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Numerical simulation of finite deformation and failure of
2A12 specimens under three-dimensional stress state

LIU Chao, SUN Qin, LIU Yan-jie

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: A modified X-W ductile fracture model with modified von-Mises yield criterion based on the continuum
damage mechanics which combined the effect of pressure and Lode angle on damage variable was implemented into
ABAQUS/explicit through the user subroutine VUMAT to simulate the progressive failure of specimens of aluminum
alloy 2A12-T4. In order to verify the modified fracture model and predict the progressive failure behavior of the ductile
metals, a series of experiments of aluminum alloy 2A12-T4 specimens including smooth and notched round bars and
compact tension (CT) specimen as well as corresponding numerical performances were conducted. Meanwhile, different
numerical simulations with or without geometric non-linearity and different yield criteria were studied by comparing the
difference. The numerical results show that the fracture model with modified von-Mises yield criterion can accurately and
effectively predict the experimental results of 2A12-T4 specimens including load-displacement curves and macroscopic
fracture morphology. Among them, the “tunnel” effect appearing in CT specimen can directly explain the difference of
the fracture resistance between in plane stress layer and in plane strain layer.
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Ni /n Ti Others Al
0.1 0.1 0.15 0.1 Bal.
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Fig. 1 Tlustration of specimens (Unit: mm): (a) Specimen a; (b) Specimen b; (c) Specimen c; (d) Specimen d, vertical view;

(e) Specimen d, side view
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Fig. 2 Macroscopic fracture morphologies of four specimens:

(a) Specimen a; (b) Specimen b; (c¢) Specimen c; (d) Specimen d
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Fig. 3 Stress—strain curves of specimen a
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three specimens between simulation ((a), (b), (c)) and
experimental ((a"), (b’), (c')) results: (a), (a’) Specimen a;

(b), (b") Specimen b; (¢), (c') Specimen ¢
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Fig. 6 Comparison of load—displacement curves between

experimental and simulation results: (a) Specimen a; (b)

Specimen b; (c¢) Specimen ¢
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