
Ph.D. Qualifying Examination

Mechanics of Materials

Fall 2016










Notes:

· There are a total of 4 problems.
· Time allowed: 2.5 hours.
· Exam is closed book and closed-notes (one sheet of formulas is allowed)
· Problems count 25 points each (total=100 points).
· Show your work on these exam sheets. (Add additional sheets, if needed.)
· You may use a calculator.
· Laptops and cell phones are not allowed.


Problem 1
A hollow circular shaft with outside diameter equal to 100 mm and inside diameter equal to 80 mm is subjected to a torque T = 12 kN.m. What are the maximum tensile, compressive and shear stresses in the shaft (Hint: consider points A and B and use Mohr Circle)?
[image: ]




Problem 2
A simple beam AB of span length L = 22 ft supports a uniform load of intensity q = 1.5 k / ft and a concentrated load P = 12 k. The beam is constructed of glued laminated wood with width b = 8.75 in. and depth d = 27 in. The uniform load q includes the weight of the beam. Determine the maximum tensile and compressive stresses in the beam due to bending.[image: ]















Problem 3
For the simply supported beam under a concentrated load W shown below, find an expression for the deflection (i.e., express the deflection v as a function of x, using the given parameters W, a, L and the bending rigidity EI).



Problem 4
A circular solid shaft is to rotate at 500 rpm. The shear modulus of the shaft material is 73 GPa. The angle of twist is not to exceed 1.5 over the shaft length of 3 m, for a maximum shear stress of 60 MPa. Determine the shaft radius and the maximum horsepower which can be transmitted. (1 horsepower = 745.7 W)
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(a) Simple supports (b) Fixed ends

Fig. 12-2
Example 12.1

For the simply-supported beam of Fig. 12-3a use Eq. (12.1)
to find an expression for the deflection.

The initial steps of expressing M in terms of the ap-
plied load W follow the techniques of Chapter 2. First the
reactions are computed using the conditions of equilibrium
for the whole beam, e.g. R« = W(L —a)/L. Then the beam
is cut on each side of W as shown in Figs. 12-3b,c.
Equilibrium requirements of these configurations give

R.x 0=x<a
M=
Rix—W(x—a) a

wik=a),

wL—a

T ~x—-W(x—-a) as<x<L

Integration of Eq. (12.1), with M defined by (1), yields
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