UNIVERSITY OF BRITISH COLUMBIA
DEPARTMENT OF MECHANICAL ENGINEERING

FINAL EXAMINATIONS, APRIL 2014
MECH 360 — Mechanics of Materials

Instructions:
e Time allowed = 2hours. Answer 4 questions. Total = 50 marks.
° A Mech 360 formula sheet is attached. No other materials are allowed.

e  Calculators with memory capacity for formulas or information, programmable or with
communication ability are not permitted.

e  Turn off and put away all cell phones, pagers, alarms, etc. before starting the exam. Marks
penalties may be assessed for disturbances that they cause.

e Clearly show all needed free-body diagrams.

e Credit will be given for orderly presentation of work, and conversely for disorderly work.

NAME: SIGNATURE:

SECTION: STUDENT NUMBER:

Student Conduct During Examinations

1.

Each examination candidate must be prepared to produce, upon the request
of the invigilator or examiner, his or her UBCcard for identification.

Examination candidates are not permitted to ask questions of the examiners
or invigilators, except in cases of supposed errors or ambiguities in
examination questions, illegible or missing material, or the like.

No examination candidate shall be permitted to enter the examination room
after the expiration of one-half hour from the scheduled starting time, or to
leave during the first half hour of the examination. Should the examination
run forty-five (45) minutes or less, no examination candidate shall be
permitted to enter the examination room once the examination has begun.

Examination candidates must conduct themselves honestly and in
accordance with established rules for a given examination, which will be
articulated by the examiner or invigilator prior to the examination
commencing. Should dishonest behaviour be observed by the examiner(s)
or invigilator(s), pleas of accident or forgetfulness shall not be received.

Examination candidates suspected of any of the following, or any other
similar practices, may be immediately dismissed from the examination by
the examiner/invigilator, and may be subject to disciplinary action:

i. speaking or communicating with other examination candidates, unless
otherwise authorized;

ii. purposely exposing written papers to the view of other examination
candidates or imaging devices;

iii. purposely viewing the written papers of other examination candidates;

iv. using or having visible at the place of writing any books, papers or
other memory aid devices other than those authorized by the examiner(s);
and,

v. using or operating electronic devices including but not limited to
telephones, calculators, computers, or similar devices other than those
authorized by the examiner(s) — (electronic devices other than those
authorized by the examiner(s) must be completely powered down if present
at the place of writing).

Examination candidates must not destroy or damage any examination
material, must hand in all examination papers, and must not take any
examination material from the examination room without permission of the
examiner or invigilator.

Notwithstanding the above, for any mode of
examination that does not fall into the traditional,
paper-based method, examination candidates shall
adhere to any special rules for conduct as established
and articulated by the examiner.

Examination candidates must follow any additional
examination rules or directions communicated by the
examiner(s) or invigilator(s).

CANDIDATES MUST IMMEDIATELY STOP
WRITING WHEN THE INVIGILATOR
ANNOUNCES THE EXAM IS OVER.
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1. A solid circular shaft of outside
radius ¢ and length L is made of
a perfectly plastic ductile metal of ~__
shear yield stress ty.

(a) Describe the ways in which
the mechanics of shafts is

analogous to the mechanics w
of beams.
]
(b) Using that analogy, derive a formula for the \/'\*
maximum torque Ty that the shaft can A

support without any material yielding.
(c) Derive a formula for the fully plastic torque Tp.

(d) Determine and plot the residual stresses that remain after the fully
plastic torque has been unloaded.

(e) Determine the shape factor k = Tp / Ty.

() What does the shape factor indicate ? Compare your result from (e) with
the shape factor of a solid circular beam in bending = 1.7. Explain the
cause and significance of the difference.
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A hollow steel column 30mm OD and 26mm
ID is supported by stiff guy-wires, as shown
in the diagram. There are four guy wires
equally spaced at 90° intervals at each level
(only two wires at each level are shown, the
other two are in the plane “out of the
paper”). The column is built-in at the base
and each span Dbetween guy wire
connections is 1.5m. For the steel, E = 210
GPa, v = 0.3, oy = 250 MPa. You are asked
to determine the forces within the guy-wires
that will cause the column to buckle along
its entire length. (Hint: the guy-wires prevent
sideways displacements only, not rotations.)

(a) Comment on the significant issues that
need to be considered in this question.

(b) Describe the computational procedure
you plan to use.

(c) Implement your method described in
(b) and determine the required guy-wire
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3. An engineer, mass 80 kg, sits at
point C on the S75 x 8.5 steel }
beam shown in the diagram.
The beam is pinned at A and 600
supported by a 4mm diameter MM
steel wire at B. You are asked
to determine how much point C !
moves downwards under load.

(a) Comment on the
significant issues that need
to be considered in this
question.

- SO0 mm-— ==— 600 mm -~

(b) Describe the computational procedure you plan to use. Explain the thought
process your used to make this plan.

(c) Implement your method described in (b) and determine the required
downward displacement.

(d) Examine your result, is it reasonable ? Explain your conclusion.
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%,

(a) Explain the theoretical basis for the integration method for determining beam
deflections.
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(b) Explain why the Macaulay method is used for beam deflection derivations and

describe how it works.
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Mechanics of Materials Formula and Data Sheet

Some Engineering Material Properties:

Property Steel

Aluminum

Brass

Young’s Modulus, E 210 GPa (30 psix 109)

70 GPa (10 psi x 109)

105 GPa (15 psi x 109)

Shear Modulus, G 81 GPa (11.6 psix 109)

26 GPa (3.7 psi x 106)

39 GPa (5.6 psi x 1069)

Poisson’s Ratio, v 0.30

0.33

0.35

Thermal Expansion, a | 11x10¢ /°C (6x10- °/F)

22x10 /°C (12x106 °/F)

20x106 /°C (11x10- °/F)

Density, p 7850 kg/m?3 (0.28 1b/in3)

2720 kg/m? (0.10 Ib/in3)

8410 kg/m? (0.30 Ib/in3)

Moments of Area for Common Shapes:

Shape Cross-section A Ix Iy J=L+]Iy
solid circle It c2 nct/ 4 nct / 4 nct /2
thin-wall circle 2nitc ntcs ntcs 2ntcd
solid rectangle b h bh3 /12 hb3/ 12 bh (b2 + h?) / 12
Elastic relationships:
c G c T E E
SX:—X—v—y—v—ZJrOLAT Yy = — = —— = —
E E E G 2(1+v) 3(1-2v)
Failure Criteria: (for principal stresses o1 = 02 2 03)
Tresca: 0;— 03 = Oy Mises: (01— 02)2 + (02 — 03)2 + (03 — 01)2 = 20vy2 Mohr: o0;/0our—o03/0uc = 1
Thin-Walled Pressure Vessels:
. R R R
Cylinder: oqy = pT G, = p2_t o, =0 Sphere: oy =0, = p2_t c, ®

Shaft Torsion:

Beam Bending:

Parallel Axis Theorem:

T M E
r J L -Y I R
Power Transmission:
2nf] 15.87x107% rpm J
P = TSI watts (metricunits) P = — o PRSIy b i units)
c c
Beam Formulas:
2 _
V:d_M w:d—V M:M q_V—Ay=V—QwhereQ=J‘ydA
dX dX dX2 EI I I
<x-a> = (x-a) if x-a > 0, = 0 if x-a=<20

13 of 14



Some Typical I-Beams:

Flange ty .
Web Axis X-X Axis Y-Y I )
Thick- | Thick- SN SR
Area Depth | Width  ness ness Ik S ry I S, e, _1
Designationt A, mm? d, mm | by mm fmm | £, mm | 10° mm* 10° mm® mm | 10® mm* 10° mm® mm
S150 > 257 3260 152 90.7 9.12 11.8 10.9 143 HH9 0.953 21.0 171 d X
18.6 2360 §4.6 912 5.89 9.16 120 622 0.749 17.7 17.8 ey
S130 X 15 1890 127 76.2 8.28 5.44 D2 80.3 52.1 0.495 13.0 16.2
S100 X 14.1 1800 102 7l 7.44 8.28 2.81 55.4 39.6 0.369 10.4 14.3 -
11.5 1460 102 67.6 7.44 4.90 92.52 49.7 41.7 0.311 9.21 14.6 Y
Sib: % 112 1420 76.2 63.8 6.60 8.86 1.21 31.8 29.2 0.241 T:DD 13.0 <D
8.9 1070 76:2 59.2 6.60 4.32 1.04 274 312 0.186 6.28 3.2 /
Mohr’s Circle:
Gy T
Tyx Oy Ty
——-
Ox
—— D —
0)
I
Ox, Txy

Use sign convention “in the kitchen, the clock is above and the counter is below’
for the shear stresses. Then, rotations in the Mohr’s circle have the same direction and
double the rotation angle of the physical stresses. For Mohr’s circle of strain, use € and

y/2 in place of o and <.

Column Buckling:

2
n~ EI
PCR =

n* EA

L2

¢

Eccentricload: y . =€

=AY
Strain Energy:

P2
2EA

rod : dx

J

Castigliano’s Theorem:

au ou
TP, M,

(L, /1)?

S€C

For “short” steel columns (Johnson):

where: L.=L (pinned-pinned)
L.=0.7 L (pinned-fixed)
CR
. 2n°E
GY
2
beam: U = M- dx
2EI
rod: 9, = PP dx
EA 0P,

14 of 14

Initial curvature: y . =

shaft :

U

|

L.=2 L (free-fixed)
L.=0.5 L (sliding-fixed)

aP

Pr—-P

2
cFY
4n°E (

2
de

L.\
T
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