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rt I Of Pounds pcr <.nuarc inch to tons (2,000 lú.} yer To con\'C "ª ues --i ) 

f t di.vide the former by 14 (more exactly 13.89 
square oo , 1 · ¡ th former 

To convert Centigrade to Fahrenheit temperatures, mu tlp y e 
b 1 8 and add 32º to the product. 

To c:iff~rt Fahrenheit to Centigrade temperature, deduct 32º from the 

former and divide by 1.8. 
One millimeter = 0.0394 inch 
One centimeter = 0.3937 " 
One meter = 39.37 inches or 3.281 feet_ 
One square centimeter = 0.155 square mch 
One " meter = io. 764 square feet or 1.196 square yards 
One cubic centimeter = o.061 cubic inch . 
One " meter= 35.31 cubic feet, or 1.3o8 cub1c yards . 'd 
One liter = 61.02 cubic inches or o.0353 cubic foot, or I .057 U. S. liqu1 

quarts or 0.2642 U. S. liquid gallon 
One gram = o.0353 avoirdupois ounce 

500 grams = I.l pounds avoirdupoi: . 
One kilogram = 2.2046 pounds avoirdupo1s f lb) 
One tonne or metric ton= 2204.62 pounds or 1.1023 tons (o 2,000 . 

One English penny = So-0203 
One " shilling = So.2433 
One " pound = $4.8665 
One French franc = $o. 193 
One German mark = $o.238 

ELii,M./:,1\'TARY OUTLl ... \'E OF CONCRETING 

CHAPTER II 

ELEMENTARY OUTLINE OF THE PROCESS OF 
CONCRETING 

II 

This chapter is not written for experienced civil engineers and contrac­
tors, nor for those who desire to make a scientific study of methods and 
principies. On the contraf)', it is merely an elementary outline, indicating 
to the inexperienced the various steps which must be taken with this class 
of masonry. In subsequent chapters the various divisions of the subjcct 
are treated in detail. 

The question as to whether concrete is preferable to sorne other forro of 
masonry may often resoh-e itself into a question of cost. The cost, in 
turn, is dependent upon the character of the structure, the rate of labor 
and the price of the various materials entering into the work. Portland 
cement concrete has been laid in large masses at as low a price as $3 per 
cubic yard, while for thin walls built under disadvantageous conditions the 
cost of constructing molds may cause it to run as high as $30 per cubic 
yard, and in the case of ornamental work even above this. Before esti­
mating the cost in any case, the materials must be chosen and the relative 
proportions of the ingredients determined from a consideration of the 
design of the structure. 

WHERE CONCRETE MAY BE USED 

By far the largest proportion of Portland cement concrete is laid in 
heavy foundation work and in other structures, such as tunnels and sub­
ways, below the surface oí the ground. It is peculiarly adapted for foun­
dations of engines or machinery, hea\'y walls, piers, etc. In the former 
!he concrete is often carried all the way up to the base of the engine or 
machine, instead of being topped with brick or stone. It is widely used 
for sidewalks or floors upon the· ground level, and for suspended floors. 
When suitably reinforced with steel, it furnishes probably the most econom­
ical and effecti\'e material for fire-proof construction. Its use for walls of 
buildings is largely increasing, but on account of the very indefinite time 
required in the building and moving of forrns the cost may largely exceed 
the original estímate unless the builder is experienced in this class of work. 
Under favorable conditions, howe"er, a 6-inch wall of concrete will cost no 
more, and usually less, than a 12-inch wall of brick work, and will be 
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If the use of dirty sand is unavoidable, its effect upon the strength of the 

mortar should be investigated. Preference should be given to sand con­
taining a mixture of coarse and fine grains. Extremely fine sand can be 

used alone, but it makes a weaker mortar than either coarse sand alone or 
a mixture of coarse and fine sand. 

Either crushed stone or clean grave!, or both, is suitable for the coarse 
material of the aggregate. It is chiefly a question of which can be delivered 

upan the work at the least cost. If the grave! is chosen greater uniforrnity 

is attained by screening it over, say a f-inch mesh screen, and then re­
mixing the sand which falls through the screen with the coarser grave! in 

definite proportions, than by taking the run of the bank. If the gravel is 

dirty or clayey it should be washed with a hose, a little at a time, before it 
is shoveled on to the rnixing platform. 

Broken stone, if selected, may be used unscreened as it comes from the 
crusher, although it is preferable to screén out the dust and to use the 

iatter as a portion of the sand. The maximum size is usually limited 
to 2½ inches. A smaller size than this, say one inch, will give, with less 

care, a finer surface. In a thick wall Iarge sound stones may be placed 
by hand or derrick without detriment to the work, providing the con­

sistency of the concrete is thin enough to properly imbed them. 

PROPORTIONS 

Accurate methods of proportioning the cement and aggregate in concrete 

are discussed in chapter XI, page 183, and ifalargeorveryimportant mass 
is under consideration, or if the work must be water-tight, the correct pro­

portioning requires more careful consideration than can be ·given it in 

this chapter. The method often adopted of pouring water into the coarser 
material to determine the percentage of voids, and thus finding the quan­

tity of sand to use for filling them, is apt to be misleading, because so much 
<lepends upon the compactness of the stone, due to the method of handling 

it- that is, whether placed quietly, dropped, thrown, or shaken down -

and because in the majority of cases the sand contains many grains so 

large that they will not enter the smaller voids of the coarser ITaterial. 

In a small jo~ it is sufficiently accurate to select the proportion of cement 
to sand which will give the required strength to the concrete, and then use 

twice as much grave! or broken stone as sand. In figuring the rapacities 
of the measures for the sand and stone it must be remembered that a barre! 

of Portland cement weighs 376 pounds, not including the barrel, and a 

bag of Portland cement 94 pounds, and we may assume for convenience 
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tbat a cement barrel holds 3.8 cubic feet. This is a fair average measure­
ment of a heaped barrel, or a barrel witb both heads removed-a con-

venient measure for sand. 
As a rougb guide to the selection of materials for various classes of work, 

we may take four proportions which differ from each other simply in the 

relative quantity of cement: 
(a) A Rich Mixture for columns and other structural parts subjected to 

high stresses or requiring exceptional water-tightness: Proportions 
1 : 1½ : 3; that is, one barrel (4 bags) packed Portland cement to 
1½ barreis (5.7 cubic feet) loose sand to 3 barrels (u.4 cubic feet) 

loose gravel or broken stone. 
(b) A Standard Mixture for reinforced floors, beams and columns, for 

arches, for reinforced engine or machine foundations subject to 
vibrations, for tanks, sewers, conduits, and other water-tigbt work: 
Proportions 1 : 2 : 4; that is, one barrel (4 bags) packed Portland 
cement to 2 bags (7-6 cu. ft.) loose sand to 4 barreis (15.2 cu. ft.) 

loose gravel or broken stone. 
(e) A Medium Mixture for ordinary machine foundations, retaining walls, 

abutments, piers, thin foundatiorr walls, building walls, ordinary 
. floors, sidewalks, and sewers with heavy walls: Proportions 1 : 2½ : 5; 
that is, one barrel (4 bags) packed Portland cement to 2½ barreis 
(9.5 cu. ft.) loose sand to 5 barrels (19 cu. ft.) loose gravel or broken 

stone. 
(á) A Lean Mixture for unimportant work in masses, for heavy walls, for 

large foundations supporting a stationary load, and for backing for 
stone masonry: Proportions 1 : 3 : 6; that is, one barrel (4 bags) 
packed Portland rement to 3 barrels (u.4 cu. ft.) loose sand to 6 

barrels (22.8 cu. ft.) loose gravel or broken stone. 
The above specifications are based upon fair average practice. If the 

aggregate is carefully graded and the proportions are scientifically fixed, 
smaller proportions of cement may be used for each class of work. 

QUANTITIES OF MATERIAL 

Inexperienced contractors have often lost money by assuming that the 
quantity of gravel plus the quantity of sand required will be equivalent to 
the volume of the fmished concrete - that is, that 7½ cubic yards of con­
crete in the proportions of 1: 2½: 5 will require 2½ cubic yards of sand and 
5 cubic yards of gravel. This is absolutely wrong, since the grains Óf sand 
fill, to a certain extent, the spaces between the larger pebbles. It is incor­
rect, on the other hand, to figure a quantity of gravel equal to the total 
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always m excess of the actual vo1·ds 11 h mor ar, w ich is cr . , swe s t e bulk. 

If .,ravel or stone having particles of unif . . . . 
recognized that the work will cost from to orm s1ze is used it must be 
of the additional quantity of t . 1 5 . ro per cent. more, on account 

ma ena reqmred to m k · 
concrete. In measurincr the 1 ª e a g1ven volume oí 

" grave or stone befo · · h . 
less solid matte · re mixmg t ere w!ll be 

r m a measure, and consequentl 
will be necessary to fill the b y more sand and cernen! 

. . spaces etween the t T . 
wh1ch is often overlooked even b . sones. h1s fact, Y expenenced men · ·11 . 
somewhat exaggerated fashion . F' , 

1
s 

1
_ ustrated m a m igs. I and 2. Here F1g ·¡¡ • I I ustrates 

the measurement of the dry materials an . 
when the stone has been s d d th~ mrxture produced therefrom 

h 
creene to one umform . hºl . 

t e drv materiais and the . t h s1ze, w 1 e F1g. 2 show, 
' m1x ure w en th t • . run " th t . f es one is what IS termed " h - a 1s o var · · • crus e· 

It is ob . ' ymg SJZes as it comes from the crusher . 
.v1ous at a glance that th 'f . 

tains less solid stone th h e um orm stone measured in Fig. I con-

b 
an t e graded ston d • . 

etween tbe stones in the first c e measure m F1g. 2 . Tbe space~ 
ase are very nearly equal to the volume of 



16 A TREATISE ON CONCRETE 

the solid particles, and as the measure of the sand is one-half that of the 
stone and the particles of cement fill the voids in the sand, this sand and 
ceme~t mixes in between the stones, filling the spaces or voids, and re­

sulting in a mixture but very slightly greater in volume than the sto~e 
alone. In the second case, Fig. 2, the spaces between the large stones m 
the stone measure are filled with graded smaller stones, so that there is a 
much smaller volume of spaces or voids. Hence, when the sand and 
cement which are id~ntical with that in Fig. 1, are mixed with it the 
volume' of mixture becomes considerably larger than the original bulk of 
the stone. Consequently, if we start with definite proportions of materials, 

h " h " more concrete will be made with graded stone - suc as crus er run 
broken stone or oravel containing various sizes, ranging, say, from ¼ inch 
up to 

2 
inch~s -

0

than if the stone has been sc~eened to uniform size. If, 
on the other hand, the proportions of the matenals are changed on account 
of the fewer voids in the mixed stone, and less sand and cement are used, 

a saving in these materia.Is results. . . 
Fuller's Rule For Quantities-The simplest rule for determmmg the 

quantities of materials for a cubic yard ~f _concrete is one devised by 
William B. Fuller. Expressed in words, Jt 1s as follows: ·. 

Divide II by the sum of the parts of all the ingredients, and the ~uot1ent 
·11 be the number of barreis of Portland cement required for 1 cub1c yard 

:; concrete. The number of barreis of cement thus found, multiplied 
,: l b the "parts" of sand and stone will give the number of respecuve y y , . . 

barreis of each required for r cubic yard of concrete, and m_u~t1~lymg 
these values by 3.8 (the number of cubic feet in a barr~l), and dlVld~~g by 

(the number of cubic feet in a cubic yard), will g1ve the quantit1es of 
::nd and stone, in fractions of a cubic yard, needed for 1 cubic yard of 

concrete. 
To express this rule in the shape of formulas: 

Let 
e = number of parts cement; 
s = number of parts sand; 
g = number of parts gravel or broken stone. 

Then 

II = p = number of barreis Portland cement required for one 

c+s+ g cubic yard of concrete. · 

PXsx3·8 = number of cubic yards of sand required for one cubic yard of 
27 concrete. 
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3.8 . 
PXgX- =number of cub1c yards of stone- or gravel required for 

27 b' one cu 1c yard of concrete. 
The following table is made up from Fuller's rule and represents fair 

averages of all classes of material. The first figure in each proportion 
represents the unit, or one barre! (4 b~gs), of packed Portland cement (weigh­
ing 376 pounds), the second figure, the number of barreis loose sand (3.8 
cubic feet each) per barrel of cement, and the third figure, the n~mber of 
barreis loose grave! or stone (of 3.8 cubic feet each) per barrel of cement: 

Proportions. 
1:2:4 
1:2½:5 
1:3:6 
1:4:8 

Materials Jor One Cubic Yard of Concrete. 
Cement, 
Barreis. 
r.57 
1.29 
I.10 
0.85 

Sand, 
Cubic yards. 

0.44 
o.45 
0.46 
0.48 

Gravel or stone, 
Cubic yards. 

o.88 
0.91 
o.93 
0.96 

If the coarse material is broken stone screened to uniform size it will as 
is stated above, contain less solid matter in a given volume than an aver~ge 
stone, and about S per cent. rnust be added to the quantities of all the 
materials. If the coarse material contains a large variety of sizes 
so as to be quite dense, about 5 per cent. may be deducted frorn ali of 
the quantities. 

Example.- What materials will be required for six machine founda­
tions, each 5 feet square at the · .ottom, 4 feet square at the top and 8 feet 
h·oh? ' lb . 

Answer. - Each pier contains 163 cubic feet, and thesix piers therefore 
. 6 X 163 . 

contam -
2
-
7
- = 36.2 cub1c yards. If we seiect proportions 1 : 2½: 5, 

we find, multiplying the total volume by the quantities given in the table 
that the:e will be required, in round numbers, 47 barreis packed cement'. 
16½ cub1c yards loose sand, 33 cubic yards Ioose grave!. 

TOOLS AND APPARATUS REQUIRED FOR CONCRETE WORK 
The quantity of tools will, of course, vary with the size of the gang. 

The. following schedule is based upon a small gang of eight or ten men, 
makmg concrete by hand: 

Eight square pointed shovels, size No. 3, and such as illustrated in 
Fig. 3, page 18. · (If a very wet mixture is used substítute smalil 
coa! scoops.) 

Three iron wheelbarrows, Fig. 4, page 18. 
Two rammers, Figs. 9?, rno, or ror, pages 28r and 282. 
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Lumber for making and bracing forms. 

Nails and, for sorne kinds of work, bolts, for forms. 

OONSTRUOTION OF FORMS 

Green spruce or fir lumber is suitable for forms. If a smooth face is 
required the surface of the boards or plank next to the concrete must be 

dressed and the edges tongued and grooved or beveled. The forms must 
be nearly water-tight. The sheeting, which is usually laid horizontal, may 

be 1 inch, 1½ inch or 2 inches thick, the distance apart of the studding being 
governed by the thickness selected. The studs must be placed not more 

than 2 feet apart for r-inch sheeting nor more than 5 feet apart for 2-inch 
sheeting. They must be securely braced so as to withstand the pressure 
af the soft concrete and of the puddling or ramming. 

The lower portion of a foundation wall in a trench excavated in earth so 

stiff as to stand nearly vertical may sometimes be laid with no form at all, 
and then narrowed in at the top to the required thickness, but if the 

sid!!s of the trench are sloping it is generally cheaper to save concrete 
material by carrying the forrns to the bottorn. A thin wall may be 

Fm. 6.-Construction of Fonn wben Base of Wallis Spread. (See p. 19.) 
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greatly strengthened by spreading the base, which is readily accomplished 
by starting the boards or plank 6 or 8 inches above the bottom of the ·e~ca­
vation and allowingthe soft concrete to flow out under them on both s1deic: 
of the wall so as to make footings, as shown in Fig. 6. The studs may 
run to the bottom, as indicated by the dotted lines, but should be tapered 
and greased so that they may be withdrawn without injury to the 

concrete. 
For all walls under 9 or 10 inches in thickness, small steel rods ¼ or 

¡ inch in diameter, spaced about 18 inches apart, will _greatly i_ncrease the 
stiffness and add to the safety of the structure, espec1ally while the con-

crete is hardening. . . 
Forms must be Jeft in place for three or four weeks 1f there 1s earth or 

water pressure against the wall. If, on the other hand, there is no strain 
upon it, 24 hours setting, or until the concrete will stand the pressure of 

the thumb without indentation, is suflicient. 
Further descriptions of form construction and methods of f~cing are 

given in Chapter XV. Forms for spe~ial structures are. descnbed and 
illustrated in subsequent chapters treatmg of concrete d;s1gn. 

MIXING AND LA YING CONCRETE 

The advisability of employing machinery for mixing the concrete depends 

chiefly upon the quantity to be laid. On a small job the first cos~ of 
mixing machinery and the running expenses, such as the _labor of the engme­
man which continue when the machine is idle, may bnng the cost of ma­
chin~-mixed concrete higher than hand-mixed. The decision may be 
based entirely upon the cost per cubic yard of concrete laid, pro~ided a 
first-class machine is employed, since good concrete can be made either by 
machine or by hand. The various types of concrete mixers and the methods 

of employing them are discussed in Chapter XIV. . . 
The foreman for a gang of concrete mixers need. not be of great mtelh-

gence, but must be one who will obey orders strictly, and know how ~o 
keep ali of his men constantly busy. The amount of work turned out w1ll 
depend to quite an extent on the arrangement of the gang, wheth~r each 
man has certain defmite operations to perform over and over agam, _and 
whether these operations fit into the work of the rest of the gang so that 

none of the roen have idle moments. . 
A gang of at least 6 men besides the foreman is required even on s~all 

work, while as many as 23 rnen may be effectively employed. I~ addition 
to these, an inspector is generally necessary to watch the placmg of the 
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concrete and see that tbe mixture is uniform and of proper consistency. 

Cheap laborers, as for !nstance Italians, make good men for mixing and 
transporting the concrete. 

The materials for the concrete ought, of course, to be deposited as near 

tbe work as possible. The cement, whether it comes in bags or barreis, 
must be sheltered from the rain. Covering with plank is insufficient. 
Bags should be protected from moist atmosphere; a cellar is likely to be 
too damp. To keep the sand and stone as near the mixing platform as 
possible, it may be advantageous to haul the materials as they are required 
from day to day. If the sand or stone pile is at any time farther from the 
measuring boxes than a man can profitably throw with shovels without 
walking, say more than 8 or 10 feet, do not hesitate to have it loaded into 
wheelbarrows and dumped into the measuring boxes. Materials can ·be 
wheeled in barrows to a distance of 10 to 25 feet from the platform at 

about the same cost that they can be shoveled direct with a long th.row. 
T here are many methods of mixing concrete by hand, as discussed in 

Chapter XIV, ali of which with care produce good work. For the con­
venience of the inexperienced the following directions for the work of a 

sm~ll gang ?f six men with foremen niay be useful. They are given merely 
for 1llustrat10n, and must be more or less varied to suit local circumstances. 

Directions for Mixing Concrete. Assume a gang of four men to 
wheel and mix the concrete, with two other men to look after the placing 
and ramming. , 

When starting a batch, two mixers shovel or wheel sand into the measur­
ing box or barrel -which should have no bottom or top - level 
it and lift off the measure, leveling the sand still further if necessary. 
They then empty the cernent on top of the- sand, level it to a 
layer of even thickness, and turn the dry sand and cement with shovels 
three times, as described below, after which the mixture should be of 
uniform color. 

While these two men are mixing sand and cement, the other two fill the 
gravel measure about half full, then the two sand men take hold with them 
and complete filling it. The gravel measure is lifted, the grave! hollowed 
out slightly in the center, and the mixture of sand and cement shoveled on 
top in a !ayer of nearly even thickness.* A definite nurnber of pails are 
filled with water, and poured directly on the top of these layers, greater 
uniformity being thus attained than by adding the water directly from 
a hose. After soaking in slightly the mass is ready for turning. 

* Sorne engineers prefe~ to spread the stone on top of the sand and cement, wbile others 
prefer to m1x the water w1th the sand and cement before addin¡: them to the stone. 
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The method illustrated in Fig. 7 oí turning with shovels materials 
which have already been spread in layers is as follows: 

Two men, a and b, with square pointed shovels, stand facing each other 
at one end of the pile to be turned, one working right-handed and the other 
left-handed. Each man pushes his shovel along the platform under the 
pile, lifts the shovelful, turns with it, and then, turning the shovel com­
pletely over, and with a spreading motion drawing the shovel toward him­
self, deposits the material about 2 íeet from its original position. Repeti­
tions of this operation will form a flat ridge oí the material, on a Iine with 
the pile as it originally lay, and flat enough so that the stones will not roll. 
As soon as, but not before, a single ridge is complete, two other men, 
e and d, should start upon this ridge, turning the materials for the 
second time, as shown in the illustration, and forming as before a flat ridgc 
and finally a level pile which gradually replaces the last. A third mixing 

is accomplished in a similar way. 
Fig. 7 gives the position of the piles as the concrete is being turned. 

ORIGINAL 
NEXT BATCH 

TO BE 
LAYERS START ED HERE 

p 

MAN a 1 r MAN b 
X X 

~ MAN e MAN d 
X X 

0 CD 
2 ND, TURN 

, 

FIG. 7. -Position oí Men and Concrete on Platform while Turning. (Ste p. 22.) 
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A portion oí the original layers is shown at p, the ridge formed by men a 

a~d b shoveling from pile p is shown at q, and the beginning of the 
ndge formed by men e and d is shown at rr. The third turning is not 
shown. 

The quantity oí water used must be varied according to the moisture in 
the materials and the consistency required in the concrete. \\'hile the 
opi~ions of engineers regarding the proper consistency rnry widely, it is 
adv1sable, the authors believe, for an inexperienced gang to use an excess 
of water. The rule may be made in hand mixing to use as much water as 
can be thoroughly incorporated with the materials. Concrete thus madc 
will be so soít or "mushy" that it will fall off the shovel unless handled 
quickly. 

After the material has been turned twice, as described, and as soon as 
the third turning has been commenced, two oí the mixers who have 
finished turning may load the concrete into barrows and wheel to place. 
They should fill their own barrows, and after the mass has been com­
pletely turned for the third time by the other two men the Jatter should 
start filling the grave! measure for the next batch. 

If ~he concrete is not wheeled over 50 feet, four experienced men ought 
to m1x and wheel on the average about ro½ batches in ten hours. This 
figure is based on proportions r: 2½: 5, and assumes that a batch consists 
of one barrel (four bags) Portland cement with 9.5 cubic feet of sand and 
19 cubic íeet of gravel or stone. 

Assuming, as given on page 17, that r.29 barreis oí cement are re­
quired for r cubic yard of concrete, one barre! of cement - that is, or,r 
batch - will make o. 78 cubic yard of concrete; hence 10½ batch es mixed 
and wheeled by four men in ten hours are equivalent to 8¼ cubic yards oí 
concrete. This is for the very simplest kind of concreting and makes no 
allowance for the labor of supplying materials to the mixing platform or 
for building forros. 

Placing Concrete. The concrete may be transported and handled by 
any means which will not cause the materials to separate. If mixed 
wet it may be dropped directly from shovels or barrows to place, or it 
may be run clown an inclined pipe or chute. Thelayersshould be about 
6 inches thick. For a dry or a jelly-like mixture common square ended 
rammers are employed and the mass must be rammed until the mortar 
flushes to the surface. \Vet concrete must be merely puddled or 
"joggled "to expel the air and surplus water. Before placing a fresh layer 
upon work which has set, the su.rfac~ must be cleaned of dirt and SC\lfil, 

and thoroughly wet. 
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The placing of concrete and the kinds of rammers for different classes of 

work are discussed more at length in Chapter XV. 

APPROXIMATE COST OF CONCRETE 

The cost of concrete depends more upon the character of the con­
struction -and the conditions which govern it than upon the first cost 
of the materials. In a verygeneral way, wemay say that when laid in large 
masses or in a very hea,·y wall, so that the construction of the forms i~ 
relatively a small item, the cost per cubic yard in place is likely to range 
from $4 to $7. Thc Jower figure represents contract work under favw:able 
conditions with low prices for materials, and the higher figure small jobf 
and inexperienced men. Similarly, we may say that for sewers and 
arches, where centering is required, the price may range from $7 to $14 
per cubic yard. Thin building walls under eight inches thick may c?s1 
from $10 to $20 per cubic yard, according to the character of construct10n 

and the fmish which is given to the surface. 
These ranges in price seem enormous for a material which is ordinarily 

supposed to be handled by unskilled labor, but it must be borne in mind 
that skilled workmen are required for constructing forms and centers, and 
often the labor upon these may be severa! times that of mixing and placing 
the concrete. As a rule, unless the job is a very small one or under the 
personal supervision of a competent engineer, it is cheaper and more satis­
factory to employ an experienced contractor than day labor. Green men 
under an inexperienced foreman may not be counted upon to mix and lay 
over one-half the amount of concrete that will be handled by a skilled 

gang under expert superintcndence. 
A close estímate of cost may be reached, in cases where the conditions 

are known in advance, by taking up in detail and then combining thP. 
various units of the material and labor as outlined below. 

Cost of Cement. As the price of Portland cement varies largely with 
the demand, it is necessary to obtain quotations from dealers for ever) 
purchase. It is such hea,·y stuff that the freight usually enters largely 
into the .cost, and quotations should therefore be made f.o.b. the nearest 
point of delivery to the work. The cost of hauling by wagon may be 
readily estimated by assuming that a barrel of cement weighs 400 pounds 
(gross), and that a pair of horses will haul over an average countr;: ro~d 
a load of, say, 5 ooo pounds, traveling in all a distance of 20 to 25 miles m 
a day, that is, 10 to 12½ miles with load. This assumes, of coun;e, 

that the teams are good and properly handled. 

ELE.l!EXTARY OUTLINE OF COXCRETING 

Ilaving found the cost of the cement per barre!, delivered, the approxi­
mate cost per cubic yard is at once obtained from the table on page 17. 
lf, for example, the cost is $2 per barre! and proportions 1: 2½: 5 are 
selected, the cost of the cement per cubic yard of concrete will be 1. 29 X $2 .oo 

= $2.58. 
Cost of Sand. The cost of sand depends chiefly upon the distance 

hauled. With labor at 15 cents per hour, the cost of loading (including 
the c~s~ of the cart waiting at pit) may be estimated, if handled in large 
quant1tJes, at 18 cents per cubic yard, or on a small job at 27 cents per 
cubic yard. For hauling add one cent for each 100 feet of distance from 
the pit. The additional cost of screening, if required, will vary with the 
coarseness of the material, but J s cents per cubic yard may be called an 
average price for this, unless the sand is obtained by screening the gravel. 
when no allowance need be made. After finding the cost of one cubic 
yard of sand, the cost of the sand per cubic yard of concrete is readily 
figured from the table referred to. If, for example, the cost of sand 
screencd, loaded and hauled 1 oco feet is 52 cents per cubic yard, the cost 
per cubic yarcl of concrete for proportions 1: 2½: 5 will be 0.45 X $o.52= 
So.23½, 

Cost of Gravel or Broken Stone. If broken stone is used upon a small 
job for the coarse aggregate, it is usually purchased by the ton or cubir 
yard. A 2000-lb. ton of broken stone may be considered as aYeraging 
approximately 0.9 cubic yards, although differences in spccific graYity 
cause considerable variation. A two-horse load is generally considered 
i½ to 2 yards, the latter quantity requiring very high sideboards. The cost 
of ~creening grave!, if this is necessary, while a very variable ítem, may be 
estimated at 35 cents per cubic yard. The cost of loading grave! into 
double carts, with labor at 15 cents per hour, mav be estimated on a 
small ~ob at 38 cents per cubic yard. If handled in. large quantities, 25 
cents 1s an average cost. The cost of loading includes Joosening and 
also the cost of the cart waiting at the pit. Hauling costs about one cent 
per cubic yard additional for each 100 feet of distance hauleri under load. 
If, to illustrate, the cost of grave! picked, screened, loaded and hauled 
1 ooo feet is 83 cents per cubic yard, the cost of the gravel per cubic yard 
of concrete for proportions 1: 2½: 5 will be 0.91 X $o.83 =$o.75!. 

For distances up to 300 feet both sand and graYel can be hauled more 
economically by wheelbarrows than by teams. The cost of loading wheel­
h~rrows is about half the cost of loading carts, while the cost of hauling 
w1th barrows per 100 feet is about four time~ greater. 

Cost of Labor, With an experienced gang working at the rate of 15 
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cents per hour, the cost of mixing and laying concrete, ií shoveled direct~y 
to place from the mixing platform, will a\'erage about 80 cents per cub1c 
yard, in addition to the work on forms. If, ~s is usually the case, the con­
crete is wheeled in barrows, 9 cents per cub1c yard must be added to the 
above price for the first 25 íeet that the barrows are wh:eled under load, 
and i¼ cent5 for each additional 25 feet wheeled. W1th other rates of 
wages, the cost may be considered as proportional. \Vith a green gang, 
the cosl will be nearly double the above figures, but as the men be_come 
worked in and the organization perfected, the cost should approx1mate 
more nearly the prices gh-en. . 

In building construction where the material is mixed by machmery and 
hoisted to place, there are numerous incidental expens~s_and delays,_so that 
it is not safe to figure the cost oí labor for simply m1xmg and laymg the 
concrete under ordinarily good conditions at less than $1.50 to $2.00 per 
cubic yard. The cost of materials must be added to this, so t~at the cost 
of the concrete itself laid in place but 1wt including forms nor remforcement 
is apl to be about $7.50 per cubic yard. Approximate costs per cubic íoot 
of finished concrrte are given in Chapter XXIV. 

Cost of Forms. The labor on forms is not included in the abo,·e. This 
is an extremely variable item. The cost of rough plank forms, includ­
ing labor and lumber for both sides of a 3-foot wall, may be as !ºV: as 50 
cents per cubic yard of concrete, with other thicknesses of wall m mverse 
proportion. On elaborate work the price, which is really dependent upan 
the face area, will reach severa) dollars per cubic yard of concrete, the cost 
of the form work in fact usually exceeding the cost of the concrete. In 
building construc;ion, suc

1

h as a factory six stories in height _of symmetrical 
design, the cost of materials and labor on forms may be estJmated at from 
9 to 1 2 cents per square foot of surface of forms. If forms a,e to be used 
only once, or if conditions are disadvantageous, these values may be doubled. 
The costs vary with the price of lumber, the design of the struc~ure, the 
design of the forms, the character of the supervision, and the sk.ill of the 
workmen. 

Cost of Steel. The cost of bending and placing steel for reinforred 
concrete is apt to vary from ! to 1½ ~ per pound. If, the~efore, the rnst 
of the steel is about $40.00 per ton or 2~ per pound, the cost m place may be 
estimated at 3~ per pound. 

THE STRENGTH OF CONCRETE 

The strength of concrete varies (1) with the quality of the materials; (2) 
with the quantity of cement contained in a cubic yard of the concrete; and 
(3) with the density oí the mixture. 

ELE.lfENTARJ' OUTL!.YE OF CO.YCRETING 

We may say that the strongest and most economical mixture consists of 
an aggregate comprising a large variety oí sizes oí particles, so grade<l 
that they fit into each other with thc smallest possiblc volume of spaces or 
voids, and enough cement to slightly more than fill ali of these spaces or 
voids between the solids of the aggregate. It is obvious that with the 
same aggregate the strongest cement will make the strongest concrete. 

On important construclion the various materials to be used should be 
carefully tested, and speci_mens of the mixture selected made up in advance 
and subjected to test. As a guide to the loads which concrete will stand 
in compression, that is, under vertical loading where the height oí the 
column or mass is not over, say, 12 times the least horizontal dimension, 
we may give the following approximate figures as safe strengths, aíter 
th:! concrete has set at least one month, for the proportions which have 
pr~viously been selected in this article as typical mixtures. 

The figures, compared with the results of recent experiments on long 
columns, allow with first-class construction a factor of saíety oí at least four 
at th~ age of one month, or about five and one-half at the age of six months, 
and are based on conservative practice. The relative strengths of the 
different mixtures are cakulated from original investigations of the authors 
discussed in Chaptcr XX. 

Sa/c Strengtlz o/ Portland Cemntt Concrete in Dircct Compression. 

ProrlOrtions. 
I : r½ : J 
I : 2 : 4 
I : 2! : 5 
I : 3 : 6 
I : 4 : 8 

Pound, per 
HQU:lrc inrh. 

500 

450 
400 
360 
290 

Tons rer 
s11 uare foo t. 

36 
32 
29 
26 
2I 

With a large mass foundation, take values one-third greater. 
With a vibrating or pounding load, take one-half these values. 
The tensile strength oí concrete is very much less than the compressive 

strength. Experiments made by the authors, with mixtures of average 
proportions, give the ultimatc fibcr stress in beams not reinforced as about 
one-eighth the breaking strength in compression. For this rcason it is 
not safe lo use concrete for beams unless rcinforced with steel. 


