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ABSTRACT

In the era of modern structures, composite laminates are widely used and have become
progressively trending due to its tailorable of material properties. Nevertheless, due to
the complex fibre-matrix interaction added by the existing cutouts, it is complicated to
figure out the failure mechanism and deformation behaviour of composite laminates. In
reality, the application of cutout shapes is found practical for many composite
structures. Practically, the failure behaviour of composite laminates with and without
cutouts involves a lot of data; therefore, it is crucial to be predicted thoroughly and
accurately. Based on literature review, the studies on the failure prediction of various
cutout shapes to the composite laminates are limited. This study aims to predict the
failure behaviour of Graphite/Epoxy and Kevlar/Epoxy with various cutout shapes
under uniaxial tension and compression due to the variations of fibre orientations. The
two main stages of this study involved the prediction of laminate failure using finite
element simulation software (ANSYS); and then the prediction of laminate failure using
Artificial Neural Network (ANN) from the simulated data. Prior to that, mesh
convergence analysis and numerical validation were carried out. The studied composite
laminates consisted of 24 layers with the symmetric angle-ply lamination scheme of
[04/04/-64]s, where 0 ranges from 0° to 90°. Maximum Stress Theory and Tsai-Wu
criterion were employed to determine the failure load. These data of failure loads were
then input into ANN tools in MATLAB software for training, validating and again
predicting the failure loads similar to the case studies developed earlier using ANSYS.
Comparing the predicted loads from both approaches (ANSYS and ANN) for the same
case studies, the results show that the difference is found to be less than 5%. In analysing
the effect of fibre orientation on the laminate without cutout, increasing the angle will
reduce the strength of the composite laminates. In terms of analysing the effect of
cutouts and materials, results showed a noticeable strength difference between
composite plates with and without cutout. The results show that the determined failure
load for Graphite/Epoxy, UD Kevlar/Epoxy and Woven/Epoxy laminates range from
210 MPa to 1700 MPa, 101 MPa to 1380 MPa, 88.7 MPa to 420 MPa respectively for
the cases of laminates without cutout. For the cases of laminates with circular cutouts,
the determined failure load for Graphite/Epoxy, UD Kevlar/Epoxy and Woven
Kevlar/Epoxy laminates ranges from 10 MPa to 57.9 MPa, 6.08 to 101 MPa, 19.8 to
64.9 MPa respectively. For the cases of laminates with diamond cutouts, the determined
failure load for Graphite/Epoxy, UD Kevlar/Epoxy and Woven Kevlar/Epoxy laminates
ranges from 7.2 MPa to 45.8 MPa, 4.5 MPa to 75 MPa, 16.2 MPa to 54 MPa
respectively. It is interesting to observe that the strength of Graphite/Epoxy, UD
Kevlar/Epoxy and Woven Kevlar/Epoxy composite laminates has reduced up to 99.5%,
99.6% and 89.0% respectively due to the existence of the cutouts. In general, this
information is important in designing practical composite structure where cutouts often
exist. In conclusion, the close agreement between simulation and ANN prediction
proves that both approaches could complement each other. The main idea of simulation
is to reduce tedious and costly physical tests, especially on composite materials. The
main idea of predicting using ANN is to further reduced the number of physical tests
and simulation. This proves that the present study is useful and has significantly
contributed new fundamental knowledge in predicting the failure behaviour of
composite laminates with cutouts using simulation and its alternative solution using
ANN.
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