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• THEORIES OF ELASTIC FAILURE

• Theories of failure discussed in this article are applicable to elastic failure of machine parts.

• Theories of elastic failure provide a relationship between the strength of machine component subjected to complex state of 
stresses with the mechanical properties obtained in tension test. With the help of these theories, the data obtained in the tension 
test can be used to determine the dimensions of the component, irrespective of the nature of stresses induced in the component 
due to complex loads. Several theories have been proposed, each assuming a different hypothesis of failure. 

• The principal theories of elastic failure are as follows: 

• (i) Maximum principal stress theory (Rankine’s theory)

• (ii) Maximum shear stress theory (Coulomb, Tresca and Guest’s theory)

• (iii) Distortion energy theory (Huber von Mises and Hencky’s theory) 

• (iv) Maximum strain theory (St. Venant’s theory)

• (v) Maximum total strain energy theory (Haigh’s theory)

• 1. MAXIMUM PRINCIPAL STRESS THEORY

• This criterion of failure is accredited to the British engineer WJM Rankine (1850). The theory states that the failure of the 
mechanical component subjected to bi-axial or tri-axial stresses occurs when the maximum principal stress reaches the yield or 
ultimate strength of the material.
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while compressive stresses as negative. It is further

assumed that Syc = Syt, It should be noted that,

(i) The equation of vertical line to the positive side of X-

axis is ( x = + a)

(ii) The equation of vertical line to the negative side of 

X-axis is ( x = – a)

(iii) The equation of horizontal line to the positive side 

of Y-axis is ( y = + b)

(iv) The equation of horizontal line to the negative side 

of Y-axis is ( y = – b)

The borderline for the region of safety for this theory 

can be constructed in the following way:
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MAXIMUM SHEAR STRESS THEORY

This criterion of failure is accredited to CA Coulomb,

H Tresca and JJ Guest. The theory states that the failure

of a mechanical component subjected to bi-axial or tri-

axial stresses occurs when the maximum shear

stress at any point in the component becomes equal to

the maximum shear stress in the standard specimen of 

the tension test, when yielding starts. In the tension

test, the specimen is subjected to uni-axial stress (σ1)

and (σ2 = 0). The stress in the specimen of tension

test and the corresponding Mohr’s circle diagram are

shown in Fig. 4.32. From the fi gure,


