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Abstract−− In the present study, a methodology to 

find natural frequencies with arbitrary precision of 
thin rectangular plates on linear intermediate sup-
ports and mixed boundary conditions is presented.  
This means that the edges are total or partially sup-
ported, clamped or free, or any combination of these. 
The layout, number and place of linear intermediate 
supports are arbitrary, which allows for the analysis 
of a wide range of cases that include intermediate 
supports of different kinds: simple and multiple, 
straight and curved, complete (the ends coincide 
with the plate edges) and partial (at least one of the 
ends is not coincident with the plate edges). In the 
case of curved linear supports, the curve can be open 
or closed. The generalized solution is obtained using 
the Whole Element Method. A continuous and a dis-
crete model of equidistant points are studied both for 
intermediate supports and clamped edges. In all 
cases, both a systematic approach to the solution and 
the theoretical basis, which ensures the arbitrary 
precision of the results, should be emphasized. In 
order to illustrate the accuracy and efficiency of the 
method described, numerical results are presented 
for several problems and comparison is made with 
previously published results in some cases and in 
some others with the Finite Element Method. These 
numerical results may be of interest to design engi-
neers and researchers who conduct vibration studies. 
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I. INTRODUCTION 
Rectangular plates on intermediate supports find use in 
many engineering structures and other areas of practical 
interest, such as slabs on columns, printed circuit boards 
or solar panels supported at a few points. With their 
potential applications, the vibration of plates with inter-
nal supports and with complex boundary conditions has 
received considerable attention from researchers. The 
free flexural vibration of rectangular plates has been the 

subject of numerous studies, many of which have been 
discussed by Leissa (1969, 1981,1987).  Plates involv-
ing various complexities have been considered, includ-
ing the case in which the plate is supported by internal 
lines. For such plates, most of the reported work has 
been concerned with plates with internal line supports, 
which are straight and parallel to the edges of the plates. 
Some examples of theses studies are the works by 
Veletsos and Newmark (1956), Wu and Cheung, (1974), 
Elishakoff and Stemberg (1979). The literature on the 
vibration of rectangular plates for which the internal line 
supports are not parallel to the edges is sparse. Two 
examples of such work are that by Gorman (1979) who 
studied the vibration of diagonally supported rectangu-
lar plates, and that by Takahashi and Chishaki (1979), 
who represented the internal line support by rows of 
equidistant point supports and gave frequency parame-
ters and mode shapes for a rectangular plate with an 
oblique line support passing through its center at various 
angles. Li and Gorman (1992) considered rectangular 
plates with free edges and intermediate linear supports 
along one or two diagonals with the superposition 
method. Other studies of rectangular plates with an 
oblique intermediate support were carried out by Kim 
(1995) and Sanzi and Laura (1989) who used the Ray-
leigh-Ritz method. Young and Dickinson (1993) used 
the Rayleigh-Ritz method to obtain the eigenvalues for 
the free vibration of rectangular plates with the supports 
lying along different types of curves, including a central 
circular support. Cheung and Kong (1995) used modi-
fied single-span vibrating beam functions with the finite 
layer method to study the vibration of shear-deformable 
plates with intermediate line supports. Another general 
study in this particular area is that by Fan and Cheung 
(1984), in which they used the spline strip element 
method to analyze plates with complex boundary 
conditions and point supports. 
Huang and Thambiratnam (2001) used the finite step 
element method combined with a spring system to treat 
the free vibration analysis of plates on elastic intermedi-
ate supports. Saadatpour et. al. (2000) developed a nu-


