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ON THE DEFORMATION PROPERTIES OF SANDS,

by Dr. Eng. Sakuro Murayama and Norio Yagi
Synopsis

This paper is a report of some exzperimental researches and their discussion on the
relations between stress, strain and volumetric change with Toyoura standard sand under
various stress condition in triaxial apparatus. Stress condition are as follows; (1) mean
principal stress em is kept constant (em-constant test), (2) isotropic compression test, (3)
allround pressure o3 is kept constant (os-constant test), (4) deviator stress (o1—o3) is kept
constant ((e1—o3)-constant test), (5) repetitional deviatoric stress is applied, Result from
these tests following conclusions are summerized,

(1) In om-constant test, if void ratio of sand is same, its stress~strain curve chiefly
depends on (o1—@as)/am (Fig. 3).

(2) In em-constant test, relation between volumetric change 4V/V and shearing strain
v represented by straight line on the logarithimic paper (Fig. 7, Fig. 8).

(3) In isotropic compression test, relation between volumetric change 4V/V and isotropic
pressure ¢ is not always linear on logarithmic paper as proposed by Wilson & Sutton
and Jakobson (Fig. 10, Fig. 11).

(4) Instead of the second term of Eq. (3), which represents the dilatancy effect of sand,

the following term is proposed.
D*(%) (where ID* coefficient)

(5) It is obsarved in repetitional loading test that the effect of repetitional stress appears

more remarkable if deviator stress (¢1—o3) becomes larger as shown Fig. 18 (a).
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Fig. 1 Grain size distribution curve:
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Fig. 17 Relation between deviatoric stress (o1—o3) and[strain &,

volumetric change 4 V/V or shearing strain 7y obtained by
repetitional loading test with constant o,
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(o1—a3) N LERNIEHRCHEMLTVBR, (e1—03) D/ E ZHTIRERNA 3B TS
EAENEX LTEDR i, ¥, BT, ERNI DR TRRKE LR TV BH, kG L <
T\ LT, (o1—03) /NI DBLEARE HINEL KT B, (o1—03) 2% 1.4 kg/em? DLETIIZ
LA EEMN G, INRETIE, NIcL b EBNERTHEAR (i—03) OAXKL ZATREREDE X
VD ZhDHLEE, (er—03) DAL ZATRMAELEHTED, (e1—03) DRELE AR ER
DBELMBRRENZ L0 %, L L, HEETNEZ LR —RICHOMY F HAUNIF X HHERIRE
RAREVCEZEXDR T B, BOBLETRS LHEM7 *HRB1IEE LY 3H20E, FHIEHOA
BRENEEDDHET, WHEEHERKRELA-TVBILThD, ChIRHEBRE 3 X 1 @RY
ST L XY KT ORIHRER (01—0s) KX LREREH A TEL 50 o721 ThHA 5,

DWT, 63 X —FI LT (61—-03) % 0~1.0kg/cm? 0~2.0 kg/cm?, 0~3.0 kg/cm?, 0~4.0kg/cm?
DIFCHE Y B LmEL 52 2¢ Fig.19 O X 57 (e1—o)~y HERESR S, ZOKTEADIETO

—12 —



36 SO K TEFERE 7 S (R.39. 3)

T1REHO B EE I DL, i
BHsh 0~4.0 kg/em? THEHEL
-BAOFE 1L EBOMR L R =
Bk HEcE 2 Bz (01— 0s) [ B tokesem

4.0

BERMED (@i-09) KIBIES &, [ o eose0 o/
~e X IR REMEETHS, £ &
ro, WHEREECET D ETORIE 8 |
Lald (oi—o) BAELIUE 2 L

ZL BN b ot T, 200
Fig. 19 X h 53D (o103 i I
o UTHEEIRE s 5 72 b DR Th
Pt® (o1—03) “fEHI D LH
YE B AR TA, FD (61—a3) T
B R URITR S & &I i ONdIR
B B L7ods » TR IR fEAS
RIS, L, 5
A ED (1—as) XL TIERD

o 1.5 20 % %

Eig. 19 Relation between deviatoric stress (a1—a3) and

BLIZ bk XIS /i~e X T shearing strain ¢ obtained by various repetitional
DABREC I B LA\, loading tests at constant o3

BOE LOXIC T © X 208 2

L, WEDELDL DB L S TAER L X IRELT, DORIEBENLHOEDIN D LELBN S,
ST, EHEIES om A —EIC LTEENE (01—03) % 0~6.0 kg/em?® (L7zhioT, I o5 1

4.0~2.0 kg/cm? QEFTROE LIz, BHNT (ci—a)~E, 41/V, v % Fig. 20 (a), (b), (¢
(PBVEE) BLo Fig. 21 (FRBEA) KFRT, (61—0)~&, v OEFBIE o3 x—EE L7l

FTh BN, om ¥—EL LEBETREETAEF i (o1—a)~4V/V NS5, Fig. 20 (b) &

E Initial = Q558 .
280 Final e = 0557 E 6o
— ~
“.; = =
Ccol g
~%9 i 50
2]
|~ ~
40— 40
30| - 10
20( - 20
Initial e = 0603
Final ¢=0602
1.0] - 10
! i |
(] 0.l 02 03 04 o I J 1 |
ot L4y ., 02
(a) (b



Fhly « AK I BOERREOWT

[
[o]
T

Initial € = 0.558
- Final €=0.557

{6,~G3) kg/cme

o
o)

40—

30—

20—

T
Se

| |

L

o] 05

(c)

1.0
¥ %

Fig. 20 Relation between deviatoric stress (¢1—o3) and strain &,
volumetric change 4 V/V or shearing strain y obtained by
repetitional loading test at constant am.
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