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 The thermoelasticity problem in a thick-walled isotropic and homogeneous cylinder is solved 
analytically using finite Hankel transform and Laplace transform. Time-dependent thermal and 
mechanical boundary conditions are prescribed on the inner and the outer surfaces of the hollow 
cylinder. For the thermal boundary conditions, the temperature itself is prescribed on the boundaries. 
For the mechanical boundary conditions, the tractions are prescribed on both the inner and the outer 
surfaces of the hollow cylinder. Obtaining the distribution of the temperature throughout the cylinder, 
the dynamical structural problem is solved and closed-form relations are derived for radial 
displacement, radial stress and hoop stress. As a case study, exponentially decaying temperature with 
respect to time is prescribed on the inner surface and the temperature of the outer surface is considered 
to be zero, where the mechanical tractions on the inner and the outer surfaces of the hollow cylinder are 
assumed to be zero. On solving the dynamical thermoelasticity problem, a thermal shock was observed 
after plotting the results. Using the obtained plots, instants of dilatation wave being reached to specific 
radial positions are computed and compared with those from the classical formula. 
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Fig. 1 Time-dependent temperature distribution versus the radial 
distance for = 0.001 
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Fig. 2 History of radial stress for = 0.001 
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Fig. 3 History of hoop stress for = 0.001 
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Table 1 Comparison between the instants of reaching dilatation wave 
to specific radial positions considered in Fig. 2 and Fig. 3 and equation 
(51) 

m( 
)53(  

 2 3  
r=1.2 3.38 10 3.3715 10 
r=1.4 6.76 10 6.7850 10 
r=1.6 10.14 10 10.1755 10 
r=1.8 13.52 10 13.5650 10 

  

  
Fig. 4 Time-dependent temperature distribution versus the radial 
distance for = 0 
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Fig. 5 Comparison of  radial stress with Ref.[10] for middle point 
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Fig. 6 Comparison of  hoop stress with Ref.[10] for middle point 

6 ] 10 [  

   .  
]10[  .  

   

)52(  t =  

8 -   
 ) m(  
 m(  
 (J kgK)  
 (N m )  
 (W mK)  
 (N m )  
 (N m )  
 ) C°(  
 ) s(  
 ) m(  
 (m s )  

  
 (1 K)  
 ) C°(  
 ) C°(  
   

 (kg m )  
 (N m )  
 (N m )  

  
rr   

   

9 -   
[1]  A.  R.  Shahani,  S.  M.  Nabavi,  Analytical  solution  of  the  quasi-static  

thermoelasticity problem in a pressurized thick-walled cylinder subjected to 
transient thermal loading , Vol. 31, Issue 9, pp. ,  2007., Applied 
Mathematical Modeling, Vol. 31, No. 9, pp. 1807–1818, 2007.  

[2] A. R. Shahani, S. Momeni Bashusqeh, Analytical Solution of the Coupled 
Thermo-Elasticity Problem in a Pressurized Sphere, Journal of Thermal 
Stresses, Vol. 36, No. 12, pp. 1283–1307, 2013.  

[3] A. R. Shahani, S. Momeni Bashusqeh, Analytical solution of the 
thermoelasticity problem in a pressurized thick-walled sphere subjected to 
transient thermal loading, Mathematics and Mechanics of Solids, Vol. 19, No. 
2, pp. 135–151, 2014.  

[4] M. A. Kouchakzadeh, A. Entezari, Analytical solution of classic coupled 
thermoelasticity problem in a rotating disk, Journal of Thermal Stresses, Vol. 
38, No. 1, pp. 1269–1291, 2015.  

[5] G. A. Kardomateas, Thermoelastic stresses in a filament-wound orthotropic 
composite elliptic cylinder due to a uniform temperature change, 
International Journal of Solids and Structures, Vol. 26, No. 5-6, pp. 527-537, 
1990.  

[6]  A.  C.  Yen,  P.  G.  Kirmser,  On  the  Thermal  Stresses  in  a  Finite  Circular  
Cylinder, Journal of Engineering Mathematics, Vol. 5, No. 1, pp. 19-32, 
1971.  

[7] Y. Tanigawa, Y. Takeuti, Osaka, N. Noda, Shizuoka, On a General 
Treatment for Coupled Thermal Stress Problems in a cylindrical Coordinate 
System, archive of applied mechanics, Vol. 53, No. 5, pp. 317-327, 1983.  

[8] X. Wang, Thermal shock in a hollow cylinder caused by rapid arbitrary 
heating, Journal of Sound Vibration, Vol. 183, No. 5, pp. 899-906, 1995.  

[9]  H.  Cho,  G.  A.  Kardomateas,  C.  S.  Valle,  Elastodynamic  Solution  for  the  
Thermal Shock Stresses in an Orthotropic Thick Cylindrical Shell Journal of 
Applied Mechanics, Vol. 65, No. 1, pp. 184-193, 1998.  

[10] H. J. Ding, H. M. Wang, W. Q. Chen, A solution of a non-homogeneous 
orthotropic cylindrical shell for axisymmetric plane strain dynamic 
thermoelastic problems, Journal of Sound and Vibration, Vol. 263, No. 4, pp. 
815–829, 2003.  

[11]  K.-C.  Yee,  T.  J.  Moon,  Plane  Thermal  Stress  Analysis  of  an  Orthotropic  
Cylinder Subjected to an Arbitrary, Transient Asymmetric Temperature 
Distribution, Journal of Applied Mechanics, Vol. 69, No. 5, pp. 632-640, 
2002.  

[12]  T.  Goshima,  K.  Miyao,  Transient  thermal  stresses  in  a  hollow  cylinder  
subjected to y-ray heating and convective heat losses, Nuclear Engineering 
and Design, Vol. 125, No. 2, pp. 267-273, 1991.  

[13] F. Ashida, Tsuyama, N. Noda, Hamamatsu, I. A. Okumura, General solution 
technique for transient thermoelasticity of transversely isotropic solids in 
cylindrical coordinates, Acta Mechanica, Vol. 101, No. 1, pp. 215-230, 1993.  

[14] A. M. Abd-Alla, A. N. Abd-Alla, N. A. Zeidan, Transient thermal stresses in 
a transversely isotropic infinite circular cylinder, Applied Mathematics and 
Computation, Vol. 121, No. 1, pp. 93-122, 2001.  

[15] Z.-Y. Lee, C. K. Chen, C. I. Hung, Transient thermal stress analysis of multi 
layered hollow cylinder, Acta Mechanica, Vol. 151, No. 1, pp. 75 – 88, 2001.  

[16] Q. Zhang, Z. W. Wang, C. Y. Tang, D. P. Hu , P. Q. Liu, L. Z. Xia, 
Analytical solution of the thermo-mechanical stresses in a multilayered 
composite pressure vessel considering the influence of the closed ends, 
International Journal of Pressure Vessels and Piping, Vol. 98, No. 1, pp. 
102-110, 2012.  

[17] V. A. Kudinov, A. V. Eremin, A. E. Kuznetsova, E. V. Stefanyuk, Thermal 
Stresses in a Multilayer Hollow Cylinder under Thermal Shock on its 
External Surface, Russian Aeronautics, Vol. 57, No. 1, pp. 37–44, 2014.  

[18] A. M. El-Naggar, A. M. Abd-Alla, M. A. Fahmy, S. M. Ahmed, Thermal 
stresses in a rotating non-homogeneous orthotropic hollow cylinder, Heat 
and Mass Transfer, Vol. 39, No. 1, pp. 41 – 46, 2002.  

[19]  M.  Shariyat,  S.  M.  H.  Lavasani,  M.  Khaghani,  S.  M.  Ahmed,  Nonlinear  
transient thermal stress and elastic wave propagation analyses of thick 
temperature-dependent FGM cylinders, using a second-order point-
collocation method, Applied Mathematical Modelling, Vol. 34, No. 4, pp. 
898-918, 2010.  

[20] P. Desai, T. Kant, A mixed semi analytical solution for functionally graded 
(FG) finite length cylinders of orthotropic materials subjected to thermal load, 
International Journal of Material Design, Vol. 8, No. 1, pp. 89–100, 2012.  

[21] M. Asgari, M. Akhlaghi, Transient thermal stresses in two-dimensional 
functionally graded thick hollow cylinder with finite length, Archive of 
Applied Mechanics, Vol. 80, No. 4, pp. 353–376, 2010.  

[22] M. A. Ehteram, M. Sadighi, H. Basirat Tabrizi, Analytical solution for  
 



    

       

  

154  13951610  

thermal stresses of laminated hollow cylinders under transient non-uniform 
thermal loading, MECHANIKA, Vol. 17, No. 1, pp. 30-37, 2011.  

[23] M. Ghannad, M. Parhizkar Yaghoobi, A Thermoelasticity Solution for Thick 
Cylinders Subjected to Thermo-Mechanical Loads under Various Boundary 
Conditions International Journal of Advanced Design and Manufacturing 
Technology, Vol. 8, No. 4, 2015.  

[24] N. Noda, R. B. Hetnarski, Y. Tanigawa, Thermal Stresses: Taylor & Francis, 
2003.  

[25] G. Cinelli, An extension of the finite hankel transform and applications, 
international journal of engineering science, Vol. 3, pp. 539-559, 1965.  

[26] I. N. Sneddon, The Use of Integral Transform, New York: Mc-Graw-Hill 
Book Company, 1972.  


