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Stability and Deformation Response of Bank Slope in Tongguan—Sanmenxia
Section of Yellow River under Water Level Fluctuations and Rainfall
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(1.College of Water Conservancy Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2.Shanxi Sanmenxia Reservoir Area Management Center, Yuncheng, Shanxi 044000, China)

Abstract: [ Objective] Taking the reservoir bank slope on the Shanxi side of the Tongguan-Sanmenxia section of
the Yellow River as the study object, this study investigates the stability and deformation response mechanisms of
natural bank slope and engineering-protected bank the slope under the combined action of water level fluctuations
and rainfall. [ Methods ] Based on the GeoStudio finite element simulation platform, the SEEP/W, SLOPE/W,
and SIGMA/W modules were integrated to construct a coupled seepage-water pressure-displacement model.
Combined with field in-situ monitoring data on displacement, infiltration, and rainfall, the applicability of the
model in reservoir bank erosion studies in the middle reaches of the Yellow River was verified. [ Results] The
established coupled model showed good applicability. Natural bank slope was more sensitive to water level
fluctuations, and their stability variation was significantly greater than that of engineering-protected bank slopes.
After 72 h under the combined action of rainfall and water level decline, the safety factor of the natural bank slope
decreased to 0.827, indicating instability, whereas the safety factor of the engineering-protected bank slope was
1.036, indicating a marginally stable state. Engineering protection measures could significantly inhibit bank slope

deformation. The maximum horizontal displacement of the natural bank slope was 396.26 mm, much higher than
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the 42.28 mm of the engineering-protected bank slope. Bank slope deformation was jointly controlled by rainfall
amount and water level decline rate. When daily rainfall amount exceeded 100 mm and the water level decline rate
reached 1.00 m/d, the cumulative horizontal displacement transitioned from gradual growth to stepwise increase.
[ Conclusion ] The combined effect of water level fluctuations and rainfall significantly weakens reservoir bank slope
stability, and correlation analysis shows that rainfall has a more significant impact. Engineering protection measures

can effectively improve bank slope stability and inhibit deformation development. The findings can provide a scientific

basis for reservoir bank slope protection in the middle reaches of the Yellow River.
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Fig.2 Comparison between measured and simulated values of pore water pressure on two types of bank slopes
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Fig.3 Safety factors of initial water level for engineering—protected bank slope and natural bank slope
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Fig.6 Variation curves of daily seepage flow over time for engineering—protected bank slope and natural bank slope
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Fig.7 Safety factors of engineering—protected bank slope and natural bank slope under different rainfall amounts
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Fig.8 Variations in safety factor of natural bank slope and engineering—protected bank slope under combined action of
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