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Abstract

In recent years, the analysis of multiphysical media has attracted significant attention due to its
wide range of applications in engineering sciences, including biological tissues, carbon dioxide
storage, swelling analysis in reactive soils, nuclear waste disposal, and many other fields. In
many practical problems, considering the coupled effects of mechanical, hydraulic, thermal, and
chemical processes is unavoidable, depending on the driving forces and the underlying physics
of the problem. On the other hand, assuming homogeneity in multiphysical media leads to
unacceptable errors in the numerical results. Directly incorporating heterogeneity into numerical
analyses requires considerable computational costs and, particularly in the finite element method,
necessitates the use of extremely fine meshes, which is often computationally prohibitive or very
expensive with available computing resources.

In the present study, the effects of heterogeneity are incorporated into the analysis through a
multiscale modeling framework. By employing first-order homogenization, the influence of
heterogeneity is first captured at the microscale, where the fully coupled thermo-hydro-
mechanical-chemical (THMC) governing equations are solved in weak form. Subsequently,
macroscopic parameters are obtained using averaging principles. Energy consistency between the
two scales is ensured through the generalized Hill-Mandel principle. Spatial discretization is
performed using the finite element method, while time discretization is carried out using the
generalized Newmark scheme. After discretization, the governing equations are linearized using
the Newton—Raphson method. In the numerical examples presented in this study, the efficiency
and accuracy of the proposed multiscale approach are evaluated by varying the macroscopic
mesh size and comparing the results with those obtained from direct numerical simulations.

Keywords: Porous Media, Finite Element Method, Multiscale Modeling, Reactive Soils
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