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Fig.1 Model and coordinate system of the laminate with a hole
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Fig.2 Mesh model of x-y plane of the laminate with a hole
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Fig.3 Uniaxial tensile load model of the laminate with a hole
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Fig. 4 Distribution of the interlaminar stress at 6=0° along the thickness of [0°/90° ] laminate
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Fig. 5 Distribution of the interlaminar stress at 6=30°" along the thickness of [0°/90° ] laminate
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Fig. 6 Distribution of the interlaminar stress at 0=45° along the thickness of [0°/90° ]blaminate
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Fig. 7 Distribution of the interlaminar stress at 9=60" along the thickness of [0°/90° ] laminate
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Fig. 8 Distribution of the interlaminar stress at ¢=90° along the thickness of [0°/90° ] laminate
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Fig. 9 Distribution of the interlaminar stress at ¢=0° along the thickness [45°/-45° ] laminate
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Fig. 11 Distribution of the interlaminar stress at §=45° along the thickness [45°/-45° ] laminate
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Fig. 13 Distribution of the interlaminar stress at 6=90° along the thickness [45°/-45°] laminate
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Interlaminar stress analysis of incompatible generalized mixed element

model for composite laminates with a hole

QING Guanghui' WANG Yonggang' WANG Xie’
(1. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)
(2. Shanghai Aircraft Design & Research Institute, Shanghai 201210, China)

Abstract: In order to investigate the stress concentration phenomenon and analyze the distribution characteristics of the
interlaminar stress in the hole edge region of composite laminates. Based on the generalized mixed variational principle, the
generalized mixed finite element model for laminated plates with various stacking modes were established. The stress field
variables were divided into the interlaminar stress and the in-plane stress, with the introduction of stress boundary conditions to
ensure the physical continuity of interlaminar stresses between layers and the discontinuity of in-plane stresses between layers.
The interlaminar stresses at the edge of the laminated plate hole were respectively analyzed through the thickness direction and
the circumferential direction. Numerical examples demonstrated that the incompatible generalized mixed element could obtain
more accurate stress singularity results than the 8-node three-dimensional solid incompatible displacement element results
solved by the finite element software Abaqus. Stresses on both upper and lower surfaces of the laminated plate consistently
reflected actual situations. The research indicates that compared with the displacement element, the incompatible generalized
mixed element can more effectively capture the high stress gradient of the interlaminar stresses at the edge of the laminated
plate hole, which provides a new idea for the optimal design of the laminate.

Key words: Laminated composites; Interlaminar stress; Incompatible generalized mixed element; Stress boundary
condition; Stress singularity
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