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Abstract: To address the unclear deformation mechanisms and insufficient displacement prediction accuracy of step-like landslides under
the combined influence of rainfall and reservoir water level fluctuations, this study focuses on Baijiabao landslide on the right bank of
the Xiangxi River. Through geological surveys, multi-source monitoring, and numerical simulations, the deformation evolution
mechanisms of the landslide were systematically analyzed, and a displacement-oriented hybrid prediction model was developed based
on Variational Mode Decomposition (VMD), Improved Dung Beetle Optimization (IDBO), and Long Short-Term Memory (LSTM).
The research results indicate that: 1) The mismatch between the reservoir water level decline rate and the seepage response rate of the
low—permeability sliding mass leads to increased excess pore water pressure within the slip zone, which is the main cause of triggering

step—like displacement; 2) The influence of rainfall on landslide deformation is relatively weak, mainly manifested as a superimposed
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effect on deformation at the rear edge of the landslide; 3) Reservoir water level fluctuations alter the seepage field in the slope, resulting

in a staged variation characteristic of “enhancement-stabilization-weakening” in landslide stability; 4) The hybrid model (VMD-IDBO-

LSTM) constructed based on displacement data of Baijiabao landslide demonstrates significantly better prediction accuracy than
comparative models (VMD-LSTM and VMD-DBO-LSTM), with a root mean square error (RMSE) of 8.894 mm and a correlation

coefficient (R?) of 0.983, effectively predicting step—like landslides in the reservoir area.

Key words: step—like landslide; Baijiabao landslide; reservoir water level fluctuation; deformation mechanism; displacement
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Fig.1 Engineering geological profile of Baijiabao landslide

QK1 and QK2 are automatic inclinometer and water—level integrated monitoring boreholes; ZD1, ZD2, and ZD3 are GNSS automatic displacement

monitoring points, representing the surface deformation responses of the front, middle, and middle—to-rear parts of the landslide, respectively.
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Fig.2 Layout of automatic monitoring points and macroscopic deformation (1) and (2) in the study area
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Table 1 Physico-mechanical calculation parameters of rock and soil for Baijiabao landslide

S, AN RS AEBRR . smsamia e ARHER A
/kPa /(%) /(10* MPa)
HEREN 19.2 35.5 22.5 0.027 3 0.35 0.32
ki 18.5 32.5 16.8 0.002 4 0.49 0. 30
IS 22.5 250.0 45.0 0.067 2 0.22 6.50
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