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PREFACE.

The marvelous growth of the cemeny industry during the past
iew years has led to the present time being spoken of as the
cement age. The use of cement concrete in many forms of con-
struction for which heretofore other materials have been used has
created a demand for concise and reliable information in regard
to the use of concrete. It has been the author’s aim in the prep-
aration of this book to make it, as far as possible within reason-
able limits, a eomplete treatise on the properties and uses of con-
crete and reinforced concrete, as applied to construction. As far
as is possible, a logical development of the subject has been fol-
lowed. The book is not only intended as a reference work for
engineers, architects and contractors, but, it is believed, the treat-
ment is sufficiently simple for the engineering student and general
reader. Clearness in the development, and, as far as possible, a
continuity of treatment of the subject matter has been attempted,
at the risk, perhaps, of some repetition.

In the early chapters a discussion of the materials used for
concrete has been given. While perhaps a knowledge of how
cement is manufactured is not necessary to doing good work in
concrete, it certainly can do no harm, and it is believed by the
author that the more that a cement user knows about the material
with which he is working the less danger there is of his abusing
it. Following the discussion of cement, the aggregate is taken up
for consideration; the different mixtures used are considered,
together with the effect of size of sand, gravel and broken stone,
and the effect of mmpurities. Proportioning concrete for differ-
ent uses is next considered, and the methods of determining the
voids briefly discussed. The methods used for both hand and
machine mixing are described. The various tyvpes of machine
mixers are discussed, and a machine of each type described. A
number of examples of mixing plants are given. In Chapter VI,
on Placing Concrete, the use of grout and of rubble concrete is
briefly discussed. The tools for mixing. conveying and ramming
concrete are described, and the methods of laying and protect-
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ing concrete in freezing weather are described. The various
methods of depositing concrete under water are also considered.
In Chapter VII., on Cost of Concrete, no attempt is made to give
a large number of cost data, but rather it has been the author’s
purpose to analyze the factors entering into cost, so that the
estimator may form a correct cost estimate from known con-
ditions. ‘

Chapter VIII. describes the various methods of finishing
and treating concrete surfaces, together with methods of making
ornamental mouldings, etc. The methods of coloring concrete are
also described. ) :

Chapter IX. discusses the effect of freezing on concrete, tells
how to secure an impermeable concrete, and describes various
methods of waterproofing. The effect of sea water on concrete
and the effect of oil on cement and concrete are discussed. The
preservation of metal in concrete, adhesive coefficient of expan-
sion and fire resisting qualities of reinforced concrete and effect
of flue gases are also discussed.

Chapter X. treats of the strength and elastic properties of
concrete. The various elements affecting these properties are
also given, and the results of numerous tests are quoted.

Chapter XI. treats of the reinforcing metal. In Chapters XII.
to XVII. the principles and disposition of the reinforcement are
discussed. The methods devised to secure mechanical bond,
together with various styles of reinforcements used for slabs,
beams, columns, walls, arches and pipes, are described and illus-
trated.

Chapter XVTII. treats.of the general phenomena of flexure.
The action of a beam under tests and when tested to failure are
discussed, together with the various stresses developed. The
results of the latest tests are freely quoted in this chapter.

Chapter XIX. gives a clear and concise exposition of the
theory of beams, while various beam theories used and proposed
are sct forth in Chapter XX.

Chapter XXI. gives the theory of columns with both straight
and hooped reinforcement. Working formulas are given, and
results of latest available tests quoted.

Chapter XXII. discusses the bearing power of soils, spread
and pile foundations, and gives a large number of examples of
foundations actually built.
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Chapter XXIII. discusses the application of reinforced con-
crete to building construction. Columns, floor slabs between
beams, monolithic floors, arch floor construction, walls, partitions,
roofs and stairways are taken up, described and illustrated, and
examples from actual work given. In Chapter XXIV. the prac-
tical construction of buildings is taken up. Sheathing and cen-
tering are discussed. Illustrative examples of forms for columns,
floor, girders, roofs and walls are given.

Chapter XXV. is devoted to the discussion of retaining walls,
also the expansion and contraction of concrete due to setting and
thermal changes. Numerous examples of retaining walls of
T-section and of the counterfort types are given.

In Chapter XXVI. the application of reinforced concrete to the
construction of dams is discussed, and illustrative examples of
tyvpes to be used under varying conditions given. :

In Chapter XXVII. the application of concrete, both plain and
reinforced, to the construction of sewers and conduits is taken up.
European and American methods for the manufacture of cement
pipe are given. Numerous examples are given of sewers and
conduits, particular attention being paid to the methods employed
by American engineers.

Chapter XXVIII. is devoted to tank and reservoir construc-
tion. The application of reinforced:concrete to stand pipes and
water towers is discussed. Its application to reservoir construc-
tion is illustrated by a number of well-known American reser-
voirs. Its use for grain elevators, sand storage bins, coal pockets
and gas holder tanks is taken up.

In Chapter XXIX. the application of reinforced concrete to
chimney construction is illustrated by a number of examples.
Its use in tunnel and subway construction and for railroad ties,
fence posts, piers and wharfs is also considered.

Chapter XXX. is devoted to bridge construction. Girder
bridges of various types are considered. and examples of the
different types given. Arch bridges of concrete, with and with-
out reinforcement, are also considered, and numerous examples
given. The subject of culvert construction is also amply illus-
trated in this chapter.

In Chapter XXXI. the subject of forms and arch bridge
centers is discussed.

Chapter XXXII. illustrates the application of reinforced con-
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crete to the construction of bridge floors.  Chapter XXXIII.
shows the application of reinforced concrete to bridge piers and
abutments.

Chapter XXXIV. is devoted to concrete blocks. The various
types used, and their application to building construction, are
briefly described. Almost without exception illustrative exampies
of the application of concrete to the various forms of construc-
tion have been taken from actual practice.

The author is indebted to the following firms for drawings and
information in regard to structures described: H. C. Miller & Co.,
Tucker & Vinton, Unit Concrete Steel I'rame Co., Reinforced
Cement Construction Co., Concrete Steel Engineering Co.,
Trussed Concrete Steel Co., American Concrete Steel Co., Mono-
lithic Steel Co., The Foundation Co., Clark & Co., Raymond
Concrete Pile Co., Weber. Steel Concrete Chimney Co., Wilson-
Baillie Manufacturing Co., the Ambursen Hydraulic Construc-
tion Co., St. Louis Expanded Metal and Corrugated Bar
Co., and the Ransome Concrete Aachinery Co.

In the preparation of this book the author has drawn freely
from both European and American engineering journals, and
from the proceedings of various technical societies. In fact, in
order to keep up with current practice, it is necessary to read
one or more of the excellent engineering journals now published.
The author is especially indebted to the “Engineering News,”
“Engineering Record.” *‘Railroad Gazette,” “Engineering-Con-
tracting,” “Cement,” “Cement Age,” “Cement and Engineering
News,” and the Proceedings of the American Society of Civil
Engineers and Western Society of Engineers. ‘

Among the works consulted were the following: Watertown
Arsenal Tests: Reports of Chief Engineers, U. S. A.: Patton’s
Foundations;: Baker's Masonry Construction: U. S. Government
Reports ; Rafter's Tests: Eckles’ Cements, Limes and Mortars;
Concrete, Plain and Reinforced. by Tayvlor and Thompson; Rein-
forced Concrete, by Marsh: Cement and Concrete, Louis C.
Sabin: Reinforced Concrete, Buel and Hill; Cements, Mortars
and Concretes, M. S. Falk: Beton Armé. Christophe: Practical
Cement Testing. W. Purves Taylor: Gillette's Hand Book of
Cost Data, and the writings of Dr. Michaelis and M. Considére.

Much valuable. information in regard to tests being conducted
at various cngineering schools has been furnished the author by
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Profs. Swain, McKibbon, Spofford, Tumeaure, Howe, Hatt.
Woolson and Talbot. The author is also indebted to Messrs.
Spencer B. Newbury, Edwin Thacher and E. P. Goodrich.

Although the increase in the use of concrete, both with and
without reinforcing metal, has become so great in the past few
vears as to almost warrant it being said that we are going con-
crete mad, it should be remembered that reinforced concrete does
not possess wonderful and mysterious properties such that it may
be unscientifically or recklessly used. To the contrary, it should
be used with the same care and judgment that has made other
and older kinds of construction both safe and satisfactory. It
should also be remembered that there are other and tried kinds
of construction which are much more suitable for use in many
situations. Under such conditions enthusiasm for a given form
of construction should be tempered with good judgment, and the
most suitable building material chosen. Unless this is done the
cthics of good engineering will be violated.

HOMER A. REID.
January 15, 1907.

PREFACE TO THE SECOND EDITION.

The favor with which “CONCRETE AND REINFORCED
CONCRETE CONSTRUCTION” has been received by en-
gineers and others interested in the subject having made neces-
sary a new printing, the author has taken advantage of the oppor-
tunity to correct certain typographical errors and to make such
additions as were necessary to bring certain portions strictly up
to date. A number of new forms of reinforcing bars and frames
have been developed and have come into use since the book was
first printed and illustrations and descriptions of these have been
added. In a similar manner other sections have been changed
and amended fo bring the text fully up to the latest developments
in concrete and reinforced concrete construction.

H. A R

February, 1908,
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Concrete and Reinforced Concrete

Construction

INTRODUCTION.

Use of Cement by Egyptians and Romans.—The recent mar-
velous growth of the cement industry, due to the wide use of
concrete in construction, has led to its being spoken of as a new
industry. Yet hydraulic cement has been used since the dawn of
civilization. It is known that the Egyptians, 4,000 vears ago,
made a natural cement which set under water. While Carthage
was at the height of her glory, some 2,300 years ago, an aqueduct
over 70 miles in length was built to furnish a water supply for that
ancient city. Natural cement was used in its construction. To
cross a valley, over 1,000 arches were built. Many of these were
cver 100 feet high, and some are still standing. Cummings, in his
“American Cements,” states that at one point a piece of masonry
cver 100 feet long has fallen from the top of the aqueduct to the
rocks below and still lics there intact, unbroken, illustrating the
toughness, tenacity and durabilitv of the natural rock cement
used by these early constructors.

The Romans used hydraulic cements of such good quality for
the construction of sewers, water mains, foundations, buildings
2nd roads that relics possessing great strength and toughness are
to be seen at the present day. The dome of the Pantheon, erected
at the beginning of the Christian era, is perhaps the largest ex-
ample of concrete construction coming down from the ancients.
This magnificent structure, which is 142 feet in diameter, and
contains a 30 foot opening at the top, has withstood the destruc-
tive elements of time for 19 centuries, and to-day does not show
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a single crack. It is stated that in Mexico and Peru, natural rock
cement was used so long ago in stone masonry, that the stomc
has worn away, leaving the projecting mortar joints.

Smeaton's Rediscovery of Hydraulic Cement.—The art of manu-
facturing hydraulic cements seems to have been lost in the East-
ern Hemisphere during the Middle Ages, while it also passed
away with the decline of the early civilization in the Western
Hemisphere. John Smeaton, in 1756, when building Eddystone
lighthouse, discovered that argillaceous limestones produced
limes that would set under water, and thus rediscovered hydraulic
cement. His investigations were carried far enough to secure
a good hydraulic lime or natural cement, which, through its
durability in the Eddystone lighthouse. secured to Smeaton last-
ing engineering fame.

Early Manufacture of Natural Cement.—Joseph Parker in 1796 °
manufactured a species of natural cement, which he called Ro-
man cement, by calcining and crushing septaria nodules found on
the Isle of Sheppey, off the coast of Kent, England. Natural
cement was also produced at Boulogne, France, in 1802, from
septaria, called Boulogne Pebbles.

M. Vicat, during the years 1813-18, produced hydraulic cement
by mixing chalks and clays. In the United States, the first nat-
ural cement was made in 1818 by Canvass White, from natural
rock, near I‘ayetteville, New York, and was used in the con-
struction of the Erie Canal. Since that time natural cement has
keen extensively manufactured throughout the United States.
During the period from 1818 to 1830, 300,000 barrels were manu-
factured. The industry gradually increased until the high water
mark was reached in the vear 1899, when a grand total of 9,868,-
179 barrels were produced. The production of natural cement has
fallen off during the past few years, owing to the reduction in
cost of the manufacture of Portland cement, the total output for
the year 1905 being only 4,473,049 barrels.

Aspdin Patents Portland Cement.—Portland cement was first
rroduced in 1824, by Joseph Aspdin, a brick mason of Leeds,
England, who took out a patent for producing cement by calcining
a mixture of lime and clay. Ile gave it the name * Portland ” on
account of its resemblance, when hardened, to the famous oélitic
limestone used for building, from the quarries on the Island of
Portland, in Dorsetshire, on the southern coast of England. The
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first plant for the manufacture of this cement was established
at Wakefield by Aspdin in 1825, and the first important piece of
engineering work in which it was used in any quantity was in
the construction of the Thames tunnel in 1828. The quality of
the cement was greatly improved during the years 1845-50, due
largely to the exertion of John Grant, an eminent English en-
gineer, who used it extensively on the London drainage works.

For a time England led in the manufacture of Portland cement,
but Germany took the lead in its production, and, until the past
four or five years, has been the foremost country in the produc-
tion and use of Portland cement. During the past few years,
kowever, the United States has surpassed all other countries as
a manufacturer and user of Portland cement.

The first American Portland cement was manufactured by
David O. Saylor, of Coplay, Pa., in 1875. The development of
this new industry was so slow, however, that in 18go only 335,500
hbls. were manufactured in the United States. Since that time
the development of the industry has been rapid, reaching a grand
total of 35,246,812 bbls. in 1905, over one half of this being
produced in the Lehigh district of Pennsylvania and New Jersey.

Classification and Manufacture of Cement-Concrete Defined.—
Concrete is a species of artificial stone formed by mixing ‘cement
mortar with broken stone or gravel. Sometimes the broken stone
cr gravel is replaced by cinders,slag or coke,making a lighter but
weaker concrete, especially adapted for fireproof floors. The
cement is the active element of the concrete, and is sometimes
called the matrix, while the sand and broken stone which form
the body of the mixture are inert materials and are called the
aggregate. )

Reinforced Concrete Defined.—Reinforced concrete, sometimes
called concrete-steel, ferro-concrete, or armored concrete, is a
lieterogeneous material utilized in construction, and composed of
a metal skeleton-work imbedded in a mass of concrete or cement
mortar.

Iron, in the form of rods and bars, has been used to tie to- .
gether and strengthen masonry structures for hundreds of years.
Its use, however, was confined to cut stone masonry in the form
of clamps and dowel-pins. Cut stone and rubble masonry do not
adapt themselves to the use of iron rods, to take care of tensile



4 INTRODUCTION.

strains, hence not until after the advent of modern concrete do
we find masonry structures having a metal reinforcement.

First Use of Reinforced Concrete.—The first authentic record
cf the use of reinforced concrete was at the World's Fair in Paris,
in 1855. At that time a small row boat, Fig. 1, built by M.
Lambot, having a sheet of cement mortar 134 inches thick, re-
inforced by a wire netting, was on exhibition. This boat is still
in use at Meraval, France.

At a somewhat earlier date a trellis of iron bars was used by a
rumber of builders ‘in the construction of slender cement fire-
proof partition walls.

" In 1865 Frangois Coignet explained the principles of reinforced
concrete, and proposed methods of application for the construc-
t'on of slabs, arches, large pipes, etc.

Fig. 1.—Lambot’s Boat of Reinforced Concrete, 1855.

To F. Joseph Monier, sometimes called the father of reinforced
concrete, who first took out a patent in 1865, is given the credit
for the invention of this new form of construction. Iis patents
related to the combination of iron and cement mortar. in the con-
struction of basins and tubs for use in horticulture. Monier, who
was, it is said, a gardener, while constructing some tanks and
reservoirs, wished to reduce the thickness of the walls, and con-
ceived the idea of increasing their strength by incorporating
within them a metal trellis work. He persisted in his idea, and
for a number of vears constructed reinforced concrete troughs,
pipes. reservoirs, etc., but it is not probable that he even sus-
pected what a marvelous growth his conception would have.
Neither Monier nor any of his countrvmen appreciated the scien-
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tific value of his idea, and it was the Germans who first developed
this form of construction.

Early Use in America.—While the French and German en-
gineers were bringing about the development of the Monier sys-
tem, American inventors seem to have worked out independently
the general principle of reinforcing concrete with iron rods to
supply the necessary tensile strength in beams and slabs.

Probably the first man to use these materials scientifically, the
metal being buried in the lower or tensile side of the concrete.
was W. E. Ward, who i 1875 constructed a building at Port
Chester, N. Y. In this building, not only the exterior walls,
cornices and towers, were formed of concrete, but all the beams,
and the roof were made entirely of concrete reinforced with light

Fig. 2.—Reinforced Concrete Arch Bridge built in 1889, at Golden °
Gate Park, San Francisco. Cal.

iron beams and rods. Ward built rods into the lower sides of his
Leams and joists, much as they are built to-day. Not having any
formulae to guide him, he relied entirely upon his judgment in
proportioning them. I7ig. 2 shows what was probably the first
reinforced concrete bridge built in the United States. It was
constructed in 1889, by Ransome & Smith Co., at Golden Gate
Park, San Francisco, Cal.

Mr. Thaddeus P. Hyatt, a native of New Jersey, but at the
time living in London, while studying the question of fireproof
floor construction, conceived the idea of making beams of con-
crete, strengthened by imbedding iron bars in their lower edges
to care for the tensile stresses. Fle made many experimental
leams, introducing the iron rods in a great variety of wavs and
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employed Dr. David Kirkaldy, of London, to make a series of
tests on reinforced concrete beams. The results of these tests
were published by Mr. Hyatt in 1877. Unfortunately the edition
was limited and the book has long been out of print. These re-
searches were of great value in the development of the science.

In 1877 Mr. H. P. Jackson, C. E., of San Francisco, applied
Mr. Hyatt’s invention to building construction, and from that
date forward used the new form of construction whenever
possible.

To Mr. Edwin Thacher is largely due credit for the successful
introduction of reinforced concrete bridges in the United States.

Later Developments in Europe and America.—The development
cf the Monier system dates from 1880, when the patents of this
inventor for Austria-Hungary were secured by a German com-
pany. Under the management of G. A. Wyss, experiments were
made, and principles to be followed in its application were es-
tablished. Gradually this form of construction came into popular
favor throughout the German Empire. and it may truthfully be
said that to the Germans is largely due the successful develop-
ment of reinforced concrete.

During the vears 1889 to 1894 a new impetus was given to
this method of construction by the inventions of M.- Bordenave,
Cottancin, F. Hennebique, Edmund Coignet in France, Moller,
Rabitz, Kénen in Germany, Wiinsch in Hungaryv, Melan in Aus-
tria, and Ransome in the United States. Some ten or twelve
years ago IF. Von Emperger introduced the Melan system in the
United States, and constructed a number of Melan arch bridges.
Since that time hundreds of arch bridges have been constructed
after this system.



CHAPTER L.
CLASSIFICATION AND MANUFACTURE OF CEMENT.

Cement may be defined as a pulverized material, composed prin-
cipally of silica, alumina and lime, which, when mixed with water,
vndergoes a chemical change forming new compounds that de-
velop the property of setting or crystallizing into a solid mass
cven under water.

Classification of Cements.—Cementing materials naturally. fall
into two groups—unon-hydraulic cements and hydraulic cements.

Non-hydraulic cements are made by burning either gypsum or
pure limestone at comparatively low temperatures. The products
obtained by burning gypsum are known as plaster of Paris,
Keene's cement, cement plaster, etc. The product of burning
limestone is common lime. While limes and plasters are exten-
sively used for building purposes, they are not used in reinforced
concrete construction. .

Hydraulic cements are those which set under water, and are
included under the following four general classes:

Hydraulic Limes.
Natural Cements.
Portland Cements.
Puzzuolana Cements.

+ w b~
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Hydraulic Limes.-—Hydraulic limes have been defined as the
products obtained by the burning of argillaceous or silicious lime-
stones, which, when showered with water, slake completely or
partially without sensibly increasing in volume. Argillaceous
limestones used in the manufacture of hyvdraulic limes usually
contain from 10 to 20 per cent. of clay homogeneously mixed with
carbonate of lime as the principal ingredient. Silicious limestones
contain from 12 to 18 per cent. of silica, small percentages of
oxide of iron, carhonate of magnesia, etc.

No hvdraulic limes are manufactured in the United States,
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and, while they are manufactured extensively in certain localities
in Europe, the subject is not of sufficient interest to warrant a
cescription in this place of the methods of manufacture.

Natural Cement and Its Manufacture.—Natural cement is the
product resulting from the burning and subsequent pulverization
of a natural clayey limestone (containing 15 to 40 per cent. of
silica, alumina and iron oxide), without preliminary mixing and
grinding, the heat of burning being insufficient to cause vitrifica-
tion. During the burning the carbon dioxide of the limestone is
almost entirely driven off, and the lime combines with the silica,
alumina, and iron oxide, forming a mass containing silicates,
2luminates and ferrites of lime: or, if magnesium carbonate is
present in the original rock, magnesium compounds will result.
I* is necessary to grind this burned mass rather fine, for it will not
slake as it comes from the kiln if water be poured on it. This
finely ground powder when mixed with water. hardens or sets
rapidly, either in air or in water.

American natural cement was formerly called Rosendale ce-
ment, due to the fact that it was first manufactured at Rosendale,
N Y.

The manufacture of natural cement from a mechanical stand-
point is a comparatively simple process, consisting of burning
the rock as it comes from the quarry, in plain upright kilns, and
grinding the burnt friable pieces to a powder. The rock in its
natural state contains the proper ingredients for natural cement.
The limestone is usually stratified, the strata varving somewhat in
chemical composition. Several strata arc usually mixed for any
given brand of cement, the idea being that if one layer contains
too much silica it may be corrected by another containing too
much bime or magnesia. The rock is either quarried in open cut
where the stripping is light, or is mined by means of tunnels and
chambers. The rock. as it is quarried. is broken into sizes con-
venient for handling. and then run through an ordinary rock
crusher. which breaks it into pieces varving in size up to six
inches: then it is conveyed, usually by an ordinary tramway,
directly to the loading platform at the top of the kiln.

With but few exceptions, the kilns used in the American natural
cement industry are of the vertical continuous mixed-feed type.
They are commonly about 45 ft. high and 16 ft. in diameter,
and are built of masonry, lined with firebrick. or have an iron
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shell, lined with fire brick. Fig. 3 shows a vertical section of
such a kiln. The rock and fuel are spread in the kiln in alternate
layers, the proportion of fuel being regulated by the man in
charge of burning. Either anthracite or a good quality of bitu-
minous coal is used, according to the locality. When anthracite
coal is used it requires about 10 lbs. of coal to burn 100 Ibs.
cf rock. The temperature of burning varies according to the
character of the rock. It is somewhat greater than that used
for burning lime, but is generally considerably below the point
of incipient fusion reached in burning Portland cement.
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Fig. 3.—Kiln for Burning Natural Cement. -

It is impossible to burn the rock uniformly, hence it is necessary
to sort out and throw away the under burnt and over burnt
clinker. Bad weather, bad management, the character of kiln
vsed, etc., determine the amount of loss, which varies from 10 per
cent. under the best conditions to 33 1-3 per cent. under bad con-
ditions, with a probable average loss of about 25 per cent. The
sorted calcined rock is conveved to crushing machines, usually
of the rotary type, such as the “pot cracker,” consisting of a
ribbed, steel-faced, or chilled iron, cone revolving within a cor-
rugated conical shell, as shown in Tig. 4.
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The material is conveyed from this machine to screens, which
teke out the cement that is fine enough to pack. The coarser
particles go to fine grinding machines. These machines may be
either edge runners, ball or tube mills, or ordinary mills, or emery
faced stones. The methods used during this part of the pro-
cess are essentially similar to those employed in the manufacture
cf Portland cement. The product passes from the reducing mills
to the mixers by means of which a more thoroughly uniform

Fig. 4.—Pot Cracker for Natural Cement Rock.

product is obtained. It is then conveyed by chutes to the bags
and barrels in which it is packed.

The cost of manufacture varies with local conditions. The -
various items which go to make up the cost are: cost of quarry-
ing, or mining the rock, cost of labor at the kilns and mill, cost of
fuel for the kiln, cost of power, interest and depreciation of plant.
These may vary from 15 to 50 cts. per barrel of cement manu-
factured.

Portland Cement and Its Manufacture.—DPortland cement is an
artificial product obtained by finely pulverizing the clinker pro-
duced by calcining to incipient fusion a natural or artificial mix-
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ture of finely ground argillaceous and calcareous materials, this
mixture consisting approximately of three parts of carbonate of
lime or lime oxide to one part of silica, alumina and iron oxide.
The essential components of Portland cement are silica, alumina
and lime; while the ingredients always occurring with these in
appreciable quantities are iron, magnesia, alkalies, sulphuric and
carbonic acids, and water. These ingredients should approximate
the following limits given by Le Chatelier for commercial Port-
land cement:

Per cent.
Silica ...oii e e 21 to 24
Alumina ... i e 6to 8
Iron Oxide........ F et eeeane e eeae e e ey 2to 4
Lime ............. bt et 60 to 65
Magnesia ........ ...l o.5to 2
Sulphuric Acid......... ... oo ol 0.5to 1.5
Carbonic Acid and Water........................... I1to 3

The materials from which Portland cement is manufactured
vary with the locality, and usually consist of either cement rock
and limestone, limestone and clay, marl and clay, chalk and clay
or slag and limestone. Cement rock and limestone are chiefly
used in the Lchigh district, and constitute the raw material;
vsed for two-thirds of the Portland cement manufactured in this
country. Limestone and clay are the materials used in the New
York State cement region, marl and clay are used in the cement
mills of the middle west. Chalk and clay are the materials used
in the states bordering the Mississippi River on the west and in
Texas. Slag and limestone, although extensively used for the
manufacture of cement in Europe, have as yet been little used
in this country. )

For a more extended discussion on the raw material used for
the manufacture of Portland cement, sce “Cements, Limes and
Plasters,” by Edwin C. Eckel

In the early days of the industry, Portland cement was calcined
in stationary kilns similar to those used in the manufacture of
natural cements. This type of kiln is still occasionally used in
this country, and is used to a larger extent in France and Ger-
many. Although the coal consumption is smaller than with the
rotary kiln, labor is a much larger item, and on this account the
stationary kiln is not an economic method of manufacture unless
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the cost of labor is quite low. The only essential difference be-
tween this method and that used for the manufacture of natural
cement consists in the grinding and mixing of the raw material
while wet, and moulding the mix into bricks, which are dried
hefore being calcined.

The Dry Process of Manufacture.—Rotary kilns are used almost
exclusively for the manufacture of cement in the United States.
Two processes -are employed, the drv process and the wet pro-
cess. The dry process with rotary kilns may be considered as the

Fig. H5.—Ball Mill of the Krupp Type.

typical American method for the manufacture of Portland cement.
The wet process does not differ materially from the dry process.
The dry process is adaptable to any class of materials, which
can be quarried and pulverized in a dry state, and is briefly as
follows: The raw material is conveyed from the quarry to the
mill and is first passed through crushers, which reduce it to a
maximum diameter of 2 or 3 ins. It is then conveved to storage
bins, where it remains until the chemical composition has
bteen determined, so that the mix can be properly proportioned.
A suitable mixture by weight is then made and conveved to a
dfver, which is kept at a temperature sufficientlv high to drive
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off the greater part of the moisture contained in the rock. The
dryer usually consists of a rotary cylinder 4 or 5 ft. in diameter,
490 to 50 ft. long, with its axis slightly inclined to the horizontal,

Fig. G.—Tube Mill o7 -z Davidsen Type.

The materials enter at the upper end and are discharged at the
lower end. Heat is usually supplied by a small furnace.

From the dryer, the material is conveyed to a preliminary grind-
ing machine, usually of the ball mill type, which reduces it to
a size small enough to pass a No. 20 or No. 30 mesh sieve.

Fig. T.—Griffin M1l
Figure 5 shows the usual type of ball mill. The mixture then
rasses to the fine grinder, where it is further reduced until from
©n to 935 per cent. will pass a No. 100 sieve. The tube mill (Fig.
6) or Griffin mill (Fig. 7) is usually employved for fine grinding.
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From the grinding machines the mixture is conveyed to bins
above the rotary kilns into which it is fed automatically.

The rotary kiln (Figs. 8 and 9) is a steel cylinder. varying in
length from 40 to 150 ft. and from 4% to 9 ft. in diameter;
lined with from 6 to 12 ins. of fire brick. with its axis inclined
8 or 10 degrees to the horizontal. and arranged to rotate at a speed
averaging about one turn per minute. The raw materials are
introduced at the upper end in the form of powder, and in passing
through are calcined to a clinker, which leaves the kiln at the
lower end in small balls, ranging from !4 to 14 ins. in diame-
ter. Finely pulverized gas slack coal is generally used for fuel,
although both gas. and oil have been emploved. but with poorer
results, The coal is blown into the lower end of the kiln, and
instantly ignites, forming a flame reaching from 15 to 25 ft.
into the kiln. and producing a temperature of from 2,600 to 3.000
degrees Fahrenheit. The coal is pulverized in the same manner,
and to about the same degree of fineness as the raw materials.
The temperature and time of burning vary with the nature of
the raw materials.

The clinker as it leaves the kiln is sprayed with a small stream
of water. which cools and makes it more casy to pulverize. It
then passes through coolers, which reduce it to a normal tem-
perature. From the coolers the clinker passes to the pulverizing
and grinding machines. which are similar to those used for re-

Fig. 9.—Rotary Kiln as Made by the Bonnot Co.
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ducing the raw material. The finished cement from the grind-
ing machines is conveved to the stock house, often being stored
for a time to give it a chance to “season” somewhat. It is then
packed in bags or barrels for shipment. .

The Wet Process.—The wet process may be used either with
rotary or stationary kilns. In the United States it is usually only
emploved by the mills in which the raw material used is marl, al-
though it is adapted to chalk or other materials, which are easily
reduced when in a wet condition. When water is used in re-
cucing the material, less power is needed for operating the ma-
chinery. The saving in this part of the process is, however, more
than balanced by the cost of the additional coal needed to evapo-
rate the water from the slurry after it is fed into the kin. The
cost of handling wet material is less than dry material, as it
may be pumped from one part of the plant to another.

Wet Process With Rotary Kilns.—If we assume that marl and
clay are used, the process is as follows: The marl, after excava-
tion, is passed through a disintegrator and sometimes a stone and
grass separator, and run into storage basins, while the clay is
dried, pulverized, and then mixed with a proper amount of marl
in pans of the edge runner tyvpe (Fig. 10) the slurry
containing enough water to give it a thick creamy, con-
sistency. In some mills this process is varied by . mix-
ing the clay with water before adding it to the marl. The
mixture is then ground. while still in a wet condition, in either
cdge runners, or tube mills, from which it is run into slurry tanks.
where it is kept agitated by revolving paddles or by compressed
zir, and from which chemical analyses are made to check the ac-
curacy of the proportions, corrections being made if necessary.
Centrifugal pumps and compressed air are both used for handling
the slurry.

The wet slurry is then pumped directly into the upper ends of
rotary kilns, which are usually somewhat longer than those em-
ploved in the dry process, so that the waste heat may be utilized
in driving off the excess water. About 150 to 160 lbs. of
ccal per barrel of cement are necessary for the burning, which
is from 30 to 50 per cent. more than required in the dry process,
but this disadvantage is largely compensated by the cheaper
method of handling and preparing the raw material. The treat-
ment of the clinker is similar to that of the other processes.
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wet process with rotary kilns, except that the slurry is partly
dried and formed into bricks instead of being fed directly into
the kilns. The chief disadvantages of the process are the large
space necessary for settling and drying the slurry and the greater
amount of labor required. It is used extensively in Europe, and
in England a few years ago might have been considered the
typical process. It is, however, not used in this country.

Portland Cement from Blast Furnace Slag.—This has been
manufactured in Europe fc: several years, but its manufacture
has only recently been undertaken in the United States. As the
method involves the utilization of the waste products from the .
blast furnace, it is likely that it will become popular., The method
of manufacture is briefly as follows:

The slag, as it comes from the blast furnace, is sprayed with
water, which granulates it and changes its chemical composition,
the water combining with the calcium sulphide, which is injurious
to cement, to form a lime and sulphuretted hydrogen. The gran-
ulated slag is then dried, mixed with the correct proportion of
dried limestone, and ground to extreme fineness. The mixture
is then burned in a rotary kiln. The remainder of the process
is essentially the same as that already described for the manu-
facture of Portland cement from ordinary material.

Slag Cement and Its Manufacture.—Slag or puzzuolana ce-
ment is made by intimately mixing granulated blast furnace
slag of proper composition with slaked lime, and reducing this
mixture to a fine powder. This product differs materially from
Portland cement, alttough it is sometimes called a Portland
cement by the manufacturers. While it is an excellent material
for many purposes, it-possesses certain qualities which prevent its
vse as a substitute for Portland cement in many classes of work.
The largest piece of work in the United States, known to the
author, upon which slag cement has been used to any extent,

_was the drainage system for New Orleans.

The method of manufacture is briefly as follows: Slag of the
rroper composition is chilled as it comes from the furnaces by
the action of a large stream of cold water under high pressure.
The slag is, thereby, broken up; about one third of its sulphur
is eliminated and it undergoes other chemical changes. A sample
of the slag thus granulated is mixed with a proportion of pre-
rared lime, and ground in a small mill, thereby producing a small
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amount of actual slag cement. If the tests upon this trial cement
are satisfactory, the slag is dried and then ground, first in a Griffin
mill and then in a tube mill. Then it is mixed with the proper
amount of prepared lime, and the two materials are ground and
irtimately mixed together. The resulting product is said to be
so fine that g5 per cent. will pass a No. 200 sieve.

The lime is burned from a very pure limestone, and stored in
bins, beneath which are two screens of different mesh, the coarser
at the top. A quantity of lime being drawn on the upper screen,
is slacked by the addition of water containing a small percentage
of caustic soda. The lime passes through the two screens as it
slakes, and \is then heated in a drier, the slaking being thus
completed. The lime may then be incorporated with the slag.
The purpose of the caustic soda used in the above process is to
render the cement quick setting.



CHAPTER 11

PROPERTIES OF CEMENT AND METHODS OF
TESTING.

Portland cement is used for reinforced concrete construction,
almost to the exclusion of other cements. Its great strength,
uniform composition and the regularity of its properties emi-
nently fit it for this class of work. In manufacture, the distin-
guishing characteristics of Portland cement are the use of an
artificial mixture, the grinding of the raw materials before burn-
ing, and the calcining to incipient fusion. In use, its distinguish-
ing characteristics are its high specific gravity, dark color, slow-
ness of setting and great strength.

Natural, quick setting cements are used for reinforced con-
crete only in special forms of construction, viz., in repair work,
as when quick setting is necessary in order to enable the structure
to sustain moderate loads or enable its use within a few hours;
in hydraulic work, as in the construction of reservoirs and con-
duits ; and in the construction of reinforced concrete pipe. They
are, however, extensively used for plain concrete work. Some-
times when quick setting with great strength is desired, a
mixture of natural and Portland cement is employed. In
manufacture, the distinguishing characteristics of natural ce-
ment are its production from a single variety of material, un-
ground and burned at a low temperature; and in use, its lighter
weight and color, quick setting property, and small strength in
the early stages of hardening.

Slag cements, as yet, have not had extensive use in this coun-
try. They are characterized, in manufacture, by their produc-
tion from intimately mixed granulated blast furnace slag and
slaked lime, without the usual process .of calcining employed
in the manufacture of other cements. In use, slag cements are
commonly distinguished by their light color, inferior specific
gravity, slow set and lower strength. The low strength, variable
composition and uncertain properties, of both natural and slag
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cements, render them undesirable for reinforced concrete struc-
tures.

Field Inspection.—Cement is usually sold in barrels, or in cloth
cr paper bags. When in danger of being subjected to dampness
in shipping from the place of manufacture to the site of the work,
Larrels are employed; but in the majority of cases, cement is
shipped in cloth bags. Cement is generally stored temporarily
at the site of construction on raised platforms for about 10 days,
in order that the necessary tests may be made. At the time of
delivery the condition of the packages should be observed:
they should be plainly marked with the brand and name df
the manufacturer. A field inspection often enables a correct
judgment to be formed of the condition of the cement. Old
or well-seasoned cement is generally lumpy, but the lumps
are easily broken up. If, however, the cement has been
subjected to excessive dampness, or- has been wet, lumps
will be formed which are hard and difficult to crush. This ce-
ment is probably hydrated and of inferior quality. It should
also be noted whether the cement runs uniformly in color, as a
change in color may indicate a change in brand or quality, and
should lead to careful testing.

Sampling.—For the purposes of testing, samples should be
tzken from bags at random. There are several good methods
cf sampling. but perhaps the most satisfactory is to take a small
sample from each of a number of bags, mix these lots together
and separate the same into a convenient size for testing. When
a sample from a single bag is taken, it is usually stipulated that
a sample shall be taken from one bag in ten, the bag being picked
cut at random. When small lots of cement are used, the samples
should be taken more frequently, a sample from every five bags
being about right. Care should be taken that the sample be
representative of the material in the bag, part being taken from
the surface and part from tl:2 interior. Usually a sample weigh-
ing -8 to 10 lbs. will be enough for the ordinary purpose of
testing. Samples should be placed in a tightly covered can and
stored in a dry place until tested.

Properties of Cement.—In order that cement shall come up
t~ the requirements necessary for a high class of work, it mnst
rossess certain desirable properties., and he free from others
which may be injurious. The desirable elements arc: (1) That
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when treated in the proposed manner it shall at the end of a
definite period develop a certain strength; (2) that it shall con-
tain no compounds which may at any future time cause 1t to
change its form or volume, or lose any of its strength; and
(3) that it shall withstand the action of any outside agency
which may tend to decrease its strength or destroy its durability.
When a cement fulfills these requirements it will be a safe and
satisfactory construction material. To determine whether it
fulfills these requirements, certain properties must be considered
and certain tests made to determine "other properties. In de-
termining the value of a given cement for structural purposes,
the qualities usually considered are: (1) Its color; (2) specific
gravity; (3) activity; (4) soundness; (5) fineness; (6)
strength, and (7) chemical composition.

In the examination of a given sample of cement its failure
to conform to the usual requirements in regard to any one of
these qualities should not nccessarily lead to its condemnation,
lut rather classify it as suspicious, and it should be tested care-
fully in every possible manner before accepting or r.ejecting.

Color.—\While the color of cem:nt has little bearing upon its
quality, it may indicate an excess of some one ingredient; and
for any given brand, variation in shade may indicate differences
in the character of rock used, or in the degree of burning.

} Portland cement should be a dull gray. Bluish-gray probably

" indicates an excess of lime; dark green, a high percentage of
iron: brown, an excess of clay; and a vellowish shade indicates
cver burning.

Natural cements vary greatly in color, ranging from a light
vellow to dark gray, and even to a chocolate brown. Generally
the color is no criterion of quality, but may be considered as
giving some indication of the uniformity of a given grade or
brand of cement.

Slag cements are usually much lighter in color than Port-
lands, and slightly different in tint, while theyv differ markedly
in tint from most natural cements. They are commonly bluish-
vhite to lilac, the exact color of any specimen depending partly
en the respective colors of the lime and slag which have been
used in its manufacture, but more largely on the relative pro-
rortions in which these two ingredients have been mixed. Slag
cement, after being kept under water. shows, when fractured,
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a bluish-green tint, which is supposed to be due to the presence
cf sulphide of calcium. Slag cements do not stain masonry,
" hence they will have an extended use in architecture.

Specific Gravity.—The specific gravity of a substance is the
ratio of its weight to the weight of an equal volume of water.
As the specific gravity of a well-burned cement is known to
have certain definite limits, the specific gravity of a cement may
be said to give a true indication of the thoroughness of burning.
The higher the temperature used in burning, the more thoroughly
will the ingredients be combined ; and it follows that their volume
will contract, resulting in a greater density or higher specific
gravity. Too high a specific gravity will thercfore indicate over
burning. Over burning tends to break up some of the com-
pounds which should be present in a normal cement, and to form
others that may not be injurious, but, nevertheless, possess such
feeble hydraulic properties that they tend to weaken the material.

A low specific gravity indicates under burning. adulteration
and hydration. An under burnt cement contains a large pro-
portion of uncombined, or insufficiently combined, elements,
some of which are sources of great danger. If the cement is
used, these elements may cause disintegration and the ultimate
failure of the structure.

Adulteration, which may be detected by the specific gravity
test (excepting adulteration with gvpsum or plaster of Paris, of
which there is a legitimate use). may consist i the incorpora-
tion of raw-rock, cinder, slag and natural cement. All thesc
ingredients have a lower specific gravity than Portland cement.
If the Portland cement is of high grade, as high as 20 or 235
per cent. of adulterants may at times be added, and the cement
will still possess sufficient strength to pass the usual physical
tests. The incorporation of so high a percentage of impurities,
which possess a much lower specific gravity, is at once apparent
when the specific gravity test is applied to the mixture.

The specific gravity test, however, should not be relied upon
alone for the detection of adulterants, since many other causes
may operate to produce an abnormably low value, as the age of
the cement, fineness of grinding, composition of material, etc.
It should be taken as indicative, and should be verified by other
tests before rejecting a material which does not come up to
standard.
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The specific gravity of natural cement is generally no crite-
rion of its quality, but, to some degree, may be regarded as a
measure of the uniformity of a single grade.

The specific gravity of Portland cement varies from 3.00 to
3.25, but for the higher grades of American cements it is usually
found to be between 3.10 and 3.25. The specific gravity of
natural cement varies from 2.75 to 3.05. Slag cements are
lighter than Portland, and in some cases lighter than natural
cements, their specific gravity usually ranging from 2.6 to 2.9.
A slight variation in the specific gravity often denotes a con-
siderable difference in the quality of a cement, hence great care
is necessary in making this test.

The use of Le Chatelier’s * apparatus,is recognized as the
standard method of determining the specific gravity in American
practice, and is recommended by the committee on Uniform
Tests of Cement, of the American Society of Civil Engineers.

Activity.—When cement is mixed into a paste with water
and allowed to stand, it gradually hardens. The rate of hard-
ening is termed the time of setting or activity. Two distinct
stages in setting are recognized: (1) the initial set; and (2)
the hard set. The first takes place when the mass begins to
karden: and the second, when the hardening has reached a
point where the mass can not be appreciably distorted without
rupture. The determination of the first period is important, as
" the material must be deposited and remain undisturbed before
the point is reached, for otherwise a great loss of strength will
result.

The time of setting may vary within wide limits, and is no
criterion of the quality of cement. However, a cement may set
so quickly that it is worthless as a construction material, or it
may set so slowly that it will greatly delay the progress of the
work. Again, after it has been placed in the structure it should
set and harden as quickly as possible, so that it can offer resis-
tance to any external forces. Hence certain definite limits must
be fixed for the time of setting. The best cements should be
slow in acquiring initial set; but, after having reached that
roint, should harden quickly.

A natural cement is generally much quicker in setting than

*For an exhaustive description of the apparatus and method used for this de-
termination see ‘‘Practical Cement Testing,”” by W. Purves Taylor, New York,
1008,
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a Portland, although slow setting natural cements are occasion-
ally met with. In natural cements the hard set frequently occurs
within a few moments after the initial set, sometimes within a
period of 15 minutes, and should develop hard set in from 30
minutes to 3 hours. + Initial set should in no case develop in
less than 10 minutes.

Portland cement should develop initial set in not less than
30 minutes, and hard set in not less than one hour, nor in more
than 10 hours.

Normal slag cements are slower setting than Portland. At
times burnt clay, or slags high in alumina, or certain active forms
of silica, etc., are added to increase the activity, the attempt
being made to obtain a cement with about the same activity as
that possessed by Portlands.

The composition, degree of burning, age, fineness of grind-
ing, amount of water used in mixing, and the temperature and
humidity of the air, affect the activity of a cement. It is usual
to add a small percentage of gyvpsum or plaster of Paris during
manufacture, to retard the setting. Small percentages of these
materials increase the strength of cement, but larger quantities
may cause it to blow or expand. A greater quantity than 2 per
cent. is dangerous. A lightly burned cement; or a freshly burned
cement, sets more rapidly than a hard burned or an old cement.
This is due to the presence of non-hydrated free lime. Hence
care should be taken during manufacture to secure sufficient
burning.

A moderate amount .of “seasoning” is also helpful to secure
good results in use: for. if cement is allowed to stand exposed
to the air and to dampness, it gradually absorbs water and car-
bonic acid. These produce a chemical change in the materials,
resulting gradually in slower setting, and eventually the cement
loses all its hydraulic properties, although a well protected ce-
ment may be stored for a long time without appreciable de-
terioration. Aging, therefore, under usual conditions is not to
be desired. The effect of age on setting is generally less notice-
able with natural than with Portland cements.

The activity of a cement varics somewhat with the amount
of water used in gauging: the greater the amount of water used
the slower the setting. The temperaturc of the water also
affects the setting; high temperatures accclerate the setting. A
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fnely ground cement is almost invariably quick setting, unless
ertificially retarded. This is due to the fact that a finely ground
material is more quickly attacked by a solvent than a coarser
cne. The temperature and amount of moisture in the air also
affect the activity of a cement, high temperatures and a dry at-
mosphere increasing the activity, while low temperature and a
humid atmosphere retard the setting.

For the apparatus and method used to determine the time of
set consult “Practical Cement Testing,” by W. Purves Taylor,
New York, 1906.

Soundness.—The sbundness of a cement refers to the property
of not expanding, contracting or checking in setting. It is
absolutely necessary that the cement shall neither shrink nor
swell after the process of setting has once begun. When the
ingredients of Portland cement have been improperly mixed,
or the process of manufacture has been improperly carried on,
the cement will have a tendency to expand, crack and disin-
tegrate after the setting has commenced. Unsoundness is gen-
erally due to an excess of lime, either free or loosely combined,
which has not had an opportunity to become sufficiently hydrated.
The presence of this lime may be due to incorrect proportion-
ing, to insufficient grinding of the raw material, to under burn-
ing, to lack of seasoning or to insufficient grinding of the cal-
cined rock. The presence of sulphides, an excess of magnesia .
or of the alkalies, may also cause expansion and disintegration,
and at times may be more harmful than uncombined lime. Con-
traction is sometimes due to an excess of clay.

The age of a cement greatly affects its soundness. -Almost
every cement, no matter how well proportioned and burned,
contains a small amount of free or loosely combined lime, which
may cause unsoundness if the cement is tested before attain-
ing sufficient age. This lime, however, if exposed to the air,
will hydrate in a short time, becoming inert. In many cases,
when a fresh cement tests unsound, it will be found that if it
is stored for two or three weeks this unsoundness will disappear.
Fineness of grinding is essential to perfect hydration, and it
will be found in most cases that a coarsely ground cement is
2n unsound one, the larger particles not being readily subjected
to hydration. '

Tests for soundness are among the most important to be made
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upon cements, and should extend over considerable time to fully
develop possible inherent defects. The usual manner of de-
termining whether or not a cement is sound, is to immerse
in water a small pat of neat cement mortar, 2 or 3 ins. in
diameter, with thin edges. This pat is examined from day to
day to see whether it cracks or in any way becomes distorted.
Another pat is allowed to set in air, and is examined for blotches
and discoloration.

Another test for soundness is by measuring the amount of
change in volume. A rough method is to press some mortar
firmly in a glass tube or lamp chimney. If a dangerous amount
cf expansion takes place the glass will be broken. Shrinkage
may also be determined by pouring some colored liquid into
the chimney after the cement has- thoroughly set. An idea of
the amount of shrinkage may be formed by the amount of liquid
that runs down the inside. Several more accurate, but much
more complicated methods for making this test, are used in larger
testing laboratories. “Practical Cement Testing,” by W. Purves
Taylor, should be consulted if an elaborate discussion on this
subject is desired.

Accelerated tests are widely used and are designed so to
kasten the action of the expansive ingredients that the same re-
sults will be produced within a few hours, or at most a week,
that under normal conditions will not appear for weeks, months,
or even years. These tests consist of placing a pat made of
neat cement of normal consistency, and usually moulded upon
glass, either in warm, hot or boiling water, or in steam for sev-
eral hours. These severe conditions tend to warp or disin-
tegrate unsound cements. In the Faija test, warm water at a
temperature of 115° F. is used. In what is known as the “Hot
Water” test a temperature ranging from 130 to 200° [%. is main-
tained. ,

In the boiling test the specimens are subjected to the action
of boiling water from one to six hours. Sometimes the pat is
subjected to an atmosphere of steam above boiling water for
3 hours,or, when 24 hours old, is subjected to a steam
bath for 3 hours, and then is boiled for from 2 to 6 hours.
"These tests are all more or less satisfactory, depending upon
the degree with which they corroborate other tests for
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soundness. Taylor states ‘“that of a large number of tests
which failed in the boiling test, 86 per cent. gave evidence
in less than a year of possessing some injurious quality,
and that, of those cements that passed the boiling test, but one-
half of one per cent. gave signs of failure in the normal test
pats, and but 13 per cent. showed a falling off in strength in
a year’s time.” On the other hand, 4vhile conceding the value
of this test, it often happens that a cement may pass the boiling
test well, yet check and disintegrate in the normal tests. Again,
cements have passed sound which would not pass the boiling
test. Hence we should consider this test as a corroborative
test only, and not as final. Lastly, it is safe to assume that if
2 cement passes the boiling test it may be considered safe until
the results of the normal tests are known, and, if it does not
pass the boiling test, it should be regarded with suspicion until
the results of other tests are available.

For natural cements, tests made on pats of neat cement paste
_kept in air and water under normal conditions are considered
to be the only conclusive ones. Excessive expansion, checking
or disintegration on normal pats exhibit similar phenomena in
both natural and Portland cements. Accelerated tests have
not proved successful for natural cements.

In slag cements, unsoundness is usually due either to un-
slaked lime or an excess of sulphides or magnesia. If the lime
is not thoroughly slaked, or is coarsely ground, it will tend
to produce swelling and disintegration as with Portland cement.
The effect of sulphur in the form of sulphides is noticeable chiefly
in air, where they oxidize to sulphates with a great change in
volume, thus causing disintegration. In water this change does
not take place, although the pats generally show blotches of
bluish or greenish-gray, probably due to the formation of iron .
sulphides. Tests of slag cement are usually made on normal
pats and on specimens submitted to boiling, and, for normal
tests, should give no indication of unsoundness, other than blotch-
ing at the end of 28 days, and should pass the boiling test. If
failure takes place, either test should be sufficient cause for the
rejection of the cement.

Fineness.—The finer a cement is ground, the better its quality.
Water acts only on the finer particles, while the coarser particles
are almost always inert. The finer a cement is ground the

. . \
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greater will be its covering capacity, therefore, the greater its
value as a cementing material. To produce the greatest strength
cach particle of the aggregate should be covered with cement-
ing material. The greatest economy, other things being equal,
will result when the cement is as fine as possible. However,
while fine cement is more valuable than coarse, fine grinding
increases the cost of manufacture, hence there is a limit to the
amount of grinding which can be done economically. /\gain,
a finely ground cement is less apt to blow or disintegrate than
a coarse one, since the free or loosely combined lime being in
fine particles, is thoroughly broken up and readily rendered
innocuous by the water when it is added.

A DPortland cement of good quality should be fine enough to
rass at least 92 per cent. by weight through a No. 100 sieve, and

75 per cent. through a No. 2co sieve. A No. 100 sieve has
from 96 to 100 meshes per lineal inch, and a No. 200 sieve from
188 to 200 meshes per inch. ‘

The degree of fineness to which a natural cement is ground
depends both upon the composition of the material and the
process of grinding used. At times the percentage which will
pass a No. 200 sieve will approximate that for Portland cement.
Fine grinding is, however, not as essential in the manufacture
of natural as in Portland cement, as the amount of free lime
present is much less. If the requirements are such that 85 per
cent-or more must pass a No. 100 sieve, and 70 per cent. or more
must pass a No. 200 sieve, a good quality of natural cement
should result.

Slag cements of necessity must be ground much finer than
is necessary for Portland cement. It is common practice to
require not less than 97 per cent. to pass a No. 100 sieve and
from 9o to 92 per cent. to pass a No. 200 sieve.

" Strength Tests.—The strength of a cement mortar may be de-
termined by testing it. The object of the test is to obtain a
measure of the strength of a material as used in actual work.
As a rule tensile tests only are made, although cement mixtures
are used almost entirelv in compression, and may be subjected
to every conceivable form of stress. The reason for this is
that the tensile strength is more easily determined. and is more
or less a true measure of the compressive, transverse, adhesive
and shearing values. Again, investigation appears to show that
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the strength of cement in tension is more susceptible to any .
good or bad influences affecting the material, and, therefore,
furnishes a better criterion of its value than tests made in any
other marner. : . .

There exists a certain definite relation between the tensile and
all other strengths, hence the results of the tensile tests give a
reliable basis for computing the values of the strength under
cther forms of stress.

Tests are usually made on both neat cement and sand mix-
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Fig. 11.—Standard Cement Briquette.

tures. While there is no definite relation between the strength
cf neat and sand briquettes, neat briquettes are more susceptible
to both internal and external influences, and are, therefore, better
criterions of the character of the material and may be consid-
ered as a measure of its quality, while the sand tests are a true
measure of the strength under actual conditions.

For sand test of Portland cements, the mixtures are composed
cf 1 part by weight of cement to 3 parts of sand; while for
natural and slag cements, richer mixtures are used on account
of the greater weakness of these materials in the early stages
of setting, I to I and 1 to 2 mixtures being employed. Both
standard and normal sands are used for these tests. The periods
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at which the briquettes arc broken are 24 hours, 7 days, and 28
days for neat tests; 7 days, and 28 days for sand tests, although
for experimental purposes much longer periods arc necessary
to secure reliable data.

Standard Briquettes.—Tests are usually made thh briquettes
of standard form, having a minimum cross-sectional area of
cne square inch. The standard American form of briquettes is
shown in Fig. 11. This is the form adopted by the Committee
of the American Society of Civil Engineers.

Moulds for briguettes should be made of brass. They are
either single, or in gangs of three or four. A simple form is

shown in Fig. 12, which is the mould adopted by the Committee
of the American Society of Civil Engineers.

Normal Consistency of Mortar.—The amount’of water necessary
to make the strongest mortars varies with each cement, and is

Fig. 12.—Gang Mould for Standard Cement Briquettes.

usually expressed in percentages by weight. No fixed per-
centage can be adopted, hence it is customary to mix with vary-
ing amounts of water until a certain normal consistency of mor-
tar is secured. The amount of water necessary to hring differ-
ent cements to the same consistency varies with the composition,
age, fineness, etc., so that the amount of water must be de-
termined experimentally in each case. A normal consistency
determined by what is called the *“ball method.” is secured in
the following manner: Cement paste is mixed to such a degree
of plasticity that when a ball of the paste, about 2 ins. in
diameter, is dropped upon a hard surface from a height of 2 ft.,
it will not crack or flatten to more than half its original thick-
ness. This determination is extremely stmple, easy to make,
may be readily distinguished, is suitable for moulding, and, in
the hands of an experienced operator, is extremely accirate.
Method of Mixing.—The proportions of cement, sand and
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water should be carefully determined by weight, the sand and
cement mixed dry, and the water added all at once. The mix-
ing must be rapid and thorough, and the mortar, which should be
stiff and plastic, should be firmly pressed into moulds with a
trowel, without ramming, and ‘struck off level. It will be found
that if the mixing be rapid, it need only continue for about one

Fig. 13.—Improved Form of Fairbanks Testing Machinc.

and one half minutes. The mixing should be done upon a glass
cr slate slab, and the hands should be protected by rubber gloves.
Storing Briquettes.—It is customary to store the briquettes
immediately after making in a damp atmosphere for 24 hours.
They are then immersed in water until tested. The reason for
this is to secure uniformity of setting, and to prevent the dry-
ing out too quickly of the cement, thereby preventing shrinkage,
cracks and greatly reducing the strength. To keep the samples
damp when a suitable closet is not available, the briquettes are
sometimes covered with a wet cloth having its ends dipped in
water. ]
Testing Machines.—A large variety of testing machines is cn
the market, all of which are quite expensive. Any one of them
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will, if properly used, give satisfactory results. Figure 13 shows
a cut of the improved Fairbanks machine, which will prove very
satisfactory for ordinary testing purposes.

The method of operation of this machine is as follows: The
briquette is placed in the clapps, and adjustment is made by
the hand wheel P until the indicators are in line. By means
of the hook lever Y, the worm is engaged with the gear; the
shot valve is opened, allowing the shot to run into the bucket,
the crank is turned with sufficient speed to hold the beam in
equilibrium until the briquette is broken.

After the specimen has broken, the cup with its shot is re-
moved and hung on the hook under the large ball, and the
weight of the shot as given-on the graduated beam shows the
number of pounds required to break the specimen. .\ home-
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Fig. 14.—Home-Made Cement Testing Machine.

made testing machine of low cost, devised by F. W. Bruce, is
shown in I'ig. 14.

This machine consists of a counterpoised wooden lever, 10 ft.
long, working on a horizontal pin between two broad uprights
20 ins. from one end. Along the top of the arm runs
a grooved wheel carrying a weight. The distance from the ful-
crum in feet and inches is marked on the surface of the lever.
A clip for tensile tests is suspended from the short arm, 18
ins. from the fulcrum. The lower clip is fastened to the
ted plate. The rail on which the wheel.runs is a piece of light
T-iron, fastened on top of the lever. The pin is iron, and the
pin holes are reinforced with iron washers. The clamps are
wood, and are fastened by clevis joints to the lever arm and bed-
plate respectively. With care, very uniform results may be ob-
tained with this machine.

Strength of Cement Mortars.—In making tensile tests the pri-
mary object is to ascertain the strength which will develop within
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a certain time. By determining the gain in strength between
different dates of testing, some idea may be obtained of the ulti-
mate strength which the cement will attain. In no case should
a cement decrease in strength. Again, it should be remembered
that the strength shown by a single test may not necessarily
give a true indication of the value. Too high values for the
one-day and seven-day neat cement tests should be regarded
with suspicion, as the great strength is probably due to high
liming, and the cement will after a time lose much of its early
strength.

Specifications for tensile strength of cement usually stipulate
that the materials must pass a minimum strength requirement
at 7 and 28 days. The limit set is often so low that all but the
roorest cements easily fulfill the requirement. W. Purves Taylor
states that “the proper grounds for the judgment of the tests
of tensile strength are four in number: (1) That both neat
and sand briquettes shall pass a minimum specification at 7 and
28 days; (2) that the neat value at 7 days shall not be exces-
sively great; (3) that there shall be no retrogression in the neat
strength tetween 7 and 28 days, and (4) that the strength of
the sand briquettes between these periods shall increase at least
10 or 15 per cent.” It must be remembered that the sand test is
the true criterion of strength, and no cement failing to pass
this test should be accepted, even though the neat tests are satis-
factory. If, however,.the sand tests pass, and the neat fail, it
may at times be justifiable to use the material if it passes the
tests for soundness satisfactorily. Mr. Taylor -also gives the
following rules for accepting or rejecting material on the re-
sults of tensile tests:

“At 7 days:—Reject on decidedly low sand strength. Hold
for 28 days on low or excessively high neat strength, or a sand
strength barely failing to pass requirements.”

“At 28 days:—Reject on failure in either neat or sand
strengths. Reject on retrogression in sand strength, even if
passing the 28 day requirements.”

“Reject on retrogression in neat strength, if there is any other
indication of poor quality, or if the 7-day test is low; otherwise
accept.” :

“Accept if failing slightly in either neat or sand at 7 days and
passing at 28 days.”
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A first-class cement when tested should give approximately the
following values for tensile strength per square inch:

PORTLAND CEMENT.

Neat.
Age. Strength.
24 hours (in moist air) .........0 .o 175 lbs.
7 days (1 day in moist air, 6 daya in water)...........ian.. soo *“
28 days (1 day in moist air, 27 days in water)................ 600 “
One Part Cement, Three Parts Sand.
Age. Strength.
7 days (1 day in moist air, 6 days in water)................ 170 1bs.
28 days (1 day in moist air, 27 days in water)................ 240 *“
NATURAL CEMENT.
Neat. :
Age. Strength.
24 hours (in moist air) ...ttt 40 lbs.
7 days (1 day in moist air, 6 days in water).......... .. 128 “
28 days (1 day in moist air, 27 days in water)................ 225 “
One Part Cement, Two Parts Sand.
Age. Strength.
7 days (1 day in moist air, 6 days in water)................ 75 lbs.
28 days (1 day in moist air, 27 days in water)................ 140 “
SLAG CEMENT.
Neat.
Age. Strength.
7 days (1 day in moist air, 6 days in water) 350 Ibs.
28 days (1 day in moist air, 27 days‘in water) 500 *
One Part Cement, Three Parts Sand.
Age. Strength.
7 days (1 day in moist air, 6 days in water)................ 140 lbs
28 days (1 day in moist air, 27 days in water)................ 220

Myron S. Falk states* that cement and cement mixtures at-
tain a strength not differing greatly from the ultimate strength
within a period of three months from the time of setting, and
practically within a month or so after this period no appreciable
change of strength takes place.

Compressive Strength of Neat Cement.—The compressive
strength of Portland cement bears a varying ratio to its tensile
strength. The compressive strength usually increases faster than
the tensile strength, but this ratio does not vary much from a
fixed quantity, which may be taken as 10. Table I., taken from
the Watertown Arsenal Report of 1902, gives values of the
ratio between tensile and compressive strengths of neat cement
mortars. Ten specimens of each kind were tested with varying
percentages of water and at different ages.

*Cements, Mortars and Concrete, N. Y., 1905.
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TABLE 1.

Gauged with 20 Gauged with 22 Gauged with 25

per cent. water. per cent. water. per cent. water.
2, 2. . pE. £ gd. &
ArSyiter. 328 228 Rawo. 385 255 Ratio.  E8° 828 Ratio.

Days. Days. f2g B¢ g2 Ea9 o9 2o

BEs &% By Shy 93 Sy

Sg% TER Sgd TR SER TER

] - - @« @ ®
1 717 196 3.7 505 189 3.1 430 190 23
7 .. 3040 354 86 3260 392 83 2610 402 65
28 .. 3900 566 71 3760 457 82 3130 450 7.0
1 6 4250 78 55 4,720 666 5. 380 329 118
1 27 2370 906 81 680 86 79 7580 758 100

The shearing strength of cement is somewhat greater than
the tensile strength. According to Bauschinger, in the Proceed-
ings of the Munich Technical Institute, its value is from 1.03
to 1.57 that of the tensile strength. A value of 1.25 times the
tensile strength may be taken as a safe average value for the
shearing strength of cement mortar.

Chemical Composition of Cement.—The chemical composition
is one of the most important guides in determining the character
cof a cement, and an analysis should always be carefully made
when large quantities are to be used. The proportion of mag-
nesia and anhydrous sulphuric acid, and of soluble silica and
2lumina, to the lime should be determined. It is customary for
cement chemists to grind up as fine as possible a given sample
of cement, then determine the percentages of silica, alumina,
lime, etc. A proper method of analysis would seem to be to
determine the character of the cement as it is used without
rulverizing or otherwise changing its physical character. The
free silica should be separated from the mixture and the pro-
portion of combined silica carefully determined, for it alone is an
active agent, the free silica being inert and acting only as so much
free sand.

The following table shows both the chemical composition as
it is usually given, and as shown by an analysis, in which the
free and combined silicas are separated:

1 2 3 4 5
Silica, ......... SiOo, 21.90 Soluble (Si0,). ...... 1845
Alomina....... . ALO, 7.89) 10.08 Aluminaand Iron Oxides) 6
Tron Oxides. .. ... Fe,0, 3.09) "9 Al,0, +Fe, O,.....5; %4
Lime ...... .... CaO. 62.04 CaO... .......... 61.80
Magnesia........ MgO. 2.33 MgO............. ... L7978
Sulphuric Oxide.. SO, 1.49 SOp eevvi it aeen 1.87

SiO, Insoluble in 10%5 HCL. . 4.38
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Column 3 shows the average composition of 11 well-known
American cements, and column 5 shows the average composition
of 7 high-class American cements.

Gypsum is sometimes added to a cement to increase its time of
setting. When gypsum is used, an excess of lime is sometimes
added to hide it. The addition of a solution of carbonate of
soda to a cement adulterated with gypsum will again cause it
te set quickly.

Literature on Cement Testing.—Burr, Wiliiam H. The Elas-
ticity and Resistance of the Materials of Engineering. John
Wiley & Sons, New York, 1903. (Chiefly mathematical, little
practical data.)

Butler, David B. Portland Cement, Its Manufacture, Testing
and Use. Spon & Chamberlain, London, 1906. (Gives English
methods and practice in manufacture and testing.)

Falk, Myron S. Cements, Mortars and Concrete, 1904. (Data |
on 'investigations of physical properties.)

Grant, John. Portland Cement, Its Nature, Tests and Uses.
E. & F. N. Spon, London, 1875. (Data on strength of cement,
chiefly historical.)

Johnson, J. B. The Materials of Construction. John Wiley
& Sons, New York, 1898. (Mathematical discussion, gen=ral
description, and many valuable data.)

Jameson, Chas. D. Portland Cement, Its Manufacture and
Use. D. Van Nostrand Co., New York. 1898. (A concise treatise
on the properties and methods of testing of Portland cement.)

Meade, Richard K. The Examination of Portland Cement.
The Chemical Publishing Co., Easton, Pa., 1906. (Methods of
chemical analysis.)

Sabin, Louis C. Cement and Concrete. McGraw Publishing
Co., New York, 1905. (Valuable data cn the properties of ce-
ment and their application to practical construction.)

Spalding, TFrederick P. Hydraulic Cement, Its Properties,
Testing and Use. John Wiley & Sons, New York, 1906. (The
rature and testing of cement—no data.)

Tavlor, Frederick W. and Sanford E. Thompson. A Treatise
on Concrete, Plain and Reinforced. John Wiley & Sons, New
York, 1904. (Data on cement and concrete and practical appli-
cation to construction work.)

Taylor, W. Purves. Practical Cement Testing. The Myron
C. Clark Publishing Co., New York, 1906. (A complete treatise
on modern cemer -



CHAPTER III
SAND, BROKEN STONE AND GRAVEL.

The sand and stone in concrete are called the aggregate.

It is necessary that the aggregate for reinforced concrete be
selected with great care, for no matter how much or how good
the cement, if the aggregate be of weak or inferior material, the
concrete will be of poor quality. The materials which may be
easily obtained near the locality in which the structure is to be
erected are often not of the best; but, if properly used, will
rrove satisfactory.

Tests should be made to determine the strength of concrete
made of the available materials; and if the strength thus de-
termined is used in the design, a satisfactory structure may often
be secured, tHe cost of which will be considerably less than when
first-class materials brought from great distances are used.
Sometimes cinder is used in place of the broken stone or gravel
for light weight floors.

Definition of Mixtures.—When mixtures of cement, sand,
gravel or broken stone are proportioned by volume, it is cus-
tomary to designate them in multiples of the cement, which is
taken as the unit of measure. Thus a 1:2:5 mixture consists
cf 1 part by volume of cement, 2 parts of sand and 5 of broken
" stone or gravel. A 1:3 mixture consists of 1 part of cement
by volume to 3 parts of sand. When the sand and gravel are
mixed together and not screcned, as is often the practice in
Europe, the mixture is spoken of as a 1:3 or 1:4 mixture,

whichever it may be as in speaking of mortars.

" Sand: Size and Shape of Grains.—Sand is used to fill the voids
in the stone or gravel aggregate, and reduce the amount of ce-
ment required. The usual specifications for sand require that
it shall be clean, sharp, coarse, and free from loam, clay and
zll vegetable matters. Ilowever, it is not essential that the sand
he sharp and angular. The highest tests with cement have been
cbtained with sand having rounded grains with a dull surface.
The rounded grains pack more closely than the angular grains,
thus giving a smaller percentage of voids.
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To secure a minimum of voids, 2 mixed size of grain from
fine to coarse should be used. Such a sand is better than one
Laving grains of uniform size, and gives as great or greater
strength than a coarse sand. A fine sand does not give as great
strength as coarse or mixed sized grains. Sand of uniform size
and fine enough to pass a No. 40 sieve gives about 20 per cent.
less strength than the larger sizes. There is no appreciable
variation in strength when using different sized sands whose
grain.s will not pass a No. 40 sieve. Hence it is not always
essential that the sand be extremely coarse.

Effect of Loam in Sand.—It has been recognized by engineers
for a number of years that the presence of moderate quantities of
ciay or loam in sand or gravel has no injurious effect on mortars
and concrete. Recent tests seem to confirm this opinion. A
series of tests made by J. C. Hain, Assoc. M., Am. Soc. C. E,,
show that sand containing loam is equal, or superior to, clean
sand. Tests were made on 1:2 and I: 3 mortar, comparing
clean sand with sands containing 2, 5, 10, and 20 per cent. of
loam. A 1:2 mortar of clean sand gave slightly better and more
uniform results. The 1:3 mortar, with sand containing up to
20 per cent of loam by weight, gave as high averages as clean
sand, but the results were not as uniform as the latter. Tests
were also made with sand from different pits, and containing
from 2.5 to 7.7 per cent. of loam and clay. The sands contain-
irg the highest percentages of impurities gave the best results.

Prof. Sherman, Ohio State University (Eng. News, Nov. 19,
1903), reports tests on I:3 cement mortars made with various
percentages of clay and loam up to 15 per cent. of the sand,
and states that of 72 tests, only 5 fell below the tensile strength
of mortar containing no impuritics. Ile concludes that clay or
loam up to 15 per cent. is beneficial to cement mortars. Hence
we may conclude that clay or loam in moderate quantities will
not be injurious to mortar or concrete, if the concrete be thor-
cughly mixed and wet. It will be well, therefore, to make tests
of sands containing impurities and compare results with tests on
washed and standard sands hefore deciding against the use of
the former, when they may, on account of their proximity to the
work, prove economic.

Care should be taken in the selection of sands to exclude all
those which have come in contact with acid or alkali solutions,
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TABLE IL
SHOWING EFFECT OF LOAM AND CLAY ON TENSILE
STRENGTH OF CEMENT MORTAR.
- Old Shipment.
———y7 Days—— —28 Days—
No. 1. No.2. No.3. No.1. No.2 No.3.
Lbs. Lbs. Lbs. Lbe. Lbs. Lbs.
Sand and cement, 3 to 1.... 170 166 190 240 240 260
180 168 191 245 236 265
Sand with 5% loam.......... 187 . ..

. 250
183 ... e 245 -
Sand with 107 loam.......... 165 241
175 250
Sand with 157 loam.......... 203 275
210 275
. New Shipment.
Test completed....... ............ Sept. 7th, Nov. s5th, Feb. sth,
1904. 1904. 1905.
Age of briquette when broken...... 7 days. 28 days. 3 mos. 6 mcs.

———— Strength
Lbs. Lbs. Lbs. Lbs.

Sand and cement, 3to 1........... 210 316 350 339
: 207 337 328 246
5% Clay .. ...... e, JU 220 356 341 340
218 343 336 334
5% Loam .................. SR 208 367 309 216
201 359 321 320

10 Clay . oovveiii 210 321 329 327,
213 330 336 334
10% Loam ............. ... 200 369 320 330
207 365 329 . 331
155 Clay oo 200 296 270 . 223
208 301 260 -. 220
15% Loam .o.oooiin L 202 365 221 219
203 368 328 313
20% Clay . ovviiee i 184 262 250 200
189 267 258 216
20% LOoam ...t 220 370 250 230
216 372 241 225
257 Clay . .oiii 172 240 230 175
156 251 216 160
257 Toam ....oviiiin 221 373 239 222
218 375 248 217
30% Loam gt it 220 361 256 210
225 350 250 216
35%Z Loam ...t 205 300 239 220
198 306 248 252
4% Loam ............ e 198 200 240 198

189 279 232 213



40 CONCRETE AND REINFORCED CONCRETE.

Effect of Clay and Loam.—The foregoing tests (Table II) are
from the report on Defences of Galveston, Texas, by Capt. Edgar
Jadwin, Corps of Engineers. (See Report of Chief Engineers,
U. S. A,, for 1905.) :

The cement used was “Double Anchor” German brand; the
sand, standard quality; the clay was taken from the cutter of a
dredge working in Galveston Channel; the loam was heavy black
soil from the main land.- Both loam and clay were thoroughly
pulverized, free apparently from all vegetable matter and sand,
and sifted to remove lumps. All briquettes were made from one
sample on the same day under the same conditions. The clay
acted so unsatisfactorily during the working of the 25 per cent.
hatch that no more briquettes were made for this particular test,
but the loam was continued to 40 per cent. Two shipments of
cement were emploved in the tests.

As will ‘be seen, the loam mixtures retained their strength up
to 35 per cent. for 7 and 28 days and 3 months, but for 6 months
tests, appear to lose their strength when more than from 10 to
15 per cent. of loam was used. The clay mixtures decreased in
strength when more than 10 to 15 per cent. of clay was used.
For lower percentages than these in almost all cases the mix-
tures containing impurities were stronger than the clean 1:3
sand mixture.

Effect of Coal in Sand.—In the construction of the Harrisburg
sewer (s.ee index under Sewers), the sand used for the concrete
was dredged from the Susquehanna River near by, and contained
from 12 .to 18 per cent. of fine anthracite coal. A series of
special tests was made on this sand to determine the effect of
the presence of the coal on its tensile strength. The sand was
first washed and screened to remove the coal, only that passing
a No. 24 sieve, and retained on a No. 30, being used. The coal
thus removed was likewise screened. and that passing a No.
10 sieve, and retained on a No. 24, was used. All the cement
used for these tests was taken from the same bag of I.ehigh Port-
land cement, which gave the following strength neat and mixed
1 to 3 with standard sand:

T day, meat .............. ... 354 Ibs.
7 days, MeAt ... ... «“
7 days, standard sand 1:3 .- . iiiiiiiiii 183.5 “

28 days, standard sand 1:3 ..........LLL e 272 ¢
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The test briquettes were made up of onc part Lehigh Port-
land cement to three parts of sand, the sand containing varying
rercentages of coal from o to 100 per cent. It was found that
there was no apparent decrease in strength when from o to 28
per cent. of coal was mixed with the sand, buf there was a grad-
ual diminution in strength as more coal, up to 100 per cent., was
added. The final strength for 100 per cent. of coal was about one-
fifth of the strength of the clean sand mixture.

Sand Washing.—When only dirty sand is available, and clean
sand can only be obtained at a high cost, the dirty sand may be
washed. When the quantity of sand to be used is not large, the
washing may be done with a hose. A tank may be built about
8 ft. wide and 15 ft. long, with a bottom having a total slope
of about 8 ins. in its length. The sides should be about 8
ins. high at the lower end, and increase gradually to a height
of 3 ft. at the upper end. The lower end of the tank should
be closed with a gate about 6 ins. high, sliding in guides, so
that it can be removed. About 3 cu. yds. of the dirty sand
are dumped on the upper end of the platform, and a stream of
water from a 34-in. hose played upon it, the man standing at
the outside of the tank near its lower end. The water and sand
flow down the platform, and the dirt passes off with the over-
fiow of water over the gate. It will take about an hour to wash
the 3 cu. yd. batch of sand. If two platforms are wused
the washing may be continuous. Halbert P. Gillette states,*
that, when the operation is continuous, one man can wash go cubic
vards a day at a cost of 5 cents per cubic yard for his labor.
The cost of shoveling and extra hauling, due to the location of
the washer, must be taken into account. When the water is
pumped, about 10 cents more per cubic yard will be spent for
coal and wages, making a total of about 25 cents per cubic yard.

When large quantities of sand are to be washed, expensive
machinery of special design is used. and greatly reduces the
cost of washing. Mr. H. W. Roper states that the cost of
washing sand for U. S. Lock No. 3, at Springdale, Pa., with
a specially designed washer, was 7 cents per cubic yard.

Concrete mixers are often used for washing sand, it being
dumped into the machine in the wusual manner. Water
is then turned on, and when it overflows at the discharge end

*‘Hand Book of Cost Data.’” New York, 1903.
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the machine is started. The dirt is separated from the-sand by
this operation, and is carried off by the overflow of water. When
the water runs clear, the washing is completed, and the sand is
dumped in the usual manner. '

Cost of Sand.—The cost of sand varies with the locality. The
rrevailing price at which sand is sold in New York City averages
-$1.00 per cubic yard delivered at the work. The items which
go to make up the cost of sand are: (1) Cost of loading in the
pit; (2) cost of hauling in wagons; (3) cost of freight; (4)°
cost of rehandling; (5) cost of screening and washing when
recessary; and (6) cost of pit charges, or pit rental. The fol-
lowing data are furnished by Gillette.* Cost of loading into
wagons will average about 10 cents per cubic yard for either
sand or broken stone, wages being 15 cents per hour.

The cost of hauling in wagons may be taken at 28 cents per
cubic yard, per mile, wages of team and driver being 35 cents per
hour. Freight rate must be obtained for each individual case.
The cost of rehandling will be as much (or more, depending
upon conditions) as the original cost of loading. Screening
recessitates an additional handling at a slightly greater cost, as
the sand is thrown against an inclined screen. The cost of wash-
ing, as stated above, may be taken at the outside at 25 cents per
cubic yard. The above data, together with the cost of sand in
the pit, will enable an estimate to be made of the cost of sand
in each individual case.

Stone Dust vs. Sand.—It was formerly supposed that the pres-
ence of stone dust in mortars and concretes was not only unde-
sirable, but injurious. The dust was therefore screened out and
replaced by sand. Numerous tests, made during the. past few
years, show that mortars containing stone dust are almost al-
ways superior in strength to those made of sand. Harry Taylor,
M. Am. Soc. C. E., Capt. Corps of Engineers, U. S. A, tested
1,650 briquettes of 1:3, 1: 4. and 1:5 mortars at 1, 3, 6 and 12
months, using crusher dust, standard crushed quartz and Plum
Island sand. The briquettes made with crusher dust had an
average strength 72 per cent. greater than crushed quartz bri-
quettes, and 2.3 times greater than Plum Island sand briquettes.
A 1:5 mixture with stone dust proved stronger than a 1: 3 mix-

**‘Hand Book of Cost Data.”’
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ture with crushed qtartz. Many other tests might be cited
which show results equal to or greater than those quoted above.

Capt. John S. Sewell, Corps of Engineers, U. S. A., states
that while using crushed gneiss the dust was found to contain
minute flakes of mica, which when wet behaved like quick-sand,
and when used in any quantity “killed” the cement so that it
hardly set at all. This is a rare case, however, and undoubtedly
in the use of almost all kinds of stone the dust can be employed
with economy and no loss of strength.

Stone and Gravel.—Either broken stone or gravel may be used
in making concrete. Whichever material is used, it should be
hard and free from soft particles and all impurities. The strong-
est concretes are made from the hardest stone, crushed. flint,
quartz and trap rock giving better results than sandstone or lime-
stone. Limestone should not be used for concrete employed in
the construction of fireproof buildings or structures liable to be
subjected to fire, as there is danger of this material calcining
when subjected to high temperatures. The writer has seen lime-
stone concrete used for a fireproof floor which after being sub-
jected to extreme heat was so thoroughly calcined that the mass
remaining after the fire had the appearance and consistency of
freshly burned lime.

Mixed sizes of stone should be employed, as, by their use, a
minimum of voids is obtained, and less mortar is needed to fill
them. If the material be uniformly graded, screening is not nec-
essarv. In fact, many competent engineers use unscreened stone
entirely, not even excluding the dust from the crusher.

Thorough mixing, however, must be insisted upon, as.it dis-
tributes the fine particles of dust throughout the mass, fills the
. voids of the aggregate and increases the strength.

Gravel vs. Broken Stome.—Many engineers consider broken
stone superior to gravel for concrete. Spencer B. Newberry
states that “good quartz gravel is harder than any broken stone,
except trap or quartzite, and owing to its rounded form contains
much less voids than stone.” There is no ground for believing
that rounded stone or rounded sand gives less strength with
cement than material composed .of angular fragments. Certain
ratural sands. with nearly spherical grains, show much higher
tests with cement than angular crushed auartz. A sufficient
number of comparative tests of crushed stone and gravel concrete
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are not available, but the many examples’of faultless work with
cement, sand and gravel show that there is no need of going to a
distance for costly crushed stone when gravel is available.

Mr. E. P. Goodrich, M. Am. Soc. C. E., states that he made
comparative tests on a large number of 12-in. briquettes made
cf gravel and of broken stone concrete. Tests were also made
on beams. The briquettes and beams of gravel and broken trap
were prepared in a similar manner and broken as nearly as pos-
sible under identical conditions. It was found that the average
values of the strength for the gravel concrete was higher than
for the concrete made from broken trap rock. In many cases
quartz pebbles in the gravel concrete were broken, while the
angular stones of the broken stone concrete were not.

The specifications of the New York Rapid Transit Railway
Commission, Contract No. 2, for concrete and reinforced con-
crete; permit the use of either screened gravel or broken stone.
The proportions used for roof and sidewalls are 1 cement, 3 sand
and 4 broken stone or gravel. Gravel is extensively used by Eu-
ropean engineers. '

Gravel should be screened when the concrete is to be used in a
structure where accuracy of proportion is important.

Broken stone should be of hard, close grained quality, clean
and free from argillaceous matter.

In reinforced concrete the broken stone or screened gravel for
the concrete surrounding the reinforcement ought never to be
larger than will pass a 14-inch screen when the reinforcement is
small, or spaced closed together, or when placed near the sur-
face. When larger sections are emploved the stone may be in-
creased in size, but should not exceed what will pass a 1}4-inch
screen. The specifications of the New York Rapid Transit Rail-
way Commission limit the.size of the broken stone for reinforced
concrete work to that which will pass a 1-inch screen. It is
common practice to specify that all the stone or gravel shall pass
a 34-inch screen.

Ashes, Cinder and Coke Aggregates.—These aggregates are
lighter than broken stone. Nails may be driven into them, and
they may be easily cut or chipped. Their great porosity causes
concretes made with these aggregates to be poor conductors of
sound and heat. They are, therefore, good materials for fire-
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proofing purposes. Care should be taken to select ashes which -
have been thoroughly burned. Plent} of water should be used in
mixing these concretes, and no ramming i} depositing them should
be allowed. as they will be crushed thereby. This class of con-
crete is mainly employed in the expanded metal and Matrai sys-
tems, and for a large variety of other floor systems, which are
used for filling between steel beams and girders employed in the
construction of fireproof floors. It should be remembered, how-
ever, that concretes constructed of these materials possess much

Fig. 15.—Jaw Crusher of the Farrel Type.

less strength than when stone or gravel is used, and their use
avoided where great strength is required.

Crushing Stone.—Stone may be broken either by hand or by
machinery. The economy of machine crushing makes the latter
process almost universal. Two types of crushers are in common
vse: (1) The jaw or reciprocating crusher, sometimes called the
Blake crusher, from the name of the original infentor; and (2)
the gyratory crusher, called the Gates crusher, from the name of
the inventor of this type. ,

The jaw crusher consists of a strong iron frame, near one end
cf which is a movable jaw. This jaw is moved backward and
forward a short didtance by means of a toggle joint and eccentric.
As the jaw recedes the opening increases and the stone descends:
as it returns toward the frame the stone is crushed and drops
down as the jaw again recedes. The size of the largest pieces of
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vously in some part of the annular space between the jaws. The
size of the product is regulated by raising or lowering the mov-
able jaw. The continuous crushing is one of the advantages
cf the Gates type of crusher over the Blake crusher, for in the
latter the stone is only crushed while the jaws approach each
cther. A disadvantage of this type consists of its great weight
and consequent lack of portability. Figure 16 shows a section
of the Gates or gyratory crusher.

The highest economy in stone crushing will be found to result
from a proper location and arrangement of the plant. The es-
sential points to be considered are: (1) the location of the feed-

Fig. 17.—Crushing Plant with Elevator.

ing platform at the level of the top of the hopper or jaws; and
(2) the dumping platform, or, when a screen is used, the loca-
tion of the screen below, the discharging spout of the machine
with ample facilities for the quick removal of the crushed product.
This arrangement may be had on a hillside. When the plant
must be located on level ground an elevator is used to raise the
broken stone from the dumping platform to the mouth of the
screen (see Fig. 17). Figure 18 shows crushing plant in which
the elevatcr dumps the stone directly into the bin.

Cost of Stone Crushing.*—The cost of breaking stone
by hand will average from 50 cents to $1.00 per cubic
yard, depending upon the hardness of the stone. A skilled man
should break 3 cubic yards of limestone in a 10-hour day. The
cost of crushing by machinery depends upon conditions, and
will average from 25 to 50 cents per cubic yard. Where stone
must be quarried, it will be found that the quarry expense will
also average 25 to 50 cents per cubic yard. -

——

*For detailed information on the cost of quarrying and crushing, see Gillefte's
‘Hapd Book of Cost Data.”
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The price of broken stone depends upon the locality. It seldom

is less than 75 cents per cubic yard delivered at the work, and is
usually about $1.25, but it may be as much as $2.50, or even
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Fig. 18.—Stone Crushing and Concrete Mixing Plant.
more in rare cases. Gravel is generally cheaper than broken
stone.
Screening Stone or Gravel.—When it is necessary to screen
sand, stone or gravel, it may be done either by hand, the opera-

Fig. 19.—Rotary Screen.
' tion simply consisting of shoveling the material against an in-
clined screen, or by means of large screens inclined at an angle
varying from 35 to 45 degrees, the materials being dumped by
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machinery upon the screen; or rotary screens may be used. The
latter method will generally be found to be the cheapest.

The rotary screen is shown in Fig. 19. Holes of different
sizes are punched in the circumference of the screen, the smallest
holes being near the upper end. This enables the smaller sizes
tc be screened out first, and the larger stone remains until it
reaches the lower end of the screen.

The cost of screening will average from 3 to 8 cents per cubic
yard when the rotary scréen is used, and from 8 to 15 cents
when the screening is done by band. It will be found that the
largest cost items will be those chargeable to handling the ma-
terials. Hence the plant shouid be designed to obtain the high-
st economy of labor. '



CHAPTER 1IV.
PROPORTIONING CONCRETE.

In proportioning to obtain an ideal concrete, the materials
composing the aggregate should be of graded sizes from
the largest pieces of stone down to the finest particles of sand.
Such proportions of each size should be used as to produce the
least voids, hence the most compact mass. The mass may then
ke solidified by mixing with it such an amount of finely ground
cement as will thoroughly coat each and every particle of sand
and gravel or broken stone with a film of cement paste, and also
entirely fill all small voids remaining after the materials have
been thoroughly mixed.

It is evident that, on account of practical considerations, it will
ke impossible to secure an ideal concrete, but only to approxi-
mate it. As a uniformly graded aggregate can not be had, it
is customary at times to limit the size of the stone, screening out
everything above and below a certain size. The amount of voids
in the stone is then determined, and enough sand used to fill
them, and sufficient cement to coat over all particles of sand and
stone and fill all remaining voids. This operation is called pro-
portioning the ingredients, and a mixture so proportioned is said
to be a well-balanced mixture. The operation is sometimes
called balancing. When the proportions of the ingredients are
such as to have all voids filled and each and every particle of
the aggregate covered with a film of cement, a concrete of maxi-
mum strength will be secured, regardless of the relative pro-
portions.

The amount of water necessary to secure the proper consist-
cncy must also be determined. The materials are then mixed and
put in place.

Proportioning Concrete for Different Uses.—The proportions of
the ingredients used will depend largely upon the nature of the
work. When great strength or a high degree of impermeability
is required, a concrete very rich in cement should be used. For
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many purposes, neglecting the question of cost. a concrete not
so rich in cement will fill all requirements, and is more desirable
as there is less liability of a ‘change in volume, the expansion and
contraction on hardening being due entirely to the cement. Some
constructors use concrete with a varying amount of cement, and,
therefore, of varving strength in different parts of the same
piece of concrete. A lean concrete is used in the tensile part
of the piece, and a concrete very rich in cement is used where
the compression strains are the highest. This is a dangerous
procedure, as there is a tendency to form planes of cleavage at
the junction of two concretes of varying richness. Much better
results will be secured if a homogeneous concrete is used
throughout the whole piece.

For beams and slabs having small thickness, a cement and
sand mixture alone is employed; and, for pieces of larger di-
mensions, it has been European practice to use a cement and
gravel mixture, the gravel being of moclerate size and containing
from 25 to 50 per cent. of sand. Two methods of proportioning
are employed by European engineers, viz., by weight and by
volume. The latter method only will be considered in this book,
ar it is almost universallv used by American engineers. The.
vsual proportions employed for slabs, arches, floors, etc., are
from 1 - 135 to 1 :3)% or 1 :4% cement and gravel: with sand
mixtures the most common proportions are 1 : 3 or 1 to 3%.

For pipes, Bonna uses almost exclusively 1 cement to 1.8 gravel
and sand. Considére recommends for hooped columns, 1 ce-
ment, 0.7 sand and 2.05 broken stone. Concrete: mixtures to re-
place the sand and gravel mixtures are coming into greater favor
2mong European engineers.

In America broken stone concrete having proportions of
1:2:4, 1:3:5, and 1:3:6 are most commonly used, although
at times 1:2:3, 1:1%:4 and 1:2Y: % mixtures are preferred
by some engineers.

The character of the materials and the use for which they are
to be emploved are the determ‘ining factors in choosing any given
mixture. For impervious concrete a mixture rich in cement is
vsed, a 1: 1Y or 1:2 mortar giving excellent results. Mr. New-
man states that a 1:114 mortar will resist a 75-foot head of
water. The most satisfactory concretes will result when a well
balanced concrete is secured, regardless of what the relative pro-
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portions may be. Thus at 1 : 3 : 5 well-balanced mixture may be
stronger than a 1:2: 3 or 1: 2: 4 poorly balanced mixture..

Filling the Voids.—By using a mixture composed of materials
of varying sizes the voids are much less than in a material com-
posed of pieces of uniform size. Sand is used to fill the voids
of the stone, and cement to fill those of the sand, and if the pro-
portions used are correct the resulting mass is practically a solid.
In order to know the amount of sand and cement necessary to
fill the voids, a metal box of known cubical capacity, preferably
1 cubic foot, should be supplied. This is weighed, filled with
the material, thoroughly shaken down and again weighed. The
difference between the weight of the material filling the box
and the weight of a cubic foot of solid stone, represents the
amount of the voids. Solid quartz or limestone without voids
weighs 165.4 lbs. per cubic foot. If the broken stone weighs
99 lbs., the voids will be 66.4 lbs. or 40 per cent. Therefore,
theoretically 0.4 of a cubic foot of sand should be used to fill
the voids in the stone. The voids in the sand may be determined
in the same manner.

Let us assume that the voids in the sand are 38 per cent., then
to make 1 cubic foot of concrete it will take 0.38 x 0.4 = 0.152
cubic feet of cement, and we will theoretically require o.152
cu, ft. cement + 0.4 cu. ft. sand + 1.0 cu. ft. broken
stone to make 1 cubic foot of concrete, or a 1:2.63:6.58
mixture. In order to secure good results, a slight excess of
cement over the theoretical requirements is needed. Mr. William ~
B. Fuller's rule is: “Add cement as economy dictates up to 10 per
cent. in excess of the voids in the combined materials.”” It will be
found, however, that the proportions of the ingredients necessary
to make a given quantity of concrete will vary somewhat from
the amount as determined by the voids. This may be due to
the condition of the stone or sand as regards moisture or com-
ractness when measured, or whether the cement is packed or
loose. The method of mixing used, and the thoroughness with
which it is done, as well as the tanner in which the concrete
is placed and the amount of tamping done upon it, may modify
somewhat the amount of space that given quantities of materials
will occupy in the finished work.

Table III. is given by Mr. Edwin Thacher from experiments
made by him for volumes on cement, sand, gravel, broken stone,
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mortar and concrete. The original volumes of all materials were
measured loose, but gently shaken down.

TABLE III
VOLUMES OF VARIOUS MATERIALS.
Volume
Volumé Water of stitt
Cement. of loose added by cement Remarks.

cement. measure. paste,
Portland cement (Atlas).. 1.00 0.35 0.78 6.56 barrels of cement=
Natural cement, Louisville 1.00 0.43 0.78 1 cu. yd. measured loose.

V;olumo

Aggregate. oose. Solids. Voids,
1. Sand, moist, fine. will pass 18-mesh sieve. ...... 1.00 0.57 0.43
2. Sand, moist, coarse, will not pass 18-mesh sieve 1.00 0.65 0.35
3. Sand, moist, coarse and fine mixed (ordinary).... 1.00 0.62 0.38
4. Sand, dry. coarse and fine mixed................. 1.00 0.70 0.30
5. Stone screenings and stone dust.................. 1.00 0.58 0.42
6. Gravel, % in. and under, 6 per cent coarse sand... 1.o0 067 0.33
7. Broken stone, 1 in. and under.................... 1.00 0.54 0.46
8. Broken stone, 2% in. and under, dust only screened P
OUL ot tteeeeeeeateeenernareneenaseoeannonnnns 100 059 041
9. Broken stone, 2% in. and under, most small stones
screened out ...t 1.00 0.55 0.45
Mortars with No. 3 Sand.
Parts of sand mixed with 1
part of cement.......... 10 1.5 20 25 30 35 40 50
Volume of slush mortar..... 1.40 1.78 2.17 2.55 298 3.39 3.82 4.65
Required for 1 cu. yd.—
Cement, bbls....... 4.70 3.70 3.04 258 221 1.94 1.72 141
Sand, cu. yds....... 071 084 092 098 1.01 1.03 1.05 I.08
Volume of dry facing mortar
(rammed) ............. 1.22 1.57 1.93 228 264 299 3.35 4.08
Required for 1 cu. yd.—
Cement, bbls....... 540 4.18 -~41 288 249 220 1.96 1.61
Sand, cu. yds.. 082 o095 1.04 1.10 I.14 I1.17 1.20 1.23

Tables IV and V, by Mr. Thacher, from tests made at Corneli
University, are the results of a large’ number of experiments, and
give the quantities of cement and aggregate necessary to make
I cubic yard of concrete, the cement being measured loose.

No one table or set of tables will give correct results under
the varying conditiong met with in practice. Many formulas,
some of them very intricate, have been proposed, but for practical
use have little value. Probably as simple and rational formulas
as any are those suggested by Mr. Halbert P. Gillette,* which we
here give with tables showing their application:

Gillette'’s Formulas.—When loose sand is mixed with water,
its volume or bulk is increased; subsequent jarring will
increase its volume, but still leave a net gain of about
10%; that is, 1 cubic foot of dry sand becomes about -
L1 cubic feet of damp sand. Not only does this increase

*‘Hand Book of Cost Data.”
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TABLE IV.
PROPORTIONS FOR PORTLAND CEMENT CONCRETE.
(Cement Measured Loose: 1 Barrel = 4.12 Cu. Ft.)

—— uired for 1 Cubic Yard Rammed Concrete ———
Stone 1 in. and under,

dust screened out. . Gravel % in. and under.
~————Mixtareg——— (‘ement, Sand, Stone, @nt, Sand, Gravel,
Cement, Sand. Stone. bbls. ecu. yds. cu. yds. bbls. cu. yds. cu. yds
1 1.0 z.0 2.57 0.39 0.78 2.30 0.35 0.74
1 1.0 2.5 2.29 0.35 0.70 2.10 0.32 0.80
1 1.0 3.0 2.06 0.31 0.94 1.89 0.29 0.86
1 1.0 3.5 1.84 0.28 0.98 1.71 0.26 0.91
1 1.5 2.5 2.05 0.47 0.78 1.83 0.42 0.73
I 1.5 3.0 1.85 0.42 0.84 1.71 0.39 0.78
1 1.5 3.5 1.72 0.39 0.91 1.57 0.36 0.83
1 .5 4.0 1.57 0.36 0.90 1.46 0.33 0.88
I 1.5 4.5 1.43 0.33 0.98 1.34 0.31 0.91
1 2.0 3.0 1.70 0.52 0.77 1.54 0.47 0.73
1 2.0 3.5 1.57 0.48 0.83 1.44 0.44 0.77
I 2.0 4.0 1.46 0.44 0.89 1.34 0.41 0.81
I 2.0 4.5 1.36 0.42 0.93 1.26 0.38 0.86
1 2.0 5.0 1.27 0.39 0.97 .17 0.36 0.89
1 2.5 3.5 1.45 0.55 0.77 1.32 0.50 0.70
1 2.5 4.0 1.35 0.52 0.82 1.24 0.47 0.75
1 2.5 4.5 1.27 0.48 0.87 1.16 0.44 0.80
1 2.5 5.0 1.19 0.46 0.91 1.10 0.42 0.83
1 2.5 5.5 1.13 0.43 0.94 1.03 0.39 0.86
I 2.5 6.0 1.07 0.41 0.97 0.98 0.37 0.89
1 3.0 4.0 1.26 0.58 0.77 I.15 0.52 0.72
I 3.0 4.5 1.18 0.54 0.81 1.09 0.50 0.75
1 3.0 5.0 I.11 0.51 0.85 - 1.03 0.47 0.78
I 3.0 5.5 1.06 0.48 0.8 0.97 0.44 0.81
I 3.0 6.0 1.01 0.46 0.92 092 4 0.42 0.84
1 3.0 6.5 0.96 0.44 0.95 0.88 0.40 0.87
1 3.0 7.0 0.91 0.42 0.97 0.84 0.38 0.8
1 3.5 5.0 1.05 0.56 0.8 0.96 0.50 0.76
1 3.5 5.5 1.00 0.53 0.84 0.92 0.48 0.78
1 3.5 6.0 0.95 0.50 0.87 0.88 0.46 0.80
1 3.5 6.5 0.92 0.49 0.91 0.83 0.44 0.82
1 35 7.0 0.87 0.47 0.93@ 0.80 0.43 0.85
1 3.5 7.5 0.84 0.45 o. 0.76 0.41 0.87
1 3.5 80 0.80 0.42 0.97 0.73 0.39 0.89
I 4.0 6.0 0.90 0.55 0.82 0.83 0.51 0.77
1 4.0 6.5 0.87 0.53 0.85 0.80 0.9 0.79
1 4.0 7.0 0.83 0.51 0.89 0.77 0.47 0.81
1 4.0 7.5 0.80 0.49 0.91 0.73 0.44 0.83
I 4.0 8.0 0.77 0.47 0.93 0.71 0.43 0.86
1 4.0 8.5 0.74 0.45 0.95 0.68 0.42 0.88
1 4.0 9.0 0.71 0.43 097 0.65 0.40 0.89
1 5.0 9.0 0.66 0.50 0.90 0.61 0.46 0.83

5.0 10.0 0.62 0.47 0.95 o. 57 0.43 0.87
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TABLE V.
PROPORTIONS FOR PORTLAND CEMENT CONCRETE.
(Cement Measured Loose, 1 Bbl. = 4.12 Cu. Ft.)

— uired for 1 Cubiec Yard Rammed Conerete ————

Stope 23 in. and under, Stone 213 in. with most
dust scr:ened out. small stone screened out.

———Mixtures—— Cement, Sand, Stone, Cement, Sand. Stone.
Cement. Sand. Stone. bbls. cu. yds. cu. yds. bbls. cu. yds. cu. yds.
1 1.0 20 2.63 0.40 0.80 2.72 0.41 083
I 1.0 2.5 2.34 0.36 0.89 2.41 0.37 0.92
1 1.0 30 2.10 0.32 0.96 2.16 0.33 0.98
1 1.0 3.5 1.88 0.29 1.00 1.88 0.29 1.05
1 1.5 2.5 2.09 0.48 0.80 2.16 0.49 082
1 1.5 30 1.90 0.43 0.87 1.96 0.45 0.89
I 1.5 35 1.74 0.40 - 003 1.7 0.41 0.96
1 LS 4.0 1.61 0.37 098 1.64 0.38 1.00
1 1.5 4.5 1.46 0.33 1.00 1.51 0.35 1.06
1 2.0 3.0 1.73 0.53 0.79 1.78 0.54 0.81
1 2.0 35 1.61 0.49 0.83 1.66 0.50 088
1 20 4.0 1.48 0.45 0.90 1.53 0.47 0.93
1 2.0 4.5 1.38 0.42 0.9 1.43 0.43 0.08
1 20 5.0 1.29 039 - O 1.33 0.39 1.03
I 2.5 35 1.48 0.56 0.79 1.51 0.58 0.81
1 2.5 4.0 1.38 0.53 084 1.42 0.54 0.87
1 2.5 . 458 1.29 0.49 0.88 1.33 0.51 091
1 2.5 5.0 1.21 0.46 0.92 1.26 0.48 0.96
1 2.5 5.5 I.I5 0.44 0.96 1.18 0.44 0.99
1 2.5 6.0 1.07 0.41 098 1.10 0.41 1.03
I 3.0 4.0 1.28 0.58 0.78 1.32 0.60 0.80
I 3.0 4.5 1.20°  0.55 082 1.24 0.57 085
I 3.0 5.0 I.14 0.52 0.87 1.17 0.54 0.8
I 30 5.5 1.07 0.49 0.90 1.11 0.51 0.93
1 3.0 6.0 1.02 0.47 0.93 1.06 0.48 0.97
1 3.0 6.5 0.98 0.44 0.96 1.00 0.45 1.01
1 3.0 7.0 0.92 0.42 0.98 0.94 0.42 1.05
1 3.5 5.0 1.07 0.57 0.82 I.II 0.59 085
1 35 5.5 1.02 0.54 0.8s 1.06 0.36 0.89
1 3.5 6.0 0.97 0.51 089 1.00 0.53 0.92
1 3.5 6.5 0.93 0.49 0.92 0.96 0.51 0.95
1 3.5 7.0 0.89 0.47 0.95 0.91 0.49 0.08
1 3.5 7.5 0.86 0.45 0.08 086 0.47 1.01
1 3.5 8o 082 043 1.01 0.81 0.45 1.04
1 4.0 6.0 0.92 0.56 0.84 0.95 0.38 0.87
1 4.0 6.5 0.88 0.53 087 0.91 0.55 0.90
1 4.0 7.0 0.84 0.51 0.90 0.87 0.53 0.93
1 4.0 7.5 081 0.50 0.93 084 0.51 0.96
1 4.0 80 0.78 048 095 0.81 0.49 0.98
1 4.0 85 0.76 0.46 0.98 0.78 0.47 1.01
1 4.0 9.0 0.73 0.44 1.01 0.75 0.45 1.04
1 5.0 9.0 0.67 0.52 0.93 0.70 0.53 0.96

1 5.0 10.0 0.63 0.48 0.96 0.65 0.50 1.00
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in the volume of the sand occur, but, instead of increasing the
voids that can be filled with cement, there is an absolute loss in
the volume of available voids. This is due to the space occupied
by the water necessary to bring the sand to the consistency of
mortar; furthermore, there is seldom a perfect mixture of the
sand and cement in practice, thus reducihg the available voids.
It is safe to call this reduction in available voids about 10%.

When loose dry Portland cement is wetted, it shrinks about
15% in volume, behaving differently from the sand, but it never
shrinks back to quite as small a volume as it occupies when
packed tightly in a barrel. Since barrels of different brands vary
widely in size, the careful engineer or contractor will test any
brand he intends using in large quantities, in order to ascertain
exactly how much cement paste can be made. He will find a
range of from 3.2 cubic feet to 3.8 cubic feet per barrel of Port-
land cement. Obviously the larger barrel may be cheaper, though
its price is higher. Specifications often state the number of cubic
feet that will be allowed per barrel in mixing the concrete in-
gredients, so that any rule or formula to be of practical value
must contain a factor to allow for the specified size of the barrel.
and another factor to allow for the actual number of cubic feet
of paste that a barrel will yield—the two being usually quite
different.

The deduction of a rational, practical formula for computing
the quantity of cement required for a given mixture will now
be given, based upon the facts above outlined. 4

Let p = number of cu. ft. cement paste per bbl. as determined by actual

test. -

n =- aumber of cu. ft. of cement per bbl. as specified in the specifi-
cations.

s = parts of sand (by volume) to onc part of cement, as specified.

g = parts of gravel or broken stone (by volume) to one part of
cement, as specified.

v = percentage of voids in the dry sand, as determined by test.

V = percentage of voids in the gravel or stone, as determined by
test.

Then, in a mortar of 1 part cement to s parts sand we have:

n s = cu. ft. of dry sand to 1 bbl. cement.
nsv=rn ft. of voids in the dry sand.
09 n s v = cu. ft. of available voids in the wet sand.
1.1 ns = cu ft. of wet sand.
p — 09 n s v=cu. ft. of cement paste in excess of the voids.
Therefore :

.I1ns+ (p—o09nsv)=cu ft. of mortar per bbl.
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Therefore:

27 : 27
N = =
.ins+ (p—o9nsv) p+tns (1.1 —o9 V)
N being the number of barrels of cement per cu. yd. of mortar.

When the mortar is made so lean that there is not enough ce-
ment paste to fill the voids in the sand, the formula becomes
. 27

N =
) I.1ns

A similar line of reasoning will give us a rational formula for
determining the quantity of cement in concrete; but there is one
point of difference between sand and gravel (or broken stone),
ramely, that the gravel does not swell materially in volume when
mixed with water. However, a certain amount of water 1s re-
quired to wet the surface of the pebbles, and this water reduces
the available voids, that is, the voids that can be filled by the
mortar. With this in mind the following deduction is clear, using
the nomenclature and symbols above given:

n g = cu. ft. of dry gravel (or stone).
n g V = cu ft. of available voids in the wet gravel.
09 n g V = cu ft. of available voids in the wet gravel.
ptns (1.1 —o09 v) —o09 ng V = excess of mortar over the available
voids in the wet gravel.

rg+p+ns (. —o9v) —o9gng V =cu ft. of concrete from
1 bbl. cement. :

27
N =

p+tns (L1 —o9v) +ng (1 —o.gV)'
N being the number of barrels of cement required to make 1 cu. yd. of
concrete.

This formula is rational and perfectly general. Other experi-
menters may find it desirable to use constants slightly different
from the 1.1 and the 0.9, for fine sands swell more than coarse
sands, and hold more water.

" The reader must bear in mind that when the voids in the sand
exceed the cement paste, and when the available voids in the
gravel (or stone) exceed the mortar, the formula becomes

27
N::_._.

ng
These formulas give the amounts of cerient in mortars and con-
cretes compacted in place. Tables VI to 1X are based upon
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the foregoing theory, and will be found to check satisfactorily
with actual tests.

TABLE VI.

BARRELS OF PORTLAND CEMENT PER CUBIC YARD OF
MORTAR.

(Voids in sand being 35%, and 1 bbl. cement yielding 3.65 cu. ft. of
cement paste.)

Proportion of Cement to Sand. ItOI. 1to14. 1t02. 1t0o2}.1t03. 1t0 4.

Bbls. Bbls. Bbls. Bbls. Bbls. Bbls.
Barrel specified to be 3.5 cu. ft.... 422 349 297 257 228 176
Barrel specified to be 3.8 cu. ft.... 400 333 281 245 216 162
Barrel specified to be 40 cu. ft.... 400 324 273 236 208 154
Barrel specified to be 4.4 cu. ft.... 381 307 257 227 200 140

Cu. yd. sand per cu. yd. mortar.. 06 0.7 08 09 1.0 1.0

TABLE VIL
BARRELS OF PORTLAND CEMENT PER CUBIC YARD OF
MORTAR.

(Voids in sand being 45%, and 1 bbl. cement yielding 3.4 cu. ft. of
cement paste.)

Proportion of Cement to Sand. Itol. 1to14. 1t02. 1t02. 1t03.1t04.

Bbls. Bbls. Bbls. Bbls. Bbls. Bbls.
Barrel specified to be 3.5 cu. ft.... 462 380 325 28 235 L76
Barrel specitied to be 38 cu. ft.... 4.32 361 310 272 216 162
Barrel specitied to be 40 cu. ft.... 410 346 300 264 205 1.54
Barrel specified to be 4.4 cu. ft.... 394 334 290 257 18 140

Cu. yd. sand per cu. yd. mortar.. 0.6 08 o9 1.0 1.0 1.0

In using these tables remember that the proportion of cement
to sand is by volume, and not by weight. If the specifications
state that a barrel of cement shall be considered to hold 4 cubic
feet, for example, and that the mortar shall be 1 part cement to
2 parts sand, then 1 barrel of cement is mixed with 8 cubic feet
of sand. regardless of what is the actual size of the barrel, and
regardless of how much cement paste can be made with a barrel
oi cement. If the specifications fail to state what the size of a
barrel will be, then the contractor is left to guess.

If the specifications call for proportions by weight, assume a
Portland barrel to contain 380 pounds of cement, and test the ac-
tual weight of a cubic foot of the sand to be used. Sand varies
extremely in weight, due both to the variation in the per cent. of
voids, and to variation in the kind of minera's of which the sand
is composed. A quartz sand having 35% voids weighs 107
pounds per cubic foot; but a quartz sand having 45% voids
weighs only 91 pounds per cubic foot. If the weight of the sand
must be guessed at, assume 100 pounds per cubic foot. If the
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specifications require a mixture of 1 cement to 2 of sand by
weight, we will have 380 pounds (or 1 barrel) of cement mixed
with 2 x 380 or 760 pounds of sand; and if the sand weighs 9o
pounds per cubic foot, we shall have 760 =- 9o, or 8.44 cubic
feet of sand to every barrel of cement. In order to use the tables’
2bove given, we may specify our own size of barrel; let us say
4 cubic feet; then 8.44 -+ 4 gives 2.11 parts of sand by volume
to 1 part of cement. Without material error we may call this a
T to 2 mortar, and use the tables, remembering that one barrel
i$ now “specified to be” 4 cubic feet. If we have a brand of
cement that yields 3.4 cubic feet of paste per barrel and
sand having 45% voids, we find that approximately 3 barrels of
cement per cubic yard of mortar will be required.

It should be evident from the foregoing discussions that no
table can be made and no rule can be formulated that will yield
accarate results unless the brand of cement is tested and tue
percentage of voids in the sand determined. This being so, the
sensible plan is to use the tables merely as a rough guide, and,
where the quality of cement to be used is very large, to make
a few batches of mortar, using the available brands of cement
and sand in the proportions specified. Ten dollars spent in this
way may save a thousand, even on a comparatively small job,
ky showing what cement and sand to select.

TABLE VIIIL

INGREDIENTS IN 1 CU. YD. OF CONCRETE.

(Sand voids 40%, stone voids 45%; Portland cement barrel yielding
3.65 cu. ft. paste. Barrel specified to be 3.8 cu. ft.)
-Proportions by Volume-
To1i2i4 1:2:5 1:2:61:24i51:23:61:3:4
Bbls. cement per cu. yd. concrete... 146 1.30 118 1.I13 100 I1.25
Cu. yd. sand per cu. yd. concrete... 041 036 033 040 0.35 0.53
Cu. yd. stone per cu. yd. concrete.. 082 090 100 08 083 o0.71
-Proportions by Volume-
11315 1:3:6 1:317 1:4:7 1:4:8 1:4:9
Bbls. cement per cu. yd. concrete... 1.13 1.05 096 082 077 073
Cu. yd. sand per cu. yd. concrete... 048 044 040 046 _ 043 0.4l
Cu. yd. stone per cu. yd. concrete..080 083 093 080 08 0.92
This table is to be used where cement is measured packed in the barrel,
for the ordinary barrel holds 3.8 cu. ft.

It will be seen that the above table can be condensed into the
following rule: Add together the number of parts and divide
this sum with ten; the quotient will be approximately the number
of barrels of cement per cubic yard. Thus for 1:2: 5 concrete,
the sum of the parts is 1 + 2 + 5, which is 8, then 10 -- 8 is 1.25
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barrels, which is approximately equal to the 1.30 barrels given
in the table. Neither this rule nor this table is applicable if a
different size of cement barrel is specified, or if the sand or
stone differ materially from 40% and 45% respectively. There
are such innumerable combinations of varying voids, and varying
sizes of barrel, that the author does not deem it worth while to
give other tables.

TABLE IX. .
INGREDIENTS IN 1 CU. YD. OF CONCRETE.
(Sand voids 40%, stone voids 45%; Portland cement barrel yielding
3.65 cu. ft. of paste. Barrel specified to be 4.4 cu. ft.)
--Proportion by volume-
1:2:4 1°2i5 1:2:61:28:51:28:61:3'4
Bbls. cement per cu. yd. concrete... 1.30 1.16 1.00 107 0.96 1.08
Cu. yd. sand per cu. yd. concrete... 042 038 0.33 044 040 053
. Cu. yd. stone per cu. yd. concrete.. 084 0935 100 08 095 -0.71
Proportion by volume-
1:3:5 1:3:6 1:3:7 11417 1:4:8 1149
Bbls. cement per cu. yd. concrete... 096 090 082 o0.75 068 0.64
Cu. yd. sand per cu. yd. concrete... 047 044 040 049 0.44 0.42
Cu. yd. stone per cu. yd. concrete..0o78 o0&8 093 080 08 095
OTE.—This table is to be used where the cement is measured loose
after dumping into a box, for under such conditions a barrel of cement
yields 4.4 cu. ft. of loose cement.

Voids in Sand.—The amount of voids in sand will depend upon
the shape of the grains, the degree of uniformity in size of
grains, the amount of moisture present and the amount of com-
pacting to which the mass has been subjected. If all the grains
in a given mass of sand are of uniform size the percentage of
voids will be independent of the size of the grains. If, however,
the grains be of varying sizes, the percentage of voids will be
reduced. The mixture of a small amount of water with dry
sand increases its bulk. with bank sand the greatest volume of
voids per unit volume will be obtained when the percentage of
water varies from 5 to 8 per cent. A

For convenience, we will assume that sand is divided into
three sizes, the largest size (L), being sand that will pass a
sieve of 5 meshes per lineal inch, but will not pass a sieve of 15
meshes per inch ; the medium size, (M). being sand that will pass
a 15 mesh sieve, but wil' not pass a 50 mesh sieve; and the fine
size, (F), being sand that will pass a 50 mesh sieve. It will be
found that if the three sizes be mixed the densest mix-
ture with the least voids will be obtained when 4 parts
of the large size, no parts medium and 4 vparts fine
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size are used, i. e., L6, Mo, F4 mixture. The weight of a cubic
yard of either coarse, medium or fine grade, will be 2,190
pounds, if the specific gravity of sand be taken at 2.65. For this
weight the voids will be 51 per cent. If, however, the densest
mixture obtained by using 6 parts of L., o parts M and 4 parts of
F sands be weighed, it will be found to weigh 2,480 pounds per
cubic yard. This is equivalent to 36 per cent. voids. Thus we
see that.a correct grading of fine and coarse grains is necessary
¢0 obtain densest mixture.

The shape of the grains has a pronounced effect upon the per-
centage of voids, rounded grains having less voids than angular
grains. It was found by Feret that a mixture of Ls, M3, F2
measured in a quart measure gave the following percentage of
voids:

Voids
Unshaken. Shaken.
Natural sand, rounded grains..................... 35.9% 25.6%
Crushed quartzite, anular grains................. 42.1% 27.4%
Crushed shells, flat grains........................ 44.3% 31.8%
Residue of quartzite, flat grains.................. % 34.6%

47-5
The measure was shaken until no further settlement could be produced

~The following test was made on sand by Mr. William B.
Fuller: A dry sand Laving 34 per cent. void, shrank 9.6 per cent.
in volume until it had 27 per cent. voids. The same sand moist-
ened with 6 per cent. of water, and loose, had 44 per cent. voids,
which were reduced to 31 per cent. by ramming. The same
sand saturated with water had 33 per cent. voids and by thor-
ough ramming its volume was reduced 8.5 per cent. until the
sand had only 26.5 per cent. voids.

VOIDS IN SAND.

Locality. Authority. Voids. Remarks."
Ohio River ............. C. E. Sherman........ 31% Washed
Sandusky, O............ W. H. Hall........... 40% Lake
Franklin Co,, O ......... C. E. Sherman........ 40% Bank
Sandusky Bay, ........ S. B. Newberry....... 32.3% _

St. Louis, Mo........... H. H. Henby......... 34.3% Miss. River
Sault Ste. Marie....... H. von Schon......... 41.7% River
Chicago, Ill............. H. P. Bordman....... 34 to 40% ——
Philadelphia, Pa......... —_——— e .39% Delaware River
Coast of Mass........... e NDIPRN 31 to 34% ———
Boston, Mass............ Geo. A. Kimball....... 33% Clean

Cow Bay, L. I........... Myron S. Falk........ 40.5% -

Little Falls, N. J......... W. B. Fuller.......... 45.6%

Canton, Ill.............. G. W. Chandler....... 30% Clean
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The effect of the size of grains of the sand is shown i®
Table X.

TABLE X.—SIZES OF SAND GRAIN.

Held by a Sieve. A B C D
No. 10...... cevennrnns 35.3%
No. 20................. 32.1 ¢ 12.8% 4.2% 11%
No. 30........ e 14.6% 49.0% 12.5% 14%
No. 40..........oo.. 44-4%
No. 50 c.ccviiuenen... 9.6% 29.3% 53%
No.100......ccouvunn.., 4.9% 5.7%
No.200................. 2.0% 2.3%

Voids................ 33% 39% 41.7% 31%

Aisa fine gravel (containing 8% clay) used at Philadelphia.
Bisa Delaware River sand.

Cisa St. Mary’s River sand.

Disa Green River, Ky., sand, clean and sharp.

Voids in Broken Stone and Gravel.—The percentage of voids in
loose broken stone will depend upon the size of the stone and
probably to some extent upon the character of stone used; as
with sand the amount of voids will vary according to the sizes
of the particles of stone or gravel—thus if uniformly graded
from the largest size to crusher dust, the voids will be }Jess than
if the stone has been screened into uniform sizes. The densest
mixture may be obtained by screening the stone and mixing the
proper proportions of each size to secure a minimum of voids.
In many cases it will be found that stone crusher run will give
as dense a concrete as is desired without the additional expense
cf screening and mixing.

Pure quartz weighs about 165 pounds per cubic foot, hence
broken quartz having 40 per cent. voids weighs 165 x 60% or
g9 pounds per cubic foot.

Gravels are seldom composed entirely of quartz, but are usually
made up also of stone like trap rock having a greater specific
gravity, or of shales and sandstone, which have a lower specific
gravity. When the specific gravity of a given gravel or stonc
is known the percentage of voids may be determined from the
weight of a cubic foot of the loose materials. The specific
gravities of different minerals and rocks are given in Tables XI.
and XII, the percenfages of voids may be obtained from Table
XIII, while Table XTI\ gives the voids for various kinds of stone,
according to different authorities.
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TABLE XI.—SPECIFIC GRAVITY OF STONE.
(Condensed from Merrill’s “Stones for Buil&ing.”)

Trap, Boston, Mass.......... 278 Limestone goolitxc) Bedford
*  Duluth, Minn ....28 to 3.0 .2.25 t0 2.45
*  Jersey City, N. J....... 3.03 “ Marquette, Mich. . . 234
“  Staten Island, N. Y..... 286 “ Glens Falls, N. Y.. 270
Gneiss, Madison A\e N.Y.. 292 “ Lake Champlam,
Granite, New London, Comm.. 266 = N. Y.......... . 275
“ Greenwich, Conn..... 2.& Sandstone, Portland Conn. . . 264
“ Vinalhaven, Me...... 24 Haverstraw, N. Y.. 213
“ Quincy, Mass ........ 2.66 «“ Medina, N. Y. .... 241
“ Barre, Vt............ 265 * Potsdam, N. Y..... 2.60
Limestone, Johet m.. 2.50 * (grit) Berea, O.... 2.12
Quincy, mo.. 2.51 to 2.57
TABLE XIIL—SPECIFIC GRAVITY OF COMMON MINERALS
AND ROCKS.
Apatite .......ceeen..n 2.92—3.25 Limestone ............. 2.35—2.87
Bazalt .................. 3.0t Magnetite, Fe'O* ....... 4.9 —5.2
Calgite, CaCO* ........ 25 —273 Marble ................ 2.08—2.85
Cassiterite, SnO* ....... 64 —7.1 Mica ......covvvvvvnnnn 2.75—3.1
Cerrusite, PbCo® ........ 6.46—6.48 Mica Schist ............ 2.5 —2.9
Chalcopyrite, CuFeS’... 4.1 —4.3 Olivine ........ecv.n... 3.33—3.
Coal, anthracite ........ 1.3 —1.84 Porphyry............... 2.5 —2.
Coal, bituminous ....... 1.2 —1.5  Pyrite, FeS* ........... 4.83—5.2
Diabase ................ 2.6 —3.03 %uartz, SiO* ........... 2.5 —28
Diorite ................ 2,92 uartzite .........0... 26 —2.7
Dolomite, CaMg(CO®)?. 28 —2.9  Sandstone ..... PPN 2.0 —2.78
Feldspar ............... 2.44—2.78 “ Medina ...... 24
Felsite ................. 2.65 “ Ohio ........ 2.2
Galena, PbS ........... 7.25—7.77 “ Slaty .. ...... 1.82
Garnet ................ 315—4.31 Shale .................. 24 —28
Gneiss ...... ......... 262—292 Slate .................. 2.5 —2.88
Granite ................ 2.55—286 Sphalerite, ZnS ........ 3.9 —4.2
Gypsum ............... 2.3 —3.28 Stibnite, SH*S* ......... 4.5 —4.6
Hahte (salt) NaCf 2.1 —2.56  Syenite ........c....... 2.27—2.65
Hematite, Fe®O* ........ 4.5 —s53 Tale ....ovvvveinnnnn... 2.56—2.8
Hornblende ............ 305—3.47 Trap ...c.eoenaiiie. 26 —30

Limonite, Fe’O*(OH)*.. 3.6 —4.0

As a rule it will be found that the voids in gravel are seldom
less than 30 per cent. or more than 45 per cent. If the pebbles
vary considerably in size, the voids will approximate the lower
percentage, but if they are of nearly uniform size the voids will
approximate the higher percentage.

Gravel compacts more readily than broken stone, on account
of the rounded shape of the pebbles, while the angular shape
of the particles of broken stone prevent easy packing. It is
stated by Prof. S. B. Newberry that the voids in Sandusky Bay
gravel from 14 to 14 in. in size are 42.4 per cent., and for sizes
from 1-20 to 1 in. are 35.9 per cent.

For stone passing a 214, in. screen with the dust screened
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out, composed of mixture of Green River, K)"., bluestone and
Ohio River washed gravel, Mr. William M. Hall gives the fol-

lowing voids:

Stone.

100%
80%
70%
60%
50%

0%

Gravel.

with

%
20%
30%
40%
50%

100%

Voids in Mixture.

48%

44%

41%

38.5%
(]

35%

Hudson River trap rock and gravel of the same sizes as just
given, had the following voids: ’

Trap. Gravel. Voids in Mixture.
100% with 0% 50%
60% «“ 40% 38.5%
50% “ 50% 36%
0% “ 100% 35%

Size of Cement Barrels.—There is no uniform practice among
engineers in regard to the standard of volume used in measur-
ing cement when proportioning concrete. In Tables IV and V,
given above, Mr. Thacher uses cement measured loose and gives
6.56 barrels of cement to the cubic yvard, which is 4.12 cu. ft. per
barrel. The actual cubical contents of cement barrels used by
cement manufacturers vary from 3.2 to 3.8 cu. ft.; 3.5 cu. ft.
per barrel may be taken as a fair average. Correspondence with
a number of cement manufacturers shows that the amount of
cement measured loose, which is packed in the barrels, varies

TABLE XIIL

o .- Y g2,
i-g é&: %“,E: ‘Weight in Pounds per Cubic Yard when Voids are—

- -1 - % o
@ B BR° | 30% 35% 40% 45% 50%
1.0 62.355 I, 1,178 1,094 1,010 926 842
20 1247 - 3,367 2,357 2,187 2,020 1,852 1,
2.1 1309 3,536 2,475 2,298 2,121 1,045 1,
2.2 137.2 3,704 2,593 2,408 2,222 2,037 1,8¢~
2.3 1434 3,872 2,711 2,517 2,323 2,130 1,936
2.4 149.7 4,041 2,828 2,626 2,424 2,222 2,020
2. g I gs.g 4,2(7? 2.236 2.{7{436 2(5);2 2.3 (x)g 2, xgg
2. 102.1 4,3 3.004 2,845 2, 2,4 2,1
27 1684 4,546 3.182 2,955 2,727 2,500 2,273
2.8 12733.6 4.&13 4 3.3o§ 3,004 2.828 2, 233 2,357
2.9 180.9 4,882 3.41 3.174 2.929 2,685 2,441
30 187.1 5,051 3.536 3,283 3,030 2.778 2,526
3.1 193.3 5.210 3.633 3.392 3,131 2,871 2,609
3.2 199.5 5,388 3.771 3.502 3,232 2,063 2,604
33 2058 5556 388 3611 3333 3056 - 2,778
34 212.0 5.724 4.007 3,721 3,434 3,148 2,862
35 218.3 5,803 4,125 3830 3,535 3,241 2,947
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TABLE XIV.—VOIDS IN LOOSE BROKEN STONE.
%
Authority Voids Remarks.

Sabin ................ 49.0 Limestone, crusher run after screening -

out ¥%-in. and under.
e 440 Limestone (1 part screenings mixed -
with 6 parts broken stone.)

Wm. M. Black........ 46.5 Screened and washed, 2 ins. and under.

J. J. R. Croes........ 47.5 Gneiss, after screening out %-in. and

’under.

S. B. Newberry....... 47.0 Chiefly about egg size.

H. P. Boardman....... 39to 42 Chicago limestone, crusher run.

“ L. 48t0 52 Chicago limestone, screened into sizes.

Wm. H. Hall.......... 480 Green River limestone, 2% ins. and

smaller, dust screened out.
€ e 50.0 Hudson River trap, 2% in. and smaller,
dust screened out.

Wm. B. Fuller........ 476 New Jersey trap, crusher run, ‘/e to 2.1

ins.

Geo. A. Kimball...... 49.5 Roxbury conglomerate, % to 2% ins.

Myron S. Falk........ 43.0 leestone, % to 3 ins.

W. H. Henby.......... 43.0 2-in. size,

e 46.0 “ slb-in. size.

Feret ................. 53.4 Stone, 1.6 to 2.4 ins.
e 51.7 “ o08to16in
i 52.1 “ " 0.4 to 08 in.

A W. Dow........... 45.3 Bluestone, 80% being 1% to 24 ins.

e 45.3 90% being '/s to 134 ins.

Taylor & Thompson... 54.5 Trap, hard 1 to 2% ins.

“ ... 545 to 1 m
“ 45.0 “ “ o0 to 2% ins.
“ ... 5L2 “  soft, % to 2 ins.

G. W. Chandler........ ‘40.0 Canton, Il

Emile Low ........... 390 Buffalo limestone, crusher run, dust in.

C. M. Saville.......... 460  Crushed cobblestone, screened into sizes.
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from 4 to 5 cu. ft., being usually from 4.2 to 4.5 cu. ft., depending
vpon its specific gravity, the method of measuring when loose
and the density with which it is packed. The manufacturers
agree, however, upon the amount of cement by weight per barrel,
380 Ibs. net being taken as the standard. The American Society
for Testing Materials recommends a weight of g4 lbs. per sack
and 4 sacks or 376 lbs. net per barrel.

It will be well to assume each barrel of 380 lbs. to consist
of 3.5 cu. ft., and use this as a basis for computing the quantities
of sand and stone to be used. For a 1:2:4 mixture we will
then have 1 barrel=3.5 cu. ft. of cement, 7 cu. ft. of sand and
14 cu. ft. of stone. If the sack be taken as the unit we have:
1 sack = 0.9 cu. ft. cement, 1.8 cu. ft. sand and 3.6 cu. ft. stone.
Multiples of these quantities may be used when batches of greater
or less size are desired.
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For a 1:4:6 mixture the quantities are 1 barrel = 3.5 cu.
ft. cement, 10.5 cu. ft. sand and 21 cu. ft. stone.

Such a method when the sand and stone are carefully meas-
ured will give a definite proportion of cement for the sand and
stone, whereas if a volume of loose cement be the unit, no defi-
nite proportions can be assured unless a definite volume be ar-
bitrarily assumed for the loose volume of a barrel of cement.

The matter of standard of measurement may be considered
from another standpoint. When, in specifying the proportions,
the volumes of the aggregate are not distinctly stated in terms
of cubic feet of each material to a barrel of cement or the volume
in cubic feet of a barrel of cement is not specified, undoubtedly

Fig. 20.—Measuring Box for Sand and Stone.

the contractor has the legal right to base the volumes of aggregate
on the volume of a barrel of cement measured loose. Tables IV.
and V., pagés 54, 55, are based on cement in loose volume, it
being assumed that 1 bbl. of cement will when loose measure
4.12 cu. ft.

The simplest method of measuring the aggregate is by the
use of a bottomless box 8 or 10 ins. high, and of proper lineal
dimensions to give the desired measuring volume. Thus if the
volume of 1 barrel or 4 bags of cement be taken as 3.5 cu. ft. and
used-as the unit of measure and a 1 : 2 : 4 concrete is to be em-
ployed, a box (Fig. 20) 8 ins. deep and 2 ft. 7 ins. by 4 ft. may
be used for measuring the sand and stone. This box should be
filled once with sand and twice with broken stone, care being
taken to strike it off level and in no case permit the materials to
be heaped up in any way.

Amount of Water.—There is considerable difference of opin-
ion among engineers as to the quantity of water that should be
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used for mixing concrete. It was formerly supposed that a dry
mixture gives a much stronger concrete than a medium or wet
mixture, but this is by no means certain, and, on account of
practical considerations, wet mixtures are much more satisfac-
tory for concretes used with reinforcement. Mpyron S. Falk
states, in his “Cements, Mortars and Concretes,” that tests made
by J. W. Sussex in thesis work at the Uuniversity of Illinois in
1903, to determine the relative strength of wet and dry mixtures,
‘show the greatest strength for wet mixtures (3 months old).
The tests were made on forty-five 6-in. cubes, mixed with
three different percentages of water, and were broken at the
ages of seven days, one month and three months. The con-
" crete was composed of one volume of Portland cement, three
volumes of sand containing a small percentage of fine gravel,
and six volumes of crushed limestone. The tests were made
with the three degrees of plasticity noted in Table XV, and also
two degrees of tamping, light and hard. Each result shown is
the average of three tests. At the end of three months the wet
concretes furnished the greatest ultimate strength, although at
the end of seven days and one month the ‘medium specimens
furnished the highest ultimate strength, whether tamped lightly
or hard. :

TABLE XV.
Crushing Strength in Lbs. per Sq. Inch.
Dry Medium
Lightly Heavily Lightly Heavily
Age. Tamped. Tamped. Tamped. Tamped. Wet.
7days ......... 1,200 1,340 2,280 1,330 1,040
Imonth ....... 1,750 1,960 2,200 2,560 2,230
Jmonths ...... 2,500 2,600 2,150 2,590 3,040

Mr. George W. Rafter has recorded in the report of the
State Engineer of New York, for 1897, a series of tests show-
ing the relative strength of concrete mixed with varying per-
centages of water. Mr. Rafter does not express the ingredients
of a concrete in the usual way. In order to make his tests com-
rarable with others they have been reduced to the usual form
in Table XVI.

As will be seen, in most cases the dry mixtures have a slightly
greater strength than the wet, while little uniformity is shown
in the strength of the plastic mixtures.

Under ordinary conditions, a more dense and homogeneous
concrete will be secured by using a wet mixture than a dry mix-
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ture. Then, too, there is much more assurance that the rein-
forcement will be thoroughly embedded if the concrete is used
wet enough to flow readily with moderate ramming. This is
‘especially desirable if the reinforcing units are small or are placed
closely together. Again, where a dry mixture is used much
ramming is necessary to secure good results; this is at times

TABLE XVI.

Ultimate Crushing Strength, in Lbs., per
Sq. In. Average of 4 Specimens.

Proportion. Excess of Water. Plastic. Dry.
S0 S 3,256 4,123 3,966
) S A 3,764 4,072 4,267
1:2:6 . 3.168 2,960 3.404
) S T A - 2,847 2,777 2,888
1:3:8 o 2,016 2,027 2,179
1:3:9% ... 1,723 2,056 2,207
I:4:10%% ... il 1,670 1,750 1,671
124302 i 1,767 1,600 1,810
Ti5:T2 i 1,400 1.465 . 1,559
CIBIES e 1,441 1,586 1,537

difficult to do, is expeilsive, and, on account of confined spaces,
is at times impossible. Water is cheaper than ramming, and if
used with judgment will give practically the same results. Also
there is less danger of displacing the reinforcement. In some
cases where pipes are formed by running grout of quick setting
cement into moulds, ramming is entirely dispensed with. Until
recently, M. Hennebique used dry mixtures, but he now uses more
water with less ramming,



CHAPTER V.

MIXING CONCRETE. «

Concrete may be mixed by hand or by machirery. If the
work is thoroughly and conscientiously done, a good concrete
can be secured by either method. If the job is a small one,
in almost every case hand mixing will be found to be the
. cheaper, although if a mixer is available, it should be used, as by
its use there is less liability of securing a poor mix. The cost
of installing a plant, by which economy in mixing may be secured,
will more than balance the saving obtained by machine mixing,
unless considerable concrete is to be used.

Whichever method is used, the inspection should be careful
and continuous. The points to be insisted upon are: (1) exact
measurement of materials; (2) thorough mixing until the color
and consistency of the mass are uniform throughout; (3) that
the correct amount of water is used; and (4) that proper care
ic taken in dumping the concrete in place.

Long Time Mixing.—The strength of a concrete will depend
largely upon the thoroughness with which the surface of each
and every particle of the sand and broken stone is coated with a
film of cement mortar. Of course the efficiency of the machine
or the thoroughness with which the men do their work will
govern to a large extent the thoroughness of mixing, but other
things being equal the strength of the concrete will vary with the
time of mixing.

A series of tests was made by Mr. Clarence Coleman, M. Am.
Soc. C. E,, to determine the effect of mixing for different periods
of time. The tests were made on 1 cement to' 3 sand briquettes.
The mixing was by hand, in a cast-iron box with inclined ends,
using a hoc almost as wide as the box. As shown in Table XVII,
the briquettes were broken at ages varying from 7 days to 2 years.

Each batch for making five briquettes was mixed from one to
ten minutes, advancing one minute for each batch. As will be
seen, the gain in strength from 1 to 10 minutes was 54, 42 and
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20.7 per cent. for 1 month, 3 months and 2 years respectively.
Hence we see the desirability of thorough mixing.
TABLE XVIL

EFFECT OF TIME OF- MIXING ON STRENGTH OF CEMENT
MORTAR (1 CEMENT TO 3 SAND).

Water
per cent Mean Tensile Strength of Briquettes A fter
Time Py of ——Days— —Months— -—Years—
of dry ingre- 7, 28, 6, 1,

mixing. dients.  Ibs. Ibs. lbs. Ibs. Ibs. lbs.
I minute.............. 8.25 231.6 317 397 437 435 429
2 minutes............. 8.25 274.4 366 425 447 468 430
3 Y e 8.25 2882 396 454 516 521 459
4 " e 8.25 3068 418 460 534 536 490
5 e 8.25 32406 436 495 546 532 515
6 .. 8.25 335.0 446 528 554 559 - 481
7 Y e 8.37 344.8 446 500 509 585 530
-8 L e 8.50 387.2 471 530 571 563 SII
[ 8.75 362.2 469 538 603 601 530
I " e, 8.87 368. 6 488 564 612 615 524

Machine vs. Hand Mixing.—Tests made by U. S. Government
engineers at Duluth, Minn.,* to determine the relative strength of
concrete mixed by hand and by machine (a cube mixer) showed
that at 7 days hand mixed concrete only possessed 53 per cen