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Stress and Strain Analyses of Thick Composites
with Fiber Waviness under Flexural Loading
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Abstract

A FEA(finite element analysis model) was proposed to study stress and strain distributions in
thick composites with fiber waviness and initial curvature under flexural loading. Three types of
model with initial curvature were comsidered in this study: flat, convex and concave models. In

the analysis, both material and geometrical nonlinearities were incorporated.

Four point flexural

tests were conducted on the flat specimens to obtain the flexural behavior of thick composites

experimentally.
with the experimental results.

It was concluded that the predictions from the models were in good agreement
It was shown that the stress and strain distributions as well as

nonlinear flexural behaviors of thick composites were significantly affected by the fiber waviness

and initial curvature,
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Fig. 1 Schematic drawing of a representative
volume for unidirectional composite material
with uniform fiber waviness.
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Fig. 2 Schematic drawing showing the

deformation of subelement.
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Fig. 3 Schematic drawing of a representative
volume for unidirectional composite material
with both uniform fiber waviness and initial
curvature.
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Fig. 4 Schematic drawing of four-point flexural
test (L=70mm, Ls=35mm, t=5.2mm).
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Fig. 5 Predicted and experimentally obtained
load-deflection curves for flat uniform fiber
waviness model with various fiber waviness
ratio.
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Fig. 6 Stress and strain analyses of flat beam with
uniform fiber waviness (applied load, P=50kN/m):
(a) schematic drawing of initial fiber waviness ratio
(@/A) of 0.034, (b) contour plot of effective stress
(0 o , MPa), (c) contour plot of effective strain
(€, m)
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Fig. 7 Stress and strain analyses of convex beam
with uniform fiber waviness model (applied load,
P=50kN/m) : (a) schematic drawing of initial fiber
waviness ratio (@A) of 0.034 and radius of
curvature (R.) of 200mm, (b) effective stress (04 ,
MPa), (c) effective strain (eg, U ).
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Fig. 8 Stress and strain analyses of concave beam
with uniform fiber waviness model (applied load,
P=50kN/m) : (a) schematic drawing of initial fiber
waviness matio (a/A) of 0034 and radius of
curvature (R») of 200mm, (b) effective stress (04 ,
MPa), (c) effective strain (eg4, U ).
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