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Fig.5 Displacement and plastic strain contours of three typical sections under unsaturated conditions
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Fig.6 Displacement and plastic strain contours of three typical sections under saturated conditions
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Evolution of the Stability Mechanism of Collapsible Loess Slopes under Rainfall

Wang Jiangfeng!', Liu Huaqiu', Du Chunxue', Xu Chao?3, Wang Jifeng?*, Dong Xinhua*

(1. College of Geosciences and Engineering, North China University of Water Resources and Electric Power, Zhengzhou
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Abstract: [ Objective] To address the stability evolution and failure mechanism of collapsible loess slopes in western
Henan under rainfall infiltration and saturation, this study, based on engineering geological investigation data, aims to
provide a scientific basis for the stability assessment and mitigation design of similar slopes in the region. [ Methods] The
Hougiao Village landslide in Sanmenxia, Henan Province, was investigated using three representative cross-sections with
distinct topographic characteristics. Slope stability under unsaturated and rainfall-saturated conditions was compared using
finite-element simulations in MIDAS GTS, incorporating the Mohr-Coulomb constitutive model and the strength reduction
method. Safety factors were further evaluated using the simplified Bishop limit-equilibrium method. [ Results ] Under
unsaturated conditions, the slopes ranged from stable to marginally stable, and displacement was mainly concentrated in the
middle-to-lower slope, slope toe and areas adjacent to the free face. Under rainfall-saturated conditions, displacement zones
extended from the middle-to-lower slope and shallow slope-toe regions into the deeper slope mass and slope-break zones.
Connectivity of the potential slip zones increased, and safety factors decreased by an average of 11.8%. Failure responses
varied substantially with slope geometry: the steep-upper, gentle-lower section with the greatest slope height showed the
most pronounced overall instability; the stepped-gentle slope section exhibited localized instability; and the more regular
slope showed an intermediate degree of displacement development and slip-zone connectivity. The simplified Bishop and
strength reduction methods yielded consistent trends in safety factor, supporting the reliability of the numerical results.
[ Conclusions] The study reveals the intrinsic mechanism by which rainfall-induced saturation leads to the loss of matric
suction in loess, resulting in a sharp decrease of 12%-17% in apparent cohesion. This process is accompanied by a
“dissolution-softening”  effect, which causes the degradation of structural strength and shear strength, thereby promoting
the progressive evolution of the slope from localized deformation to overall instability.
Keywords: loess slopes;stability analysis; unsaturated condition; saturated condition; numerical simulation; Simplified
Bishop method
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