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Abstract In response to the delamination phenomenon of composite materials, combined with a trilinear cohesive force

model considering brittle fracture of materials, an Abaqus user subroutine was written using Fortran language to establish a three-
dimensional progressive damage analysis model for composite laminates with a hole. Uniaxial tensile tests were conducted for
four different layering methods, and modeling was conducted by using the commercial finite element analysis software Abaqus to
analyze the hole edge damage of laminated plates. The results indicate that the proposed model can effectively predict the
ultimate load and damage morphology of uniaxial tensile failure of composite laminates with a hole, and the failure zones of
laminated plates are mainly concentrated at the hole edge. The research methods and results of this model can provide a
reference for the design and maintenance of composite laminates.
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Fig. 1 Electro-hydraulic servo fatigue tester
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Fig. 2 Geometry dimensions of uniaxial tensile specimens of composite

laminates with hole
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Tab. 1 Numbering and layering angle of the specimen

4i*5 Number )2 A Layering angle

T-1 [-45/0/45/0/-45/0/45/0/-45/90/45/0]
T-2 [45/-45/90/0/-45/0/45/0/90/0],
T-3 [45/-45/0/-45/0/45/0],

T-4 [45/-45/0/-45/45/0/-45/90/0/45/0]
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(d) Failure morphology of T-4
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(¢) Failure morphology of T-3
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Fig. 3 Test profile of uniaxial tensile specimens of composite

laminates with hole
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(a) Geometrical modeling of cut-outs of porous composite laminates
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(b) Meshing of porous composite laminates
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(¢) Mesh delineation of pore-containing composite laminates in the
region of the pore edges
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Fig. 4  Schematic diagram of finite element modeling of composite

laminates with hole
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test results for composite laminates with hole
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