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Multi-stage seepage failure simulation of ground structures
using solid-liquid coupled material point method
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A multi-stage collapse process of ground structures caused by seepage flow is simulated with a coupled material
point method based on the theory of porous media. The continuum of the mixture is discretized with a set of
Lagrangian material points that possess the information about both the geometry and material of solid and liquid.
Both explicit and implicit schemes are combined to improve the robustness and efficiency in computations. A
model experiment for seepage failure is simulated to demonstrate the capability of the proposed method in
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dealing with the transition from the quasi-static to the dynamic state of the unsaturated soil.
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Fig. 1 Schematic view of model experiment
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Table 1 Parameters in numerical simulation of experiment

Parameter Value
Intrinsic density of soil [g/cm3] 2.7
Intrinsic density of water [g/cm?] 1.0
Initial porosity 0.5
Saturated permeability [m/sec] 421%x1075
Young’s modulus [MPa] 3.0
Poisson ratio 0.3
Cohesion [kPa] 0
Internal friction angle [°] 40
Bulk modulus of water [GPa] 2.19
Minimum degree of saturation 0
Maximum degree of saturation 1

a in van Genuchten 0.28
n in van Genuchten 12.898
m in van Genuchten 0.922
& in van Genuchten 0.5
1 in van Genuchten 0.5
Initial degree of suaturation 0.1
Grid length [m] 0.01
Particle number / Cell 4
Time increment [sec] 5.0 X 1076~3.2
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Fig. 2 Photos taken during experiment and snapshots of numerical results
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