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Thermal Stresses and Strains 

To understand thermal stresses and strains well consider a combined 
Mechanical + Thermal loading for a 3-D stress system. 
 
Strain due to thermal loading is independent of c/s properties and will be 
same in all the directions. 
It depends only on thermal coefficient of expansion and thermal loading. 
 
Thermal strain:- 

߳௫் = ߳௬் = ߳௭் = ߙ∆ܶ 
 
Mechanical strain: - Mechanical strain for a triaxial stress system is given 
by 
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Total strain under combined loading will be summation of thermal strain and 
mechanical strain. 
If component is subjected to both mechanical and thermal loading,  

∈ = ∈ெ	+ ∈் 
 

So, 
∈௫ = ߳௫ெ + ߳௫் 
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Case (1) only thermal loading and there is no constrain (free expansion in all 
directions) 
 

∈௫ = ∈௬ = ∈௭ = ்߳ =  ܶ∆ߙ	
 ௭ = 0ߪ = ௬ߪ = ௫ߪ

Case (2) only thermal loading and constraint in x direction (case of bar) 
 

 ௭ = 0ߪ = ௬ߪ  ,௫ ≠ 0ߪ
∈௫ = 0	∈௬ = ∈௭	≠ 0 

From equation (1), total strain is direction is zero 
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          ܶ∆ߙܧ	− = ௫்ߪ
From equation (2) and (3),  

∈௬ = ∈௭ =  - ఔ
ா
        ܶ∆ߙ + (௫ߪ)

          =  - ఔ
ா
   ܶ∆ߙ + ( ܶ∆ߙܧ	−)

∈௬ = ∈௭  = (1+ߥ)	ߙ∆ܶ    
 
Case (3) only thermal loading and constraint in x & y directions  

௫ߪ = 	  ௭ = 0ߪ  ,௬ ≠ 0ߪ
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∈௫ = 	∈௬ = 0 	∈௭	≠ 0 
From equations (1) & (2), 
   

0 = ఙೣ
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 ܶ∆ߙ + (௬ߪ)
& 
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்∆௬் = - ாఈߪ = ௫்ߪ 
ଵିఔ

 

And from equation (3), 

Strain in z direction 

߳௭ =( ଵାఔ
ଵିఔ

 ܶ∆ߙ	(

Case (4) only thermal loading and constraint in x, y & z directions 

௫ߪ = 	  0	௭ ≠ߪ = ௬ߪ
∈௫ =  ∈௬ =  ∈௭ = 0 

So from equations (1), (2) and (3), 
  

→ ௫ߪ = 	 ்∆௭ = - ாఈߪ = ௬ߪ
ଵିଶఔ
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Problems 

1.  
 

 
Sol.    D 

 
 

2.  

 
Sol.  A 

There is no constrain (free expansion in all directions) 
 

߳௫ = ߳௬ = ߳௭ = ்߳ =  ܶ∆ߙ	
 ௭ = 0ߪ = ௬ߪ = ௫ߪ

 
3.  

 
Sol.   A 
Here is only thermal loading and constraint in x, y & z directions 

௫ߪ = 	   0	௭ ≠ߪ = ௬ߪ
߳௫ =  ߳௬ =  ߳௭ = 0 
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So from equations (1), (2) and (3), 
   

→ ௫ߪ = 	 ்∆௭ = - ாఈߪ = ௬ߪ
ଵିଶఔ

  
 

 
4.  

 
 

Sol.  
(a) 
When bar is restrained in the axial and lateral directions then thermal 
stress developed in the bar along the axial direction is 

்∆௫்ଵ = ିாఈߪ
ଵିଶఔ

 =  

= ିாఈ∆்
ଵିଶ∗଴.ଶହ

  
 

 -2 Eߙ∆ܶ 
 

(b)  
When bar is restrains is only in x-direction then stress is 
 

  ܶ∆ߙ௫்ଶ = -Eߪ
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So % change in axial thermal stress = (ఙೣ೅మିఙೣ೅భ

ఙೣ೅భ
)× 100% 

               

                                                         = (ି୉ఈ∆்	–(ିଶ୉ఈ∆்)
(ିଶ୉ఈ∆்)

		)× 100%    

                                                         = 50%  
 


