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Verification and Analysis of Three-Phase Coupling Model for
Soil Slope Under Rainfall Conditions
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Abstract: Based on the basic theory of unsaturated soil mechanics, a solid-liquid-gas three-phase
coupling control equation for two-dimensional unsaturated soil slopes was established by
considering the compressibility of porous media. The numerical simulation results of the
established coupling control equations based on the PDE platform of COMSOL multiphysics
software was compared with the experimental results of the classical Liakopoulos sand column.
The established three-phase coupling control equation was verified, and the influences of different
factors on the seepage field and displacement field were discussed. The simulation results showed
that the permeability can slightly retard the rainfall seepage process and delay the deformation of
unsaturated soil slope. The air intake coefficient has a slight impact on the settling process of
unsaturated soil slope.

Key words: unsaturated soil; solid-liquid-gas three-phase coupling; permeability; air intake
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Table 1 Physical parameters of sand column model
k/kPa  p/(kg'm™*) n, ky,/m’
1E-9 2 850 0.2975 4.5E-13
k,/kPa P/ (kgem ™) n,/(Pass) P/ (kgrm™)
2E+6 1 000 1.1E-2 1.25

1,/ (Pa-s) p/kPa

1.8E -5 101
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Fig. 1 Initial and boundary conditions of sand column
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Fig.2 Change of pore water pressure of | - | cross
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Fig. 5 2D slope model
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Table 2 Parameters of two-dimensional soil slope model

E/MPa s n p./(kg-m™)

7.5 0.3 0.25 2850

p/(kg-m™?) p./(kg-m™>) n,/(Pa-s) ./ (Pa-s)

1000 1.25 1.00SE-3  1.79E -5
B,/Pa! B./Pa”" k,/ m’ p/kPa
5E-10 5E -4 4.5E-13 1E +5
0, 0. o, m n

0. 185 0. 346 0.38 0.275  1.379
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Fig. 9 Change of pore water pressure of | - |
cross section with height
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