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From force-elongation equation 
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ME 323 Examination # 1     SOLUTION 
October 2, 2013   
 
PROBLEM #3 (28 points) 
 
The shaft shown below is made up of three uniform elements, where: element (1) is a solid shaft of 
diameter ; and, element (2) is a pipe (outer diameter  and inner diameter ) that surrounds solid 
element (3), where element (3) is collinear with element (1) and has a diameter of . The shaft is 
supported by rigid walls at ends B and D. Elements (1) and (2) are made of the same material, each 
having a shear modulus of , whereas element (3) is made up of a material having a shear modulus of 
2G. Each of the three elements has a length of . An axial torque  acts on the rigid connector at 
joint C.  

a) Determine the torque carried in each of the three elements of the shaft. Express your 
answers in terms of . 

b) Determine the angular rotation of connector C. Express your answer in terms of , ,  
and . 

 

 
Equilibrium 
From FBD of C:    M∑ = T + T2 + T3 − T1 = 0  (1) 
 
Torque/angle of twist equations: 
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Compatibility 
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Solve 
Substitution of (7) and (8) into (1) gives: 
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Therefore, using equation (9): 
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ME 323 Examination # 1     Name ___________________________________ 
   (Print)                 (Last)                  (First) 
 

October 2, 2013  Instructor ______________________________ 
 

PROBLEM #4 (20 points) 
 

The beam is subject to the loading as shown below.   
1. Determine the reactions at the roller supports A and B. 
2. Determine the internal shear and moment values at a point 5 ft from the left end.  
3. Determine the expressions for shear (V(x)) and moment (M(x)) equations for a 6 < x ≤ 8 ft. 
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