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Abstract

Landslide stability analysis is a core scientific issue in the field of engineering geology. This review
focuses on landslide stability studies published between 2011 and 2026, while also incorporating rel-
evant earlier engineering case studies, foundational theoretical works, and methodological references.
The literature is synthesized across three dimensions: numerical simulation methods, failure mecha-
nisms, and the mechanical properties of slip-zone materials. The review shows that: (1) Numerical ap-
proaches have progressed from standalone limit-equilibrium methods to multi-platform coupling: the
GeoStudio-FLAC3D mutual-feedback workflow reduces stability coefficients by 10%~33% relative to
single-platform analyses, and the double reduction coefficient method reveals that cohesion degrades
more rapidly than internal friction angle during progressive failure. (2) Seepage-shear coupling is the
common governing process for both reservoir- and rainfall-induced landslides: seepage stress reduces
peak shear strength of slide-zone soils by 18%~35%, with internal friction angle exhibiting higher
seepage sensitivity than cohesion. (3) Normal-stress-dependent frictional weakening undergoes a
mechanistic transition at approximately 200 kPa, shifting from clay-particle reorientation atlow stress
to grain crushing at high stress, which provides a meso-scale criterion for depth-differentiated reac-
tivation risk assessment. We identify five critical research gaps, spanning the experimental-numerical
parameterization disconnect, the absence of methodological benchmarks, and the deficit of prospec-
tive prediction validation, and outline a corresponding research agenda.
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Table 1. Comparison of four classic LEM methods
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Table 2. Comparison of TRIM-measured parameters for the Siwan Village landslide (after Wen et al. [12])
2. BERBHK TRIM STUSHITEE (3R Wen F([12])

ZH FIEETN WA =dz]
TRATI S K 05/(mP/m3) 0.38 0.42 0.90
MFNBIE R KS/(m-d™) 0.43 0.03 143
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Gamada %5[ 136 GeoStudio %/ - f2 & Y TAERITF 2R ZE M LV Bonga-Mizan A FgiA4, UER] [
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T EN.
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Table 3. Key results of seepage-shear coupling tests (after Wang et al. [15])
= 3. BR - HRA RIS KBS RIE Wang F([15)

BN B, @B, AR
0 kPa etk Bk N ARk,
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B, BRI B IR B 25%~35%, @' BEAK 2°~5°. SRR, ¥t Il AR X ph ) 4 1) I A B, 30 A A
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Table 4. Comparison of five major numerical methods
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Table 5. Four mechanical mechanisms of reservoir landslides
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Table 6. Comparison between progressive failure analysis and traditional LEM (after Jian Yilin [7])
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Table 7. Comparison of three major landslide types
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