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W ME 323 EXAM #1

FALL SEMESTER 2010
8:00 PM — 9:30 PM
Sep. 29, 2010

Instructions

1.

Begin each problem in the space provided on the examination sheets. If additional
space is required, use the paper provided. Work on one side of each sheet only,
with only one problem on a sheet.

Each problem is of value as indicated below.
To obtain maximum credit for a problem, you must present your solution clearly.
Accordingly:

a. ldentify coordinate systems

b. Sketch free body diagrams

c. State units explicitly

d. Clarify your approach to the problem including assumptions

If your solution cannot be followed, it will be assumed that it is in error.
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PROBLEM #1 (33 points)

When thin sheets of material, like the outer skin of an airplane are subjected to stress,
they are said to be ina state of plane stress (0. =7, =7,. = 0). On an airplane (as

shown below) it was determined that a biaxial state of stress exists such that 7, = 0,ie.

no shear stresses occur. The strains in the x and y direction were measured as
g, =200x10° ande, =140x107 .

Determine the stresses o, and o .

For the analysis consider that the aircraft is made of an aluminum alloy. The relevant
stress strain curve is given below. In addition, it is known that Poisson’s ratio is v =0.3.
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PROBLEM #2 (34 points)

An assembly consists of three identical bars (L=1.0m, 4=5.0 mm*). The bars are
made of steel (E =200GPa,v=03,a=16x 10°/°C). The assembly is fixed at walls on
its two ends. The bar EF is heated from room temperature (7 =20 C) to an elevated
temperature (7 =200 C).

(a) Calculate the stresses in the bars after heating to 7 =200 C.
(b) If the yield strength of steel is o, =750 MPa (independent of temperature),

determine to which temperature the structure can be heated such that the bars
do not yield.
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PROBLEM #3 (33 points)

The bar shown below as a solid circular cross-section over a segment of length
L, =7.0in. and a hollow circular cross section over a segment of length L, =14.0in..
The shear modulus of the material ?f the bar is G =3.8x10° psi . The outer radius is
c, 5;{0 in. and the inner radius is ¢, =2.0 in. The bar is loaded by two torques. A torque

of magnitude 150 Kip.in. acts at the location where the solid section transitions to the
hollow section, and a torque of magnitude 100 kip.in acts at the free end. The bar is
attached to a rigid wall.

(@) Determine the rotation of the free end of the bar. Provide magnitude and direction of
rotation.
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