4-114. Replace the loading on the frame by a single

resultant force. Specify where its line of action intersects SE =3E. B, = -2001b = 2001 «
member AB, measured from A. e
+ TI';, =XK;

F, =-300-200-400 = -9001b = 900 Ib {
300 1b 200 Ib

400 b (~200)2 + (-900)2 = 922 1b Ans
3ft —f——4 ft — T Ans
0—tan(200) 75 &
\d YB
C & oﬁ— C+Mg, =3M,;  900(x) = 200(3) + 400(7) + 200(2) - 600
2ft 3200
600 1b - ft ; x=2— =356ft Ans
9
™ I?2001b 900
J
7ft
|
¢, |

4-115. Replace the three forces acting on the beam by

a single resultant force. Specify where the force acts,
measured from end A.

) o _125N=125N"'
Rx *

. _ 1296 N = 1296 N
700 N . R = - 450 sin60° — 700 cos30° ~300 = 129
00 +TI’}., = by, Ry
F = J(C125)7 + (—1296)2 = 1302 N
60° l
*J 1296 i gy Ans
A E R dsen A 6= ““‘1(_1'2?) = 845° @ »
o | 8 ' in60° 300(6) + 700 cos30°(9) + 1
‘ i | "1500N - m M. 1296(x) = 450 sin60°(2) +
—2m— 4m ——3m , 4 Mya =M,

x =136m Ans

*4-116. Replace the three forces acting on the beam by

a single resultant force. Specify where the force acts,
measured from B.

SR =IE: K, = 450 cos60° - 700 sin30° = —125N = 125N «
+ThR, =IE; EK, = - 450+in60° - 700 cos30° 300 = —1296 N — 1206 N |
F = {(-125)7 ¥ (-1296)% = 132 N Ans
1296
= =1, <77 = ©
6= (-) = 845 Ans

(+Mpy =IM,; 1296(x) = —450 sin60°(4) + 700 cos 30°(3) + 1500

¥ = 1.36 m (to the right) Ans
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4-117. Determine the magnitudes of F, and F, and the
direction of Fy so that the loading creates a zero resultant
force and couple moment on the wheel.

Force Summation :
5 0=XF; 0=FK+60-Fcos 6-30cos 45°
F —Fcos §=-38.79 (m

+T 0=ZF; 0=Fsin 6-30sin45°
Fsin 9=21.21 (2]

Moment Summation :

[+ 0=2M,; 0=80~F (0.75) - 30(0.75)
- £ sin 8(0.75¢cos 30°)
— F cos 6(0.75sin 30°)

0.6495F sin @ +0.375F, cos 8- 0.75F, =57.5 (3}
Solving Egs.[1], {2] and [3] yields

£E=2591b 6=181° F=681D Ans

4-118. The weights of the various components of the
truck are shown. Replace this system of forces by an
equivalent resultant force and couple moment acting at
point A,

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

(+ My =IM,; My, =3500(20) +5500(6) - 1750(2)
=995001b - ft
=99.5kip-ft (Counterclockwise) Ans
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4-119. The weights of the various components of the
truck are shown. Replace this system of forces by an
equivalent resultant force and specify its location
measured from point A.

Equivalent Force :

+THR =LIF; Fp =~1750- 5500~ 3500

==107501b = 10.75 kip { Ans

Location of Resultant Force From Point A :

(+ Mo, =M 10750(a) = 3500(20) + 5500(6) - 1750(2)

d=9.26ft Ans

*4-120, Replace the loadin
Tesultant force. Specify wher.
member 45, measured from

g on the frame by a single
€ 1ts line of action intersects

+TIE = 2r;

883.0127
8 = tan!
(%

183

3
1';3, = -300 - 250(3) - 5008in60° =
B = /(-450)2 + (=883.0127)7 = 991 N

—_—) =

4
= —250(;) ~ 500(cos60°) = —450 N = 450 N «

~883.0127 N = 883.0127 N |
Ans

63.0° &7

4
(tMp, = IM,; 450y = 400 + (500¢0s60°)(3) + 250(3)(5) —300(2) - 250(3)(5)
800
= -— = L7
y 350 8 m Ans




4-121. Replace the loading on the frame by a single
resultant force. Specify where its line of action intersects
member CD, measured from end C.

4
DEE =By Ry = =250(3) - 500(cos60°) = ~450N = 450N «

3
+TZE <ZE; By = 300 - 250(;) - S00sin60" = -883.0127 N = 883.0127 N |

R = ¥(—450) + (-883.0127)2 = 991 N Ans

6 = ! 280127
450

) = 63.0° &

C+Myy = ZMc; 88301271 ="400+30°(3)+250(§)(6)+500c0s60°(2)+(500sin60°)( )

2333

= 2.64 m Ans

4-122. Replace the force system acting on the frame by
an equivalent resultant force and specify where the
resultant’s line of action intersects member AB,
measured from point A.

251b
-

2ft

3 Fpy = IF, . Fay = 3Ssin30° + 25 = 42.51b w3k

+lF, = LF,; Fy, = 35c0s30° + 20 = 50.311b

Fy = /(42.5) + (5031 = 6591b Ans

E2Y
Se. 3 b
50.31 So
= tan' [==—] = 49.8°
6= () = 0.8 T Ans )
PZET
UsMas = EMy:  50.31(d) = 35cos 30°(2) + 20(6) - 25(3)

d = 2.10ft Ans
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4-123. Replace the force system acting on the frame by
an equivalent resultant force and specify where the

resultant’s line of action intersects member BC, measured
from point B,

“1.5 1

. S51h
“F = LF ;. P, o= 35sin30° 4 25 =425 N "2>

+lG, =XF;: R, = 35¢0s30° + 20 = 50.311b

21t

PIRTATS Fa
Fao= Ja2.8% & (50.312 = 65.91b

Ans

A (313
50.31

0= n' (") 5 4980 Ans

(42.5) ‘( 4251
(+M,4 =IMi; 50.31(6) ~ 42.5(d) = 35 c08 30° (2) + 20 (6) - 25 (3)

so.31 (b
d=462f Ans

*4-124. Replace the force system acting on the frame
by an equivalent resultant force and couple moment
acting at point A,

SR, =IF: By o=355n30° 4 25 = 42.51 arsn

+LF, =IF; Fy =35c0s30° + 20 = S0.311b

Fr = /(4257 + (50.31¢ = 65.91b Ans

o

8 = tn”! (%3?') = 49.8° C Ans

CoMen =ZMi: My = 35c0830°2) + 20(6)-253)

M.~ 1040 it ) fhns

F = {8i + 6j + 8k}kN
4-125. Replace the force and couple-moment system py M = {~20 - 70j + 20k}kN - m
an equivalent resultant force and couple moment at point .
O. Express the results in Cartesian vector form. N
T Sm
3m 0 /6 m .
A—4m —5m—p"
6m
X
L

Fa =LF; Fp=(8i+6j+8k}kN Ans

M.o = 2Mo,’ MRO = - 20‘—70j+20k+

i j
—65:1
8 6 8i;

(-10i+18j- S6k}kN- m Ans
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4-126. Replace the force and couple-moment system by oo F= {8i+6j+8kjkN
: . M = {-20i - 70j + 20k }kN - m
an cquivalent resultant force and couple moment at point
P.Express the results in Cartesian vector form., ‘><_/ T
Y | Sm
KN Ans r Gt "7J
Fa = (81 +6)+8k) 3m/L,/__~ ort
i § ok 9 - y
A4 m- 5 m-—"
Mg = IM, = =20i~70) + 20k+|-6 S 1l
8 6 8 i
6m
X
= (~461+66)~ 56k} kN-m  Ans L Ap
b
Z
F = (8i + 6j + 8k}kN
4-127. Replace the force and couple-moment system by M = {-20i - 70j + 20k }kN . m
an equivalent resujtant force and couple moment at point -
Q. Express the results in Cartesian vector form. M
f 5m
3m Q
Fr= {8i+6j+8k}KN  Ane 3,,{"* 6 m
i 0 ¥
i} AA—4m —5 m—p"
Mpg = ~20i- 70§ + 20k+|0 5 :l
8 68 6'm
X |
= (-100-30) - 20k} kN- m  Ans J/P

*4-128. The belt passing over the pulley is subjected to
forces F; and F,, each having a magnitude of 40 N. F; acts
in the —k direction. Replace these forces by an
equivalent force and couple moment at point A. Express
the result in Cartesian vector form. Set @ = (° so that F,
acts in the — j direction.

Fr = F +F
Fp, = {-40j — 40k}N Ans
Mg, = XrxF)
i ik i ik
=[-03 0 008 +{-03 008 0
0 —40 O 0 0 40
My, = {-12j + 12k} N-m Ans
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4-129. The belt passing over the pulley is subjected to
two forces F, and F,, each having a magnitude of 40 N.
F; acts in the —k direction. Replace these forces by an
equivalent force and couple moment at point A. Express
the result in Cartesian vector form. Take § = 45°.

B =F +F

= —40 c0s45%) + (~40 - 40sinase)k
Fp = {-2835- 68.3k} N Ans

n = {-03i + 0.08} m

fam = ~031 - 0.08 sind5% + 0,08 cosasex
= {~031 - 0.0566§ + 0.0566k} m
Mgy = (rpp x F) + (r x F)
i I i i k
=1703.008 04+ 03 _goses 0.0566
0 0 g 0 —40cos45° 40 gingse
My = (-20.5) + 8.49K} N.m Ans
Also,
MRA, = zMA,
My, = 28.28(0.0566) + 28.28(0.0566) ~ 40(0.08)
My, =0
Mu, = zMA, ’
Mra, = -2828(0.3) - 40(03) B iy
My, = -205N-m 282N !
. 0.05bbm
My, = ™, ’
My, = 28.28(0.3) Ragy oM
Mps = 849 Nom '

Ans

£
it

{-20.5§ + 849} N.m
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4-130. Replace the force system by an equivalent force z
and couple moment at point A.

F; = (100i - 100j - S0k }N
Fe=IF; Fy=F +F+F

= (300+ 100)i + (400 - 100) } + (~ 100~ 50 -~ 500) k
= {400i +300j - 650k} N Ans

F = {300i + 400j - 100k}N
4m

14 ={12k andr, -1 m.
The position vectors are r, = {12k} m a2 = {~1J} Fom [ - S00KIN

M, =ZM,; My =1y X Fi+r, x B+ x F

i j k i j k
0 0 13)0'»« 0 0 12
300 400 -1 100 -100 -

i k
0 -1 0
o o -

X
= {~3100i +4800j} N-m Ans

+

4-131. The slab is to be hoisted using the three slings
shown. Replace the system of forces acting on slings by

an equivalent force and couple moment at point O. The
force Fy, is vertical.

Z

Force Vectors :
F, = {6.00k} kN

F, = 5(—cos 45°sin 30° +cos 45°cos 30°j + sin 45°k)
= {~1.768i + 3.062j+ 3.536k } kN
v
F, = 4(cos 60° +cos 60°j + cos 45°k)
= {2.00i + 2.00j + 2.828k } kN

Equivalent Force and Couple Moment At Point O :

B =IF, F=F +F+F
=(-1.768 +2.00)i +(3.062+ 2.00) j
+(6.00+3.536+2.828)k

= {0.232i + 5.06j + 12.4k} kN Ans

The position vectors are r; = {2i +6j} m and r, ={4i} m.

My, =IMy; My =r, xF+r, x B,

i k i j k
2 6 <(>”| +| a 0 0
0 0 6 -1768 3062  3.53

=1{36.0i-26.1j+ 122k} kN-m Ans
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*4-132. A biomechanical mode! of the lumber region of
the human trunk is shown. The forces acting in the four
muscle groups consist of Fzr =35N for the rectus,
Fy = 45N for the oblique, F, = 23N for the lumbar
latissimus dorsi, and Fz = 32N for the erector spinae.
These loadings are symmetric with respect to the y-z
plane. Replace this system of parallel forces by an
equivalent force and couple moment acting at the spine,
point O. Express the results in Cartesian yector form.

Fr = IF,; Fp = {2(35 + 45 + 23 + 32)k} = {270k} N Ans
Mio, = IMy ;. Mgy = [-2(35)(0.075) + 2(32)(0.015) + 2(23)(0.045)1i

Mo = {-222i} N-m Ans

4-133. The building slab is subjected to four parallel
column loadings. Determine the equivalent resultant

force and specify its location (x, y) on the slab. Take
F, = 30kN, F;, = 40kN,

+TR =XF; F=-30-50-40-20=-140kN=140kN. Ans
(Mp), =ZM,;  —140y =-50(3) - 30(11) —40(13)
y=7.14m Ans
(My), =ZM,;  140x = 50(4) +20(10) +40(10)

x=571m Ans

$-134. The building slab is subjected to four parallel
olumn loadings. Determine the equivalent resultant

orce and specify its location (x, y) on the slab. Take
% =20kN, 5 = 50kN.

+Jr1'; = LF

Mo, = IM,;

Mo, = IM,;

't

x =643 m

y=729m
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Fp =20+ 50+ 20+ 5 = 140 kN

140(x) = (50)(4) + 20(10) + 50(10)

~140(y) = -(50)(3) ~ 20(11) - 50(13)



#4-135. Replace the two wrenches and the force, acting
on the pipe assembly, by an equivalent resultant force and

couple moment at point O.

Force And Moment Vectors :
F, = {300k} N F; ={100j} N

F, = 200{cos 45°i —sind5°k} N
={141.42i - 14142k} N

M, = {100k} N-m

M, = 180{cos 45°i —sin45°k} N-m
={127.28i - 127.28k} N-m

Equivalent Force and Couple Moment At Point O :

The position vectors arer, = {0.5j} mandr, = {L.1j} m.

F,=IF;, Fp=F +F+F Mg, =IM,; M, =r, XF+ x +M, +M,
= 141.42i+100.0j + (300~ 141.42) k i i X
=0 0.5 0
= {141i +100j+ 159k} N Ans 0 0
i i k
+ 0 11 0
14142 ¢ -141.4
+ 100k + 127.28i ~ 127.28k
={122i-183k} N.m Ans
*4-136. The three forces acting on the block each have
a magnitude of 10 lb. Replace this system by a wrench
and specify the point where the wrench intersects the z
axis, measured from point O.
z
K,
Y
F = {-10

H
404 P
€ 101 )07 Y

S858 th- 14

M, = (6§ + 2k) x (-10f) + 2(10)(~0.707i - 0.707j)

= {5.8581 - 14.14j} 1b-ft

Require

z= 5%58 = 0586 A Ans
B = {-10n» Ans
M, = {(-1415} b8t Ans
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4-137. Replace the three forces acting on the plate by a
wrench. Specify the magnitude of the force and couple
moment for the wrench and the point P(x, y) where its Fr = 5001+ 3005 + SO0k} N
line of action intersects the plate.

w1
"

¥ (500)2 + (300)% + (800)2 = 990 N Ans

upz = {0.50511 + 0.3030j + 0.8081k}

Fy = {800k )N My, = T, Me, = 800(4=)
E, = {S00i}N
MR; = ZM’.; Mk’, = 800x
My, = IM,.; M, = 500y + 300(6—x)

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

M, (0.8081) = 500y + 300(6~x)

Fc = {300}N M, = 307kN'm Ans
x=116m Ans

y = 206m Ans

4-138. Replace the three forces acting on the plate by
a wrench. Specify the magnitude of the force and couple

moment for the wrench and the point P(y, z) where its L\
line of action intersects the plate. 12 ft

Fy = {~60j}Ib

Resultant Force Vector : /

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

—40i - 60j ~ 30k .
up = ‘Wi—o— Solving Eqs.1], (2], and [3] yields :
=-0.3714i - 0.5571j - 0.7428k
My=-6241b-fi  ;=3¢91 y=0414 Ans
Resultant Moment: The linc of action of M, of the wrench is parallel to

The negative sign indicates ; . o .
the line of action of Fy. Assume that both M, and F, have the same Bative sign indicates that the line of action for M, is directed in the

ite
sense . Thorefore, u,, = —0.3714i - 0.5571j—0.7428k, Opposite sense to that of Fy.
(M), =IM,;  -03714M, = 60(12~z) +80y {1
(Mp),. =IM,.;  -0.5571M, =40z (2}
(M), =ZM,.;  ~0.7428M, = 40(12~y) [3)

191



4-139. The loading on the bookshelf is distribfp
Determine the magnitude of the equivalent resultant
location, measured from point O,

2 Ib/fe 3.5 b/t
L
A
. s b 525U
- = 132D bo
+lFo = ZF,  Fo = 8+525 =13.25 - k'—o--“f f !
- 8(2-1.25) x 21
C+Myo = IMpi  13.25x = 525(075 + 1.25) - 8( l I JT_"" J

Ans * R 12587 5f
x = 0340 ft

*4-140. The masonry support creates the loading
distribution acting on the end of the beam. Simplify this

load to a single resultant force and specify its location
measured from point O.

Equivalent Resultant Force :

+*TR=2E; K =030040225=0525kN T Ans

Location of Equivalent Resultant Force :
(+(M,)o =3IM,; 0.525(0’)=O.300(0.15)+0.225(0.2)

d=0.171m Ans

4-141. Replace the loading by an equivalent force and
couple moment acting at point O.

52225 K4

+TR=XE: F=-225-135-150 HoX45)2/350

5 KA
==51.0kN=SLOKN{ Ans OKm “"T\ .
X H -~
o Ld >
(+ My, =My, My, =-500-22.5(5)~13.5(9)~15(12) ,,E, 4 J_ ‘ ™
=-914kN-m P T - _]
=914kN -m (Clockwise) Ans
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4-142. Replace the loading by a single resultant force, § kN/m
and specify the location of the force on the beam
measured from point O,

Equivalent Resultant Force -

=51.0kN | Ans

+TI';=}:F;; -5 =-22.5-135-15
&

Location of Equivalent Resultant Force :
C+<M,, Jo=IMy, ~51.0(d) = ~500-22.5(5) - 13.5(9) - 15(12)

d=179m Ans

.
= : =720 + 540 = 1260 Ib
3000 1b CHax = IR B = 720+ 540

iR, =I5, K, =30001

80 Ivft R = /(12667 + (3000)% = 3254 1
! F = 3.25kip Ans
3000
4 6 = ! —J = Ans
on | tan [1260 67.2° ¢

CEMu =IM 12605 = 540(3) +72004.5)

200 b/t x = 3.86 ft Ans
A

*4-144. Replace the loading by an equivalent force and 40154539 = 9o 1y
couple moment acting at point O.

Ty

Il
]
]
15 kN/m

Dlg
5 kN/m e

—_—

Ans
- (’+M,o=2‘Mo; My, = 90(3.75) = 338 kN.m J Ans
.
4-145. Replace the distributed loading by an equivalent
resultant force, and specify its location on the beam,
measured from the pin at C,
£ = 12000 + 6000 = 18 000 1b
X
B =180kip | Ans i

N e

—_—p— -

noooy, 6000

18000x = 12 000(7.5) + 6000(20)

x=117f Ans

800 1b/ft
I’\ 1S5 fi \-\L\ 151t
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4-146. Replace the loading by an equivalent force and
couple moment acting at point O.

Equivalent Force and Couple Moment At Point O : 200 N/m
+TR=%F; F =-800-300 i
=-1100N = 1.10kN { Ans [
,= 4m T Im —:
+ My, =IMy. My, =~800(2) -300(5)
=-3100N-m
=3.10kN -m (Clockwise) Ans 200(4)=80cN +(200)(3) =300W

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

200 N/m

Require f =0.

+TE =LF; 0=wd+37.5-300
wd = 262.5 in

Require My, =0.

d 25”) Lod--
(+ My, =M, O=37.5(0.25)+wd(3-§)—300(2) ”
ot 7505)=27 54 g
Iwd- 2 = 590.625 (2 l )
2 o o3-=2 |

Solving Egs.[1] and [2] yiclds

d=150m w=17SN/m Ans
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*4-148. Replace the distributed loading by an

measured from point A.

equivalent resultant force and specify its location, +i5

ZF, =
B = 1600 + 900 + 600 = 3100 N Leooq  Joon

“0oN
800 N/m B =310kN] Ans :"'J‘ “_‘} i -
; ==
C+My, =3, !
M =IM,; x(3100) =1600(1) + 900(3) + 600(3.5) F‘I-JKT.‘
200 N/m X =206m Ans

4-149. The distribution of soil loading on the bottom of
a building slab is shown. Replace this loading by an
equivalent resultant force and specify its location,
measured from point O.

L +My, =IM,;

Q
g
50 Ib/ft r 100 1b/ft
300 Ib/ft
12 f Y
+TR = IF; By =50(12)+3(250)(12) +1(200)(9) + 100(9)

=39001b=390kip T Ans Rasxan s
3900(d) = 50(12)(6) +1(250)(12)(8) + 1200)(9)(15) + 100(9)(16.5)

d=1131t Ans

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

Regquire £, = 0.

+TFR =1F; 0=180-206
b=9.00ft Ans

Require Mg, = 0. Using the result b = 9.00 ft, we have

(+ My =IM,; 0= 180(12)-20(9.00)(a+9'700)
a=7.50ft Ans

! b |
, 120 b/t

10 ft 4 6 ft

N
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*4-148. Replace the distributed loading by an equivalent
resuitant force and specify its location, measured from
point A.

+ 3 Fr=%F, Fg=1600+900+ 600 =3100 N
Fr=310kN| Ans
1+MRA = XMy; «(3100) = 1600(1) + 900(3) + 600(3.5)

=206 m Ans

800 N/m

1IN

g

900N
LO6OON 600 N

4-149. The distribution of soil loading on the bottom of a
building slab is shown. Replace this loading by an equiv-
alent resultant force and specity its location, measured
from point O.

+ 1 Fu=XF: Fr=50012) + $(250)(12)
+ $(200)(9) + 100(9)
= 3900 1b = 3.90 kip 1 Ans
(+M,,(, =TMo: 3900(d) = 50(12)(6) + 1 (250)(12)(8)
+ 1200)O(15) + 100(9)(16.5)

d=113 1 Ans

[0}

P RAGARE A RIS N DR

50 W/t W J\T m U/T/t 100 ib/ft

1()() lb/fl

126
( T \

1
s
i

16.5 i
15 ft

L8R
0<%+
sy il [T

00
T(200)9) 1b

100(9) 1b

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

Require Fg = 0.
+ 4t Fr=LF,; 0= 180-40b
b =450 ft Ans

Require Mg, = 0. Using the result b = 4.50 ft, we have

4.50
( +Mg, = EMy 0= 180¢12) —40(4.50) [ o + jv)

a =975t Ans

— 40 1/t

60 1b/ft ;
10 £t %— ot !
b 40 b
(l'*'iiv i
4 B S
A
, _ _
A 4‘ N g
TR
L(60y (6) = 180 1b
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4-151. Replace the loading by an equivalent resultant
force and specify its location on the beam. measured from

point B,
+LlF = ZF F, = 4800 + 1350 + 4500 = 10650 I

F = 106kipl Ans

800 ib/ft

R 500 Ib/ft C+Mpp =IMy; 10 650x = —4800(4) + 1350(3) + 4500(4.5)

x = 0479 ft Ans

1,35t
4300Lb L 500U
-1

{ I /’//t :——1:1
! === * —
— Rt ﬂ\—j £

l x

*4-152. Replace the distributed loading by an
qulvalent resultant force and specify where its line of
action intersects member AB, measured from 4.

200 N/m
100 N/m
8 i
: —1 ’ﬁ
-~ L3R, = 3F; Fax = 1000N
; (L 6m = +{F, =XF; F, =900N
——i 15m
; K = ¢/(1000)2 + (900)2 = 1345 N , il
- 1 L,000N ‘_f-:i ,
1 F = 1.35kN Ans g3
j 900 Fe
—— 0= tan_l[—] = 420° 57 Ans
200 N/m =5 1000

(+Mp, = EM,; 1000y = 1000(2.5) — 300(2) — 600(3)

y=01lm Ans

4-153. Replace the distributed loading by an equivalent
resultant force and specify where its line of action
intersects member BC. measured from C.

200 N/m

+

100 N/im €L =IE; F, = 100N

+J-F.,=2]4;; fry =90N

e C
B = ¥(1000)2 + (900)? = 1345 N
B = 135kN Ans

6= m_,[;)oo] =42.0°%r  Ans

L+Mpc=IM:;  900x = 600(3) + 300(4) ~1000(2.5)

T R
e e

fn-amm_,.h

200 N/m

x=0556m Ans




4-154. Replace the loading by an equivalent resultant
force and couple moment acting at point O.

7.5 kN/m

DREIRD R =125)45) + 7545 4750 + (.53 wald] |
75(4;:.}‘ om (57
=95.6 kN > Ans - : Tsm|ta8
20 kN/m _ . Lrsiess
CtMa, = IMpr My, = ~3(12.5)(4.5)(1.5) ~ 7.5(4.5)(2.25) ~7.5(3)(6) - L(7.5)(3)(8.5)
=—349kN4m=349kN.m) Ans
4-155. Wet concrete exerts a pressure distribution along 3 p

the wall of the form. Determine the resultant force of this
distribution and specify the height 2 where the bracing
strut should be placed so that it lies through the line of
action of the resultant force. The wall has a width of 5 m.

p =(42")kPa

Equivalent Resultant Force :

SR=IF; -F=-f da=-[wd
‘A ° ﬂ -t K;
- ' ¢
= 1N(10° 1 3 b r\
A fo (206)(10°) & IR L
=106.67(10°) N=107kN «  Ans <. A . ‘/\\/d,k:wdé
i ol I 3 -
. = AF=d
Location of Equivalent Resultant Force : K dz— E =‘&I—. F=0A
- ‘ t
Pal ‘. v
i= fyzda _laawdz < h .‘.
Tdh  Towa: BN
2= (2027) 10" ]z L U/‘ 4 _ / i
[ (202) 1002 A A /
o
> WAL FE(0(5)
4 Na LT
=J‘°‘ (202 )( 0’) dz :(,2067-)(/0;)
fm(ZOZ’)(IO’)dz
0
=240m
Thus, h=4~7=4-240=1.60m Ans
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*4-156. Wind has blown sand over a platform such that
the intensity of the load can be approximated by the
function w = (0.5°) Nim.  Simplify this distributed
loading to an equivalent resultant force and specify the
magnitude and location of the force, measured from A.

dA = wdx
101
Bo=fan= [l
[
1 qto
“[+]
= J250 N
K = 125kN
. 01,
deA:j =x"dx
2
1,70
- [w]
= 10000 N.m
_ 10000
x = 1250 = 8.00 m

Ans

couple moment acting at point O.

Equivalent Resultant Force And Moment At Poimt O :
+TR=2% R=-] sA=-"wa
A 0

9m i)
F=- fo (200:*)4:
=-3600N=3.60kN .
(4- My, =IM,; Mg, =—f;xwdx
e )
e

=-19440N-m
=194kN.m (Clockwise)

Ans

Ans

4-157. Replace the loading by an equivalent force and

199

1
w = (200x %) N/m 600 N/m




*4-158. The lifting force along the wing of a jet aircraft
consists of a uniform distribution along AB, and a
semiparabolic distribution along BC with origin at B.
Replace this loading by a single resultant force and
specify its location measured from point A.

Equivalent Resultant Force :

+TR=2F; B =34560+] wax
0

240
Fo=34560+ [ (2880~ 5¢%) ds
0
= 80640 ib = 80.6 kip T Ans

Location of Equivalent Resultant Force :

(" My, =IM,;

806405 = 34560(6) + | * (x + 12) wdx
[
- 240t
806405 = 207360+I° (x+12) (2880 - 5x%) dr

24f
806405 = 207360+ Io (-2 - 605" + 2880x + 34560) ax

£=14.6ft Ans

w = (2880 - 5x2) Ib/ft

2880 Ib/ft

L—IZﬂ ‘~I-~5 24 ff ——

!
288062 )= :456C 1b dF=cla

r___,L__, _____ s
[ToecbAREz =20,

AL

/ L_
eft

4-159. Determine the magnitude of the equivalent
resultant force of the distributed load and spccify its
location on the beam measured from point A.

Equivalent Resultant Force :

+ThR=3E; -F=-f M:-J;wdx
A

10f
= 5(x-8)* +100]dx
=, ste-87+ 100]
=1866.671b=187kip 4 Ans

Location of Equivalent Resultant Force :

ie foxda _ 3 xwdx
“Tadd T Tiwdr
_ fa®"x[5(x - 8)* + 100]dx
[3°%[5(x - 8)2 + 100]dx
_ 3% (5% - 80x? + 420x) dx

T [5(x-8) + 100]dx
=3.66 ft Ans

420 Ib/ft

o
w=(5(x~8)+100) Ib/ft

120 Ib/ft

8 fi ! 2ft4{

e
’,_7__.
A f ]
i »9»
i
dF=dA =mdx
{\\\‘\ we[5ex-8)400] 1B<
| s | S S -
'
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*4-160. Determine the equivalent resuitant force of the
distributed loading and its location, measured from point
A. Evaluate the integrals using Simpson’s rule.

Bos vt = [V e s g

w

R = 149 kN Ans
~w=t Sx+ (16 +x)V2 ) kN/m 5.07 kN/m
; ~

4 « -
‘ f;IdF=f;(x)mdx

2 kN/m —
' c = 3374 KN-m

f Rie B e
Ale . 3374
—- _ YT e < 2m Ans
L 3m ~—lm—= :
-
4-161. Determine the coordinate direction angles a, 8, F=201b

y of F, which is applied to the end A of the pipe assembly,
so that the moment of F about O is zero.

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

(6-0)i+(14-0)j+(10-0)k
Y(6=07+(14-0)2+(10-0)?

=0.3293i +0.7683j + 0.5488k
Thus,
a=cos™'0.3293 = 70.8° Ans
B=cos™'0.7683 = 39.8° Ans
¥ = cos™'0.5488 = 56.7° Ans
_ (0-6)i+(0~14)j+(0-10)k
BN Ty 10)2
=-0.3293i - 0.7683j - 0.5488k
Thus,
@ = cos™ (~0.3293) = 109° Ans
B=cos™' (~0.7683) = 140° Ans
¥ = cos™ (—0.5488) = 123° Ans

4-162. Determine the moment of the force F about point
O. The force has coordinate direction angles of a = 60°,

B =120° y = 45°, Express the result as a Cartesian
vector.

Position Vector And Force Vectors :

You = ((6—0)i+(14~0)j+(10—0)k) in,
=(6i+l4j+10k} in.

F = 20(cos 60° +cos 120°j+ cos 45°k) 1b
={10.0i - 10.0j + 14,142k} b

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

M, =r,, xF
i J k
=16 14 10
100 -100 14.142]

=(298i+15.1j—200k) Ib-in Ans
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4-163. 1f it takes a force of F = 125 Ib to pull the nail
out, determine the smallest vertical force P that must be
applied to the handle of the crowbar. Hin: This requires
the moment of F about point A to be equal to the moment
of P about A. Why?

(+M, — 125¢sin 607(3) = 324.7595 Ib - in.

14—Mp = P(14¢0s20° + 1.5sin20°) = M, = 324.7505 Ib - in.

=238 1b Ans

#4.164. Determine the moment of the force F, about the
door hinge at A. Express the result as a Cartesian vector.

Position Vector And Force Vector:
rag = {[~05 = (~0HH+ 10~ (=DHli+ (O -0k} m= {1jt m

[-0.5~(~25)fi+
10— (1+1.5 os 307)]}+0- 1.5 sin 30° 1k

F¢ = 250 N

XN

30°M {0~ 155183072

/ i-
YV {0-f- 01515
= {159.33i + 183.15j — 59.75kIN

Moment of Force Fi- About Point A: Applying Eq. 4-7, we have

M,y =rap xF
i j K

|
|

= 0 ! 0
1159.33 18315 ~59.75

= {—59.7i — I59k{N - m Ans

4-165. Determine the magnitude of the moment of the
force F.. about the hinged axis aa of the door.

Position Vector And Force Vectors:

rag = {[-0.5— (=0.)}i+[0— (-1} + O - Ok} m= {1j} m

| -0.5-(~2.9)li+
Fo =250 10-]= (11,5008 30°) Jl}+40- 1.5 sin 3070k N
[-O5— (=251 +
\/ O] -0+ 1.5 cos 30+ (0- 1.5 sin 3092

= {159.33i + 183.15j — 59.75k|IN

Moment of Force F¢ About a - aAxis: The unit vector along the
a — a axis is i. Applying Eq. 4-11, we have

Mi-a =1-(rap x Fo)

1 1 0 0 ‘
=1 0 )
l 159.33 18?1,15 —5(9.75

= 1(~59.75) — (183.15)(0)] =0+ 0

=~—-597N-m

The negative sign indicates that M, , is directed toward negative x
axis.

M, ,=597N-m Ans
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4-166. Determine the resultant couple moment of the

two couples that act on the assembly. Member OB lies in For the 400-N forces :
the x-z plane.

Mc; =y, x (4000)

i k
/ 0.6 cosds° —05 -0.6 sin45°/
400 0 0

]

~169.7j + 200k
For the 150-N forces :
My, = Toz X (150f)

i J k
= 10.6 cos45° ¢ —0.6 sin45°|
0 150 0

= 63.6f + 63.6k

Mep = M, + M.,

Mce = {63.61 - 170§ + 264k} N.m Ans
4-167. Replace the force F having a mggnltude of
F =50 Ib and acting at point A by an equivalent force i + 155 - 300
ment at point C. Fr = 50/ ——t 13 - 30k)
and couple mo p ’ (10)2 + (15)2 4 (=302
Z
Fr = {1431 +214j - 42,9} 1p Ans
A
i j k
Mie =r,xF =] 10 45 0 !
1429 2143 _4284
30 ft = {-1929i + 428.6j - 428.6k) 1b-5
v F
G M, = {-1.93i + 04295 - 0429k} kip-fi Ans
~
e
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Rotews s

*4-168. The horizontal 30-N force acts on the handle of P
the wrench. What is the magnitude of the moment of this

e ¢ > axis?
force about the 7 axis’ 30N
200 mm 2

T - —
50 mm 10 nun
Position Vector And Force Vectors: v
rga = {~0.01i +0.2§} m
¥
roq = {(=0.01 =0+ (0.2 -0)j + (0.05 - Ok} m
= {=0.01i + 0.2j + 0.05k} m Or
F = 30(sin45°i — cos45"j) N M. =k (ros x F)
= {21213 - 212135} N i 0 0 [
= —0.01 0.2 0.05 |
Moment of Force F About z Axis; The unit vector along the z axis izl_'_v]; 213 0 |
is k. Applying Eq. 4-11. we have '
=0~ =0.01)(=21.213) — 21.213(0.
M. =k-(rss x F) 0~ 0+ 1{(-0.01)(~-21.213) 1.213(0.2)]
=—-403N-m Ans

0 0 1
-0.01 0.2 0
20213 =21.213 0

I

The negative sign indicates that M, is directed along the negative

2 axis.
=0 -0+ 1(=0.01)(-21.213) = 21.213(0.2)}
=403 N-m Ans
4-169. The horizontal 30-N force acts on the handle of -
the wrench. Determine the moment of this force about
point O. Specify the coordinate direction angles «. 8. y 30N
of the moment axis. e 200 muin ———— 45
" N Bl L AR HS
Puosition Vector And Force Vectors: B o —————t
. & 10mm
Fou = ((~0.01 — O)i + (0.2 — 0)f + (0.05 — k) m 50 mn {
0 v
= {001 + 0.2j +0.05k} m '
F = 30(sin 457 — cos 45%j) N *
= {21.213i - 2121351 N
Montent of Force ¥ Aboat Point O: Applying Eq. 4-7, we have The coordinate direction angles for My, are
- 1061
My =roaxF o = cos™} (— =757 Ans
4.301
P k [
=|-001 02 005 o fLoel ‘
21213 -21.213 0 f=cos {3 ) =737 Ams
= {1.061i + 1.061j — 4.031k} N-m ~4.031 ’
v =cos”! —————) = 160° Ans
4.301

={1.06i +1.06j — 403k} N-m  Ans

The magnitude of My, is

Mo = V1.0612 4+ L0612 +(-4.031)2 = 4301 N m
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4-170. The forces and couple moments that are
exerted on the toe and heel plates of a snow ski
are F, = {—50i4+-80j—158k)N, M, = {—6i+4j+2k}N .
m, and F, = {~20i4+60j—-250k}N. M, = {—20i+8j+3k}
N m, respectively. Replace this system by an equivalent
force and couple moment acting at point P. Express the
resuits in Cartesian vector form.

Fx = F, +F, = (~70i + 140f — 408k] N Ans
L)k
Muyp =108 (0] 4]
|20 60 -250
i k |
0920 0|+ (=64 4j + 20 + (=200 + 8 + )
~50 80 -—158]

Mg, = (200 + 48k) + (145.36j + 73.6k)
+ (=6i +4j + 2K) + (=20i + 8] + 3k)
Mgp = {-26i + 357.36j + 126.6k} N.m

Mgp = {=26i + 357j + 127k} N . m Ans
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5-3. Draw the frec budy diagram of the 50-kg paper roll
which has a center of mass at G and rests on the smooth
blade of the paper hauler. Explain the significance of each
force acting on the diagram. (See Fig. 5-7b.)

)-490-5 N
The Significance of Each Force :
W is the effect of gravity (weight) on the paper roll.

N, and N, are the smooth blade reactions on the
paper roll.

3-2. Draw the free-body diagram of the hand punch, which
is pinned at A and bears down on the smooth surface at B.

‘:SIb——/a(
-

N|
gl

n
ESd

—
»>
(¥

1
%

5-3. Draw the free-body diagram of the dumpster D of
the truck, which has a weight of 5000 Ib and a center of
gravity at G. It is supported by a pin at A and a pin-
connected hydraulic cylinder BC (short link) Explain the
significance of each force on the diagram. (See Fig. 5-75.)

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

Fyc is the hydraulic cylinder BC reaction on the dumpster.
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*5-4. Draw the free-body diagram of the jib crane 4B,

which is pin-connected at 4 and supported by member

(link) BC.

T

Odm

r}\g Zm “é“'“‘ 4m —
g Ko

5.5, Draw the free-body diagram of the truss that is
Supported by the cable 4B and pin C. Explain the

significance of each force acting on the diagram. (See Fig.
5-7b.)

The Significance of Each Force : 7;6 3
qmdc,mrhcpincrcacdonsonthems. VH\ Zm
Tis is the cable AB tension on the truss, x /l |
3kNand 4 kN force are the effecy of external applied forces on ‘

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

The Significance of Each Force :
W is the effect of gravity (weight) on the boom.
A, and A, arc the pin A reactions on the boom.
T is the cable BC force reactions on the boom.

1250 Ib force is the suspended load reaction on the boom.

5-1. Draw the free-body diagram of the beam, which is pin-
supported at A and rests on the smooth incline at B.

8001b 800Ib
6001b 600 1b

i : . ;
400 Boo't  200%  4a's oo
3+t AL ELY
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*5-8. Draw the free-body diagram of member ABC
which is supported by a smooth collar at A, roller at B,
and short link CD. Explain the significance of each force
acting on the diagram. (See Fig. 5-7b.)

The Significance of Each Farce :

N, is the smooth collar reaction on mermber ABC.

Ny is the roller support 8 reaction on member ABC.

Fep is the short link reaction on member ABC,

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

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

5-9. Draw the free-body diagram of the uniform bar,
which has a mass of 100 kg and a center of mass at G. The
supports A, B, and C are smooth.
1000981,

){).5 m>\ /9_2 m

5-10. Draw the free-body diagram of the beam, which is
pin-connected at A and rocker-supported at B.

GO N AT
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5-1L  Determine the reactions at the supports in Prob.5-1.

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

ot IE =00 N, -49055in30°=0 N, =245N Ans

\+IE=0; N, -4905c0s30°=0 N, =d425N Ans

,A-l.\

#5-12.  Determine the magnitude of the resultant force
acting at A of the handpunch in Prob. 5-2,

A, =81b { A

(+EIMp = O 8(1.5) —A,(2) =0

A =6 - 2 —>

F, = y(8)2 + (6)2

10 1b Ans
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5-13. Determine the reactions at the

. supports for the
truss in Prob, 5-5,

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

(+IM=0; T zc0s 30°(2)+Typsin 30°(4) =3(2) —4(4) =0 T
T,y = S.89KN Ans
m
SIE =0, C -589cos30°=0 /‘ /\:‘\
C, =5.11kN Ans G
.
+TIE=0; G +589sin30°-3-4=0 Zn § znm ﬁmz’“ !
G, =4.05KN Ans G 3w 4

2-164. Determine the reactions on the boom in Prob,

Equations of Equilibrium : The force in cable BC can be obtained
directly by surming moments about point A.

(+2M, =0;  Tcsin7.380°(30) - 650cos 30°(18)
- 1250sin 60°(30) = 0

Ty = 110569 1b=11.1 kip Ans
12
SIF =0, A, —11056.9(E)=0
A, =10206.4 1b=10.2 kip Ans
5
+TZF =0; A, -650-1250~ 11056.9(l—3)= 0
A, =6152.7 1b=6.15 kip Ans
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5-15.  Determine the support reactions on the beam in

S5 D (+2M, =0, §N,,(12)—§N,(0.6)—800(3)—800(6)-600(9)—600(12) =0
ron. d>—/.
Np =2142.861b = 2.14 kip Ans
. 4 dmiv Pootle
—ZF =0

. brote  Gaejy
TS0 4, -2214286)= ¢ AT sep st
) ,
‘ May Tt N
A, = 1286 1b = 1.29 kip Ans

Ni

4
4, +3(2142.86)—400—800-800—-600—600= 0

A, = 1486 Ib = 1.49 kip Ans

8001b  8001b

6001b 600 1b

*5-16. Determine the reactions on the member A, B, C
in Prob. 5-8,

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

(+ IM; =0; 2.5sin 60°(6) - 2.5cos 60°(3)-4

25 Feo
+ N, cos 45°(3) =N, sin 45°(10) = 0
o ARm 3m
N, = 1.OS9kN = 1.06 kN Ans ; AL —f
45 J
U +m T ém
SIF =0,  1.059cos 45°— 2.5c05 60°+ Fzp = 0 My Na
Fep =0.501 kN Ans
+*TIE=0; Ny +1.0595sin 45° - 2.55in 60°=0

Np = 142kN Ans




5-17. Determine the reactions at the points of contact at

A, B, and C of the bar in Prob. 5-9.

(+XM, =0

- 100(9.81)(cos30°)(1.75) — 100(9.81)(sin30°)(0.1)
+Ny (sin30°)(0.2) + Ne(3) = 0

~ 15357991 + 01N, + 3N, = 0

Ny — 100(9.81) + Necos30° = 0
Np = 981 ~ N,(cos30°)

N, = Ng(sin30°) = 0

A, = 180N Ans

213

Ng = 493N Ans
Ny = 554N Ans
N, = 247N Ans
5-18. Determine the reactions at the pin A and at the
roller at B of the beam in Prob. 5-10.
8 6198°
¢ +m{4 = Q; —Sm(m) — 800 +By(8) =0 4
cosce 20N BooN-m
B, = 641.6667 = 642 N Ans ?'
122.6499"
+
SIE =0, -A, + 500(sin22.6198°) = 0 By | s
A (
A, = 192N Ans T Tm
+TEE =0, -4, - 500(c0s22.6198%) + 641.6667 = 0




5-19. Determine the magnitude of the reactions on the
beam at A and B. Neglect the thickness of the beam.

(+IM, = 0 35(12) ~ (400c0s15°)(12) — 600(4) = O
600 N &} = 58637 = 586 N Ans -
N At .
l A 400N —IF, =0 A, — 400 sin15°= 0 R i ]/“""
‘ LA
NS A, = 103.528 N A —® — T[
3‘7 DN ~ — 735 ' . e hmor s G — 8-:,7
4
A] , +TZF =0 A, - 600 - 400cos15° + 586.37 = 0
|
~—4m “ 8 m A, = 400N
E = {(103.528)2 + (400)2 = 413 N Ans
*5-20. Determine the reactions :
s at the supports A and .
of the frame. PP B 5 kip 7 kip 10 kip

Neglect the weight of the arm.

When holding the 5-1b-stone in equilibrium, the
humerus H, assumed to be smooth, exerts normal forces F
and F4 on the radius C and ulna A as shown. Determine
these forces and the force Fjp that the biceps B exerts on the
radius for equilibrium. The stone has a center of mass at G.

214

5 /’P’ / ¢y 104, 2xip
Qw, =0 5(14)+7(6) +0.5(6) - 2(6) ~ A, (14) = 0 : % £ % @4
; _ | 4 0.5 kip
A, =1.357 kip = 7.36 kip A
i A, ahr 6 ft :
SLF=0. B8,-05=0 B, =05kip Ane Zskir I E}
\ B
Pe. Bomady
+TEF =0; B8,+7357-5-7-10-2=0
A
I
B, =16.6 dp Ans ‘f
5-21.

; -5(12) + E,(2) = 0

FE =30 Ans

F, sin75° - 5 - 30 = 0

K =362 Ans

F. — 362 cos75° = 0

F. =938

Ans



5-22. The man is pulling a load of 8 Ib with one arm held

81b

as shown. Determine the force Fy this exerts on the LB =0 R0+ (175 = 0
humerus bone H, and the tension developed in the biceps E
| W = 5943 = 594 1p Ans
muscle B. Neglect the weight of the man’s arm.
SEF, = o 8-T, +5943 = ¢ T
iy
Fu
T =6741b Ans

5-23. 'The ramp of a ship has a weight of 200 Ib and a
center of gravity at G. Determine the cable force in CD
needed to just start lifting the ramp, (i.e., so the reaction
at B becomes zero). Also, determine the horizontal and
vertical components of force at the hinge (pin) at A.

A, =31201

(+ZM, = 0; —fcpcos30°(9 c0s20°) + F.,sin30°(9 sin20°) + 200(6 cos20°) = 0
F.p = 1949 = 195 1b Ans Fep
. 30’ A
—ZIF, = 0, 1949 sin30° — 4, = 0 T<-—Ax
= 2} 0° A
A, =974 Ans 200t J
+TZE =o0; A, —200 + 194.9 cos30° = 0 w oft it




*5-24. Determine the magnitude of force at the pin A
and in the cable BC needed to support the 500-1b load.
Neglect the weight of the boom AB.

Equations of Equilibrium : The force in cable BC can be obtained
direcdy by summing moments about point A.

(+2M, =0;  Fycsin 13°(8) - S00c0s 35°(8) = 0
Fc=182071b=1.82 kip Ans
+EE =0; A, —18207cos 13°- 500sin 35° = 0
A, =20609 Ib

W+IE =0; A, +18207sin 13° ~ S00cos 35° = 0
A, =0

Thus, £, = A, = 20609 Ib = 2.06 kip Ans
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5.25. Compare the force exerted on the toe and heel of
a 120-1b woman when she is wearing regular shoes ’tmd
stiletto heels. Assume all her weight is placed on one foot
and the reactions occur at points A and B as shown.

Equations of Equilibrium: Regular shoe, we have
( FEMg =0 120575 = (N} (D =0

(Ny), =9861 Ans
Stiletto heel shoe,

,(+2M8 =0, 120(375) — (Na), (4.5 =0

(Na), = 100 b Ans

120t
1201b

| ]
1
1
|

1

|
|

/

S

A B
n J
leepe—5.75 in.—~ I -
1.251n. 0.75in. 3.75 in.
1201b 120 1b

(

| 3.750n.

075 in.
‘The heal of the stiletto shoe is subjected to a greater torce than that of (N (Ngky
the heel of the regular shoe. Actually the force per area (stress) under (N (Np)
the stiletto heel witl be much greater than that of the regular shoe. It A o
is this stress that can cause damage to soft flooring.
5.26. Determine the reactions at the pins A and B. The
spring has an unstretched length of 80 mm.
k=600 N/m
i c

Spring Force: The spring stretches £ = 0.15 — 0.08 = 0.07 m. F 420N N
Applying the spring formula, we have W o

A 0.05m
Fy, = kx = 600(0.07) = 420 N <
Equations of Equilibrium: The normal reaction Np can be obtained — a{
directly by summing moments about point A. 0.2m

A

{EM=00 420005 - N0 =0

Ny = 105N Ans
ATF =0, A, -420=0 A, =420N Ans
+4EF =0 A, -105=0 A,=105N Ans
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5-27. The platform assembly has a weight of 250 Ib and
center of gravity at G;. If it is intended to support a
maximum load of 400 Ib placed at point G,, determine the
smallest counterweight W that should be placed at B in When tipping occurs, R = 0

order to prevent the platform from tipping over.
pping ( +IM, = O; -400(2) + 250(1) + Wy(7) = 0

W; = 786 1b Ans

*5.28. Determine the tension in the cable and
the horizontal and vertical components of reaction
of the pin A. The pulley at D is frictionless and the
cylinder weighs 80 Ib.

Equations of Equilibrium : The tension force developed in the cable is
the same throughout the whole cable. The force in the cable can be obtained
directly by summing moroents about point A.

2
(+ IM, =0; T(5)+1{7§)(10)—80(13)=0 T T
T=745831b=74.61b Ans i &?
Ax . I
> ¥
5 LE =0 [l] Ft 1l 51t Jl‘
5 EE=0; A -74583—|=0 5. 3¢
Vs Ay Y 4
A =340 Ans ¢ 801

2
+T LF =0: 74.583+74.583(—)— 80-8, =0
5

A =61.31b Ans
b
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ice i levator door open.
5-29. The device is used to hold an e per
If the spring has a stiffness of k = 40N/m and xt. 1si F = ks = (40)(02) = § N
ine the horizontal and vertica
compres:fi?s O(ﬁ ?;ccitei;e;rr:tnfhe pin A and the resultant ‘+IM, =0; = (B)(150) + Fy(cos30°)(275) ~ F; (sin30°)(100) = 0
compon

force at the wheel bearing B. F, = 637765 N = 638 N Ans

Fs - SN

hs .
150 mm -++125 mm-~ S EIF =0; A - 637765sin30° = 0

] A, = 319N

+TEE =0, 4 -8+ 637765¢c0s30° = 0 IR P

Y

A, = 248N Ans

Equations of Equilibrium ;
obtained directly by suraming m,

The force in hydraulic cylinder BC can be 3501b
orents about point A, »

(+ IM, =0 580(1.5)- £ cos 30°(1.75) = 0
Foc = 57405 1b = 574 1p

Ans
.
= IF =0;  574.05cos 30°+580-4, =0
A, =1077 b = 1,08 kip Ans
+T2E =0

574.055in30°+350- 4, = 0
, =6371b
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5.31. The cantilevered jib crane is used to support the
load of 780 1b. If the trolley T can be placed anywhere ' Requirex = 7.5 &

between 1.5ft = x = 7.5ft, determine the maximum

magnitude of reaction at the supports A and B. Note tha

tL+IM, =0

-~ 780(7.5) + B.(4) =0

the supports are collars that allow the crane to rotate freely :
about the vertical axis. The collar at B supports a force in B =146251 4fk |
the vertical direction, whereas the one at A does not. + i
—ZIF =0 A, - 14625= ¢ ——>
Ax o
A = -
h 8 fi ~ , = 1462.5= 1462 Ib Ans
B e — 1—“1 +T2:F;=0; B, ~ 780 = 0
T g B, = 7801
4 ft
\ : x # R = (1462.5)2 + (780)2
= 16575 1b = 1.66 ki
LD:i 780 Ib kP Ans
A

*5.32, The sports car has a mass of 1.5 Mg and mass
center at G. If the front two springs each have a stiffness
of k4 = 58 kN/m and the rear two springs each have a
stiffness of k; = 65 kN/m, determine their compression
when the car is parked on the 30° incline. Also, what
friction force F; must be applied to each of the rear
wheels to hold the car in equilibrium? Hint: First
determine the normal force at A and B, then determine
the compression in the springs.

€quuio ns of Equilibrium ~The normal reaction N, can be obtained
directly by summing moments about point B.

(+ My =0; 14 715c0s30°(1.2)
- 14 7155in 30°(0.4) - 2N, (2) = 0

N, =3087.32N

NG EE.-=0; 2B -14715sin30° = 0
F =3678.75 N = 3.68 kN Ans

/4 IE =0 2Ny +2(3087.32) - 14 715c0s 30° = 0
Ng =3284.46 N

Spring Force Formula : The compression of the sping can be determined

using the spring formula x = i
k

3087.32

X, ® o = =
A 380109 0.05323 m =53.2 mm Ans

3284.46
Xg = m =0.05053 m = 50.5 mm Ans
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5-33. The power pole supports the three lines, each line
exerting a vertical force on the pole due to its weight as
shown. Determine the reactions at the fixed support D. If
it is possible for wind or ice to snap the lines, determine
which line(s) when removed create(s) a condition for tha
greatest moment reaction at D.

-:)Zl'; =0 D =9 Ans ]\

+Tzg =0, D, - 1650 = 0 ,%45\:)&
,/\,\2&*, I«
), = 1.65 kip Ans l/‘ ]

D =
ote - I
L+IM, = 0 —450(4) - 400(3) + 800(2) + M, =0 4601
S 4l
M, = 1.40 kip.f; Ans gt !
Require 800 1b line to snap. o

Mol = 3.00kip-fi  Ans

Sy D

5-34. The jib crane is pin-connected at A and supported
by a smooth collar at B. Determine the roller placement x
of the 5000-b load so that it gives the maximum and
minimum reactions at the supports. Calculate these
reactions in each case. Neglect the weight of the crane.
Require 4 ft < x < 10 ft.

Equations of Equilibrium :

(+TM =0 N(12)-5x=0 N, =04167x 8
+TZF =0, A, -5=0 A =500kip (21
5 EE=0; A, -04167x=0 A, =04167%x (3

By observation, the maximum support reactions occur when

x
x=10ft Ans
— /‘}5
With x = 10 ft, from Egs.[1], [2] and (3], the maximum support r‘_
reactions are ‘!
A, =Ny =417kip A, =500kip Ans / 2>
By observation, the minimum support reactions occur when l-’.{t ‘o
5 wp
x=4ft Ans
With x = 4 ft, from Egs.[1], [2] and (3], the minimum support | | |
reactions are I

A, =Ny=16Tkip A =5.00kip Ans
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5-35. If the wheelbarrow and its contents have a mass of
60 kg and center of mass at G, determine the magnitude
of the resultant force which the man must exert on each
of the two handles in order to hold the wheelbarrow in
equilibrium.

62(330)N
(+IM, = O; —A,(14) + 60(9.81)(0.9) = 0

8
A, = 37839 N om ff: " Jesm
i 8y

+TIE =0; 37839 - 60(9.81) + 2B, = 0 Ry
0.5m' 09m

B, = 10511 N
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*5-36. 'The pad footing is used to support the load of
12 000 Ib. Determine the intensities wy and w, of the
distributed loading actin

the equilibrium.

g on the base of the footing for

Equations of Equilibrimm : The load intensity W, can be determined
directly by summing moments about point A,

3s
(H'M, =0; w, (Tz)“”‘ 1L67) ~12(14~11.67) =0

wy = 1.646 kip/ft= 1.65 kip/ft

Ans
! 35 35 W;'(’%’E
+T£F; =0; i(w, —I.M)(E)+2.743(E)—12=0 21‘7(1{'”‘)(7;5)
w, =6.58 kip/ft Ans

) ’
1ETin. 5B 175

5-37. The bulk head AD s subjected to both water and
soil-backfill pressures. Assuming AD is “pinned” to the
ground at A, determine the horizontal and vertical
reactions there and also the required tension in the

ground anchor BC necessary for equilibrium. The bulk
head has a mass of 800 kg.

b

0.5m
Equations of Equilibrium : The force in ground anchor BC can be
d directly by

ing about point A.
(4- IM, =0;

1007.5(2.167) - 236(1.333) - F(6) =0
F=31137TSkN =311 kN

m
Ans : o
UBKN/m 4 310 kN/m
[T
5 IF =0, A, +311.375+236-1007.5=0 _\_;
A, =46U KN Ans B00(9.81)=7.648 kN !
| 3833m
A}
+TEF =0; A, -7848=0 A, =785kN Ans _ / !
i \\
266iml |\ 0)65)
/ ! T~ =/007.5 kA
ZUBI4) ! \
=L36 kN ; ‘\‘ L16]m
1.333m ! \
. i S, X
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5-38. The telephone pole of negligible thickness is
subjected to the force of 80 lb directed as shown. It is
supported by the cable BCD and can be assumed pinned
at its base A. In order to provide clearance for a sidewalk
right of way, where D is located, a strut CE is attached
at C, as shown by the dashed lines (cable segment CD
is removed). If the tension in CD’ is to be twice the
tension in BCD, determine the height h for placement of
the strut CE.

L1
,( +XM, =0, —80(30)cos30° + ﬁTm(ao) =0

Tgcp = 219.089 1b
Require Tcp = 2(219.089) = 438.178 1b

+EM, =0; 438.178(d) — 80cos 30°(30) = 0

d =4.7434 ft
30—k 30
47434 ~ 10

300 — 10h = 142.3025

h =158 ft Ans

5-39. The worker uses the hand truck to move material
down the ramp. If the truck and its contents are held in the
position shown and have a weight of 100 Ib with center
of gravity at G, determine the resultant normal force of
both wheels on the ground A and the magnitude of the
force required at the grip B.

{ +3Mp =0, (Nacos30°)(5.25) + Nasin30°(0.5)
— 1005in30°(3.5) — 100cos 30°(2.5) = »
Ny=816211b=8161b  Ans
4+N\\TF, =0, - B,+ 100cos30° —81.621sin30° =0
B, = 45.792 1b
S +LF, =0, B,—100sin30°+81.621c0s30° =0

B, = —20.686 1b

Fp = /(35.7922 + (—20.686) =502 1b  Ans
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L =12ft.

(+2‘MA =0;

2

If P=5001band L = 12f,

12

12

w, =

+TZI:; =0, l(wz—_

2P
L

Wy = e

2(500
w, =289 s e

4(500)
Wy = ——— = 167 b/ft

its

Equations of Equilibrium : The load intensity w,
directly by summing moments about pointA.

Bt

2P
)L+T(L)—3P=0

*5-40. The beam is subjected to the two concentrated
loads as shown. Assuming that the foundation exerts a
linearly varying load distribution on
determine the load intensities w; and w, for equilibrium
(a) in terms of the parameters shown; (b) set P = 500 Ib,

bottom,

can be determined

Ans

2P
A L

3 3 3
] i l
i 7
HE 3 A H
bmmomm—— .-_ﬁ-.A..-_-_..I
L R s, o 4

L
T T WL

AL

Wy

| 200 mm

50

5-41. The shelf supports the electric motor which has a
mass of 15 kg and mass center at G,,,. The platform upon
which it rests has a mass of 4 kg and mass center at G,.
Assuming that a single bolt B holds the shelf up and the
bracket bears against the smooth wall at A, determine this
normal force at A and the horizontal and vertical
components of reaction of the bolt on the bracket.

225

B, (60) — 4(9.81)(200) - 15(9.81)(350) = 0

B, = 989.18
A, = 989.18
B, = 4(9.81)
B, = 186.39

= 989 N

= 989 N

+ 15(9.81)

186 N

Ans

HIEON FLICRVY]
200mm | 150mm
=




5.42, A cantilever beam, having an extended length of
3 m, is subjected to a vertical force of 500 N. Assuming
that the wall resists this load with linearly varying
distributed loads over the 0.15-m length of the beam
portion inside the wall. determine the intensities w; and
w; for equilibrium.

500N

sz

0.15m

1 I
+1IZF =0 ;(wl)((),li) - -i(u‘;)(().lS) — 500 =10

1 i
,( FEMy =00 = (5003 - S O.15)0.08) + 5 te)

@150y =0

These equations become

wy — un = 6666.7
2wy — w) = 400000

Solving,

wy, =413 kN/m Ans
wy = 407 kN/m  Ans

0.1 m

‘7»‘5(0,15> ‘ 500N
A
[«
e\
Lwy0.15) -
) —0.05m

\0.15 m 3m *J
b
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5-43, The upper portion of the crane boom consists of
the jib AB, which is supported by the pin at A, the guy line
BC, and the backstay CD, each cable being separately
attached to the mast at C.If the 5-kN load is supported by
the hoist line, which passes over the pulley at B, determine
the magnitude of the resultant force the pin exerts on the
jib at A for equilibrium, the tension in the guy line BC,
and the tension T in the hoist line. Neglect the weight of
the jib. The pulley at B has a radius of 0.1 m.

From pulley, tension in the hoist line is

(+ZM, = 0; T(0O.1) - 5(0.1) = 0;
T=5kN Ans
From the jib,
(+IM, = O; 5(5) + Tzl S )5 =0
I, = U - el F——= =
¥27.56
Tye = 164055 = 16.4 kN Ans
+TZF =0 A, + (16.4055)( L6 )=5=0
y - N =" =
V2756
A4 =0
5ZFE = 0. A, — 16.4055(— y-5=0
o ' y21.56 )
F, =A = 206kN Ans

*§-44. The mobile crane has a weight of 120,000 Ib and
center of gravity at G;; the boom has a weight of 30,000 Ib
and center of gravity at G,. Determine the smallest angle
of tilt # of the boom, without causing the crane to overturn
if the suspended load is W = 40,000 Ib. Neglect the
thickness of the tracks at A and B.

When tipping occurs, R, = 0
(+ M, = 0;

8 = cos '(0.896) = 26.4° Ans

— (30 000)(12cos8-3) - (40 000) (27 cos 8~3) + (120 000)(9) = 0
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5-45. The mobile crane has a weight of 120,000 Ib and
center of gravity at G,; the boom has a weight of 30,000 b
and center of gravity at G,. If the suspended load has a
weight of W = 16,000 Ib, determine the normal reactions
at the tracks A and B. For the calculation, neglect the
thickness of the tracks and take 9 = 30°.

—(30000)(12c0s30%~3) ~ (16 000)(27c0s30°~3) — R, (13) + (120 000)(9) = 0
R, = 40931 1b = 40.9 kip Ans

40931 + Ry — 120000 — 30000 — 16000 = 0

Ry = 125 kip Ans

§-46. The winch consists of a drum radius 4 in., which
is pin-connected at its center C. At its outer rim is a
ratchet gear having a mean radius of 6 in. The pawl AB
serves as a two-force member (short link) and holds the
drum from rotating. If the suspended load is 500 Ib,
determine the horizontal and vertical components of
reaction at the pin C.

Equations of Equilibrium : The force in short link AB can be obtained
direcdy by summing moments about point C.

N

3
(+ M =0; 500(4)—55(—-)(6)=0 Fop =400.62 1b

5 1F =0 400‘62{‘/—3—-__J—C, =0
13

C, =333 Ans

2
+TZE =0, ¢ —500—400.62[—]:0
Y y
Vi3

G =122 Ans
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5-47. The crane consists of three parts, which have
weights of W, = 3500 1b, W, = 900 Ib, W5 = 1500 Ib and
centers of gravity at G;, G, and G,, respectively.
Neglecting the weight of the boom, determine (a) the
reactions on each of the four tires if the load is hoisted
at constant velocity and has a weight of 800 Ib, and (b),
with the boom held in the position shown, the maximum
load the crane can lift without tipping over.

Equations of Equilibrium : The nommal reaction Ny can be obtained
directly by summing moments about point A.

(; IM, =0; 2Nz (17)+ W(10) - 3500(3)
-900(11) -~ 1500(18) = 0

b) When the crane is about to tp over. the normal reaction on Ny = 0,

3ft

From Eq.[1],

Ng =0=1394.12-0.2941 w
W =4740 1b = 4.74 kip

Ans

Np =1394.12-0.2941W [
Using the result Ny = 2788.24 - 0.5882w,
+T iF =0, 2N, +(2788.24 - 0.5882W) - w
—3500-900-1500=0
N, =0.7941W + 1555.88 [2]
a) Set W = 800 b and substitute into Eqgs. (1] and [2] yields
N, =0.7941(800)+1555.88=219l.181b=2.19kip Ans
Ny =1394.12-0.2941(800) = 1158.821b = 1.16 kip Ans
*5-48.  The boom supports the two vertical loads, Neglect
the size of the collars at D and B and the thickness of the
boom, and compute the horizontal and vertical
components of force at the pin A and the force in cable
CB.Set F{ = 800N and F, = 350 N,
%9\ (+ZM, = 0;
C
—32!4; =0

229

+T}:I'; =0

—800( 1.5 cos30°) - 350(2.5 cos30°)

4 3
+ $Fea (2.5 sin30°) + $Fes(25¢0830°) = 0

Fp = 7816 = 782N
4
A - 3(781.6) =0

A = 625N

Ans

3
A, - 800 - 350 + 57816 = 0

A, = 681N

Ans




5-49.  The boom is intended to support two vertical loads
Fiand F,. If the cable CB can sustain a maximum load oé
1500 b before it fails, determine the critical loads if
Fy = 2F.. Also, what is the magnitude of the maximum

(M, = O —2F (1.5 cos30°) ~ F,(2.5 cos30°)
4 3
+ 3(1500)(2.5 sin30°) + 3(1500)(2.Scos30°) =0

reaction at pin 47 K =720 Ans
F = 2K = 1448 b
F = 145 kip Ans
. 4
~ZIF, =0 A~ 5(1500) =0 As
A, = 1200 1b
+TZE =0; A, - 724 - 1443+§(1500)=o
A, = 12721b

Y

F, = ¥(1200)2 + (1272)2 = 1749 1b = 1.75 kip Ans

5-50. Three uniform books, each having a weight W and
length a, are stacked as shown. Determine the maximum
distance 4 that the top book can extend out from the
bottom one so the stack does not topple over.

w
a2 iz
|
Equilibrium : For top two books, the upper book will topple when the "'%
center of gravity of this book is to the right of point A. Therefore, the ( 7
maximum distance from the right edge of this book to point A is a/2.
Equation of Equilibrium : For the entire three books, the top two books Fa
will topple about point B.
w w
a Qs /e
+IMy =0; W(a-d)~W(d- -) = 1
, =0 (a-d) (d 2)=0 —
3 (-
= ; Ans
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5.51. The toggle switch consists of a cocking lever that
is pinned to a fixed frame at A and held in place by the
spring which has an unstretched length of 200 mm.
Determine the magnitude of the resultant force at A and
the normal force on the peg at B when the lever is in the
position shown.

L+EM, = 0;  -(2.38325in12.808%)(0.4) + N,(0.1) = 0
Ny = 211327N = 211N Ans
/EF, = 0; A, - 2.3832c0s12.808° = 0
A, = 23239 N
NIE =0; A, + 211327 - 238325in12.808° = 0

I = {(03)2 + (0.4)2 ~ 2(0.3)(0.4)cos150° = 0.67664 m

sin@

0.3

sin150°
0.67664°

8 = 12.808°

F, = ks = 5(0.67664—0.2) = 2.3832 N

A, = ~15850N

F, = ¥(2.3239)2 + (-1.5850)2 = 281 N

Ans

*#5-52. The rigid beam of negligible weight is supported
horizontally by two springs and a pin. If the springs are
uncompressed when the load is removed, determine the
force in each spring when the load P is applied. Also,
compute the vertical deflection of end C. Assume the

deflections occur. Hint: The beam rotates about A4 so the
deflections in the springs can be related.

spring stiffness k is large enough so that only small +IM, =

B(L) + F.Q2L) - P(;L) =0

B +2F = 15p
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5-53. The uniform rod AB has a weight of 15 Ib and the
spring is unstretched when 9 = 0°, If § = 30°, determine
the stiffness & of the spring.

Geometry : From triangle CDE, the cosine law gives

1= /253674 1.7322 =2(2.536)(1.732) cos 120° = 37181t
Using the sine law,

sina _ sin 120°

253 3715 &=l

E'quaximu of Equilibrium : The force in the spring can be obtained
directly by summing moments about point A.

(2 =0 15cos 30°(1.5) - E,, cos 36.21°(3) = 0
F, =8.050 b

Spring Force Formulg 2 The spring stretches x = 3.718~3=0718 fr

£, 8.0
k=—"£=~=
P 11.2 b/ft Ans

§-54. 'The smooth pipe rests against the wall at the points
of contact A, B, and C. Determine the reactions at these
points needed to support the vertical force of 45 Ib.
Neglect the pipe’s thickness in the calculation.

451b

L +EM,

L+IM, = 0;
+TEE =0
;21-;, =0
Also;
+ZF. = 0

232

45c0830°(36) — 458in30°(8) — R-(20) + Ry(8 tan30°) = 0
R-c0830° — Rycos30° ~ 45 = O

639 b Ans

R = 6391

1195 = 119 b Ans

]
il

Ry
Ry + 11.958in30° — 63.91 sin30° = 0

R, =2601 Ans

45s8in30° — R, c0830° = 0

R, =2601b Ans
—45c0830° + R, — R, — 25.98 sin30° =0

45 c0s30°(16) — R, (20- 8 tan30°) — 25.98(8cos30° + 20sin30°) =0
R = 1191 Ans

63.9 1b Ans

R
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*§.55. The horizontal beam is supported by springs at
its ends. Each spring has a stiffness of k = 5 kN./m. and is
originally unstretched so that the beam is in the
horizontal position. Determine the angl.e of tilt of the
beam if a ioad of 800 N is applied at point C as shown.

i ined
Equations of Equilibrium : The spring force at A and B_can be obtain
directly by summing moments about points B and A, respectively.

(+M,=0; S0Q-F D=0 £ =5BHN
“"WA:(): F(3)-800(1)=0 F =266.6TN
F
k

Spring Formula: ApplyingA = -, we have

383 1067w

Ba 5(10%)

Geometry : The angle of tilt & is

): 1.02° Ans

o (0.05333
a=f@an

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

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

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

(+2M.=0. B(3)-800(1)=0 F =2666TN

F
Spring Formula : Applying A = 7 ve have
§33.33 266.67
=—— =0.1067 Ay =
“ 7500 S
Geometry : Requires, Ay =A,. Then
266.
66.67 =0.1067
]
ky =2500 N/m = 2.50 kN/m Ans
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5-57.  Determine the distance d for placement of the load +13E
P for equilibrium of the smooth bar in the position 4 as
shown. Neglect the weight of the bar.

=0 Rcos@ - P= 0

(+3M, = 0; ~P(d cos§) + R(——) =0 /
cosf /

L
Rd cos’@ = R(—2 ) o K ¥
~ Tcose \¥ /e NG
AN
—y - ) 1y
d= c*o:w Ans AXA/] O
&
Also;
Require forces to be concurrent at point O.
AO = dcos@ = alcosé
cos@
a
th = —
us d ey Ans
5-58. The wheelbarrow and its contents have a mass m
and center of mass at G. Determine the greatest angle of
tilt @ without causing the wheelbarrow to tip over.
) 4
Require point G to be over the wheel axle for tipping. Thus Nfﬂ
bcosé = asing m¢, .
- (ot
0 = wn'~ Ans f

a
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5-59. A man stands out at the end of the diving board,
which is supported by two springs A and B, each having
a stiffness of k = 15 kN/m. In the position shown the
board is horizontal. If the man has a mass of 40 kg,
determine the angle of tilt which the board makes with
the horizontal after he jumps off. Neglect the weight of l.; 1 m — 3m
the board and assume it is rigid. 1

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

(+>:M.=o; F (1)-3924(3)=0 F, =1177.2N

(+ M, =0;  R(1)-3924(4)=0 F =1569.6N 40(481)=3924 N

€1,
3

F
Spring Formula : Applying A = i we have

1177.2 1569.6
2 e = (0.07848 Ay = ——em =0.10464 m
A=) R TT()

Geometry : Theangk of tilt @ is

0.10464 +0.07848

1 )= 10.4° Ans

a=tan'l(

*5-60. The uniform beam has a weight W and length /
and is supported by a pin at 4 and a cable BC. Determine
the horizontal and vertical components of reaction at A
and the tension in the cable necessary to hold the beam
in the position shown.

Equations of Equilibrium : The wnsion the cable can be obtined
directly by summing moments about point A .

(4- IM, =0; Tsin (¢ - 6)I- Wcos O(é)=0

_ Wcos 8 A
" 2in (9-6) "
Using the result T = —Eso— g
Zsin (9-0) }_;/ T o
- Weos 8 ) 2
—)25 =0 (h)oos¢ -A, =0 X 7 £ 2
2sin (¢ - 6) / ',_ J\‘g\\
<,
_ Wcos gcos 9 A 4; = <] 'I /
* 7 2sin(9-6) e
Weos 6
TZE =0; —_— lsine-W=
+TZE =0, A’+(2sin(¢-9))sm¢ W=0
A _ W(sin ¢cos 8- 2cos ¢sin 6) A
s 2sin (¢-0) "
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5-61. The uniform rod has a tength / and weight W. It
is supported at one end A by a smooth wall and the other
end by a cord of length s which is attached to the wall as
shown. Show that for equilibrium it is required that 4 =
[(SZ _ lZ)/}]l/Z.

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

¢ =, =o; nm(b—wma@w

T=Ws'in9
2sin ¢
Wsi
Using the result T = s.m 6.
n ¢
Wsin 8
TIE =00 2 loos(6-g)—w <
+ A 2sm¢cos(8 ¢-W=0
sin9cos(9—¢)—lsin¢=0 [1

Geometry : Applying the sine law with sin (180° - ) = sin 6, we have

sin¢_sin6 . h
T—T sm¢=;sm8 {2)

Substimling Eq.[2]) into [1] yields

cos (t‘!-¢’)=:2 (31

Using the cosine law,

P=h 5 - 2hscos (0-9)

h+s2_p
cos (~¢)= —— __
0s (6-¢) e (4]

Equating Egs.[3] and (4] yields

2h  Rl+siop
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5-62. The disk has a mass of 20 kg and is supportgd on

the smooth cylindrical surface by a spring having a

stiffness of k& = 400 N/m and unstretched length . of

I; = 1 m. The spring remains in the horizonta! position

since its end A is attached to the small roller guide which

has negligible weight. Determine the angle 6 to the nearest +T2F =0 Rsin® - 20(9.81) = 0
degree for equilibrium of the roller.

—XF = 0; Rcos8 — F =0

20(9.81
g _ 200081
F

1.0 + £

400

2.2

Since cosf =

20(9.81)
22c0os68 = 1.0+ ————
20(33ON 400 tan 8

o.:m 880 sin® = 400 tan8 + 20(9.81)
Solving,
£
6 = 27.1°and 6 = 50.2° Ans

5-63. The uniform load has a mass of 600 kg and is
lifted using a uniform 30-kg strongback beam and four
wire ropes as shown. Determine the tension in each

segment of rope and the force that must be applied to
the sling at A.

Equations of Equilibrium : Duc 0 symmetry, all wires are subjected to
the same wension. This condition statisfies moment equilibrium about the x
and y axes and force equilibrium along y axis.

IE =0; 47'(%)—5sss= 0
T=1839.375 N = L84 kN Ans

The force F applied to the sling A must support the weight of the load and
strongback beam. Hence

ZE =0; F-600(9.81)-30(9.81)=0
F=6180.3N=6.18kN Ans
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#5-64.  The wing of the Jetaireraft is subjected to a thrust
of T'= 8kN from its engine and the resultant lift force
/= <5 kN.If the mass of the wing is 2.1 Mg and the mass
centeris at G, determine the x, ¥» Zcomponents of reaction
where the wing is fixed to the fuselage at 4.

1
~A, + 8000 = 0 ny ¢m}
Gl 4 20,000n
A, = 8.00 kN Ans
~
A, =0 Ans x "~

k5,000N

- A4,~20601 + 45000 = 0
A = 44KN Ans
M, — 2.5(8000) = 0
M, = 200kN-m

Ans

45 000(15) - 20 601(5) -M =0

M, = 572 kN-m Ans
M, — 8000(8) = 0
M, = 640 kN.-m Ans

5-65. 'T'he uniform conerete slab has a weight of 5500
Determine the tension in cach of

plane as shown.

Equations of Equilibrium : The cable tension T3 can be obtained
directly by summing moments about they axis.

=0 550()-T(6)=0 T, =275kp Ans
IM =0, T:(6)+2.75(9) - 5.50(6) =0

T = 1.375 kip Ans
LE=0; T,+275+1375-5.50=0

T, = 1.375 kip Ans

Ib.

the three parallel
supporting cables when the slab is held in the horizontal
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5-66. 'The air-conditioning unit is hoisted to the roof of
a building using the three cables. If the tensions in the Z& =0: 250 + 300 + 200 -W = 0
cables are T, = 2501b, 75 = 3001b, and Tc = 2001b,

; . . ; W =751 Ans
determine the weight of the unit and the location (x, y) of
its center of gravity G. - IM, =0; 750(x) — 250(10) - 200(7) = 0
x=5201 Ans
M, =0; 250(5) + 300(3) + 200(9) — 750(y) = 0
y=52Th Ans

5-67. The platform truck supports the three loadings
shown. Determine the normal reactions on each of its
three wheels.

M, =0 380(15) + 500(27) + 80K(S) - Fi(35) = 0
F, = 662.85T1 = 663 ib Ans
M =0, 380(12) - £ (12) - 500(12) + F-(12) \/\
F-F =120 3\
IF, = 0; Fy + F; — 500 + 663 — 380 — 800=0

B + F. = 1017.1429

Solving,
Fo = 5691 Ans

E =449 Ans
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*5-68. The wrench is used to tighten the bolt at A. If
the force F =61b is applied to the handle as shown,
determine the magnitudes of the resultant force and
moment that the bolt head exerts on the wrench. The force
F is in a plane parallel to the x -z plane.

Equations of Equilibrium:

ZF =0, 6cos30"—A, =0 A, =519 1Ib

ITF =0 Ay =0

LF, =0, A, —-6sin30°=0 A, =3001Ib

IM =0; (M), ~65in30°(14) =0 (M4), =420 1b-in
IM, =0, 6c0s30°(2) — (M), =0 (M4), =10391b-in
EM=0; (My): —6¢c0s30°(14) =0 (M,), =72.751h - in
The magnitude of force and moment reactions are

Fa=AZ+ AT=V5196 ¥ 3.00° = 6.00 Ib Ans
/ 3 P
M= \/(MA); + (MA); +(My)2

= V4207 + 10.397 + 727752

=84.641b-in=7051b ft Ans

—— T E TN

5-69. The cart supports the uniform crate having a mass
of 85 kg. Determine the vertical reactions on the three
casters at A, B, and C. The caster at B is not shown.
Neglect the mass of the cart.

Equations of Equilibrium; The normal reaction Ne can be obtained
directly by summing moments about x axis.

IM,=0; Ne(1.3) - 833.850.45) = 0

Ne =288.64 N =289 N Ang
TMy =0 833.85(0.3) — 288.64(0.35) — NA(0.7) =0

Ny =21304 N=213 N Ans
LF. =0, Np+288.64+213.04 ~ 83385 =0

Ny =332 N Ans
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5-70. The boom AB is held in equilibrium by a ball-and-
socket joint A and a pulley and cord system as shown.
Determine the x, y, z components of reaction at A and the
tension in cable DEC if F = {—1500k} Ib.

From FBD of boom,

5
IM, =0 T£(10) - 150K(S) = 0
VI25
Tz = 1677.051b
ZF, =0; A, =0 Ans ¥ The
$ 10
10 A -
IE =0 4, ~ ==(1677.05) = 0 : ?T 51 56t ¢
JI_ZE A1
x Ay 1,500k
A, = 15001b = 1.50 kip Ans
IE =0; A, 1500 + 2 (1677.05) = 0
Y125
A, =7501b Ans
T ¥
From FBD of pulley, oA <
Y
4 1 ®
EE =0; 2(—=)T ~ —(1677.05) = 0 x b3f.08
t ‘/9—6 \/3 LbPF.054b
T = 91856 = 919 1p Ans
5.71. The cable CED can sustain a maximum tension of 800 Ib
before it fails. Determine the greatest vertical force F that can
be applied to the boom. Also, what are the x, y, z components
of reaction at the ball-and-socket joint A?
From FBD of pulley,
£F. =0, 2(800) c0524.09° ~ Fp, = 0
Fpz =1460.59 Ib qo0h
From FBD of boom; ootk 2499°
s 24040 F
M, = 0; —=—(1460.59)(10) ~ F(5) = 0 8E
\/125
F = 1306.39 Ib = 1.31 kip Ans
2
XIF, =0, A, =0 Ans * 1460591}
4y th st
10 el 2o o }
XE =0; A, - —=(1460.59) = 0 it <ft
V125 s
F
x
A, = 130639 1b = 1.31 kip Ans
IF =0; A, —1306.39 + —5—(1460.59) =0
Y125
A, =653 Ans
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quarter circular plate, N

Equations of Equilibrium : The normal reaction N, and A,can be

obtained directly by summing moments about the x and Y axes respectively.

M, =0, Ny (3)-200(3)—200(3sin 60°) =0
Ny =3732IN=3713N Ans 1

IM, =0; 350(2) +200(3cos 60°)~4,(3) =0
4, =33333N=333N

IF =0; 72-,,4—373.21+333.33—350—200—200=0

Tep=435N
IF =q; A =0
L =0, A,=0

5-73. The windlass s subjected to a load of 150 [b,
Determine the horizontal force P needed to hold the
handle in the position shown, and the components of
reaction at the ball-and-socket joint A and the smooth
journal bearing B. The bearing at B is in proper alignment
and exerts only force reactions on the windlass,

s

s
.
S o i

\TM, =0 (150)(0.5) - P(1) = 0

P=1751b Ans
IE =0, A =0 Ans
IM, =0 —-(150)(2) + B,(4) = 0 ¥

| L5
B, =751 Ans gy L A
5 - 150 = 0 { M 6 7
IE =0; A+ 75 - = ta
% z _‘/ ’5011,
4

A, =751 Ans

M, = 0; B.(4) - 75(6)= 0

B, = 1125 =112 Ans

IF =0; A, -1125+75=0

A, =375 Ans
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5.74, The pole for a power line is subjected to the two P
cable forces of 60 lb, each force lying in a plane parallel
to the x—y plane. If the tension in the guy wire AB is
80 Ib, determine the x, y, z components of reaction at the
fixed base of the pole, O.

60 Ib

Equations of Equilibrium:

TF, =0, O, +60sin45° ~60sin45° =0

0,=0 Ans
TF, =0, O, +60cosd5" +60cos45” =0 i
0,=-849 b Ans 1
i 11
LF, =0, 0.-80=0 0,=8001b Ans " 601b

a5
N 45°
EM, =0, (Mpy) +80(3) —2[60cos45°(14)] =0 <] O

TTNe0b (41t
(My); =948 1b - ft Ans in ~
80 Ib
EM, =0; (Mo)y +605in45°(14) — 60in45°(14) = 0
10 ft
(Mp), =0 Ans
o, ~—a
. o . o / 0, .Q*J\
M, =0; (Mp), +60sin457(1) — 60sind57(1) =0 o @, N
M)y *
(My), =0 Ans ! / (M, M)

X

5-75. Member AB is supported by a cable BC and at
A by a square tod which fits loosely through the square
hole at the end joint of the member as shown. Determine
the components of reaction at A and the tension in the
cable needed to hold the 800-1b cylinder in equilibrium.

3 6, 2
Fpc = Fgc (*i" i+ ,—]k)

707
IF =0 Fac(%)=0
Fpe =0 Ans
LF =0, Ay=0 Ans
LF.=0; A.=38001 Ans :A

A, <
IM, =0, (My), —800(6) =0

(M), = 4.80 kip - ft Ans
EM, =0; (My), =0 Ans
IM, =0, (My),=0 Ans
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*5-76. The Pipe assembly Supports the vertical loads

: . —~ 12
shown. Determine the components of reaction at the ball- Lo = Tw(?z‘ - 5")
and-socket joint 4 and the tension in the supporting cables
BC and BD, - 1,2
Toe = Tc(31 - 51+ 3x)
2 2 1 1
IM =0, -3(4) - 455 + 3%0(1) + 3Bc() + 35a(D) + 35c() = 0
Lo+ e = 34
2 2
M, = 0; §T,c(l)—3m=0
Tic =Ty
Tic = hp = 1T KN Ans
£
; 17y - 17dy < o
IF, =0; A, ~ (3)’ (3)—
A, = 113 kN Ans
IF =0; A, =0 Ans
=0 A+ 113 —3-a=0
: 3 3
4, = -157kN Ans
5-77. Both pulleys are fixed to the shaft and as the shaft i
turns  with constant angular velocity, the power of
pulley A is transmitted to pulley B. Determine the 200 min > —=- 50 N
horizontal tension T in the belt on pulley B and the x, y, 250 m"‘)\
Z components of reaction at the journal bearing C and 300 mm
thrust bearing D if § = 0°. The bearings are in proper b
alignment and exert only force reactions on the shaft.
v
Equations of Equilibrium : x
IM =0;  65(0.08) -80(0.08) + 7(0.15) - 50(0.15) =0
T=580N Ans 80N
ZM’ =0 (65+80)(O.45)-C;(0.75)=0
G =870N Ans
IM, =0, (50+ 58.0)(0.2) - C(0.75)=0
G =288N Ans
IF = 0; D, =0 Ans
IF =0; D, +288-50-580=0
D, =792N Ans
IF=0; D +87.0-80-65=0

D, =580N
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5-78.  Both pulleys are fixed to the shaft and as the shaft
turns with constant angular velocity, the power of
pulley A is transmitted to pulley B. Determine the
horizontal tension T in the belt on pulley B and the x, y,
z components of reaction at the journal bearing C and
thrust bearing D if 8 = 45°. The bearings are in proper
alignment and exert only force reactions on the shaft.

Equations of Equilibrium :

IM, =0, 65(0.08) ~80(0.08) + T(0.15) - 50(0.15) = 0
T=580N Ans

M, =0 (65 +80)(0.45) — 50sin 45°(0.2) - G, (0.75) =0
G =715TN=T16N Ans

IM =0,  58.0(0.2) +50cos 45°(0.2) ~ C, (0.75) = 0
G, =2489N=249N Ans
IF, =0, D, =0 Ans

IF =0; D, +24.89-50cos 45°-58.0=0
D, =685N Ans

IF =0; D, +77.57+50sin 45°-80-65=0
D, =32IN Ang
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5-79. The bent rod is supported at A4, B, and ( by
smooth journal bearings )
i is subjected to forces
lies in the v-; plane. The
nt and exert only force

Fy = 3001b and Fy =250 1b. F,
bearings are in proper alignme
reactions on the rod.

F, = (-300c0s45% - 300sind5°k)
= {-212.1j ~ 212.1k}Ib

F, = (250 cos45°sin30° + 250 cos45°c0s30°j — 250sin45°k)
=

= {88.39 + 153.1j — 176.8k}Ib A ] o
3F =0 A, +B, + 8839 =0 " Ay /T__,%
IE =0 A, +C, - 2121 + 1531 = 0 6 ‘y \E b
IF, =0; B, + C, - 2121 - 176.8 = 0 b3
IM, = 0; ~B,(3) - A (4) + 212.1(5) + 212.1(5) = 0
M, = 0; C(5) +A, (4 =0
M, = O; A5 +B()-C( =0
A, = 6331 Ans
A, = -1411b Ans
B, = -7211b Ans
B, = 8951b Ans
C, = 200 1b Ans

C, = ~-5061b Ans
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*5-80. The bent rod is supported at A, B, and C by
smooth journal bearings. Determine the magnitude of F,

which will cause the reaction C, at the bearing C to be
equal to zero. The bearings are in proper alignment and
exert only force reactions n the rod. Set F; = 300 Ib.

IF, =0

IF, =0
IF, =0;
M, = 0
M, =0

M, =0

= {0.3536K1 +0.6124K§ - 0.7071Fk}1b

F, = (-300cos45°] — 300sin45°k)
= {~212.1j - 212.1k}Ib

F, = (K cosd5°sin30°i + E c0s45°cos30°f — E sin45°k)

A, +B, + 035365 =0
A, +0.6124F — 2121 = 0
B, + C, — 0.7071F — 212.1 = 0

-B,(3) - A, (4) +212.1(5) + 212.1(5) = O

5-81. The silo has a weight of 3500 Ib and a center of gravity at
G. Determine the vertical compcaent of force that each of the three
struts at A, B, and C exerts on the silo if it is subjected to a resultant
wind loading of 250 1b which acts in the direction shown.

Lo,

5ft

F=2501b

X

Top view
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CA5) +A(H =0

A (5) +B,(3) =0

A, =357

A = -200D

B, = -59%1b

B, = 9741

C, = -281

E = 6741 Ans
IM, =0

4.3308, -4.330C, -1875=0

M, =0;

2.58,+25C, - 54, +3247.6 =0

IF=0; A, +B,+(C,-3500=0

Solving Eqgs.[1], [2] and [3] yields :

B, =1167Tb  C,=7341b A, = 1600 1b

B,(58in60°) — G, (58in 60°) — 2508in30°(15) = 0

B, (5c0860°) + C, (5¢0860°) ~A,(5)+250c0830°(15) =0



5-82. Determine the tensions in the cables ang the

components of reaction acting on the smooth collar at 4

Necessary to hold the 50-1p sign in equilibrium The center 1_2

of gravity for the sign is at G. Tos = 7,',5(31 B ; )

~1 2 2
Be =512
c 5|3 3j+3k
IE = ¢ 1 1
*=0 She-iGc+a, <o
=g Zp .2
z ' 3Et R -50=0
=0 2 2
ZI';-O. —57;,5—57;‘:1-;{, =0

= 0 2 2
M, =g M), + 571';5(2) + 57;‘.(2) - 502 = ¢

=0 2 2
B =0 1), - 3702(3) + 378c(2) + 5000.5) = ¢

M, =0 “3%:(2) - 327135(3) + ; 5c(2) + ;Gc(z) =0
Solving;
Tos = 321429 = 32 1 Ans
Toc = 42.8571 = 420 Ans
A = 35714 = 3.571b Ans
4 =501 Ans
M), =0 Ans

M), = -178571 = =179 1b-ft Ans

5-83. The boom is supported by a ball-and-socket joint
at A and a guy wire at B. If the 5-kN loads lic in a plane SKN
which is parallel to the x—y plane, determine the X ).z

components of reaction at A and the tension in the /

cable at B.

Equations of Equilibrium :

IM, =0;  2(5sin30°(5))~ T, (1.5) =0
T = 1667kN = 16.7kN Ans

IM, =0;  Scos 30°(5)- Scos 30°(5) = O (Statisfied )

LF =0; A, +5c0s 30°~Scos 30° =0
A =0 Ans

IF, =0; A, -2(5sin30° =90
A, =5.00kN Ans

IE=0, A,-1667=0 A, =167kN Ans
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