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e5-1. Draw the free-body diagram of the 50-kg paper roll
which has a center of mass at G and rests on the smooth
blade of the paper hauler. Explain the significance of each
force acting on the diagram. (See Fig. 5-7b.)

w-50@81)=4905
K ,
The Significance of Each Force : % >
W is the effect of gravity (weight) on the paper roll.
N, and N, are the smooth blade reactions on the
paper roll.
N
8 Na
5-2. Draw the free-body diagram of member AB, which is 390 Ib
supported by a roller at A and a pin at B. Explain the
significance of each force on the diagram. (See Fig. 5-7b.) 13/112
800 Ib - ft g
A \
N ( D
| 8 fit |
305

N, force of plane on roller. kﬁ
8,, B, force of pin on member. - J
3t

8ft 41t
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5-3. Draw the free-body diagram of the dumpster D of the
truck, which has a weight of 5000 1b and a center of gravity
at G. It is supported by a pin at A and a pin-connected
hydraulic cylinder BC (short link). Explain the significance
of each force on the diagram. (See Fig. 5-7b.)

The Significance of Each Force :
W is the effect of gravity (weight) on the dumpster.
A, and A, are the pin A reactions on the dumpster.

Fyc is the hydraulic cylinder BC reaction on the dumpster.

*5-4. Draw the free-body diagram of the beam which
supports the 80-kg load and is supported by the pin at A and
a cable which wraps around the pulley at D. Explain the
significance of each force on the diagram. (See Fig. 5-7b.)

T T
A

4
T force of cable on beam. e h
A.. A, force of pin on beam. AX.
80(9.81)N force of cable on beam. m T m +}-5m)$
A? 80(78)N
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e5-5. Draw the free-body diagram of the truss that is
supported by the cable AB and pin C. Explain the significance
of each force acting on the diagram. (See Fig. 5-7b.)

The Significance of Each Force :

G, and C, are the pin C reactions on the truss.

T, 5 is the cable AB tension on the truss.

3 kN and 4 kN force are the effect of extemal applied forces on
the truss.

5-6. Draw the free-body diagram of the crane boom AB
which has a weight of 650 b and center of gravity at G. The
boom is supported by a pin at A and cable BC. The load of
1250 1Ib is suspended from a cable attached at B. Explain
the significance of each force acting on the diagram. (See
Fig. 5-7b.)

The Significance of Each Force :

W is the effect of gravity (weight) on the boom.
12221k
A, and A, are the pin A reactions on the boom.
Tc is the cable BC force reactions on the boom.

1250 b force is the suspended load reaction on the boom.
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5-7. Draw the free-body diagram of the “spanner 20 1b
wrench” subjected to the 20-1b force. The support at A can
be considered a pin, and the surface of contact at B is
smooth. Explain the significance of each force on the
diagram. (See Fig. 5-7b.)

6 in.

A

N;r‘n. m {'D

As, Ay, Nj force of cylinder on wrench. I - -7

4 7in.
*5-8. Draw the free-body diagram of member ABC which c D
is supported by a smooth collar at A, roller at B, and short 2.5kN °

link CD. Explain the significance of each force acting on the

diagram. (See Fig. 5-7b.) /&\ 60° LEN 3m
cm
\ i |

e—— /e B
A% T O
I 4m 6m
The Significance of Each Force : 25 HJ Fc'p
N, is the smooth collar reaction on member ABC. R 3m
wl
Ny is the roller support B reaction on member ABC, e | | [\,
Fep is the short link reaction on member ABC. NA ['_4m I em N
8

2.5 kN is the effect of external applied force on member ABC.

4 kN - m is the effect of external applied couple moment on
member ABC.

323



5 Solutions 44918 1/23/09 5:11 PM Page 324 $

© 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.

¢5-9. Draw the free-body diagram of the bar, which has a 3in.

negligible thickness and smooth points of contact at A, B, \ 30°

and C. Explain the significance of each force on the 5 in.

diagram. (See Fig. 5-7b.) )<
A

101b -
30°X g

3tan30°=)-732 in.

Ny, Ny, N force of wood on bar.
10 I force of hand on bar.
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5-10. Draw the free-body diagram of the winch, which
consists of a drum of radius 4 in. It is pin-connected at its
center C,and at its outer rim is a ratchet gear having a mean
radius of 6 in. The pawl AB serves as a two-force member
(short link) and prevents the drum from rotating. Explain
the significance of each force on the diagram. (See
Fig. 5-7b.)

G. G force of pin on drum.
Fyy force of pawl on drum gear.
500 b force of cable on drum.

5-11. Determine the normal reactions at A and B in
Prob. 5-1.

Equations of Equilibrium : By setting up the x and y axes in the
manner shown, one can obtain the direct solution for N, and Nj.

P IE =0; Np-4905sin30°=0 Ny =245N Ans

\+IE=0; N, -4905c0s30°=0 N, =425N Ans
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*5-12. Determine the tension in the cord and the
horizontal and vertical components of reaction at support A
of the beam in Prob. 5-4.

fr =0 T+ TG)«) -80(9.81)(3.5) = 0
T=80.1N= 80N  Ans
SIE =0 A -san) =0
A = 48N  Ans

+TEF, =0; -4 +8%0.1 +m.1G) -800.8) =0

A = T9ON Ans

Ax ! "E

[ L L) P \ 1.5m l
Ay 0(3.8/)N
¢5-13. Determine the horizontal and vertical components
of reaction at C and the tension in the cable AB for the
truss in Prob. 5-5.
Eguations of Equilibrium : The tension in the cable can be obtained
directly by summing moments about point C.
(+IMc=0;  T,pc0s 30°(2) +T,5sin 30°(4) -~ 3(2) - 4(4) =0
T,p = 5.89kN Ans Too
SIE=0; G -589cos30°=0 /”7‘\ zm
C, =5.11kN Ans [ J
;3 —
+TIE=0; G +589sin30°-3-4=0 2m § am § 2m |
G, =4.05kN Ans & 3 4K
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5-14. Determine the horizontal and vertical components
of reaction at A and the tension in cable BC on the boom in
Prob. 5-6.

Equations of Equilibrium : The forcein cable BC can be obtained
directly by summing moments about point A,

(+ M, =0;  Tysin7.380°(30) - 650cos 30°(18)
- 1250sin 60°(30) =0

Ty = 110569 Ib = 11.1 kip Ans

HIFE =0, A - 11056.9(%) =0
A, =10206.4 Ib = 10.2 kip Ans

+TIE=0; A, -650-1250- 11056.9(-15—3]=0
A, =6152.7 Ib = 6.15 kip Ans

5-15. Determine the horizontal and vertical components
of reaction at A and the normal reaction at B on the
spanner wrench in Prob. 5-7.

Qm =0 Np()-20(7) =0
A« F Y
N = 14016 Ans X
- M i 1
Ny

3LF, =0, -A +140 =0
A = 140lb  Ams
-b?ﬂ"ao; 5-20=0

A =201b Ans

*#5-16. Determine the normal reactions at A and B and the
force in link CD acting on the member in Prob. 5-8.

Egquations of Equilibrium : The normal reaction N, can be obtained
directly by summing moments about point C.

(+ M =0;  2.5sin 60°(6) —2.5cos 60°(3) -4 25K Feo
+ N, cos 45°(3) - N, sin 45°(10) =0
R 3m
N, = 1.059 kN = 1.06 kN Ans N0 .
=L . 1
reyd ~
| 4+m ém
SIFE =0; 1.059cos 45°-2.5c0s 60°+ Fp = 0 My Na
Fep =0.501 kN Ans

+TEE =0; Ny +1.059sin 45° = 2.5sin 60° = 0
Na = 1.42kN Ans
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e5-17. Determine the normal reactions at the points of
contact at A, B, and C of the bar in Prob. 5-9.

WREIF, =0; Ncsin 60°=10 sin 30° =0
Ne=5111 Ans

(+IM =0; 10 cos 30°(13~ 1.732)= Ny (5= 1.732) - 5.77(3.464) = 0
Ne=237D Ans

+fEF, a0;  Ny+577 cos 60°+ 10 cos 30°-23.720

Ny =12.21 Ane

5-18. Determine the horizontal and vertical components
of reaction at pin C and the force in the pawl of the winch in
Prob. 5-10.

C"‘m‘c =0, Fis [%]6 - 500(4) = 0O

Fyg = 400.61b = 401 b Ans

3%F =0 —c'.+4oo.6[-3-]=o

Ji3

G =333b Ans

+TZF =20;: -500+G -ms[%] =0

sao

G =72b Ans
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5-19. Compare the force exerted on the toe and heel of a 120 1b

120-Ib woman when she is wearing regular shoes and 120 Ib
stiletto heels. Assume all her weight is placed on one foot

and the reactions occur at points A and B as shown. v

[ B A
A‘——‘PSJS in.— —
0.75 in. 3.75 in.

1.25 in.

(oM =0 120(575) - (N, (1) =0

(N,),=98.61b Ans
+T3F =0 (Ng)r +986-120=0
(Ng),=2141b Ans.
120 b 1201b
Stilento hel shoe,
Qm, =0;  120(3.75) —(N,), (4.5 =0
(N,), =100 Ans
+T2F =0 (Ng)s+100-120=0
(Ng)s =201b Ans.
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*5-20. The train car has a weight of 24 000 Ib and a center
of gravity at G. It is suspended from its front and rear on the
track by six tires located at A, B, and C. Determine the
normal reactions on these tires if the track is assumed to be
a smooth surface and an equal portion of the load is
supported at both the front and rear tires.

N

ft

51t

24000 b

(q.m, =0, (2Ng) (4) -24000(5) = 0

Ne = 150001b = 1Skp  Ans

SIF =0, 2N, -2(15) =0

Ny = 15kp  Ans

+TLF, =0; 2Ny —24000 =0

N = 12kip  Ams
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e5-21. Determine the horizontal and vertical components 60 kN

of reaction at the pin A and the tension developed in cable

BC used to support the steel frame. T m”Tl m—f—1 m—
: Al

30kN - m

Equations of Equilibriom: From the free - body diagram of the frame, Fig. a,
the tension T of cable BC can be obtained by writing the moment equation of

equilibrium about point A.
3 4
("‘WA =0; 7[-5-](3)4-7‘(-;)(1)—6&1)—30:0
T=34.62kN =34.62kN Ans.

Using this result and writing the force equations of equilibrium along the x and y axes,

*IF =0 A, - 34.62[%) =0

Ay =20.77kN =208 kN Ans.
+ T3 =0; Ay - 60— 34.62[%) =0

Ay = 87.69kN =87.7kN Ans.

)50 kn.m
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5-22. The articulated crane boom has a weight of 125 1b and }-74 ft

center of gravity at G. If it supports a load of 600 1b, determine .

the force acting at the pin A and the force in the hydraulic e~ £ ft G

cylinder BC when the boom is in the position shown. O; = \é
8 ft ]

1t , .
/<40°
| |

@
&m. =0; Fp cosd0°(1)'+ Fy sin40° (1) — 125(4) — 600(9) = O
Fp = 41881b = 4.19kip  Ans
3EF, =0; - A +4188cos40° = 0 "
A = 3208“}---3.2151: Ans ‘L ke 12516
23
+TEE =0; —-A +41885ind0° — 600 — 125 = 0 ;;_4 ,
hr T a—
A 773 1 woolb

A = 197kp Ans
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5-23. The airstroke actuator at D is used to apply a force of
F =200 N on the member at B. Determine the horizontal
and vertical components of reaction at the pin A and the
force of the smooth shaft at C on the member.

Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a,
N can be obtained by writing the moment equation of equilibrium about point A.

G-EMA =0; 200sin60°(800) ~ N (600 +200sin15°)=0
Nc=21260N =213N Ans.

Using this result and writing the force equations of equilibrium along the x and y axes,

HIF, =0, —A +212.60c0s 15° ~ 200c0s60° = 0
A, =105N Ans.
+ T35, =0, ~Ay —-212.60sin15° +200sin 60° = 0
Ay =118N Ans.
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*5-24. The airstroke actuator at D is used to apply a force
of F on the member at B. The normal reaction of the
smooth shaft at C on the member is 300 N. Determine the
magnitude of F and the horizontal and vertical components
of reaction at pin A.

Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a,
force F can be obtained by writing the moment equation of equilibrium about pointA .

GI-Z'MA =0; F sin60°(800) — 300( 600+ 200sin15°) =0
F =28222N =282N Ans,

Using this result and writing the force equations of equilibrium along the x and y axes,

HIF =0 ~A +300c0s 15° - 282.2200560° = 0
Ay =149N Ans.
+T2F =0; ~Ay —300sin15° +282.225in 60° = 0
Ay =167N Ans.
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e5-25. The 300-Ib electrical transformer with center of gravity
at G is supported by a pin at A and a smooth pad at B.
Determine the horizontal and vertical components of reaction
at the pin A and the reaction of the pad B on the transformer.

Equations of Equilibrium: From the free - body diagram of the transformer, Fig. a,
Np and Ay can be obtained by writing the moment equation of equilibrium about
point A and the force equation of equilibrium along the y axis.

QEM,, =0; Np(3)-300(1.5)=0

Np = 1501b Ans.
+T3F =0; Ay -300=0

Ay =3001b Aus.

Using the result Ng =150 Ib and writing the force equation of equilibrium along the x axis,

NIF =0 150- A, =0
Ay =150 Ib Ans,

he gl o ?

&
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5-26. A skeletal diagram of a hand holding a load is shown
in the upper figure. If the load and the forearm have masses
of 2 kg and 1.2 kg, respectively, and their centers of mass are
located at G and G,, determine the force developed in the
biceps CD and the horizontal and vertical components of
reaction at the elbow joint B. The forearm supporting
system can be modeled as the structural system shown in
the lower figure.

Equations of Equilibriom: From the free - body diagram of the structural
system, Fig. a, Fop can be obtained by writing the moment equation of equilibrium
about point B.

2(9.81X100+ 135+ 65)+ 1.2(9.81X135 + 65)
—Fcp sin75°(65)=0
Fep =131.25N =13IN Ans.

L;»m,, =0;

Using the above result and writing the force equations of equilibrium along the x

and y axes,
HEIF =0 131.25c0875° - B, =0

B, =33.97N =340N Ans.
+1T3F, =0; 131.255in75° - 2(9.81)- LA 9.81)- B, =0

By =9538N =954N Ans.

l%om;.':i‘t /asmmfv TZ ﬂl By

@smm
()

G,

G,

~—135 mm—

A
=100 mm—

65 mm‘
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5-27. As an airplane’s brakes are applied, the nose wheel
exerts two forces on the end of the landing gear as shown.
Determine the horizontal and vertical components of
reaction at the pin C and the force in strut AB.

Equations of Equilibrium : The force in strut AB can be obtained
directly by summing moments about point C.

(+ IM,=0; 2(1)-6(ltan 20°) + F, 5 s5in 50°(0.4)

400 mm

600 mm

6 kN

— Fycos 50°(0.4tan 20°) =0
F,» =0.8637 kN = 0.864 kN Ans o kN
Using the result F, ; = 0.8637 kN and sum forces along x and y axes,
we have,
+TEE =0; 6+0.8637c0s 50°~C, =0
55F =0; 0.8637sin50°+2-C, =0 G =636kN Ans
: C, =2.66kN Ans '
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*5-28. The 1.4-Mg drainpipe is held in the tines of the fork
lift. Determine the normal forces at A and B as functions of
the blade angle 6 and plot the results of force (vertical axis)
versus 0 (horizontal axis) for 0 = 6 = 90°.
1-4Ge)’ (2. 8N
#fSF, =0;  Ny-1.4(10)(9.81)sinf=0
N, =13.75in8kN  Ans
NIF, =0;  Np~1.4(10)°(9.81)cosf =0
“ Np=13.7c0s0kN  Ans
" N (kN)
! Na=13.Tsia 8
L Ng=18.1c50
\ [ e
L
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e5-29. The mass of 700 kg is suspended from a trolley
which moves along the crane rail from d = 1.7 m to
d = 3.5 m. Determine the force along the pin-connected
knee strut BC (short link) and the magnitude of force at pin
A as a function of position d. Plot these results of Fzc and Fy
(vertical axis) versus d (horizontal axis).

G zm, =0 r.,_-G]{l.S}-'roo(‘).smd) =0
Foc=5122.5  Ans
- 3
HIF =0, -A +(sm.m(;) =0 20-0-
A =3433.5d
151 1

+TLE =0, -4 +(s1nsd}(§)—1(m9.m =0

9.7
59!-

A,=4578d-6067

F, = {(3433.5d)% + (4578d - 6867) Ans

d(m)
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5-30. If the force of F =100 1b is applied to the handle of C
the bar bender, determine the horizontal and vertical
components of reaction at pin A and the reaction of the
roller B on the smooth bar. 40in.

N
X

N\
F

Equations of Equilibrinm: From the free - body diagram of the handle of the bar
bender, Fig.a, A, and N can be obtained by writing the force equation of equilibrium
along the y axis and the moment equation of equilibrium about pointA , respectively.

+T2F =0; Ay - 100sin30° = 0

A, =501b Ans.
(;m,, =0; N cos 60°(5) - 100(40) = 0

Np = 1600N =1.60 kip Ans.

Using the result Ng = 1600 N and writing the force equation of equilibrium along the x
axis,

IR =0 Ay — 1600 +100c0s30° = 0
A, =1513.40 N = 1.51 kip Ans.

340



5 Solutions 44918 1/23/09 5:11 PM Page 341 $

© 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.

5-31. If the force of the smooth roller at B on the bar C
bender is required to be 1.5 kip, determine the horizontal X

and vertical components of reaction at pin A and the X
required magnitude of force F applied to the handle. 40in \?

Equations of Equilibrinm: From the free - body diagram of the handle of the bar
bender, Fig. a, force F can be obtained by writing the moment equation of equilibrium
about point A.

£+W,1 =0; 1500008 60°(5) — F(40) = 0
F=9751b Ans.

Using the above result and writing the force equation of equilibrium along the x and y

axes,
KIF =0 Ay +93.75¢c0s30° - 1500 = 0

Ay =141881 1b = 1.42 kip Ans.
+T2F =0; Ay - 93.75sin30° = 0

Ay =468751b=4691b Ans.
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*5-32. The jib crane is supported by a pin at C and rod AB.
If the load has a mass of 2 Mg with its center of mass located
at G, determine the horizontal and vertical components of
reaction at the pin C and the force developed in rod AB on
the crane when x =5 m.

Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert
aforce Fyp directed along its axis on the beam, as shown on the free - body diagram in
Fig. a.From the free - body diagram, Fyp can be obtained by writing the moment equation
of equilibrium about point C.

3 4
(+emc=o; Fap [3}4) g {;J(o.z)— 200009.81)(5)= 0
Fup = 3832031 N =383kN Ans.

Using the above result and writing the force equations of equilibrium along the x and y axes.

NIF =@ C.-38 320.31(%)= 0

Cx =30656.25N = 30.7kN Ans.
+T2F, =0; 38 320.3{%}-2000(9.31)-0, =0

Cy =3372.19N = 337kN Ans.

2000(9.8/) N

342



5 Solutions 44918 1/23/09 5:11 PM Page 343

© 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.

©5-33. The jib crane is supported by a pin at C and rod AB.
The rod can withstand a maximum tension of 40 kN. If the
load has a mass of 2 Mg, with its center of mass located at G,
determine its maximum allowable distance x and the

corresponding horizontal and vertical components of
reaction at C.

Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert
aforce F4p directed along its axis on the beam, as shown on the free - body diagram in
Fig. a.From the free - body diagram, the distance x can be obtained by writing the moment
equation of equilibrium about point C.

(armc =0; 40 noc{%}4)+ 40 0(1{%}0,2) - 2000(9.81)(x) = 0
Ans.

x=522m

Writing the force equations of equilibrium along the x and y axes,

4
LEF =0 cx-mmu[—s]ﬂ

Cy =32000N = 32kN Ans.
3
+T2F =0 4000({;]— 200009.81)-Cy, =0
Cy = 4380N = 438kN Ans.

~

A

L 4

2000(9-8))N
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5-34. Determine the horizontal and vertical components
of reaction at the pin A and the normal force at the smooth
peg B on the member.

Equations of Equilibrinm: From the free - body diagram of the member, Fig.a,
Np can be obtained by writing the moment equation of equilibrium about point A.

G'WA =0; Np(0.4)~-600c0s 30°(0.8) = 0
Ng =1039.23N =1.04kN Ans.

Using this result and writing the force equations of equilibrium along the x and y axes,

XIF =@ 600c0s 30° - 1039.23ccs 60° — A, =0
Ax =0 Ans.
+T3F, =0 Ay +1039.23s5in60° - 600sin30° = 0
Ay = 600N Ans,
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5-35. The framework is supported by the member AB i 4 ft |
which rests on the smooth floor. When loaded, the pressure (e 7o)
distribution on AB is linear as shown. Determine the length d
of member AB and the intensity w for this case.

800 Ib

1 [o ) ) B

+TIF, =0 F-300=0

F o= 8000

Whea tipping;

Gz =0 —wo()f)+md-4)=o
d=6n Ans

Fp = -éwd = -%(w)(d) = 800

w = 267 Ib/ft Ans
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*5-36. Outriggers A and B are used to stabilize the crane
from overturning when lifting large loads. If the load to be
lifted is 3 Mg, determine the maximum boom angle 6 so that
the crane does not overturn. The crane has a mass of 5 Mg
and center of mass at G, whereas the boom has a mass of
0.6 Mg and center of mass at Gp.

(mu!. =0; -5(9.81)(2.3) + 3(9.81)(9.5sin 8 - 0.7)
+06981)(5sn6-07) =0

g = 264° Ans
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wy = 14376 N/m = 1.44kN/m

e5-37. The wooden plank resting between the buildings
deflects slightly when it supports the 50-kg boy. This A B
deflection causes a triangular distribution of load at its ends, =
having maximum intensities of w, and wg. Determine wy, w
and wg, each measured in N/m, when the boy is standing Wy B
3 m from one end as shown. Neglect the mass of the plank. 3m 6m s
0.45 m 0.3 m
5009.81)=490-5
1 5
(mu. =0 -4905(3.15) + S 0.3)(9.25) = 0
Ol5m— ¢ St 5| 0m
ws = 11136 N/m = 1.1l KN/m Ans " 3m om 1 /
| J
+TIF 20 %w‘ 0.4 + % (1113.6) (0.3) - 4905 = 0 z(ul,;)(o-45) 2 (%)(0'5)
Ans

347




5 Solutions 44918 1/23/09 5:11 PM Page 348 $

© 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.

5-38. Spring CD remains in the horizontal position at all
times due to the roller at D. If the spring is unstretched
when 6 = 0° and the bracket achieves its equilibrium
position when 6 = 30°, determine the stiffness k& of the
spring and the horizontal and vertical components of
reaction at pin A.

Spring Force Formula: At the equilibrium position, the spring elongates x =
0.6sin30° m. Using the spring force formula, the force in spring CD is found to be
Fop = kx = 0.3.

Equations of Equilibriam: From the free - body diagram of the bracket, Fig. a, the
stiffness k of spring CD and Ay, can be obtained by writing the moment equation of

equilibrium about point A and the force equation of equilibrium along the x axis,

respectively.
(' +IM4 =0; 0.3k cos 30°(0.6) — 300 cos 30°(0.45) — 300sin30°(0.6) = 0
k=132735N/m=133kN /m Ans.
+ TR, =0 Ay —300=0
Ay = 300N Ans.

Using the result k = 1327.35 N / m and writing the force equation of equilibrium along
the x axis,

YIF =0 A, - 0.31327.35)=0
A =39821N =398N Ans.
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5-39. Spring CD remains in the horizontal position at all
times due to the roller at D. If the spring is unstretched
when § = 0° and the stiffness is K = 1.5 kN/m, determine
the smallest angle 6 for equilibrium and the horizontal and
vertical components of reaction at pin A.

Spring Force Formula: At the equilibrium position, the spring elongates x =
0.65in6. Using the spring force formula, the force in spring CD is found to be
F,, = kx =1500(0.65in0 )= 900sin 6.

Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the
equilibrium position @and A, can be obtained by writing the moment equation of
equilibrium about point A and the force equation of equilibrium along the y axis,

respectively.
C+EM A=0; 900sin@ cos (0.6) — 300sin 6(0.6) — 300c0s0(0.45) =0
540sin0 cos@ — 180sin6 — 135¢c0s0 =0
Solving by trial and error yields
6 =23.083°= 23.1° Ans.
+T2F =0 Ay -300=0
Ay, = 300N Ans.

Using the result 6 = 23.083° and writing the force equation of equilibrium along
the x axis,
XIF, =0 A, —900sin23.083° =0

A, =35286N = 353N Ans.

EP = 4005;/7&
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*5-40. The platform assembly has a weight of 250 Ib and
center of gravity at Gy. If it is intended to support a
maximum load of 400 Ib placed at point G,, determine the
smallest counterweight W that should be placed at B in
order to prevent the platform from tipping over.

When tipping occurs, B = 0

(+IM, = 0 —~400(2) + 250(1) + Wy(7) = 0
Wy = 7861 Ans
400lb
J5vib (=¥
. T
111
2t
W/ r
]
/ 1Y
ol 4
e L
1 i ) o
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+T2'Fy =0

(‘}WA = 0;

the x axis,

e5-41. Determine the horizontal and vertical components
of reaction at the pin A and the reaction of the smooth
collar B on the rod.

Equations of Equilibriom: From the free - body diagram, Ay and Ng can be
obtained by writing the force equation of equilibrium along the y axis and the
moment equation of equilibrium about point A.

Ay —300-450=0

Ay =7501b Ans.
Ng(45in30°)-300(1)-450(3) = O
Np =8251b Ans.

Using the result Np = 825 1b and writing the force equation of equilibrium along

A —825=0
A =8251b Ans.

30016 4501b

]
L
L™=

4ft

el 2fe | if)

(a)

300 1b

A(G
|

Tft !
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5-42. Determine the support reactions of roller A and the
smooth collar B on the rod. The collar is fixed to the rod
AB, but is allowed to slide along rod CD.

Equations of Equilibriom: From the free - body diagram of the rod, Fig. a, N g
can be obtained by writing the force equation of equilibrium along the yaxis.

+TEF =0, Npsin45°-900=0
Np = 127279N =1.27kN Ans.

Using the above result and writing the force equation of equilibrium and the moment
equation of equilibrium about point B,

HEIF =0 1272.7900s45° - A; =0
Ay =900N Ans.
(+w,, =0; -900(1)+ 900(2) sin45°-600+ Mg =0
Mg =227N-m Ans.

352



5 Solutions 44918 1/23/09 5:11 PM Page 353 $

© 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.

5-43. The uniform rod AB has a weight of 15 Ib. Determine
the force in the cable when the rod is in the position shown.

P 13

Qmug. =0;  Np(S sin 40°) - 15(2.5 cos 40°) =0 N =8.9381b

=IF =0 Tcos 10°-8.938=0 T=9.081b Ans

*5-44. Determine the horizontal and vertical components 500 N
of force at the pin A and the reaction at the rocker B of the
curved beam.

(m‘. = 0; Np (4) - 200cos 15° (2) ~ 500 cos 10° (2) = O

Ny 734279=343N  Ans

+TIF, =0 A - 500cos 10° = 200 cos 15° + 342.79 = 0

A =3428 =33N  Am

3IF, =0; =A +500sin10° - 200sin15° = 0

A = 351N Ans
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e5-45. The floor crane and the driver have a total weight
of 2500 1b with a center of gravity at G. If the crane is
required to lift the 500-1b drum, determine the normal
reaction on both the wheels at A and both the wheels at B
when the boom is in the position shown.

Equations of Equilibrinm: From the free - body diagram of the floor crane, Fig. a,

Qz‘u, =0 2500(1.4 + 8.4) — 500(15c05 30° ~84) - N 4 (2.2 + 1.4+ 84) =0
N4 = 185040 Ib = 1.85 kip Ans.
+T2F, =0, 1850.40~ 2500~ 500+ Ng =0
Ng = 114960 Ib=1.15kip Ans.

/\

12 ft F

s I

8.4 ft

.2 ft
1.4 ft
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C+m3 =0

5-46. The floor crane and the driver have a total weight of
2500 1b with a center of gravity at G. Determine the largest
weight of the drum that can be lifted without causing the
crane to overturn when its boom is in the position shown.

2500(1.4+ 8.4)— W(15c0s30°~84) =0
W =5337.251b =5.34 kip

/\

12 ft

8.4 ft

.2 ft
1.4 ft

Equations of Equilibrium: Since the floor crane tends to overturn about point B,
the wheel at A will leave the ground and N4 = 0. From the free - body diagram of
the floor crane, Fig. a, Wcan be obtained by writing the moment equation of

equilibrium about point B.

o
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5-47. The motor has a weight of 850 1b. Determine the 850 1b
force that each of the chains exerts on the supporting hooks
at A, B, and C. Neglect the size of the hooks and the
thickness of the beam.

sso®

. VR
¥
Fs

A A

('+zu, =0;  Ficosl10°(1)+850(0.5) ~ Fecos10°(2) =0 (1)

53R =0; Fesinl0°-Fysin30°= Fysin10° =0 @
+TZF =0; 850~ Fycos10° - Fpcos30° = F: 008 10° = 0 3)
Solving Eqgs.(1), (2) and (3) yields :

F=432b F=0 F=4320 Ans

*5-48. Determine the force P needed to pull the 50-kg roller P
over the smooth step. Take § = 60°. /

¢ = cos™ (%) = 33.56°

.

(+ZMz = 0; 50(9.81)sin 20° (0.5)+50(9.81) cos 20°(0.3317) — P cos 60° (0.5)
= P sin 60° (0.3317) = 0

P = 41N. Ans
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¢5-49. Determine the magnitude and direction 6 of the
minimum force P needed to pull the 50-kg roller over the
smooth step.

- 0.5 ,
For Pam. Na =0, ¢ = cos™t (6'-6) = 33.56

Qzu, =0; 50{9.81)sin 20° (0.5) +50(9.81) cos 20°(0.3317) ~ P cos 6(0.5)
-Psin8(0.3317) = 0
236.75 - Pcos 6(0.5) — Psin 8(0.3317) = 0

_ 236.75
~ {0.5co0s 8 + 0.3317 5in 6)

P

For Pulin;
dP _ -236.75 (-0.5sin 6 + 0.3317c086) _ o
e - (0.5 cos 6 + 0.3317 sin 67
0.3317
w =55

6 = 33.6° Ans

Puin = 395N Ans
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5-50. The winch cable on a tow truck is subjected to a
force of T = 6 kN when the cable is directed at § = 60°.
Determine the magnitudes of the total brake frictional
force F for the rear set of wheels B and the total normal
forces at both front wheels A and both rear wheels B for

equilibrium. The truck has a total mass of 4 Mg and mass
center at G.

—LF =0; 6000sin60°-F =0
F=5196N=520kN Ans
(zMa = 0; =N, (4.5 +4(10°)(9.81) (2.5) - 6000 sin 60° (3) - 6000 cos 60° (1.5) = 0
Ny = 17336N=17.3kN  Ans
+TIF =0; 17336 - 4(10°)(9.81) - 6000 cos 60° + Ay = 0

M = 24904N =224 9kN Am
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5-51. Determine the minimum cable force 7 and critical

angle 6 which will cause the tow truck to start tipping, i.e., for
the normal reaction at A to be zero. Assume that the truck is 0 3m
braked and will not slip at B. The truck has a total mass of o~ 7 —~ y
4 Mg and mass center at G.x 12? m & B 'i: F T
‘<—2 25m
m s m

(+zae =0 4(10°)0.8D@2.5) - Tsin0(3) - Toos 6(1.5) = 0

r 65 400 4(/0':’) 281N

® (s6+2sm6)

J_r=-634mt-sin0+2m0}=0
de (cos @ + 2sin 6P

—snf+2cos@=0
8=wmn"'2=63.43° = 63.4° Ans
T §3 400 29.2kN Ans

O 2m 6

*5-52. Three uniform books, each having a weight W and (
length a, are stacked as shown. Determine the maximum

distance d that the top book can extend out from the [%‘
bottom one so the stack does not topple over.

w
|2 | an
| |
Equilibrium : For top two books, the upper book will topple when the T
center of gravity of this book is to the right of point A. Therefore, the 7
maximum distance from the right edge of this book to point A is a/2.
Equation of Equilibrium : For the entire three books, the top two books Fa

will topple about point B.

Q-m, =0 W(a—d)—w(d-;—)nﬂ

la
d= T Ans
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e5-53. Determine the angle 6 at which the link ABC is
held in equilibrium if member BD moves 2 in. to the right.
The springs are originally unstretched when 6 = 0°. Each kep = 100 1b /ft
spring has the stiffness shown. The springs remain
horizontal since they are attached to roller guides.

kag = 500 1b/ft

($IM; =0;  Fc(6cos8)-Fy(6c0s8)=0 FcmFy=F

F F
xc = = = 0.12F and x4 = —om = 0.024F

(D P
Using similar triangles
0.096F _ 2-0.04F . lin, P
=" F=21T1D n Gin.
in0 = ﬁnﬁ@ =0.2222 o R=0-024 F
0=128° Ans bin.
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5-54. The uniform rod AB has a weight of 15 Ib and the
spring is unstretched when 6 = 0°. If # = 30°, determine
the stiffness k of the spring.

|
|

q
A

Geometry : From triangle CDR, the cosine law gives

I=/2.5362+1.7322 - 2(2.536) (1.732) cos 120° = 3.718 ft

Using the sine law,
sina sin 120°

— T e = °
75% 3718 @362

Equations of Equilibrium : The force in the spring can be obtained

=36.21°
directly by summing moments about point A. 3621
(+2M,=0: 15008 30°(1.9) - £, cos 36.21°(3) = 0 b-z2r,
(L) z
F,=8.0501b pSXBBedt ¢ .t

Spring Force Formula : The spring swretches x = 3.718=3=0.718 ft.

kate 8O0 bim Ans 8 “tanzo
x 0718 ) :/.733ft
5-55. The horizontal beam is supported by springs at its 800 N

ends. Each spring has a stiffness of k = 5kN/m and is
originally unstretched so that the beam is in the horizontal

position. Determine the angle of tilt of the beam if a load of AL
800 N is applied at point C as shown. Al §' B
Im
3m ‘
Equations of Equilibrium : The spring force at A and B can be obtained 800 N
directly by summing moments about points B and A, respectively.
(+2M,=0;  300)-F(3)=0 F =53333N
(+IM, =0 F(3)-800(1)=0 F =26667N
. F
Spring Formula: Applying A = P we have
533.33
A, = —— =0.1067
4750107 n Im Zm ]
266.67
Ag=———=0.05333m
550109 E E
A &

Geometry : The angle of tilt & is

- (0.05333)= L00* Ans
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*5-56. The horizontal beam is supported by springs at its
ends. If the stiffness of the spring at A is k4, = 5 kN/m,
determine the required stiffness of the spring at B so that if
the beam is loaded with the 800 N it remains in the
horizontal position. The springs are originally constructed
so that the beam is in the horizontal position when it is
unloaded.

Egquations of Equilibrium : The spring forces at A and B can be
obtained directly by summing moments about points B and A respectively.

f+ IM; =0; 800(2)-F (3)=0 F =53333N
C+IM, =0;

F(3)-800(1)=0 F =2666TN

Spring Formula : Applying A = ; we have

53333
47 5(109)

266.67

A,:—-———

=0.1067 m
kg

Geometry : Requires, A; =A,. Then

266.67

ky
kg =2500 N/m=2.50kN/m

0.1067

Ans

800 N

Im
3m |
BooN
/m Zm 'I
2 2
" 3m
| ’!
I
_ - e ]
: —E ===
! J——
- (1.4

0-/067-405333
- =8.05333m

8,=0.1067m

AB=0-5353M
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e5-57. The smooth disks D and E have a weight of 200 1b
and 100 1b, respectively. If a horizontal force of P = 200 1b
is applied to the center of disk E, determine the normal
reactions at the points of contact with the ground at A, B,
and C.

Fordisk E :

3SR =0 -p+~‘(_‘f5§)=o

+TLE = 0; N -100 - N' l).o
Fordisk D :

SR =0 N (3)-N [E] =0

s
3 1
Tz ; 2 - ' _)
+T2F = 0; "‘(s)*"’ 200 + N (s =0
SetP = 200 Ib and solve :
N' = 204121
Ny = 2501b Ans

Ny =918 Ans

Ne = 141D Ans
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5-58. The smooth disks D and E have a weight of 200 1b
and 100 Ib, respectively. Determine the largest horizontal
force P that can be applied to the center of disk £ without
causing the disk D to move up the incline.

/00 /b

Fordisk E :

BEIF =0; -rq-N'[@]-o

+1ZF, = 0; Nc-lm-N'G)=D NC
Fordisk D :
LEF, =0; N, G)— N[@J =0

+T2F =0 N, (§)+a;.-zm+~'(;-)-o

Require Ny = 0 for P,,,. Solving,
Pocx = 210b Ans
Ny = 2621b Ans

Ne = 143b Ans
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5-59. A man stands out at the end of the diving board,
which is supported by two springs A and B, each having a
stiffness of k = 15 kN/m. In the position shown the board
is horizontal. If the man has a mass of 40 kg, determine the
angle of tilt which the board makes with the horizontal after
he jumps off. Neglect the weight of the board and assume it 1m
is rigid. . - |

Equations of Equilibrium : The spring force at A and B can be obtained
directly by summing moments_gbout points B and A, respectively.

(+iM,=0; EF(1)-3924(3)=0 FE =1177.2N

+IM, =0; F(1)-3924(4)=0 F, =1569.6N
(+ v, ? 40(481)=392.4N

Im | 3
Spring Formula: Applying A = ;. we have !L-_ | =2
1177.2 1569.6
,=m=0.07848m Ap Bm =0.10464 m 1 1F
E 8

Geometry : Theangleof dlt @ is

0.10464
u=m"(—ﬂ)= 10.4° Ans

-3

’r"
P X

"

Ay=0-07848m  (0./10464+0-01648)m
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*5-60. The uniform rod has a length / and weight W. It is
supported at one end A by a smooth wall and the other end
by a cord of length s which is attached to the wall as
shown. Show that for equilibrium it is required that _—
h= (s> — P)/3]"~.

Equations of Equilibrium : The tension in the cable can be
obtained directly by summing moments about point A .

(=M, =0 Tsin¢(D-Wsin se)=o

Wsin 6
T= e
. _ Wsin 8
Using the result T'= m.
Wsin 8
+TEF =0; Bh’mw—ﬂ-w=0
sin Gcos (8-¢) ~2sin ¢ =0 [1

Geometry : Applying the sine law with sin (180° - 8) = sin 8, we have
. . A
i‘%ﬁ=i‘.}- sin @ = ~sin 0 (2]

F

Substituting Eq.[2] into [1] yields

2h
008(9-9)=? (31

Using the cosine law,

P = b +5* ~ Zhscos (0- @)

h+s2-2
cos (s—ﬂ—T [4)

Equating Egs. [3] and (4] yields

2k R+s?-P

5 2hs
2-]2
h= f-i-—- (Q.E.D)
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e5-61. If spring BC is unstretched with # = 0° and the bell
crank achieves its equilibrium position when 6 = 15°, k =2 kN/m
determine the force F applied perpendicular to segment
AD and the horizontal and vertical components of reaction
at pin A. Spring BC remains in the horizontal postion at all
times due to the roller at C.

D
Spring Force Formula: From the geometry shown in Fig. a, the stretch of spring 400 mm#
BC when the bell crank rotates 6 = 15° about point A is x = 0.3 cos 30° — 0.3cos 45°
= 0.04768 m. Thus, the force developed in spring BC is given by
Fgp = kx=2000(0.04768) = 95.35N

Equations of Equilibrium: From the free - body diagram of the bell crank, Fig. b,
Fcan be obtained by writing the moment equation of equilibrium about point A.

gmu 4=0; 95.355in45° (300) — F(400)= 0
F =50.57N =506 N Ans,

Using the above result and writing the force equations of equilibrium along the x and y

axes,
HIF =@ A, - 50.57sin15°-95.35=0

A, =10844 N = 108N Ans.
+T32F =0 Ay - 50.57c0815°= 0

1

Ay =48.84 N =488 N
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5-62. The thin rod of length / is supported by the smooth raa‘

tube. Determine the distance a needed for equilibrium if A

the applied load is P. o
'

/

—_;).ﬂ

2r

yart + g2

=»If =0 Ng-P =0

2 = 0. _,[ﬁz, ]nmm,o
4rt 4+ g2

4rt1
—— = J4rt 4 gl 2 0

arle gt
2 3
ar’l= (4r* +a?)7

2
(4r3£)r =4rt + 4°

a=y@arpt-an Ans
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5-63. The cart supports the uniform crate having a mass of
85 kg. Determine the vertical reactions on the three casters
at A, B, and C. The caster at B is not shown. Neglect the
mass of the cart.

Equations of Equilibrium : The normal reaction Ncan be obtained
directly by summing moments about x axis,

IM, =0, Ng(1.3)-833.85(0.45) =0
Nc=288.64 N=289N Ans

IM, =0; 833.85(0.3)-288.64(0.35)~-N, (0.7)=0
Ny =213.04N=213N Ans

IF =0; Ny+283.64+213.04-833.85=0
Ny =332N Ans
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*5-64. The pole for a power line is subjected to the two z
cable forces of 60 b, each force lying in a plane parallel to

the x—y plane. If the tension in the guy wire AB is 80 lb,
determine the x, y, z components of reaction at the fixed
base of the pole, O.
— 00 1b
=
t 45°
A ]
. 41t
60 1b
80IbY
10 ft
\B /
o
3170 \
\y

Equations of Equilibrium :

IF =0; O, +60sin 45°-60sin 45° =0

Q. =0 Ans
ZF =0; O, +60cos 45°+60cos 45° =0

0, =-8491b Ans
IF=0; 0 -80=0 G =800 Ans

IM, =0; (M), +80(3)-2[60cos 45°(14)] =0 =
(Mp), =948 b ft Ans J}

IM, =0; (M), +60sin 45°(14) - 60sin 45°(14) =0
(Mp), =0

IM, =0; (M), +60sin 45°(1)~60sin 45°(1) =0
(M), =0

105
00’ ‘%’L‘““‘f
/@% 14?!- ( ”J'j s
;{_ ‘K Muf
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e5-65. If P =6kN,x = 0.75m and y = 1 m, determine z
the tension developed in cables AB, CD, and EF. Neglect
the weight of the plate.

Equations of Equilibrium: From the free - body diagram, Fig. a, Trp and Tgp
can be obtained by writing the moment equation of equilibrium about the xand

yaxes, respectively.

M, =0; Tep (2)-6(1)=0

Tep = 3kN Ans.
EMy=0; Igr (2)-6(0.75)=0

Using the above results and writing the force equation of equilibrium along the z axis,

IF,=0; Typ +3+225-6=0
Typ = 0.75kN Ans.
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5-66. Determine the location x and y of the point of
application of force P so that the tension developed in
cables AB, CD, and EF is the same. Neglect the weight of
the plate.

Equations of Equilibrium: From the free - body diagram of the plate, Fig. a,
and writing the moment equations of equilibrium about the x” and y” axes,

M, =0, T2-y)-2Ny)=0
y=0.667m Ans.
My =0; 2Mx)-T2~x)=0
x=0.667m Ans.

(2)
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5-67. Due to an unequal distribution of fuel in the wing
tanks, the centers of gravity for the airplane fuselage A
and wings B and C are located as shown. If these
components have weights W, = 45000 1b, Wi = 8000 Ib,
and W = 6000 1b, determine the normal reactions of the
wheels D, E, and F on the ground.

IM, = 0; 3000(6) — R (14) - 6000 (8) + Rg (14) = 0
IM, = 0; 8000(4) + 45000(7) + 6000 (4) — Re (27) = 0

IF, =0, Ro + Rg + Ry — 8000 — 6000 — 45000 = 0
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*5-68. Determine the magnitude of force F that must be z
exerted on the handle at C to hold the 75-kg crate in the
position shown. Also, determine the components of reaction
at the thrust bearing A and smooth journal bearing B. 1 m—

Equations of Equilibrium: From the free - body diagram, Fig. a,F, B;, A; ,and
A,, can be obtained by writing the moment equation of equilibrium about the y, x

and x” axes and the force equation of equilibrium along the yaxis.

My =0; —F(0.2)+75(9.81)(0.1)=0

F =367.875N =368 N Ans,
IM, =0; B,(0.5+0.6)-75(9.81)0.6)=0

B, =401.32N =401 N Ans,
M, =0; —A,(0.6 +0.5)+ 75(9.81)(0.5) = 0

A; =33443N =334N Ans,
IF, =0; Ay=0 Ans,
Using the result F = 367.875 N and writing the moment equations of equilibrium about
the zand 7’ axes,
IM, =0; —B,(0.5+0.6)~ 367.875(0.2+ 0.1+0.5+0.6) = 0

B, = -468.20N =—468N Ans,
M, =0, Ay (0.6+ 0.5)-367.875(0.2+0.1)=0

A, =100.33N =100N Ans.

The negative signs indicate that B, act in the opposite sense to that shown on the free- body
diagram. :

75480N  02m
(@)
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¢5-69. The shaft is supported by three smooth journal
bearings at A, B, and C. Determine the components of
reaction at these bearings.

Equations of Equilibrium: From the free - body diagram, Fig. a, Cy and C; can be obtained by
writing the force equation of equilibrium along the y axis and the moment equation of equilibrium
about the y axis.

3F, =0; C,-450=0

Cy =450N Ans.
IMy, =0; C,(0.9+0.9)-900(0.9)+600(0.6) = 0

C,=250N Ans.
Using the above results

IM, =0; B,(0.9+ 0.9)+250(0.9 +0.9 +0.9)+ 450(0.6) — 900(0.9+ 0.9+ 0.9) - 600(0.9) = 0

B, =1125 N = L.125kN Ans.
M, =0; 600(0.9) + 450(0.6) — 900(0.9) +250(0.9) — A, (0.9+ 0.9)=0

A, = 125N Ans.
M, = 0; —B, (0.9 +0.9)+ 500(0.9) +450(0.9) - 450(0.9+0.9)= 0

B, =25N Ans.
3F, =0; Ag+25-500=0

A, =475N Ans.
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5-70. Determine the tension in cables BD and CD and z
the x, y, z components of reaction at the ball-and-socket
joint at A.
4
top = (~1i+ 15j+3klm rp =3.50m T F‘r
. 4“
T = T (."-'LE) = - 0.2857 Thp i + 0.4286 Typ § + 0.8571 Typ k A,
rap {‘3\
In a similar roanner, '}
Tp = '@GQ] = — 0.2857 Tep § — 0.4286 Tp § + 0.8571 Top ke
cD
Thus, using the components of Typ and Zrp, the scalar equations of equilibrium become :
IF =0, A-0.2857Tp - 0.2857Tp = 0
IF, = 0; A +0.4286Tp - 0.4286%p = 0
IF, =0, A+ 08571 %p + 08571 Tgp - 300=0
IMy, = 0; - (0.8571 Tzp) (1.5) + (0.8571 Tpp) (1.5) = 0
IMy, = 0; 300(1) - (0.8571 Tpp) (1.5) — (0.8571 Tep) (1.5) = 0
Solving
Tp = Tep = 117N Ans
A =66.TN Ans
A =0 Ans
A = 100N Ans
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5-71. The rod assembly is used to support the 250-1b cylinder. z
Determine the components of reaction at the ball-and-
socket joint A, the smooth journal bearing E, and the force
developed along rod CD. The connections at C and D are
ball-and-socket joints.

Equations of Equilibrium: Since rod CD is a two - force member, it exerts a force Fpy~ directed along
its axis as defined byu pc onrod BC, Fig. a. Expressing each of the forces indicated on the free - body
diagram in Cartesian vector form,

Fp =Ad+Aj+ Ak

Fp=Ei+Ek
W =[-250k] Ib
Fpc =-Fpck

Applying the force equation of equilibrium
F=0 FA+FE+FQ¢:+W=0
(Azi+ Agj+ A K)+(Exi+ Ek)+(~Fpc k)+(-250k) = 0

(Ax+ E Ji+(Ay)j+(A,+ E, —Fpc )k =0

Equating i, j, and k components,

Ay +E;=0 1)
Ay=0 @
A+ E;, ~Fpe -250=0 3

In order to apply the moment equation of equilibrium about point A, the position vectors ry- , ryg , and ryr,
Fig. a, must be determined first.

rye = Fli+1jjft

i =[2jift

ryr =[1.51+3j]ft

Thus,

My =0, (rye xFpe )+ (rag XFg)+(rgp xW)=0

(~1li+ 1§) X (~Fpc k) +(2§) X (Exi+ E,K)+ (1.5 + 3j) x (~250k) = 0

(‘FDC +2E; —750ﬁ+(375—FpC Y+ (=2E k=0
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Equating i, j, and k components,

~Fpc +2E;~750=0 4
375- Fpc =0 ()
—2E; =0 (6)

Solving Egs. (1) through (6), yields

Fpe =3751b
E;=0

E, = 562.51b
Ar=0
Ay=0

A, =62.51b

FEFEEE

‘W=250 Ib
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*§5-72. Determine the components of reaction acting at the
smooth journal bearings A, B, and C.

Equations of Equilibrinm: From the free - body diagram of the shaft, Fig. a, Cyand
C can be obtained by writing the force equation of equilibrium along the y axis and the
moment equation of equilibrium about the yaxis.

3F, =0; 450c0s45°+C, =0
Cy =-31820N = 318N Ans.
My = 0; C,(0.6)-300=0
C,=500N Ans.

Using the above results and writing the moment equations of equilibrium about the x and  axes,

M, = 0; B,(0.8)—450c0s 45°(0.4) - 450sin45°(0.8+ 0.4)+ (318.20(0.4) + 500(0.8 +0.4)= 0
B, =-27270N = 273N Ans.

IM, = 0; —B,(0.8)-(-318.20X0.6)= 0
B, =238.65N =239N Ans.

Finally, using the above results and writing the force equations of equilibrium along the xand yaxes,

3, =0; A +2385=0
Ay =-238.65N =-239N Ans.
IF, =0; A;-(-272.70)+ 500 -450s5in45° = 0
A; =90.90N =9%09N Ans.

The negative signs indicate that Cy, B, and A, act in the opposite sense of that shown on the free - body
diagram.
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e5-73. Determine the force components acting on the ball- z
and-socket at A, the reaction at the roller B and the tension

on the cord CD needed for equilibrium of the quarter 350 N I
circular plate.

Equations of Equilibrium : The normal reaction N and A, can be
obtained directly by summing moments about the x and y axes respectively.

IM, =0;  Np(3)-200(3)-200(3sin 60°) =0 -
N, =37321N=373N Ans

PN

IM, =0;  350(2)+200(3c0s 60°) -4, (3) =0 7,
A, =33333N=333N

$E=0; Top+37321+33333-350-200~200=0

Tcp=43.5N
ﬂ:-'ﬂo; A‘=0
2% =0 a4 =0

380



5 Solutions 44918 1/23/09 5:11 PM Page 381 $

© 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.

5-74. If the load has a weight of 200 1b, determine the x, y, z
z components of reaction at the ball-and-socket joint A and
the tension in each of the wires.

Equations of Equilibrinm: Expressing the forces indicated on the free - body diagram, Fig. a, in Cartesian
vector form,

Fp=Ai+Aj+ Ak
W =[-200k] Ib
Fgp = Fgpk
(4— Di+(0-4)j+(3— 0k
¥4 -2 +0- 22 +3-0)*

Fop =Fepuep =Fp = (ﬂ%th%Fm kJ
Fgr = Frk

Applying the force equation of equilibrium,

F=0 Fo+Fpp+Fp +Fer+W=0

(Axi+ Apj+ A k) +Fgp k+[—-§-ij+ %f‘h)k)+Fg:k +(-200k) =0

(Ax)i+[Ay—%IED }+(Az +Fgp +%Fw + Fgr -200]|( =0

Equating i, j, and k components,

A, =0 1)

4 Fp =0 2
Ay—-s- D = (2)
Az+FBD+%FCD+FE" -200=0 3

In order to write the moment equation of equilibrium about point A, the position vectors rsg , G, T4, and
r4g must be determined first.

ryp = [4ilft

rac =[4i+2jft
e =[4i+4jlft
e = 2i+4jlft
Thus,

IMy =0; (rqp xFpp)+(rac XFep )+ (tag XFep)+(rag x W) =10

{4i)x(FBDk)+(4i+4j)x[—%Fa,j+ %Fcpk)+(2i+4j)x(Fg:-k)+{4i+ 2j) x (-200Kk)

(%F@ +4Fgr —400}'+[—4FBD —%Fw -2Fgp +800)j+(—15‘-5.'«'m Jk= 0
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Equating i, j, and k components,

15_2FCD +4Fge —400=0 @
12

~4Fgp ~ 7= Fep ~ 2Fgr +800=0 ®)

--?—Fm =0 (6)

Solving Egs. (1) through (6),

Fp =0 Ans,
Fgr = 1001b Ans.
Fgp =1501b Ans.
Ay =0 Ans.
Ay=0 Ans.
A, =1001b Ans.

The negative signs indicate that A, acts in the opposite sense to that on the
free- body diagram.
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5-75. If the cable can be subjected to a maximum tension
of 300 Ib, determine the maximum force F which may be
applied to the plate. Compute the x, y, z components of
reaction at the hinge A for this loading.

M, =0; 3(F)-3000) =0

F =900Mh Ans

IF, =0; A =0 Ans

IF, =0, A =0 Ans

IF, =0; -900+300+A =0; A =600 Ans
IMy =0, My +900(1)-3(300)=0;, M.=0 Ans

M, =0; My =0 Ans

*5-76. The member is supported by a pin at A and a cable z
BC. If the load at D is 300 1b, determine the x, y, z
components of reaction at the pin A and the tension in
cable B C.
T - m{%i— 31+ ;k}ﬂ
M"f
=0 - = -—
2F =0 A+ (3 =0 hy

0. 4 (Jac =0

IF, = 0; &-300+G)15¢==u

2
IM, = 0; - 300(6) + (ﬁ)ﬁc © =0 D
IM, = 0; My, - 3002 + G)m @ =0

M, =0 Mo (2 @+ ($)mc @ =0

Solving,

Tze = 1.05kip Ans

A = —-4501b Ans
A’=9(Ilﬂ: Ans
A =0 Ans

My, = - 600b- ft  Ans

My = -9%01b: ft Ans
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e5-77. The plate has a weight of W with center of gravity at
G. Determine the distance d along line GH where the
vertical force P = 0.75W will cause the tension in wire CD to
become zero.

Equations of Equilibrium: From the free - body diagram, Fig. a,

M, =0; Tgr(L)- w(.;.)- 0.75w(§ — doos 45°] =0

T L — 0.87SWL +0.5303Wd = 0 )
My = 0; 0.75W(dsin45°) - TH.{%] =0
1.0607Wd — TgeeL = 0 @)

Solving Egs. (1) and (2) yields

d = 0.550L

7 E
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5-78. The plate has a weight of W with center of gravity at
G. Determine the tension developed in wires AB, CD, and
EF if the force P = 0.75W is applied at d = L/2.

Equations of Equilibriom: From the free - body diagram, Fig. a, Typ can be
obtained by writing the moment equation of equilibrium about the x" axis.

M, = 0; 0.75w[£+ imw]w{-‘EJ-m@) =0
2 2 2
Tip =LI42 W =114 W Ans.

Using the above result and writing the moment equations of equilibrium about the

yand y’ axes,
™, = 0; u{%)w.?sw[ﬁz +Zsin 45°]~ 1.1402w[%) ~Tgr(L)=0
Tgp = 0.570 W
L L L L.
M, =0 Tep (L)+ 1.1402W] = |- W| = |- 0.7. _——— ° =
y o (L) W{ZJ (2] SW[2 25m45] 0
Tep = 0.0398 W Ans.
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5-79. The boom is supported by a ball-and-socket joint at A z

and a guy wire at B. If the 5-kN loads lie in a plane which is
N
OO

parallel to the x—y plane, determine the x, y, z components of ;ii
3

reaction at A and the tension in the cable at B. /
5 kN 4
3m
/ o
sl

x/ F1sm

Equations of Equilibrium : e
Y
IM, =0; 2(5sin30°(5)]-T;(1.5) =0 y
Ty = 1667 kN = 16.7kN Ans 7 AC T
IM, =0;  Scos 30°(5)-Scos 30°(5) = 0 (Statisfied) - ¥ /3% 3m
IE =0; A, +5Scos 30°—Scos 30° =0 2%
A, =0 Ans 2Zm
IF =0; A -2(Ssin30°=0 , I %
A, =5.00kN Ans A b
A 1&m
ZE=0; A,-16.67=0 A, =167kN Ans /5 g

386



5 Solutions 44918 1/23/09 5:12 PM Page 387 $

© 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.

*5-80. The circular door has a weight of 55 Ib and a center z
of gravity at G. Determine the x, y, z components of
reaction at the hinge A and the force acting along strut CB
needed to hold the door in equilibrium. Set § = 45°.

fca = 3sind3%i + (3 + 3cosd5°)j + 6k

= (2121i+ 5121 + 6k} fr

rep = ¥ (2.121)* +(5.121)2 +(6)° = 8.169

2.121
LF, =0 + (-.._..)F =
A 2169, ® 0
A= ~-114D Ans

5.121
IF, =0 —_— =
’ 4 (s.lss)r" 0 A=-215B  Acs

A =28D Ans

6
IF, =0; -55+( )F
% A 3169 ca=0

6
M, =0 M, - (——](43.9)(33in45') =0; M, =6831b-t Ans

6
=0 - 0} = 8.169
M, 55(3) + (8.169)&' (3+3cos45%) =0
2,121
Fep = 4391b Ane IM =0 M, - (8_.169)(43'9)‘3 + 3cos 45°) + (%)(43,9)(3 sin 45°)

20
Mg =0 Ans
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e5-81. The circular door has a weight of 55 Ib and a center z
of gravity at G. Determine the x, y, z components of
reaction at the hinge A and the force acting along strut CB
needed to hold the door in equilibrium. Set § = 90°.

rep = {3i+3j+6k)Mt

rea=v (32 +(3)1+(6) = /54

IF, =0; -4.+[—3-]Fc.=o Thus,
e A=-215b  Am
£, = 0; 4,+[%]rc,=o A=-215b  Ams
A=0  Ans
35 = 0: &-sn[%]rc.-o .
™ = 0; m-[ﬁ]m_mm-o; My = 165b-& Ans

£
o

. -~ 55(3) + (%}Fu @) =0 3 3
IM, = 0 My - | —=|67360)(3) + | — |(6736)(3) =0
[@] [Js'i]( @

Mg =0 Ans

Fep =67.36= 6740 Ans
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5-82. Member AB is supported at B by a cable and at A by
a smooth fixed square rod which fits loosely through the
square hole of the collar. If F = {20i — 40j — 75k} Ib,
determine the x, y, z components of reaction at A and the
tension in the cable.

12 4 6
Foc = ~2Fpcl + —Fac) + ~Fpck
bc = = et v Gfech v he
12
IF, = 0 A+20-"Fc=0
14
IF, =0; A -0+ 2hc a0
¥ O 14
IF, =0, 15+ SR =0
1 3 g 14 ac
Foc = 1751b Ans
A = 1301b Ans
A = -10Db Ans
™ =0 ST + My = 0
My =-300 Ib-ft Ans
M, = O; 75(12) - %{175)(12) +My =0
F=p20i - 40,
My, =0 Ans ' ¢ 40;('75k_}“>
12 4
IM =0 ~40(12) + Z(1T(® + (T(1) + My = 0
M, = =T20b-f Ans
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5-83. Member AB is supported at B by a cable and at A by
a smooth fixed square rod which fits loosely through the
square hole of the collar. Determine the tension in cable BC
if the force F = {—45k} 1b.

12
r B
" 14!?“_4 +

6 .
ZF-O: —Fac = =
T Vhied 45 = 0

Fac = 10510 Ans
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*5-84. Determine the largest weight of the oil drum that
the floor crane can support without overturning. Also, what
are the vertical reactions at the smooth wheels A, B, and C
for this case. The floor crane has a weight of 300 Ib, with its
center of gravity located at G.

Equations of Equilibrium: The floor crane has a tendency to overturn about the y’
axis, as shown on the free - body diagram in Fig. a. When the crane is about to overturn,
the wheel at C loses contact with the ground. Thus

Nc=0 Ans.
Applying the moment equation of equilibrium about the y* axis,

My =0, W(1000s30° — 2— 4)—300(4) = 0
W = 451.08 Ib=451 Ib Ans,

Using this result and writing the moment equation of equilibrium about the xaxis
and the force equation of equilibrium along the z axis,

M, =0; Np(2.5)- N4 (2.5)=0 )
SF,=0; N4 +Np-—300-451.08=0 )

Solving Egs. (1) and (2), yields
N4y =Np =375541b=13761b Ans.

391



5 Solutions 44918 1/23/09 5:12 PM Page 392 $

© 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.

e5-85. The circular plate has a weight W and center of P
gravity at its center. If it is supported by three vertical cords Sd
tied to its edge, determine the largest distance d from the
center to where any vertical force P can be applied so as not
to cause the force in any one of the cables to become zero.

Assume T, = T3 = 0

IMi.o =0; To(r+rcos60°) - W(rcos60°) - P(d + rcos60°) = 0
IR=0; T.-W-P=0

Eliminating T we get

Wr+ Pr=-Pd=0

dar(u;]

Assume T = 0

IMyea = 0; W(rcos60’) - P(d') = 0

Wr
d' =
2P
Thus
Wr
d —
= rcos 60° + 7

r
dui(l'b;) Ans
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5-86. Solve Prob. 5-85 if the plate’s weight W is neglected.

A
W«

Assume Ty =T =0
M., =0 Te(r+rcoa60?)-P(d+rcos 60°) =0
IF,=0; Te-P=0
d=r
AssumeTe =0:

IM,_,=0; P(d)=0

d'=0
Thus,
d=rcos 60° +0
d:é Ans
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5-87. A uniform square table having a weight W and sides /\a 1

a is supported by three vertical legs. Determine the smallest 7‘\11 2

vertical force P that can be applied to its top that will cause /
\

it to tip over. a /
D\Uy

“Wz ’ /2 d

—

0oy

Ay

<o)

2
2

= 26.565° % i ‘ )

a . a
dE - 2, ° = . -
(2]sm 6.565° = 0.2236a < 3

d' =asin 26.565° =0.4472a A C
FDI’P_,-, P“P at the comner as shown.
IMyc = 0; W(0.22364a) - P (0.4472a) = 0

P=Q5W Ans
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*5-88. Determine the horizontal and vertical components

C

of reaction at the pin A and the force in the cable BC.
Neglect the thickness of the members. 1300 %

200 N/m

3m
p
100 N
4m *
o 2 A

} 45m

g S 200)45)=450N

Qm. =0 Faccos30°(7) - 450(1.5) - 100(4.5) = 0

Foc= 18558 N=186N Ans

—LF=0; A-18558c0s30°=0 A =161N Ans

+TEIF =0 A +185.58 5in30°-450~- 100 =0

4 =45TN Ans
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¢5-89. Determine the horizontal and vertical components A
of reaction at the pin A and the reaction at the roller B @ e |—
required to support the truss. Set ¥ = 600 N.
2m
457\ s
—2m T 2m '1 2m
\/ i i
F F F
Equations of Equilibrium : The normal reaction Ny can be obtained
directly by summing moments about point A. -
(+ IM, =0; 600(6)+600(4)+600(2) - Nycos 45°(2) =0
Ng =5091.17 N = 5.09 kN Ans
L EFE=0; A -509117c0s45°=0
A, =3600N =3.60kN Ans
+TIF =0; 5091.17sin45°-3(600)~A, =0
A, =1800N = 1.80KN Ans
5-90. If the roller at B can sustain a maximum load of A
3 kN, determine the largest magnitude of each of the three C Sl
forces F that can be supported by the truss.
2m
157\ I
~—2m T 2m (i 2m
voov
F F F
m
_
15°
Zm Zzm am
Equations of Equilibrium : The unknowns A, and A, can be eliminated F F F Nb‘"am
by summing moments about point A.
(+ IM, =0; F(6)+F(4)+F(2)-3cos 45°(2) =0
F=0.3536 kN = 354N Ans
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5-91. Determine the normal reaction at the roller A and 10 kN
horizontal and vertical components at pin B for equilibrium
~—0.6m——0.6 mﬁ
Y

of the member.
AR

Equations of Equilibrium : The normal reaction N, can be obtained
directly by summing moments about point B.

G. IM, =0; 10(0.6+ 1.2cos 60°) +6(0.4)

=Ny (1L.2+ 1.2c0s 60°) =0
N, =8.00kN Ans 10 kil
O-bm a-bm
5 ZF=0; B,-60s30°=0 B, =520kN Ans q -
..r-s.ﬂ"
+TLIF =0: B, +8.00-6sin30°-10=0 4 ki
[}
B, =5.00 kN Ans MNa 20°
04m
60",
BR
&y
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*5-92. The shaft assembly is supported by two smooth z
journal bearings A and B and a short link DC. If a couple
moment is applied to the shaft as shown, determine the
components of force reaction at the journal bearings and the
force in the link. The link lies in a plane parallel to the y—z
plane and the bearings are properly aligned on the shaft.

IM, = 0; -250 + Fp c0820°(0.25 cos30°) + Fop 6in20°(0.25 5in30°) = 0
Fp = 101543 N = 102 KN Ans
(M), = 0;  —A(0.7) - 101543 5in20°(0.42) = 0
A, =-20838 = -208N Ans
IE = 0; —208.38 + 101543 6in20° + B, = 0
B, = -139N Ans
(M), =0;  A,(0.7) — 101543 cos20°(0.42) = O
A, = 57251 = ST3N Ans
IF =0; 572.51 - 101543 c0s20° + B, = 0

B, = 382N Ans

0-25¢0530°'m
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¢5-93. Determine the reactions at the supports A and B of ) 7 ki 10 kip
the frame. 5 kip | P | 2 kip
jir 8 ft j% 6 ft % 6 ft %%
Al i
— S
8 ft
|| |e—0.5kip
6 ft
I B !a: B

Skip

Qnt.-o: 5(18) +7(6) +0.5(6) —2(6) - A, (14) =0
A, =7.357 kip = 7.36 kip Ans

3IF,=0; B,-05s0 B, =05 kip Ans A‘}

+TLF,=0; B8 +7357-5-7-10-220

B, = 16.6 kip Ans
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5-94. A skeletal diagram of the lower leg is shown in the 75 mm

lower figure. Here it can be noted that this portion of the leg

is lifted by the quadriceps muscle attached to the hip at A 25 mm B / 77350 mm

and to the patella bone at B. This bone slides freely over 7 C 300 mm
cartilage at the knee joint. The quadriceps is further A Do

extended and attached to the tibia at C. Using the ‘(750

mechanical system shown in the upper figure to model the G,

lower leg, determine the tension in the quadriceps at C and G,

the magnitude of the resultant force at the femur (pin), D,

in order to hold the lower leg in the position shown. The
lower leg has a mass of 3.2 kg and a mass center at Gy; the NB

foot has a mass of 1.6 kg and a mass center at G,. NC

(+zMo=0;  Tuin 18.43%(75) - 3.2(9.81)(4255in75°)
- 1.6(9.81)(7255in75°) = 0

T=1006.82 N = 1.01 kN Aps

+TIF, =0; D, +1006.82 sin 33.43°~3.2(9.81) ~ 1.6(9.81) = 0

D, =-507.66N
5 IF,=0; D,~1006.82 cos 33.43° 20

D, =840.20 N

Fp = D+ D} = /(~507.66)* +840.20° = 982 N Ans
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5-95. A vertical force of 80 Ib acts on the crankshaft.
Determine the horizontal equilibrium force P that must be
applied to the handle and the x, y, z components of force at
the smooth journal bearing A and the thrust bearing B. The
bearings are properly aligned and exert only force reactions
on the shaft.

IM, =0; P(8)-80(10)=0 P=1001b Ans
IM, =0;  B,(28)-80(14) =0 B, =401 Ans
IM, =0; -B.(28)~100(10)=0 B,=-3571b Ans
‘Efp=0; A+(=357)-100=0 A =1361b Ams

If,=0; B, =0 Ans

IE=0; A +40~-80=0 A =401 Ans

Negative sign indicates that B, acts in the opposite senso to that shown on the FBD.
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*5-96. The symmetrical shelf is subjected to a uniform

load of 4 kPa. Support is provided by a bolt (or pin) located 4. 4KPa
at each end A and A’ and by the symmetrical brace arms,

which bear against the smooth wall on both sides at B and

B'. Determine the force resisted by each bolt at the wall

and the normal force at B for equilibrium. B

1.5m

Equations of Equilibrium : Each shelf s post at its end supports half
of the applied load, ie, 4000(0.2)(0.75) = 600 N.The normal reaction Ny
can be obtained directly by summing moments about point A.

g N '
(+M=0; N (0.15-600(0.)=0 N, =400N Ans b NG5/ = 60N

5 IF =0; 400-A,=0 A, =400N

+T£F; =0; A, -600=0 A =600N

The force resisted by the bolt at A is

F, = A7+ A} = /3002 + 6002 = 721 N Ans

402



