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Experimental study of the influence of unloading rate on the shear mechanical
properties of undisturbed expansive clay
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(1. School of Civil Engineering and Architecture, Zhongyuan University of Technology, Zhengzhou, Henan 450007, China; 2. State Key Laboratory of

Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: Consolidated undrained triaxial shear tests on undisturbed saturated Nanyang expansive clay have been performed in both
reduced triaxial compression (RTC) and reduced triaxial extension (RTE) stress paths with three axial consolidation stresses (160 kPa,
240 kPa and 320 kPa) and three unloading rates (0.02 kPa/min, 0.2 kPa/min and 2 kPa/min) by GDS triaxial system. The influence of
unloading rate on shear strength, pore-water pressure and effective stress path was analyzed. Test results showed that the stress-strain
relationship was in hyperbolic under different unloading rates for RTC and RTE. The undrained shear strength increased with the
increase of unloading rate from 0.02 kPa/min to 2 kPa/min. The pore pressure of the rate at 0.02 kPa/min was the minimum under two
stress paths with the consolidation stress from 160 kPa to 320 kPa. Considering the change of the unloading rate parameter py ,, the
undrained shear strength increased 5.6% and 4.8% with every tenfold increase of the unloading rate. The rate effects on undrained
shear strength were greater in reduced compression tests than those in reduced extension tests. The failure pattern of the undisturbed
expansive soil sample was related to the shear rate and micro crack, demonstrating the coexistence of the main shear zone and the sub
shear zones at low unloading rate. For the case of high unloading rate, the main shear zone was the only failure pattern.
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Table 1 Main physical parameters of expansive soil
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/% S, /% p/(glem’)  /(g/em’) e HI¥ G, St/ % S, /% p/% Ip I F
26.1 972 1.98 1.57 0.78 2.80 58.5 1.39 55.4 292 26.2 -0.12  Hghkt
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Table 2 Mineral composition of expansive soil (<0.005 mm)
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Fig.1 Grading curve of expansive soil
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Table 3 Triaxial shear test programme
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Fig.2 Stress-strain relationship of expansive clay with initial axial stress under RTC
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Fig.3 Stress-strain relationship of expansive clay with initial axial stress under RTE
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Fig.4 Normalized pore water pressure-strain relationship of expansive clay under RTC
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Fig.5 Normalized pore water pressure-strain relationship of expansive clay under RTE
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Fig.6 Normalized stress paths for expansive soil under RTC
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Fig.7 Normalized stress paths for expansive soil under RTE
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Table 4 Results of shear test for expansive soil

RIEM oy /kPa /(kPafmin) qi/kPa poa/% S/
160 0.02 142.4 0.44

160 0.20 154.3 6.1 0.48

160 2.00 159.7 0.50

240 0.02 198.1 0.41

RTC 240 0.20 209.6 5.4 0.44
240 2.00 219.5 0.46

320 0.02 2453 0.38

320 0.20 263.7 54 0.41

320 2.00 271.9 0.42

240 0.02 2259 0.47

240 0.20 237.2 4.7 0.49

RTE 240 2.00 247.2 0.52
320 0.02 2359 0.37

320 0.20 250.0 4.9 0.39

320 2.00 259.2 0.40

e 458 77 160 kPa I BB FHH A2 T BIVIHRE AN 160 kPa, WM. )
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Fig.9 Relationship between normalized undrained shear
strength and unloading rate

4 WAAEAHLE 7 Hr

RN A BY DI A 2 3 A BT D)4y, (AR
ff g2 0.02 kPa/min I, TFEEIY)JE 2 H I 3= B85 )
W HEIBIHIAEIER, 5 REM R T L)
IR JEAAAAE E BV A T AR, X nl e 520K+
(e E R

CAMEshBr s o, B 10 M R T 5
ARIEZIK A TR A ASHE K S BY DB LA A 38
TR B S BTy (A R . T IR R R
B, BIUIRIN, e BIYIE R, REAEE
B UIMIEAT, BRI e, Sy K 402 W 14
K, LFERIEIIKES, LB ) il 2t

FE bR 55 2B B D18 ) R T HATBY i BE iy, I
N SR s A S A B D) 8 ) (R 35 K 55 BY D) [
(PRI, kR 0 P S A J2 M 34 3 184 K I 7890
R, IXIRFEREAE S ALRR K it — 2B, T
Kb R, hnr e th I ME AR BEAE B D)
BB, R B R AR R A T AR
TS R BT BT I, RATE BV S —
ANECZ AN BT DA IR AE IR B . Bl
Desrues 5P RHIFFT 45 R, RIRAE B — AUy
8 B 7 ) (9 J3 8 S AR A FH O AN — s 5 | B 9] 4
(M, — AP M 2P aate ik, AT Re
B 53— W B U AR & S oA 8. X5
BN R RORA E LR A R TR A G, B
AR K RGBT B KN
$, AR 7 ) BB EIER, i
TERCE B, TR YY) 5 B B D) A S5 A7 1
IR

EUCAIRE R, fERBIUERLME T, T B
RIS TR, AEBTOIRI, SRR A rh i
B 1 A SR A 2 HA B AR/ N R R I 34 B D) 0 7
BOTER, RN AR BT TR, A IR
ANBIUIHER N R BT RS . RN, RBY AR
N REMK - E R IK AR RE 8 00 R HE, BT BY K A
595, ALK R ECOR . IEPR B Y] A
T EFE NIRRT, ORRE T ERERIAH
N se s, XE AR M ER I RO BT D5
R, MG 5K 2~5 AR A & .

B 10 SIS AR RONERY R R B D) R A

Fig.10 Microcrack propagation and shear zone formation of expansive soil during shear process
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