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Excess pore pressure in unsaturated soil foundations
considering elastoplastic deformation
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(a. National Demonstration Center for Experimental Civil Engineering Education; b.School of Civil Engineering,

Lanzhou Jiaotong University, Lanzhou 730070, P. R. China)

Abstract: The mechanical response characteristics of unsaturated foundations under instantaneous local loading
are a research focus in the field of geotechnical engineering. By employing Fredlund's dual stress variable theory
and an elastoplastic constitutive model for unsaturated soils, a fully coupled consolidation theory for unsaturated
soils considering elastoplastic strain was established. Numerical simulations were conducted using COMSOL
Multiphysics software, analyzing the initial excess pore pressure distribution, dissipation patterns, and
development rules of plastic zones in unsaturated foundations under instantaneous local loads, and investigating
the fully coupled mechanism between elastoplastic strain and excess pore pressure distribution and dissipation.
The results indicate that the spatial distribution of initial excess pore water pressure is related to the volumetric
strain type of the foundation soil. Under elastic strain conditions, excess pore water pressure within the loading
area decreases with depth, while negative values appear in the shallow layers outside the loading region. The

excess pore water pressure in plastic zones is significantly higher than in elastic zones and positively correlated
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with plastic volumetric compression strain. The magnitude and width of the load affect the development of

plastic zones. Under local loading, plastic zones may develop downward from the surface or upward from the

base; once they connect, the depth distribution of excess pore water pressure aligns with the development of

plastic strain from the base upward. During dissipation in the elastoplastic interface zone, two instances of the

Mandel-Cryer effect were observed.

Keywords: consolidation of unsaturated soils; elastoplastic deformation; local loads; excess pore pressure;

dissipation patterns
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