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On the Difference in Shearing-Characteristics between “SHIRASU” and Sand

Motohisa HARUYAMA

(Laboratory of Erosion Control)
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Table 1. Physical properties of samples.
X T | 1 . .
Properties | Toyoura sand Nejlr&emti)each ! Shirasu-A ! Shirasu-B

Specific gravity of grains ' 2. 65 2.63 ' 2.39 2. 47
Uniformity coefficient 1. 64 1.52 1. 64 1.52
Curvature coefficient 0.92 0.%4 0.92 0.94
Maximum void ratio 0.974 0. 805 2. 052 1. 570
Minimum void ratio 0. 650 0. 588 ,‘ 1. 250 1. 350
Maximum dry density (g/cm?) 1. 604 1. 656 ‘ 1. 062 ‘ 1.051
Minimum dry density (g/cm®) 1. 342 1. 457 | 0. 783 ‘ 0
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Photo 1. Microphotographs of samples, (A) Toyoura sand, (B) Nejime beach sand,
(C)Y Shirasu-A, and (D) Shirasu-B.
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Shirasu-B 0.25 -2.00 0.72 0.14 0.71 0.14 0.54 | 0.11
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Fig. 2. Deviator stress-axial strain-volume 0 \ /// "
change curves for drained triaxial L ":’f' ///
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Table 3. Summary of test results for Toyoura sand.
e D, U3 Er (Z?) E GS(ZZ)f (01—03)s | (01— 03)ss | €(01—03r
g/r
(%) (kg/cm®) (%) | Ckg/em®) | (kg/em®) | (kg/em®) | (kg/cm®)
0.5 4.8 0.81 ' 0.40 2.00 1. 60 0. 88
1.0 4.8 0.58 0.58 3.82 3.24 2.05
1.5 4.8 0.77 . 115 5.75 4. 60 2. 60
0. 667 94,7 2.0 4.8 0.72 | 1. 44 7.69 6.25 3.63
C (kg/cm?) 0.015 0. 021 0.022
é 40°567 37°13 28°007
0.5 a2 | os6 0.28 1.74 1. 46 0. 94
1.0 3.2 | 0.6l 0. 61 3.62 3.01 1.87
1.5 48 . 0.51 0.76 505 | 4.29 2.84
0.723 77.5 2.0 ' 3.6 | 0.51 1.02 6.81 5.79 3.83
C Ckg/cm?) " 0.035 0.018 | —0.011
¢ 38°39/ 36°01/ 29°24/
I
f 0.5 | 64 | 0.2 0.10 | 138 | 1.28 1.05
i 1.0 7.2 | 0.18 0.18 2.76 2.58 2.19
; 1.5 7.2 | 0.24 0.36 4.20 3.84 3.10
0.829 .|  44.7 2.0 11.2 0.15 0.30 = 5.41 5.11 4. 44
C(kg/cm?) 0.014 0.004 | —0.021
) 35°16 34°04/ 31°42/
0.5 14. 4 0.026 0.013 1.16 1.15 112
1.0 14. 4 0. 052 0. 052 2.35 2.30 2.18
1.5 14. 4 0. 052 0.078 3.56 3. 48 3.31
0.933 12,6 2.0 8.8 0.078 0. 156 4.83 4.67 4.33
C(kg/cm?) —0.022 | —0.009 0.013
¢ 33°22/ 33°05 30°26
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Table 4. Summary of test results for Shirasu-A.
! ‘ dv
e D, g3 Ef (j”) Us(dé)f (01—03)s | (01— 09,5 | (01— 03z
e/r
(%> Ckg/em®) %> Ckg/em®) | Ckg/em®) | Ckg/em®) | Ckg/em®)
0.5 6. 4 .00  0.50 4.31 3.81 1.90
1.0 7.2 0.59 |  0.59 6.82 6.23 3.92
1.5 9.6 0.46 & 0.69 9.00 8.31 5. 69
1. 294 94.5 2.0 9.6 0.44 | 0.88 11.93 11.05 7.67
C (kg/cm?) . 0.358 | * 0.344 | * 0.011
¢ 45°37/ 40°49’ 40°53/
0.5 7.2 0.75 . 0.37 3.52 3.15 1.80
.0 | 8.8 1 0.44 | 0.44 5. 60 5.16 3.58
.5 | 120 | 026 | 0.3 7.57 7.18 5. 70
1. 426 78.1 2.0 | 136 0.058 | 016 9.70 9. 54 8. 85
C (kg/cm?) 0.325 | * 0.253 | *—0.047
P 42°14/ | 41°56/ 41°23/
0.5 | 8.0 0.40 0.20 2.71 2.51 1.79
1.0 14. 4 0.26 0. 26 4.82 4.56 3.62
L5 | 10.4 0.16 0.24 6.83 6.59 5. 68
1. 589 57.7 2.0 ‘ 14. 4 0. 078 0.16 8.70 8. 54 7.92
C (kg/cm?) 0.172 | * 0.105 | *—0.044
P 41°47/ 42°09/ 41°20/
0.5 12.1 0.28 | o014 | 23 2.21 1.73
1.0 14.5 0.16 0.16 | 4.21 4.05 3.49
1.5 13.7 0. 081 0.12 = 6.11 5. 99 5.54
1.715 42.0 2.0 14.5 0. 040 0.08 | 8.0l 7.93 7.62
C (kg/cm?) 0.103 | * 0.069 | *—0.050
¢ 40°50/ 40°51/ 40°59/
* Values in the range of confining pressure from 0.5 to 1.5kg/cm?
Table 5. Summary of test results for Nejime beach-sand.
D | d dv
e r O3 j €r (Jlj) g3 de /s (o1—03)f 3(0'1'03)” (01—03)¢
! e/s ‘
L L Ckg/em®) | (6D (kg/em?) | (kg/em?) | (kg/em?) | Ckg/em®)
0.5 | 238 1. 06 0. 53 2.26 1.73 0.84
1L.O | 278 1.01 1.01 4.40 3.03 1. 69
.5 | 3.17 0. 94 1. 41 6.25 4.84 2. 49
0. 589 99. 5 20 | 357 0.83 1. 66 8.24 6.58 3. 60
C(kg/cm?) 0.076 | —o0.011 —0.034
¢ 41°38’ 38°22” 28°25/
0.5 2.82 0.93 0. 46 1.98 1.52 0.78
1.0 2.82 0. 88 0. 88 4.05 3.17 1. 69
1.5 2.82 0. 84 1.26 5. 86 4. 60 2.50
0. 623 83.9 2.0 t 2.42 0. 78 1.56 7.78 6.22 3. 49
C(kg/cm?) 0. 026 —0. 001 —0. 035
¢ 41°07’ 37°28’ 28°10/
0.5 | 202 0.72 | 0.3 | 181 1.45 0.84
1.0 2.82 0.69 | 0.69 | 3.53 2.84 1.68
1.5 2.42 0.68 | 102 | 529 4.27 2.54
0. 667 63. 4 2.0 2.82 0.68 | 1. 36 : 7.01 5. 65 3.36
C (kg /em®) | 0.016 0.011 0
¢ . 39723/ 35°43/ 27°12/
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Table 6. Summary of test results for Shirasu-B.
e D, g3 er (gy) U3(§Z)f (01—03)s | (01—03),5 | (01— 0)r
| e/sf
(%) Ckg/em®) | (%) Ckg/em?) | Ckg/em®) | (kg/em?) | (kg/cm®)
1.396 79.1 0.5 | 7.69 0.21 | 011 = 1.98 1.87 1.55
1. 391 81.4 1.0 7.03 0 0 3.28 3.28 3.28
1. 389 82.3 1.5 8. 49 —0. 12 —0.18 4. 21 4. 39 4. 99
1. 397 78.6 2.0 9. 81 —0.22 —0. 44 5. 55 5. 99 7.68
R C Ckg/em?) 0. 230 0.134 | —0.145
1. 393 80. 4 ¢ 32°33/ 35°01/ 41°35/
1. 522 21.8 0.3 i 7.78 0. 45 0.14 1. 30 1. 16 0. 80
1.518 . 23.6 0.5 | 10.94 0.19 0. 09 1.79 1.70 1. 42
1.518 | 23.6 1.0 14. 84 —0, 05 —0.05 2.82 2.87 3.02
1.514 25.4 1.5 10.08 —0.11 —0. 16 3. 89 4. 05 4,55
1.518 23.6 2.0 10. 16 —0.28 —0. 56 4.95 5.51 7.65
o C Ckg/cm?) 0.195 0.105 | —0.136
1.518 |  23.6 ) 31°04/ 33°507 41°12/
a: ) 46 T T T T T 46 T
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Table 7. Grain size distributions of samples
before and after test.

(a) Toyoura sand, specimens with a void
ratio of 0.723
per cent by weight
Grading o
Cmm) Beforel After test
test lg3=0.5 i
‘ esems| 10| 1:5] 2.0
0. 42-0. 25 7.9 8.0| 7.8| 8.4| 7.6
0. 25-0. 105 91.7! 91.5(91.8[91.1|92.1
Finer than 0. 105 0. 4 0.5| 0.4 0.5 0.3

(b) Nejime beach sand, specimens with a
void ratio of 0.623

per cent by weight

Grading  After test
(mm) |\Before| "7 °T TTU
test |0;=0.5
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Summary

The aim of this study is to clarify the difference in shearing-characteristices between Shirasu
and sand by means of triaxial shear tests, Shirasu, a sort of vast volcanic product from Aira
and Ata volcanoes, is widely distributed in southern Kyushu, Japan, It becomes granular soil

and has high compressibility when disturbed,
were used in the test and their physical properties are shown in Table 1,

Toyoura sand, Nejime beach sand, and Shirasu

The shape and

surface-texture of the grains are shown in Table 2 and Photo 1, Shirasu was obtained at Tose
in Kagoshima City, and was geologically in the category of the unwelded part of pumice flow,
Only the part of Shirasu having the same gradation as sand was used in this study. The grain-

size-distribution-curves are shown in Fig. 1,

sand consist mainly of quartz and feldspar,

Toyoura sand and Shirasu-A are in the class of
fine sand, and Nejime beach sand and Shirasu-B, coarse sand,
Almost all the fine grains of Shirasu are made of

Toyoura sand and Nejime beach

the glass fragments, the coarse grains consist mainly of pumice and of a small amount of

derived rock fragments, such as andesite,

Drained triaxial compression-tests were performed on compacted specimens varying their

void-ratios from loose to dense packing,
and 12.5¢m in height,
cylindrical mold,

The size of specimen is initially 5.0 ¢m in diameter
Loose specimens were prepared by pouring the material slowly into a
A dense state of packing was achieved by vibrating and tamping the mold,

The specimens were consolidated fully in triaxial cell under the confining-pressure ranging
from 0.3 to 2.0kg/cm?, and then they were subjected to deviator stress at a constant rate of

strain of 0.8 per cent per minute,

The axial load,

the axial strain, and the volume-change

during the shearing were measured, Test results are shown in Figures 2 through 19 and Tables
3 through 8. Basing on the tests the following conclusions might reasonably be made:

(1) Both the initial tangent-modulus equaling the slope of the deviator stress versus axial
strain plot, at the start of the test, and the secant-modulus at failure equaling the slope of the

line between the origin and the point of failure,

strain, are larger in sand than in Shirasu,

on the plot of deviator stress versus axial

(2) Under shearing-process Shirasu has a high compressibiiity, compared with sand, This
property is due to the singularities of the shape and the surface of Shirasu grains and to the
effect of grain-crushings during the shearing. Shirasu grains are angular, flat, or elongate, but

sand grains subangular or round.

Shirasu the degradation occurs, for sand, however,

In the range of confining-pressure used in the tests, for

any degradation is not clearly observed,



258 = i JG &

(3) The dilatancy-rate at failure for sand is independent of the confining-pressure, that for
Shirasu is, however, dependent of the confining-pressure, and shows a tendency to decrease with
the increase in it,

(4) Shearing-strength of the fine grain-fraction of Shirasu is larger than in case of sand,
which occurs owing to the peculiar shape of grains, but that of the coarse grain-fraction of
Shirasu is smaller than in sand, which happens owing to the grain-crushings during the shearing,

(5) Both sand and Shirasu have the linear relationship between frictional parameter of
shearing-strength, ¢,, and dilatancy-rate.

(68) The cohesional and frictional contributions to the shearing-resistance are mobilized to
be mechanically independent., The chohesion component of strength reaches the peack value
at early stage of the strain, while the frictional component requires several times the strain
before its full mobilization to have been realized.

The following notations are used in the study:
¢ : general expression of cohesion
¢,: apparent cohesion for drained test

and D,,: effective grain size after and before test, respectively

: relative density

: initial void-ratio

: Mackey’s mean shape factor of grains

: mean flatness ratio of grains

. mean elongation ratio of grains

. rate of volume change given by (4V/V) <100

. volume of specimen

4V : volume change defined as positive for expansion

(dv/de)y: dilatancy-rate at failure

¢ : axial strain defined as positive when a specimen is shortened in length

e;: axial strain at failure

g,: maximum principal stress (axial stress)

0s: minimum principal stress (confining pressure)

(0,—03)s: measured maximum deviator stress

(6,—03)r and (01—03),5: deviator-stress corrected by applying equation (2) and (3), respectively

Gp, 4. and d,: standard-deviation of p, g, and m, respectively

¢ : general expression of angle of shearing-resistance

¢: angle of shearing-resistance for drained test

ér and ¢,,: angle of shearing-resistance corrected for structural effect and for surface energy-
effect, respectively

¢4, 9rs, and gg: friction parameter caluculated by equation (4), (7), and (8), respectively
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