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Abstract

Usual sand in the ground often acquires significant anisotropic deformation-strength
characteristics. The anisotropies of sand can be classified into two types, based on their
sources : inherent anisotropy and induced anisotropy. The former is due to original
anisotropic sand fabric, and the latter is due to the shear deformation history. The aim
of this paper is to show the effects of the two types of anisotropies on sand deformation
behaviors experimentally and analytically.

Two series of stress probe tests were performed on medium dense sand specimens
with an anisotropic fabric by means of hollow cylinder torsional shear apparatus. Inthe
first test series isotropically consolidated specimens were sheared in different principal
stress axes directions to investigate the inherent anisotropic effects. The second test
series was carried out for induced anisotropy effects, where specimens were fist sub-
jected to one cycle of loading and reloading of shear stress in a prescribed principal stress
axes direction, and then sheared in different directions. Examining the observed
deformation behaviors clarified some experimental facts of anisotropy effects on
strength, dilatancy and shear deformation behaviors and principal strain axes direction.

In order to explain some aspects of anisotropic deformation behaviors, the concept
of the three-dimensional constitutive model for sand referred to as Multi-Directional
Sliding Model is applied. The model assumes that the soil element has innumerable
potential sliding planes and its deformation behavior is governed by the sliding defor-
mation mechanisms on the planes. It is shown that varying the shear resistance on the
plane depending on its relative direction with respect to the bedding plane and incorpo-
rating Masing’s criteria into the hyperbolic shear-normal stress ratio vs.shear strain
relationship on the plunes, are useful to evaluate the inherent and induced anisotropy
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effects, respectively.
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Fig.1 (a) Hollow cylindrical sand speci-
men, (b) stress condition in sand
element, {(¢) strain condition on
sand element.
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Fig. 2 Definition of stress and strain com-
ponents in a-# plane; (a) mean
normal stress, (b) pure shear stress,
(c¢) simple shear stress, (d) areal
strain increment, (e) pure shear
strain increment, (f) simple shear
strain increment.
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Fig.3 (a) Normalized stress plane, (b)
strain plane.

3. BEBRAEICHER

RBICAC R I EREED (G=2.65, enax=0.992, enn=0.625) T, $E3 5 ETK?
2L, RRTEHSLTHEHRRE (D,=60+6%) 2R8I L7z, ok ) EEAIE, BHTH
FEIEZ B L, FONEFEIIHELR a-ihE i s 33 THETRFER RN TS
518,

Y, HERKE Z@e VR TRML, FHERE (98kPa) L7214, HEK2FFL TEARIGE &
L2, ZOF, HAWGHOEBMOAICL 2EREESHLBEMT L2012, BBFOTTHE
FIC B W THEREE ARG o & BRI TFLERT on’ % —EEI8kPa ICHREF L 72,

F 200 test] Tr=9BkPa J203 /2% test) . 0 =90KPa
T/ O 0w=98kPa wl ‘=

0
N . /
Y = 2 % S
Y i % s 7
%) & { ~ ~ R S ’e
M E2N e§ PR 2N ~
A & NN Wéi
R TSN ¥ LN A
RS == N 20n=

-7 =0

\
<
N
[R——E o 2 — . J—
=0 prr= A Y] s
7/ Pl
Pl & /
A o S /NI l >
2577 1 RYZPN e B LN
S I N Sl A N AN
R R -8 I
& 5 R SR Y
/v g 2 &
/ \ (@ / \ )

Fig.4 Prescribed stress paths; (a) for
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Fig.5 Strain paths; (a) for J2 @j1/0test,
(b) for J2 ay:1/60%test, (c) for J2
@51/120%test, (d) for J2 ay1/180°
test.
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