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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 =  ௖௛௔௡௚௘	௜௡	௩௢௟௨௠௘
௢௥௜௚௜௢௡௔௟	௩௢௟௨௠௘

 = ∆௏
௏

  

Consider a triaxial stress system as shown in the figure 

 

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

ݔ∆ ′ = (1+߳௫)	∆ݔ 

ݕ∆ ′ = (1+߳௬)	∆ݕ 
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ݖ∆ ′ = (1+߳௭)	∆ݖ  

Final volume of cuboids  

ݔ∆ = ′ܸ∆ ′.  ′ݖ∆.′ݕ∆

Initial volume of cuboids 

V =∆.ݔ	.ݕ∆	ݖ∆ 

Volumetric strain  

e = ௏
′ି௏
௏

 

e = 
(ଵାఢೣ)∆௫൫ଵାఢ೤൯∆௬(ଵାఢ೥)∆௭ି∆௫∆௬∆௭		

∆௫∆௬∆௭
  

e = 
(ଵାఢೣ)∆௫൫ଵାఢ೤൯∆௬(ଵାఢ೥)∆௭ି∆௫∆௬∆௭		

∆௫∆௬∆௭
  

e =(1 + ߳௫)൫1 + ߳௬൯(1 + ߳௭) − 1 

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)
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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 limit is decided by Bulk modulus and lower limit is decided by 
Modulus of rigidity G  
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Problems 

1.  

 
Sol.    B 
Compressibility of a solid is measured by bulk modulus, 
 
K = ா

ଷ(ଵିଶఔ)
  

For perfectly linear elastic materials 
k = ∞  
So,      ଵ

଴
 = ா

ଷ(ଵିଶఔ)
  

  0.5 = ߥ
 
 
2.  

           

 

Sol.  D 

We know 
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Modulus of rigidity or shear modulus, G = ா
ଶ(ଵାఔ)

  

Bulk modulus, K = ா
ଷ(ଵିଶఔ)

  

Given,    G = K 

ா
ଶ(ଵାఔ)

 =  ா
ଷ(ଵିଶఔ)

   

  ߥ2 + 2 = ߥ6 - 3

  ߥ8 = 1

  1/8 = ߥ

 

3.  

 
Sol.   0.25 
 
Given hydrostatic pressure P = 100 N/݉݉ଶ  
Volume of cube is shrinking by 0.05%. 
Volumetric strain e = - ଴.଴ହ

ଵ଴଴
  = - 0.0005 

Young’s modulus E = 300 GPa  
We know, 
                   e = ିଷ(ଵିଶఔ)

ா
×   ݌

       -0.0005 = ିଷ(ଵିଶఔ)
ଷ଴଴×ଵ଴଴଴

× 100  
  (ߥ1-2) = 0.5               
 0.25 = ߥ                 
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4.  

 
Sol.    76.92GPa 
Given, 
Change in the stress ∆200 = ߪ MPa 
Change in the strain  ∆߳ = 0.001 
Poisson’s ratio 0.3 = ߥ 
We know, 

Young’s modulus E = ∆ఙ	
∆ఢ

 = ଶ଴଴×ଵ଴ల

଴.଴଴ଵ
 = 200GPa  

Modulus of rigidity G = ா
ଶ(ଵାఔ)

 =ଶ଴଴×ଵ଴వ

ଶ(ଵା଴.ଷ)
  = 76.92GPa   

 
                              
5.  

 
Sol.    0.357 
Given Poisson’s ratio 0.4 = ߥ  
We know G = ா

ଶ(ଵାఔ)
  

Ratio of ீ
ா
 = ଵ

ଶ(ଵାఔ)
  = ଵ

ଶ .଼
  = 0.357  

 

6.  
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Sol.    2 
 

7.  

 
 Sol.   0.2 mm  
Given E = 210 GPa, ܮ௫ = 100 mm,   ߪ௫௫ = 100 MPa 
  ௬௬ = 240 MPaߪ   ,௬ = 200 mmܮ ,0.3 = ߥ          

ϵ୷ = 
σ౯౯
୉

σ౮౮ ߥ- 
୉

   
∆௅೤
௅೤

 = ଵ
ா
ଵ = (௫௫ߪߥ	-௬௬ߪ)

ଶଵ଴×ଵ଴଴଴
(240-	0.3 ×100) = 0.001 

 ௬ = 0.001×200 = 0.2 mmܮ∆

 

 
 

 

 

 



 

 
Contact- 9740501604 

8.  

 

Sol.   0.2  

Given P = -250 MPa   

E = 200 GPa 

L’ = L-2ߜ    

L = 2 m,  0.001 = ߜ m 

Here,  ߳௫ = ߳௬ = ଵ
ா
(P-ߥP) 

∆୐’
௅

 = ௅
′ି௅
௅

 = ௉
ா
   (ߥ	-1)

௅ିଶఋି௅
௅

 = ௉
ா
    (ߥ	-1)

ିଶ×଴.଴଴ଵ
ଶ

 = ିଶହ଴
ଶ଴଴×ଵ଴଴଴

     (ߥ	-1)

ଶ଴଴  =  (ߥ	 -1)
ଶହ଴

 = 0.8 

                                          0.2 = ߥ
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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)

  [(௫∈௬+∈௬∈௭+∈௭∈௫∋)ߴ2 + (+ ∈௬ଶ + ∈௭ଶ	௫ଶ∋) .(ߴ -1)] 

 

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 
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Problem 1 

 

Sol.  

 

 


