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Limit analysis with nonlinear failure criterion in
rock masses and its applications

YANG Xiao-li
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Abstract: Based on nonlinear Hoek-Brown failure criterion, nonlinear limit analysis theory was proposed. The new
theory states that instead of the actual nonlinear Hoek-Brown failure criterion, one tangential line, the strength of which
equals or exceeds that of the nonlinear failure criterion, was used to establish the kinematical velocity field and
admissible stress field. In the two fields, the location of tangential point to the nonlinear failure criterion was
unchangeable, and the normal stress and shear stress on unit area on failure surface were assumed to be constant.
However, the values of stresses and location of tangency point were unspecified. Using the nonlinear Hoek-Brown failure
criterion and upper bound theorem, external work rate and internal energy dissipation rate were calculated according to a
single wedge failure mechanism or a multi-wedge failure mechanism. Due to external forces equal to internal energy
dissipation rate along discontinuities in the mechanism, objective function and constraint equations were established. A
classical optimization problem was formulated, and the optimum solution was obtained by a nonlinear sequential
quadratic programming algorithm. When the geo-structures, such as rock slopes or rock foundations, collapse due to
external loads, the energy dissipation was minimized to determine the location of tangency points. Using the nonlinear
Hoek-Brown failure criterion and lower bound theorem, the established stress field should satisfy the equilibrium
equation, stress boundary condition and nowhere violation to the nonlinear Hoek-Brown failure criterion. In order to
verify the validity of the new theory, numerical results were presented and compared with the published solutions. From
the comparisons, it is found that the present solutions are correct.
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Table 1 Comparisons of stability factors

ﬁ?ﬁ ,wﬁﬁ* xg?¢ S
90 5.15 5.13 5.15
75 6.79 6.77 6.79
' 60 8.99 8.95 8.98
45 12.60 12.55 12.61
90 492 4.89 4.92
75 6.36 6.33 6.36
H 60 8.18 8.13 8.18
45 10.82 10.82 10.87
90 476 4.73 4.76
75 6.07 6.04 6.07
Ho 60 7.65 7.61 7.65
45 9.85 9.70 9.84
90 4.64 4.60 4.64
75 5.86 5.82 5.86
'8 60 7.29 7.24 7.29
45 9.26 9.10 9.17
90 4.55 4.52 4.54
75 5.70 5.66 5.70
2.0
60 7.02 6.97 7.02
45 8.82 8.78 8.69
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Table 2 Upper and lower solutions for a vertical slope
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FRRf# 2.6763 2.5577 2.4739 2.4118 2.3639 2.2818
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