Name: ) olutimn Instructor: Krousgril/lRaman Siegmund Bilal
(Print) (Last) (First) (Circle your instructor)

ME 323 FINAL EXAM
FALL SEMESTER 2012
1:00 PM - 3:00 PM
Dec. 11, 2012

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.
2. Each problem is of value as indicated below.
3. To obtain maximum credit for a problem, you must present your solution clearly.
Accordingly:
a. Identify coordinate systems
b. Sketch free body diagrams
c. State units explicitly
d. Clarify your approach to the problem including assumptions

4. If your solution cannot be followed, it will be assumed that it is in error.
Problem #1: (27)
Problem #2: (27)
Problem #3: (27)
Problem #4: (19)

TOTAL (100)
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Name: Instructor: Krousgril/lRaman Siegmund Bilal
(Print) (Last) (First) (Circle your instructor)

PROBLEM #1 (27 points)

The C-clamp shown is made of steel with elastic modulus of E=200 GPa, and yield
strength Ovyiela=750 MPa. The clamp is to allow for a clamping force of P=5000 N.

The task is to analyze the clamp bolt ABC, which is assumed as a bar with circular
cross section of diameter d. At point A, a ball joint is used which allows for rotation of
the clamp bolt. At point B, the clamp bolt is inside the threaded hole of the clamp body,

and thereby is constrained.

Given the distance AB=0.1 m, determine the required diameter d of the clamp bolt.
Consider that the factor of safety for buckling is FSg=3.0 and that for yielding FSy=2.0.
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Name: Instructor: Krousgrill/lRaman Siegmund Bilal
(Print) (Last) (First) (Circle your instructor)

PROBLEM #2: (27 points)

A 2-in diameter bracket is securely fastened to the wall as shown in the Figure below. It
carries the given horizontal and vertical loads.

(a) Determine the stresses acting on point A on the upper surface of the shaft.
Clearly indicate the direction of all stresses on a stress element.

(b) Determine the maximum resultant stresses (principal stresses) at point A of the
shaft. Show your stresses on a properly oriented stress element.

(c) If the direction of 800-Ib load is reversed, specify for each of the following with
reasoning whether the stresses increase, decrease or remain unchanged:

a. Normal stresses on the element at A.

b. Shear stresses on the element at A.

(d) Determine factor of safety using the maximum-shear-stress theory. The yield
strength of the material Ovie1g.=5000 psi.

(e) Determine factor of safety using maximum-distortion-energy (Von Mises) theory.
The yield strength of the material Oyieid.=5000 psi.

shaft dia=2 in

1000 Ib
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Name: Instructor: Krousgril/Raman Siegmund Bilal
(Print) (Last) (First) ' (Circle your instructor)

PROBLEM #3: (27 points)

The slender L-shaped beam consisting of two members (1) and (2) is welded to the wall
(cantilevered) and is subject to a vertical force P as shown. Assuming that bending
dominates the deformation (i.e. strain energy in axial deformation and shear
deformation of the structure are negligible) derive an expression for the horizontal

deflection Ag at the point B. Neglect gravity.

The final answer for Ag needs to have all the integrals worked out and the answer
should be given in terms of the applied load P as well as Eq, I1, L1 and Ez, I, L, which
are respectively the Young's modulus, Area moment, and length of the two members.
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Instructor: KrousgrillRaman Siegmund Bilal

Name:
(Circle your instructor)

(Print) (Last) (First)
PROBLEM #4: (19 points) No partial credit is given in individual answers.

4.1: (5 points) From the table below rank the three materials 1-3 for their stiffness and

strength.

Material Young’s Poisson’s Yield Stress | Percent Stiffness Strength
modulus, E Ratio Oy elongation
over2in.
gage length
Steel 200 GPa 0.3 050 MPa 20 / 2-
Nylon 2.8 GPa 0.45 55 MPa 50 3 2
Titanium 115 GPa 0.28 830 MPa 10 2- /

4.2: (4 points) If the stress oy is applied to a bar the strain &x is measured.
Thus, if a stress c"rx =(3/2) o is applied, the strain Ex is equal to

This type of behavior is described by

( Zﬂ Hooke’s law
(2) Poisson’s law
(3) Euler’s law.
4.3: (5 points) The bar consists of two sections with material A and B, respectively, and
the two sections possess equal length L. The bar is fixed between two rigid walls.

Material A possesses modulus E and coefficient of thermal expansion a, and material B
possesses modulus 2E and 2a. If the temperature is increased the point joining the two

sections moves:
a ("1_).:“To the left ddver =
(2) To the right

(3) Does not move
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Name: Instructor: KrousgrillRaman Siegmund Bilal
(Print) (Last) (First) (Circle your instructor)

4.4: (5 points) For the beam shown below
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1. Choose the correct shear diagram from the column on the left.
2. Choose the correct moment diagram from the column on the right
Note: The moment diagrams on the right do not necessarily correspond to the diagrams

on the left. Circle answers from following choices.
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(6) None of above (6) None of above
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