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Ahstrllct-This paper presents lhe lirst known results for frl'C vibrations of thin. points-supported.
symetrically I;llninated trapezoidal composite plales. The solution method developed is based on
the Rayleigh - Ritl methcld and the admissi!>le ~-D orthogonal polynomials to derive the governing
eigenvalue equation. The nilturill frequencies and mode shapes for the laminated plates arc obtained
by solving lhis gllVerning eigenvalue equiltilln. Several test pro!>lems are solved to demonstrate the
accurilcy and Ile~ibilily of lhe proposed method. The etTl'Cts of li!>re orientations, points 10e.llion
.md the numhcr of layers in the stac:king sequences on the vibralional response for the plate pro!>lems
.\re investigillelt. Varjiltion of spring eonslilnls for the clastic points on the efTl'Ct of the frequency
p,lramelers is also c:onsidered.
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Young's moduli p,lralld to and perpendicular 10 ti!>res
generating function
plate tliic:kness
!>cnding c:urvalures
momenl n:sultants
pl;lte domain
mil.\imum kinc:tie energy
l11;nimum slrain energy
displac:c:ment funC:lion
Cartesiiln c:oordinates
plilte aspec:t r,ltio (cd,)
li!>n: orientation angle
2-D orthogonal polynomial function
I"h./

constants (c:oellieienls)
frequency p;lrameter (Jlhw'u','D.,)
density per unil area of plate
Poisson's ratios
radian frequenc:y
X-d

greatest integer functiun

l. INTRODUCTION

In the open literature. rather few publications are available for vibration analysis of
thin symmetrically laminated quadrilateral plates except for the rectangular plates (Ashton
and Anderson. 1969; Whitney. 1971; Mohan and Kingsbury. 1971). As we know, the
analysis is considerably complicated and exact solutions are out of the question. therefore
approximate methods are employed for the solutions of these plate problems. A brief review
for the reactangular plate problems has been given by Leissa and Narita (1989).
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For plates other than rectangular shape. two papcrs are available. Thc vibration
analysis of single-layer composite skew plates was first studied by Nair and Durvasula
(197~). The formulation is based on orthotropic plate theory with arbitrary orientation of
the principal axes of orthotropy. Approximate solutions for the frequencies and mode
shapes were obtained by the Rayleigh-Ritz method using the products of appropriate
beam characteristic functions as the admissible functions. The variation of freq uencies and
mode shapes with orientation of the axes of orthotropy was examined for different skew
angles and boundary conditions. The second available paper was published by Srinivasam
and Ramachandran (1975). They presented a numerical method for tlnding the natural
frequcncies and mode shapes of single-layer parallel fibre fully clamped skew plates with
or without being subjected to in-plane forces. The numerical method employed makes use
of integral equations of beams with appropriate boundary conditions along the skew
co-ordinates for transforming the governing ditferential equation into a set of algebraic
equations. Natural frequencies and mode shapes for several fully clamped skew plates
having different orientations of the axes of orthotropy were obtained by solving these
equations.

The present paper presents a general numerical method to study the transverse
vibration of symmetrically laminated trapezoidal plates with point constraints. The method
has been used in previous papers to study the vibration of isotropic and anisotropic
trapezoidal plates (Liew and Lam. 1990. 199Ia,b). The analysis involves using a set of
2-D orthogonal polynomials as the admissible displacement function in the Rayleigh-Ritz
method to derive the governing eigenvalue equation. In this paper. thc set of 2-D orthogonal
polynomials is furthcr extended to study the aforementioned plate problcms. The aim of
this paper is to provide a set of accurate results for the free vibration frequcncies of these
symmetrically bminated points supported trapezoidal comp\lsite pbtes for which no exact
solutions arc possible. Mode shapes for several bminated composite pbtes an: presented
hy means of contour plots.

2. I'({OIlI.I:M l)(TI:"ITlO:'-l

Consider a thin. fibre-reinforced composite. laminated trapel.oidal plate continuous
over point supports. lying in the .\'y plane. and hounded by -a/2 ~ x ~ 112 and
- hl2 ~ y ~ hi2. as shown in Fig. I. The plate. with thickness II in the .:-direction. consists
ofll byers oforthotropic plies perfectly bonded together hy a matrix material. The reference
pbne.: = () is considered to he located at the ul1lkformed nllddle plane as shown in Fig. 2.
The lihre direction within a byer is indicated hy the angle II. The moduli of e1asticily for a
layer parallel to the fibres is E , and perpendil:ular to the fihres is E2 .

J METIIOD 01 SOLLTlO"

In the present study. the layers arc so arranged that a mid-plane symmetry exists. By
these special symmetrical arrangements. coupling hetween transverse hending and in-plane
stretching is solved. An attt:mpt is made to sol\t: the natural frequt:ncies anJ mode shapes

b

1
Fig. I. Geometry of a trapcwidal plate wilh tinrc dlreclion [I h;lving poinl support localed at (xc' rr)'
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Vibrational response of composite plates

Fig. 2. Layl:r I:l)-ordmatcs and llrientation for laminates.
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of the$e problem$ approximately by using the Rayleigh--Ritz approach with a set of 2-D
orthogonal polynollliab.

The strain energy due to bending can be expn:ssed as

where the integration is carried out over the entire plale domain Rand

[.\.11 = [M,. MI' M"I'

[1\1 = [1\"1\,, }':" I

in which [M I is moment resultant and [K] is bending curvature.
The bending curvatures are related to the displacements by

For anisotropic materials, the moment resultants are given by

[M] = [D][K]

( I )

(2)

(3)

(4)

(5)

(6)

(7)

where [D] is a 3 x 3 symmetric matrix of bending stiffness coefficients.
For symmetric angle-ply laminates, the coetftcients of the bending stiffness matrix are

given by

I '"
D'l = J L (N'l)dhk'-hk'd; c,t = 1,2,6.

- k ~ I

(8)

(N" h arc the reduced stitfness of the kth ply which arc defined by the clastic constants of
the layer and fibre orientation angle {Ik • (N"h are given by
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where

£ I,
Q'I =----

, 1- V l l, \'1"

£,
Q" = .. ~ -

~"'A I-\' 11... \': 1
4

( 15)

( 16)

( 17)

( IX)

( 19)

in which £1, and £1, arc the Young's moduli paralld to and perpendicular to the fihres
and \'11, and \'11, arc the corresponding Poisson's ratios.

Substituting eqns (2)-(8) into eqn (I) results in

[
iJ1W 21WJ [D1W ] 1}+4D 1 t> .~.. ,.~. ,. +4Dt>t> ". dx dy.
l'y- exey eXI'y

(20)

If a plate with clastic point supports is considered, additional strain energy stored in
the' vertical del1ection springs exists. This additional strain energy is given by

n p ,

V1 = ,. L [W(x" y,)j-
- ,- I

(21 )

where (x" y,) are the locations of elastic point supports and p is the number of clastic point
constraints.

The total maximum strain energy is obtained by summing the contributions from eqns
(20) and (21) resulting in

(22)

The maximum kinetic energy of the plate during small amplitude vibration is given by
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Tma• = ~phw"fI W"(x. y) dx dy
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(23)

where p is the mass per unit area of plate. h is the thickness and w is the angular frequency
of vibration.

The displacement function W(~.,,) may be expressed in tenns of 2-D orthogonal
polynomials which is given by

"
W(~.,,) = L Cq<1>q(~.")

q~1

where ~ = x/a. " = ,rIb and Cq are the unknown coefficients.
Substituting eqn (24) into eqns (22) and (23) results in

(24)

(25)

(26)

By minimizing the energy functional (Vma. - Tma.) with respect to each coellicient Cq

(27)

leads to the governing eigenvalue equation

(28)

where the parameters S. and ;. are given by

(29)

(30)
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in which

(31 )

p

L'i = L $,(~r,17r)<l>/(~r.rlr) (33)
r= I

[K] and [L) are symmetrical matrices. and [M) is a diagonal matrix. Equation (28)
forms a set of i xj homogeneous linear simultaneous equations expressed in terms of the
unknown coellicients C. For a non-trivial solution. the determinant of the coetlicient matrix
is set to zero. There are i xj values of ;. that satisfy eqn (28), which are each upper-oound
appro;l;imations to the exact frequencies.

Several terms on the right-hand side of cqn (32) need to oe dclined; these arc

iJ
cx=

h
(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)
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(F) =Ii [C~<1>1 (~. '7)] [c~<1>,(~. '7)] d: d
" q :l: ~ :l: :l .. '7.

R t .. c'7 t .. t"
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4. AD\I1SSIBLE DISPLACEMENT FUNCTIONS

The displacement function ~V(~.,,) as given in eqn (24), is expressed in terms of a series
of 2-D orthogonal polynomials. The recurrence formula for 2-D orthogonal polynomials
involves every other member in the set

m - I

<1>,"(~, rf} = g,"(~, ,,)<1>1 (~.,,) - L "'m.n<1>n(~."); m> I
n~ 1

(45)

whcre "'m.. is a constant and g,"(~"O is a generating function. The constant "'m.n is given by

II g,n(~. ,,)<1>1 (~. ,,)<1>.(~. rT) d~ d"
I/Jur" = --- -~ -1-~~~--~~~~

jI <1l,;(~. tf) d~ drl

(46)

fly using this rCl:urrel1l.:e formula. the inner product of any two different members in the
series satisfies the orthogonality condition

(47)

(i) (ieNeratiNy./imctiof!S

The generating function gm(~. rO which are obtained empirically can be determined by
the following general procedures.

The parameters 2 I and 2! are determined from the expressions

:x I = r.;;;=t1

If:X1 is an even number then the generating function is given by

gm(~.") = ~',,,'J

where 2 J is defined as

On the other hand. if :x 1 is an odd number then the generating function becomes

gm(~.") = C',,"

where 21 now is defined as

Thc symbol r 1 adopted in eqn (48) denotes the greatest integer function.

(48)

(49)

(50)

(51 )

(52)

(53)
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(ii) Dt:tamination ofStart iny jimctiuns

The starting functions <1> I (~, rTl chosen for the analysis must satisfy the prescribed
boundary conditions of the plate. In the present study. the starting functions are constructed
to satisfy the geometrical boundary conditions since they are the only necessary requirement
for the admissible functions in the Rayleigh-Ritz method. The geometrical boundary
conditions are <1> I = 0 for simply supported edges, <1> I = (<1> Il(~n = 0 for clamped edges and
no geometrical boundary condition exists for free edges.

For trapezoidal plate. the starting function is gin:n by

<1> I (~, rf) = rI x, (~, rf)
1= I

(54)

where Z,(~,If} are the edge functions.
By applying the appropriate boundary conditions. the edge functions for the edges can

be obtained. For the simply supported edges, the edge functions arc given by

{

(-a

X,(~·If)= II-'~.

'I-I/I~ - c

for edges ~ = a

for edges r/ = h

for edges 'I = 111~ +c
(55)

and the edge fUllctiolls for the clamped edges arc given by

{
(~_a)2

X,( ~, If) = (1/ --': ~ ,

(II-II/i; -c)'

for edges ~ = a

for edges 1/ =: h

for edges r/ =: 111~ +C

(56)

and the edge functions for the free edges arc given by

x, (~. If) = I.

5. NUMERICAL EX:\\II'LES

(57)

As we know, variation in ply orientation will alter the characteristic sitlIness of plates.
To demonstrate this behaviour, several plates arc studied. In this paper, the eigenvalues
obtained arc expressed in terms of non-dimensional fre4uency parameters (Jlh(J)1a~/[)1I)I 2.

The rnaterialused in the present analysis is the graphite epoxy composite and the properties
arc given in Table I.

5.1. Ct!lIfrtllly-locafeclpoillt supports
The lirst set of problems treated is that of laminated cantilevered trapezoidal plates

(a,h = I) having the edge damped at y = h(2. The plates arc supported by .In clastic point
located at the centre (x = 0, y = 0).

The first example considered is an eight-ply laminated trapezoidal plate with the
stackingse4ueI1l:eof[(O ,90 ,90,0 )]"rnhavingvariousvaluesofthec(aratio.Convergence
study is carried out for the plate having ratios (J,h = I and C(J = 2(5. The convergence

Taok I. Mah:rial pf<lpcrlics of unidirl'Clional comp",ite

Material

(if

£, (GPa)

s.l)(,

G" (GPa) I'"

7.1 (1..'0
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Table 2. Convergence patterns of frequency parameters \phw'Il' On) I 1

for an eight-layer laminated centrally elastic point supported can
tilevered trapezoidal plate (11 h = l. ell = 2 5) having a stacked

sequence of [(0 .90 .90 .0 l]'Om

Mode sequence number

1543

s,

100

Terms

36
~O

~6

50

36
~O

~6

50

lU2
K23
X.19
8 1'1

863
S.53
X.50
lQ'l

8.68
86S
8.67
8.67

8.68
8.6K
X.67
1'.67

26.5S
26.5S
26.58
26.5li

2658
26.58
26.58
26.5li

~7.53

26.lili
26.77
26.76

28.70
27.95
27.82
27.81

5

~X.81

~8.70

~8.65

~X.65

~8.93

~S.lB

~li80

~li.79

6

563~

56.33
56.33
56.3-\

563~

56.33
56.33
56.33

Tabk 3. Frequency parameters (l'h",'<I' On) I , of an eight-layer bmi
n,lh:d centrally clastic POint supported cantikvered trapezoidal plate

(<I I> = 1) with a st,lI:king sequence of[(O .911 .'10 .0 )('Om

Ml,de sequence number

s,
~~~- -.~-------~_.~----

5 6

2,5

I
10

IlH)
IOIH)

100lH)

.1:..

I
10

IlH)
10lHI

100(H)

I

~.21

6.52
X.I'I
X.-II,
XA')
S.-Il )

.\.-15
5.IX
5.IS
5.IX
5.1X
5.IX

X.h7
X.67
X.h7
X.67
X.h7
8.h7

5.IX
5.IX
6.-15
6.67
6.(1)

h.h')

IX.XX
21.%
2h.5X
2h.5X
2h.5X
2h.5S

17 1 )1
19.11
1'1.71
11).7'1
1').7'J
1'1.7'1

26.5X
26.58
26.76
27.70
:!7.811
:!7.X 1

201 )-1
211 ' )-I
20'1-1
20.'1-1
20')~

2lJ.'1-1

3X.M
~1.97

-IX.65
-IX.78
-IS. 7'1
-IS.79

22.1.6
25.55
29.51
29.99
JO.tU
JO.lJ~

-1'1. IX
-I9.3~

51d3
56.33
56..n
56.33

3-116
31>.-11
-IX.7~

-IX.X7
-IX.lIX
-IX.XX

patterns oblained for the plale arc given in Table 2. IL can be seen lhal 50 lerms are
required lo oblain the convergenl resulls. The dli:cl of spring conslants upon the frequency
paramelers of the plate is sludied and the results arc given in Table 3. Displacemenl conlour
plots to represenllhe mode shapes of the plates with a centrally localed rigid point support
having various c/a ralios are presenled in Fig. 3.

~:U9

~:5.18

1r1: 8.67

5;: 6.69

5;:26.58 6,:27.81

la) cIa =215

~:19.79 ~:20.9~

Ib) cia =4/5

~: ~8.79 ~: 56.33

5;: ~8.88

Fig. J. Contour plots for the mode shapes of the eight-layer G/E centrally point ~upported

trapezoidal plates (a.'1> = I) with stacking sequence of [0 .90 .90 .0 I..m.
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Table 4. Frequency parameters (phC"£1' D q ) I 'or a sixteen-layer lami
nated centrally clastiC point supported cantile\ered trapezoidal plate

(£1 h = I) wllh a stacking sequence of [(I) .45 . -45 .90 ),J"m

\lode se4uem:e number

(' a 5

I
10

100
1000

10000
x

I
10

IIU)
1000

10000

3.'1
636
8JI
8.6)
X.ni
Sill

32S
5.21
6.S I
6<)0
n.'10
6<)0

2

112-1
11.26
1128
11.2S
112S
11.2S

17.71
20.70
2lU5
30.-11
30.59
30.nl

16.77
IS.62
20.'12
212-1
212S
212S

3145
31.-16
3155
31.7R
31S5
31.S6

2365
23. 7S
2J.90
2.,92
~J.92

2.192

5

45.-I'J
-15.74
45.74
45.74
-15.7-1
-15.7-1

25.25
26.97
37.96
-12.50
42.91
42.95

6

45.7-1
-I7.'J-I
61.25
6129
6130
6130

46.15
-I6.2l
-16.60
-17.10
-17.19
45.21

The second example considen:d is a sixteen-ply laminated trapezoidal plate with stack
ing sequence of [(0 .45 . -45 .l)() ) :1--",. The cll'cct on the vibrational response hy ilKreas
ing the spring constants is investigated for the plate with cia = 2/5 and 4/5. The results
ohtained using 50 terms ft)r the plate having various values of spring constants and cia
ratios arc given ill Table 4. The first si'\ mode shapes for the plate arc also ohtained and
presented in Fig. 4 together with the wrresponding frequency parameters given helow each
mode. The mode shapes shown in l-'ig. 4 are (lhtaim:d for the plate having a centrally loctted
rigid point sUflPort.

5.2. Poill/ supports {oca/cd Oil /!It' Cdl/l'

The second sd of pl'\Jblems treated is tha t of laminated ctntilevered trapezoidal plates
(a/h = I) with the damped edge at y == _. h,:2 having point supports located at the opposite
corners of the clamped edge. Vibration analysis is carried out for these plates having
c/a = 215 and 4.5 and the results for difl'crent ply oriented laminates arc prcsentcd. Thc
point supports for thc laminated trapaoidal platcs locatcd: (a) for c/a = 2/5 at x = -a/5,
y = al 2 and at x = a/5, y = a./2. and (b) for cia = 415 at x = -2a/5, y = a/2 and at
x = 2a/5, y = a 2.

K, =8.67

5J =6.90

5:2=1128 5~ =31.86

lal cia: 2/5

(b) cia =4/5

5 s=~2.95

~=6UO

.£, =U 21

Fig. 4. Contour plots ror the mode shapes or the si~teen-Iayer G"E centrally point supported
trapcwid;l!plal<:s(ah ~ Ilwlthstackingse4ucnccor[(O .45 .--15 .90 l,l ..m'
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Table 5. Convergence patterns of frequency parameters (phr:J'u' Dol I ,

for an eight-layer laminated cantilevered trapezoidal plate (e a=,2 5)
having point supports located at x=' -u 5. r =' u 2 and at x=' a,5.

y =' u 2 (a b =' I) with a stacking sequence of [0 .90 .90 .0 ]"m

Mode se<juem:e number

S, Terms
, , ~ 5 6-

36 12.1~ 15.72 33.0_~ ~'H3 ~2.27 52.99

100
~O 12.1~ 15.7~ 32.98 ~0.O3 ·12.27 52)~5

~6 12.1~ 1572 32.93 ~0.02 ~227 52.81
50 1213 15.72 32.90 ~O.OI ~2.27 52.79

36 12.19 1578 3.UQ ~0.5H ~2.56 53.22
~O 12.19 15.7~ 3335 ~0.19 ~2.56 53.06
46 12.18 t5.78 33.30 ~O.17 ~2.56 53.02
50 12.18 1578 JJ.27 40.16 ~2.56 53.00

Table 6. Frequency paramcters (ph"l'a' D q ) I , of an eight-layer lami
nated cantilevered trapeZOidal plate (a h = I) having elastic POint sup
ports located: (i) at x='- a 5. y =' a 2 and at x = a 5, y =' tJ 2
(cia = 2.5). or (ii) at x = -2(/.5, y = a 2 and at x = 2(/ 5. y = (/.2

(e a=,4 5) with a stacking sequence of (0. 90 .90 .0 ]"m

Mode sequence number

S. 2 3 ~ 5 6

I x.68 12.3~ 21.20 30.6S 3x.~2 ~9.63

10 11.69 1522 2'1.80 3').22 .N.81 51.52
100 12.1.\ I' 72 .12'10 ~O.OI ~2.27 52.79

1000 1218 1'.78 .n2~ ~O.15 ~2.5.1 52'18
IOOIHl 12.18 1578 .1127 ~O III ~2.56 noo

,I; /2.1 1) 1578 .n27 ~O.lh ~2.56 5.1.00

I 6.~5 IO.~O 18 15 2~J7 2~.46 36.76
10 8.-1/1 1.1.2-1 1852 2/1.h l ) .12.9.1 ~2.92

100 8.80 I.lh~ IX.58 27.10 .15.58 44.1~

1000 8.8.1 13.6') 18.59 27.15 35.88 44.26
10000 S.S-I lIN) 18.59 27.15 .15.91 ~~.27

J. 8.8~ 1.1.6') IX.5') 27.15 .15')2 ~-I.27

1545

The !irst example considered is an eight-ply laminated trapezoidal plate with the
stacking sequence of [0',90,90 .0 )"11I' A convagence study for the plate with alh = [
and cia = 2/5 is carried out and1he convergence patterns ootained from the study are given
in Tank 5. It is onserved that for a plate with clastic constant S, = 100 and w, 50 terms

5, =12.18 5; =33. 27 ~ dO.16

(al cIa =2/5
55 =~2.56 5'6 =5100

5, =8.8~ 52 =13.69 5) =18.59 5, =27.15

(bl cIa :4/5
55 =35.92

Fig. 5. Contour plots for the mode shapes of the eight-layer G E points supported trape7.0idal plates
((/,h = I) with stacking seljuence Ilf [0 .90 .90 .0 I"m'
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Tablt.: 7. FreQuency parameters Iph,·, 'a' Do)! 'of a sl:\tt-en-layer lami
nated cantilt.:~ered trapezoidal plate (Ll h = I) having c1astil: point sup
ports located: (I) at X= -a5. r=a2 and at x=a5. r=a2
Ie a 25). or (ii) at x = -2a 5. .I' = a 2 and at x = 2<1 5. .I' = <1 2

k ,I 45) with a sla<:!(Ing scquem:e of [(II .45 . -45 . ~o ),j"m

(,'£1

2 5

-15

s ,
.1 4 0-

I IUS 13.77 20.01 .1402 4541 40.5.1
10 11.27 17.J5 2<)05 42.10 45A7 5UO

100 II.os IS.25 J2.60 45.30 -15.56 556S
1000 11.73 lX,):\ 33.00 45.13 .15.1'2 56.2<)

100(~J II.7J ISH nO-l -1543 45S5 51>35
·f. It. 73 Is ..n nos -15.-13 45.S5 50 16

I 0.-1.1 lUll IHiS 26.11 27lJ6 .IoA.I
10 S.lJ6 1.172 17X1 .13.25 J5A.l 4727

1011 <)-l3 15..10 17.99 359-1 J7.S6 -17.0.1
WOO 9..11' 15.-17 J,~.1I0 3625 .11' 14 .HoS

10000 'lAX I54S IS.1I1 .10.29 .11' 16 -I7.fJS
'1: 'lAS 15.-IS lS1l1 30,29 .lS,17 47.6S

an: needed to ontain the required convergent results. For this xet of problems. it is decided
to usc 50 terms for all the calculations. An investigation is carried out to study the dli:ct
of the spring constant on the vinrational response of the plate. The results obtained from
this study arc given in Tanle 6. The study shows that as the spring constant increases to a
very large value (S;;: 10000), the plate necomes rigidly supported. The mode shapes
ontained for the plate resting on rigid point supports arc presented in Fig. 5. The cor
responding frequency parameters for each mode shape arc also given.

The second example considered is a sixteen-p[y laminated trapewidal plate with the
stacking sequem:e of [(0 .45 . - 45 .90 ):L",. The cll'el:t of the spring wnstanl on the tirst
six frequency paramders for the plates having C/il =: 2/5 and 4/5 is studied. The results
obtained ny using 50 terms arc given in Table 7. It is obvious that the spring conslanls
increase wilh an increase in fn':l(uency paranH.:tcrs until.)', :::: 1000, beyond which no sig.
nificant increase in the frequency parameters is onserved. The mode shapes for the rigid
points (S, ~ 100(0) supported cantilevered trapezoidal plate having cia:::: 2/5 and 4/5 arc
presented in rig. 6 together with the corresponding frequency parameters given below each
mode.

IX, =1173 51 =18.37 ~=3105 ~=~585

(al cia =215

5.5 =3817fi:~=36.29IX; =H8

(bl c/a=4/5
Fig. o. Contour pkHS for the mode shapes of the sl.\leen-lay.:r G E p"ints supported trape7:oidal

plal<.:s(ah= l)wilhsladingsellllen<.:.:of!lO .45. -45 .90 ):Lm.



Vibrational response of composite plates 1547

6. CONCLUSIONS

The proposed sets of 2-D orthogonal polynomials for approximating the deflection
shape make the application of the Rayleigh-Ritz method relatively easy to implement
for free vibration analysis of symmetrically laminated. points supported. thin trapezoidal
composite plates. Several plate problems. results for whil:h are unavailable in the open
hterature. are solved to show the applicability of the present method. The natural frequencies
for the problems are presented for the plates having ditTerent fibre orientations. 10l:ation of
points and number of layer in the stacking sequences. The etTcct of spring constants on the
vibrational response for the plates is also investigated.
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