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. (25%) An aluminum rod of uniform cross-sectional area 4 and length L is secured between two walls, as shown in the
following figure. The thermal strain caused by a uniform increase in temperature AT in a'rod equals the thermal
expansion coefficient multiplied by the temperature increase. Please use L =3 m, E (Young’s modulus) = 70 GPa, a
(thermal expansion coefficient) = 22.5 x 1076 /°C and AT = 50°C. Calculate the stress for a temperature increase of AT
for:

(1) (10%) The walls are fixed. (Please give your answer to 3 significant figures
in MPa unit.)

(2) (15%) The walls move apatt at a distance of 0.5 mm. (Please give your Lo o) L N
answer to 3 significant figures in MPa unit.) wall wall

rod

. (25%) A shear force V and bending moment M act at a cross-section of a rectangular cross-sectioned beam. Consider
the five points (1),(ii),(iii),(iv), and (v) on the beam cross-section, as shown in the following figure. Match up the state
of stress at each of these five points with the stress elements (A) through (O) shown below. If you choose “(0) NONE
of the above.” please provide a sketch of the correct state of stress for your answer.

(1) (5%) The state of stress at point (i) is
(2) (5%) The state of stress at point (ii) is
(3) (5%) The state of stress at point (iii) is
(4) (5%) The state of stress at point (iv) is
(5) (5%) The state of stress at point (V) is
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NONE of the above
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3. (25%) Aplate is loaded in biaxial stress by normal stresses o, and ¢;,. The material is brass with modulus of elasticity
E =110 GPa and Poisson’s ratio v = 0.34. A strain gage is bonded to the plate at an angle ® = 45°. The strain
measured by the gage is € = 400 X 107® and the stress o, is 75 MPa.

(1) (15%) What is the maximum in-plane shear stress?
(2) (10%) What is the maximum shear strain in the x-z plane?

4. (25%) A stepped shaft ABCD consisting of solid circular segments is subjected to torques T, = 2400 N'm, T, =
1600 N'm, and T3 = 500 N-m. The length of each segment is L = 0.5 m and the diameters of the segments are
d; =80 mm, d, = 60 mm,and d; = 40 mm. The material is steel with shear modulus of elasticity G = 80 GPa.
(1) (15%) Calculate the maximum shear stress in the shaft.
(2) (10%) What is the required diameter d, in segment AB if the angle of twist at end D is 2°.




