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Simulation Research on Tensile Failures of CFRP and Aluminum
Alloy Bolted Joint

Xu Zhonghao', Wang Xinyu', Gu Weimin', Zhang Hailun®, Zhuang Weimin
(1. Commercial Vehicle Development Institute of FAW Jiefang Automobile Co., Ltd., Changchun 130022; 2. State Key Laboratory of
Automotive Simulation and Control, Jilin University, Changchun 130022)

Abstract: Based on Explicit simulation environment of ABAQUS, the finite element simulation 3D model of
CFRP- Aluminum alloy bolted joint was established, and the corresponding single nail and single shear tensile
experimental research were carried out. Combined with the experimental and simulation results, the damage failure
modes of the bolted joint under uniaxial tensile loading were obtained. The aluminum alloy failure was based on the
Ductile metal failure criterion, the CFRP failure criterion adopted the Hashin criterion modified by Shokrieh, which
can represent 7 failure modes of the CFRP in fiber tensile and compression, matrix tensile and compression,
delamination tensile and compression, as well as fiber—matrix shear modes, and the stiffness degradation of CFRP was
achieved after the initial failure of the CFRP using the stiffness reduction rule. The results showed that the bolted joint’
s failure process was divided into 3 phases, the linear elastic phase, the damage initiation phase of the CFRP, and the
failure phase of the bolted joint. Comparing the simulation and experimental results, the error between them was 6.3%
when considering the strength of the joint, indicating the validity of the finite element simulation model. The analysis
of the finite element simulation results revealed that during the failure of the bolted joint, the failure of the CFRP
occurred in matrix tensile and compression failure modes as well as delamination compression failure mode, and the
damage of the aluminum alloy exhibited significant ductility.
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