15Ib  201b 351b

20lb  151b

___ €] 9B
T B
§ C
< 6 ino=j=— 8 in.—{=— 8 in.—=6 i11.+l

PROBLEM 4.1

For the beam and loading shown, determine (a) the reaction at A,
(b) the tension in cable BC.

SOLUTION

(a) Reaction at A:

(b)  Tension in BC:

Check:

Free-Body Diagram:

156 (g0 (¥ |20k |15%
L l "l £
T T
Em | &m | Bm  bm
Xk, =0: A =0
+)IMg =0 (151b)(281in.)+ (20 Ib)(22in.) + (35 Ib)(14 in.)
+(201b)(6in.) — A, (6in.) =0
A, =+2451b A=2451b] €
+)EM, =0: (151b)(22in.) + (20 Ib)(6 in.) + (35 Ib)(8 in.)
~(151b)(6in.) — Fye (6in.) =0
Fac =+140.0Ib Fac =140.01b <«
+|2F,=0: ~151b-20Ib=35Ib—201b+ A~ Fgs =0

-1051b+2451b-140.0=0
0=0 (Checks)
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PROBLEM 4.2
A 3200-Ib forklift truck is used to lift a 1700-1b crate. Determine

Ge
. the reaction at each of the two (a) front wheels A, (b) rear wheels B.
O AW c
|
N -
<16 in.—>| 24 in, aTT
SOLUTION
Free-Body Diagram:
1700 \b

3200 |b

YG'

A B
(6in, 24 in. \2 in.
“ an

2A 28

(a) Front wheels: +‘)2M g =0: (1700 Ib)(52 in.) + (3200 Ib)(12in.) —2A(36in.) =0

A=+1761.111b A=17611b | <
(b)  Rear wheels: +f2Fy =0: -17001b-32001b+2(1761.111b)+2B =0
B =+688.89 Ib B=6891b |«

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.



PROBLEM 4.3

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

SOLUTION

Free-Body Diagram:

£)EM, =0: (2F)(m)— (60 N)(0.15 m) — (250 N)(0.3m) = 0
F=420N] <

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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0.6m 0.4m PROBLEM 4.4

Q.Umﬁﬁl 0.3m _ . . .

’e ‘ r A load of lumber weighing W = 25 kN is being raised as
= - shown by a mobile crane. Knowing that the tension is
25 kN in all portions of cable AEF and that the weight of
boom ABC is 3 kN, determine (a) the tension in rod CD,
(b) the reaction at pin B.

[ B N

[ :

-.—.—L— 20 Hl—*l |—<— 0.5m
0.9m

SOLUTION

Free-Body Diagram: (boom)

Ten

2 2¢ N

v
2:0wm ]o-r.-a ‘0.4MH0.3M

@+) =My =0:  (25kN)(2.6 m)+ (3kN)(0.6 m) - (25 kN)(0.4 m) - Tep (0.7 m) =0
Tep = 81143 kN or Tep =8L1KN <«
(b) £. TF =0: B, =0 sothat B = B,
+] $F,=0:  (-25-3-25-8L143)kN +B =0
B = 134.143 kN or B=134.1kN | «
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PROBLEM 4.5

¥
Three loads are applied as shown to a light beam supported by
75kN cables attached at B and D. Neglecting the weight of the beam,
P Q  determine the range of values of Q for which neither cable becomes
| " slack when P = 0.
Al £
| | B D
I 1.5m |
0.5m0.75 m 0.75 m
SOLUTION

Free-Body Diagram:

H
L]
FC
® |
(1]
Q| —>
-
-
Lm__*—
12

A
lr\;,;j'{ 2:2€ m 1< 0wl

FOr Quin, Tp =0

) IMg =0:  (7.5kN)(05m)=Qu,(3mM)=0
Quin = 1.250 kN

FOr Quax, Tg = 0

+)EMp =0:  (7.5KN)(2.75M) - Qua (0.75m) = 0
Qmax = 27.5 kN

Therefore: 1.250 kN < Q <275kN 4
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PROBLEM 4.6

X
Three loads are applied as shown to a light beam supported by
75 kN cables attached at B and D. Knowing that the maximum allowable
p Q  tension in each cable is 12 kN and neglecting the weight of the
; 1 beam, determine the range of values of Q for which the loading is
A < & safewhen P = 0.
| |B ‘ D
= — 1.5m —|
0.5m0.75 m 0.75 m
SOLUTION

Free-Body Diagram:

LN

H
L]
&
ol ™
1
[++]
Q| p—>

{3

| 5|

Cd

2:2¢ w C0Cw

."\_'
4

—

os
) EMp =0:  (75kN)(2.75m) -Tg(2.25m) - Q(0.75m) =0
Q=275-3Ty (1)
) EMg=0:  (7.5kN)(0.5m) +Tp(225m)-Q(3m)=0
Q=1.25+(0.75Tp) )

For the loading to be safe, cables must not be slack and tension must not exceed 12 kN.
Thus, making 0< Tg < 12 kN in (1), we have

-850 kN < Q < 27.5kN ©)
And making 0< Tp < 12 kN in (2), we have

1.25 < Q < 10.25 kN )

(3) and (4) now give: 1.250 kN < Q £ 10.25 kN «

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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300 Ih 300 1b PROBLEM 4.7

-~ (1 ——|=<—( in.—

Al 5 . an For the beam and loading shown, determine the range of
' DL ¢ 4;)\_‘ the distance a for which the reaction at B does not exceed
| 50 1b ‘ 100 Ib downward or 200 Ib upward.
§in. i ! 12 in |
SOLUTION

Assume B is positive when directed T
Hoilb 3colb

N a | b/,
r D .
[ e o311
[ BNEREY §t
R | J
I o, epim ¥ /2 773, o

Sketch showing distance from D to forces.

— (B +6in) B = &= Xim

300& L t)_‘-lzwﬁ

B

A c — ™)
F% % l.ro& _@'
Ny —

(8 -2)

+)IM, =0: (300 Ib)(@in.—a) - (300 Ib)(a - 2in.) - (50 Ib)(4 in.) + 16B = 0
—600a + 2800 +16B = 0
,_ (2800+16B)

1
600 @
For B=1001b} =100 b, Eq. (1) yields:
az= [2800 +16(_100)] = 1200 =2in. a>2.00in. <
600 600
For B=2001 =+200 Ib, Eq. (1) yields:
a<[2800+16(200)]] 6000 _, 5, a<10.00in. <
600 600
Required range: 2.00in.<a<10.00in. <
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’ Kips f\lxip\ PROBLEM 48

61 ip
— For the beam of Sample Prob. 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 25 kips and that the
reaction at A must be directed upward.

SOLUTION

Free-Body Diagram:

BT

bt R

+)EM,=0:  — P31 +B, (9 ft) - (6 kips)(L1ft)— (6 kips)(13 ft) = 0
Q=(3B, —48) kips (1)

+)EMg =0:  — A (9t) + P(61t) — (6 kips)(2 ft) — (6 kips)(4 ft) = 0
P = (1.5A,+6) kips )

For the loading to meet the design criteria, the reactions must not exceed 25 Kips.
Thus, making B, <25 kips in (1), we have

P < 27.0 kips 3)
And making 0< Ay < 25Kips in (2), we have

6.00 < P < 43.5kips (4)

(3) and (4) now give: 6.00 kips < P < 27.0 kips «
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PROBLEM 4.9

The 40-ft boom AB weighs 2 kips; the distance from the
axle A to the center of gravity G of the boom is 20 ft. For
the position shown, determine (a) the tension T in the cable,
(b) the reaction at A.

SOLUTION
Y
-
15 kips

(a) AD = (AB)sin10° = (40 ft)sin10°

AD =6.9459 ft

+3 XM, =0: T(AD)-2(20c0s30")—-5(40c0s30°)=0
T =29.924 Kips
T =29.9 kips «

(b) ALEF =00 A —(29.924)c0s20° =0

A, =+28.119 kips
+]2F, =0: A, —(29.924)sin20° -2-5=0

A, =17.2346 kips

A =~/28.1192 +17.2346% = 32.980 kips

o tan [ 17:2346
28.119

=31.5° A =33.0 kips 47 31.5° ¢

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
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P PROBLEM 4.10

The lever BCD is hinged at C and attached to a control rod at B. If
P =100 Ib, determine (a) the tension in rod AB, (b) the reaction at C.
7.5 in.
3in.
!

SOLUTION
Free-Body Diagram:

(00 tb

—>N7D

7.5 \n.
3
A
gx c yg
-]
EXL e
- BC = Sin.
4in. | e
(@) £)EM =0: T(5in.)—(L00 Ib)(7.5in.) =0
T=150.01b «
(b) 4+, 3F, =0: C,+100 Ib+g(150.0 Ib)=0
C,=-1901b C, =190 1b ~—
Cy=140 W\
oK +|2F, =0: cy+%(150.0 Ib) =0
Ey =120 b
c C, =-1201b C,=1201b
a=32.3° C=2251b C=2251b > 32.3° 4
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L PROBLEM 4.11

"‘|‘ “\ The lever BCD is hinged at C and attached to a control rod at B.
Il Determine the maximum force P that can be safely applied at D if the
maximum allowable value of the reaction at C is 250 Ib.

4in.

SOLUTION
Free-Body Diagram:

P
T—)nn

7.5 n.
3
g—_",‘ c 4)7‘/5_
3 in. <y
; f\fz |
B_E.= 5 n.

+)IM =0: T(5in)-P(7.5in)=0
T =1.5P

+.3F, =0: P+C, +§(1.5P):O

C,=-19P  C, =19P -

Cy=1.aP +|ZF, =0: cy+%(1.5p)=o
o< c,=-12p  C,=12P |
C=,Cl+C?
< = J(L.9P)? + (1.2P)’
C =2.2472P
For C =250 Ib,

250 Ib =2.2472P
P=11121b P=11121b — <«
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/ 250 mm

PROBLEM 4.12

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

A‘Q_
\ q 200 mm
L 7
~Q/ 500N
250 mm B .
— ﬁ D
SOLUTION

Triangle ACD is isosceles with 0 C=90°+30°=120°00 A=0 D= %(1800 —120°) = 30°.

Thus, DA forms angle of 60° with the horizontal axis.

(@)

(b)

We resolve F,; into components along AB and perpendicular to AB.

A A

250 mm,

¢

?';D:-'n 3 2005in 3’ = 100mm

QZMC =0:
+.3F, =0:

+ F, =0

*o L B 500N
(Fap Sin30°)(250 mm) — (500 N)100 mm) =0  F,, =400 N <
— (400 N)c0s60°+C, ~500N =0 C, =+300 N
— (400 N)sin60°+C, =0 C,=+346.4N

C=458 N «7 49.1° 4
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75 1b PROBLEM 4.13

‘.(_ 10 in. 10 in.— Determine the reactions at A and B when (a) « =0, (b) « = 90°,
] %)B (c) a=30°.

| - a
12 in.
1 3.
SOLUTION —
@ «=0 L B
)M, =0: B(20in.)-75Ib(10in.) =0 3
B=3751b [
+.3F =0 A =0
A
+13F, =0: A ~751b+3751b=0 =LA
A =37.51b T Ay
A=B=3751Ib |«
(b) «=90°
£)=M, =0: B(12in.)-75Ib(10 in.)=0
B=6251b
+_SF, =0: A -B=0 151b
A =625Ib 3
e —
+]ZF,=0: A -751b=0 ®
A =751b
A=A+ A Ax || a
= (62,5 Ib)? + (75 Ib)? 167
=976 b
tang=—>
62.5
6 =50.2°

A=9761b 7 50.2°:B=625Ib — «
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SOLUTION Continued

€ a=30°
+)=M, =0: (B cos 30°)(20 in.) + (Bsin30°)(12 in.) s\
— (75 1b)(10in.) =0 ®
' i |
B =32.1611b B
+_SF, =0: A, —(32.161)sin30°=0 i
A, =16.0805 Ib A
+13F, =0: A +(32.161)c0s30°~ 75=0 =LA
A, =47.148 Ib ‘i Ay

A=K+ A
= /(16.0805)? + (47.148)’

=49.81b

47.148
16.0805
0=712°

tan @ =

A=4981b 7 71.2° B=32.2 Ib ™. 60.0° «
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$ 7

a=0.18m

i A 4 (e 5 5D

240 N 240 N

. PROBLEM 4.14

The bracket BCD is hinged at C and attached to a control
cable at B. For the loading shown, determine (a) the
tension in the cable, (b) the reaction at C.

4 0.4 m 0.4 m

I
0.24 m

SOLUTION

At B:

From Eq. (1):

(b)

-
;/1 B 240w 240N
o.f6™ e :r

sl e l

" ng:—mﬁtcfo.'fm —4‘—0.‘!7" J

1D

1)

QZMC =0: T,(0.18 m)— (240 N)(0.4 m)— (240 N)(0.8 m) =0
T, =+1600 N

T, _ 3 1600 N) 1200 N
4

T= T2 +T7 =\/1600° +12002 =2000N T =2.00kN «
+.3F =0: C,-T,=0

C,-1600N=0 C,=+1600N C, =1600 N —
+/2F, =0: C,-T,—240N-240N =0

C, -1200N-480N =0
c

1680k

£
] a gz/émﬂ/

C, =+1680 N

o =46.4°
C=2320N

C,=1680N |

C=2.32kN A" 46.4° <
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240 N 2208 PROBLEM 4.15
A"
a :nyx m . Solve Problem 4.14, assuming that a =0.32 m.
7i0.:_\ o' ’ oD ) )
[ PROBLEM 4.14 The bracket BCD is hinged at C and
\ . e attached to a control cable at B. For the loading shown,
T024m o determine (a) the tension in the cable, (b) the reaction at C.
SOLUTION
(a) At B:
+)IMc =0: T,(0.32 m)— (240 N)(0.4 m) — (240 N)(0.8 m) = 0
T, =900 N
. 4
From Eq. (1): T, =5 (900 N) =1200 N
T= T2 +T7 =/900% +1200° =1500N T =1.500kN «
(b) 4+ 2R, =0: C,-T,=0
C,—900N=0 C,=+900N C, =900 N —
+Tz|:y =0: C,-T,-240N-240N=0
e C,-1200N-480N =0
L BOW C, =+1680 N C,=1680N |
oL
Co= 00 o =61.8°
C=1906 N C=1.906 kN 1" 61.8° 4
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|<—25() mm —-}<250 mm —)—‘ PROBLEM 4.16
lﬁ‘) N Determine the reactions at A and B when (a) h=0,
300 mm o (b) h =200 mm.
T i__@A @
h I B

y

SOLUTION
Free-Body Diagram:
[oz5m | ouzsm |
1504
I »
—ﬁ g| &snéo
b Beaséo” _é‘l"_\"g

Q XM, =0: (Bcos60°)(0.5m)—(Bsin60°)h— (150 N)(0.25m) =0

37.5
S L - (1)
0.25-0.866h
(@) When h=0,
From Eq. (1): B :% =150 N B =150.0 N ™ 30.0° «
+.%F, =0: A —Bsin60°=0
A, =(150)sin60°=129.9 N A, =1299N —
+|ZF,=0: A -150+Bcos60°=0
—_——a A o_ =
75”{ PRt A, =150 - (150)c0s60° = 75 N A, =75N |
7 X7 a =30°
A=1500N A=150.0 N 7 30.0° «
(b)  When h=200mm=0.2m,
From Eq. (1): = 375 =488.3N B =488 N ™ 30.0° «
0.25-0.866(0.2)
4. XF =0: A —-Bsin60°=0
A, =(488.3)sin60° = 422.88 N A, =42288N —
+|ZF, =0: A, -150+Bcos60°=0
p  422.884 i |
- FT—“‘ = A, =150 (488.3)cos60°=-94.15N A =94.15N
- - -t o =12.58°
A=4332N A=433N < 12.55° 4
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. 3in. .
~— 5 in— 7 in.

PROBLEM 4.17

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

BE and the reactions at A and D.

8 in. B
v /
- 50 Ib
SOLUTION
Free-Body Diagram:
3in.
D D
T 1
B (& Bin.
A 50 \o
A
YF,=0: A=D
IF, =0: Tee =50.01b «

We note that the forces shown form two couples.
+)IM =0: A@in)-(501b)3in)=0

A=18.751b
A=18.75Ib —

D=18.751b — <«
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PROBLEM 4.18

L : C o .
/’/ p .wF y ¢ » Bar AD is attached at A and C to collars that can move freely
/ |‘T- & - on the rods shown. If the cord BE is vertical (o = 0), determine
/e d s 5p  the tension in the cord and the reactions at A and C.
305.\)(4 Bl 30°4yfc
~/ / ~//
o 4
0.2m 0.2m 0.2 m—
SOLUTION
Free-Body Diagram:
[ 0.2wA . 0.2 wA ol e O.ZM _;]I
A AT l 80 N
BOK - {
e D

AN_ B C‘K)\Bo
®
Y
+/ F, =0: —Tcos30°+ (80 N)cos30°=0

<

T=80N T=80.0N «
+3ZMC =0: (Asin30°)(0.4 m) - (80 N)(0.2m)— (80 N)(0.2m)=0
A=+160N A=160.0N < 30.0° «

+)IM, =0: (80 N)(0.2m)— (80 N)(0.6 m) +(Csin30°)(0.4 m) =0
C=+160N C=160.0N ™ 30.0° 4
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Y, 4 v Solve Problem 4.18 if the cord BE is parallel to the rods (a = 30°).

/ @
‘ VA

SWW
17
1

PROBLEM 4.18 Bar AD is attached at A and C to collars that
can move freely on the rods shown. If the cord BE is vertical

LO,Z m—+=—0.2 m—+=—0.2 m—|

(a = 0), determine the tension in the cord and the reactions at A
and C.

SOLUTION

Free-Body Diagram:

A 2l - JBO N
= /A S~ ® c\Qf — P
Y

X c

4/SF, =0: —T +(80 N)cos30°=0

T=69.282N T=69.3N «

+)=Mc =0: —(69.282 N)cos30°(0.2 m)

(80 N)(0.2 m) + (Asin30°)(0.4 m) = 0
A=+140.000N A=1400N < 30.0° €

+)=M, =0: +(69.282 N)cos30°(0.2 m)

—(80 N)(0.6 m) + (Csin30°)(0.4 m) =0
C=+180.000N C=180.0N ™ 30.0° 4
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<4 i1L+¢4iw+<—7hn—-2ini-— PROBLEM 420

—m Two slots have been cut in plate DEF, and the plate has

2 been placed so that the slots fit two fixed, frictionless
pins A and B. Knowing that P = 15 Ib, determine (a) the
; gn force each pin exerts on the plate, (b) the reaction at F.

SOLUTION

Free-Body Diagram:

‘,___/ =
3in D A
e m] E

15 b

(@) +.3F =0: 15Ib—Bsin30°=0 B =30.0 b ™ 60.0° «
(b) +§2MA =0: —(301b)(4in.))+ Bsin30°(3in.) + Bcos30°(11lin.)—F(@13in)=0
=120 1Ib-in.+ (30 Ib)sin30°(3in.) + (30 Ib) cos30°(11in.) — F(13in.) =0
F =+16.21451b F=16.211b, <€
@ +TF,=0: A-30Ib+Bcos30°—F =0
A-30 b+ (30 Ib)cos30° —16.2145 Ib = 0
A=+20.231b A=20.21b] <
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10° 2 PROBLEM 4.21
— || 20°
T,/r A 6-m telephone pole weighing 1600 N is used to support the ends of two
T, wires. The wires form the angles shown with the horizontal axis and
the tensions in the wires are, respectively, T, =600 N and T, =375 N.
6m Determine the reaction at the fixed end A.
A
SOLUTION
Free-Body Diagram:
10° B 20°
00N 375 N
©en 1600 N
Ax )
AN ™My
Ay

+USF, =0 A +(375N)cos20° - (600 N)cos10° =0
A =+238.50 N
+X IF, =0: A, —-1600 N —(600 N)sin10°— (375 N)sin20°=0

A, =+1832.45N

A =+/238.502 +1832.452

f=tan! 1;335‘:5 A=1848N .~ 82.6°«

+3ZMA =0: M, +(600 N)cos10°(6 m)— (375 N)cos20°(6 m)=0

M, =—1431.00 N-m M, =1431N-m ) <
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3.75 ft PROBLEM 4.22

o |
) I The rig shown consists of a 1200-Ib horizontal member ABC
4 \ 5ft and a vertical member DBE welded together at B. The rig is
——»C_+  being used to raise a 3600-Ib crate at a distance x = 12 ft
A ) ' I_ N from the vertical member DBE. If the tension in the cable is
< 6.5 ft—] 4 Kips, determine the reaction at E, assuming that the cable is
e TR i (@) anchored at F as shown in the figure, (b) attached to the
1 — I vertical member at a point located 1 ft above E.
m E FX
3600 Ib ‘
SOLUTION

Free-Body Diagram:

A= = C
3c¢00 lb l2o0 tb \ T
= L
£

E, 15_0 Me
)Mg =0: Mg +(3600 Ib) x+ (1200 Ib) (6.5 ft) T (3.75 ft) = 0
Mg =3.75T —3600x — 7800 (1)

() For x=12ftand T =4000 Ibs,

M = 3.75(4000) — 3600(12) — 7800
=36,000 Ib- ft

FU3F =0 -~ E =0
+|ZF, =0 E, 3600 Ib—1200 Ib—4000=0

E, =8800 I

E =8.80 kips [; My =36.0 kip.ft)<
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SOLUTION Continued
- D

NN

-

3600 lb l \zoo b

__El wMe
5719)
(b) +)IMg =0: Mg + (3600 Ib)(12 ft) + (1200 Ib)(6.5 ft) = 0
M. =-51,000 Ib-ft

+.3F, =0 . E,=0
+|ZF, =0 E, 3600 Ib—1200 b =0

E, = 4800 Ib

E = 4.80 kips|; M —51.0 kip-ft - 4
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75 1 Sl PROBLEM 4.23

i ) For the rig and crate of Prob. 4.22, and assuming that cable

e . \ 3 it is anchored at F as shown, determine (a) the required tension
% _ in cable ADCF if the maximum value of the couple at E as x
A ' varies from 1.5 to 17.5 ft is to be as small as possible, (b) the

corresponding maximum value of the couple.
10 fu

5/\1 I FA
; [ 3600 1h
SOLUTION
Free-Body Diagram:
©
/1
B \
A C
—T-
3e00 b (2o0 tb v -
=1
E

TE o) Me

)Mg =0: Mg +(3600 Ib) x+ (1200 Ib)(6.5 ft) =T (3.75 ft) = 0
M =3.75T —3600x — 7800 1)

For x=1.5 ft, Eqg. (1) becomes
(M), =3.75T —3600(1.5) — 7800 )
For x=17.5 ft, Eq. (1) becomes
(Mg), =3.75T —3600(17.5) — 7800
(@) Forsmallest max value of |[M|, we set
(ME)l :_(ME)Z
3.75T —13,200 =-3.75T + 70,800 T =11.20 kips <

(b)  From Equation (2), then
Mg =3.75(11.20) -13.20 M| =28.8kip-ft «
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PROBLEM 4.24

75 mm 75 mm—-‘
€ A tension of 20 N is maintained in a tape as it passes through the
T 4)1”“ support system shown. Knowing that the radius of each pulley is

7% y | | 10 mm, determine the reaction at C.
\ . = — 20 N

’ B
20 N

SOLUTION

Free-Body Diagram:

B
A {0 vamn 6 20."4
Y 201
+U3F =00 C,+(20N)=0 C,=-20N
+]ZF,=0: C,—(20N)=0 C,=+20 N

C=283N ™ 45.0° 4

+)ZM¢ =0: M, + (20 N)(0.160 m) + (20 N)(0.055 m) =0
Mc =-4.30 N-m Mc =430N-m ) <
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PROBLEM 4.25

The bracket ABC can be supported in the eight different ways shown. All connections consist of smooth
pins, rollers, or short links. In each case, determine whether (a) the plate is completely, partially, or
improperly constrained, (b) the reactions are statically determinate or indeterminate, (c) the equilibrium of
the plate is maintained in the position shown and, wherever possible, compute the reactions, assuming
that the magnitude of the force P is 100 Ib.

| B F9 A
T B
3ft 1 2 3 Y
S B l > ] : .
P P P Ve
20t 21t
/'/-_.i\ W
| \%\ ‘ 6 7 8
) 9 g | 2 .—T+
'I) I) l) i)
SOLUTION
1. Three non-concurrent, non-parallel reactions: 2
(@)  Bracket: complete constraint ]

. . Ay 1001b
(b)  Reactions: determinate el '

(© Equilibrium maintained
A=120.2lb 4 56.3°, B=66.7Ib~—

2. Four concurrent, reactions (through A): 8
(a)  Bracket: improper constraint c
(b)  Reactions: indeterminate 5"—-‘.?:'
ny loo’b
(© No equilibrium (M, =0)
3. Two reactions:
(@) Bracket: partial constraint .
(b)  Reactions: indeterminate A Hooste

(© Equilibrium maintained
A=500Ib{, C=5001b]
4, Three non-concurrent, non-parallel reactions:
(@)  Bracket: complete constraint

(b)  Reactions: determinate
(© Equilibrium maintained
A=50.01Ib], B=833Ib ™ 36.9°, C=66.71b —
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SOLUTION Continued

5. Four non-concurrent, non-parallel reactions: 5'\ .
(a)  Bracket: complete constraint a, T "
(b)  Reactions: indeterminate Z‘ﬁg
(© Equilibrium maintained (EMc =0) A, =50.0 IbT

6. Four non-concurrent, non-parallel reactions: 53,,__"_69

(a)  Bracket: complete constraint

(b)  Reactions: indeterminate —a"f Vo

(© Equilibrium maintained

A, =66.71b — B, =66.7 b ~—
(A, +B, =100.01b])

7. Three non-concurrent, non-parallel reactions:

(a)  Bracket: complete constraint A
(b)  Reactions: determinate A, joons 1€
(© Equilibrium maintained
A=C=50.0Ib]
8. Three concurrent, reactions (through A)
(@)  Bracket: improper constraint '3_11,_ <
(b)  Reactions: indeterminate By ioolb
(© No equilibrium =M, =0)
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PROBLEM 4.26

Eight identical 500 x 750-mm rectangular plates, each of mass m =40 kg, are held in a vertical plane as
shown. All connections consist of frictionless pins, rollers, or short links. In each case, determine whether
(a) the plate is completely, partially, or improperly constrained, (b) the reactions are statically determinate
or indeterminate, (c) the equilibrium of the plate is maintained in the position shown. Also, wherever
possible, compute the reactions.

D, Ic L __ ' ’; - ‘ ) SEEENG

\

Lo
(%]
[N

=1
o)
#};,-}

SOLUTION

1. Three non-concurrent, non-parallel reactions:
(a)  Plate: completely constrained

(b)  Reactions: determinate
(© Equilibrium maintained

A=C=1962N]
2. Three non-concurrent, non-parallel reactions: D ct
(@)  Plate: completely constrained #w o
(b)  Reactions: determinate >
(© Equilibrium maintained
B=0, C=D=196.2N
3. Four non-concurrent, non-parallel reactions: __to,
(@)  Plate: completely constrained Dy Lw
(b)  Reactions: indeterminate Fﬁ "
(© Equilibrium maintained -
A, =294N—>, D, =294N-~—
(A, +D, =392N1)
4, Three concurrent reactions (through D):
(@)  Plate: improperly constrained 40,
(b)  Reactions: indeterminate Dy w C
(© No equilibrium (EMp #0)
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SOLUTION Continued

5. Two reactions:

(&)  Plate: partial constraint

. . w
(b)  Reactions: determinate L
(© Equilibrium maintained

C=D=196.2N]|
6. Three non-concurrent, non-parallel reactions: 1D,
(@)  Plate: completely constrained B
(b)  Reactions: determinate JW 8

(©) Equilibrium maintained
B=294N—, D=491N ™ 53.1°

7. Two reactions:
(@)  Plate: improperly constrained 2,_

(b)  Reactions determined by dynamics l fw
(ZF, = 0)

(© No equilibrium

LA

8. Four non-concurrent, non-parallel reactions:
(@)  Plate: completely constrained
(b)  Reactions: indeterminate
(© Equilibrium maintained

B=D,=196.2N

(C+D,=0)
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60 mm 40 mm 100 mm | PROBLEM 4.27

‘(:

[y *B

Determine the reactions at B and C when a = 30 mm.

e

60 mm

D

250 N

SOLUTION

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

Free-Body Diagram of ABD: (Three-Force member)

The reaction at B must pass through E, where D and the 250-N load intersect.

Triangle CFD: tana :2:0.6
100
a =30.964°
Triangle EAD: AE =200tana =120 mm
GE = AE - AG =120-30=90 mm %
Triangle EGB: tan,b’:@:@ ™
GE 90 :
S =33.690° g :
Force triangle B b __ 2%N RS
sin120.964° sin33.690° sin 25.346° .
B=500.7 N
D=3239N B=501N ™. 56.3° 4

C=D=324N < 31.0° «
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N . Y
\C D

15 in.

PROBLEM 4.28

The spanner shown is used to rotate a shaft. A pin fits in a
hole at A, while a flat, frictionless surface rests against the
shaft at B. If a 60-lb force P is exerted on the spanner at D,

find the reactions at A and B.

SOLUTION
Free-Body Diagram:

(Three-force body)

A P=¢olb
. L
D5 50° m—;]}
L8 N

>y
<

15 n. |

3cos50°

The line of action of A must pass through D, where B and P intersect.

tana

3sin50°

3c0s50° +15
=0.135756

o =7.7310°

60 Ib

Force triangle

~ sin 7.7310°
=446.02 Ib

. 601lb

~ tan 7.7310°
=441.97 Ib

P=60 \bN.‘lB\o"

|2

A=4461b ™ 7.73° 4
B=4421b— <«
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X 81 - PROBLEM 4.29

B
u\ A 12-ft wooden beam weighing 80 Ib is supported by a pin and
6 1t \ bracket at A and by cable BC. Find the reaction at A and the tension
' ~ in the cable.
A B
1 b5
L— Gft—f—6ft—
50 b
SOLUTION

Since CB is a two-force member, the force it exerts on member AB is directed along CB.

Free-Body Diagram of AB: (Three-Force member)

The reaction at B must pass through E, where T and the 80-Ib load intersect.

_BG
AB

DG =—(AC)
Triangle CFD:

DG =§(6 ft) =150 ft

tana = b6 _1%
Triangle EAD: ~AE 6

a =14.0362°

. . A T 80 Ib
Triangle EGB: Force triangle = =
g sin53.13° sin75.964° sin 50.906°

A=825Ib < 14.04° 4
T=10001b <«
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PROBLEM 4.30

i, 7 \B A T-shaped bracket supports a 300-N load as shown. Determine
\ the reactions at A and C when o = 45°.
“a X 300 N

300 mm

— ]

150 mm

~— 250 mm—

SOLUTION
Free-Body Diagram:
(Three-force body)

F c

The line of action of C must pass through E, where A and the 300-N force intersect.
Triangle ABE is isosceles: EA= AB =400 mm
In triangle CEF:

tang=F - CF 150 mm 0 =12.0948°
EE  EA+AF 700 mm
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Force Triangle

SOLUTION Continued

<
IZ2.094% °
e.
A \128°
— o
22.905
300 N
. A C 300 N
Law of sines: - =— =—
sin32.905° sin135° sin12.0948°

A=778N |;

C=1012N X 77.9° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written

consent of McGraw-Hill Education.




PROBLEM 4.31

# 200mm  One end of rod AB rests in the corner A and the other end is attached to
~8—1 cord BD. If the rod supports a 150-N load at its midpoint C, find the
4 reaction at A and the tension in the cord.

Ce
P 4 360 mm
4 150 N
}«240 mm --{=240 mm |
SOLUTION

Free-Body Diagram: (Three-force body) Dimensions in mm

The line of action of reaction at A must pass through E, where T and the 150-N load intersect.

Force triangle

tana:E:A'_GO qo"..p T o(+@'-'-
AF 240 =¢T.%80° 85.061°
o = 62.447°
EH 100
tan = —— = ——
P =50~ 240 40 \b
[ = 22.620°
o _ Y
A T 15N _5"2’7 5‘;‘30
sin67.380° sin27.553°  sin 85.067° 2
A=139.0 N <~ 62.4° 4
T-69.6N <«
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/\ PROBLEM 4.32

Using the method of Section 4.2B, solve Problem 4.12.

Wl 20 PROBLEM 4.12 A lever AB is hinged at C and attached to a
CR > f30° 7 control cable at A. If the lever is subjected to a 500-N horizontal
~3H 500 N force at B, determine (a) the tension in the cable, (b) the

reaction at C.

250 mm B

L\

SOLUTION

Free-Body Diagram:
(Three-Force body)

Reaction at C must pass through E, where Fp and 500-N force intersect.
Since AC =CD =250 mm, triangle ACD is isosceles.

We have [0 C=90°+30°=120°

and 0A=0D= %(180o —120°) =30° Dimensions in mm

On the other hand, from triangle BCF:
CF =(BC)sin30° =200 sin 30° =100 mm
FD =CD -CF =250-100 =150 mm

From triangle EFD, and since D = 30°:
EF = (FD)tan30°=150tan 30° =86.60 mm

From triangle EFC: tana :E:M
EF 86.60 mm
a=49.11°
) 180°- 109, 11°
Force triangle = 70.89°
F N / F
Law of sines —AD S5 c 5= .500 5 »
sin49.11° sin60° sin 70.89 SO0
Fap =400 N, C=458N
(@) Foo =400N «
(b) C=458 N <~ 49.1° «
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‘4— 250 mm—

<250 mm —»’

LISO N |
300 mm 4
(&

o %
7/ 60°

PROBLEM 4.33
Using the method of Section 4.2B, solve Problem 4.16.

PROBLEM 4.16 Determine the reactions at A and B when
(@ h=0, (b) h=200 mm.

SOLUTION

Free-Body Diagram: (@)

150N
cr

.

(b)

A 1/5’0#

200 mm N 250 £an36°
I P e 2P S = )44 338 mw

:éo-:-m 238=48.562mm 8

Force Triangle

18- 40 102,552°
= /7.948°

h=0

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

Force triangle is equilateral.
A=150.0 N « 30.0° «

B =150.0 N ™ 30.0° «

h =200 mm
55.662
tan B =
p 250
B =12.5521°
Law of sines:
150N A B
sin17.4480° sin60° sin102.552°
A=433.24N
B =488.31N

A=433N < 12.55° ¢
B =488 N ™. 30.0° ¢
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PROBLEM 4.34

A 40-Ib roller, of diameter 8 in., which is to be used on a tile floor, 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 (a) pushed to the left, (b) pulled to the right.

SOLUTION
Geometry: For each case as roller comes into contact with
tile,
1 3.71n.
a =C0S -
4 1n.
a =22.332°

(@)  Roller pushed to left (three-force body):
Forces must pass through O.

Force Triangle Law of sines: . 401b =— P 1P =24871b
o Sin37.668°  sin22.332°
ol = R2.32
)
A . . . P =249 1b2730.0° <
98430 = /20
185 ~(20%-22.38'=37448 = (b)  Roller pulled to right (three-force body):
° Forces must pass through O.
Law of sines:
40l _ P ; P=15.33611b

sin97.668°  sin22.332°

P =15.34 Ib £"30.0° 4
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PROBLEM 4.35

Member ABC is supported by a pin and bracket at B and by an
inextensible cord attached at A 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

72 1b 2« = 12 in.

} 2% in. | cord and the reaction at B.

SOLUTION

Free-Body Diagram:

Reaction at B must pass through D.
7in.
12 in.
o =30.256°
7in.
24 in.
f =16.26°

tana =

tan g =

Force Triangle

g

A-B 90" +3 = /06.26"
- ._“’K p
2z .-:f?-?%”
T- 72/
P0- ok = 5R79C
T  T-72Ib B

Law of sines:

sin59.744° sin13.996° sin106.26
T (sin13.996°) = (T — 72 Ib)(sin 59.744°)

T(0.24185) = (T — 72)(0.86378)

T =100.00 Ib T=10001b «
B = (100 Ib) 3|_n 106.26
sin59.744°

=111.14 b B=111.11b~X 30.3° 4
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B PROBLEM 4.36

320N =
SV T Determine the reactions at A and B when a = 150 mm.
80 n
y '
a
~—— 240 mm
SOLUTION
Free-Body Diagram:
c e B
A iazo N 80 wim
A l
A Eapl L -

80 mm 80 mm

Force triangle tan g = =
a 150 mm
A p=28.072°
P 320N
320 N .
R = A=680N £728.1° «
= sin28.072°
_ 30N _ B=600 N ~— <«
tan 28.072°
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PROBLEM 4.37

AR Determine the value of a for which the magnitude of the reaction at B

P ~ | isequal to 800 N.
80 n

| !

320 N
Y
A E @
a
240 mm

SOLUTION

Free-Body Diagram:

Force triangle

From Eq. (1):

tan g = " a= 1)

From force triangle:

320 N
tan =" =0.
P 800 N
a:80mm a=200 mm <«
0.4
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150 Ib PROBLEM 4.38

31 <3 ft
H‘ H' For the frame and loading shown, determine the reactions at C and D.
A IE | 151t
1.5 ft
(O
SOLUTION

Since BD is a two-force member, the reaction at D must pass through Points B and D.
Free-Body Diagram:
(Three-force body)

E
\
l/:m e
¥
A K \\ =] B3

A

C

Reaction at C must pass through E, where the reaction at D and the 150-Ib load intersect.

4.5 ft

Triangle CEF: tan g = ETS £ =56.310°
Triangle ABE: tany :% y = 26.565°
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SOLUTION Continued

Force Triangle

5C.310°

>
. 150 Ib C D
Law of sines: - =— =—
sin29.745° sin116.565° sin 33.690°
C =270.42 Ib,
D =167.704 Ib

C=2701b ™. 56.3°% D=167.7 Ib < 26.6° 4
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PROBLEM 4.39

2
‘ For the boom and loading shown, determine (a) the tension in cord

A pd 32in. BD, (b) the reaction at C.

<16 in.-=|= 32in. -

-
4

SOLUTION

. . Free-Body Diagram:
Three-force body: 3-kip load and T intersect at E.

Geometry:

BF _CF. BF_32 ‘ e
AG CG' 12 48
BF =8 in.

BH =32 BF =32-8=24 in.
JE _DI.JE_48. i _s5in,
BH DH' 24 32
EG=JE-JG=36-32=4in.

4in.
tana = -
48 in.
o =4.7636°
24 in.
tan B =
P 32in.
B =36.870°
Force Triangle
Law of sines: _Teo ___3Kips _ . ©
sin94.764° sin32.106° sin53.13°
@ Typ =5.63 kips <
(b) C=4.52kips = 4.76° <
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PROBLEM 4.40

WA A slender rod BC of length L and weight W is held by two cables as

/ /t( shown. Knowing that cable AB is horizontal and that the rod forms

Lo an angle of 40° with the horizontal, determine (a) the angle 4 that
// cable CD forms with the horizontal, (b) the tension in each cable.

SOLUTION
Free-Body Diagram:
(Three-force body)

~“AB | o
7 L cosys

()  The line of action of T¢cp must pass through E, where T 5 and W intersect.

tan @ :E
EF

Lsin40°
- 1Lcos40°
= 2tan 40°
=59.210°
0 =59.2° 4

(b)  Force Triangle T,g =W tan30.790°
=0.59588W

T,g =0.596W |
—Co

W

Tz
~ 0 ® " ¢0s30.790°
1 59.2! =1.16408W

\Z

Tep =1.164W <
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| P PROBLEM 4.41

f‘; A Knowing that 8 = 30°, determine the reaction (a) at B, (b) at C.

p’
y

y

SOLUTION

Free-Body Diagram:
(Three-force body)

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

(3-D)R
R

Ity

In A CDE: tan g =

-J3-1

S =36.2°

)

S—h—NG

Force Triangle

}—IZ
D
Law of sines: - P =— B = .C
sin23.8° sin126.2° sin30°
B =2.00P
C=1.239P
(@) B =2P ™ 60.0° 4
(b) C=1.239P X 36.2° 4

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.



PROBLEM 4.42

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

SOLUTION

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

Free-Body Diagram:

tanﬂ:ﬁ 8 s
Y I
4 e Yae
where
A
Yag = Lcosé A ¢
Xce
and
1, .
Xerp =—LsSIinG
GB 2
tanﬂ_%LsinH
~ Lcos#
1
:Etang or tan@d=2tan 5 4
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- PROBLEM 4.43

o B

‘Qb W An 8-kg slender rod of length L is attached to collars that can slide freely
- ',,;-;j, \“\f'/ along the guides shown. Knowing that the rod is in equilibrium and that
B = 30°, determine (a) the angle & that the rod forms with the vertical,
/ (b) the reactions at A and B.

SOLUTION

(8  Asshown in the free-body diagram of the slender rod AB, the three forces intersect at C. From the
geometry of the forces:

Free-Body Diagram:

X
tan § = &
Yac

where

Xcg :%Lsine

and
Ygc = Lcosé

1
tanﬂ—ztane N

or tand =2tan g W B

For p=30° '
tan @ = 2tan 30°

=1.15470
6 =49.107° or 0=149.1° <

(b) W =mg = (8 kg)(9.81 m/s?) = 78.480 N
From force triangle: A=W tan g
= (78.480 N)tan 30°
=45.310 N or A=453N-— 4

W 78480 N

and B= =
cosf  cos30°

=90.621N or B=90.6 N_~ 60.0° «
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PROBLEM 4.44

Rod AB is supported by a pin and bracket at A and rests against a frictionless
150mm  peg at C. Determine the reactions at A and C when a 170-N vertical force is
applied at B.

150 mm

A oY
\y/

B

~— 160 mm —=

170 N

SOLUTION
Free-Body Diagram:

(Three-force body)
The reaction at A must pass through D where C and the 170-N force intersect.

160 mm
tana =
300 mm
a =28.07°

We note that triangle ABD is isosceles (since AC = BC) and, therefore,
0 CAD = =28.07°

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

Force triangle
We note that A forms angle 2« with the vertical axis. Thus, A and C form angle X =28.07"
180°—(90° - @) — 2 =90° —
Force triangle is isosceles, and we have
A=170N
C=2(170 N)sin«x
=160.0 N

A=170.0N™ 33.9°; C=160.0N «~28.1° 4
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PROBLEM 4.45

& Solve Problem 4.44, assuming that the 170-N force applied at B is horizontal
150mm  and directed to the left.

7- PROBLEM 4.44 Rod AB is supported by a pin and bracket at A and rests

C against a frictionless peg at C. Determine the reactions at A and C when a

170-N vertical force is applied at B.

150 mm

~— 160 mm —

170N

SOLUTION

Free-Body Diagram: (Three-Force body)

B |7TON

The reaction at A must pass through D, where C and the 170-N force intersect.

160 mm
tana =
300 mm
a =28.07°
We note that triangle ADB is isosceles (since AC = BC). Therefore 0 A=0 B=90°-a.
Also 7 ADB =2a ¢ 7
Force triangle 2
The angle between A and C must be 2o —a =« 70N
a =28.07°

Thus, force triangle is isosceles and
A=170.0N

C=2(170N)cosa =300 N
A=170.0 N> 56.1° C=300N .« 28.1° 4
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100 N PROBLEM 4.46
ﬁ \
/— A Determine the reactions at A and B when g =50°.

7

A6 _‘_250 @/ 25()mn/

\;5(’ lmu/l‘

SOLUTION

Free-Body Diagram: (Three-force body)
Reaction A must pass through Point D where the 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
tany:ﬁ: 150 mm
BD 933.01mm
y =9.1333°
Law of sines:
100N A B

sin9.1333° sin15°  sin155.867°
A=163.1N: B=257.6N

A=163.1N < 74.1° B=258N ™. 65.0° 4
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100 N PROBLEM 4.47
N

Determine the reactions at A and B when £ = 80°.

//

A6 —‘-250 @/ 250 mm

\;S(P ””“/l‘

SOLUTION

Free-Body Diagram:
(Three-force body)

Reaction A must pass through D where the 100-N force and B intersect.

In right triangle BCD: a =90°—-75°=15°
BD = BC tan 75° = 250 tan75°
BD =933.01 mm
In right triangle ABD: tany = AB __150 mm y =9.1333°

" BD 933.01mm
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SOLUTION Continued

Force Triangle

/OON |

Law of sines:
100N A B

sin 9.1333° sin15° sin155.867°

A=163.1N < 55.9° 4
B =258 N ™. 65.0° 4
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PROBLEM 4.48

A slender rod of length L and weight W is attached to a
collar at A and is fitted with a small wheel at B. Knowing
that the wheel rolls freely along a cylindrical surface of
radius R, and neglecting friction, derive an equation in 6, L,
and R that must be satisfied when the rod is 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: (CE)? + (BE)? = (BC)?
(2Lcos6)? + (Lsin9)? = R?

R 2
(f) =4c0s® 6 +5sin® 0

R 2
(f) =4c0s? 0 +1—cos’ O

2
(E) =3cos? 9 +1
L
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PROBLEM 4.49

Knowing that for the rod of Problem 4.48, L = 15 in.,, R = 20
in., and W = 10 Ib, determine (a) the angle & corresponding
to equilibrium, (b) the reactions at A and B.

SOLUTION

See the solution to Problem 4.48 for the free-body diagram and analysis leading to the following

equation:

For L=15in.,,R=20in.,and W =10 Ib,

()

(b)

Force Triangle

2
coszg:l (E] _1}
3I\L

. 2
cosZH:% (20'”'] —1]; 6 =59.39° 0=59.4° 4

15in.

BE Lsing 1
tang=—=———=—tand
CE 2Lcos@ 2

tana = %tan 59.39° =0.8452

a =40.2°

BT = 49.8°

A=W tan & = (10 Ib) tan 40.2° =8.45 Ib
g W ___(10lb)

= = =13.091b
cosa cos 40.2°

A=845lb— <«
B =13.09 Ib ™ 49.8° 4
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PROBLEM 4.50

A uniform rod AB 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 F.B.D., the uniform rod AB is a three-force body. Point E is the point of intersection of the
three forces. Since force A 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, E is a point on the circle.

Note that the angle « of triangle DOA is the central angle corresponding to the inscribed angle 6 of
triangle DCA.

a=20

The horizontal projections of AE, (X,¢), and AG, (X,g), are equal.

Xage = Xag = Xa

or (AE)cos26 = (AG)cosd
and (2R)cos26 = Rcosé
Now c0s260 =2cos? 0 —1
then 4cos’ @ —2=cosd

or 4cos?@-cosf-2=0

Applying the quadratic equation,
cos@ =0.84307 and cosé =-0.59307
6=32534° and 6=126.375° (Discard) or 9=32.5° 4
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y PROBLEM 4.51

150 mm_ 100 mm

Two transmission belts pass over a double-sheaved pulley
900 mm that is attached to an axle supported by bearings at A and

™ T D. The radius of the inner sheave is 125 mm and the radius
of the outer sheave is 250 mm. Knowing that when the
system is at rest, the tension is 90 N in both portions of
belt B and 150 N in both portions of belt C, determine the
reactions at A and D. Assume that the bearing at D does
not exert any axial thrust.

SOLUTION

We replace T, and Tg by their resultant (=180 N)j and T, and T¢ by their resultant (—300 N)k.

Dimensions in mm

- (:aoN)é' ‘D*&'

We have five unknowns and six equations of equilibrium. Axle AD is free to rotate about the x-axis, but
equilibrium is maintained (=M, =0).

=M, =0: (150i)x (~180j) + (250i) x (~300K) + (450i) x (D, j + D,k) = 0
~27x10°k +75x10%j + 450D k — 450D, j =0

Equating coefficients of j and k to zero,

j: 75x10°-450D, =0 D, =166.7 N
k: —27x10°+450D, =0 D, =60.0N
XF =0 A =0
2F,=0: A +D,-180N=0 A, =180-60=120.0N
3F,=0: A, +D,-300N=0 A, =300-166.7=133.3 N

A=(120.0 N)j+(133.3N)k: D =(60.0 N)j+(166.7 N)k <
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y PROBLEM 4.52

150 mm_ 100 mm

Solve Problem 4.51, assuming that the pulley rotates at a
900 mm constant rate and that Tg = 104 N, 7% =84 N, T¢ = 175
‘ N.

PROBLEM 4.51 Two transmission belts pass over a
double-sheaved pulley that is attached to an axle supported
by bearings at A and D. The radius of the inner sheave is
125 mm and the radius of the outer sheave is 250 mm.
Knowing that when the system is at rest, the tension is 90 N
in both portions of belt B and 150 N in both portions of
belt C, determine the reactions at A and D. Assume that the
T, bearing at D does not exert any axial thrust.

SOLUTION

wo -} 100 200

#*  Dimensions in mm

We have six unknowns and six equations of equilibrium. —OK
M, =0: (150i + 250K) x (—104j) + (150i — 250K) x (—84})
+(250i +125j) x (=175K) + (250i —125j) x (-T)
+450ix (Dyj+D,k) =0
—150(104 + 84)k + 250(104 — 84)i + 250(175+T¢)j —125(175-T¢)
+450D k —450D,j =0
Equating the coefficients of the unit vectors to zero,
i: 250(104 -84)-125(175-T,)=0 175=T. =40 T{ =135
J: 250(175+135)-450D, =0 D,=1722N
k: —150(104+84)+450D, =0 D, =62.7N
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SOLUTION Continued

SF, =0: A =0
SF,=0: A -104-84+62.7=0 A =1253N
SF,=0: A -175-135+172.2=0 A, =137.8N

A=(1253N)j+ (137.8 N)k; D=(62.7 N)j+(172.2 N)k <
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PROBLEM 4.53

A 4 x 8-ft sheet of plywood weighing 40 Ib has been temporarily
propped against column CD. It rests at A and B on small wooden
blocks and against protruding nails. Neglecting friction at all

Free-Body Diagram:

equilibrium is maintained (ZF, = 0).

k| i

B,| |0

i
Ik
k:
ZFy =0:
XF, =0:

XM, =0:

]

0

|
o) i surfaces of contact, determine the reactions at A, B, and C.
Z% i
A I
g 2 ft : —2
2 5 ft Ba =27 60°
1ft
SOLUTION

We have five unknowns and six equations of equilibrium. Plywood sheet is free to move in x direction, but

Fain X (By j+ B,K) + Iy x CK + g x (<40 1b)j = 0
K i j K

C 0 40 0

i
5 0 O0(+|4 4sin60° -4cos60°+|2 2sin60° -2cos60° =0
0 B,

(4C sin 60° —80c0s60°)i + (-5B, — 4C)j + (5B, —~80)k =0

Equating the coefficients of the unit vectors to zero,

4Csin60°—-80c0s60° =0 C=11.54701b

-5B,-4C=0 B,=9.23761b
5B, -80=0 B, =16.0000 Ib
A, +B,-40=0 A, =40-16.0000 =24.000 Ib
A +B,+C=0

A, =9.2376 -11.5470 = —2.3094 Ib
A=(24.01b)j— (2.31Ib)k; B=(16.001b)j—(9.24Ib)k; C=(11.55 o)k <
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PROBLEM 4.54

A small winch is used to raise a 120-lb load.
Find (a) the magnitude of the vertical force P
that should be applied at C to maintain
equilibrium in the position shown, (b) the
reactions at A and B, assuming that the bearing at
B does not exert any axial thrust.

~— "
9in.

Y1201

SOLUTION

Dimensions in in.

We have six unknowns and six equations of equilibrium.
r. =(32in.)i+ (10 in.)cos30° j— (10 in.)sin30°k
=32i +8.6603j — 5k
XM, =0: (10i +4Kk) x (=120j) + (20i) x (B, j + B,Kk) + (32i +8.6603j — 5k) x (-Pj) = 0
—1200k +480i +20B k —20B,j—32Pk —5Pi=0

Equating the coefficients of the unit vectors to zero,

i: 480-5P)=0 P =96.0 Ib; (@) P=96.01b <«
j: 20B, =0 B, =0
k: —1200+20B, —32(96.0) =0 B, =213.61b

SF, =0 A =0

Ik, =0: A, -120+2136-96.0=0 A =2401b

SF,=0: A +B,=0 A =-B,=0

z

(b) A=(2401b)j; B=(2141b)j «
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J PROBLEM 4.55
. A 200-mm lever and a 240-mm-diameter pulley are
welded to the axle BE that is supported by bearings at C
and D. If a 720-N vertical load is applied at A when the
lever is horizontal, determine (a) the tension in the cord,
(b) the reactions at C and D. Assume that the bearing
at D does not exert any axial thrust.

80 mm 120 mm

200 mm

SOLUTION

Dimensions in mm

We have six unknowns and six equations of equilibrium. —OK
IMc =0: (-120k) x (D,i+ D,j) + (120j —160k) x T + (80k — 200i) x (~720j) = 0

Equating to zero the coefficients of the unit vectors:

k: —120T +144x10°=0 (@) T=1200N <«
i 120D, +57.6x10°=0 D, =-480N

j: —120D, 1601200 N)=0 D, =—1600 N

$F, =0: C,+D,+T=0 C, =1600-1200=400 N
2F, =0: C,+D,-720=0 C,=480+720=1200 N
2F, =0: C,=0

(b) C =(400 N)i + (1200 N)j; D =—(1600 N)i — (480 N)j «
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y PROBLEM 4.56
= m\m Solve Problem 4.55, assuming that the axle has been
rotated clockwise in its bearings by 30° and that the
720-N load remains vertical.

80 mm 120 mm

200 mm

PROBLEM 455 A 200-mm lever and a 240-mm-
diameter pulley are welded to the axle BE that is
supported by bearings at C and D. If a 720-N vertical
load is applied at A when the lever is horizontal,

+ determine (a) the tension in the cord, (b) the reactions at
C and D. Assume that the bearing at D does not exert
any axial thrust.

SOLUTION

Dimensions in mm

We have six unknowns and six equations of equilibrium.

(€)) IM¢ =01 (-120k)x (D4i+ Dy j) +(120j —160k) xTi+ (80k —173.21i) x (~720j) = 0
—120D, j +120D,i —-120T k-160T j+57.6 10%i +124.71x10°k =0

Equating to zero the coefficients of the unit vectors,

k: -120T +124.71x10°=0 T =1039.2N T=1039N <
i: 120D, +57.6x10°=0 D, =-480 N

j; —120D, -160(1039.2) D, =-1385.6 N

SF,=0:  C,+D,+T=0 C, =1385.6—1039.2 = 346.4
SF,=0: C,+D,-720=0 C, =480 +720=1200 N
SF, =0: C,=0

(b) C=(346 N)i + (1200 N)j D =—(1386 N)i — (480 N)j <
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y PROBLEM 4.57

15 in. The rectangular plate shown weighs 80 Ib and is supported by three
vertical wires. Determine the tension in each wire.

60in” p|

30 in.

SOLUTION

Free-Body Diagram:

EMg =0: rpgxTaj+Tep xTei+ 15 x(—8010)j=0
(60in.)k xT,j+[(60in.)i + (5in.)k]xTcj+[(30in.)i+ (30in.)k]x (—801b)j=0
—60T i + 60Tk — 15T, i — 2400k + 2400i = 0
Equating to zero the coefficients of the unit vectors:
i 60T, —15(40)+2400=0 T,=30.01b «
k: 60T, —2400=0 T. =40.01b 4
IF,=0:  T,+Tz+T.-801b=0

301b+T, +401b—801b=0 Ty =10.001b <
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y PROBLEM 4.58

15 in. The rectangular plate shown weighs 80 Ib and is supported by three
vertical wires. Determine the weight and location of the lightest block
that should be placed on the plate if the tensions in the three wires are

15 in. S Bl to be equal.
5 L\ -\:::3'/6(} in./’ A
60 in.
oal
SOLUTION

Free-Body Diagram:

Let -W,j be the weight of the block and x and z the block’s coordinates.

Since tensions in wires are equal, let

XMy =0: (ryxTj)+(rg xTj) + (rc xTj) +rg x (-Wj) + (xi + zK) x (-W,j) =0
or, (75k)xTj+ (15k)xTj+ (60i +30K) xTj + (30i + 45K) x (-Wj) + (xi + zK) x (-W,j) =0

or, —75Ti—15T i+ 60Tk —30Ti—-30Wk +45Wi-W, xk +W,zi=0
Equate coefficients of unit vectors to zero:
i: 1207 +45W +W,z=0 1)
k: 60T —30W —W,x=0 (2)
Also, IF, =0: 3T -W -W, =0 (3)
Eg. (1) + 40 Eq. (3): 5W +(z-40)W, =0 4)
Eg. (2) - 20 Eq. (3): —10W — (x—20)W, =0 (5)
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SOLUTION Continued
Solving (4) and (5) for W, /W and recalling of 0<x<60in., 0<z<90in.,,
4): Wo 5 . 5 _gas
W 40-z 40-0
5): Wo 10 10 45
W 20-x 20-0
Thus, (W, )min =0.5W =0.5(80) =40 Ib (W, )min =40.01b «
Making W, =0.5W in (4) and (5):
5W +(z-40)(0.5W) =0 z=30.0in. 4
—10W —(x—20)(0.5W) =0 x=0in. 4
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PROBLEM 4.59

An opening in a floor is covered by a 1x1.2-m sheet of
plywood of mass 18 kg. The sheet is hinged at A 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 A, (b) at B, (c) at C.

SOLUTION

re,n =0.8i +1.05k

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

EMp =00 g xBj+rc,axCj+rg,x(-Wj)=0

(0.6i) x Bj + (0.8i +1.05k) x Cj + (0.3i + 0.6k) x (-Wj) =0
0.6Bk +0.8Ck —1.05Ci — 0.3Wk + 0.6Wi =0
Equate coefficients of unit vectors to zero:

i: 1.05C+0.6W =0 C= (%}176.58 N =100.90 N

k: 0.6B+0.8C —0.3W =0
0.6B +0.8(100.90 N) —0.3(176.58 N) =0 B =-46.24 N
SF,=0: A+B+C-W =0
A-46.24 N+100.90 N +17658 N =0 A=121.92 N
(@) A=121.9N (b) B=-462N (c) C=1009N <«
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PROBLEM 4.60

Solve Problem 4.59, assuming that the small block C is
moved and placed under edge DE at a point 0.15 m from
corner E.

PROBLEM 4.59 An opening in a floor is covered by a
1x1.2-m sheet of plywood of mass 18 kg. The sheet is
hinged at A 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 A, (b) at B, (c) at C.

SOLUTION

Fojn = 0.65i +1.2K
Fon =0.3i + 0.6k

W =mg = (18 kg) 9.81 m/s?
W =176.58 N

XMy =00 rgpa xBj+rga xCl+1g,, x (W) =0

0.6i x Bj + (0.65i +1.2k) x Cj+ (0.3i + 0.6k) x (-Wj) =0
0.6Bk +0.65Ck —1.2Ci —0.3Wk + 0.6Wi =0
Equate coefficients of unit vectors to zero:

i: -1.2C+0.6W =0 C =(%]176.58 N=88.29 N

k: 0.6B+0.65C —0.3W =0
0.6B +0.65(88.29 N) - 0.3(176.58 N)=0 B =-7.36 N
SF,=0: A+B+C-W =0
A—7.36 N +88.29 N -176.58 N =0 A=95.648 N
(@) A=956N (b) B=-7.36N (c) C=88.3N «
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Y PROBLEM 4.61

A 48-in. boom is held by a ball-and-socket joint at C and
two cables BF and DAE; cable DAE passes around
frictionless pulley at A. For the loading shown, determi
the tension in each cable and the reaction at C.

I~
16 in,
)

48 in,

z 320 1b

by
a
ne

SOLUTION

Free-Body Diagram:

Five unknowns and six equations of equilibrium, but equilibrium is
maintained (XM, =0).

T = Tension in both parts of cable DAE.

rg =30k
r, =48k
AD=-20i—-48k  AD=52in. z )3
AE = 20j— 48k AE =52in.
BF =16i — 30k BF =34in.
AD T . T, .

Tuy =T —— = — (—20i — 48K) = — (=5i —12k
w=T-o 52( ) 13( )
AE T . T .

Ty =T 2= =—(20j - 48K) = — (5j — 12k

AE AE 52( J ) 13(J )
BF T . Toe

Tor =Tor — = —5(16i — 30k) = —E-(8i —15k

BF BF BF 34( ) 17( )

EMc =00 ryxTpap +raxTpe +1g xTge +1g x(=3201b)j=0
i j k i j k i j Kk
T T Tae .
0 0 48|—+|0 0O 48|—+|0 0 30|—=+(30k)x(-320j)=0
13 13 17
-5 0 -12 0 5 -12 8 0 -15

Coefficient of i: —ZlisOT +9600=0 T=5201b
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Coefficient of j: —%T + %TBD =0
1
Tgp = 1

SF=0: Top+ T +Tge —320j+C =0
Coefficient of i:
-200+320+C, =0
- . 20
Coefficient of J: a(520) -320+C, =0
200-320+C, =0

Coefficient of k:

Answers: Tppe =T

i,

3

20 8
~2-(520) +-—(680) + C, =0
o, (520)+ - (680) +C,

==

C

C, =1201b

SOLUTION Continued

%(520) T,, =680 Ib

1201b

48 48 30
——(520) - —(520) - ——(680) +C, =0
=, (020) = - (520) —— (680) + C,

—480-480-600+C, =0

C, =1560 Ib
Tone =5201b «
Tap =680 1b «
C = —(120.0 Ib)i + (120.0 Ib)j + (1560 Ib)k <
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20 in.
~al

PROBLEM 4.62

b . Solve Problem 4.61, assuming that the 320-Ib load is
" applied at A.

PROBLEM 4.61 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 frictionless pulley at A. For the
loading shown, determine the tension in each cable and
the reaction at C.

20

o
ﬁ". .:
() E\Z lr:\—‘-;
=1

30 in.

320 1b

SOLUTION

Free-Body Diagram:

Five unknowns and six equations of equilibrium, but equilibrium is
maintained (XM, =0).

T =tension in both parts of cable DAE.

rg =30k

r, =48k
AD =52in.
AE =52in.
BF =34in.

AD = —20i — 48k
AE = 20j — 48k
BF =16i — 30k

AD T

. T
Tap =T = = —(—20i — 48K
AD AD 52( )

—(-5i—12k
3¢ )

AE
Toe =T —
AE AE
BF
Tor =Tar —
BF BF BF

XM =0:
R I ¢ i
-5 0 -12

Coefficient of i: 240

]
0 0 481l+0 0 481l+0 0 30
0 5

aid g
13

T
52

T .
—(5j-12k
13(J )

(20 — 48K)

_Ter (161 _ 30k) = T (gi _15K)
34 17

FaXTpp Ty xTpg +1g X Tge +1, x(-3201b)j=0

K i j ok
Tee

+ 48K x (-320j) =0

-12 8 0 -15

15,360=0 T =8321Ib
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240

Coefficient of j: —T+

13

Coefficient of i:

Coefficient of j:

Coefficient of k:

Answers:

SOLUTION Continued

240
17
17

17
BD 13 13 ( ) BD

SF=0: Tup+The + Tge —320j+C=0

Tgp =0

20 8
~=-(832) +-—(1088)+C, =0
o, (832)+ - (1088)+C,

~320+512+C, =0 C,=-192Ib

20
£(832)-320+C, =0
=, (832) y

320-320+C, =0 C,=0

48 48 30
———(832) ——(852) - —(1088) +C, =0
5, (832) —(852) ——-(1088) + C,

—768-768—-960+C, =0 C,=2491b

Toae =T

Tone =8321b
Top =1088 1o <
C=—(192.0 Ib)i + (2496 In)k <
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PROBLEM 4.63

3m 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=3m, determine the tension in
each cable and the reaction at A.

SOLUTION
Free-Body Diagram:
Five unknowns and six Eqgs. of equilibrium, but equilibrium is maintained p- %KN,;L
(EM pc =0) . |
ry =3j e W

] Yod '\\L .
rCZGJ 5{ Axé
I 3m
CF=-3i-6j+2k CF=7m Ll

BD=15i-3j-3k BD=45m
BE =1.5i-3j+3k BE=45m

p-pSE _ P ai_gjra1)
CE 7

BD Tgo .o . Tap -
= —=—2(15i-3j-3k)=—==(i—2j—-2k
b = 'e0 3 45( J ) 3 (i-2j )
BE Tgp i .-
Tee :TBE:E:%(I_ZJJ"ZK)

LE

EM, =0 rgxTap +rgxTge +rcxP=0
i ] Kk i j k i j k b
0 3 0[-B+0 3 0-25+/0 6 0|==0
3 3 7
1 -2 -2 1 -2 2 -3 6 2

Coefficient of i —2Tgp + 2T + % P=0 (1)
. 18
Coefficient of k: —Tap —Tge + e P=0 (2)
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SOLUTION Continued

48 12

Eqg. (1) + 2 Eq. (2): —4TBD+7P=0 Teo :7p
12 18 6
. 12
Since P=445N Ty, :7(455) Tap =780 N <
6
Tae =7(455) T =390N «

2F=0: Tgp+Tge+P+A=0

Coefficient of i ?Jr%_@@)hqx =0

260+130-195+A, =0 A =195.0N

Coefficient of j: —?(z) —3;;0(2) —g(e) +A =0

~520-260-390+ A, =0 A, =1170N

Coefficient of k: —?(2) +%(Z) + @(2) +A, =0

~520+260+130+ A =0 A =+130.0N
A =—(195.0 N)i + (1170 N)j + (130.0 N)k <«
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PROBLEM 4.64

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

SOLUTION

Free-Body Diagram:

W, =600 Ib
W, =200 b

We have five unknowns (Tpe, Tor, A, Ay, A,) and five equilibrium equations. The boom is free to spin about
the AB axis, but equilibrium is maintained, since M ,g =0.

We have BH = (30 ft)i — (22.5ft)] BH =37.51t
DE = (13.8 ft)i —%(22.5 ft)j+ (6.6 ft)k

— (13.8ft)i — (16.5ft)j+ (6.6 ft)k  DE =22.5ft
DF = (13.8ft)i—(16.5ft)j— (6.6 ft)k  DF =22.5ft
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SOLUTION Continued

W

22 5j

Thus: — (600 In)>2 = (480 Ib)i

g

E
_ -+ DF _
OF DE ~

(13 8i —16.5] + 6.6k)

T,
22.
T

DE

" (1381 -16.5]-6.6k)

@ XEMp=0: (ry xWe)+(rg xWg)+(ry xTgy )+ (rg xTpg) +(rg xTpe) =0

— (12i) x (~600j) — (6i) x (~200j) + (L8i) x (480i — 360j)
i ik i
5 0 66+ 25

138 -165 6.6 " [13.8

k
—6.6(=0
—6.6

J
0
-16.5

TDE
22

or 7200k +1200K — 6480K + 4.84(Tpe — Toe )i

82.5

58.08
+ (TDE +Tpe)k=0

2
225 ¢

Equating to zero the coefficients of the unit vectors,

DE — DF)

iorj: Toe —Tpe =0 Toe =Tpe™
] 82.5
k: 7200+1200- 6480—ﬁ(2TDE) =0 Tpe =261.821b
13.8
by XZF,=0: A +480+2 — 25 (261.82) =0 A =-801.17 b

Ik, =0: A, —600-200-360— 2[;6235](26182) 0 A =1544.001b

XF,=0: A, =0

— (360 Ib)j

Toe =Tpr =2621b <

(801 Ib)i + (1544 Ib)j <«

*Remark: The fact is that T, =Ty could have been noted at the outset from the symmetry of structure with

respect to xy plane.
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y PROBLEM 4.65

The horizontal platform ABCD weighs 60 Ib and supports a 240-1b
load at its center. The platform is normally held in position by
hinges at A and B and by braces CE and DE. If brace DE is
removed, determine the reactions at the hinges and the force
exerted by the remaining brace CE. The hinge at A does not exert
any axial thrust.

SOLUTION
Free-Body Diagram:

Express forces, weight in terms of rectangular components:
EC = (3ft)i + (4 ft)j+ (2 ft)k

EC 3i +4j + 2k
FCE:FCEE_: J

¢ oy (a7 + (27

= 055709 Fp i + 0.74278 Fg j + 0.37139 g k

W =—(mg)j = —(300 Ib)j

Mg =0:  (4ft)k x A+[(L5ft)i + (2 ft)k | x(-300 Ib)j
+ [(3 ft)i + (4 ft)k] xFee =0

or  —(4ft)Aj+(4t)Aj— (15 ft)(300 Ib)k + (2 t)(300 Ib)i
i j K
+| 3 0 4 |Fee(ft)=0

0.55709 0.74278 0.37139
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y PROBLEM 4.66

A 100-kg uniform rectangular plate is supported in the
position shown by hinges A 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 (a)
the tension in the cable, (b) the reactions at A and B.

pid

960 mm

450 v Assume that the hinge at B does not exert any axial thrust.
- 90 m;f\
/ ’\ B 675 mm
\K\_;} \T:?\ o P
690 mm ng/C VML
A T///,:j}”' *
270 mm ‘
SOLUTION
Ig5 (960 —180)i = 780i Dimensions in mm
960 . 450
rgn=|—-90|i+—k
SEE I

=390i + 225k
I'c,a = 600i + 450k

(a) T =Tension in cable DCE
CD =—690i + 675j — 450k CD =1065mm
CE = 270i + 675j — 450k CE =855mm

T
Ty =——
2 1065

T . .
T.r =——(270i +675] — 450k
CE 855( J )

(~690i + 675j — 450K)

W = —mgi = —(100 kg)(9.81 m/s?)j = —(981 N)j
IMp =01 ropxTep +Tgip X Teg +Tga x (W) +rg s xB=0
i K i j K
T T
600 0 450 ﬁ +/600 O 450 |—
-690 675 -450 270 675 450
i k| ij Kk
+1(390 0 225/+|780 0 0|=0

0 -981 0| [0 B, B,
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Coefficient of i:

SOLUTION Continued

T T 3
—(450)(675)—— — (450)(675)—— + 220.73x10° =0
(450)(675) e~ (450)(675) o = x

T=34464N T=345N <«

34464 1008 _g

(~690x 450+ 600 x 450) = 2= 344.64 | 270450+ 600 x450) =2

Coefficient of j:
B, =185.516 N

344 64 _ 38259x10° +780B, =0 B, =113.178N

344 64 + (600)(675)

Coefficient of k: (600)(675)
B=(113.2 N)j+ (1855 N)k <«

(b)
2F=0: A+B+Top+Te +W=0

A =114454 N

A, —@(344 64) + @(344 64) =0

Coefficient of i:

Coefficient of j: A +113.l78+ 106 (344 64) + @(344 64)-981=0 A, =377.30N

(344 64) —4—50(344 64) =0 A =141.496 N

A, +185.516 -
A =(114.4 N)i + (377 N)j + (1415 N)k <«

Coefficient of k:
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SOLUTION Continued

Setting the coefficients of the unit vectors equal to zero:
k:  (0.74278Fc)(3 ft) — (300 Ib)(1.5 ft) = 0
Fee = 201.94 Ib
or Fee =202 1b <«
- A(4ft)+[055709(201.94 Ib)](4 ft) - [0.37139(201.94 Ib) | (3 ft) = 0
A, =-56.250 Ib

i: —A(41t) - [0.74278(201.94 Ib) |(4 ft) + (300 Ib)(2 ft) = 0

Ay=0
F, =0 -56.250 Ib + B, + 0.55709(201.94 Ib) = 0
B, = —56.249 Ib

SF,=0: 0+ B, —300 Ib+0.74278(201.94 Ib) = 0
B, =150.003 Ib
SF,=0: B, +0.371391(201.94 Ib) = 0

B, = —74.999 Ib

Therefore:
A= —(56.3 Ib)i <

B =—(56.2 Ib)i + (150.0 Ib)j — (75.0 Ib)k «
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y PROBLEM 4.67

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

SOLUTION
Fga = (38 —8)i = 30i
re,a = (30— 4)i + 20k
= 26i + 20k
oA :Ei +10k
2
=19i +10k
EF =8i + 25j— 20k
EF =33in.
AE T

T=T25 = (8i+25j—20K)
AE 33

EMp =00 rgp xT +1ga x(=75)) +rgn xB=0

i j K i k| |ij ok
26 0 20 %+19 0 10/+/30 0 0|=0
8 25 -20 0 -75 0| |0 B, B,

(&) Coefficient of i —(25)(20)%+ 750=0: T=495Ib «
- . 49.5
Coefficient of j: (160 +520)——-30B, =0: B,=341b
33
(b) Coefficient of k: (26)(25)%—1425+SOBy =0: B,=151b B =(15.00 Ib)j+ (34.0 Ib)k «
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SOLUTION Continued
F=0: A+B+T-(751b)j=0
Coefficient of i: A +%(49.5) =0 A =-12.001b
Coefficient of j: 115+ 22(49.5)-75-0 A, =2251Ib
LA 23 4o A =22.

Coefficient of k: A +34 —%(49.5) =0 A =-4.001b

A =—(12.00 Ib)i + (22.5 Ib)j - (4.00 Ib)k <«
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PROBLEM 4.68

The lid of a roof scuttle weighs 75 Ib. It is hinged at corners
A and B and maintained in the desired position by a rod CD
pivoted at C; a pin at end D of the rod fits into one of several
holes drilled in the edge of the lid. For the position shown,
determine (a) the magnitude of the force exerted by rod CD,
(b) the reactions at the hinges. Assume that the hinge at B
does not exert any axial thrust.

-zﬁm.\/ \/

SOLUTION
Free-Body Diagram:

A
=y . '
26N,

Geometry:

Using triangle ACD and the law of sines

sing _ sin50°

7in. 15in

or o =20.946°

P =50°+ 20.946° = 70.946°

Expressing Fp in terms of its rectangular coordinates:

Fep = Fep sin B + Fep cos Sk

= Fpsin70.946°) + Fp cos70.946°k

Fep = 0.94521Fpj + 0.32646F 5k

Mg =0:  (=26in)ix A +[(-13in.)i + (16 in.)sin50% + (16 in.)cos50°k | x (=75 Ib)j
+[(-26in.)i+ (7 in)k]x Fep = 0
or  —(26in.)Ak +(26in.)Aj+ (13in.)(75 Ib)k + (16 in.)(75 Ib)cos50i
(26 in.)(0.94521F¢p, )k + (26 in.)(0.32646Fp ) j — (7 in.)(0.94521Fp )i = 0
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SOLUTION Continued

(a) Setting the coefficients of the unit vectors to zero:
i:  (751b)[(16in.)cos50° | - (0.94521F )(7 in.) = 0

() SF, =0: A =0

k:  -[0.94521(116.580 Ib)](26 in.) + (75 Ib)(13in.) - A/ (26 in.) = 0
A, = -72.693 b
j: [032646(116.580 Ib) (26 in.) + A, (26 in.) = 0
A, = —38.059 Ib
SF, =0:  —72.693Ib + 0.94521(116.580 Ib) ~ 75 Ib + B, = 0
B, = 37.500 Ib
SF, =0  —38.059 Ib + 0.32646(116.580 Ib) + B, = 0
B,=0
Therefore:

A =—(7271b)j-(38.1lb)k «
B=(375Ib)j «
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y PROBLEM 4.69

2 A 10-kg storm window measuring 900 x 1500 mm is held by hinges at
A = ~ A and B. In the position shown, it is held away from the side of the
) house by a 600-mm stick CD. Assuming that the hinge at A does not
| v exert any axial thrust, determine the magnitude of the force exerted by
s the stick and the components of the reactions at A and B.

1500 mm E

g
ﬁ%\?() mm

C

SOLUTION

Free-Body Diagram: Since CD is a two-force member, F.j
is directed along CD and triangle ACD is isosceles. We have

sing=22M_02 4 =115370° and 2a = 23.074°
1.5m

W = —(10 kg)(9.81 m/s?) = —(98.10 N)j

g =(0.75m)sin 23.074"i — (0.75 m)cos 23.074° j + (0.45 m)k

I =(0.29394 m)i — (0.690 m)j + (0.45 m)k
Fep = Fep (€0s11.5370%1 +sin11.5370° j)
Fep = Fep (0.97980i + 0.20j)

XMy =0 raxA+rgxW+re xFp =0
0.9k x (A;i + A j) +(0.29394i — 0.690j + 0.45k) x (—98.10j)
+(1.5j+0.9K) x F-5 (0.97980i + 0.20j) =0

0.90A,j—0.90Ai —28.836k +44.145i +1.46970F, k +0.88182F;j—0.180Fi =0

Equating the coefficients of the unit vectors to zero,
k: —28.836+1.46970F., =0; F.p =19.6203 N
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SOLUTION Continued

j: —0.90A +0.88182(19.6203 N)=0; A =19.2240 N
i: —0.90A, +44.145-0.180(19.6203 N) =0; A, =45.123N
Fep =19.62 N €
A=-(19.22N)i + (45.1N)j <
XF, =0: A +B, +F,;c0s11.5370°=0
—-19.2240 + B, +19.6203c0s11.5370° =0
B, =0
TF, =0: A +B, +F;sin11.5370° -W =0
45.122 + B, +19.6230sin11.5370° -98.1=0
B, =49.053 N

2F,=0: B,=0
B=+(49.1N)j «
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PROBLEM 4.70

The bent rod ABEF is supported by bearings at C 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 reactions
B at C and D. Assume that the bearing at D does not exert any

A
| TS C . axial thrust.

250 mm :

300 mm 277250 mm

50 mm

530 mm 400 N

SOLUTION

Free-Body Diagram: AABH is equilateral.

Dimensions in mm

e =—50i + 250j
o/ = 300i
e =350i + 250k
T =T(sin30°)j—T (cos30°)k =T (0.5j — 0.866k)

EMc =0: ry,e xT+rpxD+1rg,c x(—400j)=0
i j k i j k i ] k
-50 250 0 [T+(300 0 O0(+(350 0 250/=0
0 05 -0.866 0 D, D, 0 400 O

(a) Coefficient i: —216.5T +100x10° =0
T=4619N T=462N <
(b) Coefficient of j: —43.3T —300D, =0

—43.3(461.9) - 300D, =0 D, =-66.67 N
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SOLUTION Continued

Coefficient of k: —25T +300D, —140x10° =0

~25(461.9) +300D, ~140x10° =0 D, =505.1N
D = (505 N)j - (66.7 N)k <«
>F=0: C+D+T-400j=0

Coefficient i C,=0 C,=0
Coefficient j: C, +(461.9)0.5+505.1-400=0 C,=-336N
Coefficient k: C, —(461.9)0.866 —66.67 =0 C,=467N C=—-(336 N)j+ (467 N)k «
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PROBLEM 4.71

y
.,‘\ _ Solve Prob. 4.65, assuming that the hinge at B has been removed
2 Mt @b 31t and that the hinge at A can exert an axial thrust, as well as couples
2 ft"/ - \‘ D about axes parallel to the x and y axes.

PROBLEM 4.65 The horizontal platform ABCD weighs 60 Ib
and supports a 240-1b load at its center. The platform is normally
held in position by hinges at A and B and by braces CE and DE. If
/ brace DE is removed, determine the reactions at the hinges and
J/I“ the force exerted by the remaining brace CE. The hinge at A does
not exert any axial thrust.

SOLUTION
Free-Body Diagram:

Express forces, weight in terms of rectangular components:
EC = (3ft)i + (4 ft)j+ (2 ft)k

EC 3i +4j + 2k
Fee = Fee == = Fce

BC @)+ (4) + (20

= 0.55709 Feg i + 0.74278 g j + 0.37139 Feg k

W = —(mg)j = —(300 Ib)j
IMp =00 1 a x (W)j+Te/axFeg +(My )i+ (M, )j=0

SM, =0:  (L5i — 2K) x (~300j) + 3i x o (0.55709i + 0.74278j + 0.37139K)
+(M)i+ My )j=0

or  —450K — 600i + 2.2283Fcek —111417Fcej+ My i +My j=0
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SOLUTION Continued

Setting the coefficients of the unit vectors equal to zero:

k:  —450 + (2.2283F ) =0
Feg = 201.95 Ib
or Fee =202 1b <
i —1.11417(201.95) + (M, ) =0
M, =225.00 Ib - ft
it —600+M, =0
M, =600 Ib - ft
YF, =0: A, +0.55709(201.94 Ib) = 0
A, =-112.499 Ib
SF,=0: A —300Ib+0.74278(201.94 Ib) = 0
A, =150.003 Ib
SF,=0: A +0.371391(201.94 Ib) =0
A, =-74.999 Ib
Therefore: M, = (600 Ib - ft)i + (225 Ib - ft)j«

A =—-(11251b)i + (150.0 Ib)j — (75.0 o)k «
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y PROBLEM 4.72

2 Solve Prob. 4.69, assuming that the hinge at A has been removed and
A = that the hinge at B can exert couples about axes parallel to the x and y

e axes.
/ 1500 mm

s PROBLEM 4.69 A 10-kg storm window measuring 900 x 1500 mm is
held by hinges at A and B. In the position shown, it is held away from
the side of the house by a 600-mm stick CD. Assuming that the hinge at
P A does not exert any axial thrust, determine the magnitude of the force
ﬁﬁn\?() mm exerted by the stick and the components of the reactions at A and B.

c

1500 mm E

SOLUTION

Free-Body Diagram: Since CD is a two-force member, F.j

is directed along CD and triangle ACD is isosceles. We have

W = —(10 kg)(9.81 m/s?) = —(98.10 N)j
rg =(0.75m)sin 23.074"i — (0.75 m)cos 23.074° j + (0.45 m)k
re =(0.29394 m)i — (0.690 m)j + (0.45 m)k

Fep = Fep (€0511.5370%1 +5in11.5370° )
Fep = Fep (0.97980i +0.20j)

With hinge at A removed, hinge at B will develop two couples to prevent rotation about the x and z axes.
IMg =0: (Mg),i+(Mg)yj+rgxW+re xFp =0
(Mg),i+(Myg), j+(0.29394i —0.690j + 0.45k) x (—98.10)
+(1.5j+0.9K) x F-5 (0.97980i + 0.20j) =0

(Mg)yi+(Mg), j—28.836K +44.145i +1.46970F;, k +0.88182Fpj —0.180Fpi =0
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SOLUTION Continued

Equating the coefficients of the unit vectors to zero,
k: —28.836+1.46970F., =0; F.p =19.6203 N

j: (Mg), +0.88182(19.6203)=0; (M), =-17.3016 N-m
it (Mg), +44.145-0.180(19.6203) =0; (Mg), =—-40.613N-m
Fop =19.62 N <
Mg =—(40.6 N-m)i — (17.30 N-m)j «

SF, =0: B, + Fypc0511.5370°=0
B, +19.6203¢0511.5370° =0
B, =-19.22 N
SF, =0: B, +Fypsin11.5370° W =0
B, +19.6230sin11.5370° —98.1=0
B, =942 N
=0
B =—(19.22 N)i +(94.2 N)j «
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PROBLEM 4.73

The assembly shown is welded to collar A 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 y-
axis. For the loading shown, determine the tension in each
cable and the reaction at A.

zU mm

90 mm

180 N

SOLUTION

Free-Body Diagram:
_ ~(0.08 m)i+(0.06 m)j _
" 0082 + (0.06) m
=Tcr (-0.8i + 0.6j)
o1 < 012mi-009mk . NG A
J(0.12)2 +(0.09)° m ~
=Ty (0.8 —0.6K)

First note: Ter =AeeTe

From F.B.D. of assembly:
IF, =0: 0.6Tcr +0.8Tp —480 N=0

or 0.6T +0.8Tp =480 N 1)

=M, =0: —(0.8Tc;)(0.135 m)+ (0.6Tpe )(0.08 m) =0

or Toe =2.25T¢ (2)
Substituting Equation (2) into Equation (1),
0.6Toe +0.8[(2.25)Tc1=480 N

Tee =200.00 N
or Ter =200N <
and from Equation (2): Toe =2.25(200.00 N) = 450.00
or Toe =450 N «
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SOLUTION Continued

From F.B.D. of assembly:
SF,=0: A —(0.6)(450.00N)=0 A, =270.00 N
XF, =0: A, —(0.8)(200.00N)=0 A, =160.000 N
or A=(160.0 N)i + (270 N)k <«

M, =0: M, (480 N)(0.135 m) —[(200.00 N)(0.6)](0.135 m)
~[(450 N)(0.8)](0.09 m) =0

M., =-16.2000 N-m
M, =0: M, - (480 N)(0.08 m)-+[(200.00 N)(0.6)](0.08 m)
+[(450 N)(0.8)](0.08 m) =0
A, = 0
or M, =-(16.20 N-m)i <
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J PROBLEM 4.74

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=2401Ib, a=12in.,b=8in., and c=10in.

SOLUTION
From F.B.D. of weldment: ’ P=240 o
EMg =0: ryoxA+rgo xB+roxC=0 By
o AO B/O C/O -B——’.“T_
. . . . . . Bl A5 Ein,
i j kK i j k i j Kk
12 0 O0[+/0 8 0|+/0 0 10/=0 ¢ 5 A, F)"
O,
0 A Al B 0 B] |[C, C O —— A3
f.b.d.
(-12A,j+12 AK) + (8B,i —8B,k) +(-10C,i +10C,j) =0 aamiils
From i-coefficient: 8B, -10C, =0
or B, =1.25C, 1)

j-coefficient:  -12A, +10C, =0
or C, =12A )
k-coefficient: 12A, -8B, =0

or B, =1.5A, ®)
F=0: A+B+C-P=0
or (By +C))i+ (A +C, —2401b)j+ (A, +B,)k =0
From i-coefficient: B, +C, =0

or C,=-B, (4)

j-coefficient: A +C, —2401b=0

or A, +C, =240 1 (5)

Copyright © McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written
consent of McGraw-Hill Education.



SOLUTION Continued

k-coefficient: A, +B, =0

or A =-B, (6)
Substituting C, from Equation (4) into Equation (2),
-B, =1.2A, @)
Using Equations (1), (6), and (7),
Cy= 1%5 - 1_223 - 1;5 [f_;j - f_g ®)
From Equations (3) and (8):
o :lf:y or C, =A
and substituting into Equation (5),
2A,=2401b
A, =C, =1201b )
Using Equation (1) and Equation (9),
B, =1.25(120 Ib) =150.0 Ib
Using Equation (3) and Equation (9),
B, =1.5(120 Ib) =180.0 Ib
From Equation (4): C,=-180.01b
From Equation (6): A, =-150.0 b
Therefore, A =(120.01b)j— (150.0 Ib)k <«

B = (180.0 Ib)i + (150.0 Ib)k <«
C = —(180.0 Ib)i + (120.0 Ib)j <
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L2kN | #=035 PROBLEM 4.75
ﬂk:()-z‘:}’

Determine whether the block shown is in equilibrium and find the magnitude and
direction of the friction force when 6= 25°and P = 750 N.

SOLUTION

Assume equilibrium:

~N(ZF, =0: F +(1200 N)sin 25° — (750 N)cos 25° =0 12.00 N 4
F=+1726 N F=1726 N \, Y / 250
+7 TF, =0: N - (1200 N)cos 25° — (750 N)sin 25° =0 F %
N =1404.5 N N
Maximum friction force: F, = 4N =0.35(1404.5 N) =491.6 N
Since F < F, block is in equilibrium <«
Friction force: F=172.6 N "\ 25.0° 4
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12kN| #4=035 PROBLEM4.76
M= 0.25
Determine whether the block shown is in equilibrium and find the magnitude and
direction of the friction force when 6= 30° and P = 150 N.

SOLUTION

Assume equilibrium:

1200N
~{ZF, =0: F + (1200 N)sin 30° — (150 N)cos 30° =0
30 | 150N F=-470.1N F=470.1N ™
0:::
F +/ £F, =0: N - (1200 N)cos 30° — (150 N)sin 30°=0
N
= N =11142 N
(@  Maximum friction force: Frn = N
=0.35(1114.2 N)
=390.0 N
Since Fis »_and F > F_, block moves down <«
(b)  Actual friction force: F=F =xN=02511142 N)=279 N F=279 N .30.0° «
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50 Ib PROBLEM 4.77
1, =10.40
4,=030  Determine whether the block shown is in equilibrium and find the

— e r  magnitude and direction of the friction force when P = 120 Ib.
o
\\)4“0

.‘3[]"/\\\

SOLUTION

Assume equilibrium:

N{ZF, =0: F +(50 Ib)sin 30° - (120 Ib)cos 40° =0
F =+66.925 Ib
+/ ZF, =0: N —(50 Ib)cos 30° - (120 Ib)sin 40°=0

N =+120.436 Ib
Maximum friction force:
Fn = Hs N

=0.40(120.436 Ib)

=48.174 b
We note that F > F,,. Thus, block moves up <«
Actual friction force:
F =F, =N =0.30(120.436 Ib) = 36.131 Ib, F=36.11b"%30.0°«4
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50 Ib PROBLEM 4.78

H,=10.40

4,=030  Determine whether the block shown is in equilibrium and find the
magnitude and direction of the friction force when P =80 Ib.

SOLUTION

Assume equilibrium:

N ZF, =0: F +(50 Ib)sin 30° - (80 Ib)cos 40° =0

F =+36.284 Ib
+/ 2F, =0: N —(50 Ib)cos 30° - (80 Ib)sin 40°=0
N =+94.724 Ib
Maximum friction force:
Fp = 4N

=0.40(94.724 Ib)

=37.890 Ib
We note that F < F,,. Thus, block is in equilibrium<
Thus F=36.31b x30.0° «

Note: F, =N =0.30(94.724 |b) = 28.417 Ib, F > F. If block is originally in motion, it will
keep moving with F, =28.4 Ib.
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50 1b PROBLEM 4.79

H,=0.40

4, =030 Determine the smallest value of P required to (a) start the block up the
incline, (b) keep it moving up.

SOLUTION

(a) To start block up the incline:

4, =0.40
¢, =tan™0.40 = 21.80°

From force triangle:

P 50lb

- =— P=83.21bh <«
sin 51.80° sin 28.20°

(b)  To keep block moving up:

24 =0.30
¢, =tan™0.30 =16.70°
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SOLUTION Continued

From force triangle:

- P = _50|b P=66.31b <
sin 46.70°  sin 33.30°
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PROBLEM 4.80

80 1b

AO

The 80-lb block is attached to link AB and rests on a moving belt.
Knowing that x, =0.25 and g =0.20, determine the magnitude of

the horizontal force P that should be applied to the belt to maintain its
motion (a) to the right, (b) to the left.

SOLUTION

We note that link AB is a two-force member, since there is motion between belt and block 24 =0.20

and ¢ =tan™'0.20=11.31°
() Belt moves to right

Free body: Block

Force triangle:

Free body: Belt

Belt moves to left

(b)

Free body: Block

Force triangle:

Free body: Belt

&0 b bg
{ a’jscf
R /ﬂ,f.‘uf-sf“

186120~ 1h3]
Fas =489

R 80lb e
sin120°  sin 48.69° b\l =3’
R=92.231Ib

+.5F =0: P-(92.231b)sin11.31°
P =18.089 Ib

R  80lb
sin 60° sin 108.69°

R=73.139 Ib

4. ¥F =0: (73.139 Ib)sin 11.31°~P =0

P=14.3441b

P=14341b — 4
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PROBLEM 4.81

The 50-1b block A and the 25-1b block B are supported by an incline
that is held in the position shown. Knowing that the coefficient of
static friction is 0.15 between the two blocks and zero between block
B and the incline, determine the value of & for which motion is
impending.

SOLUTION

Since motion impends, F = u N between A+B

Free body: Block A

Impending motion: F, =0: N; —50co0s¢ =0
N, =50cosé
SF, =0: T-50sin@+ 4N, =0
T =50sin & — 24 (50)cos O (1)
Free body: Block B

Impending motion: £F, =0: N, - N; —25c0s6 =0

N, =75cosé
SR : T — 4Ny —,N, —25sin6
T = 14(50)c0s 6 + 1, (75)cos 6 + 25sin & 2)
Eq. (1)-Eq. (2): 0=25sin6 — 1, (100)cos 6 — 11, (75)cos & =0
Substituting in for z4 =0.15, 1, =0, we have:
15c0s6 = 25sin tanH:%; 0=31.0°4
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) PROBLEM 4.82
@
/// >\ The 50-1b block A and the 25-1b block B are supported by an incline

/ < that is held in the position shown. Knowing that the coefficient of
o > static friction is 0.15 between all surfaces of contact, determine the
s value of @ for which motion is impending.
‘@}
SOLUTION

Since motion impends, F = x,N between A+B
Free body: Block A

Impending motion: XF, =0: N; —50cosé =0
N, =50cos @
R, =0: T -50sin@+N; =0
T =50sin & — 24 (50)cos O (1)
Free body: Block B

Impending motion: XF, =0: N, -N;—-25c0os¢=0

N, =75cosé
R0 T — 4Ny —w,N, —25sin6
T = 14(50)c0s 0 + 1, (75)cos 6 + 25sin & 2)
Eq. (1)-Eq. (2): 0=25sin6 — 1, (100)cos 6 — 11, (75)cos & = 0
Substituting in for g4 = 1, =0.15, we have:
175(0.15)cos @ = 25sin 4 tanez%; 0=46.4°4
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" PROBLEM 4.83

o
—\‘- The coefficients of friction between the block and the rail are x4, =0.30 and
1, =0.25. Knowing that & =65° determine the smallest value of P required
y (a) to start the block moving up the rail, (b) to keep it from moving down.

/ i
|

y 4
Aty

500 N

SOLUTION

(@) To start block up the rail:

4 =0.30
¢, =tan"10.30 =16.70°
P L] A
254~ 15% 6= 51,70
08| /p
& Zi-'
500N % 0
Force triangle:
P 500 N

sin 51.70°  sin (180° — 25° —51.70°)

(b)  To prevent block from moving down:

35%1670"= 18,30

P
254 -
R
5N
35° e
25°
500N R 45._. 1670

P 500 N

Force triangle:

sin18.30°  sin (180° — 25° —18.30°)

P=403N <«

P=229N <«
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=04  PROBLEM 4.84

'Uk =035
_— Knowing that P = 100 N, determine the range of values of 8 for which equilibrium
o of the 7.5-kg block is maintained.
6
B
P
SOLUTION

Free-body diagram of block and force triangle:

For motion impending downward, W =(75 kg)(9.81 m/sz): 73575 N

¢, =tan~ u, =tan"(0.45)=24.23°
100N 73575N
sin 65.77°  sin(6+4¢,)

sin (.9 +24.23 ) = 0.67093

0+24.23 =42.14
6=1791

For motion impending upward,
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SOLUTION Continued

100N  73575N
sin 114.23°  sin(6-¢y)
sin(e— 24.23°) —0.67093

0—-24.23 =42.14°
0 =66.37°

17.91°<0<66.4° 4
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PROBLEM 4.85

A 120-Ib cabinet is mounted on casters that can be locked to prevent their
rotation. The coefficient of static friction between the floor and each caster is
) 0.30. If h=32in., determine the magnitude of the force P required to move
' ¢ : the cabinet to the right (a) if all casters are locked, (b) if the casters at B are

and the casters at B are free to rotate.

24 in.

locked and the casters at A are free to rotate, (c) if the casters at A are locked

SOLUTION
FBD cabinet: Note: for tipping,
N,=F,=0
(=Mg=0: (12in)W —(32in)R;, =0

Ptip

=2.66667
(@)  All casters locked. Impending slip:
Fa =Ny
Fg = 1sNg
[2F,=0: Ny+Ng-W=0
N, +Ng =W
So Fp+Fg = W
—3F, =0: P-F,-F3=0
P=F,+F; =uW
P =0.3(120 Ib)
(P=0.3W <P, OK)
(b) Casters at A free, so F,=0
Impending slip: Fs = 1,Ng
—3F,=0: P-Fy=0

P=Fy =uNg Ng=—
Hs

P

-_’LN
O
®

3Zin.

s
|

W =120 Ib
M, =0.3

or P=36.0Ilb— «
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SOLUTION Continued

(SM,=0: (32in)P+(12in)W — (24 in)Ng =0
p
8P+3W —6——=0 P=0.25W
0.3

(P=025W <P, OK)

P =0.25(120 Ib) or P=300Ib— «
(c) Casters at B free, so Fs =0
Impending slip: Fa=uNy

~+3F, =0: P-F,=0 P=F,=xuN,
N, =P

s 03
(ZMg =0: (12in)W —(32in.)P—(24in)N, =0

W _8P-_6-" =0
0.3

P =0.107143W =12.8572
(P<P, OK)

P=12861b — <«
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PROBLEM 4.86

A 120-Ib cabinet is mounted on casters that can be locked to prevent their
rotation. The coefficient of static friction between the floor and each caster is

0.30. Assuming that the casters at both A and B are locked, determine (a) the

I C . . .
force P required to move the cabinet to the right, (b) the largest allowable value
{ of h if the cabinet is not to tip over.
h
A ¥ - B
24 in.
SOLUTION
FBD cabinet: w
(@) 15F, =0 Npy+Ng-W =0
N, +Ng =W £ ¢
) ) ‘ &
Impending slip: :
Fa=uNy _L
Fs = 4N A B
B = HsNg ﬂ“—“ w—j:"'ﬁ
So l— 24in—
Fp+Fg = uW Na N
—3F =0 P-F,-F =0 W =1201b
P=F,+F; =uW #;=0.3
P =0.3(1201b) =141.26 N
P=36.0lb — 4
(b)  For tipping, Ny,=F,=0
=My =0: hP—(@2in)W =0
W o1 12in.
h. =@2in)—=(@12in)—=
max = (121in.) 5 (12in.) " 03
hpax =40.01in. <
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P PROBLEM 4.87

A 06( - . A 40-kg packing crate must be moved to the left along the floor without
R’ tipping. Knowing that the coefficient of static friction between the crate
and the floor is 0.35, determine (a) the largest allowable value of «, (b) the

0.5m v corresponding magnitude of the force P.
C D
|<— 0.8 m ——
SOLUTION

(@)  Free-body diagram

If the crate is about to tip about C, contact between crate and ground is only at C and the reaction R is
applied at C. As the crate is about to slide, R must form with the vertical an angle

¢ =tant yu =tan!

0.35=19.29°
Since the crate is a 3-force body. P must pass through E where R and W intersect.
EF = CF =—O'4 m =1.1429 m
tang, 0.35
EH = EF — HF =1.1429-0.5=0.6429 m
EH 0.6429 m
tang=——=——7—
HB 0.4m
a =58.11° a=58.1° 4
(b)  Force Triangle S ?
p W (28,82
. =— P =0.424W YI R
sin19.29°  sin128.82° -
19.24°
P =0.424(40 kg)(9.81 m/s?), P=166.4N «

Note: After the crate starts moving, x, should be replaced by the lower value g, . This will
yield a larger value of «.
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P PROBLEM 4.88

_A a/ -5 A 40-kg packing crate is pulled by a rope as shown. The coefficient of static
T | friction between the crate and the floor is 0.35. If a = 40°, determine (a) the
05m & magnitude of the force P required to move the crate, (b) whether the crate will
i slide or tip.
C D
1 0.8m !
SOLUTION

Force P for which sliding is impending

(We assume that crate does not tip)

W = (40 kg)(9.81 m/s?) =392.4 N

f a{:'ﬂ)‘
+/ ZF,=0: N -W +Psin40°=0
| N =W - Psin40° (1)
Frosn YW .
N T.2¥F =0: 035N —-Pcos40°=0
Substitute for N from Eq. (1): 0.35(W — Psin40°) — Pcos40°=0
0.35W P =0.3532W <

- 0.35sin40° + cos 40°

Force P for which crate rotates about C

(We assume that crate does not slide)

+)EM¢ =0: (Psin40°)(0.8 m)+ (Pcos40°)(0.5 m)

-W({©0.4m)=0
po__ 04w — 0.4458W
0.8sin40° + 0.5co0s 40°
(b) Crate will first slide <«
(a) P =0.3532(392.4 N) P=1386N 4
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PROBLEM 4.89

20 kg y— N
P = = 3 (.\@# The coefficients of friction are z, =0.40 and g =0.30 between all
- surfaces of contact. Determine the smallest force P required to start the
30-kg block moving if cable AB (a) is attached as shown, (b) is removed.
SOLUTION

(a)  Free body: 20-kg block W= 19824

W, = (20 kg)(9.81 m/s*) =196.2 N
F = uN, =0.4(196.2 N) =78.48 N JATZ A
+.3F=0: T-F=0 T=F=7848N
Free body: 30-kg block

//=}95.Z?¢’ - N
. T=BNEN
F=0: P-F-F,-T=0 f"_- }—-- v

P=78.48 N+196.2 N+78.48 N=353.2 Z t N
el P=353N-—«
(b)  Free body: Both blocks

Blocks move together W = #0H
W = (50 kg)(9.81 m/s?) =490.5 N Mﬁ
S+ SF=0: P-F=0 gk M=ty

P = u,N =0.4(490.5 N) =196.2 N
P=196.2 N -«
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PROBLEM 4.90

. B
. il The coefficients of friction are x, =0.40 and g, =0.30 between all
30 kg surfaces of contact. Determine the smallest force P required to start
the 30-kg block moving if cable AB (a) is attached as shown, (b) is
removed.

SOLUTION
(a) Free body: 20-kg block

5 W= 19624
W, =(20 kg)(9.81 m/s°) =196.2 N i

F = u,N, =0.4(196.2 N)=78.48 N
No=rmanl &

+.SF=0: T-F =0 T=F=7848N
Free body: 30-kg block

W, = (30 kg)(9.81 m/s®) =294.3 N 5=g;;§f«1"1 Wr279.3N
N, =196.2 N +294.3 N = 490.5 N o~ }_._rz BN
F, = u,N, =0.4(490.5 N) =196.2 N < £ T N,

S+ SF=0. P-F-F,=0
P=78.48N+196.2 N=274.7 N
P=275N—4
(b)  Free body: Both blocks

Blocks move together

w:md’/y

W = (50 kg)(9.81 m/s?) i_‘_rl—]_'
=490.5N =

57/\!:@;
4 SF=0: P-F=0 #H =t

P=uN =0.4(490.5N) =196.2 N

P=196.2 N-—«
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PROBLEM 4.91

A 6.5-m ladder AB leans against a wall as shown. Assuming that the coefficient
of static friction . is zero at B, determine the smallest value of . at A for

which equilibrium is maintained.

‘-t— 2.5 |n—-—|

SOLUTION

Free body: Ladder
Three-force body.

Line of action of A must pass through D, where W and B intersect.

41, =0.208 4
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PROBLEM 4.92
B
A 6.5-m ladder AB leans against a wall as shown. Assuming that the coefficient
of static friction g is the same at A and B, determine the smallest value of s
for which equilibrium is maintained.
6 m
A Y
‘-t— 2.5 m —-—|
SOLUTION

Free body: Ladder

Motion impending:
Fa=usNy
Fg = 1sNg
+)EM, =0: W(L.25m)— Ng (6 m)— zNg (2.5m) =0

1.25W
T @
6+ 2.54
+SF, =00 N+ Ny -W =0
Np =W —uNg
1.25uW
AR, Ny =W -8 @
L25™ 6+ 2.54

Ho3F =00 uN,—Ng=0
Substitute for N, and Ny from Egs. (1) and (2):
C1.2545W  1.25W
A 625, 64254
6 +2.5u2 —1.25u% =1.25

1.254 + 64, —1.25=0
s =0.2

and u, =-5 (Discard)
4 =0.200 4
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v PROBLEM 4.93

,—(\
' ~79.B End A of a slender, uniform rod of length L and weight W bears on a surface as
? shown, while end B is supported by a cord BC. Knowing that the coefficients

L of friction are x4, =0.40 and g, =0.30, determine (a) the largest value of &
r\ﬂ L for which motion is impending, (b) the corresponding value of the tension in the
| / cord.

V4
SOLUTION

Free-body diagram

Rod AB is a three-force body. Thus, line of action of R must pass through D,
Where W and T intersect.

Since AG=GB, CD=DB and the median AD of the isosceles
Triangle ABC bisects the angle 6.

(@ Thus, @, = %0

Since motion impends,

¢, =tan™0.40 = 21.80°
0 =2¢, =2(21.8°)

0=43.6°d4
(b)  Force triangle:
This is a right triangle. A ,:‘
T =Wsing,
=W sin21.8° T
T=0.371w <
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PROBLEM 4.94

End A of a slender, uniform rod of length L and weight W bears on a
surface as shown, while end B is supported by a cord BC. Knowing that
the coefficients of friction are x, =0.40 and g =0.30, determine (a) the
largest value of @ for which motion is impending, (b) the corresponding
value of the tension in the cord.

SOLUTION

Free-body diagram

Three-force body. Line of action of R must pass through D, where T and R intersect.

Motion impends: .C
tang, =0.4
¢, =21.80°
DS
(a)  Since BG=GA, it follows that BD=DC and AD bisects #BAC A
W
0 R T Z g R
—+¢,=90
2 I 4
9 +21.8°=90°
2
0=136.4° 4
¢5=2/-30
”o
(b)  Force triangle (right triangle): v T
- 2/'30
T =W cos 21.8°
T =0.928W <
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P PROBLEM 4.95

6
/O( Two slender rods of negligible weight are pin-connected at C and
o attached to blocks A and B, each of weight W. Knowing that
2 60/ \\ 0 =80° and that the coefficient of static friction between the
i j«ﬂ:suo SAB blocks and the horizontal surface is 0.30, determine the largest
Wi —|— ——— | meWw value of P for which equilibrium is maintained.
SOLUTION
FBD pin C: Fac,
Z
—_— — o
(aO,j ..F.:‘b¢ 20
Fec
Fac = Psin 20° =0.34202P
Fgc = Pcos 20° =0.93969P
[ZF, =0 N, —W —Fycsin30°=0
or N, =W +0.34202Psin 30° =W +0.171010P
FBD block A: —2XF, =0: F,—F,.c0s30°=0
or F, =0.34202P cos 30° = 0.29620P
For impending motion at A: Fa=uN,
Then N, =i: W +0.171010P = 0.29620 P
Hs
or P =1.22500W

13F, =0: N —W —Fye cos30°=0
Ng =W +0.93969P cos 30° =W +0.81380P
—ZXF, =0: Fg:sin30°-F; =0

Fg =0.93969P sin 30° = 0.46985P
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SOLUTION Continued

FBD block B: E w
- Be
For impending motion at B: Fg = uNg
B
Then Ng =i: W +0.81380P:M E_F
H 0.3 B
Np
or P =1.32914W
Thus, maximum P for equilibrium Poax =1.225W <«
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P PROBLEM 4.96

6
/ & Two slender rods of negligible weight are pin-connected at C and
P o \ attached to blocks A and B, each of weight W. Knowing that
- '().()/*\ P = 1.260W and that the coefficient of static friction between the
> ,-ﬂ:;(,o \ \B blocks and the horizontal surface is 0.30, determine the range of
| 1 — Bow values of 6, between 0 and 180°, for which equilibrium is
maintained.

SOLUTION

AC and BC are two-force members
Free body: Joint C

Force triangle:

From Force triangle:

F s = Psin(@ —60°) =1.26W sin(0 — 60°) 1)
Fac = Pcos(d —60°) =1.26W cos(& — 60°) )
We shall, in turn, seek 6 corresponding to impending motion of each block

For motion of A impending to left

from solution of Prob. 8.46:  F,. =0.419W

EQ (1): Fac =0.419W =1.26W sin(é — 60°)
sin(@ — 60°) = 0.33254
0 - 60°=19.423°
0 =179.42° <

For motion of B impending to right.

from solution of Prob. 8.46: Fg. =1.249W
Fgc =1.249W =1.26W cos(6 — 60°)

Ea. () cos(6 —60°) = 0.99127
0 —60° = +7.58°
0 —60° = +7.58° 0=67.6°<
0 —60° = —7.58° 0=52.4°<
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SOLUTION Continued

For motion of A impending to right W

s ~/a
y =180°-60°-16.7°=103.3° % 40°
A w
R n
. _FAB W R - R,
Law of sines: _ =— pe=167" RFa 167
sinl16.7° sin103.3° j
Fag =—0.29528W
Note: Direction of +F,g is kept same as in free body of Joint C.
Eqg. (2): Fag =—0.29528W =1.26W sin(& — 60°)
sin(@ — 60°) = —0.23435
(0 —60°) =-13.553° 0 =46.4°<
Summary:
A moves No B moves No A moves
to right motion to right motion to left
%
46.4° 52.4° 67.6° 79.4°
No motion for: 46.4° <0 <52.4° and 67.6° < 9 <79.4° |
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PROBLEM 4.97

The cylinder shown is of weight W and radius r, and the coefficient of static

A ‘: friction g is the same at A and B. Determine the magnitude of the largest couple
M. M that can be applied to the cylinder if it is not to rotate.
—

SOLUTION
FBD cylinder:
For maximum M, motion impends at both A and B

Fa=uNy

Fg = usNg

—ZXF, =0: N,-F=0
N =Fg =#Ng

Fa=#sNy :ﬂsZNB
[2F, =0 Ng+F,-W=0

Ng +u2Ng =W
or Ng = W 5
1+ g
W
and Fg = s 5
T+ pg
£ W
AT 2
1+ p

(ZM¢ =0: M —r(F,+Fg)=0

M ="(#s +ﬂs2)m
S
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PROBLEM 4.98

The cylinder shown is of weight W and radius r. Express in terms W and r the

A ‘; magnitude of the largest couple M that can be applied to the cylinder if it is not to
M rotate, assuming the coefficient of static friction to be (a) zero at A and 0.30 at B,
d : (b) 0.25 at A and 0.30 at B.
B
SOLUTION
FBD cylinder:
For maximum M, motion impends at both A and B
Fa=#aNy
Fg = ugNg
—3F, =0: N,—-F;=0
Na=Fg =ugNg

Fa=upNp = tiptigNg
[2F, =0 Ng+F,-W=0
Ng @+ papg) =W

or Ng =;W
1+ pppg
and Fo=ugNg =—18 W
1+ pppg
JIN?.
FA =:uA:uBNB =_AMB W
1+ ppug

(ZM¢=0: M—r(Fy+Fg)=0

M =W gy 4
1+ pppg
(@ For uy,=0 and pg=0.30:
M =0.300Wr 4
(b) For u, =025 and ug =0.30:
M =0.349Wr <
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@ |

30 1b

" Sin.

10 1bY 50 Ih

o m— I N 1
6in.  6in.

a

PROBLEM 4.99

A T-shaped bracket supports the four loads shown. Determine the
reactions at Aand B (a) if a=10in., (b) if a=7 in.

Yiolb

SOLUTION

Free-Body Diagram:

Bie 2
o AN
ll.msl L{o’b L?a/lj 0k
B . a /n

Since

(@) Fora=10in.,
Eq. (1):
Eq. (2):

(b) Fora=7in.,

Eq. (1):

Eq. (2):

+.3F,=0: B, =0
+)IMg =0: (40 Ib)(6in)— (30 Ib)a— (10 Ib)(a+8in.)+(12in)A=0
,_ (402-160) O
12
+)IM, =0: —(401b)(6in.) - (50 Ib)(12in.) - (30 Ib)(a +12in.)
—(0Ib)(a+20in)+(12in)B, =0
(1400 + 40a)
B, =
12
5 0, p- (1400+402) @
12
A:Wﬂzo_om A=2001b] €
B :w = +150.0 Ib B=150.01b «
A:(“(’L;GO):HO_OO Ib A=10.001b) <
g = {400+40x7) _ 140010 B=14001b! «

12
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PROBLEM 4.100

' T Neglecting friction and the radius of the pulley,
150 mm determine (a) the tension in cable ADB, (b) the reaction
" l atC.
A 120 N ¢
I ! } 200 mm —=
80 mm 80 mm
SOLUTION
Free-Body Diagram:
Dimensions in mm
Dlv
Geometry: - 7/
- 7 \5e
Distance: AD = \/(0.36)2 +(0.150)> =0.39 m L~ T Sv)
Distance: BD =/(0.2)* + (0.15)? =0.25 m ﬁ'-:f-«——=- Sy
§o 'ao 200
‘1o N
Equilibrium for beam:
0.15 0.15
a +)XZM, =0: (120 N)(0.28 m) —| —=T |(0.36 m) —| —=T [(0.2m) =0
(a) IMc =0: (120 N)(0.28 m) [039 j( ) (0_25 j( )
T =130.000 N
or T=130.0N <«
0.36 0.2
b +.¥F =0: C, +| ——[(130.000 N) + | —— [(130.000 N) = 0
®) g X [0.39} ) [0.25j( )
C, =-224.00 N
+|=F, =0: C, + 015 (130.00 N) + 015 (130.00 N) =120 N=0
0.39 0.25
C, =-8.0000 N
Thus, C=[C2+C2 = /(-224)* + (-8)? = 224.14 N
-1 Cy -1 8
and f=tan"" L =tan"" —— =2.0454° C=224N~"2.05° <
C 224

X
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PROBLEM 4.101

|-(—160 mm —-|

D o

T @ “=12TO wm Member ABC is supported by a pin and bracket at B and by an

1 inextensible cord attached at A and C and passing over a frictionless

1 B Oj = pulley at D. The tension may be assumed to be the same in portions

250 mm 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 B.

SOLUTION

Free-Body Diagram:
Force Triangle

Reaction at B must pass through D.

120

tana = © a=36.9° T_T-»N_B
160

4 3 5
3T =4T -300; T =300 N
B:%T =%(3oo N) =375 N B=375N << 36.9°
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75 mm PROBLEM 4.102

475 mm—a—v——‘ |-— 50 mm

600 N
A movable bracket is held at rest by a cable attached at C and by
_|C frictionless rollers at A and B. For the loading shown, determine
P 1875 mm (a) the tension in the cable, (b) the reactions at A and B.
A
SOLUTION
Free-Body Diagram:
GOON (OO0 mwvn i T

Q0

(@) +|ZF,=0: T-600N=0
T=600N <«
(b) +.¥F =0: B-A=0 .. B=A
Note that the forces shown form two couples.
+)EM =0: (600 N)(600 mm) — A(90 mm) =0
A=4000 N
B =4000 N
A=4.00kN -—; B=4.00kN—<«
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y PROBLEM 4.103

150 mm_ 100 mm

Two transmission belts pass over a double-sheaved pulley
900 mm that is attached to an axle supported by bearings at A and

™ T D. The radius of the inner sheave is 125 mm and the radius
of the outer sheave is 250 mm. Knowing that when the
system is at rest, the tension is 90 N in both portions of
belt B and 150 N in both portions of belt C, determine the
reactions at A and D. Assume that the bearing at D does
not exert any axial thrust.

SOLUTION

We replace T, and Tg by their resultant (=180 N)j and T, and T¢ by their resultant (—300 N)k.

Dimensions in mm

- (:aoN)é' ‘D*&'

We have five unknowns and six equations of equilibrium. Axle AD is free to rotate about the x-axis, but
equilibrium is maintained (=M, =0).

=M, =0: (150i)x (~180j) + (250i) x (~300K) + (450i) x (D, j + D,k) = 0
~27x10°k +75x10%j + 450D k — 450D, j =0

Equating coefficients of j and k to zero,

j:  75x10°-450D, =0 D, =166.7 N
k: —27x10°+450D, =0 D, =60.0N
XF, =0 A =0
2F, =0: A +D,-180N=0 A, =180-60=120.0N
3F,=0: A, +D,-300N=0 A, =300-166.7=133.3N

A=(120.0 N)j+(133.3N)k: D =(60.0 N)j+(166.7 N)k <
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./]\ PROBLEM 4.104

oA 125 mm

) i A thin ring of mass 2 kg and radius r = 140 mm is held against a frictionless

{l N Ll wall by a 125-mm string AB. Determine (a) the distance d, (b) the tension in
» Wi | the string, (c) the reaction at C.

SOLUTION

Free-Body Diagram:
(Three-force body)

I%m\l

The force T exerted at B must pass through the center G of the ring, since C and W intersect at that point.
Thus, points A, B, and G are in a straight line.

(a) From triangle ACG: d =/(AG)? — (CG)?

= /(265 mm)? — (140 mm)?

=225.00 mm
d=225mm <«
Force Triangle
W = (2 kg)(9.81 m/s?) =19.6200 N T
w
-
Law of sines: T __C _19620N C
265mm 140 mm 225.00 mm —
(b) T=231N<
(© C=1221N— <«
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P ﬂ PROBLEM 4.105

7< The table shown weighs 30 Ib and has a diameter of 4 ft. It is supported

£ B 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 area of the table over which P can act without tipping the table.

SOLUTION
r=2ft b=rsin30° =11t
We shall sum moments about AB.
(b+r)C+(@a-b)P-bw =0
(1+2)C + (a—1)100 - (1)30 = 0

C- %[30 — (a—1)100]

If table is not to tip, C > 0.
[30-(a—1)100]=0
30> (a-1)100

a-1<03 a<l3ft a=1.300 ft ¢

Only L distance from P to AB matters. Same condition must be satisfied for each leg. P must be located
in shaded area for no tipping.
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. =3 PROBLEM 4.106
A vertical load P is applied at end B of rod BC. The constant of the
spring is k, and the spring is unstretched when 6 = 60°. (a) Neglecting
I the weight of the rod, express the angle & corresponding to the
4 equilibrium position terms of P, k, and I. (b) Determine the value of
\.9\_ o corresponding to equilibrium if P = %kl.
SOLUTION

Free-Body Diagram:

() Triangle ABC is isosceles. We have

AB =2(AD) = 2l sin [gj CD=1 cos(gj
2 2

Elongation of spring: X =(AB), — (AB), =60°

= 2Isin(gj—2Isin 30°
2
T =kx=2kl sing—l
2 2

)ZMC =0: T[Icos gj—P(lsine):O
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SOLUTION Continued

2kl sing—1 IcosQ—PI 25ingcosg =0
2 2 2 2 2

cosgzo or 2(kl— P)sing—kl =0

o 6 Kk
6 =180° (trivial)  sin—=
2 kl-P
a1
0 = 2sin [Ekll(kl—P)} <
Lkl
(b) For P=1k, inf_z2K_2
4 2 3k 3
§=41.8° 0=83.6° 4
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PROBLEM 4.107

(a)

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.

(d)

L
I

iy~

SOLUTION
(@) £)EM , =0:
P
3 -a |
. .
T 8 Qs’
““ £ +.3ZF =0:
& te,
+ F, =0
(b) )M =0:

4 ZF =0:
+ =F, =0:

—P, + (Csin45°)2a + (cos45°)a=0

c _ 2 _ :
3E—P C= 3 P C=0.471P . 45° <
V2 1 P
’*‘(?P]—\@ A3
N2 1 2P
Ay"’*[?"]—\@ A3

A=0.745P 7 63.4° 4
+Pa — (Acos30°)2a + (Asin30°)a=0
A@.732-05)=P A=0.812P
A=0.812P «~ 60.0° «
0.406P

(0.812P)sin30°+C, =0 C, =

L=
(0.812P)cos30°-P+C, =0 C,=-0.297P
C=0.503P 77 36.2° 4
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SOLUTION Continued

+)IM =0: +Pa—(Acos30°)2a+ (Asin30%a =0

(©)
L T Tem A(732+05)=P A=0.448P
| ¢, A=0.448P ™. 60.0° 4
i / fe +.3F =0: —(0.448P)sin30°+C, =0  C, =0.224P —
2 P\ +] 2F, =0: (0.448P)c0s30°~P+C, =0 C,=0.612P |

C=0.652P  69.9° 4

P
(d) Force T exerted by wire and reactions A and C all intersect at Point D. D e -J] c
f ~ [ e
1/
A I

.
+)EMp =0: P, =0

Equilibrium is not maintained.
Rod is improperly constrained. <
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y PROBLEM 4.108
P The rigid L-shaped member ABF is supported by

- o / a ball-and-socket joint at A and by three cables.
™ For the loading shown, determine the tension in

7
/.tm.//; each cable and the reaction at A.
()

‘ I - il’f\
16in. s C 7 b .7\“‘{}
/\/‘(L“/_‘\\—‘*_ #2416 L‘\if"
. B 8 in
Qi“/ L\nf’
SOLUTION

Free-Body Diagram:

Iga =12i

re, =12j-8k
o, =12i —16k
e, =12i— 24k
re,n =12i —32k
BG = -12i + 9k
BG =15in.

hgg =—0.8i+ 0.6k

DH =-12i +16j; DH =20in; A, =-0.6i+0.8]
ﬁ:—12i+16j; FJ=20in.; Ag; =-0.6i+0.8j

EM, =0: rgp X TagAgg + oy X Toydpp + Feja X Ty Apy
+rep % (=24]) + g x (-24]) =0

i j ok ik i j K
12 0 0 |Tg+| 12 0 -16|Toy+| 12 0 -32|T,
08 0 06 06 08 0 -06 08 0
i k| |i j k

+/12 0 -8|+|12 0 -24|=0
0 24 0 0 24 O

Coefficient of i: +12.8Tpy, +25.6T¢; —192-576=0 (1)
Coefficient of k: +9.6Tpy +9.6T¢, —288-288=0 (2)
2 Eq. (1) - Eq. (2): 9.6T, =0 Te; =0 <
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SOLUTION Continued

From Eq. (1): 12.8Tp, —268=0 Toy =601b <
Coefficient of j: —7.2Tgs +(16x0.6)(60.0 Ib) =0 Te =80.01b «

SF=00  A+Taehas + TonAon +Tey —24j—24j=0

Coefficient of i: A, +(80)(-0.8) +(60.0)(-0.6) =0 A, =100.01b
Coefficient of j: A, +(60.0)(0.8)—24-24=0 A =0
Coefficient of k: A, +(80.0)(+0.6)=0 A, =-48.01b

A = (100.0 Ib)i - (48.0 Io)k <«

Note: The value A, =0 can be confirmed by considering Mg =0.
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A 1.2-m plank with a mass of 3 kg rests on two joists. Knowing that the

A o 3 coefficient of static friction between the plank and the joists is 0.30,
determine the magnitude of the horizontal force required to move the
5 plank when (a) a = 750 mm, (b) a = 900 mm.
[y —_
LD m\::
SOLUTION

Free body member AB:

In the vertical plane,
OZMA =0: Nca—W%:O hence N :W2L 1)
a

+I IF, =0: Np+Nc-W=0 hence N,=W 2a_L

2
In the horizontal plane,

+)IM, =0: F.a-PL=0 hence F = Pl 3
a
+l . L-a
IF, =0: Fy,+P—-F. =0 hence FA:PT (4)
(a) Substituting given data: a=0.75m, L=12m, x4 =0.30, W =(3 kg)(9.81 m/sz): 29.430 N
Ne =0.8W, N, =02W, F.=16P, F,=06P

Toslip at A, Fa=uN, or 06P=030(0.2W) P=0.IW
Toslip at C, Fe =uNc or 1.6P=0.30(0.8W) P =0.15W
The plank will slip at A P=294N «
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PROBLEM 4.109 (Continued)

(b) Substituting given data: a=0.9m, L=1.2m, g =030, W =(3 kg)(9.81 m/sz): 29.430 N

2 1 4 1
N. =W, N,==W, F.=—P, F, ==
€73 A3 €73 A3

Toslipat A, Fo=uN, or %P:O.30(%Wj P=0.3W
. 4 2
To slipat C, Fc = uNe or EP:O.SO(EW) P =0.15W
The plank will slip at C for P =0.15(29.43 N) P=441N «
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W=101b

PROBLEM 4.110

/9B
7/ Two 10-Ib blocks A and B are connected by a slender rod of negligible weight. The
. ?‘ coefficient of static friction is 0.30 between all surfaces of contact, and the rod forms
an angle g =30°. with the vertical. (a) Show that the system is in equilibrium
J when P =0. (b) Determine the largest value of P for which equilibrium is
A maintained.
W=101b
SOLUTION
FBD block B:
(a) Since P =2.69 Ib to initiate motion, equilibrium exists with P=0 <«
o lb
(b) For B,.., motion impends at both surfaces: ‘ B ]
o EB
P ‘E e
Block B: [£F,=0: Ng—10lb-F,5c0os30°=0 ek
oz ™2
Ng =10 |b+§FAB (1)

Impending motion:

Fg = 1sNg =0.3Ng
—3F, =0: Fg—F,;sin30°=0

Fag =2F; =0.6Ng (2)
- ¥
Solving Egs. (1) and (2): Ng =10 Ib+7(0.6NB) =20.8166 Ib
FBD block A:
Then Fas = 0.6Ng =12.4900 Ib

Block A: —XF, =0: F,gsin30°-N, =0

Impending motion:

N, = % Fag = %(12.4900 Ib) = 6.2450 Ib

Fp=uN,=0.3(6.2450 Ib) =1.8735 Ib

[SF, =0: Fp+Fagc0530°~P-101b=0 Py
p= FA+§FAB ~101b
~1.8735 Ib+§(12.4900 Ib)~10 Ib
=2.69 Ib P=2691b 4
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