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Method for judging seismic stability state of soil slopes
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Abstract: Based on the strength reduction FEM, the method for judging the stability state of soil slopes under earthquake action
is analyzed. The length ratio of equivalent plastic strain zone in the slope is defined, and the corresponding relationship between
the length ratio of equivalent plastic strain zone in the slope under earthquake and the safety factor is established through
statistical analysis. Then, according to the corresponding relationship between the stability and safety factor of slopes in the
Chinese national standard “Technical code for building slope engineering” (GB50330—2013), the method for judging the
stability of the slopes under earthquake by the length ratio of equivalent plastic strain zone is realized. The results show that
when the length ratio of equivalent plastic strain zone is 100%, the slope is instable; when it is between 90% and 100%, the
slope is understable; when it is between 85% and 90%, the slope is basically stable; and when it is below 85%, the slope is
stable. The results may have a great reference value to the rapid evaluation work of seismic hazards of slopes.
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Fig. 1 Calculation of length ratio of equivalent plastic strain zone
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Fig. 2 Finite element model
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Table 1 Parameters for slope soils
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2170 1.108 118.4 0.3 24.5 28
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Table 2 Reduction of strength parameters of soils

P AL (ReRED  WEEMC) FiEJ1/kPa
1.00 28.00 24.50
1.02 27.53 24.02
1.04 27.07 23.56
1.06 26.63 23.11
1.08 26.21 22.69
1.10 25.79 22.27
1.20 23.89 20.42
1.30 22.24 18.85
1.40 20.79 17.50
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Fig. 4 Time histories of input acceleration
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Fig. 5 Displacement-time curves at observation points
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Fig. 6 Displacement-time curves at observation points
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Fig. 7 Nephogram of equivalent plastic strain
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Table 3 Length ratios of equivalent plastic strain zone and safety factors
JER— 0.10g 0.15¢ 0.20g 0.25¢ 0.30g
SRA R K Fs K Fs K Fs K Fs K Fs
Ml 77.1 1.28 82.7 1.19 83.4 1.13 90.8 1.05 94.9 1.03
M2 72.1 1.31 81.4 1.22 82.9 1.18 87.9 1.12 90 1.04
M3 73.3 1.34 79.1 1.20 84.5 1.14 88.1 1.10 92.8 1.02
M4 80.9 1.19 85.6 1.14 89.0 1.09 93.5 1.03 100 <1
M5 69.5 1.42 74.5 1.30 79.4 1.18 85.2 1.14 89.7 1.08
M6 77.4 1.26 83.3 1.09 88.7 1.15 93.1 1.03 100 <1
M7 82.3 1.17 86.8 1.11 92.2 1.03 100 <1 100 <1
M8 79.2 1.19 83.7 1.16 90.8 1.05 93.7 1.02 100 <1
M9 70.8 1.32 78.3 1.18 87.9 1.10 92.4 1.04 96.8 1.01
MI10 67.7 1.45 72.1 1.27 78.3 1.21 84.1 1.16 87.4 1.09
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Fig. 8 Nephogram of equivalent plastic strain
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Table 4 Corresponding relations between length ratio of equivalent

plastic strain zone and safety factor
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Table 5 Classification of slope stability
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Table 6 Corresponding relations between length ratio of equivalent
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plastic strain zone and slope stability
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