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Abstract

Dynamic response analysis is presented for a Reissner—Mindlin plate with four free edges resting on a tensionless elastic
foundation of the Winkler-type and Pasternak-type. The mechanical loads consist of transverse partially distributed
impulsive loads and in-plane static edge loads while the temperature field is assumed to exhibit a linear variation through
the thickness of the plate. The material properties are assumed to be independent of temperature. The two cases of initially
compressed plates and of initially heated plates are considered. The formulations are based on Reissner—Mindlin first-
order shear deformation plate theory and include the plate-foundation interaction and thermal effects. A set of admissible
functions is developed for the dynamic response analysis of moderately thick plates with four free edges. The Galerkin
method, the Gauss—Legendre quadrature procedure and the Runge-Kutta technique are employed in conjunction with this
set of admissible functions to determine the deflection-time and bending moment—time curves, as well as shape mode
curves. An iterative scheme is developed to obtain numerical results without using any assumption on the shape of the
contact region. The numerical illustrations concern moderately thick plates with four free edges resting on tensionless
elastic foundations of the Winkler-type and Pasternak-type, from which results for conventional elastic foundations are
obtained as comparators. The results confirm that the plate will have stronger dynamic behavior than its counterpart when
it is supported by a tensionless elastic foundation.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The analysis of plates on elastic foundations have been motivated by the need in engineering to design, for
example, mat and raft foundations, pavement slabs of roads and airfield. These problems are usually analyzed
by assuming that the foundation reacts in compression as well as in tension [1]. This assumption that the
contact between the plate and its support is established continuously simplifies the problem. However, it is well
known that in many practical cases, this assumption is questionable. Some supporting media cannot
sometimes provide tensile reaction and, under certain conditions, some portions of the plate may lift-off.
Therefore, a tensionless foundation, where the reaction is only compressive, is modelled. The plates resting on
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a tensionless foundation is complicated because the location and extent of the contact regions are not known
at the outset. Since the stresses and deformations of the plate and foundation depend on the contact area and
therefore on its unknown boundaries, these boundaries are, along with other mechanical quantities, part of the
solution, being the primary unknowns of the problem. So, even for cases involving linear foundation models
and linear plate theories, the problem is nonlinear by virtue of unilateral constraints and therefore needs to be
solved iteratively.

Many linear bending studies for thin and moderately thick, circular and rectangular plates resting on a
tensionless elastic foundation are available in the literature see, for example, Refs. [2-13]. They concluded that
the contact region remains constant and is independent of the load level. In contrast, Khathlan [14] and Hong
et al. [15] studied the large deflections of circular plates resting on a tensionless elastic foundation of the
Winkler-type and concluded that as the transverse load increases the contact area tends to expand until full
contact is reached. Recently, Guler [16] presented a bending analysis for a thin circular plate subjected to
concentrated central and distributed loads and resting on a tensionless elastic foundation of the Pasternak-
type. Also recently, Shen and Yu [17] gave a nonlinear bending analysis for a rectangular plate with four free
edges subjected to thermomechanical loads and resting on a tensionless elastic foundation of the Pasternak-
type. In this study, the formulations were based on the first-order shear deformation plate theory and the
effect of initial in-plane compressive load and initial temperature variation on the nonlinear bending behavior
was reported. However, the dynamic analysis for a plate resting on tensionless elastic foundations is limited in
number. Celep and Turhan [18], and Guler and Celep [19], and Celep and Guler [20] studied, respectively, the
dynamic responses of flexible and rigid circular plates subjected to time dependent external moment and/or
transverse loads and resting on a tensionless elastic foundation of the Winkler-type. They concluded that the
extent of the contact region and deflections of the plate depending on the loading combination and on time.
However, in their studies the formulations were based on the Kirchhoff-Love hypothesis and therefore the
transverse shear deformations were not accounted for. To the best of the authors’ knowledge, there is no
literature covering dynamic response of shear deformable rectangular plates resting on a tensionless elastic
foundation of Pasternak-type.

The present study extends the previous works [1,17] to the case of moderately thick rectangular plates with
four free edges resting on a tensionless elastic foundation of the Pasternak-type. It is worth to note that in the
case of two-parameter foundation model there are two different types of boundary conditions for partial
contact and complete contact [21]. For the complete contact, a boundary force appears as a result of the
second parameter of the foundation, whereas in the case of partial contact there is no boundary force like that.
Therefore, only the partial contact case is considered in the present study. In such a case the plate may lift off
the foundation and no boundary force occurs. The mechanical loads consist of transverse partially distributed
impulsive loads and in-plane static edge loads while the temperature field is assumed to exhibit a linear
variation through the thickness of the plate. The material properties are assumed to be independent of
temperature. The two cases of initially compressed plates and of initially heated plates are considered. The
formulations are based on Reissner—Mindlin first-order shear deformation plate theory and include the
plate—foundation interaction and thermal effects. A set of admissible functions, which satisfy both geometrical
and natural boundary conditions, are developed for the dynamic responses analysis of moderately thick plates
with four free edges. The Galerkin method, the Gauss—Legendre quadrature procedure and the Runge-Kutta
technique are employed in conjunction with this set of admissible functions to determine the deflection-time
and bending moment—time curves, as well as shape mode curves. An iterative scheme is developed to obtain
numerical results without using any assumption on the shape of the contact region. Numerical results are
presented in dimensionless graphical form to illustrate the effect of the tensionless character of the foundation.

2. Analytical formulations

Consider a rectangular thick plate with four free edges of length a, width b and thickness /4, which rests on,
but is not attached to, a tensionless elastic foundation. Let X, Y and Z be a set of coordinates with X and Y
axes located in the middle plane of the plate and the Z axis pointing downwards. The origin of the coordinate
system is located at the center of the plate in the middle plane. The plate is exposed to a stationary temperature
field T (X, Y, Z) and/or transverse dynamic patch load ¢(7) in the shaded region, as shown in Fig. 1, combined
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Fig. 1. Rectangular plate subjected to a partially distributed impulsive load.

with in-plane static edge loads P, in the X-direction and P, in the Y-direction. The components of
displacement of the middle surface along the X, Y and Z axes are designated by U, V' and W. ¥, and ¥, are
the mid-plane rotations of the normals about the Y and X axes, respectively. The foundation is represented by
a two-parameter foundation model, that is, the reaction of the foundation is assumed to be
p =KW —K,V>W, where p is the force per unit area, K| is the Winkler foundation stiffness, K, is a
constant showing the effect of the shear interactions of the vertical elements, V2 is the Laplace operator in X
and Y. This reaction, however, is only compressive and occurs only where p is positive. Let F (X, Y) be the
stress function for the stress resultants defined by Ny = F,,,, N, = F,, and Ny, = —F,,,, where a comma
denotes partial differentiation with respect to the corresponding coordinates.

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

XY

Li(P) + Lio(P)) + Lis(W) + Lia(OW) + HV)R W — Ry V2 W]+ VM = g, (1)
Lor(P) + Ln(P,) + Los(W) + Loa(F) + (M), = 0, 2)

L31(P) + Lo(P)) + Ls(W) + Laa(P)) + (M), = 0, 3)

VAF + (1 —)WVAN" = 0. (4)

Because the plate is not attached to the foundation, tensile stresses cannot occur between plate and foundation
and therefore the plate may lift off the foundation over certain intervals. In the case of partial contact, no
concentrated edge reactions occur as reported in Ref. [21], and a compressive reaction arises when there is
contact between the plate and the foundation, no reaction comes into being when a separation develops. This
character of the foundation is taken into account by introducing a contact function defined by

1 for p= K]W—K2V2W>O,

o 5
0 for p=K,W—K,V>W<0, )

() - {
and the linear operators ﬂ,-j() are defined by
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and D is flexural rigidity and D = Eh3/[12(1 —?)]. E is Young’s modulus, G is the shear modulus and v is
Poisson’s ratio. Also x> is the shear factor, which accounts for the non-uniformity of the shear strain
distribution through the plate thickness. For Reissner plate theory x> = 5/6, while for Mindlin plate theory

(7a)

(7b)

(7¢)

(7d)

(7e)

K =n/12.
If all four edges of the plate are free, for the partial contact case, the boundary conditions are
X = +a/2:
- oY, oy, - T
M,=D : L) -M =
x (aX +v 6Y> 0,
_ 1—v [0F, 6?_’},
=155y o) =0
_ _ oW
0, = Kth(lFx +3y ) = 0,
+b/2
/ N.dY + o.bh =0,
—b/2
Y=4b/2:
. oy, 0%, ST
M},_D<v 5% + GY) -M =0,

_ 1—v (0¥, 09,
M, = p (e Ty
v = (ay+a )

:0,
- - oW

2
Qy =K Gh(lljy +6Y) = 0,

+a/2
/ NydX +0,ah =0,
—a/2

(7H)

(7g)

(Th)

where o, and o, are the average compressive stresses in the X- and Y-directions, M, and M, are the bending
moments per unit width and per unit length of the plate, and Q, and Q, are the transverse shear forces,

respectively.
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For the initially heated plate, it is assumed that ¢, = ¢, = 0 and the temperature field is assumed to be a
linear variation through the plate thickness, i.e.

T(X,Y,Z)=T, {1 + Cﬂ (8)

in which T, and C denote the temperature amplitude and gradient, respectively.
The thermal force and moments caused by the temperature field 7(X, Y, Z) are defined by

_ _ E
N 1" = 2

+h/2
/ (L2)T(X, Y,2)dZ. 9)
ViJ—h/2

where o is the thermal expansion coefficient of a plate.

Because of Egs. (8) and (9), it is noted that the temperature does not vary in X and Y, then thermal force N T
and moment M are constants, so that the boundary conditions of Egs. (7a) and (7e) are non-homogeneous,
but in Eqs. (1)-(4) V20" = V2N" = (M"),, = (M), =

For the initially compressed plate, it is assumed that N' = M T = 0, now the boundary conditions of Egs.
(7a) and (7e) become homogeneous.

3. Analytical method and solution procedure

Before proceeding, it is convenient first to define the following dimensionless quantities for such plates (in
which the alternative forms k; and k, are not needed until the numerical examples are considered)

x=nX/a, y=nY/b, f=ual/b, y= nzD/azichh, vi,v) =1 —v,14+v)/2,
W= w21 =) /h, (P, P,) = (P, P)a[12(1 — V)]V /mh,

F=F/D, (0,,0)=(0,0)al12(1 —=)]'?/mcGh*, 0 =~/12a/mh,

(M, My, My, MYy = (M, M, My, M )a®[12(1 —v*)]'/? /2> Dh,

(K1,ky) = (@, bYK, /7*D,  (Kaky) = (@, b")Ko /7D, t = (in/a)[E/p(1 —v))]'?,

g = qa*[12(0 =)' /7*Dh,  (Ay,y) = (0,b%, 0,a*)h/4n>D. (10)
Egs. (1)—(4) may then be written in dimensionless form as
Li(P) + Lio(Py) + Lis(W) = HOV)K\ W = KoV W]+ dg = Lia(W), (1)
Loi(W) + Loo(Wy) + Los(W) — M = Loy(y), (12)
L3 (Yy) + Laa(Py) + L3s(W) — MTy = L3(¥)), (13)
-4
V'F=0, (14)

where

_lo _B3 (1 * [ )\ o
Lll()—;&’ le()—;a, Li;() = </+} )a 2+(—+iyﬂ)—ay2,
0* az o 1 0
2 2
LisO) =0 R L21()=( +wp ) o za()—-—a
o’ o? L\ 1 g o
L31() = Ln() = Vzﬁm, Ly() = ( e 2+ﬁ > — L33() = — oy

2
L3() = Los() = 6l2 ,
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0= pl Po=Zaop B o (1)
~ ox? oy?’ 6x26 2
The boundary conditions of Eq. (7) become
X = +mn/2:
Y. v, o
M, = o +v oY, — M" =0 (for initially heated plate), (16a)
Ox qy
M, = 6& +vp 6& =0 (for initially compressed plate), (16a")
ox oy
oy, oY,
My, _vl( 3 6x) =0 (16b)
ow
0, = (‘F +—) =0, (16¢)
’ Ox
1 +7‘C/2 62
- / [ pp— A dy =0 (for initially heated plate), (16d)
—n/2
1 [+2 R
- / /32 > dy + 4),p*> =0 (for initially compressed plate), (16d")
—n/2
y = +mn/2:
oY, oY, o
M,=(v——"+p—2)—M"=0 (forinitially heated plate), (16¢)
ox oy
. v, o
M, = v oY, o, =0 (for initially compressed plate), (16¢)
Oox oy
0¥, 0Y¥,\
My = v ( S g) —0, (160
ow
0,= (‘Pﬁg) =0, (162)
| (2 2F
— / —— dx =0 (for initially heated plate), (16h)
—n/2 Ox
1 +n/2 62
— / a2 dx + 47, =0 (forinitially compresses plate), (16h)
—n/2

Applying Egs. (11)—(16), the dynamic responses of an initially compressed or initially heated Reissner—Mindlin
plate with four free edges subjected to thermomechanical loading and resting on a tensionless elastic
foundation of the Pasternak-type is now determined by means of an analytical-numerical method. It is
assumed that the solutions of Egs. (11)—(13) are

Wx,y, 1) = Wit) + Wn(x, 1) + Wy, 1) + Wiv(x, y, 1), (17a)
'flx(xaya Z) = qlxll(xs Z‘) + lIIXIV(-)Ca Y, t)s (17b)

lp}’(x, ) Z‘) = lpylll(y, Z‘) + lelV(x, Y, t)a (1 7C)
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where
Wi(1) = Aoo(),
2 2 _1 m
Wn(x, 1) = Apo(2) [cos (2mx) + 2 (1" xz} ,
m=1,2,... Im
202 (—1)"
W= 3 Aw®) [cos (ny) + 2D yz},
n=1.2,... Yon
(_1)m+1g va + n2ﬁ2
Wiv(x,y, 1) = Z Apn() 1'”2( )cos (2mx)
mpn=1,2,... VI= g3
_1 m+1 2 202
+( ) gzzn (2m ol )cos (2ny) + cos (2mx) cos (2ny)
vn :B 93mn
2 _1 m+n+1n2 2 2 _1 m+n+lm2
JA 21y )
VY3mn vﬁ 93mn
2 dm*(=1)"
W, f) = E:Amm[mgmmm—liLlﬂ}
m=1,2,... 91im 9Jim
2 (—1)y"t! 2 222
VR T < PP A Pl i D I A
mn=1.2,... VIN=g2,93mn
2 ) 4(—1 m+n_ 2 n2
+ ™ sin (2mx) cos (2ny) + Mx],
3mn 93mn
2n . an?B(—1)"
om0 = Y Aout) | sinQuy) — 2Ly
n=1,2,... Yon 2n
2(—1)" gy, nB(m* + v’ )
Yov(opn= Y Amn(z)[ e ( ) in 2ny)
mn=1,2,... vn ﬁ 92093mn
2np . 4(—1)""m?
+ cos (2mx)sin 2ny) + ————y|,
93mn Vﬁ 93mn
in which

Gon = 4By + 1,

93mn = 4m2V + 4n2ﬁ2V + L

(18a)

(18b)

(18¢)

(18d)

(18e)

(18f)

(18g)

(18h)

(19a)
(19b)

(19¢)

As argued before the partial contact case is only considered in the present study, it is evident that the
solutions (17)—(29) satisfy boundary conditions of Eq. (16), and no additional boundary force conditions need
to be satisfied. Moreover, the symmetry of the plate configuration and its loading are also considered in the
assumption (18). The coefficients Ago(?), Ag;(?) etc. reflect the time dependency of the displacement functions

and they are to be determined next.

Substituting the displacement functions (17)—(19) into Eqs. (11)—(13) yields a set of differential equations in

the generalized coordinates

MU + KU = F,

(20)
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where the dots denote the differentiation with respect to the non-dimensional time ¢.

In Eq. (20) K = [k;] (i=1, 2, 3, j = 1-12) is the stiffness matrix, and M = [m;] (i =1, 2, 3, j = 1-12) is the
mass matrix, the details of which can be found in Appendix. Also in Eq. (20) U is the displacement vectors and
F is the load vector, they are

U =[Aoo(t) Aoi() Aoa(D). .. A1o(t) Azo(?)... A1) Apa(D). .. An(t) An(o)..]", (21a)

F= [—zq M MHT. (21b)

Then we use Galerkin method and Gauss—Legendre quadrature procedure to solve these equations. The
plate area is discretized into a series of grids and the integration has to be carried out over the entire plate, i.e.

/(MU + KU )ow(x;, y)0W (7, y)0W (), y;) dx dy

= / Fow(x;, )oY (x;, y)o (x;, y)dxdy  (forj=1,2,3,...), (22)

where w(x;, y;), ¥«(x;, ¥;) and Yy, (x;, y; are deflection and notations at the grid coordinate (x;, y;) and
summation is carried out over all grid coordinates by using the Gauss—Legendre quadrature procedure. Since
the coefficients of the differential equations are time dependent, the above equations are highly nonlinear,
although it has the appearance of regular linear differential equations of second order.

It is found that an acceptable accuracy can be obtained by taking into account 24 x 24 points,
which is employed in the next section. Furthermore, the differential equation (20) was solved by applying
the Runge—Kutta method in the time domain. The contact region was first obtained at the static loading
and at the initial configuration of the plate, and was updated at every step by using the displacement
function of the previous step and checking whether a contact or a separation has developed between the plate
and foundation.

4. Numerical results and discussion

Numerical results are presented in this section for initially compressed or initially heated moderately thick
plates with four free edges resting on a tensionless elastic foundation of both Winkler-type and Pasternak-
type. The results for conventional elastic foundations are obtained as comparators in the manner described
previously and detailed further in Shen et al. [1]. The transverse loading ¢(x, y, 1) = qof1(x, ¥)f>(¢) is applied,
where ¢ is the maximum amplitude, fi(x, y) is a unit function in space domain and f>(¢) is an impulsive shape
function in time domain which may be any one of the following types:

(1) sudden load

, 0 (=0,
£0=31 =0, (230
(2) step load
1 (0<t<n),
£0=30 " o (23
(3) triangular load 1L o0<r<n),
f=4" " (23
0 (t>1).

A parametric study was undertaken for a moderately thick square plate with »/h = 10 resting on elastic
foundations. The impulsive central patch load is applied on the top surface of the plate in the shaded region
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(Fig. 1). The load area is taken to be a;/a = b/b = 0.5, except for Fig. 4. The typical results are plotted in
Figs. 2-8, for which the dynamic load is assumed to be a suddenly applied uniform load with ¢y = 1.0 kPa,
except for Fig. 3. It should be appreciated that in all these figures ¢ = (in/a)[E/p(l — vz)]l/z, W =
W Eah/ qob® and M, = M yd? / qob*h* mean the dimensionless forms of, respectively, time, central
deflection and bending moment of the plate, i.e. at the point (X, Y)= (0, 0). For all of the examples,
E =35GPa,v= 0.15, p = 2000 kg/m>, « = 1.0 x 107°/°C, and the transverse shear correction factor is taken
to be k* = 5/6.

Fig. 2 gives effect of the foundation stiffness on dynamic behaviors of a moderately thick plate subjected to
a suddenly applied central patch load alone and resting on eclastic foundations. The stiffnesses are (ki,
k>) = (10, 1) for a Pasternak-type elastic foundation and (k;, k») = (5, 0) and (10, 0) for Winkler-type elastic
foundations. Due to the lift-off phenomena, the foundation becomes softer and the dynamic response of the
plate becomes stronger when it is supported by a tensionless elastic foundation.

Fig. 3 shows the effect of the loading shape on the dynamic response of a moderately thick plate resting on a
Pasternak-type elastic foundation with (ki, k») = (10, 1). Three type of dynamic loading is considered, i.e.
sudden loads, step loads, and triangular loads, as defined by Eq. (23). It can be seen that the dynamic response
of the plate on a tensionless foundation becomes stronger than its counterpart under each of these dynamic
loading cases.

Fig. 4 shows the effect of the loaded area parameter (a;/a = b/b = 0.3, 0.5 and 0.7) on the dynamic
response of a moderately thick plate subject to a suddenly applied load alone and resting on a Pasternak-type
elastic foundation with (k;, k») = (10, 1). As expected, these results show that the central deflections and
bending moments are decreased by decreasing the loaded area parameter either for tensionless foundation case
or conventional foundation case.

Fig. 5 shows the effect of initial membrane stress on the dynamic response of an initially stressed
plate subjected to a suddenly applied central patch load and resting on a Pasternak-type elastic foun-
dation with (k;, k») = (10, 1). Here, y =0 denotes uniaxial compression, and y =1 denotes equal
biaxial compression. The dimensionless compression is defined by N, /(Ny)e, in which (N,). is the
critical buckling load for the plate under uniaxial compression in the X-direction, as previously
given in Ref. [22]. The results reveal that, although no initial deflections are induced by membrane
stresses, application of in-plane compression will result in considerable increase in both deflections and
bending moments.

6 4
=10, blh =10 B=1.0, blh =10 L:(k,.k,)=(5. 0)
aJa=b /b=0.5 aJa=b /b=0.5 2:(k,k)=(10, 0)
1 3 F 3:(k, ky)=(10, 1)

4 L Lkk)=(5.0)
2:(k,,k,)=(10, 0)
3:(k,,k,)=(10, 1)

\\\\\

nondimensional deflection W
nondimensional bending moment M,

- = = - conventional foundation

- — - - conventional foundation

tensionless foundation tensionless foundation
1 1 1 1 1 1 1 1
-1

0 1 2 3 4 5 0 1 2 3 4 5

(a) nondimensional time 7 (b) nondimensional time ¢

Fig. 2. Effect of foundation stiffness on dynamic behavior of a moderately thick plate: (a) central deflection versus time; and (b) bending
moment versus time.
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4 4
B=1.0, b/h=10 1: Sudden Load B=1.0, b/h=10 1: Sudden Load
ala=b /b=0.5 2: Step Load < 3 afa=b/b=05 2: Step Load
= 5 L (k,,k,)=(10, 1) 3: Triangular Impact Load g (k,,k,)=(10, 1) 3: Triangular Impact Load
X
|93
= =
5} =l |
= 2
e 0 5 N
g Té 0
£ 2 2
=} - \
5 2 é ! NP MY -
=S 3 -
- - -~ conventional foundation 2 -2 | ---- conventional foundation
tensionless foundation R tensionless foundation
4 1 1 1 1 3 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
(a) nondimensional time ¢ (b) nondimensional time ¢

Fig. 3. Effect of loading shape on dynamic behavior of a moderately thick plate resting on elastic foundations: (a) central deflection versus
time; and (b) bending moment versus time.

3 4
B=1.0, b/h =10 1: a/a=b /b=0.3 B=1.0,b/h =10 1: a,la=b /b=0.3
- = _ 2: a /a=b Ib=0.5
(k. k,)=(10, 1) 2:a /a=b [b=0.5 = 3 (k, k)=(10, 1) ! !
= 3:ajash/b=07| & 3¢ ada=b/6=07
£ £
§ g
g 22
= E
E 2
.2 =
g 5 !
:
E
g0 . ) =
------ conventional foundation 5
tensionless foundation = - - - - conventional foundation
tensionless foundation
»1 1 1 1 1 _1 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
(a) nondimensional time ¢ (b) nondimensional time ¢

Fig. 4. Effect of loaded area on dynamic behavior of a moderately thick plate resting on elastic foundations: (a) central deflection versus
time; and (b) bending moment versus time.

Fig. 6 shows the effect of initial thermal bending stress (7o = 30°C, C =0.0, —3.0 and —5.0) on the
dynamic response of an initially heated plate subjected to a suddenly applied central patch load and resting on
a Pasternak-type elastic foundation with (ki, k») = (10, 1). It can be seen that both deflection and bending
moment are not zero-valued, and increase dramatically when the initial thermal bending was applied. It can be
found that the amplitudes of both deflection and bending moment become larger when the plate is supported
by a tensionless foundation, because the tensionless foundation model is relatively less constrained compared
to conventional one.

Vertical deflections along Y-axis at X = 0 of the same plate subjected to a suddenly applied patch load alone
resting on a tensionless elastic foundation with (ki, k) = (10, 1) and under different pulse duration (r = 1.0,
2.0 and 3.0) are shown in Fig. 7. Then Fig. 8 shows the effect of the foundation stiffness on the vertical
deflections along Y-axis at X = 0 of the same plate subjected to a suddenly applied patch load alone under
pulse duration = 1.0 and resting on tensionless elastic foundations. The results show that the deflection
increases dramatically with increasing ¢. The plates do lift off the foundation at the plate edge region.
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Fig. 5. Effect of initial membrane stress on dynamic behavior of a moderately thick plate resting on elastic foundations: (a) central
deflection versus time; and (b) bending moment versus time.
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Fig. 6. Effect of initial thermal bending stress on dynamic behavior of a moderately thick plate resting on elastic foundations: (a) central
deflection versus time; and (b) bending moment versus time.

The results confirm that the foundation stiffness has a significant effect on the dynamic response of the plate
on tensionless foundations.

5. Concluding remarks

Dynamic response analysis of an initially compressed or initially heated Reissner—Mindlin plate with four
free edges subjected to transverse partially distributed loads and resting on a tensionless elastic foundation has
been presented by using an analytical-numerical method. The advantage of present method is that the solution
is in an explicit form which is easy to program in computing deflection-time and bending moment-time as well
as mode shape curves without any assumption on the shape of the contact region. The difference between the
solutions for the conventional and tensionless foundations is noticeable when a partial lift-off is presented.
The results confirm that the plate will have stronger dynamic behavior than its counterpart when it is
supported by a tensionless elastic foundation.
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Fig. 8. Effect of foundation stiffness on vertical deflection of a moderately thick plate resting on tensionless foundations.
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Appendix

The elements of the stiffness matrix K and the mass matrix M in Eq. (20) are as follows:
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