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1. (25%) A metal bar fits between rigid supports at room temperature {25°C) as shown in the figure. Compute the
normal and shear stresses on the inclined section pq if the temperature increases to 200 “C. Assume coefficient

<L o
of thermal expansion o=4.0x10 :perC and Young’s modulus E=30 GPa
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2. {25%) A cylindrical rod with a diameter d and length L is fixed at one end and subjected to load P at the axial
direction, torsion T about the x-axis and moment M, about the y-axis. Determine the stresses located at points A

and B on the root of the rod. On each point, also draw the stress directions on the simple cubic as shown below.

'l A Cross section at root

3. (30%) A propped cantilever beam of length 2L with support at B is loaded by a uniformly distributed load with
intensity g {see figure). The cross section of the section is rectangular with width b and height h.
(a) Derive the equation of the deflection curve for beam ABC and determine the reactions M R, R,.
(b) Draw shear-force and bending-moment diagrams, labeling all critical ordinates.
{c) Find the location where the maximum tensile stress and maximum shear stress occur. Also, determine the
maximum tensile stress &, and maximum shear stress 7, .

{(d) Determine the strain energy U stored in the beam.
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4. {20%) During a test of an airplane wing, the strain gage readings from a 45° rosette (see figure) are as follows: gage
A, 500x107; gage B, 350x107°; and gage C, —100x10°. The wing is made of an aluminum alloy having
E=100GPa and v=0.3.
(a) Determine the principal strains and maximum shear strain.

(b) Determine the principal stresses and maximum shear stress.

(c) Discuss whether the orientation of principal strains and principal stresses are the same.
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Appendix:
o, =o,c08’ §+0,sin’ §+27,_ sinfcosd, 7, =—(o,—0,)sindcosf+7, (cos’ & —sin’ 6)
1 1

&, =¢, cos’ B +¢,sin” &+, sinfcosd, y’”‘ =—(g,—¢ )schosB+ ¥ (cos® @ —sin” 8)
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