
The mixes used covered a wide range, as did also the 
grading of aggregate and consistency. The aggregates 
consisted of two sizes of sand and mixtures of sand and 
pebbles graded to the sizes shown. The mix is expressed 
in terms of volumes of dry cement and aggregate, regard­
less of grading ; i.e., a i : 5 mix is made up of x cu. ft. 
cement (1 sack) and 5 cu. ft. of aggregate as used,

the characteristics of the other ingredients. During the 
past dozen years some attention has been given to the im­
portance of the aggregate, but it is only recently that we 
have learned that the water also requires consideration.

Full Significance of Water Not Realized
A great deal has been said and written recently con­

cerning the effect of water on the strength and other 
properties of concrete, but the full significance of this in­
gredient has not heretofore been pointed out. A dis­
cussion which appeared in the April, 1917, issue of the 
Concrete Highway Magazine gave a brief review of re­
sults of some of the experimental- work carried out along 
this line at the Structural Materials Research Laboratory, 
Lewis Institute, Chicago. The relation between the water 
content and the compressive strength of the concrete for 
a wide range of consistencies was there pointed out and 
emphasis was placed on the injurious effect of too much 
water. Tests made in studies of the effect of size and 
grading of aggregates have shown that the only reason 
concrete of higher strength and durability can be produced 
from well-graded aggregate as compared with a poorly 
graded aggregate is that the former can be mixed with 
less water. If this is not done no advantage is gained 
from using a well-graded aggregate. The following dis-

whether a sand or a coarse concrete mixture.

Many Different Combinations Studied
This series gives valuable information on the effect of 

changing the quantity of cement, the size of the aggregate 
and the quantity of water. The effect of many different 
combinations of these variables can be studied. One set 
of relations gives the effect of amount of cement using 
aggregates of different size and grading ; another set of 
relations gives the effect of different quantities of water, 
varying both mix and size of aggregate. In all respects 
the tests bear out the indications of earlier and later 
series, and reveal the true relation between the strength 
and the proportions of the constituent materials in con- 

The figure shows the relation between the com­
pressive strength and the water content for the 28-day 
tests. The water content of the concrete has been ex­
pressed as a ratio of the volume of cement, considering 

that the cement weighs 94 lbs. per cubic
—----------- foot. Distinguishing marks are used for

each mix, but no distinction is made be- 
__________ tween aggregates of different size or dif­

ferent consistencies.
__________ When the compressive strength is

plotted against the water in this way, a
_______ smooth curve is obtained, due to the

overlapping of the points for different 
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been omitted, 
should obtain a series of curves dropping 
downward and to the left from the curve 
shown. It is seen at once that the size 
and grading of the aggregate and the 
quantity of cement are no longer of any 
importance except in. so far as these 
factors influence the quantity of water 
required to produce a workable mix. 
This gives us an entirely new conception 
of the function of the constituent ma­
terials entering into a concrete mix and 
is the most basic principle which has been 
discovered in our studies of concrete.
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cussion shows that a similar conclusion can now be stated 
with reference to a rich concrete mix as compared with a 
lean one.

While the injurious effects of too much water in con­
crete is apparent, tests made in this laboratory show that 
the truly fundamental rolê played by water in concrete 
mixtures has been entirely overlooked in previous dis­
cussions of the subject. The relation referred to above is 
brought out by a series of compression tests of about 
sixteen hundred 6 x 12-in. concrete cylinders made up as 
follows :—

The equation of the curve is of the form,
"S = A/B1

where S is the compressive strength of concrete and x is 
the ratio of the volume of water to the volume of cement 
in the batch, A and B are constants whose values depepid 
on the quality of the cement used, the age of the concrete, 
and curing conditions.

(1)

Law of the Strength of Concrete
This equation expresses the law of strength of concrete 

so far as the proportions of materials are concerned. It 
is seen that for given concrete materials the strength de­
pends on one factor only—the ratio of water to cement. 
Equations which have been proposed for this purpose con­
tain terms which take into account such factors as quantity 
of cement, proportions of fine and coarse aggregate, voids 
in aggregate ; but they have uniformly omitted the only 
item which is of any importance, the water.

The relation given above holds so long as the concrete 
is not too dry for maximum strength and the aggregate
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0-1 J^-in.
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Aggregate.
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Consistency.

1 :g
Different con­
sistencies for 
each mix and 
aggregate.
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