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Constitutive model and numerical simulation of thermo-
hydro-mechanical behavior in unsaturated soils
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Abstract: A thermo-hydro- mechanical constitutive model for unsaturated soils is proposed based on the existing CAP-model for unsaturated soils.
The influences of temperature on the hydro-mechanical behaviour of unsaturated soils are described in the model. Particularly, the thermal soften-
ing phenomenon, i. e. decreases in value of the pre-consolidation pressure and in critical value of the suction of the SI ( Suction Increasing) curve
with heating process, are quantitatively modelled by using the experimental data and previous work. Comparisons of the results obtained from the
numerical modeling of the constitutive behaviour with existing experimental results show that the present model can simulate the thermo~hydro-me~
chanical behaviour of unsaturated soils satisfactorily. The versatility and applicability of the present constitutive model are proved by the numerical
results given in this paper.
Key words: thermo- hydro- mechanical behavior; constitutive modeling; unsaturated soils; CAP model, numerical modeling
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Table 1 Parameters of the thermo- hydro-mechanical behavior
B NO) K B/MPa” ' Y po (T,) /IMPa p./MPa ¢, To/K T, /K eq so/MPa
{E 0. 057 0. 005 1. 336 0.015 1.0 0. 585 35 373 295 0. 679 18
ZH a b k A K ay/(Pa*K™ ") ap/(Pa*K™ ) /K] v P/ (kg*m™ ) P/ (kgem P
1 1.0 - 0.037 1 0.25 0.11 — 15000 63 0. 000050 0.4 1000 2750
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Fig.2  Drained volumetric strains versus temperatures from numerical simulation and experimental results in
(a) overconsolidation state and (b) nommal consolidation state
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Fig. 3 The thermo hydro-mechanical cell ( Benchmark Test 2. 2)
with an inserted heater
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Fig.4 Comparisons between experimental and numerical results
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Fig. 5 Contours obtained by the numerical modelling of Benchmark Test 2. 2 at 2401. 6 hours for ( a) saturation, (b) suction, ( ¢) mean

stress, (d) mean strain, (e) deviatoric stress, () deviatorie strain, (g) plastic volumetric strain and ( h) temperature
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