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ABSTRACT:

The effects of the delamination in the critical buckling load failure of E-Glass /epoxy composite laminates are analysed.
The buckling load of rectangular composite plates is determined by carrying out the experimental work for different
aspect ratios of range 2 to 3. The specimens are made with unidirectional fibres of orientation (90 945 9-45909s. The
width of long 100 mm and 50 mm at the centre of the plate, a single substantial delamination is made at the mid layer
produced by Teflon film using hand lay-up technique. The buckling loads of plates were found by using simply
supported boundary condition and kept the other side edges free. The experimental buckling loads were found from the
graph drawn for vertical displacement vs load. By drawing the graph for the vertical displacement vs. load, the
experimental buckling load can be calculated. Using finite element software of ANSYS 10, the experimental results were
validated.
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the free edge impact and fabrication defects[12], [5]. The

1. Introduction overall stiffness of the material can be reduced by the
presence of delamination, and it results in material
unbalancing in the symmetric laminate, as well as the
stress within the composite laminate, will be
redistributed. This leads to global structural failure
below the design level, which reduces the buckling load
of the laminate [9]. Besides, the cost of fibre reinforced
composites is susceptible to delamination [11]. The
Kevlar or Twaron stitched glass/epoxy composite
laminates with delamination of different length on the
buckling load to obtain critical delamination length [13].
The glass/epoxy composites laminate has the better
damage tolerance after it has first buckled as compared
to an unstitched or Twaron stitched glass/epoxy
composite laminates [14]. Pan [15] determined the effect
of the stitching parameter in buckling of plates is
determined by using the energy method and investigated
stitching density, thread diameter and Young's modulus
of the stitching thread [7] [16]. Through thickness,
stitching is a promising method to increase the resistance
to delamination extension. This increased resistance to
delamination is attributed to the increase in the local
buckling strength. Kardomateas used the thin film
approach to determine the analytical solutions for beams
and plates [8], [17]. One dimensional analysis was
carried out for both analytically and numerically for
single and multiple delaminations [18]. Using the thin
film approach analytical solutions was carried out for
beams and plates by Chai [8], [17]. Lim gave a solution
based on the energy method for multiple delaminated

Most of the research is carried out to enhance the
mechanical properties of the composite materials and its
recyclability by applying new materials [1]. Moreover,
the manufacturing method is improved by a combination
of new materials [2]. Though this has affirmative effects
on both the fuel consumption of vehicles and on the cost
of the transportation but due to critical fracture load,
slender structures can easily get failed [3]. Because of
the limited data on the failure behaviour of composite
laminates in primary structural components with
reliability and integrity, their application also restricted
to secondary structures [4]. From a thick layer of the
lamina, Fibre reinforced composite materials for
structural applications are made. By stacking the layers
to achieve desired strength and stiffness, the structural
elements such as bars, beams and plates are formed [5],
[6]. With the recent development of the fibre reinforced
composites, its application has been increasing in
numbers [7-8]. There is a critical requirement of a better
understanding of material damage tolerance, structural
stability, and failure is needed.

The important part of the design process is an
estimation of the critical buckling load for different load
cases [9-10]. The most common failure modes of
composite laminates is the delamination , which usually
occurs with the outcome of imperfections in the
production process for the effects of external factors,
such as impact by forging objects during operation of the
composite laminates and the high inter-laminar stress at
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beams like specimens. Based on the classical beam
theory, Shu gave an analytical solution for double
delamination buckling. Rodman incorporated the
shearing effect by Reissner’s beam theory [19-21].

Kim and Kedward solved two-dimensional plate
models analytically in the simply supported case using
the Navier solution [22-24]. The reduced stiffness zone
for plates through the width delamination is determined,
when two edges are simply supported and the other ends
have arbitrary boundary conditions. The analytical
solution used numerical techniques for analysing
composite specimens. Kharazi and Ovesy used the
Rayleigh-Ritz method to solve the width delaminated
composite laminates subjected to compressive loads by
the classical laminated plate theory [25]. The semi-
analytical methods for different buckling phenomena
such as for dynamic buckling were developed then.
Ovesy developed the finite strip method based on the
analytical integration of energy and work [10]. Zuleyha
carried out the investigation on the effect of the
delamination size on the compressive failure load and
critical buckling load of E-glass / epoxy composite
laminates with multiple large delamination induced by
low-velocity impact [26]. Most of the stability studies
regarding composite plates stacking sequence have paid
attention to rectangular plates under simply supported
conditions to minimize the mathematical complexities.
Hence we have to give more importance to its structural
behaviour, the interaction among stacking sequence and
length / width ratio on the buckling behaviour of woven
fibre laminated composites are needed to investigate.

This work aims at predicting the failure behaviour of
composite material for with delamination and without
delamination. This project includes the study of buckling
analysis of composite plates with different aspect ratio.
The lay-up sequence of unidirectional reinforced “plies”
and they are typically a thin (approximately 0.2 mm)
sheet of collimated fibres impregnated with an uncured
epoxy or other thermosetting polymer matrix material.
The orientation of each ply is arbitrary, and the layup
sequence is tailored to achieve the properties desired of
the laminate. The composites are subjected to axial
compression, and buckling analysis performed both
experimentally and numerically.

2. Fabrications of composites

The industry has evolved over a dozen separate
manufacturing processes as well as some hybrid
processes to meet the wide range of needs in fabricating
the composite. Each of these processes offers advantages
and specific benefits which may apply to the fabricating
of composites. Hand lay-up and spray-up are two
fundamental moulding processes. The hand lay-up
process is the oldest, simplest, and most labour intense
fabrication method. The process is most common in FRP
marine construction. In hand lay-up method, the liquid
resin is placed along with reinforcement (woven glass
fibre) against the completed surface of the mould. The
reaction takes place in the resin that hardens the material
to a lightweight and much stronger product. The
laminated composite plates with delamination and
without delamination are fabricated with (90°/45°/-
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45°/0°)s fibre orientation from the unidirectional E-Glass
fibre and epoxy resin. For matrix materials, epoxy CY-
558 and anhydride HY-225 are mixed in the mass ratio
of 100:80. Unidirectional E-Glass/epoxy composite plate
(Fig. 1) is produced by using hand lay-up technique. The
fibre volume fraction is approximately 65%. Each case
contains three specimens. The delamination is
introduced by inserting 100 um nylon film during the
stacking sequence. This delamination is introduced to
simulate the damage induced by the low-velocity impact.

Fig. 1: Fabricated composite plate(s)

3. Experimental buckling analysis

The composite plates support greater compressive load
beyond the buckling load, and the numerical studies are
performed on the buckling behaviour of the plate. The
buckling behaviour is given more importance than the
post-buckling behaviour of the composite plates, which
carries the additional load before the ultimate load is
reached. The abrupt deformation occurs when the stored
membrane energy is converted into ending energy with
no change in the externally applied load. The total
stiffness becomes singular during the buckling is (k -
Akg) d = 0, Where Kg is the geometric stiffness matrix,
and it is independent of the material properties of the
structure in contrast to the conventional structural
stiffness matrix. The multiplier A represents the factor to
the applied load to cause buckling and the computation
of buckling load factors is analysed through the modal
analysis. The linear buckling is determined by the
buckling loads and the associated mode shapes of
Eigenvalue buckling problems. The quantities to be
computed include the critical loads at which the structure
becomes unstable, and the corresponding buckling load
shapes in the buckling analysis.

The properties of E-glass/epoxy composites are
Major Young’s modulus E, = 537.79 N/mm? Minor
young’s modulus Er = 179.263 N/mm?, Major Poisson’s
ratio pr = 0.25, Shear modulus G 1 = 89.63 N/mm?.
The test specimen used for buckling load test has
dimensions of 100mm, 80mm, and 66mm width, 200mm
length and contain 8 plies, with (90°/45°/-45°/0°)s ply
orientation. The buckling load test setup contains
specially designed jaws that impart simply supported
loading edge (SSE) condition. The crosshead speed was
kept 0.5mm/min during the test. The specimen was
loaded in axial compression using a uniaxial tensile
testing machine of 100-tonne capacity. The specimen
was clamped at other two ends and kept free at the other
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two ends as shown in Fig. 2. A dial gauge was placed at
the centre of the specimen to observe the lateral
deflection and all the specimens were loaded slowly up
to failure. Clamped boundary conditions were stimulated
along the top and bottom edges, restraining 40 mm
length. For axial loading, the test specimen was placed
between the two extreme stiff machine heads, of which
the lower one was fixed during the test, whereas the
upper head was moved downwards by the servo-
hydraulic cylinder.

y b

Fig. 2: Buckling test - (a) Before test, (b) Post-test for specimen
with delamination

All laminated plates were loaded at the constant
cross-head speed of 1 mm/min (200 kN load cell). From
Instron 3669 testing machine, while conducting the
experiments, a plot between the applied compressive
loads against the specimen’s axial displacements are
obtained. The buckling load is obtained by taking the
compressive load at the intersection of the first two
tangents drawn from the pre-buckling and post-buckling
regions. Figs. 3(a-c) and Figs. 4(a-c) show the vertical
load vs. displacement plots for no delamination and with
delamination glass/proxy composite laminates of
specimen A, B, C having a delamination of 50 mm. The
comparisons of experimental buckling loads of
composite plates with delamination and without
delamination are given in Table 1. The experimental
buckling loads of composite plates with delamination
were lesser than those without delamination as expected.
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Fig. 3(a): Specimen A without delamination
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Fig. 4(c): Specimen C with delamination

Table 1: Critical buckling loads from experiments

Specimen Specimen Experimental buckling load, N

name size, mm  No delamination With delamination
A 200x100 1050 1150
B 200x80 2150 650
C 200x66 1850 1000

4. Finite element modelling and analysis

The finite element method is used for validating the
experimental result of the buckling load. Using ANSYS,
buckling analysis can be carried out by Eigenvalues
approach. SOLID46 layered elements with six degrees of
freedom are chosen for meshing the plates. The simply
supported loaded edges are simulated with the
displacements UX, UY, UZ and the rotations, ROTY,
ROTZ of all nodes at the edges are set equal to zero.
Then the linear buckling analysis is carried out for the
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meshed models with and without delamination. The first
buckling mode shapes for all the specimens are
presented in Figs. 5(a-c) and Figs. 6(a-c). A comparison
of numerical buckling loads of composite plates with and
without delamination is given in Table 2. The numerical
buckling loads of composite plates with delamination
have lesser value than those without delamination. The
comparisons of experimental buckling loads of
composite  plates  with  delamination  without
delamination with numerical analysis are presented in
Table 3. This difference in the value of buckling loads
from numerical analysis is in good agreement with the
buckling tests of the composite plate with delamination
and without delamination.

AT SRS
e s 2011

Table 2: Summary of numerical buckling load

Specimen Specimen Numerical buckling load, N

name size, mm  No delamination With delamination
A 200x100 1917 2350
B 200x80 2264 1606
C 200x66 1618 1136

Table 3: Comparison of experimental result with numerical value

Specimen  No delamination (N) ~ With delamination (N)
name Experiment ANSYS Experiment  ANSYS
A 1050 1917 1150 2350

B 2150 2264 650 1606
C 1850 1618 1000 1136
“l;“‘}:y‘) SODeL, SOLYTTON .‘I‘\lyh‘\'.‘
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Fig. 5: Buckling mode shape of specimen without delamination
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5. Conclusion

The experimental buckling strength of the composite
plate (90°/ 45°/ -45°/ 0°) S has been analysed at it is both
the ends simply supported, and the other two edges are
free. The buckling strength has been evaluated
experimentally by drawing a graph load vs displacement.
From the graph, the buckling strength can be found at
the intersection of tangents of two deviating curves. In
all the specimens, the buckling strength has been
reduced with increasing the aspect ratio. This reduction
is found to be more efficient when the aspect ratio is
read from 2.5 to 3. When the laminates are without
delamination and with delamination for the aspect ratio
of 2.5 are compared and found that the buckling strength
of the without delamination is 2264 N and with
delamination is 1606 N, and similarly, it has 29%
reduction in buckling strength. Hence delamination of
the laminate weakens the resistance to the buckling. The
present work could be extended to various types of
stacking sequences of the composite laminate, and the
analysis can be extended to different end conditions.

(b) Specimen-B

Fig. 6: Buckling mode shape of specimen with delamination
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