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same plastic consistency, concretes of ‘equivalent strength
could be designed.

To establish such a workable relation, it is necessary to
express the grading of the gravel by numerical functions.
Other experimenters, notably Abrams and Edwards, have
done so, and their work could be used as a basis for propor-
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Each series comprised tests of gravels containing re-
spectively 42, 55, 75 and 95 per cent. by weight, of sand. The
mixtures were made arbitrarily by combining sand and
pebbles in the right amounts. The same sand and pebbles
were used in each mixture in a series. Each series included
tests of forty specimens. Five specimens were broken for
each test of a mixture.

tioning pit-run materials. However, both Abrams’ “Fine-
ness Modulus” and Edwards’ “Surface Area” method require

Specimens from all series were
tested at 28 days old; specimens from some series were
tested at 7 days and from
others at 6 months. Speci-
mens were 8 by 16-in. or 6
by 12-in. eylinders stored in
water. )

In some of the series the
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to total aggregate should
increase in some relation to the percentage of sand in
the gravel. That this is a straight line relation is demon-
strated as follows:—

the making of a complete sieve analysis of the material.
The method herein described requires the separation of a
sample into only two sizes and a simple determination of
the weight per cubic foot of the loose gravel.

The principal conclusion resulting from the investigation
carried out is that the grading of pit-run gravel may be
measured by the ratio of fine aggregate to total aggregate
(that is, percentage of fine aggregate in total) and by the
weight per cubic foot of the material, measured loose. For
purposes of commercial convenience the dividing line be-
tween fine and coarse aggregate is taken on the common
No. 4 sieve. In the following discussion, fine aggregate as
defined above will be called “sand,”- and coarse aggregate
“pebbles.”

Two assumptions have often been made by users in pro-
portioning the cement to pit-run gravels:—

The “Sand” Method

The “sand” method of making concretes of equivalent
strength, using gravels of varying sand content, depends
upon the assumption that there is a direct relation between
the strength of concrete and the ratio

/M= (c+stp)] = /(1—d),
in which ¢ = absolute volume of cement, s = absolute vol*
ume of sand particles, and p = absolute volume of pebbles
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Table I is typical of the strength of concretes made
under the assumption that the ratio of cement to total aggre-

gate should be kept constant. Further demonstration of the
fallacy of this assumption is not necessary.

Cement to Sand Constant

The assumption that the ratio of cement to percentage
of sand in the gravel should be a constant was investigated

in twenty-four series of tests.- Materials from several locali-

ties and two classes of concrete were used. Table II. gives
physical characteristics of the aggregates used in the in-
vestigations described herein. ik F

in a unit volume of freshly made concrete; d = coeﬁicient“
of density = absolute 'volume' of solid material in a unit
volume of freshly made concrete — ¢+s+p; and 1—d 2
volume of air and water voids. b 4
By absolute volume of a granular material is meant the
actual sum of the volumes of all the particles; it is expresse '
as the fractional part of the total space occupied by theé
material. f
The quantities are computed as shown in Taylor and
Thompson’s “Treatise on Concrete.” b
Fig. 1 demonstrates the truth of the assumption thatr
other things being equal, the strength varies with c/(l—-d)‘ )




