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 In this lecture we will determine the relationship between the
shear stresses and the torque T.

The distribution of the shear stresses acting on a cross section
is pictured in below Because these stresses act continuously
around the cross section, they have a resultant in the form of
a moment—a moment equal to the torque T acting on the
bar

The Torsion Formula



 To determine this resultant, we con-sider an element of area ࡭ࢊ
located at radial distance r from the axis of the bar . The shear force
acting on this element is equal to ,࡭ࢊ࣎ where ࣎ is the shear stress at
radius r.

 The moment of this force about the axis of the bar is equal to the force
times its distance from the center, or .࡭ࢊ࣋࣎

 There elemental moment is

ܯ݀ = ܣ݀߬ =
߬௠௔௫

ݎ
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The resultant moment (torque T) is

ܶ = න ܯ݀
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 Polar moments of inertia have units of length to the fourth power

The Torsion Formula



An expression for the maximum shear stress is given by

߬௠௔௫ =
ݎܶ
௣ܫ

For a prismatic bars of solid circular cross section

ݎ =
݀
2

௉ܫ ݀݊ܽ  =
ସ݀ߨ

32

߬௠௔௫ =
16ܶ
ଷ݀ߨ

Shear Stress at a distance of ࢘ from the center of bar is given by

߬ =
ߩ
ݎ

߬௠௔௫ =
ߩܶ
௣ܫ

Max Shear Stress



 The angle of twist of a bar of linearly elastic material can now be related to the
applied torque T

ߠ =
ܶ

௣ܫܩ
   

ݕݐܴ݅݀݅݃݅ ݈ܽ݊݋݅ݏݎ݋ܶ ݏܽ ݊ݓ݋݊݇ ݏ݅ ௣ܫܩ
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ߠ has units of radians per unit of length

 Equations for the torsion of circular bars and tubes cannot be used for bars of
other shapes. Noncircular bars, such as rectangular bars and bars having I-
shaped cross sections, their cross sections do not remain plane and their
maximum stresses are not located at the farthest distances from the midpoints
of the cross sections

Angle of Twist



Case 1: Bar consisting of prismatic segments with constant
torque throughout each segment

ࣘ = ࣘ૚ + ࣘ૛ + ࣘ૜ + ࣘ૝ + ⋯ + ࢔ࣘ
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Non-uniform torsion



Case 2: Bar with continuously varying cross sections and
constant torque
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Non-uniform torsion



Case 3: Bar with continuously varying cross sections and
continuously varying torque

߶ = න ݀߶
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Non-uniform torsion



by considering a stress element abcd cut between two cross
sections of a bar in torsion . This element is in a state of pure shear,
because the only stresses acting on it are the shear stresses ߬ on
the four side face

The directions of these shear stresses depend upon the directions
of the applied torques T

This same state of stress exists for a similar element cut from the
interior of the bar, except that the magnitudes of the shear stresses
are smaller because the radial distance to the element is smaller

Stresses and Strain in Pure Shear
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