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ABSTRACT:  

In this work, static bending analysis of an isotropic rectangular plate 

subjected to uniform distributed transverse loads was presented using 

displacement and refined shear deformation theory. This theory which is 

based on traditional higher-order shear deformation was applied in a 

bending analysis of rectangular plate. Total potential energy equation of a 

thick plate was formulated from the static elastic theory of the plate. The 

coefficient of deflection and shear deformation were derived by subjection 

the total potential energy obtained to direct variation. the objective of this 

study is to develop formula’s for calculation of the critical lateral imposed 

load of the plate before deflection reaches the specified maximum specified 

limit       and maximum critical lateral imposed load before plate reaches 

an elastic yield      by solving using the formulated expression, the effect of 

stress and load distribution analysis of a mild steel rectangular plates with 

one  edge clamped and free and the other opposite edge simply supported 

(csfs) and clamped supported at second and fourth edge, simply supported at 

first edge and free of support at third edge (scfc) were analysed and 

compared. This approach overcomes the challenges of the conventional 

practice in the structural analysis/design which involves checking of 

deflection and shear; the process which is proved unreliable. It is concluded 

that the values of critical lateral load obtained by this theory achieve 

accepted transverse shear stress to the thickness of plate variation and 

satisfied the vertical flexibility of condition of plate while predicting the 

flexural characteristics for an isotropic rectangular cscs and scfs plate.  

Keywords: CSFS plates, SCFC plate, shear deformation plate theory, direct 

variation, and critical lateral imposed load. 

 

1. INTRODUCTION 

The important of plate structures in aerospace, aeronautic, automotive, 

military and structural engineering cannot be overemphasized. In structural 
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engineering, they can be used as bridge deck, retaining wall for water 

retaining structures, panel for building slab, ship hull and spacecraft. 

Isotropic plates refer to plates whose material properties in all directions at a 

point are same while anisotropic or orthotropic plates refer to plates whose 

material properties are direction dependent.  With increasing use of isotropic 

plate material, the need for an improved approach for load analysis is now 

easily discovered. In such materials, the transverse shear stresses and strains 

which were induced by the applied load intensely affect the bending 

characteristics. To analyze the bending due to the applied load, the value of 

the critical load which efficiently causes plate structure to be unstable as per 

equilibrium should be developed and evaluated. Critical Load is defined as 

the highest loading value, which will not cause any lateral deflection or 

tangential deflection on the structure. When the critical load exceeds the 

design load of the structure, it will be in deflected position [14]. As 

the load is increased beyond the critical load the lateral deflections increase, 

until it may fail in other modes such as yielding of the material [16]. To 

avoid failure happening within the structural member, analytical approach to 

bending behavior is necessary.  

Since classical plate theory (CPT) [17-18], which did not account for 

transverse shear effects proved unsatisfactory when applied to isotropic 

plate analysis with large shear stress, shear deformation theory is obligatory.                           

Many shear deformation theories has been developed by many researchers; 

Reddy, Sayyad and Ghugal [3-6, 7-8, 9] developed a more accurate 

solutions which considers effect of shear deformation (TSDT, HSDT and 

ESDT respectively) to predict the bending and free vibration behavior of 

thick isotropic plates under uniformly distributed lateral load. 

Ghugal and Kulkarni [6] have used trigonometric shear deformation theory 

(TSDT) for the analysis of rectangular plates. Their theory and others [1- 4] 

incorporates the effect of transverse shear stress and shear deformation in 

the analysis.  Results obtained using the above theories shows slight errors 

in predicting responses of the lateral load on the structures. 

Polynomial displacement functions can be applied successfully to solve 

CCCC and CCFC boundary condition of thick rectangular plate; a feat that 

could not be easily achieved using trigonometric, hyperbolic and 

exponential shape functions. It will contribute in addressing the problem of 

dearth of literature on the function of polynomial displacement functions. 

Scholars and practicing engineers will assess, apply and sustain trust in their 

works/designs. Thereby the psychological trauma due to doubt or not too 

sure of ones works using Fourier series to analysed thick plates will be done 

away with. 
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Ibearugbulem and Onyeka [15] have used polynomial shear deformation 

theory (PSDT) for the analysis of rectangular plates. Their theory 

incorporates the effect of transverse shear stress and shear deformation in 

the analysis.  Results obtained using the theories did not introduce much 

error in the analysis but it ended up determining the displacements, 

moments and stresses that may occur due to the applied load without 

obtaining the critical lateral load in predicting responses of the applied load 

which can lead to failure on the structures. 

Onyeka and Ibearugbulem [16] have used nonlinear strain–displacement 

polynomial shape function of third order shear deformation theory for 

rectangular thick plate analysis under uniformly distributed load. They 

determine imposed load  that cause deflection of rectangular plates with all 

four edges clamped (CCCC) and plate with free of support at third edge 

and the other edges clamped (CCFC) rectangular thick, but did not obtain 

for other type of plate. 

In this work, the static bending analysis of an isotropic rectangular plate 

subjected to uniform distributed transverse loads was presented using 

displacement and refined shear deformation theory under uniformly 

distributed load was applied to solve bending problem of rectangular plates 

with opposite edge clamped and the other opposite edge simply supported 

(CSCS) and simply supported at first and fourth edge, clamped at second 

edge and free of support at third edge (SCFS) using the direct variational 

energy method. 

In this work, static bending analysis of an isotropic rectangular plate 

subjected to uniform distributed transverse loads was presented using 

displacement and refined shear deformation theory. This theory which is 

based on traditional higher-order shear deformation was applied in a 

bending analysis of rectangular plate with one edge clamped and free and 

the other opposite edge simply supported (csfs) and clamped supported at 

second and fourth edge, simply supported at first edge and free of support at 

third edge (scfc) to determine effect of stress and load distribution analysis 

on an isotropic rectangular plate. 
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