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Studies on the Physical and Mechanical Properties of the Shirasu
IL. On Influences of Pumices in the Shirasu Layer

Masao ABE and Reijiro KAWAHARADA
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Table 1. Permeabilities of pumice and Shirasu

|
Flow direction

Specimen f—— . —
Parallel : Vertical
, , o B | , .
Pumice ‘ 1 ~ 4 > 10-% cm/sec : 2 ~ 4 x 10-3 cm/sec
Shirasu (on disturbed specimens) 3 X 10~% em/sec*

Parallel or Vertical : The flow direction is parallel or vertical to the direction of pumices’ fibre.
* According to MIKI's report 2), permeability on remoulded specimens of the Shirasu (the dry
density of which is about 1.3 g/em3) is 10-2~10-3cm/sec.
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Table 2. Compressive strengths of pumice and Shirasu

!

: Compressive direction
Specimen (condition) S —

3 Parallel j Vertrcal
| |
i
(drying) i 44 ~ 67 kg/em? 13 ~ 25 kg/cm?
Pumice
(wetting) ! 25 ~ 37 kg/cm? ‘ 19 kg/cm?
Shirasu  (at the natural water content) 041 ~ 048 kg/cm?

Parallel or Vertical : The compressive direction is parallel or vertical to the direction of
pumices’ fibre.
drying : 110 degrees C, 3 hours in the drying oven.
wetting : 3 hours in the water.
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Table 3. Specimen conditions and results of triaxial compression tests
| . I i
Water | Specimen Apparent Water Porosity- Lateral jNormal‘ Cohesion | Ift;ltgtr:;?ll
content specific | content density ’ pressure pressure angle
grade No. gravity (%) | (g/cm?) (%5 (kg/cm?) '(kg/em?) (kg/em?) (degree)
! 142 117 128 0.5
| 2 1.42 1.5 1.28 46.6 1.5 1.63 26.5
3 1.41 11.7 1.26 2.5
g 1 1.51 20.3 1.26 0.5
=S| 2 1.51 19.9 1.26 47.0 1.5 1.38 29.3
o 3 1.51 19.9 1.26 2.5
' 1 1.53 22.7 1.25 0.5
11 2 1.55 22.3 1.27 47.0 1.5 0.88 346
3 I 1.54 22.3 1.26 2.5
i 1.37 93 | 125 05
1 2 1.35 9.3 1.23 47.6 | 1.5 0.89 30.5
3 1.38 9.8 1.26 | 25
g 1 146 206 | 121 0.5
< 11 2 1.46 20.3 1.21 49.1 1.5 142 23.7
N 3 1.45 19.4 1.21 25
' ‘ | 1.58 235 1.28 0.5
I 2 1.56 232 1.27 46,5 1.5 1.24 33.1
3 1.56 23.2 1.27 2.5
T
Fig. 3 (i)

water content 10 %

Fig. 3 (ii)

water content 18 %

Shearing stress (kg/cm?)

Shearing stress (kg /cm?2)

Normal stress (kg/cm?)
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Fig. 3 (iii)

water content 23 95
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Fig. 3 Results of a series of triaxial compression tests
. 2.0mm specimen, == === === .."4.8mm specimen
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Fig. 4 Relation between water content and internal friction angle or cohesion, on

<Z2.0mm and -74.8mm specimen, from the result of a seris of triaxial
compression tests
@ ———@ - 2.0mm specimen, ((r======== (U < .4.8mm specimen



106 Bif S HE ME e ol 5l AL R RD

Tt

1) PR 25~35 degree DEIPICE H HKELD A & &R < 2.0mm Oy - J48mm L
DRV 14 BAML T A ERE LTI DTW 5.

2)  EHETNE 09~1.6kg/em?® G, FIEFEFIOBFEDOH L 1TTE S L Twd. Fic -2.0mm D
FGEIKEED 20 %k Gl C48mm X h RIS, ThAaT LS T8 D.

3)  pIEBEEEEA L I O WM L e A O BT IS oW T B & ARELE RS o

CTHS LI T LU0 LT, Bk EOR 20 % % Gk <4.8mm LD - 20mm DOFHHT L HKX
X, 239 (ol B Lanic <48mm OFAKRE L IO T B, ik Table 3. oLk 5
1, 11 OFPEcIL<20mm oFps, NI Tk -48mm DAy dry density 2k E W &L C
WBHDOTIE Ik i, S O sIHRET .

(2) iR & TEEE IR & O i

i EEWERRO LR &R
SRR & Ui TEk e i, B L CMEEDERTNEB L D 20mm oy SC BT L C
_jw HEHEIRTE AT AR AR A L 7. 7o 2 OFG, BRI O R & 0% S0mmptch Dk
FIOBARARL, - o oo 1/20 wfREFE T5 L BTV 5D T, “\Z.Smm ThiuE X v
Tk DA, CliEBEEE  OENS BN THL DT 20mm OFERhC X DEB L. Loy
CRUREAD NI I D & & SRS Do, BBk g 2 2mm/min G4 f-O7-.
SUOE L FU X 5 iRk - Figa R L iC Table 4. 12517

Table 4. Specimen conditions and results of direct shear tests

‘ ‘
Internal

] ' ] ‘ ) | . i
Water iSpec1men Apparent Water - Dry Porosity . Void ;Normall Sh‘earmg Cohesion inter
content | ‘ specific content | den51ty i pressure | resistance alrfgllgn
i . oz !
grade | MO gravity (%) (e/emny (P TR (kgjem) (ko) KECM) (degree
i 1 .38 122 | 123 1.04 184 |
2 1.39 PR Yo | 1.55 2.07
[ 3 139 ” 124 479 1092 505 | 37 1.03 370
4 139 1.24 | - 254 | 286
o 157 | 200 | 131 1M 152 |
L2 155 129 155 207
3 156 ., 13 4 0.83 ’ 205 243 @ 090 | 346
|4 1.56 ” 1.30 254 | 254
Lo 160 250 128 | 4 1S
L2 157 g 126 | 155 l 177
mo3 e / 120 465 087 | 303 Yl | 042 44.0
-4 1.60 " i.28 254 | 293
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Fig. S Results of direct shear tests
W. C. G.: Water content grade 1, 1I, 11l (see Table 4)

)

Shearing stress (kg/cm

Normal stress (kg/cm?)

Fig. 6 Comparison of triaxial compression tests
and direct shear tests
W.C.G. : Water content grade 1, 11, 111 (see Table
3&4)
(O : Triaxial compression tests ) remoulded
@ : Direct shear tests (i) } specimen
: Direct shear tests (ii)
undisturbed specimen (water content 16 &)
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Résumé

We made present experiments on influences of pumices in the Shirasu layer upon the
physical and mechanical properties of Shirasu.

Results obtained are summarized as follows :
1. Some properties of pumices

(1) Both the apparent specific gravity (0.70) and the specific gravity (2.19) are smaller
than those of Shirasu (1.19, 2.39 respectivity), and consequently the porosity (68%)
is larger than that of Shirasu (50%).

(2) The permeability has various values with the directions of fibre, but it has about
10 —3~10"*cm/sec order, and it is nearly the same with that of Shirasu. However, the
permeability of pores between the pumices will be much larger than above mentioned
order (see Table 1).
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(3) Compressive strength
There is reasonable difference in the compressive strength according to the direction

of fibre and the quantity of water content, but in any case, values of compressive
strength of pumices were about thirty times as large as those on undisturbed speci-
mens of Shirasu (see Table 2 & Fig. 1).

2. Compaction test

The dry density on the coarse specimen (-74.8mm) is rather smaller than that on

the fine specimen (-:2.0mm). This may be due to the difference in the values of 1.
(1) mentioned above. Therefore, it is hard to judge which is the larger in the com-
pactness. But, the optimum water content is about 23% in any case (see Fig. 2).

3. Shear test

(1) Triaxial compression test

The triaxial compression test with a strain control was carried out on the remoulded
specimen.

The result obtained is summarized as follows (see Table 3):
1) When the water content is low, the internal friction angles on - :2.0mm specimens
are smaller than that on -Z4.8mm specimens, but the cohesions on - 2.0mm specimens
are larger than that on -24.8mm specimens.
When the water content approaches to 20%, inversely, the internal friction angles
on - 4.8mm specimens are larger, and the cohesions on--24.8mm specimens are smaller
than those on - 2.0mm specimens (see Fig. 4).
2) The shearing resistance which the internal friction angle and the cohesion are wor-
king, on - 2.0mm specimens is larger than that on -74.8mm specimens, when the water
content is low (about to 20%). And as it approaches to 23%, the resistance on-<22.0
mm specimens becomes smaller, inversely.
That is, the existence of gravels gives a more influence on the shearing resistan-
ce when the water content is high. But, the result obtained may be due to the difference
of dry densities of the specimens, though it is not obvious (see Figs. 3 (i), (ii) &
(iii)). "
(2) A comparison of triaxial compression tests and direct shear tests
The direct shear test was carried out on remoulded specimens (<22.0mm) (see Table 4
& Fig. 5), and it was compared with a result of triaxial compression tests above
mentioned.

Judging from the tests, the internal friction angle on direct shear tests is larger than
that on triaxial compression tests, and the cohesion shows inversely a tendency to become

smaller (see Figs. 6 & 7).



