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1. An axially loaded rod is of length L with Young’s modulus E and uniform cross-sectional area A. The 
rod has fixed-free boundary condition and is subjected to an axial force P (tension); the force acts 
on the centroid of the cross section at the free end. Based on the given parameters, find  
(a) The axial rigidity of the rod. (5%) 
(b) The stiffness of the rod. (5%) 
(c) The flexibility of the rod. (5%) 
(d) The axial deflection of the rod. (5%) 
 

2. An isotropic shaft is of length L with uniform solid circular cross-section of diameter d. The Young’s 
modulus and shear modulus of the shaft are given by E and G, respectively. The shaft has fixed-free 
boundary condition and is subjected to a torque T acting at the free end. Based on the given 
parameters, find 
(a) The torsional rigidity of the shaft. (5%) 
(b) the torsional stiffness of the shaft. (5%) 
(c) the maximum shear stress acting on the shaft. (5%) 
(d) the angle of twist of the shaft. (5%)  
 

3. Considering the one dimensional problem, an axially loaded rod with the uniform cross-sectional area 
A, the Young’s modulus E, and the moment of inertia I. The rod is of length L and has fixed-free 
boundary condition. A tensile load P acts at distance e from the axial axis of the rod at the free end, 
where the axial axis is defined as the axis passes through the centroids of the cross sections. Please 
find the distance between the axial axis and the neutral axis and give the reasons. (30%) 

 

4. Considering the plane stress problem, the working plane is the x-y plane and the in-plane stresses are 
known and given by xσ , yσ , and xyτ , where xσ  and yσ  are the normal stresses in the x and y 
directions, respectively; xyτ  is the shear stress acting on the x-y plane. Determine the normal stress 

x′σ  and the shear stress yx ′′τ  on an inclined section with the x′  face, where the x′ - y′  axes are 
rotated ccw through an angle θ  w.r.t. the x-y axes. (30%) 

Note: Try to draw the corresponding plots, such as stress element diagram, the angle of inclined 
plane and etc., to derive your solutions.  

 


