
Normal and Shear Stresses on any plane in an element 

subject to NORMAL stresses only 

 
Consider the following stressed element of unit thickness in equilibrium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Stress normal to the plane; 
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Shear stress on the plane; 
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Maximum shear stress when θ = 45
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Normal and Shear Stresses on any plane in an element 

subject to SHEAR stresses only 

 
Consider the following stressed element of unit thickness in equilibrium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Stress normal to the plane; 

 

 2sinxy          [4] 

 

 

 

Shear stress on the plane; 

 
 2cosxy          [5]



Normal and Shear Stresses on any plane in a GENERAL 2D 

STRESS SYSTEM 

 
Consider the following stressed element of unit thickness in equilibrium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Combining [1] and [4], Stress normal to the plane; 
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Combining [2] and [5], Shear stress on the plane; 
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Complex Stress Examples 

 
1. 

 

 

 

 

 

 

 

 

 
What are the normal and shear stresses on plane AB? 

 

2. 

 

 

 

 

 

 
What are the normal and shear stresses acting on a plane inclined at 60

o
 to the 

vertical? 

 
3) A bar of cross sectional area 850mm

2
 is acted upon by tensile forces of 60kN 

applied at each end of the bar.  Determine the normal and shearing stresses on a plane 

inclined at 30
o
 to the direction of loading. 

        [17.65MPa, -30.6MPa] 

 

 

 

 

 

 

 

 

 

 

 

 



PRINCIPAL PLANES and PRINCIPAL STRESSES 
 

PRINCIPAL STRESS – The maximum and the minimum normal stresses 

PRINCIPAL PLANE – The plane that the principal stress acts on 

 

 

Stress at any plane; 

 

     2sin2cos
2

1

2

1
xyyxyx   

 

To find max, σ1, or min, σ2; 
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At a principal plane the shear stress, τθ = 0, therefore our maximum shear stress is 

given by [3]; 
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Shear stress is a max on planes at 45
o
 to planes of principal stress. 

 

The angle of the face that the principal stress is on can be calculated by; 
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Principal Stress and Principal Plane examples. 

 

1. 
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4.  Find the principal stresses and the position of the principal planes for the below 

example 

 

 

 

 
[-8.1MPa, 308.1MPa, 54.2

0
, 144.2

0
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Notes Adapted from/further reading: Mechanics of Materials 1, E.J. Hearn 


