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1. (10%) Consider a state of plane stress described byo;,,0,, and o},. It is in a state of pure shear ifo,, + 0, =0. Suppose
0, =100MPa, ,, =—100MPa, 0;, =—100MPa. Find a plane oriented at an angled such that the normal stress on that plane is
zero. In addition, what is the shear stress on that plane?

es s

2. (20%) A thin-walled cylindrical pressure vessel of radius r and thickness ¢ is subjected simultaneously to internal gas pressure p

and a compressive force F acting at the ends (see Figure 1). Assume r>>¢.

(a) (10%) What should be the magnitude of compressive force F in order to produce pure shear in the wall of the cylinder?

(b) (10%) If force F =607 kN, internal pressure p =12 MPa, inner radius » = 100 mm, and allowable normal and shear
stresses are 100 MPa and 48 MPa, respectively, what is the required thickness of the vessel?

Fig 1. (Problem 2)

3. (20%) A rigid triangular frame is pivoted at C and held by two identical horizontal wires at points A and B (see Fig. 2). Each
wire has axial rigidity £4=10° N and coefficient of thermal expansiona =10x107/ °C . If a vertical load P =100 N acts at point
D and both wires have their temperatures raised by 100°C, what are the tensile forces Ty and T in the wires at A and B,
respectively?
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b S Fig. 2 (Problem 3)

4. (30%) A prismatic bar AB of solid circular cross section (diameter 4 and length L) is fixed at the left-hand end and free at the
right—hand end (see Fig. 3). 'The bar is loaded by a distributed torque of constant intensity T per unit length.

(a) (10%) What is the strain energy of the bar?

(b) (5%) What is the angle of twist at end B?

(c) (10%) What is the angle of twist at the middle of the bar if both ends are fixed?

(d) (5%) What is the strain energy of the bar if both ends are fixed?

Fig. 3 (Problem 4) Fig. 4 (Problem 5)

5. (20%) The frame ABCD shown in Figure 4 is squeezed by two collinear forces P acting at points A and D. The flexural
rigidity E7 is constant throughout'the frame. Disregard the effects of axial deformations and consider only the effects of
bending due to the loads P.

. (a) (10%) What is the angle of rotation at point B when the loads are applied?

(b) (10%) What is the decrease 3 in the distance between points A and D when the loads P are applied?
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