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The analysis of the dynamic response of multiphase porous media has many applications in 

civil engineering. Onset of landslides due to earthquakes or rainfall and the seismic behaviour 

of dams are examples where inertial forces cannot be neglected. Moreover, there are 

situations where it is important to consider also the effect of temperature variation. It is the 

case of catastrophic landslides, where the mechanical energy dissipated in heat inside the slip 

zone may lead to vaporization of the pore water creating a cushion of zero friction, which may 

accelerate the movement of the landslides. Another interesting case is the seismic analysis of 

deep nuclear waste disposal, where the failure of the canisters may implies a temperature 

increment that could create localized failure zones acting as preferential escape zones for the 

fluids containing radionuclides. 

 

This work presents the development of a fully coupled mathematical and numerical model for 

the analysis of the thermo-hydro-mechanical behaviour of non-isothermal multiphase porous 

materials in dynamics. The model is developed following Lewis and Schrefler within the 

Hybrid Mixture theory [1]. The porous medium is treated as a multiphase system composed 

of a solid skeleton with open pores, filled with liquid water and gas. The solid is considered as 

deformable and non-polar. All the fluids are in contact with the solid phase. The constituents 

are assumed to be isotropic, homogeneous, immiscible, except for dry air and water vapour 

and chemically non-reacting. Local thermal equilibrium between the solid matrix, gas and 

liquid phases is assumed. Heat conduction, vapour diffusion, heat convection, liquid water 

flow due to pressure gradients or capillary effects and water phase change (evaporation and 

condensation) inside pores are all taken into account. In the partially saturated zones, liquid 

water is separated from its vapour by a meniscus concave toward gas (capillary water). 

In order to analyse the thermo-hydro-mechanical behaviour of a soil structure in the low 

frequency domain, e.g. under earthquake excitation, the u-p(-T) formulation is advocated for 

the finite element discretisation by neglecting the relative acceleration of the fluids [2] (some 

loss of accuracy will be evident for problems in which high-frequency oscillations are 

important, while these are of little importance for earthquake analyses, as shown by 

Zienkiewicz et al. [2]). In the implemented model, the dynamic seepage forcing term in the 

mass and enthalpy balance equation and the compressibility of the solid grain at the 

microscopic level are neglected. The standard Galerkin method is applied to the governing 

equations for the spatial discretization, while the generalized Newmark scheme is used for the 
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time discretization. The final non-linear set of equations is solved by the Newton method with 

a monolithic approach. The model has been implemented in the finite element code COMES-

GEO, [1], [3] – [6] 

 

Finally, the finite element solution is verified by comparison with analytical solutions or finite 

element solutions from the literature. 
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