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In the present paper, basic terminology of laminated composite plates are discussed. Laminated com-

posite plate structures find numerous applications in aerospace, military and automotive industries. The
role of transverse shear is very important in composites, as the material is weak in shear due to its low shear modulus
compared to extensional rigidity. Hence, an accurate understanding of their structural behavior is required, such as
deflections and stresses. From the present Literature Review the effect of bending, buckling, thermal & hygrothermal
on composite plates discussed and different theories like Classical Plate Theory, First Order Shear Deformation Theory,
Higher order Shear Deformation Theory etc. for analysis of composite plate are mentioned.

1. Introduction

Laminated composite materials are increasingly being used
in a large variety of structures including aerospace, marine
and civil infrastructure owing to the many advantages they
offer: high strength/stiffness for lower weight, superior fa-
tigue response characteristics, facility to vary fiber orienta-
tion, material and stacking pattern, resistance to electro-
chemical corrosion, and other superior material properties
of composites.

1.1 General:

Composite materials are those formed by combining two
or more materials on a macroscopic scale such that they
have better engineering properties than the conventional
materials, for example, metals. Some of the properties
that can be improved by forming a composite material are
stiffness, strength, weight reduction, corrosion resistance,
thermal properties, fatigue life, and wear resistance. Most
manmade composite materials are made from two materi-
als: a reinforcement material called fiber and a base mate-
rial, called matrix material. The matrix material keeps the
fibers together, acts as a load-transfer medium between
fibers, and protects fibers from being exposed to the envi-
ronment. Matrix materials have their usual bulk-form prop-
erties whereas fibers have directionally dependent proper-
ties.

Composite materials are commonly formed in three differ-
ent types: (1) fibrous composites, which consist of fibers of
one material in a matrix material of another; (2) particulate
composites, which are composed of macro size particles
of one material in a matrix of another; and (3) laminated
composites, which are made of layers of different materi-
als, including composites of the first two types. The par-
ticles and matrix in particulate composites can be either
metallic or nonmetallic. Thus, there exist four possible
combinations: metallic in nonmetallic, nonmetallic in me-
tallic, nonmetallic in nonmetallic, and metallic in metallic.
A lamina or ply is a typical sheet of composite material.
A laminate is a collection of laminae stacked to achieve
the desired stiffness and thickness. The sequence of vari-
ous orientations of a fiber-reinforced composite layer in a
laminate is termed the lamination scheme or stacking se-
quence. The layers are usually bonded together with the
same matrix material as that in a lamina. If a laminate has

layers with fibers oriented at 30 or 45, it can take shear
loads. The larnination scheme and material properties of
individual lamina provide an added flexibility to designers
to tailor the stiffness and strength of the laminate to match
the structural stiffness and strength requirements. Fiber
reinforced composite materials consists of fibers of sig-
nificant strength and stiffness embedded in a matrix with
distinct boundaries between them. Both fibers and matrix
maintain their physical and chemical identities, yet their
combination performs a function which cannot be done
by each constituent acting singly. fibers of fiber reinforced
plastics (FRP) may be short or continuous. It appears obvi-
ous that FRP having continuous fibers is indeed more ef-
ficient. Classification of FRP composite materials into four
broad categories has been done accordingly to the matrix
used. They are polymer matrix composites, metal matrix
composites, ceramic matrix composites and carbon/carbon
composites. Polymer matrix composites are made of ther-
moplastic or thermo set resins reinforced with fibers such
as glass, carbon or boron. A metal matrix composite con-
sists of a matrix of metals or alloys reinforced with metal
fibers such as boron or carbon. Ceramic matrix composites
consist of ceramic matrices reinforced with ceramic fibers
such as silicon carbide, alumina or silicon nitride. They are
mainly effective for high temperature applications. This
project is deal with fiber reinforced polymer matrix com-
posite materials.

2. Review of Literature

A detailed study of the available literature was conducted
to know the present state of knowledge available in the
open literature, which can assist in achieving the present
goals effectively.

Borkar et.al [1]carried out bending analysis of simply sup-
ported composite beam by using refined beam theories.
The theory accounts for the parabolic variation of shear
strain through the depth of beam, hence avoid need of
shear correction factor. The governing differential equa-
tions and boundary conditions are obtained by using the
principle of virtual work. Sayyad [2 ] is used unified shear
deformation theory to analyze simply supported thick iso-
tropic beams for the transverse displacement, axial bend-
ing stress, transverse shear stress and natural frequencies.
This theory enables the selection of different in-plane dis-
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placement components to represent shear deformation ef-
fect. Kant et.al [3] present The theoretical model to incor-
porates laminate deformations which account for the
effects of transverse shear deformation, transverse normal
strain/stress and a nonlinear variation of in-plane displace-
ments with respect to the thickness coordinate. Dharma
Raju et.al [4] work an analytical procedure is developed, to
investigate the Transient characteristics of different laminat-
ed composite plates based on higher order shear displace-
ment model with zig-zag function. This function improves
slope discontinuities at the interfaces of laminated com-
posite plates. Dharma Raju et.al [5] present an analytical
procedure is developed to investigate the bending charac-
teristics of laminated composite plates based on higher or-
der shear displacement model with zig-zag function. This
zig-zag function improves slope discontinuities at the inter-
faces of laminated composite plates. The equation of mo-
tion is obtained using the dynamic version of Hamilton’s
principle. The solutions are obtained using Navier's and
numerical methods for anti-symmetric cross-ply and angle-
ply laminates with a specific type of simply supported
boundary conditions. Sayyad et.al [6] present Trigonomet-
ric shear deformation theory is applied for bending and
free vibration analysis of thick plate. In this theory in plane
displacement field uses sinusoidal function in terms of
thickness coordinate. It accounts for realistic variation of
the transverse shear stress through the thickness and satis-
fies the shear stress free surface conditions at the top and
bottom surfaces of the plate. Chikalthankar et.al [7] In this
paper a Trigonometric Shear Deformation Theory (TSDT)
for the analysis of orthotropic plate, taking into account
transverse shear deformation effect is presented. Present
theory exactly satisfies stress boundary conditions on the
top and bottom of the plate. In this displacement-based,
trigonometric shear deformation theory, the in-plane dis-
placement field uses sinusoidal function in terms of thick-
ness coordinate to include the shear deformation effect. It
discuss for static flexural analysis of simply supported
thick orthotropic plates for uniformly distributed loading
case is compared with those of other refined theories and
exact solution from theory of elasticity. Naik et.al [8] In this
paper a new Trigonometric shear deformation theory is de-
veloped for the static flexure of thick isotropic beam, con-
sidering Trigonometric functions in terms of thickness co-
ordinate associated with transverse shear deformation
effect. The most important feature of the theory is that the
transverse shear stress can be obtained directly from the
constitutive relations satisfying the shear stress free surface
conditions on the top and bottom of the beam. In this pa-
per result compare for static flexure of simply supported
isotropic beam subjected to various loading cases are
compared with those of other refined theories and exact
solution. Sayyad et.al [9] presents a variationally consistent
an exponential shear deformation theory for the bi-direc-
tional bending and free vibration analysis of thick plates,
this theory presented herein is built upon the classical
plate theory. In this displacement-based, refined shear de-
formation theory, an exponential functions are used in
terms of thickness co-ordinate to include the effect of
transverse shear deformation and rotary inertia. The num-
ber of unknown displacement variables in the proposed
theory are same as that in first order shear deformation
theory. The simply supported thick isotropic square and
rectangular plates are considered for studies. It also inves-
tigate the bending and dynamic response of thick isotrop-
ic square and rectangular plates using an exponential
shear deformation theory. Suresh Kumar et.al [10] devel-
oped an analytical procedure, to investigate the free vibra-
tion characteristics of different laminated composite plates
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based on higher order shear displacement model with zig-
zag function. The material properties of graphite epoxy
used for each lamina of the laminated composite plate. As
the number of layers increase without changing the total
thickness, decreases the extensional coupling effect and
thus increase the fundamental frequencies. This effect of
the number of layers is most pronounced for angle-ply
laminated plates. It is seen that the coupling between
bending and stretching had a significant effect on the be-
havior of antisymmetric laminates with few Lamina. Khoa
[11] presents rectangular non-conforming element which is
based on Reddy's higher-order shear deformation plate
theory. Although the plate theory is quite attractive but it
could not be exploited as expected in finite-element analy-
sis. This is due to the difficulties associated with satisfac-
tion of inter-elemental continuity requirement and satisfy
zero shear stress boundary conditions of the plate theory.
It has four nodes and each node contains 7 degrees of
freedom. It gives the size of mesh and the convergence of
method have been involved by thickness ratio h/a. It is
seen that the size of mesh is needed to increase and the
convergent speed is reduced at higher h/a. Thai et.al [12]
This paper presents a novel finite element formulation for
static, free vibration and buckling analyses of laminated
composite plates. The idea relies on a combination of
node based smoothing discrete shear gap method with
the higher-order shear deformation plate theory (HSDT).
The formulation uses only linear approximations and its im-
plementation into finite element programs is quite simple
and efficient. Swaminathan et.al [13] In this paper analyti-
cal formulations and solutions for the static analysis of sim-
ply supported antisymmetric angle ply laminated compos-
ite plates using higher order shear deformation theory with
nine degrees of freedom are presented. The theoretical
model presented herein incorporates laminate deforma-
tions, which account for the effect of transverse shear de-
formation. The equations of equilibrium are obtained using
Principle of Minimum Potential Energy. It is observed that
higher order model with Nine DOF predicts the local be-
havior and transverse stresses accurately as compared to
other theories for 3 D elasticity solutions. Ahmed et.al [14]
present work on the behavior of laminated composite
plates under transverse loading using an eight-node diso-
parametric quadratic element based on First Order Shear
Deformation Theory, the element has six degrees of free-
dom at each node: translations in the nodal x, y, and z di-
rections and rotations about the nodal x, y, and z axes .
The static analysis includes the parametric studies on lami-
nated plates to estimate the maximum deflection. The par-
ametric study represented by variation in (aspect ratio, lay-
er orientation, layer number, dimension of the plate and
mesh size). Jeffrey et.al [15], Rastgaar et.al [21] Huang et.al
[16] and Gopichand [19] discussed analytical modeling and
bending of laminated rectangular and triangular plates.
Ghugal et.al [17] presents a trigonometric shear deforma-
tion theory for the free vibration of thick orthotropic
square and rectangular plates. In this displacement based
theory the in-plane displacement field uses sinusoidal func-
tion in terms of thickness coordinate to include the shear
deformation effect. The cosine function in terms of thick-
ness coordinate is used in transverse displacement to in-
clude the effect of transverse normal strain. The most im-
portant feature of the theory is that the transverse shear
stress can be obtained directly from the constitutive rela-
tions satisfying the shear stress free surface conditions on
the top and bottom surfaces of the plate. Governing equa-
tions and boundary conditions of the theory are obtained
using the principle of virtual work. Viswanathan [18] study
for Free vibration of laminated antisymmetric angle ply an-
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nular circular plates with inclusion of first order shear de-
formation theory using a spline function approximation by
applying a point collocation method. The equations of mo-
tion of the plates are derived using first order shear defor-
mation theory. Bhattacharyya et.al [20] calculate stress, de-
formation, and to study on the vibration of plate under
external stimuli. Dharma Raju et.al and Klaus [22, 24] pa-
per an analytical procedure is developed to investigate the
Thermal characteristics of laminated composite plates un-
der thermal loading based on higher-order displacement
model with zig-zag function, without enforcing zero trans-
verse shear stresses on the top and bottom faces of the
laminated plates. This function improves slope discontinui-
ties at the interfaces of laminated composite plates. the in-
fluence of the thermal field is very predominant and induc-
es a high transverse normal stress at the interfaces, which
may cause failure of the weak adhesive bond. Ghugal et.al
[23] The transverse displacements of orthotropic and an-
tisymmetric two layer cross-ply laminated plates subjected
to non-linear thermal load in combination with transverse
mechanical load is presented using trigonometric shear
deformation theory for various aspect ratios. Effect of
change of aspect ratio on orthotropic and two layer
antisymmetric cross ply laminated plates under uni-
form non-linear thermal load across the thickness of
plate and uniform transverse mechanical load has
been studied by using trigonometric shear deforma-
tion theory. The results obtained by this theory are
compared with classical plate theory, first order shear
deformation theory and higher order shear deformation
theory. It is observed from this investigation that the
classical plate theory is sufficient for transverse dis-
placements when the laminates are subjected to pure
non-linear thermal load without consideration of trans-
verse mechanical load. Singh et.al and Patel et.al [25] [26]
Temperature and moisture variations often represent a sig-
nificant factor, and sometimes the predominant causes of
failure of composite structures. Hygrothermal analysis of
laminated composite plates has been done by using an ef-
ficient higher order shear deformation theory. Akavci [27]
The bending analysis of cross-ply rectangular thick plates
resting on elastic foundation has been done by using first
order shear deformation theory. Torabizadeh et.al [28],
Reddy et.al [29], and Bui [30] discussed bending and buck-
ling analysis of composite plate. Banakar et.al [31] discuss
Mechanical Properties of Angle Ply Laminated Composites.
Sayyad [32] present a refined shear deformation theory is
developed for the static flexure and free vibration analysis
of thick isotropic beams, considering sinusoidal, hyperbolic
and exponential functions in terms of thickness co-ordinate
associated with transverse shear deformation effect. Rota-
tion of normal is taken as combined effect of shear slope
and bending slope at the neutral axis. He et.al [33] gives
review on the study of tapered laminated composite struc-
tures with various plate theories which are already men-
tioned above, these tapered structures are mainly used in
aircraft industry. Patel and Vadaliya [34] present a review to
the recently developed finite element analysis which is
based on various laminated theories for the free vibrations
and dynamics, buckling and large deformation analysis of
composite plates. Reddy et.al [35] carried out a number
of finite element analysis for various side to thickness ra-
tios, aspect ratios and modulus ratio to study the effect of
transverse shear deformation on deflection and stresses of
laminated composite plates subjected to uniformly distrib-
uted loads.

From the Literature Review we can use Higher order shear
deformation Theory for analysis of composite Laminate
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Plate. We can analyze bending, shear, thermal, hygrother-
mal, bending effects on composite plate. Finite element
method is also significantly used for the analysis of vibra-
tion and dynamics, buckling and failure damage analysis.

3. Methods for analysis of Composite Laminated plate:
Following Methods are used for analysis of composite lam-
inated plate which are generally used.

3.1 Analytical methods:

Analysis by using Different theories such as Classical Plate
Theory, First Order Shear Deformation Theory, Higher Or-
der Shear Deformation Theories etc.

3.2 Computational Techniques
A brief summary of Analytical methods is given as follows,

3.1.1 Classical Plate Theory:

Classical plate theory (CPT), which is also known as Love-
Krichhoff plate. Theory, in which it is assumed that lines
which are normal to neutral surface before deformation
remain straight and normal to neutral surface after defor-
mation. CPT has been used for variety of problems. In this
theory, effects of transverse stresses are not accounted
for. Thick plate analysis, transverse stresses play an impor-
tant role, Since CPT does not include transverse stresses
effects, it fails to accurately analyze thick plates. This de-
ficiency is more pronounced in composite plates, which
have relatively low shear modulus compared to in-plane
modulus. Despite of its limitation to take into account
shear deformations; CPT was extended for composite
plate analysis because of its simplicity.

Assumptions:

e Arbitrary number of layer of orthotropic laminae

e Laminates are perfectly bonded, no slip relative to
each other

Bond between the laminae is thin

No shear deformation

Plate acts as a single layer

Plate is thin

Displacements are small

Plate has constant thickness

Normal to the midplane before deformation remain
straight and normal to the midplane during and after

deformation (}\.,7,.,&.. = 0)

3.1.1.2 First Order Shear Deformation Theory (FSDT):

A new theory was proposed known as Reissner-Mindlin
plate theory and also known as first order shear Defor-
mation Theory [FSDT]. In this theory the in-plane dis-
placement very linearly through the cross section and the
normal to the midplane before deformation need not b
normal to midplane after deformation. It means that the
normals are allowed to rotate. This theory uses a shear
correction factor in the analysis. FSDT contains five un-
knowns. This theory is widely used for the plate analy-
sis. This theory has been applied to static, free vibration,
transient and low velocity impact analysis. Finite element
model have been developed and used to solve the plate
problems with various boundary conditions. This theory is
simple to use and predicts good global behavior. It pre-
dicts constant shear stress across the cross section. It may
be noted that the shear correction factor is problem de-
pendent.

3.1.3 Higher Order Shear Deformation Theories:
A new class of plate theories was developed using polyno-
mials to express the displacements. These theories are also
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called as Higher Order shear Deformation.

The role of transverse shear is very important in compos-
ites, as the material is weak in shear due to its low shear
modulus compared to extensional rigidity. Hence, an accu-
rate understanding of their structural behavior is required,
such as deflections and stresses.

Analysis of laminated composite plate can be done with
the help of MATLAB and ANSYS software.

4. Conclusion:

From the study of analysis of composite beam, we can
conclude that for bending, buckling analysis and effect of
thermal and hygrothermal analysis higher order shear de-
formation theory is more effective as compared to other
methods of analysis of composite beams. By using finite
element model of the plate for the various side to thick-
ness ratio, aspect ratio and modular ratio can give more
accurate results.
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