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Analysis of infiltration and stability of shallow slopes under heavy rainfall
conditions with fractal theory corrections
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Abstract; In order to explore the impact of the dynamic changes in the actual infiltration capacity of the soil during
rainfall on the rainfall infiltration patterns and stability of slopes. From the perspective of soil gradation
characteristics, this paper first derives an analytical model for the saturated permeability coefficient of soils with
different gradation characteristics based on fractal theory. Further considering the influence of the elliptical
transition zone in the infiltration area, the equivalent permeability coefficient of the infiltration area is corrected in
real-time based on the thickness ratio between the transition zone and the infiltration area under different rainfall
durations. An improved GA infiltration model for soils with varying gradation characteristics is proposed. Finally,
based on the improved GA infiltration model, a modified shallow slope stability analysis model is established, which
takes into account the variation of soil shear strength with gradation characteristics and rainfall duration.
Comparison with existing results shows that the model presented in this paper can accurately characterize the
infiltration state of the soil and the changes in shear strength during rainfall. Parameter analysis indicates that the
pore distribution characteristics of the soil are significantly positively correlated with the saturated permeability
coefficient, which directly affects the moisture profile distribution within the slope and the timing of surface runoff
occurrence. The migration rate of the wetting front increases with the initial moisture content of the slope, leading to
a reduced proportion of the transition zone in the infiltration area under the same rainfall duration, which in turn
dynamically affects the equivalent permeability coefficient of the infiltration area. The stability of the slope’s

transition zone is significantly influenced by soil gradation characteristics and initial moisture content, making the
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slope prone to instability and failure within the transition zone. Therefore, in slope instability analysis under heavy

rainfall, special attention should be paid to the stability of the infiltration area’s transition zone.

Keywords : unsaturated soil; rainfall infiltration patterns; fractal theory; permeability coefficient; initial moisture

content
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Fig.2 Stability analysis model for various points on a slope
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Fig.3 Variation of wetted zone depth and moisture profile with rainfall duration
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Tab.2 The mass percentage content of silty clay in each particle
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