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Abstract

To investigate the stability of loose accumulation slopes under the coupled effects of rainfall and
excavation, this study establishes a set of partial differential equations describing the coupled sat-
urated-unsaturated seepage and stress fields. Based on the principles of virtual work and effective
stress, the governing equations for seepage-stress coupling are derived. Three-dimensional numer-
ical simulations are performed using the FLAC3D platform, and a stability criterion is developed
through the strength-reduction method. By comparing numerical experiments under excavation

XES|IF: FEE. DIHBR-N A AR SR e AT D). B EE, 2025, 15(11): 169-177.
DOI: 10.12677/pm.2025.1511279


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2025.1511279
https://doi.org/10.12677/pm.2025.1511279
https://www.hanspub.org/

B335,

only, rainfall only, and coupled conditions, the study reveals a synergistic amplification effect of the
coupling process on the expansion of the plastic zone and the reduction of the safety factor. The
results indicate that the slope safety factor decreases significantly to 1.18 under coupled conditions,
highlighting the mathematical essence of the seepage-stress feedback mechanism in slope failure
evolution.
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Figure 1. Schematic diagram of an ideal slope numerical model
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Table 1. Geotechnical material parameters
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Figure 2. Numerical simulation results for the excavation condition
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Figure 3. Numerical simulation results for the rainfall condition
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Figure 4. Numerical simulation results for the coupled condition
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