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Abstract
Laminated composite plate structures find numerapplications in aerospace, military and autoneotiv
industries. The role of transverse shear is vepoiant in composites, as the material is weakh#as due to its
low shear modulus compared to extensional rigiditgnce, a true understanding of their structurdlab®r is
required, such as the deflections, buckling loau$ modal characteristics, the through thicknestibligions of
stresses and strains, the large deflection behavidr of extreme importance for obtaining strorgdiable multi-
layered structures. In this paper, buckling behawb laminated composite plates under uniaxial #iekial
compression load using commercially available ANStware is studied. A number of finite elemenalgses
have been carried out to study the effect of sidhickness ratios, aspect ratios, modulus rafgilysprientation, and
boundary conditions on nondimenisonalized critibatkling load for three different materials. Themmarical
results showed, the effect of shear deformatidn ecrease the nondiemnsionalized critical bugdiaad with the
decrease of side to thickness ratio. The ANSYSlt®sue validated with the results predicted bydtarder shear

deformation theory.

Keywords: Laminated composite plate, nondimenisonalizeticatibuckling load, Finite element method.

I ntroduction

Laminated composite materials are increasingly
being used in a large variety of structures inaigdi
aerospace, marine and civil infrastructure owinghe
many advantages they offer: high strength/stiffriess
lower weight, superior fatigue response charadtesis
facility to vary fiber orientation, material andasking
pattern, resistance to electrochemical corrosiomd a
other superior material properties of compositeisth&
same time, the fabricated material poses new pmle
such as failure due to delamination and pronounced
transverse shear effects due to the high ratio-@iane
modulus to transverse shear modulus. Hence, a true
understanding of their structural behavior is reepli
such as the deflections, buckling loads and modal
characteristics, the through thickness distribigicof
stresses and strains, the large deflection behawidy of
extreme importance for obtaining strong, reliableltin
layered structures. The finite element method is
especially versatile and efficient for the analysif
complex structural behaviour of the composite |atéd
structures.

In the past, the structural behavior of plates and
shells using the finite element method has beediexiu
by a variety of approaches. The initial theoretical
research into elastic flexural- torsional bucklimgas
preceded by Euler's (1759) treatise on column flaku
buckling, which gave the first analytical method of

predicting the reduced strengths of slender colyrand

by Saint-Venant's (1855) memoir on uniform torsion,
which gave the first reliable description of theistwng
response of members to torsion. However, it was not
until 1899 that the first treatments were publishafd
flexural-torsional buckling by Michel and Pranditho
considered the lateral buckling of beams of narrow
rectangular cross-section. Their work was extenbigd
Timoshenko to include the effects of warping tonsio
I-section beams. Most recently the invention ofhhig
speed electronic computers exerted a considerable
influence on the static and dynamic analysis otegsla
Bryan (1891) gave the first solution for the praobléy
using the energy method to obtain the values of the
critical loads. He assumed that the deflectionazafof

the buckled plate could be represented by a double
Fourier series. Timoshenko (1925) used another adeth
to solve the problem. He assumed that the plat&lédic
into several sinusoidal half waves in the direction
compression. When satisfying the boundary condstion
the equations formed a matrix problem which upon
solving yields the critical load. The problem was
discussed in many standard textbooks such as
Timoshenko and Gere (1961) and Bulson (1970). Apart
from simply supported plates, Timoshenko (1925)
explored the buckling of uniformly compressed
rectangular plates that are simply supported alovy
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opposite side’'s perpendicular to the direction of
compression and having various edges along ther othe
two sides. The various boundary conditions consider
include SSSSCSCS FSS$ FSCS CSES(S - simply
supported edgef; - free edgeC - clamped or built-in
edge ancE - elastically restrained edge). The theoretical
results were in good agreement with experimentallte
obtained by Bridgeet al. (1934). The earliest accurate
solution available is due to Levy (1942) for theseaf
CCCCplate with one direction uniaxial compression. He
regarded the plate as simply supported, and thete ma
the edge slopes equal to zero by a suitable disiib of
edge-bending moments. Bleich (1952) obtained the
critical load for the ESES plates with loaded edges
elastically restrained. Schuette and Mcculloch )94
employed the Lagrangian multiplier to solve theling
problem of ESSS plates. Walker (1967) used the
Galerkin’s method to give accurate values of aitioad

for a number of the edge conditions as mentionédrbe

He also studied the case BEFSplates.Chen and Bert
(1976) investigated optimal design of simply supeadr
rectangular plates laminated to composite matenal
subjected to uniaxial compressive loading. Numérica
results are presented for optimal-design of plates
laminated of glass/epoxy, boron/epoxy, and
carbon/epoxy composite materials. Leissa gave a
summary of the buckling and post-buckling studiés o
composite laminated plates up to 1986, and then he
reviewed the development of buckling analysis of
laminated composite plates with linear effective
constitutive properties . Later a more detailedoaot of

the research on the buckling and postbukcling teefor
1995 was presented by Noor. A.K. Shrivastava & R.K.
Singh (1998) studied the effect of aspect ratio on
buckling behavior. In this paper an attempt hasnbee
made to study the effect of aspect ratio, d/b & dfbthe
buckling of laminated composite plates by FEA using
ANSYS. Radu and Chattopadhyay (2000) used a refined
higher order shear deformation theory to investight
dynamic instability associated with composite datéth
delimitation that are subject to dynamic compressiv
loads. The procedure is implemented using the€finit
element method.Hwang and Mao (2001) conducted the
non-linear buckling and post-buckling analysesredjct

the delamination buckling load and elimination gtlow
load. A procedure for determining the buckling loafd
the aluminum rectangular plate is presented by &lpa
and Singhatanadgid (2002). Buckling load of aluminu
rectangular plates are determined using four differ
techniques, i.e. (1) a plot of applied load vs- @fiplane
displacement, (2) a plot of applied load vs. end
shortening, (3) a plot of applied load vs. averagglane
strain, and (4)the South well plot. In this stubdyckling
loads determined from different experiment methods
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were compared with the theoretical buckling loads.
Wang and Lu (2003) were carried out an investigatim
understand the buckling behavior of local delaningat
near the surface of fiber reinforced laminated gsat
under mechanical and thermal loads. Xiahal. (2003)
used the Ritz method to solve the buckling probtgm
rectangular plates with an internal line hinge urieth
uniaxial and biaxial loads. The buckling factorse ar
generated for rectangular plates of various asgaditts,
hinge locations and support condition Shukla and
Kreuzer (2005) proposed a formulation based on the
first-order shear deformation theory and von-Karman
type nonlinearity to estimates the critical/bucglitnads

of laminated composite rectangular plates undgiane
uniaxial and biaxial loadings. Different combinaisoof
simply supported, clamped and free boundary cantti
were considered. The effects of plate aspect ratio,
lamination scheme, number of layers and material
properties on the critical loads were studied. Barand
Singhatanadgid (2006) studied the buckling behasfor
rectangular and skew thin composite plates withowzsr
boundary conditions using the Ritz method alonghwit
the proposed out-of-plane displacement functiongeB
Okutan Baba (2007) studied the influence of boupndar
conditions on the buckling load for rectangulartg@éa
Numerical and experimental studies are conducted to
investigate the effect of boundary conditions,
length/thickness ratio, and ply orientation on the
buckling behavior of E-glass/epoxy composite plates
under in-plane compression load. Buckling analyfis
the laminated composites is performed by usingefini
element analysis software ANSYS. Pein and Zahari
(2007) studied the structural behavior of wovenrifab
composites subject to compressive load which ikithac

A parametric study is performed to investigate ¢ffect

of varying the fiber orientations and different tahhole
sizes onto the strength of the laminates. Muratic¥az
(2008) studied the influence of square cut-out ugn
buckling stability of multilayered, steel woven dib
reinforced polypropylene thermoplastic matrix cosip®
plates are studied by using numerical and expetimhen
methods. Y.X. Zhang, C.H. Yang / Composite Struatur
(2009) studied the plates subjected to mechanizald,
while the investigations on the post buckling resmof
composite plates subjected to thermal or combined
thermal and mechanical loadings are rather limited.
Considerable efforts have been made for the nualeric
analysis of the buckling and post buckling analysisr

the years. Nagendra singh gira and nagendra kumar
gira(2010) studied the Buckling load factors haerb
determined for different aspect ratio, d/b ratio d®D
ratio.. Hu investigated the influence of in-plarieear
nonlinearity on buckling and post buckling respansé
composite plates under uniaxial compression arakiait
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compression and of shells under end compression and

hygrostatic compression.They also investigated the
nonlinear buckling of simply-supported compositates
under uniaxial compression, and of composite lateina
skew plates under uniaxial compressive loads.Hurang
Huetal (2011) investigated the buckling behavioraof
graphite/epoxy symmetrically laminated composite
rectangular plate under parabolic variation of bidiads.
The influence of plate aspect ratio and fiber dagan

has been investigated. Jana and Bhaskar carriec out
buckling analysis of a simply supported rectangplate
subjected to various types of non-uniform compressi
loads. Priyanka dhurvey and Nd Mittal (2012)
investigated the buckling behavior of orthotropic
laminate using finite element analysis. The effedibre
orientation on buckling behavior in a rectangular
composite laminate with central circular hole under
uniform in-plane loading has been studied by usinite
element method.

From the literature, it is evident that most of the
studies are based on the numerical approach,
experimental and analysis. The literature reviewvats
found that most of the studies were focused on
unidirectional. Recently finite element analysis feeen
received considerable alter from to analyse therlatas
composite plates. The main objective of this stddgls
with the buckling behavior of laminated composiltat@s
subjected to uniaxial and biaxial compressive loaihg
a finite element analysis. The buckling analysis is
investigated for various side to thickness rata/g), and
aspect ratios (a/b), modulus ratio /&), different
boundary conditions, and different fiber orientasdfor
different materials.

Geometry of Shell Element

There are many element types, in ANSYS
software, available to model layered composite nate
In our FE analysis, the shell91 structural shedhednt is
used. It is designed to model thin to moderathlgkt
plate and shell structures with a side-to-thickmasi® of
roughly 10 or greater. The shell91structural shkdiment
allows up to 16 uniform-thickness layers. Alterualy,
the sandwich option is turned of the element alld@8
thick layers with thicknesses that may vary bilihga
over the area of the layer. It also has an optiooftset
the nodes to the top or bottom surface. The “sé#ll
element is more efficient thatshell99”. Each layer of
the laminated shell element may have a variable
thickness (TK). The thickness is assumed to vary
bilinearly over the area of the layer, with theckriess
input at the corner node locations. If a layer laas
constant thickness, only TK(I) need be input. IEth
thickness is not constant, all four corner thiclegssmust
be input using positive values. With nonlinear miate
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properties, the thickness of any one layer mayeroeed
one-third of the total thickness of the elemente Thtal
thickness of each shell elemanustbe less than twice
the radius of curvature, arsthouldbe less than one-fifth
the radius of curvature. The geometry of the noedr
layered structural shell element is shown in Fig 1.

Figure 1: Geometry of 8-node element with six degr ees of
freedom

Finite Element Analysis

Finite element analysis includes three steps.
(a)Preprocessing (b) analysis (c) post processing.
Preprocessing includes modeling of the plate and
applying boundary conditions like constraints, syemy
conditions, and loads. The following properties of
material are as fallows.
Material properties (Gpa)

Material Ei Ez2 Es Gz Gas Gis Viz | Vas | Vis
Beron/epoxy 206.9 | 20.7 | 20.7 | 5.2 5.2 2.2 0.3 | 0.3 ]| 0.3
Graphite/epoxy | 155 | 12.1 |12.1 | 0.248 | 0.458 | 0.248 | 4.4 | 3.2 | 4.4

Carbon /epoxy | 206.9 | 5.2 | 5.2 2.6 2.6 2.6 [0.25]025]0.25

To create model first area is created. Then the
plate is meshed. Then load is applied on the plEte.
plate is subjected to different boundary conditiohke
all edges of the plate is constrained by all degree
freedom and to the right end a buckling load of isN
applied. Unit loads are usually sufficient (that astual
load values need not be specified). The Eigen galue
calculated by the buckling analysis represent oaiiti
buckling load. Therefore, if a unit load is spesifj the
load factors represent the buckling loads. Herdyarsais
done in two stages. In the first stage static aislys
done and Pre stress effects [PSTRES] must be tadiva
Eigen value buckling analysis requires the stréffaesss
matrix to be calculated. In the second stage Eigen
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buckling analysis done. After solving the problehe t
mode shapes and normal stress distribution is vbden
the postprocessor. The output from the solutionniyai
consists of the Eigen values, which are printegas of
the printed output. The Eigen values representtitieal
buckling load.

4. RESULTSAND DISCUSSIONS

The results show an excellent correlation to thsults
given by Reddy (2003). J.N Reddy results are veditla
with ANSYS software accurate results are obtained
based on these results to fallow the same procduhde
out the maximum buckling load by increasing numtifer

layers.

Table.1: Non-dimensional uniaxial buckling

= _ aZ )
loads, N = N, X ———— of simply supported
E, xh
symmetric (0/90/90/0) cross ply laminates.

a/h TsDT ANSYS SError

5 11 997 11 46 4 47611903
i0 23.34 23.223 0.50128535
20 31.66 31.508 047757423
a0 35.347 35: 257 02546185
100 35 953 35.904 0 13628904

The composite plate with constant thickness is
analyzed by varying the number of layers up to d6 t
select the optimum number of plies. In this case t
maximum critical buckling load is obtained at 7 dey
for uniaxial compressive load. The effect of aspatib,

side to thickness

ratio,

modulus

ratio, boundary

conditions, fiber orientations on the maximum cati
buckling load for three different materials at optim
number of layers has been investigated.
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Fig. 2 and Fig.3 represent the variation of non-

dimension

al critical buckling

load against side-to-

thickness ratio under uniaxial compression. Fraguaris
it is important to observe that, the effect of shea
deformation is significant for a#%0 and beyond 50 the
shear deformation is diminishes or decreases. i& th
study side-to-thickness ratio was changed from d.0 t
125. Also observed that, increase of side-to-théskn
ratio increases the non-dimensional critical buwkli
load. The carbon/epoxy material showed the highest
dimensional critical buckling load under SSCC ctindi

among those materials.
load between SSCC (carbon) and SCSF

buckling

The difference

in critical

(carbon) is 32.77% and SSCC (carbon) and FFCC
(carbon) is 64% at a/h is 120. However, the maximu
critical buckling load is observed in stacking seogee
[0/90/0/90/0/90/0].
Fig. 4and Fig.5 represent the variation of non-
dimensional critical buckling load against Aspeatio
under uniaxial compression. From the graphs it is
observed that the non-dimensional critical bucklioad
is maximum at lower values of aspect ratio and ebs®s
with the increase of aspect ratio. This is due he t
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decrease of bending-extensional twisting (D) st
with increase of aspect ratio. The effect of begdin
extensional twisting (D) stiffness is quite sigoét for
aspect ratio less than 3.5. In this study, the csgaio
was changed from 1 to 5. For an aspect ratio of 1,
showed the highest critical buckling load. Alsoist
observed that the non-dimensional buckling load
decreases with increase in aspect ratio.The carpory
material showed the highest non-dimensional ctitica
buckling load under SSCC condition among those
materials. The difference between in critical burul
load between SSCC (carbon) and SCSF (carbon) is
18.1% and SSCC (carbon) and FFCC (carbon) is 49.21%
at a/b is 1. However, the maximum critical buckllngd

is observed in stacking sequence [0/90/0/90/0/90/0]

Fig. 6 and Fig 7 represent the variation of non-
dimensional critical buckling load against modutatio
under uniaxial compression. From the figures it is
observed that, the non dimensional buckling load
increases with increases of modulus ratio. Thauis the
increase of modulus of elasticity. In this studydulois
ratio was changed from 3 to 50. For modulus ratib@
showed the highest critical buckling load. Alsoist
observed that the non-dimensional critical bucklioad
increases with increase of modulus ratio. The
Graphite/epoxy material showed the highest non-
dimensional critical buckling load under SSCC ctindi
among those materials. The difference between in
critical buckling load between SSCC (Graphite) and
SCSF (Graphite) is 21.9% and SSCC (carbon) and FFCC
(carbon) is 55.37% at ., is 50. However, the
maximum critical buckling load observed in stacking
sequence [15/-15/15/-15/15/-15/15)].

Conclusion

The buckling analysis of composite laminated
plates under uniaxial compression using finite epm
analysis has been studied. The effect of aspdot satle
to thickness ratio, modulus ratio, boundary coodki
and fiber orientations on the maximum critical bitrdg
load for three different materials at optimum numbg
layers has been investigated. From the resultejai
observed that, the non dimensional critical bucklivad
increases with increase of side to thickness ratid
modulus ratio under uniaxial compression due to the
effect of shear deformation. As the aspect rativgases,
the effect of bending-extensional twisting stiffags to
decrease the critical buckling load under uniaxial
compression.
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