MEM?202 Engineering Mechanics — Statics
Final Examination Solution
Friday, September 02, 2005
1:00 PM - 3:00 PM
I. Solve all seven problems
I1. Read the problems carefully.

I11. Extra credit is 5 points.
IV. Equations you may need are given on the last page.
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MEM202 Second Mid-term Exam Summer, 2004-05

1. (15 Points) Determine the moment of the 610 N J
force shown about line CD. )
Express the result in Cartesian vector form. |

600 mm

SOLUTION

e |
|

_ﬁmb_uni-mnj-mui
(

950)% + (-300)° + (-400)%

W

349.8 T - 290,87 - 399.8a E N

=

= 0.300 J m

=1

|/c
M.o=r,, . xF=(0.300 ) x (349.8 T - 290.8 F - 399.8 E)

i 3 k

0 0. 300 0 | =-119.94 T - 104.94 K N-m
349.8 -209.8 -399.8

= _ =350 T+ 3003

= =0,7593 1 + 0.6508 §

/i-35012 + (300)°

=R-8_ = (-119.94 T - 104.94 £)-(-0.7593 T + 0.6508 3
= 91.07 Mem & 91,1 N+m
=M 8. = 91.07(-0.7593 T + 0.6508 J)

= -69.1 1 + 59.37F -m Ans.
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2. (10 Points) Reduce the forces shown to a wrench
and locate the intersection of the wrench with the
X-y plane.

Hint: A wrench is formed by R and C, where C, is

the vector component of C parallel toR. The location
of a wrench, in terms of a vector T = Xi + Y] on the

x-y plane, can be determined by using FxR=C,
whereC, =C-C,.

Fiss =83.21 +166.4] N
~100.1j +62.5k N
SOLUTION Fieo = —99.951 +124.9k N

118

F, = 1aﬁ[l—i—i—g—i]= B3.18 T + 166.36 J N
FB'“E[ j+1.25%) L [-13+1.258
¥5.5625 VZ.5625
=-99.95 1T - 100.06 § + 187.48B E K
R=EF =P, + P_=-16.77 1 + 66.30 3 + 18748 E N Ans.
R = /(-16.77)% + (66.30)% + (187.48)° = 199.56 X

C= =(F,, =xF)+(F  _=xF)

L0} AFD

-

[(1.25 B} x (83.18 T + 166.36 J1]

[(1 1 +23) x(-99.95 T - 100.06 § + 187.48 E)]

-+

e

167.01 T - 83.51 FJ + 99.84 K W'm

1]

= _ -16.77 = B6.30 187.48 -

®, =199 56 Y * o956 J * 1905 £ = -0.0840 T + 0.3322 7 + 0.9395 £

oy = €@, = (167.01 T - 83.51 § + 99.84 E)+(-0.0840 T + 0.3322 J + 0.9395 K)
= 52.03 N-m

Cy = Cy8, = 52.03(-0.0840 T + 0.3322 § + 0.9395 K)

= -4,371 T + 17.28 § + 48.88 E Nem Ane.

€, =C-Tj=171.38 T - 100.79 J + 50.96 Kk N-n

Co=TFxR=ix, T+y J)x(-16.77 71+ 66.30 J + 187.48 E)

= 131,-:& yo I - 187.48 x_ 3 + (66.3 x4 16.77 y_) &
From j: —1'.H'|"'--IEI-.'-:'r = -100.79 Xp = 0.5376 n & 538 mm Ans.
From 1: 187. 48y = 171.38 ¥, = 0.9141 m & 914 nm # Ans.

NAME: I.D.:
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3. (15 Points) Locate the centroid (., Yy, ) of the composite

area shown.
Note: do not move the reference system.

SOLUTION

The shaded area can be divided inta
a rectangle, and a guarter circle,

with a square removed. The centroid
for the composite area is determined

75 mm

*

75 mm

»

50 mm

#= 75 mm =% 75 mm &

by listing the area, the centroid
location, and the first moment for /
the individual parts in a table and
applying Egs. 5-13. Thus,
! e
A, = dnr? o %nusmz = 17,671 mn"
4
Xio T E£ = iééégl = Gd.66 mm
4 i
¥os = 30 ¢ iﬁ = o0 + i%%ﬁﬂl = 113.66 mm
B
art A, %1 M, Yei ",
2
SRR 1 {mm ) (mn) {mm ) (ma |
1 TH00 75 562, 500 25 187,500
] 17,671 G3. 66 1,124,936 113.66 2,008,486
3 -5625 37.5 -210,938 B7.5 -492. 188
E 19,546 1,476,498 1,703,798
A =EA]{ :H x;ﬂl-ﬁlﬂMl—?ﬁ
0 iTei ¥ C R 19,646 »5 m.
M
A = 4 . .= 1,703,798 _
Ye Eﬁ]’fi N, e TR * _aiiréiﬁ_ = 87.2 mm ’

X =75.7mm,Y, =87.2mm

NAME: 1.D.:
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4. (15 Points) Rod ABC is subjected to a vertical
force of 200 N at C and is supported at A by a ball-
and-socket joint (i.e., it can transmit force but no
moment) and cables BD (parallel to y-axis) and BE
(parallel to x-axis) at B. Determine the reaction force
at A (Ax, Ay and Az) and forces in the two cables.

Note: you must draw free-body diagram for rod ABC.

Solution ¥
The free body diagram of rod ABC is shown on the 55 g
right. Balance of forces yields A
. . _ _ _ -r .. Z
() ZF=A+TC+TBE +Tse =0
And balance of moments about A yield
. — - - - — — A
(ii) ZMAZrclAXTc+rB/AX(TBE +TBD)=O n '1
Where A, \
(i)  A=Ai+A j+AKk
(iv) Tc =-200kN \
(V) Tee =TgiN 7
(Vi)  Tep =Ty jN ¢ Ty
" -y T TBE
wiiy 1. —15 - 20+201-10k |, 57 07— 05k
J@F + () +(-2f
(i) 1, =30 20*+201-10k | ;507 1.0k
J@F + () +(-2f

Substituting (iii) — (vi) in (i) gives

(ix) A =-Tg, A, =—Tg,, A, =200N

Substituting (vii), (viii) and (ix) in (ii) gives
i j ok i ok
1.0 1.0-05+[2.0 2.0 —1.0=(~ 200 - T4, )i + (200 + Toe )+ (2T5p — 2T )
0 0 —-200] [Tge Ty O

Thus,

A, =200N, A, =200N, A, =200N,T,. =—200N,T,, =—200N

NAME: I.D.:
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a) (5 Points) Identify all zero force members in the
truss shown.

GB, BF

2500 Ib 1500 Ib

b) (15 Points) Determine the forces in members BC, CF and EF of the truss shown.

Hint: use METHOD OF SECTIONS
SOLUTION

For this zimple truss, the
meaber [forces can he

determined without solving
for the support reactions.

From a free-body disgram of
the part of the truss to the
right of member BF:

2500 ) )5colb

t c ‘E"c.- _TE,-{E gin 30%) - 1500(8 cos 20%) = @

T = -2698 1b & 2600 1b (C) Ans.

+ L B = Ty Cos 307 (8 =in 30°) + T, sin 30° (B cos 80°)
- 2500(8 vos 30°) - 1500(16 cos 307) = 0

3500 lb = 5500 1b (T) Ans.

=
1]

BC
+ CIN, = T cos 30° (8 sin 30°) # T, sin 30° (8 cos 30°)
+ 2.500(B cos 30°) = 0

Tee = =2500 1b = 2600 1b (C) Ans.

NAME:
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6. (15 points) A three-bar frame is loaded and {5h
supported as shown. Determine the internal resisting
forces and moment transmitted by:

a. Section aa in bar BDF
b. Section bb in bar ABC

SOLUTION
150ib/4t

From a free-body diagram
for the complete frame: E

Criog] = 3001(6)

+ O ™,
- 1(1501(61(7) = 0
C = 485 1b = 485 1b T

From a free-body diagras

for bar ABC:
+ c EHE = B?EJ? + 485010} = O
Ey = =1237.5 1lb = 1237.5 1b &
F
!T' 25
‘QSﬁ] [ _t
From a free-body diagram h
for bar BDF: Dy 45t
%
_ 1 _ D Dx
+'C EHH = Eﬂiﬂl = zil&ﬂifﬁ!fd] =0 :
B_ = 600 lb = 600 lb — B Bx

x

12375 )b

NAME: I.D.:
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ja) From a free-body diagram of P
bar BDF below section ama: PL*\
V4
LS55t
1237 53b
s+ T EFn = P+ 1237.5 =0
F=-=1237.5 1b =% 1238 1b | Ans.

+ — EFl = ¥V - 600 =0

V = 600 1b = 600 lb +~ Ans.
+ DM =M+ 600(1.5) = 0
N = -900 ftelb = 900 ft-1b ) Ans.

{b} From a free-body diagram

of bar ABC to the rieht
of section bb: F l“alﬁft
H— C‘
B Lit
Ry
45k
‘o Ip =P+ 600 =0
P= <800 1b = 800 1bh — Ans.
*4EF1=1'+123F.5-I195=E]'
V= -T42.5 Ilb & 743 1b T Ans.
¢+ IM_ = N - 1237,6(2) + 495(8) = 0
M = -1485 ft«1b = 1485 ft+1b Ans,

NAME: 1.D.:
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7. (15 Points) Draw complete shear and

bending moment diagrams for the beam QKN 21 kN

shown. Write down shear force and bending 6 kN/m 5 kN/m
moment equations for all segments of the l l

beam, and mark clearly on the diagram the H"—— = !

locations and magnitudes of the maximum

ﬂ -
and minimum moments. Any method is e [———

acceptable, but you must show your solution 2m —— 15m—%1m>» 15m—x 2m
process in detail. 5 ,
KN 1 KN
SOLUTION & KN ne Frona
{' h J‘ l l YY¥TYYYY
[
From & free-body diagran Zm LS Im 15md 2w
for the complete beam: R B
+ G EM, = 2061(1) - 9(1.5) - 21(2.5) + B(4) - 5(2)(5) = O
= 26 kN
+ G DM, = 2(61(5) - Al4) + 9(2.5) + 21(1.5) - 5{2)(1) = O
A = 268 kN

Load, shear, and moment diagrame for the beam are shown below:

L¥M/m THR E

dim T e

NAME: I.D.:
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Extra Credit

Extra Credit

(5 Points) Identify ALL zero forces members in each truss shown.

Extra Credit

Truss

Zero-force members

Jomt D= DF=0(
Jomt F= CF=0
Jomt G= CG=0

Jomt H= FH=0

=l imeese [ Smesf=5m o |5m—

6 kN 6 kN

i Jont F= FI=0
AN l Jomt /= EI=0
l o D JomtE= EJ=0
P Y Joint L= BLF=0
B ’(\\ AT 3™ | Joint B BK=0
H—-/ﬂ<~% \ﬁlr,-;i/ ,>ﬁ\ >0 | Jomt K= CK=0
alla L K J H 2.
IZ2m6@2m o
Jomt B= AB=BC=0
: Joint D= CD=DE =0
‘ Joint H=> HI=0
Im Jomt /= GI=0
I
L‘ HQ) G F ] é '

NAME:
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Equations you may need:
a. Law of sine and law of cosine:

c @ a b c ¢ =a’+b?—2abcosy

sinae sing siny  orc?=a’+b?*+2abcos¢

p 7Y\ ¢

b. Products of vectors:
Given two vectors A=Al +A j+Ak and B=B,i +B j+Bxk:
e The dot product of the two vectors is
A-B=AB,+AB,+AB, = |A||B|cos(angle between Aand I§)
e The cross product of the two vectors is

-

k
AxB=|A A Al=(AB,-AB,J+(AB, —AB)j+(AB,-ABK
B, B

X y Bz
NOTE
ST SO SO S &
A A Al=ACN AR A
B By B BB BB By
- - -+ + 4+

c. A vector can be expressed either in terms of its magnitude and direction, i.e., A= |A| €,,0rin

terms of its Cartesian components, i.e., A= Aji + A ]+ Ak , where
= JN+A+A € =if+i?+ilz
A = A+A+A E, R

d. Centroid of a quarter circle:

4r
X, =—
3z
y =2
3z

NAME: I.D.:




