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ABSTRACT 
 
Bergan-Wang approach has one governing equation in one variable only, namely the transverse deflection of 
a moderately thick plate. This approach faces no numerical difficulties as the thickness becomes very small. 
The solution of a fully clamped rectangular plate is presented using two different series solutions. The results 
of a square plate are compared with the results of the classical plate theory, Reissner-Mindlin theory and the 
three dimensional theory of elasticity for different aspect ratios. Two types of clamped boundary conditions are 
investigated. The obtained results show that Bergan-Wang approach gives good agreement for both very thin 
and moderately thick plates. 
 
Keywords: Moderately thick plate, eighth-order partial differential equation, Reissner-Mindlin theory, 
Bergan-Wang approach, clamped boundary conditions. 
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Nomenclature: 풉, Plate thickness; 풂: Span of the plate; 푫: Flexural rigidity,	=
( )

; 푬: Young’s modulus; 흂: Poisson’s ratio; 푷: 

Applied transverse load; 풉ퟎퟐ: Parameter which depends on thickness and Poisson’s ratio,	=
( )

; ∆: Laplacian operator,	≡ ∇ ≡ +

; 풘: Transverse displacement of the middle plane; 휸풙	(휸풚): Rotations of the normal to the middle plane around 푦-axis (푥-axis) to shear 
only; 휽풙 (휽풚):	Total rotations of the normal to the middle plane around 푦-axis (푥-axis) due to both bending and shear; 풔⃗: Unit vector 
tangent to the boundary, directed counterclockwise; 풏⃗: Unit vector normal to the boundary, directed outward; 휽풔 (휽풏): Total rotations of 
the normal to the middle plane around normal (tangential) directions to the boundary; 푭: Strain energy per unit area; 푭푩: Strain energy 
per unit area due to bending; 푭푺: Strain energy per unit area due to shear; 푴풙풙 푴풚풚 : Normal bending moments along 푥-axis 
(푦-axis); 푴풙풚: Twisting moment (푥,푦) coordinates; 푴풔풔(푴풏풏): Normal bending moments along tangential (normal) directions; 푴풔풏: 
Twisting moment (푠, 푛) coordinates; BC-I: First boundary conditions: zero values for	푤, ,휃 ,푀 ; BC-II, Second boundary conditions: 

zero values for	푤, , (푤 + ℎ 푤 + 		ℎ ∆ 푤) ,	 (푤 + ℎ 푤 + ℎ ∆ 푤; RM, Reissner-Mindlin; FIT, Finite Integral Transform (used for 
BC-II); G, Galerkin (used for BC-I); FGM, Functionally Graded Material; [ ],	Matrix; [ ]푻, Transpose of a matrix. 
 

 
 
INTRODUCTION 
 
Plates might be classified according to thickness (ℎ) to span (푎) ratio as follows: very thin plate <  , moderately thin 

plate 	< <  , moderately thick		 	< 	 < , for thick plate		 	< 	 <  and very thick plates >   three-dimensional 
theory of elasticity should be applied. Classical plate theory (Timoshenko, 1999; Meleshko, 1997; Reddy, 2007) is widely 
accepted for the analysis of very thin plates. The governing equation of classical plate theory is: 
  
Δ 푤 = ,                                                                                                              (1) 
 
where w is the transverse deflection of the plate mid-plane, D = ( ) is the flexural rigidity, E is Young’s modulus, ν  
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is the Poisson’s ratio, Δ ≡ +  is the Laplacian operator and P is the applied distributed transverse load.  

The inclusion of shear deformation in plate deflection (Zietlow et al., 2012) is recommended in general in case of 
moderately thin and moderately thick plates. It is also recommended for very thin plates in locations of bending-stress 
concentrations such as near sudden changes in thickness or support conditions and near holes whose dimensions are 
comparable with the thickness or re-entered corners, and of course when studying composite materials. 

Reissner-Mindlin theory (Reissner, 1945; Mindlin, 1951; Lim and Reddy, 2003) is the plate theory that is mostly used in 
engineering applications. This theory leads to a sixth-order system of governing partial differential equations in three 
unknowns, namely, the transverse deflection of the middle plane w and the two rotations of the normal to the middle plane 
θ  and θ  (Figure 1).  
 
 
 

 
 
Figure 1. Deflection of a thick plate (훾  and 훾  are the rotations of the normal due to shear only while 휃  and 휃  
are the total rotations due to both bending and shear). 

 
 
 
Due to the numerical difficulties encountered with Reissner-Mindlin theory in case of very thin plates (Zienkiewicz and 
Taylor, 2000). For moderately thick plates, Bergan and Wang (1984) proposed an approach which led to one partial 
differential equation of the eighth order of the transverse deflection w. This approach faces no difficulties as 		becomes 
very small. 

According to this approach, the strain energy per unit area,퐹 can be written as the sum of bending contribution 퐹  and 
shearing contribution 퐹 	.	so	퐹 = 퐹 + 퐹 . Where 퐹 = 퐾 퐷 퐾  and 퐹 = 퐾 퐷 퐾  in which (		)  denotes the transpose 
of a matrix and the suffix 퐵(푆) stands for bending (shear). 

For a homogeneous and isotropic material, the above matrices are given by: 
 

퐾 =
푤, − 훾 ,
푤, − 훾 ,

2푤, − 훾 , − 훾 ,

 

퐾 =
훾
훾  

 
With 훾 = −ℎ (푤, + 푤, ) 
훾 = −ℎ (푤, + 푤, ) 
 

퐷 =
퐸ℎ

12(1 − 휈 )

1 휈 0
휈 1 0

0 0
1 − 휈

2
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퐷 =
5퐸

12(1 + 휈)
1 0
0 1  

 

ℎ =
ℎ

5(1− 휈) 

 
 

 
 
 Figure 2. The rectangular plate. 

 
 
 

The moments (Figure 2) are given by:	푀 =
푀
푀
푀

= 퐷
푤, + ℎ (푤, + 푤, )
푤, + ℎ (푤, +푤, )

2(푤, + ℎ (푤, +푤, )
 

 

The shear forces are given by: 푄 = 퐷
푤, +푤,
푤, +푤,

. 

 
The governing equation for Bergan-Wang approach is: 
 
Δ 푤 + ℎ Δ 푤 + ℎ Δ 푤 =                                                                                             (2) 
 
This equation clearly converges to the classical fourth order partial differential equation as h  becomes very small. The 
difficulties of Bergan-Wang approach are the high order of the partial differential equation and the increased number of 
boundary conditions. A closed form solution for the case of simply supported square plate is given in Abdalla and Hassan 
(1988) for different loadings. The clamped boundary conditions are more difficult (Meleshko, 1997). In this work, two 
different series solutions of clamped rectangular plate (Figure 2) are used, namely: 
  
푤(푥,푦) = ∑ 	∑ 	푊 1− cos(2훼 푥) 1− cos(2훽 푦) ,            (3) 
  
푤(푥,푦) = ∑ 	∑ 	푊∗ sin(훼 푥)sin(훽 푦)                                                                         (4) 
 
where 훼 = , 훽 =  and 푎, 푏 are the side dimensions of the rectangular plate (Figure 2). For the case of classical 
plate theory, similar series are proposed (Taylor and Govindjee 2004; Li et al., 2009) .This is the first time, to the best 
knowledge of the authors, that such solutions were used for clamped plates based on Bergan-Wang approach. 

The coefficients: 푊  and 	푊∗  are to be determined according to the method of solution. Because these two series 
are used to get the classical plate theory solutions, we can directly get separate expressions of the solutions due to 
bending and due to shear. This is in harmony with Shimpi’s work (Shimpi, 2002; Shimpi et al., 2007) and Reddy’s solutions 
(Lim and Reddy, 2003; Reddy, 2007). 

The methods of solution are given for a clamped rectangular plate. The numerical results of a square plate are compared  
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with the solution of classical plate theory, Reissner-Mindlin theory and the three dimensional theory of elasticity. For the 
moderately thick plates, the results are comparable. It is hoped that these results will serve as bench marks for finite 
element solution for Bergan-Wang approach.  
 
 
BOUNDARY CONDITIONS FOR A CLAMPED-CLAMPED PLATE 
 
The eighth-order differential equation needs four boundary conditions on each side of the plate. This is a problem in itself, 
because the boundary conditions of Reissner-Mindlin’s theory are only three which goes with the sixth-order of the system 
of equations governing the theory. Moreover, it is intuitively "reasonable" to have only three boundary conditions. A 
comparison with the case of classical plate theory, where the clamped boundary conditions are the imposition of zero 
values for w and its normal derivative , one is motivated to impose, along each clamped edge, zero values for w and 
its normal first, second and third derivatives (n can be x or y according to which direction is normal to the edge under 
study). This choice contradicts the mechanics of supports (the annulation of second normal derivative of w  is a 
characteristic of a simple support). As a matter of fact, such a choice is a very severe clamping which cannot be realized in 
practice. Therefore, the boundary conditions were proposed to be; zero values for	w, ,  and  (Abdalla and 
Hassan, 1988). Such a choice has fortunately been fulfilled by the series given in Equation 3: 

  

	 	푊 1− cos(2훼 푥) 1− cos(2훽 푦)  

 
According to Reissner-Mindlin, there are two types of clamped boundary conditions: The soft one, for which we impose 
zero values for w,	휃  and 푀  (Figure 3) along each edge, and the hard one, where we impose zero values for	푤,	휃  and 
휃  (푠 stands for tangential direction of the edge while 푛 stands for the normal to the edge under study) (Craig, 1987; 
Haggblad and Bathe, 1990). 
 
 
 

 
 
 Figure 3. Moments expressed in tangential and normal axes. 

 
 
 

It is shown that (Bergan and Wang, 1984) the expressions for 휃  ,휃  and 푀  are related to 푤 as follows: 
 
휃 = + ℎ + ,                                                                                            (5) 
 
휃 = + ℎ + ,                                                                                            (6) 
 
푀 = 2(푤, + ℎ (푤, +푤, )                                                                                     (7)   
 
In this work, the soft clamped case has been chosen in addition to the imposition of zero value to the normal derivative of	w.  
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This choice which will be denoted by BC-I goes well with the choice of the aforementioned series. Application of the 
well-known Galerkin method (Galerkin, 1915; Mikhlin, 1964) has been used to find out the coefficients W  leading to 
very good results. 

Another interesting type of boundary conditions has been investigated. In addition to the two main boundary conditions 
on w and  used in the classical plate theory, two more ones come from the decomposition of the eighth-order equation 
into two fourth-order equations. In fact, the Bergan-Wang (Equation 2) can be written down as follows:  

 
Δ (푤 + ℎ Δ푤 + ℎ Δ 푤) = .                                                                                           (8) 
 
Assuming  
 
푢 = 푤 + ℎ Δ푤 + ℎ Δ 푤,                                                                                               (9) 
 
then  
 
Δ 푢 = .                                                                                                             (10) 
  
If we solve the first equation for u with boundary conditions: u = 0 and = 0 then we solve the second equation for w 

with the two boundary conditions: w = 0 and = 0. Therefore, this type of boundary conditions, which will be denoted 

by BC-II, is the imposition of zero values along the clamped edge for		w,		 	,  (w + h Δw + h Δ w) and (w + h Δw +
h Δ w). 

Clearly BC-II coincide well with the boundary conditions of the classical plate theory. Solving the problem needs only the 
usual methods of solving the classical plate theory with minor modifications. 
An application of the finite integral transform (Li et al., 2009; Sneddon, 1972; Sneddon, 1975) has led to very good results. 
Nevertheless, it is still believed that further investigations of the boundary conditions are needed. 
 
 
GALERKIN’S METHOD 
 
Consider a fully clamped isotropic rectangular plate of length a and width	b, where 0 ≤ x ≤ a and 0 ≤ y ≤ b. The partial 
differential equation (2) governs the plate deflection. Applying the Laplacian operator in Equation 2, gives the partial 
differential equation of the plate transverse deflection: 
  

+ 2 + + ℎ + 3 + 3 +

+ℎ + 4 + 6 + 4 + = .
            (11) 

 
Assuming the solution to be of the form given in Equation 3:  
 
푤(푥,푦) = ∑ 	∑ 	푊 1− cos(2훼 푥) 1− cos(2훽 푦) . (12) 
  
Differentiate this proposed solution all the differentials that are needed to substitute in Equation 20: 
  
∑ 	∑ 	푊
[{−(2훼 ) cos(2훼 푥) 1− cos(2훽 푦) + 2(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−(2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }
+ℎ {(2훼 ) cos(2훼 푥) 1− cos(2훽 푦) − 3(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−3(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦) + (2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }
+ℎ {−(2훼 ) cos(2훼 푥) 1− cos(2훽 푦) + 4(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−6(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦) + 4(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−(2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }] = .

 (13) 
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Multiply both side by 1− cos(2α x) 1− cos(2β y)  where k and l can take any integer value from 1 to	∞. 
Double integrate both sides of the equation with respect to x and y with the limits of integration are set to be 0 → a and 
0 → b respectively. 
 
푅퐻푆 = ∫ 	∫ 	 1− cos(2훼 푥) 1− cos(2훽 푦) 푑푥푑푦. (14) 
 
For a homogeneous plate with uniform load: 
 
푅퐻푆 = ∫ 	∫ 	 1 − cos(2훼 푥) 1− cos(2훽 푦) 푑푥푑푦

= ∫ 	∫ 	{1 + cos(2훼 푥)cos(2훽 푦)− cos(2훼 푥)− cos(2훽 푦)}푑푥푑푦

= 푎푏.

    (15) 

 
To find the LHS we start by performing the following integrals: 
 

∫ 	cos(2훼 푥)cos(2훼 푥)푑푥 = 		if	푚 = 푘
0	if	푚 ≠ 푘

,                                                                            (16) 

  
∫ 	cos(2훼 푥)푑푥 = 0,                                                                                                (17) 
 
∑ 	∑ 	∫ 	∫ 	푊 [{−(2훼 ) cos(2훼 푥) 1− cos(2훽 푦)

+2(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦) − (2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }
+ℎ {(2훼 ) cos(2훼 푥) 1− cos(2훽 푦) − 3(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−3(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦) + (2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }
+ℎ {−(2훼 ) cos(2훼 푥) 1− cos(2훽 푦) + 4(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−6(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦) + 4(2훼 ) (2훽 ) cos(2훼 푥)cos(2훽 푦)
−(2훽 ) cos(2훽 푦) 1− cos(2훼 푥) }][ 1− cos(2훼 푥) 1− cos(2훽 푦) ]푑푥푑푦

= [−(2훼 ) + ℎ (2훼 ) − ℎ (2훼 ) ] − 푊 + 푊 +. . . +푊 ( ) + 푊 ( )+. . .

+[−(2훽 ) + ℎ (2훽 ) − ℎ (2훽 ) ] − 푊 + 푊 +. . . +푊( ) + 푊( ) +. . .

+{ [(2훼 ) − ℎ (2훼 ) + ℎ (2훼 ) + (2훼 ) − ℎ (2훼 ) + ℎ (2훼 ) ]

+2 (2훼 ) (2훽 ) + 3ℎ − (2훼 ) (2훽 ) − (2훼 ) (2훽 )

+4ℎ (2훼 ) (2훽 ) + (2훼 ) (2훽 ) + 6ℎ (2훼 ) (2훽 ) }푊 .																																																			

     (18) 

 
For k = 1 → M and l = 1 → N we perform the above integral M × N times to get M × N equations to be solved for the 
M × N unknowns	W .  
After calculating the unknowns we substitute with their values in Equation 11 to find the deflection at any point on the 

plate. 
 
 
MODIFIED FINITE INTEGRAL TRANSFORM METHOD 
 
This method involves solving the eighth degree partial differential equation of the plate transverse by solving two forth 
order differential equations consecutively. This is done as described in Li et al. (2009). We solve Equation 9, assuming the 
solution to be of the form: 
  
푢(푥,푦) = ∑ 	∑ 	푈 sin(훼 푥)sin(훽 푦),                                                                        (19) 
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where 푈 = ∫ 	∫ 	푢(푥, 푦)sin(훼 푥)sin(훽 푦).                                        (20) 
 
The boundary conditions on u are applied by imposing zero values to u| , u| , u| , u| , , , , 

and . 

 
After solving Equation 19, the solution is substituted in Equation 18 to obtain the following partial differential equation. 
  
푤 + ℎ + + ℎ + 2 + = 푢(푥, 푦)   (21) 
 
Again a double finite sine integral transform is used.  
 
푤(푥,푦) = ∑ 	∑ 	푊 sin(훼 푥)sin(훽 푦)                                                                       (22) 
 
푊 = ∫ 	∫ 	푤(푥,푦)sin(훼 푥)sin(훽 푦)                                                                               (23) 
 
The same procedure is repeated where the boundary conditions are applied by imposing zero values to	푤| , 푤| , 
푤| , 푤| , , , , and . 

 
 
NUMERICAL RESULTS AND CONVERGENCE OF 
SOLUTION 
 
A square fully clamped plate of unit length with uniform 
distributed load is studied. The deflection at its mid-point is 
calculated. This is done with different thickness to side 
length ratios, starting at a very small ratio and ending at a 
ratio 0.13, which is almost the limit of moderately thick 
plate. 

All values for the deflection are normalized so they 
would be compared to the references. The normalized 

deflection is given as w =  where q is the amplitude 
of the uniform distributed load. 

The plates with the same ratios were modeled using the 
finite element package ANSYS (Nakasone et al., 2006) 
using two different types of elements. The first type is the 
Shell181 element which relies on the Reisnner-Mindlin 
plate theory. The second type is the Block20 3D element 
which was used to find the 3D solution of the same plates.  

The results of the four methods are summarized in Table 
1.  

 
 
 
Table 1. The normalized mid-point deflection of a fully clamped plate using different methods. 
 

 
Ratio 풉

풂
 

Reissner-Mindlin 
(풘푹푴) 

3D solution 
(풘ퟑ푫) 

Galerkin BC-I 
(풘푩푪 푰) 

FIT BC-II 
(풘푩푪 푰푰) 

%error Galerkin 
풘푹푴 −풘푩푪 푰

풘푹푴
× ퟏퟎퟎ 

%error FIT 
풘푹푴 −풘푩푪 푰푰

풘푹푴
× ퟏퟎퟎ 

0.001 0.0012652930 - 0.0012649007 0.0012632768 0.031 0.159 
0.01 0.0012677473 - 0.0012672838 0.0012642721 0.037 0.274 
0.02 0.0012752381 - 0.0012744589 0.0012672902 0.061 0.623 
0.03 0.0012876429 - 0.0012860226 0.0012723202 0.126 1.190 
0.04 0.0013048499 0.0013184469 0.0013012075 0.0012793626 0.279 1.953 
0.05 0.0013268315 0.0013379121 0.0013195374 0.0012884035 0.550 2.896 
0.06 0.0013534022 0.0013609582 0.0013406078 0.0012995531 0.945 3.979 
0.07 0.0013845013 0.0013905949 0.0013640290 0.0013126517 1.479 5.190 
0.08 0.0014200029 0.0014221597 0.0013887838 0.0013267213 2.199 6.569 
0.09 0.0014598692 0.0014567984 0.0014140485 0.0013428311 3.139 8.017 
0.10 0.0015039927 0.0014917948 0.0014405846 0.0013636157 4.216 9.334 
0.11 0.0015523214 0.0015405472 0.0014699172 0.0013904614 5.308 10.427 
0.12 0.0016048246 0.0015880826 0.0015025175 0.0014224534 6.375 11.364 
0.13 0.0016614712 0.0016384952 0.0015369314 0.0014570729 7.496 12.302 

 

FIT stands for Finite integral transform.



 
 
 
 
Figure 4 illustrates the change of the mid-point deflection 
with the change of the thickness ratio. At small thickness 
ratios, which can be considered a thin plate, all the 
solutions converge to the thin plate theory solution which 
was given in Timoshenko (1999).  

As the thickness ratio increases the difference increases 
between the Bergan-Wang approach solutions and the 
two used finite element solutions which are based on 
Reissner-Mindlin and the 3D elasticity theory. The relative 
error related to 3D solution is given in Table 2 showing that  
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first boundary conditions give better results than those of 
second boundary conditions ones.   

To check the convergence of the two methods, the 
problem of a clamped square thin plate was solved by the 
two methods described in the preceding two sections. The 
value of the thickness ratio was taken 0.00001. The 
number of terms of the series solution was varied and the 
normalized deflection at the mid point of the plate was 
calculated to be checked with the classical plate theory 
solution. 

 
 
 

 
 
 Figure 4. Comparison between different solutions. 

 
 
 

Table 2. The relative error of the normalized mid-point deflection of a fully clamped plate with 
respect to the 3D solution. 
 

퐡 퐚 
퐰ퟑ퐃 −퐰퐑퐌

퐰ퟑ퐃
× ퟏퟎퟎ 

퐰ퟑ퐃 −퐰퐆

퐰ퟑ퐃
× ퟏퟎퟎ 

퐰ퟑ퐃 −퐰퐅퐈퐓

퐰ퟑ퐃
× ퟏퟎퟎ 

0.04 0.010313 0.013076 0.029644 
0.05 0.008282 0.013734 0.037004 
0.06 0.005552 0.014953 0.045119 
0.07 0.004382 0.019104 0.05605 
0.08 0.001517 0.023468 0.067108 
0.09 -0.00211 0.029345 0.078231 
0.10 -0.00818 0.034328 0.085923 
0.11 -0.00764 0.045847 0.097424 
0.12 -0.01054 0.05388 0.104295 
0.13 -0.01402 0.061986 0.110725 

 
 
 
Convergence of Galerkin’s method  
 
It was found that increasing the number of terms in the 

series makes the solution converges to the classical plate 
theory solution after taking 10 terms. It was also found that 
taking  an  odd  number  of terms gives a solution more  
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Figure 5. The convergence of the series solution in Galerkin’s method with 
increasing number of terms. 

 
 
 
convergent than if any of the two adjacent even numbers is 
taken as the number of the series terms. This is illustrated 
in Figure 5. 

The solution using this method involves solving a 
system of linear equations of the order m  for equal 
values of m and		n.  
 
 
Convergence of modified finite integral transform 
method (FIT) 
 
Using a value of m and n equals 300 we could get the 
value of the mid point normalized deflection of the plate to 
be 0.001263266896467. It was found that the 
convergence of this method is very slow. 

The solution using this method involves solving two 
systems of linear equations each of the order 4m  for 
equal values of m and n.  
Investigating the different values of series terms it was 
found that: The odd number of terms gives exactly the 
same result of the previous even number. The even 
number of terms that is divisible by 4 gives a result which is 
upper asymptotic to the solution while the even number 
that is not divisible by 4 gives a result which is lower 
asymptotic to the solution. This is illustrated in Figures 6 
and 7. This makes it important to carefully choose the 
number of terms in the series.  

CONCLUSION AND RECOMMENDATION 
 
The Bergan-Wang approach used in solving for the 
deflection of plates, proved to have a powerful feature. It 
can be used for thin, moderately thin and moderately thick 
plates. The choice of zero values for	푤,	푤 	,	휃  and 푀  
as the boundary conditions gave good results for all 
thickness ratios till the moderately thick plates. 
Nevertheless, it is still believed that further investigations 
on the boundary conditions of a fully clamped plate are 
needed. Further studies are needed to find the effect of the 
thickness ratio near the abrupt change in thickness, at 
holes and near the edges. The flexibility of finite element 
method compared with the series solution can help in this 
direction. Moreover, the finite element method will clarify 
the effect of thickness (through the factor 	ℎ ) on the 
solution at the boundary. A special care is needed in 
deciding the number of terms used in the series solution. 
This is due to both the expenses of solving the linear 
system and convergence.  

It is worth noting that application of this approach for 
other types of materials such as: orthotropic, composite 
and FGM necessitates more specialized references 
(Bouazza and Amara, 2014). Moreover the studies of plate 
stability would be very important (Bouazza and 
Adda-Bedia, 2013). Such areas of research will follow after 
implementing   the    finite   element   technique   to
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Figure 6. The convergence of the series solution in FIT method with increasing 
number of terms. 

 
 
 

 
 
Figure  7. The asymptotic convergence of FIT solution for even number of 
terms divisible and non-divisible by 4. 

 
 
 
Bergan-Wang approach. 
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