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Abstract: The main purpose of this paper to solve three dimensional thermoelastic problem of  thermal stresses 

of semi infinite rectangular slab  with internal heat source  to determine temperature distribution, thermal 

displacements stress functions, at any point of the rectangular slab with given boundary conditions by applying 

the finite Marchi-Fasulo integral transform and infinite Fourier cosine transform technique. 
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I. Introduction 
The primary objective of the present paper is to gain an  effective  solution  and  a  better  

understanding  of  thermal  stresses  in  thin  rectangular  slab with internal  heat  supply. Recently, 

Khobragade,N.W., H. S. Roy and S. H. Bagade [1] investigate an thermal stresses of semi infinite rectangular 

beam, (2013) and khogragade N.W. and Parveen H.[2] discussed  thermoelastic solution of a semi infinite 

rectangular beam due to heat generation,(2012). Tanigawa  and  Komatsubara [3], Vihak  et  al [5] and  Adams  

and Bert [4] have  studied  the  direct  problem  of  thermoelasticity  in  a rectangular  plate under  thermal  

shock.  Khobragade and Wankhede [6] have  studied  the  inverse unsteady-state  thermoelastic  problem  to  

determine  the  temperature displacement function  and  thermal stresses  at  the  boundary  of  a  thin  

rectangular  plate.  They  have  used  the  finite  Fourier  sine transform technique.  

In this paper we consider the three dimensional heat conduction problem with internal heat source and 

determine the temperature distribution, thermal displacement, stress function of the rectangular slab defined in 

the space D:     ,        ,          with the given boundary condition. The heat conduction 

equation is solved by using Marchi-Fasulo integral transform and Fourier cosine transform. The result is 

obtained in the form of infinite series.  

 

II.     Statement Of The Problem 
Consider a thin rectangular plate occupying the space D:0    ,     ,      .The 

displacement components ux, uy,  uz in the x, y, z direction respectively are in the integral form as 
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Where E,   and   are the Young modulus, the poisson ratio and the linear coefficient of thermal expansion of 

the material of the plate respectively, U(x, y ,z ,t) is the Airy stress function which satisfies the differential 

equation. 
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Here  (       ) denotes the temperature of the thin rectangular plate satisfying the following differential 

equation. 
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 Where k is thermal conductivity and α is the thermal diffusivity of the material of the plate subject to initial 

conditions 
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 The boundary conditions and interior condition are 
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The stress functions in term of U(x, y, z, t) are given by 
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 The equations(1) to (15) constitute the mathematical formulation of the problem under consideration. 

 

III.     Solution of the problem 
The finite Marchi-Fasulo integral transform of f(x), -a < z <a  is defined to be  

  ̅  ∫  ( )
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 then at each point of (-a, a) at which f(x) is continuous. Also the inverse finite Marchi-Fasulo transform is 

defined as  
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The eigen values   are the solutions of the equation 
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Where                are constants. 

Fourier Cosine integral formula for f(y) is (y>0)  

 ( )  
 

 
∫ (∫  ( )       )

 

 
     

 

 
                         (20)                                                           

 Then, 

  ( )  ∫  ( )       
 

 
  

 is called  Fourier cosine  transform of f(t) 
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 is the inverse Fourier cosine transform of   ( ). 
 and using the following property of Fourier cosine transform with usual notation and assumption 
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 Applying Fourier cosine transform two times       stated in (20) to (21) and then finite Marchi-Fasulo integral 

transform stated in (16) to (19)  , using conditions  (6) to (12) it gives 
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Where,  
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Now,  substituting value from (22) in (4) it gets Airy’s function  (       ) as, 
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IV.    Determination of thermoelastic displacement 
Substituting the value of  (       ) from (23) in (1),(2) and (3) it gets, 
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V.    Determination of stress function 
Using (23) in(13),(14),(15) it gets stress function as 

 

      
    

  
∑ ,    

  ( )

  
     

  
 ( )

  
   

   ( )

  
- 

                                                                  (27) 

 

    
    

  
∑ ,    

  ( )

  
     

   

  
   

  
 ( )

  
- 

                                                                        (28) 

 

                                                                                                                                                                    

         
   

  
∑    

  ( )

  

 
                                                                                                          (29)                                              

                                                                                    

 

 

Where, 

  (       )  ∬ ,    ( 
       

 )∫(   ( 
       

 )    )     ̿
 
 ∫    -                

 

 

 

And         
  ( )

  
    

  (  )

  
       ̅̅̅

 
   

  
 ̿ 

 
 

 

VI.    Special case 
Set,                (       )   (   )(   )  (   )     

            
 

And              (       )   (    ) (    )   (     ) (    )  
Where   is dirac delta function. Substituting value of T in equations (7) to (12) and then, 
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Applying Fourier cosine  transform two times to   as stated in (20) to (21) and again finite Marchi-Fasulo 

transform to     only stated in (17)to (19) then it gets 
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Substituting all the values from (30) to (38) in (22) it gets, 
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VII.     Numerical Results 

Set, h=2cm, α=0.85, t=1sec, k=1.5, A=2.5,  

λ=16.5µm.m
-1

.k
-1
, α1=2, α2=3     =4 then 
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VIII.     Conclusion 
In this paper, we discussed the thermal stresses of semi infinite  rectangular  slab with internal heat 

source where  boundary condition of second kind as well as  third kind are taken. The marchi-Fasulo integral 

transform and fourier cosine transform is used to obtained the numerical results. The temperature obtained can 

be applied to design the structures in industrial applications. Also stress function,  displacements are useful in 

various industry applications. 

 

Acknowledgments 
The authors are thankful to University grant commission, New Delhi for providing the partial financial 

assistance under major project research scheme. 

 

References 
[1]  Khobragade,N.W., H.S.ROY, and S.H. Bagade:  Thermal stresses of semi infinite rectangular beam. Internatinal journal of 

engineering and innovative technology(IJEIT), vol.3, july (2013). 

[2]  KHobragade N.W.and Parveen H.: Thermoelastic solution of a semi infinite rectangular beam due to heat generation.  Journal of 

statistics and  mathematics, Vol. (3), (2012).   
[3] Tanigawa Y and Komatsubara Y.: Thermal stress analysis of a rectangular plate and its thermal  stress  intensity  factor  for  

compressive  stress  field,  Journal  of,   Thermal  Stresses,  20, 517. (1997) 

[4] Adams,  R.J.  and  Bert , C.W.: Thermoelastic  vibrations  of  a  laminated  rectangular  plate subjected to a thermal shock, 
Journal of Thermal Stresses, 22 875-895.(1999) 

[5] Vihak, V.M.,  Yuzvyak, M.Y.  and  Yasinskij, A.V.:  The  solution  of  the  plane thermoelasticity problem for a rectangular 

domain, Journal of Thermal Stresses, 21, 545-561. (1998) 
[6]  Khobragade, N.W. and Wankhede, P.C.: An inverse unsteady-state thermoelastic problem of a thin rectangular plate, The journal 

of Indian Academy of Mathematics, Vol. (25), No. 2, (2003). 

                                                                                                                       
 

 


