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Abstract: Typical deformation and failure of expansive soils usually occur under conditions of wetting and low confining stress.
However, the mechanisms of coupling between mechanical and hydrological behaviors under those conditions are still obscure.
Therefore, the soil water retention, volume change and strength behavior of expansive soils are investigated through
systematically designed suction-controlled hydro-mechanical coupled tests under varying saturation conditions along wetting
path. The test program involves with the instruments including the double-cell unsaturated soil triaxial test system and the
Fredlund soil water characteristic devices. The tests last almost 800 days, and the soil water retention, volume change, and
strength behavior of Jingmen medium swelling soil under conditions of wetting and low confining stress are acquired. The
Barcelona basic model is used to describe the unsaturated stress-strain-strength behavior under those conditions. The van
Genuchten model is used to describe the unsaturated seepage process. Combined with the other test results of the soil over the
past 10 years, the complete 13 BBM parameters and VG model parameters of Jingmen medium swelling soil under those
conditions are calibrated. The constitutive modelling shows that the above models and parameters can reproduce the mechanical
behavior of the soil under conditions of wetting and low confining stress effectively. The aim of this study is to improve the
prediction capability of the related expansive soil problems, e.g., rainfall-induced landslides and deformations of pavement.
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Table 3 Mineral composition of test soil HAL: %
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Table 1 Physical property indices of test soil
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n O USCS iy sy 0T wk
WE % % R s, B
G (m>g") (mmol-kg )z/% 1%

275 63 26 37 CH 2365 309 73 75
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Table 4 Mass molarity of cation of test soil ~ 5.47: mmol/kg
Na* K Ca* Mg
6.8 6.4 85.2 25.4
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Table 5 Controlling indices of specimen preparation and physical

property parameters of specimens
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80 17.0 1.49 55.1 0.848
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Fig. 1 Triaxial test system for unsaturated soils
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Fig. 2 Suction-stress path of triaxial tests on unsaturated soils
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Fig. 3 Water inflow-volumetric expansion-time relationship of
specimens during stages of suction-controlled wetting
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Table 6 Water content-void ratio-net confining pressure-
equilibrium suction relationship of unsaturated triaxial

specimens during stages of suction-controlled wetting

% 4/ 03 uU;=10 kPa 03 U;=25 kPa 03 U;=50 kPa
W/ Sr/ W/ Sr/ W/ Sr/
kPa e e e
% % % % % %

80 24.51.000 67.4 24.4 0.993 67.6 23.8 0.960 68.2
40 26.1 1.031 69.6 259 1.023 69.6 25.6 0.988 71.3
10 29.31.093 73.7 29.1 1.085 73.8 28.8 1.041 76.1
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Table 7 SWCCs during wetting

W 3% w % e Si/%
1000 19.7 0.897 60.4
500 21.1 0.925 62.7
200 23.3 0.972 65.9
100 25.1 1.022 67.5
80 25.8 1.049 67.6
40 27.2 1.062 70.4

10 31.0 1.111 76.7
0 39.7 1.151 94.9
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Fig. 4 Water content-void ratio-equilibrium suction relationship of
specimens during wetting
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Table 8 Volume and mass parameters of triaxial specimens after

wetting

RS TR R W Ry

kPa g g mm cm’

10 144.334 186.624 85.71 109.85
25 143.968 185.863 85.36 109.15
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Fig. 5 Water inflow/outflow-volume change-saturation-axial strain
relationship of specimens during shearing
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Fig. 6 Deviatoric stress-volumetric strain-axial strain relationship

of specimens during shearing
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Fig. 7 Soil specimens after unsaturated triaxial compression tests
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Table 9 Stress values and indices to physical property of failure

points
(w, —u,)! (oy—u)/ (o,—0y)/ W . S/
kPa kPa kPa % %
10 10 49.2 29.9 1.030 80.0
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Fig. 8 Hydrus simulation of water inflow-time relationship of

specimens during stages of suction-controlled wetting
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Table 10 Description of symbols in BBM and model parameters
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