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Limit analysis of slope stability based on nonlinear failure criterion
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(1. School of Civil Engineering, Central South University, Changsha 410075, China;
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Abstract: Upper bound limit analysis method is an effective tool in solving geotechnical engineering problems. Conventional
calculations in stability of slopes are formulated assuming the soils obeying a linear Mohr-Coulomb yield criterion. However,
experimental evidences show that the failure criteria of almost all geomaterials are nonlinear over a wide range of normal stresses. In
this paper, the soil masses of slopes are assumed to follow a nonlinear Mohr-Coulomb failure criterion. Based on the nonlinear failure
criterion, the paper studies the problem of slope stability by combining the slice method and limit analysis upper bound method. The
nonlinear strength parameters cohesion ¢, and internal friction angle ¢, are introduced through the tangent method. Joined influence
of nonlinearity is established. The equations of equivalent in rates of external work and internal energy dissipation are established
based on the joined influence. The equations of factors of safety for slope with different slide surface (straight line, broken-line, and
circle) are deduced and the plastic analysis upper limit solutions are calculated well by these equations. A classical slope calculation
case shows that the method is of correctness and high precision which consists with previous achievements. The new method can be
used to guide the slope stability analysis based on the nonlinear failure criterion on the plastic upper limit theorem.

Key words: nonlinear failure criterion; upper bound limit analysis; factor of safety; stability factor
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Table 1 Values of safety factor F for different failure modes and calculation methods

Wit/ ) IS ET] FEISGEERTES
SRR KI5k Fiit i o3 ik fii 4k Bishop ¥ Janbu V% KI5k

45 2.970 2.976 2.034 2.070 2.126 2.097

60 2.127 2.128 1.728 1.715 1.772 1.738

90 1.348 1.210 1.194 1.101 1.277 1.107

K2 ARLMERIRHEN T AR E R N,
Table 2 Values of stability coefficient N, for nonlinear failure criterion
_ 90" _ N ———— 20 Ny — o N,
m SCHR[3] SC#R[10] A % SCHR[3] A % SCHR[3] A %
N N N F N N F N N F

1.00 5.51 5.51 5.51 1.00 0.00 10.39 10.39 1.00 0.00 16.18 16.18 1.00 0.00
1.20 5.13 5.20 5.11 1.00 0.36 8.95 8.87 1.00 0.89 12.55 12.46 1.00 0.72
1.40 4.89 4.98 4.82 1.00 1.43 8.13 7.98 1.00 1.85 10.82 10.62 1.00 1.59
1.60 4.73 4.83 4.64 1.00 1.90 7.61 7.42 1.00 2.50 9.70 9.49 1.00 2.16
1.80 4.60 4.71 4.51 1.00 1.96 7.24 7.05 1.00 2.62 9.10 8.89 1.00 2.31
2.00 4.52 4.62 4.42 1.00 2.21 6.97 6.82 1.00 2.15 8.78 8.57 1.00 2.39
2.50 4.35 4.45 4.24 1.00 2.53 6.54 6.38 1.00 2.45 7.95 7.74 1.00 2.64
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