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ABSTRACT

The mechanics of beams, shells and plates are of utmost importance in structural engineering, hence the need to 

study problems on plates and its solutions as a case study. The problem of a laterally loaded rectangular plate, 

simply supported along all its edges with an additional support along a line segment in the internal portion of the 

plate is considered. The problem is further extended by the introduction of an additional support along part of its 

center line,the transverse load distribution is varied giving various results according to the loading conditions. 

This give rise to an additional constraint and the resulting solution led to the determination of the deflection in the 

form of superposition integrals in terms of hyperbolic and sinusoidal functions.
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1.0 INTRODUCTION 

The development of the mathematical theory of 

elasticity was of great deal to such nineteenth 

century scientists like Cauchy, Navier and Green 

(Timoshenko and Goodier, 1951). Plates are 

widely used in structured element in most 

engineering works. The practical project, the 

intermediate supports, such as elastic foundation 

etc. in one or two direction maybe used to improve 

the load bearing capacity of the plates 

(Momoh,1997).  The bending properties of plates 

depend greatly on its thickness as compared with 

its other dimensions. You could have thin plates 

with small deflections (Abubakar and Hussein, 

2017), thin plates with large deflections and thick 

plates. Here we would be concerned with problems 

involving thin plates with small deflections. 

The first solution of the problem of bending of 

supported rectangular plates and the use of double 

trigonometric series was due to Navier 

(Timoshenko and Goodier, 1951), 

who presented a paper on this subject to the French 
Academy in the early nineteenth century. 
The series-based solution is one of the most 
common in early established methods for the 
analysis of plates, but less effort has been given to 
the analysis of internally supported plates. 
(Momoh, 1997), these series based solution have 
been well summarized in (Timoshenko and 
Goodier,1951),(Abubakar and Hussain,2017) 
based on Navier and Levy methods. The usual 
problem involving a thin elastic plate with flexural 
rigidity D carrying a transverse load q(x, y) leads to 
the determination of the solution of the differential 
equation

for the deflection w(x, y). The boundary 
conditionsare generally prescribed according to 
the type of support along the edges of the plate. 
Analysis of internally supported plates has been 
covered in (Timoshenko and Woinesky-kreger, 
1959) for the assumptions that the layout is regular 
and columns are to be treated as point reactions. 
This later assumptions gives an infinite bending 
movement at the point of the support leading to 
approximation procedure to treat singularity of the 
bending moment at the center of the support as 
given in (Timoshenko and Woinesky-kreger, 
1959)  . This 
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approximation, however, leads to maximum 
bending moment at the center of the support instead 
of the face of the support (Momoh, 1997),(Ephriam 
and Orumu,2014).
However, the case being considered has an 
additional support along part of its center line. With 
the internal support, the deflection is constrained 
along a line segment in the internal support 
intersects one edge at the boundary or situated in the 
middle of the plate, only half or a quarter domain  
needs to be considered under symmetrical loading 
conditions of equation (1) with mixed boundary 
conditions. Since the boundary containing the line 
of internal support is made of two parts (the line of 
internal support and the line of symmetry), the 
mixed boundary conditionsuch a boundary are in 
pairs. In this paper we have chosen the internal 
support that it does not intersect one edge and is not 
n e c e s s a r i l y  c e n t e r e d  ( A b u b a k a r  a n d  
Hussain,2017). The reaction on the plates from 
internal support is considered as  unknown line load 
is formulated by superposing the solution 
corresponding to a point load on the plate.
The analytical solution to the plate problem is 
obtain from the formulated governing equation in 
relation to varying applied loads and additional 
internal support. Numerical method on the other 
hand, gives more flexibility for the layout of the 
internal support and supporting conditions of the 
plate(Momoh, 1997),(Slizard 2004). This give 
more reason why most structural engineers used 
finite element method of solutions instead ofthe 
a n a l y t i c a l  s o l u t i o n  w h i c h  i s  m o r e  
accurate.However, in this paper we will focus our 
attention on the problems concerned with the 
bending of rectangular plates with an additional 
internal support along parts of its center line.

2.0 METHODOLOGY 
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deflection was determined in terms of geometry of 
the plate and the region of internal support. A 
Maximum deflection which is at its center was 
obtained when the plate had a concentrated load at 
the middle of the plate . The introduction of an 
additional material support led to the determination 
of the deflection when the line load is of exponential 
form .The result obtained were in agreement with 
the result obtained by Momoh (1997), simply 
supported rectangular plate, Abubakar & Hussain( 
2017), series based solution for thin plates with 
rigid support. Zhou (1996),obtained analytical 
solution to vibration of rectangular plates simply 
supported at two opposite edge with arbitrary 
number of elastic line support  and elastic 
foundation, but the result we obtain with internal 
support in the middle using analytical solution 
shows clear agreement with existing result. Further 
work will be done on shell and other material in 
terms of elastic behaviour.

5.0 CONCLUSION
The paper show clearly different analytical 
solutions for uniformly supported,concentrated 
load and internal support for a rectangular plate 
with its series solutions determined at different 
loading points.The series solutions are obtained in 
trigonometric form in terms of sinusoidal and 
hyperbolic functions.The deflections of loading are 
properly accounted for and numerical values 
assigned  for further investigation. Further work is 
suggested on moving beams and shells.
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