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ABSTRACT

Ground freezing phenomena involve the interaction of heat, seepage and stress fields. Hitherto,
numerical results for the ground freezing problem with coupled heat, seepage and stress fields have scarcely
been presented. In the present paper, the governing equations for coupling of the three fields are based on
mixture theory. A detailed mathematical formulation is presented here for the discretization of the coupled
governing equations on a moving mesh system. In other words, a general finite element numerical
procedure is proposed for the coupled ground freezing problem wherein the elements are allowed to deform
continuously.

In the formulation, it is assumed that the phase change occurs at a single discrete temperature, i.c., the
phase change region is considered to be infinitely thin. The interface between the frozen and unfrozen
domains is treated as a moving boundary and the latent heat effects are included in the ‘Stefan condition or
the energy-jump condition’ at this boundary.

In the numerical procedure, the movement of the mesh is dictated by the ‘Stefan condition’. This
approach of continuous mesh movement helps in always keeping the phase change moving boundary on
element boundaries. This avoids the difficulties faced in interpolation of variables.
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