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Abstract. A thermal postbuckling analysis is presented for a simply supported, moderately thick rectangular plate
subjected to uniform or nonuniform tent-like temperature loading and resting on a softening nonlinear elastic
foundation. The initial geometrical imperfection of the plate is taken into account. The formulations are based
on the Reissner-Mindlin plate theory considering the first-order shear-deformation effect, and including plate-
foundation interaction and thermal effects. The analysis uses a deflection-type perturbation technique to determine
the thermal buckling loads and postbuckling equilibrium paths. Numerical examples are presented that relate to the
performances of perfect and imperfect, moderately thick plates resting on softening nonlinear elastic foundations.
The effects played by foundation stiffness, transverse shear deformation, plate aspect ratio, thermal load ratio and
initial geometrical imperfections are studied. Typical results are presented in dimensionless graphical form and
exhibit interesting imperfection sensitivity.

Key words: elastic foundation, moderately thick plate, perturbation method, thermal postbuckling, structural
stability

1. Introduction

In the thermal analysis of concrete pavements of roads and airfields, the problem is usually
simplified and analyzed as moderately thick rectangular plates supported by an elastic founda-
tion. These plates may have significant and unavoidable initial geometrical imperfections. Due
to boundary constraints, varying temperature environments typically induce stress, with ensu-
ing buckling. Therefore, there is a need to understand the thermal buckling and postbuckling
behavior of imperfect shear-deformable rectangular plates resting on elastic foundations.

Although a limited number of publications have appeared in the literature on the thermal
buckling of thick plates subjected to temperature distribution, investigation of the thermal
postbuckling response of thick plates is very limited. Thermal buckling loads for initially
stressed transversely isotropic and antisymmetrically cross-ply laminated thick plates were
evaluated by means of the Galerkin method by Cheml. [1] and by Yang and Shieh
[2]. Thermal buckling analyses of composite laminated thick plates subjected to uniform or
nonuniform temperature loading have been made by Tauchert [3], Sun and Hsu [4] and Chen
etal.[5].

Noor and Peters [6, 7] and Noet al. [8] calculated buckling loads and postbuckling
load-deflection curves of perfect, symmetrically laminated plates subjected to combined axial
load and a uniform temperature distribution. Librescu and Souza [9] analyzed postbuckling
of an imperfect, shear-deformable, transversely isotropic plate under combined thermal and
compressive edge loading. Shenand Zhu [10] analyzed the thermal postbuckling of perfectand
imperfect, moderately thick plates subjected to uniform or nonuniform tent-like temperature
distribution using the deflection-type perturbation technique.
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For elastic foundations, Raju and Rao [11] calculated the thermal postbuckling response
of a thin isotropic square plate resting on a Winkler elastic foundation by the finite-element
method. Dumir [12] analyzed the thermal postbuckling of a thin isotropic rectangular plate
resting on a Pasternak-type elastic foundation using the Galerkin method, but his numerical
results were only for the Winkler elastic foundation case.

The softening effect of some types of nonlinear foundations has been known for a long
time and the initial postbuckling problem of imperfect thin plates resting on such foundations
has been studied by Reissner [13]. Recently, Shen [14] gave the theoretical investigation of the
postbuckling response of in-plane compressed, perfect and imperfect, isotropic and orthotropic
thin plates resting on softening nonlinear elastic foundations. This work was extended to
composite laminated plates by Shen and Williams [15] using the classical laminated plate
theory. Also recently, Librescu and Lin [16] analyzed the postbuckling of imperfect, shear-
deformable transversely isotropic flat and curved panels subjected to complex mechanical
loading and resting on nonlinear elastic foundations. To the best of the author’s knowledge,
no papers deal with the thermal postbuckling of imperfect Reissner-Mindlin plates subjected
to nonuniform temperature loading and resting on softening nonlinear elastic foundations.

Therefore, the present work focuses attention on the thermal postbuckling of moderately
thick plates subjected to uniform or nonuniform tent-like temperature loading and resting
on softening nonlinear elastic foundations. The formulations are based on the Reissner-
Mindlin first-order shear deformation plate theory, including plate-foundation interaction and
thermal effects. The analysis uses a deflection-type perturbation technique to determine the
required thermal buckling loads and postbuckling equilibrium paths. The material properties
are assumed to be independent of temperature. The initial geometrical imperfection of the
plate is taken into account but, for simplicity, its form is taken as the initial buckling mode of
the plate.

2. Analytical formulation

Consider a moderately thick rectangular plate of lengtlwidth 4 and thickness simply
supported on its four edges. The plate is subjected to thermal loading and rests on an elastic
foundation. The foundation is assumed to be an attached foundation, that means no part of the
plate lifts off the foundation in the postbuckled regime. The load-displacement relationship

of the foundation is assumed to pe= K1W — KW, as used for imperfect columns by
Amazigoet al.[17], wherep is the force per unit areds ; is the Winkler foundation stiffness
and K3 is the softening nonlinear elastic foundation stiffne€s)” and W are the plate
displacements parallel to a right-hand set of aX€sY, Z), whereX is longitudinal andZ
is perpendicular to the plate. Denoting the initial deflectiod®By(X,Y), let W(X,Y) be
the additional deflection, anl( X, Y) be the stress function for the stress resultants, so that
Ny =F N, =F ;; andN,, = —F 4.

From the Reissner-Mindlin plate theory considering the first-order shear-deformation
effect, including plate-foundation interaction and thermal effects, the governing differential
equations of such plates are

_ D . o
DV + 920" = (1= V) (L + W', F) - (KaW - Ko™, (@)
VAF + (1-v)V2NT = - Bt L(W + 2W", W), (2)

where
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in which D is flexural rigidity andD = Et3/12(1 — v?). E is Young's modulus(' is the
in-plane shear modulus ands the Poisson’s ratio. Alse” is the shear factor, which accounts
for the nonuniform part of the shear-strain distribution through the plate thickness, and for
Reissner plate theom? = 5/6, while for Mindlin plate theory:? = 72/12.

The nonuniform tent-like temperature rise is

T0+2T1Y/b 0<Y<b/2

T(X,Y,Z) = { 3)
T0+2T1(1—Y/b) b/2<Y§b,

whereTy is the uniform temperature rise, aiigis the temperature gradient.
The thermal force and moment are defined by

+/2
(NT, MT) = E_O‘/ (1, 2)T(X,Y, Z)dZ (4)
1—v /42

in which « is thermal expansion coefficient for a plate. Because of Equations (3) and (4), itis
noted that the thermal momehf™ = 0 andV2NT = 0.
The average end-shortening relationship is

A, +t/2 0°F  O°F
o abt/t/z//—d“”z __//lEt(W_”_a)ﬂ)

L(oW\' owow' | 1
2\ox ) ~ox ox " Et

(1- V)NT] dXx dy, (5a)

P

+t/2 bov O’F  0°F
-v — i —— -
b abt/t/z / / drdxdz= / / [Et(é’Xz ”8Y2>

(W' owow | 1
2\ov ) "oy av T Et

(1— y)NT] dy dXx. (5b)

All the edges are assumed to be simply supported and to be restrained against expansion in
the X - andY -directions, respectively. The tangential motion parallel to the immovable edges
is unrestrained,e.the membrane shear forces are zero-valued (see [12]). Hence the boundary
conditions are

X =0,a: W=U=0, Ny =M, =0, (6a,b,c,d)
W=V

V=0 Ny=M,=0, (6e,f,g,h)
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whereM , andM, are, respectively, the bending moments per unit width and per unit length
of the plate.

Equations (1)—(6) are the governing equations describing the required large deflection
thermal postbuckling response of the plate.
3. Analytical method and asymptotic solutions

Let A\t = 12(1 + v)b2aT;/x%t? (i = O for uniform temperature distributiorand i =
1 otherwis¢ and introducing the dimensionless quantities (in which the alternative forms
k1 andks are not needed until the numerical examples are considered)

z=rX/a, y=nY/b, B=a/b, (W,W*)=(W,W)[12A1-12)]"?/t,
F=F/D, ~=u?D/k%*Gt, (My,M,)= (M, M,)a?[12(1-v?))Y?/x%Dt,
(K1,k1) = (¢, bYK1/7*D, (K3, k3) = (a*, 0 K3/7* E't,

(02, 0,) = (As/a, A, /b)12(1 — v?)b? [4n?t? (7a-j)

enables the nonlinear Equations (1) and (2) to be written in dimensionless form as

VW + [1 - AV [EW — KW = B2[1 — AV LW + W™, F), 8)
VF = —182L(W + 2w, W), 9)
where
4 84 5 84 4 84 — 82 ) 82
) -7 g
V=oad P ge T g o2 T g2

9% 0° 9> 2 0% 0°

(=29 -9 ¢ 9 9
() 0x2 0y?2  Oxdy Oxdy + Oy? 0z2’

The unit end-shortening relationships become

82F 2F\ 10w\’
b = 47r2ﬁ2/ / K aﬂ)‘é(%)

—%—VZ 8;2* F(1- V)ATﬁZCu] d dy (10a)
B 0°F 282F o[ OW
o =-ain (55 -55) -3 (50)
52 oW 8(?;* +(1— u))\TﬁzCn] dy dz. (10b)
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Note that Equations (8) and (9) are identical to those of Reissner-Mindlin plates under
pure axial compression and resting on softening nonlinear elastic foundations (see [18]), but
Equation (10) contains terms y. In Equation (10), for the uniform thermal loading case,
C11 = 1.0 andAt = 12(1 + v)b?aTy/nt?, whereas for the tent-like temperature loading
caseC11 = (To/T1 + 1/2) and At = 12(1 + v)b?aTy /nt?.

The condition7 = 0 (or V' = 0) for the immovable edge¥ = 0,q (orY = 0, b) may be
expressed in an average sense as (see [16])

[ ggaxar=o (o ["["Cavax o).

Then the boundary conditions of Equation (6) become
z=0,7: W =0, 0,=0, Fg =0 M,=0, (11a,b,c,d)
y=0,m: W=0, 0,=0, F, =0 M,=0. (11e,f,g,h)

Applying Equations (8)—(11), the thermal postbuckling behavior of Reissner-Mindlin plates
resting on a softening nonlinear elastic foundation can be determined by the perturbation
technique suggested in [19]. The essence of this procedure, in the present case, is to assume
that

Wz, y) =Y wi(z,y), Flz,y) =Y & fizy), (12a,b)
j=1 j=0

wheree is a small perturbation parameter, and the first termvdfc, y) is assumed to have
the form
wi(z,y) = Agll) sinmz Sinny (13)
The initial geometrical imperfection is assumed to have a similar foram te, v), i.e.
W*(z,y) = eAj;Sinmz sinny = 6MA(111) sinmaz sinny, (14)

wherey is the imperfection parameter.

Substituting Equation (12) in Equations (8) and (9), collecting the terms of the same order
of £, we derive a system of perturbation equations which can be written as

0(e%): V*fo =0, (15)

0(eY): Vwr + (1 — V2 [Kws — PL(wy + W*, fo)] =0, V'f1=0,  (16,17)

0(e?): V'wz + (1— V2 [Kywz — F2L(wa, fo)] = (1= AV )F2L(wy + W*, f1), (18)

Vi = —1B%L(wy + 2W*, wy), (19)

0(e%): V'ws + (1— 7V [K1ws — B2L(ws, fo)]

= (1 - V) [Ksw + B2L(w2, 1), +8°L(w1 + W*, )], (20)
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_4 %

Vifs = —p7L(ws + W*, wp), (21)
By using Equations (13) and (14) to solve these perturbation equations of each order, we

may determine the amplitudes of the termgz, y) andf;(z,y) step by step and, as a result,

the asymptotic solutions are obtained as

W = 6[A(111) sinmz sinny| + 63[A(13;) sinmz sin 3ny + Ag? sin 3mz sinny

002

+A) sin 3ma sin 3ny] + 0(c%), (22)
2 2 2 2
OV _p Q% 42 |-BRL @7 4 BP cos 2ma + B cos Zny]

F:—Béof—booz 0075 ~

2 2
B(("’)? — bl >? + BSg) cos 2ma + By cos 2ny

+BYy cos 2mz cos 2ny + Blg cos 4mz + By cos 4ny

+BS) cos 2mz cos dny + Bfé) CoSs 4mx COS 2ny

24 +0(e), (23)

whereBéQ andbgg (1=0,2,4,...) come from in-plane uniform compressive stresses induced

by a temperature rise.
In Equations (22) and (23) all coefficients are related and can be written as functions of

Agll). lllustrative ones are given here:

(m? + n?6%)% + K1[1 4 ~(m? 4+ n?3?)]
(14 p)[L+y(m2 + n2p2)] ’

ﬁzB m +b 2,62

BB m? + bign?p? = [(m* +n2B% (1 + p) (1 + 2u) — 9K3)(AD)%,

16(1+ p)
1 bi3d bz1d b
2g@ 2 | @ 252 13013 31431 K238 33| (404
8°Bygm* + byg n“p 2561171 | o + - +3 - (AT))%,
BR = L0 APy, R -1 U AD)2
20 — 32 m2 ( + )( ) ) 02 — 32 262( + ,U«)( )

@_ 1bz, w3 @ _ Lb1 s 4 _ 1063 1)
Ajg = 16913(A11) . Azl = 16931(A11) , Azg = 16933(A11) ,
4 1 n?B? 3) (1 4 1 m? 3) (1 -
Y S YN N T
in which

b1z = [m*(1+ p)(1+ 2p) — BK3|[1+ y(m® + In?p?)],
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bar = [n*BH(L+ p) (1 + 21) — BK3][1 + 7(9m? + n?p?)],
baz = Ka[1+ Oy (m? +n?F%)],  diz=m*2(1+ p)® + (1 + 2u)] — 9K,
da1 = n*BY2(1 + p)® + (14 2u)) — 9K,
g13 = O13 — (B By m? + by M?F?)[1 + y(m? + 9n?6?)],
g1 = O31 — (8°Bog 9m” + b n*F)[1 + 5(9m + n?p?)),
gs3 = Oz — (BB m? + bgn?B2)[1+ y(m? + nB?)],
O13 = (m® + I?B%)? + Ka[1 + v(m® + )],
O31 = (9m® + n°B%)? + Ka[1 + v(9m® + n?p?)),
O3 = 81(m? + n?B?)? + K1[1+ 9y(m? + n?p?)]. (25a—k)

Next, substituting Equations (22) and (23) in the boundary conditiprs 0 andé, = O,
we have
1m? + vn?p?

B +232BR) + 3B + -+ = B Cu — =

ST (Lt 2u)(Aff )2,

1 2 2192
b0 + <2 + £ + - = Oy — 2L E S

8 1,2 Ot 2u) (A ). (26a,b)

In Equations (26a, b), letapproaches to zero, which Ieadsﬁ%Bé%’ = bé%’.
Because of Equation (24a) we have

(m? 4 n262)2 + K1[1 + v(m? + n?p%)]
(1+ p)(m? + n2B2)[1 + y(m2 + n?p2)]

B°Big = boo = (27)
If the maximum deflection of the plate is assumed to be at the paig) = (7/2m, 7/2n),
Equation (22) results in

Wi = A~ A + 40 A + - =

whereW,, is the dimensionless form of the maximum deflection of the plate.
The inverse form of Equation (28) can be written as

1 /b b b
(13+ﬁ_§

g13  g31 933

% )Wsﬂt---. (29)

Adding Equations (24a—c) and combining these with Equations (26a,b) and replacing the

perturbation parametéﬂ(lll)s) with the maximum deflectioi¥/,,,, then the thermal postbuck-
ling equilibrium path can be written as

A = A0 4 APy AWypd (30)
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Table 1 Comparisons of various theories on the thermal buckling sae: T x 10° for
perfect isotropic square plates

Present
b/t Noor & Burton HSDPT CPT
Ref. [20] k*=5/6  K?=7?/12
100 01264 0-1265 01265 01265 01265
20 3109 31194 31194 31188 31633
10 1183 11.9782 119778 119694 126533
5 3990 41:3175 412971 411969 506134

¢Calculated using higher order shear deformation plate theory given in [21].
®Calculated using classical plate theory given in [22].

in which
MO AP ABY = (8o, Sa, 84)/B2(m2 + n?B2) Caa (31a)
and

So=01/(1+ p)[1+~(m? +n23?)], S2=02/16(1+ p),
S4 = (Cos— Cag) /2561 + 1), ©O1 = (m?+n2B%)?% + Kq[1+ v(m? + n?6?)]
02 = [(3— %) (m* +n*B*) + dvm®n®B)(1+ p) (1 + 2) /(L — v?) — 9K,

b1z ba b biadiz  bad b
Cas = 20, (i?’ + 2 ﬁ) ., Cas= (—13 18 38 3K3£> : (31b-h)
913 931 933 913 g31 933

Equation (30) can be employed to obtain numerical results for the thermal postbuckling load-
deflection curves of Reissner-Mindlin plates subjected to uniform or nonuniform tent-like
temperature loading and resting on softening nonlinear elastic foundations. As expected, there
are three special cases: (1Hg = 0, Equation (30) is valid for the thermal postbuckling of a
Reissner-Mindlin plate resting on Winkler elastic foundations; (&+if= K3 = 0, Equation

(30) reduces to the thermal postbuckling equilibrium path of a Reissner-Mindlin plate without
any elastic foundation, as previously given in [10]; and (3) if the plate is thin enoughythen
approaches zero and equation (30) is brought into a form suitable for the solutions of the von
Karman plate. We can readily obtain the thermal buckling load of perfect plates numerically,
by settingu = 0 (or W/t = 0), while takingi¥,,, = 0 (or W/t = 0). The minimum initial
thermal buckling load is determined by application of Equation (30) for various values of the
buckling mode(m, n), i.e. for different numbers of half-waves in th€- andY - directions,

respectively. From Equation (31), it can be seen tﬂ& only depends on the foundation
stiffnessK, thus the thermal buckling loads for Winkler and nonlinear elastic foundations
are identical. As expected, the results of the next section show that the nonlinear foundation
stiffnessks affects the thermal postbuckling response of the plate, but does not affect its linear
buckling load.
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Figure L Thermal postbuckling load-deflection curves of Reissner-Mindlin plates on Winkler or nonlinear elastic
foundations.

4. Numerical results and discussion

A thermal postbuckling analysis has been presented for the Reissner-Mindlin plates subjected
to uniform or nonuniform temperature loading and resting on softening nonlinear elastic
foundations. In the numerical analysis, asymptotic solutions up to 4th-order were used. A
number of examples were solved to illustrate the application of the method presented. These
relate to the performance of perfect and imperfect, moderately thick plates resting on softening
nonlinear elastic foundations. For all of the examples (except for Table £)0-3,a =

1.0 x 107%/°C and the transverse shear correction factor was considered 72/12.

Typical results are presented in dimensionless graphical form. In all figlire's andW /¢

mean the dimensionless forms of the maximum values of the initial and additional deflection
of the plate, respectively.

As part of the validation of the present method, the thermal buckling Ijae, aTp x 10%,
for perfect, simply supported, isotropic square plate subjected to a uniform temperature rise
with different thickness ratio and without an elastic foundation is compared in Table 1 with
results of 3-dimensional solutions given by Noor and Burton [20] and of higher-order shear-
deformation plate theory (HSDPT) calculated by means of the expressions given in [21]
and of classical plate theory (CPT) calculated from the expressions given in [22]. Clearly,
the results obtained from the present method, HSDPT and the 3-D elasticity theory are in
good agreement, but CPT gives a higher buckling temperature for moderately thick and thick
plates.

Figure 1 gives the thermal postbuckling load-deflection curves of Reissner-Mindlin plates
subjected to a uniform temperature rise and resting on eighter Winkler or nonlinear elastic
foundations. The stiffnesses for the nonlinear elastic foundation cadgs gt¢) = (5-0,2-0)
or (5-0,5-0) as shown and Winkler elastic foundation &g, k3) = (5-0, 0-0). These results
show that the thermal buckling loads for Winkler and nonlinear elastic foundations are identi-
cal, but that the postbuckling responses are quite different. They also show that the foundation
stiffness affects the thermal postbuckling response of the Reissner-Mindlin plate significantly
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6 6
A (k1, k3)=(5.0,2.0), 7,= 0.0 (k1, k3)=(5.0,2.0)
T B=1.0, (m,m)=(1, 1) AT bl =100, T,=0.0

o 0.3 0.8 ot

wit o 0.3 _ 0.6
W/t
1: Thin Plate
2: b/t =10.0 I B=10, (m,m=(1,1)
3: b/t =5.0 2. p=25, (m,n)=3,1)

Figure 2. Effect of transverse shear deformation orFigure 3. Effect of plate aspect ratio on the thermal
the thermal postbuckling of Reissner-Mindlin plates opostbuckling of Reissner-Mindlin plates on nonlinear
nonlinear elastic foundations. elastic foundations.

and that the postbuckling equilibrium path changes from stable to unstable as the nonlinear
elastic foundation stiffneds; increases, enabling imperfection sensitivity to be predicted.

Figure 2 gives the thermal postbuckling load-deflection curves for Reissner-Mindlin plates
with different thickness ratié/¢(= 10-0, 5-0) under uniform temperature loading and resting
onanonlinear elastic foundation and are compared with their classical counterparts. The results
calculated show that the thermal buckling load of moderately thick plateshiits 10-0 is
about 2.4% lower than that of the thin plate. It is found that the thermal buckling load and
postbuckling strength decrease wiift, but they have a rather minor effect.

Figure 3 shows the effect of plate aspect ratie= 1-0,2-5) on the thermal postbuckling
response of Reissner-Mindlin plates subjected to a uniform temperature rise and resting on a
nonlinear elastic foundation. The results show that the thermal buckling loads are increased
by decreasing the plate aspect ratidut the postbuckling deflection of plate with= 2.5 is
larger than that of plate wit§ = 1.0 whenW /¢ > 0-25. Note that heated rectangular plate
with 5 = 2.5 has buckling mode witfr, n) = (3, 1), whereas the square plate buckles with
(m,n) = (1,1).

Figure 4 shows the effect of thermal load rdltigy 71 (= 0-0, 0-5, 1-0) on the postbuckling
response of Reissner-Mindlin plates subjected to tent-like temperature loading and resting on
nonlinear elastic foundations. It can be found that the thermal buckling load decreases by
increasing the thermal load ratiy/71 and that the postbuckling equilibrium path becomes
significantly lower as the thermal load raffy/77 increases.

In Figures 1, 3 and 4 the plate width-to-thickness rafib= 10-0 and in Figures 2—4 the
foundation stiffness is characterized @y, k3) = (5-0, 2:0).

Figure 5 shows the curves of imperfection sensitivity for heated thin or moderately thick
plates resting on nonlinear elastic foundatioxisis the collapse load oft which we made
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(/ﬂ,k3):(5.0, 20), b/f = 100 *
AT B=1.0, (m,nm)=(1,1) A
1
8 \
e 1 2
o 0.5}
D B=1.0, (m,m=(1,1)
! aemTTTTTTTIIIII e 2
T T——— . | | T Thin Plate
W (0 00 ————  b/t=10.0
i t {0.05—---
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1: To/T1=0.0 W
2: TO/T] =0.5 1: (kl, k3):(5.0, 20)
3: To/Ty=1.0 2: (k1, k3)=(5.0, 5.0)

Figure 4. Effect of thermal load ratidlp/7: on the Figure 5. Comparisons of curves of imperfection sen-
postbuckling of Reissner-Mindlin plates on nonlineasitivity of heated thin and moderately thick plates on
elastic foundations. nonlinear elastic foundations.

dimensionless by dividing it by the critical value- of the perfect plate corresponding to
W/t = W'/t = 0-0. These results show that the imperfection sensitivity of the plate on a
nonlinear elastic foundation wittks, k3) = (5:0,5-0) is larger and is considerably greater
than that of the plate on a nonlinear elastic foundation Withksz) = (5-0, 2-0). In contrast,

the imperfection sensitivity of a thin plate is slight weaker than that of a moderately thick
plate. Note that, because the reaction fgr@®uld be negative in the large-deflection range,
the results presented were only for small initial geometrical imperfections.

5. Conclusions

Thermal postbuckling of simply supported, Reissner-Mindlin plates resting on softening
nonlinear elastic foundations, induced by a uniform and nonuniform tent-like temperature
distribution, has been studied by a perturbation method. The numerical results show that the
characteristics of thermal postbuckling are influenced significantly by foundation stiffness,
thermal load ratio and initial geometrical imperfection.

Unlike the plate resting on a Winkler or Pasternak-type elastic foundation, which has a
stable postbuckling equilibrium path, in a number of cases a heated Reissner-Mindlin plate
resting on a softening nonlinear elastic foundation, like its compressed counterpart, has an
unstable postbuckling equilibrium configuration. For such cases, the plate is an imperfection-
sensitive structure that exhibits all the interesting features of such structures.
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Nomenclature

a,b

F

Q HE:U

plate length and breadth W™, W* geometrical imperfection of a plate and
flexural rigidity for a plate its dimensionless form

elastic modulus for a plate «@ thermal expansion coefficient for a plate
stress function and its dimensionless B8 aspect ratio of plater a/b

form A.,0, average end-shortening and its dimen-
in-plane shear modulus for a plate sionless form

K1, K1, k1 Winkler elastic foundation stiffness € a small perturbation parameter

and its two alternative dimensionless K shear factor for a Reissner-Mindlin
forms plate

K3, K3,ks softening nonlinear elastic foundation A" imperfection sensitivity parameter,

t
W, W deflection of a plate and its dimension-

stiffness and its two alternative = (maximumAr of imperfect plate)/
dimensionless forms (critical At of perfect plate)

thickness of a plate AT dimensionless form of thermal stress
imperfection parameter

Poisson’s ratio

R E

less form
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