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Upper bound adaptive finite element method with higher-order element
based on Drucker-Prager yield criterion
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Abstract: An upper bound adaptive finite element method with six-node triangular high-order element, which is based on
Drucker-Prager yield criterion, is established. Based on the upper bound theory, the corresponding calculation program is
compiled. The element dissipative energy is used as the control index in the adaptive refine strategy. Based on the calculated
results of element dissipative energy, the mesh is refined by dividing the element with high dissipative energy into two parts,
and the upper bound finite element adaptive calculation is completed through repeated calculation based on the refined mesh.
The influences of a series of Drucker-Prager yield criteria on the upper limit solution are analyzed depending on the calculated
results of stability of tunnels and bearing capacity of strip footings. The calculated results also show that the proposed upper
bound finite element method can achieve high accuracy, and the failure modes can be obtained by the mesh distribution.
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Fig. 2 Initial mesh and boundary conditions of strip footing
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Table 2 Comparison between present results and those available in literatures
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DP5 51.53 52.19 83.72 86.20 110.22 115.51 149.25 159.75 20838 201.19 303.23 370.48
Prandtl 51.42 83.45 109.77 148.35 207.21 301.4
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Fig. 3 Relative errors of bearing capacity
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Table 3 Calculated results of critical failure coefficient of circular

tunnel under gravity (DP5)
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Fig. 4 Adaptive refined meshes of bearing capacity using finite element upper bound solution
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Fig. 6 Adaptive refined meshes of bearing capacity using finite element upper bound solution
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