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When a circular shaft is subjected to torque, the shaft will be 
twisted and the angle of twist is found to be:

If γ is the shear strain  θ is the angle of twist in Length L

T:Torque, L :Length, : Modulus of rigidity

: Polar moment of inertia. 



the shear strain Υ at any distance ρ from the 
center is:

The  maximum shear strain occurs at 
the outer surface when ρ= rthe outer surface when ρ= r





Ex: what is the maximum diameter of a solid shaft which will not 
twist more than 3° in a length of 6 m when subjected to a torque 
of 12 kN-m. What is the maximum shear stress induced in the 
shaft. Use G=82 GPa

D= 114.32 mm
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Hollow cylinder



For rectangular cross-sections, the maximum 
shear stress is found as: 

The maximum shearing stress in a rectangular b × c section bar
occurs in the middle of the longest side b and is of the magnitude



For torsion of rectangular sections the maximum shear stress tmax and 
angle of twist 0 are given by

where “ ” is the longest side



Ex: A solid steel shaft is loaded as shown. Using G = 83 GPa, determine the 
required diameter of the shaft if the shearing stress is limited to 60 MPa and 
the angle of rotation at the free end is not to exceed 4 deg



D= 51.9 mm







Shearing stress distribution in typical cross-
sections:

1-For the rectangular section

Shear stress at any point y1 from the 
neutral axis is 

The maximum shear stress occurs at the 
neutral axis and is zero at both the top and 
bottom surface of the beam

the shaded area A 1 is the area of interest.

The first moment of A1 with respect to the 
NA is :

Q NA= y A1 = (y1+(c-y1)/2)*(b*(c-y1)





The shear stress varies over the height of the cross section

The shear stress is zero at the free surfaces (the top and bottom of the beam), and it is 
maximum at the centroid. 

The equation for shear stress at any point located a distance y1 from the centroid of the 
cross section is given by:

V :  shear force acting at the cross section,
Ic is the second moment of area of the cross 
section, 
b: is the width of the cross section. These 
terms are all constants. The

Q : first moment of area



Ex: the beam is subjected to a vertical shear force V= 3 kip. 
1- determine the shear stress at point D. 2- calculate the maximum shear 
stress in the beam





The integral represented by Q is the first moment of the shaded area A* with respect to the 
neutral axis z:

C= h/2C= h/2



2-Shear Stresses in Circular Sections

The maximum value of first moment, Q, occurring at the centroid, is given by:



Shearing stress distribution in typical cross-sections:



3-Shear Stresses in Circular Tube Sections





Ex: A simply supported beam carrying two concentrated loads. The shearing force 
diagram is shown, along with the rectangular shape and size of the cross section 
of the beam. The stress distribution is parabolic, with the maximum stress 
occurring at the neutral axis. Use Equation (3–16) to compute the maximum 
shearing stress in the beam.





the maximum shearing stress is

The maximum shearing stress occurs at the neutral axis of the rectangular section



Ex: Determine the shear stress on the lower surface of 
the upper flange . The vertical shear V= 500 N.






