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1. An assembly consists of three identical bars (length L = 1.0 m, cross-section area A
~ =5.0 mm?) is shown in Figure 1. The bars are made of Copper (Young’s modulus
E =128 GPa, Poisson’s ratio v = 0.34, coefficient of thermal expansion a =16.5
ppm/°C).. The assembly is fixed at walls on its two ends. The bar AB is heated from
room temperature T = 20 °C to an elevated temperature T = 60 °C. Assume there is
no heat conduction happened between bars. You must show ALL WORK to receive
full credit.
(a) Calculate the stresses in the bars after heating to T = 60°C. (15%)
(b) Let’s assume the yield strength of Copperis oy =70 MPa and it is independent
of temperature. Determine to which temperature the structure can be heated such
that the bars do not yield. (10%) V

Fixed End :

<«— Rigid body

leed End.

Figure 1
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2. A distributed load q, is subjected to a cantilever with a supporting spring,' as
~ shownin Figure 2. Determine the force in the spring with Castigliano’s method.
Neglect the shear strain energy in the spring. You must show ALL WORK to receive

full credit. (25%) ‘ '

Bc?nding a q
stiffness = EI 0 Z .
I
uz | 2113 é i
k . &
Figure 2

3. The composité shaft shown in Figure 3 is manufactured by shrink-fitting a steel
sleeve over a brass core so that the two pai'ts act as a single solid bar in torsion. The
outer diameters of the two parts are d; = 41 mm for the brass core and d>=51 mm

for the steel sleeve. The shear moduli of elasticity are 37 GPa for the brass and 83
GPa for the steel. Assuming that the allowable shear stresses in the brass and steel
are 31 MPa and 52 MPa, respectively, determine the maximum permissible torque
that may be applied to the shaft. (25%)

Steel sleeve |
Brass core
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4. Asshownin Figure 4, a cantilever beam of rectangular cross section (width b =20
- mm, height # = 175 mm) is loaded by a force P that acts at the mid-height of the
beam and is inclined at an angle a to the vertical. Two strain gages are placed at
point C, which also is at the mid-height of the beam. Gage A measures the strain in
the horizontal direction and gage B measures the strain at an angle f = 60° to the
horizontal. The measured strains are £, = 145 X 107® and &5 = 165 x 1076,
Determine the force P and the angle «, assuming the material is steel with Young’s
modulus = 200 GPa and Poisson’s ratio = 1/3; (25%)




