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1. Introduction

The analysis of plates on elastic foundation has a wide range of applications in various fields of engineering,
such as civil, mechanical, aerospace, nuclear and marine engineering. Due to soil behavior is dependent on
numerous factors, providing full and comprehensive model for foundation is very complicated. Therefore, in
order to express properties of the substrate are used the simpler models based on the elastic properties. The
simplest of those models, which was presented by winkler in 1867, assumes that the soil medium containing a
system of independent spring (Liew et al, 1996). To increase the accuracy of modeling two-parameter models
arose that the effect of shear stresses in the substrate is also included. In these models a new parameter is
proposed to establish a mechanical connection between the independent springs. An approximate solution for
the bending of moderately thick rectangular plates using numerical differential quadrature method was
proposed by Han and Liew (1997). Teo and Liew (2002), presented a solution for analysis of shear deformable
rectangular plates on Pasternak foundations by using differential cubature method.

Displacement potential functions (DPF) method is one of the effective and efficient techniques that can be used
to solve elasticity problems. The most advantage of DPF method is that the system of differential equations is
uncoupled or at least simplified. This method has been used for 3D analysis of plates by a number of researchers
such as Nematzadeh et al (2010) and Moslemi et al (2016) for the bending and buckling solution, respectively.

In this paper, 3D elasticity equations of plates on Pasternak foundations are considered. The exact solution
of a simply supported rectangular plates with constant but arbitrary thickness on two-parameter foundation
by using displacement potential functions, is presented. Advantage of present work is that thickness of plates
are arbitrary and results can be used for thin, moderately thick and thick plates without simplifying assumption
in regard to strain or stress distribution in plate thickness.

2. Theoretical formulations

A simply supported transversely isotropic rectangular plate with linear behavior and dimensions a, b and
arbitrary constant thickness t, in Cartesian coordinate system (X, y, z) on two-parameter elastic foundation
under arbitrary loading, is considered (Fig. 1).
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Fig. 1. Axis position, displacement directions and dimensions of the rectangular plate on Pasternak foundation
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The exact solution of transversely isotropic thick rectangular plate supported on Pasternak foundation
determined by using 3D elasticity equations in terms of displacements and displacement potential functions F,
Xx(x,y, z), offered by Lekhnitskii-Hu-Nowakii, in the form of Equation 1.

(L
39xdz 0y
0°F oy
U=—a3m+a (1)

e (g
kw—( + a;p) ny+ﬁazz F

where u, v, w = the displacement components in the x, y, z directions, respectively and

_ Ci2 + Ces _ Cag

Gt Ces
o = Ci3tCu ,_ @ 5
3 C66 ’ 1+ aq ( )

9%z 92
2 (4
V= <6x2 + ayz)
where C1, Cy5, Cy3, C33, C4q, Cg are constants of elasticity.

Substituting Equation 3 and 4 into 3D elasticity equations in terms of displacements, and simplifying the
governing equations of motion are obtained as follows:

V%V%F(x,y,z) =0

(3)
VX (yz =0 (4)
in which
02 0? 1 0%
2 R
vi 0x? + dy? + 52022 (%)
where
—2Cy3Caq — Ci3% + C14C
5.2 45,2 = 13044 13 11033
c C33C44
$125,2 = -1 (6)
C33

The governing Equations 2 and 3 are solved by use of the separation of variable method. Then potential
functions by Satisfying the kinematic, Static & Traction boundary conditions, are determined.

3. Results and discussion

In this study, the material properties of a simply supported square plate under uniform load on two-
parameter elastic foundation are given as follows:

Table 1. Material constants of transversely isotropic materials

Material Ciq Cyo Ci3 Cs3 Cyy
magnesium 59.7 26.2 21.7 61.7 16.4
Graphite-epoxy 8.27 2.767 0.285 86.8 4.147
E glass-epoxy 14.93 6.567 5.244 47.27 4.745

Carbon fiber 20 9.98 6.45 235 24
Steel 282.7 112.2 112.2 282.7 80.77

The maximum non-dimensional displacement of y = b/2 and z = 0 for different thickness ratio (t/a) are
determined in Fig. 1. The presented results are normalized as follows:

wD x 102

=g
K 4

k, = (SD_“) 7)
(Gsaz)

Is D
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where D = Et3/12(1-v?), E and v are modulus of elasticity (Young's modulus) and Poisson’s ratio.
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Fig. 2. Maximum displacement of mid plan for line y = b/2

Fig. 2 is indicated that as the thickness ratio increases, maximum response of plate consist of magnesium
and carbon fiber have maximum and minimum variation, respectively.

4. Conclusions

In this article, the displacement potential functions applied successfully to solve the transversely isotropic
thick rectangular plates on two-parameter foundation. The governing equations of motion has been solved by
use of the separation of variable method. The privilege of present work is that the exact results can be obtained
for thin, moderately thick and thick rectangular plates, without simplifying the assumptions.
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