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Stress-strain-strength behaviour of compacted expansive soil
under different hydration states
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Abstract: In order to investigate the effects of hydration state on the stress-strain-strength behaviour of compacted expansive soil, a
series of mechanical property tests under one-dimensional consolidation and triaxial compression are carried out under two typical
hydration states which are both saturated. The conventional saturation method is adopted for the first hydration state, while the second
state permits samples swelling to steady state. The results show that there is a significant difference of volume expansion between the
two hydration states; and the volume expansion rate is influenced by both the deformation constraint condition and the length of
seepage. Compared with the first hydration state, the soil sample under the second hydration state has greater compression index 4 ,
swelling index x, and lower elastic shear modulus. The effective internal friction angle is 77.2% of the corresponding value of the first
hydration state, which reflects the variability of saturated shear strength of the compacted expansive soil. The yield phenomena of
consolidation curves can be observed with the yield stresses 123.2 kPa for the first hydration state and 94.5 kPa for the second
hydration state. Under the first hydration state, the samples present strain softening and shear dilatancy at lower confining pressures,
while they present strain hardening and shear contraction at higher confining pressures. Under the second hydration state, the samples
present shear contraction and weak strain softening. The samples under the two hydration states show overconsolidation in the
process of consolidation and shear loading. The overconsolidation is not due to preconsolidation pressure only; however, it is
partially caused by that swelling of the soil is constrained in the process of loading. Under the different hydration states, the expansive
soil has both different initial void ratios and different swelling potentials, while the interaction of the swelling potentials with external
constraint conditions, drainage conditions and stress states leads to the complex stress-strain-strength behaviour.
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Table 1 Experimental scheme of triaxial test
under first hydration state
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Fig.1 Sampling mould and soil sample
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Table 3 Physical property parameters of the test samples under different hydration states
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Table 4 Results of consolidation test under
first hydration state
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Fig.2 Original test records of hydration and consolidation
under second hydration state



%33

JEBRARSE . ANFEKACIRZS T 1 Hs S A1 ) - A 5 B R i 645

FEMEAFAE N 27 2 FlKARIRES M ikkEE
L RMIZIAGE 7 A ] 25 et 123 F Je PR AT 2

ANTTATIA, - R R R R P S BN RS R 56 30
[ 45 15 7 2 7 A e MR ) R SR AL 2 — o A R
s PUOAHIRE IR bR — 800, SEHIR 45 s ) A
REARREIE 3 rf 2 Bl KARIRZAS T il &5 e . g AL
e-lgp MERIR B Z S

RE5 F2FAKLRETHE L AR LR
Table 5 Results of consolidation tests under
second hydration state
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085
0.80
0.75 F
0.70 F
)
0.65
0.60 |
0.55 —— 51 FUKARIRAS
: —e— 5 2 FlKAIRA
050 1 1 1 1
1 10 100 1000

p/kPa

B3 2MARETH e-lgp KR
Fig.3 e-Igp relationship under different hydration states
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yield stress vs. void ratio
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Table 6 Values of 2 and x under different hydration states

KRS yl K & i i ) /kPa
51 Fd 0.0577 0.0108 1232
552 Fl 0.098 8 0.026 9 94.5
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Table 7 Shear strength parameters under different
hydration states

KGR HeK 44 HUEE S /kPa FRA EEHEI(0)
551 R [i] &5 HE 7K BY 13.3 26.7
551 [ 25 AR B 16.1 25.5
552 Fh [l 57Kk Y 12.9 20.6

X 1 MAMIRZS =, AHERSAE MRS
RORKRT . AN AR D THREE TR
WA, SEFS L, ZHAE p-g VIR R
L (LB 12), RGN RS2 IK L5t
B (AT PR

55 2 FORMARZS N AT R I A AE, BRI

Ji s S HEK B ULk R AT ROT- Y 15 N g (3K 8
S FEOREE AR 5 4 g 1
FABh, 3L cg=12.9 kPa B T-28 1 FlOKAIRES N HIAH
MAH 13.3 kPa.

7, 2 MKAIRE TR 0=20.6° 4% 1
FKIRE T 0=26.7°1 77.2%, FKHIRIAE[H A1
FURAS, e KA IZIKAR 2 Ja (BT DI HT ) bews i
FTFE NG, RSN, BARKAHFRES T
FUBREL I 22 T8, X — s BB A K FH MR 530 5 2
BANARERUEIZIK T30 5 5 BRI AR E PR A — AN il
B

— 5 1 BRI, [ 4K

0T ey 1 BokALIRAS, (84 Rk
400 | —a—sp5 2 FlOKAGIRAS, Bl gk By

350

300
250 F

1 1 1 1 1 1 1 ]

0 50 100 150 200 250 300 350 400

p/kPa

200 |
150

B 12 p-q Pl ERIBIR mEE
Fig.12 Shear strength lines on the p-¢ plane
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Table 8 Elastic shear modulus under
different hydration states

KA ik G /kPa .
R ZAt ;=50 kPa ;=100 kPa ¢3=200 kPa
R BELEHEOKE 72341 103564 120559 03684 95.9
SoRh MSEHIKEY 61553 85437 105682 0.3899 81.6
1R BESEARHEKEY 48673 65230 9578.1  0.4883 66.8
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