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On the Effect of Density and Water Content on the Shear
Properties of SHIRASU (Soil of Volcanic Product)

Motohisa HARUYAMA

(Laboratory of Erosion Control)
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Table 1. Index properties of Shirasu sample

Specific gravity of grains* 2.37
Uniformity coefficient*, Cu=Ds,/D;, 14.3
Curvature coefficient®, Cc=(D3¢)2/DiyXDsg 1.18

Sample Maximum void ratio* 1.525

p Minimum void ratio* 0. 800

Optimum water content* 23. Sper cent
Maximum dry density* 1. 317g per cubic cm
Consistency** non-plastic
Void ratio 1.30
Bulk density 1.26g per cubic cm

In situ Dry densiiy 1. 03g per cubic cm
water content 22.3 per cent
Degree of saturation 40.7 per cent

* Grains finer than 4, 760 micron in diameter
*% Grains finer than 420 micron in diameter
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Fig.2. Grain-size-distribution curve for
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Fig.3. Forming of specimen for
air-dried-Shirasu
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Photo 1. Microphotographs of Shirasu grains
(A) Grains 840 to 2,000 micron in diameter, grains (a); glass fragment, grains
(b) and (¢); derived rock frament, (B) Grains 420 to 840 micron in diameter,
(C) Grains 74 to 420 micron in diameter, and (D) Grains finer than 74 micron
in diameter
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Photo 3. Typical failure mode of
specimen after drained
triaxial compression test,

Photo 2. Compacted specimen air dried condition, ¢;=
of Shirasu 3.0kg/cm?
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(1970.5)

SUMMARY

This paper deals with the effects of water content and density on the shearing
properties of Shirasu ascertained by means of the drained triaxial compression tests,
Shirasu is a local term for volcanic products consisting mainly of volcanic ash, coarse
ash, and pumiceous lapilli of the Pleistocene epoch, accompanied by some derived
rock-fragments, It may also be classified, by means of its origin, into the unwelded
part of pumice flows, pumice falls, and their secondary sediments, Such deposits have
been distributed around almost all the volcanic caldera in Japan, Shirasu exhibits the
color mostly of grayly white, but locally of dark yellow, slight rouge, or dark gray.
Undisturbed Shirasu shows, as usual, a general appearance of loose lapilli tuff, but it
turns into granular soil when disturbed,

In spite of the fact that Shirasu is composed of primary minerals such as volcanic
glass, plagioclase, and augite and is a soil devoid of clay minerals, it has a considerable
amount of apparent cohesion, The author has studied the singulality of shear character-
istics of Shirasu to ascertain that the shear characteristics were dependent on the
structural effect due to the geometrical arrangement of the grains, based both on the
grain-size-distribution and on the peculiar shape and surface texture of the grain, It
has also been presented that the apparent cohesion is caused by the structural effect,

Shirasu used in the test was obtained at Toso in Kagoshima City, and was
geologically in the category of the unwelded part of Ito pumice flow. The part of the
Shirasu that passed through the sieve of 4,760 micron mesh was used for the test.
The index properties of the sample are shown in Table 1. Fig. 1 gives the compaction-
characteristics of the sample, The grain-size-distribution is shown in Fig, 2. The gravel
fraction of the sample consists mainly of pumice and of a small amount of derived
rock-fragments such as andesite, The shape and surface texture of the grains finer than
2,000 micron is shown in Photo 1,
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Specimens, initially 5.0 cm in diameter and 12.5 cm in height, were prepared at
five water contents from air-dried-condition to full saturation, For each water content,
the specimens were prepared at three or four initial void ratios., Fig. 3 shows a split
mold in which air-dried-specimens were prepared. Photo 2 shows the compacted
specimen of partially saturated Shirasu, Drained triaxial compression tests were perform-
ed by increasing the axial load at a constant confining pressure, Prior to compression,
the specimens were fully consolidated in the cell under the pressure ranging 0.5 to 3.0
kg/cm? and then were subjected to deviator stress at a constant rate of strain of 0.8
per cent per minute, Measured stresses are equal to the effective stresses, and no
cavitation of pore water occurs under such shear rate and drained condition, The
axial load, the axial strain, and the volume change during the shearing were measured.

Basing on the tests the following conclusions might reasonably be made:

(1) Regardless of the initial void ratio of specimen, shear failure occurred in the
range of the confining pressure used in the tests. (Photo 3)

(2) Axial strain at failure increases with an increase in initial void ratio and in
confining pressure, Dilatancy and critical void ratio decrease with an increase in the
confining pressure and in the void ratio, Failure-strain and dilatancy decrease also
with an increase in water content, On account of the decrease in dilatancy, critical
void ratio also decreases with an increase in water content. Thus, the saturated state
is most unstable seen from the viewpoint of deformation, (Fig. 4~9)

(3) Deviator stress at failure has a tendency to increase in the range of the
water content from 5 to 10 per cent, but it decreases at approximately constant rate
with an increase in water content, exceeding that of 10 per cent. (Fig. 10 and 11.)

(4) Failure envelopes for air-dried and partially saturated Shirasu form curved
line, with the tendency to be made progressively flattened with an increase in the
confining pressure. Thus, the parameters of shearing stength vary with the confining
pressure, i. e., it is ascertained that the contribution of the angle of shearing resistance
is large under the lower confining pressure, while that of cohesion-component is large
under the higher pressure. These characteristics become more remarkable for dense
specimens having low water content. (Fig. 12, 14, and 15.)

(5) When the measured stress at failure is corrected by Rowe’s stress-dilatancy-
theory (Eq. 6), the corrected failure envelope turns into a straight line passing through
the origin, Therefore, the facts that an uncorrected failure envelope is curved and that
the shearing strength brings about a cohesion-intercept may reasonably be attributed to
the effect of the structure, involving particle interlocking. (Fig. 15)

(6) Considering the mean parameters of shearing strength obtained by the least
square method, it was ascertained that the angle of shearing resistance and the apparent
cohesion are independently affected by moisture. That is, when the relative density is
more than about 70 per cent and the water content -is lower than about 10 per cent,
the angle of shearing resistance is left unvaried irrespective of the change in water
content, whereas it decreases with an increase in water content in case of other values
of relative density and water content. The apparent cohesion, in all the ranges of
density, shows a maximum value in the range of water content of about 10 to 20 per
cent, and decreases considerably with an increase in moisture in the range exceeding
about 10 to 20 per cent, The angle of shearing resistance is more liable to be affected
by the effect of moisture in the looser state, and it is the same concerning the apparent
cohesion in the denser state, (Fig. 16 and 17)

(7) The decreasing in the shearing strength concomitant with an increase in water
content is caused by the reduction of structural effect. (Fig. 18)



