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Measurements of small-strain inherent stiffness anisotropy of intact
Shanghai soft clay using bender elements

C. W. W. Ng', LI Qing', LIU Guo-bin®

(1. Department of Civil and Environmental Engineering, Hong Kong University of Science and Technology, Hong Kong, China; 2.
Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)
Abstract: Measurements of small-strain stiffness are widely used for predicting ground movements in many developed
countries such as the UK. Although an increasing number of foundations, excavations and tunnels are constructed in Shanghai,
the measurements of the small-strain shear modulus of Shanghai soft clay have rarely been reported. In this study, the degree of
inherent stiffness anisotropy of intact Shanghai soft clay is investigated using a triaxial apparatus equipped with Hall-effect
local strain transducers and a bender element testing system. Two series of tests are carried out on intact prismatic soil
specimens under an isotropic stress state. The experimental results reveal that the cross-correlation method using two received
signals gives rise to more objective and repeatable results than the conventional first-arrival-time and peak-to-peak methods.
The intact Shanghai soft clay clearly exhibits inherent stiffness anisotropy, as demonstrated by its elastic shear modulus ratio
(Gomny Goyy) of about 1.21, due to the stronger layered structure in the horizontal plane and a bonding effect. A unique
relationship is found and established between the normalized shear modulus and the stress state in each plane by incorporating a
void ratio function in the form of F(e)=e™'".
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Fig. 1 Particle size distribution of Shanghai soft clay
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Fig. 2 Slaking tests on block specimens of intact Shanghai clay
1.2 RIELER

PCER 9 E GDS =R, [R] N 2224 17 Jmy 5 A%
IR S BT D R T R GE . [&] 3 O JR) N AR AT K e
5 CAE o TRRE R 4 AN R A A
DN 7 L e ) WA o 2 2 A P IS PR AL s A SR
Pl R ALK IS e O TR BIRE A 1
RN AR I FE AR A i e, AEIRRER T 222 T 3 415
T 3 AL AR By 1) RS UIgGE . B
it 7C FH R i T B AL BRI ACT AR BOE (v, T30
PR 53 ) PG B 7K~ A% J P 3 R AL O E (o)
LIRPAL SRR AR BE (o) o BRI HITCH—
AN 5PN e R BN T il R LR
EHI, P8 4mm, K6 mm, WA TAERI 4 mm.

El 3 BRI EARES T ER

Fig. 3 Arrangement of local strain transducers and bender

elements
K 4 AT TS ek R gon g K. 5k
G I NN ) ESVIE N N -9 ONEVIOS - ()Y &oh)
BT, MO TR AR PR BT D)
B KRB IE PR S, AR L DB IS L BRI A
FFIE TR e RS U 5 R I s TR IR s

FIR A PR R R G LM RE— P I T 2

. REE
RIVR, T | 5 . -
E| |71 TARBREMT (0T e (o
S I:Z 1;2 .Z,: R3§l&g®7ﬁl ® (KH 3944) @_L
- D TR
I —

‘Wéﬁ

I BERER ’
(Agilent 33120A)

P
(Agilent 54624A)
B4 Sk RgETEE

Fig. 4 Schematic diagram of bender element test set-up
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Fig. 5 Stress paths used in triaxial tests
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Fig. 6 Typical curves of excess pore pressure and axial strain
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