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Abstract: This paper is aimed to simulate the failure of selected fiber reinforced c')mposite plates under
t.ransverse loading. A mathemat.ical model and comput.ational model are prese:lted for the aJ1alysis.
Higher Order Shear Deformation plale t.heory is utilized to predict the deformation of t.he plat.es. A
failure criterion wit.h t.he existence of coupling t.erms to determine the mode of failure for composite
plat.es is employed to predict. the failure. The uniqueness of this criterion compared to all other existing
criteria is that it. includes the coupling terms, which relate the interaction between the longitudinal
stress and the transverse stresses. As a consequence, it allows the interactic'n between the fiber
properties aJ1d the matrix properties in terms ofthe st.rength of the material, which other failure criteria
have neglected. Variat:lon of mat.erial properties through thickness is llsed and accommodated by a
discrete layer approach. A program based on a finite element method is developed using Fotran-90 to
determine the lamina stresses. These stresses are then used in the present. failure model to determine the
First Ply Failure. Finally, the First Ply results for various composite plates are ;ll1alysed. The results
obtained with current failure criterion are also compared with the results obtained with existing failure
criteria. The stresses distribution obtained have proved that the present finite-element program could
determine laJnina and inter-lamina stresses accurately when compared to the exact solutions. The
results of the failure analysis have shown that the present failure models could offer a better prediction
offailme for any composile laminate.

Keywords: Laminated plate, Composite, FEA, Failure theory, First Ply F'lilure.

INTRODUCTION

In composite materials. failure is distinguished by its mode of failure. In fiber reinforced composite
plates, failure in one direction of aJ1Y single layer implies neither total failure cof that layer, nor the
whole structurc. Load carrying capacity still exists not only in the structure, but also in the layer itself
[11. Therefore, the most common way to deal with failure of a composite laminate is by using
definitions of First Ply Failure (FPF). First Ply Failure occurs when initial failure of a single layer in a
Laminate fails in any mode of failure. Therefore, the main objective of this paper is to determine the
curves bounding t.he actual load carrying capacity in terms of the FPF of composite materia Is.

The most common and oldest method, in terms of finite element analysis for a laminated composite
plate, is the standard laminate strength analysis. In 1982, Lee has performed the finite element based
failure analysis by llsing his own direct mode determining failure criterion [I]. Th,~ major drawback of
a three-dimensional failme analysis is the tremendous amount of memory space and calculation time
required. This phenomenon leads to the search for more efficient finite element analysis of composite
plates. Reddy and Pandey have developed a first ply failure analysis of composite laminates based on
first order shear deformation plat.e theory [2]. Engblom and Ochoa develop a two-dimensional plate
analysis t.o t.he above, but with increased interpolation in the Lhrough t.hickness direction [3]. Tolson
and Zabaras have also developed two-dimensional progressive failure analysis oflaminated composite
plates, but employing hIgher order shear deformation theory [4]. Lee's [l] and H.ashin's [5] failure
criteria are used to determine the mode of failure. However, both criteria neglect th.e interaction of the
coupling effect between the longitudinal stress and the transverse stress. Therefore, the main objective
of this research is overcome this deficiency by developing a two-dimensic'nal finite element
computational formulation, which could perform the progressive failure analy~:is of selected fiber
rcinforced laminated composite plates by employing a failure criterion with interaction terms.

High Order Shear Deformation

Higher order shear deformation theory is developed to improve both the classical lamination theory and
the first order shear deformation theory. A higher order term is included in the assumed displacements
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are calculated and checked with present failure criteria, which include the coupling t(:rms to predict
failure. The First Ply Failure is llilalysed to determine the region ofthe true load carrying capacity. The
results of the analysis shown in Figure 3 and 4 shows that the main objective of the r,~search that to
perform the first ply failure analysis of fiber reinforced composite materials has been achieved
successfully. In ensuring the reliability of the results, before conducting the simulation, the finite
element based progrllin has been validated with exact solutions gained from reliable referred sources,
as well as other numerical solution. Finally, the results show that the present failure criterion with the
existence of coupling terms, improve the prediction of the First Ply Failure.
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