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Abstract

This paper investigates the stability evolution of a high rock slope in a highway located in central
China during staged excavation and support, using numerical simulation methods. Based on the
Abaqus finite element analysis platform, a two-dimensional slope model considering excavation un-
loading effects is established, with the Mohr-Coulomb constitutive model adopted to characterize
the mechanical behavior of the rock and soil. The strength reduction method is employed to sys-
tematically evaluate the slope safety factor. The evolution of the displacement field, the develop-
ment of plastic zones, and the variation of the safety factor during graded excavation are analyzed.
The differences in slope stability response before and after the implementation of anchor rod-frame
beam support measures are compared. Results indicate that slope displacement increases signifi-
cantly with excavation depth, and the displacement concentration zone gradually expands from the
slope toe to the mid-upper part. The support structure effectively inhibits the connection of plastic
zones and significantly improves the safety factor. The construction strategy of “excavate one level,
reinforce one level” proves effective in controlling slope deformation and ensuring stability during
construction. This study provides a theoretical basis and methodological reference for the stability
analysis and control of similar high rock slope engineering.
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Figure 1. Flowchart of the strength reduction method calculation process
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Figure 2. Reduction of shear-strength parameters ¢ and ¢ with field-variable evolution
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Figure 3. Automated continuous computation by keyword modification
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Table 1. Geotechnical basic physical and mechanical parameters
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Figure 4. Finite-element model in Abaqus
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Table 2. Stepwise sequence of excavation and support in numerical simulation
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Figure 5. Displacement nephogram of slope excavation unloading
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Figure 6. Horizontal displacement at the slope crest versus construction stage
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Figure 8. Nephogram of principal stresses during slope excavation and unloading
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Figure 9. Stress nephogram of the supporting structure during slope excavation unloading
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Figure 10. Plastic strain nephogram after global excavation of
the slope
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Figure 11. Factor of safety reduction-displacement curve after global excavation of the slope
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