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Abstract-A new laminated plate thermoelastic theory based upon a new mixed variational principle
proposed by Reissner [Int. J. Numer. Meth. Engng 20, 1366-1368 (1984)] is developed to study the
thermal stresses of laminated composite plates. Across each individual layer, piecewise linear
continuous displacement and quadratic transverse shear stress distributions are assumed. The
temperature variation through the thickness is considered to be linear. The theory is examined by
applying it to the problem of rectangular plate bending. Some numerical results for thermal stresses
and deflections are compared with those obtained using the high-order and the first-order zig-zag
thermoelastic theories.

NOMENCLATURE

quantities associated with the kth layer
thickness of the kth layer
partial differentiation with respect to X;

displacement vector
stress tensor
strain tensor
body force
linear thermal expansion coefficient of the kth layer in principal axis directions
temperature change
the X, domain occupied by the kth layer
reduced stiffness of the kth layer

I. INTRODUCTION

Tremendous interest in the analysis of thermoelastic behavior oflaminated composite plates
has emerged in recent years. This interest is due to the increased use of high-modulus, high­
strength and low-weight composite materials in aerospace and various fields of modern
technology.

The problem of thermal bending of anisotropic plates was first studied by Pell (1946),
who derived the equations governing the transverse deflection ofa thin plate. Stavsky (1963)
used a general thermoelastic theory for thin heterogeneous anisotropic plates to obtain
deformations and stresses in a thin rectangular plate simply supported along two infinitely
long edges and subject to uniform heating (also see Stavsky, 1975). Whitney and Ashton
(1971) studied the effects of moisture on the elastic response oflayered composite plates.
The moisture effects enter the mathematical formulation in the same form as the thermal
effect. Thermally induced deformations and stress resultants in symmetric laminated plates
were analysed by Wu and Tauchert (I 980a, b). The method of Levy is used to study the
transverse bending of specially orthotropic laminates having two opposite edges simply
supported and subject to a temperature distribution using the classical laminate theory. In
Wu and Tauchert (1980a, b), thermal deformations and stress resultants in rectangular,
antisymmetric cross-ply and angle-ply laminates were investigated. For more general
arrangements of the laminae, approximate methods of stress analysis, such as the Rayleigh­
Ritz technique, were used in Wu (1978). A finite element formulation of the equations of
the first-order theory of anisotropic composite plates subjected to thermal and mechanical
loadings was presented by Reddy and Hsu (1980).

Most of the theories discussed so far, which are classified as displacement-based
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theories, suffer from a common deficiency: constitutive equations lead to discontinuous
interlaminar stresses. This shortcoming can be overcome by the improved in-plane ther­
moelastic response theory, which is based upon Reissner's (1984) mixed variational
principle, by taking the transverse stresses to be quadratic functions of a local thickness
coordinate and assuming piecewise continuous in-plane displacement distributions across
each layer. The advantage of using Reissner's mixed variational principle is that it auto­
matically yields the appropriate shear correction factors for the transverse shear constitutive
equations.

This report investigates the thermal stresses and deflections of laminated plates using
the improved in-plane thermoelastic theory and compares the results with those obtained
using the high-order and the first-order zig-zag theories.

2. IMPROVED IN-PLANE THERMOELASTIC THEORY

Formulation
Consider an N-Iayer laminated composite plate of uniform thickness h, as shown in

Fig. 1. A Cartesian coordinate system is chosen such that the middle surface of the plate
occupies a domain D in the XI, X2 plane, the X3 axis being normal to this plane. Volume
fractions n(k) satisfy the relation:

\

L nil.) = I.
I.~ I

(I)

Unless otherwise specified, the usual Cartesian indicial notation is employed where
Latin and Greek indices range from I to 3 and I to 2, respectively. Repeated indices imply
the summation convention.

The governing equations associated with the kth layer are:

(a) Equilibrium equations

(2)

x~l)
X3

n(llh ~._.(1)- -- ..... - --_._-_._-_._-_._.~

n(2)h
I _._._._-_._-_._-_./
".- (2)- -----,

n(3lh l-" (3)- ------------------------
h Xlo

/ • )
( • x~N) /
\ •

nlNlh }- (N)- ------ -----------------

(2)

X2

Fig. I. Plate geometry and coordinate system.
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(b) Constitutive equations

(I) principal axis constitutive equations for orthotropic layers

2B69

Qll Q12 Q13 0 0
QI2 Q22 Q23 0 0

Q13 Q23 Q33 0 0

o 0 0 Q44 0

o 0 0 0 Q55

o 0 000

o (k)

o
o
o
o

Q66

el-!Y.II1T (k)

e2-!Y.2I1T

e3-!Y.3 I1T

(3)

(II) lamina coordinate (x J, x 2, x 3) constitutive equations

CII C 12 Cn 0

C12 C22 C23 0
C I3 C 23 C 33 0

o 0 0 C44

o 0 0 C45

C I6 C26 C 36 0

o C 16 (k)

o C26

o C36

C45 0

C55 0

o C66

e j I -!Y.I ,I1T (k)

en-1J,2211T

e33-!Y.33 I1T

2e23

2e31

2eI2-!Y.12,1T

(4)

For convenience, eqn (4) is translated into the following form:

(Sa)

(c) Strain-displacement relations

I
elk) = _ (U(k) +U(k»

IJ 2 I.J J.I·

(d) Interface continuity conditions

u/k)=u?+1) and (JW=(T~~+l) k=I,2, .. "N-1.

(e) Upper and lower surface stress conditions

(Sb)

(Sc)

(6)

(7)

h
on X3 = 2

h
on X3 = - 2'

(8a)

(8b)

The basis of a new laminated plate thermoelastic response theory is facilitated by the
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mixed variational principle (Reissner, 1984) applied to the N-Iayered composite plate:

Ii [ ~' i ] Ii [ ( h)_ (k) (kJ • ' (II • +
- D k~l A'" bUi Ii dX 3 dXI dX2+ D (5Ui X 1"\2'2 Pi

where aDr denotes the boundary of domain D with outward normal v, on which tractions
''Pi are prescribed. aW denote the approximate transverse stresses and eW(",) are given
by eqns (5b, c). Due to the nature of Reissner's mixed variational principle, eqns (5a) are
taken to be the definitions of a~1 used in connection with (9).

Temperature change, displacement and transverse stressfields
Temperature change I1T is considered to be linear through the thickness of the plate

and is given by

(10)

The appropriate functions used in connection with Reissner's mixed variational prin­
ciple, eqn (9), are chosen to be:

(a) Displacement field

Piecewise linear continuous in-plane displacement distributions are assumed, as shown
in Fig. 2:

U(k)(X) = U(k .. ll(X )g(k) (X(k)) + U(kl(x )g(k1(X1kl )
, "" Ii I 3, 'Ii 2 3

U~k)(Xi) = U 3(xII)'

( lla)

(lIb)

(k+l)

(k-I)

(k)

~--+-------r----------+----------U~k)
U..(k)

U(k+t)..

Fig. 2. Approximation of in-plane displacements.
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I (k)

g(k)(X(k» = - +(-1)'+ 1~
• 3 - 2 n(k)h
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(12)

and xjk) is a local x 3 coordinate system with its origin at the center x~6 of the kth layer, i.e.

(13)

From eqns (lla) and (12), it is seen that U~k) (k = 1,2, ... , N-I); U~O) and U~N) represent
the values of uY) at the interfaces, and top and bottom surfaces of the plate, respectively.
Also, eqns (11) satisfy the interface displacement continuity conditions equation (7a).

(b) Transverse stress field

(l4a)

(l4b)

where

(ISa)

(ISb)

and

Also,

Q(k) =1(1(k) dx• - 3. 3·
A(k)

(16)

(17)

In eqn (I4a), p~k- I) and p~k) are the values of (1)kj at the top and bottom surfaces of the
kth layer, respectively.

From eqn (8), one has

(18)

Equations (14) satisfy the interface stress continuity conditions, eqn (7b).

Laminated plate equations
Substituting eqns (II) and (14) into eqn (9) and using Gauss's theorem, one obtains:

(a) Equilibrium equations

!N(I) + 1 (M(I) N('» I FN(l) 1 FM(I) p+ 0
2 p•.p n(l)h p,.p- 3. + 2 • + n(l)h' +. = (l9a)

SAS31:20-1
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I I (M(k) M(k+ I») I (N(kJ N(k+ I») I
~ (N(k) + N(k+ I») _ _ ~ _~ +_ ~ _ ~3'~ + _ (FN(k) + FN(k+ I))
2 p,.p P,.P h n(k) n(k+ I) h n(k) n(k+]) 2' ,

I (FM(k) FM(k+ I»)
- h :(k) - :(k + I) = 0 ; k = I, 2, ... , N - 1

1 I 1 I- N(N) _ ~- (M(N) _ N(N») + - FN(N) _ ~~ FM(N) - P - - 0
2 p,.p n(N)h P,.P 3, 2' n(N)h' , -

N

L Nj~.,+F~+Pj -P 3 = 0,
k~1

where

(FN(k) FM(k») =i (I X(k»)j(k) dx
IX ,:X - ,3:x 3

A(/,;)

(b) Boundary conditions

Specify

(19b)

(19c)

(l9d)

(20a)

(20b)

(20c)

(20d)

or (21a)

Specify

N

U 3 or L NjkJV•.
k=1

(21 b)

Equations (2Ia,b) constitute (2N+3) conditions. It can be seen that the natural edge
traction boundary conditions are coupled, i.e. force and moment resultants acting on two
adjacent layers are involved.

(c) Constitutive relations

(
c jk) (k)h

Q(k) _ ~ Q(k) _ _n~ (p(k- I) +p(k»)
1 C

44
2 12 I I

(k)h (C jk) 5
+ n~_ ~ (p(k-I)+p(k»)=~__ (U(k-I)_U(k)+n(k)hU)

12 C44 2 2 6c~1 1 ] 3.1
(22a)

(22b)
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~ (C-(k)Q(k) + C-(k+ I)Q(k+ I) _ ~ (CY!Q1kl +C1k,+ I IQ1k+ I I)10 44 I 44 I 10 4) 2 4) 2
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+ 3hO[n(k)C~klP~k-l) -4(n(k)C~kl +n(k+ I)C<;/ I»p~k)+n(k+ I)C~\+ I)p~k+ Il]

- ~ [nik)C~k~Pik-ll -4(n(k)C~k~ +n(k+ IlC<;/ I)pik)+n(k+ I)C<;5+ I)P~+ 1)] = 0 (22c)
30

_ ~ (Cik)Q(k) + Cik+ I)Q(k+ Il) +~ (C(klQik) +C(k+ I)Q(k+ I»10 45 I 45 I 10 55 2 55 2

In eqns (22a, b), k ranges from I to N, while in eqns (22c, d), k ranges from I to
(N -I). Equations (22) can be solved for Q1k) and p1k) in terms of U1kl and Uk As a result,
the quantities N~~ can be determined as functions of these displacement variables. Such
expressions will automatically include appropriate shear correction factors by virtue of
Reissner's mixed variational principle.

The remaining constitutive equations for NW and MW are obtained by substituting
eqns (Sa), (6) and (II) into (20a) to yield

(23a)

[

M ](k) [CII _(n(k)h)2 _II

M n - 12 C l2

M I2 CI6

(23b)

3. BENDING OF CROSS-PLY RECTANGULAR PLATES

In this section, the present theory is applied to the bending problem of cross-ply
rectangular plates. The plate is simply supported at the ends XI = 0 and LI, X 2 = 0 and
L2. The prescribed boundary conditions on the top and bottom surfaces of the plate are

Pi = Pi = Pj = 0,
h

on X3 = 2 (24a)

h
P;- = P 2 = P 3 = 0, on X3 = - 2' (24b)

A sinusoidal distribution of the thermal loadings is considered, which for the present
case takes the form

(25)
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The boundary conditions for the simply supported ends are, from egns (21), at XI = 0, LI

at X2 = 0, L2

I 1 ('Jlk l Mlk +
I
))lk) lk+ I) WI 22 22V, = 0 and (N 22 +N» )-- .._- -----_.. = 0. 2 -- h n(k l n(h I) •

For the cross-ply plates, there holds

(26a)

(26b)

- k1 - k k - (k) _ 1o Cl
4'5 = 0 C6'6

'
= C(6'l C

v 44 - Clf)
55

-l.k) _. I kC !Xll'2) = O.55 - c'-tk)
44

(27)

Equations (22a, c) and (22b, d) can be written in matrix form as

{Qd-h[BI]{P I} = b

[D1]{Qd +h{FI]{Pd = 0

{Q2} -h[BBtl{P2} = bb

[DD I]{Q2}+h{FFtl{P2} = 0,

where

{Q } = [Q(I) Q(2' QlNI)T fP} _ [Pll) pl21 plN-, 1))1'
I - I., 1 ')" ." ,1 l 1 = 1, I , ••• , I

IQ } = [Q(!) Qf21. Q(N))T {P ~ - [p(l) pf21 p(N lilT\ 2 - 2., 2 'l .... , 2 2J = 2., 2,·" ~ 2

(28a)

(28b)

(28c)

(28d)

(29a)

(29b)

and [Bd({BBd), [DJl([DDID and [FJl([FFI]) are matrices of dimensions Nx (N-I),
(N-l)xNand (N-I)x(N-I), respectively. The matrices (B I), [Dd, [Fd and [BBJl,
[DDd, [FFll are only functions ofn1kl

, Cr;J and nfk
), C~J, respectively.

The right-hand side of eqns (28a) and (28c) contain the displacement variables Vl k
',

V 3. 1 and V~kl, V 3•2, respectively.
Equations (28) can be solved for Q\k', p\k l and mk), P~) to yield

h{Pd = -[Fd I[DI]{Q,}

{QI} =([I]+[BI][FI] I[Dd)-lb

h{P2} = - [FFJl I[DDd{Qd

{Qz} = ([I]+[BBI][FFd-I[DD I]) Ibb,

where [I] is the N x N identity matrix.

(30a)

(30b)

(30c)

(30d)

Using surface boundary conditions (24), the equilibrium equations (19) for bending
of rectangular plates in the absence of body forces reduce to

1 (Nfl) Nfll) I [(Mf l) +M1!) Nfl)] - 02: 11.1+ 21,2 +n(T)j, 11.1 2U -. 31 -

1 (Nfl) Nfl) I [(Mf!) +Mf l ) Nfl)] - 02: I 2. I + 22.2 + ,{(lh I 2. I 22.2 - ] 2 -

(3Ia)

(3Ib)
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I I [(M(k1 M(k+ I»)
[(N(k) N(k+ I») + (N(k) + N(k+ I»)] _ ~ ~_LI.~L __1_1._1

2 11.1+ II,I 21.2 21.2 h n(k1 n(k+11
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(M
(k) M(k+ 11)J I (N(k)21.2 21.2 31

+ n(k)- - n(k+Tf + Ii n(k1
N<ft 1») _
n(H I) - 0 k=I,2, ... ,N-I (3Ic)

(M
(k) M(k+ 1))J I (N(k). N(k+ I»)22.2 22.2 32 32 0

+ ~ - nIH I) + Ii n(k) - n(k+I) = k = I, 2, ... , N - I (3Id)

I (N(N1 N(N)) 1 [(M(N) +M(N») N(N1] - 02. 11.1+ 21.2 - n(N)h II,I 21.2 - 31 -

I (N(N) N(N») 1 [(M(N) +M(N») N(N)] - 0:2. 12.1+ 22.2. - n(N)h 12.( 22,2 - 32 -

N
"(N(k) +N(k1 ) - 0L, 3 I. I 32.2 - .

k=1

(3Ie)

(3If)

(3Ig)

Boundary conditions (26) and the nature of thermal loading suggest the following
expressions for the displacements:

(k1 - (k) rrx I • rrx 2U =hU cos--sm-
1 1 Ll L2

(k) -(k)' 17:X I 17:X 2U =hU sm~-cos-
2 2 Ll L2

(32a)

(32b)

(32c)

where O"lk), U~k) and 0"3 are nondimensional quantities by definition. It is easily proven that
the boundary conditions (26) are satisfied when eqns (32) are substituted therein.

Finally, inserting (32) into the constitutive equations (30b, d) and (23a, b), in which
en = eSkJ = 0, e~kJ = C~J, and these in turn into the equilibrium equations (31), yields a
system of (2N+3) algebraic equations with the (2N+3) nondimensional amplitudes V(l

k1 ,

O"~) and 0"3 as unknowns. This system is conveniently written in matrix form as

where

[X]V = F, (33)

and [X] is a (2N+3) x (2N+3) matrix.

4. NUMERICAL RESULTS AND DISCUSSION

Numerical results for various different cross-ply lamination schemes are presented. It
was assumed that the thickness and the material for all the laminae are the same, having
the following characteristics:

E I = 25E2 E 3 = E 2 G12 = G I3 = 0.5E2

G23 = 0.2E2 Vl2 = VI3 = V23 = 0.25 r:t.2/r:t.1 = 3;

To is considered as 0 throughout the calculations.
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The following nondimensional deflection and stresses have been used:

(34)

LI
and SI = h . (35)

Some numerical results are compared with those obtained using the high-order theory
by Khdeir and Reddy (1991) and the first-order zig-zag theory by Liu et al. (1994), which
is developed by superposing to the linear variations of the Reissner-Mindlin theory a zig­
zag in-plane displacement variation across the plate thickness.

In the first-order zig-zag theory, the displacements are expressed by

2 (k)
(k)( _ k X3

U, Xi) - U,(x/J)+'P,(xp)x3+S,(Xp)(-I) -;i(k)h

U~k)(X;) = U 3(xll)'

(36a)

(36b)

In the various compared curves, the solid line represents the results of the present theory,
while the results of the first-order zig-zag theory are shown by a dashed line.

For a symmetric three-layer square (0/90/0, LI = L2) and five-layer rectangular
(0/90/0/90/0, L2/Ll = 3) and antisymmetric four-layer square (0/90/0/90, LI = L2) and
10-layer square (0/90, ... , 10 laye", L I = L2) cross-ply laminates, Table I shows the values of
the central deflection obtained from the different theories for the side-to-thickness ratio
SI = 5,10.

Table I. Central deflection u1 for symmetric three- and five-layer and antisymmetric four- and 10-layer cross-ply
laminates (5, = 5, 10)

N=3 N=5 N=4 N= 10

Theories 5, = 5 5, =10 5, = 5 5, = 10 5, = 5 5, = 10 5, = 5 5, =10

Present theory 1.0917 1.0524 1.05536 1.1085 1.07186 1.04881 1.3767 1.03429
First-order zig-zag 1.0917 1.0524 1.1554 1.1102 1.04249 1.04500 1.03226 1.03302

theory
High-order theory 1.0874 1.0499 1.0336 1.0333
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Figures 3-5 give the curves of U3 versus width to thickness ratio S, for the symmetric
three- and five-layer and antisymmetric four-layer plates, respectively. As observed, the
present theory and the first-order zig-zag theory yield exactly the same numerical results
for the three-layer plate; for the other plates, very close agreement is found between both
theories with the increase of side-to-thickness ratio.

Figures 6-10 show the in-plane and transverse shear stress distributions across the
thickness for the symmetric three-layer laminate for S, = 10; both the theories also yield
exactly the same results.

The thickness variations of the in-plane stresses for the symmetric five-layer laminate
for S, = 10 are shown in Figs 11-13, where very close agreement between both theories is
obtained.

5,
30.020.010.0

U3
1.20

1.15

1.10

1.05

1.00

0.95 +------,----.,-------1
0.0

Fig. 3. Center deflection vs side-to-thickness of a (0/90/0) square plate.

I.~O -,------------,

1.30

1.20

,,,,,,,

1.10

1.00

30.0
0.90.-t-----,----,------j

0.0 '0.0 20.0

Fig. 4. Center deflection vs side-to-thickness of a (0/90/0/90/0) rectangular plate (L2/LI = 3).

1.20 -,------------,

1.15

1.10

1.05

1.00

0.950.-1:.0---1'0.':""0---2....,0.'0---3-1
0

.
0

Fig. 5. Center deflection vs side-to-thickness of a (0/90/0/90) square plate.
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0.50 .--------,-,~-----~

0.500.250.00
-0.50 -1----r---1~--~--_l

-0.50

0.25

-0.25

0.00 -1-------"-I~-----_1

Fig. 6. Thickness variation of in-plane stress u" of a symmetric three-layer cross-ply square plate
for LI/h = 10.

\,
\

\
\

1/

/

\

0.25

0.50

-0.25

0.00

-0.50
-1.50 -0.75 0.00 0.75 1.50

Fig. 7. Thickness variation of in-plane stress U22 of a symmetric three-layer cross-ply square plate
for LI/h = 10.

\
\

\
0.25

0.50

-0.25

0.00

-0.50
- 1.00 -0.50 0.00 0.50 1.00

Fig. 8. Thickness variation of in-plane stress U12 of a symmetric three-layer cross-ply square plate
for L1/h = 10.

0.50 .,...=-------------,

0.25 )

0.00 -1----------\-----1

-O.2~

0.040.02
-0.50 -1-:=:::=------,,--------1

0.00

Fig. 9. Thickness variation of transverse shear stress U31 ofa symmetric three-layer cross-ply square
plate for LI/h = 10.
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0.50 -,------------==,..,

0.25

-0.25

0.00 +---+---------j

~>

-0.50 +------,.-------.:::=-j
-0.04 -0.02 0.00

Fig. 10. Thickness variation of transverse shear stress iT" of a symmetric three-layer cross-ply square
plate for Ll/h = 10.

0.00

0.25

0.50

~
/

I
I

~
.,/

-0.25

-0.50
-1.00 -0.50 0.00 0.50 1.00

II. Thickness variation of in-plane stress iT" of a symmetric five-layer cross-ply square plate
for Ll/h = 10, L21LI = 3.

Fig.

~_\

""
\ ""

0.25

0.50

-0.25

0.00

-0.50
-10.0 -5.0 0.0 5.0 10.0

Fig. 12. Thickness variation of in-plane stress iT" of a symmetric five-layer cross-ply square plate
for Lllh = 10, L2/Ll = 3.

0.200.100.00-0.10

"'-.
'~

",-,
""~

I".
"""\,

'"

~""-0.50
-0.20

-0.25

0.50

0.00

0.25

Fig. 13. Thickness variation of in-plane stress iT" of a symmetric five-layer cross-ply square plate
for Lllh = 10, L21Ll = 3.
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Figures 14-16 show the thickness variations of in-plane stresses for an antisymmetric
four-layer laminate for SI = 10, where exact agreement is found between the theories for
0'12' However, it is seen that the first-order zig-zag theory deviates significantly from the
present theory at the 0° layers for 0'11 and at the 90° layers for

From these results, it is seen that for those symmetric laminate configurations, very
good agreement occurs between the present theory and the first-order zig-zag theory,
but for those antisymmetric laminate configurations, a discrepancy occurs between both
theories. As a possible explanation, the following argument is proposed by Toledano and
Murakami (1987). The inclusion of the zig-zag shaped CO function was motivated by the
displacement microstructure of periodic laminated composites. Obviously, for arbitrary

1.000.50

~ I
1
1,,,

1

'",-

"'-,

/ /

~
-0.25

-0.50
-1.00 -0.50 0.00

0.00

0.50

0.25

Fig. 14. Thickness variation of in-plane stress iT" of an antisymmetric four-layer cross-ply square
plate for Lljh 10.

1.000.50

"-"

"-

! /
"'~

· I··
-0.50

-1.00 -0.50 0.00

-0.25

0.00

0.50

0.25

Fig. 15. Thickness variation of in-plane stress 0-22 of an antisymmetric four-layer cross-ply square
plate for Lljh = 10.

0.50 .,.-----..,:----,--------,

0.25

0.00 +-----4------{

-0.25

-0.50 +--......,---+--+:----j
-1.00 -0.1>0 0.00 O. a 1.00

Fig. 16. Thickness variation of in-plane stress 0-," of an antisymmetric four-layer cross-ply square
plate for Lljh = 10.
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laminate configurations, this periodicity is destroyed. Therefore, the first-order zig-zag
theory would be expected to break down in these particular cases. This explanation shows
that the present theory is improved upon the first-order zig-zag theory.

Some important points are now discussed. The accuracy of the present theory can be
improved by dividing each ply into a finite number of sub-layers, but at the expense of
increasing computer storage. Also, the proposed theory possesses two main drawbacks,
which are, first, the number of equilibrium equations and edge boundary conditions
increases with the number oflayers, which makes the calculation difficult for those laminates
with a large number of layers; second, due to the coupling of the natural edge boundary
conditions [see eqn (21)], no clear physical meaning seems to be associated with them.

Finally, it is expected that the thermoelastic problem for arbitrary shaped plates with
arbitrary boundary conditions and mechanical and thermal loading cases can be solved
using the present theory.

5. CONCLUSION

A composite plate thermoelastic theory was developed by assuming a linear variation
of in-plane displacements and a quadratic variation of transverse stresses across each
individual lamina. Transverse displacements were kept constant throughout the entire plate
thickness. Governing equations and appropriate boundary conditions were then deduced
from Reissner's (1984) mixed variational principle. Linear temperature change was assumed
through the thickness. The bending problem of cross-ply rectangular plates was analysed
using this theory. Values for the central deflection and stresses for symmetric and anti­
symmetric laminates were presented. Finally, some important points about the present
theory were discussed. Despite certain shortcomings, the present theory may prove useful
in the investigation of the thermoelastic problem of laminated plates.
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