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Instructions:

» Most Important: Indicate name, last name, student ID, and course section on the answer booklet
o 09:00-09:50 MWF (LO1) ~ Epstein
o 09:00 - 09:50 MWF (L02) — Sudak
o 15:00-15:50 MWF (L03) — Si
o 16:00 - 16:50 MWF (L04) @%

Write clearly: bad writing may cause the markers not to understand what you mean

Clearly indicate your answer (e.g., underline or draw a box)

Answer all questions; maximum marks for each question are indicated

This is an open textbook and closed notes exam

Calculators are permitted (Schulich calculators only)

Exam duration is 180 minuies

No candidate will be permitted to leave the examination room until one-half hour has elapsed after the

opening of the examination, nor during the last 15 minutes of the examination. All candidates remaining

during the last 15 minutes of the examination period must remain at their desks until their papers have
been collected by an invigilator.

e If during the course of the examination a student becomes ill or receives word of a domestic affliction,
the student must report at once to the supervisor, hand in the unfinished paper and request that it be
cancelled. If physical and/or emotional ill health is the cause, the student must report at once t0 a
physician/counsellor so that subsequent application for a deferred examination is supported by a
completed Physician/Counsellor statement form. Once an examination has been handed in for
marking a student cannot request that the examination be cancelled for whatever reason. Such a
request will denied. Retroactive withdrawals will also not be considered.
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Question 1 [10 marks]) p

The beam shown is made of an elastoplastic :gw
material with o, = 200 MPa. Find the load P that 420
would cause the beam to collapse. All dimensions _A_ % A

are in millimetres. (Hint: collapse occurs when the P 30

"~ T

bending moment under the load equals the fully
plastic moment).
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Question 2 [10 marks])

A beam is constructed from four planks connected by two 12-mm diameter bolts that are spaced at equal
intervals along the longitudinal axis of the beam as shown. '

a) Draw the shear force diagram for the beam and determine the maximum absolute value of the shear force
in terms of @.

b) If the allowable shearing force in each nail is 730 N determine the maximum load e.

@ N/m
LILLLY - T
e e R EEEEEEEE //l
100mm | o o T I’ AANEENERNE. ig %!//é 140
60 mm %ﬂ 50 ////%/x, 53
im T am - 3X25
Dimensions in n:?n; »
0\) Statics: /&/ .
PAVY, $4.5%
. !
Ra . Rrs‘m -
(_5+ =Ma= + A= )
Re (3m) 2w (A )= RatRe = w%‘w
AR =¥ W Ra="2 ) =
= IW  _ow
Re 3 Ra= —5
2w . —
v 2, Mx -zv\/j
|/
—2w
= \
- < x<3 Seckion & 3EX<Swm s
e i WO At X=3,VE2w
\{/ l x=5,V= 0
\\/ N
| Voo
M 2w .
3 B 2 SRRV V= WX
P AeFE=0 N By
;_____—————————4'—""‘""
Vo220 .
V= 2 A 2F=0
-3 —2W W _w(x-3)=V page 4 of 11

30 3 uewxH3w=V



b\ /\ Jocate N. A
N @
N [A]T o

13500} 95 %stoo
750|150 l2$’oo

332800 .86
21250

RN
NS

Area @

0 2y tHo= 3500

®
®

2) ~>gy30=7 5V @ 3'500\‘15'
O,

@ 7 SxtHo =350 o o
@ n XSO =1250 i
2 Yo00 SLO¥T5O0

- QOR7SY _ _
= Z ' BE M
\/ 0/ 00O .?j_bz

= LpnAd S S (5)(140) H3500) (5 14)

— 1

I ’5716666 67+ U686

- 5_809X10 T

_ Tibl" > 4Ad = lz(ze)(’so) *+H(750)(e0- \f+)
I 569\504—&7'026‘47
T,= & 77><LO W\

—
\

2

T, = ——-—[9\47’+A0\ (15)(\40) ’+(3800)(5. %)
Tz =D %D‘Txxo %

T,z AL TETR L (55)(50)H! 25nj(é+%—e)

_1; A0 6: 6667 -{—62'5%52%
T,=5. =\AxX10 m ZT y D(SL/
T=T +T, +13 +T, = (-99 00 M
&:_g A.. (26mm)('30mw )(60 \Ll-vv\w\) < 5lo

blc T chose e & a+ B it s

-5
5X(0 W /
Subjecwol
1o couble sheav

hai\’-q/s /—7
— . _ g = &0Omm
=> -\—:\a(\ - CLS
OL: \/_______61 V@ Vsz\\;}qmo“s\r‘ﬁ
X
1 rm”—- S( ) | (L= 4.5 1SXI0” -5

130 = 9. (eoxi0” Y 2w )4 5l05x10) Trait T 7{0\\1 \
\ "Hh(\o"; ~ we @i
W=557! oN/m ‘[O\ %

e




Last Name Ma.0 FirstName Michagl D loo746609

Question 3 [10 marks]

A simply supported composite beam is

loaded by two concentrated forces as  p 2P
shown. The beam is constructed from two
steel plates welded together to form a
beam in the shape of a ‘T". The ‘T’
section has been strengthened by securely
fastening two wood members to it as
shown in the figure. The modulus of
clasticity is 12.5 GPa for the wood and 25m 10m 20m |
200 GPa for the steel. Determine the

largest force P that can be applied to the

beam if the allowable stress for wood and

stee! is 5 MPa and 90 MPa, respectively.
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Question 4 [10 marks]

A circular bar AB with ends fixed against rotation
contains a hole extending for half its length as
shown. The outer diameter of the bar is d; and the
inner diameter of the hole is d, and the total length of
the bar is L. If and external torque T, is applied at a
distance ‘x’ from the left hand side determine:

a) the location ‘x’ (in terms of L, dy, d;) where the external torque is applied assuming the reactive torques
at the supports are equal,

b) the location and the maximum angle of twist assuming the following parameters: L= 1270 mm, d; =76

mm, d; = 61 mm, T, = 10 kNm, G = 73 GPa. comticall
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Question 5 [10 marks] @
A vertical force P is applied to a pipe wrench /

whose handle is parallel to the z-axis. The pipe
has an outside diameter of 25.4 mm and a wall ¥
thickness of t = 6.35 mm. The pipe material has a ZTd
yield stress of 6, = 240 MPa, an elastic modulus
of E=200 GPa, and a shear modulus G= 75 GPa.
a) Determine the components of stress at
point A on the cross-section where the — Fnimmed Pipe
. . Section
pipe threads begin. Leave the stress  op=254 mm
components in terms of a multiple of the =~ 17635 “m -
force P. A
b) If the maximum principal stress at point A
is not to exceed the yield stress, determine
the maximum load P that can be applied to the wrench. NS Lwam
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