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A Numerical Study on Thermo-hydro-mechanical Coupling in Continuum Rock
Mass Based on the Biot's Consolidation Theory

Hee-Suk Lee and Ju-Ho Yang

ABSTRACT As large underground projects such as radioactive waste disposal, hot water and heat storage, and geothermal
energy become influential, the study, which consider all aspects of thermics, hydraulics and mechanics would be needed.
Thermo-Hydro-Mechanical coupling analysis is one of the most complex numerical technique because it should be
implemented with the combined three governing equations to analyze the behavior of rock mass. In this study, finite element
code, which is based on Biot's consolidation theory, was developed to analyze the thermo-hydro-mechanical coupling in
continuum rock mass. To verify the implemented program, one-dimensional consolidation model under the isothermal and
non-isothermal conditions was analyzed and was compared with the analytic solution. The parametric study on two-
dimensional consolidation was also performed and the effects of several factors such as poisson's ratio and hydraulic
anisotropy on rock mass behavior were investigated. In the future, this program would be revised to be used for analysis of
general discontinuous media with incorporating discrete joint model.

Key words : Radioactive Waste Disposal, Thermo-Hydro-Mechanical Coupling, Continuum, Finite Element Method,

Consolidation, Poisson's Ratio.
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Fig. 1. One-Dimensional Consolidation.

Table 1. Input parameters for the one-dimensional con-
solidation model.

(a) Solid

E ps B ¢

6000MPa 22X103kg/m’ 3.0X107/C 02

k a Ks Cus
473%10 *m 1.0 0.20 J(m - sec’C) 837.2 Jkg’C
(b) Fluid

Pu 1(20°C) Cy

997 kg/m’10° N - sec/m’ 4186 Vkg'C
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Fig. 5. Finite element mesh for consolidation of a half-
space under plane strain.

Table 2. Input parameters for the two-dimensional
consolidation model.
a E Py A
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Fig. 6. Pore pressure evolution in two-dimensional con-
solidation.
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