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Problem 1. 30 Points

(a) Please use any method to show that the shear stress is symmetrical. Le., Txy=tyx.
(10 Pts)

(b) Please derive the equilibrium equations in 2D mechanics of materials problems.
(10 Pts)

(c) Please write the approximated Young’s modulus of the following materials. (10
Pts)
B ~ Steel
Z ~ Aluminum
7 - Silicon
T * Quartz
JX * Rubber

Problem 2. (25 Pts)

(8) Use any method to derive the beam deflection equation. ~State clearly on key
important assumptions. (10 Pts)

() Consider the system shown in Figure 1, you are asked to find the midspan
deflection for the fixed-ended symmetrical beam of stepped section using

Rayleigh-Ritz method. You are asked to use v=a,x’ +a,x* +a,x+a, Where

v is the deflection. Please use admissil itions to solve o to find the
relationships between a;, a;, as, and a,. Constructing necessary expressions to
find the final solution. (ST, ZIAERE!) (10 Pts)

(c) Ifthe beam length becomes too short, please discuss possible consequences. (5
Pts)

Figure 1
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Problem 3, (25 Pts)
(a) In the sketch shown in Figure 2, please determine the stresses o4 and Op 50 as to
satisfy equilibrium. (15 Pts)
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Figure 2

@) The truss shown in Figure 3 supports concentrated forces of P;=P,=P;=45KN.
Assuming all members are of the same cross section and material, please find the
vertical deflection of point B in terms of AE, Take L=3m. Please use
Castigliano’s theorem to perform the calculation, (10 Points)

Figure 3
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Problem 4. (20 Pts)
Aforce P is applied to one end of a uniform L-shaped bar of solid circular cross
section that is fixed at the other end, as shown in Figure 4. Force P acts normal to
the plane of the bar.  The material is isotropic and yields at 280 MPa in a tension test
We like to know what value of P will initiate yielding,
(a):  Where is the stress critical location? Please draw its stress state. (5Pts)
(b):  What is the maximum shear stress and the von Mises failure criteria? €
Pts)
(0): Please calculate P based on the maximum shear stress criterion. (5 Pts)
(d):  Please use the von Mises criteria to obtain P. (5 Pts)

Figure 4




