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Unit V Principal Stresses, Theories of  

Failure     
 

CO5. APPLY the concept of  principal stresses and theories of  failure to determine stresses on 
a 2-D element. 

Principal Stresses: Introduction to principal stresses with application, Transformation 
of  Plane Stress, Principal Stresses and planes (Analytical method and Mohr's Circle), 
Stresses due to combined Normal and Shear stresses 

Theories of  Elastic failure: Introduction to theories of  failure with application, 
Maximum principal stress theory, Maximum shear stress theory, Maximum distortion 
energy theory, Maximum principal strain theory, Maximum strain energy theory 
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Different Theories of Failure :  
These are five different theories of failures which are generally used  

(a) Maximum Principal stress theory ( due to Rankine )  

(b)  Maximum shear stress theory ( Guest - Tresca ) 

(c) Maximum Principal strain ( Saint - venant ) Theory  

(d) Total strain energy per unit volume ( Haigh ) Theory  

(e)  Shear strain energy per unit volume Theory ( Von – Mises & Hencky 
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(a) Maximum Principal stress theory :  

 This theory assume that when the maximum 
principal stress in a complex stress system reaches 
the elastic limit stress in a simple tension, failure 
will occur. Therefore the criterion for failure would 
be σ1 = σ yp For a two dimensional complex stress 
system σ 1 is expressed as Where σ x, σ y and σ xy 
are the stresses in the any given complex stress 
system. 
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(b) Maximum shear stress theory:  

 This theory states that the failure can be 

assumed to occur when the maximum shear 

stress in the complex stress system is equal 

to the value of maximum shear stress in 

simple tension.  

 The criterion for the failure may be 
established as given below :  
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(b) Maximum shear stress theory:  
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(c) Maximum Principal strain theory :  

 This Theory assumes that failure occurs when the maximum 

strain for a complex state of stress system becomes equals to 

the strain at yield point in the tensile test for the three 

dimensional complex state of stress system.  

 For a 3 - dimensional state of stress system the total strain 

energy Ut per unit volume in equal to the total work done by 
the system and given by the equation  
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(c) Maximum Principal strain theory :  
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(d) Total strain energy per unit volume theory 

 The theory assumes that the failure occurs when the total strain energy 
for a complex state of stress system is equal to that at the yield point a 
tensile test.  

 Therefore, the failure criterion becomes  

 It may be noted that this theory gives fair by good results for ductile 
materials.  
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(e) Maximum shear strain energy per 
unit volume theory :  

This theory states that the failure occurs when the maximum shear 

strain energy component for the complex state of stress system is 
equal to that at the yield point in the tensile test.  
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(e) Maximum shear strain energy per 
unit volume theory :  

This theory states that the failure occurs when the maximum shear 

strain energy component for the complex state of stress system is 
equal to that at the yield point in the tensile test.  
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(ii) Distortional or Deviatoric state of 
stress  

This is the distortion strain energy for a complex state of stress, this is to 
be equaled to the maximum distortion energy in the simple tension test. 
In order to get we may assume that one of the principal stress say (σ1 ) 
reaches the yield point (σyp ) of the material. Thus, putting in above 
equation σ2 = σ3 = 0 we get distortion energy for the simple test i.e  
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