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Volumetric Strain or Dilatations 

 Volumetric strain occurs only due to normal stress. 
 Shear stress causes only distortion and has no change in volume.  

Change in volume to original volume due applied normal stresses is known as volumetric 
strain.  

e =  		௩௨
	௩௨

 = ∆


 

Consider a triaxial stress system as shown in the figure 

 

Final length of cuboids in x, y and z directions are given by 

 ݔ∆	ᇱ = (1+߳௫)ݔ∆

ݕ∆ ᇱ = (1+߳௬)	∆ݕ 

 ݖ∆	ᇱ = (1+߳௭)ݖ∆
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Final volume of cuboids  

ݔ∆ = ′ܸ∆ ᇱ.  ′ݖ∆.′ݕ∆

Initial volume of cuboids 

V =∆.ݔ	.ݕ∆	ݖ∆ 

Volumetric strain  

e = 
ᇲି


 

e = (ଵାఢೣ)∆௫൫ଵାఢ൯∆௬(ଵାఢ)∆௭ି∆௫∆௬∆௭		
∆௫∆௬∆௭

 

Neglecting the higher order term of small quantities 

e = 1+ ࣕ1-ࢠࣕ+࢟ࣕ+࢞ 

e = ࣕࢠࣕ+࢟ࣕ+࢞  

Substituting strain in terms of stress 

e = (ଵିଶఔ)
ா

 ( ௭ߪ+ ௬ߪ+ ௫ߪ)

For hydrostatic loading (pressure), 

 ௭ = - P (if it is inwards)ߪ = ௬ߪ = ௫ߪ  →

e = ିଷ(ଵିଶఔ)
ா

 

 K = ா
ଷ(ଵିଶఔ)

 

Here, K is known as Bulk modulus of elasticity and is measure of compressibility of solid 

∴ e = - 


 

Value of ߥ is limited between,  −1 ≤ ߥ ≥ 0.5 

Upper limited is decided by Bulk modulus and lower limit is decided by Modulus of rigidity G  
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Problems 
1.  

 

 
2.  
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3.  

 

 
ν= 0.25  
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4.  

 

 
 

5.  
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6.  

 
7.  
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8.  
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Thermal Stresses 

Mechanical + Thermal loading for a 3-D stress system 
 
Strain due to thermal loading will be same in all the directions. 

߳௫் = ߳௬் = ߳௭் = ߙ∆ܶ 
Total strain will be summation of thermal strain + mechanical strain. 
 
Mechanical strain: - Mechanical strain for a triaxial stress system is given by 
 

∈௫ = ఙೣ
ா

 - ఔ
ா

௬ߪ) +  (௭ߪ
 

∈௬ = 
ఙ
ா

 - ఔ
ா

௫ߪ) +  (௭ߪ
 

∈௭ = ఙ
ா

 - ఔ
ா

௫ߪ) +  (௬ߪ
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Thermal strain:- 
߳௫் = ߳௬் = ߳௭் = ߙ∆ܶ 

 
 
If component is subjected to both mechanical and thermal loading,  

∈ = ∈ெ	+ ∈் 
 

So, 
߳௫ = ߳௫ெ + ߳௫் 

 
∈௫ = ఙೣ

ா
 - ఔ
ா

௬ߪ) +  (1)   ............         ܶ∆ߙ + (௭ߪ

∈௬ = 
ఙ
ா

 - ఔ
ா

௫ߪ) +  (2)  ............         ܶ∆ߙ + (௭ߪ

∈௭ = ఙ
ா

 - ఔ
ா

௫ߪ) +  (3)  ............         ܶ∆ߙ + (௬ߪ
 
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 
 

0	= ఙೣ
ா

 - ఔ
ா
(0 +  ܶ∆ߙ + (0

          ܶ∆ߙܧ	− = ௫்ߪ
From equation (1) 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
∈௫ = 	∈௬ = 0 	∈௭ 	≠ 0 

From equations (1) & (2), 
   

0 = ఙೣ
ா

 - ఔ
ா
 ܶ∆ߙ + (௬ߪ)
& 
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0 = 

ఙ
ா

 - ఔ
ா
 ܶ∆ߙ + (௫ߪ)
 

So    ߪ௫் = ߪ௬் = - ாఈ∆்
ଵିఔ

 

And from equation (3), 

߳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

 
→ ߳௫ =  ߳௬ =  ߳௭ = 0 

  



 

 
Contact- 9740501604 

  

Problems 

1.  
 

 
 

2.  

 
3.  

 
 
 
 
 

4.  
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=50% 
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 Strain energy  

 
When a body structure undergoes deformation, strain energy is stored in the structure. 
It is the summation of volumetric strain energy and shear strain energy. 
 

U = ௩ܷ + ௦ܷ 
 

Strain energy density: 
  
Strain energy per unit volume is known as strain energy density. 
Consider a 3D stress system as shown in the figure 
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Strain energy density due to normal stress 

௩ = ଵݑ →
ଶ
௫ߪ) ∈௫	+ ߪ௬ ∈௬	+ ߪ௭ ∈௭	) 

௩ = ଵݑ →
ଶா

 [(௫ߪ௭ߪ+௭ߪ௬ߪ+௬ߪ௫ߪ)ߴ௭ଶ -2ߪ + ௬ଶߪ + ௫ଶߪ]

௩ = ாݑ →
ଶ(ଵାణ)(ଵିଶణ)

௫ଶ∋) .(ߴ -1)]  	+ ∈௬ଶ + ∈௭ଶ) + 2ߴ(∈௫∈௬+∈௬∈௭+∈௭∈௫)] 

 

Strain energy density due to shear stresses: 

௦ = ଵݑ →
ଶ
(߬௫௬ߛ௫௬ + ߬௬௭ߛ௬௭ + ߬௭௫ߛ௭௫) 

ீ = ௦ݑ →
ଶ
௫௬ଶߛ) ௬௭ଶߛ +	 ௭௫ଶߛ	+ 	   ) 

 ⇛Strain energy = strain energy density×volume 

Strain energy density due to hydrostatic loading 

௩ = ଷݑ
ଶா

 p2 (ߴ1-2]

Here p is pressure loading 

Problem 
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