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Strength Prediction and Damage Analysis of Bolted Composite
Joints Based on a Delamination Damage Model

Guo Ziang, Wan Xiaopeng, Li Bo
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Countered at the traditional damage analysis of composite without considering the interlaminar failure,
based on the three-dimensional progressive damage analysis and cohesive zone model method, a new progressive
damage model capable of numerically simulating the behavior of bolted composite joints comprehensively consid-
ering composite layer and interlaminar failure is developed. Through the strength analysis of two typical com-
posite single fastener joints, it shows that the results by new model better agree with the experiments than by
the traditional FEM progressive damage model. By this model, a study of the delamination propagation of the
composite joints and the effect of tightening torque on the strength of composite joints and delamination propa-
gation is performed. It is found that the direction of delamination propagation is the same with the orientation of
fracture. The tightening torque increases the strength of composite joints obviously and can suppress the delami-
nation propagation at hole in composite joint.
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Fig.1 Bi-linear constitutive equation of cohesive
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Fig. 2 Finite element model of 3D bolt connection
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Fig. 3 Flow chart of damage analysis
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Table 2 Properties of T300/BMP316 composites
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Table 3 Comparison of calculation results for

laminate joint strength
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Table 4 Comparison of the analytical

predictions with tightening torque

WHFS  HKRE/MPa HHE/MPa RE/%
303 248.2 259.5 4.5
205 133.8 140.9 5.3
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