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4-1. If A, B, and D are given vectors, prove the
distributive law for the vector cross product, i.e.,
AX(B+D)=(AXB)+ (A XD).

Consider the three vectors; with A vertical.

Note obd is perpendicular to A.

od = |A x (B + D) = |Al(IB+ D!) sind,

ob = |A x Bl = |AllBl sin8,

bd = |IA x DI = |AlIDI s5in 6,

Also, these three cross products all lie in the plane
obd since they are all perpendicular v A. As noted
the magnitude of each cross product is proportional
to the length of each side of the triangle.

The three vector cross - products also form a closed
triangle o'b’d’ which is similar w triangle obd. Thus
from the figure,

AxX(B+D)=AxB+A XD (QED)

Noe also,
A=Al+A)+Ak

B=Bi+B)+ Bk

D = D,i+D,j+ Dk

i J k
A A A
B.+D. B+D, B +D

= (4B + D) - A, + DK

~[A(B; + D;) = A(B: + D) l) -

+ [A(B, +D,) - A, (B, + D))k ; AXB
= (A B - AB - AB, - AB) + (AB, - A,B,)k] - s L

+ [AD, = AD = (AD; = AD,) + (AD, = A Do)kl AX(B'I‘D)

i §J k i J k
:“A’&
5, B8 B

A A A
= (AXB)+(AxD) (QED)

Ax(B+D)=

+

b, D, D,
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4-2. Prove the triple scalar product identity
A-BXC=AXB-C.

Also,

LHS = A-BxC
As shown in the figure

I §j k
Area = B(Csin8) = |IB x Cl = (Ai+AJ+AK-|B, B B
G G G
Thus,
L = A(B,G - B.G) - AB.G - B,G) + A(B,.G - B,G)
But, RHS = AxB-C
BxC
Ihl:'A-u{‘ Is A i J k
o ' (l!xC[] ,}4. A Al Gi+Gl+ Gk
s 5 B B

= GWB - AB) - GAB, - AB,) + GAB, ~ AB,)
Volume = IA- B x C! = AB,G -ABGC -AB,G +ABCGC + AB.C - ABG

Since IA x B . Cl represents this same volume thea Thus, LHS = RHS

A-BxC =AxB-C (QED) A-BxC =AxB-C (QED)
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4-3. Given the three nonzero vectors A, B, and C, show
that if A-(B X C) = 0, the three vectors must lie in the
same plane.

Coasider,
|A- (BxC) = |A||B x C| cos®

= (Alcos8)|B x C|

= |hl|B x C|

= BCIH sing

= volume of parallelepiped.
IfA- (B x C) = 0, then the volume equals zero, so that A, B, and C are coplanar,

*4-4. Two men exert forces of F = 801band P = 501b on
the ropes. Determine the moment of each force about A.
‘Which way will the pole rotate, clockwise or counterclockwise? P

.

=N
=g

-

"+ Moc = 30(3) (12 = 768D £) Ans

{+ My =50 (c0s 45 (18) = 636 1t Ane
12 ft

Since (Ma)c > (Ma)a

Clockwise Ans

*4-5. If the man at B exerts a force of P = 301b on his

rope, determine the magnitude of the force F the man at C j
must exert to prevent the pole from rotating, i.e., so the
resultant moment about A of both forces is zero.

@ Desesman «F(3)ar=0

F=398b Ans 12 ft
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4-6. If 6 = 45°, determine the moment produced by the
4-kN force about point A.

Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the

principle of moments,

C+M '4 =4 00s45°(0.45) — 4 sin45°(3)

=-T721kN-m=721kN-m (clockwise) Ans.
2 3m S,
045m
! 40545 kN
! 47
' 1
—TT
451n45° knf
(#)
193



4 Solutions 44918 1/23/09 12:03 PM Page 194 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-7. If the moment produced by the 4-kN force about
point A is 10 kN - m clockwise, determine the angle 6, where
0° =6 = 90°.

Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the

principle of moments,
(+M4 = ~10= 4005 6(0.45)~ 4sinf (3)
125in6 — 1.8c0s6 =10 ®

Referring to the geometry of Fig. a,

12 . 1.8
cosg = SN = e 2
Ji47.24 J 147.24

Dividing Eq. (1) by J147.24 yields

2 5ing - LB cos 0 = ——L0 3
-Jli 47.24 J14724 Jia724
Substituting Eq. (2) into () yields
siné cos ¢ — cos Osin ¢ = 0

147.24

10

6 =)=

However, ¢ = um'l(-lﬁ) =8.531°. Thus,

12
Sin(@ —8.531°) = it
47.24
6-8.531° = 55.50°
0=64.0° Ans.

| 37

Y
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*4-8. The handle of the hammer is subjected to the force
of F = 20 1b. Determine the moment of this force about the

point A.

Resolving the 20 - 1b force into components parallel and perpendicular to the hammer, Fig. a,
and applying the principle of moments,

(+MA = —20c0s30°(18)— 20sin30%(5)
=-361.77 Ib-in=362 1b-in (clockwise) Ans.
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*4-9. In order to pull out the nail at B, the force F exerted
on the handle of the hammer must produce a clockwise
moment of 5001b-in. about point A. Determine the
required magnitude of force F.

Resolving force F into components parallel and perpendicular to the hammer, Fig. a,
and applying the principle of moments,

E&-M 4 =—500=—Fcos 30°(18) — F sin30°(5)
F=2761b . Ans.

Es?nﬁo'f"

V. -
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either with negative offset (left) or with positive offset
(right). If the tire is subjected to both a normal and radial
load as shown, determine the resultant moment of these

4-10. The hub of the wheel can be attached to the axle
loads about point O on the axle for both cases. ;

# 0.05 m
0.05m—=8 —0

= s

0.4m )% 0.4m
A sooN A 300N
4 kN 4 kN
Case 1 Case 2

For case 1 with negative offset, we have

‘-a- M,, = 800(0.4) —4000(0.05)
=120N-m (Counterclockwise) Ans

For case 2 with positive offsct, we have

(+ Mo =800(0.4) +4000(0.05)
=520N-m (Counterclockwise) Ans

197



4 Solutions 44918 1/23/09 12:03 PM Page 198 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-11. The member is subjected to a force of F/ = 6 kN. If
0 = 45°, determine the moment produced by F about

point A.

F=06kN

Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments,

(+MA = —6c0545°(6) - 65in45°(3)
=-38.18 kN -m=382kN -m (clockwise) Ans.

198



4 Solutions 44918 1/23/09 12:03 PM Page 199 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-12. Determine the angle 0 (0° = 6 = 180°) of the
force F so that it produces a maximum moment and a
minimum moment about point A. Also, what are the
magnitudes of these maximum and minimum moments?

F=06kN

In order to produce the maximum moment about point A, force F must act perpendicular to line AB,
Fig. a. From the geometry of this diagram,

¢= mn'{%): 63.43°
6= 90°— ¢ = 90° - 63.43° = 26.6° Ans.

Also,

d=422+32 =Em

The maximum moment of F about point A is given by
(M p)max = Fi = 6(445) = 40.2kN -m

The minimum moment of F about point A occurs when the line of action of F passes through point A.

Referring to Fig. b,

6=180°-¢ =180°- 63.43°=117° Ans.

and

Mpg)min =Fd =60)=0 Ans,

am

om
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My
de

Also,

0=26.6°

When M 4 =0(
0= 36c0s6 + 18sin@

( +M, = —6c0s8(6)— 65in6 (3)
=—(36¢c0s0 + 18sin@) kN -m
=(36cos 0 +18sin6 kN -m (clockwise)

The maximum moment occurs when %ﬂ- =0.

= —36sinf + 18cosf =0

The maximum moment of F about point A is given by
(M 4 )max = 3600526.57° + 185in26.57° = 40.2kN -m

Mg e = 3600s 0° +185in0° = 36kN -m
My p-op0 = 36€0890° +185in 90° = 18KN -m
May_1gpe = 36005 180° + 185in 180° = -36 kN -m

e=117°

The plot of M 4 versus 6is shown in Fig. b.

M (kN-m)

402
i

/8

36T \

{7

*4-13. Determine the moment produced by the force F
about point A in terms of the angle 0. Plot the graph of M 4
versus 0, where 0° = 0 = 180°.

Moment Fanction: Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments,

am
7
1 X8
osiné) ;
F=6KN

F=06kN
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4-14. Serious neck injuries can occur when a football
player is struck in the face guard of his helmet in the
manner shown, giving rise to a guillotine mechanism.
Determine the moment of the knee force P = 50 Ib about
point A. What would be the magnitude of the neck force F
so that it gives the counterbalancing moment about A?

(% M, = 50sin 60° (4) - SO cos 60° (2) = 123.2= 123 1b- in.) Ans
123.2 = Fcos 3P (6)

F=237b Ans

4-15. The Achilles tendon force of F, = 650N is
mobilized when the man tries to stand on his toes. As this is
done, each of his feet is subjected to a reactive force of
Ny = 400 N. Determine the resultant moment of F; and Ny
about the ankle joint A.

Referring to Fig. a,
Q(MR)A =ZFd; (Mg)s = 40000.1)= 650(0.65)c0s5°
=-209N-m=2.09N-m (clockwise)

65 mm

N;= 400N

100 mm
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*4-16. The Achilles tendon force F, is mobilized when the

man tries to stand on his toes. As this is done, each of his feet 7
is subjected to a reactive force of N, = 400 N. If the resultant ol
moment produced by forces F, and N, about the ankle joint >
A is required to be zero, determine the magnitude of F,.

Referring to Fig. a,
("‘(MR )a =ZFd;  0=400(0.1)=F cos5°(0.065) -
F =618N Ans. {mm

JIN=400N
65 mm 100 mm !

*4-17. The two boys push on the gate with forces of
F 4 = 30 1b and as shown. Determine the moment of each
force about C. Which way will the gate rotate, clockwise or
counterclockwise? Neglect the thickness of the gate.

¢ () =-30(3)o

==1621b-ft=1621b-ft  (Clockwise) Ans

¢ (Mg,)  =50(sin 60°) (6)
=2601b-ft (Counterclockwise) Ans

Since (4, ) . > (Mp, ) ., the gate will rotate Counterclockwise.  Ans

4-18. Two boys push on the gate as shown. If the boy at B
exerts a force of Fz = 301b, determine the magnitude of
the force F 4, the boy at A must exert in order to prevent the
gate from turning. Neglect the thickness of the gate.

Inotdnmpmmtumﬁumw;. the
resultant moment about point C must be equal to zero.

‘(4- My, =ZFd; My, =0=30sin 60"(6)-6.(2](9)

F=289Db Ans
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4-19. The tongs are used to grip the ends of the drilling
pipe P. Determine the torque (moment) Mp that the

applied force F' = 150 1b exerts on the pipe about point P
as a function of 6. Plot this moment Mp versus 6 for
0=6=090°.
6 in.
Mp
43 in. i
Mo (lb-#¢ )
S5
[
-
5375
Mp = 150 cos 8(43)+ 150 sin 6(6) 75
= (6450 cos8+900 siné) 1b- in.
=(537.5 cos6+75 s5inf) Ib- fi Ans O
My . 75
T 537.5 5in6+75 cos6 =0 unﬂﬂns-i—,r; 6=17.943°

At §=7943°, M, is maximum.

(Mp)uar = 538 cos 7.943°+75 sin 7.943° = 543 Ib- ft

Ao (Mp)ass = 1501 ((;_;)’.,(%)’)‘ O

*4-20. The tongs are used to grip the ends of the drilling
pipe P. If a torque (moment) of Mp = 800 1b - ft is needed
at P to turn the pipe, determine the cable force F that must
be applied to the tongs. Set § = 30°.

Mp = Fcos30°(43) + Fsin30°(6) Set Mp = 800(12) Ib-in.

800( 12) = Fcas30°(43) + Fsin30°(6)

F=239Db Ans

43 in. i
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*4-21. Determine the direction 0 for 0° = 6 = 180° of the F=400N
force F so that it produces the maximum moment about
point A. Calculate this moment. 19\~
[ & 8 T
2m
bl
3m |

F=400N

(*Mu = 400V (3" +(2)* = 1442N- am

M, = |L.4KkN.m Ans

2

¢ = tan™ (5) = 33.69° Ca,)

8 = 90° ~ 33.69° = 563° Ans

F=400N

am

2Am

(by
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4-22. Determine the moment of the force F about point A F=400N
as a function of 6. Plot the results of M (ordinate) versus 6
(abscissa) for 0° = 6 = 180°.

l—

‘a-j(. = 400 3ind(3) + 400 cos&(2)
| MCNm)
= 1200 siné + 800 cosf Ans

%Ilﬁﬁﬁ&ﬂ—&ﬂhﬁﬂ:ﬁ /200
1200

) =m"(ﬁ- = 56.3° 800-

(M) )ucx = 1200 sin 56.3° + 800 cos 56.3° = 1442N- m

0

800

4-23. Determine the minimum moment produced by F=400N
the force F about point A. Specify the angle 6 (0° =
0 = 180°). 6\

Muia 24000)=0  Ans

Ouia =90°+56.3° = 146°  Ans
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*4-24. In order to raise the lamp post from the position
shown, force F is applied to the cable. If F = 200 Ib,
determine the moment produced by F about point A.

Geometry: Applying the law of cosines to Fig. a,

BC? = 10% + 20% — 2(10)(20) cos 105°
BC=2457ft

Then, applying the law of sines,
sin@ _ sin105°

— =23.15°
10 24.57 0 =2315

Moment About Peint A: By resolving force F into components parallel and perpendicular to the lamp pole,
Fig. a, and applying the principle of moments,

C+(MR )a = ZHd; M 4 = 200sin23.15°(20) +200cos 23.15°(0)
=1572.73 Ib-ft = 1.57 kip-ft (counterclockwise) Ans,
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*4-25. In order to raise the lamp post from the position
shown, the force F on the cable must create a counterclockwise
moment of 15001b-ft about point A. Determine the
magnitude of F that must be applied to the cable.

Geometry: Applying the law of cosines to Fig. a,

BC? = 10% + 202 - 2(10)(20) cos 105°
BC=2457ft

Then, applying the law of sines,

sin@ sin105° o
To - s 7B

Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole,
Fig. a, and applying the principle of moments,

(—r{MR )a =EFd;  1500= Fsin23.15°(20)
F=1911b Ans,
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4-26. The foot segment is subjected to the pull of the two F, =301b
plantarflexor muscles. Determine the moment of each force

about the point of contact A on the ground. / //
F, =201b//,
/
307
(M) =20 c0s W°(4.5)+20sin H° @)= 18- in. }  Ane /
(Ma)z =30 cos 70°(4)+30 sin 70°(3.5) = 140 b- in. ) Ams \ ;
60°
4in ™~
=
A
1in—~ .
3.5in:

4-27. The 70-N force acts on the end of the pipe at B.
Determine (a) the moment of this force about point A, and
(b) the magnitude and direction of a horizontal force, applied
at C, which produces the same moment. Take 6 = 60°.

@ ¢+

My

70 sin60°(0.7) + 70 c0s60°(0.9)

7394 = 739 N-m) Ans

(b) F (09 = 73.94

F. = 822N« Ans

C
-03m

0.7 m |
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*4-28. The 70-N force acts on the end of the pipe at B. A
Determine the angles 6 (0° = 6 = 180°) of the force that .
will produce maximum and minimum moments about B
point A. What are the magnitudes of these moments?

¢ +M, = 705in6(0.7) + 70 cos8(0.9)

09m
M, = 498inf + 63 cosd 0N
For maximum momntﬁ =
de
dM, '
—A = 49 cos@® — 63 sin@ =0
de
49
-1
= -—) = 37.9° Ans
0 = tan (63)
(M) max = 49 8in37.9° + 63 c0s837.9°

798 N-m - Ans
For minimum momentM, = 0

M, =0;  49sin@ + 63 cosf =0

-63
6 = 180° + tan '(—=) = 128° Ans
49
(M) in = 49 8in128° + 63 c08128° = 0 Ans
*4-29. Determine the moment of each force about the \

bolt located at A. Take Fgz = 401b, F- = 50 Ib.

{ +Mp = 40 c0s25°(2.5) = 90.6 Ib-ft % Ans

( +M. = 50 c0s30°(3.25) = 141 Ib-/t") Ans
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4-30. If Fz = 301band F- = 45 Ib, determine the resultant
moment about the bolt located at A.

(+M, = 30 cos25°(2.5) + 45c0s30°(3.25)

I

195 Ib-1t% Ans

4-31. The rod on the power control mechanism for a
business jet is subjected to a force of 80 N. Determine the
moment of this force about the bearing at A.

4+ M, = 80cos 20° (0.15 sin 60°) ~ 80sin 20° (0.15008 60°) = 7.7IN- m ¥ Ans SN

*4-32. The towline exerts a force of P = 4 kN at the end
of the 20-m-long crane boom. If § = 30°, determine the
placement x of the hook at A so that this force creates a

maximum moment about point O. What is this moment? P=4kN
Maximom moment, OB 1 BA
T+ (Mp)par = 4 KN(20) = 80KkN-m) Ans A

4 (sin60°(x) — 4 kN cos60°(1.5) = 80 kN-m

x=240m Ans

210



4 Solutions 44918 1/23/09 12:03 PM Page 211 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-33. The towline exerts a force of P = 4 kN at the end
of the 20-m-long crane boom. If x = 25 m, determine the
position 6 of the boom so that this force creates a maximum
moment about point O. What is this moment?

P =4kN

Miaximum moment, OB L BA
C +(Mp)ax = 4000(20) = 80000 N-m = 80.0KN-m  Ams
4000 sing(25) — 4000 cos¢(1.5) = 80 000
25sing — 1.5 cosg = 20 20m
¢ = 56.43° o o\ hooon
0 = 90° - 5643° = 33.6° Ans 25m
- Also,
(157 + 2 =y
225 + 2 = y?
Similar triangles

204y 2542
.z - ¥

Wy +y =252+ 2

20(Y2.25 + 22) + 225 +2* = 25z + 2 0 2
5m 40008

z=12259m
F e—2n—

y=2712m

_1f2.259
0 = cos ‘(m) = 33.6° Ans.
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4-34. In order to hold the wheelbarrow in the position
shown, force F must produce a counterclockwise moment
of 200 N -m about the axle at A. Determine the required
magnitude of force F.

Resolving force F into its horzontal and vertical components, Fig. a,
and applying the principle of moments,
(+MA = 200 = F'sin 30°(1.5)+ Fcos 30°(1.15)
F=115N Ans.

B Feos30’
30° 7;
1.15m o F
Fsin30°
A ¢ nem
(a)
212
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4-35. The wheelbarrow and its contents have a mass of
50 kg and a center of mass at G. If the resultant moment
produced by force F and the weight about point A is to be
zero, determine the required magnitude of force F.

Resolving force F into its horzontal and vertical components, Fig. a,
and applying the principle of moments,
('+(MR )a = ZFd; 0 = F sin30°(1.5) + F cos 30°(1.15) — 50(9.81)(0.3)
F =843N Ans,

B Fcos30°
D 30° |
! l
lism|{ Y ~ (- )=
Fsindp®
Al
( 1-2m
03m
)
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*4-36. The wheelbarrow and its contents have a center of
mass at G. If F = 100 N and the resultant moment produced
by force F and the weight about the axle at A is zero,
determine the mass of the wheelbarrow and its contents.

Resolving force F into its horzontal and vertical components, Fig. a,
and applying the principle of moments,
(—r(MR )a = ZFd; 0= 100cos 30°(1.15)+ 100sin30°(1.5) — M(9.81)(0.3)
M =593 kg Ans,

1i5m

—+ 1008;in30° N
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*4-37. Determine the moment produced by F; about
point O. Express the result as a Cartesian vector.

3 ft/i ©
— ;

N

2 ft 11t

y
F, = {—20i + 10j + 30k} Ib

Position Vector: The position vector rpy , Fig. a, must be determined first.
roa =(3-0)i+(3-0)j+(-2- 0)k =[3i + 3j-2k]ft

Vector Cross Product: The moment of F; about point O is

i j ok
Mo =ros xFi=|3 3 -2|=[110i-50j+90k]Ib-f Ans.
20 10
-Z &
: t
A
" R

A(3,3 -2)ft.
(_“') /7 7J )Jc

F, = {—10i — 30j + 50k} Ib

[
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4-38. Determine the moment produced by F, about T

point O. Express the result as a Cartesian vector.
y
o
F, = {—20i + 10j + 30k} Ib

F, = {—10i — 30j + 50k} Ib

3 ft /7
/

X

Position Vector: The position vector rpy4, Fig. a, must be determined first.
ros =(3-0)i+(3-0)j+(-2- 0k =[3i + 3j—2k]ift

Vector Cross Product: The moment of F; about point O is

i § K
Mp=rps xF2=|3 3 2| =[90i-130j- 60k]Ib-ft Ans.
10 30 5

an

A(3,3,-2) ft
(@)
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4-39. Determine the resultant moment produced by the two
forces about point O. Express the result as a Cartesian vector.

N

5 gt 11t
3 y
/ (@]
/3 ft F, = {—20i + 10j + 30k} Ib
* 21t

F, = {—10i — 30j + 50k} Ib

Position Vector: The position vector 4 , Fig. a, must be determined first.
4 = (3=0)i+ (3= 0)j+ (-2 -0k = Bi+3j= 2k]ft

Resultant Moment: The resultant moment of Fj and F5 about point O can be determined by
(Mg)o =1p4 xFi+ gy xFp
i § ok||i § k
=3 3 -AY+|3 3 =2
20 10 10 =30 50
= [200i - 180+ 30k]Ib-ft Ans,

Or we can apply the principle of moments which gives
(MRp)o =14 xF +F3)

i j kK
=|3 3 -

30 =20
= {200i — 180j+ 30Kk} Ib-ft Ans.

ST

be A(3,3,-2)4t
(&)
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*4-40. Determine the moment produced by force Fp
about point O. Express the result as a Cartesian vector.

Position Vector and Force Vectors: Either position vector rgy or g can be used
to determine the moment of Fg about point O.
s = [6k]m rog =[2.5]] m

The force vector Fg is given by

Fg = Fyupp = (0-0)i+(25-0)j+(0- 6k |_ B00j—720K]N
Z0)2 +(2.5- 0)2 +(0- 6)

Vector Cross Product: The moment of Fg about point O is given by

i j k
Mp=ro4xFp={0 0 6 |=F1800i] N -m=[-1.80i}kN-m Ans.
300 -72
ar
i j K
Mp=rop xFp =00 25 0 [=[-1800i]N-m=([-1.80i]kN-m Ans.
300 -72

4

ACo06)m
Fs=780N
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*4-41. Determine the moment produced by force Fc
about point O. Express the result as a Cartesian vector.

Position Vector and Force Vectors: Either position vector rgy or gyc can be used
to determine the moment of F- about point 0.

pa ={6k} m

e =(2-0)i+(3- 0)j+(0-0)k = Ri—3j]m

The force vector F is given by

Fe = Foupe =420 C O3 O3+ -0k | _ o 1805 360k)N
-0 +(3-0)2+(0-6)

Vector Cross Product: The moment of F¢ about point O is given by

i j k

Mg =rgs XFc=|0 0 6 | =[1080i+ 720§]N -m Ans.
120 180 -360

o
i j k

Mo=rgc xFc =|2 3 0 |=[1080i+720j]N -m Ans.
120 -180 -

Fe=420N | 4(0,0,6)m
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4-42. Determine the resultant moment produced by
forces Fp and F¢ about point O. Express the result as a
Cartesian vector.

Position Vector and Force Vectors: The position vector rp4 and force vectors Fg and F,

Fig. a, must be determined first.
p4 ={6k}m

(0-0)+(2.5-0)j+(0- 6k
Fp = K =m{ = 300j—720k]N
B ="BurB 0—0)2+(2.5—0)2+(0—6)2] B0 ]
u‘ isz- 0%i+(-3—— 0)!' +(0-6)k
Fp = = 42 _ = [120i - 180§ — 360k]N
c=krre 2-0)* +(-3-0)% +(0-6) ] { : !

Resultant Moment: The resultant moment of Fg and F- about point O is given by
Mg =ro4 xFp *fw 1oy xFc
j k i §j Kk

= 0 6 |+ 0 0 6
300 720y 120 -180 -
=[-720i + 720] N -m Ans.
A
Fo=420N
U
o
CL2,-3,0)m
0
X

)

: A(0,0, 6)m

&=780n

8(g250)m

¢
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4-43. Determine the moment produced by each force
about point O located on the drill bit. Express the results as 600 mm
Cartesian vectors.

F, = {—40i — 100j — 60k} N
|

A = (0.15- 0)i+(0.3-0)j+(0-0) = [0.15i + 0.3j]m

o
Position Vector: The position vectors iy4 and rgp, Fig. a, must be determined first. Bﬁl&\
top = (0- 0)i+(0.6— 0)j+(-0.15-0)k = [0.6j-0.15k |m x

Vector Cross Product: The moment of F4 about point O is

(Mg)o =y XFy

i § k
=15 03 0
40 -100
=[-18i+9j-3KkIN-m Ans.

The moment of Fg about point O is

(Mg)o =1pp XFp

i § Ok
=lo 06 -01

50 -120 60
=[18i+7.5j+30k]N-m Ans.

Fy = {—50i — 120j + 60k} N
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*4-44. A force of F = {6i — 2j + 1k} kN produces a
moment of My = {4i + 5j — 14k} kN - m about the origin
of coordinates, point O. If the force acts at a point having an
x coordinate of x = 1 m, determine the y and z coordinates.

i K
Mgo=|l ¥y z|=Bi +5-14k]kN-m
-2 1

y+2z=4

-14+6z=5

-2-6y=-14

y=2m Ans

z=1lm Ans.

*4-45. The pipe assembly is subjected to the 80-N force. z
Determine the moment of this force about point A.

Position Vector And Force Vector :

fic = {(0.55-0)i+(04~0)j+(-0.2-0)k} m
= {0.55i +0.4j~0.2k} m

F = 80(cos 30°sin 40°i + cos 30°cos 40°j - sin 30°k) N x
= {44.53i +53.07j - 400k} N

Moment of Force F About Point A : Applying Eq.4 -7, we have
M, =r,xF
i J k
=|0.55 0.4 -0.2
4453 5307  -40.

={-5.3%+13.1j+ 119k} N-m Ans
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4-46. The pipe assembly is subjected to the 80-N force.
Determine the moment of this force about point B.

Position Vector And Force Vector :

Fac = {(0.5-0)i+(0.4-0.4)j+ (~0.2-0)k} m
={0.55-0.2k} m

F = 80(cos 30°sin 40° + cos 30°cos 40°j - sin 30°k) N X
= {44.531 + 53.07j- 40.0k} N

Moment of Force F About Point B : Applying Eq.4 -7, we have

M =rgo xF
i J k
=]0.55 0 —OZJ
453 5307 -40.

={10.6i+13.1)+292k} N.m Ans

4-47. The force F = {6i + 8j + 10k} N creates a
moment about point O of My = {—14i + §j + 2k} N-m. P/F
If the force passes through a point having an x coordinate of
1 m, determine the y and z coordinates of the point. Also, %
realizing that M, = Fd, determine the perpendicular p
distance d from point O to the line of action of F. d \ Z
I J k o
~l4l+8)+2Kk =l y :J Im
6 8 1
y
-14 = 10y - 8z X
8= =10+ 6z
2=8-6y
y=I1lm Ans
z=3m Ans

My = y(-147 + (8 + 2F = 162SN- m
F = J(6F + (8) +(10p = 14.14 N

d-lg'—gnl.ISn: Ans
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*4-48. Force F acts perpendicular to the inclined plane.
Determine the moment produced by F about point A.
Express the result as a Cartesian vector.

Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u g
is equal to the unit vector of the cross product, b = ry~ % rp-, Fig. a.Here

ryc = (0- 0)i+(4-0)j+(0- 3k =[4j— F]m

rac = (0- 3)i+(d— 0)j+(0 —0)k =[3i+ 4jim

Thus,
i j ok
b=u XB: 0 4 —_
34 0
=[12i+ 9j+ 12k]m?
Then,

- =%=M—'—2-'-‘—= 0.62471+0.4685 + 0.6247k

J122+92+122

And finally
F = Fa g = 400(0.6247i + 0.4685j+ 0.6247 k)
=[249.88i + 187.41j+ 249.88k N

Vector Cross Product: The moment of F about point A is
i i k

My =rye xF=| 0 4 3
9.88 18741 249.

=[1.56i— 0.750j— Ik] kN - m Ans.
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*4-49. Force F acts perpendicular to the inclined plane.
Determine the moment produced by F about point B.
Express the result as a Cartesian vector.

Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector a g
is equal to the unit vector of the cross product, b = ry~ % rg-, Fig. a.Here

e =(0-0i+4-0)j+(0-3Ik=[4j—-Xk]m

rgc =(0-3)i+(4-0)j+(0 -0k =[3i+4jlm

Thus,
i § ok

b=y xng =0 4 -A=[12i+ 9+ 12k] m
34 0

Then,

np=%= 12491+ 12k _ 0.6247i+0.4685] + 0.6247k

N2+ 92 4122

And finally
F = Fa g = 400(0.6247i + 0.4685j+0.6247k)
=[249.88i + 187.41j+ 249.88k N

Vector Cross Product: The moment of F about point B is
i j k
Mp =rpgc xF=| 3 4 0
9.88 18741 249.
=[1li+0.750j— 1.56k] kN -m Ans.
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4-50. A 20-N horizontal force is applied perpendicular to
the handle of the socket wrench. Determine the magnitude
and the coordinate direction angles of the moment created
by this force about point O.

ta=0.23in15°1 +0.2c08 15°§ + 0,075k
=0.051761 +0.1932  +0.075k
F = -20co0s 15°1 + 20sin 15°

=-19.32145.176§

Mg=ry, xF =

i J k
0.05176 0.1932 0.07
-1932 5176 0

= (-0.38821 - 1.449§ +4.00k} N- m

Mp=24272= 42IN- m Ans’

a =m"(-2'::282)= 95.2°  Ans

-1.449

277 = 110° Ans

p oo

7’“-'(4.%12)" 206  Am
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4-51. Determine the moment produced by force F about F = {—6i + 3j + 10k} N
the diagonal AF of the rectangular block. Express the result
as a Cartesian vector.

Moment About Diagonal AF: Either position vector ryg orrgg, Fig. @, can be used to find the moment of F
about diagonal AF.

rqp = (0- 0i+(3-0)j+(1.5-1.5k = [3fim

rrg = (0-3)i+(3-3)j+(1.5-0)k =[-3i+ 1.5k]m

The unit vector m 4 , Fig. a, that specifies the direction of diagonal AF is given by

war = (3—0)i+(3-0)j+(0-1.5)k =E-l+3-j-%k

-&3-0)%(3-0)%(0—1‘5)2 3 3

The magnitude of the moment of F about diagonal AF axis is

MA.F = 04F AR xF=

W wwlm

2
3
0
6 10
=%[3(10)—(3)(0)]~%[0(10)—HS)(0)]+(—-;)0(3)~(-6)(33]
=14N-m

1

1.5

2
Myp =uyp -vpp XF=|3
3
6 10

w ow|m

=%EO(W)-@(1-5)]—%{(—3)(10)—(—61(1-5)]+[—%)(—3)(3}—(—6x0)1
=14N-m

Thus, M4z can be expressed in Cartesian vector form as

MG M g %H%j—%k]——-[9.33l+933j—4.67k]N-rn Ans.
&
X (@)
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*4-52. Determine the moment produced by force F about F = {—6i + 3j + 10k} N
the diagonal OD of the rectangular block. Express the
result as a Cartesian vector.

Moment About Diagonal OD: Either position vector rgp or rpg, Fig. a, can be used to find the moment of F
about diagonal OD.

rop =(0—-0)i+(3- 0)j+(1.5-0k = Bj+1.5j]m

o = (0-3)i+(3- 3j+(1.5- 1.5%k = [3]m

The unit vector ngp, Fig. a, that specifies the direction of diagonal OD is given by

upp =B 0+G-03+(15- Ok =gi+%j_%k

¥3-02+3-02+(0-15% 3

The magnitude of the moment of F about diagonal OD is

ow N

Mop =upp ‘rop xF =

W Wl
= 0 -

= §[3(10)—(3)(l.5}]— %[0(10}—(—6)(].5]]4- -;-[(.'(3)—(-6 )3)]

=17N-m
o
22 1
Mop = - F=(3 3
oD =WUgp "Tpg X 30 6
6 3 10
= 20010)- (0] - 2[-10)- (~6X0)+ 3{-X3- (-60)

=17N-m

Thus, My can be expressed in Cartesian vector form as

Mgp =Mppugp = |7[§ i+%j+-§ k] =[11.3i+ 11.3j+ 5.67k]N -m Ans.

D(3,3,15)m

4 (@)
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*4-53. The tool is used to shut off gas valves that are
difficult to access. If the force F is applied to the handle,
determine the component of the moment created about the

z axis of the valve. {—60i + 20j + 15k} N

u=k
r=025s5in30° + 0.25c0s 30°§

=0.1251 + 0.2165 }

0 0 1
M, = |0.125 0.2165 (;l = |S5N-m Ams
-60 20 1

4-54. Determine the magnitude of the moments of the
force F about the x, y, and z axes. Solve the problem (a) using
a Cartesian vector approach and (b) using a scalar approach. A

a) Vector Analysis

Position Vector :

rup = {(4=-0)i+(3-0)j+(~2-0)k} fr= {#+3j-2k} ft Y
Moment of Force F About x, y and z Axes : The unit vectors along X
x, y and z axes arei, j and k respectively. Applying Eq.4—ﬂ. we have
M, =i (r,y xF)
1 0 0
=14 3 —zl
4 12 -
= 1{3(-3)-(12)(-2)] -0+0=1501b-fr Ans F= {41 + 12.] _ 3k} b
M, =j-(ryg x F)
0 1 0
=|4 3 -J
4 12 -
=0-1[4(-3)-(4)(-2)] +0=4.001b- ft Ans b) Scalar Analysis
M, =';"ﬂo" P | M, =IM; M =122)-3(3)=150b-t  Ans
=4 3 -
s 12 _§| M, =IM,; M, =-4(2)+3(4)=400b-fit  Ans
=0-0+1[4(12) - 43N] =3600b-ft Ans M=IM. M, 5—4(3)+12(4)=36.glh-f: Ans
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4-55. Determine the moment of the force F about an axis Z
extending between A and C. Express the result as a
Cartesian vector.

F = [4i + 12j — 3k} Ib

Poazsition Vector :

fep ={-2k} ft
Tap = {(4=0)i +(3-0)j+(~2-0)k} ft= {4i+3j-2k} R

Unit Vector Along AC Axis
Mic=uyc (ryy X F)

- (4-0)i+(3-0)j

u —_—— = (.8i +0.6)

“ (4_0}2+{3-0)2 =,o4.s 03‘6 _oﬂ
M f F F About AC Axis : With F = {4i +12j-3k} Ib 04 2 y

oment of Force out xis : = {4i+ 12~ X = _3[(3)(_3)_12(_2) —0.6[4(=3) —d(—
applying Eq.4 -, we have ] [4(=3)-4(-2)]1+0
=14.41b-ft
Myc=uyc-(rcg X F)
Expmsﬁns M, as a Cartesian vector yields

0.8 0.6 0
=l 0 0 'Zi Myc=M,cu,c

4 12 -
= 14.4(0,

=0.8((0) (~3) - 12(~2)] = 0.6[0(=3) —4(=2)] +0 : m“;’ ‘f;;gi?ih .

. - Ans

=14.41b-fi
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*4-56. Determine the moment produced by force F about z
segment AB of the pipe assembly. Express the result as a
Cartesian vector.

F = {—20i + 10j + 15k} N

Moment About Line AB: Either position vector ry- orrg- can be conveniently used
to determine the moment of F about line AB.

e =(3-0)i+(4-0)j+(4-0k=[3i+4j+ 4k ]m

rpc =(3-3li+(4-4)j+(4-0k =[4k]m

y

The unit vector m 45, Fig. a, that specifies the direction of line AB is given by X
(B-0§+(4-0j+©-0k _3, 4.
¥B3-02+@4-02+0-0% > 3

ll“=

Thus, the magnitude of the moment of F about line AB is given by

3 4,
Mg =uyp -T4r XF=|5 5

3 4 4

20 10 1

= -2.[4(15;- 104)] - -;-:-[3(15)— (=20(4)]+ 0

=-88N-m
ar
3 4,
Msp =045 T~ xF=]5 5
AB = TAB TBC 0 0 4
2 10 1

3 4
=§[0(15]- 10(4)]_3[1115)—(—20)(4)]+ 0
=-88N'm

Thus, M4p can be expressed in Cartesian vector form as

Mg =Myguyp = %i+%j]=[—52.8i—70.4j}N-m Ans.
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*4-57. Determine the magnitude of the moment that the
force F exerts about the y axis of the shaft. Solve the
problem using a Cartesian vector approach and using a
scalar approach.

a) Vector Analysis

Position Vector and Force Vector:
rog = {0.2cos 45% - 0.2sin 45°k} m = {0.1414i - 0.1414k} m
F = 16{~cos 30% +sin 30°k} N = {-13.856i + 8.00k} N

Moment of Force F About y Axis : The unit vector along the y axis
is j. Applying Eq.4-11, we have

M, =j(cop X F)
0 1 L]
=] 0.1414 0 -0.l4l¢l

-13856 0 8
=0-1[0.1414(8) - (~13.856)(-0.1414)] +0

=0828N-m Ans

b) Scalar Analysis

M, =EM. M, = 16cos 30°(0.2sin 45°)
=~ 16sin 30°(0.2cos 45°)
=0828N-m Ans
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4-58. If F = 450N, determine the magnitude of the
moment produced by this force about the x axis.

Moment About the x axis: Either position vector r4g or rcp can be used
to determine the moment of F about the xaxis.

g = (-0.15-0)i+(03- 0)j+(0.1- Ok = [-0.15i +0.3j+ 0.1k m

g = [(-1.5-(0.15)]i+ (0.3~ 0)j+(0.1-0)k = [0.3j+ 0.1k]m

The force vector F is given by
F = 450(— cos 60° + cos 60° j+ cos 45°k) = [-225i + 225+ 318.20k]N

Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the xaxis is

givenby
1 0 0
Mc=brap xF= 515 03 ou
-225 225 318
=1[0.3318.20)~ (225)(0.1)] + 0+ 0=73.0N-m Ans.
or
i 1 0 0
Mi=irg xF=1, o3 o1
1225 225 318.20
= 1[0.3(318.20) - (225X 0.)]+0+0=73.0N -m Ans.
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4-59. The friction at sleeve A can provide a maximum
resisting moment of 125 N - m about the x axis. Determine
the largest magnitude of force F that can be applied to the
bracket so that the bracket will not turn.

Moment About the x axis: The position vector r 45 , Fig. a, will be used
to determine the moment of F about the xaxis.
ryg = (~0.15-0)i+(0.3- 0)j+(0.1- Ok = [-0.15i+0.3j+0.1k] m

The force vector F is given by
F = F(-c0os60°i + cos 60°j+ cos45°k) = —0.5Fi + 0.5Fj + 0.7071Fk

Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is
givenby

1 0 0
-0.15 03 0.1
0.5F 0.5F 0.7071F|
=1[0.0.7071 F) - 0.5F(0.1)] + 0+ 0 = 0.1621F
Since the friction at sleeve A can resista moment of M, = 125N -m, the maximum allowable magnitude of
Fis given by

M, =i-ryg xF=

125=0.1621F
F=TIIN Ans.

‘F_
45°
60|
lhg >

N/

B(-015,0:3,0:1)m

¢

@)
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*4-60. Determine the magnitude of the moment z
produced by the force of F = 200 N about the hinged axis
(the x axis) of the door.

Moment About the x axis: Either position vector rgg orrgy can be used
to determine the moment of F about the xaxis.

rgy = (2.5- 2.5)i+(0.9659~ 0)j+ (0.2588 — 0)k =[0.9659j + 0.2588k |m
top =(0.5-0)i+(0-0)j+(2 -0k = [0.5i+ 2k]m

The force vector F is given by

(0.5- 2.5)i+(0- 0.9659)j+ (2 —0.2588)k

F=Fa,p =2
¥(0.5- 2.5) +(0 —0.9659) + (2 — 0.2588)>

=[-141.73i-68.45j+ 123.39k N

Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is

given by
1 0 0
M, =ity xF = = 137N - Ans.
x = 0 09659 0. 137N -m
14173 -6845 1233
or
M, =i-tpp xF=| | 0 O 1. 37N An
= 1-F = = -
* =Vios 05 0 2 m .
14173 -6845 12339

A(2-5, 1Cosi5] | 5intE°) M)
= (25,0959, 0-2588) ™
C(25,0,0)m

(&)
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*4-61. If the tension in the cable is /' = 140 Ib, determine z
the magnitude of the moment produced by this force about
the hinged axis, CD, of the panel.

Moment About the CD axis: Either position vector rgy or rpp , Fig. a, can be used
to determine the moment of F about the CD axis.

rca = (6= 0)i+(0- 0)j+(0-0)k =[6i]ft

rpp = (0- 0)i+(4—8)j+ (12— 6)k =[—4j+ 6k]ft

Referring to Fig. a, the force vector F can be written as

(0 —6)i+ (4 - 0)j+ (12— Ok
J(o -6)% +(4-0)2 + (12— 0)2

F=Fasg=1 = [-60i + 40+ 120k]Ib

The unit vector ucp , Fig. a, that specifies the direction of the CD axis is given by
_ (0-0)i+(8-0)j+(6-0)k _4. 3

=g1+—k
J(o~ 0)2 +(8- 0% +(6-0)?

acp 3

Thus, the magnitude of the moment of F about the CD axis is given by

ownlw

0o 4
Mmp = . F=

CD =8cp -y X é 3
o 12
= 0~ 2{6(120)~ (-60)(0)]+ 3[6(40)~ (-60X0)

=-4321b-ft Ans.

Mm =Ilm-l‘mXF=

8 Luis
o ilw

120
=0- %[0(120)—(—60)(6)]+ %[0(40)—(450)(—4)]
=—4321b-f Ans.

The negative sign indicates that Mcp acts in the opposite sense to that of up .

B(0,4,12)ft

A(6,0,0)
)

236

o



4 Solutions 44918 1/23/09 12:03 PM Page 237 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-62. Determine the magnitude of force F in cable AB in z
order to produce a moment of 500 Ib - ft about the hinged
axis CD, which is needed to hold the panel in the position
shown.

Moment About the CD axis: Either position vector rgy or reg , Fig. @, can be used
to determine the moment of F about the CD axis.

rcy = (6— 0)i+(0- 0)j+(0-0)k =[6i]ft

rg = (0= 0)i +(4-0)j+ (12 -0)k =[4j+ 12k]ft

Referring to Fig. a, the force vector F can be written as

(0—6)i+(4—0)j+(12-0
F=Fayy= _._u_n_..._L Fi+-ﬁ+ 5
(0-6)2 +(4- 0}2+(12 02| 7

The unit vector ncp , Fig. a, that specifies the direction of the CD axis is given by
- —0)j+(6— 4. 3
i (0- 0)i+(8-0)j+(6— Ok =252
(0- 0)2 + (8- 0)2 + (6 -0)?
Thus, the magnitude of the moment of F about the CD axis is required to be Mcp = [500]1b-ft. Thus,
Mcp =ucp -ty XF

o 4 3
= 5 5

PR E 2

?F ?F *_}-F

4] (6 3 31 .2

e PR
F=1621b Ans.
o

Mcp =ucp -reg XF

o 2 3
= 5. 5
iy A B
3F 3F 3
4 6 3 3 2
e )}
F=1621b Ans.

%8094, 12) 4

L IZs

D(0,8,6)4
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4-63. The A-frame is being hoisted into an upright
position by the vertical force of F = 80 1b. Determine the
moment of this force about the y’ axis passing through
points A and B when the frame is in the position shown.

Scalsr analysis :
M, = 80 (6cos 15°) = 4641b. fr Ans

Vector analysis :

Uas =‘;§.&0‘l+m30"|

Coordinates of point C :

X =3sin30° ~ 6cos 15°cog 30° = — is2ft

Yy =3cos30° + 6cos 15°5in30° = S.50 ft
z=6sinl5° = 155/
fac = - 3.521+ 550 +1.55k
F = 80k
3in30° cos30° 0

M, I—s.sz 550 1.55
0 0 80

‘&‘ = 4641b- fi Ans
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*4-64. The A-frame is being hoisted into an upright z
position by the vertical force of F = 80 1b. Determine the
moment of this force about the x axis when the frame is in
the position shown.

X
X
Using 2. ¥'. z:
u, =cos 30°{ +sin 30° J'
Fac =—6cos 15°1 +3 ) + 6sin 15° k
F=80k
cos 30°  sin 30° 0
M, =|-6cos 15° 3 6 sin 15° = 207.85+231.82+0
0 0 80
M, =440b- t Ans
Also, using x, ¥, z.
F Coordinates of point C :
30° s
x = 3sin30° - 6cos 15°cos 30° = - 3521t
'BJDt y = 3co830° + 6cos 15°sin30° = 5.50ft
X z=6sinl5 = LS5
fac = = 3.521 + 550§ +1.55k
F = 80k
1 0 0
M, =|~-3.52 550 1.55|=440b- R Ans
0 0 80
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*4-65. The A-frame is being hoisted into an upright z
position by the vertical force of F = 80 1b. Determine the
moment of this force about the y axis when the frame is in
the position shown.

X
X
Using @, y', z:
u, ==sin 30° I' +cos 30° J'
fac=—6c¢cos 15°1 +3 ) + 63in 15°k
F=80k
-3in30° cos 30° 0
M, =|=6cos 15° 3 6 sin 15°| = =120+ 401.52+0
0 0 80
M, =2821b- R Ans
Also, usingx, y, 2:
’}? Coordinates of point C :
30°
x=33in30° - 6cos 15°cos 30° = - 3.52ft
5& i ] y = 3c08 30° + 6cos 15°sin 30° = 5.501t
z=6sinl5® = L.55R
x
fac = = 31521+ 550j +1.55k
F = 80k
0 1 0
M, =|-3.52 $5.50 1.55{=282Db-fR Ans
0 0 80
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4-66. The flex-headed ratchet wrench is subjected to a
force of P = 161b, applied perpendicular to the handle as
shown. Determine the moment or torque this imparts along
the vertical axis of the bolt at A.

16(0.75 + 10sin60°)

151 Ib-in. Ans

N
I

4-67. If a torque or moment of 801Ib-in. is required to
loosen the bolt at A, determine the force P that must be
applied perpendicular to the handle of the flex-headed ratchet
wrench.

80 = P(0.75 + 10sin60°)

P=— =8501b Ans
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*4-68. The pipe assembly is secured on the wall by the
two brackets. If the flower pot has a weight of 50 Ib,
determine the magnitude of the moment produced by the
weight about the OA axis.

Moment About the OA axis: The coordinates of point B are [(4 + 3cos 30°) cos60°, (4 +3 cos30°)sin 60°, 3sin30° Jft =(3.299,
5.714, 1.5) ft. Either position vector rgg or ryp can be used to determine the moment of W about the OA axis.

rop =(3.299-0)i+(5.714 - 0)j+ (1.5~ 0)k = [3.299i + 5.714j+ 1.5k]ft

ag = (3.299— 0)i+(5.714 —4)j+(1.5— Ik =[3.299i + 1.714j— 1.5k |ft

Since W is directed towards the negative Zaxis, we can write
W = [-50k]Ib

The unit vector a4 , Fig. a, that specifies the direction of the OA axis is given by
(©-0§+(@-0)j+G-0k _4. 3,
£0-0)2 +(4-0)2 +(3-0)

gy = s

The magnitude of the moment of W about the OA axis is given by

4. 3
Moa =up, - W= 5 5
OA; = RO - Fop X 299 5714 15
0 0 -
4 3
=0- ;p.zgg(_so)_m 5] +?§3.299m) - 0(5.714)]
=1321b-ft Ans.
ar
o £ 3
Mpy =upgy typ x W= 5 5
TR 299 1714 -1
0 0 -50
=0—%b.299(—50)-0(—[.5)]+%[3199{0)—0([.7!4)]
=1321b-ft Ans.

| Weso0lb
8(3-247@ 5714, 15) f+
(@)
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*4-69. The pipe assembly is secured on the wall by the two z

brackets. If the frictional force of both brackets can resist a

maximum moment of 1501b-ft, determine the largest 41t
weight of the flower pot that can be supported by the \A
assembly without causing it to rotate about the OA axis.

Moment About the OA axis: The coordinates of point B are [(4 + 3cos 30°) cos 60°, (4 + 3 cos30° )sin 60°, 3sin30°]ft =(3.299,
5.714, 1.5) ft. Either position vector rgp or rge can be used to determine the moment of W about the OA axis.

rop =(3.299-0)i+(5.714 - 0)j+(1.5-0)k = [3.299i + 5714j+ 1.5k]|ft

g = (3.299— 0)i + (5714~ 4)j+(1.5- Ik =[3.2991 + 1.714j— 1.5k ]t

Since W is directed towards the negative zaxis, we can write
W=-Wk

The unit vector w4 , Fig. a, that specifies the direction of the OA axis is given by
(0-0)i+(4-0)j+(3- 0k

= -‘?-j+‘3-‘k
F0- 02 +(4-02 +(3-0)?

57 5

gy =

Since it is required that the magnitude of the moment of W about the OA axis not exceed 150 ft- b, we can write
Moq =0gy ‘top x W

e 2 2
- 5 5
Pt o s34 is
o o -
150=o-%[3,299(—“!)—m.s>]+%[3.299(o)—0(5.714)]
W=5681b Ans.
o

., 4 3
- 5 3
P4l oo she &
0 0 -w
150 = 0~ [329%-W) - 00)]+ 2 3.299(0)- x5714)]
W =5681b
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4-70. A vertical force of F = 60 N is applied to the
handle of the pipe wrench. Determine the moment that this
force exerts along the axis AB (x axis) of the pipe assembly.
Both the wrench and pipe assembly ABC lie in the x—y
plane. Suggestion: Use a scalar analysis.

L

45° N\45| 45/ 92m

Secalar Analysis : From the geomery, the perpendicular distance from
x axis o force F is d = 0.15sin 45° +0.2sin 45° = 0.2475 m.

M, =IM,; M, =-Fd=-60(02475)=-148N-m

Negative sign indicates that M, is directed toward negative x axis.
M, = 148N'm Ans
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4-71. Determine the magnitude of the vertical force F
acting on the handle of the wrench so that this force
produces a component of moment along the AB axis (x axis)
of the pipe assembly of (M 4), = {—5i} N+ m.Both the pipe
assembly ABC and the wrench lie in the x—y plane.
Suggestion: Use a scalar analysis.

d

|

45° N\47.| 45/ 0:2m

0-/5m

Scalar Analysis : From the geometry, the perpendicular distance from
x axis o F is d=0.15sin 45°+0.2sin 45° = 0.2475 m.

M, =IM,; -5=-F(0.2475)
F=202N Ans

*4-72. The frictional effects of the air on the blades of the
standing fan creates a couple moment of My = 6 N:-m on

the blades. Determine the magnitude of the couple forces
at the base of the fan so that the resultant couple moment
on the fan is zero. Mo

“FyTIF
0.15 m 0.15 m

Couple Moment: The couple moment of F produces a counterclockwise moment of M = F(0.15+ 0.15)= 0.3F. Since the
resultant couple moment about the axis perpendicular to the page is required to be zero,

c+(MC)R=ZM; 0=03F-6 F=20N Ans,
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*4-73. Determine the required magnitude of the couple M,
moments M, and Mj so that the resultant couple moment \
is zero.

Since the couple moment is the free vector, it can act at any point without
altering its effect. Thus, the couple moments M;, M, and M3 can be simplified
as shown in Fig,. a. Since the resultant of Mj, M7, and M3 is required to be zero,

M,
(MR)y =3My; 0= M3 sin 45° - 300
My=42426 N-m=424 N-m Ans,
Mp)y =3M,; 0= 424.26c0s 45° - M W M; =300 N-m
M3;=300N-m Ans.
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4-74. The caster wheel is subjected to the two couples. 500 N
Determine the forces F that the bearings exert on the shaft ]

so that the resultant couple moment on the caster is zero. ) g —¥ -
P F
{

[ (A | f
(+ZM. =0:  500(50) - F(40) =0 | 40 mm
B —
F=625N Ans r
100 mm

45 mmN{
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4-75. If F =2001b, determine the resultant couple 2 ft 2 ft—
moment.
a) By resolving the 150 - Ib and 200 - Ib couples into their xand y components, Fig. a,

the couple moments (M¢ ); and (M), produced by the 150 - 1b and 200 - 1b couples,

respectively, are given by
{-l-{MC)] ==150c0s30°(4) - 150sin30°(4) = -819.62 Ib-ft = 819.621b-f

(+{Mc)2 = zo{%}zn zw[%)(z) =5601b-ft

Thus, the resultant couple moment can be determined from

Q(M.,)R = (M) + (M),
= —819.62 + 560 = —259.62 Ib-ft =260 Ib - ft (clockwise)

b) By resolving the 150 - Ib and 200 - Ib couples into their xand ycomponents, Fig. a,
and summing the moments of these force components algebraically about pointA,

Q(MC )R = IM 4 (Mc)g = —150sin30°(4) - 15000s30°(6)+200(%J(2}+ 20({%](6}

- 200{33-}(4) + 20({ %](0) +150c0s 30°(2) + 1505sin30°(0)

=-259.621b-ft =260 1b-ft (clockwise) Ans,

raaf:nafa'fb

2001b
200(4/5)1b
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2 ft—F—2 ft—

*4-76. Determine the required magnitude of force F if the
resultant couple moment on the frame is 200 1b-ft,

clockwise.

By resolving F and the 150 - 1b couple into their x and y components, Fig. a, the couple moments (M )1 and (M ¢ ), produced
by Fand the 5 - kN couple, respectively, are given by

4 3
CUAE F[-s- ](2>+ r( g](z) =28F
(HM )z = ~150¢0s 30°(4) - 1505in30°(4) = ~819.62 1b-t = 819.62 Ib-f

The resultant couple moment acting on the beam is required to be 200 Ib-ft, clockwise. Thus,

MR =M ) +(M,),
—200= 2.8F — 819.62

F=2211b Ans.
Rt 2t
fl'\ -
7{}-’(%)
el s NS 159 cos30°1b
24t o F(3%) (‘L“ 150Ib
] 150570 20° 1}
2
y 30 F
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*4-77. The floor causes a couple moment of

M, =40N'm and Mz = 30 N-m on the brushes of the

polishing machine. Determine the magnitude of the couple F
forces that must be developed by the operator on the
handles so that the resultant couple moment on the polisher
is zero. What is the magnitude of these forces if the brush
at B suddenly stops so that Mg = 0? 0.3 m ]

Y

((+ My =40-30-F03)=0

A

7 —-F
F = 333N Ans
((+ Mz =40-F(0.3)=0
F=133N Ans
4-78. If 6 = 30°, determine the magnitude of force F so that
the resultant couple moment is 100 N - m, clockwise.
By resolving F and the 300 -N couple into their radial and tangential components, Fig. a,
and summing the moment of these two force components about point O,
E&{Mc )R =3Mg; -100= Fsin45°(0.3)+ Fcos 15°(0.3)~ 2300 cos 30°)(0.3)
F=111N Ans.
Note: Since the line of action of the radial component of the forces pass through point O, no
moment is produced about this point.
300 N
- 0
3008in30°N

:'. 30° .
[ N ﬁsooassaw
-.a'.sm

I'Z F3in /5 ©

3005in30°N
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4-79. If F = 200 N, determine the required angle 6 so that
the resultant couple moment is zero.

By resolving the 300 - N and 200 -N couples into their radial and tangential components, Fig. a,
and summing the moment of these two force components about point O,

(+(Mc e =Mg;  0=200sin45°(0.3)+ 200cos 15°(0.3) ~ 300 cos 8(0.3) — 300cos H(0.3)
6 =56.1° Ans.

Note: Since the line of action of the radial component of the forces pass through point O, no

moment is produced about this point.
300 N
3005in @
300N -
3003in8&
@)
*4-80. Two couples act on the beam. Determine the 200 1b —-F
magnitude of F so that the resultant couple moment is | f ‘m
450 1b - ft, counterclockwise. Where on the beam does the 300w F
resultant couple moment act? 1.5 ft 1.25 ft 20°
A& Lo
{+Mz=IM;  450=200(1.5) + Fcos30°(1.25) \ / L > 2001b
F=1391b Ans | 2t

The resultant couple moment is a free vector. It can act at any point on the beam.
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*4-81. The cord passing over the two small pegs A and B of
the square board is subjected to a tension of 100 N.
Determine the required tension P acting on the cord that
passes over pegs C and D so that the resultant couple
produced by the two couples is 15 N+ m acting clockwise.
Take 6 = 15°.

6"' = 100 cos 30° (0.3) + 100sin 30° (0.3) = P sin 15° ©.3) = P cos 15° (0.3) =/ §

P =T70.7N Ans

4-82. The cord passing over the two small pegs A and B of
the board is subjected to a tension of 100 N. Determine the
minimum tension P and the orientation 6 of the cord
passing over pegs C and D, so that the resultant couple
moment produced by the two cords is 20 N + m, clockwise.

For minimum P require & = 45° Ans

Gt = 100c0s 30° 03) + 1005 30° 03) -p(;"?&.) =2

P =495N Ans

4-83. A device called a rolamite is used in various ways to N
replace slipping motion with rolling motion. If the belt,

which wraps between the rollers, is subjected to a tension of

15 N, determine the reactive forces N of the top and bottom \
plates on the rollers so that the resultant couple acting on T=15N A
the rollers is equal to zero.

25 mm

fmu,. =0;  15(50+50sin 30°) = N(50cos 30°) =0 25 mm
30°
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*4-84. Two couples act on the beam as shown. Determine
the magnitude of F so that the resultant couple moment is
300 1b - ft counterclockwise. Where on the beam does the
resultant couple act?

3 4
L+ (M) = gm)_ + 31?(1.5) - 200(1.5) = 300

F=1611 Ans 4ot
Resultant couple can act anywhere, Ans
*4-85. Determine the resultant couple moment acting on \ 15m 1.8m |

the beam. Solve the problem two ways: (a) sum moments
about point O; and (b) sum moments about point A.

(a)
{+ Mo =EMy; My =8 cos 45°(1.8)+8 sin 45°(0.3)+2 cos 30°(L.8)
~2 sin 30°(0.3) 2 cos 30°(3.3) - 8 c0s45°(3.3) 2kN 8 kN
My =-9.69kN- m=9.69kN- m ) Ans

(®)
£+ My =IZM;; My =85ind5°(0.3)—8cos45°(1.5)

—2¢0830°(1.5) -~ 25in30°(0.3)

=-9.60kN: m=9.69kN: m ) Ans
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4-86. Two couples act on the cantilever beam. If \ 3m 3Im
F = 6 kN, determine the resultant couple moment.

a) By resolving the 6 - kN and 5 - kN couples into their xand y
components, Fig. a, the couple moments (M. ); and (M. ),
produced by the 6- kN and 5 - kN couples, respectively, are
given by

(L(Mc)l = 65in30°(3) - 6c0s30°(0.5+ 0.5)= 3.804 kN -m
Q(Mc)z = 5{-:-](0.5+ 0.5) - 5[ %](3) =-9kN-m

Thus, the resuitant couple moment can be determined from

(MR =M ) +Mc),
=3804-9=-5.196kN -m=5.20kN -m (clockwise) Ans.

b) By resolving the 6 - kN and 5 - kN couples into their xand y components,
Fig. a, and summing the moments of these force components about point A,
we can write

Q(MC)R =IM,; (Mg = 5(;3}0.5)+ 5[-‘51}3)- 600s30°(0.5) ~ 6sin30°(3)

+ 65in30°( 6) — 6 cos 30°(0.5)+ {% J(O.S) - S( -;54-)(6)

=~5.196kN -m=5.20kN -m (clockwise) Ans.
Jo ™
€

~TT R 4s) kN |bsmn30°
]

( 30° |

= TQ BaaKN

GKN
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4-87. Determine the required magnitude of force F, if the
resultant couple moment on the beam is to be zero.

By resolving F and the 5 - kN couple into their xand y components, Fig. a, the couple moments
(M) and (M), produced by F and the 5 - kN couple, respectively, are given by

(+M )y = Fsin30°(3) - Foos 30°(1) = 0.6340F
(+(MC )g = 5(;3](1)- 5(-3-}3) =-9KN-m

The resultant couple moment acting on the beam is required to be zero. Thus,
MR =M n+Mc)

0=0.6340F -9

F=142kN-m Ans,

255




4 Solutions 44918 1/23/09 12:03 PM Page 256

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-88. Two couples act on the frame. If the resultant
couple moment is to be zero, determine the distance d

3 ft 4 ft—
between the 40-1b couple forces. 60 lb
401b
{+Mc=0= msc'(d)-m(;)u)
11t] 30°
d=5.354ft Ans 4\
3
60 Ib
d
S |
2 ft
Af . 4016 | N
*4-89. Two couples act on the frame. If d = 4 ft, determine
the resultant couple moment. Compute the result by resolving 35 Aft
each force into x and y components and (a) finding the 60 1b
moment of each couple (Eq. 4-13) and (b) summing the s
moments of all the force components about point A. 101
@ 11t 307\@
4 5
{ M= W(d}—w(;)m =-53.41b- R=3341- & )  Ane 3
60 1b
b d
+ =40c0330° (2) + 40c0s30°
ot S af)n-(o
*-534D. fin53.4D- a; Ans S |
2 ft
AQgk. 401 | B
4-90. Two couples act on the frame. If d = 4 ft, determine y
the resultant couple moment. Compute the result by 3 ft 41t
resolving each force into x and y components and (a) finding 60 Ib
the moment of each couple (Eq. 4-13) and (b) summing the 5
moments of all the force components about point B. 401b ¢ 3
B
B i S
@ 1t 3(;7\\3 o g
a3
( %a%”‘(‘)-@(;]@n,l—’l‘ b i=53.40- n) Ang 3
60 1b
®). d
4
(e -mzo'u)-mujwoe)m-«(;]m
2-$34D- R=S34B- 0 ) Ame N T |
2 ft
Aok 401b | N
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491. If M; =500 N-m, M, = 600 N-m,and M; = 450 N-m,
determine the magnitude and coordinate direction angles
of the resultant couple moment.

Since the couple moment is a free vector, it can act at any point without altering its effect. Thus,
the couple moments Mj, M, and M3 acting on the gear deducer can be simplified, as shown in
Fig. a. Expressing each couple moment in Cartesian vector form,

= [S00§]N -m
M3 = 600(— cos 30°i - sin30°k)={-519.62i — 300k} N -m
M3 =[-450k]N -m

The resultant couple moment is given by

(M)p =ZM: Mg =M +Mz +M3
= 500§+ (~519.62i - 300k) + (~450k)
=[-519.62i+ 500§~ 750k]N -m

The magnitude of (M, ) is

(Mo)R = MRk +HIMOR ) +(MOR ]

= §(-519.62)% + 5002 +(~750)2
= 1040.43N -m=1.04kN -m Ans.

The coordinate angles of M )g are

[Mc)rlx —519.62 i
a = cos '{ Mo)n J 1040.43)_1200 Ans.
Mc)rly 500
=cos™) = —613°
B =cos [(MC)R ] a{lm‘@) 613 Ans.
Ans.

_ i UMc)rE ) _ =750 )\ ...
¥y =08 [(MC)R J'“{Imo.ﬁ)‘m

M,=450 N-m

257



4 Solutions 44918 1/23/09 12:03 PM Page 258 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-92, Determine the required magnitude of couple
moments M;, M,, and M3 so that the resultant couple
moment is M; = {—300i + 450j — 600k} N -m.

Since the couple moment is a free vector, it can act at any point without altering its effect. Thus,
the couple moments Mj, M, and M3 acting on the gear deducer can be simplified, as shown in
Fig. a. Expressing each couple moment in Cartesian vector form,

M = Mj
M; = M5(-c0s30°i -sin30°k) = -0.8660M 7i - 0.5M7k
M; = -M;k

The resultant couple moment is given by
My =IM: M. )p =M +Mj; + M3
(-300i + 450§ - 600k) = M, j+ (-0.8660M 5i = 0.5M k) + (= M3 k)
- 300i +450j— 600k = -0.8660M 5i+ M j—(0.5M, + M3 )k

Equating the i, j, and k components yields

—300=-08660M, M,=3464IN-m=346N-m Ans.

M; = 450N -m Ans.

600 = -0.5(346.41)+ M3 M3=427N-m Ans,
Z
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°4-93. If F = 80N, determine the magnitude and
coordinate direction angles of the couple moment. The pipe
assembly lies in the x—y plane.

It is easiest to find the couple moment of F by taking the moment of F or — F about point
Aor B, respectively, Fig. a. Here the position vectors ryp and rg4 must be determined first,

rag =(03-0.2)i+(0.8- 0.3) j+(0- Ok = [0.1i + 0.5§j]m
rg4 =(02-03)i+(03-0.8)j+(0- 0k = [-0.1i-0.5j]m

The force vectors Fand —F can be written as
F ={80k}Nand —F =[-80k]N

Thus, the couple moment of F can be determined from

i j k
M. =rgpxF=0.1 05 0|=[40i-8j]N-m
0 0 8

ar

i § Kk
M, =14 x~F=l—D.l -05 l;j:[‘iﬂl—sj]N'm
0 0 -

The magnitude of M. is given by

M = M2 + M2 + M2 = J40% +(-8)% +0% = 4079 N -m=408N 'm Ans.
The coordinate angles of M. are

a=ms’{%):oos[%)= 11.3° Ans.

B =m4[%]=m(%J=lm° Ans.

¥ :m'{%ﬁ):m[%]=9ﬂ“ Ans.
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4-94. If the magnitude of the couple moment acting on
the pipe assembly is 50 N - m, determine the magnitude of
the couple forces applied to each wrench. The pipe
assembly lies in the x—y plane.

It is easiest to find the couple moment of F by taking the moment of either F or —F about point
Aor B, respectively, Fig. a. Here the position vectors ryg and rgy must be determined first.
rap = (0.3-0.2)i+(0.8-0.3)j+(0-0)k =[0.1i+0.5j] m

rg4 = (0.2- 0.3)i+ (0.3~ 0.8)j+ (0 ~ 0)k =[-0.1i— 0.5j]m

The force vectors F and —F can be written as
F ={Fk}Nand -F =[Fk]N

Thus, the couple moment of F can be determined from

i §j Kk
M, =y xF=[0.1 05 0|=0.5Fi—0.1Fj
0 0 F

The magnitude of M . is given by

M, = .JMxZ +My2+ M2 = ¥(05F2 +(0.1F)2 +02 = 0.5099F

Since M, is required to equal 50 N -m,
50=0.5099F
F=98.1N Ans.

260



4 Solutions 44918 1/23/09 12:03 PM Page 261 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-95. From load calculations it is determined that the
wing is subjected to couple moments M, = 17 kip - ft and
M, = 25 kip - ft. Determine the resultant couple moments
created about the x” and y’ axes. The axes all lie in the same
horizontal plane.

(Mp),. =IM,.;  (My),. = l7cos 25° - 25sin 25°
=4.84 kip - fu Ans

(Mz),. =IM,.;  (My),. = 17sin 25° + 25cos 25°

=29.8 kip- ft Ans
’y /
My=25Kpft ,
= -+
i 25' M‘%x
25° X’
*4-96. Express the moment of the couple acting on the z

frame in Cartesian vector form. The forces are applied
perpendicular to the frame. What is the magnitude of the
couple moment? Take FF = 50 N.

=
Mc = 50(L.S) = 7SN. m Ans d
rd
Mc = = 75 (c08 30° | + cos 60° k) Mc=75N'm -~
-~
= (~65.00-37.5k)N- m  Ans
| o
I 30
|
| 1
&
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*4-97. In order to turn over the frame, a couple moment is
applied as shown. If the component of this couple moment
along the x axis is M, = {—20i} N-m, determine the
magnitude F of the couple forces.

Mc = F(L9)
Thus
20 = F(1.5) cos 30°

F = 154N Ans

4-98. Determine the resultant couple moment of the two
couples that act on the pipe assembly. The distance from A to
Bis d = 400 mm. Express the result as a Cartesian vector.

Vector Analysis
Position Vector :

£,8 = {(0.35-0.35)i +(=0.4c0s 30° - 0) j+(0.dsin 30°~0)k} m
= {-0.3464j+0.20k} m

Couple Moments : With F, = {35k} Nand F, = {-50§} N, applying
Eq.4-15, we have

(M¢), =ryy xXF

i i k
=0 -03464 o.znl ={-12.12i} N-m
0 0 35
(M¢), =r g xF,
i i k
=0  -03464 o.znl = {~10.0j-17.32k} N-m
-50 0 0

Resultant Couple Moment :

Ml =m; Ml =(n'¢)l +(MC)3
={-12.1i-10.0j- 173k} N-m

Ans

Scalar Analysis : Summing moments about x, y and z axes, we have

(My), =IM,;  (My), =-35(0.4c0s 30°) =~-12.12N-m
(Mp), =IM,;  (MR), =-50(0.4sin 30°) ==10.0N-m
(My), =EM,;  (Mp), =-50(0.4cos 30°) =~17.32N-m

Express My, as a Cartesian vector, we have

M, = {-12.1i-10.0§- 17.3k} N-m
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4-99. Determine the distance d between A and B so that the
resultant couple moment has a magnitude of Mz = 20 N-m.

Position Vector :

ryz = {(0.35-0.35)i + (~dcos 30° - 0) j+ (dsin 30°-0)k} m
= {~0.8660d j+0.50d k} m

Couple Moments : With F, = {35k} N and F; = {=50i} N, applying Eq.4= 15,

we have
(M¢), =145 XF,
i j k
=0 -0.8660d 0.50d|={(-3031d i} N-m
0 0 35
(Mc), =rp XE
i i K
=| 0  -08660d 0.50d|={~25.0d j-43.30d k} N-m
~50 0 0

Resultant Couple Moment :

Mg =IM; M, = (M), +(Mc),
={-3031d i-25.0d j-43.30d k} N-m

The magnimde of My is 20 N - m thus

20 = /(=30.31d)* + (~25.0d)* + (43.304)*

d=0.3421 m =342 mm Ans
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*4-100. If M; = 180 Ib-ft, M, = 90 Ib-ft,and M; = 120 Ib-ft,
determine the magnitude and coordinate direction angles
of the resultant couple moment.

Since the couple moment is a free vector, it can act at any point without altering its effect. Thus,
the couple moments M), M, M3, and M, acting on the gear deducer can be simplified, as shown
in Fig. a. Expressing each couple moment in Cartesian vector form,

M; = [180j]1b - ft

M, =[-90i]lb-ft

(2-0)i+(=2- 0)j+(1+0)k
*2- 02 +(2-0% +(1-0)°
M, = 150[cos45° sin45° — cos 45 cos 45°j —sin 45°k | = [75i — 75— 106.07k ib- f

M3 = Mzu = 12 = [80i — 80+ 40k]Ib-ft

The resultant couple moment is given by

Mo)g =EM; M, )R =M +Mj +M; +M,
= 180j—-90i + (80i - 80j + 40k )+ (75i — 75j - 106.07k)
=[65i+25j— 66.07k]1b-ft

The magnitude of (M, )g is
(Mg = MR +(MO)R)y? + (Mo

=4(65)% +(25)% +(~66.07)°
=95991b-ft =96.01b-ft Ans.

The coordinate angles of (M, )g are

a=u"[[(MC)R]’]=m[ 65 ]:47.40
(M. )p 95.99

B= om"( (Mc)rly }: m{ 25 J: 74.9°
(M¢)g 95.99

y= m—l[ (Mgl J= -66-“7) - 13%°
(M) 959

1

F

1
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*4-101. Determine the magnitudes of couple moments
M;, M,, and Mj so that the resultant couple moment is zero.

Since the couple moment is a free vector, it can act at any point without altering its effect. Thus,
the couple moments M), M;, M3, and M acting on the gear deducer can be simplified, as shown 1
inFig. a. Expressing each couple moment in Cartesian vector form,
M; = M,j

M; = -Msi

(2-0)i+(-2-0)j+(1+ Ok

2 -0 +(2-0)2 +(1-0)>
My = 150[cos45° sin45°i — cos 45°cos 45°j —sin 45%k | = [75i — 75~ 106.07k] Ib-f

M3 =M3II=M3

2 2 1
==M3i—-=M3j+=M3k
3 3 3 3 3 3

The resultant couple moment is required to be zero. Thus,
(Mc)R =ZIM, 0=M]+M2+M3 +M4

0= Mlj+(-Mgi)+GM3i -£3M3j+éM3k J+(75i— 75§ - 106.07k)

0=[—M2 +-32-M3 +75Ji+[M1 4§M3 -75)j+('§,143 - 10&.ka

Equating the i, j, and k components,
0=—M2+%M3+‘?5 a)
0=M —%M3——75 2)
0= %Mg -106.07 3

Solving Egs. (1), (2), and (3) yields
Mz =3181b-ft
My = My =287 Ib-ft

FE
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4-102. If F; =1001Iband F, = 2001b, determine the z
magnitude and coordinate direction angles of the resultant
couple moment.

Couple Moment: The position vectors ny, ry, and r3, Fig. a, must be determined first.
n =[=2k]ft r =[2k]ft r3 =[2k]ft

The force vectors Fi, F5 , and F; are given by
F, = [100j]1b F, = 200i]1b

(0-3)i+(4-0)j+(2- 2k

F3 = F3ll =
¥0-3%+4-07+2-2)?

= [-150i +200j] 1b

Thus,

M, =n xF; =(-2k)x (100j)= 200i]1b-ft

M; =, xF; = (2k) % (200i)= [400j]1b-ft

M3 =3 xF3 = (2k)x (~150i + 200)) = [-400i - 300j] 1b-ft

Resultant Moment: The resultant couple moment is given by
(My)g =IM,; M;)g =M, +M; +M;
= (200i)+ (400§) + (—400i - 300
= [-200i + 100j]1b- ft

The magnitude of the couple moment is

Mo)R = JMe R K2 +(MR ), + (MR

= 4(-200)2 +(100)2 + (0)2
=223.61N-m=224N-m Ans.

The coordinate angles of (Mc)p are

a=m"{[(Mc)‘R]']=(t{ _200]=158° Ans.

(M:)g 223.61

o) 0] e
(Mo)r 223.61

Y=m4([("“c)ﬁ]?~]=m{ 0 )=9o° Ans.
Mg 223.61
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4-103. Determine the magnitude of couple forces F; and z
F, so that the resultant couple moment acting on the block
is zero.

Couple Moment: The position vectors ry, rp, and r3, Fig. a, must be determined first.
n = [-2k]ft rp = 2k ]ft r3 = 2k ]ft

The force vectors ¥y, Fp, and F3 are given by
F = Kj Fy = R

0-3)i+(4-0)j+(2- 2k

\[0— 3% +4-0)2+2-2)2

F3 = Fyu =25 = [-150i+200j]1b

Thus,

M; = xF} = (-2k)x (F}j) = 2FKi

M; = xFy =(2k) X (Fi) = 2F §

M3 =3 xF3 =(2k) x (-150i + 200j) = [-400i— 300j]1b-

Resultant Moment: Since the resultant couple moment is required to be equal to zero,
(M. )g = ZM; 0=M;+M;, +M3

0= (2R )+ (2Fj)+ (—400i - 300)

0= (2F —400)i + (2F, - 300)j

Equating the i, j, and k components yields
0=2FK -400 F=2001b Ans.
0=2F -300 F, =150 Ib Ans.
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*4-104. Replace the force system acting on the truss by a 200 1b 150 1b
resultant force and couple moment at point C. 100 b

‘Pz fit »l»2 ft»l»z ft$z fta‘
A ¥, Y B
o) ‘
\\

Equivalent Resultant Force: The 500- 1b force is resolved into its x and y components,
Fig. a. Summing these force components algebraically along the xand y axes,

4
HEWFR) =%Fy;  (FR)x = 50{;): 4001b —

+T(Fr)y=2Fy;  (Fr)y =—200-150—100- 504{33-] =-7501b="7501b {

The magnitude of the resultant force Fg, is given by

Fr = §(Fr)x% +(Fg)y? = 4400% + 750> =8501b Ans.

The angle 6 of Fg is

F
e=tan-l[i-}?-5-;”-]=m-l[%3—g]=61.93° =61.9° < Ans.
Rx

Equivalent Couple Moment: Summing the moment of the forces and force components,
Fig. a, algebraically about point C,

(MMp)c =ZMc: (MRl =-2002)~ 150(4) 100(6) - soc(%)(s)— 50({2}}(6)
= —6400 1b-ft =6.40 kip-ft (clockwise) Ans,

2001lb 15016 /0016
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*4-105. Replace the force system acting on the beam by 3kN

an equivalent force and couple moment at point A. 25KN 1.5kN300

3
4 L Z

&

‘EZm ‘ 4m ‘ 2m—

4
SR =IF; § = l.Ssi|130'—2.5(§)
=-1.25kN = .25 kN « 4
3 M
+Tf5r=£!-;; F.,=—l.$co530°—2.5(3-)-3 125 KN A A
=-5.799kN =5.799 kN | 3 7~
Thus,
Fo=FE+F = /1351457991 = 593 kN Ans
and

9=un"[%]= tan™ (%)ﬂ?.s' y Ans

(M =M M, =—2.5(§](2)-1.5008 30°(6) - 3(8)
=-348kN-m=348kN-m (Clockwise) Ans

4-106. Replace the force system acting on the beam by an 3kN
equivalent force and couple moment at point B. 25KN L5kN;

‘PZm ‘ 4 m ‘ 2 m—=

5 R=IEi B =153 -25(3)
==1.25kN = |.25kN «
3 %
+1F, =2F; &’E—I.Smw-ls(gJ-J
==5.799kN = 5799 kN | M
Thus, £
1'2.5‘@ 8 'ﬁ <
o=\ +FF = /1251+5.1993 = 593 kN Ans o /
and ]
[ 15799 KM
=un"' & =m"(§f—-99)w77.8° Ans |
B 125 Y}

(+ My, =2My: My, = 1.5c0s 30°(2)+z.s@](5)

=11.6 kKN-m (Counterclockwise) Ans
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4-107. Replace the two forces by an equivalent resultant y 201b
force and couple moment at point O. Set F' = 20 Ib.

2 in~

201b
30

6sin40'n.

L1 o

6 s 40° . /rsrnfl

5 R =IF: B =§(zo)-zo sin 30° = 6 1b

1 Ry =ZF; By =20c0s 30°4 200 =29.321b
Fr = |FL ¥ FL, = /G (B30T =29.91b Ans

Blu"-:flam'l(gfﬁ): 78.4° é Ans

c"'“‘b =IMy; My, =20 sin 30°(6 sin 40°)+ 20 cos 30°(3.5+6 cos 40°)
4 . 3
—;{20)(6 sin 40°)+ 3(10)(3.31-6 cos 40°)

=2141b- in % Ans
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*4-108. Replace the two forces by an equivalent resultant
force and couple moment at point O. Set F = 15 1b.

SRR B =;{l!)-_20.n'n =21

+1 Ry =15 a,=m:«w+%g15)-mszm
Fa= R +F} =/B+2632 = 2641
a-u";::--m_"(:%]-u.r 1.
( Mo, =ZMp; My, =20 sin 30°(6 sin 40°)+20cos 30°(3.5+6 cos 40°)
-;(uxs sin 40')-»;(15)(1.:4-6 cos 40°)

=205 in ¥ Ans

~2in~

I51b

bsin40'm.

Y

X
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*4-109. Replace the force system acting on the post by a 0.5m
resultant force and couple moment at point A. B ‘—"
Equivalent Resultant Force: Forces Fj and F; are resolved into their xand y components, L 500N 3
Fig. a. Summing these force components algebraically along the xand y axes, 20 | 02m
-:E(FR x =ZFy;  (FR)x = 25[{%}— 500c0s30° — 300 = -533.01 N =533.01 N « “’
1m
\
. 3)_
+ T (Fg )y=2F,;  (FR)y =5003m30°—250[-5-]-1001\l T ‘ I SUON
1m
The magnitude of the resultant force Fg, is given by { A "\

The angle 6 of Fg is

can-l| R | “[ 199 ]:1 °=106° —\ Ans.
g [(FR)x | e T e=10

Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a, and summing
the moments of the force components algebraically about pointA,

(+(MR JA=ZMy; (MR)4 = 500c0s30°(2)—500sin30%( 0.2)-250(?3}0.5)— 250(%}3)+ 300(1)
=441.02N -m=441 N -m (counterclockwise) Ans,

Soosinzo’A “lfﬁi' Zsog/g)N

j 250(36)N
'm S00Les30°N
L -02m
£ 5: 300N
Im
A

Fg = -J(FR )2 +(Fr)y? = ¥533.012 +100* = 54231 N =542N CTERLE
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4-110. Replace the force and couple moment system
acting on the overhang beam by a resultant force and
couple moment at point A.

Equivalent Resnltant Force: Forces Fj and F, are resolved into their xand ycomponents,
Fig. a. Summing these force components algebraically along the xand yaxes,

HEFR) =%F,;  (Fr)x = 2{%) ~30sin30° = 5kN = 5kN «

+ TR )y =ZF;  (Fp)y =- -:-;-J—z.omsso°=-49.9sm=4s.9skm 1

The magnitude of the resultant force Fp, is given by

Fr = f(FR)x2 +(FR)y? =45 + 49.98% = 50.23kN = S0.2kN Ans.

The angle 8 of Fg is

8=tn"! (F_R))’. =tan~! »%8 = 84.29° = 84.3° 7‘ Ans.
(FR,I 5

Equivalent Resultant Conple Moment: Applying the principle of moments, Figs. a and b, and summing
the moments of the force components algebraically about pointA,

Q{MR )a=ZM4; (Mg)a =30sin30°(0.3)—30cos 30°(2)— 2{%)(0‘3)— 26{%} 6)-45

= -239.46kN -m = 239kN -m (clockwise) Ans.

274



4 Solutions 44918 1/23/09 12:04 PM Page 275 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-111. Replace the force system by a resultant force and
couple moment at point O.

Equivalent Resultant Force: Forces Fj and F, are resolved into their xand y components,
Fig. a. Summing these force components algebraically along the xand y axes,

LE(FR)x =%y (F)y = 200- 200+ sm{%): 300N —

+T(FR)y=ZF;  (Fr)y =~750+500[is)=—350N=350N 1

The magnitude of the resultant force Fp, is

Fr = {(Fr)x® +(Fr),® = 43007 + 350% = 461.0N =461 N Ans.

The angle 6 of Fg is

_i| (FR) —1l 350
—1 1 )‘ - l — = i
@ =tan Ii(FR)j_m [3 ] 49 .4 'i{ Ans.

Equivalent Resultant Conple Moment: Applying the principle of moments, Figs. @ and b, and summing
the moments of the force components algebraically about point O,

(*(M Rla=EMs: (Mo = —75t11.25)—200(1)+500(%J(250)- 50{%](1)
=—438N-m=438N -m (clockwise) Ans.

Eoom)($E)N.
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*4-112. Replace the two forces acting on the grinder by a
resultant force and couple moment at point O. Express the
results in Cartesian vector form.

Equivalent Resultant Force: The resultant force Fy, is given by
Fp =XIF; Fp =F; +F>
=(10i - 15j—40k)+ (- 15i - 20j— 30k)
= [-5i-35) - T0kIN

Equivalent Couple Moment: The position vectors 1,4 and rgp are
4 = (0= 0li+(0.25~- 0)j+(0.1-0)k = [0.25j+ 0.1kl m
g = (0.15- 0)i+(0.25- 0)j+(0.04 -0 )k = [0.15i + 0.025j+0.04k] m

Thus, the resultant couple moment about point O is given by
(Mgl =Mp;  (Mg)g =rgy xF +rgpg xF,
i §j k|]li §j K
=10 025 0.1{+§0.15 0.025 0.04
10 -15 -15 20 -30
=[-8.451 + 4.90j- 5.125k]N -m Ans.

F, = {10i — 15j — 40k} N
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*4-113. Replace the two forces acting on the post by a
resultant force and couple moment at point O. Express the
results in Cartesian vector form.

Equivalent Resultant Force: The forces Fg and Fp , Fig. a, expressed in Cartesian vector
form can be written as

(0-0)i+(6—-0)j+(0- 8k
F =F 11} =
B=TBTAB 5[(0-0)2 +(6—-0)2 +(0- 8)%

]: Bj- 4k]kN

(2 —0)i+(-3-0)j+(0 -6k
Fp =Fpucp = =[2i~ 3~ 6k JkN
p='p@ 7[(2—0]2+(—3-0)2+(0—6)2] )-ck]

The resultant force Fp, is given by
Fr =XF; Fr =Fg +Fp
=(3j—-4k)+(2i-3j-6k)
=[2i~ 10k]kN Ans.

Equivalent Resultant Force: The position vectors rop and rge are
top ={6fi m roc =[6k]m

Thus, the resultant couple moment about point O is given by
(Mﬂb =!Mo; MR)0=I‘OB XF3+l'm XFD
i j k| |i j k
=0 6 0|+ 0 6

3 3 -
=[-6i+12j]kN-m  Ans.

Mg, =3My; 10750d = -3500(3)- 5500(17)~ 1750(25)

d=137ft Ans.
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4-114. The three forces act on the pipe assembly. If z
F1 = 50N and F, = 80 N, replace this force system by an
equivalent resultant force and couple moment acting at O.
Express the results in Cartesian vector form.

F, = IF, = {-180k + 50k — 80k} N = {-210k} N Ans
: y
Mo = (r x F)
i § k [ S T ™ 1§ k
=125 0 Owl+1.2s 05 0 +20.5s%|
0 0 -1 0 0 -80 0 o

= (225]) + (—401 + 100f) + (254 — 100)

= {-151 + 225j} N-m Ans

4-115. Handle forces F; and F, are applied to the electric F, = {2j — 4k} N
drill. Replace this force system by an equivalent resultant
force and couple moment acting at point O. Express the
results in Cartesian vector form.

Fr =IF; F =6i-3)-10k+2j~4k
={6i-1j~14k]N  Ans

MRQ = zMO ;

i §J k i ] k
Mzo = Io.ls 0 o.aJ + Lc]l -0.25 o.il
6 -3 -1 2 -

= 0.95 +3.30j - 0.450k + 0.4i

= {1.30i + 3.30j - 0.450k}N- m Ans
Note that Fp, = = 14 N pushes the drill bit down into the stock.
(Mgo): = 130N m and (Mpo)y, = 3.30N- m cause the drill bit to-bend.
(Mgo), = =0.450N- mcanses the drill case and the spinning drill bit to rotate sbout

the 2 - axis.
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*4-116. Replace the force system acting on the pipe Z
assembly by a resultant force and couple moment at point O. F, = {—10i + 25j + 20k} Ib
Express the results in Cartesian vector form.

21t 2ft
X
Equivalent Resultant Force: The resultant force F can be determined from
FR = EF; FR =F1 +F2
=(-20i - 10j + 25k)+ (—10i+25j+20k)
=[-30i+15j+45k] b Ans.

Equivalent Resultant Couple Moment: The position vectors rp4 and rpp , Figws, are
roa =(1.5-0)Ji+(2- 0)j+(0- O)k =[1.5i + 2 j]ft
rop =(1.5-0)i+(4-0)j+(2-0)k = [1.5i +4 j+ 2k]ft

Thus, the resultant couple moment about point O is
MW =2M0; (MR)O =TOA XF1+I'OB XF2
i J k i J k
=|15 2 O0]+]15 4 2
20 -10 25 10 25 2
=[80i—87.5j+ 102.5k]1b-ft Ans,
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*4-117. The slab is to be hoisted using the three slings
shown. Replace the system of forces acting on slings by an
equivalent force and couple moment at point O. The force
F; is vertical.

Force Vectors :
F, = {6.00k} kN

F; = 5(—cos 45°sin 30°i + cos 45°cos 30° + sin 45°k)
= {~1.768i + 3.062j + 3.536k} kN

F, = 4(cos 60° +cos 60°j + cos 45°k)
= {2,004 + 2.00j + 2.828k } kN

Egquivalent Force and Couple Moment At Point O :
F,=IF, Fp=F+F+F
= (~1.768+2.00)i +(3.062 + 2.00) j
+(6.00+3.536+2.828)k
= {0.232i + 5.06j + 12.4k} kN Ans
The position vectors are r; = {2i+6j} mandr; = {4i} m.
Mg, =IM,; My, =r, xF+n xR
i k
2 6 [[Ide-
0 0 &

i i k
e o o MJ
-1768 3.062 3.5

={360i -26.1j+12.2k} kN-m Ans
4-118. The weights of the various components of the truck e |
are shown. Replace this system of forces by an equivalent ‘ﬂ g T
resultant force and specify its location measured from B. \ =

+TR =IF; F =-1750-5500~3500
. =-10750Ib = 10.75 kip 4 Ans 3

1750 1b

*3500 Ib 5500 lb¢ A

B

({.Mh =3My4; 10750d = -3500(3)—- 5500(17 ) —1750(25)

| 1 14 ft 1 6 ft l
d= 1371t Ans. 3ft 21t
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4-119. The weights of the various components of the M I
truck are shown. Replace this system of forces by an ﬁ 9 - ==
equivalent resultant force and specify its location —

measured from point A. LI_] Lﬂ_‘”ﬂ_] ] m

4 “"‘”%‘éb&lﬂ“"'

5500 lb* A

£1750 Ib
\

‘ 1 14 ft ‘ 6 ft
3 ft 2 ft

Equivalent Force :

+THR=ZE; F =-1750-5500-3500
==-107501b=10.75kip!  Ans

Location of Resultant Force From Point A :

(+ Mp, =ZM,;  10750(d) = 3500(20) + 5500(6) - 1750(2)

d=9.26ft Ans

*4-120. The system of parallel forces acts on the top of the 2 kN
Warren truss. Determine the equivalent resultant force of the
system and specify its location measured from point A.
1 kN
500 N 500N 500 N

+1lFR = IF; Fp =500+ 1000 + 500 + 2000 + 500

Fy = 4500N =4.50kN Ans

(*H. = LM, ; 4500(d) = 1000(1) + 500 (2) + 2000 (3) + 500 (4)

d=s22m Ans
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*4-121. The system of four forces acts on the roof truss. 200 Ib

Determine the equivalent resultant force and specify its 30°

location along AB, measured from point A. 2751b 4 ftg\
3001b 4 ft

150 1b 4ft

Vb = TE; Fa = 2005in30° = 1001b F} 898-2 /b

\*Fay = LF,; Fa, = 150 + 300 + 275 + 200 cos 30° = 898.21b

Fp = /(100)* + (898.2F = 9041b Ans

et () s N

¢330'-6.35'-23.6' Ans
fmn-l:u.: 898.2 (d) = 4(300) + 8 (275) + 12 cos 30° (200)

d=610f Ans
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4-122. Replace the force and couple system acting on the

frame by an equivalent resultant force and specify where A ]
the resultant’s line of action intersects member AB, 2t
measured from A.
ol —+
3
4
150 Ib
4 ft
5001b - ft
—
C
3ft
30°
501b

: S —

A

Sh, = IR, Fra = ISOG) + 503in 30° = 1451b

+TFhy, =XF; Fpy = 50cos30° + ISOG) = 133.31b d E,,'_‘BZ" 5”)
P a/(145% + (1333 = 19716 Ans /L

6= @' %)aﬂ.é‘ Af.\m

6&; = IM, ; 145(d)=ISOG](I)-SOMBO'{3)+SOM’:|30°(6]+W

d=3524ft Ans
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8 = an™!

145

d = 0.824ft Ans

4-123. Replace the force and couple system acting on the
frame by an equivalent resultant force and specify where
the resultant’s line of action intersects member BC,
measured from B.

P, = IR R, = ISOG] +508in30° = 1451b

+Th, =ZF: F, = S0cos 30° + 150(;-) = 13331
Fr = /(1457 + (133.3% = 197 Ans

133.3J _ 42.6’41\"

—5

2 ft

eft

| R =13330b

}-

(oMon = ZM; 1450 - 1330 = lm(;J{Z)-somw(3)+som3tr(m+m

0
N
;55145 Ib
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*4-124. Replace the force and couple moment system 30 kN 26 kN

acting on the overhang beam by a resultant force, and 305

specify its location along AB measured from point A. 12]\13
P 3lm 45 kN-m 5
e N N

Equivalent Resnltant Force: Forces Fj and F; are resolved into their xand ycomponents,
Fig. a. Summing these force components algebraically along the xand yaxes,

SE(FR) = Fei  (Fr)x = z{%)-msmw = 5KN=5kN «

+T(Fr)y=ZF;: (Fply= —26[%]— 30c0s30° = —49.98kN = 49.98kN |

The magnitude of the resultant force Fp, is given by

The angle 8 of Fp, is

F
6= m"[%;é-;l] = m"[@] =84.29° = 843° Ans.
Rx

Location of Resultant Force: Applying the principle of moments, Figs. @ and b, and summing
the moments of the force components algebraically about pointA,

Q(MR),‘ EM 4;-49.98(d) = 305in30°( 0.3)— 30c0s30°(2) — 3 3 )03)- 26[ )(6} 45
d=479m

A
N

L (R), =5 kN
|

A &5

Fe
p)
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*4-125. Replace the force system acting on the frame by 351b 30° 201b
an equivalent resultant force and specify where the o At |
resultant’s line of action intersects member A B, measured A \ + B
from point A. ° o =
—2 ft—»‘
o] 3t
Q
251b
2 ft
C
D Fy = IF.: Fp = 35sin30° + 25 = 4251 d
+iFR, = LF,:. F, =35cos30° + 20 = 5031 Db A }_EL=4_25IL

Fr = f(42.57 + (50.31¢ = 6591b Ans K
¢]
_y (5031 °
a=m'(m)=49.3 Q:Am
(*MM = IM,; $50.31(d) = 35cos 30° (2) + 20(6) - 23 (3) /—t__-

F
d=210ft Ans ' pr'fof&l/é K
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4-126. Replace the force system acting on the frame by 351b 30° 201b
an equivalent resultant force and specify where the A5t
resultant’s line of action intersects member BC, measured A \ Y3
from point B. o0
-—th—-‘
o] 3t
@
251b
2 ft

o

Y ;

d

S P = EF,: Fpy =35sin30° + 25 = 42.51b

+4Fy = LF: Fay =35cos30° + 20 = 50.311b

Fr = /@237 + (0317 = 6591 Ans FE;-‘4=Z-5!5

- g (3031 Y
6= (5] = 4980  Ans o
(+Mas = EMu . 5031(6) - 42.5(d) = 3508 30° (D) + 0(6) = 25(3) i !
[

d=462ft Ans Y__ E
Fi.a=5o,snb

=425 Ib
|

TR
=50.31|b
Fey
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4-127. Replace the force system acting on the post by a
resultant force, and specify where its line of action
intersects the post AB measured from point A.

Equivalent Resultant Force: Forces Fj and F; are resolved into their xand ycomponents,
Fig. a. Summing these force components algebraically along the xand yaxes,

HEFR)y =Fy;  (Fr)y = 75{%)— 500c0s30° — 300 = —533.01 N =533.01N «

+T(Fp Jy=ZF; (FRr)y = ﬁﬂﬁn30“—1ﬁ{%)=lﬂﬁhﬁ T

The magnitude of the resultant force Fp, is given by

Fr =J(FR)12+(FR)),2 ~¥533.01% + 1007 = 54231 N =542N Ans.

The angle 8 of Fy, is

F
0= m“[EF—:;ﬂ - m“[%] =1063°=106° ¥ Ans.

Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing
the moments of the force components algebraically about pointA,

Q{M R)A=EMy4;  533.01(d) = 500c0s30°(2) - 5005in30°(0.2)—15({§)(0.5)— zs({%}:m 300(1)
d=08274mp: =827 mm Ans.

WS (:1-.@\, Qj

P, 109

(‘b\l g
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*4-128. Replace the force system acting on the post by a
resultant force, and specify where its line of action
intersects the post AB measured from point B.

Equivalent Resultant Force: Forces Fj and F, are resolved into their xand ycomponents,
Fig. a. Summing these force components algebraically along the xand yaxes,

LEFR) =%Fy;  (Fp)y = Lﬂ{%)— 500c0s30° — 300 = -533.01 N =533.01N «

+T(Fr)y=2F;  (Fg)y = 500sin30°-150(%)= 100N T

The magnitude of the resultant force Fy, is given by

Fp =J(Fk)x2+(Fg )2 =¥533.01% + 1007 = 54231 N = 52N Ans.

The angle 8 of Fp is

_1| (Fr )z —1| 100
= ! = 1 — | o — @
6 =tan [( R)x] tan [ 3‘01] 10.63° =10.6 Ans.

Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing
the moments of the force components algebraically about pointA,

(-l{MR)b =EMp;  -533.01(d)=-500c0s30°(1)— 500sin30“(0.2)—250{;3}{0.5)— 300(2)
d=2.17m Ans,

*4-129. The building slab is subjected to four parallel z
column loadings. Determine the equivalent resultant force
and specify its location (x, y) on the slab. Take F; = 30 kN,

F2 = 40 kN. 20 kN 50 kKN F,

+TFH=3F; Fr=-10-50-30-40=—140kN=140kN! Ans / \
M), =ZM,;  —140y=—50(3)— 3011)~40(13) c S S
< >§/<\\

Al
=7.14 om \
(o), =ZM,;  140x= 50(4)+20(10)+ 40(10) o
x=57m Ans
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4-130. The building slab is subjected to four parallel z
column loadings. Determine the equivalent resultant force
and specify its location (x, y) on the slab. Take F; = 20 kN,

F, = 50 kN.
20kN SOKN F,

+iR=2F; R =2+50+20+5 =140k | Ans /\

F
My, =IM,;  140(x) = (S0)(4) + 20(10) + SO(10) : o Al i \\\
x=643m Ans L am \ >%m y
8m = %m

My o = EM; ~140(y) = —(50)(3) - 20(11) ~ 50(13) ki ~
4-131. The tube supports the four parallel forces. z
Determine the magnitudes of forces Fc and Fp, acting at C Fp

and D so that the equivalent resultant force of the force
system acts through the midpoint O of the tube.

Since the resultant force passes through point O, the resultant moment compoaents
about x and y axes are both zero.

IM 20;  Fp(0.4) +600(0.4) - F-(0.4) — 500(0.4) = 0

Fe=Fp =100 n

IM, =0;  500(0.2)+600(0.2) - Fe(0.2) - Fp(0.2) = 0
Fe+Fp = 1100 @

Solving Eqs.(1) and (2) yields :

Fc=600N Fp=500N Ans
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*4-132. Three parallel bolting forces act on the circular z
plate. Determine the resultant force, and specify its
location (x, z) on the plate. F, = 200 1b, Fz = 100 Ib, and
Fc = 400 Ib. ~
(E‘\
C
1.5 ft

Equivalent Force : z

R=%IF; ~F=-400-200-100

F, =700 b Ans a
K

My =IM,; 700(z) = 400(1.5) - 200( 1.5sin 45°) £
~100( 1.5sin 30°) z “‘éc

A%

Location of Resultant Force :

“

z=044711 Ans
My =IM,; -700(x) = 200(1.5cos 45°) — 100( 1.5cos 30°)

x==0117ft Ans
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*4-133. 'The three parallel bolting forces act on the circular z
plate. If the force at A has a magnitude of F, = 200 Ib,
determine the magnitudes of F and F¢ so that the resultant
force Fy of the system has a line of action that coincides with (/\
the y axis. Hint: This requires XM, = 0Oand ZM, = 0. C‘\
C
1.5 ft
45°

Since Fy coincides with y axis, My =My =0.

z
M =IM,;  0=200(1.5cos 45°) = F (1.5cos 30°)
F =163.30b =163 1b Ans
Using the result £ = 163.30 b,
fo
My =IM,; 0= F.(1.5)~200(1.5sin 45°) \1&,
- 163.30(1.5sin 30°) *
Fe=2231 Ans
4-134. If F, = 40kN and Fz = 35kN, determine the
magnitude of the resultant force and specify the location of
its point of application (x, y) on the slab.
Equivalent Resultant Force: By equating the sum of the forces along the zaxis
to the resultant force Fp , F&4 b,
+ T Fp =¥F,; —Fp =-30-20- 90— 35— 40
Fg =215kN Ans,
Point of Application: By equating the moment of the forces and Fp,
about the x and y axes,
Mp)y = M,; —215y) = -35(0.75) — 30(0.75)—90(3.75) — 20(6.75) — 40(6.75)
y=3.68m Ans.
Mg )y = Wy; 215(x) = 30(0.75)+ 20(0.75)+ 90(3.25) + 355.75)+ 40(5.75)
x=354m Ans.
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4-135. If the resultant force is required to act at the center
of the slab, determine the magnitude of the column loadings
F, and F and the magnitude of the resultant force.

Equivalent Resultant Force: By equating the sum of the forces along the zaxis
to the resultant force Fp,
+TF =XF,; ~Fp =-30-20-90-F; - Fp

Fg = 140+ F, +Fg 1)

Point of Application: By equating the moment of the forces and Fg,

about the x and y axes,

(Mp)x =ZM,; —Fp(3.75) = —Fg (0.75) - 30(0.75)—90(3.75) — 20(6.75) — F4 (6.75)
Fpr=02Fp+18F, +132 2)

(MR)y =ZMy; Fg (3.25) = 30(0.75)+ 20(0.75) + 90(3.25) + F4 (5.75)+ Fg(5.75)
Fp = 1.769F +1.769Fg +101.54 3)

Solving Egs. (1) through (3) yields
Fy =30kN Fp =20 kN Fg = 190kN Ans.

*4-136. Replace the parallel force system acting on z
the plate by a resultant force and specify its location on the
x—z plane.

S kN

y
Resultant Force: Summing the forces acting on the plate, .
(FR)y=ZFy; Fp ==5kN-2kN -3kN
=-10kN Ans.

The negative sign indicates that Fg acts along the negative y axis.

Resultant Moment: Using the right - hand rule, and equating the moment of Fg
to the sum of the moments of the force system about the xand z axes,

Mpg), =ZM,; (10kN)(2) =(3 kN)(0.5 m) + (5 kN)(1.5 m) + 2 kN(2.5 m)
z=140m Ans.
(MR), =XM,; —(10 kN)(x) = <5 kN)(0.5 m) —(2 kN)(1.5 m) — (3 kN)(1.5 m)
x=1.00m Ans.
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*4-137. 1If F4, = 7kN and F3 = 5 kN, represent the force
system acting on the corbels by a resultant force, and
specify its location on the x—y plane.

Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis
to the resultant force Fg , Fig. b,
+TFg =%F,; -Fp=—6-5-7-8
Fr =26 kN Ans.

Point of Application: By equating the moment of the forces shown in Fig. a and Fgr,Fig. b,

about the x and y axes,
(MR)y =M ,; —26(y) = 6(650) + 5(750) — A(600) - 8(700)
y=82.7mm Ans.
(MR)y =M y; 26(x) = 6(100) +7(150) — 5(150) - 8(100)
x=3.85mm Ans.
<

294



4 Solutions 44918 1/23/09 12:04 PM Page 295 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

4-138. Determine the magnitudes of F, and Fp so that
the resultant force passes through point O of the column.

Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis
to the resultant force Fg , Fig. b,
+TFg =3F,; —~Fp=-F4~Fg -8-6

Fr=F4+Fg+14 (n

Point of Application: Since F is required to pass through point O, the moment of Fp about
the x and y axes are equal to zero. Thus,

(MR)y = 3M,; 0 = Fg (750)+ 6(650)— F4 (600) — & 700)
750F g — 600F, —1700= 0 )
(Mg), = M,; 0= F4 (150)+6(100) - Fg (150)—8(100)
150F, — 150Fg + 200 =0 3)

Solving Egs. (1) through (3) yields
Fy =18.0kN Fg = 16.TkN Fr =48.7TkN Ans.
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N

4-139. Replace the force and couple moment system
acting on the rectangular block by a wrench. Specify the
magnitude of the force and couple moment of the wrench
and where its line of action intersects the x—y plane.

4 ft

Equivalent Resultant Force: The resultant forces F;, F, and F3 expressed in Cartesian 000 Ib-ft
vector form can be written as Fy =[600j] b, F» =[-450i]lb, and F3 =[300k]lb. The

force of the wrench can be determined from T/
Fr =ZXF; Fgr =F +Fy+F3 21t

=600j—450i + 300k = [-450i + 600j+ 300k ] Ib /J
Thus, the magnitude of the wrench force is given by x

Fg = J(FR Ve +(Fr)y> +(Fr), % = ¥(=450)2 + 6007 +300% = 807.77 Ib=808 Ib

300 1b
Equivalent Couple Moment: Here, we will assume that the axis of the wrench
passes through point P, Figs. a and b. Since My is collinear with Fg,
—450i + 600 + 300k
B e e 4
(-450)" +600° +300
=—-0.557IM i + 0.7428M ,, j+0.3714M  k
The position vectors rpy , Tpg , and rpc are
rpy = (0-x)i+(4-y)j+(2- 0k =—xd+(4-y)j+2k
rpg = (3—x)i+(@4~-y)j+ (0 -0k =(3-x)i+(4-y)j
re =(3-0i+@-y)j+2-0k=(3-xi+(4-yj+ 2k
The couple moment M expressed in Cartesian vector form is written as M = [600i] 1b- ft
Summing the moments of ¥;, F;, and F3 about point P and including M,
My =3Mp; My =rpy xF] +rpc xFy+r1rpg xF3 +M
i i i j k i i k
—0.5571M,,i+0.7428M ,j+ 0.3714M  k =}-x (4—y) 24+|3-x) (4-y) 2/+|(3-x) (4-y) O |+600i
0 600 —450 0 0 0 0 3

~0.5571M,,i+0.7428M ,,j+ 0.3714M ,, k = (600 — 300y)i +(300x — 1800)j + (1800— 600x— 450y)k

Equating the i, j, and k components,

-0.5571M,,, = 600 — 300y 1)
0.7428M,, = 300x— 1800 (2
0.3714M ,, = 1800 - 600.x - 450y )]

Solving Egs. (1), (2), and (3) yields
x=3.52ft y=0.138ft My =-10031b-fi Ans.

The negative sign indicates that My, acts in the opposite sense to that of Fg .
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*4-140. Replace the three forces acting on the plate by a

Z
wrench. Specify the magnitude of the force and couple
moment for the wrench and the point P(y, z) where its line
12 ft

of action intersects the plate. N
B B, = (—60j) 1b

-\B:

Resultant Force Vector :

Fp = {—40i - 60j - 80k} Ib
E, = {(-40)* +(~60)* +(~80)* = 107.701b= 108 b Ans

=401 - 60j - 80k
Y% =" T07.70
= —0.3714i - 0.5571j - 0.7428k

Solving Egs.(1], (2}, and [3] yields :

My=-624Ib-fi z=B8.69ft y=04141 Ans

Resultant Moment: The line of action of My of the wrench is parallel to

the line of action of Fy. Assume that both M, and Fy have the same The negative sign indicaies that the line of action for My is directed in the

sense . Therefore, u,,, = ~0.3714i -0.5571j-0.7428k. opposite sense to that of Fy.
(Mp), =IM,.; —03714M, =60(12-2)+80y ]
(My), =IM,.; —0.5571Mp =40z (2)
(M), =EM,;  —0.7428M, = 40(12~y) (3]
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*4-141. Replace the three forces acting on the plate by a z F, = (800K N
wrench. Specify the magnitude of the force and couple B
moment for the wrench and the point P(x, y) where its line
of action intersects the plate.

F, = {500i} N

Fp = {500i + 300j + 800k} N

F, = {/(500)* + (300)? + (800)2 = 990 N Ans
ug; = {0.5051i + 0.3030) + 0.8081k)

My, = IM,; My, = 800(4-y)

My, = IM,.; My, = 800x

M. = IM,.; My, = 500y + 300(6~x)

Since M, also acts in the direction of ugg,
M (0.5051) = 800(4—y)
M;(0.3030) = 800x

Mg (0.8081) = 500y + 300(6-x)

My = 3.07kN-m Ans
3 ‘x=116m Ans
y=206m Ans
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4-142. Replace the distributed loading with an equivalent 15 kN/m
resultant force, and specify its location on the beam 10 kN/m
measured from point A.

Loading: The distributed loading can be divided into four parts as shown in Fig. a. The magnitude and location
of the resultant force of each part acting on the beam are also indicated in Fig. a.
Resultants: Equating the sum of the forces along the y axis of Figs.aand b,

+ 1R =ZFy; Fp =%(l5){3)+—;(5)(3)+1(13)+ %(lﬂ}(B}:?SkN { Ans.
If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. 2 about point A,

{'+(MR )a =My ~158)= %(15)(3)(1)- %(5)(3)(1)— 103)1.5) - %uoxsm

x=120m Ans.
+(15)(33 ki
~ { 10(3) kKN
Z(BKN ) L010)¢2) kil R=T5 KN
s X "
S B g
Y Al ™
// A : A | \\\
i
"' P
S 4m
(&)
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4-143. Replace the distributed loading with an equivalent
resultant force, and specify its location on the beam
measured from point A.

Loading: The distributed loading can be divided into three parts as shown in Fig. a.
Resultants: Equating the sum of the forces along the y axis of Figs.aand b,

+ 1 Fg = IF; g = %(8){3)+-%(4]{3)+4{3) =30kN | Ans.
If we equate the moments of Fg, Fig. b, to the sum of the moment of the forces in Fig. a about point A,

(“"(MR Ja =IMy; -30F)= *%(3)(3)(2)—%(4)(3)(4)— 4(3)4.5)
(X)=34m Ans.

5 4(3D kN o730 kn

’," [1 — [ — - —— l R I

o & 5 = ‘

2 M

a) (b)
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*4-144. Replace the distributed loading by an equivalent 800 N/m
resultant force and specify its location, measured from
point A.
200 N/m
+§ Fr=5F; Fg= 1600900+ 600=3100 N \l\l

A |
Fe=310kN{  Ans 'ﬂ B

. ' 1.600N m_“ G0N 1 2m 3m l
4 tMaa = T 2G3100) = 1600(1) +9000) +6003.5) bl
. A = -,.+="““'|J
x=206m Ans i ;
: 2Zm im
*4-145. Replace the distributed loading with an wo wo

equivalent resultant force, and specify its location on the
beam measured from point A.

ks

N~

Loading: The distributed loading can be divided into two parts as shown in Fig. a. The magnitude and location
of the resultant force of each part acting on the beam are also shown in Fig.a.
Resultants: Equating the sum of the forces along the y axis of Figs.aand b,

1 L 1 L 1
+'1’F.R =3IF; Fp =Ewo{3] +EWU(E)=3woL l Ans.

If we equate the moments of Fg , Fig. b, to the sum of the moment of the forces in Fig. a about point A,

L) 1 L2
oo =ta: o= £ ) -3 )34
L

2
3
12

x=

@) (b)
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4-146. The distribution of soil loading on the bottom of
a building slab is shown. Replace this loading by an
equivalent resultant force and specify its location, measured 0

from point O. ) |
50 Ib/tt 100 Ib /ft
+ 14 Fg=EF; Fg=50(12)+ }(250)(12) 12 ft } 0 1b/9ftft ‘
+5(200)09) + 10009 pan
ity
=139001b=390kipt+ ' Ans L6 f
N o==3F -uT,,:
§ +Mr, = BMo;  3900(d) = 50(12)(6) + §250)(12)(8) 5002) bl |-~ 1009) 1
1. .
Lesmpamw
+}EOE0 + 1000)16.5) : 00O b
d=n3n Ans
4-147. Determine the intensities w; and w, of the 1.5 ft
distributed loading acting on the bottom of the slab so that 3t 61t
this loading has an equivalent resultant force that is equal 300 Ibft
but opposite to the resultant of the distributed loading
acting on the top of the plate.
Y
A B
w1
w2
ke g5 #
bft
F G0 3006, 4(300)(15) Ib
T
1IN
Y Ly
—————— J—— ——— — _| “ﬂ
- I
- | W' - W
a ---""“"-J /4 ]
o aosy [
10
7 5| 2w~ )5

Tefa = ZF: 02w (10.9) + 3 (m = w)(10.9) - 1 (300)(3) - 3006) - Jemas

wy; + wy = 471.429 (D

GMon = ZMi: 0= i (1090529 + 30 = ) (109 D) - ; OO D

Solving Egs. (1) and (2),

= 300 (6) (6) - %(300)(1.5) 9.5
wy = 190 b/ft Ans

wy + 2wy = 753.061 2 wy = 282 b/ft Ans
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1\
[

*4-148. The bricks on top of the beam and the supports e
at the bottom create the distributed loading shown in the
second figure. Determine the required intensity w and
dimension d of the right support so that the resultant force
and couple moment about point A of the system are

both zero.
200 N//m
' —
75 N/m l,
05m \
\*d*‘
3m |
Require £ =0.
' +(200)(3) =200V
+TR=IF; 0=wd+37.5-300 \ Zm >
wd=262.5 (1 I JESS Soe
---""-—’ ¥
Require M, =0. Al
Lol :
d 0-25m !
(+ My, =IM,; 0=375(0.25) +m:(3— i)—sootl) A
wa? 750-5)=27 5N "
3wd— — = 590.625 2] |
2 I 3-<
2

Solving Egs.[1] and (2] yields

d=150m w=175N/m Ans
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*4-149. The wind pressure acting on a triangular sign is
uniform. Replace this loading by an equivalent resultant
force and couple moment at point O.

150 Pa

\\
\ -

- [I+%a2))m

NP

x \\?

|

|

|
202)02)0508 |

| -~

R = %u.z)u.z)mm
Fo=(-108i}N  Ans
2 1
= - - - 10.1+= 108) k
Mao (1+3u.z))uosu (01+3m:]( )

Mp = (-194) -S4k} N.m  Ans
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moment acting on the beam are zero.

l.;qnhe Fp=0.
+1 Fp=EFy; 0=180—40
b=450ft
Require Mz, = 0. Using the result b = 4.50 ft, we have -

& #Mr, = BMy; 0= 18012) - 40(4.50 (a +22

a=975ft

4-150. The beam is subjected to the distributed loading.
Determine the length b of the uniform load and its position
a on the beam such that the resultant force and couple

o]

\
40 16 /tt

10 ft

60 Ib /ft

/T)/

Ans
40b
asd
I [
p = —
Ans A ; ,/”
I,.-
=1
120
%{m)(s)amm

6 ft

cranium has been plotted and shown to

measured from point A.

| xwix) dx f:“’x(lz)(l +24) dx 12[

4-151. Currently eighty-five percent of all neck injuries
are caused by rear-end car collisions. To alleviate this
problem, an automobile seat restraint has been developed
that provides additional pressure contact with the cranium.
During dynamic tests the distribution of load on the

be parabolic.

Determine the equivalent resultant force and its location,

05
0

2 A7
PR

T Twoa 7

x=0268ft Ans

1

Fo= [werds = [12 (1422 )b = 12 [x+§x’] =7Db Ans

w = 12(1 + 2x?) Ib/ft
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*4-152.  'Wind has blown sand over a platform such that
the intensity of the load can be approximated by the
function w = (0.5x%) N/m. Simplify this distributed loading
to an equivalent resultant force and specify its magnitude
and location measured from A.

dA = wdx

18] ¥ wri-x’
&:Iﬂzj —x'dx l
02 "
14“' el 1
= | = O'F'_’“'" Dm
sxl * da
= 1250 N
F = 125kN Ang
feaa = [ 2xtar
1 o
- []
= 10000 N-m
. _ 10000
xummmm Ans

500 N/m
S

w = (0.5x%) N/m

10 m

*4-153. Wet concrete exerts a pressure distribution along
the wall of the form. Determine the resultant force of this
distribution and specify the height # where the bracing strut
should be placed so that it lies through the line of action of
the resultant force. The wall has a width of 5 m.

Equivalent Resultant Force :
Sheth -fae| deeua

K =r'(zozi)( 10°) de

=106.67(10°) N=107kN «  Ans

Location of Equivalent Resultant Force :
. JazdA  [iawdz
T T Twa
_fa e (@) 100 Jae
[0 (202) 1092
_[o7[(aoe) a0 ]ae

_[:’(zozi)uo’)dz
=240m

Thus, h=4-7=4-240=1.60m Ans

Z
._._r -
-
z i
e | B \
. % :- A dA:Ud!‘

X
= drlfEE=— aF-dh

LN s AR SRS NN AL A

|
}
J

WAL T E(105(5)
=20oFL)(o*)
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4-154. Replace the distributed loading with an equivalent w
resultant force, and specify its location on the beam
measured from point A.

Resultant: The magnitude of the differential force dFg is equal to the area of the element shown 4m \
shaded in Fig. a. Thus,

2
dFg =wdr=—;(4 -x)? dr=[x?-4x+8}dx

Integrating dF over the entire length of the beam gives the resultant force Fp.
am( 2 o3 m
+1 FR=_[ de=_[ I 4x+8|dr=|—-2:2+8
L 0 2 6
=10.667kN =10.7kN { Ans.

Location. The location of dFg on the beam is x, = x, measured from point A. Thus, the location X of
Fp measured from point A is

= = = =1lm Ans.
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4-155. Replace the loading by an equivalent resultant
force and couple moment at point A.

R = 36050 = 1501

R = (6)(50) = 3001
B = (4)(50) = 2000
SFu = IF; Fp, = 1505in60° + 300sin 60° = 389.71 b
*\F, = LF; Fy, = 150cos 60° + 300 cos 60° + 200 = 425 b

Ro= /(89717 + (458 = 5STTD  Ams

8 = an™ (3'359'1'{;'1) = 41.5° T Ans

('*'Mu =LIMy: Mpa = 150(2) + 300 (3) + 200 (6 cos 60° + 2)

= 22000 ft=220kip- t }  Ans

50 Ib/ft

4 ft
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*4-156. Replace the loading by an equivalent resultant
force and couple moment acting at point B.

1
Ff = 5(6) (50) = 150 1b

R = (6)(50) = 3001
R = (4)(50) = 2001

3P = IF,; Fp, = 150sin60° + 300 sin 60° = 389.71 b
+iF, = IF; B, = 150c0s 60° + 300 cos 60° + 200 = 425 Ib

Fp = /(389.717 + @257 = 5771b Ans

0 = gl (%’ﬁ] = 4.5 CAm

Mas = 28000 fi =2.80kip- &% Ans

(*Mes = IMy:  Mes = 150.cos 60° (4008 60° + 4) + 150 sin 60° (4 sin 60°)

+ 300 cos 60° (3 cos 60° + 4). + 300 sin 60° ( 3 sin 60°) + 200 (2)

50 I /ft

4 ft

3c0560°+4 )t

F;:ZOO Ib

7,8

-
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*4-157. The lifting force along the wing of a jet aircraft w
consists of a uniform distribution along AB, and a
. . . . . = (2880 — 5x2) Ib/ft
semiparabolic distribution along BC with origin at B. 2880 Ib /ft [ w=( ) Ib/
Replace this loading by a single resultant force and specify e
its location measured from point A. )
\ A B
== X
/@ ‘
12 ft } 24 ft ‘
Equivalent Resultant Force : —
2
»
+T R =IE; F}=34560+jowd: I, .
24N
Fo = 34560+ [ (2880 5¢*) ds A ,\;— —
0
=80640b=80.6kip T Ans 4 @
]
Location of Equivalent Resultant Force :
268002, 23456C b dF=dA
c'l- Mn‘ 32-"4; h
—— = widx
. ; MNr=~~cWqREZz-£x%)
806405 = 34560(6) + |~ (x+ 12) wdx : r < /e
M H N
A
806407 = 207360+ [ (x+12)( 2880~ 52) de / @
]
- 241t ) 2
806405 = 207360+ | (=5x’ - 60x" + 2880x +34560) dx N dx
0 eftlefel x
i=l46ft Ans
4-158. The distributed load acts on the beam as shown. w
Determine the magnitude of the equivalent resultant force
and specify where it acts, measured from point A. w = (—2x2+ 4x +16) Ib/ft
A
i =2
| 41t |
X
4 \ "
Fa =Iwwdr=§o(-zx'n”m)¢x =53333 = 5331b Ans A g- B
x wix) de I‘x -22 +4x+ 16) dx -
”I ® L AF=dA=wdx
Jowtx) de 53333
. 1
r e L WECXH4XHG) by
: S~
=3 K=dX
X
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4-159. The distributed load acts on the beam as shown. W
Determine the maximum intensity wp,. What is the
magnitude of the equivalent resultant force? Specify where w = (—2x2+ 4x +16) Ib/ft
it acts, measured from point B.
A X
i v
| 4t |
fe
dw —
o =—ed=0 L X
x=1
A
Waa ==2(1} +4(1)+16= 18I/  Ans A = B
R = [wxde = L‘(—:f +4x+ 16)dr = 53.333 = 533  Ams ” %
) AF=dA= wdx
fxwu)dt (=22 +4x+ 16) dr - [
= - - - ——] s 1
T Twe 5533 HeR r i .-.-(-Z)C-}-Q(Hé)f%
| -~
| =~

So that from B, A =
#=4-1.60=240ft Ans = K—dX

X
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*4-160. The distributed load acts on the beam as shown. w ot
Determine the magnitude of the equivalent resultant force w= (=522 + 5+ 4) b/t
and specify its location, measured from point A.
41b /ft
2 1b//ft
A B,

<
\

10 ft ‘

f= [wiode = In"’(-%x‘ ¥ g; »4)& = 5222 = 52216 Ams

10 2 17
wa(x)d.: . Iu x(—-l-gx’ -I-Ex +4] dx . 244.44
Jwiw dx 52.22 52.22

rs=

=468t Ans

312



4 Solutions 44918 1/23/09 12:04 PM Page 313 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*4-161. If the distribution of the ground reaction on the
pipe per foot of length can be approximated as shown,
determine the magnitude of the resultant force due to this
loading.

25 Ib/ft

Resultant Components: The magnitude of the differential force dFg is equal to the area of the element shown
shaded in Fig. a.

dFg = wr dO = 25(1 + c0s@ (2.5 d6) = 62.5(1 + cos@) db

The horizontal and vertical components of dFg are given by

h (dFR)y = dFg sin® = 62.51+cos 8)sind d8=6?.i{sin8+ s“':e]do

+T  (dFR)y = dFg 0050 = 62.5(1+ 00s0)c0s 08 = 62.{ms9 + %) )

Integrating (&F g ) and (dFg )y from 6 = -% rad to 8 =% rad gives the horizontal and vertical components of the
resultant for F .

w2 . 12
:(FR)I =I 62.{Sino+smm]d9=62.{-uﬁ9-‘msm{ =0
_xl2 2 4 P

w2 g
2 )= 624 cos0+ 28 *1) 4o =62 sing+ 5028 L g
Ry n 2 4 2
-

7

12

- 62.5(2+f.]= 223.171b T
) 2

Thus,
Fg = (Fg)y =223171b=2231b T Ans.
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4-162. The beam is subjected to the parabolic loading.

Determine an equivalent force and couple system at 400 b /ft
point A.
w = (25 x?)Ib /ft
Oim ‘ YpA
i 41t
+TE.=[F’; ﬁ:—I dﬁB—I‘Wdl d;:dAs'hrdﬁ.
A L]
4R
- 1 -
’i“fo (25:7) ar W=25x" blge L
=-533.331b=5331b Ans I %\
[ A
G f | il
+ My, =IM,; M, =] (4-x)wdx il A
R N \ = T 4%
=J; (4-x)(25:%) dx
=2 e255 $1005) dx
=5331b-ft (Counterclockwise) Ans
4-163. Two couples act on the frame. If the resultant 100 Ib
couple moment is to be zero, determine the distance d 30°
between the 100-1b couple forces.
31t d—
IM: 0= 100 cos30P(d) - S(150X(4) X
+ My = 0= IM; = 100 cos. - I
¢ $ Ay N
B
d=Ss4g Ans A
30°
100 Ib
150 Ib
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*4-164. Determine the coordinate direction angles «, B,y F=201Ib
of F, which is applied to the end of the pipe assembly, so
that the moment of F about O is zero.

Require M, = 0. This happens when force F is directed along line OA either
from point O to A or from point A 0 O. The unit vectors u,,, and u,, g are

(6-0)i+(14-0)j+(10-0)k

Upy =
Y(6-0)2+(14~0)2 +(10-0)?
=0.3293i +0.7683j + 0.5488k
Thus,
a= cos™0.3293 = 70.8° Ans §in. 6in.
B=cos™0.7683 = 39.8° Ans *
¥ =cos™'0.5488 = 56.7° Ans
- (0-6)i+(0~-14)j+(0- 10}k
0 J(0-6)1+(0- 1)+ (0- 10)%
==0.3293i -0.7683j - 0.5488k
Thus,
a=cos™' (~0.3293) = 109° Ans
B =cos™ (-0.7683) = 140° Ans
¥ = cos™' (-0.5488) = 123° Ans
*4-165. Determine the moment of the force F about point F=201b
O. The force has coordinate direction angles of « = 60°, \
B = 120°,y = 45°. Express the result as a Cartesian vector.

Position Vector And Force Vectors :

Tou = {(6-0)i+(14-0)j+(10-0)k} in.

10 in.
= {6i + 14j+ 10k} in.

F = 20(cos 60% +cos 20°]+ cos 45°k) b
= {10.0i ~ 10.0j + 14. 142k} 1b

81in. 61in.
Moment of Force F About Point O : Applying Eq.4~7, we have X

M, =ry, xF
i i k
=| 6 14 10 J
100 -100 14.14

= {298i +15.1j =200k} Ib-in Ans
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4-166. The snorkel boom lift is extended into the position
shown. If the worker weighs 160 1b, determine the moment
of this force about the connection at A.

My = 160(2+ 2508 50°) = 2891 1b-ft = 289 kip-ft ), Ans

4-167. Determine the moment of the force Fo about the
door hinge at A. Express the result as a Cartesian vector.

Position Vector And Force Vector:

g = {[-05-(-0.5)]i+ [0~ (~1}]j+(0~-O)k} m= (1}} m

E. =250 [-0.5=-(~2.5)]i+{0={~(1+ 1.5cos 30°)] }J+ (0 - 1.5sin 30°) k N
e =

J[-O.S—(—l.&)]’w {0~[~(1+ L.5cos 30°)] }* + (0~ 1.5sin 30°)?
= {159.33i + 183.15j~ 59.75k} N

Moment of Force F; About Paint A : Applying Eq.4~7, we have

M, = MXF
i j Kk m & 05m
=l 0 1 0 <
15933 18315  —50.75
= (~59.7i- 159k} N-m Ans y

*4-168. Determine the magnitude of the moment of the
force F¢ about the hinged axis aa of the door.

t45 = {[-0.5=(=0.5)1i+[0=(~1)]j+(0~0)k} m={1j} m 25
Fc
F, =250 [=0.5=(=2.5))i+{0~[~(1+ L.5cos 30°)]}j+ (0= 1.5sin 30°) k ] N /
J1-0.5=(=2.5)]* + {0~ [~ (1 + 1.5cos 30°)] }3 + (0~ L.5sin 30°)? \
={159.33i + 183.15) - 59.75k} N
Moment of Force Fo About a- aAxis : The unit vector along the a~aaxis is i.
App‘flﬂsal-‘-l]. we have ﬁ{,,“=|'(l‘_4! x Fe) \ A
1 0 0

= 0 1 0 l /<
159.33 183.15  -59.75 a .

=1[1(-59.75) - (183.15)(0)] -0+ 0
=-597N'm

3
N

>/ 0.5m
»

The negative sign indicates that M, _ is directed toward negative x axis. X y
M...=59.7N'm Ans
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*4-169. Express the moment of the couple acting on the z
pipe assembly in Cartesian vector form. Solve the problem
(a) using Eq. 4-13 and (b) summing the moment of each
force about point O.Take F = {25k} N.

.a) Mc¢ = rax (25k)

i k&
-o.:u—o.z;l
0 o

Mc = (~5i+875j} N-m Ans

(b) Mc =ropx (25k) + rogax (=25k)

S T I
03 02 ;l+ 065 04 O
() 0 0 -

Mc = (5-10)§ + (<7.5 + 1625)

Mc ={-5i+ 875J} N-m Am

4-170. If the couple moment acting on the pipe has a z
magnitude of 400 N - m, determine the magnitude F of the
vertical force applied to each wrench.

Mc = rygx (Fk)

"
035 02 0

0 0

Mc = {-0.2Fi+ 035F j} N-m

M = (02F) + (0.35F)® = 400

Fa—30 ___ _onN

(-0.2)* + (0.35)?
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4-171. Replace the force at A by an equivalent resultant z
force and couple moment at point P. Express the results in
Cartesian vector form.

~8i-8)+4k
r.:-uo(———-—_——_ ={-801-80) + 0k}b Ane T "
o)
8 + (-8F + & 108 l /
i)k e F=12010 Y
Mep =IMp = | 2 14 =1 g 8 fi
_80 -80 40
/46& 8 ft A

= (-2404 +720] + %60k} 1b- ft Ans

*4-172. The horizontal 30-N force acts on the handle of
the wrench. Determine the moment of this force about
point O. Specify the coordinate direction angles «, 8, y of
the moment axis.

Pogsition Vector And Force Vectors :

The magnimde of M, is
rou = {(~0.01-0)i+(0.2~0)j+(0.05-0)k} m
= {<0.01i +0.2j+0.05k} m My = V1.0612 + 10612 +(=4.031)* = 4301 N-m
F = 30(sin 45° —cos 45°j) N . _—
= {21213i-21213j} N The coordinase direction angles for M, are
Moment of Force F About Point O : Applying Eq.4 -7, we have a= ms"(i%g-:-k 75.7° Ans
M, =rg, xF ﬁ=ons"[l'°ﬂ)=75‘7° Ans
i i k 2?}131
=[-0.01 02 0.05 7=m"(4—'1—)= 160° Ans
21213 -21.213 0 ’
= {1.061i + 1.061j-4.031k} N-m
= {1.06i + 1.06j~4.03k} N-m Ans
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*4-173. The horizontal 30-N force acts on the handle of
the wrench. What is the magnitude of the moment of this
force about the z axis?

Pogition Vector And Force Vectors :

tas ={~001i+02j} m
Toa = {(-0.01-0)i+(0.2-0)j+(0.05-0)k} m
= {~0.01i +0.2j+0.05k} m

F = 30(sin 45% - cos 45°)) N
={21.213i-21.213§} N

Moment of Force F About 1 Axis : The unit vector along the z axis is k.
Applying Eq.4~ 11, we have

M =k-(rg, xF)
0 0 1
-0.01 0.2 d

21213 21213

=0-0+1[(-0.01)(-21.213) - 21.213(0.2)]

==403N-m Ans
Or
M =k (rg xF)
0 0 1
=|-0.01 0.2 0.05,
21.213 =21.213 0

=0-0+1[(-0.01)(-21.213) - 21.213(0.2)]
==403N'm Ans

The negative sign indicates that M, is directed along the negative z axis.
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