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ME 323 - Mechanics of Materials
Final Exam
Date: May 3, 2017 Time: 8:00 — 10:00 AM - Location: PHYS 114
Instructions:

Circle your lecturer’s name and your class meeting time.
Koslowski Zhao Bi
8:30-9:20AM 11:30-12:20AM 1:30-2:20PM
Begin each problem in the space provided on the examination sheets.
Work on one side of each sheet only, with only one problem on a sheet.

Please remember that for you to obtain maximum credit for a problem, you must present your solution
clearly.

Accordingly,

coordinate systems must be clearly identified,
free body diagrams must be shown,

units must be stated,

write down clarifying remarks,

state your assumptions, etc.

If your solution cannot be followed, it will be assumed that it is in error.
When handing in the test, make sure that ALL SHEETS are in the correct sequential order.
Remove the staple and restaple, if necessary.

Prob. 1

Prob. 2

Prob. 3

Prob. 4

Total
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PROBLEM #1 (26 points)

An elbow with a circular cross section of diameter 10 cm is fixed to a wall at the origin of the
coordinate system. At the other end C, load 100 kN and 50 kN are applied to the centroid of the cross
section in the x and y direction, respectively.

a) Determine the stresses induced at the locations M and N on the cross section A (x = 0.5 m). Draw
separate stress elements for M and N, and indicate both direction and magnitude of the stresses.

b) Suppose the elbow is made of a ductile material with yield strength g, = 800 MPa, according to
the maximum shear stress theory, will the material points M and N fail?

10 cm

cross section at A
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PROBLEM #2 (26 points)

The pipe assembly consists of three equal-sized pipes with flexural stiffness EI and torsional stiffness
Gl,. Use Castigliano’s second theorem to calculate the displacement in the x direction of the points A
and D.

Do not include the shear energy due to bending.
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PROBLEM #3 (24 points)

A rod is made up of two circular cross-section segments BC and CH, with each segment having a
length of L. Segment BC is tapered with its outer diameter going linearly from 2d at B to d at C.
Segment CH has constant outer diameter of d. The segments are joined by a rigid connector C, and the
rod is fixed on the wall at end B. An axial load P acts at the end H of this rod. The material of the rod
has a Young’s modulus of E.

24 Jg >x I
_______ 7 [ ]
L o L ]
B C H

a) Using a two-element finite element model (one element per segment), construct the global
stiffness matrix. Note that the average cross section area of a “cone frustum”, whose ends have
circular cross sectional areas A;, and Az, is given by:

Agpg = (A1 +JA1A; + A,)
b) Construct the force vector, enforce the dlsplacement boundary condition(s), and solve the axial

displacements of points C and H in terms of E, P, L, d.
c) Usethe Work -energy principle to determine the axial displacement of point H.

1
(Hint: f( ey dx = = @i + ¢)
d) Compare the result in Part ¢) with the finite element solution found in Part b). If the two results
are different, explain why they are different.

Page 8 of 12



ME 323 Examination # 3 Name éo } whon -

(Print) (Last) (First)
May 3, 2017 Instructor
— a2 _l_._
0. Ri= EA L As (T D miliade ) = m
L
_ o, e
B o - ke =k 0
T, EA: - 7L’r Eaol” ’ Qiolaall 97‘777»6;5; et X (k] = ~ky ki ka2
- - 0 '—}Q?— }-’-z
k) L= _2],9 fvl=CFl >
! ~f ' wé -
pke ko | ® !/
—k2 ks
5
6

\
v/

L’-H‘kl -k A o
= ["kz k- ][mq]'Llj'D
ll L
= ‘%l},{_: _—' EPHO\
_ o pL . 4 pL
e T © 67&70\

IR

C)' Both BC ombk (I howe jndeenal o 7L7)—Le 17 , the —otal Sthain Wg}

_ . P LRt g
U= Ug+Uw-= f /é,w)d’“r z—éfo e A
—'T [2d - —d—/xj X in ot
A = (oX <L) A) . The mm\t/);’s ofajfehent
__E_ dﬂ( + . LQ—,)Z}_ ,jyom the FEm\ <alnban in post
=2 )= Z
2 f _.ﬂ-[zl_ ) =Tol* b. FEMis am pumep ol

method whvch P
ey%' 2o QPRI es ity

i

[i_i_-’_):]_z ) JL + ZH)ZLJ

‘@SP?(/’(A”# ‘HW, CMS QE(;HJW o
Emdt a2l lo Erd* 'S Changiof Quacresiodly ”fﬂm]: #&f
_ _‘__ [ :—’-PZL A__PZL - J_ ] P. u :> u . 6PL ‘f[‘?"\@nf& oo hs-("c( 'él'Q
= 2z Eﬂ-ﬁa\z L‘—:ﬁa\l - 2 14 H ETC\L Page 90of 12

)‘PSIAL’C VW]( AL

(
Hult in ©). %t Ao he



reid20
Rectangle

reid20
Typewriter
b


ME 323 Examination # 3 Name
(Print) (Last) (First)

May 3, 2017 Instructor
PROBLEM #4 (24 Points):
4.1. (15 Points)

Ny A F
% ¢ o D
Q: ® B (neutral plane)
N .
§ C
N AL

The points A, B, and C are located in a beam subjected to the vertical load F, and the points D and E
are located in the thin-wall pressure vessel subjected to the internal pressure p. The state of stress of
each point is represented by a Mohr’s circle with the principal stresses 61 > 6, > 63.

Circle the letter that corresponds to the state of stress represented in the Mohr’s circle.

i}
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A 6
Gl 63 y‘”
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4.2 (9 Points)

Two columns AC and BC have a circular cross section of radius 5 cm, yield strength cy=100 MPa,
Young’s modulus E=100 GPa. The columns are pin connected and a vertical load P is applied at the
joint C. Considering the pin-pin boundary condition and in-plane buckling for both columns,

(@) will BC buckle? Justify your answer.

(b) will AC buckle? Justify your answer.

3m
B§3I C

P =100 kN

Page 12 of 12



ME 323 Examination # 3 Name
(Print) (Last) (First)

May 3, 2017 Instructor

PROBLEM #4 (24 Points):

4.1. (15 Points)

N /A

The points A, B, and C are located in a beam subjected to the vertical load F, and the points D and E
are located in the thin-wall pressure vessel subjected to the internal pressure p. The state of stress of
each point is represented by a Mohr’s circle with the principal stresses 6| > 6, > o3.

Circle the letter that corresponds to the state of stress represented in the Mohr’s circle.
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4.2 (9 Points)

Two columns AC and BC have a circular cross section of radius 5 cm, yield strength oy=100 MPa,
Young’s modulus £=100 GPa. The columns are pin connected and a vertical load P is applied at the
joint C. Considering the pin-pin boundary condition and in-plane buckling for both columns,

(a) will BC buckle? Justify your answer.

(b) will AC buckle? Justify your answer.
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P =100kN
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