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The Mathematical Modeling of Unsaturated Soil-Water Coupled Problem Considering Mass Transfer
and its FE formulation
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This paper proposes a new mathematical formulation for the unsaturated soil-water
coupled stress-deformation problem in which the advection and dispersion
phenomena are taken into consideration.  The conventional mathematical
formulation for advection and dispersion phenomenon cannot take account of
influence arising from the stress change and deformation of the ground. Therefore,
if some construction works such as irrigation facilities and wells are planed as
measures for some contamination damage, their influence on the advection and
dispersion phenomena of the contaminant cannot be quantitatively examined by the
conventional mathematical formulation. Then, in this paper, a new mathematical
formulation for the advection and dispersion phenomena is rebuilt and a set of
governing equations coupled with the soil deformation is presented. This new
formulation is capable of introducing any constitutive model for unsaturated and
saturated soil. In this paper, an elasto-plastic constitutive model for unsaturated
and saturated soil proposed by Kawai et al. is employed together with the water
retention model for the unsaturated soil considering the hysteresis response under
wetting and drying processes. Finally, the performance of this new formulation for
advection and dispersion phenomena is demonstrated through a numerical
simulation of salt damage in an imaginary ground.
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