





PROBLEM 4.1

G 1

A 2100-1b tractor is used to lift 900 1b of gravel. Determine
the reaction at each of the two (a) rear wheels A, (h) front
wheels B,

[y i
2 in. 40 in. 50 .
-
SOLUTION
1 Fooib
2loo th
4 ,
O
L l‘ "’-'Ii”fg LA b C
A L - %
4 y Otk
%8 toin o 2
(a)  Rear wheels FYIMy =0 +(2100 Ih)(40 in.)— (900 [b)(50 in.) + 2 A(60 in.) = 0
A=13251b A=3251b] <
()  Front wheels J:) EM ;0 — (2100 16)20in.) ~ (900 Ib)(1 10 in.) = 2B(60 in.) = 0
B=+1175 b B=11751b] «
Check: +EF, =00 24428 -21001b-9001b =0

2(325b)+2(11751b) - 210016 ~900 =0
0=0 (Checks)
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PROBLEM 4.2

A gardener uses a 60-N wheelbarrow to transport a 250-N bag of
fertilizer. What force must she exert on each handle?

H e (1,7 1 ﬁ—l
L3 m 0.15m

SOLUTION

Free-Body Diagram:

DYEM, =0: (2F)(1 m)~(60 N)O0.15 m) ~ (250 N)(0.3 m) =0
F=420N{4

RITTC '

2,15m  O.15m
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PROBLEM 4.3

The gardener of Problem 4.2 wishes to transport a second 250-N
bag of fertilizer at the same time as the first one, Determine the
maximum allowable horizontal distance from the axle 4 of the
wheelbarrow to the center of gravity of the second bag if she can
hold only 75 N with each arm.

PROBLEM 4.2 A gardencr uses a 60-N wheelbarrow to transport
a 250-N bag of fertilizer, What force must she exert on each handle?

0.15 ;nf ‘{(). 1311

SOLUTION

Free-Body Diagram:

250 N
250 N

FYIM, =0: 2(75 N)(I m)—(60 N)(0.15 m)
— (250 N)(0.3 m) — (250 N)x =0

x=0264m
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151 201h 351 200 1L PROBLEM 4.4

Yy ¥ ¥ AY v For the beam and loading shown, determine (a) the reaction at A,
e ' (b) the tension in cable BC.

& ftorfa— 8§ i 8 =6 in.—»l

SOLUTION
Free-Bady Diagram:
IS 2o\ (206 [14%
l l Rl 1
J
| & 18 17
gin | Gwn ' Am bm
(¢) Reactionat A: LF, =0: A, =0

TYEM, =00 (15 1h)(28 in.) + (20 1h)(22 in) + (35 [b)(14 in.)
+(20 1)(6in.) — 4, (6in.) =0

A, =+245 o A=2451b} «
(b) Temsionin BC  +)ZM, =0: (I51b)22in)+(20 Ib)(16 in) +(35 b)§8in.)
~ (15 Io)(6 i) = Fye (6in.) =0
Fye =+140.0 b  Fye=140.01b <
Check: A EF =0; ~1516-201b=351b~201b+ A~ Fye =0
~105 1+ 245 1b—140.0=0
0=0 {Checks)
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PROBLEM 4.5

Two crates, each of mass 350 kg, are placed as shown in the
bed of a 1400-kg pickup truck. Determine the reactions at each
of the two («) rear wheels 4, (b) [ront wheels B.

1.8m ' 12m .().751]1H

SOLUTION

Free-Body Diagram:

|
2RV 18wm T 1zm |RB

W= (350 kg)(9.81 mis?) = 3.434 kN
W, = (1400 kg)(9.81 m/s) =13.734 kN

{¢) Rear wheels +3XMB =00 W7 m+2.05m)+W(2.0Smy+W,(1.2m)-24(3m)=0

(3.434 kKN)(3.75 m) + (3.434 kN)(2.05 m)
+(13.734 kN)(1.2 m) ~ 2 A3 m) = O

A=+6.0663 kN A=6.07kN| <
(7 Front wheels +I TF, =00 ~W-W-W +24+28=0
~3.434 kN —3.434 kN ~13.734 kN + 2(6.0663 KN) + 25 = 0
B=+4.2347 kN B=423kN| «
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1.7m ; 2.8m PROBLEM 4.6

Solve Problem 4.5, assuming that crate D is removed and that
the position of crate C is unchanged.

PROBLEM 4.5 Two crates, cach of mass 350 kg, ﬁre placed
as shown in the bed of a 1400-kg pickup truck. Determine the
reactions at each of the two {a) rear wheels A, (b) front wheels B.

;

1.8m 12m  075m

SOLUTION

Free-Body Diagram:

(@)

(b)

028

W =(350 kg)(9.81 m/s*) = 3.434 kN
W, = (1400 kg)(9.81 m/s*) = 13.734 kN
Rear wheels +‘) EMp=0: W{1.7m+205m)+W,(1.2m)-243m)=0
(3434 kN)Y(3.75 m)+ (13.734 kKN)(1.2 m) - 243 m) = 0
A=+4.893 kN A=489kN| «
Frontwheels — +f ZM, =00 W W, +24+2B =0

—3 434 kKN —-13.734 kN + 2(4.893 kN)+ 28 =0

B =43.691kN B=3.69kN| <

PROPRIETARY MATERIAL. © 2040 The McGraw-Hill Companies, Inc. Alt rights reserved. No part of this Manual may be displayed,
veproduced or distributed in any form or by ahy means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation, If you are a student using this Mameal,
Voit are using i without permission.

3560




PROBLEM 4.7

A T-shaped bracket supports the four loads shown. Determine the
reactions at 4 and B (o) if a=101in., (b} if a =7 in.

306 b 1ol

PR P

"6 B Hin.
SOLUTION
Free-Body Diagram: HUXF =00 B, =0

+FYIMy =0: (401b)(6 in.) - (30 Ib)a — (10 Ib)(a+ 8 in.) + (12 in) A =0

1= &
P = £
i “ 4

) y 4 = (A0a~160) m
lml Loow Ysom | iow 12
b ) b g In
FYEM, =0: —(401b)(6in)— (50 1b)(12 in.) ~ (30 Ib)(a + 12 in.)
~(10Ib)(a+20in) +(12in)B, =0
(1400 + 40a)
B =l a)
: 2
Since B,=0 B= (1400 + 40a) @
: 12
(a) Forg=10in.
Fq. (1): AzW:H0.0Ib A=2001b) 4
Eq. (2): Bmgﬂgﬁ%éM:HSO.O Ib B=150.01b| 4
(by Fora=7in.
Eq. (1): A:-@—’%ﬂﬂ)ﬁmmﬂo;b A=10.001b} «
Eq. (2): B KQ‘E?Q%M = +140.0 Ib B=140.01b} «
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PROBLEM 4.8

For the bracket and loading of Problem 4.7, determine the smallest
distance « if the bracket is not to move,

B

40 n;g
|

PR R
6in. 6in

FR
gsm; ému; %mi PROBLEM 4.7 A T-si bt . - loads sh

! | ! LEM 4.7 A T-s aped bldd(_(,t suppotts the foun_ oads shown.
L Determine the reactions at A and B (n}if ¢ =101in, (M) if a=7in

SOLUTION

Free-Body Diagram:

woy  heow Va2 J/o/j
ﬂ;é//}i [ :'!3;),."1

For no metion, reaction at A must be downward or zero; smallest distance a for no motion
corresponds to A=0.

SYEMy =0 (40Tb)(6in.) ~ (30 Ib)a— (10 Th)(a+8 in.)+(12in.)4 =0

_ (40a—160)
12

A=0: (40a-160)=0 a=4.00in. 4
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50N 10 N 15N PROBLEM 4.9

The maximum allowable value of each of the reactions is 80 N.
Neglecting the weight of the beam, determine the range of the
distance o for which the beam is saie.

< ¢f -~

<—— 430 430hmm |

SOLUTION

Sow 100N, FAY-Y
! !

,..
S

£y

af’ s,
.

4

d
oA O ¥ m
IF =0: B =0
B=8,
FIEM, =0: (50 N)d — (100 N)(0.45 m ) — (150 N)(0.9 m ~ &) + BO.9 m — d) = 0
50d — 45+100d ~135 +150d + 0.98 - Bd
180N m-(09m)B

1
3004-B )
FYEM, =0: (50 NY(0.9 m)— A0.9 m~ ) + (100 N)(0.45 m) = 0
45-0944 Ad +45=0
Gm)A - -
d = (0.9m)A-90N -m @)
A
Since B =180 N, Eg. (1) yields.
= 180080 18 (5 d=150.0mm <
300-180 120
Since 4 =180 N, Eq. (2) yields.
e —
d= ON8O-90 72 _ 0.40 m d =400 mm <
180 180
Range: 150.0 mm = o < 400 mm «
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PROBLEM 4.10

Solve Problem 4.9 if the 50-N load is replaced by an 80-N load.

PROBLEM 4.9 The maximum allowable value of each of the
reactions is 180 N. Neglecting the weight of the beam, determine
the range of the distance  for which the beam is safc.

-<~d~>—|

4540 .,,__J.,__ 450 mim ——-

SOLUTION

Box Joow Moy l

& F =00 B =0

[ E——!.....
o1 fe, B=B
d =5
k‘oﬂ{m —L-o.#.s‘»f——-l ’

SYEM, =0: (80 N)d — (100 N)0.45 m—d) ~ (150 N}0.9 m ~ o) + B(0.9 m—d) =0

R0d - 45+ 100d —~135+150d +0.98B — Bd =10
_180N-m-0.95

1
330N- B )
+‘> TM, =0 (BONY0.9m}— A(09 m—d)+ (100 NY(1.45m)=0
094-117
d= e 2
y (2)
Since B=180N, Eqg. (1) yields.
d2(E80-0.9><180)/(330—180):?]5%20.12 m d =120.0 mm <]
Since 4=180 N, Eq. (2) yields.
45
dS(0.9><18(}w1.32)/i.8(}=71"§6:0.25m d =250mm <]
Range: 120.0 mm = d = 250 mm <
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;’/ ‘;/ f}/ PROBLEM 4.11

For the beam of Sample Problem 4.2, determine the range of
values of P for which the beam will be safe, knowing that the
maximum allowable value of each of the reactions is 30 kips and
that the reaction at 4 must be direcled upward,

rSOLUTION
lf’ g | |6 YF =0: B, =0

:;I g B= Bv T
2t & 24 2@ FIEM = 0: =P+ BO 1)~ (6 kips)(11 ft) — (6 kips)(13 fi) = 0
P =3B 48 kips (1)

—f) IMp =0 —A® ft)+ P(6 1) — (6 kips)(2 fi) — (6 kips)}(4 ft) =0
P=1.54+06kips (2)
Since B =30 kips, Eq. (1) yields.
P = (3)(30 kips) — 48 kips P =42 0kips <
Since 0= A =30kips. Eq. (2) yields.
0+ 6 kips = P = (1.5)(30 kips)1 .6 kips
6.00 kips = P = 51.0 kips <

Range of values of P for which beam will be safe:
6.00 kips = P =42 0 kips <

PROPRIETARY MATERIAL. © 2030 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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g} AkN éau ke PROBLEM 4.12
@

AGE ) The 10-m beam 4B rests upon, but is not attached 1o, supports at
C and D. Neglecting the weight of the beam, determine the range

of values of P for which the beam will remain in equilibeium.

Zm' 3m 3m Qll—r
SOLUTION

Free-Body Diagram:
D)EM =0 PR m)~(4KN)(3m)— (20 kN)8 m)+D(6 m)=0
8 P=86kN-3D (H

i —17) IMp =00 PEm)+ (4 kN)3m)—-(20kN)2m)—C(6m)=0
P=35kN+0.75C (2)

For no motion C=0 and D=0

For C=0 from{2) P=3.50kN

For D=0 from (1) P=86.0kN

Range of P for no motion:
3.50kN=P=86.0kN <«
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PROBLEM 4.13

The maximum allowable value of each of the reactions is 50 kN, and
each reaction must be directed upward. Neglecting the weight of the
beam, determine the range of values of P for which the beam is safe.

2m ' 3m ° 3m  2m

SOLUTION

Free-Body Diagram:
+‘) EMe =00 P2m)—(4kN)3 m) = (20 kNY8 m)+ D(6 m) =0

N !P 4‘4@#1 2‘0*&»91

C‘!g l DTD
& -

Zwr | B | 3 2m

B P=86kN-3D (1)

+‘) IMp =0 PEm)+(4kN)Y3m)~ (20 kN)2m) -~ C(6 m)=0

P=3.5kN+0.75C )
For C=0, from (2): P=350kN <
For D=0, from (1) P=86.0kN <

For C =50kN, from (2):

P=3.5kN+0.75(50 kN)
P=41.0kN <]

For D =50kN, from (1)

P =86 kN —3(50 kN)
Pz -64.0kN <

Comparing the four criteria, we find
J50kN=P=410kN «
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sonib a0uth PROBLEM 4.14

]«—~ a ,M,.g‘._ 6 in.—*—é

¥

For the beam and loading shown, determine the range of the
distance ¢ for which the reaction at B does not exceed 100 1b
downward or 200 1b upward.

AL

SOLUTION

Assume B is positive when dirccted I
Hoo ik Zooib

. o &,
a (,r_ 12 45
| NEREY gl
4 W
I s T pin * 5 iy, o

Sketch showing distance from D to forees.
L Phin) —Bry = = it

;mme»lr o 13«:4&

r—.bv 1@5 g'f

R

(g )
+‘) SM,=0: (3001b)&in —a)— (300 Ib)(a—2in)—(501b)(4in.) +165 =0
~600a+ 2800 +168 =0

B

f ¢

, = (2800+165) ()
600
For B=1001b} =-1001b, Eq. (1) yiclds:
_ [2800-+16(-100)] 1200 . = 2.00in <
600 600
For B=2001 =+2001b, Eq. (1) yields:
- [2800+162000] _ 6000 _, 5, a=10.00in. <l
600 600
Required range: 2.001in. < ¢ =10.00in. <4
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e— 80 i st 124 i —%I
12

60 man A

e A

90 mm

PROBLEM 4.15

1

Two finks 48 and DE are comnected by a bell crank as

shown. Knowing that the tension in link 4B is 720 N,

determine () the tension in link DE, () the reaction at C.

SOLUTION

Free-Body Diagram:

e
B 100 v DYEM, =0: F, (100 mm) - F (120 mm) = 0
53 4 ~PE , 5
Faa c y (3 Fg mg-’ﬁm
C"f 120 e

(@) For F . =T20N

.5

P =—(720 N)
6
3
(b) _ HOSE =0 ~S(20N)+C, =0
= +432 N
wren o =143
+ 2F, =0: wg_wzo N)+C, ~600N =0
% 432N

C,=+1176 N

C=1252.84 N

o = 69.829°

(1

Fpp =600N o

C=1253N .« 69.8° 4
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«— 80 nun e 1 20 1 —— PROBLEM 4.16

12
S

Two links 4B and DE are connected by a bell crank as
shown. Determine the maximum force that may be safely
exerted by link A8 on the bell crank if the maximum
allowable value for the reaction at C is 1600 N.

90 mm

SOLUTION

See solation to Problem 4.15 for F. B. D. and deri.vaiion of Eq. (1)

, 5., .
DE :—G_PAB (1)

3
B =0 = Ty k€ =0 C ::%FAB

X

+1 LF, =0 ~§}ng +C, = Fpp =0
4 . .5,
C-y‘ = 30 Fia _;}'AB +C = Fp =0
- . 49
C, :3“61’43

.. 3 S 2 42
Cx= ghhe C 1/C_Y +C}
| .
= 36‘“49)2 +(18)° F

C =1.74005F

For C=1600N, 1600 N=1.74005F,, Fy=920N <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights teserved. No part of this Mamiel may be displayed,
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PROBLEM 4.17

The required tension in cable AB 1s 200 Ib. Determine (a) the vertical
force P that must be applied to the pedal, (b) the corresponding
reaction at C,

SOLUTION
Free-Body Diagram:
P

_J—c‘_/‘é‘ﬂ,__,m__’ 4
..D T C gi’
v | S
é (7 )sinse
prralod }
&
BC =T7in.
(a) FYIM, =0: P15 in.)— (200 Ib)(6.062 in.) = 0
P=80.831b P=8081b, «
(b) HUBF, =00 € =2001b=0 C, =2001h-~
. . + P =0; €, -P=0 C,-8083b=0 C, =80.83 I/
_d‘a' , - ¥ - ¥ b
20,834 ;ot o =22.0°
é.‘,"a:w’? !
C=21571b

C=21610 <7 22.0° 4
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i, e PROBLEM 4.18

Determine the maximum tension that can be developed in cable 4B if
the maximum allowable value of the reaction at C is 250 1b.

SOLUTION

Free-Body Diagram:

2 &,

Yoy

:

BC=Tin.
SEM, =0 PA5in)—~7(6.062in)=0 P=0.40415T
W EF, =0: ~P+C, =0 —040415P+C, =0

C, =0.404157

ALER =00 T+, =0 C. =T
C=JC+C? —\/T2+(040415T2 C = &
= JCI+Cy = . ) =
C=1.0786T oot T
ex=7
For C=2501b
250 b =1.0786T T=2321b 4
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240 N 2N PROBLEM 4.19

e=018m The bracket BCD is hinged at C and attached to a control

@D cable at B. For the loading shown, determine («) the tension

] in the cable, () the reaction at .
! oo ! 0.4 m 3.
L4 m
SOLUTION
O RO RUON
Pd
I3 < 'ng _J

I e T O wim

ALB: IL _0.18m
' T 024m
3

=30 ()

() +)EM =00 T,(0.18 m) (240 N)(0.4 m) — (240 N)(0.8 m) = 0
C x

T =+1600N

Eq. (1) 7},:%(1600 N)=1200 N
T:\/Tf +T7 = 16007 +12007 = 2000 N T=200kN «
) FLIF =00 C =T, =0
C,~1600N=0 C_=+1600N C, =1600 N —
H TF, =0 C,~T,~240N-240N=0
C, ~1200N 480 N =0
— O
o= f it = C, =+1680 N C, =1680 N
880k o
: LyElb0N 0 = 46.4°

C=2320N C=232kN 7 46.4° 4
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a=018m &

rd

2N

PROBLEM 4.20

ZHI N

Solve Problem 4.19, assuming that ¢ =032 m.

P
; PROBLEM 4.19 The bracket BCD is hinged at C and
| l 04 o attached to a control cable at B. For the loading shown,
Toatm aw determine (o) the tension in the cable, (b) the reaction at C.
SOLUTION
L &
f oM 240/
O0.3%8m s ‘
_L...a ‘,C ; T'c l 3D
Ex - l
Cx
I..———J- O% -—-L—-a'fh -
G 4w
T,
ALE: 4 032m
T, 024m
4
Ty = gTr
DYEM =00 T,(0.32 m) ~ (240 N)Y(0.4 m) - (240 N)(0.8 m) =0
T =900 N
4
Eq. (1) 7, = (900 N)=1200 N
T:ﬁf&ﬁrj = 9007 +12007 =1500 N T=1.500kN 4
ALYF =00 C =T, =0
C ~900N=0 C,=+900N C, =900 N —~
] EF,=0; €, ~T,~240 N-240N=0
c C,—1200 N-480 N =0
v C, =+1680 N C, =1680N |
ol
£y = 7eon o =618°
C=1906 N C=1.906 kN 17 61.8° «
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PROBLEM 4.21

|-z—250 nnn+|+25() mm—»l
I

i

Determine the reactions at 4 and B when (a) h =0,

300 nsmn (b)Y b =200 mm.

I;T ;'

SOLUTION
Free-Body Diagram:
[LcZ5™ | o25m |
150M
el | »
h Bl &anéD
% Beaséd %@.\:g

{}EMA =0: (Bcos60°)(0.5 m) — (Bsin 60°) — (150 NY0.25m) =0
37.5
L3S )
(.25 - 0.86064
{(aq) When #=0;

37.5

Eq. (1): B:ET-ISON B =150.0 N 30.0° o

ALEF =00 A - Bsin60° =
A, =(150)sin60°=129.9 N A,=1299N —

+ ZF, =0: 4, ~150+ Bcos60° =0

= 4 — o E —_
- na A, =150-(150)cos 60° =75 N A, =75N |
LT 7Y o =30°
A=150.0N A =150.0 N a7 30.0° «
() Whenkh=200mm=02m
. 37.5 _
Bq. (1): = = 4883 N B = 488 N ™ 30.0° <
(.25 -0.866(0.2)
AL EF =0: A - Bsin6(0°=0
A= (488.3)sin 60° = 422.88 N A, =42288N—
+ IF, =01 A, 150+ Beos60°=0
n el A =150~ (488.3)cos60° =—~94,15 N A, =94.15N]
4 15N T » = —~(488.3)cos60° =—-94,15 A, =94
R @=12.55°
A=4332N A =433 N < 12.6° <
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201 PROBLEM 4.22

10 in,

For the frame and loading shown, determine the reactions at 4 and £
when {a) a=30° (b) a=45°

SOLUTION

Free-Body Diagram:

. rial Pl 2
81« ie———/{) ”m. i

T‘—"“‘""F\ EPA
A i & ¢f— zZolb
L2, 5.

Feind ' F ES

Y D
£A

Eoasol
| 8 d .

PYEM, =00 (Esin)(8in)+(Ecosa)(sin.)
(20 1)(10in.) - (20 1b)(3 in.) = 0
B 260
8sina+5cosa

l

(@)  When e = 30°: E=— 260 =31.2121b E=3121b 7 60.0° 4
8sin 30°+ 5cos30°

L EF =0 4 —201b+(31.2121b)sin30° =10

A, =+4.3941b A, =43941b
A il =%3W‘y) " = {1 ; o o
%:m,b\w 2R =0: 4, -20°4+(31.212 b)cos30°=0
¥ =
A, =~7.031b A, =7031b |

A=8291b"58.0° «
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PROBLEM 4.22 {Continued)

(»)  When o =45°:

_ 260

Es——— . =28281Ib E=2831b .47 45.0° «
8sin45°+5¢cos

HUXF, =00 A, —201b+(28.28 1b)sin45° =0
A =0 A, =0

HEE, =0 4, ~201b+(28.28 1b)cos45° =0

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Maal may be displayed,
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PROBLEM 4.23

For each of the plates and loadings shown, determine the reactions at 4 and 8.

S0 1h Hiih
4 in, < L.
| wih [

160 i,

A
| 20 i, ! | 20in. !
(a} {h)

SOLUTION

{¢) Free-Body Diagram:

ff:fn. ’p_ Lok

N h
Gl
/o /s,
N L 3
: : 3
’1 Zo 14 .
- 1

DYEM, =0: B(20in.) - (50 Ib)(4 in.) ~ (40 1b)(10 in.) = 0

B=+301b B=3001b] <4
FLTF =00 4, +401b=0
A, =—-401b A, =40.01b ~—
HEF, =0: A, +B-3501b=0
A, +301b-501b=0
Aoy~ -- A4, =+201b A, =2001b}
t o?‘ RO
A @ =126.56°
otk A=44721b A=4471b ™n 26.6° 4
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PROBLEM 4.23 (Continued)

()  Free-Body Diagram:
Yin. I&:x,&

4ol
/oin,
4 L]
A —%
’ g
ﬁg ke 20 1 3¢

FYIM ;= 0: (Bcos30°)(20 in)— (40 Ib)(10in.) - (50 1b)(4 in.) =0
B=34.641b B=34.61b ™ 60.0° «
FoSF =0 A~ Bsin30°+401b
A, ~(34.64 1b)sin 30°+ 40 [b =0

X

A, =-22.681b A, =22.681b~—
H EF, =0: 4, + Bcos30°-501b=0

A, +(34.64 1b)cos30°-501b =0

A " eow A, =+20 b A, =2001b]
R2.8805 a=41.4°
A=30.241b A=3021b “n41.4° 4
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PROBLEM 4.24

For each of the plates and loadings shown, determine the reactions at A and B.

50 i
4 in.
401l I >

104

104n.

Lo .
DR PS— ! 20 in. |
{a) (b

SOLUTION

(@) Free-Body Diagram:

, S
A, L——-.‘/{g /2. ————,

Yok

/0 ”;.

A

A D, g

FYEM, =0: A(20in.)+ (50 Ib)(16 in.) — (40 Ib)(10in.) = 0
A=+201b A=2001b] 4
ELXF =0 401+ B, =0
B, =—401b B, =401b~—

+EF, =00 A+B,~501b=0

E__ _ 20lb+ B, ~501b=0

w0 ¥

U~ 2o/
Ty B, =+301b B, =301}
“Qoib k

o =36.87° B=501b B=50.01b ™ 36.9° €
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PROBILEM 4.24 (Continued)

(b}
S0

& in. mP"‘wF‘“‘“ /6 i, —w]
yolé
/075,
A 8l B &
2015, 8
R Vs £y
DYZM, =0: —(4c0s30°)(20 in)— (40 Ib)(10 in.)+ (50 Ib)(16 in.) = 0
A=23.091b A=23.11b." 60.0° o4
e EF =0: Asin30°+401b+ B =0
(23.09 Ib}sin30°+401b+8 =0
B, =-51.551b B, =51.551b-—
+HIF, =0 Acos30°+B, ~501b=0
(23.09 Ib)cos30°+ B, -501b=0
8
-_— t—' -
Lo 20
e
57, 554 B,=+301b B,=301b}
o =30.2°
B=59.041b B=59.61b ™ 302°d
PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,

reproduced ar distributed in any form or by any means, withowt the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators pernitted by McGraw-Hill for their individual course preparation. If you ave a student using this Manual,

you are using it without permission.

371



r—~![")in.4w>~— l{)in‘j%}fﬂ PROBLEM 4.25

Determine the reactions at A4 and B when (@) =0, () a=90°,
{c} o=30°

0.

SOLUTION
@ a=0
+YIM, =0: B(20in.)~7501b-in.= 0
O bin. B=3751b
‘ 7 5 IR =00 A =0
m: ;‘“1""“'”"*“ H IF, =0: 4,43751b=0
A 14 4, ==37.51b
A=3751b) B=3751} <
B a=90
+YEM , =0: B(12in)-7501b-in.=0
7 "/\f’"‘ B=62.51b
?,-: “ 8P AUEF =00 4 -62510=0, 4, =6251b
4—L g) +HZF, =0 4,=0
A=6251b— B=6251b~— o
©  a=30°
o YIM = 0: (Beos30°)20 in.) +(Bsin30°)(12 in,) - 750 1b-in.= 0
-+ s B=32.161b
in 2‘05.:- 8 FoSF =00 A, ~(32.16b)sin30°=0
) ‘:; A, =16.08 b
P +EF, =0: 4, +(32.16b)cos30°=0 A, =-27.851b
N A=32161b @ =60,0°
ﬁﬁ;gga A A=3221b X 60.0° B=3221b ™ 60.0° 4
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PROBLEM 4.26

A rod AR hinged at 4 and attached at B to cable BD supports
the loads shown. Knowing that =200 mm, determine
300 n1n {a) the tension in cable BD, (b) the reaction at A4,

SEIR

SO N ‘? B
< L0 sysm —-f=—100 mmn w>~|< 169 rmn—*l

SOLUTION .

Free-Body Diagram:

O  Om O

oY Lo B
(@)  Move T along BD until it acts at Point D.
+‘) ZM ;=0 (Tsin45°)(0.2 m)+ (90 N)(0.1m)+ (90 NY0.2 m) =0
T=190.92 N T=1909N «

AL XF =00 A, ~(190.92 N)eos45° =0

A, =+135N A, =1350N —
45 IF,=0: A, —90N-90 N+(190.92 N)sin45° =0
t 8 +T ¥ ¥ ( )
A 1357
A, =+45N A, =450N|

A=1423N 7. 18.43°d

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, ne. All rights teserved. No part of this Manwal muy be displayed,
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' ¢ i PROBLEM 4.27

A rod AB hinged at 4 and attached al B to cable BD supports
the loads shown. Knowing that o =150 mm, determine (a) the
100 mm  tension in cable BD, (b) the reaction at 4.

.

Q0N

QUN l

- 100 mm w'*ul(]() nmim _.I

< 100 nin —

SOLUTION

¥Yree-Body Diagram:

tanaz—l—qg o =33.69°
15

{a) Move T along BD until it acts at Point D.

F—0,/5m
A, -_,.—1: k= 25.49°

PYEM, =0: (Tsin33.69°)0.15 m)— (90 N)(0.1 )~ (90 N)(0.2 m) =0

T=3245N T=324N <
() HUEF =00 4, - (324.99 N)cos33.69° =0
A, =+270N A, =270N—

J8F, =0: A, 90 N=90 N +(324.5 N)sin33.69° = 0

A, =0 A, =0 A=270N— <
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PROBLEM 4.28

250 mim
A lever 4B is hinged at C and attached to a control cable at 4. If
the lever is subjected to a 500-N horizontal force at B, determine
200 (a) the tension int the cable, (b) the reaction at .

§ 7504) N
S

B

250 mm

SOLUTION

Triangle ACD 1s isosceles with < C =90°+30°=120° €« d=4< D= »-;_(l 80° -120°y=30°

Thus DA forms angle of 60° with horizontal.

()  Weresolve ¥, into components along A8 and perpendicular to AB.

A a0
mm
el
Famks 2005in W' = [00mm
'y g’ 5 500N
FYEM =0: (F, sin30°)(250 mm) — (500 N)Y(100 mm) = 0 Fop=400N <
(b) AUBF =00 - (400 N)cos60° + C, —S00N=0 €, =+300 N
+HEF =0: ~(400 N)sin60°+C, =0 C, = +346.4 N

C=458 N .17 49.1° 4
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PROBLEM 4.29

A force P of magnitude 280 b is applied to member 48CD, which is
supported by a frictionless pin at 4 and by the cable CED. Since the cable
passes over a small pulley at £, the tension may be assumed to be the
same in portions CE and ED of the cable. For the case when a=3 in,,

12in,
determing () the tension in the cable, (b) the reaction at A,

12 in.

0D

H E
f(fJ%.;.?;ill.""‘“"ﬁ"‘"‘”’
SOLUTION
Free-Body Diagram:
2808 | o | o (@)  +)EM,=0: —(2801b)8in.)
g N ;" T(izin)—iT(l?_in)
24 " o2 ‘
3"7‘ T
W *%T@ in)=0
By
T:‘f: = & (12 =11.0)7 =840 T =8751b «
) A, 1 7
121, - ()  ATF =0 —(8751b)+875Tb+ A, =0
—L__’D A ..E 25 -
S — A, =-1120 A, =11201b ~—
-~ 24
+ XF, =0: A, = 28016 (875 1) =0
i i! fa=nme A, =+1120 A, =11201b]
A, =26
Lo = EES A=15841b ™ 45.0° «
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PROBLEM 4.30

Neglecting friction, determine the tension in cable ABD and the reaction
at support C.

250 mm

100 man ' 100 mm

SOLUTION

Free-Body Diagram:

Oilm ’L oo -
7P
Q28w
AT 120k
- 1
& Qx ) TQ_., £
FYIM =0: T(0.25m)—T(0.1 m)= (120 N)(0.1 m)=0 T=800N o
ALsE =00 € ~80N=0 €, =+80N C =80.0N—
%g /'%w + EF,=0: C,~120N+80N=0 C,=+40N C, =40.0N}

C=894N .47 26.6° 4
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P PROBLEM 4.31

Rod ABC is bent in the shape of an arc of circle of radius R. Knowing
the @ = 30°, determine the reaction (&) at 5, (b) at C.

SOLUTION
Free-Body Diagram: +§ EM, =00 CAR)-P(R)=0
C,=+P
KLEF =00 C, ~Bsin@=0
P~ Bsinf=0

B=Plsingd
]3
B= &g
siné \l

+ZF, =0: C,+Bcos@~P=0

C,+ {Plsinf)costd - P =10

c, = 1)[1— ! J
tan @

For 8=30°;
(&) B = Plin30°=2P B =2P ™ 60.0° €
) C,=+P C, =P—

Cx=F =P -11an30%) =-0.732/P C, = 0.73211’1
€y o.73218 \3 c 3 ( ) ¥

C=1.239P < 36.2° 4
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PROBLEM 4.32

Rod ABC is bent in the shape of an arc of circle of radius R. Knowing the
& = 60°, determine the reaction () at B, (h) at C.

SOLUTION

Sec the solution to Problem 4.31 for the free-body diagram and analysis leading to the following expressions:

Co=+P
C,= P(i - E )
B= ,P
sinf?
For & =60°;
(a) B = Phkin6(°=1.1547p
) Co=+P C =P

[ Z < C, = P(1~an 60°) = +0.4226P
gﬂnds‘f.??&rp Eyzp

B =1.155F ™. 30.0° 4

C, =0.4226P|

C=1.086F 7.22.9° 4
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PROBLEM 4.33

Neglecting friction, determine the tension in cable ABD and the reaction
at C when 8= 60°.

%ﬂwﬁﬁ——be—ﬂ%l

SOLUTION

$)EM =0 TQa+acos®)~Ta+Pa=0

P
T =
I+cos@ (1)
FLER =00 C ~Tsing=0
¢ =Tsing=-Ln8
: I+cosd
)IF, =0: C,+T+Tcos@-P=0
c},:P—T(Hcos@):Pum
l+cos@
C, =0
Since C, =0, C=C, = ?E"i‘ﬁ.éw 2)
-+ CO8
For &= 60°;
Eq. (1): et P 7=2p 4
o I+cos60° 1+ 3

sin 60° 4P0.866

= C=0577P— 4
1+ cos60° 1+

Eq. (2): C=pP
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PROBLEM 4.34

Neglecting friction, determine the tension in cable ABD and the reaction
at C when 8 =435°,

SOLUTION

Free-Body Diagram:

e
Equilibrium for bracket:

fi-‘)EMC = ~T{a)— Pla)+(Tsind5°)2asin45°)

+{T'cosd5%)a+ 2acosd5°)=0
T=0.58579 or T=03586/
FLEF =00 C +(0.58579P)sin45° =0
C, =041422P
+I LF, =00 C, +0.58579P ~ P+ (0.58579P)c0os45° =0

C, =0 or C=0414P— <
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PROBLEM 4.35.

A light rod AD is supported by frictionless pegs at B and C and rests
against a frictionless wall at 4. A vertical 120-lb force is applied
at . Determine the reactions at 4, B, and C.

SOLUTION

Free-Body Diagram:

TEF =00 Acos30° (120 1b) cos 60° =0
A=69281b A=6931b—» 4
FYIM, =0: C(8in)~ (120 b)(16in.)cos30°
+(69.28 16)(8 in.)sin30° = 0
C=173.21b C=173.21b™% 60.0° <€
F)IM, =0: B(8in)— (120 h)(8in)cos30°
+(69.28 1h)(16 in)sin 30° =0
B=3461b B =34.6 b < 60.0° <

Check: \{Zif;, =0: 173.2-34.6-(69.28)s5in30°~(120)sin60° =0
0 = 0(check)
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e 5 in—e 3in, 7 in | PROBILEM 4.36

A light bar AD is suspended from a cable BE and supports a 50-1b
block at . The ends 4 and D of the bar are in contact with
frictionless vertical walls. Determine the tension in cable BE and
the reactions at 4 and D.

501k

SOLUTION

Free-Body Diagram:

13
-
th
o
5

A
EF =0 A=D
F, =0: Ty =50.01b o
We note that the forces shown form two couples.
DYEM =0: ABin)~(501b)3in)=0
A=18.751b
A=1875b— D=18751b-— 4
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FO0 mim

oot —

TGO non

30thmm i
4000 N g

150 mim

500 1mm

PROBLEM 4.37

Bar AC supports two 400-N loads as shown. Rollers at 4 and C
rest against frictionless surfaces and a cable BD is attached at 5.
Determine () the tension in cable BD, (b) the reaction at 4, {c) the
reaction at C.

250 un

SOLUTION

Similar triangles: ABE and ACD

AE _BE - 015m_ BE o 0.075m
AD  CD 05m 025m
Oudm B
y 0.2% c. ¢
Gy )

o.25m
—
e loy o
!ﬁ,. i
4
L O0X
A Ty Gz T

(@) +)EM,=0: T,(025m) _[9(%35571](0.5 m) — (400 NY0.1m) ~ (400 N)(0.4 m) = 0
T =1400 N
T 2008 i 7 =2 (1400 N
Y — =005 ¢ )
~300 N 7 =14321b €
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PROBLEM 4.37 (Continued)

(b)  +EF =0: 4-300N-400N-400N =0
A=+1100 N A=1100N1 <
() 2 TF =0: ~C+1400 N =0

C=+1400N C=1400N ~— «
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PROBLEM 4.38

Determine the tension in each cable and the reaction at D,

LH)O st =L i =100 mm wl :

SOLUTION
0.08 m
fanx = ————
02m
o= 21.80° l P‘ -
an . 008 m b N
mee 0.1m Lma Qulom ofm JF
| d ¥ il 1
[ =38.66°

TYEMy =00 (600 NY0.1 m)— (7 sin 38.66°)(0.1m) =0
Tep =960.47 N Tp =96.0N 4
DYEM =00 (600 N)0.2 m) — (T 5in21.80°)0.1 m) =0
T, =3231.1N Tpe =3230N <
ELIF, =00 Typcosa+ T cos f-D=0

(3231.1 NYcos 21.80° + (960.47 N)cos38.06° - 1) =0
D=3750.03N D=3750N-— 4
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PROBLEM 4.39

Two slots have been cut in plate DEF, and the plate has
been placed so that the slots fit two fixed, frictionless pins A
and B. Knowing that P = 15 b, determine (a1} the force each
pin exerts on the plate, (h) the reaction at F,

SOLUTION

Free-Body Diagram:

YIS 0:
;)XM'A = {:
+I ZF, =0:

3in [

156

15Ib—~Bsin3(°=0

B=30.01b . 60.0° 4

~(301b)(4 in) + Bsin30°(3 in)+ Beos30°(1Tin)— F(13in) =0

—F201b-in.+ (30 1b)sin 30°(3 in.) + (30 lb) cos 30°(1 1in.) - F(13in) =0

F=+1621451b F=16211b) <

A=301b+ Beos30° - F =0

A=301b+(301b)cos306°-16.21451b=0

A=+20231b A=2021b! <
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PROBLEM 4.40

o T i, ——| 2 i;;i«i—-——

For the plate of Problem 4.39 the reaction at F must be
directed downward, and its maximum allowable value is
20 Ib. Neglecting friction at the pins, determine the required
range of values of P.

3.
1

PROBLEM 4.39 Two slots have been cut in plate DEF,

and the plate has been placed so that the slots it two fixed,

frictionless pins 4 and B. Knowing that P = 15 b, determine
301 () the force each pin exerts on the plate, (b) the reaction
at F.

SOLUTION

Free-Body Diagram:

SLUTF, =0

YEM =0

For F=10:

For P=201b:

For

Hin, qm, zjm ..F

3:;0. F3 H
AL[;- =
? <
A
P—Bsin30°=0 B=2P T 60°

~ (30 b)(4 in) + Bsin 30°(3 in.) + Bcos 30°(1 1 i)~ F(13in) =0

~1201b-in+2Psin30°3 in)+2Pcos30°(11in) - F(13in)=0
=120+ 3P +19.0525P -13F =0

13E+120
22.0525 (H
,_BOHIZ0 o
22.0525
p=BEOFT0 oy,
22.0525
0= F=201b: 544b=P=172311 4
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PROBLEM 4.41

Bar 4D is attached at A and C to collars that can move fieely
on the rods shown. If the cord BE is vertical (o= 0), determine
the tension in the cord and the reactions at 4 and ¢

pe{). 2 11y

SOLUTION

Free-Body Diagram:

0. 2w 0,2 wa O._'ZW\_..i

A AT v180 N
o® D

30'?"\&7
/A ~. B C\Q
x
14
1 TF, =00 ~Tc0s30°+(80 N)cos30° =0

=

T=8IN T=800N 4

4—‘) LM =00 (Asin30°)(0.4 m) — (80 NY0.2 m)— (BON)0.2 m)=0
A=+160N  A=160.0N <30.0°d

J)ZMA =0: (80 N)0.2 m)~ (80 N)(0.6 m) + (C'sin30°)(0.4 m) =0
C=+160N C=160.0 N 30.0° 4
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PROBLEM 4.42

N Solve Problem 4.41 if the cord BE is parallel to the rods
{(ar=30").

PROBLEM 4.41 Bar 4D is attached at 4 and C to
collars that can move frecly on the rods shown. If the
L l cord BE is vertical (= 0), determine the tension in the
— (2 merteo 0.2 Mot .2 me cord and the reactions at 4 and C.

SOLUTION

Free-Body Diagram:

O. 2w O, 2w,

|
B0 N
A 3p° l
30° N / 3
A~ ® CTWL30?
X

4
F 3

1
.

Y
+ XF, =00~ +(80 N)eos30° =0
' T =69.282 N T=693N 4
F)IM, =0: —(69.282 N)cos30°(0.2 m)
~(80 N)(0.2 m) + (Asin30°)0.4 m) =0
A=+140.000N A =140.0 N = 30.0° «
TYEM = 0: +(69.282 N)cos30°(0.2 m)
(80 NY(0.6 m) +(Csin30°)(0.4 m) =0
C=+180000N  C=180.0N ™ 30.0° 4
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PROBLEM 4.43

An 8-kg mass can be supported in the three different ways shown. Knowing that the pulleys have a 100-mm
radius, determine the reaction at 4 in each case.

j‘f— 1.6m

- ~—— .G —

]w— 16m —»'

73] {h) {)
| SOLUTION
W= mg =(8 kg)(9.81m/s*) = 78 48 N
y (a) SF=0: A =0
b )
: l HEE =0 A, W =0 A, =7848N}

8y, 'a B
é:ﬂ(:‘ﬂs \f\’l >
OEM, =00 M, ~W(1.6m)=0

M, =+(78.48 N)(1.6 m) M, =12556N-m ‘)

A=T85N] M, =1256N-m ) <
() FoTF =00 AW =0 A, =7848!
B HIF =0 4, -W=0 A, =T78.48

TYEM , =0

(¢}

+zF, =0

YIM , = 0:

XF =0

A= (78.48 N)W2 =110.99 N 7 45°
M, ~W(l.6m)=0
My =+(T848NYI.6m) M, =125.56N-m )
A=111.0N 57 45° M, =1256N-m ") <
A, =0
A, ~2W =0
A, =20 =2(78.48 N) =156.96 N |
M, =2W(1.6m)=0
My =+2(7848N)(1.6m) M, =1251N-m )

A=157.0N} M, =125N-m )«
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| 3in. ' 3 i“-“‘"*i ' PROBLEM 4.44

A tension of 5 Ib is maintained in a tape as it passes through
the support system shown. Knowing that the radius ol each
pulley is 0.4 in., determine the reaction at C.

SOLUTION

From fh.d. of system

ALZF =00 C +(51b)y=0 x
C =-51b
2 =00 ¢, —(51b)=0
¢, =51
Then C=J(C) +(C,)
=7.07111b
and O=tan”' (ﬁ] =-45° or C=7.071b T 45.0° 4
FYIM =0: M +(5b)(6.4 i)+ (5 1b)(2.2in) =0
M, =-43.01b-in or Mg =43.01b-in. )} €

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill Companies, Inc. Al rights reserved. No part of this Manwal may be displayed,
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! 3in.

PROBLEM 4.45

Solve Problem 4.44, assuming that 0.6-in.-radius pulleys
are used.

PROBLEM 4.44 A tension of 5 ib is maintained in a tape
as it passes through the support system shown. Knowing
that the radius of each pulley is 0.4 in., determine the
reaction at C.

SOLUTION

From f.b.d. of system

Then

and

Q)EMC =

HLEF =00 C 4+ (51b)=0
C,==51Ib
{27, =00 €, ~(51b)=0

C =51Ib
3 lSib £b.d.

C=J(C) +(C,)’
=\(5)" +(5)°

=7.07111
9:mn"'(%}:45.0° or C=7.071b ™ 45.0° 4

M +(51b)(6.6 in)+(51b)(2.4in) =0
My =-4501b-in. or Mg =4501-in. ) 4
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PROBLEM 4.46

A 6-m telephone pole weighing 1600 N is used to suppott the ends of
two wires. The wires form the angles shown with the horizontal and
the tensions in the wires are, respectively, 7, =600 Nand 7, =375 N,
Determine the reaction at the fixed end 4.

SOLUTION
Free-Body Diagram:
AT
0o N 375 N
©m l 1600 N
l b
Al ™ A

HUSE =00 A, +(375 N)eos20°— (600 N)cos10°=0
A =+238.50 N
2R =00 4, ~1600 N (600 N)sin10° = (375 N)sin 20°=0

A, =+1832.45N

A =+238.507 +1832.45°

6= tap~ L3324 A=1848 N «782.6° 4
238.50
+‘>EMA =0: M, +(600N)cos10°(6 m)— (375 N)cos 20°(6 m) =0
M, =-1431.00 N -m M,=i431N-m )«
PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companics, Ine. AH rights reserved. No part of this Manual may be displayed,
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PROBLEM 4.47

Beam 4D carries the two 40-1b loads shown. The beam is held by a
fixed support at D and by the cable BE that is attached to the
counterweight W. Determine the reaction at D when (@) W =100 b,

¥
A 1 5 p W
401b A0

et e s

(b) W =90 Ib.

SOLUTION

(a)
From b.d. of beam AD
ALEF =0

J2r <0

D,

«+)EMD =0:

W =1001b

D, =0
D, ~401b~401b+100 Ib =0
=-20.01b

M, —(100 1b)(5 11) + (40 Th)(S ft)

+(40 Tb)(4 ft) = 0

M, =2001b-fi

{5 w

From f.b.d. of beam AD
FLUEF =0

Iz =0

nf)ZMD =k

=90 1b

D, =0
DJ, +90lb—-401b-401b=0
I)), =-—§0.001b

M, ~ (90 1b)(5 i) + (40 Ib)(8 )
+(4016)4 i) =0

My, =-30.01b-ft

r—m’j&«mw

ch Mo
A(. et 09—’0,
lwm lwm D
DEPPAN RPN

64

or D=2001b] 4

or M, =2001b-1L") <

oF D=10.0016| «

or M, =-3001b-ft ) «
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PROBLEM 4.48

For the beam and loading shown, determine the range of values of W
for which the magnitude of the couple at I does not exceed 40 [b - [1.

SUREY T SR | p—
SOLUTION
E—(—- 5 ff——n
For W, M, =—-401b-fi TW M,
C.
From t.b.d. of beam AD —i—‘) IM,=0: (40168 )W, (51) A T =3 D,
+(401b)4 ft)—-401b-ft =0 Y40i l’ 40ib D,
I/Vmin =88.01b L*“‘H_J‘_‘ 47—
fod.
For W .., M, =401b-ft
From £.b.d. of beam AD »-EBEM p =0 (A0~ (510
+{(40b)4 ) +401b-ft =0
W =104.01b or 88.01b=W =104.01b «

max
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PON 50 PROBLEM 4.49
Sl mm
é 230 mm
Knowing that the tension in wire BD is 1300 N, determine the
reaction at the fixed support C of the frame shown.

—-——5(X) wran »-"*-Ii—r e

GOG M

SOLUTION
o] o8m IQ”"”l A
T=1300N ) —— 8

A A
T‘.miT ] HE0N \

13 O \
=500 N | £x 1e }Tg;f
T, :%T . Sley o T
=1200N
Ao EM =00 C —450N+500N=0 C,=-50N C, =50 N«
+12F, =0 €, ~750N-1200N=0 C, =+1950 N C, =1950 N |
c fgg =]95oM
Comsomy C=1951N ™. 88.5°
)M =00 M, +(750 N)Y0.5 m) +(4.50 N)(0.4 m)
~(1200 N)(0.4 m) =0
M ==750Nm M =750N-m )«
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0N PROBLEM 4.50

% 150 amn
H - N 250 mm
éﬁ"““ s ﬁT T Defermine the range of allowable values of the tension in wire

B - BIY if the magnitude of the couple at the fixed support Cis not to

exceed 100 N - m.

GO0

1

AOG mm

I

SOLUTION
o Jt
I 4.
Ot
+V)ZMC =0: {750 NY(0.5 m) -+ {450 N)(0.4 m) ~[%TJ((J.6 m)
12
~ =T |(0.I5m)+ M, =0
13 '
48 3.
35 N-m+180 N-m -~ T{m r+M, =0
13
T=--(555+ M,
25 c)
For Me==100N-m: T=%(555A100):1232 N
For M. =+100 N-m: T:%(SSSH(}O):]?M N
For |M] =100 N -m: 1232KN=T=1774kN d
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PROBLEM 4.51

A vertical load P is applied at end B of rod BC. (@) Neglecting the weight of the
rod, express the angle @ corresponding to the equilibrium position in terms of
P, I, and the counterweight W, (b) Determine the value of @ corresponding to
equilibrium it P=2W.

]
SOLUTION A~ ToW
{a)  Triangle ABC is isosceles. T / B
¢
. . g o / P
We have CD=(BCYcos— =/cos— \Zi s
2 2 7
C
7] .
%‘)EM(- = 0 W[ICOS—Z—J—P(lst)zt) &, sin ¥
c}
Setting sin@ =2 Sinﬁcosg: wi cosE —2Plsin gcosg =0
2 2 2 22
w—2Psind =0 6 =2sin”" (i’/_] <
2 2P
{(hy For P=2W: sin 4 = s = 7 =023
2 2P 4w
gxm_so 8=200" 4
& _ ¢ o of 1
or 5 =105.5° #=331°%discard)
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€ ettt PROBLEM 4.61

Determine the reactions at A and B when @ =180 mm.

240 1

[

SOLUTION

Reaction at B must pass through D where 4 and 300-N load intersect. Free-Body Diagram:
{Three-force member)

240 c  ZeoN
ABCD: tan f§ = v ~4
A an f=1es P T
f=53.13° Riom
" ! ﬁ B.
Force triangle A | 180 g
A=(300 N)tan 53.13°
= 400 N AE4OO—NT4
300N
cos 53.13°
=500 N B =500 N<53.1° «
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BN PROBLEM 4.62

For the bracket and loading shown, determine the range of values of the
distance o for which the magmitude of the reaction at B does not exceed
2H) 600 N.

SOLUTION

Reaction at B must pass through D where 4 and 300-N load intersect.
Free-Body Diagram:
{Three-force member)
240 mm
=5 (H
tan f7

D C Zoow o

240 moy Force Triangle
{with B = 600 N)

A
p l—o—i\e cos - J0N
600 N
B =60.0°
240 mm
Ba. (1 4 an 60.0°

=138.56 mm
For B=600N ¢=138.6 mm

PROPRIETARY MATERIAL, 2 2010 the McGraw-Hill Companies, Ine, All rights veserved, No part of this Manual may be displaved,
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15 in. [ PROBLEM 4.63

Using the method of Section 4.7, solve Problem 4.17.

PROBLEM 4.17 The required tension in cable AB is 200 Ib.
Determine (a) the vertical force P that must be applied to the
pedal, (b} the corresponding reaction at C.

SOLUTION
Free-Body Diagram:
(Three-Force body)
action at € must nass throneh £ whe P : <
Reaction at C must pass through £, where D and 200-1b force intersect. L r.mlﬁ —-* -
an g = 0062 in v A
15 in, 7z =4.082m.
B =22.005° £ Zoow B
. =
Force triangle P
{a) P = (200 lb)tan 22.005° a0
P =80.83 1b P=80.8 b, «
)] C 2001b =21571b C=2161b.4722.0° 4

" 0822.005°
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e 15 in. E PROBLEM 4-64

Using the method of Section 4.7, solve Problem 4.18.

PROBILEM 4.18 Determine the maximum tension that can
be developed in cable 4B if the maximum allowable value of
the reaciion at C 18 250 ib.

SOLUTION

Free-Body Diagram:
{Three -Force body)
Pl iwni| g =z50 /6
Reaction at ' must pass through £, where D and the force T intersect. D : (i) 7 66°
tan g = 8.062 in 4/ G082,
15 in. £ 7 r 5
fF=22.005°
w250k | F
Force triangle f =720
ra
T = (250 Ib) cos 22.005° =
T=231.81b T=2321b 4
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v PROBLEM 4.65

The spanner shown is used to rotate a shafi. A pin fits in a

3 . hole at A, while a flat, frictionless surface rests against the
shaft at B. If a 60-1b force P is exerted on the spanner at D,
15 i | find the reactions at 4 and A.
SOLUTION
Free-Body Diagram:
{Three-Force body)
A P=601
F n of
S i e
o2 -
Z_’r‘ 15 in. !
3cos50°
The line of action of A must pass through 2, where B and P intersect.
3s5in50°
tan g = S
308507415
=0.135756
o =T7.7310°
)1
Force triangie A= M
sin 7.7310° A
=446.02 1b P=6o \EN-“‘O
( Cal
_ 60 b 5
tan 7.7310° -
=441.97 b

A=4461b ™ 7.73° 4
B =442 1b— <
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-9l - PROBLEM 4.66

75

' { ,3‘\\\\ Determine the reactions at 8 and D when 5= 60 mm.

SOLUTION

. . . . : . D
Since CD 1s a two-Torce member, the line of action of reaction at £ must pass through Points C and D. 952 {5
Free-Body Diagram:
(Three-Force body)

£

—*

4o+ o
= 220w

LQON = ‘g>\1 425""""
Y GO Fomm \?—
ﬁ 7 g @

250 v

\

JEo

ot

Reaction at B must pass through £, where the reaction at I and 80-N force intersect.

tan 3 = 220 mm
250 mm
F=41.348°
Force triangle
‘3 = ‘1‘/. 3?8.

20" 4!.3‘5‘-9‘:
= |31, 348

; o go N
90§ 41:3¥8
= 3652 #.S'a
Law of sines
8ON B D
sin3.652°  sindS°  sin131.348°
B =88B0N
D=042.8 N B=888 N, 41.3° D=943N ™. 45.0° o
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90 min— PROBLEM 4.67

BN %

Determine the reactions at 8 and D when =120 mm.

&
9

250 mm **—-"1

SPS—

SOLUTION
Since C'D is a two-force member, line of action of reaction at 2 must pass through C and DP?«&.
(f.

Free-Body Diagram:
{Three-Force body)

£ _
A o
Y5 [
Ik o
120480
:.-@m Q L
N S
gon e xJT
! 1
A 18ome | 9omm
anm;n -l-3

Reaction at B must pass through F, where the reaction at 22 and 80-N force intersect,

280 mm
tan ="
250 mm

5 =48.24°

Force triangle

. 80 N B D
Law ol sines - = = e
sin 3.24°  sinl135° sindl.76°
B=10009 N
D=9428N . B=100I N> 482° D=943 N = 45.0° 4
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2in.

RS I | P e IS { i]:,—‘——r PROBLEM 4.68

Determine the reactions al B and Cwhen g =1.5 in.

Yo

SOLUTION

Since CD is a two-force member, the force it exerls on member ABD is directed along DC.

Free-Body Diagram of ABD: (Three-Force member)
5 IIF\.“”'I

?‘ IE
B D 3,
N "

C
AJ:BEn.-»}-«-—« T i, —> P

50 e

The reaction at B must pass through £, where D and the 50-Ib load intersect.

Triangle CFD: tan o = % = (1.6

o =30.964°
Triangle EAD: AE=10tan =6 in.

GE = AE ~ 4G =6-15=45 in. p=32.610°

Triangle EGB: tan ff = % = 4—3:-5— Ciofz: &

£ =33.690° = 120.964-°

D
Foree trisngle — B e T D = 20 Ib 0%~ o~ p
sin120.964°  sin33.690° sin 25.346° = 25.34.°
B=100.1551b
D =64789 Ib B=10021b ™ 563° 4

C=D=6481b < 31.0° 4
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PROBLEM 4.69

A 50-kg crate is attached to the trolley-beam system shown.
Knowing that @ =1.5 m, determine (@) the tension in cable CD,
(#) the reaction at 5.

#(].4 jiH

e (]
—
SOLUTION .
Free-Body Diagram:
Three-Force body: W and T, intersect at £. D
0.7497 m lnSton3s’ kg
tan ff = ———— shoso3m | Tep, 5%° L9y
I5m |
Ji8=10583 15w a
i it £ . . = 02917 m W ) '4
Force {riangle 3 forces intersect at £ hidh |
W = (50 kg) 9.81 m/s’
=490.5 N
. 90. ,
Law of sines 4 OSN it e Teo . B 36% 2655 W= 490.5%
sin 61.567  sin63.44°  sin55° 2l 58
Tep =4989 N ;Z?,;
B=4569N 4
g
() Trp =499 N o
() B =457 N™.206.6° 4
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PROBLEM 4.70

Solve Problem 4,69, assuming that ¢ =3 m.

PROBLEM 4.69 A 50-kg crate is attached to the trolley-beam
system shown. Knowing that « =1.5 m, determine (g) the tension
in cable CD, (b) the reaction at B.

SOLUTION
W and T, intersect at £

Free-Body Diagram:

Three-Force body:

D
$ F Y 35“ -
3mptun3s” |00 55% S
= 2. loi>
W X
{a_©
e
£

N iy
S;‘ 3‘mP !

-

Zojol -1 B2 0, 308,
1an[)’:i€i: 0.301 m
AB 3m
B =5722°

Force Triangle (Three forces intersect at £.)
W =(50 kg)9.81 m/s’
=490.5N
4905N T, B

$in 29.278°  §in95.722°  sin55°
T, =997.99 N

B=82159 N
(a) T, =998 N o

Law of sines

(b) B=822N 7 572" 4
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b PROBLEM 4.71

10 . One end of rod A8 rests in the corner A and the other end is attached to

cord BD. If the rod supports a 40-1b load at its midpoint C, find the
reaction at A4 and the tension in the cord.

|-&~~<~l 2 i]].—)-l*—~[‘2 ig.——

SOLUTION
Free-Body Diagram: (Three-Force body)
D a
‘\)\& 15,
ot
.....!LS in.
A
8 n.

A

f
12, (Zia,

The line of action of reaction at 4 must pass through £, where T and the 40-1b load mntersect,

tanazmli[;zz% 30°- B
AR 12 =(7.380°
o =62.447°
. EH 5
tdnﬁ—vgﬁgwﬁ 4D Vo
[ =22.620°
) 40" - o
Force triangle 4 = ! = 40 1o =727.65%°

sin67.380° sin27.553° sin 85.067°
A=37.11b <" 62.4° 4

T=18.571b 4
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280 mim — PROBLEM 4.72

Determine the reactions at 4 and D when /3 = 30°.

180 i

LOO anm

“‘Xt 50N

SOLUTION

From f.b.d. of frame ABCD
. SYEM,, =0: ~ A(0.18 m) -+ [(150 N)sin 30°](0.10 m)
r‘ 028m i +[(150 NYcos30°H0.28 m) = 0

'1—A A A=24374 N
algm ﬁki}s OfF A =244 N o

} 8
P X
o.fom { o D, LEF =00 (243.74 N)+(150 N)sin 30° 4 D, =0
4 Y €fb.d.
)hw D, =-318.74 N
150N '

+{ZF, =0: D, ~(150 N)cos30°= 0
D, =129.904 N

Then D= (DY +D’

= (318.74)" +(129.904)
=344.19 N

(D,
and f=1an"'| —-
0,

1 129.904

=tfan | ———

-318.74

=-22.174° or D=344N ™. 222°

_
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- 280 nun

*'* PROBLEM 4.73

{ e Determine the reactions at 4 and D when f = 60°.

156 mm

s

HIO s

SOLUTION
From [.b.d. of frame ABCD
e osee i) EM ), =0 —A(0.18 _m) +{(150 N)sin 60°1(0.10 m)
A +[{150 Nycos60°[(0.28 m)=0

] A A=188.835 N
o8 m uD,

j 6 or A=188.8N— 4
oJom o Yo TLRF =07 (188.835 N)+ (150 N)sin60° + 3, =0

{ C Eb. d' —_— ¥ — N . A (h o ¥ —

coe 190N D, =-31874 N

+12F, =0: D, ~(150N)cos60°=0
D, =75.0N

Then D= (DY + (Dj-)l

= J(318.74) +(75.0)
32744 N

D,
and O=tan 'l -
D,

=tan~’ [W75'0
~318.74

=—13.2409° or D=327 N™.13.24° 4
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PROBLEM 4.74

A 40-1b roller, of diameter 8 in., which is to be used on a tile fJoor, is resting
directly on the subflooring as shown. Knowing that the thickness of each tile
is 0.3 in., determine the force P required to move the roller onto the tiles if
the roller is (@) pushed to the left, (h) pulled to the right.

2)

T=058F 4

SOLUTION
See solution to Problem 4.73 for free-body diagram and analysis leading to the following equations:
)D
T 1+ cosd
C=p S0 g
I+cosé
For 8 =45°
P Al
Eq. (1): Pomo e 2 !

T l4cosdse 17071

in45° 0.
Eq. (2 Cup s 45 - p T071

1+ cos45° 1.7071

C=0444p - 4
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PROBLEM 4.75

Member ABC is supported by a pin and bracket at B and by an
inextensible cord attached at 4 and € and passing over a frictionless
pulley at 1. The tension may be assumed to be the same in portions AD
and CD of the cord. For the loading shown and neglecting the size of

¥ |<_ a = 12 i, — the pulley, determine the tension in the cord and the reaction at B,
- 24 in. s
SOLUTION
) Free-Body Diagram:
Reaction at B must pass through D.
. D
7.
fana = -
12 in 4 T
o T .
o =30.256 -l o e
. B
tan ﬁ - 7 in. 7215 —_l\_:‘ic .
24 in. . AR5
J=16.26°
Force triangle
2(3;&3._“ % 90" +(3 = /06,26

o~ v ST

T - T-T21b B
sin59.744°  sin13.996°  sin[06.26
T(sin13.996°) = (T — 72 Ib)(sin 59.744%)
T(0.24185) = (T —T2)}(0.86378)
7T =100.001b T=100.01b 4
sin 106.26°

5in 59.744
=111.14 Ib B=111.11b< 303° 4

Law of sines

B = (100 1b)

PROPRIETARY MATERIAL. © 7010 The McGraw-Hill Companies, Tnc. Al rights reserved, No part of this Manual may be displayed,
reproduced or distributed in aiy form or by any means, without the prior writiern permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. if you are a student using this Manual,
you are using it without permission.

426




: jﬂﬁlﬁo o — . PROBLEM 4.76

] ,,._wag e

= 120 mm Member ABC is supported by a pin and bracket at B and by an
inextensible cord attached at 4 and C and passing over a frictionless
pulley at D. The tension may be assumed to be the same in portions
AD and CD of the cord. For the loading shown and neglecting the
size of the pulley, determine the tension in the cord and the reaction
at .

230 mm

s

SOLUTION

Free-Body Diagram:

e rt0 m.—»-!c

Force triangle

r “F
57

B 2 T=757%

o

Reaction at B must pass through D.

=20 ga3eee  L-TZ73b_B
160

3 5
3T =47 -300; T=3001b
miTx%@OO Ib)=3751b B=3751b=_ 36.9°
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PROBLEM 4.77

applied at 8.

) imm

A
B
[« 160 tum —:g
1706 N

g

Rod 4B is supported by a pin and bracket at 4 and rests against a frictionless
i peg at C. Determine the reactions at 4 and C when a 170-N vertical force is

SOLUTION

The reaction at 4 must pass through > where C and 170-N force intersect.

300 mm
o =28.07°

We note that triangle ABD is isosceles (since AC = BC) and, therefore

L CAD = g = 28.07°

Also, since CD L CB, reaction C forms angle o =28.07° with horizontal.

Force triangle
We note that A forms angle 2a with verfical. Thus A and C form angle
180° —(90° —ax) ~ 20 = 0° ~ ¢

Farce triangle is isosceles and we have

A=170N
C=2(170 N)sine
=160.0 N

Free-Body Diagram:
{Three-Force body)

X =2807
N

J70N

A=1700N™33.9° C=160.0N 47 28.1° 4
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PROBLEM 4.78

Solve Problem 4.77, asswning that the 170-N force applied at B is horizontal
150 mm and directed to the telt,

PROBLEM 4.77 Rod 4B is supported by a pin and bracket at 4 and rests
against a frictionless peg at C. Determine the reactions at 4 and € when a
170-N vertical force is applied at B.

nin

SOLUTION

Free-Body Diagram: (Three-Force body)

AL <l
7 B [N
The reaction at 4 must pass through D, where C and the 170-N force intersect.
166 mm
tan ¢ = ——-—
300 mm
= 28.07°

We note that triangle ADB is isosceles (since AC = BC). Therefore < 4 =<« B =90°— a.
Also L ADE =20

Foice triangle
The angle between A and C must be 2¢ ~ ¢ = ¢

o =28.07°

Thus, force riangle is isosceles and
A=170.0 N

C=2(170 N)cosax =300 N
A=1700N50.1° C=300N.+728.1° 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hili Companies, Ine. All rights reserved. No part of this Menual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution o teachers and ecucators permitted by McGraw-Hill for their individual course preparation. If vou ave a siudent using this Manual,
you are tsing it withowt permission.

429



lf??iﬂ i +i-—— 250 mun -

300 nn
——

hl

PROBLEM 4.79

Using the method of Section 4.7, solve Problem 4.21,

PROBLEM 4.2t Determine the reactions at A and B when
(ay h=0, (b)Y A=200 mn.

SOLUTION

Free-Body Diagram:

150N

(@)

h=10

Reaction A must pass through C where 150-N weight and
B interect.

Torce triangle is equilateral
A=1500N<730.0° 4
B =150.0 N ™= 30.0° o

(h) H=200mm
55,662
tan fF = e
p 250
B =12.552°
Force triangle
I»?So Lan36” Law of sines
= 4 23 mw
150N 4 B
sinl7.448°  sin60°  sinl02.552°
A=43324T7N
186~ 40 102,652° B=488.31N
oN = /758"
A =433 N~ 12.55° 4
e NYYid B
LA Celiab B =488 N ™ 30.0° <€
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PROBLEM 4.80

250 wmm

Using the method of Section 4.7, solve Problem 4.28.

PROBLEM 4.28 A lever A8 is hinged at C and attached 1o a control
cable at 4. If the lever is subjected to a S00-N horizontal force at B,
determine («) the tension in the cable, () the reaction at C.

SOLUTION

Reaction at C must pass through £, where F;, and 500-N force intersect,

Singe AC = CD =250 mm, triangle 4CT is isosceles.

We have L C=90°+30°=120°
and 44340:5(180%;200)=30°

On the other hand, [rom triangle BCF:

CF = (BC)sin30° = 200 sin 30° = 100 min

FD =CD—CF =250~100 =150 mm

From triangle EFD, and since < D =307

EF = (FDYtan 30° = 150 tan 30° = 86.60 mm

CF 100 mm

From triangle £#C: tan g = EF - 8660 mm
a=49.11°
Force triangle
Fon C 500N

Law of sines - = = —
sin49.11°  sin60°  sin 70.89°

Fo,=400N, C=458N
{a)
)

Free-Body Diagram:
{Three-Force body)

IDimensions in mm

180"~ 109, 15°
= 70.89°

Fp=400N <
C=458 N 7 49.1° <4
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PROBLEM 4.81

Knowing that £ =30, determine the reaction (a) at B, (by at C.

SOLUTION

Reaction at ( must pass through D where force P and reaction at B intersect.

In A CDE: o = B3 =DR

R
o \/§ —1
F=362°
Force triangle
20
%% 2" g = 238
> .
Law of sines P8 ¢
sin23.8° sinl26.2°  sin30°
B=2.00P
C=1239P

(a)
(5)

Free-Body Diagram:
{Three-Force body)

T

]
I

8
2?/2 - i;jz
=(VF~)R
1 A\
£f—r—D

B=2P.60.0°
C=1.239P36.2° 4
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PROBLEM 4.82

Knowing that 8 = 60°, determine the reaction () at B, (#) at C.

SOLUTION

Reaction at C must pass through D where force P and reaction at B intersect.

In ACDE:

Force triangle

Law of sines

(@)
(b)

R-—-&

N

tan f = ————
ﬂ R

Free-Body Diagram:
{Three-Force body)

P B _C

sin52.9° sin67.1°  sin60°
B=1.155P
C=1.086P

B=1.155P 300" d
C=1.086P 47229 4
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PROBLEM 4.83

Rod 4B is bent into the shape of an arc of circle and is lodged between two
pegs D and £. It supports a load P at end B. Neglecting friction and the
weight of the rod, determine the distance ¢ corresponding to equilibrium

when a =20 mm and £ = 100 mm.

SOLUTION

Stitce
Slope of £D is 7~ 45°
stope of HC 15 7 45°

Also

and

For triangles DHC and EHC

Now

For

and

Yip = Xgn =4,

DE =2a

a

V2

DH = HE = [%J DE =

5in I ——
F=% NEY:

¢ = Rsin(45° ~ )

a=20mm and R=100mm

sin 3= 20 mm
N2{100 mm)
= 0.141421
f=8.1301°

¢ =(100 mm)sin{45°~8.1301°)
= 60.00 mm

Free-Body Diagram:

or ¢=60.0mm
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PROBLEM 4.84

A slender rod of length L 15 attached to collars that can slide fiecly along the
guides shown. Knowing that the rod is in equilibrium, derive an expression
for the angle € in terms of the angle £,

SOLUTION

As shown in the free-body diagram of the slender rod AB, the three forces intersect at €, From the force
geometry

Free-Body Diagram:

X, B
_ fun
tan F =~ & .
Yag
e ¢ Yag
where
A
Vg = Leost A < )
Xoh
and

Xep :%Lsin o

LLsing
tan f§ =

Leosé

2 —;j’san 8 or tanf=2tan 3 <
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PROBLEM 4.85

An 8-kg slender rod of length L is attached (o collars that can slide
frecly along the guides shown. Knowing that the vod is in equilibrivm
and that = 30°, determine () the angle @ that the rod forms with the
vertical, (h) the reactions at 4 and B.

SOLUTION

{¢}  Asshown in the free-body diagram of the slender rod 4B, the three forces intersect at C. From the

geomelry of the forces

where

and

or

For

(h)

From force triangle

and

tan ff = Lep

Ype = Leosd

1
tan = > lan g

tan @ = 2tan ff

tan @ = 2tan 30°

Free-Body Diagram:

Yre

Xep = »;stin e

£=30°

=1.15470
6=49.107° or #=49.1° 4

W= mg = (8 kg)(9.81 m/s?) = 78.480 N

A=W tan ff

=(78.480 N)tan 30°

= 45310 N or A=453N-- 4
B W_. 18480N =90.621 N or B=90.6 N~ 60.0° 4

cos S cos30°
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PROBLEM 4.86

A slender uniform rod of length £ is held in equilibrium as shown, with one
end against a fiictionless wall and the other end attached to a cord of length S.
Derive an expression for the distance # in terms of L and S. Show that this
position of equilibrium does not exist if § = 2/,

SOLUTION
From the £.b.d. of the three-force member AB, forces must intersect at D,
/\ Since the force T intersects Poinl D, directly above G,
s f'_......__r Vuy =H
h
ﬁ 2 2 £+ Fortriangle ACE: §? = (AEY +(2h) (1)
N N e
bW or irangle ABE: L =(AEY + (k) (2}
L Subtracting Equation (2) from Equation (1)
f£b.d.
8- =30 3)
2 g2
or h= R <
3
As length .S increases relative to length 7, angle € increases until
rod A8 is vertical. At this vertical position:
C h+l=5 or A=S-1L
[ Therefore, for all positions of 4B
h h=8~L (4)
5 2 T g2
or S—i =85-L
L
) or 8§ 1P =3(S - Ly
A = 3(S7 - 2SL+17)
=38" - 6SL+3L°
or 0= 25"~ 6SL+4L
and 0= 8 —38L42L =(S - LYS—21)
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PROBILEM 4.86 (Continued)

For S~L=0 S=L

Minimum value of Sis L
For S-2L=0 8§=2L

Maximum value of §is 21
Therefore, equilibrium does not exist if §> 27, 4
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PROBLEM 4.87

A slender uniform rod of length L = 20 in. is held in equilibrivm as shown,
with one end against a frictionless wall and the other end attached to a cord
of length S =30 in. Knowing that the weight of the rod is 10 b, determine
{a) the distance A, (b) the tension in the cord, (¢) the reaction at B.

SOLUTION

From the f.b.d. of the three-force member 4B, forces must intersect at D,
Since the force Tintersects Point D, directly above G,

Vg =h
For triangle ACE: S = (AEY + (2h) 8]
For triangle ABE: 1} = (AEY +(h) @)

Subtracting Equation (2) from Equation (1)

St~ 12 =3h°
2 2
or h= s =L
3
B (ay For L=20in, and §=30in.
7 2
6 e J@%@_
W T =12.9099 in, or A=1291in. 4
90°- O ()  Wehave W =101b
and & =sin"' (—Z-i?—]
5
. _q| 2(12.9099)
=8I |
30
#=59391°
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PROBLEM 4.87 (Continued)

From the force triangle
W
sind
101b

T 4in59.391°
=11.6190 Ib of  T=11621b 4

T =

W
C B =
(©) tan &
10 )
tan 59.391°
=591611b or B=5921h -
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PROBLEM 4.88

A uniform rod 4B of length 2R rests inside a hemispherical bowl
of radius R as shown. Neglecting friction, determine the angle &
corresponding to equilibrium.,

SOLUTION

Based on the £.b.d., the uniform rod AB is a three-force body. Point [ is the point of intersection of the three
forces. Since force 4 passes through O, the center of the circle, and since force C is perpendicular to the rod,
triangle ACE is a right triangle inscribed in the circle. Thus, £ is a point on the circle.

Note that the angle « of triangle DOA is the central angle corresponding to the inseribed angle 8 of
triangle A,

=28

The horizontal projections of AE, (x,,), and 4G, (x,;), are equal,

Xap = X0 =X,

or (AEYcos28 = (AG)cosd
and (2R)cos28 = Rcos &
Now c0s 26 =2cos” 01
then 4eos’ @ -2 =cosd

or dcos® @—cosf—-2=0

Applying the quadratic equation
cos&=0.84307 and cosf=-0,59307
#=32.534° and €=126.375°(Discard) or #=32.5" 4
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PROBLEM 4.89

A slender rod of length L and weight I is attached to a collar
at 4 and is fitted with a small wheel at 8. Knowing that the
wheel rolls freely atong a cylindrical surface of radius R, and
neglecting friction, derive an equation in 8, L, and R that nst
be satisfied when the rod s in equilibrium.

SOLUTION
Free-Body Diagram (Three-Force body)
Reaction B must pass through D where B and W intersect,
Note that AABC and ABGD are similar.
AC = AE = Lcos
In AABC: (CEY’ +(BEY =(BC)
(2Lcos 0 +(Lsin@) = R’

2
({?] =4cos’ @+sin’ @

| =

2
(IJ = deos” O+ 1-cos’ @

2
( ] =3cos’ @+1
L

[ =
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PROBLEM 4.90

Knowing that for the rod of Probiem 4.89, 1. = 15 in., R =20 in., and
W =10 1b, determine () the angle & corresponding to equilibrium,
() the reactions at 4 and B.

SOLUTION

See the solution to Problem 4.89 for free-body diagram and analysis leading to the following equation

2
coslé’mi (_{"_) -1
3N L

For L=15in, R=201in, and ¥ =10 Ib.

Nz
cos? 9= [ 2011 959390 6=59.4° 4
3L ES i,

()

ianrx—Efi“ Lsind uitanf)
In AABC: CE  2Lcos® 2

N o = %tan 59.39%=(.8452

a=40.2°
Force triangle
$0.2°
w::fo I
wTo = #a8°
A=W tang =(101b)tan 40.2°=8.451b
B= W = (10 1b) =13.09 b
cosex  cos 40,2°
2] A=8451h— 4
{¢) B=13.091b™ 49.8° 4
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g PROBLEM 4.91

A 4x8-ft sheet of plywood weighing 34 1b has been temporarily
placed among three pipe supports. The lower edge of the sheet
rests on small collars at 4 and B and its upper edge leans against
pipe C. Neglecting friction at all surfaces, determine the reactions
at A, B, and C.

SOLUTION

375, 13919,

Yo = e 1+ jtk

We have 3 unknowns and 6 Egs. of equilibrium.
Plywood sheet is free 1o move in z direction, but equilibrium is maintained (ZF, = 0).

EMp =00 ry X (A + A J) + ryp X Ci) 4 v X (=w) =0

i j k i ik i ik
0 0 4[+]3.75 13919 2 |+|1.875 069 1|=0
A4, 0| |- 0 0 0  -34 0

—44i+4A4,j-2Ci+1.3919Ck +34i—63.75k =}

Equating coefficients of unit vectors to zero:

i ~4A, +34=0 A, =851b

j: —2C+44, =0 A, =%c :%(45.80) =2291b

k: 1.3919C -63.75=0 C=45801b  C=4581b
IF =0: A +B ~C=0: B,=458-229=2291b
TF,=0: A, +B —W=0: B, =34-85=2551b

A=(2291)i+(851b)] B=(229)i+(2551b)j C=-(45.81b) «
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PROBLEM 4.92

Two tape spools are attached to an axle supported by
bearings at 4 and D. The radius of spool B is 30 mm and
the radius of spool C is 40 mm. Knowing that 7, =80 N
and that the system rotates at a constant rate, determine the
reactions at A4 and D. Agsume that the bearing at 4 does
not exert any axial thrust and neglect the weights of the
spools and axle.

SOLUTION

Dimensions in mm

We have six unknowns and six Egs. of equilibrium,

EM =0 (900 +30K)X (~80f) + (2108 + 40§)x (~Tok) + (300i)x (D, i+ D, j+ D,K) =0
~7200K + 2400i + 2107,.j — 407,.i + 300D k ~ 300D,j =0

HEquate coefficients of unit vectors 1o zero:

0 2400407, =0 T =60N
i 2107 300D, =0 (210)(60)— 300D, =0 D =42N
k: ~7200+3000, =0 D, =24 N

SF =0 D, =0

YF,=0: A, +D, ~80N=0 A, =80-24=56N

IF, =00 A +D,—60N=0 A =60-42=18 N

A=(5600MN)j+(18.00 N}k D=(240N)j+(42.0N)k 4
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¥ PROBLEM 4.93

S Solve Problem 4.92, assuming that the spool C is replaced

by a spool of radius 50 mm.

PROBLEM 4.92 Two tape spools are attached to an axle
supported by bearings at 4 and D. The radius of spool 8
is 30 mm and the radius of spool C is 40 mm, Knowing
that 7, =80 N and that the system rotates at a constant rate,
determine the reactions at 4 and D. Assume that the bearing
at A does not exert any axial thrust and neglect the weights
of the spools and axle.

120 7

SOLUTION

Dimensions in mm

We have six unknowns and six Eqs. of equilibrium,

EM =00 (90i+30K)x (=80f) + (2108 + 50))x (~ToK) + (300D x (D,i+ D, j+Dk) =0
~7200K + 2400i + 2107,.j - 50T,i +300D,k —300D,j=0

Equate coefficients of unit vectors to zero:

i 2400507, =0 7. =48 N
i 2107, -300D, =0 (210)(48)—300D, =0 D, =33.6N
k: -7200+300D, =0 D, =24N

SF =0 D, =0

$F, =0: A, +D,~80N=0 A, =80-24=56N

IF, =0: A, +D,~48=0 A, =48-33.6=14.4 N

A=(56.0N)j+ (1440 N)k D=(240N)j+(33.6 Nk <«
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PROBLEM 4.94

Two transmission belts pass over sheaves welded to an
axle supported by bearings at B and 1. The sheave al 4
has a radius of 2.5 in., and the sheave at ¢ has a radius
of 2 in. Knowing that the system rofates at a constant
rate, determine (a} the tension T (b) the reactions at B
and D. Assume that the bearing at D does not exert any
axial thrust and neglect the weights of the sheaves and
axle.

SOLUTION

Assume moment reactions at the bearing supports are zero. From £b.d. of shaft

(a) EM =00 (241b=181b)5in) + (30 b =T)4in) =0 T=3751b 4
(b SF =0 B =0

EM iy =0 (3016+37.51b)(6in) - B,(12in)=0
B,=33751b

M, 0: (241b+181b)20in)+B,(12in) =0

-4xis) =
B, =-70.01b
or B=(33.81b)j—(70.0Ib)k <«
IM iy =00 = (301b+37.51b)(6in)+ D, (12in.) =0

D, =33.751b
IM iy =00 (24 1b+18 b)8in) + D, (12in.) =0
D, =-28.01b

or D=(3381b)j-(28.01b)k «
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PROBLEM 4.97

0.2 m An opening in a floor is covered by a 1x1.2-m sheet of
' plywood of mass 18 kg. The sheet is hinged at 4 and B and
is maintained in a position slightly above the floor by a small
block C. Determine the vertical component of the reaction
{a)at 4, (Myat B, (c)at C.

(.6 1m
0.2

SOLUTION

£y = 0.61

ey, = 0.8i+1.05k

Ty, = 0.3i+ 0.6k
W =mg =(18kg)9.81
W =176.58 N

IM =00 v X Bi4 1y, X Cj+ g, X(-Wj)=0

(0.61)x Bj+(0.8i +1.05Kk)x Cj + (0.3i + 0.0k ) x (=W]) = 0
0.68k +0.8Ck —1.05Ci ~ 0.3k + 0.6Wi =0
Equate coefficients of unit vectors of zero:

i LOSC+0.6W =0 C :(—(—)6%]] 76.58 N=100.90 N

k: 0.6B+08C—03W =0
0.68+0.8100.90 N)~0.3(176.58 N) =0 B =-46.24 N
YF =0 A+B+C-W =0
A-4624 N +100.90N+176.58 N=0 A=121.92N
(@) A=1219N (b) B=—462N (¢) C=100.9N |
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PROBLEM 4.98

0.2 m Solve Problem 4.97, assuming that the small block C
is moved and placed under edge DE at a point 0.15 m

0.2 m {rom corner £.

PROBLEM 4.97 An opening in a floor is covered by
a 1x1.2-m sheet of plywood of mass 18 kg. The sheet
is hinged at 4 and B and is maintained in a position
slightly above the floor by a small block C. Determine
the vertical component of the reaction (a) at A4, (b) at B,
{(cyat C.

SOLUTION

Ty = 0.01
Fep, = 0,051 + 1.2k
Y = 03i+ 0.6k

W =mg = (18 kg}9.81 m/s’
W =176.58 N

My =00 Wy X Bj 41 X ik by, X (Wi =0

0.6i X Bj +(0.65i +1.2K) X Cj + (0.3i + 0.6k } < (~-¥}) = 0
0.68k +0.65Ck —1.2Ci — 030k + 0.6Hi=0
Hquate coeflicients of unit vectors Lo zero:

i ~1204+0.60 =0 C:(%JJ?G.SSNzSSQQN

k: 0.654+0.65C-030 =0
0.68+0.6588.29N)-03176.58 NY=0 B=-T736N

ZF, =0 A+B+C-W=0

v
A-T3I6N+EE29N-176.58N=0 A=95.048 N

() A=956N (B) ~7.36N (¢) 883N <
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4 PROBLEM 4.102

For the pipe assembly of Problem 4,101, determine {(a) the
largest permissible value of a if the assembly is not to tip,

P <o | D (b)Y the corresponding tension in each wire.
A S
v 1.2m \
06
. / X
SOLUTION

W, =0.6m'g
W, =12m'g

EMp =00 1 X0 vy XEWH) 4 1y X D+ vy X Tj =0
(=i + 0.6K)X T j+ (=i + 0.3K) X (I ) + (0.6 ~ Q)i x (<, ) + (1.2~ )i xTpj =0
Tk 06T i+ W,k + 0.3, ~ Wy (0.6 - a)k + T,o(1.2 = a)k = 0

Equate cocfficients of unit vectors to zero:

. ] ’ 4
B 067, +03W =0, T, =-!2le :~2~0.6mg =(3mg

k: —Tat+Wa-W,06-a)+T-(1.2—a)=0
~0.3m'ga +0.6m'ga —1.2mg(0.6 —a)+ T,(1.2~a) =0

_03a-0.6a+1.2(0.6~-qa)

T T For Max « and no tipping, 7,
(e} 03¢ +1.2(06-a)=0
~03a+0.72-12a=90
1.5a=0.72

e =0

a=04%0m <
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PROBLEM 4.102 (Continued)

(b} Reactions: m'g = (8 kg/m) 9.81 m/s* = 78.48 N/m
T, =03m’y =03x78.48 =23.544 N T,=235N <
EF, =00 T +Tp + Ty~ W, ~W, =0
T +0+T, ~0.6m'g~12m'g =0

T, =18m'g -7, =18x7848-23.544=117.72 7,=1177N 4
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PROBLEM 4.103

The 24-1b square plate shown is supported by three vertical
wires. Determine (o) the tension in cach wire when g =10 n.,
(b} the value of a for which the tension in cach wire is § 1b.

SOLUTION

By symmetry: B=C

(e +

¥, = ai+ 30k
Yoy = 30+ ak
Ty = 5815k

IM, =00 rg X Bj+r. XCj+rg, <(-Wj)=0
30K) % Bj + (301 + ak)x Bj+(15i +15K) % (~Wj) =0
Bak —30Bi+30Bk - Bai—-15Wk + 15Wi=(

Equate coefficient of unit vector / to zero:

{¢) For
Bq. (D)

Eq. (2)

i —30B—-Ba+15W =0
p=t g W (1)
30+ a 30+ a
SF, =0 A+B+C-W =0
a2 P o 42 2)
N +a 30+a
a =101,
c=p="C40) 6601
30 £ 10
A= 10CA10) oo A=6001b B=C=9001b <
30+10
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PROBLEM 4,103 (Continued)

{by  For tension in each wire = 8 Ib

Eq. (1)

81b= 15(24 1b)
30+a
30+ o =45

a=15.00in. 4
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PROBLEM 4.104

The table shown weighs 30 Ib and has a diameter of 4 (. It is supported by
three legs equally spaced around the edge. A vertical load P of magnitude
100 Ib is applied to the top of the table at D. Determine the maximum
value of a if the table is not to tip over. Show, on a sketch, the arca of the
fable over which P can act without tipping the table.

SOLUTION
F=2ft b=rsin30° =11t

We shall sum moments about 45,
(b+r)CH(a—DYP —bW =0
(1+2)C +{a—-DI00-(H30=0

U= %[30 ~{a~1)100]

If table 18 not to tip, C =0
[30 ~{a-DIOO]=0
30=(a—-1)100
a—-1=03 a=13ft a=13001t

Only L distance from 7 to A8 matters. Same condition must be satisficd for cach leg. P must be tocated
in shaded area for no tipping
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PROBLEM 4.105

A 10-fi boom is acled upon by the 840-1b force shown. Determine the
tension in each cable and the reaction at the ball-and-socket joint at A4,

SOLUTION

We have five unknowns and six Egs. of equilibrium but equilibrium is maintained (ZM, = 0).

Free-Body Diagram:

3

BD = (-6 ft)i+(7f)j+(6f)k BD=111i
BE = (=6 )i+ (7T )j-(6 )k BE=11ft

BD Ty,
Typy = Tppy e = 22 (6 + T+ Ok
r ' B A0 T T ( J )
Ry c BE

Tok o po s o
;= Dy =22 (_6i+ Tj—- 0k
BE BE e T ( i—-6k)

My =00 1wy X Ty + 1 X T + 10 X (-840 =0

6ix 713? (~6i + 7 + 6k) +6ix%¥f~(—6i+ 7j—6k) +10i % (~840§) = 0

42 36, . 42, 36, .
o Tgpk =Ty i+ Ty k + m Ty j— 8400k

11 11 11
Equate coefficients of unit vectors to zero.

36 36 i
'“'i B "'TI“TBJ;‘ =) Tmf =gn

42 42 .
k: 1—]—7-;9!) +ﬁ-[gﬁ — 8400 =0
2[??7‘3,0 ~ 8400 T,p=11001h <

Ty =11001b o
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PROBLEM 4,105 (Continued)

ISP =0 A mf—’l(l IO(}lb)m]—()]—(] 100 1b) = 0

A, =12001b

LF, =00 A +:_E(] 100 lb)+]—71—(l 1001b)-8401b =0

Ay =560 b
. 6 6
ZE, =00 A4, +~I—1(I 100 ]b)~—l—1—(1 1001b}=0
A =0 A = (1200 1b)i — (560 1b)j
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PROBLEM 4.106

A 2.4-m boom is held by a ball-and-socket joint at C and by two
cables AD and AE. Determine the tension in each cable and the
reaction at C.

SOLUTION

Free-Body Diagram: Five Unknowns and six Eqgs. of equilibrium. Equilibrium is maintained (ZM,. =0}

osm 14 r; =12k
" r, =24k
AD=-08i+0.6j—24k  AD=2.6m
AL = 0.8 +1.2j-2.4k AE=28m
AD T, . .
T, = =200 814 0.6§ - 2.4k
=N T e ( ] )
— AE ];U;'

SAE L 0 8ie125- 2.4k
a5 28" 1 )

M =00 v, xT 4+, XT, +1p, X(-3kN)j=1

AE

S S R
0 0 24|=24|0 0 24|45 41 2kx(-3.6kN)j=0

2.6

—0.8 06 247 08 12 24

Equate coctficients of unit vectors to zero.
i: —0.553857,,-1.02857 7, +4.32=0 (1)
jr ~0.73846 7, +0.686717,, =0

T, =092857T,, )
Eq. (1): ~0.55385(0.92857) T, —1.02857 T, +4.32=0
AR Ak

1.54286 7', = 4.32
T, = 2.800 kN T, =2.80kN <
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PROBLEM 4.106 (Continued)

Eq. (2): T, = 0.92857(2.80) = 2,600 kN T, =2.60 kN «
) .
sk =00 ¢ -2 e+ 2 sy =0 C =0
: Y26 2.8 '
] L0612 _ ‘
2, =00 €4 OKN)+ 28N} = (.6 kN) =0 C, =1.800 kN
. 24 .
sF =00 -2 26k -2 sy =0 C. =4.80kN
26 2.8 :

C=(1.800 kN)j+ (4.80 kN)k <«
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f PROBLEM 4.107

Solve Problem 4.106, assuming that the 3.6-kN load is applied at
Point A.

PROBLEM 4.106 A 2.4-m hoom is held by a ball-and-socket joint
at C and by two cables AD and AF. Determine the fension in each
cable and the reaction at C.

SOLUTION

Free-Body Diagram:  Five unknowns and six Egs. of equilibrium. Equilibrium is maintained (£M,,. = 0).

Sk AD =081+ 0.6~ 2.4k Al =26m
. AE =0.8i+1.2j- 2.4k AFE=28m
AD T, _ _
[y = e = =52 (081 4+ 0.6] — 2.4k
L2 AT T, ( ) )
; ! AE T,
A T ==L (08i+12j-2.4k
7an >L>c TR I )
# e
# -(3..4N IMe =00 ry X Ty 1 XTyp 1, X(-3.6 kN)j
Factor #,: r X (T + T (3.6 KN)j)
ot T,,+T; ~GkN)j=0 (Forces concurrent at A)
Coefficient of §: ~Lw g8y+ Liz .8y~ 0
2.6 2.8
2.6
T =T, [
AR 78 AE ( )
Coefficient of j: —7—14—”_—(0.6) + '—T’i(l 2)-3.6kN=0
2.6 2.8
207 o[ 20T, s 6km=0
28 T l2060) 28 77
Ar(o.m;.g_)x}ﬁ N
i 8
Ty =5.600 kN T =5.60kN
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PROBLEM 4.107 (Continued)

Eq. (1): T =—§—l§-(5.6)=5.200 kN T, =5.20kN «
st 0. ¢ -8 521004 22 56100 = 0 C, =0
’ Y26 2.8 '
0.6

IR, =0 C, (5.2 kN)+—]2—'—§~(5.6 kN)-3.6kN=0 C =0

..|....__.
2.6
: 2,
5F =0 C - 225218 - 22 (5.6 kM) =0 C, =9.60 kN
T 26 2.8
C=(9.60 kN)k «

Nore: Since forces and reaction are concurrent at 4, we could have used the methods of Chapter 2.
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PROBLEM 4.108

A 600-1b crate hangs from a cable that passes over a
pulley B and is attached to a support at /1. The 200-1b
boom AR is supported by a ball-and-socket joint at 4
and by two cables DE and DF. The center of gravity
of the boom is located at G. Determine () the tension
in cables DF and DF, (b) the reaction at A.

16.5 ft

6.6 [t

SOLUTION

¥ree-Body Diagram:

W,. =600 1b
W, =200 1b

We have five unknowns (T, Ty, 4,, 4, 4,) and five equilibrium equations. The boom is free to spin about

the AR axis, but equilibrium is maintained, since ZM ,, = 0.
We have BH = (30 ft)i—(22.5 f1)j BH =37.51t
DF =(13.8 fu)i — %(22.5 f)j+ (6.6 Tk

=(138f0i—(165M)j+(6.6T0k  DE=2251ft
DE=(138)i—-(165Mj- (6.6 Mk  DF =225
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PROBLEM 4.108 (Continued)

. . BH 30i ~ 22.5j ) )
Thus: Ty =Ty, = (600 Eb)—?fg—— = (480 Ib)i — (360 Ib)j
DE Ty,
T, = Ty = PE (1381 —16.5i+ 6.6k
DE I DE 22.5( 5.5+ 6.6k)
DF T, ,
T =T, 2o = 2DE (13 8i—16.51 — 6.6k
DI DF DF 22‘5( ] bk )

(@) M, =00 (1, x We)+ (g X W)+ (5, X T )+ (1, X Ty )+ (5 X Ty ) = 0
~ (12i) X (~600) — (61) X (~200]) + (I 81) X (480 — 360j)
i ik i j k
T})}i‘ T}JJ’
+REL S g pe4+—2 s 0 —66/=0

22.5 22.5 _ .
13.8 ~16.5 6.6 13.8 -16.5 —-6.6
or, 7200k + 1200k — 6480k +4.84(7,,,, — T )i
58.08 . 825
"‘W(ﬂ)}; ~Tpe)i- '55‘5“ (Tpp +Tpp )k =0

Equating to zero the coeflicients of the unit vectors:
forj T =Ty =0 Tow = Toe*

k: 72()(}+22{)O~6480—%2(27‘”,5):0 Ty =261.821b

Tpp = Tpe =26210 4

(b) XF.=0: A_+480+ 2[%%](261 82)=0 A, ==801.17 Ib
, 16.5
SF,=0: A, ~600~200-360- 2[52—5](261 82)=0 4,=1544.001b
SF,=0: A =0 A =—=(801 Ib)i + (1544 [b)} 4

*Remark: The fact that 7}, =7}, could have been noted at the outset from the symmetry of structure with
respect to xy plane,
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! PROBLEM 4.109

A 3-m pole is supported by a ball-and-socket joint at 4 and
by the cables CD and CE. Knowing that the 5-kN force acts
vertically downward (¢ =0), determine () the tension in
cables CDand CE, (b) the reaction at A.

= 2m 11—

SOLUTION
I'ree-Body Diagram:
By symmetry with xy plane
Tp =Ty =T
LA E CD=-3i+1.5j+1.2k

Z CD=3.562m
/

12 N S

uauI?M%:xJ. €D _pBitl5jtl2k

" . Tep =T cD 1.562
92&/ __mj ‘3 < . . T
“Ad J 3415512k
£ kA (N TSI
Ky = 21 Ky = 3
IM, =00 1y, X Tey 10, X Ty +1, (=5 kN)j=0
i j k i H k i j k
3 ¢ 0 r +{3 0 0 r +2 0 0j=0
3.562 3.562
-3 1.5 1.2 -3 1.5 1.2 6 -5 0
. .. T .
Coclhcient of k; 2{3x].5>< 156 }—EU:O T=3958kN
D

LI =00 ATy Ty =5i=0
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PROBLEM 4,109 (Continued)

Coefficient of k: A, =0

Coefficient of i: A, —2A3.958x3/3.562]=0 A, =6.67kN

Coefficient of j: A, +2[3.958x1.5/3.562]~5=0 A, =1.667 kN

{(a) Topy =Ty =396 kN

(b) A =(6.67TkN)i+(1.667 kN)j 4
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Y PROBLEM 4.110

A 3-m pole is supported by a ball-and-socket joint at 4 and
by the cables €D and CE. Knowing that the line of action
of the 5-kN force forms an angle @ =30° with the vertical
xy plane, determine (@) the tension in cables CD and CFE,
{b) the reaction at 4.

jroomi—.

SOLUTION

Free-Body Diagram:
Five unknowns and six Egs. of equilibrium but equilibrium is
matitained (M . =)

Tya =21
Tep =31
Load at 5. =—{5cos3Mj+ (5sin30)k
=-4,33j+ 2.5k
CD=-3i+15j+12k CD=3.562m L—~*2m Im
ch_ T
Ty =Top ——=———(-3t+1.5j+1.2k
oo = hen oy 3.562( ] )
Similarl T, ~———j:—~(w3i+! 5§—-1.2k)
i =3 562 S

My =00 wy X T ey X Tep 1, X (-4.33+2.5k) =0

i j k . i i k . i i
30 ()§§%*‘3 0 0 §§§+2 0 0[=0
3015 12777 |3 15 127 0 433 25

Equate coefficients of unit vectors to zero.

TC.‘I} +3.6 TCL
3.562 7 3.562

~3.6T,y, +3.6T,, ~17.810= 0 (1

~5=0

ii 36
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PROBLEM 4.110 (Continued)

Teo 445 T g66-0
3562 3.562

4.5T,,, +4.5T,, =30.846

45
(2)
(2)+1.25(1): 9T, ~53.11=0 T, =5901kN

—3.67T,., +3.6(5.901)~17.810=10

Eq. (1%
Ty = 0.954 kN
LF=00 A+ T, + T, ~433j+2.5k =0
9 5.1
A, +9~+§i(43) +m-90w](~3) ={
©3.562 3.562
A, =577TkN
) ¢
A, + 0.934 1.5+ 3901 (1.5)—433=0
S 3.562 3.562
A), =1.443 kN
.95 L
A, + 0.9 4(1.2)+ 2901 (-1.2)+2.5=0
3.562 3.562
A4, =—0.833kN
Answers:

(a) T,y = 0.954 kKN T.p =590 kN <

Q)

A=(5.77 kN)i + (1.443 kN)j — (0.833 kKN)k
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PROBLEM 4.111

A 48-in. boom s held by a ball-and-socket joint at C' and
by iwo cables BF and DAFE; cable DAF passes around a
frictionless pulley at A. For the loading shown, determine
the tension in each cable and the reaction at C.

z 320 1

SOLUTION

Eree-Body Diagram:

Five unknowns and six Eqs, of equilibrium but equilibrium is
maintained (AL, = 0).

T =Tension in both parts of cable DAE.

2O,
r, =30k
x
r, =48k
AD=-20i~48k  AD=52in. z (e
AE =20j— 48k AE =521n.
BF =16i - 30k BF =34 in.
AD T . T
T, =T = (=201 — 48Kk) = - (=5i — 1 2k
BT 4D 52( ) 13( )
AE T T
T, =T = (20§ 48Kk) = (5]~ 12k
AL AE 52( J ) 13(1 )
BE  T.. T
Ty = Ty e = (161 — 30k) = 22 (8i — 15k
BI BF BE 34( ) ) 17 ( )

EM =00 1, XT 410, )T, 41, Ty A1y x(=320)j=0
i Jj k P j k - i j k r
0 0 48 T§+ 0 0 48 gwin 0 0 30 miﬁ-f;+(30k)x(~—320j)20
-5 0 -12 0 5 12 8 0 -3

Coefficient of §: m%%ﬂ—T + 9600 =0 T =5201b
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PROBLEM 4.111 (Continued)

Coefficient of j; “g%g T+ %%9 Top =0

17, 17 :
Tup =3 T =75(520) Ty =680

2F=0: T,,+T, +Ty ~320§+C=0
. ) - 20 8 .
Coefficient of i: “5(520) + "1“7“(680) +C, =0

2004320+ C =0 C,=-1201b

Coefficient of j: %(520) ~320+C, =0

200-320+C, =0 C,=1201b

Coefficient of k: fﬁ(520) i (520)~ E(680) +C, =0
52 52 34

~480 - 480~ 600+, =0
C, =15601b
Answers: Ty =T Thar =35201b «
Ty =680
C=—(120.0 )i +(120.0 Ib)j + (1560 Th)k <
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~ 7 PROBLEM 4.112

\Tﬁin& Solve Problem 4.111, assuming that the 320-1b load is
applied at 4.

PROBLEM 4.111 A 48-in. boom is held by a ball-and-
socket joint at C and by two cables BF and DAE; cable
DAE passes around a {rictionless pulley at 4. For the
toading shown, determine the tension in each cable and
the reaction at C.

SOLUTION

Free-Body Diagram:

Five unknowns and six Egs. of equilibrium but equilibrium is
maintained (ZAf,. = 0).

T = tension in both parts of cable DAE.

1, =30k

r, =48k

AD = -20i - 48k AD =52 in.

AE = 20j— 48k AE =52in.

BFE =16i - 30k BF =34in.
AD T T

T,, =T = e (20§ ~ 48K ) = —— (~5i — 12k

an =T 52( ) I3( )
AE T T

T, =T 5 = e (20§~ 48K) = —— (5§~ 12k

AE AL 52( } ) ]3(.1 )

BF  T.. T,
=Ty o = 22 (16§ — 30k ) = 222 (8§ — 15K
Bl B B 34( J ) ”( )

EM =00 v, )T+, xT 41y Ty +71, x(=3201b)j=0

i j k i j k ’ i j k .
0 0 48 %+0 0 48| —+|0 0 302 448Kk x(=320)) =0

i3
-5 0 12 0 5 -2 8 0 ~I5

Coefficient of i —%T +15360 =10 T=8321b
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PROBLEM 4.112 (Continued)

240 240
— Ty
13 17

17 17
Typ =T = (832 Tpp =10881b
LA 13( ) BD

Coefficient of j: wn =0

YF=0: T, +T, +T, —320§+C=0
e . 20 ¥
Cocfficient of i; ——{832)+—(1088)+ C =0
52 17 :
—3204+5124C, =0  C,=-1921b
o e . 20 ,
Coefficient of j: "5"3“(832) —-320+C, =0
320-320+C, =0 C, =0

Coefficient of k: Mﬁ(832) - ﬁ(SSZ) - 92(3 088)+C, =0
52 52 34

_768-T68-960+C, =0 €, =24961b
Answers: Tpue =T Tpue =8321b 4
T,, =10881b €
C=-(192.01b)i +(24% Ib)k «
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PROBLEM 4.113

0. m_plse 0901

- B A 20-kg cover for a roof opening is hinged at corners 4 and B.
The roof forms an angle of 30° with the horizontal, and the
cover is maintained in a horizontal position by the brace CE.
Determine (o) the magnitude of the force exerted by the brace,
(b) the reactions at the hinges. Assume that the hinge at A does
not exert any axial thrust,

[JRIRE

SOLUTION
Force exerted by CD
F = F(sin 75 + F(cos 75°)j ‘9
F = F(0.2588i + 0.9659j) plodm S
W =mg =20kg(9.81 m/s*)=196.2 N O'%”'}T’ i Kﬂ"
l',;,B = 06k i) ~
Fep = 0.9i+ 0.6k
Yo = 0,451+ 0.3k
¥ = F(0.2588i + 0.9659))
IMy =00 g X (1962 +rpy XF 41, XA =0
i j k i j k i j k
0.45 0 0.3+ 09 0 0.6F+[0¢ 0 0.6/ =0
0 —1962 0| [0.2588 +1.9659 0 A4, 0
CoefTicient of i : +58.86-0.5796/ - 0.64, =0 {1)
Cocfticient of j: +0.1553F +0.64, =0 (2)
Coefticient of k: —88.29+0.80693F =0: F=101.56 N
Eq. (2): +58.86 ~ 0.5796(101.56) - 0.64, =0 A, =0
Eq. (3): +0.1553(101.56) + 0.64, =0 A4, =-26.29 N
F=10l.6 N A=-(203N)
IF: A+B+F-W, =0
Coefficient of i 2629+ B_+0.2588(101.56)=0 B =0
Coefficient of j: B, +0.9059(101.56)~196.2=0 B =981N
Coetticient of k: B, =0 B=(98.1N)j 4
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PROBLEM 4.114

The bent rod ABEF 1s supported by bearings at C and D and by wire
AH. Knowing that portion 4B of the rod is 250 mm long, determine
(&) the tension in wire AF, (b) the reactions at C and D, Assume that
- the bearing at 2 does not exert any axial thrust.

A IS0 mm 3

300 mm !
T
\/

A0 mon

Awm g0 N

SOLUTION

Free-Body Diagram: AABH is equilateral

Dimensions in mn

£y = —50i +250j
rye = 300i
Fre =350+ 250k

T = T(sin 30°)j - T(cos 30°)k = T(0.5j— 0.866k)

EM =00 1 XTHr, x D41, x(=4005) =0

i k i j k| |1 j K
~50 250 0 |T+[306 0 O[+[350 0  250|=0
0 05 -0.866 0 D, D |0 -400 0

¥ z

Coctficient i ~216.5T +100x10* =0
T=4619N T=462N d

Coefticient of j: ~43.37 300D, =0

~43.3(461.9) 3000, =0 D, =-66.67TN
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PROBLEM 4.114 (Continued)

Coefticient of k: ~257' +300D, —140x10* =0

—25(461.9) + 300D, - 140x1 0’ =0 D, =505.1N

D = (505 N)j—(66.7 N)k <
SR=0; C+D+T-400j=0

Coefficient i: C.=0 C, =0
Coefficient j: C, +(461.9)0.5+505.1-400=0 C, =-336 N
Cocfficient k: C, - (461.9)0.866 - 66.67 =0 C,=467N C=—(336 N)j+ (467 N)k 4«
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g PROBLEM 4.115

A 100-kg uniform rectangular plate is supported in the position
shown by hinges 4 and B and by cable DCE that passes over a
frictionless hook at C. Assuming that the tension is the same in
both parts of the cable, determine (@) the tension in the cable,
(b} the reactions at A and B. Assume that the hinge at B does
not exert any axial thrust.

D 960 mm

450 rim

673 nun

X
270 mm |
SOLUTION
Ty (960 —180)i = 780i Dimensions in mm
960 450
Yo, = — =90 ji+—Kk
Gt ( > J 2
=390i + 225k

e, = 600i + 450k

1" = Tension in cable DCE
CD = —690i + 675j — 450k CD =1065 mm
CE =270i + 675j ~ 450k CE =855 mm

T
T,., =———(~690i+675j— 450k
co 1065( ) J )

T i
Fp = (2701 4+ 675§ 450k
CE 855( J )

W = —mgi = (100 ke)(9.81 m/s*)j = - (981 N)j
IM =00 ¥y Xy +xy X Ty # 0 X WP + 1, X B =0
i i k i H k
i ! T ! T
600 0 450 [~ +1600 0 450 j—+
1063 855
—690 675 450 270 675 450
T T T I I TR
+1390 ¢ 225/+1780 O 0|=0
0 -981 ol o B B

¥
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PROBLEM 4.115 (Continued)

Coefficient of i (A50)(675)—— — (450)(67S) Lt 220.725%10° = 0
1065 855
T=344.6N T=345N
Coefficient of j: (690 % 450 + 600x 450) gl ff'sé +(270% 450 + 600x450) "ot 7808 =0
0 -
B, =185.49 N
Coefficient of k: (600X675) ﬁ)?sf + (600)(675)3_:;-‘5‘—(1 ~382.59x10° + 7808, B, =1132N

B=(113.2N)j+(I185.5N)k <

2F=0 A+B+T,+ T, +W=0

] .
Coefficient of i: A~ 090 (344.6) + 219(344.6) =0 A =1144N
© 1065 855 ‘
Cocflicient of j: A4, +113.2 +m6~2'i(344.6) +g—5—(344.6) -981=0 A4,=377N
: 1065 855 ’
Coeflicient of k: A, +1855 —ﬂ(344.6) ﬁ-@(344.6) ={ A, =1415N
1065 855

A=(1144N}+@77N)j+(1445N)k o«
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i PROBLEM 4.116

960 1mn

Solve Problem 4.115, assuming that cable DCE is replaced
by a cable attached to Point £ and hook C.

PROBLEM 4.115 A 100-kg uniform rectangular plate is
supported in the position shown by hinges 4 and B and by
l cablc DCE that passes over a frictionless hook at C.

Assuming that the tension is the same in both parts of the
B75 cable, determine (a) the tension in the cable, (b) the
reactions at 4 and B. Assume that the hinge at B does not
exert any axial thrust.

450 n{n’
/ e

GY0 1

27w l

SOLUTION

See solution to Problem 4.115 for free-body diagram and analysis leading to the following:

CD = 1065 mm

CFE =855 mm
Now: T, = L(wﬁ()oi +675j~450k)
' “P 71065 )

T
T =—2701 + 675§ — 450k
CE 855( § )
W = —migi = —(100 ke)(9.81 m/s?)j = ~(981 N)j
IM =00 rpy X Ty ¥ X+, X B=0

A L R L
600 0 450|+[300 0 2254|780 0 0]=0
270 675 —450 0 -98t 0| |0 B, B

Coefficient of i: —(450)(675)(5—:% +220.725%10° =0
T=621.3N T=621N 4
e 6213 |
Coefficient of j: (270x450 + 600x450) " =~ 9808, =0 B, =364.7 N
b 6213 \
Coefficient of k: (600)(675)=C-=~382.59x10° + 7808, =0 5, <1132 N

B=(113.2 N)j+ (365 N)k <«
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PROBLEM 4.116 {Continued)

ZF=0;. A+B+T, +W=0

Coefficient of i; A, +gﬁ(62 1.3)=0 A4, =-1962N
T B85S '
e s . 675
Coetlicient of j: A, +113.2 +85_S(621 3y—981=0 A, =377.3N
o | o 450
Coclhicient of k: A, +364.7 m—8—5—§(62 1.3)=0 A, =-377TN

A =—(1962 N)i +(377 N)j - (37.7 N)k «
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Y PROBLEM 4.117

The rectangular plate shown weighs 75 1b and is held in the
position shown by hinges at 4 and B and by cable EF. Assuming
that the hinge at B does not exert any axial thrust, determine
() the tension in the cable, () the reactions at 4 and B.

SOLUTION
Iy, = (38—-8)i=30i
Yy = (30-4)i+20k
= 26i + 20k
38,
Yo ™= —é-l + 10k
=19i+10k
EF = 8i + 25~ 20k
EF =33 1in.

r=7 2 L (giva5j-20K)
AL 33

EM =00 ry XT 1, X (750 + g X B =0

i j k T T Y I I R T
26 0 20 %+ 19 0 10[+[30 0 0|=0
§ 25 207 10 =75 0| |0 B, B,

Coeflicient of i —(25)(20);7:— +750=0: T=4951 4
20
o e .. 49.5
Coefficient of j 160+ 520))~3~;§— -30B,=0: B,=341b
_y - 49.5 ) . .
Coefficient of k: (26)(25)ﬂ§§~u 14254308, =0: B, =151b B=(151b)j+(34 Ib)k <

PROPRIETARY MATERIAL. €3 2010 The McGraw-Hill Companies, fne. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution 1o teachers and educators permitted by MeGraw-Hill for their individual cowrse preparation. If you are a student using this Meanual,
you are using it withon! permission.

484




PROBLEM 4.117 (Continued)

EF=0: A+B+T-(751b)j=0

Coefficient of i: A+ %(49.5) =0 A, =-12.001b

Cocfficient of j: A +15+ %(49.5) =15=0 A4,=2251b

Coefficient of k: A, +34- 3—2(49.5) =0 A, =-4.001Ib

A =—(12.00 1b)i +(22.5 Ib)j— (4.00 Ib)k <
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I PROBLEM 4.118

Solve Problem 4.117, assuming that cable EF is replaced by a
cable attached at points F and .

PROBLEM 4.117 The rectangular plate shown weighs 75 Ib and
is held in the position shown by hinges at 4 and £ and by cable
EF. Assuming that the hinge at B does not exett any axial thrust,
determine () the tension in the cable, (b) the reactions at 4 and B.

SOLUTION

ry, = (38 - 8)i =30
rp, = (30— 4)i+20k

= 26i + 20k

38,

Y = ——2—1 +10k

=19i + 10k
EH = -30i+12j— 20k
EH =38 .

=720 T 30i412j-20K)
EH 38

IM, =00 v X T g, < (=T5)) + Xy, xB=0
i j k ” i j k i i k
26 0O 20 ~3§+l9 0 10{+|30 O 0i=0
~-30 12 =20 0 =75 0 0 B_], B,

Coefticient of i M(iZ)(Z())%+750:{) T =11875 T=11881b 4
. . < : 118.75 .

Coefficient of |: (600 +520) 3% ~30R,=0 B,=-833lb

e 118.75 .

Coefficient of ki~ (26)(1 2)~§-§n—— 14254308, =0 B, =15001b B=(15.001b)j—- (833 1b)k 4
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PROBLEM 4.118 (Continued)

ZF =0 A+BA+T—(751b)j=0

Coefficient of i: A, - %g(l [875)=0 A4 =93.751b

Coefficient of j: 4, +15+%(118.75)m75 =0 A4,=2251b

Cocfficient of k: A, 833 ——~§—g~(l 18.75)=0 A, =70831b

A=(9381b)i+(22.51b)j+(70.8 Ih)k
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PROBLEM 4.119

Solve Problem 4.114, assuming that the bearing at 2 is removed
and that the bearing at C can exert couples about axes parallel to
the y and z axes.

:,z-.’”;’-;_?'_c_w; e
Poanef
Z500mm :

PROBLEM 4.114 The bent rod ABEF is supported by bearings
at (' and D and by wire AH. Knowing that portion AB of the rod
is 250 mm long, determine (a) the tension in wire AH, (b) the
reaclions at C and D. Assume that the bearing at D does not exert
any axial thrust.

50 300 Bun

B0y N

SOLUTION

Free-Body Diagram: AABH is Equilateral

Dimensions in mm

¥,e =—50i+250j
Y = 3500 + 250Kk
T = T(sin 30°)j — T(cos30°)k = 7'(0.5] - 0.866k)

IM =00 10 X(-400]) +rppe XT +{(M), j+{(M ) k=0
i j k i j k
350 0 2500+|-50 250 0 |T+(M),j+(M ) k=0
0 —400 0 0 05 —0.860

Coeflicient of i: +100x10° —216.5T =0 T=4619N T=462N d
Coefficient of §: —43.3(461.9)+ (M), =0

(M), =20x10"N-mm
(M), =200N-m

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, nc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used bevond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. Ifyou are a student using this Manual,
you are using it without permission.

488



PROBLEM 4.119 (Continued)

Coefticient of k: ~140x10° -~ 25(461.9) + (M), =0

(M), =151.54%10° N-mm
(M), =155 N-m

ZE=00 C+T—-400j=0

M, =(20.0 N-m)j+(151.5 N-mk <«

Coefticient of i C, =0
Coefficient of j: €, +0.5(461.9)-400=0 C, =169.1N
Coefficient of k: C, —0.866(461.9)=0 C, =400N

C=(169.1 N)j+ (400 N)k <
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‘ PROBLEM 4.120

P ;” : Solve Problem 4.117, assuming that the hinge at B ts removed and
o that the hinge at A can exert couples about axes parallel fo the y

and z axes.
\:Lim‘ Fi PROBLEM 4.117 The rectangular plate shown weighs 75 1b and
SL is held i the position shown by hinges at A and B and by cable

EF. Assuming that the hinge ai B does not exert any axial thrust,
T determine (g) the tension in the cable, (b) the reactions at A and 5.

Fypq = (30— 4)i + 20k = 26i + 20k
r, = (0.5%38)i+ 10k = 19§ + 10k
AE = 8i+25j - 20k
AE =33 in.
772 - T (g4 255 20k)
AE 33

AL

IM =00 1y, X Trg XTS5 (M ), j+ (M), k=0

Pkl K
2600 201 +19 0 104(M,), i+ (M) k=0

8 25 200 10 =75 0
Coetficient of It —(20)(25)% +750=0 T=4951b 4
s - 495 . .
Coefficient of j: (160+52())?§g+(MA)J, =0 (M,), =-10201b-in.
e . 49.5 .
Coethcient ol k; (26)(25)? — 14254 (M ), =0 (M), =450 1b-in.
Ll=0: A+T-75j=0 M, =-(1020 Ib-in)j + (450 Ib-in )k
Coefficient of i A+ —5—3(49.5) =0 A4,=12.001b
e " 25
Cocfficient of j: A, + -5(49.5) =75=0 A, =3751b
e . 20
Coefficient of k: A, —-ﬁ(li‘).ﬁ) 4,=3001b

A = ~(12.00 )i+ (37.5 Ih)j +(30.0 Ib)k 4
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Y PROBLEM 4.121

‘The assembly shown is used to confrol the (ension 7 in a tape that
passes around a frictionless spool at F. Collar C is welded to rods ABC
and CDF7. It can rotate about shaft F( but its motion along the shafl is
prevented by a washer S. For the loading shown, determine (@) the
tension 7' in the tape, (b) the reaction at .

SOLUTION

Free-Body Diagram:

_gﬁ;):j e =42j+2k
e =1.61~2.4j
420 EMe =00 ye X(-03)+ 10 X T+ R)+ (M), j+ (M) k=0
. (M0 (A2j+2K)x (-0 +(1.0i - 24 PXT(+k)+ (M), j+(M) k=0
Coelficient of i: 12247 =0 T=51b «4
Coeflicient of j: ~1.6(5 by + (M}, =0 (M), =81bin.
Coelticient of k: 245 0)+ (M), =0 (M), =-121b-in.

M. =@ 1bin}j—(12 b-in)k <
LF =00 Ci+C i+ Ck~(0)j+(51b)i+(51b)k=0
Equate coefficients of unit vectors to zero.
C,==5b €, =61b C =-51b 4

C = —~(5.00 b)i + (6.00 b)j ~ (5.00 Ib)k
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PROBLEM 4.122

Q0

The assembly shown is welded to collar 4 that fits on the vertical
pin shown. The pin can exert couples about the x and z axes but
does not prevent motion about or along the v axis. For the loading
shown, determine the tension in each cable and the reaction at 4.

SOLUTION

Free-Body Diagram:
—(0.08 m)i + (0.06 m)j T
J(0.08) +(0.06) m
= o (—0.81 + 0.6)

(012 m)j — (0.09 m)k

First note Top =hepToy =

Top =hpeTpy = 5 === Ty
J0.12 +(0.09) m
=T (0.8j—0.6k)
()  From f.b.d. of assembly
LF, =00 0.6 +0.87,, —480 N=0
or (.67, +0.87,, =480 N

IM, =0: ~(0.8T,, )(0.135 m) + (0.67,, }(0.08 m)=0

or
Substituting Equation (2) into Equation (1)
0.67 +0.8[(2.25)T,» 1= 480 N

Tpp =2.25Typ

Trp =200.00 N
or
and {rom Equation {2) T = 2.25(200.00 N) = 450.00
or |

(h

2

Ty =200N o

Ty =450 N <
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PROBLEM 4.122 (Continued)

{(ry  From{fb.d of assembly
2E, =00 A —{0.6)(45000 N)=0 4 =270.00N
ZF =00 A ~(0.8)(20000NY=0 A =160.000 N
or A=(160.0 N)i+(270 N)k <«

IM, =00 M, +(480 N)X0.135 m) ~[(200.00 N)(0.6)}(0.135 m)

—[(450 NY(O.8)](0.09 m) =0
M, =-162000 N-m

A

IM,=0: M, —(480 N)(0.08 m)+[(200.00 N)(0.6)}0.08 m)
+[(450 NY(0.8)](0.08 m) = 0

M, =0

or M, =—(1620 N-m)i 4
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PROBLEM 4.123

The rigid L-shaped member ABC is supported by a
ball-and-socket joint at 4 and by three cables. 1f a
450-1b load 1s applied at F, determine the tension

in each cable.

SOLUTION

¥ree-Body Diagram:

In this problem: a=21in.

CO=(24in)j-(32in)k CD=40in,

We have
BD =—(42 in)i+(24 in)j— (32 in)k BD =58 in.
BE =(42 in)i—(32 in)k  BE =52.802 in.
Thus Tep = Tep D = 1o (0.6j—0.8Kk)
BD . ,
Top = Too = Top (-0.72414i-+ 041379 - 0.55172K)
BE

Tyt = T == T (0795424 - 0.60604K)

IM =00 (e X Ty )+ (g X T )+ (g X Ty ) + (1 X W) =0
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PROBLEM 4.123 (Continued)

Noting that Yo =—(42 )i+ (32 in)k
r, =(32 in)k
1y = —ai + {32 in)k

and using determinants, we wrile

Pk i j k
42 0 32T+ 0 0 321,
0 06 -08 ~0.72414 041379 —0.55172
i K i j Kk
Ho0o 0 32 |futla 0 32=0
0.79542 0 —0.60604 0 —450 0

Equating to zero the coetficients of the unit vectors:

i —19.27., —13.2417,, + 14400 =0 (1)
ji =33.6T,, ~23.172T,, + 25.453T,, =0 2)
ki =2527., +450a=0 (3

Recalling that ¢ =21 ., Hq. (3) vields

Tep zf%is(—z—l—)-:.%”lﬁ Ib Tp=3751b 4

From (1) ~19.2(375) - 132417}, + 14400 =0
Ty = 543.77 b Ty =544 1b 4

From (2): —33.6(375) - 23.172(543.77) + 254537, = O
Tyr =990.07 Ib Ty =990 1b 4
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PROBLEM 4.124

Solve Problem 4.123, assuming that the 450-Ib
load is applied at .

PROBLEM 4.123 The rigid L-shaped member
ABC is supported by a ball-and-socket joint at 4
and by threc cables. 1f a 450-1b load is applied
at f*, determing the tension in cach cable,

SOLUTION
See solution of Problem 4.123 for frec-body diagram and derivation of Egs. {13, (2), and (3):
=19.27,, ~13.241T,,, +14400=0 (1}
~33.67,,, —23.172T,, + 25.4537T,, =0 (2)
2527, +450a =0 (3)

In this problem, the 450-1b load is applied at C and we have « =42 in. Carrying into (3) and solving for 7,

Ty, =750 b Top =750 1b o

From (1): ~19.2(750) ~ 132417}, +14400 = 0 Ty =0

From (2): ~33.6(750) ~ 0+ 25.453T,, =0 Ty =990 1b 4
BE BE
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PROBLEM 4.125

Frame ABCD is suppotted by a ball-and-socket joint at 4 and
by three cables. For =150 mm, determine the tension in
each cable and the reaction at 4,

140 sz - T— =
B AN
: 150 ‘"m\/ \%u S

X

SOLUTION

(048 m)i +(0.14 m)j .

First note Ty =ApaTpg = \/(0 48)” +(0.14Y
48) +(0.14) m

0480 +0.14]
0.50

DG

T}')f‘ : .
=t (2417
5s ( i

. =(0.48 m)i + (0.2 m)k
Top = AppTpr > > Ty
{(0.48)" +((0.2)" m

-0.48i+ 0.2k ,,

T
:Tﬁifa(qzjmk)

From f.b.d. of frame ABCD

EM =0 [575-7;}0}(0.3 m) — (350 N)(0.15 m) = 0

or T =625 N 4
24 5 :
M, =00 | —x625N [(0.3m)—| =T, [(0.48m)=0
' 25 13 7
or Tpp =975 N 4
SM, =0 T (0.14m)+ (—%x 625 NJ(OAS m) ~ (350 N)Y0.48 m) = 0

or Top =600N o
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PROBLEM 4.125 (Continued)

=00 A+ T +(Ty), +(Tpg), =0
4
A, ~ 600 N - £x975 N{-— ix(QS N =0
’ 13 25

A =2100 N

EF, =00 A, +(Tyy), ~350N=0
7

A +] —x625N |-350N =0
» 125

A, =175.0N

2, =00 A +(Ty), =0
5
A +| —==x975N |=0
13

A =-375N
Therefore A =(2100 N)i+(175.0 N)j— (375 N)k €
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PROBLEM 4.126

Frame ABCD is supported by a ball-and-socket joint
at 4 and by three cables. Knowing that the 350-N
load is applied at D (o =300 mm), determine the

T ¢ 140 o i . .
4 T s ~ ' tension mn each cable and the reaction at 4.
L0 o - - S B i)
~ N
: 450 mi\ \HX;}(;O R
Ry

SOLUTION

First note Too = Ao = —{0.48 m)i+(0.14 m)j T
(0.48) + (0,14 m

_ —0.48i+0.14]

0.50 ne
- z&éi,(z;;f +7§) Tee g 5% 300 mm
25 fbd.
X
. ~(0.48 m}i+{0.2 m)k _,
Ty = ?“315‘7151:‘ = '_‘““‘““?—““"““2“‘—*-[ BE
J(0.48)° +(0.2)° m
~-0.48i+ 0.2k
=Ty
0.52
= Zi%f-i(qzi +5k)
13
From fb.d. of frame ABCD
IM, =0 (% Tre ](0.3 m) — (350 NY}0.3m)=0
or T =1250 N «
’ 24 5
IM, =00 | == xI250 N (0.3 m) ~| =T, [(0.48m)=0
’ 25 I3
or Tpe =1950N o
7
IM, =0 T (014 m)+ [gx 1250 N](OAS m) -~ (350 NY0.48m)=0
or T =04

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companics, Ine. All rights reserved. No part of ihis Manual may be displaved,
reproduced or distributed in any form or by any means, without the prior wriffen permission of the publisher, or used beyond the limited
distribution 1o teachers and educators permitied by MeGraw-Hill for their individual course preparation. If vou are a student using this Manual,
You are nsing it swithou! pernission.

499



PROBLEM 4.126 (Continued)

ZFE =00 A+ T+ (T ) +(Tph;), =0

A, +O—-(£XI‘)50 N]—(%XIESON =0
’ 3 25

A, =3000N
ZF;, = () A4, +(fo;)y ~3S0N =0
7
A, 4+ —x1250 N { =350 N =0
T o\2s
A, =0
F, =00 A+ {(Ty), =0
s :
A+ —=x1950N =0
13
A, ==750N
Therefore A=3000N)i— (750 N)k <
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v PROBLEM 4.127

Three rods are welded together to form a “corner” that is supported
r by three eyebolls. Neglecting friction, determine the reactions at
A, Band Cwhen P=2401b, g=12in, b=8in., and ¢=101in.

SOLUTION

from f'b.d. of weldment

IMy =00 XAty XB4rg,xC=0

i § okl i i k|l |i o§ K
12 0 0[+0 8 0l+|0 0 J0/=0
0 A4, 4| |B, 0 B| |C C 0

(~12A4,§+12A,K) + (8 B,i— 8BK) +(~10C,i+10C,j)=0

From i-coctficient

or
jeoefficient  ~124, +10C, =0
or C, =124,
k-coetficient 124, -8B, =0
or B, =154,
ZF=0: A+B+C-P=0
oF (B, +Ci+(A, +C, ~240b)j+ (4, + B, )k =0
From i~coefficient B.+C.=0
or C,=-B,
jrcoefficient Ay + ( , — 2401 =0
or A, +C, =2401b

88, -10C, =0

B, =1.25C,

4]
P= 2401

3

(M

@)

3)

1G]

(3
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PROBLEM 4.127 (Continued)

k-coefficient A4, +B5,=0
or A, =B, (6)
Substituting C, from Equation (4) into Equation (2)
~B, =124, (7)

Using Equations (1}, (6), and (7)

coB A _ 1 (B)_B ®
Y7125 125 125012) 15

From Equations (3) and (8)

and substituting into Equation {5)
24,=2401b
A, =C, =1201b )
Using Equation (1) and Equation (9)
B =1251201b)=150.01b
Using Equation (3) and Equation (9)
B, =1.5(1201b)=180.0 1b

From Equation {4) C, =~180.01b
From Equation (0) A, =-150.01b
Therefore A= (1200 [b)j—(150.0 Ih)k

B = (180.0 1b)i +(150.0 Ib)k «
C=-(180.0 b)i+(120.0 1b)j <
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Y PROBLEM 4.128

Solve Problem 4.127, assuming that the force P is removed and is
replaced by a couple M =+(600 1b-in.)j acting at B.

PROBLEM 4.127 Three rods are welded together to form a “corner”
that is supported by three eyebolts. Neglecting friction, determine the
reactions at A, B, and C when P=2401h, a=12in, p=81n., and
c=10in.

SOLUTION s

M= Lo b ia,

From fb.d. of weldment

EM, =00 Iy XA+ xB+r,,xC+M=0

i o§ k| |io§ k|li j k
12 0 0]|+|0 8 0]+{0 0 10/+(6001b-in)j=0
0 4, 4| B, 0 Bl |C ¢ 0

(~124,§+124,K) + (8B,i~8B.k) + (~10C,i + 10C, ) + (600 Tb - in.)j=0

From i-coetficient 88, -10C, =0

or C, =083, (D
j-coefficient —124, +10C, +600=0

or C, =124,-60 (2)
k-coefficient 124, -8B, =0

or B =154, 3)

XE=0: A+B+C=0
(B +Ci+ (A4, +C)j+ (4, +B))k=0

From i-coefficient C =-B (4)
j-coefficient C, =-4, (5)
k-coefticient A, =-B, (6)
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PROBLEM 4.128 (Continued)

Substituting €, from Equation (4) into Equation (2)

A, =50—~ B
i2

3

Using Equations (1), (6}, and (7)

C, =088, =~0.84, = [%) B, —40

From Equations (3) and (8)

C, =4, -40
Substituting info Equation (5) 24, =40
A, =2001b
From Equation (5) €, ==20.01b
Equation (1) B =-2501Ib
Equation (3) B.=30.01b

Equation (4) C, =-3001b

Equation (6) A, =2501b

Therefore

(7)

(8)

A =(20.016)j+(25.0 )k <
B =(30.01b)i—(25.0 bk <
C=-(30.01b)i - (20.01b)j <
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PROBLEM 4.129

in order to clean the clogged drainpipe AE, a plumber has
disconnected both ends of the pipe and inserted a power
snake through the opening at A. The cutting head of the
snake is connected by a heavy cable to an electric motor that
rolates at a constant speed as the plumber forces the cable
into the pipe. The forces exerted by the plumber and
the motor on the end of the cable can be represented by
the wrench F=—(48 N1k, M = ~(90 N -m)k. Determine the
additional reactions at B, C, and D caused by the cleaning
operation. Assume that the reaction at each support consists
of two force components perpendicular to the pipe.

SOLUTION

From f.b.d. of pipe assembly ABCD

A
T
AL M=-T0mk

>

EMD(_y-axiﬁ) =0

2 =0
zf =0

SF. =0: B, =0
IM iy =00 (48 NY2.5m)— B,(2m)=0
B, =60.0 N
and B=(60.0 N)k <«
IM iy =00 C,(3m) =90 N-m =0
C, =30.0N
~C, (3 m)—(60.0 N)(4 m)+ (48 N)(4 m) = 0
C, =—16.00 N
and C=(30.0 N)j—(16.00 N)k «
D, +30.0=0
D, =-30.0N
D, ~16.00 N+60.0N—48 N=0

D, =400N
and D =-(30.0 N)j+ (4.00 N)k <
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PROBLEM 4.130

Solve Problem 4.129, assuming that the plumber exerts a force
F=—(48 N)k and that the motor 1s turned oft (M =0).

PROBLEM 4,129 Tn order to ¢lean the clogged drainpipe AF, a
plumber has disconnected both ends of the pipe and inserted a
power snake through the opening at 4. The cutting head of the snake
is connected by a heavy cable to an clectric motor that rotates at a
constant speed as the plumber forces the cable into the pipe. The
forces exerted by the plumber and the motor on the end of the cable
can be represented by the wrench F=—(48 N)K,M =—{90 N - m)k.
Determine the additional reactions at B, C, and [ caused by the
cleaning operation. Assume that the reaction at each support consists
of two force components perpendicular to the pipe.

SOLUTION

From f.b.d. of pipe assembly ABCD

EF =0: B, =0
IM i =00 (A8 NY2.5 m)~ B, (2 m)=0
B, =60.0N and B={60.0N)k «
IM i =0 C,3m) =B (2m)=0
C, =0
EMpypasin =00 C,{3m)=(60.0 N)}{(d m)+ (48 N)(4 m)=0
C,=—16.00N and C=-(16.00 N)k
IF, =00 D, +C, =0
D, =0
EF =0. D,+B +C, —F=0
D +600N—-T16.00N—-48N=0

D, =4.00N and D =(4.00 N)k 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Jnc. AlE rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, withowt the priov written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are ustayg it without permission,

506



PROBLEM 4.131

200 nn

:2(]? i k3

The assembly shown consists of an 80-mm rod
AF that is welded to a cross consisting of four
200-mm arms. The assembly is supported by a
ball-and-socket joint at F and by three short
links, each of which forms an angle of 45° with
the vertical. For the loading shown, determine
{er) the tension m cach link, (£} the reaction at £,

Fop = =200 +80j
T, =T,(i~ A2 1y, =80j—- 200k
T =T (~j+K)A2 1y =200i +80j
Ty =T, (—i+ A2 1,y =80j+ 200k

ZMp =00 rye )Ty + 00 X Ve +rpe X T + 1y X(=P) =0
N i K
0 80 2002 +i200 80 0O|—=+|0 80 200|-2+|-200 80 0{=0

\/5 \/5~le(}\5 O -P 0

1 -] 0 o -1 1

Equate coefficients of unit vectors to zero and multiply each equation by V2.
i: —2007, +807,. +2007, =0
ji 2007, ~2007,. -200T, =0

K: =80T, — 2007, +807,, +200§2P =0

%(2) ~807, ~807,. —807, =0
Egs. (3)+(4): ~160T;, 2807 + 2002P =0
Egs. (1)+(2): —4007, —1207,. =0
(20
=T 03T,
B 400" ¢

1
2)
(3)
(4)

(5)

(6)
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Egs. (6) — (5):

From Eq. (6):

From Eq. (2):

2F=0:

PROBLEM 4.131 (Continued)

~160(~0.37.) — 2807, + 20042P = 0

2327, +200J2P =0
T,.=12191P T.=1219P 4
T, =—03(1.2191P) = ~0.36574 = P T, =-0.366P 4

~200(=0.3657 P) — 200(1.2191 P) = 2007, = 0
T, =—0.8534P 7, =~0.853P 4

F+T,+T.+T,-Pj=0

o (F036574P) (-0.8534P) _

F =-03448P  F,=-0345P

0

_(+0.36574P) (1.2191P) (~0.8534P)

F, —~200=0
’ V2 J2 V2
F,=P F, =P
F La291p
J2
F, =-0.8620F F,=-0.862P F =-0.345Pi+ Pj—0.862 Pk o
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PROBLEM 4.132

The uniform 10-kg rod 48 is supported by a ball-and-socket joint at
A and by the cord CG that is attached to the midpoint G of the rod.
Knowing that the rod leans against a frictionless vertical wall at B,
determine () the tension in the cord, () the reactions at 4 and B.

SOLUTION
Free-Body Diagram:

=3

150 My

Five unknowns and six Egs. of equilibrium. But equilibrium is
maintained (EM,, =10)

W =mg
= (10 kg) 9.81 m/s?
W=981N

GC =-300i+200j- 225k GC =425 mm
L GC

GC
g = —000i + 400§+ 150 mm

re,, = —300i + 200§+ 75 mm

T

::_gé(—3OOL+200j~225k)

EM =00 ryy XB+rg X T4rg, x(-Wj)=0

i i k i i k . i J k
-600 400 150/+-300 200 75 [~—+|-300 200 75
B 0 01 [-300 200 -225 0 ~981 0

Coefficient of i1 (—105.88--3529)7 +7357.5=0

T=5212N T=521N 4
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PROBLEM 4.132 (Continued)

Coefficient of j: 1508*(300x75+300x225)%%m0

B=T7358N B=(73.6 N)i 4

F=0: A+B+T-Wj=0
o . 300 :

Coefficient of i: A4,.+73.58~52.15:1—:-2—5—:O A, =368N 4
. : . 200
Coefficient of j: A},+52.15X2—§——98.1 = () 4, =73.6N <
e . 225
Coefficient of k: A, w52.1552—5-=0 4,=276N 4
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PROBLEM 4.133

The bent rod ABDFE is supported by ball-and-socket joints at 4
and £ and by the cable DF. If a 60-Ib load is applicd at C as
shown, determine the tension in the cable.

SOLUTION

DF =—16i+11j-8k  DF =21in,

T:T'—{%i:l(fl()i+l 15— 8Kk)
DF 2]
Fpyy =101
Yoy = 10i — 14k
EA_ 7i-24k
Mg = =
EA 25

IMp =00 hpy (P XT)+ by (rpy - (-60j)) = 0

70 24 70 =24
6 o 0 ?]%+16 0 4451—5—:0
%
-6 11 -8 0 -6 0
24x16x11 . —Tx14x60+24x16x060
- T+ =0
21x25 25

201147 +17,160 =0
T=853141b

Free-Body Diagram:

T=8531 <«
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PROBLEM 4.134

Solve Problem 4.133, assuming that cable DF is replaced by a
cable connecting B and .

SOLUTION

Free-Body Diagram:

Yy, =9i
r, =91+ 0K

BF =—16i+11j+16k  BF =2516in.

=73 T it 16k)
BF  25.16

_AE _7i-24k

AR 25

Mg =00 hy (g X T+ h - (K - (=601 =0

70 =24 _ 70 24
9 ] 0 ———T——+9 0 10 ,J.,,:()
25%25.16
-16 11 16 0 -60 0
W24><9><11T+24><9><60+7><10><60
25%x25.16 25
04,4367 17,160 =0 7=181.7h
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Y PROBLEM 4.135

‘;2\40 wn

The 50-kg plate ABCD is supported by hinges along edge A8
and by wire CE. Knowing that the plate is unilorm, determine
the tension in the wire.

..
‘ 240 i]\l\E’l

ACH) s

\ 400

200 s T

1)}_ ’._// .

|

1
z 200 mm!
L

SOLUTION

Free-Body Diagram;

W =mg = (50 kg)(9.81 m/s?)
W =490.50 N

CE = —2401 + 600j — 400k
CE =760 mm

T=T CE e L(w240i + 600§ - 400k)

CE 760

AB  480i-200j 1
Ay m i = oS L L 0§ 5
T S T S A G

IM, =00 Ay (g, XT)+ R 4y - (g, X~Wj) =0

vy, = 2400+ 400f  r,,, = 240i — 100§+ 200k

12 -5 0 12 -5 0
240 400 0 r +1240 -100 200 i =0
. 13%20 13
—240 600 --400 0 -w 90

(—12X4(}0X400“5X240X400)—7Z—0-i—lEXZUOW =0

T=0.76W =0.76(490.50 N) T=373N <«
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! PROBLEM 4.136

-

240 mm

Solve Problem 4.1335, assuming that wire CE is replaced by a
wire connecting F and D.

.
244 iLT‘\
E PROBLEM 4.135 The 50-kg plate ABCD is supported by
hinges along edge AB and by wire CE. Knowing that the plate

400 AR - - '
m is uniform, determine the tension in the wire.

/

l // N
/ :

-

By

e

z 200 mm

J<‘

450 s

A0

SOLUTION

Eree-Body Diagram:

Dimensions in mm

W =mg = (50 kg)(9.81 m/s”)
W = 490.50 N
DE =—240i +400j — 400k
DE=614.5mm
DE_ T
DE  614.5
AB _480i-200j =_1-(12i~»5j)
AB 520 13

Iy, = 2400 +400f; r,, = 240i — L00] + 200k

(240 + 400 — 400k)

Ay =

12 -5 0 12 5 0
240 400 0O _r +(240 --100 200 L ={)
13x614.5
240 400 ~400 0O -w 0

+12x200< I =0

{(~12x400x400 - 5x 240x400)
614.5

T=0.6145W =0.6145(490.50 N)
T=30IN

PROPRIETARY MATERIAL., © 2010 The MeGraw-Hill Companics, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or disiributed in any form or by any means, without the prior written permission of the publisher, or used beyond the liniited
distribution to teachers and educators permitied by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are wsing 1 Without peratission.

514




¥ PROBLEM 4.137

Two rectangular plates are welded together to form the assembly
shown. The assembly is supported by ball-and-socket joints at B
and D and by a ball on a horizontal surface at C. For the loading
shown, determine the reaction at C.

SOLUTION
First note Ay = —(6in)i ~(9in)j+ (12in)k SI
J6Y +9) +(12)%in.
1
e (= 6i — 9 + 12K
16.1555 (-6i =95 )
ryp =—(6in)
P = (80 Ib)k
Fep = (8in)i
C=(0)j

From the f.b.d. of the plates
EMpp =00 App (X XP)+ Ky - (1 XC)=0

-6 -9 12 6 =9 12

-1 0 O{——()—@L]+E 0 0[—6—(&}:0

o o gqtersssit) o lli6asss
(=9)(6)(80) +(12)(8)C =0

C=4501b or C=(45.01b)j 4
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Y PROBLEM 4.138

Two 2x4-ft plywood panels, each of weight 12 b, are nailed
together as shown. The panels are supported by ball-and-socket
joints at 4 and F and by the wire BH. Determine (@) the location
of H in the xy plane if the tension in the wire is to be minimum,
(b) the corresponding minimum tension.

SOLUTION

Free-Body Diagram:

AF =4i—2j—4k AF =61t
A :%(m ~j=2K)

Yo =2i—]

Lo =4 — -2k

Yy =4

IM =00 by (g X120+ R (B X121 + Ay - (1, XT) =0

2 -1 =2 ]2 -t 2|
2 -1 O|TH4 ST =2l (g X T =0
0 -12 06| |0 -12 0

(2x2><12)%+(—2x2x£2+2><4><12)%+LA,, (1, % Fy=0

Mg (rgy X Ty==32 or T (h yp X0 ) =32 (1

PROPRIETARY MATERIAL. © 2018 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Maaual may be displayed,
reproduced or distributed in any form or by any means, withoul the prioy writfen permission of the publisher, or used beyond the limited
distribution to feachers and educators permitted by MeGraw-FHill for their individual cowrse preparation. Ifyou are a sfudent using this Manvad,
vyou are using it without permission.

516




PROBLEM 4.138 (Continued)

Projection of T on (A ;- X1y,,) is constant. Thus, 7 . is parallel to
g Xbp, = —]3—(2i ~j—2k)yxdi= %(MSj +4k)

Corresponding unit vector is ~2j+k)

1
L

T =T(-2j +k)~i§ @)

7

Eq. (1): %Mj + k_)'E,—Qi ~j~2k)><4i] =-32
—7:—(—2j+k)-1(w8;+4:<)m-32
J5 3
r 3J5(32)
—_(16+4)=-32 =200 _4efs
3J§( ) 20
T =10.7331 b
Eq. () Tow =T(244 k):/%

1
= 4.8Y5(-2f+ k)=
Vs
T =~(9.6 1b)j+ (4.8 Ib k)

Since 7, has no i component, wire BH is parallel to the yz plane, and x =4 f1.

I
e
/Z{ ue(er)i(2)= 2
T&my
2 ./ + (a) x=4001; y~=8001fi 4
& [__ =
| E‘%:F (h) Ton =10.731b o
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v PROBLEM 4.139

Solve Problem 4.138, subject to the restriction that H must lie on
the y axis.

PROBLEM 4.138 Two 2x4-fi plywood panels, each of weight 12 1b,
are nailed together as shown. The panels are supported by ball-and-
socket joints at 4 and F and by the wire B, Determine (a) the
location of Ff in the xy plane if the tension in the wire is to be
minimum, (b) the corresponding minimum tension.

SOLUTION

Free-Body Diagram:

AF =4i-2j-4k
Ao = %»(Zi —j-2k)
Yo =20
Py = 41— = 2K
Ty =4
My =00 gy (g X(=120)+ R g (80 X(=12D) 4 h gy - (0 X T) = 0
2 -1 2 2 -1 -2

2 -1 0 %+4 e, g, xT =0
0 =12 0 0 -2 0

(2x2x12)%+(-2x2x!2+2x4x12)é+3\ﬂ. Axpy xTy=0

A (g XT)=-32 (0

BH =-4i+yj~4k  BH =32+ y))"?
e BﬁmTﬁ4i+yj~4l{
L= 7 2172

BH (32+ %)
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PROBLEM 4.139 (Continued)
Eq. (1):
2 -1 =2 .,
hgpr vy xTy= 4 O | = =32
» 3062+
2,172
(16~ 8T = 3% 320324 y")2 T =96 B2 TV )" 2)
By+16
AT o ®HIOFG24 ) 2y)+ (324 47)(8)
dy ' (8y +16)>
Numerator = (: 8y +16)y =32+ p*)8
89 +16y =328 +8y* y=16.00 1t «
122142
Eq. () T:%%%%%E;:n.sm Ib T, =11311h 4
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y PROBLEM 4.140

The pipe ACDE is supported by ball-and-socket joints at 4 and ¥ and
by the wire DF. Determine the tension in the wire when a 640-N load is
applied at B as shown.

200 mim

A0 fen

1680 mm

<nd 240 mﬁ;f
(i

SOLUTION

Free-Body Diagram:

Dimensions in mm

AE = 480i +160j - 240k

AE =560 mm

> :z}ix 480i + 160§ ~ 240k
AR 560

6+ 2j~3k

=T

)\’AE
Ty, = 2000

1y, = 4800 +160j

DF = -480i +330j-240k;  DF =630 mm

T -7 DF .. -A80i+330j-240k _ . —l6i+11j~8k
il LF DF D 63 O +DE 71
EM = by (g X T ) b g - (g % (-600§)) = 0
6 2 3, 6 2 -3
480 160 0 |—2E-+|200 0  0|==0
21%7
-16 11 -8 0 640 0
—6X160X8+2x 480X 8~ 3x480x11-3x160x16 3% 200 640
Ty + o =)
217 7
11207, +384x10° =0
Ty =342.86 N _ T, =343 N «
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200 v

490 1mim

480 m

W\ 1
1645 s
240 mm
N

C

PROBLEM 4.141

Solve Problem 4,140, assuming that wire DF is replaced by a wire
connecting C and F.

PROBLEM 4.140 The pipe ACDE is supported by ball-and-socket
Jjoints at 4 and £ and by the wire DF. Determine the tension in the wire
when a 640-N load is applied at B as shown.

SOLUTION

Free-Body Diagram:

Dimensions in mm

Y
F

AE = 480i+160j — 240k

AE =560 mm
_AE _ 480i+160j - 240k
AR 560
6i +2j~ 3k
Ay = "”"“'"“‘7—“"

Fgq = 200i

Yoy = 4808

CF =—480i +490j-240k; CF =726.70 mm
CE _ -480i + 490 - 240k

T =T e
R e’ 2 726.70

IMup =00 Ay (B X T Y+ Ay - (g, X (—=600)) = 0

6 2 -3 , 6 2 -3 |
480 0 ﬁfﬁ+200 0 0730
X
—480  +490 -240 0 640 0
2% 480x 240 —3x 480x 490 3% 200 % 640
T(‘F‘+ =0
726.7x7 g 7
~653.91T;. +384x10° =0 Top =587 N o
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PROBLEM 4.142
500 mm
/ A hand truck is used to move two kegs, each of mass 40 kg.
Neglecting the mass of the hand truck, determine () the vertical
\  force P that should be applicd to the handle to maintain equilibrium
when ¢ =35°, (b) the corresponding reaction at each of the two
wheels.

50 mm |

3060 ms

SOLUTION
Free-Body Diagram:
W = mg = (40 kg)(9.81 m/s®) = 392.40 N ey
a = (300 mm)sing ~ (80 mm)cosar oS .
a, = (430 mm)cosa — (300 mm)sing oo R
b =(930 mmjcosex
fbd.
From free-body diagram of hand truck a.l:oa o
Dimensions in mm
TYEMy =0: P(by =W (a)+W(a)=0 (1
+{ZF, =0; P-2W +2B=0 (2)
For o =35°

ay =300sin35° - 80cos35° = 106.541 mm
a, =430c0s35° - 300sin 35° =180.162 mm
b =930cos35° =761.81 mm

{z)  From Equation (1)
P(761.81 mm)—392.40 N{180.162 mm) -+ 392.40 N(106.54 mm) =0
P=37921N or P=379N|«
(b))  From Equation (2)
37.921 N ~2(392.40 N) + 2B =0 or B=373N! <
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~—— 800 mm —“5'!

PROBLEM 4.143

— Determine the reactions at A and C when (@) =0,
3 SO0 N I 200 mm (h) &r=30°,

306N i 200 num

B
SOLUTION
(@) a=0°

From f.b.d. of member ABC

. FYEM =00 (300 N)(0.2 m)+(300 N)(©O.4 m)— A(0.8 m) =0
)
‘e, A=225N or A=225N! <
TN SR, =00 €, +225N=0
B—--—' 200 N
Al ==0 C,=-225N or C,=225N]
Fbd.
AUXF =00 300N+300N+C, =0
C,==600N or C,=0600N
Then

C = JC2 +CF = J(600)" +(225)" = 640.80 N

C, -
and f=tan'| £ |=tan”’ (——2—%—5— = 20.556°
C. ~600
or C=0641N7206° 4

by  a=30°

From f.b.d. of member ABC

-i—) ZM =00 (300 NY0.2 m) + (300 NY0.4 m) — (Acos30°)0.8 m)
+ (Asin30°)(20 in) =0

c > A=36524N
Ty

or A=365N<7 60.0° 4
et BOO N

om A0° _i»ZFY =0; 300N +300 N+ (36524 N)sin30°+C_=0
t%;MEm N ’ '
A

C, =-782.62
) :
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PROBLEM 4.143 (Continued)

+]2F, =0: €, +(365.24 N)cos30°=0

C,=-~3163IN or C,=316N |

C= \/Cf +C2 = \/(782.62)2 +(3 16.3 1)> =884.12 N

Then
C, -316.
and g=tan'| - |=tan™ MJ = 22.007°
C. ~782.62
or C=884 N7 220° «

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the priov written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

524



PROBLEM 4.144

A lever AB is hinged at C and attached to a control cable at 4. 1 the
lever is subjected to a 75-1b vertical force at B, determine (a) the
tension in the cable, (#) the reaction at C.

SOLUTION

Free-Body Diagram:
Geometry:

&
X 10 = (10in.)cos 20° = 9.3969 in. )

™~
Ve ={101n.)sin20° =3.4202 in. \\Q 'x \‘%a
AL
= Vpg =12 i0.-3.4202 in.=8.5798 in. l By V5 1
&

e

o =tan"! [&A—Jxtan"[8'5798):42_397° . kvp. K
Xy 9.3969 o
B =90° - 20° - 42.397° = 27.603°
Equilibrium for lever;
(@) TYEM =0: T,;,c0s27.603°(10 in.) - (75 Ib)[(15 in.)eos 20°] =0
T, =119.293 [b Tp=11931b <
(5) UTF =0 €, +(119.293 1b)cos42.397° =0
C, =-88.097 Ib
HEF =0: €, —751b—(119.293 Ib)sin 42.397° =0
C, =155.435
Thus: C=JC? +C2 = \[(-88.097)" +(155.435)° =178.665 Ib

C,
and @ = tan”' —L = tan™’ 155435

a = 60.456° C=178.7 Ib ™ 60.5° 4
C, 88.097
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PROBLEM 4.145

Neglecting friction and the radius of the pulley, determine
{a) the tension in cable ADB, (b) the reaction at C.

i

;m;\'
|

hU mm 80 mm

200 ninn

SOLUTION
Free-Body Diagram:
Dimensions in mm
D
s
Geometry: -
- 7/ 150
Distance AD = \/(0.36)2 +(0.150)° =039 m L~ P Svi
Distance BD = \J(0.2)* + (0.1 5% =025m HHI*———*’ Sk
6o v Bo 100
VL0 M
Equilibrium for beam:
0.15 0.15
] +)1ZM- =0 (120 N)(0.28 m —7 [(0.36 m ——T 0.2 0
() VEM, (120 N)(0.28 m) - (039 ]( m) - (025 ]( m) =
7 =130.000 N
or T=130.0N 4
& ELIF =00 C, +(gig)( 130, OOON)+(OO J(]BOOOON) 0

Thus:

and

C, =-224.00 N

TZF =0 C, +[8]5J(13000N)+[815](1300()1\3) 1I20N=0

C,

~8.0000 N

= JCP 4+ €7 = \[(-224)* +(-8) =224.14 N

C,
6 =tan™ % = tan”™ ?22 =2.0454°

"X

C=224 N2.05° 4
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PROBLEM 4.146

The T-shaped bracket shown is supported by a small wheel at £ and pegs at C
and D. Neglecting the effcet of friction, determine the reactions at C, I, and £
when 8 =30°.

SOLUTION

Free-Body Diagram;

2o | th e lgan
4

a i o

" e
Kin, o
. T

3a,

R,

+ ZF, =00 Ecos30°-20-40=0

¥
E=-00 690501 E=69.3 b . 60.0° 4
COS8

DYIMp, =00 (20 Ib)(d in.) — (40 Ib)(4 in)
—C(3in)+ Fsin30°3 in)=0
—80—3C + 69.282(0.5)(3) =0

C=179743 1b C=7971b— 4
EF.=0: Esin30°+C—D=0
(69.282 16)(0.5)+7.9743 b — D = 0
D=426151b D=42.61b— 4
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PROBLEM 4.147

The T-shaped bracket shown is supported by a smalf wheel at £ and pegs
at C and D. Neglecting the effect of friction, determine {a) the smallest
value of & for which the equilibrium of the bracket is maintained, (b) the

corresponding reactions at C, D, and £,

SOLUTION

Free-Body Diagram:

(@)

(b)

a | 40

p 3

For C =1,

Eq. (1)

+ IF, =0 Ecosf-20-40=0

60
cosd

+‘) IM,=0: (20b)(4 in)—-(40 )4 in.)-C(3 in.)
+( 60 sin HJ3 m.=0
cosf

C= —;»('1 80tan & — 80)

o

180 tan & = 80
4
tan £ = 3 G =23962°

Eee 0 65659
cos23.962°
FNE =00 D C+ Esind=0
D = (65.659) sin 23.962 = 26.666 1b

C=0 D=267lb~—

(b

6=24.0" 4

E=065711b «7 66.0° 4
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PROBLEM 4.148

30 1L

For the frame and loading shown, determine the reactions at 4 and C.

D

w«&'in._war*-—{i in,———=

SOLUTION

£

Since member 45 is acted upon by two forces, A and B, they must be colinear, have the same magnitude, and
be opposite in direction for A5 1o be in equilibrium. The force B aciing at B of member BCD will be equal in
magnitude but opposite in direction to force B acting on member A8. Member BCD is a three-force body with
member forces intersecting at £. The f.b.d.’s of members 45 and BCD illustrate the above conditions, The
force triangle for member BCD is also shown. The angle /# is found from the member dimensions:

B=tan" { 16 s ] =30,964°

(.

Applying of the law of sines to the force triangle for member 5CD,

b B C
sin(45°— ) sinf  sinl35°

or 30 B . cC
sink4.036°  s5in30.964°  sin135°
o] OLLC
e g BOID)SIN0.0640 0
sin14.036°
or A=6361b < 45.0° 4
and = BOIDSINI3ST or h66 1
sinl4.036°
or C=8751 ™ 55.0° «
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RS PROBLEM 4.149

¢ Determine the reactions at 4 and B when ff=50°.

250 mm

\ 150 mm/k
L

SOLUTION

Free-Body Diagram: (Three-force body)

Reaction A must pass through Point £ where 100-N force

and B intersect »
In right A BCD
a=90"-75"=15°
BD =250tan 75°=933.01 mm
In right A ABD Dimensions in mm
fan y = AB 150 mm
BD 9330t mm
¥=9.13
Law of sines d=
1WON 4 B

sin9.13°  sinl5°  sin155.87°
A=1631N; B=2576N

A=163.IN [74.1° B=258N ™. 65.0° 4
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PROBLEM 4.150

The 6-m pole ABC is acted upon by a 455-N force as shown. The
pole is held by a ball-and-socket joint at 4 and by two cables BD
and BE, For ¢ =73 m, determine the tension in each cable and the
reaction at A.

SOLUTION

Free-Body Diagram:

Five unknowns and six Egs. of equilibrium, but equilibrium is maintained

(M 40 =0)
Ty = 3]
ve =6j

CF=-3i~6j+2k CF=7m
BD=15i-3j-3% BD=45m

BE=151-3j+3k BE=45m

p=prCE Ly 6o
CE 7
BD T T
Ty = Ty e = B2 51 3j - 3K) = 282 (j — 2 — 2k
BD B BD 4'5( 1 ) 3 ( J )

:EEE:Z%a@A2j+2k)

Tm;' = fpe B

M =00 1y X Ty, 41, X Ty +1,XP=0
i j k i ok i j ok

0 3 0 5”3;& +0 3 0 T—‘;"‘L +0 6 0 3;; =0
P -2 =2 1 -2 2 -3 -6 2
. " 12
Coefficient of i: 2T, + 2T + e > =1 (1)
. 18
Coetficient of k: Ty = Ty + > P=0 (2)
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Eq. (1) + 2 Eq. (2):

Eq. (2):

Since

CoelTicient of i

Coetficient of j:

Coefficient of k:

PROBLEM 4.150 (Continued)

=~ 4Ty +§P:O o :‘1:72‘})

12 18 6
P T +—P=0 Ty=—P
7 BE 7 BE 7

P=445N T, = %%(455)

6
Tpp = 7;(455)

ZF=0; Ty, +Th +P+A=0

C
780 300 455
3 3 7 )

260+130-195+4 =0 4, =1950N

780 . 390, 455
Ly -2 - 222(6) + 4, =0
3 (2) 3 (2) 7 (O)+4,

-520-260-390+4, =0 A, =1170N

C
—12—9(2) —%%9(2) +i§~§(2) +A4 =0

=520+260+130+ 4, =0 A, =+130.0N

Ty =780 N <

Ty = 390N <

A=—(195.0NYi+(170 N)j+(130.0 N)k
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PROBLEM 4.151
Solve Problem 4.150 for a=1.5 m.
PROBLEM 4.150 The 6-m pole ABC is acted upon by a 455-N

force as shown, The pole is held by a ball-and-socket joint at
A and by two cables BD and BE. For a =3 m, determine the

tension in cach cable and the reaction at 4.

SOLUTION

Free-Body Diagram:

Five unknowns and six Egs. of equilibrium but equilibrium is maintained

(ZM . =0)
Yy =3j
Yo = 6j

CF=-15i-6j+2k CF=65m
BD=15i-3j~3k BD=45m
BE =15i-3j+3k BE=45m

CF P P
P=P= o= (51— Gj+2K) = —(~3i~12j + 4k
oE 65 irek=5 1+ 4k)
. BD

T T
Top == Ty == 22 (] 8 3 3K) = 22 (- 2 2Kk
BD D pr 4, 5( 1 ) 3 ( 1 )

BE T,
Ty =Ty = =22 (i-2j+ 2k
BE S BE T 3 ( J )
EM =00 pp Ty, +rp %X Ty +1-xP=0
i j k i j k i i k
B TBE P
0 3 0 |-==+0 3 0 3 + 0 6 0 T 0
1 -2 -2 -2 2 -3 =12 +4
v . : 24
Coefticient of iz 2Ty, +275, + e} F=0 4}
y .18
Coefticient of k: ~Typ = Ty + T};P =0 (2)
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Eq. (1) +2 Eq. (2):

Eq (2):

Since

Coefticient of i;

Coefficient of j:

Coefficient of k:

PROBLEM 4.151 (Continued)

60 15
—A4Ty, 4+ =P =0 Tpp=—P
2D 13 BD 13
) 18 3
P b —P=0 T, =—P
13 BE 13 RE 13
13
P=445N T, xuﬁ(455) Typ =525N
T :%{455) Ty =105.0N o

ZF=0; Ty +Ty +P+A=0

525 105 455
3 3 13 '

175435105+ 4, =0 A =1050N

525 . 105 .. 455
252 () (2) 22 (12) 4+ A, =0
3() 3() ]3() [,

=350-70-420+ A4, =0 4, =840N

525 . 105 455
T D) e (D) e (A) + A, =0
5@ @) A A

-350+70+140+ 4, =0 A =1400N
A =—(105.0 N+ (840 Nyj+ (1400 Nk <
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PROBLEM 4.152

The rigid L-shaped member ABF is supported by a ball-and-socket
joint at 4 and by three cables. For the loading shown, determine the
tension in cach cable and the reaction at 4.

16w, .z

e

i
B / 5 in’.’!/

SCLUTION

Free-Body Diagram:

Yy =121

Iy =12j—8k
Ty, =121 — 16k
Yp, =120 - 24k
T, =121 32k
BG =—12i+9k
BG =151n.

by =081+ 0.0k

DH =~12i+16j, DH =20in; A, =—0.6i+0.8]
FJ=-12i+16f;, FJ=20in; A, =-0.6i+0.8]

IM =00 1y X VoA + 10y X Ty Apyr + 00 Xy Ay
g X (-24)) + 1y, x(-24)) =0

i j Kk i j k i j ok
120 0 |Tye+| 12 0 —~16|Ty, +| 12 0 -32|7,
0.8 0 06 -0.6 08 0 -06 08 0

i j k| |i § k
+H12 0 -8|+[12 0 -24|=0
0 =24 o] |0 —24 o0

Coefficient of i +12.87 ), +25.67;, -192-576=0 (1)
Coefficient of k: +9.6T ) +9.67,, ~288 —288=0 (2)
3 Eq. (1)—Eq. (2): 9,67, =0 T,=04
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PROBLEM 4.152 (Continued)

Eq. (1): 12,87, =268 =0 Ty =60 1b 4
Coefficient of j: 7 2T + (16X 0.6)(60.0 Tb) =0 Ty =80.01b 4

IF =0 A+Tyohpg +Tpphpy + 15 —24j-24j=0

Cocfficient of 1: A, +(B0)~0.8) -+ (60.0(-0.6) =0 A, =100.01b
Coeflicient of j: A, +(60.0)(0.8) - 24 - 24 =0 A4, =0
Coefficient of k: A, +(80.0)4+0.6)=0 A, =-4801b

A =(100.0 Ib)i — (48.0 Ib)j 4

Note: The value 4, =0

Can be confirmed by considering XA g, =0
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PROBLEM 4.153

A force P is applied to a bent rod ABC, which may be supported in four different ways as shown. In each case,
if possible, determine the reactions at the supports.

SOLUTION

(@ )M, =0: P, +(Csind5)2a + (cosd5)a=0

3.5 2

xP C:“‘“““”P C$0,471P 33450‘
-3 Ea. ! \/5 3

T 3 Q{'
& HLEF =0 4 M{QPJ ! A “?“—*

A x 3 :]—“2— x
A 18,
H 2F, =0: 4, mm(—?—fa]—\—/% A, m%ﬁf
A=0745P 47 63.4° 4
() )EM =0: +Pa—(Acos30°)2a +(Asin 30°)a =0
A(1.732-05)=P A=0812P

W L A=0812P 7 60.0° 4
r s = 4. ZF, =0: (0.812P)sin30°+C, =0 C, =~0.406P
'&w - ] 2E, =0t (0.812P)c0s30°~P+C, =0 C, =-0.297P

C=0.503P 7 36.2° 4
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PROBLEM 4.153 (Continued)

(¢) +)IM =0: + Pa—(Acos30°)2a+(Asin30%a =0
; oty PRV A(1T32405)=P A=0.448P
W S A=0.448P ™. 60.0° 4
E / e A4UEF =0 —(0.448P)sin30°+C, =0 C, =0224P—
25 R.a ] EF, =0: (0.448P)cos30°—~ P+ C, =0 C, =0.612P]

C=0652P 7 69.9° 4

()} Force T exerted by wire and reactions A and C all intersect at Point £2.

Dfe—p

)EM,=0: P, =0

Equilibrium not maintained

Raod is improperly constrained 4
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