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MidTerm Exam - Solution 
 
Problem I (3 Marks) 
 A steel [E = 200 GPa] rod with a circular cross section is 7.5-m long. Determine the minimum 

diameter required if the rod must transmit a tensile force of 50 kN without exceeding an allowable 

stress of 180 MPa or stretching more than 5 mm.  
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Problem II (8 Marks) 
The pin-connected structure shown consists of a 

rigid bar ABC, a solid bronze [E = 100 GPa,  = 

16.9 × 10−6/°C] rod (1), and a solid aluminum alloy 

[E = 70 GPa,  = 22.5×10−6/°C] rod (2). Bronze rod 

(1) has a diameter of 24 and aluminum rod (2) has a 

diameter of 16 mm. The bars are unstressed when 

the structure is assembled at 25°C.  

After assembly, the temperature of rod (2) is 

decreased by 40°C while the temperature of rod (1) 

remains constant at 25°C. Determine the normal 

stresses in both rods for this condition.  
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Problem III (10 Marks)  
A torque of TC = 460 N-m acts on 

gear C of the assembly shown. Shafts 

(1) and (2) are solid 35-mm-diameter 

aluminum shafts and shaft (3) is a 

solid 25-mm-diameter aluminum 

shaft. G = 28 GPa. Determine:  

(a) the maximum shear stress 

magnitude in shaft (1).  

(b) the maximum shear stress 

magnitude in shaft segment (3).  

(c) the rotation angle of gear E.  

(d) the rotation angle of gear C.  
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Problem IV (9 Marks)  
A solid stainless steel [G = 86 GPa] shaft that is 2.0 m long will be subjected to a pure torque 

of T = 75 N-m. Determine the minimum diameter required if the shear stress must not exceed 

50 MPa and the angle of twist must not exceed 4°. Report both the maximum shear stress  

and the angle of twist  at this minimum diameter.  
 

 

 
 

 
 
 

 
 
 
 
 
 


