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Abstract: In this study, free vibrations of laminated composite plates on elastic foundations are studied. The
plates have three different conditions of elastic boundary. The boundary conditions of plates are free, simply
supported and fully clamped. Plates consist of layers and layers are arranged at different angles. Plates
supported by the springs of five different pomts. The natural frequencies of plates are calculated by the fimite
element method. Finite element method is developed to solve problem. In this method, equations of boundary
conditions are written for the analysis. In Matlab programming, a special software developed for the solution
of equations. Free vibration frequencies of the different boundary conditions are displayed graphically and the

results of graphic are discussed.
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INTRODUCTION

Laminated composite plates on elastic foundation are
widely used in engineering applications such as
construction of the plane, spacecraft, ship, sports
equipment and chemical industry. These plates are very
attractive for researchers and research 1s continuing on.
In severe conditions of environments, the buckling and
vibration of these structures are occurred. It 1s important
to know the mechanical behavior of the composite plates
under the different load.

The number of parameters associated with the
manufacturing and fabrication of composites and
modeling of the foundation are many. The composite
structures supported by elastic foundation display a
considerable amount of uncertainties in their material and
foundation properties. Therefore for accurate analysis of
composite laminates supported on elastic foundation, it is
necessary to estumate the values of the eigen solutions of
the structures for a reliable design.

Plates are generally placed on an elastic foundation
in many applications of engineering. The modeling and
analysis of such structures under large deflections are
important study area. For this reason, takes a lot of
research on the subject Many publications have
appeared in literature on the free vibration analysis of
laminated composite plates. The vibration analysis of
elastic boundary of composite plates, very little in the
literature are discussed.

Lal et al. (2008) analyzed nonlinear free vibration of
laminated composite plates on elastic foundation. In
analysis was used random system properties.

Setoodeh and Karami (2004) studied on thick
composite plates. The analysis of static, free
vibration and buckling was performed The plates
supported elastic and a 3-D layer-wise FEM was used for
analysis.

Sobhy (2013) mvestigated buckling and free vibration
of sandwich plates on elastic foundations. The plates
were under various boundary conditions.

Malekzadeh et al. (2010) employed vibration analysis
of composite plates. Composite plates were elastic
foundation and simply supported.

Baltacioglu et al. (2011) researched static analysis of
composite plates. The boundary conditions of plate was
elastic installation. In analysis was used the method of
discrete singular convolution.

Quintana and Nallim (2013) studied free vibrations of
composite plates. Triangular and trapezoidal-type plates
were elastic supported.

Wun and Lu (2011) presented vibration analysis of
composite plates. Boundary conditions of plates were
inner side columns and edges of the elastic support. The
powerful pb-2 Ritz method was used for analyzing.

Ismail et al. (2013) investigated effect of the material
properties on vibration of composite plate. Boundary
conditions of plates were elastic. In analysis were used
the Inverse method and Fourier series.
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Li et al. (2009) determined vibrations analysis of
plates. An analytical method used for the analyzes and
edges of plates were supported elastic.

Hao and Kam (2009) performed modal analysis of
composite plates. Boundary conditions of composite
plates were elastic supported at different places.

Vosoughi et al. (2013) analyzed forced vibration of
composite plates on elastic installation. These plates were
subjected to moving load.

Ashour (2006) studied vibration of angle-ply
symmetric laminated composite plates. Elastically
supported edges of the plate.

Karami et al. (2006) investigated vibrations of
laminated composite plates. In analysis were used the
differential quadrature method (DQM).

Civalek (2013) investigated a numerical model for

geometrically  nonlinear  dynamic  analysis  of
thicklaminated plates based on the first-order shear
deformation theory.

Thai and Choi (2012) studied free vibration of
functionally graded plates on elastic foundation. A
refined shear deformation theory i1s developed for
analysis.

Shen (2011) analyzed nonlinear vibrations of thin
films. The films supported elastic in thermal environmental
conditions.

In this study, free vibration analysis of composite
Plates are mvestigated using symmetrical modes
considering three different elastic boundary. Free
vibration frequencies of the different boundary conditions
are expressed as numerical values. This paper is
contribution to vibration analysis of composite plates of
elastic boundary.

MATERIALS AND METHODS

Main equations for the finite element method: A
rectangular element, which is under the effect of bending
vibrations, 1s shown at Fig. 1. There are three degrees of
freedom at each node, at each comer. There are three
degrees of freedom at each node, respectively,
deflection of z direction and the two rotations, w,
6, = dw/idy and O, dw/dx. In terms of then
on-dimensional (£, 1) coordinates, these become

1 ow

a 0g

Since the element has twelve degrees of freedom, the
displacement function can be represented by a polynomial
having twelve terms due to simplicity. It can be written as
follows related to £ = £1 and 1 = +1 coordinate, at the
node points:
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Fig. 1: Geometry of a rectangular element (¢ _X ;_Y)
a’ b

w = [N1(E, N(E mNE, NGE, ) | {tw}, (1)
where, {w}, is the displacement and rotations veetor:
w=[NE n)liwie (2)
At (2.1), defined the N (%, 1) is:
U+ EHA+ M2+ EE+nn-& —n')
NT(E n) = O+ BN, +min’ - 1) (3

(a/8)(E; + EE* -1+ )
And (€, mpjare the coordinates of node j (Petyt, 1990).

Mass matrix for plate element: The kinetic energy
expressions for thin plate bending element is:

4

1
T==|phwidA
2£p

where, 1s p density, h 1s thick plate and A 1s area of plate.
Substituting Eq. | into 4 gives:

T, = = {w)l [M]{w}, )

B3| =

Where:

[M],=

e

| » PRINT IN]dA

[M], = phab | [N, T [N, m)ldzd

(6)

Equation 6 is element mass matrix. If NT (£, m)
substitute from Hq. 3 and integrate Eq. 6, the result will be
as follows (Petyt, 1990):

9

Linear stiffness matrix for composite plate element: The
strain energy can be expressed (Petyt, 1990):
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K, .r
U =3 [ P o ®
Where:
[ow w ,ow 5
{X}{axz oy zaxy} )
And:

D‘j _ 1/‘3ZN: (Qu)k (ZBk 7231(_1) (1 0)
k=1

where, Q, a matrix of reduced stiffness components for
the kth layer whose surfaces are at distances z,,, z from
the middle surface of the plate. Q; are the components
transformed lamina stiffness matrix which are defined as
follows:

Qp Qp Q
G Qb G (1)

Qlﬁ Q;ﬁ Qﬁﬁ
Terms of the Q; matrix are:

Qi = Q" +2(Q,, + 20,8 + Qu8°

Q= (Q+Qy4Q, )f’g* +Q, (F* + £")

Q= Que + 2Qy, + 2Qu)f 8" + Qut?

Qe = Q-0 2Qu )8 +(Quy-Q +2Qu

Qus = (Q,-Q2Q )" +(Q, -0 +2Qu g (12)

ém =(Q,+Q4-2Q,-2Qq )f2g2 +Qq (f4 + g4)
f = cosd, g = sind

Q= 1_;12 2T 1—1515121’ Q= 1—29115121’
Q2= 5122 = Q66 = G12
Substituting Fq. 8 into 1 gives:
U, = SR, a3
[K].can be written as follows:
K], = f[B] [D][B]dA (14)

A

Equation 14 13 the element stiffness matrix.

And:

e
aZ 652
|12 15
[B1=| e | N ] (15)
2
ab 58
dA =dxdy. ¢_X ;_Y, dA = abd £dn equalby is
a’ b
(2.14) new expression:
[K], =ab[[B]" [D][B]dzdn (16)

Element stiffness matrix terms for easmess are
separated square underside matrix and:

K], simetrik

[K]21 [K]22 (1 7)
(KL Kl [K];

Kl [Kl, [Kls [Kl,

K] =

and stiffness matrix 1s
Kucukrendeci, 2008).

symmetric (Morgul and

Analysis of linear undumped free vibration: Free
vibration analysis of the laminated composite plates is
made by Eq. 18

[M] {uiHK] {u} = {0} (18)

where, [M] and [K] are system mass matrix and system
stiffness matrix respectively. System matrices are
composed of [M], element mass matrix and [K], element
stiffness matrix:

([K]- o'[M]) {®} ={0} (19)

In order to determine the frequencies, w and
modes {®@}, of free vibration of a structure, it is
necessary to solve the linear eigenvector problem
(Morgul and Kucukrendeci, 2008).

In this study, the Hq. 18 [K] matrix by adding
parameters of the sprmg ([K°]) has been
rewritten m the form of (Eq. 20-21). In addition, the
computer  program  used for the  analyzes
re-arranged:

M]3+ ([KHEK D {u} = {0} (20)

[ (KHKD-0M]] {®} ={0} (21)
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RESULTS AND DISCUSSION

Effect of different elastic boundary on free vibration: In
this study, Morgul and Kucukrendeci (2008) 1s used as a
model of the solution. The Eq. 22 1s the natural frequency
parameter and this parameter 1s used in the analyzes:

_ BN
! 12(1'“12 “21)
. ph(.04a4

o

(22)

In this study, the equations of boundary conditions
were written as special Eq. 21. Special software was
developed to analyze of these equations m Matlab
program. The linear undumped free vibrations of five
layers symmetrically lammated rectangular plates were
analyzed. The angle-plyis (6, 6, 6, -6, 6) and as an
example is (30°, 307, 30°, -30", 30%) for plates. The angles of
orientations of the layerare taken as (", 157, 30, 45°. The
dimensions of the rectangular plate are a = 0.45 m,
b=0.30m, a/b =1, 5 Each layer thickness of 0.2 mm, the
total cross-section of plate thickness of 1 mm. The model
of three different boundary condition 1s designed for
plates. The boundary conditions of plates shown n
Fig. 2-4. In the Fig. 2 1s fully clamped and supported with
five spring. Inthe Fig. 3 1s four comer simply supports
and supported with five spring. In the Fig. 4 1s four corner
free and supported with five spring. Stiffness of spring 1s
selected k= 1500 N'm™.
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Fig. 2. Rectangular composite plate of symmetrically
laminated 1s fully clamped and supported with five
spring, (4x4) mesh element model (fully clamped)
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In other studies, two or four-layer composite plates
were analyzed. The free vibration analysis of angle-play,
five-layered, elastic restricted of composite plates with
finite element method are no other studies and is unique
to this study. Finite element method used in this study is
unique and there is no other studies.

The material of laminated composite plate 1s AS/3501
Graphite/epoxy. Its mechanical properties are as follows:

density “p = 1630 kg m™, modulus of elasticity
7474
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Fig. 3: Rectangular composite plate of symmetrically
laminated is four corner simply supports and
supported with five spring, (4x4) mesh element

model (simply support)
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Fig. 4. Rectangular composite plate of symmetrically
laminated 1s four comer free and supported with
five spring and (4x4) mesh element model (free)
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Fig. 5: AS/3501 Graphite/epoxy, Linear natural frequency
parameters A of symmetrically five-laver angle-ply
(0" in different elastic boundary
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Fig. 6: AS/3501 Graphite/epoxy, Linear natural frequency
parameters A of symmetrically five-layer angle-ply
(15" in different elastic boundary

“E, 138 Gpa, and E,= 9.0 Gpa”, shear module
“G, 6.9 Gpa” and poisons ratios “v,= 0.3 and
v, = 0.019”. Plate type and material properties retrieved
from (Schwartz, 1992).

Composite plates of AS/3501 Graphite/epoxy of
five-layer  symmetrically analyzed for different
elastic boundary.  Linear  natural frequency
parameters of the un-damped vibration of the plates
are calculated. The lmear frequency for the
symmetric mode 20 of these plates are displayed in the
Fig. 5-8.

Figure 5-8, frequency parameters for the first
20 modes are shown free, sumply support, fully
clamped of boundary conditions of composite plate.
Angles of plate layer {(angle-play) are (O°, 0, (f, 0, 07,
(15°-15",15° -15°, 13", (30"-30", 30", -30°, 30", (45", -45",
45°,-45°, 45"

In Figure 5, in all the boundary conditions, between
4-9 and 13-16 modes are approximate the frequency
values. In the first ten mode, fully clamped and simply
support conditions frequencies are consistent. After the
seventeenth mode differs values. Between 3 and 16 modes
in all the boundary conditions the characteristic of
vibration can be said to same. In Figure 6, all the
boundary conditions between 1-16 modes the frequency
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: AS/3501 Graphite/epoxy, Linear natural frequency
parameters A of symmetrically five-layer angle-ply
(30" in different elastic boundary
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Natural frequency parameters

AS/3501 Graphitefepoxy, Linear natural frequency
parameters A of symmetrically five-layer angle-ply
{45") in different elastic boundary

=
a9

values are approximate. After seventeenth mode values
differs. In Fig. 7, in all modes conditions of simple support
and free frequency values overlap. In fully clamped
condition, frequency values of the first three and 10-16
modes are approximate the other terms. After sixteenth
mode has higher values. In Figure 8, in all the boundary
conditions, the frequency values of the first five modes
and between 12-16 modes are approximate. In other modes
differs values.

CONCLUSIONS

Linear frequency parameters calculated according
to the plate on elastic foundations. The effect of
boundary conditions on the plate vibrations
observed (Fig. 5-8). In Fig. 5-8 frequency values close to
each other. Frequency values of Fig. 7-8 greater than
Fig. 5-6. Composite plates can be formed with different
angle of arrangement of layers. These plates can be found
dynamic properties. Types of plates can be selected
according to the characteristics of user location. As a
result, in usage area of plates with different boundary
conditions, is preferred over one ancther. This are
important to overcome the difficulties of construction,
reduce costs durability.

Wwas



J. Applied Sci., 13 (5): 749-754, 2013

REFERENCES

Ashour, A.S., 2006, Vibration of angle-ply symmetric
lammated composite plates with edges elastically
restrained. Compos. Struct., 74: 294-302.

Baltacioghy, A.K., 0. Civalek, B. Akgozand F. Demir, 2011.

Large  deflection  analysis  of laminated
composite plates resting on nonlinear elastic
foundations by the method of  discrete

singular convolution. Int. J  Pressure Vessels
Piping, 88: 290-300.

Civalek, O., 2013. Nonlinear dynamic response of
laminated plates resting on nonlinear -elastic
foundations by the discrete  singular
conv olution-differential quadrature coupled
approaches. Compos. Part B: Eng., 50: 171-179.

Hao, WF. and T.Y. Kam, 2009. Modal characteristics
of symmetrically composite plates
flexibly restramed at different locations. Int.
I. Mech. Sci., 51: 443-452,

Ismail, 7., H. Khov and W L. Li, 2013. Determination of
material properties of orthotropic plates with general
boundary conditions using Inverse method and
Fourler series. Measurement, 46: 1169-1177.

Karami, G., P. Malekzadeh and S.R. Mohebpour, 2006.
DOM free vibration analysis of moderately thick
symmetric laminated plates with elastically restrained
edges. Compos. Struct., 74: 115-125.

Lal, A., BN. Singh and R. Kumar, 2008. Nonlinear free
vibration of composite plates on
elastic foundation  with  random system
properties. Int. J. Mech. Sci., 50: 1203-1212.

Li, WIL., X Zhang, J. Duand 7. Liu, 2009. An exact series
solution for the transverse vibration of
rectangular plates with general elastic boundary
supports. J. Sound Vibr., 321: 254-269.

Malekzadeh, K., S.M.R. Khalili and P. Abbaspour, 2010.
Vibration of non-ideal simply supported laminated

laminated

laminated

plate on an elastic foundation subjected to in-plane
stresses. Composite Struct., 92: 1478-1484.

754

Morgul, O.K. and I. Kucukrendeci, 2008. Effects of the
mechanical properties of composite
plates on the free vibrations. Sci. Eng. Compos.
Mater., 15 131-317.

Petyt, M., 1990. Introduction to Finite Element Vibration
Analysis. Cambridge University Press, Cambridge,
UK., ISBN-13: 9781139490061, pp: 229-238.

Quintana, M.V. and L.G. Nallim, 2013. A general Ritz
formulation for the free vibration analysis of thick
trapezoidal and triangular laminated plates resting on
elastic supports. Int. J. Mech. Sei., 69: 1-9.

Schwartz, M.M., 1992. Composite Materials Handbool.
2nd Edn., McGraw-Hill, New York, USA.,
ISBN-13: 9780070558199, pp: 22-25.

Setoodel, A R. and G. Kararmi, 2004. Static, free vibration

buckling analysis of amsotropic thick
laminated composite plates on distributed and point
elastic supports using a 3-D layer-wise FEM. Eng.
Struct., 26: 211-220.

Shen, H.S., 2011. Nonlocal plate model for nonlinear
analysis of thin films on elastic foundations in
thermal environments. Compos. Struct., 93: 1143-1152.

Sobhy, M., 2013. Buckling and free wvibration of
exponentially graded sandwich plates resting on
elastic foundations under various boundary
conditions. Compos. Struct., 99: 76-87.

Thai, HT. and D.H. Choey, 2012. A refined shear
deformation theory for free vibration of functionally
graded plates on elastic foundation. Compos. Part
B: Eng., 43: 2335-2347.

Vosoughi, AR, P. Malekzadeh and H. Razi, 2013.
Response of moderately thick laminated composite
plates on elastic foundation subjected to moving
load. Compos. Struct., 97: 286-295.

Wun, LH. and Y. Lu, 2011. Free vibration analysis of
rectangular  plates with internal columns and
uniform elastic edge supports by pb-2 Ritz method.
Int. J. Mech. Sci., 53: 494-504.

laminated

and



	JAS.pdf
	Page 1


