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Introduction • The most general state of stress at a

point may be represented by 6

components,
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• Same state of stress is represented by a

different set of components if axes are

rotated.

• The first part of the chapter is concerned

with how the components of stress are

transformed under a rotation of the

coordinate axes. The second part of the

chapter is devoted to a similar analysis

of the transformation of the components

of strain.



• Plane Stress - state of stress in which two

faces of the cubic element are free of

stress. For the illustrated example, the

state of stress is defined by

.0,,    and   xy === zyzxzyx 

• State of plane stress occurs in a thin plate

subjected to forces acting in the midplane

of the plate.

• State of plane stress also occurs on the

free surface of a structural element or

machine component, i.e., at any point of

the surface not subjected to an external

force.



Transformation of 
Plane Stress

• Consider the conditions

for equilibrium of a

prismatic element with

faces perpendicular to

the x, y, and x’ axes.
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• The equations may be rewritten to yield
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The above transformation equations for plane stress can be
represented in graphical form by a plot known as Mohr’s circle.

Equations of Mohr’s Circle The equations of Mohr’s circle can be 
derived from the transformation equations for plane stress in Eqs. 
(1) and (3). The two equations are repeated here, but with a slight 
rearrangement as follows
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To eliminate the parameter 2θ, we square both sides of each
equation and then add the two equations as:
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Recognize now that this equation represents a circle which can be 
written in simpler form, by using the following notation, as

( )
2

2

where and
2 2

x y x y

aver xyR
   

 
+ −   

= = +   
   

  ( )
22 2

x aver x y R    − + =



Principal Stresses • The previous equations are combined to 

yield the following parametric 

equations for a circle,
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• Principal stresses occur on the principal 

planes of stress with zero shearing stresses.



Maximum shearing stress

occurs for 
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Maximum Shearing Stress



Example For the state of plane stress shown,
determine (a) the principal panes, (b) the
principal stresses, (c) the maximum shearing
stress and the corresponding normal stress.

• Find the element orientation for the 

principal stresses from 
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• Determine the principal stresses from
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• Calculate the maximum shearing stress with 2
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SOLUTION:



SOLUTION:

• Find the element orientation for the 

principal stresses from 
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• Determine the principal stresses from
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• The corresponding normal stress is

MPa20=

• Calculate the maximum shearing stress with
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