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ABSTRACT: This paper numerically reproduces wrinkling of a plain-weave CFRTP laminate under a bias-extension
test performed in the commercial finite element analysis(FEA) software, ABAQUS/Explicit, with user-defined material
subroutine (VUMAT), implementing a shear angle based nonlinear shear law. Two finite element models of a coupled
model where bending stiffness is derived from membrane stiffness, and a decoupled model that separates membrane
and bending responses were compared. While both models showed similar shear-angle distributions and predicted
wrinkle initiation in the same shear-concentrated regions, their wrinkle growth differed markedly: the coupled model
exhibited abrupt, unstable out-of-plane growth, whereas the decoupled model showed earlier and more gradual
accumulation. The results emphasize that decoupling the intrinsically low bending stiffness of woven fabrics is
essential for accurate wrinkle prediction.
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Fig. 1. Shear angle evolution and deformation behavior in bias
tensile test of woven composites [16]
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Fig. 2. Shear force-Shear angle curve of woven composites
during bias extension [18]
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Table 1. Empirical coefficients of the shear angle-shear force law
for Carbon fiber and PEEK(CF/PEEK) polymer at 360°C [16]

Empirical coefficient CF/PEEK Units
a, 0.870621747629119
a, -0.092063149613796
a, 0.006089539430532
a, -0.000232441893059 -
as 0.000004744656425
ag -0.000000048183470
a, 0.000000000191471

l:l : Surface layer

(Out-of-plane bending)

[:’ : Central layer

L (In-plane tension, shear)
x

T

© : Integration point

Fig. 3. Membrane-Bending decoupled shell model
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Table 2. Mechanical properties of the Carbon fiber and PEEK(CF/
PEEK) polymer at 360°C [16]

Material properties CF/PEEK Units
Ey 3,800 MPa
B 0.3 N/mm
Vi, 0.3 -
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Table 3. Calculated material properties and membrane stiffness
contribution for various surface layer thicknesses

facel T
] e T e T T e Tt
MP: MP: N MP:

[mm)] (MPa] | [MPa] |IN/mm][MPa] stiffness [%]
0.01 1,042 4,040 0.3 3,800 2.2
0.05 300 6,133 0.3 3,800 3.2
0.08 260 10,094 0.3 3,800 4.4

| | I 40 mm
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Fig. 7. Boundary conditions of bias extension test FE model
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