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Upperbound limit analysis of passive earth pressure based on
nonlinear failure criterion
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Abstract: The influence of a nonlinear strength envelope is considered in the framework of the limit analysis of plasticity. The
passive earth pressure on the rigid walls is estimated using the upper bound theorem of the limit analysis in conjunction with the
nonlinear failure criterion. A generalized tangential technique, multi-tangential line to the nonlinear failure criterion, is used to
import the variable C, and ¢, for the first time. Based on the upper bound theory, the multi-triangle failure mechanism is
considered, some basic formulae are deduced, and the minimum upper bound solutions of passive earth pressure are presented

by applying a nonlinear sequential quadratic programming (SQP) algorithm. From the numerical results, it can be seen that the

solutions are reasonable and rigorous upper-bound ones.
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Fig. 1 Curves of a nonlinear failure criterion and its tangential line
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Table 1 Passive earth pressure with different &

k m=1.0 m=12 m=1.8

/KN-m™ % (KNmYD /% (kNmYD) /%

1 2140.8 1909.7 1680.3
2 1573.9 26.48 1354.7 29.06 1126.6 3295
3 1498.5 4.79 1307.8 3.46 1101.2 2.25
4 14859 0.84 1299.9 0.60 1096.9 0.39
5 14823 0.24 1297.6 0.18 1095.7 0.11
6 1480.9 0.09 1296.7 0.07 1095.2 0.05
7 1480.1 0.05 1296.2 0.04 1094.9 0.03
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Fig. 5 The relationship between the passive earth pressure and the

element number £
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Table 2 Comparison between multi-tangential technique and single tangential technique

o =5° o =10°
i TR 2k Z /% TR 2k A1 /%
1.0 2678.8 2470.9 7.76 2200.9 2140.8 273
1.2 2440.6 2161.1 11.45 2031.5 1909.7 6.00
1.4 2323.4 2010.6 13.46 1944.2 1794.1 772
1.6 2260.0 1922.2 14.95 1895.1 17253 8.96
1.8 2224.2 1864.6 16.17 1866.2 1680.3 9.96
2.0 2204.2 1824.6 17.22 1848.9 1649.0 10.81
2.2 2193.6 1795.5 18.15 1838.8 1626.3 11.56
2.4 2189.0 1773.7 18.97 1833.3 1609.3 12.22
2.6 2188.2 1760.4 19.55 1830.9 1598.6 12.69
2.8 2190.0 1756.0 19.82 1830.5 1595.5 12.84
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