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Chapter Three 

Torsion 

When regular circular shaft is subjected to torque, every cross-section in the shaft will 

be subjected to pure shear condition and the resisting torque which is produced from 

shearing stress will be equal in magnitude and having opposite direction to the using 

torque in deriving the torsion formula. 
 

 

 

If the torque (T) is applied at the free end of the shaft, the fiber (AB) on outside surface 

will be twisted into (AC) as the shaft is twisted through the angle (ɸ). Consider any 

internal fiber located a radial distance (R) from the axis (Centre of the shaft), the radius 

will also rotate through angle (ɸ) causing total shearing deformation (τ) equal to arc 

length (DE). 
 𝝉 = 𝑻𝒙𝑹𝑱  

  

 

T: torque MPA 

R: radius MM OR M  
J: polar moment of inertia MM4 OR M4
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To find the polar moment of inertia for solid and hollow shafts we used the following 
equations: 

 

Where; 

R= router 

r= rinner 

The maximum shear stress due to torque is at the edge of the solid objects while the 
minimum equal to zero. furthermore, in solid objects the we can find the maximum 
shear stress using outer radius (ro)of the shaft and the inner radius(ri) calculates the 
minimum stress. 

SO to find the angle of twisit, we can use this formula:  ɸ = 𝑇 𝐿𝐽 𝐺  
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Ex-1- A steel shaft shown in figure (d=40mm) is subjected to the torques as 

shown, determine the angle of twist of point (B) with respect to point (A) in 

degrees. Gst =75GPa. 
 

ɸ = ∑ 𝑇 𝐿𝐽 𝐺  

 

 

  

 

 

 

 

 

 



Strength of materials …………………………………………………………………Chapter three 

NOTE : If two or more materials are rigidly fixed together in such way that 
the applied torque is shared between them. 
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Ex-2- A compound shaft consisting of an aluminum segment and steel segment, is acted 
upon by two torques as shown in figure. determine the maximum permissible value of 
(T) subjected to the following conditions: 
1) maximum shear stress in steel is (100MPa). 
2) maximum shear stress in aluminum is (70MPa). 
3) the angle of twist of free end is limited to (12o). (Gst=83GPa, GAl =28GPa). 
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ANS/  

 

……………………………………………………………………………………………………………………………………………………………… 
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