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A Fully Coupled Hydrogeomechanical Numerical Analysis of
Rainfall Impacts on Groundwater Flow in Slopes and Slope Stability

FAR Kim, Jun-Mo

Abstract

A hydrogeomechanical numerical model is presented to evaluate rainfall impacts on groundwater flow in slopes and
slope stability. This numerical model is developed based on the fully coupled poroelastic governing equations for
groundwater flow in deforming variably saturated geologic media and the Galerkin finite element method. A series of
numerical experiments using the model developed are then applied to an unsaturated slope under various rainfall rates.
The numerical simulation results show that the overall hydromechanical slope stability deteriorates, and the potential
failure may initiate from the slope toe and propagate toward the slope crest as the rainfall rate increases. From the
viewpoint of hydrogeology, the pressure head and hence the total hydraulic head increase as the rainfall rate increases.
As a result, the groundwater table rises, the unsaturated zone reduces, the seepage face expands from the slope toe
toward the slope crest, and the groundwater flow velocity increases along the seepage face. From the viewpoint of
geomechanics, the horizontal displacement increases, and the vertical displacement decreases toward the slope toe as
the rainfall rate increases. This may result from the buoyancy effect associated with the groundwater table rise as the
rainfall rate increases. As a result, the overall deformation intensifies toward the slope toe, and the unstable zone, in
which the factor of safety against shear failure is less than 1, becomes thicker near the slope toe and propagates from
the slope toe toward the slope crest. The numerical simulation results also suggest that the potential tension failure is

likely to occur within the slope between the potential shear failure surface and the ground surface.
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Fig. 2. lllustration of slope and finite element mesh used in the numerical simulation

Table 1. Precipitation (rainfall) rate statistics for the period of 1990~ 1999 in Seoul, Korea

Parameter Value
Dry season {January) rainfall rate 6.13 x 107° m/sec
Annual average rainfall rate 4.88 x 107 m/sec
Wet season (August) rainfall rate 1.52 x 1077 m/sec
Peak season (August, 1998) rainfall rate 4.62 x 1077 m/sec
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Table 2. Material properties of the silt used in the numerical simulation

Property Symbol Value
Porosity n 0.46
Saturated hydraulic conductivity Keai 6.94 x 107 §; m/sec
Poisson’s ratio v 0.33
Young's modulus E 1.10 x 107 N/m?
Solid density 05 2.67 x 10° kg/m*®
Hydromechanical coupling coefficient a. 1.00
Residual water saturation Swr 7.39 x 1072
Unsaturated hydraulic parameters ay 1.60 m™'

ny 1.37
Cohesion ¢ 1.00 x 10* N/m?
Angle of internal friction ¢ 30°
Tensile strength T, 0.00 N/m?
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Fig. 4. Spatial distributions of pressure head, hydraulic head, Darcy velocity, and displacement vector under three different rainfall rates.
The units of pressure head, hydraulic head, and displacement vector are m, and the unit of Darcy velocity is m/sec. The units of

coordinate axes are m.
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Fig. 5. Spatial distributions of shear and tension failure parameters under three different rainfall rates. The units of coordinate axes are m.
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Fig. 6. Variations of (a) exposed water table and seepage face elevations from the slope toe and (b} slope-normal Darcy velocity along
the slope surface under different rainfall rates. The capital letters D, A, W, P, and C in the right figure stand for the dry season,
annual average, wet season, peak season, and critical rainfall rates, respectively.
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