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July 24, 1919

The tests grouped on this diagram are comparable by reason
of being made from the same cement, similar materials, and
Subjected to the same conditions as to making, molding and
curing. Each point is derived from the average tests of
five specimens. Diagrams of other groups of tests compar-
able among themselves give similar results. A similar dia-
8ram published in the last (1918) edition of Johnson’s
“Materials of Construction,” computed from data published
In U.S. Bureau of Standards Technologic Paper No. 58, corro-
borates this assumption.

In order to compute proportions for equivalent strength,

.1t is necessary to assume for each class of concrete that some

Mixture is satisfactory. For the three classes of concrete

. Considered in this paper, the following mixtures were taken

as the basis:—

Class I.—Proportion 1:415, gravel containing 42 per
¢ent. sand.

Class IIL.—Proportion 1:5%, gravel containing 42 per

cent. sand.
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Fig, 1—RELATION BETWEEN COMPRESSIVE STRENGTH OF
CONCRETE AND THE RATIO ¢/ (1—d)

S Absolute Volume of Cement and (1—d) = Volume of Air and
ater Voids in a Unit Volume.

Clasg IIL.—Proportion 1:7, gravel containing 42 per
- Sand.

p(,rt.']“aking each series of tests by itself, the probable pro-
ag 108 to use with the different percentages of sand in the
fre?ate, to yield concrete equivalent to the one having 42
ent. of sand in the aggregate were derived as follows:—

g A arrange the proportions for equivalent strength it is
vofeSsaW to so change the relation between the absolute
WiﬁlmeS of cement and aggregate that the ratio ¢/(1—d)

Cent

o In each case, become equal to 0.455. The adjus_tment

nepe. . ade by increasing or decreasing ¢ and decreasing or
€asing s+p, so that d will be unchanged, thus:—

b, reLet c'z s’ and p’ be the new values required for ¢, s and

Der :p ectively. As explained above, these values are the

Voly Ntages of absolute volumes of the materials in a unit
Me of freshly made concrete.

¢'/(1—d) = ¢’/[1=(+5"+")] = 0.465
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Percentage of Sand in Aggregate.

F1G. 2—RELATION BETWEEN PERCENTAGE OF SAND IN GRAVEL,
AND THEORETICAL PROPORTIONS BY ABSOLUTE VOLUME,
NECESSARY TO YIELD CONCRETE EQUIVALENT TO A
GIVEN BASE MIXTURE

N
Therefore, to convert the mixture containing 33 per cent. of
sand:—

¢'/(1—0.763) = 0.455
ol =4+ 0:108
d = c'+s"+p
0.763 = 0.108+ (s'+#’)
(s"+p’) = 0.655

Accordingly the ratio of absolute volume of cement to
absolute volume of total aggregate, required to make a pro-
portion using the 33-per-cent. sand mixture equivalent to the
42-per-cent. sand mixture is 108: 655, or 1: 67.
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F1G6. 3

To determine the amount of cement to use with a given pit-run gravel to
vield a concrete equivalent to a given mixture of sand and gravel:
1. Reduce the proportion of the standard mix to the basis of absolute
volume.
2. Determine from curve decrease in parts of aggregate correspond-
ing to inerease in percentage of sand in aggregate.
3. Change the absolute volume proportions thus found to the loose
volume basis.
Formula for computing Item 2.
tan a = 3.6/62 = 0.068 (See A B, Fig. 2)
y = x tan a = 0.068 x



