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Rock Slope Stability Analysis Based on Strength Reduction of Finite
Element Method and Limit Equilibrium Method

CHEN Jianhong, ZHONG Fusheng, YANG Shan
School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract A hybrid methodology combining strength reduction of Finite Element Method(FEM) with limit equilibrium theory is presented
to evaluate rock slope stability by considering the demand for slope stability analysis and slope angle optimization of an open—pit, and it
is applied to a case study for optimizing slope angle. The methodology uses the strength reduction of FEM to identify the plastic area in
slope preliminary, which is supposed to be the most likely sliding surface. Thus the range of sliding surface inclination could be
regularized. And then by taking this sliding surface as a start point of analysis, the limit equilibrium theory is used to calculate safety
factors under different slope angles. By plotting the curve of safety factors with respect to different slope angles, the optimal inclination of
a slope which is met to safety threshold could be determined. Finally, the upper slope located in the central part of open—pit iron mine,
Cape of Lambert is presented to demonstrate this methodology. Results show that this approach is effective to deal with the analysis of
rock slope stability.

Keywords rock slope; strength reduction of finite element method; limit equilibrium theory; safety factor
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Fig. 1 Planar sliding of surface with vertical tension crack
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Fig. 2 Distribution of strata in central mining area
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Table 1 Rock mass classification in central mining area
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Fig. 3 Plastic area of slope after excavation
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Table 2 Parameters used for slope stability analysis

SRS H/m Pl (%) /(%)

c/kPa

D/(°) y/(t-m™) Bt/m Hit/m
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Table 3 Safety factors with different final slope angles

Pl (°)
53 54 55 56 57

Hi/m

375 1.492 1.403 1.323 1.250 1.183
380 1.526 1.434 1.352 1.277 1.209
370 1.561 1.467 1.383 1.307 1.237
360 1.598 1.502 1.416 1.337 1.266
350 1.637 1.539 1.450 1.370 1.296
340 1.680 1.578 1.487 1.404 1.329
330 1.742 1.619 1.525 1.441 1.363
320 1.770 1.663 1.566 1.479 1.400
310 1.820 1.709 1.610 1.521 1.439
300 1.897 1.759 1.657 1.565 1.481
290 1.930 1.812 1.707 1.612 1.525
280 1.991 1.869 1.761 1.662 1.573
270 2.073 1.949 1.880 1.774 1.650
260 2217 1971 1.913 1.802 1.678
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