; -2000
2,500 | 60 9 (1111 { 1-852| 1-587| 1-380) 1-23¢ 1-111f -2770; .2470{ -2220
2,675 | 635 8:5| 1176 | 1-960| 1-680| 1 '470§ 1:307] 1-176| -2040{ -2610| -2350
287 | 67°5! 8 *12.0 | 2-083 1-786 1-563: 1-389, 1-250| -3130| -2770| -2500
3,100 | 72 75| -13°3 | 2:222) 1-9C4| 1666, 1-481| 1-033| -3330, -2960, -2660
3,355 | 77 7 °1428 | 2-383; 2-040{ 1-784 1-587| 1-428/ -35060 -3170| -2850
3,653 | 83 6:5| -1538 | 2-5631 2-197) 1:922) 1-709| 1-538) -3840| -3410| -3070
4,000 | 90 () (1666 | 2:777) 2:381f 2-083; 1-852| 1-666| <4170 -3700| °3330
4,425 | 98:5 55| -1818 | 3-030! 2-597) 2 '273l 2:020; 1-818 -4540{ -4030| -3630
4,900 | 108 5 2000 | 3-333 2-857| 2:500, 2-222) 2-000, -5000| -4450| +4000
5,500 | 120 4+5| 2222 | 3-703] 3-174] 2-777; 2-400] 2-222) -5560] -4940| -4440
6,200 | 135 4 +2500 | 4-166| 3-571) 3:125, 2-77%7| 2°500| °6250| -5560| -5000
7,200 | 154 3-5| -2857 | 4°762| 4-082| 3-513: 3-174{ 2-857| -7140| -6340| 5710
8,600 | 180 3 3333 | 5-565; 4-762| 4°-167) 3-704) 3-333| -8330| -7410 6660
10,300 | 216 2:5| -4000| 6-666] 5:714| 5°000| 4-444, 4°000| 1-000! -8800; 8000
13,000 | 270 2 +5000 | 8-333] 7 '143 6:250' 5-665 5°:000;, 1-250; 1-111} 1-1000
17,600 | 360 15| -6666.| 11-111} 9- 524' 8-333| 7-407| 6:666| 1:670 1-480| 1-3330
26,500 | 540 1 1:000 | 16-666| 14-286 12:500| 11-111| 10-000| 2-500 2-220| 2:0000
53,500 1080 05| 2-°000 | 33-333| 28:572 25-000| 22-222| 20°000| & 000| 4:440| 40000

Ezample.
Cost of carrying 100 cubic feet of metal 2,200 feet, if cart hired at Re. 1-8-0 a day,
takes 8 cubic feet as its load=126 X hire of cart per day=1-25 X 1'5=Re. 1-14-0.
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TABLE Il1.

TASK WORK FOR AN 1 XPERIENCED ARTISAN,

Serial

No. .

S WIS O OB

Item.

Ashlar fine
Do. rough-tooled
Do. rock, rustic or quarry-face«l
Do. chamfered
Do. ' facing, rough- tooled .. .
Do.  do. rustic, with cln%el draft
Do. do. chamfered
Block in course v
Coursed rubble, 1st sort
Do. 2nd do.
Do. 3rd do.
Random rubble, 1st sort
Uncoursed rubble masonry
Stone and mud masonry ...
Dry stone masonry
Dry rubble retaining wall ...
Brickwork, 1st class
Do. 2nd do.

Brick and mud work
Honey-comb brickwork
Ashlar in arches
Block in course arching
Rubble arching
Circular or flat brick archwork
Pointing (stonework)
Pointing (brickwork)
Plastering (cement) 2" thick

Do. (lime), 1 coat

Do.  (lime), 2 coats

Do (lime), 3 coats

Do. (lime), rough cast
Stone paving (trap, dressed), 1st sort

Do ( do. ), 2nd do.
Deo. ( do. ), 3rd do.

Brick on edge terracing ...
Flagged or Shahabad stone flooring
Plank ceiling
Cloth do. (including framework)
Fixing roof battens for Mangalore tiles

e ———— e

AND LABOURER, PER DAY,

o e o
o o . .
s v e s e e s

i

i

¢

e e o e e e

20 to

Task.

1}
28
3
a4
4
4}
4
4
9
124
20.
6
25
50
33
25
17
25

c. ft.

»
LR
»
th
3
»
»
3
ER
3
.2
»
t2]
»
”

»

inch brick walls).

1to

25

25
1}
23
6

10 to 12}
66 sq. ft.

50
33
66
33
22

c. ft.

b
9
»
»
»
”
”
»
»
»
EL]
»
2

" @th of these for 9-
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1tem. I Task,

Seriai

40 Fixing roof battens for country tiles 60 sq. ft.
41 Country double tiling . 50 »
42 Do. single tiling 100 .
43 Mangalore tiled covering ... . 100 v
44 Fixing corrugated iron roof covering ... 33 »”
45 | TFixing Mangalore ridge tiles 50 . ft,
46 Valley gutter .. 12) to 168,
47 Door panelled 4’ X 7’ (with frame) ... 10 days.
48 Do. do. and glazed 4’ X 7' (with frame) | 10 "
49 Do. plain planked 2} x 21" (with frame) 4 »
50 Do. battened 4’ x 7" (with frame) ... 7 .
51 Do. venteived 4" X 7' (with {rame) 12 .
52 | Windows glazed 4’ X 5" (with frame) ... 6 ’»
53 | Do. with plank shutters 3’ X 4’ (with frame) | 3 .
54 : Do. glazed and venetianed 4’ X 5 (with frame

f and double shutters) vl 14 o
55 . Teakwood work (framing) ... 2 it
56 Do. do. (joinery) ... 1 »s
57 , Painting, 3 coats 60  sq. ft.
58 Varnishing, 2 coats 100 »
59 Distempering, 2 coats 200 v
60  Whitewashing, 3 coats st 400 ’
61 = Trellis work with frame (hoop iron) ... 50 s
62 Do. do (teak wood) ... 33 ”
63 Do. do. (expanded metal) 50 .
64 ' Ixcavation in black or red soil (lift up to 5 ft. ; lead,

- up to 100 ft.) . % e ft.
65 Do. in soft murum ( do. ) e 50 ».
66 Do.  inaverage murum ( do. ) 35 "
67 . Do. in hard murum ( do. ) a5 "
68 Do.  in soft rock (including removal of stone.

i to a distance of 50 ft.) ... | 16 ”»
69 - Do. in hard rock (trap) (including removal |

' of stones to a distance of 50 ft.) ! 8 .
70 | Breaking metal 14" (trap or granite) ! 10 »
7 | Do. 14" (quartz metal on quarry) | 13 »
72 | Breaking laterite metal 23" ! 20 ’
78 | Conveying of metal by head load. Lead 100 ft. 85 ”
74 b DO. dO. 200 ’Y) -o-; 65 Iy
(I Do. do. 300 ,, .. 50 ”
76 Do do 66¢ , .. 35 »

|
|
|
1
I
i
i

Note.—In recent years, many reasons have -ombined to increase greatly the efficiency of labour,
and in many cases,in work given out on piese work or contract, the turn out is very much higher,
and may be double that given in the table.
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CHAPTER 11—MATERIALS.
Quarrying, blasting with powder and dynamite, and the principal stones.

PRINCIPAL STONES AND QUARRYING.

1. The principal stones used for building purposes in the Bombay Presidency
are :—
BASALTS

Blue Basalt or Trap.—This varies much in quality. The best quality is hard,
of a bright colour, breaking with a clean fracture, and ringing when struck with
a hammer, and is well suited for paving and metalling roads. Weight per cubic
foot about 187 lbs.

Bombay Basalt.—Dark blue trap gives a resistance to crushing of 10,300 Ibs.
and light blue 4,800 lbs. per square inch.

Inferior qualities are often much softer and easier to work, but in a few years
become discoloured and decay rapidly. Stones from boulders sometimes peel after
a few months’ exposure to the weather.

Yellow Basalt, or Kurla stone, is obtained from quarries at Kurla and Malad.
Its resistance to crushing is about 9,840 lbs. per square inch.

Red Basalt.—Obtained at Satri, or from near Talegaon in the Poona district.
SAND STONES

Himmatnagar.—Obtained about 55 miles from Ahmedabad. A moderately
hard, fine-grained, silicious white sandstone. Resistance to crushing, 5,000 lbs.
per square inch. ’

Badami.—Obtained from Alur and Badami quarries. Alur and Badami are
stations on the Gadag-Hotgi branch line, and the quarries are not very far from
the stations. The Alur stone of a pure white colour is much used for arches,
corner stones etc. in the Dharwar and Bijapur districts. It is a fine grained silicious
sand-stone and is obtainable in large sizes. Milestones are prepared from a coloured
variety.

LIME STONES

Porbandar.—A calcareous grit, composed of foraminiferous shells and a few
grains of quartz, joined by solution of shells and re crystallization. Porbandar
stone is to be of fine grain, good colour and free from salt. No stone of doubtful
quality, or of very coarse grain, or with black specks in it to be brought on the work,
and if it has been at any time saturated with sea water, it will be rejected. Care
should be taken to lay it on its natural bed in the work. Resistence to crushing,

2,120 Ibs. per square inch.

Shahabad.—A splendid limestone obtained in layers from 3 inches to 15 inches
thick is found at Shahabad and Tandur.

2. All stone to be sound, free from decay, flaws, cracks, veins or cavities and,
so far as possible, of uniform colour and texture.

3. Blocks required for dimensioned stuff must be quarried true and square,
and as near the dimensions given as possible.
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4. Rubble stone will be as-square and evenly bedded as possible, and in as

large pieces as the quarry will permit consistently with facility of being handled.

No irregularly-shaped or unevenly-bedded pieces shall be permitted, and no stone
shall contain less than } of & cubic foot.

5. In quarrying stone for building purposes there should be as little blasting
as possible, as it shakes the stone besides causing considerable waste. Care should
be taken to cut the blocks so that they can be placed in the work for which they are
intended with their natural beds at right angles to the pressure that will come upon
them.

Granite.—Excellent granite is obtainable in the Nizam's Dominions, Gujarat
and the Southern Maratha (ountry, but it is difficult and expensive to work. The
durability of granite depends upon the quantity of quartz and the nature of the
felspar ; if quartz largely predominates, it will be hard to work, but, unless the
felspar is of a bad description, it will weather well. Mica is easily decomposed,
and it is therefore a source of weakness.

If the mica or felspar contains an excess of lime, iron, or soda, the granite is liable
to decay. The conclusions drawn from a series of careful tests carried out by the
Bombay Port Trust, on Indian granites, in connection with the new docks are as
under.

The Indian samples, with one or two exceptions, are equal to or better than the
standard samples in respect of their compressive strength, resistance to abrasion,
absorption of water, and freedom from voids. In structure therc are two charac-
teristic differences. 1In the first place, none of the Indian samples contains muscovite
or white mica ; in every case the mica is of the dark varicty (biotite) ; in the Aberdeen
or Cornish samples muscovite is prevalent, but is absent in the Norwegian specimen.
The fact that in the Indian granites the mica is solely biotite is not regarded as any
mark of mechanical inferiority. Secondly, the dominant species of felspar in the
standard samples is potash felspar, whercas soda felspar is more abundant in the
Indian samples. The opinion is generally held that potash felspars are more resistant
to weathering than soda felspars, and the Indian granites are in this respect less
excellent than the standard samples. But having regard to the fact that a series of
corrosion tests of a somewhat severe kind have been successfully resisted by the
Indian specimens, it is considered that the deviation from the composition usually
approved is not of serious significance. :

. The order of merit of the granite samples is indicated in table IV,

Laterite.—A clay-stone impregnated with iron in the form of red and yellow
ochres, with a perforated and cellular structure, is obtained in Belgaum, Ratnagiri,
Kanara, Dharwar and Mahabaleshwar. It is very easy to work, but care is required
in selection of stone, as the inferior sorts, containing much clay, do not harden when
exposed to the weather. The best varieties are those that are rich in red oxide of
iron (Hematite, Fe; O3).

-

Laterite should be compact in texture, and the mottled and streaked colours
vading it should not be very unevenly distributed. Those descriptions in which
white clay occurs, should not be used as building material. Laterite being benefited
by long exposure, should never be used when freshly quarried, especially from any
depth. It should not be used where subject to.any. great pressure, and liable to be
soaked with water. . C . ;

-{'S
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TABLE 1V,

B

OLTIMATE STRENGTH OF DIFFERENT STONES TO RESIST CRUSHING.

: ! Weight | Absorp- Crusll:]ing
g | - per cubic | tion strength tons
Descripticn. ( Sourco. foot |per cent. por square Remarks.
i in lbs. | volume. foot. |
| . | _
Traps.
Dark grey close grained; Kole Kalyan 1884 ‘ 075 3,190
trap. " (Thana).
I
Light brown trap .... Kurla 146°4 09 1,708
Dark grey coarse trap ...| Satri 196-8 0-23 1,464
Dark grey fine grained| Kurla 1765 20 1,078
Tap.
Ve ry dark blue grey trap, Anik 186°8 0-39 1,479
Very dark grey trap, Ghatkopar 187°1 0-00 1,765
coarse toxture.
Very fine grey bluo trap Bhandup 1892 0-00 2,475
Dark blue trap Danda 179-8 0°Co 3,675
Ordinary dark bluo tmp Bombay L e 656
Ordinary light blue trap, Do. Lo 309 !
Ordinary yellow trap . Kurla i 633 ;
Reddish trap full of amyg: Poona District : 306 !
dales. | N
Ordinary grey trap .. Do. e 426 |
Dark groy trap fino and| Do. - 507 |
uniform graincd, froe’ | i
from anygdales. ) :
Trap stonos k Chinchwad (Poona), 426
Graniles.
i
Granite (standard) ...l Aberdeen 164°¢ | 016 | 1,80 )
. .... Cornish 165 ¢ 041 1,402
Do. ve.j Norwegian | 166 034 1,870
Granite (specimen A) ...| Raichur, Decean| 165-75 | 0-26 2,427 (3)
Hyderabad. 8
Do. ( » B .. Do. 1663 | 0°10 | 2,085(2) | %
Do. ( » OC) . Do. .| 168 0-11 | 2444(1) | §|  Bost.
Do. ( . A) .. Muirbad, Dec.! 164-4 | 0-21 | 1,806(6) | &
: can Hydcrabad.! 5
Do. ( 4, B .M Do. w165 0-14 | 2,048(3) | »
Granite oo Shivapuram, Dec- 164 0-11 1,504 (7) }E
can IHyderabad. g
Granite ( » A) .. Khanapur, Bel- 1645 0-21 2,484 (4) |2
gaum District. ' ]
Do. ( » B .. Do. .18 0-18 | 2,012 (4)
Granite ...l Nagargalli,  Bel-, 167 0-156 1,870 (6) g
gaum District. |
Granite (5 A) .. Karwar, Kanaral 165'4 | 0:35 | 2,271(5)
District. i
Do. ( o, B) .. Do. e 164-4 1-11 | 1,303 (8) J Decayed
R . and friable
; and weak.
Do. ( » A) .Godhra  (Panch| 165 018 |  1,606°4
Mabals). 1
Do. ( »  B) Do. 1656 0-11. 1,660°4
Do. ( »  C) .l Do. 1656 0-20 1,820°8
Granitoe v Pallevarem (Mad-| 179 0-29 1,410 Charnokite
ras). (not a true
Gr.eiss o oreese 164 to 167 ... 203 to 1,602 granito),
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TABLE IV—conid,

1 1
i |
I i Weight [Absorp- | Crushing !
Description. } Source. per cubic. | tion strength tons |
! foot  |per cent. persquare | Remarks.
! inlbs. |volume. | foot. |
| | |
Limestones, ; | ‘
Limestcne (Miliolite) } Porebunder . .. 136 .
Limestone - Do o 11047 5-19 155 . Loses 47 per
i i : ! cent. of
! g ! " strength
i ; when tho-
i . " roughly
Sandstones. j ) wet.
Silicoous white sandstone| Himmatnagar ..., 321
Calcareous sandstone ..., Dhrangadra | . 366
Sandstone strong . esenes . ! 3563 .
Laterite ...| West coast l ee ' 17°3t029°3 Losea consi-
| ! . derably in
i ' strength on
| ' b e c oming
| wet, de-
i pending on
! the amount
| | of clay con-
' : tained in
| : the stone.
Gcod laterite (ferruginous) . 673
Pot stone strong ...| Mysore and Dhar-i ve 3402 to 4578
war. . !
Red porphyry (oma.' Mysore 1,142 to 1,833
mental stone). ’ .
‘‘Slates” (black lime.| Cuddapah 2 187°6 e ' 1,008 to 1,671
stono). i \
t i !

Note.—Rubble masonry, ahout four-tenths of cut stone.
For weights of buiiding materials, eto., vilr Page 90,
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TABLE V.

AVERAGE CRUSHING STRENGTH OF BUILDING STONES.*

Coarse porphyritic granites average ‘700 tons

Medium grained granites . 1,000 tons
Fine grained granites v 800 tons
Doleritic basalts v 1,000 tons
Ordinary Deccan traps ” 400 tons
to 500 tons

Epidiortes and diorites v 1,500 tons
Sandstones, coarse, hard . 600 tons
Sandstones, medium to

fine, hard ’ 400 tons
Marble, coarse to medium ’ 80 tons
Marble, fine to medium ' 300 tons
Limestones, hard . 400 tons
Limestones, soft or 6olitic . 100 tons
Slate, fine hard ’ 800 tons
Clay slate, hard ' 600 tons
Clay slate, normal . 400 tons
Brick, good ' 100 tons
Cement (neat) . 350 tons
Concrete, (cement) 1: 2: 4,

6 to 10 months old » 180 tons
Cement mortar 1 to 3

months old " 150 tons
Brick work, in cement ' 50 tons
Lime mortar ’s 40 tons
Brick work, ordinary » 25 tons

per
”
”

”»

»

8q. ft.

”

»

”»
»
29
»

15

N.R.—The pressure applied perpendicular to the plane of foliation, bedding or lamination. Stones
%enemlly begin to crack or split under about } their crushing loads. In practice, neither stone nor
rickwork should be trusted with more than 45 to J; of the crushing load, according to ciroumstances.

*Fresh undecomposed specimens only.
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TABLE VI.

STONE BEAMS.

Table of safe dead extraneous loads for heams of-good building granite, one inch
broad, supported at both ends and loaded at the centre. , Factor of safety 10.-
Weight of beams allowed for at 170 Ibs. per c.ft.

DEPTHM IN

CLEAR SPANS IN FEET.

10888 5441 ' 3624 2714 2168 | 1803 | 1842 K 1345

N |
| |
1 |213l4i5 6 1,8 |10, 1215w
. ] ] I ! I
SAFE CENTRE LOADS IN POUNDS.
—_ —_— v e e
E’a X I I , 1
' | | ' !
10 O O P OO IR
0 , 20 13 10] o e e el .
90 51 29| 210 17| o i | e e e |
60 | 79| 62| 39 31| 2 21, ... .. .. o .

260 124 82 611 48 40 34 .. .
360 179 | 119 89 70 58 48 42, 32 | v .
490 ° 244 | 162 | 120 96 79 67 b8 45 36 27 16
639 319 | 212} 158 | 1268 104 88 76 59 47 36 22
999 499 | 331 | 248 | 197 | 163 139! 120 o4 76 58 38
1439 718 | 478 | 357 ' 284 | 236, 201 174 | 187 111 85 53
1959 978 | 650 | 4871 388 | 322 274 238 183, 153 118 81

!
1
2569 1278 | 850 | 636 507 | 421 | 350 | 312 246, 201 157 | 109
3239 1618 | 1077 | 806 643 | 534 [ 455 | 396 l 313 | 257 200! 141
3999 1998 | 1329 | 995 794 | 660 | 563 | 490, 388 | 319 249 | 176

4839 2417 | 1609 | 1205 | 961 $00 | 682 | 594 | 470 | 387 303 | 216
5768 2877 | 1918 | 1434 | 1145 951 | 813 | 708 | 562 | 463 362 | 260
7288 3642 | 2425 1815 1450 | 1205 iga'zg 898 \ 713 | 688 462 | 332
8098 4496 | 2995 2243 1791 | 1489 1110 | 882 | 728 573 | 416
1069 | 883 696 | 505

Lo : 12068 ' 6476 | 4314 | 3231 | 2581 | 2147 | 1836 | 1603 | 1275 1054 832 | 008
Note.— 1. If uniformly distributed over the clear span, the safe oxtraneous loads will very

nearly be twice as great as thoso in tho table.

2. To find the bearing strongth of a slab, multiply the figures in the table by the width
of the slab in inches,

3. In the above table the breaking load for a beam one inch square, and onoe foot clear
span is taken to be 100 lbs. concentrated at the centre,

4. For good slate on bed the safe loads may be taken at about 3 timos ;

5. For good sandstono on bed at about }; and

6. For good marble or limestone on bed at about the samo as those in the table.
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BLASTING WITH POWDER.

1. Blasting operations must be in charge of competent persons and be carried
cnt during fized hours of the day, preferably during the midday luncheon hour or at
thg close of the work. The Sub-divisional offer should ‘fix the hours in written
orders.

2. Red danger flags should be prominently displayed and all the people, except
those who have actually to light the fuses, must be removed to a safe distance, not
lesl? than 200 yards as a rule. For special cases, suitable extra precautions must be
taken.

3. All fuses must be cut to the lengths required before being inserted into the
holes.

4. The number of charges to be fired and the actual number of shots heard, must
be compared, and the person responsible must satisfy himself by examination that all
the charges have exploded, before work-people are permitted to approach the scene.
The withdrawal of a charge which has not exploded is under no circumstances to be
permitted ; but the tamping and charge should be flooded with water, and the hole
marked in a distinguishing manner. Another hole should be jumped at a distance of
about 18 inches from the old hole and fired in the usual way. The results to be
carefully examined by the person in charge of the blasting, and the operation continu-
ed, until the original charge is exploded.

5. Where it is not practicable for the subordinate in charge to supervise the
blasting operations in person, select men from amongst the quarrymen, should be
appointed as special muledams to supervise the operations.

6. In the case of works executed by contract, the contractor or any competent
person the contractor may place in charge of hlasting operations shall be held res-
ponsible for strictly observing the rules.

7. A copy of the rules in English and in the appropriate Vernacular must be
posted in a conspicuous position on each work, and the contractors must initial the
copy of the orders, which should be shown to them when they receive orders to
commence work.

8. All sub-divisional officers must sce that these orders are carried out strictly,
and they will also be held responsible for the safe custody and storage of the powder
or dynamite or other cxplosives brought for use on the work.

9 Blasting powder when stored in a Government magazine or issued for the
work must be kept separate from the fuses and detonators.

NOTES ON DYNAMITE.

1. Dynamite is procurable made up in cartridges of two kinds—one % inch
diameter, 3} inches long, each weighing 2 ounces ; the other 1 inch in diameter, 3}
inches long, each weighing 2} ounces. The cartridges are made up in 5-1b. packages,
and 10 of these packages are packed in a wooden case. A ton of dynamite = 2,606
Ths, .

2. Dynamite is exploded by means of detonators, which are procurable in tin
boxes and are laid in sawdust, which should be blown out with a dry blow of the
mouth before using. A detonator consists of a capsule containing an explosive

M0-3 Bk T 1—2
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priming substance, and its purpose is to set off a high explosive. Mercury fulminate,
still remains the principal ingredient of most detonators.

The contact between the lgtonator and the explosive should be as close as possible,
as even a space interval of 0°04” greatly diminishes the effect.

The most common types of detonators in use, are blasting caps, and electric blasting
caps.

Blasting caps are fixed by means of a safety fuse. For ordinary quarry work
a medium grade fuse is satisfactory. The rate of burning of the fuse must be
definitely known to permit such a length being cut as will permit sufficient time to
firer to reach safety.

One end of a Bickford’s fuse cut square is pushed into the detonator till it touches
the white fulminate within it. The open end of the cap is then pinched with
pincers to grip the fuse, care being taken not to break the powder core of the fuse
by pinching too tightly. If the detonator is to be used in damp or wet places the
junction should be made water-tight with grease, white lead or tar. A primer
i.e. a dynamite cartridge used for priming, is then opened at one end, and the
detonator gently pushed into the dynamite, leaving about 4rd of the copper tube
exposed outside. The paper of the cartridge is then closed up and securely bound
with wire or twine to prevent dislocation of the detonator. Avoid pushing the
detonator too far into the cartridge, otherwise there is a risk of the fuse burning up
the cartridge releasing fumes.

The premier (that is the cartridge with the detonator and attached fuse), is then
gently inserted on the top of the charge. The space for about 8 inches above the
charge is then gently filled with dry clay pressed home and the rest of the tamping
is formed of any convenient material gently packed with a weoden rammer.

3. In blasting rocks with dynamite, the following general principles should be
observed :—

The mode of proceeding is very much the same as for powder, but the holes
should be further apart, of similar depth but of smaller diameter. The following
are the diameters of drills used for different depths of bore hole :-~

From 3 to 6 feet ... 1 inchin diameter,
» Otoll ... 1} to 2 inches ,,
» 11 to 15} , e 2t0 2}, .

The depth of the bore hole should be about the same as length of the line of least
resistance, and, if possible, the bottom of the holes should never descend below the
face of the rock. The bore holes should generally be not more than 5 feet doep,
and the distances apart should be from one and & half to twice their depth.

If the req'uired charge is so great that it cannot be held in a hole 5 feet deep,
two or more holes should be made close together, the total charge being slightly
increased, and all charges exploded simultaneously.

Cracks and fissures in the rock to be blasted, should be carefully studied to
ascertain the best position for the bore holes. The charge should always be placad
in a sound piece of rock and if possible, not nearer to a crack than 1 foot,
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If it is desired to shatter rock, close connection between the dynamite and the
rock is essential, and points of contact should be multiplied as much as possible.
For this reason, several bore holes of moderate diameters, are preferable to one hole
of a large diameter.

In case of a gently sloping rock with no face, dy.amite should be used very much
as powder is, only with fewer and shallower bore holes. As the line of least resist-
ance is not so important in dynamite as in powder, the necessity for sloping the
holes is not so great. But if a face is required on an almost level rock, sloping holes
must be used.

4. Tamping.-—Water, sand, and clay, are the best materials {or tamping, the
first two being the easiest to use. Soft muram is also suitable. 1f water is used,
the junction of the fuse with the detonator must be made water-tight. This can be
done by means of coal tar thickened with quicklime. A piece of cloth can then be
wrapped round the joint and kept in position with a few turns of yarn. In case of
a mis-fire with clay tamping, the old charge must not be removed, but a fresh hole
should be bored not less than 6 inches from the old one, loaded and fired in the usual
way. The explosion of the charge in the new hole will almost always explode the
first charge. Should the first hole be of considerable depth, t will only be necessary
to make the new hole 6 inches lower than the top of dynamite in the old hole.

5. When dynamite is used for blasting, the person in charge must himself
superintend the loading of the holes and must see that all charges have exploded.

6. Other directions, same as described for ““ blasting, with powder ”.

7. Charges.—In calculating the charges required to blast rocks the following
formula should be used :—

W, Explosive charge in ounces avoirdupois == A X2 4 B X3 where A and B
arc co-efficients to be determined by direct expecience, and z is the line of least
resistance, s.e., the distance from the centre of the charge to the nearest surface of
the rock.

Table VII gives charges for gneiss rocks under the conditions assumed.

Mo Bk T1—2g
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TABLE

Exprosive charges of dynamite in ounces avoirdupois to blast gneiss rocks
W=charge in ounces == AX? -+ B X? for solid rock—for boulders by

ILLUSTRATI )NS,
]
Solid
attachod
rocks.
Explostve
employed. :
!
i .
Diflerent | Only oue face and that not X
couditions |  clear : footings of rock Only one clear face, bottom
of rock requiriug bore-hnles to be of bore-hole betng above Two clear faces,
blastiug. below bottom of face., foot of tacn of rock.
Fowria
WITH W=A (%) +B (%) We=A (23) + B (23) W =A (£%)+B (23)
VAKYING A=1: B=} A=$;: B} A=%,:B=}
CO-EFF1~ W =Charge in ounces, W =Chage in ounces, W —( harge In onnces,
CIENTS.
|
|
Explostve charges, Explosive charges, I Lxploalve charges,
LINE OF )
LEAST RE-
SISTANCE !
ORL.L.R.! Avolrdupols, |Fractionof| Avoirdupols. [Fractivn of | Avetrdupols, ' Fiaction of
IN LINEAL x3 in Ib. x2inlb, | x3intb,
FEET. |
T !
]
Oz, Ibs, Oz,  Ibs Oz, I ;
(1 11X o8 H S i 3 *03 15
14 3 17 ;, 1} *09 € 1% -08 1z
2 6} 33 . 3 ‘19 g 2} 16 Y
2% 9 56 3 5t 33 T 4% 27 1]
3 134 a4 ¥ 83 b2 xt 7 ‘43 i
3 | 193 121 s 128 78 5 10 ‘61 }s
4 283 1°68 iz 17%  1°09 v 14 *86 3
44 3% 221 1, 233 148 3 18% 1°18 -+
Noble’s 5 46 2789 is 31} 108 ,,; 24} 153 24
dynamite | B} 58 863 i 404 252 ¥ 31 1°04 =%
No. 1. 8 2 45 T 51 310 ix 39 244 »t
6 | .. . . 63F 89 b el 301 »t
7 . . . 78 48 b 59 3-66 »
™. . . 9% 586 3 7 440 Y
8 . . . nz 700 rt 84 b2 ¥
8 . . . 138 828 v+ 09 614 .
9 . . . 156 o7 ¥ 15 7'18 by
of . . . 181 11°28 b 183 830 T
U . . . 200 13-01 » 133 9°54 it
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Vil

under the various conditions shown. Charges calculated from the formula:
ounces to square feet of least vertical section.

| LLUSTRATIONS,
, |
Dynamite |Dynamite
Loose latd on Iuid on
deteched irock with frock and
rocks, no bure- |exploded
i holeand | without
| covered | being
| with clay, | covered.
i ete,
e A \\\\ i
M & \\\\\\\\§\ - I | Vertlcal hole | )
AU B Ditterent | bored In de- | Several vertical
- N / conditlons | tached bould- | Vertical hole | tore-holes { height
W of bould- | ertoproper | boredihelght: of rock in depth
er Llast- | depth.fo.—% of rock in and 2 feet apart,
ing. heizht of depth.
rock. | , .
Three clear faces. : I !
¢ |
We=Ax2 Bx3
A=i: B=ik BouL- EXVLOSIVE CLARGES OF DYN \MITE IN OUNCES
W =Charge in ounces. DERS. ' AVOIRDU OIS,
- - |
Explosive charees ! ‘I'vo oun- | Four gun-
[ AREA OF |ONE ounce of One ounee of Oge ounce of co of ©.8 of
LEAST DYNAMITEt0 | DYNAMITEte  DYNAMITE to every | nYNAMITE | I'YNAMITE
VERTICAI | 2very 4 squore| every 2 square | syuare foot of to every to every
Tract'on of | SECTION feet of fuet ot ] lcast vertical squaro fynare
Avolrduposs. X3 fnlb, [IN SQUARE | least vertical least vertical section. foot \ foot
FEET. seetion. section, l ofleast | of least
l vertical | vertical
| soction. sectinn,
| | .
l |
Ozs. | ibs. 8q. ft. Ozs. Oz, : 0zs. Ozs. Or>, .
3 .03 ) .. e i e . .
1 .08 s 2 ¥ 1 2 4 8
2 18 3 ¢ 1 2 | 4 8 18
31 %0 v 8 2 4 8 16 a2
5 .81 g 12 3 6 12 24 48
bt 45 ] 16 4 8 16 32 64
10 .63 ; : 20 5 10 20 40 80
13% .88 - 24 [ ) 12 i 24 438 96
174 | 1.08 The 28 7 ; 1" 28 (1] 112
2 1.88 tir 32 8 t 16 32 61 i28
27 | 1.72 gy 36 o ! 18 36 | 7 144
34 2.10 Tie . 40 10 | 20 40 80 160
41 .56 it 4 a1 ! 22 44 88 178
45 3.06 1k 48 12 ‘ o4 48 26 182
58 3.62 o 60 15 i 2 . 60 120 240
8 4.25 - 70 17% 35 70 140 280
H 4.04 oy 80 2 ! 40 80 160 320
n 5.60 e 20 20 | 45 90 186 360
104 6.50 - 100 25 i 50 100 200 400
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Lata for blastiny 100 cubic fect of Rock.

Rs. a. p.
1 Ib. of dynamite @ Rs. 2-4-0 per Ib. . 2 4 ¢
4 men boring @ Rs. 1-2-O cach ... e 480
4} coolies removing rock @ As. 10 ... .. 213 0

after blasting

6 running feet fuse @ As. 12 per 24 feet .. 030
3% detonators . 0 25
Sundries
Carriage
8. The following articles are required for this work :—

Rs. a. p.
Noble’s No. 1 dynawite, per lb. e 2 40
Treble detonators, per box of 100 . 4 40
Nippers for fastening detonator Qannasto 3 0 O
Red tape, safety fuse, per coil of 24 feet .. 012 0
Or white tape do. do. .. 1.0 0

RULES FOR BLASTING WITH DYNAMITE AND OTHER
HIGH EXPLOSIVES.

I.—The jamadar in charge, hereafter mentioned as the jamadar. must show that
he is thoroughly acquainted with all blasting operations, and that he understands
the rules herewith laid down. He will be held responsible for any accident that
may occur.

‘II.—Bore holes must be of such a size that the cartridge can easily pass down
them.

ITI.—The position of all holes to be drilled must be marked out with white paint
thus®, and the jamadar must take particular note of these positions.

IV.—The drilling operations being finished, the jamadar must make a sccond

inspection and satisfy himself that the bore holes marked out by him have
been drilled.

V.—The jamadar himself must prepare all charges necessary for the bore holes.

VI.—Only ten holes may be loaded and fired at one time, and the charges should
be fired as far as practicable successively and not simultaneously. Bore holes
must be thoroughly cleaned before a cartridge is inserted.



MATERIALS 23

The loading is to be done by the jamadar himself, and the position of the charge
holes carefully noted by him. Wooden tamying rods only to be used in charging
holes (not pointed but cylindrical throughout): one cartridge at a time must be
inserted and gently pressed home with the t.:.aping rod.

VII.—Immediately before firing a blast, due warning must be given and the
jamadar must see that all the coolies have retired to safety.

VIII.—The safety fuses of the charged holes are to be lighted in the presence of the
jamadar, who must sce that the fuses of the holes charged have properly ignited.

IX.—-Careful count must be kept by the jamadar and others of each blast as it
cxplodes.

X. After the blast, the jamadar must carefully inspect the work and satisfy
himself that all the charges have exploded.

X1 Missfires.—Missfires arc a source of great danger. If it is suspected that part
of the blast failed to fire or is delayed, allow sufficient time to elapse before entering
the danger zone. When fuse and blasting caps are used, a safe time, at least an hour
should be allowed.

XII.—None of the drillers arc to work near this hole until one of the two following
operations have been done by the jamadar.

XIII.—(¢) Either the jamadar should very carefully (when the tamping is of
damp clay) extract the tamping with a wooden scraper and withdraw the fuse with
the primer and detonator attached, after which a fresh primer and detonator with
fuse should be placed in this hole and fired ; or

(#7) the hole may be cleared of one foot of tamping and the direction then be
ascertained by placing a stick in hole.  Another hole may then be drilled 6” away and
parallel to it ; this hole to be then charged and fired, when tu> other charge should
explode.

X1V.— Before leaving bis work, the jamadar should inform the jamadar of the
relieving shift of any case of miss-fire, and should point out the position of the red
cross denoting the same, also stating what action, if any, he has taken in the matter.

XV.—The jamadar should also at once report at the office all cases of miss-fire,
the cause of the same, and what steps were taken in connection therewith.
XVI.— Names of night and day shift jamadars, must be sent in daily to the office.

Precaution a.gai'nst miss-fire.
1. The safety fusc (lighting end) should be cut in an oblique direction, with a knife.

2. All saw-dust must be cleared from the inside of the detonator ; this can be
done by blowing down the detonator and tapping the open end. No instrument
must be inserted into the detonator for this purpose.

3. After inserting the fuso in the detonator, it should be fixed by means of the
nippers.

4. If there is water present, or if the bore hole be damp, the junction of the fuse
and detonator must be made water-tight by means of tough grease, white lead or
tar.

5. The detonator should be inserted into the cartridge, so that about one-third
of the copper tube is left exposed outside the explosive. The safety fuse outside
the detonator, should be securely tied in position in the cartridge. Waterproof
fuse only to be used in damp bore holes, or when water is present in the bore hole.

6. If a miss-fire has been found to be due to defective fuse. detonator, or dynamite,
the whole quantity or box from which the defective article was taken, must be
returned to the office for inspection.
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GENERAL RULES TO BE OBSERVED IN EXPLOSIVES MAGAZINES
OWNED BY GOVERNMENT.

1. The magazine sh({uld at all times be kept scrupulously clean. High explosives
like dynamite should be stored in a dry, clean, well-ventilated, bullet proof and
fireproof building, on an isolated site. .

2. No unauthorized person is at any time to be admitted into the magazine.
3. The person in charge of the magazine is to take care that the magazine is well
and securely locked.

4. The magazine is on no account to be opered during, or on the approach of,
a thunderstorm, and no person should remain in the vicinity of the magazine
during such storm.

5. Magazine shoes without nails should be kept at all times in the magazine,
and a wood tub or cement trough, about one foot high and eigk$zen inches in diameter,
filled with water should be fixed near the door of the magazine.

6. Persuns entering the magazine, must put on the maguzine shoes provided for

the purpose, and be careful—

(@) not to put their feet on the clean floor unless they have the magazine
shoes on ;

(b) not to allow the magazine shoes to touch the ground outside the clean floor ;

(c) not to allow any dirt or grit to fall on the clean floor.

7. Persons with bare feet will, before entering the magazine, dip their feet in
water, and then step direct from the tub over the barrier (if there is onc), on to the
clean floor.

8. A brush or broom should be kept in the lobby of the magazine, for cleaning
out the magazine on each occasion it is opened, for the receipt delivery or inspection
of explosives.

9. No matches or inflammable materials should be allowed in a magazine. Light
should be obtained from an electric storage battery lantern.
-

10. No person having articles of steel or iron on him is to be allowed to enter the
magazine.

11. Oily cotton rags, waste, and articles liable to spontaneous iguition, should
not be taken into the magazine.

12 Workmen or menials should be examined before they enter the magazine to
see that they have none of the articles mentioned in rules 9, 10 and 11 on their person.
All other persons shall have no such articles on their persoi.

13. No tools or implements other than those of copper, brass, gunmetal or wood
should be allowed inside the magazine. Tools should only be used with great gentle-
ness and care.

14. Boxes of explosives should not be thrown down or dragged along the floor,
and should be stacked on wooden trestles. Where there are white ants, the legs of
the trestles should rest in shallow copper, lead or brass bowls containing water. In
hot countries open boxes of dynamite should never be exposed to the direct rays of
the sun,
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15. Empty boxes should not be kept in the magazine, nor any loose packirg
material.

16. If the magazine has a lighting conducto: it should Le tested at least once
a year.

17. Blasting caps and electric blasting caps should never be stored in the same
box, magazine or building with other explosives.

18. The following should be hung up in the lobby of the magazine :—
(@) A copy of these rules.

(b) A statement showing the stock in the magazine.
(c) Certificate showing the last date of testing of the lightning conductor.

Note.—Tn order to prevent accidents full precautions for the security and efficient supervision

of magazines should be adopted, and the above general rules have been framed for this
purpose.

2. Theso rales do not apply to--

(/) Magazines used for storage of ammunuition only (such as Police and Jail magazines and those
helonging to Volunteer and District Levy Corps), or
(¢/) Magazines in which tho explosives stored do not cxceed the quantitios shown helow :—
(1) Sixty pounds of any explosive, not being a fulminate, or
(%) two hundred pounds in all of gnnpowder and small arm nitro-compounds, or
(c) two hundred pounds of maaufactured fireworks, or

(1) sixty pounds in all of gunpowder, small arm nitro-compounds and manufactured firoworks.
3. All magazines which contuin more than 250 Ibs. of high explosives should be inspected at least
twice a year by the officer in direct charge thercof and other magnzines ot loast once & year. Kich
explosives arc those which are habitually lived by detonation and used whero a destructive rather than
a propellent effect is aimed at, and include such explosives as—

Blasting (elatine, Carbonite, Celtite, Dynamite, Gelignite, Monobel Powder, Pheenix Powder,
Negro Powder, Rohwurite, Tonite an'l Ammonal,
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TIMBER.

1, The principal uses and strengths of the important timbers in the Bombay
Presidency are' given in the following tables and in the notes :—

TABLE VIII.
STRENGTH AND WEIGHT 0F SoME TIMBERS.

i !
! l ! Constant
: | I I of sbrength,
. | Wt.in | Cooff. | in Ihs.,i.c.,j Ropre-
| : I lbs.of a | of the concon-'  sonta-
. [ e ft.of | clasticity | tratod load !  tive
No. | Local names. i Botanicalnames, |scasonoed | lbs.per | atcontrs . fig. of
: ! i wood. ! sq.inch, | that would fissibi-
§ | i break a ' lity.
' W b ! ipieco 17 1”
: | supported
. : ) 11 ft. apart
| ‘= ‘ P
1 2 3 Lo 5 6 7
i
e e e IR
1 ! Ain (M), Matti (K), Terminulia  tomen-| 53 to 60 4,412 S64 328
| Sagada (G). . tosa. !
2 ' Anjan ... Hardwickia binata : 82 4,579 G2
. . | ‘
3 " Arjun (M), Helematti Terminalia Arjuna ...} 54 4,004 $20
(K). ; | ‘
4 Babul (M), Jali (K) Acacia arabica } 54 to 59 +111 876
5 Ber. The Jujubo tree Zizyphus Jujuba o ) 48 3,584 383
6 i Bilimatti (K), Kin- Terminalia pani-’ 58 3,117 588
i dal (M). © culata, )
7 | Bilidevdari (K), Dysoxylun mala- 48 4,140 668
White cedar. * baricum. i
8 ; Chanan-i (K, Kala.! Lagerstroemnia parvi-! 48 to 52 4,120 008 3-62
ria (G), Bonda. l flora. ' :
9  Dhamani (M), Dad-| Grewia tilliaefolia ... 45 2,876 803
o sal (K). | ! :
10 l Dhupada (K) ' Vateria indica 47. . 3,120 I 428
i i : ‘
11 | Golden Teakin .. Hopea odorata  ...! 48 . 4,010 833
' : |
12 | Haiga ...l Hopea Wightiana ... 65 oo 830
b i
13 | Heddi (K), Haldu; Adina cordifolia ... 45 616 ' 367
(M), Haladwan (G), i
Honangi. : '
14 | Honne (K), Biblai Pterocarpus Marsup-| 46 to 56 3,300 752 : 11-33
(M), Bia (G). pium,
15 | Ippi (K} ... Dassia longifolia ...| 60 to 63 .| 3,174 T30 |
. |
16 | Jack ...| Artocarpus integriplis 33 oeres 378 .
17 | Jamba (K), Iron-| Xylia sylocarpa  ...| 58 to 69 3,400 653
wood, .
18 | Jambul (M), Nerale Fugenia Jambolana 47 v 585 e
(K), Black plum.
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TABLE VIII-—contd.
N - | _
| i i !
; ! i Constant |
[ | !of strongth
| Wt in Coolf. inlbs.t.e. | R pre-
" lbs. . fa of the concen-| sentative
. c. ft. of | elasticity | trated load| fig. of
No. Local names. Botanical names. scasonod | 1lbs. per | at centre | fissibi.
. wood. ‘sq. inch. [thatwould | lity.
' break a
! w | E piece 17x 17
i i | supported !
' ! I 1 t. apart.,
i i | S i
1 2 3 ! 4 5 6 | 7
e i | ! .
- OO N S | [—
! ! . :
19 | Kelamb (M), Kada-' Stephegyne pnrvifoliu: 42 ! 664 | .
wa (K). ' i . . ;
i ) 3 X
20 | Karimuttal (K), Te-' Qugeinia dnlbergioi-i 56 ! i 835 | 4478
wag (M). " des, | l ,’
N | i !
21 | Khair, Tke cuteh: Acacia Catechn 66 | . 847 1 298
| tree. . ! ‘ :
22 Mango . Mangifera indica 42 I 3,710 I 632
. ! | i
23 | Mashwal! (K), S:ttiul Chloroxylon Swicte-: 60 ;4163 870 1 10-23
wood. ' mnia. k | |
! . | . , |
24 | Mohwa (M) .. Bassia latifolia (114 ‘ 3,420 i 700 I ..
i ! ' i
25 | Nagasampige (K) ...) Mesua ferrea “et 0 5,000 3 1,010 | -
. ‘: |
26 | Nandi(K), Nana (;\l),; Lagerstromia lan-. 44 2,438 695 | .
Benteak. i cedata i |
H i 1
27 | Nim Melin  Azaderachta,’ 30 . 2,516 506 ..
i Melia indica. i ! '
28 1 Owli (M), Bakul (K), Mimusops Elengi 61 , 3,653 632
Borsali (G). ’ ‘ ; -
‘ ! i .
29 | Rayani (G) ..., Mimusops hexandra, 000 3,948 O
i ; i i
30 | Sawari (M), The cot- Bombax  malabari-, 23 i ‘ 630 584
ton tree. i cunt, , : i i
31 | Shiwani {K) ...} Gmelina arborea ... 31 3,430 588 | 6-17
32 | Siris, Indian Walnut.| Albiszia Lebbok .| 65 | 3,602 2
| .
33 | Shisham Blackwood| Dalbergia latifolia ..., 40 to 50 765 | 14-00
. | N i
34 | Sissu, Tali (8) .' Dalbergia ¥issoo - 50 4,022 807 : 8-00
! i - |
35 | Surhonne, Shrihonne; Calophyllum  tomen- 36 4,250 825 ‘ .
(K), Poon Spar tree.| tosum. l
36 | Tamarind, Hunase| Tamarindus indica 79 3,145 864 ‘ .
(K), Chinch (M). L . i
37 | Teak, Sagwan (K) ...| Tectona grandis ... 41 to 45 3,978 683 ‘ 175
38 | Tun, Tippa devdar| Cedrela Toona 31 2,684 560 | 4025
(K), Red ceder. '
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1. Ain (Termiralia Tomentosa).—Wood of a reddish brown colour, hard, heavy,
durable under water, ra.ner coarse in fibre, and difficult to work. In seasoning,
the grain is apt to open. Requires 12 to 15 months to season ; is not readily touched
by white ants. It makes an excellent fuel and forms good charcoal. The timber
Lias a remarkable power of absorbing water rapidly, and consequently it takes
creosote oils well, a fact that should make it a useful long service sleeper when so
treated. It makes fine furniture. A large tree.

2. Anjan (Hardwickia binata).—A large trce growing in the Godavary forests and
elsewhere, very tall and straight. The wood is dark coloured, heavy, and of
excellent quality for posts. 1t is very difficult to work, is liable to split, but does
not warp. This is perhaps the hardest and heaviest wood to be found in India.
Khandesh and Dharwar grow it. Kxcellent when hard wood bearings for
machinery are required.

3. Arjun (Terminalia Arjuna). A large tree widely diffused, often found in
company with teak, and growing to a very large size. It furnishes a dark brown,
heavy, very strong wood, suitable for masts and spars, beams and rafters. The
wood is apt to split in seasoning and is not easy to work.

4. Babul (Acacia arabica).—The tree seldom attains a greater height than 50-60
feet, or a greater thickness than 2 feet. The heartwood is of a dark red brown colour,
close-grained, hard and tough, and though rather heavy, is preferred for many pur-
poses on account of its durability. It is used for wheels, both for the naves. spokes
and felloes, also for the handles of agricultural implements, and in Sind for boat-
building. It makes an excellent fuel.

5. Ber (Zizyphus Jujuba).- A moderate sized tree ; wood reddish, hard tough,
durable, taking a polich : Woed used for well-curbs and agricultural implements.

6. Bilimatti (k), Kindal (m), (Terminalia paniculata).-—-A strong, stringy, service-
able allround wcod of great strength and comparatively cheap ; does not warp
or crack readily, and consequently should be excellent in concrote constructions ;
does well for all kinds of house building work, and is particularly useful in ceiling
planks. Resists white ants quite satisfactorily. A. large tree.

7. Bildevdari (k), White cedar (Dysoxylum Malbaricum)..-This very large
tree is found in the ever grecn forests of the Gersoppa country. It is hardly
known at all in Bombay, but in Southern India yields a well-favoured,
superior timber ; good in grain, texture, appearance and durability. Logs of this
timber have been known to lie in the forests for 20 years untouched by insects, and
sound then when wrought upon. ‘ The timber is a superior one in every way.”

8. Borda (Lagerstroemia parviflera)— The wood is tough, elastic and seasons well.
It is very hard, grey or greyish brown in colour, darker coloured near the centre. Has
been used for sleepers with good results, also for shafts of carriages. A large trec.

9. Dhamani (Grewia Til.aefolia).—This is the timber when clasticity is required.
It is fibrous and durable and works easily. Unfortunately it contracts and expands
in dry and wet. For cart shafts it is excellent, also for tool handles and golf clubs.

10. Zhupada (Veteria Indica).—The “ Vellapine ” of Malbar. Large tree, with
light grey moderately hard wocd : The planks are used for floors, ceilings and
concrete forms, and for making teaboxes.

11. Goldon Teakin (Hopea QGdoraa).--This troe grows in the forests of Siam
and Burma. This wood is yellow in colour, close and even grained. It
is more difficult to work than teak, and is said to be durable and
white-ant proof. It weighs 48 lbs. per cubic feet. The wood takes a beautiful
polish, and is used for house building, cabinet work, carriage and boat

! Note.—Nos. given refer to Tat;l.e_{" I.l’i,‘-(;)lm‘l—.-
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building ; but when exposed to rain or otherwise’wotted during the execution of the
work in which it is used, it is liable to stain any lime plaster with which it may be in
contact.

12. Haiga (Hopea Wightiana).— A large tre. - wood, brown hard, close grained,
smooth, and is much used for building purposes in Kanara.

13. Heddi (k), Honangi (k), (Adina cordifolia).—This is a nice, very fine, soft,
close, even-grained wood. It is most uscful when carefully seasoned and that
ordinarily takes a very long time. Tt can be made to yield superior tongued and
grooved planks and boards. When the tree is in the pole stage, it gives useful rafters.
The carpenter bee is rather fond of this timber, if it is in exposed situations. The
cabinet maker will find this one of the hest woods to ebonize, as its texture and that of
ebony are alike. It is very susceptible to alterations of temperature. It is esteemed
as an ornamental wood for cabinet purposes.

14. Honne (Pterccarpus Marsupium).—A pretty wood and easily worked ; used
in the intcrior of houses ; not durable when exposed. A large tree.

15. 1ppi (k) (Bassia Longifolia) --This is a large trce with red wood, moderately
hard, close grained, durable and very flexible. Tt is especially ured {or all wood-
work below the water-line.

16. Jack (Ariocarpus ‘ntegriplia).---The common jack-fruit tree is of rapid growth
and reaches a very large size. 1t is found all over India and is esteemed both for
its fruit and timber and with its abundant dark foliage and numerous pendant fruit
is a handsome object. The wood when dry is brittle and has a coarse and crooked
grain. Ttis, however, suitable for some kinds of house carpentry and joinery, tables,
musical instruments, cabinet and marquetry work etc. The wood when first
cut is yellow, afterwards changing to various shades of brown

17. Jamba (Inga xylocarpa).—This valuable timber tree, known as the iron
wood of Arracan, is found throughout Southern Tndia and Burma, furnishing a
wood of very superior quality, heavy, hard, close-grained and durable, and of a very
dark-red colour : it is, however, not easily worked and resists nails. It is extensively
used for bridge-building, posts, piles, ete., and is a good wood for sleepers, and
paving blocks. Plentiful in Kanara.

18. Jambul (Eugeina Jambolana).--A large tree, with reddish brown,
moderately hard wood, durable under watcr and therefore used for well curbs.

19. Kalamb (Stephegyre parvifolia).—A large fine timber tree with a wood of
fine grain, easily worked, used for flooring planks, packing boxes and cabinet
purposes ; it is much used by the woor carvers of Saharanpore.

20. Karimuttal (k), Tewas (m), (Ougeinia dalbergioides).—-Its timber is of a very
high grade. Tt is to be had from the Dangs and part of Kanara. There is no Indian
timber more difficult to split, and it has its special uses consequently. This timber
is held to be more valuable than teak for local purposes. It is of a lgandsome grey
colour, close-grained, very elastic, tough and hard. Tree moderate sized.

21. Khair (Acacia Catechu).—The wood seasons well, takes a fine polish and
is exceedingly durable. Is not attacked by white ants. Has been found useful
for railway sleepers and would probably be used much more but for the smallness of
the tree and the consequent waste in cutting. There are supposed to be two
varicties or this tree which have dark and light heart-wood respectively. It is
used for wheels. '

Nole.—-I\.'o—s_. given refer fo Tablé VIII, Column I.
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22. Mango (Mangifera indica).—The mango is generally diffused &ii over the
warmer parts of Asia, and is much esteemed for its fruit. Its wood, however, is of
inferior quality. coarse and open-grained, of a deep grey colour, decaying if exposed to
wet, and greedily eaten 4y white ants. It is, however, largely used, being plentiful
and cheap, for common doors and door posts, boards and furniture, and also for
firewood. It should never be used for beams, as it is liable to snap off shert. ’

23. Mashwal (k) Satin Wood (Chloroxylon Swietenia).—-A moderate sized tree
with wood of a yellow colour very hard and close grained and with a beautiful lustre.
The wood is used in cabinet work, furniture, axle-trees etc. and is very durable.

24. Mohwa (Bassia latifolia).—-A large tree with reddish brown heartwood. The
wood is strong, close and even grained, tough and durable, seasons well. Used
for door panels, well curbs and carved work.

25. Nagasampige (Mesna ferrea).—A large trec with wood of a dark red colour.
The wood is extremely hard, strong and durable, and lasts well in ground. Very
good for big construction work, bridges, sleepers, paving blocks ete.

26. Nandi (Legerstromial Lanceolata).---A large tree. Plentiful in Kanara. It
yields a valuable sound all round building timber, with a good straight grain, easy
to work. The dark reddish brown wood is the best. If seasoned with care, the
timber lasts well in whatever situation it is placed. White ants ars slow to attack
it. It is a timber less strong than teak, but on the other hand it spits much
less easily.

28. Bakul (k) Owli (m) Mimusops Elengi).—This tree grows in South India and
Gujarat and furnishes wood heavy, close and even-grained, of a pink colour,
standing a good polish: used for cabinet making purposes and ordinary house
building and bridges. This must be useful for piles also.

29. Rayani (Mimusops hexandra).—A moderate sized tree with very hard red
colotired wood. The wood is close and even-grained, tough, very durable and is
used for big beams in houses; also used for piles, agricultural implements and
in turning.

30. Sawari (Bombax Malabariacum).-—The silk cotton tree with soft wood much
used in making match-boxes and match sticks.

31. Shiwani (k), (Gmelina arborea). -—This is pre-eminent for use in such structures
as lock and sluice gates and in situations where it is alternately in and out of water,
a most exacting test for any wood. This very useful timber is to be had principally
from Guzerat and Khandesh. The wood is light, even-grained and difficult to split.
It is remarkably durable, and once seasoned, does not shrink. If it were more
plentiful, it would be an ideal wood in concrete construction, as it does not
warp.

32. Siris (Albizzia Lebbek).—The siris is a common tree throughout India, and
with its rapid growth, its large head of handsome foliage and sweet scented flowers,
is a good avenue tree. It grows to 40 or 50 feet in height and to 5 to 6 feet in girth,
The heart wood4s hard, strong and durable, never warping or cracking, and is used
by the natives of South India for naves of wheels, pestles and mortars. and for
many other purposes.

33. Shi sham Black Wood (Dalbergia Latifolia).—This is rather a special timber ;
very handsome, somewhat expensive, seldom found long enough to serve well as
scantlings but most excellent for small work and furniture. The timber is close
grained, flexible, fibrous and of great strength. It neither warps nor splits however
much exposed, and stands either damp or dry situations equally well.

‘

Note,—Nos, given refer to Table VIII, Column I.
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34. Sissu (Dalbergia Siss0o).—-From upper Sind is obtainable another dalbergia, D
Sissoo, the tali. It is used with complete satisfaction for big beams in houss
construction in Shikarpur and Sukkur and is reputed to be white-ant proof.

35. Surhonne (k). The poon spar. —These perfectly straight trees are sometimes
150 feet high, with a girth of 15 feet. The wood is w.ugh and elastic, easy to saw and
work and holds nails well. Most useful for masts and the like. Yields large maho-
gany-like level planks. A timber with a future.

36. Tamarind (Tamarindus indica).—The tamarind is a very handsome tree for
avenues, gardens, etc., of very slow growth, but attaining a great size, and much
valued for its fruit. The heart wood is very hard, close-grained, dark-red and very
hard to work ; used for turnery, also for oil presses and sugar crushers, mallets, and
plane handles ; it is a very good brick-burning fuel.

37. Teak Sagwan (Tectona grandis).—Is found in Southern India, Pegu,Java,
Siam and Burma. The best teak in the Bombay market comes from Moulmein ; the
heaviest and strongest from Johore; and the most handsomely figured varicties
from the Vindhyan forests. The Malabar teak forests are nearly exhausted, The
timber form these forests is darker and stronger than that from Moulmein, but very
full of knots. The great durability of teak is ascribed to the presence of an aromat:c
oil, which largely preserves it from the attacks of white ants. Thana district
produces plentifully good pole teak. Very fine teak is obtainable from the Dangs.

38. Tun Tippa Devdar (k) Redceder (Cedrela Teoona).- -A large tree with a
brick-red coloured, soft even grained wood. The wood is handsome and is used
after seasoning well for panels, ornamental work, furniture etec.

Australian gum.—Tt is a pity that more of this class of wood is not imported
as its properties of lasting under water are stated to be far superior to those of any
Indian wood, teak not excepted.

Cedar.—Singapore. A reddish wood, not unlike henteak in appearance ; very
Jight ; obtainable in Bombay market about the same price as American pine.

Pine.—American, obtainable in the Bombay market.

2., CHARACTERISTICS OF GOOD TIMBER.

Good timber should be from the heart of a sound tree, the sap wood being entirely
removed, the wood uniform in substance, straight in fibre, free from large or dead
knots, flaws, shakes, or blemishes of any kind.

The colour of good timber should be uniform throughout ; and among coloured
timbers, darkness of colour issaid to be in general asign of strength and
durability.

3. SEASOGNING.

The object of seasoning timber is either to expel or to dry up the sap remaining
in it, which otherwise putzefies and causes decay.

) Tredgold calls timber seasoned when it has lost 1th of its weight, and says.that it
i3 then fit for carpenter’s work and common purposes. He calls it dry, fit for joiner’s
work and framing, when it has lost 4rd of its weight..

Timber should be well seasoned before being cut into scantlings. The scantlings
sbould then be further seasoned, and should be left as long as possible to complete
the process of seasoning beforo being used.
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4. DECAY OF TIMBER.

To preserve timber from rot or decay it should be kept constantly dry and well
ventilated. '

It should be kept clear of damp earth or damp walls, and free from coutact
with mortar, which hastens decompositicn.

Rot in timber is decomposition or putrefaction, generally occasioned by damp
and which proceeds by the emission of gases, chiefly carbonic acid and hydrogen.
There are two kinds of rot, dry rot and wet rot. Timber exposed to confined air
alone, without the presence of any considerable quantity of moisture, decays by
dry rot, caused by a fungus, which finally converts the wocd into a fine powder.
Wt rot occurs when the gases evolved cannot escape, and the tissues of the wood,
especially the sappy portions, are decomposed.

Wet rot may occur while the tree is standing. whereas dry rot takes place only
when the wood is dead.

5. PRESERVATION OF TIMBER.

Amongst the most efficient means of preserving timber are good seasoning and the
free circuiation of air.

Protection against moisture is afforded by oil-paint, provided that the timber is
perfectly dry when first painted ; otherwise, the filling up of the outer pores only
confines the moisturc and causes rot. The paint should be renewed from time to
time.

A coating of pitch or tar may be used for the same purpose.

The lower ends of posts, put into the ground, are generally charred with a view to
preventing dry rot and the attacks of worms.

Protection against dry rot is afforded by saturating the timber with soluticns of
particular metallic salts, and creosoting, known s Bethell’s process which protects
the timber not only against wet and dry rot, but also against white ants and sea
worms.

The process is effected by extracting the moisture and air from the tubes of the
timber, and then forcing in creosote (oil of tar) at a hign pressure.

Creosote has been fairly satisfactory, 1 ut aftcr some time in exposed situations
the creosote tends to leach out. In houses creosote treated wood cannot be used as
creosote has a strong smell, and besides the woodwork treated cannot be painted or
polished.

A new preservative, called Ascu has been developed at the Forest Research
Institute, Dehra Dun. It is made up of three chemicals proportioned as under :--

One part by weight of As;O; 2H,0
Three parts by weight of 011%04 5H,0
Four parts by weight of K,Cr,0,

It is in powder form, and six parts weight of the powder dissolved in a hundred part
by weight of water gives a solution for ordinary use. The solution is odourless and
wood treated with it can be painted, varnished polished or waxed. Ascu solution
can be applied or sprayed on in two coats, or the wood pieces can be soaked in the
solution tank, or the wood pieces impregnated with the solution under pressure.
The method to be adopted depends on the degree of immunity required and the nature
of the wood ; the last method being the most effective, and the first the least, .
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Shakes and checks.—Round, ring or cup shakes shall not occupy more than one-
fourth the least dimension on either end of a timber, measured on their vertical
projections. Any combination of checks or shakes which would reduce the strength
to a greater extent than the allowable round shal:+s shall not be permitted. Shakes
must not show on any face of a timber.

Borer holes or worm holes capable of having greater weakening effect than that
of allowable knots, shall not be permitted. Timber containing active borers must
not be used.

Angle of grain.—Beams shall .ot have diagonal or spiral grain in volumes 1 and
2, with a slope steeper than 1 in 20 ; in struts the slope shall not be steeper than 1
in 15.

In hardwoods, or timbers of trees of the deciduous varieties, rapid growth is not
commonly an indication of weakness, but extremely slow growth is likely to produce
inferior material. The timber shall be considered “ dense ” if it shows more than
20 annual rings per inch, and is not obviously lighter in weight than the average for
that species, moisture contents being equal. Structural timbers shall be of “ dense
wood.

The requirements given above apply generally to No. 1 structural timber only.

Stresses.—The accompanying tables give the results of tests on some Indian
timbers and suitable, working stresses for the same. Inside locations are barracks,
warehouses, dwellings, etc. ; outside locations are bridges, viaducts, and the like
where the timber is exposed to the action of weather ; and wet locations are piling,
very damp foundations, etc.

In structures where the timber is to be continuously subjected to the maximum
computed load, the modulus of elasticity shown in table IX should be divided by 2.
Where the values are required for timber used in pure tension, the values under
“ static bending, extreme fibre stress ”’ should be used. For pure shear in timbers,

such as in joints, etc., the value given for a horizontal shear may be increased by
one-half.

The value given for compression along the grain should be used for end bearing
and for short columns. For compression members, with an unsupported length,
greater than about ten times their least side, these values should be reduced
according to the accepted column formule.

%o-ny Bk T 1—3
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TABLE
WORKING
No. 1 Structural,
Bending.
Grade. M.ofE.|
1,000's Extreme fibre stress,
Ibs. per
square in.
Inside Outside Wet
\\ locations. | locations. | locations.
i
i i
| |
Teotona grandis (Teak), Burma and Malabar .. 1,600 , 2,2 2,000 i 1,570
Teotona grandis (Teak), C. P. . . 1207 ] 1820 | 1650 | 1300
YTerminalia tomentosa (Matti) . .| 1,600 l 2,250 2,050 | 1,610 |
| 5 '
| .
Pinus longifolia (Chir) . 1,500 1,570 1,430 . 1,120
Pseudotsuga mucronata (Douglas fir) .. ..l 1,700 1,630 1,490 | 1,170 |
i
Pinus Palustris (Southern yellow pine) .. . 1,630 1,740 1,580 1,240 !
)
Picea Morinda (Spruce) . < 1,400 1,380 1,250 980 .
Abies Pindrow (Silver fir) . .| 1,500 | 1,390 1,260 990
Pinus excelsa (Kail) .. .. 986 950 860 680
Cedrus Libani (Deodara) . 1,348 1,740 1,680 1,240
Pterocarpus macrocarpus (Burma Padauk) . 2,000 2,260 2,240 1,750
Do. dalbergioides (Andaman Padauk) . 1,564 2,250 2,040 1,600
Do.  Marsupium (Honne) .. ol 1,470 | 2,330 | 2,110 | 1,860
Shorea robusta (Sal) .. .e 1,920 2,120 1,930 1,510
Eucalyptus Marginata (Jarrah) . . 1,600 2,300 2,090 1,640
Dipterocarpus alatus (Kanyin) . . 1,478 1,880 1,710 1,340
Do. turbinatus (Gurjun) .. ..l 2,02 2,206 2,005 1,675
Do. tuberculatus (In) .. . 1,754 2,320 2,110 1,655
Anogeiasus latifolia (Bakli) .e . 1,501 2,280 2980 1,640

Note.—~Requirements given in paragraph 5 generally
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IX
STRESSES.
pounds per square inch.
Compression.
Horizontal Parallel to grain—* short struts . Perpendicular to grain.
shear, all
iocations, |- T T T - o
Inside Outside Wet | Inside Outside Wet
locations. locations. locations. ‘ locations. locations. locations.
- I l
. ‘ 1
125 1,700 1,680 1,230 | 700 520 420
120 1,380 | 1,280 1,000 | 670 500 400
155 1,680 | 1,560 1,210 | 790 600 480
_ i i .
| |
95 1,250 ‘ 1,160 900 | 500 380 300
100 1,230 | 1,150 890 360 270 210
120 1,350 . 1,250 980 400 300 | 240
L ; i !
' I i
90 840 780 600 320 240 | 190
70 840 780 600 230 170 135
110 970 900 700 170 125 100
| ( = ;
100 1,370 1,270 990 440 330 | 260
220 2,200 2,140 1,660 P e
220 1,490 1,380 1,080 ! )
! 1
| ' l :
150 1,420 1,32 1,020 : .
175 1,510 1,400 1,090 } .
870 810 630 ceee l .
; o ! i
120 1,390 1,290 1,000 510 380 | 300
i ,
105 1,805 1,875 1,305 635 475 ! 380
140 1,735 | 1,610 ! 1,255 . 815 | 610 \ 490
| ] -
! |
160 1,590 1,480 1,150 | 785 | 590 | a7
| H

apply to No. 1 structural timber.

wo-n3 Bk T 1—3a
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Recent experiments have given the following test results at the Forest Research
Institute, Dehra Dun.

TABLE X.
- . ¥ I ‘
Stpemgth | Mocaina of Shear
_ sy, | ey | sefo Honaont
pet;:g:: aro ! per square inch.
inch.
Ainjor Matti .. .. - 2,150 15 - 105
Axle-wood . . . .E 2,400 16 165
Benteak . . . 2,050 | 18 140
Bija Sal . . Joo200 1 145 135
Chir . . Jon20 | 1 20
Deodar -~ .. .o 1,450 ]! 13°5 ; 100
Gurjun . .o .. 2,000 : 18 120
Hopea .. .. .. 2,650 i 185 185
Irul . . . 2,300 | 16°5 180
Jarul . . . 1,700 i 13 125
Kindal . . .. 1,850 . 15 130
Koxgko . . .. 1,900 { 16 155
Laurel .. . .. 2,200 16 145
Mesua . .e .. 3,300 ! 2 175
Pudauk (Andamans) .. .. .. 2,450 . 16 145
Poon .. .. .. 1,900 14 120
Sal (United Provinces and Bengal) .. oo 2,800 20 165
Sisso .o . . 2,150 12°5 165
Sundri . . . 2,350 19-5 180
Teak (Burma and Malabar).. .. .. 2,200 16 125
i
!

Factor of Safety.—5 for hardwoods and 6 for conifers, applied to the ultimate
strength in bending.

For horizontal shear—10.
The depth : breadth ratio of a beam should be kept below 3 unless suitable

s;iﬁeniu.g is provided, as otherwise the beam may fail by buckling or horizontal
shear,
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The physical and mechanical properties of woods grown in India (Indian F
Records, Vol. XVIII, Part V). & (Indian Borest

Suitability tables :—For comparison with teak as a standard, values of eight of the
most important propertiesare given in this table. These values are called * suita-
bility figures ”. The calculation of each figure is based on all the strength functions
bearing on the particular purpose under consideration. Taking for instance the
property ‘ strength as e beam ”, three functions viz. Modulus of rupture and fibre
stress at elastic limit in static bending and fibre tress at elastic limit in impact
bending, are combined, after multiplying them by adjusting and weighting factors—
the values obtained being index numbers with teak as 100. It must be
remembeged also that although strength is an essential quality, there are others such
as seasoning properties, easy workability, durability, appearance, availability
cost etc. which should also be studied. ~The table of suitability figures enables
the best selection to be made, with regard to strength, from among the available
species which are satisfactory in other respects.

TABLE XI.
| [
! ! :; | !
! PRI :
AN §
< -
_— Locality. e | o=z .E - ' @
@ i b2 o | " E
< | B 3 | & - 2 £
ST - T [ [~ =4
Fielz T 28| % ¢
- _-g_:___‘ @2 . wn :E 1 ﬁ o o] i3
Tesk—Tectris-Grandis .. Burma and' 100} 100 | 100 | 100 | 100, 100 | 100 | 100
Malabar. X ; .
—_— i
Babul—Acaria Arabiea ..| Sind 170 | 70 180 | 185 | 120

o
[
(=]
&|
[
(=4
(3]

Haldu—Adina Cordifolia | Madras  ..' 100| 80 75| 85| 85! 100| 100| 75
Axle—wood-Anojeissees Do. 140 | 105 9% .. 65| 135 176 | 105
Latifolia. :
Mahuda—Bassia Lati-folia | Centra 1 135 80: 75 . 100 50| 120 165, 175
Provinces. ! ‘ i :
Poon—Callophyllum- S.Kamara ... 95| 9! 85i 80| 65| 85| 95 9o
tomritosum. : . ‘ |
Do. do. ..l Do. ..} 100 80, 80: 90 65| 110| 110 80
Wightiaran. i i '
Satinwood—Chloroxylon | Madras J 1585 1101 105, 115| 115| 70| 180 | 195
Swictinia. ! !
Dhaman—-Gn;wii.a. Tilae-| Do. L0 1B 1257 125] 145| 60| 140 | 155 | 110
olia.
Anjan—Hardwickla Contral 125/ 60! 70| 125 0| 145| 180| 75

Binata. Provinces.
Beneteak—Legerstixmia | West Kanara | 106 | 105, 95| 100, 60| 116| 120| 95
Microcoupa.

Mango—Mangifera-India | Puri .| 95| 80 76| 100 95| 105| 90 75

Padauk—Ptarocaipa-d a - N. Andaman ., 105 | 105 | 105 i 100 | 105 | 115| 130 | 100
bergioida.

Bijesal—Ptarocaipa-| Belggum ../ 116 | 95| 95 135| 75| 1156| 135 105
Marsupian. !

Sal—Shorea Rabusta ../|Centra 1 120 110, 106 115| 60| 110 | 120 | 105

Provinces. '
Arjon—Tercuindia Arjuno B(i)l:?,r and 115 70 70 135| 65| 140 | 135 75
issa.

Kuidal—Tercuin d i a East Kanara .| 110 | 100 85 90 66| 106 | 110 85

Paniwlata.

Irul—Xylia Xylocupe ..| North Kanara| 126 106 | 105 ° 90| 65| 155 195 | 100
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WOOD-WORK.

General.

1. ““Carpenter’s work ” includes all timber in roofs, floors, verandahs, staircases,
door and window frames, bridges, centerings, coff rdams, curbs of wells, shores,
struts, large gates, and generally all wood-work of which the scantling exceeds three

square inches except in the spse of battens used in roofing trellis-works etc. which
is not specially moulded or carved. '

2. When the thickness of carpenter’s work does not exceed two inches and at
the same time the width exceeds twice the thickness, it is called “ planking ”.

3. “ Joiner’s work ” includes furniture, doors and windows, and turned, carved,
or moulded work of all kinds.

4. Carpenter’s work is rated per cubic foot, except planking, which is rated
by the square foot of a specified thickness, or per 100 running feet with specified
breadth and thickness and batten work which is rated by the hundred square feet.
Doors, windows and similar work, and panelled work generally, are rated per square
foot ; other joiner’s work at special rates, according to the nature of each case.

5. The timber generally used for carpenter’s work in the Bombay Presidency

is teak, and, except, where other kinds of wood are distinctly specified, teak alone
1s to be used.

Specificatior. No. 1.

1. The source from which the timber is procured is to be approved by the
Executive Engineer. The timber is to be of the best quality, well seasoned, felled
not less than two years before use for carpentry and four years for joinery and
free from large or loose knots and from shakes or defects of any kind. Sap-wood
will be rejected unless it is thoroughly impregnated with creosote or somne other
approved preservative. Any timber so rejected shall be removed at once from the
site of the works, and not again brought thereon unless with the express written
permission of the Executive Engineer.

2. The Executive Engineer may inspect all logs previous to use, and reject any
which he considers defective. ’

3. Carpenter’s work is ordinarily specified as “ wrought ” or “ wrought and
put up,” or “ wrought, framed and fixed .

4. The rate for wrought timber includes carriage to, and delivery at, the site
of the works, the fair rendering of all surfaces, chamfering of angles, etec.

5. The rate for timber “ wrought and put up ” includes all that is specified in
the precedihg paragraph, and in addition, all work required for fixing the timber
in its proper position in a building, bridge centering, or other construction. The
rate includes all special scaffolding, labour, materials, and apparatus for lifting

and fixing in position according to the drawing or other instructions furnished by
the Executive Engineer.

6. The rate for framed wood-work to include all sawing, planning, jointing,
framing, labour and materials for raising and fixing, and also, the fitting, fixing,
and supply, of all straps, bolts, nails, trenails, spikes, screws, etc., necessary for the
framing and fixing. :

7. All workmanship is to be of the best description and all joints must fit
accurately without wedging or filling. After the wood-work has been erected,
if any undue shrinkage or bad workmanship is discovered, the contractor shall forth-
with amend the same, without any extra charge.
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8. Planking is to be supplied with straight square edges, or rebated, plougheed,
tongued, or dowelled as may be directed.

9. All oarpenter’s work shall be paid by net measurement, no allowance being
made for wastage or for dimen:ions supplied beyond those specified, but the
length of each piece shall be taken over all, so asto include projectionsfor tenons or
scarfs.

10. The contractor shall give due notice to the Executive Engineer when any
timber is to be covered up in the ground, or in the walls of a building, or otherwise ;
failing which it shall be optional with the Executive Engineer to order it to be
uncovered at the contractor’s expense, or to measure and pay for only so much as
is uncovered.

11. No timber work shall be painted, tarred, or oiled without the previous
written permission of the Executive Engineer.

12. The Executive Engineer may order any truss or other framed work to be
put together on the ground, and submitted to suitable tests before being placed in
position.

13. When unwrought timber is supplied by a contractor, the rate paid will in
all cases include carriage to, and delivery at, the place where it is required
for use.

14. Timber in the log, or wholly or partially wrought, may be supplied to the
contractor from Government stores or from a dismantled building. In such case
the value of the timber so supplied, at the rate payable to the contractor for similar
material, will be deducted from the price of the finishcd work. Where the contract
schedule contains no rate for similar material, the value to be deducted will form the
subject of special agreement.

15. A separate rate will be requircd when material thus supplied has to be re-
framed, re-fitted or reworked in any manner.

16. When material is supplied to the contractor under either of the two preceding
paragraphs, he shall be charged for its full dimensions, no allowance being made
for wastage in working or altering it ; and all of such material not used and charged
for as finished work shall be the contractor’s property, but the contractor shall be
entitled to appeal to the Superintending Engineer, if required to utilise such material,
as is in his opinion, unsuited to the purpose intended, in consequence of excessive
wastage or other cause.

17. The conditions detailed above will apply to joiner’s as well as to carpenter’s
work, except where they are plainly inapplicable.

18. All timber-resting on or bedded in masonry must be well coated with boiling
coal tar.

19. The ends of all timbers set in masonry shall have as air space left on end
and sides to allow of free circulation of air round it.

20. Glue shall not be used in joints which are exposed to the weather, and in
such exposed work any hard stopping shall be done with tight driven rlugs.

21. No wood-work of any sort shall be set within 2 feet of a fireplace or flue.

22. The contractor will be responsible for the easing or otherwise of all doors
etc., and the closing of all open joints which may occur within six months of the

completion of the work and which, in the opinion of the Executive Engineer, should
be attended to.

23. The rate for all wood-work includes oiling with either linseed or sweet oil
as ordered by the Executive Engineer. .
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BRICK MAKING.

BRICKS.
Specification No. 2.

General :—(1) The operations necessary for the production of bricks and tiles are
classifiable under the following heads :—

(1) Selection or preparatiop of brick  (3) Moulding.
earth. ' (4) Dying.
(2) Tempering. (5) Burning.
Earth Selection :—(2) It rarely happens that earths occuring in nature are suitable
for making first class bricks. Pure clays require the addition of loam, sand, etc.,
whilst looms may be so loose as to require the addition of clay or binder.

The earth for bricks shall be carefully selected good firm loam. Ail gravel,
coarse, sand, kankar and roots of grass or plants shall be completely removed by
washing or other means; two or three sorts of clay can often be found. which,
when mixed, make better bricks than loam. Specimen bricks made in the neigh-
bourhood and the localities in which they were made should be examined before
selecting the earth. The Executive Engineer must, however, in all cases select the
earth or the mixture of earths proposed for brick manufacture.

N. B.—Where a large number of bricks has to be made, it would be well to mould and burn a small

number on trial, so as to ensure the certainty of the quality before starting operations on a large
scale,

3. The earth or mixture, as selected and approved, shall be repeatedly turned
over and thoroughly tempered. When practicable, it should be dug up before the
rains set in, and left to weather for a few months ; but when this cannot be done,
it must be thoroughly watered, turned over for at least 48 hours before use, and
tempered until stiff enough for moulding. The tempering should be done in a pug
mill, or by treading with the feet. The earth thus treated should be homogeneous
throughout, and sufficiently stiff for moulding.

4. No earth or clay must be taken from localities where salt water is found, and
any containing the slightest trace of salt, must be rejected for brick-meking
purposes.

5. In moulding, the stuff shall be dashed firmly into the moulds, which should
be kept well sprinkled with clean sand. The earth must be used as dry as possible,
and proper moulding blocks and pallet boards employed in all cases ; but a brick
table is better than blocks and should, where practicable, be employed. The mould
requires washing for every 4 or b bricks moulded. Strikes or floats should also ke
used

.

6. The bricks must be turned out with clean sharp edges, well and squarely
shaped, and must be carefully handled in stacking to prevent their becoming
distorted. Iron brick moulds (} inch plate), with the top and bottom edges steeled,
are the only moulds that keep their shape, and with a few repeirs turn out 500,000
bricks. The chief cause of cracking in bricks being exposure to wind, protection
should be given by mat screens or sheds.

7. The bricks, if not otherwise specified, to be 9” x 4}" X 2}". The necessary
allowance for shrinkage in drying and burning must be determined by actual experi-
roent for each brick-yard, and the moulds should be made larger than the finished
bricks to the extent of this shrinkage.

8. Al fuel for brick-burning should be as dry as possible, snd used when
comparatively fresh. Tamarind or babul is the best wood to use in burning. Too
much attention cannot be given to the proper regulation of the fire in the kiln,
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9. The burnt brick shall be well but not overburnt, sound, hard, free from cracks,
flows, stones, or lumps of any kind and of regular size and shape to ensure uniform
courses..

A sound well burnt brick should give out a clear ringing sound when
struck, should be of a uniform deep red or copper colour, and should not absorb
more than one-fifth its dry weight of water.

Note.—(1) In Europe where bricks are more carefully prepared it is gencrally specified that the
absorption of water should not exceed one-sizth the dry weight of the brick. In India generally for
reasons of economy the best available local material in a district, is used.

For Rate Abstract see pages 102 and 103.

N. B.—For rapid brick-making, Bull's trench kilns are used, and arc found satisfactory, if made
in dry ground.

When the supply requiredis not large, local practicc may be advantageously followed in the
selection of kilns or clamps. -

9. Colouring by dipping.—Bricks or tiles coloured this way, are said to stand
any amount of exposure to the weather without losing their colour, and the surface
resists the growth of moss when exposed toa damp atmosphere. The materials
for the colouring liquid are turpentine, linseed oil, and litharge, with colouring
matter as may be required.

An earthenware box is provided, a few inches larger each way than a common
brick, and it is helf filled with liquid of about the consistency of thick cream. The
bricks to be coloured are laid upon an iron plate with a fire undernesth, and heated,
not to a great heat, but too great to admit of their being handled. They cre then
taken one at a time and dipped into the liquid for a few seconds, then placed on a
table to dry, which they do in a few minutes. They are then lightly washed in cold
water, and placed aside to dry. In porous bricks, the colouring metter will penetrate
about } of an inch. The following are the proportions used for some of the
colours :—

I.—For dark red bricks— - III.—For black bricks—
14 pints of turpentine. 2 ozs. of litharge,
14 ,, linseed oil. 6 ,, ~Imanganese.
1 1b. of litharge. 4 ,, linseed oil (boiled).
3 oz. of Indian red. 6 ,» turpentine.

Mix well together and use as above.

II.—For blue bricks— IV.—For grey bricks—
1 pint of turpentine. 3 ozs. of white lead.
1 ,, linseed oil. 1 oz. of litharge.
% oz. of litharge. 1 ,, manganese.
11b, of French ultramarine. 2 ozs. of boiled linseed oil.
4 ,» turpentine.

These colours may also be applied to walls already built. In such a case the
bricks are carefully cleaned, and the liquid is laid on hot with a brush.

BRICK BURNING IN BULL’S TRENCH KILN.

1. Brick burning.—Details of Bull’s pattern kiln are shown in plate I.
A circular plan is the best, but kilns can also be made straight or oval.
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The dimensions given are for the most suitable size of small kiln, capable of
burning 10,000 bricks daily, divided into 20 sections containing 14 concentric walls
of bricks, and requiring one chimnney.

Where it is required to turn out a large number of bricks, a broader kiln (up
to 30') may be built, requiring two chimneys.

2. Construction of kiln.—In hard soil the trench may be unlined, with the
bottom, sides and top edges dressed off to a true surface. In soft soil the walls will
be of burnt brick of the dimensions shown in the figure.

In damp sandy soil the excavation should not exceed 4’, leaving 3'-6” to bank
up.

The damper spaces and combustion chambers as shown in figure 3 must be care-
fully marked out on both walls.

3. The chimney is 35’ high, mounted on a cast iron base plate on wheels, the
axles of which radiate so that they will travel round the wall. They should run on
a sheet iron path-way, and the gaps at the chimney openings require to be bridged
as shown in figure 4.

4. When two chinineys are used, the chimney openings on the inner sides will
be opposite those on the outer but will be only 2’-6” in width, and the chimney will
be only 25" high.

5 The upper outlet into the chimnney is controlled by an adjustable
damper.

In the lower outlet from the kilnto the chimney the arch and its backing project
5" to prevent the earth, used for closing the outlet while working, going into the kiln
too far and thereby interfering with the draught.

6. Cross dampers, figure 5, are required to divide off the various sections of the
kiln. These should be made 2" smaller than the width of trench to prevent the
centre kcy jamming. When fixing the cross dampers, great care must be taken
to make them fit tightly. It isa good plan to drop a little dust or fine earth down
behind them to close up any possible intcrstices owing to irregularities on the
floor.

7. Loading.—The bricks should be thoroughly dricd before being loaded. The
method of setting the bricks is shown in figure 6. Care shovld be taken when loading
to leave a space between the bricks except those spanning the combustion charbers.
This space should not be less than 1" in the bottom courses, decreasing to }” in the
upper ones.

The draught passages between walls increase as they get further away from the
centre. Ths setting out is done with the aid of a templet such as shewn in
figure 7.

Only one wall can be exactly like the details shown, owing to the decrease in
the distance between the lines of feed holes from the outer to inner walls of the
kiln.

The bricks next to the chambers from bottom to top and from side to side should,
however, be exactly as shown.

8. There are five combustion chambers to each damper length., As each length
is completed it is covered except over the combustion chambers, with two layers
of bricks laid flat breaking joint.

The feed holes are then formed with the aid of the templates shewn in figure 8 :
there should be a feed hole over each of the two outer walls, after that over every
alternate wall.
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Nine inches of earth is then evénly spread to the top of the brick temporarily
placed over the feed holes. This earth should be made as tight and impervious to
air as possible.

9. Between the second and third and all subsequent lines of feed holes level
bricks for ascertaining the settlement should Le fixed. There should be one level
brick for each pair of feed holes and from the settlement of each level brick will be
known when to close the pair to feed holes in front of it. The level bricks should be
firmly bedded in the earth covering.

10. Firing.—To start the firing a temporary cross wall, z, see figure 1, is built,
with furnaces for bottom firing.

The chimney opening of the first section (a,) is closed and the chimney fixed at
the second opening (b*). Cross dampersare put down atb. and ¢, ; and the chimney
opening C, closed with a sheet iron cover, provided for the purpose.

11.  About 150 maunds of clean rubble coal is required for starting the fire of a
14 wall kiln and 250 for a 24 wall kiln. For top firing g'ood dust coal is required
and should have a certain proportion of nuts or small rubble in it.

12. To meet all the varying conditions of temperature, damp floor ‘or bricks,
four sizes, of ladle are required for top firing. These are given in figure 9.

13. When the fine coal will burn freely in the first line, it can be started, coal
being given with No. 1 ladle at regular intervals of 15 minutes.

When there is a good bottom heat in the first line, fire the second with No. 1,
ladle and the first with No. 2. 'When there isa good bottomn heat in the second line
fire the third line with No. 1 ladle, the second with No. 2, and temporarily stop firing
the first, except the two outer feed holes. Take on the 4th line in the same way
temporarily dropping the 2nd. When there is a good bottom heat in the fourth

line, take on the 5th with No. 1 ladle and fire the whole of the other four with No. 2
ladle.

Up till this the bottom firing should under no circumstances be pushed, but now
it should be cautiously increased. This, being the eritical time, should, if possible
be in the day time.

If No. 2 ladle does not seem to give sufficient heat after closing the bottom
firing, use No. 3 or even No. 4 ladle : this will only be necessary in cold rainy
weather.

14. If intelligence is used, by the time there is a good bottom heat in the fifth
or front line, the second line from the front will be the hottest, and the back line can,
all but the two outer feed holes, be closed.

If at the same time there is a settlement between the first and second lines, or
bet ween the second and third of, say, an inch or an inch and a half, slacken down the
bottom firing but do not close it altogether until two or three lines are closed
finally.

For opening a fresh line in front two conditions should always be fulfilled
there must be a good bottom heat in the front line, and the heat in the second line
from the first must be greatest.

At this time, with the bottom firing slackened down and one line of feed holes
closed, great judgment should be used as to the sufficiency or otherwise of the way
of heat. If from a deficiency of settlement or from the appearance when looking
down the feed holes there scems to be insufficient heat to thoroughly burn the bricks
the firing should be increased. As long asthe bottom firing is still going on absolute
control is retained.
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15. Having, by the time the 2nd of 3rd line is closed, got a thoroughly sufficient
wave of heat, stop the bottem firing entirely. Close the furnace mouths entirely
and the ashpit mouths rather loosely, leaving interstices in the latter equal, in the
aggregate, to 3 square inches in each.

When a line in front is opened, one behind should be ready to close. If, however,
it is seen from the settlement t}at this is not the case there is no harm in delaying
the opening a little.

The kiln will now be in full working order, the chimneys and dampers having
been moved on as required.

16. Take out the first cross damper when there is a good bottom heat in the
first line <.e., the 8th from the chimney, and fix it in next vacant line. The chimney
is moved on when the bottom heat has got as far as the fifth row from it.

17. The adjustable damper should be lowered three bricks. when the bottom
heat is 7 lines from the chimney, and 2ll but one brick removed, when the bottom
heat reaches 6 lines from the chimney.

Itis closed down entirely when the chimney is moved, and the outlets are
blocked.

After moving the chimney, the upper and lower ouatlets being open, a strong
draught is created which prevents the bricks vitrif.ing owing to stoppage of draught
at the current when heat is maximum, and the draught at the combustion chamber
is kept uniform.

18. Itisimportant that the working of the kiln should be regular as far as possible,
and a five Jine chamber should be worked to daily.

19. Unloading.—When twelve damper lengths have been burnt off, the
temporary cross wall can be taken down and unloading commenced. Before doing
this cross damper should be fixed 2t two damper lengths from the end.

20. Finishing burning,—Whnen it is desired to finish off burning, a cross wall
similar to that constructed at starting but without the furnaces should be run up
at the end of any convenient chamber 6” from the bricks.

Resting half on this and half on the green bricks, build two dummy chimneys
5’ long and 6" high of bricks and plastered with mud.

When the time for moving the chimney from its last possible position has arrived
these two dummy chimneys, which up to this should have been closed at the top,
should be opened and will finish off the burning.

21. Wood fire kiln.—These are worked in a somewhat different way. No
furnaces are required for starting, wood is packed to a depth of 3’ in a combustion
chamber 1’ wide, and lit through fire holes 9” square at the bottom of the
wall.

Every alternate feed hole only goes down half the depth of the kiln, the object
being to increase the heat near the top. The feed holes should be not less than
14" square.

22. When a suffizient length has been loaded, the wood in the combustion
chamber is lighted. When the wood is nearly burnt away, top firing is started into
this chamber only, and continued until the bricks forming the first line of feed holes
are sufficiently hot, when regular top firing will be commenced.

The chimney can be kept two or three lines further away from the burning, than
in the case of coal firing.
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23. When dry wood is procurable this method of starting a kiln may be used
with advantage for a coal fired kiln, and the furnace bars saved.

TABLE XIIL.

CRUSHING STRENGTHS OF BRICKS,

Absorption !
Local after 16 ! Cracking loads | i
cality. hours in tons per Crushing loads
immersion in squarge when drygin tons Remarks.
water per foot. per square foot.
cent. ! |
‘ |
Sand and lime bricks (Marve, 12-16 veee 1537 tons Decrease in
Bombay). ! strength when
| ! soaked in water
i . | thoroughly, 24
| : | per cent.
Kalyan bricks (earth) . ! 17-2 44-75
Do. .. 17-4 61-15
Do. .. 17-1 47-90
Do. 16-4 42-76
Do. .ol 215 4115 :
Average for Kalyan bricks 1709 47-50 :
Billimora bricks (earth) ca 16-5 745 '
Do. L1640 682 |
Do. .o 1901 76-1 ‘;
Average for Billimora bricks .., 17-2 e 729 |
Madras Government bricks ..  .... . 19-1t0o 143 !
Bangalore water supply L 19-8t020:8 | 78-2t098-0 !
Mysore Palace division - 9:3t012:7| 38:6t060:6
Pondicherry o enn 10 to 152 50 to 1055 :
(347 855
Cuddalore chimney bricks .. ceen -i
i 1.28-6 118:9 i
Bombay Development Depart- 24 e . 38 Free from
ment ordinary bricks, burnt as| : soluble salts.
a trial. .
New Delhi bricks .. - cees e " 186 Average  four
. ! experiments.
} ! i
Note.—The ratios of strength of brickwork to strength of single bricks are—
For mortar of 1 lime, 2 sand . . 0-44
Do. 7 lime, 1 cement, 16 sand .. . 0-48
Do. 1 cement, 6 sand .. . 0-53
Do. 1 cement, 3 sand .. . 0-63

AtNew Delhi,a brick pillar 9" X 134"x22}", laid in mortar 1 cement
to 3 sand, f.iled at 37 tons per sft. the bricks being crushed. Another pillar 9" x
4}" x 14}" with bricks laid in similar mortar, failed at 111 tons per sft.

TILES.

Specification No. 3.

1. The process of tile manufacture is similer to that of brick menufacture. Siace
the tiles are thinner however the clay must be purer and stronger and 211 the processes
of manufacture must be much more carefully carried out.
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2. All tiles must be thoroughly well burnt throughout, of regular shape and
uniform size, sharp, even and free from twists, bends or flaws. They must be of
a deep red colour, and ring clearly when struck.

For Rate Abstract see page 103.

Norg oN MANGALORE TILES.

1. Mangalore tiles are meade of the best Malabar clay, well dried and thoroughly
burnt in patent kilns.

The tiles are arranged in layers in the kilns, and when the burning hasbeen
completed, are taken out and assorted, generally, into three classes. All those that
are thoroughly and satisfactorily burnt are classed as 1st class; those that are
insufficiently burnt are classed as < nakari” or 2nd class ; while vitrified or over-burnt
tiles are classed as 3rd class, end are much used for roofing chawls and buildings of
that class.

Each tile covers 124 x 8} inches. Making allowance for laps, about 150 tiles
are required for each 100 square feet of roofing. 1,000 tiles weigh about 2} tons and
250 tiles make a cart-load.

The gauge for battening is 12} inches, centre to centre.

Tiles weigh shout 5§ lbs. dry and 6,9 when soaked, i.., they absorved
167 per cent. of water. -

Ezch ridge tile is about 16 inches in length, weighs when dry 74 lbs. and 150
tiles meke a cart-load.

On broad gauge lines 4,800—5,000 flat tiles make 2 truck load of 12 tons, and
palf the number on narrow gauge lines, of 6 tons.

Asbestoes cement slates flat sheets, and corrugated shesets.

General Remarks.—These asbestos cement products are made by a combination
of Portland cement with asbestos fibres. The fibres act s a sort of reinforcement
and the products are stronger and more resilient than pure cement slates or
sheets.

The Britisn Standards Institution has issued & specification [No. 690-1936] for
these products, the mein points of which are reproduced below :—

COLOURING MATTER.

Pigments that are embodied in the 2sbestos-cement for colouring purposes, shall
be of permanent colour. They shcll not consist of nor contain, substances
deleteriously affecting cement, such as lead oxide. The proportion of water soluble
chlorides (expressed as chlorine), and of water-soluble sulphates (expressed as
sulphuric anhydride), shell not together exceed 2°5 per cent. by weight of the pig-
ment.

FreEEDOM FROM DEFECTS.

The finished products when delivered shall be free from visible defects, and shall
have been manufactured for at least four weeks.

MANUFACTURE.

7. (a) Slates.—Slates shall be consolidated under pressure, and shall be smooth
on both sides.

(b) Flat Sheats.—Flat sheets shall be rectangular, have a plain surface on
one side, and shall have neatly trimmed edges.
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D1iMENSIONS AND TOLERANCES.

8. (a) Dimensions of Slates and Flat Sheets.—The slates, (rectangular for laying
straight-cover, diamond and honeycomb pattern for laying diagonally), and Flat
Sheets, shall conform to standard dimensions.

(b) Tolerances (i) Slates.—The permissible tolerance on the thickness of slates
shall be less than 5 per cent.

(') Flat Sheets.—Flat sheets shell not vary from the linear dimersions specified
oy more than one quarter of one per cent. They shall be tested for thickness, by

stacking 20 sheets together, and the difference betwecn the actual height and the
theoretical height, shall not exceed -~ 10 per cent.

TRANSVERSE TEST.

9. (a) Ave:age Breaking Load.—The average breaking load of six square
specimens measuring 10”7 by 10" cut, from slates or flat sheets, when tested wet

over a 9 inch span in the manner prescribed, shall not be less than the values given
in the following table :—

Breaking Load in Pounds.
TABLE XIII.
I'I‘mat-ed with| Tested with
. thoe fibres ' the fibres
Tope Thicknews, | Tumine | ramine st
! “tothe | tothe
i bearers. ' bearers.
lbs.
Slates . .. 38t04°2 mm. IR S 75
| 43 to4'7 mm. .. 68 97
D45 to4°9 mm. .. 73 105
Flat Sheets .. .. 5/32in 34 48
+ 3/16 in . 49 | 69
| 1/ in l 88 123
| 5/16 in . B 192
| 3f8in G196 1 218

. N

Nete.—In the case of slates from which a 107 by 10” specimen cannot be obtained, a specimen 10°
by 5* shall be usedand tested with the same © inch span. The breaking load obtained
shall be not lessthan ono half the value for the appropriate fikre direction, given
in the Table above for the 10 by 10” specimen, of the same thickness.

(b) Uniformity.—If the breaking strength of any specimen, is less than 70 per
cent. of the average breaking strength of the six specimens tested, a further six
specimens shall be tested, and the results combined with those of the previous five
results, the lowest result having been ecliminated. The breaking strength of any
one of the eleven specimens, shall not be less than 70 per cent. of the average breaking
strength of the specimens.
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CORRUGATED SHEETS.

General.

10. Corrugated Sheets shall be classified according to the size and form of the
corrugations as follows :—-

| TABLE XIV.
Type of Sheet. Depth of Corrugation. . Centres of Corrugations.
Small Section Under 2 in | 2§"and 3".
|
Large Section 2 in and over | 53" and 6" .
Alternate Flat and Corrugated
Section. 2 in and over 131" usually.

The sheets shall be corrugated in & true and regular manner.

DIMENSIONS AND TOLERANCES.

11. (a) Dimensions.—The corrugated sheets shall within the limits of tolerance
specified, conform to the linear dimensions given in Standard tables. The thickness
shall not be less than that specified.

(b) Tolerances.—Corrugated sheets shall not vary from the standard dimensions
for length and width specified, by more than one quarter of one per cent.

TrRANSVERSE TEST.

12. (a) Average Breaking Load.—When tested wet in the manner prescribed

the average breaking load of 3 specimens, shall not be less than the values in the
following table :—

TABLE XV.
S  which Minimum l{)[ini;qumla:srage
n at whic . reaking lo r
Class of Sheet. pt:asted. md:ts:: ;heet inch width ofpe

. specimens tested. -

ft. - in. ft. in. Ib.
\

Small section . ol 2 6 2 '12
Large section . o3 6 3 ‘28
Alternate flat and corrugated section ..| 3 6 3 (] 26

(b) Uniformity.—If the hreaking strength of a specimen is less than 70 per cent.
of the average breaking strength of the three specimens tested, a further three
specimens shall be tested, and the results combined with the results of the two
previous tests, the lowest result having been eliminated.
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The lowest breaking strength of any ore of the five specimens shall not be less
than 70 per cent. of the average breaking strength of the specimens.

METAL WORK.
General.

€< L2

1. As commonly interpreted, the term “ steel structure wor includes all
material covered by cest iron, wrought iron and steel, employed for structural,
purposes. Kach material hes various gredes and all differ from each other
meinly in the amount of carbon contained, and the degree to which other
elements such as sulphur, phosphorus, silicon and manganese enter into its
constituents.

2. Wrought iron comes nearest to pure iron, and good grade matericl conteins
little or no carbon, in eny cose rarely exceeding 0-025 per cent. On the other hand,
cast iron contains the greatest amount of carbon 5 per cent. being a common grade.
Steel is intermediate between the wrought and cast irons, the quantity of carbon
contained varying from 0°4 to 1-5 per cent. Its grading depends upon the purity
of the materizls used, and the processing during manufacture. Low, medium and
high carbon steels are manufactured for innumerszble purposes, which grouping
includes special service steels, differing from the common classes only by reason of
specific elements conteined, or in some other desired chenge brought about through
the process of manufecture.

3. When conditions arise which necessitate local purchase of steel in particular,
it should not be overlooked. that Indizn markets ere often stocked with considerable
quantities of inferior materizl, distributed ¢ nd sold by mete]l merchents, who possess
little or no technical knowledge of the matericl sold. The necessity for efficient
inspection and for obtzining guarantees of manufecture will, therefore, be obvious.
All good grade work rhould be covered by meterizl coming under British Engineering
Standards, and it is edvantageous to give considerstion only to such tenders as fully
comply with the conditions covered by eontri et clauses to that effect.

CAST IRON.
Notes of castings.

1. Castings may be of cast iron, of malleable iron, or of steel. Taking the first
it will be recognised that the first process of iron cesting is usually performed at
the smelter, with resultant products in the form of pig iron. Commercizl castings,
however, are the product of the foundry, where the operations of melting and
moulding the metal into shapes and forms, &s desired for practical purposes, are
carried out. Such castings are produced from mixtures of several brands,
giving a superior product to thet obtainzble from the blast furncce as normelly

manufactured.

2. The quality of matericl may be feirly well judged from the appearance of the
fracture. It is made either as a grey or as & white iron. Grey, being the strongest,
is in demand the most and should invariably be used where strength is desired.
Hard and brittle materizl is commonly light grey in colour, heving little or no lustre.
A tough iron is marked by & uniformly diffused drrk grey colour having a good lustre,
mottled colour and lack of lustre, shows that the mcterial is weak. A light grey

- Mo-ntBk T 1—4
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colour with pronounced lustre indicates a hard end tenacious iron, and when
a fracture shows up a much mottled dsrk colour with n entire absence of lustre, the
suitebility of the iron should be suspected, with 2 view to rejection.

3. The common cast irons do not pass through any heat treatment after casting,
80 that the weakness of the material or imperfections of the process conditions are
ever present. Good grade material is most suitable for withstanding compressive
stresses, which very largely accounts for its common use in the base plates and
framing, which form the stationery perts of machines.

4. The ultimate strength of good grade material in compression, averages 40 tons
per square inch of section, and working strengths frequently used in compression,
free from flexure, are, one-sixth of this for dead weight~, one-eighth for columns free
from vibration, and one-fourteenth for arch-work. The average tensile strength of
cast iron is however low, being but about six tons per squere inch of section. It
should, therefore, never be used horizontally for either heavy or variable loads, nor
where the slightest liability to shock exists, for experience teaches us that cest iron
gives little or no warning of approaching failure due to tensile stresses.

5. For all close fitting work, the nature of cast iron necessitates a close attention
being paid to detail and if for any specific purpose there exist elements of doubt in
relation to size or shape, o pattern or template should be forwarded to the supplier.
The grade of material and purpose for which it is designed are both tirctors which
re-act upon the cost of any machining which may be necessery after the cesting has
been made and, therefore, attention should be given to an adherence to stock or
standard designs as much as possible, to reduce cost.

6. TFor all practical purposes of importance, steel has entirely displeced cast iron
in structural engineering, but owing to its relative cheapness and the ease with which
it can be cast in moulds to almost any desired shape, therc are still many uses to
which it is put.

Brazing and riveting are inadmissible operations where cast iron is concerned
and grey iron is much cheaper to machine than white iron which is not easily
worked.

Specification No. 4.

1. All castings shall be of the best tough close-grained grey metal, of such a
strength that a ber one inch thick by two inches deep placed upon bearings three
feet apart, will sustain, without fracture, a weight of 27 cwt. placed at the centre
with a deflection of not less than one-third inch.

2. Castings having wearing surfaces shallbe made from cold blast pig. All
castings shall be clear sound and without admixture of deleterious matter, true and
out of winding, free from airholes and flaws and with the arrises clean and
sharp.

3. The British Admirality specify that cast iron must have an ultimate tensile
strength of not less than 11 tons per square inch and that the load in transverse tests
must not be less than 2,000 lbs. applied centrally, on cast bars one inch square in
section when suspended on supports placed one foot apart.

Malleable iron is formed from iron castings of suitable composition, carefully
watched for soundness during casting, subjected to a partly thermal and partly



MATERIALS 51

cherhical change producing a material very ductile and tough. The resultant

product is vastly superior to ordinary commercial cast iron and is used
extensively. '

WROUGHT IRON.

Notes on wrought iron.

1. The use of wrought iron for structural purposes has been practically superseded
by steel. Some grades however heing less susceptible to corrosion than steel, have
been frequently used on hydraulic and marine works for special purposes such as
lock gates, etc. Apart from the extensive manufacture of galvanized iron sheeting,

its more general utilitics are to he found in operations performed at the smithy and
the forge where it is supplied as bar or sheet material.

2. Good quality wrought iron is tough, ductile and fibrous. A shert blackish
fibre indicates imperfect material, and a very fine grained iron is likely to prove
cold-short. Cracks developed on surface or edges indicate hot-short material.

3. Galvanized iron corrugated sheeting is made in lengths from three to ten
feet in length.

Specification No. 5.
(1) Wrought Tron shall be of the grade A, B or C as specified.

(2) Tt shall be welland cleanly rolled to the dimensions specified and shall be sound
and free from flaws, laminations, eracks or other defects,

(3) The weight shall be calculated on the basis of 3} lbs. per square inch area, a
foot long.

(4) The Tron shall not contain more than 0-10 per cent. of manganese for Grade
A and not more than 0°15 for grade B.

5. The results of tensile tests for Grade A and B should give a tensile strength
of 21 to 24 Tons per square inch for rounds and squares up to 2” diameter or side and
flats and angles, and 20 to 21 tons for rounds and syuares 21" diameter or side and
over, and plates with the grain. For plates across the grain, these figures should
be 17 to 21 tons per square inch.  For Grade C, the tensile strength of rounds and
squares upto 2” diameter or side should be 21 to 25 tows per square inch and the
same strength for flats 4” wide and up to 1” thick and angles up to }” thick. For
higher sizes and plates along the grain, the tensile strength should be from 20 to 24
tons per square inch. For plates across the grain this strength should be from
17 to 21 tons per square inch.

The grades vary in elongztion per cent. under test the grade A giving the greatest
minimum elongation per cent. and the greatest minimum reduction of area per cent.
of original arez, and Grede C the least.

Cold bend Tests @ -

The test picce shall without showing signs of fracture on the outside of the bend,
withstend being bent cold through an angle of 180° round & former having a diameter
equal to the diameter or thickness of the test piece, until the limbs of the test piece
are perallel, for grode A, For Grades B and © the former shall heve a diameter
equal to 1} times the test piece thickness, and for grade C with the same former
thickness the bend will be through 90° only for #1l round and square bars and for
flats up to 1}” thick .For flats over 1}” thick the former, is twice the thickness
of the test piece and the bending through an angle of 135°.

Mo-t Bk T 1—4a
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-d

For Plates— the hending is round a former of 1” diemeter, and the angles of bending
as under :—

TABLE XVI
oyt U St
Thickness of plate. 4 3" ! P L 3 7 1
¥
{ i {
! A —
Withgrain.-— ‘ : ;
Brade A .. . . 900 | 620 450 - 340 280 | 230 | 200
| :
Grade B .. .. . P
| :
GradeC .. o . e [ see v sse |ere 210 L
5 o
. i i
Acrossgrain. — i ‘ [ :
i i ' : |
Grado A a0 28 | 200 ’14" REEE
| ! i
Grade B .. . .. R A S U I E AR T ¥
GradeC .. . . L300 l"o" 15° 112" !10° f 7

Nick and Bend test.

In Grades A and B a test piece lightly and evenly nicked on one side, and bent
steadily should show fibres free from slag, dirt or coarse crystalline spots or
streaks.

There are other tests viz. welded for test, the Quench test, and Ram’s Horn test,
to judge the quality.

STEEL.

Notes on steel.

1. For structural stesl the latest B-itish Standard Specifications as revised
are in general use. Stock material should invariably be adhered to when indenting,
since this ensures prompt deliveries at lower cost. In general, sections made up
as bridge rails, steel joists, chennels, angles tees, rolled edge steel flats and plates
of common widths and thicknesses are stocked in lengths ranging from 18 to 40 feet,
advancing in steps of two feet.

2. Round bars for solid steel columns are not usually stocked over 30 feet
in length.

3. Owing to the advantages which the use of broad flange beams offer for many
purposes, as an alternative to built up or compound girders, the use of the former
is extending and reputable makers now manufacture them in sections up to 16” x 12”
X 107 lbs. per foot.

EXTRACT SPECIFICATION FROM B, 8. 8. STRUCTURAL STEEL FOR BRIDGES, ETC.,
AND GENERAL BUILDING CONSTRUCTION.

Specification No. 6.

1. The steel shall be made by the Open Hearth Process (Acid or Basic) or Acid
Bessemer Process unless one of these processes is specially required or specified,
and shall not show on analysis, more than 0-06 per cent. of sulphur or of
phosphorus.
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QuALITY OF FINISHED STEEL.

2. All finished steel as sent from the mills shall, subject to permissible variations
in length, weight and cross-sectionel dimensions as laid down, be well and clearly
rolled to the dimensions, sections and weights specified or required. It shall be
sound and free from cracks, surface flaws, laminstions, rough-jz gged and imperfect
edges, and all other defects, shall be finished in & workmanlike menner, and shall
in all respects comply with the tests and requirements herein mentioned, applicable
to the description of materizl (e.g., pletes, sections, bars, rivets, etc.) required or
specified.

5. The tensile breaking strength of zll steel, determined from the Standard
Test Pieces hereinafter referred to, shall be cs follows : —

(a) Plates, Sections (e.g., Angles, Tees, Beams, Channels, etc.) and Flat Bars. —
The tensile breaking strength of all plates, sections, (such s cngles, tees, beams,
channels, etc.) and flat bars, shell be between the limits of 28 and 33 tons per
square inch of section. The elongation measured on the Standard Test Piece,
shall be not less than 20 per cent. for steel of 0-375 inch in thickness and upwards,
and not less than 16 per cent. for steel below 0-375 inch in thickness.

For plates, sections, and flat bars, under 0°25 inch in thickness, bend tests
only shell be required.

(b) Round and Square Bars.—The tensile breaking strength of round and square
bars (other than rivet bars) shull be hetween the limits of 28 and 33 tons per
squere inch of section, with an elongation of not less than 20 per cent. measured
on the Standard Test Piece, with gauge length not less than 8 times the diameter
or side, or not less than 24 per cent. measured on the Standard Test Piece, with
geuge length not less than four times the dizmeter or side, for bars above 1” dia-
meter or side. For bars under 0°375 inch diameter or thickness, for concrete
reinforcement, the elongation measured on the former test piece shall be not less
than 16 per cent. For bars under 0375 inch diameter or thickness for other
purposes, bend tests only are required. The bars mey be tested the full size as
rolled.

(¢) Rivet Bass.—T'he tensile brecking strength of rivet bars, shall be between
the limits of 25 and 30 tons per square inch of section, with an elongation of not
less than 26 per cent. measured on the Standard Test Piece, with g: uge length
not less than eight diameters or not less than 30 per cent. measured on Standard
Test Piece with gauge length not less than four diameters. The bars may be
tested the full size as rolled.

9. Cold Bend Test.— For cold bend tests, except in the case of round bars 1 inch
in diameter and under, the test piece shall withstand, without fracture, being
doubled over either by pressure or by hlows from a hammer until the internal
radius is not greater than 1} times the thickness of the test piece, and the sides
are parallel.

In the case of round bars, 1 inch in diametcr and under, the internal radius of
the bend, shall be not greater than the diameter of the bar.

For sections having flanges less than 2 inches (50°80 mm.) wide these bend tests
may be made from the flattened section.
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10. Numbe: of Tests.—-For every 5 tons or part of 5 tons, of material presented

for inspection. the following cold bend tests shall be taken from the material from
each cast, included therein :—-

l From each diameter

1
From each type of section and feom flag ! Trom plates i of round and each
bars. . plates. thickness of squarc
! bars.
e et S —
1 lengthwise ... T lengthwise and' 1 lengthwise.
|

! .
" 1 crosswise.

~

Except that for the first 5 tons, or part of 5 tons, one additional test shall be taken
from each type of section and from flat bars, and from each diameter or thickness
of square bar.

For rivet bars bend tests are not required.

Number of Tensile Tests.—One for each different type of section from each cast,
for any quantity up to 25 tons, and an additional test for each type, if the quantity
exceeds 25 tons.

For rivet bars, one tensile test shall be made from the finished steel from a cast
for any quantity up to 10 tons.

NUMBER AND KIND OF TESTS OF MANUFACTURED RIVETS.

1. Manufactured rivets selected from the bulk, in such number as may be
specified, shall withstand the following tests :—-

(@) The rivet shanks shall be bent cold, and hanmimered until the two parts
of the shank touch, without fracture on the outside of the bend.

(b) The rivet heads shall be flattened, while hot, without cracking at the edges.
The head shall be flattened until its diameter is 2% times the diameter of the
shank.

NOTES FOR GUIDANCE IN CONNECTION WITH STEEL STRUCTURE
. BUILDINGS.

When cslling for designs and estimates for steel frame buildings, workshops,
engine or pump houses, etc., delaysand misconceptions likely to arise will be greatly
minimised, if care is taken to furnish the pcople from whom tenders are invited, with
such information, as the requirements of the case demand.

1. Anplan of site, showing the location of proposed structure, position of adjacent
buildings, roadways, waterways or other physical conditions, having a bearing
upon either the erection or completed work proposals.

2. Sketches showing the proposed building dimensions ; height to eaves, lengths,
widths, number of floors, heights of same from floor level to underside of floor above,
and any other dimensional information, which being specitied, may be incorporated
in a design, otherwise, left to the designer’s judgment.

3. If more than one bay in width is required, state width of each and the number
of bays, also advising whether the number and positions of stanchions can be left
to the designer’s discretion. Where special circumstances, such as the placing
of machinery, shafting, or cranes, rule the positions of internal stanchions, this should
be clearly stated, with preferably a lay-out drawing for gunidance.
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4. State any preference held for floor constiuction, giving the load per super
foot which the floors will be called upon to support, exclusive of individual dead
weights.

If machinery is to be supported, the positions and weights should be shown on
the lay-oa drawing. Concentrated loads on either floors or roofs, should be clearly
specified, likewise all openings, or channeling, through and along either the walls or
flours.

b. State whether roof is required flat, ridged or curved.

6. State wall and roof material desired, and for sheeting, state whether
the sheets are to be supplied galvanised or black painted, with gauge, end
laps, cte

7. State whether the use of timber is permissible or not, for supportmg sheeted
walls, and roof covering ; also for roof purlins.

8. If shafting has to be supported by the root, this should be stated, giving the
length and diameter of the same, together with particulars of the load, and positions
of concentration.

9. Doors and steircases.- If required in steel, state the number, position, size
and type.

10. Crane Runways.—Where a crane runway is desired, state the centres of the
supporting stanchions, the type, the span, the wheel-base, and the load of the crane,
together with the end and overlicad clearances.

11. Gutters and pipes.-—If not left to the discretion of the designer, state material
for the same, .., cast iron or galvanised iron, etc., giving particulars of
position.

12. Concrete work.--The stecel uscd for reinforcement should comply with
quality A, B. S. 8.

13. State any known conditions on site, which may assist or retard (if ignored),
either the erection work, or the local delivery of material, during the progress of the
work.

14. Where building design is lorgely determined by a conformity to local
Government or Municipal bye-laws, = copy of the bye-laws should accompany the
specification,

15. When the progress programme of the erection work is largely determined
by the demands of internal plunt contracts, carried out at the same time 2s the
building work progresses, the full programme requirements should be stated in
specification.

16. Workmeanship.—On all permznent works the whole of the workmanship
should be of first clzss charecter throughout, and true to dimensions.

All sheared edges should be planed or machined, where stress is transmitted, and
all holes in girders and columns must be drilled. Machine riveting should
be stipulated for wherever practiceble, and zll connections on the site
should preferably be bolted, unless otherwise agreed upon in the contract.

NOTES ON THE INSPECTION OF IRON AND STEEL SUPER-STRUCTURES.

1. Contract drewings and specifications should be read, studied and so examined,
that the whole contract is thoroughly known. Ordinurily when drawings, etc,
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are received, it is assumed that they will be complete and uccurate. It is
however, unwise to take too much for granted, the prevention of errors or
omissions before they can affect the progress of work should invariably be
aimed at,

2. Two classes of drawings are usuelly supplied on erection site, ncmely,
general and detail drawings. The general drawings constitute plans, elevations
and sections, and serve to show the proper relationship borne by structural members
to each other. To facilitate assembly work, the drawings usuzlly show a marking
system, from which the fabricated steel material can be readily identified and
checked. Detail drawings are generally shop drawings. As they are usually
on a scale large enough to give machinists and other workmen, the exact
knowledge for cutting, shearing, drilling, plening, milling and riveting, finish-
ing with an erection mark, it follows the supply of these drawings to
erectors, facilitates the identification of detuils common to the connections of
members.

3. Conduct all the inspection duties, so as not to interfere unnecessrrily
with the progress programme in operztion.

4. When unusual circumstances require an explanation of the plans,
or some variation from the sp::ified- procedure, take the mnecessary =action
at once.

5. See that all the erection tackle supplied for use on site, is of a quality and in
a condition, as will enable all parts of the structure to be properly assembled and
aligned, with perfect freedom from the liabilities of structurel distortion or accident
to workpeople, etc.

6. See that all levelling and setting out for foundations is carefully carried
out.

7. Give special attention to the requirements of specification where foundations
are concerned. This is of the utmost importance, since the stability and life of the
structure, will largely depend upon the uality of the material used and the menner
in which it is hiandled.

8. See that all material arriving on site is so unloaded, handled and stored, as
will safeguard against any distortion or other damage to members, noting it is bad
practice to have such quantities on the site, as may result in expense for
moving operations and its consequent delays.

9. During erection prevent any abuse or rough usage of the matericl,
such as bending, straining, or pounding with sledges.

10. Carefully watch the use of fillers, washers, and th.eaded members of
all classes, with a view to preventing both misuse and abuse. The use of
shims of any kind for plumbing up purposes, should not he allowed.

11. Examine castings carefully for blow-holes und other imperfections,
and exercise discretion in rejecting castings as unfit for use. .

12 See that all tie-rods, anchor bolts, connection bolts, plates (base, wall
and connection), bushings, collars, keys, or other miscellaneous parts required
in assembly, are properly checked and safeguarded against loss, or any substitution
by inferior grade material arising through same.
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13. Remember that field riveting requires a more stringent zttention than is the
case with shop riveting, which usually permits of whole time attention. No covered
riveted or bolted work should ever be pzssed, without having been thoroughly in-
spected prior to covering up, and any defective work rectified.

14. Machine riveting should be sadhered to wherever possible, owing to
accessibility requirements, however, the majority of field operstions usually
involve somz hand riveting, end this should be carefully watched so as to guard
against loose rivets, underhesting, overhesting. and other imperfections
of workmanship. '

15. Loose rivets should always be cut out and repleced by new ones, care being
taken to prevent injury to the metal during the cutting out.

16. Sometimes the use of bolts is resorted to, where riveting was
originally intended, owing to the want of space for driving. This of course should
never occur where any important connection is concerned. In such a case, care
shou d be tzken to ensure the use of material, of such a stendard Whitworth size,
thet will provide for a force fit when bolt is in place.

When in place and the nut is screwed home 23 tightly as possible, the screw end
should be reveted cold by hammering threzds into deformation, which prevents the
nut from working loose through possible vibration, ete.

17. Whenever possible during the progress of the work, secure photographic
records.

18. Malke such weekly progress reports, s rezdly lend themselves to the making
up of a final report on completion, which will show the cost of erection in sections,
the cost of correcting any errors which may have arisen, and any other
information likely to prove useful at o future date, when estimating for similar
works.

TABLE XVIL

BREAKING AND WORKING STRESSES FOR MATERIALS FOR DEAD LOAD.

1 4
‘ Breaking stresses in Working stresses in
tons per square tons per square
. inch inch. ¥actor
Material. ' B o o of
! ’ safety.
[ Compres- - Compres-
l T'ension, sion. ; Tension. ' sion.
; : |
! |
Cast-iron .. o 0 48 13 8 6
| : i .
Wrought-iron ! 2 , 18 5 | 4 4}
¥ N 4
Steel .. . SR 30 73 i‘ W 4
Timber, fir l 4 3 P l 1 '| 9
| | !
Do. onk or teak . , (17} ‘l 43 H \
i
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FACTORS OF SAFETY.

TABLE XVIII

The followiny table shows the factors of safety recommended for application in

several cases that arise in practice.

!
Authority. Nature of structurc. Nature of load. o!?;?fz:ty ! Remarks.
1 i
i .
————— ! |
Cast iron. ! |
i ;
General . Dead .o 4 |
. .. Live or varying . 6 | Stress of one kind
| ! only.
.. Do. ..l 10 | Equal alternate
. Cene ... Varying with shocks .. 156 stresses Of different
g Water tanks .. Dead " kinds.
€ Pillars .. Do. N 6
g Pillars subject to vibra-! Live 8
7 tion. | |
& Pillars subject to trans- Do. 10
o verse shock. |
8 i
B Wrought iron. 5
3 !
~ General .. Dead 3
g ." Live or varying 5 | Stress of one kind
a only.
3 .. Do. 8 | Equal alternate
“ ceee .." Varying with shocks 12 | stresses of different
b Girders .. Dead 3 . kinds.
@ cees . Live with shocks 6 |
B Bridges .. Mixed 4 '
@ Riveted joints ." Dead 4
& Roofs .. Do. . 4
) Tension and compression’ Live with shocks qBta7
§° bars. ! )
z Compression bars ... Dead 4
~
2 1 Steel.
- i General . Dead 3
-} [ .| Live and varying 5 Stress of one kind
3 | only.
- e Do. 8 Equal alternate
X . ..| Varying and shocks 12 stresses of different
@ Bridges .| Mixed 4 kinds.
g Timber.
< General ..| Dead 7
H vene ..| Live and varying 10 Strelsa of one kind
@ only.
2 . Do. 15 Equal alternate
El cees .| Varying with shocks 20 stresses of different
P Exposed to weather Dead 10 kinds,
For temporary purposes Do. 4
Brickwork and masonry.
General ..| Dead 20 4 to 10 (Rankine).’
Do. .| Live 30
Arches ..| Dead 20
| Do. ..| Live 30

Note.—The above figures are for general guidance only ; the factor of safety, determined upon for
any particular case, will depend upon what is acurately known of the strength and quality of the
particular material to be used, upon the importance of the structure, ete.
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The following is an approximate list of scctions and sizes of round, square, flat
and tee bars, etc., which sre usually available for immedicte delivery in the
bazar :—

SIZES :—ROUND, SQUARE AND FLAT BARS.
Round bars, %, 1, 1%, § and } inch.
Do. $" to 2 inches, rising by eighths.
Do. 2} to 4 inches, rising by quarters.
Do. 4%, 4, b}, 61, 74 and 8} inches.
Square bars } to 1% inches rising by eighths.

Do. 2 to 4 inches rising by quarters.
Flat bars, % tolinch X } inch thick, width cdvancing by Jths.

Do. 1} to 3 inches _1, v do. do.

Do. 1 tod . “ do. do.

Do. 1 to6 < 3 . do. do.

Do. 1 to6 ,, X % . do. do.

Do. 1 to6 X & ) do. do.

Do. 1Lto6 w3 'y do. by 3 inch.
Do. to6 P ) do. do.

Do. 1}to6 . < . do. do.

Flat girder bars, 6 to 12 inches wide 1" in 30-feet lengths.
Do. 6tol6 % 3 do.
Do. 6tol6 x 3 do.
ANGLE BARS, VARIOUS SECTIONS,

Angle bars, §7 x 3", 17 > 1"and 1} % 1}" X -§”.
Do. 17 X 17,117 x 117, 13 % 14" and 137 >0 137 < 43"
ANGLE BARS, VARIOUS SECTIONS.

Anglo bers, 17 < 17117 ¢ 17, 137 52 137, 137 5 137, 27 5 97, 24" x 24"
and 3" x 3" x V" ) -
[29 . . 4 .

Do. 2" x 2" and 28" < 23" X 4

Do. 2" x 27,21 X 217,37 % 3", 33" X 28", 34" X 34", 4" X 3", 4" X &,
II \; :;" 6” >< 3” an(l GII ;\/ 4 ” ’\/ g”

Do. 24" x 217, 37 X 3, 31" X 347, 47X 87, 4" X 47,5"X 87, 6" X3

..’
dnd ()” K 4” e 1/1
Do. 3"y 37, 4" X 4", 5" x B x b

TEE BARS, VARIOUS SECTIONS.

ch l)ﬂ.l's, l,},” X -li'”; 1.;_;/ N 15” ‘)ll .)” i‘nd zi” % .)]/t N l
DO. 2_%” X 2%_/1’ or 3n‘ &II >< 4”‘ 3%" X 3% s 4” 3”, 4” X 4”, 5” X 3”,
6" x 3" and 6” X 4" % ¥
Do. 3" % 3" 3" x 4", 3}" x 31", 4" x 3", 4" X 4", 5" x 3" and
” X 3// X %n.
Note.—Angle and tee bars are available in lengths of 24, 25 and 30 feet, these being the usual
\engths imported.
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SHBEETS AND PLATES.

Sheets 18 to 24 B. W. G. size 4’ X 2}’.

Sheets ;%" and §” thick, 6, 8, 10 end 12 feet long X 3’ and 4’ wide.
Plates %" to §” thick, 6, 8, 10 and 12 feet long by 3’, 3}" and 4’ wide.
Plates §” to 1” thick, 6 and 8 feet long X 3’ and 4" wide.

Note.—When the weight of iron is determined by measurement the following weights should be
allowed :— :

Wrought iron .. .. .. 40  1bs. per foot superficial an inch thick.
Steel .. .. .. 40°8 ,, . do. do.
Cast iron .. .. .. 316, o, do. do,
TABLE XIX,
SECTIONAL AREA AND WEIGHT OF SQUARE AND ROUND BAR IRON.
Square bars. Round bars. '[ Ii Square bars. Round bars.
Diameoter | 77 Diameter R
_orside |Soction- | Weight {Section- | Weight | or side iSection- | Weight [Section- | Weight.
ininches. | al area | perlin- | alarea | perlin- | ininches. | alarea | porlin- | alarea | perlin-
insq. |ealfoot| insq. |ealfoot insq. |ealfoot| insq. | eal foot
inches. | in lbs. | inches. { in lbs. i inches. | inlbs. | inches. | in lbs.
i
P 063 209 1 049 164 2 4:F16 | 15°08 3546 11-84
v 098 -326 076 256, 2% 5:062 | 16-91 3:976 13-27
3 ‘141 470 ‘110 369 23 | 5640 | 18-84 4430 14-79
T 191 *640 1560 502 23 ! 6°25 | 20-87 4908 1639
3 250 | 835 | 196! 656 | 2§ 6:891 | 23°11 | 5411 | 1807
o 316 | 1057 | -248, 831 23 7:562 | 25°26 | 5°939 | 19-84
1 391 | 1305 ' 30€ | 1025 23 8265 [ 2761 | 6401 | 21-68
1L 413 | 19| 3! 1-201 ; 3 | 9°00 [30-07 | 7068 2360
3 563 | 1-879 | 441 1-476 ! 31 10°562 | 35-28 8°205 2770
L 660 | 2°:205 ; 518 ' 1-732 33 12:25 | 40-91 9621 3213
H *765 | 2-556 : 601 | 2-011 33 14:06 | 46°97 11°04 3659
1 ‘878 | 2936 . 690  2-306 4 16-00 | 5344 12-56 4197
1 1-000 3:34 [ *785 ! 2-62 4} 1806 | 60°32 14-18 47°38
1} ,' 1-266 422 : ‘994, 332 ! 4% 2025 | 67-63 15°90 6312
13 i 1-563 526 g 1-227| 4-09 43 22°56 | 75°36 17-72 5918
13 i 1-890 6°356 ; 1-484 ; 4-96 5 25°00 | 8351 19-63 66°58
13 : 2:250 | 751, 1767] 590 | 5} 27°56 | 9246 | 21-64 | 172-30
1% i 2640 | 8-82 i 2073 | 692 5} 30-25 |101-03 | 2375 | 79'36
13 i 3:062 | 10°29 | 2406 : 8°03 5% 33:06 |110°43 25-96 8673
13 | 3516 | 11'74 | 2-761 I 922 6 36°00 [120°24 | 2827 | 9443
2 ! 4000 | 13-36 | 3-141 t 1049 . . .. . .

NortE :—To obtain weights of mild steel bars of the same diameter or scale add 2 per cent. to the
above weights for the har size concerned.
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TABLE XX,

FLAT 1RON BARS, WEIGHT PER LINEAL FOOT.

[Width in inches.]
| ! : i
Thickness ' i
in inches. | n - n ! 13 2 2t 2% 23 3
| ! i |
i i | : i I
« | |
% 208 | 200! 313! 365, 417 -469l 521 | 573 | 625
4 417 c521 625 | 729 -833 938 | 104 | 116 | 1-25
) 625 781 | 938 | 109 | 125 1441 | 156 172 1-88
3 833 | 104 | 1'25 | 146 | 167 | 1'88 | 2-08 | 229 | 250
e 104 | 1'30 | 1-56 ' 1-82 | 2:08 | 2-3¢ | 2:60 | 2'86 | 3°13
8 1'25 | 156 ; 1°88 | 2°19 | 2-50 | 281 : 3-13 | 3-4¢ | 3-75
7 146 | 1'82 | 2719 ' 255 | 2:92 | 328 365 | 4°01 | 433
4 1-67 | 2°08 i 250 | 2:92 | 333 | 375 | 417 | 4°58 | 5°00
s 188 | 2:3¢4 = 281 | 328 | 37 422 | 469 | 516 | 563
§ 208 | 260 , 313 _ 365 | 417 | 469 : 621 | 573 | 625
229 | 286 | 3'44 | 4°01 | 458 | 516 573 | 630 | 6-88
i 2:50 | 3°13 | 3-75 | 438 | 500 | 563 | 625 | 688 | 750
Y 271 | 339 © 406 ;. 474 | 542 | 6°09 677 | 745 | 8°13
1 292 | 365 | 438 , 510 | 583 | 656 . 729 : 8:02 | 875
o0 8713 391 1 469 | 547 | 625 | 703 | 781 | 859 | 938
I e P 417 ¢ 500 | 588 | 667 | 750 | 833 ! 917 |10°00
j
IRON WORK

Specification No. 7.

1. All headed bolts passing through plates to be zccurztely fitted to the holes,
with the heads lying squarely and closely on the plates. The heads to be forged
in one piece with the plates. Rivets must be tightened and drawn closely
home, and the heads spread equally, and properly hammered and set down all
round.

2. All screws to be cut to a full thread without taper, and toan =zccurcte
fit.

3. Nuts, when measured across the flats, to be at least twice the diameter of the
bolt, and to be at least equal in depth to the diameter of the bolt.

4. Alliron work during the whole course of manufacture and testing, shell be
subject to the inspection of the Executive Engineer or his representztive.

5. Alliron work to be coated while hot with boiled linseed-oil or painted with
two coats of red lead, as the Executive Engineer may direct.

6. No iron work shall be painted, before it has been examined by
the Executive Engineer or the Inspecting Officer.

ERECTION.

7. The Executive Engineer may order the completion and fitting together on
the ground, of such portions of the work &s he may deem expedient, and may cause
the same to be subjected to a proper test before it is put into position.

8. In putting iron work together, the greatest care is to be taken to fit the plates
and bars accurately in contact, and to see that rivet and bolt holes
correspond before riveting up. All joints to be perfectly cleaned and freed from
rust. Should any parts be bent or injured, they areto be repeired according to the
instructions of the Executive Engineer.
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In case holes do not exactly correspond, they shall not be slotted out to fit, but
shall, with the permission of the Executive Engineer, be enlarged with a circular
bit and larger rivets or bolts used to fill the holes.

9. Rivets shall, if possible, be heated uniformly throughout their whole sub-
stance in an air furnace, the rivets being kept clear of the fuel. Great
care is necessary in heating rivets, to prevent the iron from burning and becoming
brittle.

10, In erecting girders, the different parts are to be fitted together with service
bolts and packed up to camber, before riveting is completed ; care to be taken to
keep the girders laterally straight.

11. In fixing bed-plates, special care must be taken to put the holding down bolts
exactly in position, so that the nuts may bear square, and firmly grip the
plate below. The upper surface of the bed-plates or rollers, must be exactly at the
level given by the Executive Engineer. The bed-plates to be set in mastic
or cement as the Executive Engineer may direct, the cost of which must be included
in the rate for fixing.

LIMES, CEMENTS, MORTAR, etc.
LIME.

Specification No. 8.

1. Limes are divided, generally, into three clesses—(a) Fat limes, (h) poor limes,
(¢) Hydraulic limes :—
Fat lima gains no consistency under water but remains in a state of paste,
dissolving slowly in pure water frequently changed.

Poor lime contains fat lime and sand.

Hydraulic lims has the property of hardening under water, the smaller the
time of setting the grexter the Hydraulicity. In India, generally speaking, zll
kankar limes are more or less hydraulic, and these should be used, when
available, for 21l building work, f~t limes being used for plaster and whitewash
only.

2. The kankar shall be broken to a uniform size not exceeding 1} inch gauge
carefully freed from all impurities, and burnt with a suffi:ziency of coal, charcoal,
wood or screeped cinders.

3. The lime shall be properly slaked with water, not less than one week or more
than three weeks before use. The slaking shall be carried out on a sleking platform
of concrete, rublle or burnt brick set in mortar. The lime after sleking shall be
screened through one-eighth inch mesh screens, and the refuse will be rejected if
over-burnt. If under-burnt, it may be used for placing on the top of the kiln. If
the slaked lime is stored, it must be properly covered over. As a rule, the lime
shall be used within 14 days after removal from the kiln.

4. All lime that has been in any way damaged by rain, moisture, dirt or any
other cause will be rejected and all material that has been rejected must
be removed from the site of the work within 24 hours of its rejection.

HYDRAULIC LIME.

1. This is laxgely used on all ordinary buildings, when they are not likelyto be
- exposed immediately to the action of water, and when its action is not very sever.
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In using hydraulic limes, moreover, there is far less danger then in the case
of cements of an unskilled or czreless brickleyer spoiling the work.

2. Natural hydraulic limes vary much in character, containing from 8 to 30
per cent. of clay.

3. When naturally hydraulic limestone is not procursble, fat lime may
be rendered hydraulic crtificially ; but ordinarilly n»turel is preferable to artificial
hydraulic lime.

Limeis considered to be hydraulic when it sets within teven days undcr water, as teeted by Vicat's
needle.

ARTIFICIAL HYDRAULIC LIME.
Specification No. 9.

1. Artificial hydraulic lime may be made by moderately caleining an intimate
mixture of fat lime with as much clay as will give the mixture a composition similer
to that of a good naturel hydraulic limestone, of which the product should
be a successful imitation.

2. After burning such lime shall be ground dry in a lime mill and
passed through a sieve heving 150 meshes to the square inch. Tt should then be left
under cover till wanted.

3. When required for use small quantities of the lime mixed with the
specified proportion of sand shall be wetted with sufficient weter to make a thick
paste, and shall be ground for such length of time as the Executive Engineer may
order, as described in the specification for mortar. The proportion of sand may he
1, 2 or 3 to 1 of lime, according to the quality of the lime, Lut the exact proportions
should be specified by the Exccutive Enginecr.

4. Large quantities of artificial hydraulic lime have been successfully used
on the Karachi harbour works and on irrigetion works in Sind.

In the monufacture 53 parts by measure of ordinary slaked lime in pzste are
mixed intimately with 1 part of clay. The mixture is made into bells which,
when thoroughly dried, are barned in 2 kiln. One part of this lime may be mixed
with 2 parts of sand for superstructure work, or with 3 parts for mortor in concrete
and footing s.

[Full description and details of the process and cost will be found in the Roorkee Manual on
‘‘ Limes, Mortars and Cements®.]

PORTLAND CEMENT.
Specification No. 10.
BRITISH STANDARD SPECIFICATION,
(Revised.)

Composition and manufacture of cement.

1. The cement shall be manufactursd by intimately mixing together calcareous
and arg.llaceous and/or other silica and alumina or iron oxide bearing materials,
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burning them at a clinkering temperature and grinding the resulting clinker
so as to produce & cement capable of complying with this Specification.

No addition of any materiel shall be made ofter burning other than celeium
sulphate, or water, or both,

No cement to which sla;r has Leen added or which is & mixture of Portland Cement
and slag shall be deemed to comply with this Specification. For a Specification
which admits of added Slag see British Standared Specification for Portland-Blast-
furnace Cement (B. S. S. No. 146).

Samples for Testing and by whom to be taken.

2. A somple or samples for testing moy be tcken by the purchaser or
his rcpresentztive or by =any person appointed to superintend the works
for the purpose of which the cement is required, or by his representative, or by any
expert anclyst employed or instructed by such purchaser or person, or by
the representztive of such purchaser or person.

Samples for Testing and how to be taken.

3. Each sample for testing shall consist of approximately equal portions
selected from at lesst twelve different positions in the heup or heaps when
the cement is loose, or from not less then twelve different bags, barrels or other
packages, when the cement is not loose, or, where there is 2 less number than twelve
different bags, barrels or other packeges, then from each bag, barrel or other
package. Every care shall be taken in the selection, so thet & fair average semple
shall be teken. Such finel sample shall weigh at least 10 1bs (4- 54 kg.).

Sampling Large Quantities.

4. When more than 250 tons (560,000 lba. == 254,012 kg.) of cement is
to be sampled at one time, separate samples shall Le taken, as provided in Clause
3, from each 250 tons or part thereof.

Not more than 250 tons shall De stored in such a manner that it cannot
be separately identified and sampled in zccordance with the provisions of this clause
and Clause 3, and separated in bulk from the remcinder. If more than 250 tons
of cement is stored in a silo, provision shall be made by which er.ch 250 tons, or any
part of 250 tons in excess thereof, sh:ll be isolated from the remzinder and sampled
at different points.

As there are silos in existence with capacities greater then 250 tons ond which
cannot be sub-divided without denger to the structure, szmpling from such silos
shall be permitted provided the Purcheser or his representative agrees and
is satisfied that a proper and representative sample can Le oktoined of each 250
tons discharged into the silo. Such samples can be obtzined either from suitzble
sampling holes in the walls of the silo or by automatic means at the point
of discharge into the silo.

In the event of any such sample representing a 250-ton portion not complying
with the requirements of this Specification, the Purchaser or his representstive
may refuse to 2ccept any cement from the particular silo from which the sample
was drawn.

It is, however, the intention of this Specification that wherever possible each 250
tons shall be isolated.
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Facilities for Sampling and Identifying.

5. The vendor* shall afford every facility, and providé all labour and materials

for taking and packing the samples for testing the cement and for subsequently
identifying the cement sampled.

Cost of Tests, Analyses and Samples.

6. The tests and chemical analyses hereinafter mentioned, other than those
referred to in Clause 15, shall (unless otherwise provided in the contract between the
Vendor and the Purchaser) be made at the expense of the Purchaser, but no
charge shall be made by the Vendor for the cement used for samples or for carriage
thereon.

* The term *‘ Vendor * throughout this Specification shall mean the scller of the Cement, whether
he be the manufacturer of the cement or not.

TESTS.

7. The sample or samples shall be tested in the manner hereinafter mentioned
for :—

(@) Fineness.

(b) Chemical composition,

(¢) Tensile strength (cement and sand).
(d) Setting time.

() Soundness,

Test for Fineness.

8. The cement shall comply with the following conditions of fineness :—
100 grammes (or say 4 ozs.) of cement shall be continuously sifted for a
period of 15 minutes on a  sieve of British Standard Mesh No. 170 and the
residue for a period of not less than 5 minutes on a sicve of British Standard
Mesh No. 72 and in the order of succession given below with the following
results :—

(1) The residue by weight on a sieve of British Standard Mesh. No. 170,
shall not exceed 10 per cent.

(2) The residue by weight on a sieve of British Standard Mesh No. 72, shall
not exceed 1 per cent.

Air-set lumps in the samples may be broken down with the fingers, but nothing
shall be rubbed on the sieve.

The sieves shall be prepared from wire-cloth complving with the requirements of
Table I of the British Standard Specification for Test Sieves (B. S. 8. No. 410).
The wire cloth shall be woven (not twilled) and carefully mounted on the frames
without distortion. The sieving surface shall be not less than 50 square inches
(322-58 cm. 2) and the depth of the sieves shall be not less than 2} inches (69-8§
mm.) measured from the surface of the wire-cloth..

uom Bk T 1—8
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The nominal dimensions and tolerances for wire cloth for sieves for testing
cements are given in the table below :—

TABLE XXI.
Dimensions of Standard Wire Cloth for Sieves for Testing Cement.

) !
| Tolerance
. . Approxi- on
fp‘:};‘?:el ls ;iz; o°£f Nominal diameter mate. Average
British Standard square). of Wire. Sczznamg Apel:;t’ure
Mesh No. (Nominal * or z;ninus
meshes per lineal .
inch). ' - - —_) e —
; i | Standard
v in mm. in [ mm. | Wire per cent. | per cent.
' i ! Gauge.
| i |
| | |
170 .. *0035 +089 0025 | 061 46 35 S
72 . *0083 211 00656 .[ +142 l 384 36 6
l H

The maximum tolerances for occasional large apertures, if present, expressed
as percentages of the nominal dimensions for side of aperture in either direction
shell not exceed 50 per cent. for the sieve of B. 8. Mesh No. 170, and 35 per cent.
for the sieve of B. S. Mesh No. 72.

Test for Chemical Composition.

9. The cement shall comply with the following conditions as to its chemical
composition. The proportion of lime, after deduction of the proportion necessary
to combine with the sulphuric anhydride present, to silica and alumina when cal-

culated (in chemical equivalents) by the formula ——S‘ﬁ—— shall be not
Si0,; + Aly04
greater than 3°00 nor less than 2:0.* The percenta: ‘e of insoluble residue shall not
exceed 1'0 per cent., that of megnesia sh: Il not exceed 4 per cent., and the total
sulphur content calculated as sulphuric anhydride (S0Og) shall not exceed 275 per
cent. The total loss on ignition shall not exceed 3 per cent.
* ExAMPLE.—In the case of a cement containing 6328 per cent. of lime, 216 per cent. of silica,
8°16 per cent. of alumina and 2°00 per cent. of sulphuric auhidride, the proportion of 1'me, after

deduction of the proportion necessary to combine with the sulphuric anhydride present, to silica and
alumina would be as follons :—

Molecular weight of Lime = 56
”» » Silica = 60
» " Alumina =102
”» s Sulphuric Anhydride = 80
2:00 X 56

Lime combining with 2°00 per cent. of Sulphuric Anhydride = ~— == 140 per cent.

80
63°28—1-40 = 61 ‘88 per cent. Limec.
6188

Lime (Ca0) = ——— =1'10
56
216
Bilica (8i02) = ————=036
60
816
Alumina (Al,0,) = ——— =0'8
102
CaO 110

Then = =
8i0; 4 AlO, 0°36 +0°08

2:60
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Determination of Normal Consistency of Cement Paste.

10. Cement Paste of normal consistency shall be used in the tests for soundness
and setting time, and also as a guide to the amount of water required for the gauging
of cement and sand briquettes for the test for tensile strength as described in Clause
II.

For the purpose of arriving at the normal consistency of cement paste the Vicat
apparatus, shown on plate II, shall be used, the pluriger (G), I cm. in diameter, being
substituted for the needle there shown in position.

The quantity of water required to produce a paste of normal consistency shall be
0-78 of that required to give a paste which will permit of the settlement of the Vicat
plunger to a point b to 7 mm. from the bottom of the Vicat mould wher. the cement
paste is tested as hereafter described.

The time of gauging, that is the time elapsing from the moment of adding the
water to the dry cement until commencing to fill the mould, shall be not less than
three minutes nor more thai five minutes. Where a quick setting cement has been
specially specified or required, the time of gauging shall be not less than two minutes
nor more than three minutes and the filling of the mould shall be completed within

five minutes. In either case the gauging shall be completed before signs of setting
occur.

The cement paste is filled into the Vicat mould (E), Plate 3, the mould
resting upon & non-porous plate. The mould shall be completely filled and
the surface of the paste shall then be smoothed off level with the top of the
mould.

In filling the mould the operator’s hands and the blade of the ordinary gauging
trowel shall alone be used. The trowel shall weigh about 73 oz. (213 g. approx.).
The mould after being filled may be lightly shaken to the extent necessary for
expelling the air.

Test for Tensile Strength (Cements and Sand).

11. The breaking strength of cement and sand shall be ascertained from
briquettes also of the shape shown in Fig. 1, Plate II. The briquettes shall be
prepared in the following manner :—

Preparation of Briquettes.—A mixture of cement and sand in the proportion of
one part by weight of cement to three parts by weight of the standard sand
rhall gauged with water, the percentage of water to be used being determined
by the following formula :—

1/4P + 2-50.

where P is the percentage of water required for the preparation of neat cement
briquettes as specified in Clause 10.

The mixture, gauged as above, shall be evenly distributed in moulds of the form
required to produce briquettes of the shape shown in Fig. 1, Plate II, each
mould resting upon a non-porous plate. After filling & mould, a small heap of the
mixture shalf be placed upon that in the mould and beaten down with the Standard

uo-m Bk T 1—-5a
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spatula shown on Plate IT until the mixture is level with the top of the
mould. This last operstion shall be repeated on the other side and
the mixture pitted down until water appears on the surface; the flat
only of the Stindurd spatuls is to be used, and no other instrument or
apparatus is to be employed for this operation. The briquettes, shall then
be ﬁni?hed off in the rgulds by smoothing the surface with the blade of
a trowel.

Clean appliances shall be used for gauging, and the temperature of the water and
that of the test room at the time when the above operations are being performed
shall be from 58 to 64 degrees Fahrenheit (14'4 to 17'8 degrees Centigrade)
Subject to the provisions of Clause 17, :

The briquettes shall be kept in atmosphere of at least 90 per cent.
relative humidity for 24 hours after gauging, when they shall be removed from the
moulds and immedi tely submerged in clean fresh water, and left there until taken
out for breaking. The water in which they are submerged shall be renewed every
seven days, and maint:ined at a temperature of between 58 and 64 degrees
Fuhrenheit (14-4 to 17-8 degrees Centigrade.) Subject to the provisions of Clause
17. After they have been so tiken out and until they are broken, the briquettes
shall not be allowed to become dry.

Breaking.—The briquettes shall be tested for breaking strenght at 3 days
(72 hours) and 7 days respectively after gauging, six briquettes for each
period. The breaking strength shall be the average tensile breaking strength of the
gix briquettes for each period. The briquettes to be tested shall be held in strong
metel jaws of the standard shape *and the load steadily and uniformly applied,
starting from zero, and increased at the rate of 100 lb. per square inch of section
(7-03 kg. per cm.,) in 12 seconds.

The breaking strength of the briquettes at 7 days after gauging shall show
an increase in the breaking strength at 3 days and shall be not less than 375 Ib. per
square inch (2637 kg. per cm.;) of section.

Standard Sand.—The standard sand shall be obtained from Leighton Buzzard,
shall be of the white variety and shall be thoroughly washed and dried. Its loss
of weight on extraction with hot hydrochloric acid shall be not more than 0-25 per
cent.t

The sand shall pass through a sicve of B. 8. Mesh No. 18, and be retained on a
sieve of B. S. Mesh No 25. The sieves shall be prepared from wire-cloth complying
with the requirements of Table I of the British Standard Specification for Test
Sieves (B. 8. 8. Mo. 410). The wire cloth shall be woven (not twilled)
and carefully mounted on the frames without distortion.

*In order to distribute the strees set up by the preesure of the jaws over as large a surface of the
briquette as possible, it is recommended that rubber or greased paper be inserted between the sides
of the briquette and the jaws of the machine.

1To carry out the test, the sand at 100° Centigrade for 1 hour, weigh out 2 i
porcelain dish, add 20 c.c. of hydrochloric acid of specific gravity 1:16 and 28(1)l c. 0. ot'g?i‘iﬁ?lllza l:::e:
Humn the water bath for one hour, filter, wash well with hot water, dry and ignitein s covered
orucible. A



MATERIALS

69

The nominel dimensions and tolerances for wire cloths for sieves for preparing
standard sand are given in the table below : —

TABLE XXII.
Dimensions of Standard Wire Cloths for Sieves for Preparing Standard Sand.

;[ A Tolerance
| . . pproxi- on
: Nominal size of Nominal diumeter mate | Average
i Aperture (side of £ Wi S <
British Standard | square). i ot Wire. cgenmg Apelrture
Mesh No. (Nominal ! | | ea. prus.
meshes per lineal 1 i or minus.
inch). b e = — —— -
l . ! Standard
. in. mm. . in. © mm. Wire | percent. | per cent.
: . Gauge.
! o
! « |
25 +0236 599 . -0164 | 417 27 35 5
!
18 0336 853 022 i *559 24 36 5

The maximum tolerances for occasional large apertures, if present, expressed as
percentages of the nominal dimensions for side of aperture in either direction shall
not exceed 20 per cent.

Tests for Seiting Time.

12. Vicat Needle Apparatus.—The initial and finul setting times of the cement
shall be determined by means of the Vicat needle apparatus shown on plate II.

For the purpose of carrying out the tests, a test block shall be made as
follows : —

Neat cement shall be gauged in the manner and under the conditions
referred to in Clause 10, and the gauging sh:ll be completed before signs of setting
occur. The test block shall be m: de by filling the cement, gauged as above, into
the Vicat mould shown at E, Plate II, the mould resting upon a non-porous plate.
The mould shall be completely filled, and the surface of the paste shull then
be smoothed off level with the top of the mould.

Clean appliances shall be used for gauging, and the temperature of the water and
that of the test room at the time when operations are being performed shall be from
58 to 64 degrees Fahrenheit (144 to 178 degrees Centigrade), subject to the
provisions of Clause 17.

The test block confined in the mould and resting on the plate shell be placed under
the rod bearing the plunger, the latter shall then be lowered gently into contact
with the surface of the test block and quickly released and allowed to sink into the
same.

Trial pastes shall be made up of varying percenteges of water until the amount
necessary for determining the normal consistency «s defined above is found. This
amount of water used shall be recorded and expressed as a percentage by weight
of the dry cement.

Determination of Initial Setting Time.—For the determination of the initial setting
time the test block confined in the mould and resting on the plate shall be placed
under the rod bearing the needle C ; the latter shall then be lowered gently into
contact with the surface of the test block and quickly released, and allowed to sink
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into the same.* This process shall be repeated until the needle, when brought into
contact with the test block and released as above described, does not pierce it
completely. The period elapsing between the time when the water is added to the
cement and the time at which the needle ceases to pierce the test block completely
shall be the initial setting time above referred to.

Determination of Final Setting Tvme.—For the determination of the final
setting time the needle (C) of the Vicat apparatus shall be replaced by the needle
(F), shown separately on Plate II. The cement shall be considered as finally set
when, upon applying the needle gently to the surface of the test block, the needle
makes an impression thereon, while the attachment shown in the figure on Plate II
fails to do so. In the event of a scum forming on the surface of the test block, the
underside of the test block may be used for determining the final set.

Normal Setting Cement.—Unless a quick setting cement is particularly specified
or required, the initial setting time of the cement shall be not less than 30 minutes
and the final setting time not more than 10 hours.}

Quick Setting Cement.—If a quick setting cement is particularly specified or
required, the initial setting time of the cement shall be not less than 5 minutes, and
the final setting time not more than 30 minutes.

Test for Soundness.

13. The cement shall be tested for soundness by the ““ Le Chatelier ” method.
The apparatus for conducting the * Le Chatelier ”’ test is shown on Plate II. The
moulds shall be kept in good condition, having the jaws not more than 0°5 mm.
(0°02 in.) apart. :

In conducting the test the mould shall be placed upon a small piece of glass and
filled with cement paste of normal consistency gauged in the manner and under
the conditions referred to in Clause 10, care being taken to keep the edges of
the mould gently together whilst this operation is being performed. The mould
shall then be covered with another glass plate, upon which a small weight shall
be placed, and the whole shall then be immediately submerged in water at
temperature of 58 to 64 degrees Fahrenheit (144 to 17°8 degrees Centigrade)
subject to the provisions of Clause 17, and left there for 24 hours.

The distance separating the indicator points shall then be measured, and the
mould again submerged in water at the temperatures above mentioned, which
shall be brought to boiling point in 26 to 30 minutes, and kept boiling for 6 hours.
The mould shall then be removed from the water and allowed to cool and the
distance between the points again measured; the difference between the two
measurements represents the expansion of the cement, and shall not exceed 10
millimeters. In the event of the cement failing to comply with this test, a further
test shall be made from another portion of the same sample after it shall
have been aerated by being spread out to a depth of 3 inches (76°20 mm.) at
the temperatures before mentioned for a total period of 7 days when the expan-
sion determined as above shall not exceed 5 mm. (0°20 in)

* The Vicat apparatus may, if desired, be fitted with a mechanical attachment such as a
¢ dash-pot ’’, 80 as to ensure the steady and gentle application of the point of the needle to the
surface of the test block, and thereby render the test independent of the hand of the operator.

Care must be taken that the needle rests with its full weight upon the surface of the test block.

1 Cement intended for use in trogica.l or other hot climates, when tested at any higher tempera-
ture up to 95 degrecs Fahrenheit (35 degrees Centigrade), shall comply with theso requirements.
In other climates special arrangements between Vendor and Purchascr must be made unless the
tem;)emturesd:erein stated can be artificially obtained in the laboratory or other place where the
tests are made,
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Non-compliance with tests.—

14. Any cement which does not comply with the whole of the tests and
analyses hereintefore specified or which has not been stored in the manner
provided in Clause 4, may be rejected as not complying with this specification.

Note.—The effect of higher Indian temgerature on test results.—TIn India the temperature at which
tests of cements can normally be carried out ranges betweon t0 and 60 F., an average of about
30 F., higher than those laid down by the British standards »pecifications.

The principal variations due to the higher temperature are in the setting time and the tensile
strength. The setting and hardening of ccment, invoiving as it does chemical action, is accelerated by
heat. Hence the samples tested show a quicker sct than would have been the case had the tests
been made at 58° to 64' F. In the tensile strength the ef.ect of heat is not necessarily to make
the cement pass the specification casier. Increase of strength takes place more rapidly at first, and,
theretore, aithough the results at , days will be higher, the strength at 2» days demanded by the speci-
fication will also be higher. For example, supposing a sample tested at 60°F., attained a strength
o1 600 lbs. at seven days and ', 00 Ibs. 28 days margin over required increase 33 lbs.). 1f tested at
90°F., it might attain strengths of 63" lbs. and .05 Ibs. respectively showing a margin of increase at
28 days of only 5 lbs. over that required by the specification, and the sample wouid appear to be of
low er quality thanit really is. The ef.cct of higher temperature at the time of test is, it would appear,
to favour the sample slightly in regard to sand-cement tests and to make the neat cement tests
appear a little less favourable to the sample.

‘1t should also be noted that cement manufactured in India is manufactured and tested in theso
higher temperatures so as to coniorm at those temperatures with the requirements of the British
Standard Specification and therefore, when using cement of Indian manuiacture, the allowance
mentioned need not be taken into account.”

Copies of Vendor’s Tests and Analyses, etc.

15. The Vendor shall, if required, furnish free of cost a copy of any document
in his possession showing the result of any tests or analyses made for him, or for
any other person, of any cement sold or offered for sale to the Purchaser or of the
lot from which the cement so sold or offered for sale has been or is to be taken.
The Vendor shall, if required at the time of purchase furnish, free of cost, a
certificate that the cement so sold or offered for sale has been tested and analysed,
and that such tests and analysis comply .n al respects with this Specification.
The furnishing of such copie- of documents or the giving of such cert.ficate shall
not preclude the Purchaser from rejecting any cement which does not comply
with this Specificat.on.

Delivery.

16. Cement shall be delivered in bags, wooden casks or steel drums bearing
the Manufactwer’s name or recognised mark. A Purchaser desiring to have the
cement delivered in hags, wooden casks or steel drums sealed or of any particular
size must 8o specify at the time of ordering.

Unless otherwise agreed between the Purchaser and the Vendor the cement
shall be packed in hags containing 112 Ib. (50°8 kg.) net or in wooden casks or
stee! drums containing 375 lb. (170°1 kg.) net. Thesc weights skall be legibly
marked upon the packages and shall indicatc the contents within reasonable
limits of accuracy.

Cement in Hot Climates.

17. The temperatures specifically mentioned in Clauses 10, 11, 12 and 13
are applicable to temp:1ate climates. For cement intended for use in hot
climates the cement may be tested at any higher temperature up to 95 degrees
Fabrenheit (35 degrees Centigrade) and shall comply with the requirements of this
Specification.
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18. The strength of gaug>d Portland cement increases with age up to a certain
time : good cement never deteriorates, after it is put into the work.

The strength of cement decreases rapidly as the proportion of sand mixed with
it increases.

19. The chemcial composit?on of a typical cement is as under :—

Minm. Maxm.

Soluble silica (Si0,) 220 per cent., variation 12 and 37 per cent.
Insoluble silica . 10
Alumina (Al;0,) . 15 ' ’ 5 and 10 ’
Ferric oxide (F\ 30;) 35 . ” Oand 7 "
Lime (Ca0) .. 62°5 v ’ 58 and 67 ’
Magnesia (MgO) . 1:0 ' . 0and 3 »
Sulphuric anhydride (SO,) 10 " 0Oand 276 ,,
Loss on ignition (CO,) 05
Alkalies and | ‘(}ff"c’» S
ies and loss (K, oK .
(Na;0) } . 006 " 0and -2 »

Tosal 100°0

Strength increases with increase of lime from 58 to 67 per cent. Alumina makes it
rapid setting. Iron gives it dark colour, and increases its liability to make clinker.

Optional Tensile Test on Neat Cement.—The following tensile test on n-at cement
is sugg:sted whece, because standard sand is not available, or for o her reacons,
the Purchaser wishes to us> it. Failure to pass it shall not in itself involve rejec-
tion, but such failure indicates that the cement may unot comply with the test
requirements of this Specification, and that further investigation is desirable.

Cement paste of normal consistency shall be filled into moulds of the form
required to produce briquettes of the shape shown in Fig. I, Plate I, cach mould
resting upon a non-porous plate. In filling the moulds the operator’s hands and
the blade of the ordinay gauging trowel shall alone be used. The trowel shall
weigh about 7} ozs. (213 g. approximately). No ramming or hammering in any
form will be permitted, nor shall any instrument or apparatus other than the trowel
bafore described be employed. for this operation. The moulds after being fillcd
may be shakan to the extent nscessary for expelling the air. ,

Clzan appliances shall be used for gauging, and the temperature of the water and
that of the test room at the time when the above operations are being performed
shall be from 58 to 64 dogrezs Fahrenheit (144 to 17-8 degrees Contigrade)
subj :ct to the provisions of Clause 17.

The subsequent treatment of the briquettes shall be as described for cement and
sand briquettes.

Six briquettes shall be tested for breaking strength at 7 days after gauging in
the manner described for cement and sand briquettes. The breaking strength
shall be the avarage tensile breaking strength of the six briquettes and should be
uot less than 600 1b. per square inch of section (42°18 kg. per cm. 2).

NOTES ON THE USE OF PORTLAND CEMENT IN INDIA.

Tha cement manufactured in India is made by the sama procsss, with similar
machinery, and is equal in all respect to the best imported cements.
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The number of brands of cement now being imported from abroad is legion.
Many of them are of good quality, but a large number show important defects, and
only well known and tested brands in original intact barrels, clearly marked with
labels showing not only the brand name, but the place of origin and the name of
the manufacturer, should be accepted.

The refilling of barrels with inferior cements or mixtures of lime and cement is
very extensively resorted to, and great care should be exercised, if cement is
purchased from bazar dealers, or any but the accredited agents of well known
manufacturers.

All users should note the importance of watching the setting time of cement
used, especially during the hot season. The eff_ct of higher temperatures is greatly
to accelerate the setting time. Morcover it sometimes happens that cement becomes
quicker setting with age and storage. At the same time; it is to be noted that
alteration in properties, if it takes place at all, doss 50 much more slowly in the
bag or barrel than in a sample of small bulk. It sometimes happens, theiefore,
that a small sample, which has been kept well, shows a quick set whilst the bulk is
quite satisfactory in this respect.

It is very necessary that mortar or concrete is settled in place well within the
time taken for initial setting to commence.

It should, therefore, be scen that the following precautions are taken :(—
(1) That no time is lost between making the concrete and using it.

(2) That concrete that has ‘“dried * is not rewetted and used in important
wo. k.

(3) That diff:rent mixes of concrete made at different times are used separately
and not mixed together for usc.

(4) Take a small quantity of concrete made at diff:rent times when mixed,
and observe the tim: tak:n for initial setting to begin.

(5) That the materials should be so tho-oughly mixed together on a concrete,
wooden qf paved area of water-tight platfoim that every partic'e of fine and
coarse material is coated all over with a film of ¢cment, the mixing being done
either by hand when small quantities are used o by machine when large quintities
are used. Mixing should be done for from $.hs of a minute to 2 minutes, the
latter period giving the stiongest concrete.

(6) That neither too much nor too little water should be used in mixing. It
is most important that the corrcet quantity should be used.

(7) That the concrete is properly cured and matured.

Note.—The continued chemical reaction upon which the increase in strength depends requires
the presence of water anvourable tcmperatures. The term * curing ™ is used with reference to
the continuing of these chemical reactions.

To test the initial setting time.—First of all careful observation should be made
of the time tak.n on the wo.k 1o mould the concrete or mortar, counting from the
time of adding water, till the mass is lying undisturbed in place.

At regular intervals during the progress of the work a rough setting time test
should be done in the following manner :—

To about 3} parts by volume of the cement add one part by volume of water,
the mixture being quickly trowelled, and also preferably kneaded with the hands,
into a plastic mass. (A cigarette tin or other similar article is a convenient measure.)
Should this amount of water prove insufficirnt to p-oduce a plastic mass, this fact,
in itrelf, suggests that the cement is quick setting ; if; in addition, much heat is
evolved the evidence is strengthened. .

- .
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Fill the neat cement thus prepared into a tin, pressing it down with the thumb,
and tuin out the mould on to a non-po.ous plate or thoroughly wetted board.

If the mass is too soft, a further sample may be taken, and slightly less water
(or more cement) used.

The commencement of setting cement can bz roughly estimated by pressing the
uncut end of a lead poncil intq the mass ; it will be found that the resistance to
piercing rather suddenly incredses when setting begins.

Note the time taken, counting from the addition of water to the dry powder.
This is the initial setting time. It should not be less than 20 minutes, or less than
the time taken to mould the actual work.

Aeration unnecessary.—The adverse effcct of exposure or long storage on cement
is insufficiemly approciated by many users. On the contiaiy there are many
engineers who, when doing important wouk, spread the cement in shallow layers in
the open to aerate it. This is an expcnsive, unnecessry and bad piactice which
deteriorates the modern cement. Modern rotary kiln cement does not, except in
very rare instances, contain free lime and when used direct from the package is
perfectly sound ; aeration is, therefore, unnecessary.

Cement exposed to the atmosphere becomes hydrated and loses strength. Heat
and humidity accelerate hydration. Special care is, therefore, necessary in India
during the rainy season. It is better at all times to use cement as soon as possible
after receipt and to avoid long storage, especially of ccment stored in bags.

Cement stored in bulk or in airtight containers does not deteriorate; cement
stored in covered barrels in a dry place retains its properties well, but spccial care is
necessary in the case of crm-nt packnrd in bagsbo-h b cause the surface exposed to air
action is relatively high compared with the volume, and because the cloth readily
absorbs moisture.

The Storage of Portland Cement.—The storage of Portland cement has never been
free from difficultics, and as the cument of to-day is more fincly ground than ever,
the diffivulties of storirg without damege are incrcasing. Portlarnd ccment has
a griat avidity for water and will readily abrorb moisture from the atmosph: re, or
from damp materials in contact with it. 1he abuorption by .ccment of 1 per cent.
or 2 pir cent. of water har no apprciable effuct, but further amounts of absorption,
retard the hard.nirg of the ce ment ard reduceits strength. If the absorptionexceeds
5 pur cent., the ccment is, for all ordinary purposes, ruintd. The more finely a cement
is ground the more active it is, and cons« que..tly the more rapidly does it absorb
moisture from damp surroundi. g, so that, as previoutly meutioned, the fincly
ground modurn cements ars more susceptible to damage, than the cumewnts of twenty
years ago.

The bust method of storage is that adopted by the cement manufacturers, viz.,
in bulk ; and bins of loose cement 6 feet or more in depth can lie for longer than a
year, with no morc damage than the formation of & crust on the surface about 2 inch
thick, which mutt be remove.d before the cement is taken for use. It need hardly
be added, that the walls and flsor of the cement bin must b:: damp-proof. Hence,
if prolonged storage of cement is seen to be unavoidable, it is better to empty it from
the sacks and stack it in as de-ep & heap as pos:ible in a buildiLg of which the walls
and floor are non-porous, the latter buing priferably concrote, or of timber raised
from the ground a foot or so with an air-space bt low.

When cement is stored in sacks, absorption takes place from the air through the
sack on all sides which are not in contact with other sacks. It is then only a matter
of time, before sufficient water is absorbed to injure the cement.
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Indications of damage by storage are given by the cement becoming lumpy, and
when this happens, the lumps should be screened out unless they are soft enough to
be crumbled in the fingers.

When stored in sacks in a shed such as would be used by a contractor, the strength
(as averaged at all ages) decreases as follows, the figures showing the percentage

compressive strength (of a mixture of 1 part of cement to 5 parts of aggregate) as
compared with the cement before storage.

Cement as received ... 100 per cent.
,,  after 3 month’s storage ... .. 80 ,,
. , 6, e 2,
' » 1year’s s e 60 ,, ,,
» » 2 years’ sy e 46

) ”

Thus the cement after two years’ storage has less than half the strength of the
original cement. Multiply paper sacks have been found quite suitable for transport
and are strong enough for shipping in ocean liners, while as a means of protection
from atmospheric moisture they are superior to jute sacks.

The following precautions should be taken if sacked cement has to be stored in
sacks :—

(1) Reduce the time of storage as much as possible.

(2) Stack the sacks as closely as possible on a damp-proof floor or on timber
raised a foot or so from the ground with air space below. There should be a similar
air space between the stack and walls and roof of the building, which should have
sound weather-proof walls and roof.

PORTLAND BLAST FURNACE CEMENT.

Specification No. 11.

1. This cement shall consist of a mixture of Portland cement clinker and granul-
ated blast furnace slag. These two materials shall be mixed together in such pro-
portions that in no case shall the proportion of slag exceed 65 per cent. of the total
quantity. The mixture shall be ground together so that the two constituents shall
be thoroughly and intimately mixed.

2. Chemical composition.—The percentage of insoluble residue shall not exceed
1'5 per cent. ; that of magnesia shall not exceed 5 per cent. Sulphur present as
and determined 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 maximum total of 5-00 per cent. of sulphuric anhydride. The total loss on
ignition shall not exceed 3 per cent.

3. The remaining specifications are the same as those given above for Portland
cement,.

Rapid-Hardening Portland Cement.—Rapid-Hardening Portland cement is
a true Portland cement complying with the British Standard Specification, but made
with such refinements in manufacture as to produce superlative quality. Not
only is it notable for high early strength, but its ultimate strength is consi-
derably greater than that of ordinary Portland cement. For this reason, when
buying rapid-hardening Portland cement users should require that the strength at
7 days is at least 70 per cent. above the requirements of the British Standard Specifi-
cation for ordinary Portland Cement.



76 PUBLIC WORKS DEPARTMENT HANDBOOK

In view of the additional strergth of concrcto containing rapid-hardenirg cement
it can bo strossed to a higher d gree than ordinary corcrcte without r«ducirg the
factor of cafuty, and this advantage has been recognised in scmo spocifications for
concrote, including those of the Ministry of 'Lransport, by increasing the
permissible compressible strength of 1: 2 : 4 : conercte to 750 lbs. per equare
inch. ;

Rapid-hardening Portland ce%nent of good quality may be expected to possess
a tensile strength of 400 lbs. per sq. inch at 24 hours, when mixed with three
parts of standard sand, and 650 lbs. at 7 days. Laboratory concrete tests of
the usual 1: 2: 4 mixture (clean and well-giaded aggregate) give about 2,000 lbs.
per sq. inch in compression test at 24 hours, and 5,000 Ibs. at 7 days. These
figures substantiate the claim that concrete made with rapid-hardening cement
is as strong at two or three days as ordinary concrete at 28 days.

Aluminous Cement.—Aluminous c:m-nt is manufactured by  mclting
a mixcure of bauxite (a mineral compos:d larg:ly of alumina) and lime. The
fused material is giound to the wusual czment fineness. Aluminous cem: nt
complies with the tests of the British Standard Specification for Poriland cemu nt,
except that its proportion of lime is b:low the proscribed limit. This, of course,
do2s not imply that aluminous cem-nt isinferior, but merely that it is in a diffcrent
category. A good aluminous cemsnt may be expected to possess a tensile
strength (3 parts sand to 1 part cem~nt) of at least 450 lbs. per sq. in. at 24
hours, and a compressive strength of 5,000 lbs. at the same age. These
figures show that an aluminous cement concrete only a day old, has the strength
of a fully matured concrete made with ordinary cemrnt. Pil s made of aluminous
cement have been succzssfully driven when only 24 hours old.

A valuable quality of aluminous cement is its comparative immunity from
attack by frost during setting.

Aluminous cement is uscd in the same way as ordinary cement, but as
contamination with Portland ce2mont or lime is liable to cause flash setting it is
necessary to employ mixers, barrows, shovels, and other accescories that have
been carefully cleaned of any trace of ordinary cement or concrete ; alro, as soon
as the cement is set usually within four to six hours the concrete should be kept
moist for about 24 hours, in order that the water evaporated by the heating of the
concrete may be replaced.

White Cement.—This cement is a true Portland cement, complying with the
requi -ements of the Briti h S:andard Specification for ordinary Portland cement,
and possessing the same properties. The only difference is in colour, which is pure
white. On account of its colour it is finding increasing favour with architects as
a rendering for concrete buildings, and also for structures built of o-her materials.
Tt is also n»cessary to use white Portland cement for the lighter shades of coloured
concretes and mortars.

A cream-coloured cement is also marketed, thisisunderstood to be white cement
ground with a small proportion of mineral pigment, and is acquiring popularity
among architects seeking for variety of colour in surfaces.

Coloured Cements.—The introduction of colouring matters into concrete has
been practised for some years. With the exercise of care, the results have been
satisfactory, but it is not at all easy to obtain an even distribution of the
colouring matter, and unless this is done the surface is liable to be streaky and
irregular in shade. It is, however, now possible to purchase cements of several
colours and <hadss, and with such c-mnnts “he risk of irregularity of shade is
removed, bzcause the mixing is done by grinding and other machinery which
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ensures perfect results. For the more delicate shades, white Portland cement
is used as the basis.

Strength of Ordinary Portland Cement Concrete at Various Ages.—Approximate
percentage of strength of ordinary Portland cement concrete at different ages
in comparison with the strength at 1 year :—

28 daysold ... ... 60 per cent.
3 months e 85 ,, ,

6 e 9%, .,

1 year ... 100 ,, ,,

Strength of Rapid-Hardening Portland Cement Concrete (Laboratory cubes).

Age 3 days ... 3,853 Lb. per square inch.
N o B360 L,
» 28 .. 6810 ’s ’ ’s
,» 12 months e 7,490 ' ’s ,

Strength of Aluminous Cement Concrete (Laboratory cubes).

Age 7 hours ... 3,700 Lb. per squarc inch.
» 12, .. bj00 ,, ,, .,
» 24 ”» e o 774-30 7 2 1H] ”»
» 3 days ... 7,580 ,, v ' v

Specification No. 12.

Fine aggregate (1).—shall consist of sand, stone screenings, or other inert material
with similar characteristics, or a combination of these. The grains of particles
should be clean, hard, strong and durable.

(2) The aggregate shall not contain, injurious amounts of dust, lumps, soft or
flaky particles, shale, alkali, organic matter, loam or other deleterious substances.

(3) The size of grains shall be such that they will pass through a 1/4” sieve.

Notes.—Whnn tho azgrezatois to be used with cement as a binder, special care is necessary to havo
it in a clean state. If thereis too muich fino sand or stono dust, additional water is nccessary for
wetting it, and tho concretois woaker, 1t is therefore genorally laid down, that onsifting the matcrial
through a sicve of 0 meshes to the inch, the mutter passing through should not bo more than 10
per cent. of fine and coarse aggregate combined.

Clay orloam adhering to tho aggrozats particies, provents cement from coating them, and the mud
mixing with the cement prevents the latter from sutting and hardening.  Urganic matter is parti-
cularly objoctionable, on acconnt of its later decomposition. It is not inert material and changes
in it, injurc the matter or concrete.

Note.—Spocificatigns for mortar and concrote generally lay stress on sharp sand, and cubical
angular aggregate. The insistance on angularity, probably arose from rounded aggregate being
usually mixed up with othor deteterious matter, but with comi:nt concrote precuutions are generally
taken to have cloan aggrezates. Ln this case, insistence on angular aggregates is unnecessary. In deop
rounded aggrogates pack much easier, and requires loss water to work in. The concrete produccd
is therofore stronger than concreto with the same proportion of cement and angular aggregate.

Specification No. 13.
(1) Coarse aggregate.—shall consist of crushed stone, gravel, or other approved,
inert material, or combinations of these.
(2) The pieces of aggregate shall be clean, hard, strong and durable.

(8) The aggregate shall not <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>