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Thermal-Mechanical Coupling Damage Analysis of Material
Based on PD-FEM Hybrid Model

ZENG Jinbao, JIANG Cuixiang, ZHANG Yihao
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Wuhan 430065, P.R.China)

Abstract: A new PD-FEM ( peridynamics-finite element method) hybrid model method was proposed for sol-
ving thermal-mechanical coupling problems. Its solution region was divided into peridynamics and finite element
subregions. The hybrid bonds introduced to mixed these two subregions were composed of finite element nodes
and peridynamics material points. The hybrid model was used to simulate damage behavior of alumina ceramic
plates under thermal shock loads. Calculation results showed that the cracks initiation and propagation obtained
by the hybrid model were in good agreement with experiment results, which validated the accuracy and availa-
bility of the hybrid model. The PD-FEM hybrid model inherits the advantage of peridynamics in dealing with dis-
continuous problems. Because the finite element method is introduced, the model significantly improves the ef-

ficiency of studying thermal-mechanical coupling problems using peridynamics method.
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hybrid model in local coordinates
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Fig. 3 Schematic diagram of the PD-FEM hybrid simulation model for ceramic plates cooling
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Fig. 4 Comparison of the analytical solution and the PD-FEM model results
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Fig. 5 Comparison of the PD-FEM model relative errors and the PD thermo-mechanical coupling model relative errors
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Fig. 6 Schematic diagram of the PD-FEM calculation model
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Fig. 7 Displacement and temperature responses along the horizontal axis of ceramic plates
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Fig. 9 Comparison of crack propagation results between the PD-FEM hybrid model and the PD thermo-mechanical coupling model
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Fig. 10 Quenching experiment results of ceramic plates with different initial temperatures and widths
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Fig. 11 Crack propagation results of PD-FEM models with different initial temperatures and widths
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Fig. 13 Strain energy density distributions along the vertical axis of ceramic plates
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