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Limit analysis method based on mixed constant stress-smoothed strain element
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Abstract: Limit analysis approach is one of the classical methods for the stability evaluation of geotechnical infrastructures.
Low-order triangular elements with velocity discontinuities and special layout of mesh, or high-order triangular elements are usually
used to overcome the volumetric locking problem encountered in the traditional finite-element upper bound limit analysis. However,
the accuracy of this method depends heavily on the layout of discontinuities. In this study, a mixed constant stress-smoothed strain
element is proposed to discretize the constrained functional of generalized variational principle, and a novel method of mixed constant
stress-smoothed strain element limit analysis (MCSE-LA) is established for limit analysis. Following the associated flow rule and
Mohr-Coulomb yield criterion, the novel MCSE-LA is finally converted to a second order cone programming (SOCP) that contains
only stress variables and limit load multiplier. The MCSE-LA method has a simple representation form, and relatively few
optimization variables, and in particular, there is no need for an explicit plastic internal energy dissipation function. Based on the
duality of the convex optimization, the optimal velocity field and plastic multiplier can be solved in the dual problem simultaneously.
Moreover, an adaptive mesh refinement algorithm is proposed based on the maximum plastic shear strain rate. This algorithm could
refine the mesh in the plastic zone and significantly improve the computational efficiency and accuracy of the proposed method.
Finally, by a comparative analysis of the slope stability problem, the proposed MCSE-LA method is verified to have higher
computational accuracy and efficiency compared with the traditional finite-element limit analysis.
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