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permeable than that with 1-inch maximum diameter stone, and this is
less permeable than that with 3-inch stone.®

(3) Concrete of cement, sand and gravel, is less permeable than concrete
of cement, screenings and broken stone; that is, for equal permeability, a
slightly smaller quantity of cement is required with rounded aggregates
Jike gravel than with sharp aggregates like broken stone.® .

(4) Concrete of mixed broken stone, sand and cement, is more per-
meable than concrete of gravel, sand and cement, and less permeable than

Fic, 115. Permeability Specimen used at St. Louis.  (See p. 349.)

similar concrete of broken stone, screenings and cement; that is, for wat(.er—
tightness, less cement is required with rounded sand and gravel than with
broken stone and screenings.®

(5) Permeability decreases materially with age.* :

(6) Permeability increases nearly uniformly with the increasein pressure.*

(7) Permeability increases as the thickness of the concrete decreases, but
in a much larger inverse ratio.* :

(8) Of mortars containing the same percentage of cement but of var.ia-ble
granulometric composition, the most impermeable are those contalning

% T aws of Proportioning Concrete,” by Fuller and Thompson, Transactions American Society
Civil Engineers, Vol. LIX, 1907, p. 72-
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equal parts of coarse grains, G, and fine grains, I (see p. 142), the latter
including the cement. *

(9) Decomposition by the passage of sea-water through mortars mixed
in equal proportions by weight increases as the sand contains more fine
grains.t

(10) Medium and fairly wet consistencies produce concrete much more
water-tight than dry consistencies, and slightly more water-tight than very
wet consistencies.f

(11) The surface of concrete as molded is much more water-tight than
the bottom of a specimen, because of the fine material which rises to the

top.t
RESULTS OF TESTS OF PERMEABILITY

The table which follows gives the comparative permeability of concrete
specimens 18 inches in length and 6 inches square, made up as shown in
Fig. 114. The various qualities are referred to in paragraphs which
follow:

Effect of Shape of Stone Upon Permeability. In the table it is notice-
able that the most permeable concrete is that composed of broken stone and
screenings; the next, that containing broken stone and natural sand; and
the most water-tight of all (comparing similar percentages of cement), the
concrete of gravel and sand. The rounded gravel stone and sand evidently
flow better and make a more homogeneous mix. It is noticeable also in
the Jerome Park permeability tests that the results from the sand and gravel
specimens were the most uniform.

Effect of Percentage of Cement Upon Permeability. The table on
the following page illustrates the very great increase in water-tightness with
the richness of the mixture. The most extreme differences are noticed in
the specimens with broken stone and screenings.

Increase of Permeability With Pressure. A comparison of the columns
in the table shows that the rate of flow increases nearly uniformly with the
increase of pressure.

Effect of Thickness of Concrete Upon Permeability. Other experi-
ments, not here recorded, indicate that the rate of flow increases as the thick-
ness of the concrete decreases, but in a much larger inverse ratio. Speci-

*R., Feret in Annales de Ponts et Chaussées, 1892, IT, p. 109.
T “The Consistency of Concrete,” by Sanford E. Thompson, Proceedings American Society
for Testing Materials, Vol. VI, 1906, p. 358.
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Effect of Size of Stone on Permeability

. . By FuLLer AND THOMPSON* (See $. 352.)
mens 17 inches in length in proportions 1 : 6.5 by weight were practically Thickness of Specimens 18 inches. Area of comiact 36 square inches.

water-tight, whereas specimens of half that length passed considerable Aggregates, crushed stone and natural sand.
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Bawnk Sand

, By Sanrorp E. THOMPSON. (See p. 353.)
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Effect of Size of Stone Upon Permeability. The following :[able g'ives
the comparative permeability of concrete in the same proptl)rtlons meefi
with stone of different maximum size. The difference in this case 1s evi-

> d of the large stone. } *Transactions American Society of Civil Engineers, Vol LIX, 1907, p. 136.
dently due to the greater density of the concrete compose i +5ee Chapter XXVIIL ’ ’
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% Transactions American Society Civil Engineers, Vol. LIX, 1907, p. 132.




