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Abstract: Based on the experimental results from drained
plane strain compression (PSC) tests on saturated sand under
complex loading histories, the rate-dependent behaviors of
sand due to its viscous properties were studied. It was found
that sand exhibits obvious loading rate effects, creep
deformation and stress relaxation. When monotonic loading

was restarted immediately after a step-change in the strain
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rate or following a creep loading or stress relaxation stage, the
stress-strain relation showed a very high tangent stiffness. A
nonlinear finite element method(FEM) analysis technique was
developed. In the FEM analyses, the sand was described by the
three-component elasto-viscoplastic constitutive model. It was
shown that the present FEM analyses can properly simulate
the globhal

experiments. And the whole process including the variable

stress-strain relationships obtained from the

strain rate loadings, the creep loading and stress relaxation

stages were implemented in the FEM analyses.
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Fig.1 Measured result from drained PSC test( VRS30)

on saturated Toyoura sand
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Fig.2 Measured result from drained PSC test( VRS80)

on saturated Toyoura sand

HRAEE 1,2 Brs A & 2 R0y s )i e 45
S T AR W A A A 0 28 R AR U A
TS 3 sty 5 B . TV I 2805 38 A0 0% 2 8 2
RS B =0 AR 5 R B S % T RE A 2
705 TR AR GE SRS ISR N o 1 T~ AR 5 FR A N b
B ul T8, I AR H S i DI . 5 2 o iy gk
AT o AL R =i A il 2 SR [l 05 21 DU AR AR FS Y
o7 7 A& A T 34 252 B oA B T R L (14 I8 g — o AR
ICZR - AT UL o o 28 AR AR A XD A 0 - AR G
FR YR B 1 BEAE IR A HEAT N 8 AR Ak
)52 W T2 T 2 o IE ) — g 722 0 i A I — 14 )3l
FI-R AR F - [FIAE W AR TN 2 5 LA BB g F st 2
S » T LAHT A N A% S AT B 0 2k B L I - i
8 OC F A B SRR A T O R R AT DL W A
R I FE RGN 5 AR LA K N T B st B R AR
SR —Fh SME . 20 b 1 3 R RE IR 1 R I R
VR 2Z M Bk i 514 (temporary effects of strain rate
and acceleration, TESRA) , & 5 Zh 1 1 1 55 8 6 1
ANTR) s 83 232 AR A XoF By 7= A8 O 2R 1457 M) gk 7K
AN TR EIR OIS AT R R s i A E A
BEAY vh 2 R - 0 R R AR P T A% 456 1 e A P A AR
A REff R, A4

2 FbESRRHEBMEARIIEE

Wb LA 5 RR AR Lk = 2K oA 2B 1k
BRI B 3 A R Y B
RV i P AR YRR PR i VL A 3 fr
IR R AR

€ = é° 4+ ¢r (L



41 EE IR RIES € IPS H Lt S 15
c=0o +o" (2) FOMRIX— il 7R 0 R R A Z i — /M

e e e Moy R N AL A S A R
ANFIWRIZ N AE A 6060 6" F3 000 BN ) e R
JE T3 FAZEYENY /]

3 FERMU=EZWFIEHERE
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viscoplastic model
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