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PREFACE

This book is devoted to a consideration of the various mate-
rials used in bricklaying and in brick-masonry construction.
It is designed to give the student technical information in concise,
precise, simple language.

Although it is admitted that the skilled artisan has ample
knowledge to perform the routine duties of his craft, it is hoped
that this book will assist him in the technology of his trade.
Bricklaying and brick construction should be regarded as a
mechanical or industrial art and not merely as the perfunctory
operation of “placing one brick on top of another.”

Contractors rely on “rules of thumb” and tradition rather
than on a scientific knowledge of their work. It is recommended
that the mason contractor cultivate a knowledge of the physical
properties of materials and a technical knowledge of construction
and note carefully the results of obscrvations and practice if
he hopes to attain a place of eminence in his profession.

All data pertaining to estimating, quantities, and labor produc-
tion have been taken from records of work performed under
contract. All methods of construction described are the methods
followed by the author.

As the president of an association of brick-mason contractors
who employ more bricklayers and erect more brickwork than
the members of any other organization in the world, the author
has been consulted on hundreds of occasions by mason con-
tractors, architects, engineers, material dealers, manufacturers,
and lawyers. The information sought through such inquiries
is contained in this book.

The author acknowledges his sources of information in the text
and in the legends accompanying the illustrations. In addition
to these specific credits, he desires to make special acknowledg-
ment here of his obligation to the following: P. H. Bates and
J. W. McBurney, National Bureau of Standards; Lee S. Trainor
and John W. Stockett, Jr., National Lime Association; Prof.
Walter C. Voss and Howard R. Staley, Massachusetts Institute
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vi PREFACE

of Technology; J. R. Shank, The Ohio State University;
Prof. H. G. Schurecht, New York State College of Ceramics;
F. E. Richart, College of Engineering, University of Illinois;
Edwin R. Rath and Prof. D. S. Eppelsheimer, University of
New Hampshire; Prof. W. J. Krefeld, Columbia University;
Peter Masterson, Chicago, Ill.; Patrick J. Reville, New York;
Prof. H. Kreiiger, Stockholm, Sweden; 1. W. Burridge, Clay
Products Technical Bureau of Great Britain; R. E. Stradling,
Director of Building Research, Garston, Herts, England; Dr. N.
Davey, test engineer, Building Research Station, Great Britain;
R. Guastavino; and M. W. Kellogg Company.

In some places it has been necessary to use names of manu-
facturers or of materials. In doing this the author has not
received any pecuniary benefit. Such use of names does not
constitute an endorsement of the product.

Wherever prices of materials or wage rates are quoted in this
book, it is to be understood that these prices are variable and
are governed by local conditions and trade agreements.

JoHN A. MULLIGAN.
New York,
November, 1942.
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FOREWORD

Read not to contradict and confute, nor to believe and take
for granted, but to weigh and examine.

Rest satisfied with that degree of precision which the nature
of the subject admits. Do not seek for exactness where only
an approximation to the truth is possible.

Estimating is not an absolute science—there are perhaps as
many opinions as there are men,

If the law of similarity is not observed, even the most accurate
data may become useless in practice. If more than one variable
is involved, costs data may apply only to jobs that are identical
in all respeets to the job on which the data were compiled.

When price alone is the standard of comparison, all the advan-
tages of competition rest with the competitor who sacrifices
quality of work to financial gain.






HANDBOOK OF BRICK
MASONRY CONSTRUCTION

Masonry is one of the primitive arts and was carried to great
perfection in ancient times. The pyramids of Egypt have stood
for thousands of years and they will probably remain for thou-
sands of years more, monuments to the power and industry of
man. The temples and other magnificent structures of Greece,
Egypt, and Rome exhibit wonderful skill in masonry and leave
but little, if anything, to be achieved in modern times.

Historical notice of bricks is found in many places in the Bible.
The earliest were commonly hardened in the sun. To give them
the requisite degree of tenacity, chopped straw was mixed with
the tempered clay. The manufacture of such bricks was one
of the tasks imposed upon the Israelites during their subjugation
by the Egyptians.

BRICKLAYING

The work performed by bricklayers is of such character that
the amount produced or the result accomplished cannot be
standardized in relation to a given period of time. It is utterly
impossible to state with accuracy how long it will take a brick-
layer to lay a definite quantity of brick, construct a partition,
or perform any other function of his trade.

In other crafts it is possible to establish a quantum of work
required of a mechanic for a day’s wages. It is even possible to
create piece wages; for example, wood lathers are paid by the
bundle of lath, with a fixed number set for the maximum per-
mitted in one day. It is possible to fix the amount of work
required in one day of tile layers, cement finishers, electricians,

etc., by giving the mechanic his allotted materials and place to
work.

1



2 HANDBOOK OF BRICK MASONRY CONSTRUCTION

The number of bricks a man lays depends upon the skill and
energy of the individual and the ability of the foreman to organize
and “place’” the men on the job. If properly placed, brick-
layers will perform a good day’s work provided (1) they are
given the materials and (2) the materials are within comfort-
able reach.

Left-handed bricklayers are as valuable on a job .as a left-
handed pitcher or first baseman is to a baseball club.

In 1925, the Commissioner of the Bureau of Labor Statistics
at Washington, D.C., directed an investigation of labor pro-
ductivity and costs in certain building trades, in 15 typical cities.
The average number of brick laid per man, per 8-hr. day, in the
15 cities, proved to be 1,364.

Because of the varied types of work performed by bricklayers,
it is necessary that some men should follow special lines of work.
On account of their special experience, training, or aptitude, they
are more suited for some particular work than the ordinary
skilled worker in the same trade. It is not unusual to find men
devoting their entire time to working at the fcllowing branches
of brick-masonry construction:

1. Boiler work.
2. Chimney construction.
3. Timbrel arch construction.
4. Block arches (floor construction).
5. Face-brick work.
6. Glass-block work.
7. Architectural terra cotta and faience.
8. Incinerator work.
9. Fireproof partition work.

10. Window calking.

11. Brick sewer construction.

12. Clay conduit installation for telegraph and telephone wires.

The following are simple facts that should be remembered by
all foreman-bricklayers:

Approved masonry shall be constructed of brick, stone, con-
crete, or hollow building blocks, or a combination of these
materials. It shall be properly and solidly bonded with joints
filled with mortar.

No masonry shall be built when the temperature is below 28°F.
on a rising temperature, or 32°F. on a falling temperature, at the
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point where the work is in progress. No frozen materials shall be
built upon.

All brick shall be thoroughly wet just previous to being laid,
except in freezing weather, when they shall be thoroughly dry.

Masonry walls and piers shall be built to a line and carried up
plumb. In each story the walls shall be carried up full thickness
to the top of the beams above.

Any pier having less than 4 sq. ft. of cross section when located
at an intersection with a wall shall be bonded into and built as
part of that wall.

To ensure proper adhesion between the brick and the mortar,
the brick should not be merely laid, but every one should be
pressed down in such a manner as to force the mortar into the
pores of the brick.

For the best work, brick shall be laid with a “shove joint”’;
that is, there shall be a copious mortar bed before laying them.
The brick shall be pressed down into the mortar and then
“shoved” into its final position. This ensures that the hori-
zontal and vertical joints will be filled with mortar and that the
wall will be strong as well as impervious to water.

The “furrowing” of mortar beds shall not be permitted.

When the face of a wall is laid with running bond, the exterior
face brick shall be bonded to the backing with diagonal (‘“‘clip”’)
headers at every third course. When Flemish Bond is used,
every third course shall have full headers, where headers appear.
When Double Flemish Bond is used, where header bricks appear,
there shall be two full header courses in every six courses of
brickwork.

When the following bonds are used, every 6th course shall be a
full header course: Common Bond, Dutch Bond, and English Bond.

When masonry walls are veneered with bricks, architectural
terra cotta, stone, or other masonry, the material shall be
securely tied into the backing with one substantial metal wall tie
for each 288 sq. in. of wall surface.

Masonry walls shall be anchored to each tier of joists or beams
bearing on them at maximum intervals of 4 ft. by metal anchors
having a minimum cross section of 14 by 134 in., and at least
16 in. long, securely fastened to the joists or beams and provided
with split and upset ends or other approved means for building
into masonry.
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Masonry walls parallel to joists or beams shall be provided with
similar anchors at maximum intervals of 6 ft. engaging three
joists or beams.

Girders shall be similarly anchored at their bearings. Upset
and T ends on anchors shall develop the full strength of the
anchor strap.

Load bearing wall
Jimber floor joist

~W.1.Joist anchor
* 3]

£ -

o (=] N

i
WALL OR HOOK ANCHOR

44 Joist ends splayed
7 Prevent disryption ° ° |
,,,/'{, 74 of walls by floor

collapse i1n event SIDE ANCHOR
of fire

SECTION THROUGH WALL [ = - o o |

STRAP ANCHOR

F1Gg. 1.—Floor joist anchors.

In bonded piers, at vertical intervals of not more than 30 in.,
set bond stones not less than 4 in. thick, or approved perforated
steel or cast-iron plates of the full size of the pier. Isolated
piers shall not exceed in height 10 times their least dimension.

Never substitute structural shapes of smaller section and
weight than called for on “approved” plans. The same applies
to bond plates and bearing plates. Never assume responsibility
for placing steel sections that should be placed by the steel
erector.

When any lintel, beam, girder, or truss is supported at either
end by a wall or pier, it shall be properly anchored thereto and
shall rest upon a template or shoe of cast iron, steel, or stone,
of such design and dimensions as to distribute its load on the
masonry safely, except that when beams, not exceeding 6 in. in
depth, are placed not more than 30 tn. on centers, no templates
shall be required.!

1 New York City Building Code.



BRICKLAYING 5

The ends of wood beams resting upon girders shall be butted
end to end and strapped by steel or wrought-iron straps in the
same beam as the wall anchors, or they may lap each other
at least 12 in. and be well spiked or bolted together where
lapped.

The ends of all wood beams, where they rest on brick walls,
shall be cut to a bevel of 3 in. in their depth.

Wood lintels over window and door openings shall have a
bearing of not more than 2 in. on the wall and shall be chamfered
or cut to serve as center for a rowlock or keyed arch.

Never mix L.umnite cement with Portland cement.

Use masonry cements in strict accordance with manufacturer’s
instructions. Do not oversand.

When in doubt as to the strength of masonry, take up the
matter with the Bureau of Buildings. Stop all work until the
matter is settled.

In solid brick walls there shall be the equivalent of at least one
full header course for each six courses of each wall surface.
Where facing brick is used of thickness different from the brick
used for backing, the courses of the facing brick and backing shall
be brought to a level at least once in each six courses in the height
of the backing, and the facing brick shall be properly tied to the
backing by a full header course of the facing brick or other
approved method. Facing brick shall be laid at the same time
as the backing. In walls more than 12 in. thick, the inner joints
of header courses shall be covered with another header course,
which shall break joints with the courses below. A wall should
be bonded transversely as well as longitudinally.

Common brick shall not contain more than 5 per cent of
broken brick.

Whenever “old brick” are allowed, they shall be whole,
thoroughly clean, and sound. Hardened, “set” mortar in the
microscopic pores of the brick prevents adhesion of the mortar
to the brick. Avoid using ‘“bats,” except to complete a course,
when required by the design.

Caution :

Whenever a wall starts on top of a steel girder, be sure the
girder rests upon a plate or grillage of sufficient bearing to
distribute the load to the adjacent masonry.
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If the bearing of the girder is over a window opening, be
sure the grillage extends over two piers (with full bearing) and
the girder is not resting solely on a lintel. If such a condition
exists, notify the architect and do not proceed without his
approval. .

If a pier is directly over an opening, be sure that the steel
lintel over the window is of proper size, strength, and length.

In the case of isolated piers, if the height of the pier is more
than 10 times the least dimension of the pier, do not proceed until
the architect has checked and approved the condition.

If the dimensions of a wall or pier have to be increased, be
sure that the superimposed load to be carried by the masonry
is not carried only by the additional masonry (vitally important
for small additions to walls and piers).

When in doubt as to whether a girder rests upon steel beams
or is to be below the same, place the responsibility upon the
architect. This is most important.

Never start a wall on steel framing unless you know what
supports the steel, and whether it is properly placed.

BRICKLAYING IN COLD WEATHER

Although most building codes prohibit the building of brick
masonry when the temperature is below 32°F., this rule is not
rigorously enforced. Brickwork may be erected at 28° if the
temperature is rising.

On winter construction, the storage of materials is most
important. All brick and mortar materials should be thoroughly
covered with tarpaulins, Materials should be stored in a high
and dry location, on built-up platforms, the planking of which
should be high enough to prevent absorption of moisture from
the ground. On urban jobs, where the materials are stored
on the roadway, care should be taken to keep them far enough
from the curbing to allow unobstructed water flow to sewer catch
basins. Brick and materials coated with snow or ice should
never be used.

On some jobs the mixing water and sand are heated. When
this is done, care should be taken not to overheat the sand to
avoid scorching. The use of anti-freeze compounds to reduce
the freezing point of the mortar is not recommended.
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Batch concrete mixers (drum type) are recommended for
mixing mortar. The materials in the drum may be warmed by
means of a gasoline flame thrower or torch inserted in the feed
opening of the machine. It is recommended that the plastic
quality of the mortar be accomplished mechanically, rather
than by an excessive amount of water.

When the temperature is low enough to require that the brick
should be heated, it is also low enough to lay off.

Brickwork should never be placed on a snow or ice-coated bed.
The snow or ice should be removed by heat, which should be
applied long enough to dry out the surfaces affected. Salt is
the agent most commonly used to remove ice and snow from
brickwork, and that is one of the reasons why efflorescence is
attributed to the laying of brick in cold weather.

How Cold Weather Influences the Strength of Brick Masonry.
For the purpose of ascertaining whether the laying of brick in
freezing weather seriously affects the strength of the masonry, a
section of wall that was erected when the temperature ranged
from 22 to 28°F. was removed and delivered to a recognized civil
engineering testing laboratory. The specimen was 13 courses
high (38.6 in.) by 37.6 in. long by 12.25 in. thick. It consisted of
3 courses of headers and 10 courses of stretchers. The bearing
area was 461 sq. in. The ratio of height to thickness was 3.15.
The pier was capped top and bottom with steel bearing plates
bedded with Incor (high-early-strength) cement.

After a lapse of 28 days, the pier was placed in a Southwark-
Emery hydraulic testing machine and tested for its compressive
strength. The first crack appeared when the loading registered
163,000 1b.; the pier failed under the maximum load of 334,800 lb.
The compressive strength of the masonry was 726 lb. per square
inch. Because of the results of this -test, it is advisable to
postpone brick work until after freezing weather.

When face brickwork is being erected, if the sun is striking
the face of the wall and the temperature is bordering on the
freezing point, it is essential that the backing be carried up
simultaneously with the front; otherwise the mortar bed joint
at the hind part of the face brick will expand and cause the
front of the wall to overhang. Builders who insist that work
continue in freezing weather in order that the date of completion



8 HANDBOOK OF BRICK MASONRY CONSTRUCTION

may not be delayed are advised to rush the painter and to leave
the mason alone.

DEFINITIONS FROM BUILDING CODE OF NEW YORK CITY

1.2 Aggregate. ‘‘ Aggregate’’ is inert material which is mixed
with cement and water to produce concrete; in general, aggregate
consists of sand, pebbles, gravel, cinders, crushed stones, blast
furnace slag, burnt shale or clay, or similar materials.

1.6 Approved. The term ‘“‘approved,” as applied to any
material, device, or mode of construction, means approved by the
Board or legally approved by the Superintendent, under the
provisions of this Code or by any other authority legally desig-
nated to give approval of the matter in question.

1.7 Apron Wall. An ‘“apron wall” is that part of a panel wall
between the window sill and the support of the panel wall (see
1.99).

1.9 Ashlar Facing. ‘‘Ashlar facing” is composed of solid
rectangular units of burnt clay or shale, natural or manufactured
stone, larger in size than brick, with sawed, dressed, or squared
beds, and joints laid in mortar, and is used in facing masonry walls.

1.10 Ashlar Masonry. ‘‘Ashlar masonry’ is masonry of
natural or manufactured stone rectangular units larger in size
than brick having sawed, dressed, or squared beds, and joints
laid in mortar with proper bond.

1.14 Bearing Wall. A “bearing wall” is any wall which
carries any load other than its own weight.

1.17 Brick. A “brick” is a structural unit of burned clay or
shale, formed while plastic into a rectangular prism, usually solid
and approximately eight inches by three and three-quarters
inches by two and one-quarter inches in size, the net cross-
sectional area of which shall be at least 75 per cent of the cross-
sectional area. Similarstructural units made of other substances,
such as lime and sand, cement and suitable aggregates or fire
clay which meet the strength requirements of 7.1.1.2.1, Brick
or 7.4.2.5, Requirements for Other Structural Units, shall be con-
sidered as brick within the meaning of this Code.

1.24 Column. A column is an upright compression member
the length of which exceeds three times its least lateral dimension.

1.29 Concrete. “Concrete” is a mixture of cement, fine
aggregate, coarse aggregate, and water.
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1.30 Concrete Products. ‘“Concrete products’ are bricks,
blocks, or other units made of cement, either fine or coarse
aggregates, and water.

1.31 Consistency. ‘‘Consistency’” is the relative plasticity
of freshly mixed concrete or mortar.

1.34 Coursed Rubble. ‘“Coursed rubble’’ is masonry com-
posed of roughly shaped stones, laid in mortar, fitting approxi-
mately on level beds.

1.36 Crushed Stone. ‘‘Crushed stone” is bedded rocks or
boulders, broken by mechanical means into fragments of varying
shapes and sizes.

1.37 Curtain Wall. A ‘“‘curtain wall” is a non-bearing wall
built between piers or columns for the enclosure of the structure,
but not supported at each story.

1.38 Cyclopean Concrete. ‘Cyclopean concrete” or ‘“‘rubble
concrete’’ is concrete masonry in which the finer materials form
a matrix for large stones and boulders.

1.41 Dead Load. The ‘“dead load” in a structure shall include
the weight of walls, permanent partitions, framing, floors, roofs,
columns and their fireproofing, and all other permanent station-
ary construction entering into a structure.

1.62 Enclosure Wall. An ‘““enclosure wall’’ is an exterior non-
bearing wall in skeleton construction anchored to columns, piers,
or floors, but not necessarily built between columns, or piers, nor
wholly supported at each story.

1.64 Faced Wall. A “faced wall” is a wall faced with masonry
in which the facing and backing are so bonded, or so bonded and
anchored, with masonry as to exert common action under load.

1.69 Fire Wall. A “fire wall” is a wall provided primarily
for the purpose of resisting the passage of fire from one structure
to another or from one area of a structure to another, and having
a fire resistive rating of at least four hours.

1.61 Fireproof Partition. A “fireproof partition’ is a parti-
tion, other than a fire partition, provided for the purpose of
restricting the spread of fire, and having a fire resistive rating of
at least one hour.

1.62 Foundation Wall. A “foundation wall” is any wall or
pier built below the curb level or the nearest tier of beams to the
curb, which serves as a support for walls, piers, columns, or other
structural parts of a structure.
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1.66 Footing. A ‘“‘footing’ is a structural unit used to dis-
tribute loads to the bearing materials.

1.71 Gravel. “Gravel” is rounded particles larger than sand
grains resulting from the natural disintegration of rocks (see
Sand).

1.72 Gypsum Block or Tile. A ‘‘gypsum block’ or a ‘‘ gypsum
tile”’ is a solid or hollow building unit of gypsum, or of a suitable
aggregate with a gypsum binder.

1.74 Height. The “height”’ of a structure is the vertical dis-
tance from the curb level to the highest point of the roof beams
in the case of flat roofs or to the average height of the gable
in the case of roofs having a pitch of more than one foot in four
and one-half (except that in the case of structures where the
grade of the street has not been legally established or where
the structure does not adjoin the street, the average level of all
the ground adjoining such structures shall be used instead of the
curb level).

‘““Height”’ as applied to walls shall mean the distance above the
base of the wall or its means of support, but not including the
parapet if the latter is four feet or less in height.

““Height” as applied to a story means the vertical distance from
top to top: of two successive tiers of floor beams.

1.76 Hollow Unit. A “hollow unit” is any masonry unit
whose net cross-sectional area is less than 75 per cent of its gross
gross-sectional area in any plane, measured in the same plane.

1.76 Hollow Masonry. ‘‘Hollow masonry’’ is masonry con-
sisting wholly or in part of hollow units meeting the strength
requirements of 7.1.1.3, Structural Clay T4ile, to 7.1.1.5, Gypsum
Block or Tile, inclusive, and in which the units are laid contigu-
ously with the joints filled with mortar.

177 Hollow Wall. A ‘“hollow wall” is a wall built of solid
masonry units so arranged as to provide an air space within the
wall. When hollow walls are built in two or more vertically
separated withes, these withes shall be bonded together with
the similar units as are used in construction of the wall, so that
the parts of the wall will exert common action under load.

1.80 Incombustible Material. The term ‘‘incombustible”
shall apply to any material which will not ignite nor actively
support combustion in a surrounding temperature of 1,200
degrees Fahrenheit during an exposure of five minutes.



BRICKLAYING 11

1.82 Lintel. A “lintel” is a structural member providing
support for masonry above an opening in a wall or partition.

1.84 Live Load. The “live load” shall include all loads (except
dead loads).

1.86 Masonry. ‘‘Masonry” is stone, brick, concrete, hollow
tile, concrete block or tile, or other similar building units or
materials or a combination of them, bonded together with mortar.

1.88 Negative Bending Moment. The ‘‘negative bending
moment’’ is that moment the intensity of which is greatest at
the supports.

1.90 Non-Bearing Wall. A ‘‘non-bearing wall” is any wall
which carries no load other than its own weight.

1.98 Panel Length. ‘‘Panel length” is the distance in either
rectangular direction between centers of two columns of a panel.

1.99 Panel Wall. A ‘“panel wall” is a non-bearing wall in
skeleton construction built between columns or piers and wholly
supported at each story. Window and other openings shall be
included in the wall dimensions. (See Curtain Wall and Enclosure
Wall.)

1.100 Parapet Wall. A “parapet wall” is that portion of a wall
extending above the roof.

1.101 Partition. A “partition” is a non-bearing interior wall
one story or less in height.

1.102 Party Wall. A “party wall” is a wall used or adapted for
joint service between two structures.

1.107 Penthouse. A ‘““penthouse” is any closed roof structure,
other than a bulkhead, extending 12 feet or less above the roof
of a structure and occupying 30 percent or less of the roof area.

1.108 Pier. A ‘‘pier” is an isolated column of masonry.

1.111 Positive Bending Moment. ‘‘Positive bending mo-
ment”’ is that moment the intensity of which is least at or near
the supports.

1.117 Random Rubble. ‘‘Random rubble” is masonry com-
posed of roughly shaped stone, laid in mortar without regularity
of coursing, but fitting together to form well-defined joints.

1.121 Retaining Wall. A ‘““retaining wall”’ is any wall designed
to resist lateral pressure.

1.123 Rough or Ordinary Rubble. ‘‘Rough rubble” or “ordi-
nary rubble’’ is masonry composed of unsquared or field stones
laid in mortar without regularity of coursing.
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1.126 Sand. “Sand” is small grains one-quarter inch or less
in size resulting from the natural disintegration of rocks (see
Gravel).

1.131 Solid Masonry. *‘Solid masonry’’ is masonry consisting
of stone, brick, sand-lime or concrete brick, or other solid masonry
units, or a combination of these materials, laid contiguously
with the spaces between the units filled with mortar or monolithic
concrete.

1.132 Solid Structural Units. A “solid structural unit” is a
building unit having a gross volume at least 50 per cent greater
than a brick, with a net cross-sectional area in any plane at least
75 per cent of the gross cross-sectional area measured in the same
plane.

1.134 Spandrel Wall. A ‘“spandrel wall” is that part of a
panel wall above the window and below the apron wall.

1.138 Story. A ‘“‘story” is that part of any building comprised
between the level of one finished floor and the level of the next
higher finished floor, or if the top story, of the space between the
level of the highest finished floor and the top of the roof beams.

1.139 Structural Clay Tile. A ‘‘structural clay tile” is a
hollow building unit made from burned clay, shale, fire clay,
or admixtures thereof.

1.140 Structure. “Structure’” means a building or construc-
tion of any kind.

1.141 Strut. A “strut’’ is a compression member other than a
column or pedestal.

1.143 Surface Water. ‘‘Surface water’ is all water carried by
the aggregate other than that absorbed by the aggregate particles.

1.148 Veneered Wall. A ‘‘veneered wall” is a wall with a
masonry facing, which is attached to, but not bonded so as to
form an integral part of the wall for purposes of load bearing and
stability.

1.161 Wall Beam. A ‘“wall beam” is a reinforced concrete
beam which extends from column to column along the outer
edge of a wall panel.

1.162 Water-Cement Ratio. The “ water-cement ratio’’ is the
total quantity of water entering the mixture, including the surface
water carried by the aggregate, expressed in terms of the quantity
of cement. The water-cement ratio shall be expressed in United
States gallons per 94-pound sack of cement.
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PERIMETER OF A BUILDING

Much discussion has taken place about estimating on brick

masonry for exterior walls. Some estimators make allowance
for the overlap at corners.
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Fia. 2.—Outline of building.

No matter how irregular a building may be, or whether allow-
ance is made for the overlapping of masonry at intersecting

corners, the result will never vary more than four corners (4 linear
ft. of 12-in. wall).
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To illustrate and prove this, if the wall measurements in Fig.
2 are taken from A to X to A along the exterior lines and then
along the interior lines, the results will be as follows:

Exterior Measurements Interior Measurements

27' 0" 26 0
8' 0" 8[ 0/’
121 0/’ 13’ 0//
8' OII 8[ OI'
21" 0" 20" 0
12/ 0” 12/ 0”
11’ 0” 11' 0"
18’ 0 17" 0"
15[ OII 151 OII
10' 0" 11’ 0
15' 0 15' 0"
12/ 0” 10"
26' 0" 24/ 0"
10 ‘0" 11 0"
20' 0// 21/ OII
101 0/l 9! Oll
25' 0" 24/ 0”
14’ 0 13" 0”
10° 0" 11’ 0”
10'0” 11 0”
10' 0” 10° 0"
. lol 0” 9! OII
]5/ 0// 15/ OII
8/ OII 8/ ON
15' 0" 16' 0"
101 OII -911 OII
362’ 0" 358’ 0"

CONCRETE MASONRY

Fine Aggregate.—Fine aggregate shall be free from animal
or vegetable matter as determined by the following test: A
pint of the aggregate shall be placed in 1 pt. of water in which
14 o0z. of sodium hydroxide (caustic soda, NaOH) has been
dissolved. The mixture shall then be thoroughly shaken and
allowed to stand for 12 hr. If the liquid above the aggregate
does not remain clear and uncolored, the aggregate shall not be
used unless it meets the compression test.

Mixing.—The ingredients shall be thoroughly mixed until the
mass i8 homogeneous and of a uniform color and each stone or
pebble is completely coated with mortar. The materials shall
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be mixed wet enough to produce a concrete of such consistency
that it will flow sluggishly into the forms and about the metal
reinforcement but can be conveyed from the place of mixing
to the forms without separation of the coarse aggregate from the
mortar.

Machine Mixer.—The peripheral speed of the drum or cube
shall preferably be about 200 ft. per minute. Each batch shall be
mixed for a minimum time of 114 min., counting from the time
when all the ingredients of the batch are in the mixer and the
prescribed peripheral speed has been attained.

Hand Mixing.—The specified amount of fine aggregate shall be
spread upon a watertight platform and the specified amount
of cement spread over it. The fine aggregate and cement shall
be turned dry with shovels or hoes at least four times and
until thoroughly mixed. Sufficient water shall be then slowly
added and the materials mixed to a mortar, which shall be
spread in a uniform layer upon the platform. The specified
amount of coarse aggregate, which shall be wet, shall be spread
in a uniform layer upon the mortar and the whole mass turned
at least six times.

Placing.—Concrete shall not be dropped uncontrolled at any
time from a height greater than 6 ft. Rubble stone not exceeding
114 cu. ft. in bulk may be placed in masses of concrete 4 ft. or
more in horizontal thickness. Rubble stone may not be per-
mitted in arch rings, in reinforced work, or in work under water.

Intermittent Work.—When a section of work is stopped before
completion, the upper surface shall be left level and the outer
edges true with no steps or irregularities. In mass concrete,
keys or rubble stone shall be set in the surface or depressions
formed by embedding boxes, which shall be removed when the
work is resumed. Before the concrete is set, the surface shall
be drained and the inert material or laifance that has risen
to the top shall be removed. The surface shall then be covered
with wet hay, canvas, or other suitable material that will hold
the moisture until the work is resumed. The upper end sur-
faces shall then be roughened, cleaned with a stiff wire brush,
saturated with water, and washed with a neat cement grout
just before additional concrete is placed.

Arches.—No work shall be started on arch rings until piers and
abutments have been examined and permission given by the
engineer. In placing concrete for an arch ring, the work shall
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be carried on simultaneously from both abutments. Where
feasible, arch rings shall be poured continuously until completed;
otherwise the concrete shall be deposited in voussoir forms, each
voussoir being poured continuously until completed. Arch
centering shall be lowered sufficiently to allow the arch ring to
assume its permanent position before parapet walls are placed.

Concreting under Water.—Where concrete is to be deposited
under water a special test shall be made as follows: A batch of
concrete (about 1 cu. ft.) of the class to be used in the work
shall be mixed with water and deposited in a quantity of the

\V

-Level of concrete

In the concrefe

Fia. 3.—Hopper and chute or tremie method.

water obtained from the site of the work. If the concrete does
not set in a manner satisfactory to the engineer, the water at the
site of the work shall be excluded by cofferdam or otherwise until
the concrete has thoroughly set.

The simplest and probably best method for concreting under
water is to use a ‘““tremie.” This is a sheet-iron cylindrical chute
with a hopper at the top. Itis open at both ends. The cylindri-
cal portion should be large enough to hold an entire batch of
concrete and long enough to extend from just above the water
level to the bottom of the excavation to be concreted. The
tremie is placed in the water and filled with concrete. It is then
raised slowly just far enough to allow part of the concrete to
escape through the open bottom and spread into place. The
lower end of the pipe should never be emptied of concrete. This
will prevent the entrance of water from the bottom.
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In placing concrete under water, care shall be taken to prevent
the mortar from being separated from the coarse aggregate.
The water shall be maintained still at the place of deposit.
The concrete shall be deposited through a tremie of a design
satisfactory to the engineer. The concrete shall be mixed
very wet with a coarse aggregate, preferably of 34-in. gravel
and the tremie shall be kept full of concrete, which shall be
discharged in a continuous flow. The mouth of the tremie
shall be kept buried in the concrete at a depth sufficient to
regulate the flow and exclude the water. The lateral flow shall
not be more than 10 ft.

SAND

Definition.—A grain or particle of rock material large enough
to be casily visible to the naked eye, but not so large as to be
regarded as a stone or pebble, forming an incoherent aggregate.

It is graded through si:t into dust, mud, or clay, on one hand,
and into gravel on the other hand, without any sharp demarcation.
Ordinarily, material composed of grains up to about 1% in. in
diameter is called sand; if coarser, it is called gravel.

Colorimetric Test.—Sand should be free from animal or vegeta-
ble matter as determined by the following test: A pint of the
aggregate should be placed in 1 pt. of water in which 4 oz. of
caustic soda has been dissolved. The mixture should then be
thoroughly shaken and allowed to stand for 12 hr. If the liquid
above the aggregate does not remain clear and uncolored, the
aggregate should not be used unless it meets the compression
test.

Brick, concrete, and plaster sands used in construction con-
stitute the largest class of sand. Molding sand ranks next to
construction sand in volume of output. Sand for glass making
must have a high silica content. Abrasive sands include a
number of sands used for abrasive purposes, such as stone
sawing and grinding, plate-glass grinding, and sandblasting.

SELECTION OF SAND

Natural sands differ greatly in fineness, in the percentage of
voids, in cleanness, and consequently in their effect upon the
strength and quality of the mortar in which they are used.
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A sieve analysis of sand will determine whether or not it has
a proper proportion of different-sized grains. Since we do not
know the exact gradation of sizes that will produce the best
mortar on a job, it is impractical to make a sieve analysis of sand.

It is advisable to prepare briquettes, having the proper propor-
tion of sand and cement, from each type of sand being considered
for a piece of work. If time permits, these briquettes should be
tested at different ages, preferably at 1, 7, and 28 days, for
tensile strength.

On jobs it is sometimes impossible to wait for such a complete
test as above; in that case sands may be compared by determining
which produces the smallest volume of mortar for the same
quantities of dry materials. Contractors are often best pleased
with the sand that produces the greatest volume of mortar for
the same quantities of dry materials. This is a mistake of which
most men are guilty.

It is better practice to compare sands by making mortars of
them and comparing their densities than by comparing their voids.

It is not always economy to use local (bank) sand. It is
suggested that contractors in the New York area make the
foregoing tests before using ‘“bank” sand in preference to Cow
Bay sand.

Decantation Test.—A guide to the quantity of silt, loam, clay,
ete., which is allowable in a sand for use in concrete is the decanta-
tion test. A typical sample of the sand is placed in a 200-cc.
measuring cylinder up to the 100-cc. graduation. Clear water
is added up to the 150-cc. mark. The mixture is shaken vigor-
ously and the contents allowed to settle for 1 hr. The volume
of the silt visible at the surface of the sand is taken to be the
total volume of silt in the sand. This should not exceed 3 per
cent of the total volume of the sand.

VOIDS IN SAND AND GRAVEL

Determining Voids by Specific Gravity.—This method consists
in determining the specific gravity of the sand, from that com-
puting the weight of a cubic unit of the solid material, and then
determining the weight of a cubic unit of the sand.

The difference between the first weight and the second weight,
divided by the first weight, gives the proportion of voids, or,
expressed in per cent, gives the percentage of voids.
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The specific gravity of siliceous sands is 2.65. Therefore, if
1 cu. ft. of sand weighs 100 lb., 1 cu. ft. of solid material would
weigh 2.65 X 62.5 = 165.6251b. Subtract the weight of 1 cu. ft.
of sand.

165.625

100.000

65.625
16655662255 X 100 = 39.62 per cent, voids
100.00

165.625 X 100 = 60.38 per cent, absolute volume

CONCRETE

The New York City Building Code approved by the mayor on
July 27, 1937, defines concrete as follows:

1.29 Concrete. Concrete is a mixture of cement, fine aggre-
gate, coarse aggregate, and water.

Concrete changes in a relatively short time from a semifluid
to a solid state, generally described as ‘‘monolithic.”” There is
no known way of reversing the metamorphosis. It is semifluid
(viscous) only insofar as the mass, as a whole, is concerned.
Concrete consists of solid pieces of stone or gravel of irregular
sizes embedded in a matrix of plastic mortar.

The setting and hardening of concrete are due to chemical
reactions between the cement and the mixing water. In no
sense are these phenomena to be regarded as a mere ‘“drying out”
process. The retention of moisture in the concrete, by proper
protection against rapid evaporation during the early hardening
period, is most important in all concrete construction.

Good concrete is influenced by the following factors:

1. Cement, which should be of superlative quality, capable of
maximum hydration and bonding power.

2. Aggregate, which should be carefully selected, graded, and
proportioned.

3. Water-cement ratio. Surplus water weakens the strength
of the concrete and makes it permeable.

4. Workmanship in mixing, placing, and finishing the concrete.
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5. Curing, the proper time during which the concrete is kept
humid in order that the setting and hardening processes may
complete themselves under favorable conditions.

TYPES OF CONCRETE

Although concrete is always a mixture, it is quite usual to
come across the following terms in specifications:

Ready-mixed concrete
Central-mixed concrete
Transit-mixed concrete
Shrink-mixed concrete

Ready-mixed concrete is concrete delivered to the construction
site ready for placing.

Central-mixed concrete is concrete that has been prepared
at a central mixing point, often at a place that is remote from the
construction project. It is customary to set up a central mixing
plant at a water front when the concrete ingredients are delivered
by boat. This method is more economical than unloading the
cement, sand, and gravel and then delivering these to the job to
be mixed into concrete.

Transit-mixed concrete is concrete that is mixed in truck
mixer en route to the job, or at the job a short time before it is
discharged.

Shrink-mixed concrete is concrete that is partly mixed at a
central plant, deposited in a truck mixer, and the mixing com-
pleted in the truck mixer. (See Prehydrated Mortar, page 112.)

Controlled Concrete.—On very exacting work, or perhaps to
meet the requirements of exacting engineers, the dry aggregates
are proportioned, by weight, from aggremeters. The percentage
of moisture in the dry aggregates (by weight) is predetermined
and allowance therefor is made when adding water to each batch.
Cement is measured by the bag, which is considered to be 1 cu. ft.
(dry, loose). The absolute volumes of cement, sand, gravel, and
water are the same for each batch of concrete.

In mass concrete, such as bridge abutments and heavy piers,
large stones 6 in. or more in size are sometimes used to save on
the quantity of concrete. The concrete is mixed and placed
in the usual way, and the stones are then imbedded in it, one at a
time. There should be at least 6 in. of concrete between the
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stones and the forms. Not over 25 per cent of the mass should
consist of such large stones, which should not be used without
the knowledge and approval of the engineer in charge.

Cyclopean concrete is megalithic masonry of massive, uneven
blocks of stone with joints and interstices filled with concrete.
It is more generally referred to as rubble concrete and defined
as concrete masonry in which the finer materials form a matrix
for large stones and boulders.

WATER IN CEMENT

Every concrete mix requires a certain quantity of water to
ensure the thorough hydration of the cement and the necessary
workability to permit placing. The strength of concrete with a
given cement content when fully consolidated is contingent
upon the water cement ratio.

Tests conducted to determine the effect of water-cement ratio
on compressive strength of concrete show that a typical Portland
cement concrete in a wet mix may attain only 70 per cent of the
strength of a dry mix at the age of 1 yr. At earlier ages the
difference is more strongly marked.

The positive quantity of water required to produce strong
concrete is subject to the following variable factors: (1) the
proportions of the mix, (2) the grading of the fine and coarse
aggregates, (3) the type of cement used, and (4) the workability
desired.

The water is transmitted into the mass from three sources:
(1) the sand, (2) the coarse aggregate, and (3) the water added
at the concrete mixer.

The moisture content of the fine and coarse aggregates is
subject to wide variation. Consequently, to produce isotropic
concrete it is necessary to offset the varying quantity of water
in the aggregates by adjusting the amount of water added at the
mixer.

Effect of Water in the Fine Aggregate.—Water in the fine
aggregate introduces errors in the proportioning of the concrete
mix. If the ingredients are proportioned by weight, the water in
the sand will be weighed as sand, and the mix will be undersanded,
harsh, and unworkable. Partial allowance for this can be made
by adjusting the weight of the sand so as to include an average
amount of water.
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When sand is measured by volume, the presence of water in
varying amounts becomes of more serious moment in the effect
it produces upon the proportions of the mix. Free moisture in a
fine, granular material such as sand increases its volume. This
phenomenon is known as bulking. Maximum bulking is obtained
with 3 to 10 per cent moisture. From tests made it is known
that a concrete mix may be 30 per cent deficient in fine aggregate
when volume measurement is used without making due allowance
for the moisture contained in the sand.

The volume of sand that has been inundated is approximately
uniform and of the same order as the volume of dry sand. This
fact has led to the adoption of the inundation method of control.
In this system the sand is filled into a measure of definite size
containing water until the surplus sand and water overflow. The
measure then contains a given volume of inundated sand which
will not vary to any large degree either in the amount of sand
contained or in the relative proportions of sand and water. This
method cannot be applied fortuitously to any and every concrete
mix, because, with certain proportions of mix, there will be so
much water required to inundate the sand that the resulting
concrete will be too wet for the work being executed without
adding any water at the mixer. The inundation system cannot
be used generally except for ‘“‘rich mixes,” and its usefulness is
in that way considerably limited.

Vibration Control.—Under British patent specification, Dr.
Granville at the Road Research Laboratory, Middlesex, showed
that it was possible by vibrating wet sand in a container with a
porous bottom to bring it to a practically constant water content,
depending in amount on the characteristics of the sand and the
conditions of vibration but considerably less than that required
for inundation. The results of experiments show that a very
uniform sand and water mixture is produced by this method.
The actual percentage of water contained in the sand will be
affected by the frequency and the degree of the vibration, the
time of vibration, and the gradation of the sand.

With the amount of cement, sand, and water fixed, a wet
coarse aggregate will produce a mix of different consistency from
one in which a dry coarse aggregate has been used. The water
content of the gravel after vibration varies more than that of
sand, but it does not seem probable that an improvement in the
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water distribution in the gravel will be effected by vibration.
Concrete of uniform quality can be produced by the aggregate-
vibration method, by reason of the rigid control of the water-
cement ratio which it makes possible.

Vibration of Concrete.—Vibration for the purpose of compact-
ing freshly placed concrete permits use of stiffer mixes with lower
sand content and thus allows the use of either less water or a
leaner mix. It is claimed than 214 gal. of water per sack of
cement is sufficient for the complete hydration of the cement.
Contractors find it necessary to use about 6 gal. of water per
sack in order to obtain plasticity and flowability of the concrete.
The excess water detracts from the strength of the concrete.
Vibration makes it possible to produce higher strengths with a
given mix or cement factor because the amount of water required
for placing can be reduced. Vibration is of particular advantage
where concrete must be placed in slabs or other places that are
heavily reinforced, where proper results cannot be obtained by
hand placing.

THE SLUMP TEST

A rough measure of the consistency of concrete is the slump
test. This test is made by means of a metal mold in the form
of a frustrum of a cone 12 in. high, 4 in. in diameter at the top,
and 8 in. in diameter at the bottom. The mold is placed on a
flat, nonabsorbent surface and filled with four layers of freshly
mixed concrete. KEach layer must be tamped 25 times with a
9%-in. round rod, bullet-pointed at one end. The last layer
should be struck off so that the mold is exactly filled. The mold
is then removed by being raised vertically immediately after
being filled.

After the molded concrete has settled, the distance in inches it
has settled, or slumped, below the top of the metal mold is
termed slump. Concrete for thin walls and columns, ordinary
slabs, or beams should fall within the slump range: minimum 4 in.
and maximum 8 in.

Concrete is a mixture in which a paste of Portland cement and
water unites fine and coarse materials known as ‘‘aggregates’
into a monolithic mass when the paste hardens as a result of the
chemical action of the cement and the water.

Fine aggregate—sand.
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Materials Required for 1 Cu. Yd. of Concrete

HANDBOOK OF BRICK MASONRY CONSTRUCTION

Classification | Cement, bags | Sand, cu. ft. | Gravel, cu. ft. | Water, gal.
1-2-4 5.94 11.88 23.76 36
1-2-31 6.48 12.96 23.68 39
1-214-315 6.00 15.00 21.00 36
1-2-5 5.4 10.8 27.00 32
1-3-5 4.7 14.00 23.5 28
1-3-6 4.05 13.00 26.00 24

Percentages of Ingredients for Concrete
Classification Cement, per cent | Sand, per cent | Gravel, per cent
1-2-314 24 48 84
1-2-4 22 44 88
1-2-5 19 38 94
1-3-5 17 51 85
1-3-6 16 48 96
Materials Required for Small Quantities of Concrete
Cu.'ft. of Parts by Cement, Sand, Gravel,
mixed
volume bags cu. ft. cu. ft.
concrete
100 1-2-314 24 48 83
27 6.5 13 22.5
100 1-2-4 22 44 88
27 ! 6 : 11.9 23.8
100 1-2-5 | 20 ; 40 100
27 : 5.4 | 10.8 27
100 1-214-5 18.5 46 92
27 5 12.5 25
100 1-3-5 17 51 85
27 4.6 13.8 23
100 1-3-6 15.6° 47 94
27 4.2 12.7 25.2
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Hourly Output of Concrete for Various Proportions
(Based on average time per batch)

Cu. yd. per hr.
P .
roportions, Average time | Average time
1-bag batch
per batch, per batch,
2 min. 3 min.

1-2-4 5.0 3.33
1-2-5 5.72 3.81
1-3-5 6.39 4.26
1-3-6 7.00 4.67

Concrete Yield per Batch

Amount of concrete
. in a 1-bag batch
Proportions | ) -
Cu. ft. Cu. yd.
1-2-4 4.50 0.167
1-2-5 5.15 0.19
1-3-5 5.75 0.213
1-3-6 6.25 0.232
1.k ‘,d'
W /- \ -
%' t‘ f e
: N
107 , K3
7 3 |
4 | |
R | |
il v ;
Stone Concrete
Jcubic +  2cubic dcubre = 4hcvbic
feet feet feet feet

Fi1a. 4—Example of 1-2-4 proportion for concrete, showing relative volumes of
the three essential materials and the resulting volume of concrete.

22 9% of total volume of concrete = cement required
44 9 of total volume of concrete = sand required
88 9% of total volume of concrete = stone required
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Coarse aggregate—gravel or crushed stone. Concrete made
of broken stone is stronger than that containing an equal propor-
tion of gravel. This is due to the fact that the cement adheres
more closely to the rough surfaces of the angular fragments of
broken stone than to the smooth surfaces of the rounded pebbles.

Water—must be potable. An excess of water weakens the
concrete. An insufficient amount prevents thorough mixing.
The amount of mixing water should not exceed 6 gal. per sack of
cement. This amount includes the free moisture in the aggre-
gates for which proper allowance must be made.

DATA FOR CONTROLLED CONCRETE
Aggregate Data

Weight per | Moisture by weight .
. Specific
Aggregate cu. ft., dry, | of dry, loose weight, it
loose, 1b. per cent gravity
Cement................... 94 3.1
Sand................. .. ... 96 43 2.65
Gravel.................... 100 1.00 2.65
Data for Six-bag Batch
Method of measuring Cement Sand Gravel
Mix, dry, loose materials. . .| 1 part | 2.092 parts | 3.408 parts
Mix, dry, loose for 6-bag batch by
volume....................... 6 bags | 12.552 cu. ft. | 20.448 cu. ft.
Mix, dry, loose for 6-bag batch, by
weight....................... 6 bags | 1,205 1b. 2,045 1b.
Moisture correction, to be added..| ...... 52 1b. 21 1b,
Field mix, as weighed from aggre-
meters....................... 6 bags | 1,257 b, 2,066 1b.
. 94 X1
Cement: 31T %625 = 0.49 cu. ft. absolute volume
. 96 X 2.092
Sand: m =121
. 100 X 3.408
Gravel. m = 2.06
. 5.5
Water: 75 =0.73

Total = 4,49 cu. ft. absolute volume
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Cement factor per cubio yard of concrete: 4—?473 = 6.01 bags (1.5 bbl.)

Concrete per 6 bag batch: 449 X6 _ 0.997 cu. yd.

27
@1—;(7—2@ = 0.4656 cu. yd. of sand per cubic yard of concrete

‘i'—()—l—éfﬁg = 0.758 cu. yd. of gravel per cubic yard of concrete

Materials per Cubic Yard of Concrete

Cement.................................. 6.01 bags
Sand. ... ... ... 0.4656 cu. yd.
Gravel........ ... ... ... . 0.758 cu. yd.
Water. ........... ... .. 33 gal.

ABSOLUTE VOLUME

The volume of the concrete is equal to the sum of the absolute
volume of the cement, the aggregates, and the water, as long as
the concrete is plastic.

The weights and specific gravity of the materials are used in
calculating the volumes as follows:

unit weight

Absolute volume = specific gravity X unit weight of water

Suppose that a mixture has been decided upon consisting of

1 bag of cement
2 cu. ft. of sand
3.7 cu. ft. of gravel
6.7 gal. of water per bag of cement

Suppose the weights of the materials to be

Ingredient Pounds | Specific gravity
1 bag of cement.. ............ 94 3.1
lecu. ft.ofsand.. ............. 110 2.65
lcu. ft. of gravel........... ... 100 2.65
1 ou. ft. of water (7.5 gal.)......| 62.5 1.00

The volume of concrete is computed as follows:
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. 94 X1
Cement: m = 0.49 cu. ft.
. 110 X 2
Sand: m =1.30
. 100 X 3.7 _
Gravel. 2.65—>(-6-2—5 = 220
. 62.5 X 6.7 _
Water: 75x625 0%
Total volume = 4.88 cu. ft.
Materials Required per Cu. Yd. of Concrete:
' ) 27 -
Cement: 188 = 5.53 bags
Water: - 5.53 X 6.7 = 37 gal.
Sand: f)_f>§2_7)(__2 = 0.41 cu. yd.
Gravel: §—5—32§iz = 0.76 cu. yd.

ARBITRARY QUANTITIES OF INGREDIENTS

In order to obtain, approximately, the number of bags of
cement in a cubic yard of concrete, the following formula is quite
accurate:

42
c+s+yg
where ¢ = number of parts of cement.
s = number of parts of sand (fine aggregate).
g = number of parts of gravel (coarse aggregate).
42 = factor arrived at after many experimental trials.

The amount of cement having been determined by the above
formula, the amounts of sand and gravel can easily be calculated,
since 1 bag of cement is approximately 1 cu. ft.

The following ratios of ingredients give the amounts of cement
in bags and of aggregates in cubic feet required to make 1 cu. yd.
of concrete.

1-2-4 Concrete:

Cement =

Per Cu. Yd. of Concrete
42

Cement: 15841 = 6 bags
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Per Cu. Yd. of Concrete

12 cu. ft.
24 cu. ft.

Sand: 2X6
Gravel: 4 X6

]

1-214-6 Concrete :

Per Cu. Yd. of Concrete

42
Cement: T+95%8 = 4.94 bags
Sand: 2.5 X 4.94 = 12.35 cu. ft.
Gravel: 5 X 4.94 = 24.7 cu. ft.
1-3-56 Concrete :
Per Cu. Yd. of Concrete
42
Cement: 1F3%5 = 4.664 bags
Sand: 3 X 4.66 = 14.00 cu. ft.
Gravel: 5 X 4.66 = 23.33 cu. ft.

To determine the quantities of cement in barrels and of aggre-
gates in cubic yards required for 1 cu. yd. of concrete, use the
formula

10
Cement = m

where, ¢ = number of parts of cement.
s = number of parts of sand.
= number of parts of concrete.
3.8 cu. ft. = 1 bbl.
10 = factor arrived at after many experimental trials.

1-2-4 Concrete :

10 3
Cement: ﬁ——ﬂ—4 = 1.43 bbl.
Sand: ?—5—1—;—————:;)(38 = 0.40 cu. yd.

Gravel: ‘§_2<__1_423X___3_§ = (.80 cu. yd.
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1-3-6 Concrete:

10
Cement: 1_-{—-—3—+_6 = 1 bbl.
1 .

Sand: 3_><_§7>_<_3_8 = 0.42 cu. yd.
Gravel: 6_)(_1271_?1_8 = 0.84 cu. yd.
Assumed Strength of Concrete Mixtures

Water Content, Assumed Compressive
U.S. Gal. per 94 Lb.  Strength at 28 Days,
Sack of Cement Lb. per Sq. In.
8 2,000
3 2,500
614 3,000
514 3,750

BONDING NEW CONCRETE TO OLD

Poor bond between two sections of concrete may render it
incapable of resisting the stresses set up by differential shrinkage
movements of the material on either side, or movements due to
settlement. Imperfect joints made in intermittent work may
weaken the whole structure. Poorly constructed joints may
become susceptible to infiltration of moisture which, on freezing,
may cause a crumbling away of the concrete. Chemicals in
solution are likely to penetrate the defective joints and bring
about disintegration in the concrete mass, and the structure may
be defaced by unsightly blotches of efflorescence.

Before placing new concrete all laitance should be removed
together with the layer of porous concrete immediately below it.
The term “laitance” is applied to the inert, pulplike fluid of the
nature of gelatin, which issues from an underwater deposit of
cement and, on drying, forms a marly mass of noncoherent
material. Its presence upon the surface of concrete precludes
the intimate consolidation of any new concrete that is to be
added.

When the pouring of concrete is discontinued on a section for
a brief interval, not exceeding 4 hr., it is advisable to strike off the
poorer material that collects at the top, before the concrete begins
to stiffen up. Care should be exercised in doing this because, if
the concrete has stiffened too much, some of the aggregate below
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the surface may be permanently loosened, and the possibility of
obtaining a good bond with the new concrete becomes uncertain.
In placing the new concrete, the mix should be sufficiently plastic
so that tamping will cause it to flow sluggishly into position.
The use of too dry mixes will make efficient bonding of successive
layers of concrete very difficult, and the concrete at the bottom
of each layer will be pervious because of pores.

When concrete has been in place for more than 4 hr. but not
longer than 3 days, the laitance and porous layer should be
removed before adding new concrete. The surface of the con-
crete, which has now partly hardened, should also be brushed
with a steel-wire brush and thoroughly washed with clean water
to remove loose particles of cement, dust, sawdust, etc. Cement
mortar of the same cement-sand ratio as that incorporated in the
new concrete mix itself (mortar to be 1 part cement to 2 parts
sand if concrete is 1-2~4 mix), should be applied to the prepared
surface. A layer of 34-in. thickness is usually enough. The new
concrete should be placed immediately upon the mortar and well
rammed.

When concrete has been allowed to age for some time, there is
little possibility of obtaining a good bond with the new concrete
that is to be added unless the hardened surface is chipped away,
brushed with a steel-wire brush, and thoroughly rinsed with clean
water to remove loose particles. Any aggregate loosened by the
chipping should be removed. A cement wash (neat cement)
should then be applied with a brush. This should have the con-
sistency of molasses in warm weather, and should be worked well
into the pores of the roughened surface. A layer of cement
mortar of the same cement-sand ratio as that in the new concrete
mix itself should be applied and this should be followed immedi-
ately by the new concrete, well rammed into place.

It is desirable that new concrete added to old concrete should
be made with the same brand of cement. However, provided
the old concrete has hardened, there is no objection to bonding
new concrete to old with a different brand of cement. Generally,
the longer the cement (in the new concrete) requires for harden-
ing, the higher is the resulting strength of the joint.

High-alumina cement concrete should never be bonded to
Portland cement concrete which has only partly hardened, or
vice versa, since an intense interaction may occur and cause a
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flash set in the concrete and seriously affect its strength. With
high-alumina cement concrete, owing to the rapidity with which
hardening takes place with this type of cement, it will be bene-
ficial to chip and wire-brush the surface of concrete more than
24 hr. old before the new concrete is installed.

Bonding Solutions.—The use of bonding solutions, usually
some form of acid, to eat away the hardened concrete surface
and replace the labor of chipping requires careful attention. It
is absolutely necessary that the chemical action of the compound
has ceased and cannot recur before the new concrete is added,
and that all the treated old concrete is thoroughly cleaned.

PREHEATED CONCRETE

The acceleration produced in the development of strength of
the Portland cement concrete in the first few hours by preheating
the ingredients is striking. It, however, is much more marked
if the concrete, having been placed in a hot state, can be kept hot.
For example, providing the concrete can be kept at the high
temperature for a period of 5 hr., its strength at this age (1,264 1b.
per square inch) would be the same as that of a similarly propor-
tioned mix, prepared and matured at normal temperature after
24 hr. (1,255 1b. per square inch).

Influence of Temperature on Strenzth of Concrete
(Expressed in compressive strength, lb. per sq. in.)

Series A Series B Mean
Temperature at which con- 0 -
crete was placed ...... 158°F. |158°F. |60°F. |158°F. [158°F. {60°F. |158°F. |168°F. |60°F.
‘Femperature at which con-
crete was matured .. ... 158°F. | 60°FK. |60°F. |158°F.| 60°F. |60°F, |158°F.| 60°F. 80°F.,

..... 322 172(.....0 ... 130
..... 1,190f 254).....| 1,264 253

66| .....| ..... 70 ... 71
..... 1,620{ 375(.....| 1,675 412
..... 1,620 558|.....| 1,765/ 593

564 .....1 ..... 508, .....| ..... 530
1,210{ 2,590 1,387|1,300 2,480 1,3031,255
1,660 .....| ..... 1,740 .....| ..... 1,700
2,5100 .....| ..... 2,370 .....| ..... 2,440

2,720| 3,326/ 2,030(3,150| 3,168| 2,000/2,935
3,610, 3,060 2,600/3,720 3,055 2,288
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Tests on Preheated Concrete
Temperature of concrete at time of placing........... 60°F.
Temperature at which concrete was matured......... 60°F.
Size of test piece, 12 in. by 6-in.-diameter cylinder.

Age Crushing strength, 1b. per sq. in.

8 Set A Set B Mean

6hr.......... ... 66 76 71

12hr. ... 554 506 530

lday................ ... 1,210 1,300 1,255
Ohr............. 1,660 1,740 1,700 -

2days......... 2,510 2,370 2,440

Bdays.. . ... 2,720 3,150 2,935

Tdays.... ... ... e 3,610 3,720 3,665

Tech. Paper 14, Table 4, Department of Scientific and Industrial Research, Garston, Nr.
Watford, Herts, England.

Temperature of concrete at time of placing.......... 158°F.
Temperature at which concrete was matured. .. ... .. 60°F.
Size of test piece, 12 in. by 6-in.-diameter cylinder.

Age __ Crushing strength, Ib. per sq. in.
B & _ Set A SetB Mean
Shr.o .. ... o 88 172 130
Shro .. ... .. . 252 254 253
Thro o oo 449 375 412
Qhr.. ... .. 628 558 593
Tday.. ... 1,219 1,387 1,303
Sdays ... 1,970 2,030 2,000
Tdays......... ... .. ... 1,975 2,600 2,288

Tech. Paper 14, Table 5, Department of Scientific and Industrial Research, Garston, Nr.
Watford, Herts, England.

Temperature of concrete at time of placing.......... 158°F.
Temperature at which concrete was matured........ 158°F.
Size of test piece, 12 in. by 6-in.-diameter cylinder.

A Crushing strength, lb. per sq. in.
e Set A Set B | Mean

Bhr. .. 748 322 (2 hr.)
Shr. ... ... .. ... . 1,338 1,190 1,264
Thro. . ... ... o 1,730 1,620 1,675
Qhr....... ... ... 1,790 1,740 1,765
Iday........................... 2,370 2,590 2,480
ddays............ ..., 3,010 3,325 3,168
Tdays...................0. ... 3,050 3,060 3,065

Tech. Paper 14, by N. Davey, Department of Scientific and Industrial Research, Garston,
Nr. Watford, Herts, England.
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Tests on Preheated Concrete—(Continued)

Water-cement ratio (per cent by weight)

Age 45 50 60 65

Crushing strength, 1b. per sq. in.

1day....................| 2,010 | 1,300 720 500
3daYS. o 4,150 | 3,330 | 1,980 | 1,500
TABYS. oo 4,870 | 3,970 | 2,470 | 2,000

Tech. Paper 14, Table 7, by N. Davey, Department of Scientific and Industrial Research,
Garston, Nr. Watford, Herts, England.

Studies of Slag and Resultant Concrete*
COMPRESSIVE STRENGTH AND FLEXURAL STRENGTH, BY AGE
Slag concrete mix: 1-2.4-3.6
5.4 sacks of cement per cubic yard
0.93 gal. water per sack of cement

Compressive strength, | Flexural strength,
Age Ib. pe . b .
. per sq. in. . per sq. in.
7 days......... 2,460 530
14 days......... 3,040 590
28 days......... 3,710 640
2 months...... 4,230 690
3 months...... 4,350 685
6 months. .. ... 4,690 715
lyear......... 4,740 750
2 years........ 4,860 790
Syears........ 5,330 785

Compression tests were made on 6- by 12-in. cylinders.
Flexure tests were made on 6- by 6- by 40-in. concrete beams.

Ratio oF COMPRESSIVE TO FLEXURAL STRENGTHS OF SLAG CONCRETE
(Mix: 5.4 sacks cement per oubic yard)

T AaYB. . 4.6
14 days.. ... 5.1
28 days. . ... . 5.8

2months. . ... ... ... ... 6.1

dmonths........... ... .. ... . .. 6.3

6months............. ... ... .. . . .. 6.6

Lyear... ... ... 6.3

2 YOBIB. ... 6.1

B YBRIB. ... .. e e e 6.8
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Proportions of Aggregates for Concrete by Absolute Volume *
(In cubic feet per sack of cement; computed from unit weight and specific
gravity of materials used)

Commercial Cement,
slag, Cement Sand Slag Water Total sacks per
No. cu. yd.

1 0.49 1.669 2.082 0.93 5.071 5.35
2 0.49 1.569 2.220 0.93 5.209 5.18
7 0.49 1.569 2.166 0.93 5.155 5.24
8 0.49 1.569 2.151 0.93 5.140 5.25
11 0.49 1.569 2.243 0.93 5.232 5.16
12 0 49 1.569 2.281 0.93 5.270 5.12
14 019~_~ 1.569 A;2.168 0.93 5.157 5.29
Average.. ...... 0.49 1.569 2.187 0.93 5.176 5.22
1 0.49 1.307 1.735 0.75 1 4.282 6.31
2 0 49 1.307 | 1.850 075 | 4.397 6.14
3 0.49 1.307 | 1.781 0.75 I 4.328 6.24
4 0.49 1.307 1.926 0.75 | 4.472 6.04
5 0.49 1.307 1.763 0.76 | 4.300 6.28
6 0.49 1.307 1.782 0.75 4.329 6.24
7 0.49 1.307 1.805 0.75 4.352 6.20
8 0.49 1.307 1.793 0.75 4 340 6.22
9 0.49 1.307 1.813 0.75 4.360 6.19
10 0.49 1.307 1.885 0.75 4.432 6.09
11 0.49 1.307 1.869 0.75 4.416 6.11
12 0.49 1.307 1.901 0.75 4.448 6.07
13 0.49 1.307 1.801 0.76 4.348 6.21
14 0.49 1.307 1.807 0.75 4.354 6.20
15 0.49 1.307 1.835 0.76 4.382 6.16
16 0.49 1.307 _ 1.904 - 0.75 4.451 6.07
Average.......... 0.49 1.307 1.830 0.75 4.377 6.17
Commercial stone Stone

and gravel gravel
17 0.49 1,092 2.149 0.70 4.31 6.09
18 0.49 1.092 2.181 0.70 4.463 6.05
19 0.49 1.092 2.092 0.70 4.374 6.17
20 0.49 1.281 1.832 0.78 4.353 6.20
21 0.49 1.092 2.158 0.70 4.440 6.08
22 0.49 1.281 1.838 0.75 4.359 6.19
23 0.49 1.281 1.791 0.75 4.312 6.20
24 0.49 1.281 1.886 0.75 4.407 6.13
25 0.49 1.281 1.809 0.76 4.330 6.24
26 0.49 1.092 2.048 0.70 4.380 6.24
27 0.49 1,092 2.006 0.70 4.288 6.30
28 0.49 1.281 1.825 0.75 4.346 6.21

Average.......... 0.49 1.187 1.965 0.725 4.367 6.18

Py

* By Fred Hubbard, Director of Research, Nati

I Blag A
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Compressive Strength of 1-2—4 Ballast Concrete after Storage in Air or
Under Water after One Day in Air
(In pounds per square inch)

Ordinary Rapid-hard- High Portland
Portland ening Port- alumina blast-furnace
Age cement land cement cement cement

Air | Water | Air | Water | Air | Water | Air | Water
lday......... 118 ..... 170 ..... 3,500 ..... 40
3 days. ... 400 480 500 860 (3,200 3,400 250 200
7days........ 1,876/ 1,900 |2,000| 2,170 (3,120 3,360 840 830
28 days . ....12,070| 2,270 |2,400| 3,020 2,790/ 3,880 {1,697 1,900
3montl.. ... 2,578 4,070 3,000 3,535 (3,652 4,200 |2,320| 2,900
1year... ....|2,460| 4,180 |3,370| 4,200 |3,258| 4,430

Report of the Building Research Board, for Period Ended Dec. 31, 1926, Table 5, p. 69,
Department of Scientific and Industrial Research, Garston, Nr. Watford, Herts, England.

Material Required for Concrete Columns
(For each 10 ft. of height)

Round columns Square columns
Diameter Mix 1-2-4 Mix 1-2-4
side, in. B . o
Cement, Sand, Stone, | Cement, Sand, Stone,
bags cu. ft. cu. ft. bags cu. ft. cu. ft.
6 0.431 0.862 1.725 0.55 1.10 2 20
8 0.768 1.536 3.072 0.96 1.92 3.84
10 1.200 2.400 4.80 1.53 3.06 6.12
12 1.73 3.46 6.92 2.20 4.40 8.80
14 2.35 4.70 9.40 3.00 6.00 12.00
16 3.08 6.16 12.32 3.91 7.82 15.64
18 3.90 7.80 15.60 5.00 10.00 20.00
20 4.80 9.60 19.20 6.11 12.22 24 .44
22 5.80 11.60 23.20 7.40 14.80 29.60
24 6.91 13.82 27.64 8.80 17.60 35.20
26 8.11 16.22 32.44 10.30 20.60 41.20
28 9.41 18.82 37.64 12.00 24.00 48.00
30 10.80 21.60 43.20 13.75 27.50 55.00
32 12.30 24.60 49.20 15.64 31.28 62.56
34 13.87 27.75 55.50 18.00 36.00 72.00
36 15.56 31.10 682.20 20.00 40.00 80.00
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Cost of Ingredients per Cubic Yard of 1-2-4 Concrete

Cement, per bbl.
Sand, per cu. yd.

Cement, per cu. yd.

Sand, per cu. yd.

Gravel, per cu. yd.

Gravel, per cu. yd. of concrete of concrete of concrete

$1.00 $1.50 $0.44 $0.88

1.10 1.85 0.484 0.968
1.20 1.80 0.528 1.056
1.30 1.95 0.572 1.144
1.40 2.10 0.616 1.232
1.50 2.25 0.66 1.32

1.60 2.40 0.704 1.408
1.70 2.55 0.748 1.496
1.80 2.70 0.792 1.584
1.90 2.85 0.836 1.6872
2.00 3.00 0 88 1.76

2.10 3.156 0.924 1.848
2.20 3.30 0.968 1.936
2.30 3.45 1.012 2.024
2.40 3.60 1.056 2.112
2.50 3.75 1.10 2.20

2.60 3.90 1.144 2.288
2.70 4.05 1.188 2.376
2.80 4.20 1.232 2.464
2.90 4.35 1 276 2.552
3.00 4.50 1.32 2.64

3.10 4.65 1.364 2.728
3.20 4.80 1.408 2.816
3.30 4.95 1.452 2.904
3.40 5.10 1.496 2.992
3.50 5.26 1.54 3.08

3.60 5.40 1.584 3.168
3.70 5.55 1.628 3.256
3.80 5.70 1.672 3.344
3.90 5.85 1.716 3.432
4.00 6.00 1.76 3.52

4.10 6.15 1.804 3.608
4.20 6.30 1.848 3.696
4.30 6 45 1.892 3.784
4.40 6.60 1.936 3.872
4.50 6.75 1.98 3.96

4.60 6.90 2.024 4.048
4.70 7.05 2.068 4.136
4.80 7.20 2.112 4.224
4.90 7.38 2.156 4.312
5.00 7.50 2.20 4.40
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Cost of Ingredients per Cubic Yard of 1-2-5 Concrete

Cement, per bbl. Cement, per cu. yd. Sand, per cu. yd. Gravel, per cu. yd.
Sand, per cu. yd.
of concrete of concrete of concrete
Gravel, per cu. yd.
$1.00 $1.35 $0.40 $1.00
1.10 1.485 0.44 1.10
1.20 1.62 0.48 1 20
1.30 1.755 0.52 1.30
1.40 1.89 0.56 1.40
1.50 2.025 0.60 1.50
1.60 2.16 0 64 1.60
1.70 2 295 0 68 1.70
1.80 2.43 072 1.80
1.90 2 565 0.76 1.90
2.00 270 0 80 2.00
2.10 2.835 0 84 2.10
2.20 2.97 0.88 2.20
2.30 3.105 0.92 2.30
2.40 3.24 0.96 2.40
2.50 3.375 1.00 2.50
2.60 3.51 1.04 2.60
2.70 3.645 1.08 2.70
2.80 3.78 1.12 2.80
2.90 3.915 1.16 2.90
3.00 4 05 120 3.00
3.10 4.185 1 24 3.10
3.20 4 32 1.28 3.20
3.30 4 455 1.32 3.30
3.40 4.59 1.36 3 40
3.50 4 725 1 40 3 50
3.60 4.86 1 44 3 60
3.70 4.995 1.48 3.70
3.80 5.13 1.52 3.80
3.90 5.265 1.56 3.90
4.00 5.40 1.60 4.00
4.10 5.535 1.64 4.10
4.20 5.67 1.68 4.20
4.30 5.805 172 4.30
4.40 5.94 1.76 4.40
4.50 6.0758 1.80 4.50
4.60 6.21 1.84 4.60
4.70 6.345 1.88 4.70
4.80 6.48 1.92 4.80
4.90 6.615 1.96 4.90
5.00 6.78 2.00 5.00




Materials for Concrete Floors, Pavements, Etc.
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Strengths approaching the values shown in column X of the
table en p. 32 would be obtained if hot concrete were deposited
in large masses, in which case radiation losses would be compara-
tively small and the high temperature would be maintained for
the period requisite for the development of high early strength;
but it should be realized that the subsequent cooling of concrete
that has been placed at a high temperature may result in the
development of excessive shrinkage stresses.

Tests show that concrete mixed and cured at normal tempera-
ture shows no appreciable development of strength until the
lapse of from 6 to 8 hr. Column Z shows that, at the end of
12 hr., concrete mixed and placed under normal temperature
developed less strength than concrete placed and matured at
high temperature at the end of 3 hr. Concrete mixed under
normal conditions developed the highest strength after 7 days.
(See columns X, Y, Z.)

Materials for 1,000 Cu. Ft. of Concrete

Cement, | Sand, | Stone,
bags cu. ft. | cu. ft.

1,000 cu. ft. of concrete, 1-226-5 mix......... 180 460 920
1,000 cu. ft. of concrete, 1-2-3%5............. 240 480 840

Materials for 1,000 Sq. Ft. of Topping

1-2 mix 1-214 mix 1-3 mix
Thickness, :

in. Cement, | Sand, | Cement, | Sand, | Cement, | Sand,
bags cu. yd. bags cu. yd. bags cu. yd.

14 20.0 1.46 17.0 1.57 15.5 1.7

1 40.0 2.92 34.0 3.15 31.0 3.4

1% 60.0 4.38 51.0 4.7 46.5 5.1

2 80.0 5.84 68.0 6.3 62.0 6.8

Voids in sand = 35 per cent.

ROSENDALE-PORTLAND BLENDED CEMENT CONCRETE

The manufacturers of Rosendale (natural) cement recom-
mended the substitution of one bag (80 1b.) of Roséndale cement
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for one bag (94 1b.) of Portland cement in each cubic yard of mass
concrete. In a 1-2-4 mix the following materials would be
required for each cubic yard of Rosendale-Portland blended
cement concrete:

1 sack of Rosendale cement (80 1b.)
5 sacks of Portland cement (470 1b.)
0.44 cu. yd. of sand
0.88 cu. yd. of gravel

The following advantages are claimed for this type of concrete:
1. Increased workability.

2. Reduction of shrinkage (alternate wettings and dryings).
3. Lower heat of hydration.

4. Increased flexural strength.

5. Increased resistance to salt water and chlorides.

Test at Fort Hancock, U.S. Engineer’s Office, December, 1941

Slum Compressive strength,
Concrete in P age 7 days,
) Ib. per sq. in.
Portland cement concrete. .. 3 2,400
Blended cement concrete.. . .. 114 2,600

On a certain project where ordinary Portland cement concrete
was transported by a concrete pump, occasional shutdowns
ocecurred, owing to segregation of the ingredients and clogging of
the delivery pipe. Rosendale cement was blended with the
Portland cement—1 sack of Rosendale to 5 sacks of Portland per
cubic yard of concrete—and thercafter there were no further
stoppages or segregation of the ingredients.

Heat of Hydration.—Tests upon a large public works project
showed the Portland to have 94 cal. per gram in 28 days. This
same cement blended with Rosendale in ratio of 3 to 1 showed
79 cal. per gram in 28 days—a drop of 16 per cent.

Ordinary Portland cement concrete that is exposed to sea
water or sewage has given engineers and contractors considerable
trouble. Where the concrete has failed in service, the cement
manufacturer very often claims that the failure is the result of
physical attack upon poorly installed work. The contractor



‘42  HANDBOOK OF BRICK MASONRY CONSTRUCTION

and his experts deny this charge and counter with evidence of
chemical reaction between the formative elements of the cement
and the attacking substance. [See Portland-puzzolan (high-
silica) Cement, page 63.]

POROUS CONCRETE

Concrete may be ‘“expanded’’ by the addition of some material
to the cement, which, on the addition of water, generates gas.
Either metallic aluminum or zinc in the finest obtainable granules
is used, by which, it is claimed, gases are generated to such an
extent before the initial set that neat cement will attain a volume
as great as if 3 parts of sand had been added, that is, there is an
expansion of approximately 300 per cent.!

The chemical reason for this is that the powdered metal and
the lime in the cement and the mixing water change to calcium
aluminate or calcium zine, developing hydrogen. In order to
start this reaction and the generation of gases before the initial
set occurs, a small quantity of unslaked lime, 0.25 to 2 per cent,
is added.!

100 grams of cement and 0.1 to 0.25 per cent of aluminum
powder, previously mixed with water, will cause an increase in
volume equal to 127 per cent.!

Cement and Aluminum Powder without Sand*

Increase in Duration of Aluminum con-
Test .
volume, per cent expanse, min. tent, per cent

8 116 40 0.25
12 68 92 0.10
14 70 64 0.10
15 94 65 0.10
19 100 60 0.10
21 125 40 0.10
22 103 44 0.10
23 127 37 0.10
24 98 60 0.10
25 99 60 0.10
27 100 37 0.10
28 95 26 0.10

* Rock Products, September, 1926,
! Rock Products, Sept. 8, 1923, p. 39.
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Cement and Aluminum Powder with Sand or Coke Ashes*

Aggregate Increase Duration Aluminum
Test ggregate, in volume, of expanse, content,
per cent X

per cent min, per cent
17 30 70 66 0.10
34 75 73 60 0.10
35 75 62 60 0.25
36 75 100 55 0.25

* Rock Products, 1926.

Water must not exceed 50 per cent because the gas bubbles
can rise through a slushy mixture and no expansion is possible.

LIGHTWEIGHT CONCRETE

There are two methods of making lightweight, or cellular,
concrete: the chemical and the mechanical process.

The chemical process is based upon a reaction between an
alkaline metal and water when mixed with cement and other
ingredients. The water is dissolved into its elements. The
oxygen combines with the metal, and the free hydrogen
creates little bubbles in the mixture, which swells up to several
times its original volume and then gradually hardens in the
same manner as ordinary concrete.

By the mechanical process, another lightweight concrete,
known as ice concrete, is made by using small particles of ice,
which become coated with cement when mixed. When the
material is warmed, the ice melts and dries out as water, leaving
cavities. The mass consists of cells formed by the thin film of
cement around the ice particles.

PUMPED CONCRETE

By means of a piston pump, concretc may be actually handled
in much the same manner as water. It may be pumped verti-
cally, horizontally, or both ways. It may be pumped 800 ft.
horizontally or 100 ft. vertically. Each foot of vertical pumping
is equivalent to 10 ft. of horizontal pumping. By pumping
concrete, wheeling is eliminated, as well as runways.

Mixed concrete is supplied to the hopper of the pump, and
then the cycle of operation is as follows: The inlet valve is opened
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at the beginning of a suction stroke, and a charge of concrete
from the hopper isdrawn through the inlet valve into the cylinder
as the piston retreats. At the end of the suction stroke the inlet
valve closes, the outlet valve opens, and the charge of concrete
in the cylinder is pushed forward by the advancing piston. This
forces concrete out of the pump chamber through the open outlet
valve into the connecting pipe line.

At the end of the pressure stroke, the outlet valve closes, the
inlet valve is opened, and a fresh supply of concrete is drawn into
the cylinder on the next suction stroke. The operation is mani-
festly two cycle, and one charge of concrete is handled for each
stroke of the piston. From 15 to 20 cu. yd. of concrete can be
handled per hour.

Pipe Line.—After the concrete leaves the pump, it moves
through the pipe in synchronous impulses. At all times the pipe
is completely filled and there is no tendency to segregate or disar-
range the structure of the concrete mixture.

Owing to the ‘“troweling”’ action of the inside of the pipe, there
is a tendency to bring a slight surplus of grout to the outside of
the concrete stream. This is probably very helpful to pumping,
as the grout is the only part of the concrete that can possibly
act as a lubricant.

The concrete as it reaches the end of the pipe line is normally
in a better state of uniformity of mixture than it was when
placed in the pump hopper.

VACUUM CONCRETE

To remove excess water from concrete slabs or from cement
topping, flexible rubber suction mats are laid on the work. The
mats are connected to a manifold on the main vacuum line by
means of a suction cup and a 1-in. flexible rubber hose. Suction
is supplied by a gasoline- or electric-powered vacuum pump at
some relatively central point on the job.

The use of from 5 to 6 gal. of water per sack of cement, in order
to obtain flowability, plasticity, and workability, produces no
harmful results to the concrete or topping, for within a very short
time after pouring or screeding the suction mats may be applied.

Vacuum-processing equipment is leased to the contractor by
the Vacuum Concrete Corporation, which claims that the vacuum
concrete process, by removing excess mixing water after concrete



CONCRETE 45

is placed, increases strength, improves density, and reduces
absorption.

WATERPROOFING OF CONCRETE

The subject of the perviousness of concrete might be easily
and decisively settled if concrete were a homogeneous material,
always of the same composition and characteristics throughout.
But concrete is made up of cement, sand, gravel or broken stone
and water—each ingredient subject to considerable variation—.
and is mixed in a wide variety of proportions and with inconstant
degrees of thoroughness and exactness. The laboratory speci-
men cannot be regarded as representative of the material in the
completed structure. It can never be more than an average,
because the concrete may vary widely in different portions of a
structure.

Although it may be possible to render a small mass of concrete
entirely watertight, it is still debatable whether a multiplicity of
such small masses may be so integrated that the entire body will
always be watertight. To secure imperviousness, every particle
of sand must be enveloped with cement, and every particle of
stone must be so enclosed with this mortar that the stones and
the grains of sand do not come in contact but are kept separated
by coatings of cement, which fill all voids completely. '

Extensive tests have shown that ordinary percolation through
concrete usually decreases with time. This has been ascribed
to the gradual sealing of the pores by the carbonates of lime that
are formed by the action of lime-carrying water on the cement
and its subsequent exposure to the atmosphere.

It is but natural, therefore, that hydrated lime should be
recommended as an ingredient of the concrete, to be incorporated
with the cement and other aggregates at the time of mixing.

Waterproofing Concrete with Diatomaceous Earth.—In con-
crete for water reservoirs, water conduit pipes, river and harbor
construction work, especially structural concrete that may be
exposed to the action of sca water, the free lime, CaO, of the
Portland cement should be rendered inert by means of siliceous
pozzuolana; but this substance generally decreases the mechan-
ical strength of the mortar matrix.

Diatomaceous earth (g.».) is an excellent pozzuolana, chemi-
cally. If it is properly mixed with the Portland cement, it
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increases the strength of the cement. Generally, 314 lb. of
diatomite are added to each bag (94 Ib.) of cement.

HYDRATED LIME IN CONCRETE

In general, the disintegration of concrete is confined to the
composite hydrated cement matrix, the so-called ‘‘binder.”
Disintegration of the binding material is most pronounced in
those structures which are exposed to contact with water. Here
the deterioration is most marked in those places where the evapo-
ration and percolation are most pronounced.

It would be a great advantage to engineers if some positive
method of rendering concrete impervious to water were known.
If some ingredient could be added to the concrete mass to produce
this, the benefit would be apparent. It is desirable that such
an ingredient should possess the following properties:

1. It should be readily miscible with the binding materials.

2. It should not have an injurious effect on the cement.

3. It should be a mineral compound, preferably of a character
chemically similar to that of the cement.

4. It should be bulky and of a gelatinous (colloidal) nature, so
as to fill the voids of the concrete mass.

Qils, waxes, and other organic bodies do not fulfil the require-
ments. They do not mix with the cement but prevent the water,
necessary for hydration, from reaching the cement. Most of
the so-called “waterproof’”’ compounds on the market contain
organic materials.

A material to meet the requirements fully should have a
mineral base and, so as to be similar to cement in its chemical
characteristics, should be composed chiefly of lime. Hydrated
lime comes pretty close to meeting all the requirements. Owing
to its gelatinous (colloidal) nature, it should render the mortar
(matrix) less pervious to water.

Permeability tests on concrete with hydrated lime admixtures
prove it to be a valuable material for increasing the watertight-
ness of concrete. The effect of the addition of hydrated lime in
small quantities is mostly mechanical, filling the voids, thus
making the concrete impervious to water.

Hydrated lime is a bulky material, a given weight having about
214 times the volume of the same weight of cement.
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CALCIUM CHLORIDE IN MORTAR

The water-cement ratio is the most important factor determin-
ing the strength of concrete, according to data published by the
Portland Cement Association. It is generally agreed that the
best concrete is produced by a mix in which the proportion of
gauging water is relatively low.

When calcium chloride is incorporated in the mix, less water
may be used to obtain the same degree of workability as in con-
crete prepared under usual conditions. Calcium chloride enables
the concrete to retain moisture during the curing period, thus
preventing shrinkage and causing the concrete to set to a more
constant volume. It is essential that moisture be furnished
concrete to secure proper hydration of the cement.

Besides curing concrete properly, calcium chloride accelerates
its hardening to a marked degrec.

Directions for Using Calcium Chloride.—Calcium chloride
should be added to a mix in solution form. To prepare a stand-
ard solution of caleium chloride, fill a 50-gal. barrel about two-
thirds full of water, put in 200 1b. of calcium chloride, and stir
until it is thoroughly dissolved. Then add enough water to fill
up the barrel. This will produce 50 gal. of a standard solution
containing 4 1b. of calcium chloride per gallon, or 1 lb. per quart.
After the solution has been prepared, mix the batch of cement
mortar in the usual way except, for each bag of cement used, add
the necessary amount of calcium chloride solution with the gaug-
ing water, which should be cut down by a volume at least equal
to that of the calcium chloride solution added.

Not more than 4 lb. of calcium chloride or less than 1 1b. per
bag of cement should be used.

SILICIUM FLUORIDE AS A HARDENER FOR CONCRETE

According to E. Schmidt,! an increase in hardness amounting
to 90 per cent may be obtained by treating concrete with a
silicium fluoride preparation known as ‘Tutrol.”

Loose, unrammed concrete (1-5) in the untreated state is only
half as hard as gypsum, whereas, after soaking in the preparation,
its hardness increases to 4 times that of marble; 1-3 concrete,

1 Engineering Progress, June, 1936,
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after treatment, showed a degree of hardness 7 times that of
marble.

The silicium fluoride Tutrol is a salt dissolving easily and
completely in water without leaving any residues. Its acid
components are stlicic acid and hydrofluoric acid.

If hydrates of alkalies, carbonates of alkalies, or hydrate of
calcium is added to the aqueous solution, the silicic acid is pre-
cipitated in the shape of a jelly. The same result is obtained
with carbonate of calcium, although the process takes place more
slowly.

Set cement contains ample quantities of free lime in the shape
of hydroxide of calcium and carbonate of calcium. The aqueous
solution of silicium fluoride on being applied to the concrete
immediately penetrates into it owing to the permeability of
the concrete, thus coming into contact with the free lime, with
the result that the silicic acid is precipitated in the interior of the
texture. The silicic acid then hardens under simultaneous dis-
charge of water and thereby turns into quartz.

Concrete floors in warehouses, ete., when treated with the
above preparation, are quite dustproof.

Magnesium fluosilicate and magnesium silicofluoride are also
used as hardeners.

TEMPERATURE RISE IN HYDRATING CONCRETE

The temperature rise in cement mortar and concrete during
the process of setting and hardening, due to the exothermal
nature of the chemical reactions between the water and cement,
is a phenomenon of considerable importance in practice, and has
been the subject of study by numerous technical research
laboratories.

As a result of these investigations, it is now realized that the
fundamental cause of some of the serious cracking that has
occurred in large masses of concrete is the expansion due to the
heat evolved during the hydration process of the cement, followed
by contraction during the subsequent cooling period. Rapid-
hardening cements attain a high strength during the period when
the temperature is the highest. During the subsequent cooling
period it is evident that the concrete may become subjected to
internal strain. This possibility has caused considerable con-
cern to engineers.
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Cements having a high heat evolution, although detrimental
in heavy masses of concrete, may possess real advantages when
used in small concrete members poured in cold weather, since
the large amount of heat generated internally may effectively
resist the action of cold and facilitate hardening.

INFLUENCE OF INTERNAL TEMPERATURE OF CONCRETE
UPON ITS STRENGTH DEVELOPMENT

The strength development of concrete is influenced by (1)
external temperature conditions and (2) internal heat evolved
during the process of hydration of the cement.

Effects of External Temperature.—In the case of Portland
cement, a marked acceleration in the development of strength—
in the first few hours after being placed—is acquired by preheat-
ing the ingredients before mixing. It is inadvisable to preheat
materials to be used with high-alumina cements.

The cffects of temperature upon the development of strength
of normal and rapid-hardening Portland cement concrete are
very marked in the early period of hardening. Hardening is very
much retarded by cold weather. Frozen concrete is frequently
mistaken for properly hardened concrete because it may have the
same ‘‘ring’’ when struck with a hammer. A reliable test is to
apply heat to the surface. If the concrete is frozen, it will soften
as it thaws.

Effects of Temperature Caused by Heat Evolution on Hydra-
tion of the Cement.—Portland Cement.—In small concrete sec-
tions it is desirable to conserve the heat evolved during the process
of hydration in order to expedite the strength development.

High-alumina Cement.—When high-alumina cement is used
every effort should be made to disperse the heat evolved as
quickly as possible. Tests conducted on concrete prepared with
high-alumina cements show that when the heat generated by the
reaction of cement and water was held in the cement, remarkable
decreases in the strength developed by the concrete were observed.
If dissipated fast enough to prevent the temperature from rising
too high, the strengths were not lowered.

Strength Development in Mass Concrete.—It has already been
shown that the temperature at which concrete is cured has a
decided effect upon the strength developed; consequently, at any
given time, since a temperature gradient may exist throughout
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the mass, there will be a relative gradient of strength. Since
other-properties must also be affected, the distribution and inten-
sity of the stresses throughout the mass must vary considerably.

Observations on large masses of concrete have shown that the
rise in temperature of concrete during the process of setting and
hardening may be considerable. For mass concrete work it is
generally desirable to select a cement that has a slow evolution
of heat. The water content actually used and the thermal
characteristics of the aggregate employed influence heat evolu-
tion. In very large masses of concrete, such as dams, the
central portions of the mass lose heat very slowly, and the con-
crete in the interior is thus effectively cured adiabatically.

BOULDER DAM

Two of the most important and difficult problems in the design
and construction of the dam were the generation of heat in a large
mass of concrete due to the hydration of the cement and the
volumetric changes occurring in mass concrete due to tempera-
ture changes and other causes. (See Influence of Internal Tem-
perature of Concrete upon Its Strength Development, page 49;
also, Temperature Rise in Hydrating Cement, page 48.)

Provisions were made to include circumferential contraction
joints in the dam and to lower the temperature of the concrete
to normal or subnormal values by means of an artificial cooling
system. Numerous tests and studies of cements were made to
decide which type would be the best to use in the dam and to aid
in the regulation of maximum temperatures, thus reducing the
total amount of heat to be extracted. Lower heat-generating
qualities and greater durability were obtained by controlling the
chemical composition of the cement. By a more intimate control
of the fineness of the cement, increased workability and plasticity
were achieved. Greater uniformity was obtained from the
blending and control of the composition.

Mass concrete for the dam was designed to contain 1 bbl. of
cement per cubic yard of concrete. The maximum size of
aggregate was limited to 9 in. to facilitate mixing and distribut-
ing. The mix, as finally adopted, was composed of 1 part of
cement, 2.45 parts of sand, and 7.05 parts of gravel, by weight,
graded as follows:
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L to 34N, .. e 1.75
Bto 1l in.. .. 1.46
124 60 B in.. o e 1.66
B0 9 im. . 2.18

7.05

Adaitional mass concrete characteristics are as follows:

Unit weight.................... 155.5 lb. per cu. ft.
W/C. .o 0.54 by weight
Paste content.................. 19.5 per cent
Poisson’s ratio.................. 0.18
Slump......................... 314 in. at forms
Cement yield................... 1.01 bbl. per cu. yd.
Modulus of elasticity............ 5,200,000
Strength (28 days) in 36- by 72-in.
cylinders..................... 3,100 1b. per sq. in.

Proportions of Concrete Ingredients by Absolute Volume
(In cubic feet per sack of cement; computed from unit weight and specific
gravity of materials)
94

1 part of cement: = 0.476 cu. ft. absolute volume

3.15 X 62.5
245 X 04
2.64 X 62.5
X 7.05 X 94 _
7.05 parts of gravel: 2.64 X 62.5 = 4.01

54 per cent water: 0.54 X 94 =0.81

2.45 parts of sand:

1.390

Fresh conerete for each sack of cement = 6.686 cu. ft. absolute volume
27 + 6.686 = 4.04 sacks, or 1.01 bbl. of cement per cubic yard
Materials required for each cubic yard of concrete:

4.04 X 1 bbl.

4.04 X 2.45 X 94
4.04 X 7.05 X 94
4.04 X 0.54 X 94

1.01 bbl. of cement
930 1b. of sand
2,677 1b. of gravel
205 1b. of water (24.6 gal.)

I

To prevent volume change in the large mass of concrete,
an artificial cooling system was provided to remove the heat
developed during the process of hardening and to reduce the
cooling and shrinking period to a relatively short time.

The cooling and shrinking of the mass were effected by circulat-
ing water through 1l-in. piping buried in the concrete. The
refrigeration process was carried on in two stages: (1) circulation
of air-cooled water through the pipe system and (2) ciroulation
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of refrigerated water through the same system. To supply the
air-cooled water for the first stage of the cooling, an atmospheric
tower was erected on the crest of the downstream cofferdam.
The low humidity in the region and the natural draft in the
canyon combined to make this method of cooling very effective.
Water falling over the tower was collected in a basin at the foot
of the structure, from which it flowed to the pumping plant. It
was then pumped through a supply header to the dam, circulated
through the header and coil systems, and returned to the top of
the cooling tower where the process was repeated.

Refrigerated water for the second stage of cooling was pro-
vided by an ammonia compression system, similar in most details
to the systems used in the manufacture of ice. The refrigerated
water was cooled by the action of ammonia pumped through
supply lines into headers supplying the coil system, then returned
to the plant for cooling.

The temperature of the concrete was obtained by resistance
thermometers buried in the concrete or inserted in the end of the
cooling pipe at an 8-ft. cooling slot in the center of the dam.
For cooling tower operations, the average temperature difference
for water entering and leaving the concrete was 7.3°F.

The construction of Boulder Dam involved approximately
4,400,000 cu. yd. of concrete.?

Poisson’s Ratio for Concrete.—For determining the values of
Poisson’s ratio for the Boulder Dam concrete, engineers of the
U.S. Bureau of Reclamation molded concrete cylinders repre-
sentative of the concrete used in the dam. The cylinders were
18, 24, and 36 in. in diameter, the heights for each being twice
the diameter. After aging, the cylinders were subjected to
uniformly distributed compressive loads. During the progress
of loading, the longitudinal deformations were measured by
means of gauges attached parallel with the axis of the cylinder.
The lateral deformations were measured at three elevations,

1 The foregoing information is from ‘ Construction of Boulder Dam,”
prepared by Bureau of Reclamation, U.8. Department of the Interior.
The tables giving proportions of concrete ingredients by absolute volume,
in cubic feet per sack of cement, have been prepared by the author and are
submitted only to illustrate how one may determine the amount of materials
necessary to produce 1 cu. yd. of concrete when the unit weight and specific
gravity of the materials used are known.
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corresponding to the quarter points, by means of micrometer
dials attached o aluminum yokes. The dials were graduated in
units of 0.0001 in.!

CEMENT

HOW ROCKS ARE CONVERTED INTO CEMENT

Before the various steps in the manufacture of cement are
described, it is well to know and remember that cement is usually
made from limestone and clay, shale or blast-furnace slag, or marl
and clay. Lime, silica, and alumina are its main constituents.

Step 1.—Solid limestone is drilled and blasted from quarries
and moved in cars to a gyratory crusher where it is broken and
conveyed to hammer mills, whence it is conveyed to the rock
storage bins. Clay or shale is shoveled into cars and taken to
bins erected for the storage of slag, shale, or clay.

Step 2.—In wet-process plants, water is added; otherwise the
operations are essentially the same as in the dry-process plants.
In the latter, the rock and clay are passed through driers into
blending bins where the two kinds of raw materials are carefully
proportioned by expert chemists who set the automatic scales to
give the desired mixture.

Step 3.—Raw grinding. The materials then are passed
through the ball mills into the tube mills and then into the raw
mixed storage bins, whence they are carried by conveyors into
the kiln feed. From here they are deposited in the burning kilns
and heated to a temperature ranging from 2500 to 3000°F.,
which causes clinkering (incipient fusion).

Step 4.—The clinker passes through the clinker coolers to the
roll crusher and is then conveyed to the clinker storage bins.

Step 5.—Final grinding. From the clinker storage, the clinker
is carried together with gypsum not in excess of 3 per cent to the
centrifugal mills where it is ground up and conveyed to the tube
mills. Here the finished product leaves for the cement storage
bins and finally to the packing house where it is packed in 94-1b.
bags. Gypsum is ground with the clinker to control the rate of
hardening of the cement when it is used.

! Nat. Bur. Standards IX-7/IRMU., Aug. 9, 1939.
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The high-limed clinker produced in the rotary process is very
quick-setting. In order to retard its set sufficient!y to meet com-
mercial requirements, gypsum is now employed. In addition to
retarding the set of the cement, gypsum exerts an influence on
its strength.

TYPES OF CEMENT

Portland Cement.—Portland cement is the product obtained
by finely pulverizing the clinker produced by calcining to inci-
pient fusion an intimate and properly proportioned mixture of
argillaceous and calcareous materials with no additions subse-
quent to calcining except water or caleined or uncaleined gypsum.

Portland cement, as defined in the British Standard Specifica-
tion, is the product obtained by intimately mixing together
calcareous and argillaceous, or other silica, alumina, and iron
oxide-bearing materials, burning them at a clinkering tempera-
ture, and grinding the resulting clinker.

Waterproofed Portland cements are normal Portland cements to
which has been added in grinding a small proportion (2 per cent
by weight) of calcium stearate or of a nonsaponifiable oil. Super
cement (q.v.) is a normal Portland cement that has been ground
with a product obtained by treating gypsum with tannic acid.

Natural Cement.—Natural cement is obtained by burning a
natural clayey limestone that contains 15 to 40 per cent of silica,
alumina, and iron oxide without preliminary mixing and grinding.
After burning, the burned mass will not slake if water is poured
on it. It is necessary, therefore, to pulverize it, after which
the resulting powder will harden rapidly when mixed with
water. This hardening, or setting, will take place under water
or in air (the property to harden under water is termed hydraulic
property). ‘

Portland and natural cements are not of themselves impervious
materials. The effectiveness of Portland cement depends on the
degree to which it hydrates or combines with water.

Various admixtures have been recommended to densify, to
promote hydration, etc. Many of them are guaranteed to act
a8 water repellents and some are even offered as waterproof.

Super Cement.—Today, super cement is offered as an improved
Portland cement that is inherently waterproof. Super cement
was discovered by an English investigator in 1914, and until
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1920, when it was introduced in Canada, its use was limited to
war purposes by the British Government. Wherever impermea-
bility and durability are vitally essential in concrete, it has been
widely specified by railroads, municipalities, and government
departments.

Super cement is produced from standard Portland cement and
is manufactured in the same manner as Portland ecement up to the
grinding of the clinker. At this point a catalyst belonging to
the tannogen group of cyclic hydroxy acids is substituted for a
portion of the raw gypsum ordinarily added. '

Specific Gravity of Cement.—This is determined by immersing
a known weight of cement in a liquid that will not act upon it
(benzol or turpentine) and obtaining the volume of the liquid
displaced. The latter is obtained by means of a glass bulb having
a graduated stem, the rise of the liquid in the tube indicating
the volume of the cement introduced. The specific gravity is
equal to the weight of the cement in grams divided by the dis-
placed volume in cubic centimeters. .

PORTLAND CEMENT

Portland cement is of modern origin. Joseph Aspdin of Leeds,
England, took out a patent under date of Dec. 15, 1824, for its
manufacture. It was so called because it resembled in color a
well-known building stone quarried on the Isle of Portland, which
was then considered the hardest stone known. Today the name
“Portland” signifiecs only the kind of cement, not the brand.
The manufacture of Portland cement was begun in 1825, but
progress was slow until about 1850, when, through improved
methods and general recognition of its merits as a building
material, its commercial success was assured.!

When Portland cement is mixed with enough water to form a
paste (25 per cent of weight of the cement), the compounds of
the cement react with the water to form new compounds, which
adhere to each other and to the aggregate particles to form the
binding medium that gives concrete its useful properties. To
complete these chemical reactions three things are required:
(1) time, (2) favorable temperatures, and (3) the continued
presence of water. When these three conditions are fulfilled,
the concrete is said to ‘“‘cure” properly; in their absence the cur-

! Universal Atlas Handbook of Concrete Construction.
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ing is deficient. Only a certain amount of water can be combined
with the compounds of the cement; any excess dilutes the mixture
and reduces its potential strength, watertightness, and durability.!

Following are the names of brands of Portland cement readily
obtained in New York City:

Allentown Hercules Nazareth
Alpha Ironclad Penn Dixie
Atlas Keystone Pioncer
Bath Lehigh Saylor’s
Dragon Lone Star Vulcanite
Edison Medusa Whitehall
Giant

Requirements of Federal Specification SS-C-191a.

E-5. Tensile Strength.—The average tensile strength in pounds
per square inch of not less than 3 mortar briquettes composed of
1 part of cement and 3 parts of standard sand, by weight, shall
be equal to‘or greater than the following:

Age at test, Storage of briquettes Tensile stren.gth,
days 1b. per sq. in.
3 1 day in moist air, 2 days in water 175
7 1 day in moist air, 6 days in water 275
28 1 day in moist air, 27 days in water 350

The average tensile strength of mortar at 7 and 28 days shall be
higher than at 3 and 7 days, respectively.

E-5a. Compressive Strength.—The average compressive strength
in pounds per square inch of 3 mortar cubes composed of 1 part
of cement and 2.75 parts of fine testing sand, by weight, shall be
equal to or greater than the following:

Age at test, Storage of cubes Compressive stl.-ength,
days 1b. per sq. in.
3 1 day in moist air, 2 days in water 900
7 1 day in moist air, 6 days in water 1,800
28 1 day in moist air, 27 days in water 3,000

 Universal Atlas Handbook of Concrete Construction.
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The average compressive strength of the mortar at 7 and 28
days shall be higher than at 3 and 7 days, respectively.

Initial Set of Portland Cement.—The cause of initial set of a
Portland cement, as distinct from the subsequent hardening, is
attributed to the hydration of the alumina-containing compounds
and the formation of hydrated calcium aluminate and sulpho-
aluminate. Since, however, pure tricalcium silicate itself exhibits
an initial set within a few hours, it is probable that this also con-
tributes to the setting phenomenon. The hydration of the
various cement, compounds must also be coincidence to a con-
siderable extent, since the hydration begins at the surface of a
solid particle and gradually progresses inward.

Accelerators.—The relative effects of calcium chloride and
aluminum chloride on the setting time of a Portland cement are
indicated below. The initial and final setting times are shown
in hours and minutes.

Calcium chloride Aluminum chloride
Salts in the |— e
mixing water, | Initial setting| Final setting | Initial setting| Final setting
per cent e —_—

Hr. | Min. | Hr. | Min. | Hr. | Min. | Hr. | Min.

0 4 30 8 00 4 30 8 00

5 2 45 4 20 2 30 5 15

10 0 15 1 15 0 1 0 25

20 o | 2 0 3 Instantaneous

Hardening of Portland Cement.—Portland cement is essen-
tially a mixture of various silicates and aluminates of calcium.
When water is added, the aluminates start the reaction by under-
going decomposition. Some of the calcium is split off and
crystallizes out as hydrated lime. Some of the aluminate com-
bines with gypsum to form erystals of calcium sulphoaluminate.!

The different kind of calcium aluminate that remains dries
out into a tough, hornlike mass, containing an indefinite amount
of water. These reactions are followed by similar ones on the
part of the silicates, the whole requiring a considerable period of

1 Bur. Standards Circ. 151.
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time to go to completion. The final product consists of crystals
embedded in an amorphous material, both the crystals and
matrix containing water as a major constituent.?

Portland cement uses a large amount of water in its hardening
process. For complete hydration, a sufficient supply of water
must be maintained for a few days. Setting is controlled largely
by the aluminates, whereas the silicates are responsible for the
hardening of the cement, a protracted cvolution.

High-early-strength Portland cements contain more aluminates
than ordinary Portland. TLumnite, a high-alumina cement, con-
tains from 65 to 90 per cent of calcium aluminates; the remaining
10 to 35 per cent will be mostly silica and iron oxide. Bauxite
is the source of alumina used in the manufacture of Lumnite
cement.

The strength of a cement is due to the aluminates of lime and
the silicates of lime, the former being responsible for the setting
and the early strength and the latter for the final strength. The
strength due to the aluminates is not permanent but decreases
after about 28 days; the strength due to the silicates increases
slowly and does not overcome the loss due to the aluminates
until about a year. This decrease is most marked with high-
grade Portlands that attain their strength rapidly (high-early-
strength cecments).

High-early-strength Portland Cement.— High-carly-strength
Portland cements are not to be confused with high-alumina
cements such as Lumnite or Ciment Fondu. High-alumina
cements contain approximately 15 per cent iron oxide, 36 per cent
alumina, and 39 per cent lime. Portland cements contain over
60 per cent lime. Federal specifications for ordinary Portland
cement and high-early-strength Portland cement do not permit
over 6 per cent iron oxide or more than 7.5 per cent alumina.

The high-early-strength cements now on the market are
Portland cements with the early strength obtained by finer
grinding and by other methods of manufacture.

Federal Specification SS-C-201 for high-early-strength Port-
land cement provides:

E. Detail Requirements.

E-1. Chemical Composition.—The following limits shall not
be exceeded:

1 Bur. Standards Circ. 151.



Loss

Iron

CEMENT

onignition...........................
Insoluble residue
Sulphuric anhydride
Magnesia
Alumina

oxide................ ..
. . .
Tricaleium aluminate

59

Per Cent

Federal Specification SS-C-191a for Portland cement provides:
E. Detail Requirements.
E-1. Chemical Composition.—The following limits shall not

be exceeded:

Per Cent
Lossonignition........... .. ... ... ... ... . . 3.00
Insoluble residuc......... ... ... ... ... .. ... ... 0.75
Sulphuric anhydride. ............ ... ... 2.00
MAgnesia. ... ov it e 5.00
Alumina.......... .. ... .. 7.50
Tronoxide. .. ... .. .. ... . . ... 6.00
Tricalcium aluminate. ... ... ... . ... .. ... .. ... 15.00

The requirements of Federal Specification SS-C-201 provide:
E-5. Tensile Strength.—The average tensile strength in pounds
per square inch of not less than 3 mortar briquettes composed
of 1 part of cement and 3 parts of standard sand, by weight, shall
be equal to or greater than the following:

Age at test, Storage of briquettes Tensile stren.gth,
days 1b. per sq. in.
1 1 day in moist air 275
3 1 day in moist air, 2 days in water 375
7 1 day in moist air, 6 days in water 425

The average tensile strength of the mortar at 3 and 7 days
shall be higher than at 1 and 3 days, respectively.

E-5a. Compresstve Strength.—The average compressive strength
in pounds per square inch of 3 mortar cubes composed of 1 part
of cement and 2.75 parts of fine testing sand, by weight, shall be
equal to or greater than the following:
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Age at test, Storage of cubes Compressive stx"ength,
days 1b. per sq. in.
1 1 day in moist air 1,250
3 1 day in moist air, 2 days in water 2,500
7 1 day in moist air, 6 days in water 3,500

The average compressive strength of the mortar at 3 and 7 days

shall be higher than at 1 and 3 days, respectively.

Moderate Heat of Hardening.—The requirements of Federal

Specification SS-C-206 provide:

E-1. Chemical Composition.—The following limits shall not

be exceeded:

Loss on ignition
Insoluble residue

Tricalcium aluminate...............................

Per Cent

8.00

The alumina-iron oxide ratio shall be between 0.7 and 2.00.

The percentage of silica shall not be less than 21.00.

E-5. Tensile Strength.—The average tensile strength in pounds
per square inch of not less than 3 mortar briquettes composed of
1 part of cement and 3 parts of standard sand, by weight, shall

be equal to or greater than the following:

Age at test, Storage of briquettes Tensile strength,
days 1b. per sq. in.
3 1 day in moist air, 2 days in water 125
7 1 day in moist air, 6 days in water 250
28 1 day in moist air, 27 days in water 325

The average tensile strength of the mortar at 7 and 28 days

shall be higher than at 3 and 7 days, respectively.

E-5a. Compressive Strength.—The average compressive strength
in pounds per square inch of 3 mortar cubes composed of 1 part
of cement and 2.75 parts of fine testing sand, by weight, shall be

equal to or greater than the following:
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Age at test, Storage of cubes Compressive stx.-ength,
days Ib. per sq. in.
3 1 day in moist air, 2 days in water 750
7 1 day in moist air, 6 days in water 1,500
28 1 day in moist air, 27 days in water 2,500

The average compressive strength of the mortar at 7 and 28
days shall be higher than at 3 and 7 days, respectively.

This specification (SS-C-206) is intended for cement to be used
in mass concrete and it is, in general, only in mass concrete that
it is desirable to limit the heat of hydration of the cement. In
concrete structures that are only a few feet thick the heat will
dissipate with sufficient rapidity.

There is no purpose in using a cement such as that meeting
the requirements of SS-C-206 in the laying of masonry. The
heat capacity of the masonry units is such that the wall would
not have an appreciable rise in temperature because of the
setting of the cement.

WHITE CEMENT

White (nonstaining) cement is made from the same raw
materials as standard Portland cement, carefully selected, how-
ever, for their very low iron oxide content. It is made by the
same process as standard Portland cement.

Ordinarily, the low iron oxide content would make a quick-
setting cement, but this is overcome by the use of higher content
of silica and lower lime content. White Portland cement hardens
at a slightly slower rate than standard gray Portland.

White cement was manufactured primarily because certain
building stones (principally limestones) developed stains after
being set or backed up with Portland cement mortar. It was
generally believed that the stain was due to the leaching of iron
oxide from the cement by atmospheric activities; and it was
thought that, if a cement containing very little iron oxide were
used, the stain would be very slight and very likely not discernible.

Study and research show that the staining substance is con-
tained in the stone itself and that it becomes soluble in the
presence of the solutions of the decomposed compounds of
sodium and potassium oxide of the original cement. The com-
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pounds of either of these may be present at certain times in
adequate quantities, in either white or gray cements, to permit
them—in the presence of moisture from the atmosphere—to
dissolve the staining material of organic origin in the stone.
This, in the absence of further moisture, comes to the surface
thrcugh capillarity and leaves the brown stain on evaporation.

Since virtually all raw materials used in manufacturing white
or gray cement may contain these two alkalies (sodium and potas-
sium), the finished cements are also very likely to contain them.
But it is evidently not the quantity of these oxides in the cement
that will cause the solution of the staining substance in the stone
but, more accurately, the amount of a certain easily decomposed
compound of the oxides. Therefore, the only assurance of the
nonexistence of stain-causing tendencies on the part of the
cement is to make an actual test on a block of stone that is known
to contain the organic matter.

POZZUOLANA

Pozzuolana is a voleanic clay, or tuff, consisting of clay and
gravel and containing approximately 35 per cent of soluble
silica, which, when mixed with burned lime and watecr, bonds
with the lime and forms a cement capable of resisting the action
of water.

The ancient Romans, who practiced building in the water to a
great extent, discovered a material which, when incorporated
with lime, either with or without sand, possessed the property of
hardening very rapidly, even under water. This was a kind of
earth found at Puteoli (the modern Pozzuoli), to which was given
the name pulvis puteolanus, and which is now called * pozzuolana.”

A substance called tarrass, terras, or trass, found near Ander-
nach, in the vicinity of the Rhine, possesses the same quality as
pozzuolana. It is this material that has been principally used
by the Dutch, whose subaqueous structures are equal, if not
superior to those of any other nation in Europe.

Various substances such as baked clay and calcined greenstone
(an igneous rock), reduced to powder, afford a moderately good
material for water cements (hydraulic cements).

Puzzolanic materials (natural) include pozzuolana, volcanic
ashes and tuffs, basalts, diabases, trachytes, syenites, gabbros,
trasses, Santorin earths, gaizes, etc.
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Up to 30 per cent of the cement in Portland cement concrete
can be replaced by trass without perceptible loss of strength.
When this amount is added to a normal mixture, the tensile and
compressive strength of the concrete as well as the impermea-
bility are improved.

PORTLAND-PUZZOLAN CEMENT

Portland-puzzolan cement is a product obtained by heating to
activation silica-bearing clay or shale hydrating with lime, com-
bining with a suitable portion of argillaceous and calcareous
materials that have been heated to incipient fusion, and finely
pulverizing the whole. No additions are to be made subsequent
to calcining except water and calcined or uncalcined gypsum.
This cement is also known as ‘“high-silica Portland cement.”

In January, 1936, the Treasury Department, Procurement
Division, issued a bulletin to state procurement officers relative
to acceptance of Portland-puzzolan cement as an alternate for
Portland, upon the following conditions:

Portland-puzzolan cement shall be an intimately interground mixture
of Portland cement and those natural or artificial products which are
composed essentially of lime, silica, and alumina and which when
finally ground alone or with lime or lime compounds of Portland cement,
will act as a hydraulic material.

The manufacturers shall state, when requested, the nature and
amount of the material blended with the Portland cement. The cement
may be rejected if it is found not to conform to this statement. There
shall be no other addition with the exception of water and calcined or
uncalcined gypsum.

The lime, silica, sulphuric anhydride, magnesia, and loss on ignition
of Portland-puzzolan cement shall be maintained within the following
limits:

Per Cent
Lime, CaO, not toexceed.......................... 60.00
Silica, SiOg, not lessthan.......................... 25.00
Sulphuric anhydride, SO;, not to exceed............. 2.50
Magnesia, MgO, not toexceed...................... 5.00
Loss on ignition, not to exceed...............ovi.l 6.00

The fineness, soundness, time of setting, and tensile strength of the
Portland-puzzolan cement shall meet the requirements for Portland
cement, Federal Specification SS-C-191.
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All Portland-puzzolan cement used must be subject to the inspection
and tests of the National Bureau of Standards and shipments made
from sealed bins of approved cement.

Destructive volume change in concrete is caused by many
agents:

1. Unsoundness, due to the hydration and subscquent expan-
sion of free lime and magnesia.

2. Expansion and contraction due to temperature changes.

3. Expansion and contraction due to freezing and thawing.

4. Expansion due to tricalcium aluminate.

5. Expansion and contraction due to wetting and drying.

Ordinary Portland cement during hydration or setting liberates
approximately 15 per cent water-soluble calcium hydroxide.
Puzzolan materials combine with calcium hydroxide to form
hydraulic compounds of high strength value.

Sulphate-bearing waters and sea water arec destructive to
ordinary Portland cement concrete due to the chemical reaction
of these soluble salts with the calcium hydroxide liberated during
the setting and hardening, and the high percentage of tricalcium
aluminate in the cement.

Portland-puzzolan cement resists the attack of these waters
due to the combination of the calcium hydroxide with the
puzzolan and the very low percentage of tricalcium aluminate
in the cement.

Tests Made with Mortar of 1 Part Portland-puzzolan Cement and 3 Parts
Standard Ottawa Sand

A Tensile strength, | Compressive strength, | Compressive—tensile
ge 1b. . in. Ib. Cin. tio
per 8q. in per sq. in rati

7 days. .. 353 2,990 8.45
28 days. .. 495 6,150 12.35
90 days. .. 520 6,780 13.00
180 days. .. 545 7,210 13.20
1 year.... 562 8,420 15.20

2 years... 605 8,750 14.50

Concrete, whether freshly placed or very old, contains water.
This water is chemically combined as calcium hydroxide, free or
uncombined water, and physiochemically combined or absorbed
water which has a very low freezing point. The extent of
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rupture due to freezing is proportionate to the amount of free
water in the concrete. Portland-puzzolan cement, during setting
and hardening, absorbs a greater amount of the mixing water
than ordinary Portland cement and produces greater density in
concrete, resulting in a smaller amount of free water.

LUMNITE CEMENT

Lumnite is the trade name of a quick-setting Portland cement
used for roads, retaining walls, foundations for machinery, and
in other places where it is necessary to develop early strength.
It is valuable in cold weather, for this reason. It dehydrates
rapidly and sets in 24 hr.

The chief raw material in the manufacture of this cement is
bauxite, an important ore of the metal aluminum. Bauxite is
composed of 75 per cent alumina and 25 per cent water. It
derives its name from Baux, France, and is a noncrystalline,
carthy material, granular or massive.

Composition of Lumnite

Per Cent
Alumina. ........ .. . e 40
T, . 40
Tronoxide. . ... ... i 15
Silica, magnesia, and impurities........... ... ... .. ..., 5

SLAG CEMENT

Slag cement is the product obtained by grinding together
powdered slaked lime and granulated blast-furnace slag, without.
previous calcination. It is sometimes, but improperly, called
“pozzuolana cement.”” It is generally Dbelieved that slag
cement will not stain the stone with which it comes in contact.
Its specific gravity is 2.72.

CENTURY CEMENT

Century masonry cement is manufactured in modern mills at
Rosendale, N. Y., where for over 100 years cement for masonry
has been made. It is manufactured from materials that are
wholly cementitious and does not contain any inert substances
such as ground limestone or clays. It is made basically from
Rosendale natural cement and contains most of the durable
substances found in Portland cement plus approximately 33 per
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cent of a practically insoluble pure mineral substance not found
in Portland cement.

How Natural Cement Is Made.—The rock is taken from a
mine that has been worked continuously since 1829, during which
time it has produced nearly 400 million barrels. Despite the
tremendous amount of rock taken from this storchouse of Nature,
it is estimated that there is enough rock left to supply generations
of cement users with Rosendale cement for the next 150 years.

Pillar-and-room methods are used in the mines. The rock is
drilled with jackhammers and blasted out. The rock is loaded
into side-dump V-shaped cars and hauled by gasoline locomotives
to the kilns for calcining. The kilns are vertical shafts, 40 ft.
high by 10 ft. in diameter. There arc 25 of them, each with a
capacity of 90 tons of stone. Stone and pulverized coal are
charged at the top of the kiln known as a vertical-draw kiln,
mixed-feed type, in alternate layers.

The calcined rock is drawn from the bottom of the kilns, hand-
picked, and wheeled to crushers that reduce it to sizes 3¢ in. and
finer. The crushed clinker is elevated to bins up above an aerial
tramway. Here a hopper empties a load of clinker automatically
to each tramway car as it passes. The tramway, composed of
15 steel cars riding on steel cables, which are supported by 60 ft.
towers, automatically discharges 12 cu. ft. of material every
minute at the mill. The mill is 2,500 ft. from the kilns and
230 ft. above their elevation.

The material is emptied into bins, whence it is fed and pro-
portioned by poidometer belts. At this point, retarders and
water repellents are added. The retarders are added to control
the set; in winter it is necessary to have a fairly rapid set to
prevent freezing; in summer it is necessary to prepare the cement
to resist the too rapid drying out usually associated with highly
absorbent, hot bricks. Stearate compound prevents leaky
masonry and eliminates efflorescence.

At this stage the material is ready for preliminary grinding in
Griffin and Raymond mills, after which it is ready for the final
grinding in tube mills. These reduce the material to micron
sizes, which is one of the factors in producing plastic cement.

The finished cement is elevated and conveyed to storage silos:
When cement is to be shipped, it is reclaimed from the bottom
of the silos, elevated in 60-ft. elevators, passed over Hummer
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screens into packing bins. The packing machine weighs, packs,
and seals the cement in paper bags. The filled bag is dropped
on an endless belt conveyor which carries it to the loading
platform.

Old-timers will recall Rosendale cement, with the Brooklyn
Bridge labels on the barrel heads. The Brooklyn Bridge was
constructed with Rosendale cement, and today, after 57 years’
exposure to tidal range of sea water, sewage, freezing, and thaw-
ing, the scour and abrasion of flotsam, the towers and abutments
are considered good enough to endure for many centuries.

Consistency of Century Cement.

1 bag of Century cement weighs 65 lb.
1 cu. ft. of air-dried sand weighed 93.5 lb.

Mortar Specimen 1.

32.5 1b. of Century cement = 0.50 cu. ft.
145.0 1b. of sand - = 1.50 cu. ft.
25.0 1b. of water
Tested on the flow table, the flow was 175.

Mortar Specimen 2.

32.5 1b. of Century cement
145.0 1b. of sand

27.0 1b. of water
Tested on the flow table, the flow was 190.

0.5 cu. ft.
1.5 cu. ft.

I

Mortar Specimen 3.

Ingredients -as per specimen 2. One-half the mixing water
was first added to the dry sand; the cement was then added to
the damp sand and turned over with hoe. The balance of
the mixing water was then added and the mortar thoroughly
tempered.

Tested on the flow table, the flow was 195.

Recommendation.—With masonry cement that contains stear-
ate, add one-half of the mixing water to the sand before adding
the cement and the remainder of the water. Plasticity is
enhanced considerably.
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Tensile Strength of Briquettes Made from Above Mortars

24-hr. Spectmens 7-day Spectmens
11 lb. per sq. in. 64 1b. per sq. in.
12 1b. per sq. in. 62 1b. per sq. in.
11 Ib. per sq. in. 56 1b. per sq. in.

9 lb. per sq. in. 61 Ib. per sq. in.

Compressive Strength of 2-in. Cubes Made from Above Mortars
24-hr. Specimens 7-day Spectmens
19.5 Ib. per sq. in. 206.0 1b. per sq. in.
20.0 Ib. per sq. in. 212.0 Ib. per sq. in.
21.5 1b. per sq. in. 191.5 Ib. per sq. in.
23.5 1b. per sq. in. 210.0 Ib. per sq. in.

MASONRY CEMENT

Most of the masonry cements consist of natural cement to
which is added a stearate. Very often these cements are repre-
sented as ‘‘ waterproof’’ materials. To a limited extent stearic
acid, clay, calcium stearate, and aluminum stearate serve to make
the mortar water-repellent—a condition remote from waterproof.
These additions to the cement improve the workability of the
mortar and might well be called *plasticizers.”” They have no
cementing value or bonding power.

Since manufacturers of masonry cements are frequently modi-
fying and improving their products, specific information as to
the composition of particular brands should be obtained from
the makers.

From information gathered from various sources and tests, it
would appear that the following brands are composed largely
as follows:

Brand Ingredients
Century........... Natural
Hy-test............ Portland and natural
Brixment.......... Natural, or natural and Portland
Carney............ Natural
Blue Bond......... Portland and ground raw mix
Lehigh............. Portland and ground raw mix
La Farge........... Grappier, or grappier and hydraulic lime
Magnolia.......... Blast-furnace slag and lime
Trowlite........... Portland cement and hydrated lime

Compression Tests.—Compression tests on 2-in. cubes com-
posed of 1 part of Century cement and 3 parts of Ottawa sand
have given the following results:
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Maximum load, | Ultimate stress,

Age of specimen

1b. 1b. per sq. in.
6 months............. 72,000 18,000
20days............... 2,700 675

Water Retention Tests.—Federal Specification SS-C-181b for
masonry cement requires:

Waler Retention.—Standard mortar, after suction for 60 sec.,
shall have a flow greater than 65 per cent of that immediately
after mixing.

Tests were made for the author on standard mortars made
with the following brands of masonry cement: Brixment cement,
Lehigh mortar cement, and Century cement.

The composition of each mortar was

500 grams of cement
1,500 grams of Ottawa sand
290 cc. of water (1414 per cent)

1 gram = 1 cc. of water.
The flow for each type of mortar immediately after mixing was

Flow
Lehigh mortar ... ... ... ... ... ... .. Lo 125
Brixment mortar. . ... ... ... L 123
Century mortar. . ........... ...t 97

After suction for 1 min. on a porous dish resting on a funnel
that was connected by a three-way stopcock to a water aspirator,
which was controlled by a mercury-column relief, each mortar
was removed from the dish and the flow determined a second
time. The results follow.

Flow after removal | Flow after mixing,
Mortar .
from aspirator per cent
Lehigh............ 105 84
Brixment......... 103 83
Century.......... 86 88

Requirements of Federal Specification SS-C-181b.—The
average compressive strength of not less than three 2-in. cubes
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at the age of 7 days shall be not less than 250 lb. per square inch
for Type I, and not less than 500 Ib. per square inch for Type 1I;
and at 28 days not less than 500 lb. per square inch for Type I,
and 1,000 1b. per square inch for Type II.
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Fi1e. 5.—Apparatus assembly for the water retention test. (From Federal
Standard Stock Catalog.)

Type I.—This type of masonry cement is intended for use
where not exposed to frost action, both in solid masonry and
nonload-bearing masonry of hollow units.

Type 11.—This type of masonry cement is intended for general
use where mortars for masonry are required.

Water Retention.—Standard mortar after suction for 60 sec.
shall have a flow greater than 65 per cent of that immediately
after mixing. (Nore: The mortar, immediately after mixing, is
of standard consistency; that is, the flow is 100 to 115.)
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Masonry Cements as Compared with Portland Cement

Portland Masonry | Masonry
cement cement | cement
No. 1 No. 2
Weight of 1 cu. ft. loose, Ib.............. 74.0 62.5 75.0
Weight of 1 cu. ft. tamped, 1b........... 94.5 78.0 88.5
Weight printed on bag, 1b............... 94.0 65.0 70.0
Paste from 1 bag, cu. ft.............. ... 1.03 0.80 0.792
Weight of dry material required to make
1 cu. ft. of paste, Ib................... 91.4 81.5 91.5
Weight of 1 cu. ft. of paste retempered Ib.| 122.5 111.5 | 129.5
1 cu. ft. of paste and 3 cu. ft. of sand yield
mortar, cu. ft........... ... .. ... 2.92 2.97 3.29
Weight of 1 cu. ft. of 1-3 mortar, Ib.. .. .. 128.0 118.5 124.0
Total weight of mortar, 1b. (from item 7)..| 373.5 352.0 408.0
Total weight of sand, Ib. (from item 7)....| 239.5 234.0 | 274.5
Additional water used, lb. (from item 7). . 22.5 10.5 27.0
Bags of cement required for 1 cu. yd. of 1-3
mortar (from item 7).................. 9 11.3 11.754
Weight of cement required for cu. yd of
mortar,lb......... ... . ... L. 846.0 733.0 | 823.5

Blue Bond Mortar Cement is a mixture of two products: North
American Portland cement and Berkeley hydrated lime, ground
together with an oil ingredient.

In the process of manufacture, stone is blasted from the com-
pany’s limestone quarry, loaded in cars and hauled to a giant
crusher from which it emerges reduced tolumps the size of a man’s
fist and smaller. Carried on belt conveyors, the stone, after being
mixed with other materials, passes through intermediate crushers
and grinding mills, where it is pulverized. This fine mixture is
fed to great revolving kilns and burned to incipient fusion.
After the clinker has passed through the clinker coolers it is
ground to Portland cement of extreme fincness, forming one of
the basic ingredients from which Blue Bond is made.

Solid limestone is blasted out, broken into workable sizes, and
hand-selected before loading into cars. Carloads of stone are
hauled to the lime-manufacturing plant, where they are dumped
directly into kilns. In the kilns the limestone is burned at a
high temperature to what is known as “ quicklime’’ in lump form.
Released from the bottom of the kilns, the lime is conveyed to
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the grinding mills. Trained men stationed along the conveyor
select by hand the lime that goes to the grinders and reject stone
not uniformly burned.

The lime in granular form and a carefully controlled volume
of water are next fed into a hydrator and completely mixed by
revolving blades until it is perfectly slaked. Leaving the
hydrator, the slaked lime is processed in a Raymond mill, where
the fine particles of lime are separated from the impurities
and coarser particles by air flotation. This resultant product
is then stored in the section of the plant where Blue Bond is
manufactured.

Equal proportions (by volume) of North Amecrican Portland
cement and pure Berkeley hydrated lime are brought together
and thoroughly mixed with an oil ingredient in a screw-and-
paddle mixer. The completely mixed materials are next fed to
a tube mill, a huge revolving cylinder filled with steel balls.
The grinding and rolling action of these balls coursing through
the mass blends the separate elements into a perfectly integrated
mix. From the tube mill the finished Blue Bond goes to the
storage bins and finally to the packing house where it is put in
60-1b. bags, each contain ng 1 cu. ft. of mortar cement.

Ingredients—One bag (60 1b.) contains 73 per cent Portland
cement and 27 per cent hydrate by weight. The amount of oil
compound is approximately 0.5 per cent. The ingredients by
volume are as follows:

50 per cent by volume of Portland cement
(at 87 1b. per cu. ft.) = 43.5 1b.
50 per cent by volume of hydrate (at 33 Ib. per cu. ft.) = 16.5 1b.

60.0 1b.

Blue bond passes Federal Specification SS-C-181a for masonry

cement (Grade A) as well as the specifications of the A.S.T.M.

Tests.—In physical tests, Blue Bond, mixed with Standard

Ottawa sand in the proportion of 1 part of cement to 3 parts of

sand and having a mortar flow of 100 to 115, shows the following
results:

Compressive
Strength, Lb. per

Sq. In.
.Tdays.............. e e i 1,400 -
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Federal Specification SS-C-181a allows a minimum of 500 lb.
per square inch at 7 days and 1,000 lb. per square inch at 28 days
for 2-in. cubes.

Saylor’s Velvet Mortar Cement.—Saylor’s Velvet mortar
cement is sold in paper bags containing 70 1b. net, four bags to
the barrel. Each bag contains approximately 1 cu. ft. It is
made from the same clinker and proper proportion of gypsum
as Saylor’s Portland cement. In addition, it contains a chemi-
cally inert plasticizer and is waterproofed with Toxement. All
ingredients are integrally ground together.

LIME

Definition of Lime.—Lime may be defined as the product
resulting from the calcination of a limestone consisting essentially
of the carbonates of calcium and magnesium, which slakes upon
the addition of water.

I

Calcium carbonate + heat = calcium oxide + carbon dioxide
(limestone) (lime) (gas)
100 Ib. + heat = 56 1b. + 44 1b.

Chemical Types of Lime.

High-calcium lime, containing at least 90 per cent of calcium
oxide.

Calcium lime, containing from 85 to 90 per cent of calcium
oxide.

Magnesian lime, containing from 85 to 90 per cent of calcium
and magnesium oxides, 10 to 25 per cent being magnesium oxide.

High-magnesium lime, containing not less than 85 per cent of
calcium and magnesium oxide, not less than 25 per cent being
magnesium oxide.

Hydraulic lvme, containing so large a percentage of lime silicate,
aluminate, or ferrate as to give the material the property of
hardening under water, but at the samge time containing so
much free lime that the burned mass will slake upon the addition
of water.

Trade Types of Lime.

Common or mason’s lime (quicklime), which is usually iump
lime, but may be pulverized, is the run-of-kiln lime without any
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selection. This is the type of lime that is generally used for
masonry of a less important nature bearing light loads, for rough
plastering, and for stuccowork.

Finishing lime (quicklime) is the best selected lump or pul-
verized lime made by the manufacturer. It contains a minimum
of core and other foreign matter, and is used for the best class
of masonry, all grades of plastering, and stuccowork. It is
more plastic and yields more putty than common lime.

Pulverized lime, the manufacturers’ response to the incessant
demand for speed, is a quicklime reduced in size to pass through a
14-in. screen. It must be slaked before sand is added.

Hydrated lime is a dry flocculent powder obtained by treating
quicklime by mechanical means with an amount of water suffi-
cient to satisfy its chemical affinity but insufficient to produce
a paste or putty. In the preparation of mortar, hydrated lime
may be added to the sand and cement without any preparation,
or it may be first made into a paste or putty. For best results,
it is recommended that putty be used.

HYDRAULIC LIMES!

Hydraulic Lime.—This is a variety of calcined limestone,
which, when pulverized, absorbs water without swelling or
heating and yields a paste or cement that hardens under water.

Hydraulic limes are obtained by burning impure limestones
that are rich in free silica and clay. These natural mixtures,
when burned, form a compound of what may be regarded as
cement and free lime. The heat at which the limestone is
burned is sufficient only to expel the carbon dioxide and not to
vitrify any part of the stone.

When an appropriate quantity of water is added to such a
“lime,” the lime slakes, but the cement is unaffected and the
mass falls to powder. The slaking (hydrating) of hydraulic
limes is always fraught with difficulty, owing to the presence
of lumps of burned stone harder than the rest, which cannot be
slaked without previeus pulverizing. These portions make a
mortar of irregular consistency, which by subsequent slaking
in the wall may destroy the integrity of the masonry.

! Most of the material in this section is taken from Rock Products, Nov. 15,

1924; by Dr. C. R. Platzman, Berlin, Germany, translated by R. W.
Scherer. Milwaukee, Wis.
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Slaking of hydraulic limes is generally done at the plant.
The burned lime, direct from the kilns, is sprinkled with water,
causing the lime to fall into powder. The steam evolved accel-
erates the slaking and serves to dry the hydrate. The fine
powder (hydrate) is screened, leaving behind numerous particles
of the size of grains of sand. This residue consists of unburned
fragments of the limestone, together with the overburned
portions that will not slake. These calcareous concretions,
known as “grappiers,” are collected and pulverized—this-
operation being substituted for slaking, which was found to be
impossible. They form a natural cement that is a valuable
addition to the hydraulic energy of the lime.

Theory of Concretion.—Siliceous limes contain, before burning,
carbonate of lime, silica, and a very small proportion of clay and
oxide of iron. By calcination at a low heat, the carbon dioxide
is driven off, leaving an excess of quicklime, with part of which
the silica and the alumina ecombine to form silicate and aluminate
of lime. When slaked by sprinkling, the quicklime is hydrated,
the silicates and aluminates remain anhydrous. 7The hydraulic
energy of the lime is due to the anhyvdrous state of the silicate
and aluminate of lime, which, when the mortar is subsequently
mixed, form hydrosilicates and hydroaluminates of lime by
combining with water and then crystallizing.

A perfect setting of mortar is due to the crystallization of
these elements, which envelop and bind the grains of sand and
give strength and hardness to the mortar. The dampness that
mortars throw off in setting is caused by this crystallization,
which, in taking place, absorbs only the requisite amounts of
water and discards the surplus. The energy of setting is in
proportion to the absence of any excess of water.

The hardness of the interior of a mortar is due to the hardness
of the crystals and the slowness of their production. It is
increased by the subsequent evaporation of the excess water
and the absorption of carbon dioxide from the air, producing an
enveloping crust of carbonate of lime.

Silicate and aluminate of magnesia crystallize slower than
the same combinations of calcium, and their presence in small
proportions is injurious, causing disintegration or inferior hard-
ness in parts of the mass. In considerable proportions, however,
it is probable that the silicate and aluminate of magnesia cause
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the entire mass to share the character of their slower crystalliza-
tion, and their presence is innocuous. Both silicate and alu-
minate of magnesia are strongly hydraulic; when alone, they
resist very successfully the action of sea water. A slow-setting
hydraulic lime crystallizes slowly and produces well-defined
and strong crystals. The slowness of setting is an additional
guarantee against the disruption of the mortar by the later
crystallization of some of the elements.

A hydraulic lime acts like a mixture of hydrated lime and
cement. An excess of either water or lime in proportion to
sand is very bad; the first makes a porous and friable mortar,
and the second produces shrinkage with loss of cohesion.

Pulverized hydraulic lime, when made into a paste, contracts
in volume 41 per cent with an increase in weight of 34 per cent.

Hydraulic lime in lumps, when slaked to a paste, increases
in volume 35 per cent with an increase in weight of 95 per cent.

The term ‘‘hydraulic lime,” without other qualification to
indicate its many varieties, is used to designate materials that
are produced by burning (also without sintering) limestones
containing clay or magnesia to produce a substance that will
of itself harden under water by a process of hydration. The
proximate cause for hardening is the formation of new mineral
compounds containing water (crystallization).

In 1879, Hauenschild defined hydraulic limes as limes obtained
from natural stones, which, after burning, slake to powder with
water and harden under water after shorter or longer periods.

In 1904, Schoch urged the distinction between natural and
artificial hydraulic limes and further classified them:

Natural Hydraulic Limes.

a. Real hydraulic limes with over 70 per cent of calcium
carbonate.

b. Roman cements with 50 to 70 per cent of calcium carbonate.

¢. Dolomite or magnesian limes.

Artificial Hydraulic Limes.

a. Limes with admixtures of natural materials (puzzolan
cement, Santori cement, trass-lime mortar).
b. Lime with additions of artificial materials (slag cement).
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Hydraulic lime weighs more than quicklime but considerably
less than cement.

Comparative Weights

Loosely filled, Shaken,
1b. per cu. ft. | 1b. per cu. ft.

Hydraulic lime... ... ... ... 2544 44— 75
Quicklime................. .. 25-31 40~ 47
Portland cement............. 834-94 112-125

Moderately Hydraulic Limes.—Certain rocks, -consisting
essentially of calcium carbonate, contain small quantities of
compounds of silica and alumina, which impart moderate
hydraulicity to the limes manufactured from them.

Hydraulicity in a lime is the property of combining with water
to form comparatively stable compounds with a determinate
set and measurable strength under humid conditions. This
may be contrasted with the action of a nonhydraulic lime, which
has no definite ‘“setting,” and only stiffens up as the water
dries out from a mortar and which, when uncarbonated, will
revert to a plastic condition with moderate tempering.

If lime putty is made from a hydraulic lime and permitted to
stand for a long time before use, the hydraulic set will take place
in the putty box and, to all practical aims and purposes, any
helpful gain in strength will be lost.

Eminently Hydraulic Limes.—There are limestones which
contain considerable proportions of compounds of silica and
alumina and which, when calcined, yield a produet with eminent
hydraulic properties, somewhat similar to Portland cement
but containing a notably larger proportion of “free quicklime”
than Portland cement.

Hydraulic lime mortars should not be retempered.

With lime-cement mortars there is nothing to be gained by
using a hydraulic lime, since the Portland cement provides a
known and controllable degree of hydraulicity.

Hydraulic Cement.—Hydraulic cements differ from the limes
in not slaking at all after calcination, unless they are previously
pulverized. They then form a paste with water, without any
perceptible disengagement of heat or increase in volume. They
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Properties of Hydrated Limes*

N.L.A.
hydrate
No.

2a
3a
5a
21a
23a

25a
38a
39a
47a
52a

58a
63a
65a
71a
73a

74a
79a
81a
86a
873

88a
93a
94a
99a
101a

103a
105a
107a
120a

Loss on
ignition

24.10
24.06
24.84
23.22
19.18

21.02
21.66
23.96
24.84
17.74

23.74
23.84
18.78
16.64
24.90

19.42
24.48
23.76
24.66
24.24

28.00
23.46
24.46
16.66
27.28

17.92
19.62
25.42
15.36

Available
lime,
non-

volatile
basis

85.63
82.61
89.44
82.50
52.91

77.75
77.37
79.06
89.47
44.15

83.71
82.90
48.59
51.01
75.65

49.55
87.73
83.03
90.29
80.70

19.54
77.57
80.12
51.11
71.87

48.25
49.70
76.24
45.95

. Chemical

Putty yield reactivity,

— per cent

Water for| Ce. from | Cu. ft. ;;I;zgli‘:ﬁg

100 parts {100 grams| from sack carbonate

of hydratejof hydrate| of 50 1b. in 60 min.
96.7 142.8 1.16 83.0
96.6 140 .4 1.14 78.9
94.8 141.3 1.14 84.8
93.3 137.8 1.12 75.3
97.3 137 .4 1.11 59.0
78.2 121.1 0.98 78.7
100.0 141 .1 1.14 70.3
.......... 80.5
95.3 138.5 1.12 81.1
83.5 122.6 0.99 39.8
88.3 133.5 1.08 80.2
88.8 132.9 1.08 84.7
68.0 108.9 0.88 47.8
100.0 138.0 1.12 47.2

82.5 128.7 1.04

.......... 47.5
92.5 138.2 1.12 84.6
102.0 147.5 1.19 75.7
99.5 145.5 1.18 90.8
93.7 138.3 1.12 82.6
.......... 34.1
.......... 72.1
82.0 128.6 1.04 78.6
.......... 47.1
.......... 72.0
94.7 139.7 1.13 48.6
.......... 51.8
86.3 136.8 1.11 74.9
85.5 125.4 1.02 45.7

* National Lime Assogiation, Washington, D.C.
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Properties of Hydrated Limes*

Final Fineness, per cent through
NL.A. . Time to .volume screen
hydrate Specific Appm:ent settle |in water
No. gravity | density | 50 cc., after
min. 24 hr., No. 30 No. | No. | No. | No.
ce. ’ 50 100 | 220 | 250
2a 2.170 0.774 25.5 29.0 99.98 99.81!99.05|98.40{99 .39
3a 2.175 0.921 34.0 30.0 | All but trace | 99.72|98.75{97.89/97.31
5a 2 177 0.749 63.0 28.0 | All but trace | 99.87/99.46/98.8598.78
2]la 2.254 0.882 24.0 26.5 100.00 99.96@9.7099.1799.01
23a 2.478 0.852 58.0 25.0 100.00 99.17,96.50(95.25/95.21
25a 2 354 0.877 28.5 24.5 100.00 99.99 97.7197.14/96.43
38a 2.355 0 789 42.0 33.5 100.00 100‘00199.81 97.52(97.10
39a 2.232 0.758 20.0 29 0 All but trace 99‘27|97.66 96.82/96.49
47a 2203 | 0.734 74.0 29.0 All but trace | 99.55 97 .77/95.90,95.75
52a 2.586 ‘ 0 976 39.0 24 0 | All but trace | 99.80/96.9292.19/91.03
58a 2 252 0 842 29.0 28.5 100.00 99.7299.41(98.65/98.62
63a 2,237 0 880 30.0 27.0 100.00 99.97'998699.0598‘78
65a 2 484 0.985 14.5 20 5 99.22 97.96 95.91(93.64/93 .09
7la 2 553 0.852 39.5 29.5 100.00 99.67 98.44l97.l496492
73a 2 253 0.834 44.5 23.0 99.94 99.61{99. 13l98‘64 98.56
|
T4a 2.478 i 0.912 44 0 27.5 99.99 99.7597.99 95.82/95, 50
79a 2,233 ' 0.771 78.0 28.6 All but trace
81a 2 245 0.8% 30.0 370 99.97 99.94 99.69,99.02/98.89
86a 2.213 0.846 44.5 32.0 All but trace 99.97/99.30{99.28
87a 2.261 0.821 36.0 34.0 99.98 99.6698.89/97.93(97.79
88 | ..... (0.991) 80 18.0 81.23 73.22'84.75|60.84 60.68
93a 2.306 0.906 38.0 28.0 99.95 99,65|98,62l96.41 96.00
94a 2.219 0.863 29.0 23.5 99.95 99.40|98.67!97.91 97.83
99a 2.511 0 830 61 0 27.0 All but trace | 99.9498.90 98.10/98.05
101a 2.273 0.942 29.0 24.0 All but trace | 99.80/98.50/97.71|87.21
103a 2.429 0.769 39.0 27.5 99.99 99.82/98.88/96.43|96.30
106a 2.359 0.899 7.0 21.0 98.75 97‘33195 34|92.30 91.38
107a 2.247 0.818 39.0 29.5 99.91 99‘63|98.96|97.10 96.92
120a 2.558 0.750 53.0 24.5 99.94 99.63193.49|97.70 97.564

* National Lime Association, Washington, D.C,

contain a large amount of the hydraulic base or principle, and
set under water in a much shorter time than the limes require
to set in air.

HYDRATED LIME .

Lime, when quite pure, is completely soluble in water. Water,
frequently renewed, will dissolve 1/1,000 of its weight of quick-
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lime at its boiling point; that is, 1 cu. ft. of water will dissolve
1 oz. of quicklime at 212°F.

With absolutely pure lime the amount of water that must be
added in order to change all of the quicklime into lime hydrate
will equal 32 per cent (by weight) of the quicklime. The result-
ant hydrate will therefore consist of 75.7 per cent of lime (oxide)
and 24.3 per cent of water.

The specific gravity of quicklime is 3.09 to 3.15.

Plasticity is due to complete hydration. Water separating
each particle of lime acts as a lubricant in aiding one particle
to “slide” over the other. This accounts for the fine troweling
action.

One ton of high calcium quicklime yields 85 to 90 cu. ft. of
lime putty. The putty is 35 per cent solid and 65 per cent water.

One ton of high magnesium dolomite yields 70 to 74 cu. ft. of
putty. The putty is 52 per cent solid and 48 per cent water
and will earry more sand.

Advantages of Hydrated Lime.—Hydrated lime is easily
subjected to inspection and tests, and the same material is
tested as is used.

Hydrated lime is thoroughly slaked. This fact can be deter-
mined by tests.

Definite mortar proportions can be maintained by the use of
hydrated lime. The putty or mortar made with it requires no
aging to be assured of thorough slaking.

Hydrated lime may be added to the cement and sand economi-
cally at the mixer. It need not be in the form of lime putty,
although the latter is desirable.

Hydrated lime may be mixed with cement mortar in any
desired proportions. This is very difficult with lime putty.

Hydrated lime may be stored without danger of fire. No
heat is generated when water comes in contact with hydrate.

Hydrated lime is not likely to be spoiled by air slaking, as is
lump lime.

Hydrated lime comes in packages of definite weight.

Paste made from hydrated lime requires no screening.

Note. Mortar made from hydrated lime is less plastic and
works harder under the trowel than mortar made from lump
lime unless the hydrate is made into putty and allowed to stand
for 24 hr.
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Reactions:
Calcium carbonate = limestone
Calcium carbonate + heat = calcium oxide = lime
Calcium oxide + water = calcium hydroxide = mortar
Calcium hydroxide + carbon dioxide = recarbonation = setting
100 1b. of quicklime + 164 to 200 lb. of water = 3.7 cu. ft. of lime
putty
50 Ib. of hydrated lime + 50 lb. of water = 1.14 cu. ft. of lime
putty
Water chemically combined with 100 ]b. of lump lime = 32 1b.
Free water in 1 cu. ft. of lime putty = 30 to 38 1b.

Voids in Lime Hydrate.—The specific gravity of hydrated
lime is 2.08. This means that 1 cu. ft. of perfectly solid hydrate
weighs 2.08 times as much as 1 cu. ft. of pure water. A cubic
foot of pure water weighs 62.5 1b.; therefore, 1 cu. ft. of hydrate
(perfectly solid, with no voids) would weigh 2.08 times 62.5,
or 130 lb.

The hydrate, however, weighs only 40 lb. per cubic foot.
Therefore, air occupies a space equal to such a volume of hydrate
as would make up the difference, which is 90. The percentage of
voids is 99{ 3¢, or 69.23 per cent.

LIME PUTTY

Lime putty should be run from fresh quicklime, using a fine
sieve to remove slow-slaking, unsound particles. The slaking
should be done in a small slaking box with a wicket through
which the freshly slaked lime may be run into a large aging box.
Slaking is a chemical process and time is required to complete
the action; hence, it is necessary to allow the paste to stand
for some time to assure complete slaking. The lime in the aging
box should be kept at the constant moisture consistency and
should not be disturbed before use. Any such disturbance
opens up a fresh surface for access of carbon dioxide. Records
(on job, under regular working conditions) show that the time
required to slake all the lime required to fill a box holding 500 cu.
ft. is approximately 10 hr.

Preparation of Lime Putty.—Different kinds of lime vary
considerably in the way in which they behave with water. To
find out how to slake a new lot of lime, try a little of it and see
how it acts. Place two or three lumps of lime, or an equivalent
amount of pulverized lime, in a pail. Add enough water to
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just barely cover the lime and note how long it takes for slaking
to begin. Slaking has begun when the lumps begin to crumble.
If slaking begins in less than 5 min., the lime is quick slaking;
from 5 to 30 min., medium slaking; over 30 min., slow slaking.
Directions for Slaking.—For quick-slaking lime, always add
the lime to the water, not the water to the lime.
For medium-slaking lime, add the water to the lime. Add
enough water so that the lime is about half submerged. Hoe

Data on Lime Putty
(For pastes prepared with pulverized quicklime and with mason’s hydrated

lime)
| Pulverized | Hydrated
quicklime lime

Weight per bag, Ib........ ... ... ... ......... 80.0 50.0
Putty from 1 bag, cu. ft........... ... .. ... ... 3.17 1.14
Dry material required for 1 cu. ft. of putty, Ib..... 25.25 44.0
Weight of 1 cu. ft.of putty..................... 85.0 88.0
Putty from 1 ton of material, cu. ft.............. 79.2 45.5
Water required for 1 cu. ft. of putty,lb........... 41.5 44 .0
Water required for 1 cu. ft. of putty, gal.......... 5.0 5.25
Water required to slake 1 bag, gal............... 15-16 6.0
Weight of water added to 1 ton to make stiff putty,

L¢P 3,200 2,000
Volume of water added to 1 ton to make stiff putty,

gal. . 384 240
Mortar made with 1 cu. ft. of putty and 3 cu. ft. of

sand, cu. ft....... ... 2.8 2.8
Weight of 3 cu. ft. of sand, Ib................... 237 240.0
Weight of putty,lb............................ 85 88
Weight of water added, 1b...................... 13 16
Approximate weight of 1 cu. ft. of mortar, 1b...... 120 123
Mortar yield of 1 cu. ft. of lime putty, 1 cu. ft. of

cement paste, 6 cu. ft. of sand, cu. ft........ ... 5.55
Weigkt of water added to above,lb.............. 68.0
Weight of mortar (5.55 cu. ft.),lb................| 725.0
Approximate weight of 1 cu. ft. of mortar, lb...... 130.0
Weight of lime required for 100 cu. ft. of mortar

(A=3),1b.... 900 1,570
Bags of lime required for 100 cu. ft. of mortar

(A-3),db. . 114 31.4
Bags of lime required for 27 cu. ft. of mortar

(A=-8),db....o 3 8.5
Bags of lime required for mortar to lay 1,000 brick. . 2 5.67
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occasionally if steam starts to escape. To prevent the putty
from becoming dry and crumbly, add a little water now and
then, if necessary.

For slow-slaking lime, add only enough water to the lime to
moisten it thoroughly. Let it stand until the reaction is started.
Cautiously and sparingly add more water, so that the mass is
not cooled by the fresh water. Do not hoe until the slaking is
complete.

Preparation of Mortar—After the action has ceased, add
part or all of the sand required. Store for at least 24 hr.

SLAKING LIME

In slaking quicklime, it is necessary to take into consideration
the characteristics of the particular lime. Probably the best
guide on this subject is found in the pamphlets issued from time
to time by the National Lime Association, Washington, D.C.

In general the aging period for pulverized quicklime is less
than that required for lump quicklime. Another general dis-
tinction is that the quick-slaking limes require a shorter aging
period than do the slow-slaking limes.

With some of the quick-slaking quicklimes ordinarily available
in the New York market, approximately 400 gal. of water would
be required to slake 1 ton of quicklime. At least 90 per cent
of the water should be run into the box before the lime is added.
Roughly stated, quicklime requires 170 per cent of its weight to
transform it into lime putty.

One ton of hydrated lime requires 209 gal. to produce approxi-
mately 46 cu. ft. of putty.

In a book on stone masonry, written by E. Shaw in 1832, is
the following: ““Old masons used to instruct their laborers that
they should dilute the mortar with ‘the sweat of their brows,’
that is, labor for a long time, instead of drowning it with water
to have it done sooner.” Recognized authorities recommend
that the slaking of lime should be entrusted to a plodder, one who
is slow but persevering. Lime that is slowly hoed will produce
a ‘“fatter” putty than would result from whipping to a froth.

POPPING

Lime improperly slaked, or “burned,” during hydration may
“pop” in a wall. The “burned” particles of lime are not acted
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upon very readily by water. When exposed for a long time, and
sometimes even in the core of the wall, they will hydrate. This
hydration is accompanied by considerable expansion, which is
so great that it pushes the particle of lime and everything in
front of it out of the wall, leaving a hole. This action is known
as ‘“‘popping.”’

In many instances, it is only necessary to repoint the joint,
but in many instances there is a vertical cleavage of the brick,
necessitating the cutting out of the brick and repairing the wall.
This may be very costly if the popping occurs in the face of an
exterior wall, not easily accessible.

When running lime putty, it is good practice to strain the
lime hydrate through a sieve, discarding all the particles retained
on the sieve.

FURTHER DATA ON LIME

Facts about Lime

Lump lime | Hydrated lime
1 bu. contains............. 1.245 cu. ft. 1.245 cu. ft.
1bu. weighs............... 75 to 90 1h. 50 (49.8) Ih.
1 cu. ft. weighs............ 60 to 70 Ib. 40 Ib.
1 paper sack contains.......| .......... 50 1b.
1 paper sack contains.......| .......... 1.25 cu. ft.
1 cloth sack contains.......| .......... 100 1b.
1 cloth sack contains.......| .......... 2.5 cu. ft.
180-lb. bbl. (net weight)....! 3.0 cu. ft
280-1b. bbl. (net weight)....! 4.7 cu. ft.
Specific gravity............| 3.09t03.15 | 2.078
Density...................| 1.15t02.00 | 0.774

27 Ib. of lump lime yields approximatel