ME 323 FINAL EXAM
SPRING SEMESTER 2014
QUESTION SHEET (No need to return)

Time allowed: 2 hours

Instructions

1.

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

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.

When you finish your exam please hand in the solutions to problems 1, 2, 3 and 4
separately and restaple if necessary.



Formulas
Hooke’s law:
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Stress transformation and Mohr’s circle:
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Axial deformation, thermal expansion:
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Stress dué to shear force:
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Failure criteria, factor of safety:

von Mises Equivalent Stress:

Stress in pressure vessels:
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Buckling:
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' Energy methods:
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2 order equation to solve for deflection curve
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Strain energy: U,, j — dx +

s Castigliano’s theorem for deflection Aat a point in the direction of the force A=

where P is the point force
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» Castigliano’s theorem for slope 4. or angle of twist 4.in the direction of an applied

oU

tot

moment M or applied torque T'is given by 6. = o, / o O = 5T

e Work-energy theorem states that the deflection Aat the point of application of a force P

in the direction of applied force can be calculated by equating %PA U,

» Work-energy theorem states that the slope 6. or angle of twist ¢, in the direction of an

applied moment M or applied torque T or can be calculated by equating
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where fs is the shape factor



Problem 1 (25 points)

The fixed-fixed beam with flexural rigidity El is subjected to a uniformly distributed load
of intensity wo. Use second order integration method to find the reactions at A and B.
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Problem 2 (25 points)
An external moment M is applied to the midpoint of the rigid lever below and is gradually

increased from 0. Assume that the rods (1) and (2) both have pinned-pinned
boundary conditions. Rods (1) and (2) have equal cross sectional areas but different
area moments and moduli of elasticity as shown below. Determine the rotation angle &
of the rigid lever in terms of E,1, L,A when the first buckling event occurs. Assume the

rotation angle is small so that sin(¢) ~ ¢ and éos(é) ~1.

|

(1) A, E, L, 2I

(1) 4,2E, L, I



Problem 3

The bar ABC shown below is attached to a rigid base by a pin joint at C. The bar BD is a
pin-jointed truss member that connects ABC and the base. The structure is made of
aluminum (E = 70GPa). The cross section of the member ABC is a square with side 10cm
and the cross section of BD is a square with side 5cm. Using the Castigliano’s theorem
determine the vertical deflection at A, neglect shear strain energy.

Hint: The member BD is a two force member so it only supports and axial force resultant.
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Problem 4 - please circle the correct answer in the solution sheet not here

Problem 4.1 (15 points) A composite cylindriéal bar

consists of a core (1) of shear modulus G, and outer '

diameter d, and an outer cladding (2) of shear modulus

G,and outer diameter d,. An external torque T is \T
applied to a rigid cap at the end of the bar. State

whether the following statements are true or false.

(A) The shear strain is always largest at the outer surféce of (2). True False
(B) The shear stress maximizes at the interface of (1) and (2) if Gd,>G,d,. True False

(C) The ratio of internal torques in (1) to (2) equals the ratio (Gl,)1(Gl,),. True False

Problem 4.2 (10 points)
A thin-walled spherical pressure vessel made of stainless steel of

Jinner radius R and thickness ¢, contains gas at a gauge pressure

ofp. If p,,is the critical pressure at which the wall of the vessel

fails, then what is the relationship between (p,; )trescs the critical
pressure predicted by the absolute maximum shear stress theory (Tresca), and

- )on_nises PY the distortional strain energy theory (von Mises)?

(A) (p fail )von—Mises > (p fail )tresca ! (B) (p fail )von—Mises = (p fail )tresca J (C) (P fail )von—Mises < (p fail )tresca



