
  

  1395164  230-238
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

R. Pilafkan, S. Bakhshi, Static analysis of rectangular plates with variable thickness using radial point interpolation method, Modares Mechanical Engineering, Vol. 16, No. 4, pp. 230-
238, 2016 (in Persian) 

  

1*2  

1-     
2-   
* 179rezapilafkan@uma.ac.ir   

      
  

 :14  1394  
 :17  1394  

 :28 1395  

  
 . 

 .
 .

y z  .
  -

 . .
 .  

  
  

  
  

  

  

  

Static analysis of rectangular plates with variable thickness using radial point 
interpolation method 

Reza Pilafkan*, Soudeh Bakhshi  

Department of Mechanical Engineering, Mohaghegh Ardabili University, Ardabil, Iran. 
* P.O.B. 179, Ardabil, Iran, rezapilafkan@uma.ac.ir 

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 03 February 2016
Accepted 07 March 2016
Available Online 16 April 2016

In this work static analysis of isotropic rectangular plates with variable thickness are presented
using three dimensional elasticity theory and for the first time by using radial point interpolation
method. Applying this numerical method, the field variables are interpolated using nodes
scattered arbitrarily in the plate domain. Since there is no connection between two arbitrary
nodes, their numbers can be increased in any area and direction to obtain better accuracy. It is
assumed that, the plate thickness varies linearly in direction or it has parabolic convex/concave
lower surface in the direction. The horizontal upper surface of the plate is subjected to the
transverse uniform load in the direction. Shape functions in this method have Kronecker delta
function property and different boundary conditions can be applied easily using elimination
approach. Convergence of results for simply supported isotropic rectangular plates with linearly
variable thickness is presented for different thickness ratios and compared with those in the
literature. Distributions of the deflections and stresses for plates with parabolic convex/concave
lower surface in the direction and under different boundary conditions are presented in graphs.
It is revealed that the present numerical method with its fast convergence and great accuracy is
reliable method to analyze such plates. 
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Fig.  1 Plate with variable thickness that is modeled using 
scattered nodes; and the support domain of point  
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2- Multiquadrics Functions 
3- Gaussian Functions 
4- Average Nodal Spacing 
5- Radial Moment Matrix 
6- Polynomial Moment Matrix 
7- Shape Functions 
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Fig.  2 (a) The sides of the plate under different BCs (b) 
uniform distributed load on the top surface of the plate 
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Fig. 3 hexagonal background cells from top view 
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7- Cubic Support Domain 
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1  ( = = 10 m , = 1 ) y 
Table 1 The convergence of stresses and displacements of the isotropic rectangular plate ( = = 10 m , = 1 m ) with linearly 
varying lower surface in the y direction 

   
 

x   y   z  
( ) ( ) /  /  

1.5 RPIM 8   5   5  185.45 19.90 -13.75 -13.37 

  6   6   6 197.16 19.99 -15.16 -15.66 

  8   7   7 202.36 19.47 -11.48 -12.06 

  9   7   7 202.99 19.68 -13.42 -13.57 

  10   7   7 202.03 19.37 -14.50 -12.53 

 Xu & Zhou [13] - 202  20.20 -14.40 - 

2 RPIM  8   5  5  125.98 16.20 -8.01 -11.03 

  8   6   6 129.77 15.38 -11.18 -11.55 

  8   7   7 131.23 16.58 -11.60 -11.29 

  9   7   7 131.91 16.49 -12.03 -12.07 

  10   7   7 133.17 16.92 -11.81 -11.30 

  11   7   7 134.15 16.88 -12.25 -12.02 

  12   7   7 133.68 17.08 -12.14 -11.31 

 Xu & Zhou [13] -  133  16.30  -11.60  -  

  

  
Fig.  4 Rectangular plate with linearly varying lower surface in 
y direction 
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Fig. 5 Isotropic rectangular plate with parabolic (a) convex (b) 
concave lower surface in the y direction  

 5        )a (  )b (
   

 

 
Fig. 6 The distributions of (a)  (b)  along the line x = 2, 

= 5 for the plate with parabolic convex lower surface in 
the y direction. BC: SSSS 
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Fig. 7 The distributions of  on the line x = 2, = 5 for 
the plate with parabolic convex lower surface in the y direction 
and different BCs 
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Fig.  8 The displacement distributions ( ) for the plate with 
parabolic concave lower surface in the y direction with 
different depth ratios on the line = 2, = 2. BC:SSSS 
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Fig. 9 The stress distributions ( ) for the plate with parabolic 
concave lower surface in the y direction on the line = 2, 

= 2. BC:SSSS and depth ratio = 0.9 
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Fig. 11 The stress distributions ( ) for the plate with parabolic 
concave lower surface in the y direction on the line = 2, 

= 2 and for different BCs.  = 0.9 
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