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One package of schemes for some difficult issues
in finite element plasticity analysis
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(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract: The Mohr-Coulomb yield criterion takes on the simplest form in the Mohr stress space, which has thus been most
extensively applied in limit analysis and limit equilibrium methods because of its accuracy. However, the Mohr-Coulomb yield
surface in the stress space is non-smooth, causing huge troubles to the constitutive integration in the deformation based finite element
plasticity analysis. In addressing strength problems, meanwhile, solvers based on the load controlled method (LCM) are hard to bring
the finite element model to the limit equilibrium state. Aiming at these issues, the solution schemes are proposed as follows. First, an
algorithm named GSPC is designed for the constitutive integration for plasticity with non-smooth yield surfaces. GSPC is always
convergent for arbitrary large strain increments, with far more excellent numerical properties than the return-mapping methods
available. A solver based on the displacement controlled method (DCM) is developed for the finite element plasticity analysis. The
DCM solver is able to bring easily the finite element model into the limit equilibrium state, with no convergence issue, and far more
efficient and robust than any LCM solvers. At last, combined with the strength reduction method, the secant method for the factor of
safety of slopes is developed, and the location and depth of tension cracks at the slope top are proposed.
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Table 1 Outcomes of different slope angles

W fi B - =
/) MC Cut /%
45 1.512 1.537 1.63
50 1.386 1.412 1.84
60 1.180 1.218 3.12
70 1.012 1.060 4.53
80 0.851 0.928 8.30
90 0.652 0.814 19.9

| 741 m T
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4m

(a) 5E% Mohr-Coulomb % #

6.63 m

(b) #kJE Mohr-Coulomb £ %

Bl 8 52EAIELE Mohr-Coulomb kLN EL(8=70°)

Fig.8 Comparison of failure mechanism of intact and
cut-off Mohr-Coulomb yield surface (5=70°)
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end(while);
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