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DAMAGE ANALYSIS OF FIBROUS
COMPOSITE MATERIALS

Jung-Ho Cheng* Miao-Tzu Tsai'

Department of Mechanical Engineering
National Taiwan University
Taipei, Taiwan 10617, R.O.C.

ABSTRACT

This paper employs the concept of continuum damage
mechanics to explore the nonlinear deformation behavior
of composite structures. A damage model at the lamina
scale is proposed based on a hypothesis that the damage
variable in each principal direction can be represented by
“strain induced by individual stress in the principal
material directions.” This model allows for obtaining
the in-plane elastic moduli in the principal directions of
the laminates directly from the measured data of uniaxial
tension tests of [0]js, [90]i6, and [£ 45]4s specimens
along with classical lamination theory and numerical
analysis methods. ~With this approach, the micro-
damage which is difficult to quantify, can be determined
from the deterioration degree of the macroscopic
mechanical properties without having to resort to
detailed  investi-gation of various complicated
microscopic damage mechanisms.

The proposed model together with the acquired
damage characteristics of the composites is implemented
in a finite element software which is then used to
simulate the tensile processes of both unidirectional
composites and laminates. The predicted stress and
strain responses are compared favorably with
experi-mental results. Finally, the program is also used
to predict the deformation behavior of structures with
holes. The predictive capability of the proposed
damage model is confirmed once again.

The damage analysis procedure developed in this
research is simple, straightforward, and is shown to
adequately describe the evolutional damage processes in
loaded structures. The model can also be easily
ex-tended to give similar predictions for the cases with
more complicated geometry or under different stress
states simply by adding more appropriate damage
variables.

Keywords: Damage mechanics, Composite materials,
Nonlinear deformation, Finite element

analysis.
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