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1-1.

Round off the following numbers to three significant
figures: (a) 58 342 m, (b) 68.534 s, (c) 2553 N, and
(d) 7555 kg.

SOLUTION
a) 583km b) 685s c) 2.55kN d) 7.56 Mg Ans.



1-2.

Wood has a density of 4.70 slug/ft’. What is its density
expressed in SI units?

SOLUTION

(1 £%)(14.59 kg)
(0.3048 m)>(1 slug)

(4.70 slug/ft®) { } = 2.42 Mg/m® Ans.



1-3.

Represent each of the following combinations of units in
the correct SI form using an appropriate prefix: (a) kN/us,

(b) Mg/mN, and (c) MN/(kg - ms).

SOLUTION
(1N (10°)N
a) kN/us = (109 s S GN/s
(10°) (10°)
b) Mg/mN = (1073)5; =N L Gg/N

(10N (10°)N

©) MN/(kg-ms) = kg (107)s  kg-s

= GN/(kg"s)

Ans.

Ans.

Ans.



14,

Represent each of the following combinations of units in
the correct SI form using an appropriate prefix: (a) m/ms,
(b) wkm, (c) ks/mg, and (d) km - uN.

SOLUTION

10)°
a) m/ms = <(101;13s> = <( z m) = km/s

b) wkm = (10)7%(10)*m = (10)> m = mm

3 9
o= (L) (0

(10) " kg
d)km-uN = [(10)* m][(10) ®N]

) = Gs/kg

(10)°m-N = mm-N

Ans.

Ans.

Ans.

Ans.



1-5.

Represent each of the following quantities in the correct
SI form using an appropriate prefix: (a) 0.000 431 kg,
(b) 35.3(10%) N, and (c) 0.005 32 km.

SOLUTION
a) 0.000431 kg = 0.000431(10°) g = 0.431 ¢ Ans.
b) 35.3(10°)N = 353kN Ans.

¢) 0.00532km = 0.00532(10°)m = 532 m Ans.



1-6.

If a car is traveling at 55mi/h, determine its speed in
kilometers per hour and meters per second.

SOLUTION

55 mi/h = <55mi)<5280ft><0.3048m)( 1 km )
A= U1 U Tmi 1t /\1000m

= 88.5km/h

88.5km)/1000mY/ 1h
88.5km/h = < - )( e ><3600S) = 24.6m/s

Ans.

Ans.



1-7.

The pascal (Pa) is actually a very small unit of pressure. To
show this, convert 1 Pa = 1 N/m? to Ib/ft>. Atmospheric
pressure at sea level is 14.7 1b/in?. How many pascals is this?

SOLUTION
Using Table 1-2, we have
1IN/ 11b 0.30482m2)
1Pa=—+ =20.9(1073) Ib/ft? Ans.
a m2(4.4482N)< 12 0.9(107%) 1b/ ns
: 2 2
L ATM = 14..721b <4.448 N)(144 1;1 )( 1ft2 2)
in 11b 1 ft 0.3048° m

101.3(10%) N/m?

= 101 kPa Ans.



*1-8.

The specific weight (wt./vol.) of brass is 520 Ib/ft>.
Determine its density (mass/vol.) in SI units. Use an
appropriate prefix.

SOLUTION
o~ (o) (2%

= 8.33 Mg/m*

Ans.



1-9.

A rocket has a mass of 250(10%) slugs on earth. Specify
(a) its mass in SI units and (b) its weight in SI units. If the
rocket is on the moon, where the acceleration due to gravity
is g, = 5.30 ft/s?, determine to three significant figures
(c) its weight in ST units and (d) its mass in SI units.

SOLUTION
Using Table 1-2 and applying Eq. 1-3, we have

a) 250(10°) slugs = [250(10°) slugs] (%)
= 3.6475(10°) kg
= 3.65Gg

b) W,

mg = [3.6475(10°) kg(9.81 m/s?)
= 35.792(10°) kg - m/s?
= 358 MN

) W, =mg, =[250(10°) slugs](5.30 ft/s?)

= [1325(10%) lb](“i‘ﬁN)

= 5.894(10°) N = 5.89 MN
Or

5.30 ft/s?
322 ft/s?

gm

W, = We(?) = (35.792 MN)< ) = 5.89 MN

d) Since the mass is independent of its location, then

m,, = m, = 3.65(10°) kg = 3.65 Gg

Ans.

Ans.

Ans.

Ans.



1-10.

Evaluate each of the following to three significant figures and
express each answer in SI units using an appropriate prefix:
(a) (0.631 Mm)/(8.60 kg)?, (b) (35 mm)*(48 kg)°.

SOLUTION

0.631(106) m) ~ 8532m

a) (0.631 Mm)/(8.60 kg)? =< (8607 k? ke?

= 8.53(10°) m/kg? = 8.53 km/kg? Ans.

b) (35 mm)*(48 kg)® = [35(107%) m[> (48 kg)? = 135 m?- kg’ Ans.



1-11.

Evaluate each of the following to three significant figures and
express each answer in Sl units using an appropriate prefix:
(a) 354 mg (45 km)/(0.0356 kN), (b) (0.004 53 Mg) (201 ms),
and (c) 435 MN/23.2 mm.

SOLUTION
[354(107) g][45(10°) m]

a) (354 mg)(45 km)/(0.0356 kN) = 0 0356(103) N

0.447(10°) g+ m
-—
= 0.447 kg-m/N
b) (0.00453 Mg)(201 ms) = [4.53(107)(10%) kg][201(1073) 5]
= 0911kg-s
435(10°) N 1875(10°) N

c) 435MN/232mm =
232(107%) m

= 18.8 GN/m

Ans.

Ans.

Ans.



*1-12.

Convert each of the following and express the answer using
an appropriate prefix: (a) 175 Ib/ft> to kN/m?, (b) 6 ft/h to
mm/s, and (c) 8351b-ft to kN - m.

SOLUTION
175 Ib 1ft \’(4.448N
a) 175 Ib/ft® = ( i >(0_3048 m) ( 11b )
3
_ (275(12)N> = 275 KN/m®
m

6£\/03048m\/ 1h
b)6ﬁ/h_(ﬁ)( 11t )(36005)

= 0.508(10) m/s = 0.508 mm/s

4.448 N ) ( 0.3048 m)

¢) 8351b-ft = (835 lb-ft)< b i

= 1.13(10)>*N+m = 1.13kN-m

Ans.

Ans.

Ans.



1-13.

Convert each of the following to three significant figures:
(a) 20Ib-ft to N-m, (b) 450Ib/ft® to kN/m?® and
(c) 15 ft/h to mm/s.

SOLUTION
Using Table 1-2, we have
4.448 N\ /0.3048 m

a) 201b-ft—(201b-ft)( b >< Tt )

=271N-m Ans.

4501b\/ 4.448 N 1 kN 1t

3 =

b) 45016/t ( 11t >< 11b )(1000 N)(0.30483 m3)
= 70.7 kN/m? Ans.

3 15ft>(304.8mm>< 1h )_
c) 15ft/h = ( in i 26005, 1.27 mm/s Ans.



1-14.
Evaluate each of the following and express with an

appropriate prefix: (a) (430kg)?, (b) (0.002 mg)?, and
(c) (230 m)>.

SOLUTION
a) (430 kg)? = 0.185(10°) kg? = 0.185 Mg?
b) (0.002 mg)* = [2(107) g’ = 4 pg’

¢) (230 m)* = [0.23(10°) m]* = 0.0122 km?®

Ans.

Ans.

Ans.



1-15.

Determine the mass of an object that has a weight of (a) 20 mN,
(b) 150 kN, and (c) 60 MN. Express the answer to three
significant figures.

SOLUTION
Applying Eq. 1-3, we have

w 20(107%) kg m/s?
Q) m=-—=————

= 2.04 Ans.
g 9.81 m/s” & ns

150(10°) kg * m/s?
b) m=K=()—2/=15.3Mg Ans.
g 9.81 m/s

60(10°) kg - m/s?
¢) m=K=()—2=6.12Gg Ans.
g 9.81 m/s



*1-16.

What is the weight in newtons of an object that has a mass
of: (a) 10 kg, (b) 0.5 g, and (c) 4.50 Mg? Express the result to
three significant figures. Use an appropriate prefix.

SOLUTION
a) W = (9.81m/s?)(10kg) = 98.1N Ans.
b) W = (9.81m/s?)(0.5 g)(10 > kg/g) = 4.90 mN Ans.

o) W = (981 m/s?)(45 Mg)(10° kg/Mg) = 44.1 kN Auns.



1-17.

If an object has a mass of 40 slugs, determine its mass in

kilograms.

SOLUTION

40 slugs (14.59 kg/slug) = 584 kg Ans.



1-18.

Using the SI system of units, show that Eq. 1-2 is a
dimensionally homogeneous equation which gives F in
newtons. Determine to three significant figures the
gravitational force acting between two spheres that are
touching each other. The mass of each sphere is 200 kg and
the radius is 300 mm.

SOLUTION
Using Eq. 1-2,
F=0G my 2m2
r
m? )(kg-kg) kg-m
N = = .E.D.
(kg- s? m? s? (@ )
F=G my ;712
r
200(200
= 66.73(10‘12){7( . )}
0.6

=7.41(107°) N = 7.41 uN

Ans.



1-19.

Water has a density of 1.94 slug/ft>. What is the density
expressed in SI units? Express the answer to three

significant figures.

SOLUTION

B (1.94 slug)(14.59 kg)( 1t} )
o=\ Lslug /\0.3048° m’

= 999.6 kg/m® = 1.00 Mg/m?> Ans.



*1-20.

Two particles have a mass of 8 kg and 12 kg, respectively. If
they are 800 mm apart, determine the force of gravity
acting between them. Compare this result with the weight
of each particle.

SOLUTION
F= G—mlr;nz

Where G = 66.73(1012) m*/(kg - )

8(12

F = 66.73(10712) { )2 = 10.0(10°) N = 10.0nN Ans.
(0.8)

W, = 8(9.81) = 785N Ans.

W, = 12(9.81) = 118N Ans.



1-21.

If a man weighs 155 1b on earth, specify (a) his mass in
slugs, (b) his mass in kilograms, and (c) his weight in
newtons. If the man is on the moon, where the
acceleration due to gravity is g, = 5.30 ft/s?, determine
(d) his weight in pounds, and (e) his mass in kilograms.

SOLUTION
155
aym = v 4.81 slug
b)ym = 155{%} - 702k
ym = 22 | Ve

)W = 155(4.4482) = 689 N

5.30
HW = 155{5} —2551b
- 155{14'59 kg} ~ 702k
e)m = I
Also,
- 25 5{14'59 kg} - 702k
e I I A

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.



2-1.

Determine the magnitude of the resultant force Fr = F; + F,

and its direction, measured counterclockwise from the positive
X axis. F; =2501b
SOLUTION )
Fr = V/(250)% + (375)2 — 2(250)(375) cos 75° = 3932 = 393 1b Ans.
3932 250
sin75°  sin@
6 = 37.89°

F, =3751b
¢ = 360° — 45° + 37.89° = 353° Ans.




2-2.

If 6 = 60° and F = 450 N, determine the magnitude of the
resultant force and its direction, measured counterclockwise
from the positive x axis.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of consines to Fig. b,

Fr = V/700% + 4507 — 2(700)(450) cos 45°
= 497.01 N = 497N Ans.
This yields

sin « _sin 45°
700 497.01

a = 9519°

Thus, the direction of angle ¢ of Fp measured counterclockwise from the
positive x axis, is

¢ = a + 60° = 95.19° + 60° = 155° Ans.

700 N




2-3.

If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction 6.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

F = V/500% + 700% — 2(500)(700) cos 105°
= 959.78 N = 960 N Ans.
Applying the law of sines to Fig. b, and using this result, yields

sin (90° + 0)  sin 105°

700 959.78

0 = 45.2° Ans.

y
F
0
15° .
700 N
1
0%415°=/05°
& =5aa//\/, >
//
// w8,
// 9
/// x
/5°
JOON




24,

Determine the magnitude of the resultant force Fr = F; + F,
and its direction, measured clockwise from the positive u axis.

SOLUTION

Fr = V/(300)% + (500)% — 2(300)(500) cos 95° = 605.1 = 605 N

605.1 500
sin 95°  sin 6

0 = 55.40°

¢ = 55.40° + 30° = 85.4°

Ans.

Ans.



2-5.

Resolve the force Fy into components acting along the u and
v axes and determine the magnitudes of the components.

SOLUTION
Fu, _ 300
sin 40°  sin 110°
F, = 205N Ans.
F, 300

sin 30°  sin 110°

Fi, = 160N Ans.




2-6.

Resolve the force F, into components acting along the 1 and
v axes and determine the magnitudes of the components.

SOLUTION
Fy, 500
sin 45°  sin 70°
F,, = 376 N Ans.
F, 500

sin 65°  sin 70°

F,, = 482N Ans.

F,=500N v




2-7.

The vertical force F acts downward at A on the two-membered
frame. Determine the magnitudes of the two components of
F directed along the axes of AB and AC. Set F = 500 N.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using the law of sines (Fig. b), we have

Fap 500
sin 60°  sin 75°
FAB = 448 N Ans.
Fuc 500

sin 45°  sin 75°

FAC = 366 N Ans.




*2-8.
Solve Prob. 2-7 with F = 350 Ib.

SOLUTION
Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using the law of sines (Fig. b), we have

Fup 350
sin 60°  sin 75°
F, 5 = 3141b Ans.
Fac 350

sin45°  sin 75°

Fac = 2561b Ans.




2-9.

Resolve F, into components along the u and v axes and
determine the magnitudes of these components.

SOLUTION
Sine law:
F, 250
—_— = F, = 129N Ans.
sin 30°  sin 105° 1o ? ns
F
w__ 250 F, = 183N Ans.

sin 45°  sin 105°

105

L.



2-10.

Resolve F, into components along the « and v axes and v
determine the magnitudes of these components.
F, = 250N
F,=150N 30°
SOLUTION S
Sine law: 100/ +
105°
F, 150
= E,=776N Ans.
sin30°  sin 75° 2 e IR 1= 1
FZH 150
= E,=150N Ans.
sin 75°  sin 75° u s
v
R
F, =150N o---""1
1 u
LS
1
A 75°
S~




2-11.

The force acting on the gear tooth is F = 20 Ib. Resolve
this force into two components acting along the lines aa

and bb.
SOLUTION
20 F,
Sin40°  sin 80° F, =30.61b Ans.
20 F,
Sin40° ~ sin 60° F, =2691b Ans.




*2-12.

The component of force F acting along line aa is required to
be 30 Ib. Determine the magnitude of F and its component

along line bb.
SOLUTION
30 F
sin 80° = m, F =19.61b Ans.
F
0__ 5 F), =2641b Ans.

sin 80°  sin 60°;

a-—



2-13.

Force F acts on the frame such that its component acting
along member AB is 650 Ib, directed from B towards A, and
the component acting along member BC is 500 Ib, directed
from B towards C. Determine the magnitude of F and its
direction 6. Set ¢ = 60°.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

F = \V/500% + 6502 — 2(500)(650) cos 105°
=916.911b = 917 Ib Ans.

Using this result and applying the law of sines to Fig. b, yields

sinf _ sin 105°
500 916.91

0 = 31.8° Ans.

Fez =500lb

T4
o'+45 = [05°

U4
8 :'ésow
[

&)



2-14.

Force F acts on the frame such that its component acting
along member AB is 650 lb, directed from B towards A.
Determine the required angle ¢ (0° = ¢ = 90°) and the
component acting along member BC. Set F = 850 1b and
6 = 30°.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,

respectively.

Applying the law of cosines to Fig. b,

Fye = V8502 + 650% — 2(850)(650) cos 30°
= 433.641b = 434 1b

Using this result and applying the sine law to Fig. b, yields

sin (45° + ¢) _sin 30°
850 T 433.64

b = 565°

Ans.

Ans. \\ EL

F=8501h ,(945'*9’

0y
&:650 1b

%)



2-15.

The plate is subjected to the two forces at A and B as
shown. If § = 60°, determine the magnitude of the resultant
of these two forces and its direction measured clockwise

from the horizontal.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fr = V8 + 6 — 2(8)(6) cos 100°

= 10.80 kN = 10.8 kN

The angle 6 can be determined using law of sines (Fig. b).

sinf _ sin 100°

6 10.80
sin 6 = 0.5470
0 = 33.16°

Thus, the direction ¢ of F measured from the x axis is

é = 33.16° —

30° = 3.16°

Ans.

Ans.

OII @m gn gn @n @m

F,=8kN




*2-16.

Determine the angle of 6 for connecting member A to the
plate so that the resultant force of F, and Fp is directed
horizontally to the right. Also, what is the magnitude of the
resultant force?

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig .b), we have

sin (90° — )  sin 50°
6 8

sin (90° — §) = 0.5745

0 = 54.93° = 54.9° Ans.

From the triangle, ¢ = 180° — (90° — 54.93°) — 50° = 94.93°. Thus, using law of
cosines, the magnitude of Fj is

Fr = V& + 62 — 2(8)(6) cos 94.93°

= 104 kN Ans.

MM @M @0 @0 0N @0

FAZSkN

E kN
"
8 ™
h (4 l\
o 90-6 5Cv/"\>u F
505 ";'
+0° ’




2-17.

Determine the design angle 6 (0° = 6 = 90°) for strut AB
so that the 400-1b horizontal force has a component of 500 Ib
directed from A towards C. What is the component of force
acting along member AB? Take ¢ = 40°.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig. b), we have

sinf _ sin 40°

500 400
sin # = 0.8035
0 = 53.46° = 53.5° Ans.

Thus,
¢ = 180° — 40° — 53.46° = 86.54°

Using law of sines (Fig. b)

Fup 400
sin 86.54°  sin 40°

FAB = 6211b Ans.

4001b A

4
%,

d
7’

4

r'd
td

:
L
%

’
e



2-18.

Determine the design angle ¢ (0° = ¢ = 90°) between 4001b A
struts AB and AC so that the 400-1b horizontal force has a O\
component of 600 Ib which acts up to the left, in the same
direction as from B towards A. Take 6 = 30°.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fac = V400> + 6002 — 2(400)(600) cos 30° = 322.97 Ib egonb
\‘?\
The angle ¢ can be determined using law of sines (Fig. b). \‘ \‘\\
\

sin¢g  sin 30° \\.Q__&\
_ 4001

400 32297 N \?\
\\ ¢
\~ \

sin ¢ = 0.6193 @ N\
N,
¢ = 38.3° Ans.

*.,

‘C’B‘\\éao ib

FA—C \\ N ~o

\ 20
400 b



2-19.

Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F; + F, and then forming Fz = F' + F;.

SOLUTION

F = V(20)2 + (30)2 — 2(20)(30) cos 73.13° = 30.85 N

30.85 30 :
. P ) 6 = 147° F1= 30N J
sin 73.13 sin (70° — 0) 73.13°
/¢ 3y
Fr = V(30.85)% + (50)* — 2(30.85)(50) cos 1.47° = 19.18 = 192N Ans. PR W]
N fFa=20N
1918 3085
I8 08, 0=237"% Ans.
sin 1.47°  sin 6
‘? Ans
147 ’ e

30.35N= — -



*2-20.

Determine the magnitude and direction of the resultant
Fr = F; + F, + F; of the three forces by first finding the
resultant ' = F, + F; and then forming F = F' + F;.

SOLUTION

F' = V(20)? + (50)% — 2(20)(50) cos 70° = 47.07 N

20 4707
sin 6 sin 70°’

6 = 23.53°

Fr = V(47.07)% + (30)* — 2(47.07)(30) cos 13.34° = 19.18 = 192N

19.18 30
— = ; =21.15°
Sn1338° sing © :

0 = 23.53° — 21.15° = 2.37° X%

Ans.

Ans.

F,=20N

Y
| peson

N
A - ’
Faz20N F




2-21.

Two forces act on the screw eye. If F; = 400N and F,
F, = 600N, determine the angle 6(0° =6 = 180°)
between them, so that the resultant force has a magnitude
of Fr = 800 N.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively. Applying law of cosines to Fig. b,

F,
800 = V/400% + 600> — 2(400)(600) cos (180° — 6°)
i A X 9 F=4000N
800% = 4007 + 600> — 480000 cos (180° — 6) 1800
cos (180° — 0) = — 0.25
o __ — \\
180° — 6 = 104.48 L2 F=800N
6 = 75.52° = 75.5 Ans. f,=600N
(a)

400N 180%-8
60ON

800N

(b)



2-22.

Two forces F| and F, act on the screw eye. If their lines of
action are at an angle 6 apart and the magnitude of each
force is F| = F, = F, determine the magnitude of the
resultant force F and the angle between Fy and F,.

F,

SOLUTION < i

F _F
sing  sin (6 — ¢)

sin (0 — ¢) = sin ¢
0—¢d=4¢

b= g Ans.

Fr = V/(F)* + (F)2 — 2(F)(F) cos (180° — 0)

Since cos (180° — ) = —cos 6

Fg = F(V2)V1 + cos 6

Since cos (0) 1+ cos6
i vy [T EOY
2 2

Then

0
Fr = 2F COS(E) Ans.




2-23.
Two forces act on the screw eye. If F = 600 N, determine

the magnitude of the resultant force and the angle 6 if the
resultant force is directed vertically upward.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b

respectively. Applying law of sines to Fig. b,

sinf sin30° . _ o o
600 500 ° sinf = 0.6 0= 36.87° =369

Using the result of 6,
¢ = 180° — 30° — 36.87° = 113.13°
Again, applying law of sines using the result of ¢,

Fr 500

sin 113.13° _ sin 30°°

Fr=919.61N = 920N

Ans.

Ans.




*2-24,

Two forces are applied at the end of a screw eye in order to y
remove the post. Determine the angle 6 (0° = 6 = 90°)
and the magnitude of force F so that the resultant force
acting on the post is directed vertically upward and has a
magnitude of 750 N.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig. b), we have

sing  sin 30°
750 500

sin ¢ = 0.750

¢ = 131.41° (By observation, ¢ > 90°)

Thus,
0 = 180° — 30° — 131.41° = 18.59° = 18.6° Ans. \ SON
F 500 750N
sin 18.59°  sin 30° A

F

319N Ans.

(O]



2-25.

The chisel exerts a force of 20 1b on the wood dowel rod which y
is turning in a lathe. Resolve this force into components acting
(a) along the n and  axes and (b) along the x and y axes.
n O
60° 20"
60°
45° \
SOLUTION
20 1b
a) F,= —20cos45° = —14.11b Ans.
F, =20sin45° = 14.11b Ans.
b) F, = 20cos15° =19.31b Ans.
F, =20sin15° = 5.181b Ans.

20Lb

(@) (J)



2-26.

The beam is to be hoisted using two chains. Determine the
magnitudes of forces F, and F acting on each chain in order

to develop a resultant force of 600 N directed along the
positive y axis. Set § = 45°.

SOLUTION
Fy 600
sn45  smi0se; T 4ON
Fy 600
sin30°  sin 105°° Fg=311N

Ans.

Ans.

Fp

F,




2-27.

The beam is to be hoisted using two chains. If the resultant
force is to be 600 N directed along the positive y axis,
determine the magnitudes of forces F, and Fj acting on
each chain and the angle 6 of F; so that the magnitude of Fj
is a minimum. F 4 acts at 30° from the y axis, as shown.

SOLUTION

For minimum Fj, require

0 = 60° Ans.
F, = 600 cos 30° = 520 N Ans.
Fp = 600 sin 30° = 300 N Ans.

F=600M

Fp

30°

Fy




*2-28.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force Fp and its direction 6.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

Fp= V22 + 32 — 2(2)(3)cos 30°
= 1.615kN = 1.61 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sinf _ sin 30° N
T T 1615 6 =383 Ans.




2-29.

If Fgp = 3kN and 6 = 45°, determine the magnitude of the
resultant force of the two tugboats and its direction
measured clockwise from the positive x axis.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

Fr= V2> + 32 - 2(2)(3) cos 105°
= 4.013 kN = 4.01 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sina  sin 105° .
3 T 4013 a = 4622

Thus, the direction angle ¢ of Fg, measured clockwise from the positive x axis, is

¢ = a — 30° = 46.22° — 30° = 16.2° Ans.




2-30.

If the resultant force of the two tugboats is required to be
directed towards the positive x axis, and Fp is to be a
minimum, determine the magnitude of F; and Fp and the
angle 6.

SOLUTION

For F to be minimum, it has to be directed perpendicular to Fz. Thus,

6 = 90° Ans.

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

By applying simple trigonometry to Fig. b,
Fg=2sin30° = 1 kN Ans.

Fr=2cos30° = 1.73kN Ans. R=2 kil




2-31.

Three chains act on the bracket such that they create a
resultant force having a magnitude of 500 Ib. If two of the
chains are subjected to known forces, as shown, determine
the angle 6 of the third chain measured clockwise from the
positive x axis, so that the magnitude of force F in this chain
is a minimum. All forces lie in the x—y plane. What is the
magnitude of F? Hint: First find the resultant of the two
known forces. Force F acts in this direction.

SOLUTION

Cosine law:

Fri = V3002 + 2002 — 2(300)(200) cos 60° = 264.6 b

Sine law:

sin (30° + 6)  sin 60°

= 6 = 10.9° Ans.

200 264.6
When F is directed along Fp,, F will be minimum to create the resultant force.
Fr=Fp + F

500 = 264.6 + Fin

Foin = 2351b Ans.




*2-32.

Determine the x and y components of the 800-1b force.

SOLUTION

= 800 sin 40° = 514 1b Ans.

F,
F, = —800cos40° = —6131b Ans.



2-33.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive x axis.

F;=750N

SOLUTION

4
5 Fp = 3F,; Fg, = 5 (850) — 6255in30° — 7505in 45" = —162.8N

F,=625N F,=850N

3
+ TFRy =2r,; Fgy = 5 (850) — 625 cos 30° + 750 cos 45° = —5209 N

Fr=\ (~162.8)2 + (=520.9)* = 546 N Ans.
—520.9
= _1 = o
¢ = tan [—162.8} 72.64

0 = 180° + 72.64° = 253° Ans.



2-34.

Resolve F; and F, into their x and y components.

SOLUTION

F; = {400 sin 30°(+i)+400 cos 30°(+j)} N
= {200i+346j} N Ans.
F, = {250 cos 45°(+i)+250 sin 45°(—j)} N

= {177i+177j} N Ans.

'

zé\(iif)y’ 400cz520° M /’1’

:‘f‘{(f;g; 250 Costs'n
y /N
N . . S
?}47‘(5{5 fo0sinze ‘N E-250N
" CEJJ 2250 Sings' N




2-35.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F; and
F, can be written as

(Fy), = 400 sin 30° = 200 N (F), = 400 cos 30° = 346.41 N

(Fy), = 250 cos 45° = 17678 N (F,), = 250 sin 45° = 176.78 N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

X 3(Fg), = SFy; (Fr)y =200 + 176.78 = 376.78 N Ans.
+1S(Fp), = SF;  (Fg), = 34641 — 17678 = 169.63N | +
The magnitude of the resultant force Fy is ’//[ (Fady= 162954
N
d ~,
Fr=\V(Fp)> + (Fg), = V37678 + 169.63> = 413N Ans. = —
o
The direction angle 6 of Fg, Fig. b, measured counterclockwise from the positive (&) =3;;‘;;‘1’/
axis, is
By Fmz500 (b) =

[ (FRr) } (169.63)
0 = tan~! Y| = tan™! = o Ans.
{(F D) = 37678 ) = 242

(z)



*2-36.

Resolve each force acting on the gusset plate into its x and y
y components, and express each force as a Cartesian vector. F3=650N
N /f:z =750 N
4
\ 7
45°
\_ > x
# Fl =900 N
F, = {900(+i)} = {900i} N Ans. ;
F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 5305} N Ans.
4 . 3\, .
F; = 650( 5 )(-H) + 650 <5>(—J)} N
= {5201 — 390j)} N Ans. %

& = Tovsings ‘N

47 F.=750N
4 i

45" | gl

4 Gy —x | E=b60n
(), = 750 cosas'n (E)J *6so(HIN




2-37.

Determine the magnitude of the resultant force acting on
the plate and its direction, measured counterclockwise from
the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F5 can be written as

(Fl)x =900 N (Fl)y =0
(F)y = 750 cos 45° = 53033 N (F,), = 750sin 45° = 530.33 N

4
(Fs), = 650(§> = 520N (F3), = 650(%) = 390N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

K S(Fp), = SF,; (Fg), = 900 + 530.33 + 520 = 1950.33 N —

+13(Fg), = 3F; (Fg), = 53033 — 390 = 14033 N 1

The magnitude of the resultant force Fy is

Fr=V(Fp).> + (Fg), = V195033% + 140.33> = 1955 N = 1.96 kN Auns.

The direction angle 0 of Fg, measured clockwise from the positive x axis, is

(Gly=/40-330

F
R)x .
Q'"I)y
———p R =T50N
i !
I Mase | (F, 2
ﬂf-;w"(_:- ?mw
=
*?“" F=6s0n
Gy

(el 1950-23m



2-38.

Express each of the three forces acting on the column in
Cartesian vector form and compute the magnitude of the
resultant force.

SOLUTION

3. 4.
F; = 150 <5>1 150<5>J

F, = {90i — 120§} Ib
F, = {-275j} b

F; = —75 cos 60°i — 75 sin 60°j
F; = {—37.5i — 65.0j} Ib

Fix = SF = {52.5i — 460j} Ib

Fr = V/(52.5)2 + (—460)* = 463 Ib

Ans.

Ans.

Ans.

Ans.

y
F,=2751b
F,=1501b —
ANS

3 60°
¥

X




2-39.

Resolve each force acting on the support into its x and
y components, and express each force as a Cartesian vector. F,= 600N F, = 800N

45°

SOLUTION

F, = {800 cos 60°(+i) + 800 sin 60°(+j)} N
= {400i + 693j} N

Ans.

F, = {600 sin 45°(—i) + 600 cos 45°(+j)} N Ans.
— {—424i + 424j} N

S Y A P N

= {600i — 250§} N

[/ Q;)J:aoo Sinéo’ N

F=600N +

(E)y=boocost5H|

—

‘ -';-J-f‘

F )jsooaxean N (6 o= 600 STH5'N 023)”4: 650 ) N



*2-40.

Determine the magnitude of the resultant force and its
direction 0, measured counterclockwise from the positive
X axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F3 can be written as

(F1), = 800 cos 60° = 400 N (Fy), = 800 sin 60° = 692.82 N

(F,), = 600sin 45° = 42426 N (F3), = 600 cos 45° = 42426 N

12 5
(F3)x = 650(5) = 600N (F3), = 650 (E) = 250N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

& S(Fp)y = SFy; (Fr)y = 400 — 424.26 + 600 = 575.74N —
+1S(Fp), = 3F,; (Fg)y = — 692.82 + 424.26 — 250 = 867.08 N 1

The magnitude of the resultant force Fy is

Fr=V(Fp)2 + (Fp),2 = V57574’ + 867.08% = 1041 N = 1.04kN Ans.

The direction angle 0 of Fp, Fig. b, measured counterclockwise from the positive
X axis, is

[ (Fr) } (867.08)
0 = tan”' Y| = tan™ = 56.4° Ans.
an |i(FR)X tan 57574 56.4 ns.

F,= 600N
45°—




2-41.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

1 1
F, = —60<>i + 60<>j = (—42.43i + 42.43j) b
V2 %)
F, = —70sin 60°i — 70 cos 60°%j = {—60.62i — 35j} Ib
F; = (=50j} Ib

Fz = SF = {—103.05i — 42.57j} Ib

Fr = V(—103.05)2 + (—42.57) = 111 1b

4257
f=tan!| | = 22.4°
0" = tan (103.05)

0 = 180° + 22.4° = 202°

Ans.

Ans.

— &

lo&oSlb/
61

“a.s1lb

Fa



2-42.

Determine the magnitude and orientation 6 of Fp so that y
the resultant force is directed along the positive y axis and
has a magnitude of 1500 N.

SOLUTION
Scalar Notation: Summing the force components algebraically, we have
5 Fp = SF; 0 = 700 sin 30° — Fp cos 6

Fpgcos 6 = 350 @
+1Fgp = 2F; 1500 = 700 cos 30° + Fgsin @

Fgsinf = 893.8 (2) .‘f-"z' -0
Solving Eq. (1) and (2) yields Fnl,:,fﬂ-“ ;go/ﬂ;

0 = 686° Fz=960N Ans. PN AR

Fp=1500N




2-43.

y

Determine the magnitude and orientation, measured
counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if Fz = 600 N and 6 = 20°.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5 Fp = SF,;  Fg = 700sin30° — 600 cos 20°

—213.8N = 213.8 N <

-i-TFRV =2F,; FRy = 700 cos 30° + 600 sin 20°
=8114N 1 0l . £ =7con
Wi
The magnitude of the resultant force Fy is i !
Fiboon Py S
Fr=\Fk + Fx = V2138 + 8114’ = 839N Ans. N || A
‘ ‘ 7 4 i fix %
The direction angle § measured counterclockwise from the positive y axis is Fac
Fr 213.8
= tan~'— = tan~ Y =22 | = 14.8° Ans.
0 an FR}. an <811.4 ns .
q
- ]
i\o
: 84N
|
1
238N x




244,

The magnitude of the resultant force acting on the bracket
is to be 400 N. Determine the magnitude of F; if ¢ = 30°.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F3 can be written as

(Fy), = Fy cos 30° = 0.8660F, (Fy), = Fysin30° = 0.5F,
3 4
(F2), =650\ ) = 390N (F2)y = 650( ) = 520N

(F3), = 500 cos 45° = 353.55 N (F3), = 500sin 45° = 35355 N

Resultant Force: Summing the force components algebraically along the x and g
y axes, we have 'z

W
)
I
|
QL,
h
a8

BN 2(Fr)y = ZF,. (Fr), = 0.8660F; — 390 + 353.55 ; |
— 0.8660F; — 36.45 AN ; “““ 7 F
<2\ |
+13(Fg), = SF, (Fp)y = 0.5F) + 520 — 353.55 | — ~ gg:_/)r(ﬁ k
= 0.5F, + 166.45 Vi o= ?{_ %
. . . . Gy L NF T ®)
Since the magnitude of the resultant force is Fzr = 400 N, we can write w | ll x
I
Fr = V(Fp)i + (Fp), ?———
R ( R)x ( R)y 52500/\/
400 = \/(0.866OF1 — 36.45)% + (0.5F; + 166.45)? CE)}
(2
F2 + 103.32F; — 130967.17 = 0. Ans.
Solving,
F, = 314N or F, = —417N Ans.

The negative sign indicates that F; = 417 N must act in the opposite sense to that
shown in the figure.



2-45.

If the resultant force acting on the bracket is to be directed
along the positive u axis, and the magnitude of F; is
required to be minimum, determine the magnitudes of the
resultant force and F;.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of
Fy, F,, F5, and Fg can be written as

(F1)x = Fycos¢ (Fy), = Fysin¢
3 4
(F2), =650\ ¢ ) = 390N (Fy), = 650( < ) = 520N
(F3); = 500 cos 45° = 353.55 N (F3), = 500sin 45° = 353.55 N
(FR)X = FR cos 45° = 07071FR (FR)y = FR sin 45° = 07071FR

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

H S(Fg), = SFy 0.7071F = F, cos ¢ — 390 + 353.55 §))
+13(Fp), = SF; 0.7071Fg = Fysin ¢ + 520 — 353.55 %))

Eliminating F » from Egs. (1) and (2), yields

202.89
= 3
' cos ¢ — sin ¢ ®
The first derivative of Eq. (3) is
dF, sin ¢ + cos ¢
e 4)
dp  (cos ¢ — sin )
The second derivative of Eq. (3) is
d’F;  2(sin ¢ + cos ¢)° N 1 )
d¢?  (cos¢ — sing)®  cos¢ — sin¢
. dF; _
For F; to be minimum, % = 0. Thus, from Eq. (4) (z)}
=450N
sing + cosp =0 "él-——Jq
I 1
tang = —1 ! ¢ E] I
= —45° I *N\
d’ - l(_T_-
Substituting ¢ = —45° into Eq. (5), yields 4
Bk
d*F,
5 = 0.7071 >0
dé
This shows that ¢ = —45° indeed produces minimum F;. Thus, from Eq. (3)
202.8
F, = o = 14347N = 143N Ans.

cos (—45°) — sin (—45°)
Substituting ¢ = —45° and F; = 143.47 N into either Eq. (1) or Eq. (2), yields

Fr=919N Ans.




2-46.

If the magnitude of the resultant force acting on the bracket
is 600 N, directed along the positive u axis, determine the
magnitude of F and its direction ¢.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of
Fy, F,, F5, and Fg can be written as

(F1)y = Ficos ¢ (F1)y = Fising
(F2)x = 650(%) =390 N (F»), = 650 <%) = 520N

(F3), = 500 cos 45° = 353.55 N (F3), = 500 cos 45° = 353.55 N

(Fg), = 600 cos 45° = 42426 N (Fgr)y = 600 sin 45° = 42426 N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

X S(Fp), = SFy 42426 = F, cos ¢ — 390 + 353.55 )
F{cos ¢ = 460.71

+13(Fp), = =F,; 42426 = Fsin ¢ + 520 — 353.55 Q)
F,sin ¢ = 257.82

Solving Egs. (1) and (2), yields

¢ = 29.2° F, = 528N Ans.




2-47.
Determine the magnitude and direction 6 of the resultant

force Fi. Express the result in terms of the magnitudes of
the components F; and F, and the angle ¢.

SOLUTION
F% = F} + F} — 2F,F,cos (180° — ¢)

Since cos (180° — ¢) = —cos ¢,

Fr = VF? + F3 + 2F,Fycos ¢ Ans.
From the figure,
Fisin ¢

tan = —————

an Fy, + Fcos ¢

Fysin ¢
f=tan'| ———— .
an <F2 + F;cos d)) Ans

FS\'AC#)



248,

If F; = 600 N and ¢ = 30°, determine the magnitude of the
resultant force acting on the eyebolt and its direction
measured clockwise from the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of each
force can be written as

(F), = 600 cos 30° = 519.62N  (F,), = 600 sin 30° = 300 N

(F), = 500 cos 60° = 250N (F,), = 500 sin 60° = 433.01 N
3 4
(F3), = 450(§> =270N (Fy), = 450(5) =360 N

Resultant Force: Summing the force components algebraically along the x and y axes,
B 3(Fg), = 3F,; (Fr), = 519.62 + 250 — 270 = 499.62N —

+13(F)y = SF,; (Fg)y = 300 — 433.01 — 360 = —493.01 N = 493.01 N |

The magnitude of the resultant force Fp is

Fr = V(Fp)? + (Fg)? = V499.62% + 493.0> = 701.91 N = 702N Ans.

The direction angle 6 of F, Fig. b, measured clockwise from the x axis, is

(FRr)y 493.01
= 71 = 71 . = o
0 = tan [(FR)J: tan 199,62 44.6 Ans.

| (Ea,c-M%zA/

m_,l__ %

R
t—.—.——

PZ{,] =493.0/N

()



2-49.

If the magnitude of the resultant force acting on the
eyebolt is 600 N and its direction measured clockwise from
the positive x axis is § = 30°, determine the magnitude of

F, and the angle ¢.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x and y components of

F,,F,, F;,and Fy can be written as
(F1)x = Ficos ¢

(F,), = 500 cos 60° = 250 N

(F), = 450(%) = 270N

(Fg), = 600 cos 30° = 519.62 N

(Fl)y = Fl sin ¢
(F,), = 500 sin 60° = 433.01 N

4

5) = 360N

(Fy), = 450(

(Fg), = 600 sin 30° = 300 N

Resultant Force: Summing the force components algebraically along the x and y axes,

B S(FR), = SF,;  519.62 = F cos ¢ + 250 — 270

F, cos ¢ = 539.62 @

+12(Fp), = SF,

v; —300 = Fsin¢ — 433.01 — 360

F, sin ¢ = 493.01 )

Solving Egs. (1) and (2), yields

b= 024°

F,=731N Ans.




2-50.

Determine the magnitude of F; and its direction 6 so that
the resultant force is directed vertically upward and has a
magnitude of 800 N.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
. 4

—tFRX = 2F,; Fg, = 0 = F;sin 6 + 400 cos 30° — 600 5

F,sing = 133.6 @

. 3

+1 Fr = 2F; Fg, = 800 = Fj cos 6 + 400 sin 30° + 600(5)

F, cos 6 = 240 (2)
Solving Egs. (1) and (2) yields

0 =29.1° F, =275N Ans.




2-51.

Determine the magnitude and direction measured
counterclockwise from the positive x axis of the resultant
force of the three forces acting on the ring A. Take
F; = 500N and 6 = 20°.

SOLUTION
Scalar Notation: Summing the force components algebraically, we have
. 4
—'t>FRX = 23F,; Fg, = 500 sin 20° + 400 cos 30° — 600 5
=3742N —
. 3
+TFR<V = 3F; Fg, = 500 cos 20° + 400 sin 30° + 600(§)

=1029.8N 1

The magnitude of the resultant force Fy is

Fp = VF} + F} = \/37.42% + 1029.8* = 1030.5 N = 1.03 kN

The direction angle # measured counterclockwise from positive x axis is

Fr 1029.8
f=tan ' — =t *1(—') = 87.9°
R NP

y

f
Fry_T=s0cd
FrbooN __ 7y “,07?
fn\‘\s ’7 i Ry . F 4000
Ans b i
F’ 9 \\‘ ~f30° - <
e 1—‘/ ;
fin
Ans. 1
g Fe
|
i
1029 6K Il

i~3742N



*2-52.

Determine the magnitude of force F so that the resultant Fy

of the three forces is as small as possible. What is the
minimum magnitude of Fz?

SOLUTION
Scalar Notation: Summing the force components algebraically, we have
B Fr =3F,;;  Fg =5- Fsin30°
=5—-050F —
+1Fp, = 2F,; Fg, = Fcos30° — 4
= 0.8660F — 4 1
The magnitude of the resultant force Fy is
Fr=VIE + Fg,

= V(5 - 0.50F)> + (0.8660F — 4)?

= VF? - 11.93F + 41

@
F} = F? — 11.93F + 41
2F @ =2F — 1193 2
Kgp = : @)
d’Fr dFg dFpg
—— ==X —| =
<FR ar " ar Car ) ! @
. . dFpg
In order to obtain the minimum resultant force Fpg, aF - 0.From Eq. (2)
2F @ =2F —1193=0
Kar e
F = 5964 kN = 5.96 kN Ans.
Substituting F = 5.964 kN into Eq. (1), we have
Fr = V/5.964> — 11.93(5.964) + 41
= 2.330kN = 233 kN Ans.

dF
Substituting Fp = 2.330 kN with TFR = 0 into Eq. (3), we have

d*Fg
(2.330) 2T 0l=1
d°F»

T = 0429 >0

Hence, F = 5.96 kN is indeed producing a minimum resultant force.

: SKN

30°

4 kN

—



2-53.

Determine the magnitude of force F so that the resultant
force of the three forces is as small as possible. What is the
magnitude of the resultant force?

8 kN

SOLUTION
& Fro= SF,; Fr. = 8 — Fcos 45° — 14 cos 30°
= —4.1244 — F cos 45°
+1Fg, = 3F,; Fg, = —F sin45° + 14 sin 30°
=7 — F sin 45°
Fj = (—4.1244 — F cos 45°)* + (7 — F sin 45°) )
2FRTFR = 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin45°) = 0 !
s F
F =2.03kN Ans. 1k N3 .
Be s
From Eq. (1); Fr=787kN Ans. Tk

Also, from the figure require

»
(Fr)y =0 =3F F + 14sin 15° — 8cos 45° = 0

F =2.03kN Ans.
(FR)y’ = IF; Fr = 14cos 15° — 8sin 45°

Fr = 7.87kN Ans.



2-54.
Three forces act on the bracket. Determine the magnitude and

direction 6 of F so that the resultant force is directed along the
positive x" axis and has a magnitude of 1 kN.

SOLUTION

B Fp. = SF,; 1000 cos 30° = 200 + 450 cos 45° + F; cos(f + 30°)

+ TFRy = 2F,; —1000sin 30° = 450 sin 45° — Fysin(6 + 30°)

F,sin(0 + 30°) = 818.198
F cos(0 + 30°) = 347.827
9 +30° = 66.97°, 0 = 37.0° Ans.

F, = 889N Ans.



2-55.
If F; = 300N and 0 = 20°, determine the magnitude and

direction, measured counterclockwise from the x' axis, of
the resultant force of the three forces acting on the bracket.

SOLUTION
B Fp, = SF,; Fgr, = 300 cos 50° + 200 + 450 cos 45° = 711.03 N

+ TFRy = 2F,; Fgy = =300 sin 50° + 450 sin 45° = 88.38 N

Fr =V (711.03)* + (88.38)> = 717N Ans.

88.38
’ . — -1
¢’ (angle from x axis) = tan [711'03}
¢ = 7.10°
¢ (angle from x’ axis) = 30° + 7.10°

¢ = 37.1° Ans.




*2-56.

Three forces act on the bracket. Determine the magnitude and
direction 6 of F, so that the resultant force is directed along
the positive u axis and has a magnitude of 50 Ib.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
5
B Fy = SF; 50 cos25° = 80 + 52(3) + Fycos (25° + 6)
F, cos (25° + 0) = —54.684
. 12 .
+1 Fp, = SF; —50 sin 25° = 52 ) F, sin (25° +6)

F, sin (25° + 0) = 69.131
Solving Egs. (1) and (2) yields
25° + 6 = 128.35° 0 = 103°

F, =88.11b

@

2

Ans.

Ans.

F,=801b

—

25°

5:}5 =521b
I
iy
()R Fegonh

Fe

r

X
I'\: ra?;"" FE&

Fe=501b

X



2-57.
If F, =150 1b and 6 = 55°, determine the magnitude and

y
direction, measured clockwise from the positive x axis, of the
resultant force of the three forces acting on the bracket.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

F,=801b

> X

5
b F, = SF;  Fp =80+ SZ(E) + 150 cos 80° 5o
= 126.051b —

u

12
+1 Fgr, = 3F); Fg, = 52(5) — 150 sin 80°
= —99.721b = 99.721b |

The magnitude of the resultant force Fy is

Fr = VF + Fk = V12605 + 99722 = 161 Ib Ans.

The direction angle § measured clockwise from positive x axis is

Fp 99.72
f=tan ' — =1t ’1(%):38.3" Ans.
M 12605 ns




2-58.

If the magnitude of the resultant force acting on the bracket y
is to be 450 N directed along the positive u axis, determine
the magnitude of F; and its direction ¢.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F;, F,,
F;, and Fj can be written as

(F)y = Fyising (Fl)y = Fycos ¢

(F), =200 N (F)y =0

F —260i = 100 N F —2602 =240 N
( 3)x - 13 - ( 3)y - 13 -

(Fg), = 450 cos 30° = 389.71 N (Fg), = 450sin30° = 225N

Resultant Force: Summing the force components algebraically along the x and y axes,

B 3 (Fp), = SF; 389.71 = Fsin ¢ + 200 + 100

Fsin ¢ = 89.71 )

+12(Fp),

ZF,; 225 = Fycos ¢ — 240

F, cos¢ = 465 ()

Solving Egs. (1) and (2), yields

¢ = 10.9° F, = 474 N Ans.




2-59.

If the resultant force acting on the bracket is required to be
a minimum, determine the magnitudes of F; and the
resultant force. Set ¢ = 30°.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F;, F,,
and F; can be written as
(Fl)x = Fl sin 30° = OSFl (Fl)y = Fl cos 30° = 0866OF1

(F2)x = 200N (Fz)y =0

13

Resultant Force: Summing the force components algebraically along the x and y axes,
B 3 (Fp), = 3F; (Fr), = 0.5F, + 200 + 100 = 0.5F, + 300
+13(Fg), = SF,; (Fg), = 0.8660F, — 240

The magnitude of the resultant force Fp is
Fr = V(Fp)i + (Fr);
= V/(0.5F, + 300)* + (0.8660F, — 240)?

= VF? = 115.69F, + 147 600 )

Thus,

Fj = F? — 115.69F, + 147 600 ?)

The first derivative of Eq. (2) is

2F, @—ZF — 115.69 3
LT . )
. dFg
For F, to be minimum, IF 0. Thus, from Eq. (3)
1
2F, @—ZF — 11569 =0
Rar — 71 o
F; = 57846 N =578 N Ans.

from Eq. (1),

Fr = V/(57.846) — 115.69(57.846) + 147 600 = 380 N Ans.

30
ik
» R=200n
! E*r(f-;)x




*2-60.

The stock mounted on the lathe is subjected to a force of
60 N. Determine the coordinate direction angle B and
express the force as a Cartesian vector.

SOLUTION
1= Vecosta + cos? B + cos’y
1 = cos?60° + cos’ B + cos?45°
cosB= +05
B = 60°,120°
Use
B = 120°

F = 60 N(cos 60°i + cos 120°% + cos 45°k)

= (30i — 30j + 424k} N

Ans.

Ans.



2-61.

Determine the magnitude and coordinate direction angles
of the resultant force and sketch this vector on the
coordinate system.

SOLUTION

F, = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} 1b
F, = {53.1i — 44.5j + 40K} Ib

F, = {130k} Ib

Fr=F, +F,

Fg = {53.1i — 44.5] — 90.0k} Ib

Fr = V(53.1)* + (—44.5)> + (=90.0)2 = 1141b
53.1
= -1 = o
a = CoS <113.6> 62.1
—44.5
= cos ! - — 1130
B coS < 1136 ) 113

Y= cosl<119;)'0> = 142°

Ans.

Ans.

Ans.

Ans.

F,=801b

y

/ F, = 130 1b




2-62.

Specify the coordinate direction angles of F; and F, and
express each force as a Cartesian vector.

SOLUTION
F; = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} Ib

F, = {53.1i — 44.5j + 40k} Ib

53.1
=cos || == | = 484°
0%} cos < 80 )

Bi = cos_1<_gg'5> = 124°

4
v, = cos! (ng) = 60°

0
= _1 — = o
@, = COoS ( 130> 90
0
= 71 — = °
B> = cos ( 13()) 90

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F,=801b

y

/ F, = 130 1b



2-63.

The bolt is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F is

80 N, and @ = 60° and y = 45°, determine the magnitudes
of its components.

SOLUTION

cosp = V1 — cos?a — cosly

= \/1 — c0s?60° — cos?45°

B = 120°

F, = |80 cos 60°| = 40N Ans.
Fy, =180 cos120°] = 40N Ans.
F,

= |80 cos 45°| = 56.6 N

Ans.



*2-64.
Determine the magnitude and coordinate direction angles of

F,; = {60i — 50j + 40k} N and F, = {—40i — 85j + 30k} N.
Sketch each force on an x, y, z reference frame.

SOLUTION

F, =60i—50j+ 40k

Fy = V(60)2 + (—50)% + (40)? = 87.7496 = 87.7N

60
—1 = 46.9°
o8 (87.7496) 6.9
-50
= 71 = °
B = cos (87.7496) 125

40
= cos! = 62.9°
Y1 cos (87.7496)

F,=—-40i — 8j + 30k

aj

Fy = V/(—40)* + (—=85)% + (30)> = 98.615 = 98.6 N

—40
a = cos’l( ) = 114°

=
LSS}
Il
)
o
w1
7N
S |
0
W
N~~~
Il
—
W
(e
[e]

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

bt
h 5
b2
1150
Aor
76
A
FZ-
7z ,
I \ 4_0 f 5-0




2-65.
The cable at the end of the crane boom exerts a force of

250 Ib on the boom as shown. Express F as a Cartesian
vector.

SOLUTION

Cartesian Vector Notation: With « = 30° and B = 70°, the third coordinate
direction angle vy can be determined using Eq. 2-8.

cos’a + cos> B + cos’y = 1
cos?30° + cos?70° + cos’y = 1
cosy = +0.3647

v = 68.61° or 111.39°

By inspection, y = 111.39° since the force F is directed in negative octant.
F = 250{cos 30°i + cos 70°j + cos 111.39°} Ib

= {217i + 85.5] — 91.2k} Ib Ans.
{ j



2-66.

Express each force acting on the pipe assembly in Cartesian
vector form.

SOLUTION

Rectangular ~ Components:  Since  cos®> a, + cos’> B, + cos’y, = 1, then
cos B, = +V1 — cos? 60° — cos? 120° = +0.7071. However, it is required that
B, < 90°,thus, B, = cos™'(0.7071) = 45°. By resolving F, and F, into their x, y, and
z components, as shown in Figs. a and b, respectively, F; and F, can be expressed in
Cartesian vector form, as

4
F, = 600(g>(+i) +0j + 600(%)(+k)
= [480i + 360k] b Ans.

F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k

= [200i + 283j — 200Kk] Ib Ans.




2-67.

Determine the magnitude and direction of the resultant
force acting on the pipe assembly.

SOLUTION

Force Vectors: Since cos?a, + cos? B, + cos?y, = 1, then cosy, =
£ V1 — cos? 60° — cos? 120° = + 0.7071. However, it is required that
B, < 90°, thus, B, = cos (0.7071) = 45°. By resolving F, and F, into their x, y, and
z components, as shown in Figs. a and b, respectively, F, and F, can be expressed in
Cartesian vector form, as

2

F, = 600(%)(+i) +0j + 600@)(“()
= {480i + 360k} Ib

F, = 400 cos 60°i + 400 cos 45°j + 400 cos 120°k
= {200i + 282.84j — 200k} Ib
Resultant Force: By adding F, and F, vectorally, we obtain Fp,.
Fr,=F + F,
= (480i + 360k) + (200i + 282.84j — 200k)

= {680i + 282.84j + 160k} Ib

The magnitude of Fy is

Fr = V(Fp)? + (F)? + (Fp)?

= V6802 + 282.842 + 160% = 753.66 Ib = 754 1b Ans.

The coordinate direction angles of F, are

[ (Fp), | 630
a= cosl_(;;)_ = cosl<753'66> = 25.5° Ans.
[ (Fr)y| 282.84
= -1 = -1 . = 68.0° Ans.
B = cos Fr | cos 753.66 68.0 ns
[ (Fp): | 160
Y = 00571 (F],;Z = COS1<753.66 = 77.7° Ans.




*2-68.

Express each force as a Cartesian vector.

SOLUTION

Rectangular Components: By referring to Figs. a and b, the x, y, and z components
of F| and F, can be written as

(F1), = 300 cos 30° = 259.8 N (F,), = 500 cos 45° sin 30° = 176.78 N

F,=500N
(F1)y =0 (F,), = 500 cos 45° cos 30° = 306.19 N
(Fy), = 300sin 30° = 150 N (F,). = 500 sin 45° = 353.55 N

Thus, F; and F, can be written in Cartesian vector form as
F, = 259.81(+i) + 0j + 150(—k)
= {260i — 150k} N Ans.
F, = 176.78(+i) + 306.19(+j) + 353.55(—k)

2{177i + 306§ — 354k} N Ans.




2-69.

Determine the magnitude and coordinate direction angles
of the resultant force acting on the hook.

SOLUTION

Force Vectors: By resolving F; and F, into their x, y, and z components, as shown in
Figs. a and b, respectively, F; and F, can be expessed in Cartesian vector form as

F, = 300 cos 30°(+i) + 0j + 300 sin 30°(—k)
= {259.81i — 150k} N F,= 500N

F, = 500 cos 45°sin 30°(+i) + 500 cos 45° cos 30°(+j) + 500 sin 45°(—k)
= {176.78i — 306.19j — 353.55k} N

Resultant Force: The resultant force acting on the hook can be obtained by vectorally
adding F; and F,. Thus,

FR = F1 + F2
— (259.81i — 150Kk) + (176.78i + 306.19j — 353.55k)
= [436.58i) + 306.19j — 503.55k} N

The magnitude of Fp is

Fr=V(Fp)? + (Fp),X(Fp):
= V/(436.58)> + (306.19)2 + (—503.55)> = 73343 N = 733N Ans.

The coordinate direction angles of Fp are

_ ,[(FR)X} _ ,1(436.58) e
0, = cos _71:13 cos 3343 53.5 Ans.
L[(F 306.19
0, = cos 1%} = cos*1(7 334 3) = 65.3° Ans.
[(F R)z} ~503.55
=cos | ——| = —1( : > — 133° Ans.
: | Fg €08 '\ 73343 133




2-70.

The beam is subjected to the two forces shown. Express each z
force in Cartesian vector form and determine the magnitude
and coordinate direction angles of the resultant force.

F,=2501b

SOLUTION

7. 24
F, = 630(E)J 630(25>k

F, = (176.4j — 604.8K)

F, = {176j — 605k} Ib Ans.
F, = 250 cos 60°i + 250 cos 135%j + 250 cos 60°k

F, = (125i — 176.777j + 125k)

F, = {125i — 177j + 125k} Ib Ans.
Fr=F, +F,

Fr = 125i — 0.3767j — 479.8k

Fr = {125i — 0.377j — 480K} Ib

Fr = V(125)* + (—0.3767)2 + (—479.8)* = 495.82

= 496 Ib Ans.
125
= 71 —_— = o
a = Ccos (495.82) 75.4 Ans.
—0.3767
= g = ©
B = cos ( 49582 ) 90.0 Ans.

—479.8
v = cos’l( ) = 165° Ans.



2-71.

If the resultant force acting on the bracket is directed along z
the positive y axis, determine the magnitude of the resultant
force and the coordinate direction angles of F so that
B < 90°.

SOLUTION

Force Vectors: By resolving F, and F into their x, y, and z components, as shown in
Figs. a and b, respectively, F; and F can be expressed in Cartesian vector form as

F; = 600 cos 30° sin 30°(+i) + 600 cos 30° cos 30°(+j) + 600 sin 30°(—k)

= {259.81i + 450j — 300k} N
X

F = 500 cos ai + 500 cos Bj + 500 cos yk

Since the resultant force Fy is directed towards the positive y axis, then
Fr = Frj
Resultant Force:
Fr,=F +F
Frj = (259.81i + 450j — 300k) + (500 cos ai + 500 cos Bj + 500 cos yk)

Frj = (259.81 + 500 cos a)i + (450 + 500 cos B)j + (500 cos y — 300)k

Equating the i, j, and k components, xX

0 = 259.81 + 500 cos «

a =121.31° = 121° Ans. )

Fg = 450 + 500 cos B @ F=6oo N
0 = 500 cos y — 300 (2)

y = 53.13° = 53.1° Ans.

However, since cos” a + cos” B + cos’y = 1, = 121.31°, and y = 53.13°,

cos B = £V1 — cos? 121.31° — cos? 53.13° = +0.6083

If we substitute cos B = 0.6083 into Eq. (1),
Fr = 450 + 500(0.6083) = 754 N Ans.

and

B = cos ! (0.6083) = 52.5°  Ans.

e)



*2-72.
A force F is applied at the top of the tower at A. If it acts in
the direction shown such that one of its components lying in

the shaded y-z plane has a magnitude of 80 Ib, determine its
magnitude F and coordinate direction angles «, 3, y.

SOLUTION

Cartesian Vector Notation: The magnitude of force F is
F cos 45° = 80 F =113141b = 1131b
Thus,
F = {113.14 sin 45° + 80 cos 60°j — 80 sin 60°k} Ib

= {80.0i + 40.0j — 69.28k} Ib

The coordinate direction angles are

F, 800 .
cosaz—?—n&14 a =450
v 400 )

COSB = =134 P03
F,  —-69.28 3

e R TER VI A

—
A

[ —
4 BN

O——

Ans. y 4
F + N "
)4
4L
Ans.
Ans.
Ans.



2-73.

The spur gear is subjected to the two forces caused by

contact with other gears. Express each force as a Cartesian
vector.

SOLUTION

7 .. 24 P
Fy = 52 (50)j = 55 (S0)k = {14.0] — 48.0k] Ib

F, = 180 cos 60°i + 180 cos 135°%j + 180 cos 60°k

= {90i — 127j + 90k} Ib

Ans.

Ans.




2-74.

The spur gear is subjected to the two forces caused by
contact with other gears. Determine the resultant of the two
forces and express the result as a Cartesian vector.

SOLUTION

Fr, = 180 cos 60° = 90

7
Fgy = E(SO) + 180 cos 135° = —113

24
Fy = =55 (50) + 180 cos 60° = 42

Fr = {90i — 113j + 42k} Ib Ans.



2-175.

Determine the coordinate direction angles of force F;.

SOLUTION

Rectangular Components: By referring to Figs. a, the x, y, and z components of F;
can be written as

4 4 3
(F)y = 600(5) cos 30° N (F), = 600(5) sin 30° N (R), = 600(§> N
Thus, F; expressed in Cartesian vector form can be written as
4 . 4 . . 3
F, = 600{5 cos 30°(+i) + 3 sin 30°(—j) + 3 (+k)} N
= 600[0.6928i — 0.4j + 0.6k] N

Therefore, the unit vector for F; is given by

F,  600(0.6928i — 0.4j + 0.6k
Uup = =

== = 0.6928i — 0.4j + 0.
=T 0 0.6928i — 0.4j + 0.6k

The coordinate direction angles of F; are
a= cos_l(uFl)x = cos 1(0.6928) = 46.1° Ans. X
B = cos (up,), = cos 1(—=0.4) = 114° Ans. (_Q)

y = cos '(ug,), = cos '(0.6) = 53.1° Ans.



*2-76.

Determine the magnitude and coordinate direction angles
of the resultant force acting on the eyebolt.

SOLUTION

Force Vectors: By resolving F; and F, into their x, y, and z components, as shown in
Figs. a and b, respectively, they are expressed in Cartesian vector form as

4
5

4

)cos 30°(+i) + 600(5

F, = 600( )sin 30°(—j) + 600<%)(+k)
= {415.69i — 240j + 360k} N

F, = 0i + 450 cos 45°(+j) + 450 sin 45°(+k)
= {318.20j + 31820k} N

Resultant Force: The resultant force acting on the eyebolt can be obtained by
vectorally adding F; and F,. Thus,

FR:F]+F2

= (415.69i — 240j + 360k) + (318.20j + 318.20k)

= {415.69i + 78.20j + 67820k} N

The magnitude of Fy is given by

Fr= V(FR.> + (Fp),* + (Fp).? &
= \/(415.69)2 + (78.20)% + (678.20)% = 799.29 N = 799 N Ans.
Fle
The coordinate direction angles of F are _!, K
C[(FR) ) (415.69) F=450N
- | YR | 1 4569 _
a = cos T Fe cos 799.29 58.7 Ans. fl

[(Fr)y 78.20 4
B = cos™! o cos_l(799 29> = 84.4° Ans. ?"
[(FR):T 678.20 : + 3 )7 \

= cos! = 32.0° Ans.
CFg | (799.29) ns

COos

7

<
I

&)



2-717.

The cables attached to the screw eye are subjected to the
three forces shown. Express each force in Cartesian vector
form and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION

Cartesian Vector Notation:

F, = 350{sin 40°j + cos 40°k} N
= {224.98j + 268.12k} N
= {225j + 268k} N

F, = 100{cos 45° + cos 60°j + cos 120°k} N
= {70.71i + 50.0j — 50.0k} N
= {70.7i + 50.0§ — 50.0k} N

F; = 250{cos 60°i + cos 135° + cos 60°k} N
= {125.0i — 176.78j + 125.0k} N
= {125i — 177j + 125k} N

Resultant Force:

FR:F]+F2+F3

Ans.

Ans.

Ans.

= {(70.71 + 125.0)i + (224.98 + 50.0 — 176.78)j + (268.12 — 50.0 + 125.0)k} N

= {195.71i + 98.20j + 34312k} N

The magnitude of the resultant force is

Fr=\Fk + Fg, + Fg,

= V195712 + 98207 + 343.122

= 407.03N = 407N

The coordinate direction angles are

Fr, 19571 .
cCosa = TR = 407.03 o = 613

Fr, 9820

: .
= = = 76.0°

cosB=p T a0 P

Fr. 34312
cosy = = vy = 32.5°

Fr  407.03

Ans.

Ans.

Ans.

Ans.



2-78.

Three forces act on the ring. If the resultant force Fj has a
magnitude and direction as shown, determine the
magnitude and the coordinate direction angles of force F;.

SOLUTION

Cartesian Vector Notation:
Fz = 120{cos 45°sin 30°i + cos 45°cos 30°j + sin 45°k} N

= {42.43i + 73.48] + 84.85k} N

4
F, = SO{Si + zk} N = {64.0i + 48.0k} N

F, = {~110k} N
F3 = {F3Xi + F3yj + F3z k} N
Resultant Force:

FR:F]+F2+F3

F;
Fr=120N
F,=110N
F, =80N 5 45°
34 /
30°

(42431 + 73.48) + 8485k} = {(64.0 + F5 )i + F; j + (48.0 — 110 + F5_) k|

Equating i, j and k components, we have
64.0 + I3 = 42.43 F;, = —21.57TN

Fy = 73.48N

480 — 110 + F, = 8485  F, = 14685N

The magnitude of force F; is
Fy = \/F + Fj + F3,

= V(—21.57)> + 73487 + 146.85

= 165.62N = 166 N

The coordinate direction angles for F; are

B, —21.57 .
cosa = F = 165.62 a =975
F5, 7348
— Y — : — o
cos B = A 165.62 B =637
I3, 14685
cosy = =— = v =27.5°

F 16562

Ans.

Ans.

Ans.

Ans.




2-79.

Determine the coordinate direction angles of F; and Fp,.

SOLUTION
Unit Vector of F, and Fp:

4. 3
wp, = Si+ ko= 08 + 06k

ui = cos 45° sin 30°i + cos 45° cos 30°j + sin 45°k

0.3536i + 0.6124j + 0.7071k

Thus, the coordinate direction angles F, and F are

cos ap, = 0.8 ap, = 36.9°
cos Bp, =0 Br, = 90.0°
cos yp, = 0.6 v, = 53.1°

cos ag = 0.3536 ag = 69.3°
cos Br = 0.6124 Br = 52.2°

cos yg = 0.7071 yr = 45.0°

3
Frp=120N
F, = 110N
F, = 80 Ndgr3 45°
34 /
30°

Ans.
Ans.

Ans.

Ans.
Ans.

Ans.



*2-80.

If the coordinate direction angles for F; are a3 = 120°,
B3 = 45° and 7y; = 60°, determine the magnitude and
coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving Fy, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, F, F, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350§} Ib
. 4\ . 3 .
F, = 0 + 600( = )(+J) + 600( 5 )(+k) = {480 + 360k} Ib
F; = 800 cos 120°i + 800 cos 45° + 800 cos 60°k = [—400i + 565.69j + 400k] Ib

Resultant Force: By adding F;, F, and F; vectorally, we obtain Fg. Thus,
FR = Fl + F2 + F3
= (606.22i + 350§) + (480j + 360k) + (—400i + 565.69j + 400k)

= [206.22i + 1395.69j + 760k] 1b

The magnitude of Fy is

Fr= V(Fo)? + (Fp),> + (Fr),>

-V (206.22)* + (1395.69)> + (760)*> = 1602.521b = 1.60kip  Ans.

The coordinate direction angles of Fy are

_ _(FR)X} _ ( 206.22 )
— 1 — 1 — o
o = Cos w cos 160252 82.6 Ans.
[(Fr)y 1395.69
— -1 — -1 : — o
B = cos w } cos (1602.52) 29.4 Ans.
[(F 760
vy = cos_l_(Fi)z} = cos_1(1602.52> = 61.7° Ans.

F;=8001b

F, = 6001b




2-81.
If the coordinate direction angles for F; are a3 = 120°,
B3 = 45° and 7y; = 60°, determine the magnitude and

coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving F;, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350§} Ib
. 4\ . 3 .
F, = 0 + 600( < )(+J) + 600( 5 )(+k) = {480 + 360k} Ib
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = {—400i + 565.69j + 400k} Ib

FR = Fl + F2 + F3
= 606.22i + 350j + 480j + 360k — 400i + 565.69j + 400k

= {206.22i + 1395.69j + 760k} 1b

Fg= Vi (206.22)> + (1395.69)% + (760)?

= 1602.521b = 1.60 kip Ans.
206.22
— =1 = ) o
« = COoS <1602.52) 82.6 Ans.
1395.69
— -1 — o
B = cos <1602.52) 29.4 Ans.

760
= cos ! = 61.7° Ans.
Y = cos <1602.52) 61.7 ns,

/F3 =8001b
b
/7

F,=6001b




2-82.

If the direction of the resultant force acting on the eyebolt
is defined by the unit vector up, = cos 30°j + sin 30°k,
determine the coordinate direction angles of F; and the
magnitude of Fg.

SOLUTION

Force Vectors: By resolving F;, F, and Fj; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350§} Ib
. 4\ . 3 .
F, = 0i + 600(§>(+]) + 600(§>(+k) — {480 + 360k} Ib

F; = 800 cos asi + 800 cos B3j + 800 cos ys3k

Since the direction of Fy is defined by up, = cos 30°j + sin 30°k;, it can be written in
Cartesian vector form as

Fr = Frugp, = Fg(cos 30° + sin 30°k) = 0.8660Fgj + 0.5Fgk
Resultant Force: By adding F;, F,, and F; vectorally, we obtain Fg. Thus,

Fr=F +F+F

0.8660Fxj + 0.5Fgk = (606.22i + 350j) + (480j + 360k) + (800 cos asi + 800 cos B3j + 800 cos y3k)
0.8660Fgj + 0.5Fgk = (606.22 + 800 cos a3)i + (350 + 480 + 800 cos B3)j + (360 + 800 cos y3)k

Equating the i, j, and k components, we have

0 = 606.22 + 800 cos a3

800 cos a3 = —606.22 (4))
0.8660F z = 350 + 480 + 800 cos B3

800 cos B3 = 0.8660F; — 830 ?)
0.5F = 360 + 800 cos 73

800 cos y; = 0.5F; — 360 3

Squaring and then adding Egs. (1), (2), and (3), yields

8002 [cos® a3 + cos? B3 + cos® y3] = Fr? — 1797.60F + 1,186,000 4)
However, cos® a + cos? B3 + cos® y3 = 1. Thus, from Eq. (4)

Fr? — 1797.60F% + 546,000 = 0

Solving the above quadratic equation, we have two positive roots

Fr =387.09N = 387N Ans.
Fr = 141051 N = 141 kN Ans.
From Eq. (1),

azy = 139° Ans.

Substituting Fz = 387.09 N into Egs. (2), and (3), yields

By = 128° vy = 102° Ans.
Substituting Fz = 1410.51 N into Egs. (2), and (3), yields

B3 = 60.7° v; = 64.4° Ans.

/F3 =800 1b
’A't,

F, = 6001b




2-83.

The bracket is subjected to the two forces shown. Express z
each force in Cartesian vector form and then determine the
resultant force Fg. Find the magnitude and coordinate F, =400N
direction angles of the resultant force.

SOLUTION

Cartesian Vector Notation:
F; = 250{cos 35° sin 25°i + cos 35° cos 25°% — sin 35°k} N

= {86.55i + 185.60j — 143.39k} N

= {86.5i + 186j — 143k} N Ans.
F, = 400{cos 120°i + cos 45°j + cos 60°k} N

= {~200.0i + 282.84j + 200.0k} N

= {-=200i + 283j + 200k} N Ans.
Resultant Force:
FR = Fl + Fz

= {(86.55 — 200.0)i + (185.60 + 282.84)j + (—143.39 + 200.0) k}
= {~113.45i + 468.44j + 56.61k} N

= {—113i + 468j + 56.6k} N Ans.

The magnitude of the resultant force is
Fp=\Fk + Fg + Fg,
= V/(~113.45) + 468.44% + 56.617

=48530N = 485N Ans.

The coordinate direction angles are

Fr,  —113.45
== = 104° Ans.
CcoS a Fr 485,30 o 0 ns.
Fr, 46844
SEL s =15.1° Ans.
COSB = Tagsz P ns
Fr. 5661
cosy =— = v = 83.3° Ans.

Fr 48530



284,

The pole is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F
is3kN, B = 30°,and y = 75°, determine the magnitudes of
its three components.

SOLUTION

cos?a + cos’ B + cos’y = 1
cos® a + cos? 30° + cos? 75° =
a = 64.67°

F, = 3cos 64.67° = 1.28 kN
F, = 3 cos 30° = 2.60 kN

F, = 3cos75° = 0.776 kN

Ans.

Ans.

Ans.




2-85.

The pole is subjected to the force F which has components

F, =15kN and F, = 1.25kN. If B = 75°, determine the
magnitudes of F and F.

SOLUTION

cos’a + cos’ B + cos’y = 1

L5 125
=) +cos’75° + | —) =
(F) cos” 75 ( F ) 1
F = 2.02kN

F, = 2.02 cos 75° = 0.523 kN

Ans.

Ans.




2-86.

Express the position vector r in Cartesian vector form; then
determine its magnitude and coordinate direction angles.

SOLUTION
r = (—5c0s20°sin 30°)i + (8 — 5 cos 20° cos 30°)j + (2 + 5sin 20°)k

r = {—2.35i + 3.93j + 3.71k} ft

r=V(=235)7% + (3.93)2 + (3.71)* = 5.89 ft

—2.35
= S =) = 1130
a = CcoS ( 5.80 ) 3

Ans.

Ans.

Ans.

Ans.

Ans.

8 ft i




2-87.

Determine the lengths of wires AD, BD, and CD. The ring
at D is midway between A and B.

SOLUTION
D(2 ; 0’0 42- 2’ 1.5 42- O.S)m =D(1,1,1)m

tap=(1-2)i+(1-0j+ 115k

~1i + 1j — 0.5k

rpp=(1—0)i+ (1 —2)j+(1—05k
= 1i — 1j + 0.5k
rep = (1 — 0)i + (1 — 0)j + (1 — 2)k

=1i +1j — 1k

rap = V(=172 + 1> + (0.5 = 1.50 m
rgp = V12 + (-1)> + 052 = 1.50 m
rep= V12 + 17+ (-1 = 1.73m

1.5m

Ans.
Ans.

Ans.




*2-88.

Determine the length of member AB of the truss by first
establishing a Cartesian position vector from A to B and
then determining its magnitude.

SOLUTION

L5 ) )
rap = (L1) = =05 = 080)i + (15 — 1.2)]

rap = {2.09 + 0.3j} m

ras = V(2.0972 + (03)> =211m

1.2m

1.5m

Ans.



2-89.

If F = {350i — 250j — 450k} N and cable AB is 9 m long,
determine the x, y, z coordinates of point A.

SOLUTION
Position Vector: The position vector r 45, directed from point A to point B, is given by
rap = [0 = (—0)fi + (0= y)j + (0 - 2)k
=xi—yj—zk
Unit Vector: Knowing the magnitude of r 45 is 9 m, the unit vector for r 45 is given by

u _rap xi—yj— 2k
aB = 9

The unit vector for force F is

F 350i — 250§ — 450k ) )
w == = 0.5623i — 0.4016j — 0.7229

F 33507 + (=250 + (—450)?

Since force F is also directed from point A to point B, then

Uyp = Up

xi —yj — zk

9 = 0.5623i — 0.4016j — 0.7229k

Equating the i, j, and k components,

g = 0.5623 x =506m Ans.

%y = —0.4016 y=36lm Ans.

%Z = 0.7229 :=651m Ans.

—




2-90.

Express Fp and F in Cartesian vector form.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fgz and F¢ must be determined
first. From Fig. a

rp (—15—05)i + [-2.5 — (-15)]j + (2 — O)k

up = — =
B N/(=15 - 05) + [-25 — (=L + (2 — 0)
2. 1, 2
_2. 1.2
UL
L_fe_ (C15-05)i+[05 - (-15)]i + (35 -~ Ok
.
¢ \/(=15 - 05 + [05 — (—L5)P + (3.5 — 0)?
4, 4, 7
_ A 4T
ol T ol T gk

Thus, the force vectors Fz and Fc are given by

2. 1, 2
Fy = Fpup = 600<—§i —5it gk) = {—400i — 200j + 400k} N

7

4, 4
Fo = Foue = 450(—4 it fk) = {—200i + 200j + 350k} N Ans.

9 9

@)

&=

C(—15,0-5,35)m



2-91.

Determine the magnitude and coordinate direction angles
of the resultant force acting at A.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fp and Fe must be determined
first. From Fig. a

rp (—1.5—05)i + [-2.5 — (-1.5)]j + (2 — O)k

T N/(C15 - 057 + [25 — (15 + 2 - 0
_2 12
T3 7373
re (-15-05)i + [05 — (-15)]j + (3.5 — 0)k
w =
e A\{C15—- 057 + [05 — (—15)F + (5 — 0
—_ i' + i’ + Zk
R L

Thus, the force vectors Fg and F¢ are given by

2. 1, 2
Fy = Fpup = 600<—§i -5+ §k> = {—400i — 200j + 400k} N

4, 4, 7 @
Fo = Foue = 450(—§i + ot gk) = {—200i + 200j + 350k} N

Resultant Force:
Fi = Fg + Fo = (—400i — 200§ + 400k) + (—200i + 200j + 350K)
= {—600i + 750k} N

The magnitude of Fy is

Fr= V(Fo)? + (Fp),> + (Fr),?

= V/(=600)> + 07 + 750> = 960.47 N = 960 N

The coordinate direction angles of Fy are

) (FR)X} . ( —600)
=cos”!|[~—| = cos”! = 129° Ans.
a = cos { Fr cos 960.47 9 ns
(FR)y 0
= -1 - —1 — 9(° Ans.
B = cos { Fr } cos (960.47) 90 ns,
(FR)Z} ( 760 )
— -1 | = -1 — o
Y = cos { Fr cos 96047 38.7 Ans.

=

C(-15,0:5,35)m



*2-92,

If Fg = 560N and Fc = 700 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fz and F- must be determined first.
From Fig. a

=B QO (3-0itO-6k 2, 3. 6

.= _ =

soNe-opr(3-opro-ep T T
bt B0 @006k 3 2 6
¢ re \/ — 0)? — 2 —_e2 7 7J 7
(B3 -07%+2-0>+(0-6)

Thus, the force vectors Fg and F¢ are given by

2
Fy = Fgupg = 560<7i - %j - gk) = {160i — 240j — 480k} N

3 2 6

Fc = Fecue = 700(? + ;j — 7k) = {300i + 200j — 600k} N

Resultant Force:

Fr = Fy + Fo = (160i — 240j — 480k) + (300i + 200j — 600k)
= {460i — 40j + 1080k} N

The magnitude of Fy is

Fr= V(F)? + (Fp),? + (Fg).2

-V (460)? + (—40)> + (—1080)> = 1174.56 N = 1.17 kN Ans.

The coordinate direction angles of Fy are

0] _ (80 (%)
_ 1 - 1 = 66.9° Ans.
@ = oS { Fr cos 117456 66.9 ns
(Fr) —40
B = cos*l{ G y} = cos*l(1174 56) = 92.0° Ans.
R .
(F R)z} ( -1080 )
— -1 | = -1 — o
Y = cos { Fr cos 117456 157 Ans.



2-93.

If Fp = 700N, and F¢ = 560 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fz and F- must be determined first.
From Fig. a

B o0t (3-0tO-0k 2, 3
BN Q -0+ (3-02+©0-67 1

e G-0i+Q2-0j+0-6k 3. 2. 6
u=—= =-i+-j— -k

e NG-oop+e-or+o-62 1 T 7

Thus, the force vectors Fp and F( are given by

up =

2. 3. 6

Fy = Fpup = 700(7i -Ji- 71() = {200i — 300 — 600k} N
3. 2. 6 , .

Fc = Feue = 560{ Zi + 2j — 2k ) = {2408 + 160j — 480k} N

Resultant Force:
Fr = Fp + Fc = (200i — 300j — 600k) + (240i + 160j — 480k)
= {440i — 140j — 1080k} N

The magnitude of Fy is

FR = \/(FR)X2 + (FR)y2 + (FR)Z2

= \V/(440)? + (~140)> + (~1080)> = 1174.56 N = 117 kN Ans.
The coordinate direction angles of Fy are C“’)
a = cosfl{%} = 00571(114;1(-)56) = 68.0° Ans.
B = cos_l{(?jy} = cos_1(11771:(5)6) = 96.8° Ans.
v = cos_l{(};i)z} = COS_1(1_1;2?506> = 157° Ans.



2-94.

The tower is held in place by three cables. If the force of
each cable acting on the tower is shown, determine the
magnitude and coordinate direction angles «, 8,y of the
resultant force. Take x = 20 m, y = 15 m.

SOLUTION

20 15 24
_ - o
Foa 400(34.66 ' 34661 T 3466 k) N

6 4 . 24
Fos 800(2506 * 25069 25.06k)N

16, 18, 24

Fr = Fpy + Fpp + Fpe

= {321.66i — 16.82j — 1466.71k} N

Fr = V(321.66)* + (—16.82)> + (—1466.71)

= 1501.66 N = 1.50 kN Ans.
321.66
— el _ o
@ = CcOoS (1501.66) 77.6 Ans.
- (1501 66) 206 Ans.

—1466.71 R
= < 1501 66) 168 Ans.



2-95.

At a given instant, the position of a plane at A and a train at z
B are measured relative to a radar antenna at O. Determine
the distance d between A and B at this instant. To solve the
problem, formulate a position vector, directed from A to B,

and then determine its magnitude. 5km
60°
35°
SOLUTION o

Position Vector: The coordinates of points A and B are . /%

A(=5 cos 60° cos 35°, =5 cos 60° sin 35°, 5 sin 60°) km

= A(—2.048, —1.434,4.330) km
B(2 cos 25° sin 40°, 2 cos 25° cos 40°, —2 sin 25°) km

= B(1.165,1.389, —0.845) km

The position vector r, 5 can be established from the coordinates of points A and B.
rap = {[1.165 — (—2.048)]i + [1.389 — (—1.434)]j + (—0.845 — 4.330)k} km
= {3.213i + 2.822j — 5.175)k} km

The distance between points A and B is

d=ras = V32137 + 28222 + (-5.175)> = 6.71 km Ans.



*2-96.

The man pulls on the rope at C with a force of 70 Ib which
causes the forces F, and F. at B to have this same
magnitude. Express each of these two forces as Cartesian
vectors.

SOLUTION

Unit Vectors: The coordinate points A, B, and C are shown in Fig. a. Thus,

o B-CEDE+[7T-(D+ G -8k

" ra \/[5 - (*1)]2 +[-7 - (,5)]2 +(5- 8)2
6
=i+ %j + %k
w =Y [5— (=D} + [-7(-5)]j + (4 — 8)k
e V5 - (DR + [FTC-S)P + (4 - 8)
. 9j + 2
7 7T

Force Vectors: Multiplying the magnitude of the force with its unit vector,

6 2 3
F,=F =70l i — =-j + zk
A AUy (71 7] 7 )

— {60i — 20j + 30k} Ib
3 6 2
Fc = Feue =70( Zi+ —j + =k
C cUc 70(71 7] 7 )

= {30i + 60j + 20k} Ib

Ans.

Ans.

>

ACS, 7,504

@,

(5,740



2-97.

The man pulls on the rope at C with a force of 70 Ib which
causes the forces F, and F- at B to have this same
magnitude. Determine the magnitude and coordinate
direction angles of the resultant force acting at B.

SOLUTION
Force Vectors: The unit vectors up and uc of Fz and F- must be determined first.
From Fig. a
_ra_ B DA [Z7(=5)] + (5~ 8)k
uy = =
4 Vs = CDP + FIESF + 6 - 87
BNV
7 7 7
ke 5 (Dl [T+ @ - 8k
Uuc = =
© Vs (-DF + [FIS)P + (4 -8
3. 6, 2
= ;l + ;_] + ;k

Thus, the force vectors Fg and F¢ are given by

6. 2 3

F, = Fquy = 70(7i -Ji+ 71{) = {60i — 20j + 30k} Ib
3.6, 2 . .

Fc = Fcuc =70 o + 7 + 7k = {30i + 60j + 20k} Ib

Resultant Force:
Fr = F, + Fc = (60i — 20j — 30k) + (30i + 60j — 20k)
= {90i + 40j — 50k} 1b

The magnitude of Fy is

Fr= V(Fr),? + (Fp),2 + (Fg).?

= V(90)2 + (40)% + (=50)% = 11045 Ib = 110 1b

The coordinate direction angles of F are

_ (FR)x:| — ( 90 )
= 1 — = 1 = o
@ = CoS { . cos 11045 354

F
B = cosl{(FR)y} = cosfl(&> = 68.8°
R

110.45

(FR)Z:| ( -50 )
— -1 — -1 = 117°
v { Fr )~ 1045 !

Ans.

Ans.

Ans.

Ans.

<

ACE-T 204t

@

(5, 74)f¢



2-98.

The load at A creates a force of 60 Ib in wire AB. Express
this force as a Cartesian vector acting on A and directed
toward B as shown.

SOLUTION

Unit Vector: First determine the position vector r 4 5. The coordinates of point B are
B (55sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft

Then

rup = {(2.50 — 0)i + (4.330 — 0)j + [0 — (—10)]k} ft

= {2.50i + 4.330j + 10k} ft

rap = V2502 + 43302 + 10.0% = 11180 ft

rap _ 2:50i + 4330 + 10k

V'AB 11.180

Upp =
= 0.2236i + 0.3873j + 0.8944k

Force Vector:

F = Fuyp = 60 {0.2236i + 0.3873j + 0.8944k} 1b

= {134i + 232j + 53.7k} Ib Ans.

F=601b

10 ft




2-99.

Determine the magnitude and coordinate direction angles of
the resultant force acting at point A.

SOLUTION

tacl = V32 + (=0.5)% + (—4)2 = \V/25.25 = 5.02494

3i - 05§ — 4k

F, = 200( 5.02494

) = (119.4044i — 19.9007j — 159.2059k)

rag = (3cos 60% + (15 + 3 sin 60°)j — 4k)

rap = (L5i + 4.0981j + 4k)

Ieasl = VI(1.5)2 + (4.0981)2 + (—4)2 = 5.9198

1.51 + 4.0981j — 4k
Fl =1

= . 3 + . s )
59198 ) (38.0079i + 103.8396j — 101.3545k)

Fg = F, + F, = (157.4124i + 83.9389j — 260.5607K)

Fr = V(157.4124)> + (83.9389)> + (—260.5604)* = 315.7786 = 316 N
a= cos*l(%) = 60.100° = 60.1°
B = *(%) = 74.585° = 74.6°
y = ‘1(7;212?%5;6827) — 145.60° = 146°

1.5m
AR
F = 150N
Fy = 200N ' .
3
3m/ 60° 2

Ans.

Ans.

Ans.

Ans.



*2-100.
The guy wires are used to support the telephone pole.

Represent the force in each wire in Cartesian vector form.
Neglect the diameter of the pole.

SOLUTION

Unit Vector:

rie = {(=1 = 0)i + (4 — 0)j + (0 — Hk}m = {~1i + 4j — 4k} m

rac = V(=1)> + 42 + (—4)> = 5745 m

| Yl o _1i+4j — 4k

Wac = 0T 5745

= —0.1741i + 0.6963j — 0.6963k

tp = {2 = 0)i+ (=3 —0)j + (0 - 55k}m = {2i — 3j — 5.5k} m

rsp = V22 + (=32 + (-5.5) = 6.576 m

2i - 3j - 5.5k
Top _ AT A T 0% 030410 — 0.4562) — 0.8363k

Usp =5 6.576

Force Vector:
F, = Fyuye = 250{—0.1741i + 0.6963j — 0.6963k} N
= {—43.52i + 174.08j — 174.08k} N
= {—43.5i + 174 — 174k} N Ans.
Fp = Fpupp = 175{0.3041i + 0.4562j — 0.8363k} N
= {53.22i — 79.83j — 146.30k} N

= {53.2i — 79.8] — 146k} N Ans.




2-101.

The two mooring cables exert forces on the stern of a ship
as shown. Represent each force as a Cartesian vector and
determine the magnitude and coordinate direction angles
of the resultant.

SOLUTION

Unit Vector:

rea = {(50 — 0)i + (10 — 0)j + (=30 — 0)k} ft = {50i + 10j — 30k} ft

Fea = V502 + 102 + (—30)% = 59.16 ft

_Tea S0P 105 =30k o coi 4 0.16905 — 0.5071K
Yea= 0~ 59.16 B teai i acte Bl

rep = {(50 — 0)i + (50 — 0)j + (=30 — 0)k} ft = {50i + 50j — 30k} ft

rep = V502 + 502 + (—30)2 = 76.81 ft

rea _ S0i + 50j — 30k

Tca 06509+ 06509 .
rea 76.81 0.6509i + 0.6509j — 0.3906k

Ucp =

Force Vector:
F, = Fyuc, = 200{0.8452i + 0.1690j — 0.5071k} Ib

= {169.03i + 33.81j — 101.42k} Ib

{169 + 33.8) — 101k} Ib Ans.
Fy = Fgucy = 150{0.6509 + 0.6509j — 0.3906k} Ib

= {97.64i + 97.64j — 58.59k} Ib

{97.6i + 97.6j — 58.6k} Ib Ans.
Resultant Force:
Fr=F, + Fp
= {(169.03 + 97.64)i + (33.81 + 97.64)j + (—101.42 — 58.59)k} 1b

= {266.67i + 131.45j — 160.00k} Ib

The magnitude of Fy is

Fr = \V266.67> + 131.45% + (—160.00)>

= 337.631b = 3381b Ans.

The coordinate direction angles of Fy are

266.67 R
oS @ = 3763 a = 37.8 Ans.
131.45 R
cos B = 3763 B =671 Ans.
160.00
cosy = —— -~ y = 118° Ans.

33763



2-102.

Each of the four forces acting at £ has a magnitude of
28 kN. Express each force as a Cartesian vector and
determine the resultant force.

14 14 14

SOLUTION
6. 4. 12
Fra= Zg(ﬁ' 1437 14 k)
Fpa = [12i — 8j — 24k} kN Ans.
6. 4. 12
g6, 4. 12
Fep 28(14l 1497 13 k) .
Fup = (12i + 8j — 24k} kN Ans.
- 4. 12

Frc = (—12i + 8 — 24k } kN Auns.
6. 4. 12
Fio = 28(?' 149 " 14 k)

Fyp = (—12i — 8j — 24k} kN Ans.
Fr=Fpy + Fgp + Fge + Fip

= {-96k } kN Ans.



2-103.
If the force in each cable tied to the bin is 70 1b, determine

the magnitude and coordinate direction angles of the
resultant force.

SOLUTION

Force Vectors: The unit vectors u,, ug, u-, and u,, of F,, Fp, F., and F;, must be

determined first. From Fig. a,

ra B0+ (2-0j+0-6k 3. 2. 6

M TNV 2ot 0—o 7 77"

wy =T G-0i+2-0i+©-6k 3. 2 6
o NG-02+C2-02+0—-67 7 17 7

w = T (3-0i+@-0j+(O0-6k _ 3 2.6,
e V(=3-02+2-0+@0-62 7T 77 7
rp (3-0)i+ (-2-0)j+ (0 6k 3.2, 6

TNV G- 2—ro-o 1 7 1

Thus, the force vectors F , Fy, F, and F, are given by

3 2 6
Fy=Fquuy = 70(*i = *k) = [30i — 20j — 60K] Ib
7 7 7
3, 2, 6 . .
Fz = Fgug = 70 71 + 7.] - 7k = [30i + 20j — 60k] Ib
3. 2, 6 . .
Fc = Frue = 70 i + 7= 7k = [-30i + 20j — 60k] 1b
3 2 6
Fp = Fpup = 70(—7i -—-j- *k) = [-30i — 20j — 60k] Ib
7 7 7
Resultant Force:

Fg = F, + Fz + Fo + Fp = (30i — 20j — 60k) + (30i + 20j — 60k) + (—30i + 20j — 60k) + (—30i — 20j — 60K)

— (—240k} N

The magnitude of Fp, is

Fr = V(Fp) + (Fg)} + (Fp)?
= V0 + 0 + (—240)*> = 240 Ib

The coordinate direction angles of F, are

(FR)X:| = cos’l(%) = 90°

ol
a = cos [ 7

R

Ans.
Ans. z
E(C 0 6)ft
Ans.
U Np
Ans N
D(=3,-2,0)f¢
) (-3 2,0)ft
A(3-2, o)t ‘ 7%/

B (3,2,0)ft ?



*2-104.

If the resultant of the four forces is Fr = {—360k} Ib,
determine the tension developed in each cable. Due to
symmetry, the tension in the four cables is the same.

SOLUTION

Force Vectors: The unit vectors u,,ug, u., and uj, of F,, Fy, F., and F;, must be
determined first. From Fig. a,

G0+ (2-0i+0-0k 3. 2. 6
Y NGB0t (2-02+0-62 7 7177
g B-0i+2-0j+0-6k 3 2 6
Y T Ve-gre-opro-6 1 7P 1
Lt (B3-0it@-0it0-6k _ 3 2. 6
< V(=3 =072 + (2 — 02 + (0 — 6)> 777177
o (B30I (20 +O-6k _ 3 2. 6

V(B30 +(2-02+0-62 T 107

Since the magnitudes of F 4, F, F-, and F}, are the same and denoted as F, the four
vectors or forces can be written as

3 2 6
FA:FAUA:F<7i_7' 7k>

7' T
Fj = Fpup = F(%l +%j - gk>
Fo = Foue = F(—%i +%j —gk>
Fp = Fpup = F(—%i —%j —Sk)

Resultant Force: The vector addition of F 4, F, F, and F, is equal to Fy. Thus,

Fr=F, + Fg + F- + Fp

soon = | F(Zi- 25 5) [ (i 2= 80) [+ [ (B 2= 80 o [ (20 2= %) |

24
—360k = —k
7

Thus,

360 = %F F =1051b Ans.

*  B(3,2,04
(2)



2-105.
The pipe is supported at its end by a cord AB. If the cord

exerts a force of F = 121b on the pipe at A, express this
force as a Cartesian vector.

SOLUTION

Unit Vector: The coordinates of point A are
A(5,3 cos 20°, —3 sin 20°) ft = A(5.00, 2.819, —1.206) ft
Then
rap = {(0 — 5.00)i + (0 — 2.819)j + [6—(—1.206)]K} ft
= {-5.00i—2.819j + 7.020k]} ft

rap = V(=5.00)% + (—2.819)2 + 7.026% = 9.073 ft

rap  —5.00i-2.819§+7.026k

FAB 9.073

Uy =
= —0.5511i—0.3107j+0.7744k

Force Vector:

F = Fu,p = 12{—0.5511i—0.3107j+0.7744Kk} Ib

= {~6.61i-3.73j+9.29k} Ib

Ans.




2-106.

The chandelier is supported by three chains which are
concurrent at point O. If the force in each chain has a
magnitude of 60 1b, express each force as a Cartesian vector
and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION
(4cos30°i — 4sin30°j — 6k)
FA = 60
V(4 cos 30°)% + (—4sin 30°)2 + (—6)2
= [288i — 16.6j — 49.9Kk} Ib
(=4 cos 30°i — 45sin 30° j — 6k)
FB = 60
V(4 cos 30°)2 + (—4 sin 30°)% + (—6)?
= {288 — 16.6j — 49.9k} Ib
4j- 6k
F. - 60 (4j )

4 + (-6)’
= (333 — 499Kk} Ib

Fg = F, + F + Fo = {—149.8 K] Ib

Fr = 1501b
a = 90°
B = 90°

y = 180°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

4 ft C

0
Fp
Fy

B
12000 ><120°,
120°”

A
X



2-107.

The chandelier is supported by three chains which are
concurrent at point O. If the resultant force at O has a
magnitude of 130 1b and is directed along the negative z axis,
determine the force in each chain.

SOLUTION
F :FM:05547F'—08321Fk
Vo A
F, =Fz=Fc

Fr. = ZF; 130 = 3(0.8321F)
F =521P

Ans.

120°

Fp

< 120\

4 ft

C

A
120°



*2-108.
Determine the magnitude and coordinate direction angles

of the resultant force. Set Fgz = 630N, F- = 520N and
Fp=750N,and x = 3mand z = 3.5m.

SOLUTION

Force Vectors: The unit vectors ug, uc, and up of Fg, F, and Fp must be determined

first. From Fig. a,

1 (B-0i+(0-6j+45-25k 3 6. 2
ug = — —**l**]+7

B30+ (0-62+@5-25> | T

e Q2-0i+(0-6j+@-25k 4. 12. 3
u = — = ZBi—Bj‘i‘Bk

e N2 =072+ (0 -6+ (4 — 2.5

ty  (-0)§i+(0-6)j+(-35-25 1. 2. 2
up = — = :gi—gj—gk

D N0 = 3)2 + (0 — 6) + (=3.5 — 2.5)

k

Thus, the force vectors Fg, F¢, and Fp are given by

3. 6. 2
Fy = Fpup = 630(—? —2it ;k) = [—270i — 540 + 180k} N
F. = Fouo = 520<i' I ik) = {160i — 480j + 120k} N
c= fclle = TR L A E R A J

1 2
Fp = Fpup = 750<§i -5 gk) = {250i — 500j — 500k} N

Resultant Force:

Ce,0,4)m

<Y

234,355,

()

Fr = Fz + Fo + Fp = (=270 — 540§ + 180k) + (160i — 480j + 120k) + (250i — 500j — 500k)

= [140i — 1520j — 200k] N

The magnitude of Fy is

Fr=V(Fp.> + (Fp),? + (Fp).’

= V140> + (—1520)% + (—200)* = 1539.48 N = 1.54 kN

The coordinate direction angles of Fy are

Fr). 14
a= cos’l{(FiR)'} = cos’l( 0 ) = 84.8°

R 1539.48
(FRr)y —1520
— —1 i —1 = 171°
B = cos { Fr } cos (1539.48) 7
(FR)Z} ( —200 )
— -1 — -1 — o
y = cos { Fr ©0s | 153943 97.5

Ans.

Ans.

Ans.

Ans.



2-109.

If the magnitude of the resultant force is 1300 N and acts
along the axis of the strut, directed from point A towards O,
determine the magnitudes of the three forces acting on the
strut.Set x = Oand z = 5.5 m.

SOLUTION

Force Vectors: The unit vectors ug, uc, up, and ug, of Fg, Fe, Fp, and Fg must be
determined first. From Fig. a,

rs (=3 —0)i + (0 — 6)j + (45 — 25)k 3. 6. 2
ug = — = :*7i*7j+7k
B N/(=3 = 0)2 + (0 — 6)2 + (45 — 2.5)

e Q2-0i+(0-6j+(@-25k 4. 12, 3

Ue = — = = i— — -
re N2 -0P+(0-62+@—2572 13 13713
rp (0= 0)i+ (0—6)j+ (-55—25k 3. 4

Up = —= :_gj-i-gk
D N0 - 0P + (0 - 6 + (=55 — 257

y _Fao_ O-0i+0-6j+©-25 _ 12. 5

Fr 40 \/ _ 2 _ > _ 2 13.] 13

(0 —=0)*+ (0 -6+ (0 —25)

Thus, the force vectors Fg, Fc, Fp, and F  are given by

3. 6. . 2
Fp = Fpup = —7F31 - 7FBJ + 7FBk
Fo = F, —iF'ng'wLiFk
c= c“c—13 cl 13 cl 3¢
3 4
FD:FDUD:_fFDj_fFDk
5 5
Fr=F = 1300(—E j — El k) = [~1200j—500k] N
R RUR 13J 13 d]
Resultant Force:

FR:FB+FC+FD

7 7 13 13 13

3 6 2 4 12 3
~1200j — 500k = (— JFgh = JF g + fFBk) + (—Fci - CFq + —Fck) +

—1200j — 500k = (—

7 13 7 13 5 7

Equating the i, j, and k components,

3 4

= —2Fp+ —F
0 787137 ¢
6 12 3.
2 3 4
—500 = ZFp + —Fo— -F
00 =2Fp + 13Fc= 5

Solving Egs. (1), (2), and (3), yields

3 4 6 12 3 2
ZFp + —Fc)i + (—fFB ~ “Fc - fFDj> + <7FB +

B(3,045)m

3 4
~2Fpj — -Fpk
(5“‘ 5”)

3 4
ZFe - fFD)k

13 5

1)
@
®)

Fo = 42N Fp = 318N Fp = 866 N Ans.



2-110.

The cable attached to the shear-leg derrick exerts a force on

the derrick of F = 350 Ib. Express this force as a Cartesian
vector.

SOLUTION

Unit Vector: The coordinates of point B are

B(50 sin 30°, 50 cos 30°, 0) ft = B(25.0, 43.301, 0) ft

Then

rap = {(25.0 — 0)i + (43.301 — 0)j + (0 — 35)k } ft

= {25.0i + 43.301j — 35.0k} ft

rag = V2507 + 43301 + (—35.0)° = 61.033 ft b

rap  25.0i + 43301 — 35.0k

Wap = 7 61.033

= 0.4096i + 0.7094j — 0.5735k
Force Vector:
F = Fu,p = 350{0.4096i + 0.7094j — 0.5735k} 1b

= {143i + 248j — 201k} Ib Ans.



2-111.

The window is held open by chain AB. Determine the z
length of the chain, and express the 50-1b force acting at A
along the chain as a Cartesian vector and determine its
coordinate direction angles.

SOLUTION

Unit Vector: The coordinates of point A are

A(5 cos 40°, 8,5 sin 40°) ft = A(3.830, 8.00, 3.214) ft

Then
rap = {(0 — 3.830)i + (5 — 8.00)j + (12 — 3.214)k} ft x
— [~3.830i — 3.00j + 8.786k]} ft
rap = V(=3830)7 + (=3.00)7 + 87862 = 10.043 ft = 100ft  Ans.
u,, = Fan _ 38301~ 300j + 8.786k

Fag 10.043

= —0.3814i — 0.2987j + 0.8748k

Force Vector:
F = Fu,p = 50{—-0.3814i — 0.2987j + 0.8748k} Ib

= {~19.1i — 14.9j + 43.7k} Ib Ans.

Coordinate Direction Angles: From the unit vector u 45 obtained above, we have
cosa = —0.3814 a = 112° Ans.
cos B = —0.2987 B = 107° Ans.

cosy = 0.8748 y = 29.0° Ans.



*2-112.

Given the three vectors A, B, and D, show that
A-(B+D)=(A-B) + (A-D).

SOLUTION

Since the component of (B + D) is equal to the sum of the components of B and
D, then

A-B+D)=A-B+A-D (QED)
Also,
A-B+D)=(Ai+ A,j+ AKk):[(By + D)i + (B, + D))j + (B, + D,k]
=A,B,+D)+ A, (B,+ D)+ A (B, +D,)
= (AB, + A,B, + AB,) + (A,D, + A,D, + A.D,)

= (A-B) + (A-D) (QED)




2-113.

Determine the angle 6 between the edges of the sheet-
metal bracket.

SOLUTION
r; = {400i + 250k} mm ; ry = 471.70 mm
r, = {50i + 300j} mm ; r, = 304.14 mm

1 -1, = (400) (50) + 0(300) + 250(0) = 20 000
Cosl<r1'rz>
rr

20000
— anel | =8.0° Ans.
cos <(471.70) (304.14)) 82.0 s

5
Il



2-114.

Determine the angle 6 between the sides of the triangular
plate.

SOLUTION

rAC:{3i+4j—lk}m

rac = V(3)> + (4> + (-1)* = 5.0990 m
pp — {2j + 3k} m
rag = V(2)* + (3)* = 3.6056 m

ructyp =0+ 4(2) + (-1)(3) =5

0 = cos ! Tac'TaB — COSil;
FAcTAB (50990)(36056)

0 = 74.219° = 74.2°

Ans.




2-115.

Determine the length of side BC of the triangular plate.
Solve the problem by finding the magnitude of ry; then
check the result by first finding 0, r,,, and 7, and then
using the cosine law.

SOLUTION

Also,

rBC={3i+2j—4k}m

rsc = V3P + (2 + (-4 = 539m Ans.

rye={3i+4j—1kjm

rac = V3 + (4% + (=1)® = 5.0990 m
rap =1{2j +3kjm
rag = V(2)* + (3)* = 3.6056 m

Ypc*Yap = 0+ 4(2) + (71)(3) =5

g = Cosfl(w) _ 00571;
FAC AB (5.0990)(3.6056)

0 = 74.219°

ree = V/(5.0990) + (3.6056)2—2(5.0990)(3.6056) cos 74.219°

rgc = 5.39m Ans.

| 4/,
1mI ‘
Im
Sm



*2-116.
Determine the magnitude of the projected component of

force F , 5 acting along the z axis.

SOLUTION
Unit Vector: The unit vector u, , must be determined first. From Fig. a,
Yap (18 — 0)i + (=12 — 0)j + (0 — 36)k 3. 2. 6
Upgp = — = > > 2:71—?.]—?1(
rag /(18 — 0)2 + (=12 — 0)2 + (0 — 36)

Thus, the force vector F 5 is given by

3. 2. 6
Fup = Fapuyp = 700<7i -2 7k> = {300i — 200 — 600K} Ib

Vector Dot Product: The projected component of F , ; along the z axis is
(Fap). = Fap-k = (300i — 200j — 600k) -k <

= —6001Ib

The negative sign indicates that ( F , ;)z is directed towards the negative z axis. Thus
Ans. Fs 4 AC0,0,36) ¢

(F.5). = 600 Ib
m Tk




*2-117.

Determine the magnitude of the projected component of
force F ;- acting along the z axis.

SOLUTION

Unit Vector: The unit vector u, - must be determined first. From Fig. a,

fac (12 sin 30° — 0)i + (12 cos 30° — 0)j + (0 — 36)k . .
Uy =— = = 0.1581i + 0.2739j — 0.9487k
rac \V/(12sin30° — 0)2 + (12 cos 30° — 0)2 + (0 — 36)>

Thus, the force vector F 4 is given by

Fic = Facuye = 600(0.1581i + 0.2739j — 0.9487k) = {94.87i + 164.32j — 569.21k} N
Vector Dot Product: The projected component of F 4~ along the z axis is
(Fac). = Fac-k = (94.87i + 164.32j — 569.21k ) - k
= =569 1b

The negative sign indicates that ( F ), is directed towards the negative z axis. Thus

(Fac), = 569 1b Ans.

X C’(/Z/S/'/?J’o/’ /ZC@SJﬂf a)ﬁ



2-118.

Determine the projection of the force F along the pole.

F= {2i +4j + 10k} kN

SOLUTION

2 2 1
ProjF =F-u,= 2i+4j+ 10k)-(§i+§j _§k)

Proj F = 0.667 kN




2-119.

Determine the angle 6 between the y axis of the pole and
the wire AB.

2]

3 ft

SOLUTION

Position Vector:
rye = {=3j}1t

tap = 12— 0)i+ (2 -3)j + (—2 — 0)k} ft

= {2i — 1j — 2Kk} ft

The magnitudes of the position vectors are

Fac = 3006t rap = V22 + (1) + (=2)% = 3.00 ft

The Angles Between Two Vectors 0: The dot product of two vectors must be
determined first.

rac rap = (=3j) - (2 — 1j — 2k)
=0(2) + (=3)(-1) + 0(-2)

=3

Then,

_1 Y40 TaB - 3
0 = cos ! AOIAE ) = 1[7} = 705° Ans.
cos < FaoTaB ) % 3.00(3.00) e



*2-120.
Determine the magnitudes of the components of z

F = 600 N acting along and perpendicular to segment DE
of the pipe assembly.

SOLUTION

Unit Vectors: The unit vectors u,; and uy, must be determined first. From Fig. a,

wpy = TEp = O NN O CIK e 055715 + 03714k
s V(0 - 42+ 2572+ [0 - (-2)F

Ugp = —j
Thus, the force vector F is given by

F = Fugg = 600(—0.7428i — 0.5571j + 0.3714k) = [—445.66i — 334.25) + 222.83k] N

Vector Dot Product: The magnitude of the component of F parallel to segment DE
of the pipe assembly is

(Fep)para = Frugp = (—445.661 — 334.25) + 222.83k) - (—j)
= (—445.66)(0) + (—334.25)(—1) + (222.83)(0)

= 33425 = 334N Ans.

The component of F perpendicular to segment DE of the pipe assembly is

(Fep)per = VF? = (Fgp)para?® = V6007 — 334.25> = 498 N Ans.

€0 Ees,5,-20m



2-121.

Determine the magnitude of the projection of force
F = 600 N along the u axis.

SOLUTION
Unit Vectors: The unit vectors up4 and u, must be determined first. From Fig. a,
Yo (—2-0i+@-0)j+@—-0k 1, 2, 2
Upyg = = =—§l+§_]+§k
oA \/(=2 = 0P + (4 — 0P + (4 — 0)
u, = sin30° + cos30°j
Thus, the force vectors F is given by
1, 2, 2 . .
F = Fup, = 600 —3i—3i + gk = {—200i + 400j + 400k} N

Vector Dot Product: The magnitude of the projected component of F along the u
axis is

F, = F-u, = (—200i + 400j + 400k) - (sin30% + cos 30%)
= (—200)(sin30°) + 400(cos 30°) + 400(0)

= 246 N Ans.

A(-2,4,#)m



2-122.

Determine the angle 6 between cables AB and AC.

SOLUTION

Position Vectors: The position vectors r, 5 and r 4 must be determined first.
From Fig. a,

rap=(—3—-0)i+ (0—-6)j+ (4—2k={-3i—6j+ 2k} ft

rac = (5¢c0s60° — 0)i + (0 — 6)j + (5sin60° — 2)k = {2.5i — 6j + 2.330k]} ft
The magnitudes of r 45 and r 4¢ are

tup = V(=3)* + (—6)* = 71t &

rac = V2.5 + (—6)* + 2.330> = 6.905 ft C(sces60! g, ssimgalpe

Vector Dot Product:
MR

Ypp*Tyuc = (_3i - 6j + 2k)‘(25i - 6j + 23301()

= (—3)(2.5) + (—6)(—6) + (2)(2.330)

= 33.160 ft?

Thus,

1 ¥AB YaC | 33.160
0 =cos | ——— | = 1{ }=46.7° Ans.
cos ( F— ) cos 7(6.905) ns.



2-123.

Determine the angle ¢ between cable AC and strut AO.

SOLUTION

Position Vectors: The position vectors r ¢ and r 4o must be determined first.
From Fig. a,

rac = (5¢cos60° — 0)i + (0 —6)j + (5sin60° — 2)k = {2.5i — 6j + 2.330k]} ft
rso=(0—-0)i+ (0-06)j+ (0—-2)k = {-6j— 2k} ft

The magnitudes of r 4 and r 4 are
tac = V2.55 + (—6)% + 2.330> = 6.905 ft z

rao = V(—6)? + (-2)* = V40 ft

Vector Dot Product:

Ypc*Tpo = (25i - 6j + 23301()' (_6j - 2k)

= (2.5)(0) + (=6)(—6) + (2)(2.330)(-2)

= 31.34 ft
Thus,
| JTehd S 31.34
¢ = cosfl(u) = 005—1{7} = 44.1° Ans.
YAcTa0 6.905\/40



*2-124.

Determine the projected component of force F 45 along the
axis of strut AO. Express the result as a Cartesian vector.

SOLUTION
Unit Vectors: The unit vectors u 4z and u,o must be determined first. From Fig. a,
(-3-0i+((0—-6)j+ ¢4 -2k 3. 6. 2 x
Uyp = :—71—;_]4‘;](
V(=3 = 07 + (0 — 6)° + (4 — 2)?
0—-0)i+ (0—-6)j+ (0—-2)k
O-0i+ OO0+ O=2k _ o7 - 03162k

Wi =
VO =02+ (0 - 67+ (0 —2)7
Thus, the force vectors F 45 is

3 6 2

Vector Dot Product: The magnitude of the projected component of F 45 along strut
AO is
(FAB)AO = FAB' Uy = (_30i - 60j + 20k) * (_09487j - 03162]()

= (—30)(0) + (—60)(—0.9487) + (20)(—0.3162)

= 50.596 1b

Thus, (F 45) 40 expressed in Cartesian vector form can be written as

(Fap) a0 = (Fag)aotao = 50.596(—0.9487j — 0.3162K)

= (—48j — 16k} Ib Ans.



2-125.

Determine the projected component of force F 4 along the
axis of strut AO. Express the result as a Cartesian vector.

SOLUTION

Unit Vectors: The unit vectors u ¢ and u 4o must be determined first. From Fig. a,
(5cos 60° — 0)i + (0 — 6)j + (5sin 60° — 2)k

V(5 cos 60° — 0) + (0 — 6)° + (0 — 2)°

Uyc = = 0.3621i — 0.8689j + 0.3375k

(0= 0)i + (0 — 6)j + (0 — 2)k

= —0.9487j — 0.3162 k

UWi0 = z
V(O =072+ (0 -6+ (0 - 2
Thus, the f tors F 4 is given b
us, the force vectors F 4¢ is given by c (scaseo;q S
F,c = F qcuye = 60(0.3621i — 0.8689j + 0.3375k) = {21.72i — 52.14j + 20.25k} Ib
Vector Dot Product: The magnitude of the projected component of F 4 along strut
AO is
(Fac)ao = Facruyo = (21.721 — 52.14j + 20.25k) - (—0.9487j — 0.3162k) o

= (21.72)(0) + (—52.14)(—0.9487) + (20.25)(—0.3162)
= 43.057 b

Thus, (F 4¢) 40 expressed in Cartesian vector form can be written as
(FAC)AO = (FAC)AOuAO = 43057(_09487j - 031621()

= {—40.8] — 13.6k} Ib Ans.



2-126.

Two cables exert forces on the pipe. Determine the
magnitude of the projected component of F; along the line
of action of F,.

SOLUTION

Force Vector:
uy, = cos 30° sin 30°i + cos 30° cos 30°% — sin 30°k
= 0.4330i + 0.75j — 0.5k
F, = Frup, = 30(0.4330i + 0.75j — 0.5k) Ib

= {12.990i + 22.5j — 15.0k} 1b

Unit Vector: One can obtain the angle o = 135° for F, using Eq. 2-8.
cos’a + cos? B + cos’y = 1, with B8 = 60° and y = 60°. The unit vector along the
line of action of F, is

ugp, =cos 135°% + cos 60°j + cos 60°k = —0.7071i + 0.5j + 0.5k
Projected Component of ¥, Along the Line of Action of F,:

(F)p, = Fyoup, = (12990i + 22.5) — 15.0k) - (—0.7071i + 0.5) + 0.5k)

(12.990)(— 0.7071) + (22.5)(0.5) + (~15.0)(0.5)

—5.441b

Negative sign indicates that the projected component of (F)f, acts in the opposite
sense of direction to that of ug,.

The magnitude is (F1)r, = 5.44 1b Ans.




2-127.

Determine the angle 6 between the two cables attached to
the pipe.

SOLUTION

Unit Vectors:

up, = cos 30° sin 30°%i + cos 30° cos 30°j — sin 30°k

0.4330i + 0.75j — 0.5k

up, = cos 135° + cos 60°j + cos 60°k

2

—0.7071i + 0.5j + 0.5k

The Angles Between Two Vectors 0:

up cup = (043300 + 0.75) — 0.5k) + (—0.7071i + 0.5§ + 0.5k)

0.4330(—0.7071) + 0.75(0.5) + (—0.5)(0.5)

—0.1812

Then,

0 = cos! (uF1 '“Fz) = cos 1(—0.1812) = 100° Ans.



*2-128.

Determine the magnitudes of the components of F acting z
along and perpendicular to segment BC of the pipe
assembly.
e
S{ﬁ
~ =
X
SOLUTION
Unit Vector: The unit vector uc-z must be determined first. From Fig. a F = {30i — 45j + 50k} Ib
res B-Di+@E-6j+[0-(-Hk 2. 1 aft

. ., 2

res NG+ @-62 40— (- 3 3

Vector Dot Product: The magnitude of the projected component of F parallel to
segment BC of the pipe assembly is

2. 1, 2
(Fpc)pa = Frucy = (30i — 455 + 50k)-<—3i -5+ 3k>
2 1 2
= =)+ (—45( — | + 50 =
=28331b = 283 1b Ans.

The magnitude of Fis F = V302 + (—45)% + 502 =\/5425 1b. Thus, the magnitude
of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(Fpc)or = VF= (Fpc)pa = V5425 — 28332 = 68.01b Ans.




2-129.

Determine the magnitude of the projected component of F
along AC. Express this component as a Cartesian vector.

= 2t
—~ >

y
SOLUTION
Unit Vector: The unit vector u,c must be determined first. From Fig. a
W = TZ0it OG-0+ (4= 0k _ ) cogsi + 0.5970j — 0.3980k
V(T =00 + (6 - 0) + (=4 — 0)?
Vector Dot Product: The magnitude of the projected component of F along line AC is 1
Fac = Fruye = (30i — 45j + 50k) - (0.6965i + 0.5970j — 0.3980k)
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980) {
= 25871b Ans. X Y
Thus, F 4¢ expressed in Cartesian vector form is F The

Fuc = Facuye = —25.87(0.69651 + 0.5970j — 0.3980k) Ye(16 4940

= {—18.0i — 15.4j + 10.3k} Ib Ans. @



2-130.

Determine the angle 6 between the pipe segments BA and BC.

SOLUTION

Position Vectors: The position vectors rz,4 and rpc must be determined first. From
Fig. a,

rga = (0 —3)i + (0—4)j+ (0—- 0k = {-3i — 4j} ft
rge = (7 —=3)i+ (6 —4)j + (-4 — 0k = {4i + 2j — 4k} ft

The magnitude of rp 4 and rpc are

rpa = V(=32 + (—4)? =51t

e = V4 + 22+ (—4) = 61t
Vector Dot Product:

rpa-tpc = (=3i — 4j) - (4i + 2j — 4k)
(=3)@) + (=4(2) + 0(=4)

= —20ft>
Thus,
rgs°r —-20
0= cos’l(M) = cos’{i} = 132° Ans.
IpaXYpc 5(6)



2-131.

Determine the angles # and ¢ made between the axes OA b4
of the flag pole and AB and AC, respectively, of each cable.
15m)
L
B 2m” AC
L
SOLUTION
rAC:{—Zi—4j+1k}m, rAC:4.58m
rap = {1.51 — 4j + 3k} m; rap = 5.22m
r40 = {—4j — 3k} m; Fio = 5.00m
tap tao = (1.5)(0) + (=4)(-4) + (3)(=3) =7
o - COS(W%) .
raBT A0
= cos~! 7\ = 74.4° Ans
5.22(5.00) ’ )

rac Tao = (=2)(0) + (=4)(=4) + (1)(=3) = 13

_ _1f YacYao
¢ =cos | ——

ractao

13
— -1 — o
cos (74.58(5.00)> 554 Ans.



*2-132.

The cables each exert a force of 400 N on the post.
Determine the magnitude of the projected component of F;
along the line of action of F,.

SOLUTION

Force Vector:
up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k
= 0.5390i — 0.1962j + 0.8192k
F, = Fug, = 400(0.5390i — 0.1962j + 0.8192k) N

= (215.59i — 78.47j + 327.66k} N

Unit Vector: The unit vector along the line of action of F, is

upz = cos 45° + cos 60° + cos 120°k

2

0.7071i + 0.5j — 0.5k

Projected Component of F, Along Line of Action of F,:

(F)p, = Fi-up, = (215.59 — 78.47j + 327.66k) - (0.7071i + 0.5§ — 0.5k)

(215.59)(0.7071) + (~78.47)(0.5) + (327.66)(—0.5)

= =506 N

Negative sign indicates that the force component (F,)F, acts in the opposite sense
of direction to that of u,.

thus the magnitude is (F)r, = 50.6 N Ans.

F, = 400 N




2-133.

Determine the angle 6 between the two cables attached to
the post.

SOLUTION

Unit Vector:
up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k
= 0.5390i — 0.1962j + 0.8192k
uy, = cos 45°% + cos 60°% + cos 120°k

= 0.7071i + 0.5j — 0.5k

The Angle Between Two Vectors 0: The dot product of two unit vectors must be
determined first.

up cup, = (0.5390i — 0.1962j + 0.8192k) - (0.7071i + 0.5j — 0.5k)
= 0.5390(0.7071) + (—=0.1962)(0.5) + 0.8192(—0.5)
= —0.1265
Then,

6 = cos™! (uﬂ '“Fz) = cos '(—0.1265) = 97.3° Ans.

F, = 400N




2-134.

Determine the magnitudes of the components of force
F = 90 Ib acting parallel and perpendicular to diagonal AB
of the crate.

SOLUTION

Force and Unit Vector: The force vector F and unit vector u, 3 must be determined

first. From Fig. a
F = 90(— cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)
= {-31.82i + 31.82j + 77.94k} Ib
g (0—-15i+@B-0)j+ (1 -0k 3,

Uyp =

s N0 152+ G0+ 0-0F 7

6. 2
S
Tty

Vector Dot Product: The magnitude of the projected component of F parallel to the

diagonal AB is

3.6
[(F)aplpa = Frusp = (—31.82i + 31.82j + 77.94k) - <—7i + i+

= (—31.82)(—3) + 31.82(3) + 77.94(3)

=63.181b = 63.21b

The magnitude of the component F perpendicular to the diagonal AB is

(F)aslr = V= [(F)aslpa = V907 — 63.18> = 64.11b

2
-k
7 >
Ans.

Ans.

K(1560)f
x




2-135.

The force F = {25i — 50j + 10k} 1b acts at the end A of
the pipe assembly. Determine the magnitude of the
components F; and F, which act along the axis of AB and
perpendicular to it.

SOLUTION

Unit Vector: The unit vector along AB axis is
0-=0i+(5-9j+(0-06k

Was = 2 2 2
V(O =07+ (5-97+ (0 - 6)

= —0.5547j — 0.8321k

Projected Component of F Along AB Axis:
F, = Fruyp = (25i — 50§ + 10k) - (—0.5547j — 0.8321k)
= (25)(0) + (—50)(—0.5547) + (10)(—0.8321)

=194151b = 1941b Ans.

Component of F Perpendicular to AB Axis: The magnitude of force F is
F = V252 + (=50)% + 10> = 56.789 Ib.

F = VF? — F? = \/56.789% — 19.414% = 53.41b Ans.




*2-136.

Determine the components of F that act along rod AC and
perpendicular to it. Point B is located at the midpoint of
the rod.

SOLUTION
e = (=3I +4j = 4K).  ruc = V(-3 + £+ (-4 = VdaIm

. S3i 4 4j + 4K
rAB:%:+=—1.5i+2j—2k

Yap =Tap t Ipp
Ipp = Yap — Y4B
= (4i + 6j — 4k) — (—1.5i + 2j — 2k)

= {5.5i + 4j — 2k} m

rep = V(5.57% + (4)* + (—2)* = 7.0887 m

F = 600(?&) = 465.528i + 338.5659j — 169.2829k
BD

Component of F along r4¢ is F)|

o Frrac | (4655281 + 338.5659) — 169.2829k) - (=3 + 4 — 4k)
1 rac V41

Fjj=99.1408 = 99.1 N Ans.

Component of F perpendicular tor,cis F |
F% + F}j= F* = 600
F? = 600° — 99.1408>

F, =591.75 =592 N Ans.



2-137.

Determine the components of F that act along rod AC and
perpendicular to it. Point B is located 3 m along the rod
from end C.

SOLUTION
rea = 3i — 4 + 4k

req = 6.403124

3 . .
Icp = m(l‘c,q) = 1.40556i — 1.874085j + 1.874085k

Top = Yoc + Icp

_3i + 4j + rcp
= —1.59444i + 2.1259j + 1.874085k
Yop = Yop T Ipp

Ypp = Yop — Yop = (4i + 6j) — rpp

5.5944i + 3.8741j — 1.874085k

rep = V(5.5944)> + (3.8741) + (—1.874085)> = 7.0582

r
F = 600(;’%’)) = 475.568i + 329.326j — 159.311k
BD

rac = (=3i + 4j — k), rac = V4l
Component of F along r ¢ is F |

Feorae  (475.568i + 329.326j — 159.311Kk) - (—3i + 4j — 4k)
rac Va1

Fjj= 824351 = 824N Ans.

Component of F perpendicular torcis F |
F% + Ff = F* = 600
F? = 600% — 82.43517

F, =59%4N Ans.



2-138.

Determine the magnitudes of the projected components of
the force F = 300 N acting along the x and y axes.

SOLUTION

Force Vector: The force vector F must be determined first. From Fig. a,
F = —300 sin 30°sin 30°i + 300 cos 30°j + 300 sin 30°cos 30°k

= [~75i + 259.81j + 129.90k] N

Vector Dot Product: The magnitudes of the projected component of F along the x
and y axes are

F, = F-i = (=75 + 259.81j + 129.90k) -

—75(1) + 259.81(0) + 129.90(0)
= —75N

F, = F-j = (=75i + 259.81j + 129.90k) -

—75(0) + 259.81(1) + 129.90(0)

260 N

The negative sign indicates that F is directed towards the negative x axis. Thus

F,=75N, F,=260N Ans.




2-139.

Determine the magnitude of the projected component of
the force F = 300 N acting along line OA.

SOLUTION

Force and Unit Vector: The force vector F and unit vector u,,, must be determined
first. From Fig. a

F = (=300 sin 30° sin 30°i + 300 cos 30°j + 300 sin 30° cos 30°k)
= {~75i + 259.81j + 129.90k} N

froa (=045 — 0)i + (0.3 — 0)j + (0.2598 — 0)k . )
Uy = — = = —0.751 + 0.5j + 0.4330k
roa /(=045 — 0)2 + (0.3 — 0)2 + (0.2598 — 0)?

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fou = Frugp, = (=751 + 259.81j + 129.90k) - (—0.75i + 0.5j + 0.4330K)
= (=75)(—0.75) + 259.81(0.5) + 129.90(0.4330)

=242 N Ans.

Al-(03+035m30%, 0.3, 0.3Cos20° ] m

- (‘0‘49/ 0'3/ 0.2575),"



*2-140.

Determine the length of the connecting rod AB by first
formulating a Cartesian position vector from A to B and
then determining its magnitude.

SOLUTION
r,, = [16 — (—5sin30°)]i + (0 — 5 cos 30°) j
= (18.5i — 4.330j} in.
rp= V(1857 + (4330) = 1901n.

Ans.




2-141.

Determine the x and y components of F; and F,.

SOLUTION

Fy, = 200sin45° = 141N

Fy, = 200 cos 45° = 141 N

Fy, = —150 cos 30° = —130 N

F,, =150sin30° = 75N

Ans.
Ans.
Ans.

Ans.




2-142.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive
X axis.

SOLUTION
+NFr, = 3F;  Fge= —150cos 30° + 200 sin 45° = 11.518 N

J+Fgy, = SF;

v Fgy = 150 sin 30° + 200 cos 45° = 216.421 N

Fr =V (11.518)2 + (216.421)2 = 217N Ans.

216.421
6= tanl< > = 87.0° Ans.

11.518




2-143.

Determine the x and y components of each force acting on
the gusset plate of the bridge truss. Show that the resultant
force is zero.

SOLUTION

Fi, = —2001b

Fly =0

Fy, = 400(%) = 3201b

)
I

= —400@) = —2401b

Fs = 300(%) =1801b

4
Fs, = 300(5) = 2401b
Fy, = —3001b
F4y =0

Fry = Fix + For + F3, + Fy,

—200 + 320 + 180 — 300 = 0

&)
r
[

FR =F1y+F2y+F3y+F4y

Fry,=0-240+240+0=0

Thus, Fr =0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Fs =300 1b

3
F, = 400 1b



#2-144,

Express F; and F, as Cartesian vectors.

Fy=26kN
12 13
5
SOLUTION
F; = —305sin 30°i — 30 cos 30° j
= {-15.0i — 26.0j} kN Ans. 30°
5 . 12 . F,=30kN
= - + _
F, 13(20)i+2(26)]

{~10.0i + 24.0j} kN Ans.




2-145.

Determine the magnitude of the resultant force and its

direction measured counterclockwise from the positive
X axis.

SOLUTION

5
B Fre= SF;  Fge= —30sin30° — 13(26) = “25kN

12
+1Fg, = SF,; Fg, = —30cos30° + 13(260) = ~1.981kN

Fr= V(=252 + (—1.981)2 = 251 kN

1.981
¢ = tan’l(?) = 4.53°

0 = 180° + 4.53° = 185°

302

F,=30kN

Ans.

as kN

~

Gl

Ans. Fa

L8 kN



2-146.

The cable attached to the tractor at B exerts a force of 350 1b b4
on the framework. Express this force as a Cartesian vector.
A
¥
b
351t K F=3501b
SOLUTION X
N
r = 50 sin 20°i + 50 cos 20°j — 35k
20°
r = {17.10i + 46.98j — 35k} ft 30

r = V(17.10)% + (46.98)> + (—35)* = 61.03 ft

u= E = (0.280i + 0.770j — 0.573K)

F = Fu = {98.1i + 269j — 201k} Ib Ans.



2-147.

Determine the magnitude and direction of the resultant
Fr = F; + F, + F; of the three forces by first finding the
resultant F' = F; + F; and then forming F; = F' + F,.
Specify its direction measured counterclockwise from the
positive x axis.

SOLUTION

F' = V(80)* + (50)> — 2(80)(50) cos 105° = 104.7 N

sin ¢ _sin 105°
80 104.7 °

b = 47.54°

Fr = V(104.7)* + (75)% — 2(104.7)(75) cos 162.46°
Fr=1777 = 178N

sin 8 sin 162.46° )
1047 1777

B =10.23°

0 = 75° + 10.23° = 85.2°

F,=175N

F,=80N
\ f F3:50N

30 a0

N7\ W

Ans.

e,
Ans. B fﬁ
50N,
o]
105° Ft
goN
(b) ©) ()

A45%44754°
4 ‘m'ﬁf-‘



*2-148.

If 6 = 60° and F = 20 kN, determine the magnitude of the
resultant force and its direction measured clockwise from
the positive x axis.

SOLUTION

4 1
b Fre = 3F,; Fg, = 50<7) + ——=(40) — 20 cos 60° = 58.28 kKN
2

5) "

3 1
+1Fg, = 3F,;  Fgy= 50(5) Y (40) — 20 sin 60° = —15.60 kN

Fr = V(5828)> + (—15.60) = 60.3 kN Ans.

15.60
b= tan{ —‘ = 15.0° Ans.

58.28

50 kN

40 kN



2-149.
The hinged plate is supported by the cord AB. If the force
in the cord is F = 340 b, express this force, directed from

A toward B, as a Cartesian vector. What is the length of
the cord?

SOLUTION

Unit Vector:

rap = {(0 = 8)i + (0 — 9)j + (12 — 0)k} ft

= {~8i — 9j + 12k} ft

rap = V(=8)2 + (=9)> + 122 = 17.0 1t Ans.
w o tap_ 8ok 8. 9. 12
aB = 17 7' T

Force Vector:

_ _ . .

= {~160i — 180j + 240k} Ib Ans.



3-1.

The members of a truss are pin connected at joint O.
Determine the magnitudes of F; and F, for equilibrium.

Set 6 = 60°.

SOLUTION

S SF, =0

+13F, = 0;

Solving:

4
F,sin 70° + F cos 60° — 5 cos 30° — 5(7) =0
0.9397F, + 0.5F; = 9.930
. . 3
F,cos70° + 5sin 30° — F; sin 60° — 5(7) =0

0.3420F, — 0.8660F; = 1.7

F, = 9.60 kN

F, = 1.83kN

SkN

Ans.

‘ ¥
Ans. ;AY
q =,




3-2.

The members of a truss are pin connected at joint O. y
Determine the magnitude of F; and its angle 6 for
equilibrium. Set F, = 6 kN. 5kN

SOLUTION

L SF, =0 6sin70°+F100507500530°7%(7)=0
Fycos 0 = 42920
+13F, = 0; 6cos70°+SSin30°—Flsin0—%(7):0
Fysin 6 = 0.3521
Solving:
0 = 4.69° Ans.

F, =431kN Ans.




3-3.

The lift sling is used to hoist a container having a mass of
500 kg. Determine the force in each of the cables AB and
AC as a function of 6. If the maximum tension allowed in
each cable is 5 kN, determine the shortest lengths of cables
AB and AC that can be used for the lift. The center of
gravity of the container is located at G.

SOLUTION

Free-Body Diagram: By observation, the force F; has to support the entire weight
of the container. Thus, F; = 500(9.81) = 4905 N.

Equations of Equilibrium:
;t)EFX:O, FACcOSG_FABCOSBZO FAC:FAB:F

+13F, =0; 4905 — 2Fsinf® = 0 F = {2452.5cos6} N

Thus,

Fac=Fap=F = {245cos0} kN Ans.

If the maximum allowable tension in the cable is 5 kN, then
2452.5 cos6 = 5000

0 = 29.37°

os 6

From the geometry, [ = c and 6 = 29.37°. Therefore

1.5

|=—————=172m Ans.

cos 29.37°

o

F=500(981)
=4905N

he




*3-4,

Cords AB and AC can each sustain a maximum tension of
800 Ib. If the drum has a weight of 900 1b, determine the
smallest angle 6 at which they can be attached to the drum.

SOLUTION
+13F, = 0; 900 — 2(800) sin = 0

0 = 34.2°

Ans.




3-5.

The members of a truss are connected to the gusset plate. If
the forces are concurrent at point O, determine the
magnitudes of F and T for equilibrium. Take 6 = 30°.

8 kN
SOLUTION
B SF, =0 ~T cos30° + 8 + 5sin45° = 0
T = 1332 = 133kN Ans. F
+T2Fy = 0; F — 13.32sin30° — 5cos45° =0
F = 102 kN Ans. \J
sk .
3°
a5
T Sk




3-6.

The gusset plate is subjected to the forces of four members.
Determine the force in member B and its proper
orientation 6 for equilibrium. The forces are concurrent at

point O.Take F = 12 kN.
8 kN

SOLUTION
BIF =0, 8—Tcosf + 5sin45° =0

+12F,=0; 12— Tsinf — 5cos45° =

Solving, Y
T =143 kN Ans.

0 = 36.3° Ans. Brn *

“se
T SeN

12N



3-7.

The device shown is used to straighten the frames of B

wrecked autos. Determine the tension of each segment of 350 KN f

the chain, i.e., AB and BC, if the force which the hydraulic ’ 450 mm
D e

cylinder DB exerts on point B is 3.50 kN, as shown.

400 mm 250 mm

SOLUTION

Equations of Equilibrium: A direct solution for F ¢ can be obtained by summing
forces along the y axis. +

+15F, =0;  3.5sin4837° — Fpesin 60.95° = 0
Fpe = 2993 kN = 2.99 kN Ans. b 5
43 6095°

Using the result Fge = 2.993 kN and summing forces along x axis, we have

- SF,=0; 3.5cos 48.37° + 2.993 cos 60.95° — F, 5 =0

35k Fe
FAB = 3.78 kN Ans.



*3-8.

Two electrically charged pith balls, each having a mass of
0.2 g, are suspended from light threads of equal length.
Determine the resultant horizontal force of repulsion, F,
acting on each ball if the measured distance between them
is r = 200 mm.

SOLUTION
BIF =0; F—T(%)=O
P ] I

T =2266(1073%) N

F =113 mN

150 mm 50 mm 150 mm

r =200 mm

Ans.
02(9.81)N



3-9.

Determine the maximum weight of the flowerpot that can
be supported without exceeding a cable tension of 50 Ib in

either cable AB or AC.
SOLUTION
Equations of Equilibrium:
. 3
B IF, =0 Facsin30° = Fap\ <) =0
FAC = 120FAB (1)

4
+T2Fy:(), FACcOSSOO+FAB(§>7W:

Since F ¢ > F 4p, failure will occur first at cable AC with F - = 501b. Then
solving Egs. (1) and (2) yields

Fap = 41.671b

W =176.61b Ans.




3-10.

Determine the tension developed in wires CA and CB
required for equilibrium of the 10-kg cylinder. Take 6 = 40°.

SOLUTION

Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram shown in Fig. a,

L SF. =0, Fepcos 40° — F 4 cos 30° = 0 )
+13F, =0 Fepsin40° + F,sin 30° — 10(9.81) = 0 Q)
Solving Egs. (1) and (2), yields

FCA = 80.0N FCB =904 N Ans.

(0(9-81) N
(@



3-11.

If cable CB is subjected to a tension that is twice that of
cable CA, determine the angle 6 for equilibrium of the 10-kg
cylinder. Also, what are the tensions in wires CA and CB?

SOLUTION
Equations of Equilibrium: Applying the equations of equilibrium along the x and
y axes,

$EFX=O; Fepcos® — Feycos30° =0

+12F, = 0; Fepsin @ + F,sin30° — 10(9.81) = 0

However, it is required that
Fep = 2Fcy
Solving Egs. (1), (2), and (3), yields

0 = 64.3° Fep = 852N Fea = 426N

@
2)
FCA Eg
3
30° o
Ans.

\§
10(9-81) N
(&)



*3-12.

The concrete pipe elbow has a weight of 400 1b and the
center of gravity is located at point G. Determine the force
F . and the tension in cables BC and BD needed to support it.

SOLUTION

Free-Body Diagram: By observation, Force F , , must equal the weight of the concrete
pipe. Thus,

Fap = 400 1b Ans.

The tension force in cable CD is the same throughout the cable, thatis Fzc = Fpp.

Equations of Equilibrium:
__t) EFX = 0; FBD sin 45° — FBC sin 45° = 0
FBC = FBD: F

+13F, =0; 400 — 2F cos 45° = 0

F = Fpp=Fpe=2831b Ans.

3.

4

-
'

M g

Qs

=400 b

45°

o



3-13.

Blocks D and F weigh 5 Ib each and block E weighs 8 1b.
Determine the sag s for equilibrium. Neglect the size of the
pulleys.

SOLUTION
+1 2F, = 0; 2(5)sing — 8 =10

6 = sin"!(0.8) = 53.13°
tanf = s
4

s = 4tan 53.13° = 5.33 ft

‘ 4 ft 4 ft i

Ans.



3-14.

If blocks D and F weigh 5 Ib each, determine the weight of 4 ft 4 ft
block E if the sag s = 3 ft. Neglect the size of the pulleys. ‘ ‘

SOLUTION

+12F, = 0; 2(5)(%) ~W=0

W =61b Ans.



m3-15.

The spring has a stiffness of & = 800 N/m and an unstretched
length of 200 mm. Determine the force in cables BC and BD
when the spring is held in the position shown.

- 400 mm

N/l’l’l l//“

SOLUTION

The Force in The Spring: The spring stretchess = [ — [, = 0.5 — 0.2 = 0.3 m.
Applying Eq. 3-2, we have

300 mm

F,, = ks = 800(0.3) = 240 N

sp ~——500 mm ———~——400 mm——|

Equations of Equilibrium:

4 .
B SF. =0, Fpe cos 45°+FBD<5> — 240 = 0 Y
fac
0.7071F gc + 0.8F zp = 240 )
B | A4s’
F1SF, =0; Fpesinds® — F (§)=0 g x
y ; BC 8D\ 5 13 =40 N 3|__5
F
Fpe = 0.8485F 5p @) [

Solving Egs. (1) and (2) yields,

FBD =171 N FBC = 145N Ans.



*H3-16.

The 10-1b lamp fixture is suspended from two springs, each ‘

having an unstretched length of 4 ft and stiffness of
k = 51b/ft. Determine the angle 6 for equilibrium.

SOLUTION
—"'»EFX:O; TcosO —Tcosh =0
+12F, =0; 2T sinf — 10 = 0
Tsing =51Ib
F = ks; T = 5(00‘26 - 4>

T=20( L - 1)
cos 0

20(51116 — sin 9) =5
cos 6

tanf — sin 6 = 0.25

Solving by trial and error,

6 = 43.0° Ans.



3-17.

Determine the mass of each of the two cylinders if they
cause a sag of s = 0.5 m when suspended from the rings at
A and B. Note that s = 0 when the cylinders are removed.

SOLUTION
Tac = 100 N/m (2.828 — 2.5) = 32.84 N
+13F, =0,  32.84sin45° — m(9.81) = 0

m = 237 kg

k =100 N/m

Ans.

%
2. 5w .
1S 2878
- 8 =as®
2w

- Lwn

1
The = 32,99 4
4ge - Tas

1;«(1-“)



3-18.
Determine the stretch in springs AC and AB for

equilibrium of the 2-kg block. The springs are shown in
the equilibrium position.

SOLUTION

FAD = 2(981) = XAD(40) XAD = 0.4905 m

- 2F, =0 FAB(:) - FAC<\1/2) =0

+12F, = 0; FAC(\}§> + FAB@) —2(9.81) =0
Fuc = 1586 N
Xac = % =0.793 m
Fap = 1401N
XAB = 1401 = 0.467 m

30




3-19.

The unstretched length of spring AB is 3 m. If the block is
held in the equilibrium position shown, determine the mass

of the block at D.

SOLUTION
F=kx=3005-3)=60N
BIF, =0 hm%O—wG):o
T = 67.88N
+13F, = 0 —W’+6I%Sm4T—F&(%)=O
W =84N
-8 8.56 kg

=981

Ans.




*3-20.

The springs BA and BC each have a stiffness of 500 N/m and an
unstretched length of 3 m. Determine the horizontal force F
applied to the cord which is attached to the small ring B so

that the displacement of the ring from the wall is d = 1.5 m.
6 m
SOLUTION
B SF =0 LS e -F=0 o
o V11.25 _—
T = ks = 500(V3% + (1.5)> — 3) = 177.05N
F = 158N Ans. 34
F <—-—-—1-‘/Zl—x

o



3-21.

The springs BA and BC each have a stiffness of 500 N/m and an
unstretched length of 3 m. Determine the displacement d of the
cord from the wall when a force F =175 N is applied to the cord.

SOLUTION
B IF, = 0; 175 = 2T sin 9
Tsinf = 87.5
d
T| ———— | =875
V32 +d?

T = ks = 500(\V3? + d* — 3)
3
d(l - 7> =0.175
V9 + d?

By trial and error:

d =156m

Ans.

175 b

54




"3-22.

A vertical force P = 101b is applied to the ends of the 2-ft
cord AB and spring AC. If the spring has an unstretched

length of 2 ft, determine the angle 6 for equilibrium. Take
k = 151b/ft.

SOLUTION
B IF, = 0; Fycos¢p — Tcosh =0
+13F, = 0; Tsin6 + F,sing — 10 =0

s = V@2 + 272 —2(4)(2)cos0 — 2 =2\/5 — dcosh — 2
F, = ks = 2k(V/5 — 4cos 6 — 1)

F E 1'T—F(M>
rom Eq. (1):T = F, 08 8

T—Zk(m_l>< et )( : )

\/5 — 4 cos 6/ \cos O
From Eq. (2):
2k(\/m - 1)(2—cos 0) 2k<\/5—4m - 1)2 sin 6
/540058 tan6 + Nt =10
(Vi-temo—1 0
Ny (2tanf — sin 6 + sin ) = *
ano(V5—deso 1)
Vs—dcoso 4k

Set k = 15 1b/ft

Solving for 0 by trial and error,

0 = 35.0°

Ans.

J
T Fs
9 x
. 1o
&t
1 -

2080 . ala -m.)
e, P,

T Hass

A0



3-23.

2 ft

Determine the unstretched length of spring AC if a force
P = 801b causes the angle § = 60° for equilibrium. Cord
AB is 2 ft long. Take k = 50 1b/ft.

SOLUTION

I = V4 + 22— 2(2)(4) cos 60°
1=V12

Vi 2

sin 60°  sin [0

o Sin_1<25m60 > .

V12
+T2Fy=0; T sin 60° + F sin30° — 80 = 0 T
F
B IF, =0, —T cos 60° + F,cos 30° = 0 o0 f20° ]
Solving for F, 1
F, = 401b .
Fy = kx
40
40 = 50(V12 — 1) 1=V12 - 2 =266ft Ans.

50



*3-24,

The springs on the rope assembly are originally unstretched
when 6 = 0°. Determine the tension in each rope when
F = 90 Ib. Neglect the size of the pulleys at B and D.

SOLUTION
2
"~ cos @

T=kxzk(1—10)=3o<%—2)=60<

0s 6
+13F,=0; 2Tsinf —90 =0
Substituting Eq. (1) into (2) yields:

120(tan § — sin ) — 90 = 0

tan§ — sin 6 = 0.75

By trial and error:

0 = 57.957°

From Eq. (1),

1
T = 60(m - 1) =5311b

)

k =30 Ib /ft

k = 30 Ib /ft

@

@) .'
i

Ans.

F=90/b



3-25.
The springs on the rope assembly are originally stretched

1 ft when 6 = 0°. Determine the vertical force F that must
be applied so that § = 30°.

SOLUTION

2
A= = 2.3094 ft
cos 30°

When 6 = 30°, the springs are stretched 1 ft + (2.3094 — 2) ft = 1.3094 ft
F, = kx = 30(1.3094) = 39.28 Ib
+13F, =0;  2(39.28)sin30° — F = 0

F =3931b

k = 30 1b /ft

Ans.

39.26 b

30°




3-26.

The 10-1b weight A is supported by the cord AC and roller C,
and by the spring that has a stiffness of & =10 Ib/in. If the
unstretched length of the spring is 12 in. determine the distance
d to where the weight is located when it is in equilibrium.

SOLUTION

+12F,=0; Fysin6—10=0

12
F, = kx; F, =10 —— — 12
s o § O(COS 0 )
= 120(sec6 — 1)
Thus,
120(sec® — 1) sin 6 = 10
(tan @ — sin §) = L
12
Solving,

0 = 30.71°

d =12 tan 30.71° = 7.13 in.

Ans.

P

[2.m.




3-27.

The 10-1b weight A is supported by the cord AC and roller C,
and by spring AB. If the spring has an unstretched length of
8 1in. and the weight is in equilibrium when d =4 in., determine
the stiffness k of the spring.

SOLUTION

+1SF, =0; Fysin6—10 =0

12
F, = kx; F, = k( B 8)
cos 0

4
tanf =17 = 18.435°
an6=-55 0

Thus,

12 . o
k(m - 8) sin 18.435° = 10

k = 6.80 1b/in.

10 Ib

I27n.



*3-28.

Determine the tension developed in each cord required for
equilibrium of the 20-kg lamp.

SOLUTION

Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram of joint D shown in Fig. a, we have

X SF =0;  Fpgsin30° — 20(9.81) = 0 Fprp = 3924N = 392N Ans.
+ 13F, =0; 392.4c0830° — Fep =0 Fep = 339.83N = 340N Ans.

Using the result F;, = 339.83 N and applying the equations of equilibrium along the 4
x and y axes to the free-body diagram of joint D shown in Fig. b, we have
+ 3 o E,
S5 2F =0 339.83 — Fey 5)° Fepcos 45° = @ DE
o 30°
4 < ) X
+ 13F, =0 FCA<§) — Fepsind5° =0 )
Solving Egs. (1) and (2), yields ¥
Fep = 275N Foy = 23N Ans. 20C9-8/0N
@)
Fea
“ Ep=339-83N
e -
fzs

(b)



3-29.

Determine the maximum mass of the lamp that the cord
system can support so that no single cord develops a tension
exceeding 400 N.

SOLUTION

Equations of Equilibrium: Applying the equations of equilibrium along the x and y
axes to the free-body diagram of joint D shown in Fig. a, we have

+12F, =0,  Fpgsin 30° — m(9.81) =0  Fpp = 19.62m Ans.

X 2F, =0 19.62mcos 30° — Fcp = 0 Fep = 16.99m Ans.

Using the result F-;, = 16.99m and applying the equations of equilibrium along the
x and y axes to the free-body diagram of joint D shown in Fig. b, we have

X SF, =0, 16.99m — FCA(%) — Fep cos45° =0 1)
+ 12F, =0 FCA(%) — Fepsin45° = ?)
Solving Egs. (1) and (2), yields

Fep = 13.73m Fey = 12.14m

Notice that cord DFE is subjected to the greatest tensile force, and so it will achieve
the maximum allowable tensile force first. Thus

m = 20.4 kg Ans.

Fe
F °
20 30 2
D
m(9:81)
()
Y
Fea
" Fp=/b- 997
———
4 c
Fe

k)



3-30.

A 4-kg sphere rests on the smooth parabolic surface.
Determine the normal force it exerts on the surface and the
mass mp of block B needed to hold it in the equilibrium
position shown.

SOLUTION

Geometry: The angle 6 which the surface makes with the horizontal is to be
determined first.

_ 4

= = 5.0x
x=04m dx

x=0.4m

= 2.00

x=0.4m

tan 0

0 = 63.43°

Free-Body Diagram: The tension in the cord is the same throughout the cord and is
equal to the weight of block B, W = mp (9.81).

Equations of Equilibrium:
BIF, =0 mp(9.81)cos 60° — Nsin 63.43° = 0

N = 5.4840mp a
+13F, = 0; mp(9.81) sin 60° + Ncos 63.43° — 39.24 = 0

8.4957Tmp + 0.4472N = 39.24 ?2)
Solving Egs. (1) and (2) yields

mpg = 3.58 kg N =197N Ans.

#761)=3924 N




3-31.

If the bucket weighs 50 1b, determine the tension developed
in each of the wires.

SOLUTION

Equations of Equilibrium: First, we will apply the equations of equilibrium along the
x and y axes to the free-body diagram of joint E shown in Fig. a.

3

B IF, =0, Fpp cos 30° — FEB(g) =0 §))
A 4

+12F, = 0; Fpsin 30° + FEB(g) -50=0 ?)

Solving Egs. (1) and (2), yields

Fgp =3021b Fpp = 43.611b = 43.61b Ans.

Using the result Frp = 43.61 Ib and applying the equations of equilibrium to the
free-body diagram of joint B shown in Fig. b,

4
+13F, = 0; F e sin 30° — 43.61(§> =0
Fpe = 69.781b = 69.8 Ib Ans.
3
B IF, = 0; 69.78 cos 30° + 43.61 5)Fra=0
Fpa = 86.61b Ans.

Fee
=
+|_ ED
3 30°
x
E
Y
50 1p
)




*3-32.
Determine the maximum weight of the bucket that the wire

system can support so that no single wire develops a tension
exceeding 100 Ib.

SOLUTION

Equations of Equilibrium: First,we will apply the equations of equilibrium along
the x and y axes to the free-body diagram of joint E shown in Fig. a.

3
B IF, =0, Frp cos 30° — FEB(S) =0 ()
, 4
+13F, = 0; Fpsin 30° + FEB(g) - W = 7))
Solving,

Using the result Frz = 0.8723W and applying the equations of equilibrium to the
free-body diagram of joint B shown in Fig. b,

+13F, =0 F g sin 30° — 0.8723W(g) =0
Fpe = 1.395TW

- SF, =0 1.3957W cos 30° + 0.8723W(%) — Fpa=0
Fya = 1.7320W

From these results, notice that wire BA is subjected to the greatest tensile force.
Thus, it will achieve the maximum allowable tensile force first.

Fg, = 100 = 1.7320W

W = 57.71b Ans.

'
Y

30°

4\

k)

Fea=0-8722 W/



3-3. ) -

Determine the tension developed in each wire which is
needed to support the 50-1b flowerpot.

30°30°

SOLUTION

Equations of Equilibrium: First, we will apply the equations of equilibrium along
the x and y axes to the free-body diagram of joint £ shown in Fig. a.

L 3F =0 Fgpsin30° — Fge sin30° = 0 1)
+12F, = 0; Frpcos30° + Frecos30° — 50 = 0 (2)

Solving Egs. (1) and (2), yields
Frp = Fpe = 28.871b = 28.91b Ans.

Using the result and applying the equations of equilibrium along the x and y axes to
the free-body diagram of joint C shown in Fig. b, we have

+T2Fy =0; Fc,sin45° — 28.87 cos 30° = 0

Fcq =35361b = 3541b Ans.
X 3F, =0 Fep + 28.87sin30° — 35.36 cos 45° = 0

Fep = 10.61b Ans.

Due to symmetry,

FDB = FCA = 3541b Ans.

50 b Fec =28-87 16
(«) (b)



3-34.

If the tension developed in each of the wires is not allowed
to exceed 40 1b, determine the maximum weight of the
flowerpot that can be safely supported.

SOLUTION

Equations of Equilibrium: First, we will apply the equations of equilibrium along
the x and y axes to the free-body diagram of joint £ shown in Fig. a.

X SF, = 0; Frpsin30° — Fge sin30° = 0 @
+12F, = 0; Frpcos30° + Fpecos30° — W =0 )

Solving Egs. (1) and (2), yields
Fep = Fgc = 0.5774W Ans.

Using the result Frc = 0.5774W and applying the equations of equilibrium along
the x and y axes to the free-body diagram of joint C shown in Fig. b, we have

+1 2F, = 0; Fe4sin45° — 0.5774W cos 30° = 0
Fc, = 0.7071W

K IF, =0 Fep + 0.5774W sin 30° — 0.7071W cos 45° = 0
Fep = 02113W

Due to symmetry,

FDB = FCA = 0.7071W

From this result, notice that cables DB and CA are subjected to the greater tensile
forces. Thus, they will achieve the maximum allowable tensile force first.

FDB = FCA = 0.7071W

W = 56.61b Ans.

Fec Fer Fa
30’} 30°,

45°




3-35. 35m |

Cable ABC has a length of 5 m. Determine the position x
and the tension developed in ABC required for equilibrium 075 Tm
of the 100-kg sack. Neglect the size of the pulley at B.

SOLUTION

Equations of Equilibrium: Since cable ABC passes over the smooth pulley at B, the
tension in the cable is constant throughout its entire length. Applying the equation
of equilibrium along the y axis to the free-body diagram in Fig. a, we have

+13F, =0, 2T sin — 100(9.81) = 0 (1)

Geometry: Referring to Fig. b, we can write

35 —x N x
cos ¢ cos ¢

¢ = cos™! (35—5) = 45.57°

Also,

x tan45.57° + 0.75 = (3.5 — x) tan45.57°

x =138m Ans.
Substituting ¢ = 45.57° into Eq. (1), yields

T = 687N Ans.

0-751 ) %

ANY

100¢9.81) N
@) ¢



*3-36.

The single elastic cord ABC is used to support the 40-1b
load. Determine the position x and the tension in the cord
that is required for equilibrium. The cord passes through
the smooth ring at B and has an unstretched length of 6 ft
and stiffness of k = 50 1b/ft.

SOLUTION

Equations of Equilibrium: Since elastic cord ABC passes over the smooth ring at B,
the tension in the cord is constant throughout its entire length. Applying the equation
of equilibrium along the y axis to the free-body diagram in Fig. a, we have

+12F, =0 2Tsing — 40 = 0 (6))

Geometry: Referring to Fig. (b), the stretched length of cord ABC is
X 5—x 5

= = 2
Lasc cos ¢ cos ¢ cos ¢ @
Also,
xtang + 1 = (5 — x)tan¢
Stang — 1
T 2tan ¢ 3

Spring Force Formula: Applying the spring force formula using Eq. (2), we obtain

Fy, = k(lapc — b)

5
T = 50{ cosh 6} 4
Substituting Eq. (4) into Eq. (1) yields

Stan¢ — 6sin¢g = 0.4
Solving the above equation by trial and error

¢ = 40.86°
Substituting ¢ = 40.86° into Egs. (1) and (3) yields

T =30.61b x = 1.92ft Ans.




3-37.

The 200-1b uniform tank is suspended by means of a 6-ft-
long cable, which is attached to the sides of the tank and
passes over the small pulley located at O. If the cable can be
attached at either points A and B, or C and D, determine
which attachment produces the least amount of tension in
the cable. What is this tension?

SOLUTION

Free-Body Diagram: By observation, the force F has to support the entire weight
of the tank. Thus, F =200 1b. The tension in cable AOB or COD is the same
throughout the cable.

Equations of Equilibrium:
5 SF,=0; TcosO —Tcosf =0 (Satisfied!)

100
+13F,=0; 200 -2Tsinf=0 T=—— @
sin 0

From the function obtained above, one realizes that in order to produce the least
amount of tension in the cable, sin 6 hence 6 must be as great as possible. Since the
attachment of the cable to point C and D produces a greater 0 (9 =cos i = 70.53°>

3
as compared to the attachment of the cable to points A and B (0 = cos ! % = 48.19"),

the attachment of the cable to point C and D will produce the least amount
of tension in the cable. Ans.

Thus,

100
T = W = 106 Ib Ans.

it

34t



3-38.

The sling BAC is used to lift the 100-1b load with constant A
velocity. Determine the force in the sling and plot its value T 100 Ib
(ordinate) as a function of its orientation 6, where
0=6 = 90°.
A
]
BYf————
SOLUTION e L4
+12F, = 0; 100 — 2T cos 6 = 0
T = {50 sec 6} Ib Ans.
joolb
T [ T
-
50
]



m3-39.

A “scale” is constructed with a 4-ft-long cord and the 10-1b 1ft——
block D.The cord is fixed to a pin at A and passes over two —
small pulleys at B and C. Determine the weight of the ?
suspended block at B if the system is in equilibrium when A c
s=1.5ft.
s=151t
SOLUTION
Free-Body Diagram: The tension force in the cord is the same throughout the cord,
that is, 10 Ib. From the geometry, Dy 1+
B
0.5
— on— ! — o
0 = sin (1-25) 23.58
Equations of Equilibrium:
BIF, =0 10sin 23.58° — 10sin 23.58° = 0 (Satisfied!) 5pe
o
+13F, =0;  2(10)cos23.58° — Wy = 0 ’
= -/
Wg=1831b Ans. %_55/,”:#
Y
[0k 00k
@=23.58" =23.58°
X

We



*3-40.

The load has a mass of 15 kg and is lifted by the pulley

system shown. Determine the force F in the cord as a
function of the angle 6. Plot the function of force F versus
the angle 6 for 0 = 6 = 90°.

SOLUTION

Free-Body Diagram: The tension force is the same throughout the cord.

Equations of Equilibrium:

B IF, = 0; Fsing — Fsinf =0 (Satisfied!)
+13F, = 0; 2F cos 6 — 147.15 = 0 { (N)
F = {73.6sec} N Ans.
%
[
. F F
1 K
V4
A X
73k
i
5 3

o E s e A,
0200457 1o 90" 15980214715 N



3-41.

Determine the forces in cables AC and AB needed to hold
the 20-kg ball D in equilibrium. Take F =300 N and d = 1 m.

SOLUTION

Equations of Equilibrium:

+ 4 2
— EFX = 0, 300 — FAB(i) - FAc(i) =0
Va1 V5

06247F 45 + 0.8944F 1 = 300

+12F, =0 FAB(\/SH) + FAC(\%) -1962 =0

0.7809F 45 + 0.4472F 1 = 1962

Solving Egs. (1) and (2) yields

Fup = 986N  Fuo=267N

@

(2)

Ans.

F3
e

BooH

¥
2¢¢981)=196:2 N



3-42.

The ball D has a mass of 20 kg. If a force of F =100 N is
applied horizontally to the ring at A, determine the largest
dimension d so that the force in cable AC is zero.

SOLUTION
Equations of Equilibrium:
5SSF =0, 100 — Fupc0s0 =0  Fypcos6 = 100
+13F, = 0; Fapsinf — 1962 =0  F,psin 0 = 196.2
Solving Egs. (1) and (2) yields
0 = 62.99° Fup = 22021 N
From the geometry,

d + 1.5 = 2tan 62.99°
d=242m

@
(2)

Ans.

t
Fa
6 100N
—x
4
20(981)2196:2 §
d# 5
926299"



3-43.

Determine the magnitude and direction of the force P
required to keep the concurrent force system in
equilibrium.

SOLUTION
Cartesian Vector Notation:

F; = 2{cos 45° + cos 60°%j + cos 120°k} kN = {1.414i + 1.00j — 1.00k} kN
—1.51 + 3j + 3k
V(-1572 + 3 + 3

F; = {-0.50j} kN

F, = 0.75< > = {-0.250i + 0.50j + 0.50k} kN
P=Pi+Pj+PKk

Equations of Equilibrium:

EF:O, F|+F2+F3+P:0

(P, + 1414 — 0.250) i + (P, + 1.00 + 0.50 — 0.50) j + (P, — 1.00 + 0.50) k = 0

Equating i, j, and k components, we have
P, + 1414 — 0250 =0 P, = —1.164 kN
P, + 1.00 + 0.50 — 0.50 = 0 P, = —-1.00kN

PZ

P, —100+050=0 = 0.500 kN

The magnitude of P is
P=\P,+ P+ P2
= V(~1.164)> + (—1.00)? + (0.500)?

= 1.614 kN = 1.61 kN

The coordinate direction angles are

Ans.

Ans.

Ans.

Ans.

F3=05kN

(-1.5m,3m,3m)

F,=075kN
120°

60°

Vm:sz



*3-44.

If cable AB is subjected to a tension of 700 N, determine the z

tension in cables AC and AD and the magnitude of the

vertical force F. F
A

D 6217 /427
SOLUTION - c
/3/

1.5m
Cartesian Vector Notation: 0 “ Y
6m 2m
2i + 3j — 6k >
F, = 700 = {200i + 300j — 600k} N 3m——"
A < 2+ 32+ (—6)? " B
~1.5i + 2j — 6k ) . *
FAC = FAC = _OZSOSFAcl + 03077FAC.] - 09231FACk
V(=152 + 22 + (—6)?

—3i — 6j — 6k
V(=32 + (—6)> + (—6)?

Fap = FAD< > = —0.3333F 4pi — 0.6667F 4pj — 0.6667F 4pk

F = Fk
Equations of Equilibrium:
SF = 0; Fag + Fac + Fup + F=0
(200 — 0.2308F 4 — 0.3333F 4p)i + (300 + 0.3077F 4 — 0.6667F 4p)j

+ (=600 — 0.9231F 4 — 0.6667F 4,p + F)k = 0

Equating i, j, and k components, we have
200 — 0.2308F 4¢ — 0.3333F 4p = 0 @
300 + 0.3077F 4¢c — 0.6667F 4p = 0 2)

—600 — 0.9231F 4¢ — 0.6667F 4 + F = 0 A3)

Solving Egs. (1), (2) and (3) yields

Fuc=130N F,p=510N F =1060N = 1.06 kN Ans.




3-45.

Determine the magnitudes of Fy, F,, and F; for equilibrium
of the particle.

SOLUTION
F, = F{cos 60°i + sin 60°k}
= {0.5Fi + 0.8660F k}N

3, 4,
F, = Fz{gl —gj}

= {0.6Fi — 0.8Fj}N
F; = F; {—cos 30° — sin 30°j}
{—=0.8660F3i — 0.5F3j }N

SF, =0 0.5F, + 0.6F, — 0.8660F; = 0

SF, =0 —0.8F, — 0.5F3 + 800 sin 30° =

SF,=0; 0.8660F; — 800 cos 30° = 0
F, = 800N Ans.
F = 147N Ans.

F, = 564N Ans.




3-46.

If the bucket and its contents have a total weight of 20 1b,

determine the force in the
and DC.

supporting cables DA, DB,

SOLUTION
3 1.5 3
upa = (G5~ 435I+ 5K
. 1 3
upe {—gl 354 T gk}

SF, = 0;
2F, =0;
2F, =0

1.5 1
_EFDA — Fpp + gFDc =0

3 3

EFDA + EFDC —20=0
FDA =10.01b
FDB =1.111b

FDC = 156 lb

&
Foa Fre
Foe
Ans. " / l 5
Ans. Jﬂ M
Ans.



3-47.

Determine the stretch in each of the two springs required to
hold the 20-kg crate in the equilibrium position shown.
Each spring has an unstretched length of 2 m and a stiffness

of k = 300 N/m.
— B /
A | 12 m
()
SOLUTION T
y
Cartesian Vector Notation: * 4m //6 m
B 6i+4j+12k \ 3 . 2 . 6 %
Foc = Foc Veiii) 7Foct + ZFocj + —Fock
Foa = —Foaj Fop = —Fopi
z
F = {-196.2k} N Foc. /
Equations of Equilibrium: ] foe
1
EFZO, FOC+FOA+FOB+F:0 _— :lzml "’;
] /
3 (2 (6 2 .
(;FOC - FOB)I + (7FOC - FOA).] + (?FOC - 1962)1{ =0 ____J(/’
F=20(361)=1962 N
Equating i, j, and k components, we have
3 X
7Foc = Fop = 0 @
2
7Foc = Foa =0 )]
6
7Foc —1962 =0 A3
Solving Egs. (1),(2) and (3) yields
FOC = 2289 N FOB =98.1N FOA = 654N
Spring Elongation: Using spring formula, Eq. 3-2, the spring elongation is s = <
98.1
Sop = 300 0.327 m = 327 mm Ans.
4
_ 0 = 0.218 m = 218 mm Ans.

S04 = 300

N




*3-48.

If the balloon is subjected to a net uplift force of F =800 N,
determine the tension developed in ropes AB, AC, AD.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in

Fig. (a) in Cartesian vector form as

I (-15-0i+(2-0j+(-6-0k | 3
V(=15 = 002 + (=2 — 0)% + (=6 — 0)?

Fap = Fup

_(2—O)i+(—3—0)j+(—6—0)k :gF_
V2 - 0P+ (307 +(6-07| 77

Fac = Fuc

(0 — 0)i + (25 — 0)j + (—6 — O)k 5

Fap = F
WM N0 -0+ @50+ (—6-07 | 13

W = {800k}N
Equations of Equilibrium: Equilibrium requires

EF:‘), FAB+FAC+FAD+W:0

4 .12
— % Fapl — 75 Fagk

7——F 1
137480 T3 13

3 .6
— 5 Fac) — 5 Fack

7 7

. 12
== Fapj — TFADk

3

3 . 4 .12 2 . 3 . 6 5 . 12
<_FABl - 7FAB.] - FABk> + <7FAC1 - 7FACJ - 7FACk> + (BFADJ - 13f’ﬂADk> + 800k = 0

13 13 13

3 2 . 4
<_13FAB + 7FAC>1 + <_13FAB —

Equating the i, j, and k components yields

3 2
_BFAB +;FAC = 0
4 3 5
13 Fas = 5 Fac 3 Fap =0
12 6 12
_BFAB _;FAC _EFAD + 800 =0

Solving Egs. (1) through (3) yields
F, =203N

F,,=251N

F,,=427N

3 5 .
7 Fac = BFAD>J + <_

12 6 12
BFAB _;FAC _7FAD+ 800>k: 0

13

@

2

3

Ans.

Ans.

Ans.




3-49.

If each one of the ropes will break when it is subjected to a
tensile force of 450 N, determine the maximum uplift force
F the balloon can have before one of the ropes breaks.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. a in Cartesian vector form as

(1.5 — )i + (=2 — 0)j + (=6 — O)k 3 4 1
Fap = Fup > > 51T 13 Fapi— 5 Fapj — -5
V(=15 = 0)* + (=2 — 02 + (—6 — 0) 3

I (2 = 0)i + (=3 — 0)j + (=6 — O)k 2

= Z Fyei— 2 Facj — 2 Fack
V@ 0P+ (302t (6_op| 7 gidTgtae

Fac = Fuc

(0 — 0)i + (2.5 — 0)j + (—6 — 0)k 5 . 12
Fap = Fap 5 > > =7 Fapj — 75 Fapk
V(0 — 02 + (25 — 02 + (=6 — 0) 13 13

F=Fk

Equations of Equilibrium: Equilibrium requires

EF:O, FAB+FAC+FAD+F:0

13 13 13 7 7 7 13 13

3 2 . 4 3 5 . 12 6 12
*BFAB +7FAC i+ *BFAB*7FAC +EFAD j + *EFAB*7FAC *EFADJFF

Equating the i, j, and k components yields

3 2

_EFAB“‘;FAC:O @
4 3 5

_BFAB_;FAC +EFAD:0 2)
12 6 12

_EFAB_7FAC—§FAD+F:0 Q)

Assume that cord AD will break first. Substituting F,p = 450 N into Egs. (2) and (3)
and solving Egs. (1) through (3), yields

Fup = 26471 N
Fuc = 2138N
F = 842.99N = 843N Ans.

Since Fyc = 213.8N < 450N and F,p = 26471 N < 450 N, our assumption is
correct.

3 4 12 2 3 6 5 12
< Fapi — — Fupj — FABk> + <FACi — - Fucj — FAck> + (FADj - FADk> + Fk=0

Jk=o




m3-50.

The lamp has a mass of 15 kg and is supported by a pole AO
and cables AB and AC. If the force in the pole acts along
its axis, determine the forces in AO, AB, and AC for

equilibrium.
SOLUTION
2 1.5 6
_ IS PR
Fao = Faolg 5= g5i + g5k N
6 3 6
= — 3 + 3 — —
Fap = Fagl 91 9J 9k} N
2 3 6
Fiuo = Fpel—=1+=-j — -k} N
AC act 71 7] 7 }
W = 15(9.81)k = {—147.15k}N FAB
Fo
SF, =0 0.3077F 40 — 0.6667F 4,5 — 0.2857F4c = 0 Fao fe
2k, =0; —0.2308F 40 + 0.3333F 5 + 0.4286F 4 = 0 ,5(,7 95”
2F, =0 0.9231F 0 — 0.667F 45 — 0.8571F ¢ — 147.15 =0
Fyo = 319N Ans.
FAB = 110N Ans.

FAC = 858N Ans.



3-51.

Cables AB and AC can sustain a maximum tension of 500 N,
and the pole can support a maximum compression of 300 N.
Determine the maximum weight of the lamp that can be
supported in the position shown. The force in the pole acts
along the axis of the pole.

SOLUTION
2 1.5 6
Fio = Faol==1i— —j + —k} N
a0 = Faolgst= g 5i+ o5kl
6 3 6
= — _‘._7' —_
Fup = Fapl 91 9.] 9k} N
Fy,c = F {,E-+7-,§k} N
Ac = Tac 71 7J 7
W = {Wk} N
2 6 2
2F, =0 EFAO - §FAB - 7FAC =0
1.5 3 3
EFYZO, _EFAO+§FAB+;FAC:0
6 6 6

2F =0 SFao = gFap = 5 Fac = W =

1) Assume F,p = 500 N

2 6 2
6510 = 5(800) = ZFuc =0
1.5 3 3
—EFAO + 5(500) + 7FAC =0
6 6 6
65 Fa0 = §(800) = ZFyc = W =0
Solving,
Fyo = 1444444 N > 300 N (N.G!)
F,c = 388.889 N
W = 666.667 N
2) Assume Fye = 500 N
2 6 2
EFAO - §FAB - ;(500) =0
1.5 3 3
6 6 6
gFAO - §FAB - ;(500) -w=0
Solving,

F,o = 1857.143N > 300 N (N.G!)
Fup = 642.857N > 500N (N.G!)
3) Assume F,p = 300 N

2 6 2
@(300) - §FAB —-Fsc=0

7
1.5 3 3
_6(300) + §FAB + ;FAC = 0
6 6 6
E(?’OO) - EFAB - 7FAC -W=0
Solving,
FAC = 80.8 N
FAB = 104N

Ans.

Fac

Fre
Fao



*3-52.

The 50-kg pot is supported from A by the three cables.
Determine the force acting in each cable for equilibrium.

Take d =2.5 m.
SOLUTION
Cartesian Vector Notation:
6i+ 2.5k 12 .5
P el ) e ek
—6i—2j+3k 6 L2 .3
Fac = Fac > —— | = 5 Faci—Z Facj+t5 Fack
V(=62 +(-2)>+3 7 7

—6i +2j + 3k
Fao = Fan\ =570
(=6)"+2°+3

F = {—490.5k} N

7 7 7

Equations of Equilibrium:
EFZO, FAB+FAC+FAD+F:0

12 6 6 . 2 2 .
EFA377FAC77FAD it *7FAC+7FAD J

5 3 3
+ (EFAB+?FAC+;FAD_490'5)I( =0

Equating i, j, and k components, we have

12 6 6

EFAB_7FAC_7FAD =0
2 2
_7FAC+7FAD = 0
5 3 3
EFAB+?FAC+?FAD_490~S =0

Solving Egs. (1), (2) and (3) yields
FAC=FAD=312N

FAB = 580 N

7

6 2 3
> =~ Fapi+t_ Fapj+- Fapk

@

2

3

Ans.

Y

F=500951)=490-5N



3-53.

Determine the height d of cable AB so that the force in
cables AD and AC is one-half as great as the force in cable
AB.What is the force in each cable for this case? The flower
pot has a mass of 50 kg.

SOLUTION
Cartesian Vector Notation:
Fap = (Fap)ei + (Fap)yk

P —6i-2t3%k& 3 1 3
FAC_2<\/(_6)2+(_2)2+32 =2 Fupl — S Fap) + — Fapk

7 7 14
FAB _6i+2j+3k 3 . 1 . 3
aD = 5 < ———— | = 5 Fasl + S Fap) + 7 Fagk
V(62 + 2+ 3

7 7 14
F = {—490.5k} N

Equations of Equilibrium:
SF=0; Fus+Fu+Fp+F=0
3 3.\, (1 1 i
((FAB)X - ;FAB - 7FAB>1+(_;FAB + 7FAB).]
3 3
+| (Fap): + ﬁFAB + EFAB — 4905 |k =0

Equating i, j, and k components, we have

3 3 6
(Fap)e =5 Fap =5 Fap =0 (Fap)x = 5FaB @
7 7 7
1 1 s %
—?FAB + 7FAB =0 (Satisfied!)
3 3 3
(Fap), + ﬁFAB + ﬁFAB — 4905 =0 (F4p), = 490.5 — ;FAB 2)

However, F%4p = (Fap)2 + (F,p)%, then substitute Eqgs. (1) and (2) into this

expression yields
6 ’ 3 :
Fop = (f FAB) + (490.5 - fFAB)
7 7
Solving for positive root, we have
F 45 = 519.79N = 520N Ans.
1
Thus, Fac=Fup= 5(519.79) = 260N Ans.
Also,
6
(Fap)x = 7(519.79) = 44553 N
3
(Fap), = 490.5 — 7 (519.79) = 267.73N
ran-! |:(FAB)Z:| _ ,1<267.73

then, 0=
en M (Fap)s 44553
d=06tan 6 = 6tan 31.00° = 3.61 m Ans.

) = 31.00°

y
A A
l/=}l"2,r'\/ i?m
Fac”)—f/ -
AV /F //
@yvb}"/ /A/p/ém
S Ay 4
i
Y
F=50(981)=490-5N



3-54.

Determine the tension developed in cables AB and AC and
the force developed along strut AD for equilibrium of the
400-1b crate.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. a in Cartesian vector form as

(=2 = 0)i + (=6 — 0)j + (1.5 — O)k 4 1
Fip = Fap > > > = ——x Fapl — -5 Fapj + -5 Fagk
V(=2 = 07 + (=6 — 0)> + (1.5 — 0) 13

2 —0)i + (-6 — 0)j + 3 — 0)k 2

V2 -0+ (=6-02+(3-002| 7

. ., 3
act == Facl +§FAck

O0-0i+[0-(06l+[0-(25k | 12 . 5
VO- 07+ - (oP 0 - (2ap | 13Tk

Fap = Fap

W = {—400k} Ib
Equations of Equilibrium: Equilibrium requires

EF:(], FAB+FAC+FAD+W:0
4 .12 . 3 2 . 6 . 3 12 . 5
<_13FABI_BFABJJ’_BFABk>+<7FAC1_7FACJ+7FAC](>+<13FADJ+]3FADk>+(_4OOk):0
4 2 . 12 6 12 . 3 3 5
<_13FAB +7FAC>1+<_13FAB_7FAC+13FAD>J+<13FAB+7FAC +13FAD_400>k_0

Equating the i, j, and k components yields

4 2

—Fapt+ 5 Fac=0 @
13 7 b
12 6 12

_BFAB - 7FAC + EFAD =0 2)

3 3 5

EFABJ’_;FAC—"_BFAD_“'OO:O (3)

Solving Egs. (1) through (3) yields

Fup = 2741b Ans.
Fac = 2951b Ans.
Fap = 5471b Ans.




3-55.

If the tension developed in each of the cables cannot
exceed 300 Ib, determine the largest weight of the crate that
can be supported. Also, what is the force developed along
strut AD?

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram
shown in Fig. a in Cartesian vector form as

e C2-0it(6-0iAs -0k [ 4 123
AT 0Pt (6P (s —op| BTl Tz

2-0i+(-6-0j+ 3 -0k ) . .
Ve 0P (6 oprGoop| 7t Tglad Ty ack

Faoc = F,
AC AC 7 7

O-0i+0-COh+0- (29K | 12, . 5
VO =07 +[0— (=6 +[0— (25 | 13777 1377

W = -Wk

Fap = Fap

Equations of Equilibrium: Equilibrium requires

EFZO, FAB+FAC+FAD+W=0
4 .12 . 3 2 . 6 .. 3 12 . 5
<_13FABI_BFABJ+BFABk>+<7FACI_7FACJ+7FACk>+(BFADJJ'_13FADk>+(_Wk):O
4 2 . 12 6 1 . 3 3 5
<_13FAB +7FAC>1+<_13FAB_FAC +FAD>J+<13FAB+7FAC +13FAD—W>k_O

Equating the i, j, and k components yields

4 2
_EFAB + ;FAC = 0
@
12 6 12
= Fap—5Fic T+ 5 Fap=0
13 7 13 @)
3

3 5
7FAB +7FAC + iFAD -W=0
13 7 13 3)

Let us assume that cable AC achieves maximum tension first. Substituting
F4c = 3001b into Egs. (1) through (3) and solving, yields

F,p = 5571b W = 407 Ib Ans.

Since F, 3 = 278.57 Ib < 300 1b, our assumption is correct.




*3-56.

Determine the force in each cable needed to support the
3500-1b platform. Set d = 2 ft.

SOLUTION

Cartesian Vector Notation:

4i — 3j — 10k ) )
FAB = FAB = 03578FABI - 02683FABJ - 08944FABk

VA& 1+ (=3)2 + (~10)
2i + 3j — 10k

Fyc = FAC(

—4i + 1j — 10k ) )
F.p=Fip = —0.3698F ,pi + 0.09245F ,pj — 0.9245F ,pk *

V(=42 + 12 + (—10)?
F = {3500k} Ib

Equations of Equilibrium:

EFZO, FAB+FAC+FAD+F:0

(0.3578F 45 + 0.1881F 4 — 0.3698F 4p) i + (—0.2683F 45 + 0.2822F ¢ + 0.09245F ,p)j i

+ (—0.8944F 45 — 0.9407F 4c — 0.9245F 4p + 3500)k = 0
Equating i, j, and k components, we have
0.3578F 45 + 0.1881F 4 — 0.3698F 4p = 0
—0.2683F 4p + 0.2822F 4c + 0.09245F 4pp = 0
—0.8944F .5 — 0.9407F 4¢c — 0.9245F 4p + 3500 = 0
Solving Egs. (1), (2) and (3) yields

Fap = 1369.591b = 1.37 kip F e = 744.111b = 0.744 kip

Fap = 1703.621b = 1.70 kip

a0 = 0.1881F aci + 0.2822F 4cj — 0.9407F ok
V22 + 32+ (—10

@
2
3

Ans.

Ans.

s




3-57.

Determine the force in each cable needed to support the
3500-1b platform. Set d = 4 ft.

SOLUTION

Cartesian Vector Notation:

4 — 3j — 10k ) )
Fap = Faz = 0.3578F 45i — 0.2683F 45j — 0.8944F 4 k
V& + (=3)7 + (-10)
3j — 10k )
FAC = FAC W = 02873FAC.] - 09578FACk
e
—4i + 1j — 10k ) )
FAD = FAD = _03698FAD1 + 009245FAD.] - 09245FADk X
V(=42 + 12 + (—10)?

F = {3500k} Ib

Equations of Equilibrium:
SF=0; Fup+Fyu+Fp+F=0

(0.3578F 45 — 0.3698F )i + (—0.2683F 45 + 0.2873F 4c + 0.09245F ,p)j
+ (—0.8944F 5 — 0.9578F 4 — 0.9245F 41, + 3500)k = 0

Equating i, j, and k components, we have
0.3578F o5 — 0.3698F 4p = 0
—0.2683F 45 + 0.2873F 4 + 0.09245F 4p = 0
—0.8944F 45 — 0.9578F 4 — 0.9245F 4p + 3500 = 0
Solving Egs. (1),(2) and (3) yields
F,p = 1467.421b = 1.47 kip F 40 = 913.531b = 0914 kip

F,p = 1419.69 1b = 1.42 kip

@
2
3)

Ans.

Ans.

-4
F=35001b
\
it
=2
e
l/"‘:(:
7 T
417 |
4
a1 fiol |05
y !
B 55 N |
A
/ /’ L 7 \k i
/ \‘ :\\"
/ \ )
/ \ "Iﬂjf.
Ioft / \\:
/ Lo
’,’ 3t




3-58.

Determine the tension developed in each cable for
equilibrium of the 300-1b crate.

SOLUTION
Force Vectors: We can express each of the forces shown in Fig. a in Cartesian vector
form as
(=3-0)i+(-6-0)j+ 2-0k 3 . 6 ., 2
Fap = Fap 5 5 51575 Fypi — 7FABJ + 7FABk
V(=3 =07+ (=6 — 0)> + (2 - 0)
2-0i+(-6-0)j+ 3 —-0k 2 . .
Fuc = Fac :7FAC1 _7FACJ +7FAck

V(@2 =07+ (=6 - 07>+ (3 - 0)

O-0i+@B-0j+@-0k 3 .4
Fap = Fap > > S| = gFAD.] +gFADk
VO - 02+ (3—07+(4-0)

W = {~300k} Ib
Equations of Equilibrium: Equilibrium requires

EFZG, FAB+FAC+FAD+W=0

3 . 6 .2 2 . 6 .3 3 . 4
<_7FABl — ; AB) T 7FABk> + <7FAC1 — 7 ac) T 7FACk> + <5FAD.] + SFADk> + (—3001() =0
Equating the i, j, and k components yields
€
3 2
7 Fap + 7FAC =0 @
6 6 3
_7FAB - ;FAC + gFAD =0 )
2 3 4
7FAB+?FAC+§FAD_300:O (3)
Solving Egs. (1) through (3) yields
FAB =79.21b FAC =1191b FAD =283 1b Ans.

W= 360 1b
(2)



3-59.

Determine the maximum weight of the crate that can be
suspended from cables AB, AC, and AD so that the tension
developed in any one of the cables does not exceed 250 1b.

SOLUTION

Force Vectors: We can express each of the forces shown in Fig. a in Cartesian vector
form as

(=3 = 0)i + (=6 — 0)j + (2 — O)k 3

. 6 .2
Fap = Fap = —5 Fapi — 7FABJ + 7FABk

V(=3 = 0 + (=6 — 0)> + (2 — 0 7
-0t (6-0jrG-Ok | 2
V(@2 =07+ (=6 - 07>+ (3 - 0)>

Faoc = F,
AC AC 7 7

O-0i+@B-0)j+@—-0k 3 .4
Fap = Fap > 5 5| gFAD] + gFADk
VO = 02+ (3—0) + (4 — 0)

W = _WC k
Equations of Equilibrium: Equilibrium requires

EF:(], FAB+FAC+FAD+W:0

= 7FAci — 5 Fac) + 5 Fack

3 6 2 2 6 3 3 4

7 7 7 7 7 7 5

3 2 . 6 6 3 . 2 3
<_7FAB + 7FAC>1 + <_7FAB - 7FAC + SFAD>J + <7FAB +7FAC +

Equating the i, j, and k components yields

3 2
7 Fup + ;FAC =0 @
6 6 3
*7FAB - 7FAC + gFAD =0 ?2)
2 3 4
7FAB+;FAC+§FAD_WC:0 3)

Assuming that cable AD achieves maximum tension first, substituting F4, = 250 1b
into Egs. (2) and (3), and solving Egs. (1) through (3) yields

FAB:701b FAC=1051b
We = 2651b Ans.

Since F 3 = 701b < 2501b and F,¢ = 105 Ib, the above assumption is correct.

4
7FAD - Wc>k =0

5




*3-60.

The 800-1b cylinder is supported by three chains as shown.
Determine the force in each chain for equilibrium. Take

d=1ft

SOLUTION
~1j + 1k
Fap = Fap m

= —0.7071F pj + 0.7071F,pk

1i + 1k
= Fuo| ——=5 | = 07071 F i + 0.7071F 40k

FAC - LAC \/m

—0.7071i + 0.7071j + 1k
AB

Fup
V(-0.7071)* + 0.7071> + 12
F = {~800k}Ib

SF=0; Fup+Fu+F+F=0
(—0.7071F 4 pj + 0.7071Fpk) + (0.7071F 4ci + 0.7071F 4ck)
+ (=0.5F5i + 0.5F45j + 0.7071F43k) + (—800K) = 0

(0.7071F 4 — 0.5F,4p)i + (=0.7071F ,p + 0.5F 1p)j
+ (0.7071F,4p + 0.7071F4c + 0.7071F 5 — 800)k = 0

SF,=0; 0.7071F4c — 0.5F,5 = 0

SF,=0;  —0.7071F,p + 0.5F5 = 0

Solving Egs. (1), (2), and (3) yields:

FAB:4691b FAC:FAD:3311b

@
(2)
3)

Ans.

g001b



3-61.

If cable AD is tightened by a turnbuckle and develops a
tension of 1300 Ib, determine the tension developed in
cables AB and AC and the force developed along the
antenna tower AFE at point A.

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. a in Cartesian vector form as

(10 — 0)i + (—15 — 0)j + (=30 — O)k 2 . 3. . 6
> 3 3 _7FA31 _7FABJ_7FABk
V(10 = 02 + (=15 — 0)> + (=30 — 0)

Fap = Fup

(=15 = 0)i + (—10 — 0)j + (~30 — O)k 3 2 6
Fio = F = 2 Faci = = Facj — 2 Fack
AT 15— 0 (10 02 1 (30 o | 7t gl g tac

(0 — 0)i + (12.5 — 0)j + (—30 — O)k
V(0 = 0% + (125 — 0)* + (=30 — 0)

Fap = Fap

= {500§ — 1200k} Ib

Fip = Fagk
Equations of Equilibrium: Equilibrium requires

EF:‘), FAB+FAC+FAD+FAE:0

2 3 6 3 2 6
<7FABi - ?FABj - 7FABk> + <_7FA(,i - ?Fch - 7FACk> + (500j - 1200]() + FAEk = 0

2 3 ) 3 2 : 6 6
<7 Fap — 7FAC>1 + <—7 Fap = 5 Fac + 500); + (—7 Fap = = Fac + Fag = 1200>k =0

Equating the i, j, and k components yields

2 3
7FAB - ?FAC =0 @
3 2 z
—2 Fap — = Fae +500 =0 @
7 7
6 6
2 Fap = 2 Fac + Fag = 1200 = 0 3

Solving Egs. (1) through (3) yields

Fas = 808 1b Ans.
FAC = 5381b Ans.
Fap = 23541b = 235 kip Ans.




3-62.

If the tension developed in either cable AB or AC cannot
exceed 1000 1b, determine the maximum tension that can
be developed in cable AD when it is tightened by the
turnbuckle. Also, what is the force developed along the
antenna tower at point A?

SOLUTION

Force Vectors: We can express each of the forces on the free-body diagram shown in
Fig. a in Cartesian vector form as

(10 — 0)i + (=15 — 0)j + (=30 — O)k 2 . 3.
Fip = Fap > > 51 = 7FABI - 7FABJ -
V(10 = 02 + (=15 — 0)* + (=30 — 0)
(=15 — 0)i + (=10 — 0)j + (=30 — O)k 3.
Fac = Fac > 5 5 | = 75 Faci
V(=15 — 02 + (=10 — 0)* + (=30 — 0) 7
0 — 0)i + (12.5 — 0)j + (=30 — 0)k
¥, = (0= 0)i + ( )i + ( ) :iFj_QFk
VO - 072 + (125 - 072 + (=30 —0)* | 13 13
Fur = Fapk

Equations of Equilibrium: Equilibrium requires

>F =0, Fup + Fyc + Fyp + Fap =0

6
— Fapk
7 Fas

2 .6
- ;FACJ — 5 Fack

7

2 3 6 3 2 6 5 12
<FABi — - Fuj — FABk> + <—FACi — - Fucj — FACk> + (F_] - Fk> + Fuek =0

7 7 7 7 7 7 13

6 12

7 13 7 7 13

13

2 3 3 2 5 6
<7FAB - 7FAC>i + <_7FAB — - Fac t F).] + <_FAB — 5 Fac - ZF FAE>k =

Equating the i, j, and k components yields

2 3

;FAB_;FACZO @
3 2 5

_7FAB - 7FAC + BF =0 ?2)
6 6 12

_?FAB - 7FAC - EF + Fap =0 ()]

Let us assume that cable AB achieves maximum tension first. Substituting
F,5 = 1000 1b into Egs. (1) through (3) and solving yields

Fac = 666.67 1b

Fur = 29141b = 291 kip F =16101b = 1.61 kip Ans.

Since F, ¢ = 666.67 Ib < 1000 1b, our assumption is correct.




3-63.

The thin ring can be adjusted vertically between three
equally long cables from which the 100-kg chandelier is
suspended. If the ring remains in the horizontal plane and
z = 600 mm, determine the tension in each cable.

SOLUTION

Geometry: Referring to the geometry of the free-body diagram shown in Fig. a,
the lengths of cables AB, AC,and AD are all/ = 0.5 + 0.6 = V0.6l m

Equations of Equilibrium: Equilibrium requires

)ZOFAD:FAC:F

0.5 cos 30°> s (o.s cos 30°
Vo6l “\ Voo

EFVZO, FAD<

0.5 0.5 sin 30°
SE =0 Fapl| 2] —o| p[ 22520 ) | _ Fap=F
' AB<\/0.61> [ < Vo.61 ﬂ 4B

Thus, cables AB, AC, and AD all develop the same tension.

0.6

V0.61

Fap= Fac = Fu p=426N

SF, =0 3F< ) ~100(9.81) = 0

100(9-81)A ks

(&)



*3-64,

The thin ring can be adjusted vertically between three z
equally long cables from which the 100-kg chandelier is
suspended. If the ring remains in the horizontal plane and
the tension in each cable is not allowed to exceed 1 kN,
determine the smallest allowable distance z required for
equilibrium.

SOLUTION

Geometry: Referring to the geometry of the free-body diagram shown in Fig. a,
the lengths of cables AB, AC,and AD are all/ = V 0.5 + 22

Equations of Equilibrium: Equilibrium requires

0.5 30° 0.5 30°
EFXZO, FAD L - F L =0 FAD:FAC:F

N ANVost+ 2

0.5 0.5 sin 30°
SF, =0, Fap| —F———= | — 2| F| —F/——= =0 F,p=F

V0.5% + 22 V0.5% + 22

Thus, cables AB, AC, and AD all develop the same tension.

SF,=0; 3F| ———— | - 100(9.81) = 0
0.5% + 22

Cables AB, AC, and AD will also achieve maximum tension simultaneously.
Substituting F = 1000 N, we obtain

Zz

\V0.5% + 72

z = 0.1730 m = 173 mm

3(1000) — 100(9.81) = 0

X X o~
100(9-81) N
(&)



3-65.

The 80-1b chandelier is supported by three wires as shown.

Determine the force in each wire for equilibrium.

SOLUTION
1 1 )
EFXZO, %FAcfﬁFAgcoséls =0
— 1 1 ; o _
EF),—O, _ﬁFADJ’_ﬁFABSln“S =0
2.4 24 2.4
EFZ = 0, %FAC + ﬁFAD + %FAB 80 0
Solving,
FAB =3591b

FAC = FADZ 2541b

2.4 ft

Ans. 3

Ans. Fap



3-66.

If each wire can sustain a maximum tension of 120 1b before
it fails, determine the greatest weight of the chandelier the
wires will support in the position shown.

SOLUTION
1 1 )
EFX = O, %FAC - RFAB cos45° =0
-0 1 1 : o —
2F, =0, —%FAD-F%FABSIH45 =0
24 24 2.4
EFZZO; %FAC—"—ﬁFAD—F%FAB W =0

Assume F,c = 120 1b. From Eq. (1)

1 1
ﬁ(lZO) - 276FAB cos45° =0

Fap = 169.71 > 120 1b (N.G!)

Assume F,p = 120 1b. From Eqgs. (1) and (2)

1 1 o
%FAC - %(120)(COS 45°) =0

F,c = 84.8531b < 1201b (0.K?!)

1 1 .
——Fup + — ° =
2.6FAD 26 (120) sin 45 0

F,p = 84.8531b < 1201b (0.K!)

Thus,

2.4
W = %(FAC + Fup + Fup) = 267.42 = 267 1b

24 ft

@

2

3

Ans.




m3-67.

The 80-1b ball is suspended from the horizontal ring using
three springs each having an unstretched length of 1.5 ft and
stiffness of 50 1b/ft. Determine the vertical distance /4 from
the ring to point A for equilibrium.

SOLUTION

Equation of Equilibrium: This problem can be easily solved if one realizes that due
to symmetry all springs are subjected to a same tensile force of F,. Summing forces

along z axis yields
2F, =0 3F,cosy =80 =0

Spring Force: Applying Eq. 3-2, we have

15 75
Fyp=ks =k(l — Iy) = 50( 2 1.5) - -7
sin y sin y

Substituting Eq. (2) into (1) yields

75
3( - —75)cosy—80:0
sin y

45
tany = —(1 — sinvy)

16
Solving by trial and error, we have
v = 42.4425°
Geometry:
h = Ly 1.3 = 1.64ft

tany  tan 42.4425°

@

2

Ans.

151t 1.5ft
120°
< 120°
120°‘ /
h
A
z
F
¥ A
F’f .'1 ox’ / 5
™~/ ’
7
* ‘Lamb



*3-68.

The pipe is held in place by the vise. If the bolt exerts a
force of 50 Ib on the pipe in the direction shown, determine
the forces F,4 and Fj that the smooth contacts at A and B
exert on the pipe.

SOLUTION
4
BIF =0, Fg— F,cos60° — 50<§> =0
. 3
+13F,=0; —F,sin60° + 50(5) =0
F,=3461b Ans.

Fz =5731b Ans.




3-69.

When y is zero, the springs sustain a force of 60 Ib.
Determine the magnitude of the applied vertical forces F
and —F required to pull point A away from point B a
distance of y = 2 ft. The ends of cords CAD and CBD are
attached to rings at C and D.

SOLUTION
Initial spring stretch:
60
=— =15ft
1T %0
1
+12F, =0 F—26T>=& F=T
3
BIF =0 —ﬂ+2<j>F—O
F, = 1.732F

Final stretch is 1.5 + 0.268 = 1.768 ft
40(1.768) = 1.732F

F =40.81b

i T
. Y %

k = 40 b /ft k = 40 b /ft

-F
%

F

2,4
TR T

Ans.

R —
02085t 1732 1



3-70.

When y is zero, the springs are each stretched 1.5 ft.
Determine the distance y if a force of F = 60 1b is applied
to points A and B as shown. The ends of cords CAD and

CBD are attached to rings at C and D.

SOLUTION
+T2Fy:0;
B SF =0;

Substitute Fin Eq. 1

By trial and error:

2T sinf = 60
Tsin6 = 30
2T cos 6 = Fy,
F,,tan 6 = 60
Fy, = kx

F,,=40(1.5 + 2 — 2 cos 0)

40(1.5 + 2 — 2cos f)tan § = 60
(35 —2cosf)tanf = 1.5
3.5tanf — 2sinf = 1.5

1.75tan6 — sin 6 = 0.75

0 = 37.96°
% = 2 sin 37.96°

y = 2.46 ft

y
k = 40 Ib /ft ﬂ

-F
¥
bolb
1
¥ - -
T T
& ooT

Ans.



3-71.

Romeo tries to reach Juliet by climbing with constant
velocity up a rope which is knotted at point A. Any of the
three segments of the rope can sustain a maximum force of
2 kN before it breaks. Determine if Romeo, who has a mass
of 65 kg, can climb the rope, and if so, can he along with
Juliet, who has a mass of 60 kg, climb down with constant
velocity?

SOLUTION

+12F, =0; T 4 sin 60° — 65(9.81) = 0
Tap = 73629 N < 2000 N

B SF, =0, T ac — 736.29 cos 60° = 0

Yes, Romeo can climb up the rope. Ans.
+12F, =0; T 4p5sin 60° — 125(9.81) = 0
T 5 = 141595 N < 2000 N

S3F, =0 T ¢ — 1415.95 cos 60° = 0

Tus

T sc = 708 N < 2000 N
(74 Tac_. N
Also, for the vertical segment,
65(981)N

T = 125(9.81) = 1226 N < 2000 N

Yes, Romeo and Juliet can climb down. Ans.

Tas

40° Tac

—_x

125(9-31)N



*W3-72.

Determine the magnitudes of forces Fy, F,, and F; necessary z
to hold the force F = {—9i — 8j — 5k} kN in equilibrium.

SOLUTION

4
YF,=0;  Fycos60°os30° + F,cos 135° + gF3 -9=0

4
2F,=0; —F; cos 60°in 30° + F, cos 60° + 8F3 -8=0

2
2F, =0 Flsin60°+cmos60°—gF3—5=0

0.433F, — 0.707F, + 0.667F; = 9
—0.250F; + 0.500F, + 0.667F; = 8

0.866F; + 0.500F, — 0.333F; = 5

Solving,
F; = 826 kN Ans.
F, = 3.84 kN Ans.

F3 =122 kN Ans.



3-73.

The man attempts to pull the log at C by using the three
ropes. Determine the direction 6 in which he should pull on
his rope with a force of 80 Ib, so that he exerts a maximum
force on the log. What is the force on the log for this case?
Also, determine the direction in which he should pull in
order to maximize the force in the rope attached to B. What
is this maximum force?

SOLUTION
B SF, =0, Fup+ 80cosf — Fcsin60° =0 ()
+13F, =0; 80sinf — F ¢ cos 60° = )
F 4c = 160sin 0
ngc =160cos§ = 0
0 = 90° Ans.
F, c=1601b Ans.
From Eq. (1),

FACsin 60° = FAB + 80 cos 0
Substitute into Eq. (2),
80 sin 0 sin 60° = (F 45 + 80 cos #)cos 60°

F 5 = 138.6sin0 — 80 cos 0

dF 4p

= 138. + inf =
20 138.6 cos 6 + 80sinf = 0

138.6
= == = 1200 Ans.
0 = tan { 80} 0 ns

F 4p = 138.6 sin 120° — 80 cos 120° = 160 1b Ans.



m3-74,

The ring of negligible size is subjected to a vertical force of
200 Ib. Determine the longest length / of cord AC such that
the tension acting in AC is 160 1b. Also, what is the force
acting in cord AB? Hint: Use the equilibrium condition to
determine the required angle 6 for attachment, then
determine / using trigonometry applied to AABC.

SOLUTION
Equations of Equilibrium:
B SF =0, Fapcos40°—160cosf = 0

+12F,=0;  Fupsin40° + 160sin 6 — 200 = 0

Solving Egs. (1) and (2) and choosing the smallest value of 6, yields
0 = 33.25°

FAB = 175 lb

Geometry: Applying law of sines, we have

[ 2

sin40° ~ sin 33.25°

l =2341t

@
2

Ans.

Ans.

%
Fozt60 b Fag
6 40°
Ny X
4"20015




3-75.

Determine the maximum weight of the engine that can be
supported without exceeding a tension of 450 1b in chain AB
and 480 1b in chain AC.

SOLUTION

BIF, =0; Fuccos30° — Fup=0

+13F, =0;  Fyesin30° =W =0

Assuming cable AB reaches the maximum tension F,z = 450 Ib.
From Eq. (1) Fyc cos30° — 450 = 0 Fyc = 519.61b > 480 1b
Assuming cable AC reaches the maximum tension F,- = 480 Ib.
From Eq. (1) 480 cos 30° — F45 =0 F,p = 415.71b < 4501b

From Eq. (2) 480sin30° — W =0 W = 2401b

@
(2)

(No Good)

(OK)

Ans.




*3-76.

Determine the force in each cable needed to support the
500-1b load.

SOLUTION
At C:

-0 1 _ LI
*h FCA(VE) FCB(VE) !

3 3
o <\/E> * e (5) B

3
2 F = 0, _FCA <>
g V10
4
> FZ = 0, -500 + FCD (g) =0
Solving:
Fep = 6251b

FCA = FCB = 198 Ib

Ans.

Ans.




3-77.

The joint of a space frame is subjected to four member
forces. Member OA lies in the x—y plane and member OB
lies in the y—z plane. Determine the forces acting in each of
the members required for equilibrium of the joint.

SOLUTION

Equation of Equilibrium:

SF. =0 —Fsin45° = 0 Fi =0 Ans.
ZF, =0 F,sin 40° — 200 = 0 F,=311.141b = 3111b Ans.

Using the results /| = 0 and F>, = 311.14 Ib and then summing forces along the y axis,
we have

2F, =0, F3 — 311.14 cos 40° = 0 F;=2381b Ans.




4-1.

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

SOLUTION

Consider the three vectors; with A vertical.

Note obd is perpendicular to A.
od = |A X (B + D)| = |A||B + D|sin 6;
ob = |A X B| = |A||B] sin 6,

bd = |A X D| = |A||D] sin 6,

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

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

AXB+D)=(AXB)+ (A XD) (QED) -
Note also fx‘d A X(B TD)
: D
A=A i+ Aj+ Ak ;XBD
B=B,i+B,j+ Bk
D =D,i+ D,j+ D.k
i i k 0 A
AXB+D)=| A, A, A,
B.+D, B,+D, B +D,
— [A, (B. + D.) - A(B, + D,)li b

- [Ax(Bz + Dz) - Az(Bx + Dx)]j

+ [A«(B, + Dy) — A(B, + Dy)]k

=[(AyB, — A.B)i — (AB, — A B))]j + (A, B, — A, Bk RXB
+ [(AyDz - Asz)i — (AD, - A, D))j + (Any - Any)k = T
i j k i j k AX(B“))
=lA, A, Al+]A, A, A,
B, By B, D, Dy D, -
= (A XB) + (A XD) (QED) AXE




4-2.

Prove the triple scalar product identity
A-(B X C)= (A XB)-C.

SOLUTION

As shown in the figure

Area = B(Csin6) = |B X C|

Thus,
Volume of parallelepiped is |B X C||A|
But,
B xC
= 1A wc| = ‘A'(m ' C|)‘
Thus,

Volume = |A - (B X C)|

Since [(A X B) - C| represents this same volume then

A-BXC)=(AXB)C (QED)

Also,
LHS = A-(B X C)
i j k
= (A,i+ Ayj+ A, k). | B, B, B,
¢, ¢ C
= A, (ByCZ — BZCy) - Ay(BxCZ - BC,) + AZ(Bny — Bny)
=ABC, - ABC, - ABC, +ABC,+ ABC, - AB/C,
RHS = (A X B):-C

i Kk
A, A]-(Cii+ Cj+C.K)
B, B

i
Ay
B, 2

= C(A, B, — A.B,) — C(AB, — A.B,) + C.(AB, — A,B,)
= ABC. - ABC,— ABC. + ABC, + A.B.C, — A.B,C,
Thus, LHS = RHS

A-BXC)=(AXB)C (QED)



4-3.

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

SOLUTION

Consider,

|A-(B X C)| = |A||B X C|cos 8

= (|A| cos 8)[B x C| > ;
= |n|[B x C] b
= BC |h| sin ¢

= volume of parallelepiped.

If A- (B X C) = 0, then the volume equals zero, so that A, B, and C are coplanar.




*4-4,

Determine the moment about point A of each of the three F,=3751b F,=5001b
forces acting on the beam.

SOLUTION

F3=1601b
C-i- (MFI)A = _375(8)

= —=30001b-ft = 3.00 kip - ft (Clockwise) Ans.
4
= —=56001b-ft = 5.60 kip - ft (Clockwise) Ans.
G+ (Mp,) 4 = —160(cos 30°)(19) + 160 sin 30°(0.5)

= —25931b-ft = 2.59 kip - ft (Clockwise) Ans.



4-5.

Determine the moment about point B of each of the three
forces acting on the beam.

SOLUTION

C+(Mp)p = 375(11)

41251b-ft = 4.125 kip - ft (Counterclockwise)

C+(Mp)p = 500(%)(5)

= 20001b-ft = 2.00 kip - ft (Counterclockwise)

C+(Mg,)p = 160 sin 30°(0.5) — 160 cos 30°(0)

= 40.0Ib-ft (Counterclockwise)

F,=3751b

F,=5001b

Ans.

Ans.

Ans.

Fy=1601b



4-6.

The crane can be adjusted for any angle 0° = # = 90° and
any extension 0 = x = 5m. For a suspended mass of
120 kg, determine the moment developed at A as a function
of x and 6. What values of both x and 6 develop the
maximum possible moment at A? Compute this moment.
Neglect the size of the pulley at B.

SOLUTION
C+ My = —120(9.81)(7.5 + x) cos 0
= {-11772cos (75 + x)} N-m

= {1.18 cos (7.5 + x)} kN-m (Clockwise)

The maximum moment at A occurs when # = 0° and x = 5m.

CH+ (Mp)max = {—1177.2cos 0°(7.5 + 5)} N-m

—14715N'm

14.7kN-m (Clockwise)

Ans.

Ans.

Ans.



4-7.

Determine the moment of each of the three forces about F =250 N 30° F,=300N
point A. ! ‘i i
A 60
2m | 3m
4m
SOLUTION
The moment arm measured perpendicular to each force from point A is
d; = 2sin 60° = 1.732 m BN\
. o __ 3
d, = 5sin 60° = 4.330 m Fyix 500N
dz = 2sin 53.13° = 1.60 m
F=250d
Using each force where M, = Fd, we have
G+ (Mp)a = —250(1.732)
= —433N-m = 433 N-m (Clockwise) Ans.
C + (Mp) a4 = —300(4.330) £ =300M
= —1299N-m = 1.30kN-m (Clockwise) Ans. .
5m 60
g + (MF3)A = _50()(1.60) A @0’

—800N-m = 800 N-m (Clockwise) Ans. 4y




*4-8.

Determine the moment of each of the three forces about point B.

SOLUTION

The forces are resolved into horizontal and vertical component as shown in Fig. a.
For Fq,

C+ My = 250 cos 30°(3) — 250 sin 30°(4)
= 14951 N-m = 150N-m O Ans.

For Fy,

C + My = 300 sin 60°(0) + 300 cos 60°(4)
=600N-m 5 Ans.

Since the line of action of F3 passes through B, its moment arm about point B is
zero. Thus

Mg =20 Ans.

o) F,=300N
L= 250N 30 2
60°
]
2m | 3m
4m
BN\
3
Fy= 500N

F <2508 250C0530N _3003in 60°N
-==1

-—-ak,=300n

300 Cas bo°N




4-9.

Determine the moment of each force about the bolt located
at A.Take Fg = 401b, F- = 50 1b.

SOLUTION
C+Mp = 40 cos 25°(2.5) = 90.61b-ft D

C+M¢ = 50 cos 30°(3.25) = 141 1b-ftS

Ans.

Ans.



4-10.

If Fp=301b and Fc = 451b, determine the resultant
moment about the bolt located at A.

SOLUTION

C+M,

30 cos 25°(2.5) + 45 cos 30°(3.25)

1951b-1t D




4-11.

The railway crossing gate consists of the 100-kg gate arm
having a center of mass at G, and the 250-kg counterweight
having a center of mass at Gyy. Determine the magnitude
and directional sense of the resultant moment produced by

the weights about point A.

SOLUTION

+(Mg)a = SFd; (Mg), = 10009.81)(2.5 + 0.25) — 250(9.81)(0.5 — 0.25)
= 2084.625 N -m = 2.08 kN - m (Counterclockwise)

Ans.

2.5m

0.75m

AA

GWlm

Uﬁ"
5

o



*4-12.

The railway crossing gate consists of the 100-kg gate arm
having a center of mass at G, and the 250-kg counterweight
having a center of mass at Gyy. Determine the magnitude
and directional sense of the resultant moment produced by
the weights about point B.

SOLUTION

C+(My)p = SFd; (Mg)g = 100(9.81)(2.5) — 250(9.81)(0.5)
= 122625 N-m = 1.23 kN - m (Counterclockwise)

0.75 m

Ans.




*4-13.

The two boys push on the gate with forces of F, = 301b,
and Fg = 501b, as shown. Determine the moment of each
force about C. Which way will the gate rotate, clockwise or
counterclockwise? Neglect the thickness of the gate.

SOLUTION

3
C+ Mp,)e = *3()(5)(9)
= —1621b-ft = 162 1b - ft (Clockwise) Ans.

G+ (Mp,)c = 50(sin 60°)(6)
260 1b - ft (Counterclockwise) Ans.

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



4-14.

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

SOLUTION

In order to prevent the gate from turning, the resultant moment about point C must
be equal to zero.

+My, = SFd; My =0 = 30sin60°(6) — FA(%)@)

F,=2891b Ans.



4-15.

The Achilles tendon force of F, = 650 N is mobilized when F,
the man tries to stand on his toes. As this is done, each of his )
feet is subjected to a reactive force of N; = 400 N. OJ’
Determine the resultant moment of F, and N, about the 3
ankle joint A.

K

SOLUTION 200[““‘

Referring to Fig. a,

C+(Mg)a = SFd;  (Mg), = 400(0.1) — 650(0.065) cos 5°

65 mm ) Np=400N
=—2.09N-m = 2.09 N-m (Clockwise) Ans. 100 mm



*4-16.

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

—_—

200 mm

SOLUTION J

Referring to Fig. a, A

C+(Mp)a = SFd; 0 = 400(0.1) — F cos 5°(0.065)

65 mm / Ny=400N
F = 618N Ans. 100 mm




4-17.

The total hip replacement is subjected to a force of
F = 120 N. Determine the moment of this force about the
neck at A and the stem at B.

SOLUTION

Moment About Point A: The angle between the line of action of the load and the
neck axis is 20° — 15° = 5°.

C+ M, = 120sin 5°(0.04)

= 0.418 N-m (Counterclockwise) Ans.

Moment About Point B: The dimension / can be determined using the law of sines.

l 55
sin 150° - sin 10° [ = 158.4 mm = 0.1584 m

Then,

G+ My = —120sin 15°(0.1584)

= —492N-m = 492 N-m (Clockwise) Ans.

150°



4-18.

The tower crane is used to hoist the 2-Mg load upward at

4m
. .o .o 9.5m
constant velocity. The 1.5-Mg jib BD, 0.5-Mg jib BC, and G,

B

6-Mg counterweight C have centers of mass at G, G, and

Gy, respectively. Determine the resultant moment produced G W
by the load and the weights of the tower crane jibs about

point A and about point B.

12.5m

SOLUTION

Since the moment arms of the weights and the load measured to points A and B are
the same, the resultant moments produced by the load and the weight about points
A and B are the same.

C+ (Mp)a = (Mp)p = SFd; (Mp)a = (Mg)g = 6000(9.81)(7.5) + 500(9.81)(4) — 1500(9.81)(9.5)

—2000(9.81)(12.5) = 76 027.5 N-m = 76.0 kN - m (Counterclockwise)
Ans.



4-19.

The tower crane is used to hoist a 2-Mg load upward at con- 4m - 9.5m —

stant velocity. The 1.5-Mg jib BD and 0.5-Mg jib BC have '

centers of mass at G| and Gy, respectively. Determine the G B I
required mass of the counterweight C so that the resultant c ! G
moment produced by the load and the weight of the tower Gs [ 75m —3 12.5 m—

XX

crane jibs about point A is zero. The center of mass for the
counterweight is located at G3.

XD

X

X

23 m

DXDIXDIXDIXDDXD XX

X

X

SOLUTION _

b

C+ (Mp)y = 2Fd, 0 = Mc(9.81)(7.5) + 500(9.81)(4) — 1500(9.81)(9.5) — 2000(9.81)(12.5)
M = 4966.67 kg = 4.97 Mg Ans.



*4-20.

The handle of the hammer is subjected to the force of
F = 201b. Determine the moment of this force about the
point A.

SOLUTION

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

C+M, = =20 cos 30°(18) — 20 sin 30°(5)

—361.771b-in = 362 Ib-in (Clockwise) Ans.

Bin.

5iN-
()



4-21.

In order to pull out the nail at B, the force F exerted on the
handle of the hammer must produce a clockwise moment of
500 Ib. in. about point A. Determine the required magnitude
of force F.

SOLUTION

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

C +M, = =500 = —F cos 30°(18) — F sin 30°(5)

F =2761b Ans.




4-22.

The tool at A is used to hold a power lawnmower blade
stationary while the nut is being loosened with the wrench.
If a force of 50 N is applied to the wrench at B in the direction
shown, determine the moment it creates about the nut at C.
What is the magnitude of force F at A so that it creates the
opposite moment about C?

SOLUTION
C+ M, = 50sin 60°(0.3)

My =1299 = 13.0N'm Ans.

C+My=0; —12.99 + F(%)(OA) =0

F =352N Ans.



4-23.

The towline exerts a force of P = 4 kN at the end of the
20-m-long crane boom. If 6 = 30°, determine the
placement x of the hook at A so that this force creates a
maximum moment about point O. What is this moment?

SOLUTION

Maximum moment, OB 1. BA

C+ (Mp)max = —4kN(20) = 80kN -m D Ans.
4 kN sin 60°(x) — 4 kN cos 60°(1.5) = 80 kN -m

x =24.0m Ans.



*4-24,

The towline exerts a force of P = 4k N at the end of the
20-m-long crane boom. If x =25 m, determine the position 6
of the boom so that this force creates a maximum moment

about point O. What is this moment? P=4kN

A
SOLUTION
Maximum moment, OB 1. BA
C+ (Mp)max = 4000(20) = 80000 N-m = 80.0 kN -m Ans.
0m
4000 sin ¢(25) — 4000 cos ¢(1.5) = 80 000 0. 3
25sin¢ — 1.5cos ¢ = 20 tSmL 3 4,000N
¢ = 56.43° W,
60 = 90° — 56.43° = 33.6° Ans.
_0m
Also, | °
. —xE|*5m M,000N
15y +z2=y 7 D5y
225 + 22 = y?

Similar triangles

20+y 25+ z
4 y

20y + y* =25z + 2
20(V225 + 22 + 225 + 22 =252 + 22
7 =12260m

y=2712m

2.260
0 = cos _1<m) = 33.6° Ans.



4-25.

If the 1500-1b boom A B, the 200-1b cage BCD, and the 175-1b
man have centers of gravity located at points G, G, and G3,
respectively, determine the resultant moment produced by
each weight about point A.

SOLUTION

Moment of the weight of boom AB about point A:

C+ M, = —1500(10 cos 75°) = —3882.29 Ib - ft = 3.88 kip * ft (Clockwise) Ans.
Moment of the weight of cage BCD about point A:

C+ M, = —200(30 cos 75° + 2.5) = —2052.91 Ib- ft = 2.05 kip - ft (Clockwise) ~ Ans.
Moment of the weight of the man about point A:

C+ M, = —175(30 cos 75° + 4.25) = —2102.55Ib - ft = 2.10 kip - ft (Clockwise) Ans.




4-26.

If the 1500-1b boom AB, the 200-1b cage BCD, and the Gs
175-1b man have centers of gravity located at points G1, Gy
and Gg, respectively, determine the resultant moment pro-
duced by all the weights about point A.

SOLUTION

Referring to Fig. a, the resultant moment of the weight about point A is given by
C+(Mp)4 = 2Fd, (M), = —1500(10 cos 75°) — 200(30 cos 75°+2.5) — 175(30 cos 75°+ 4.25)
= —8037.751b - ft = 8.04 kip - ft (Clockwise) Ans.

Goeospspas) it~k i ih

\\ L
-1 754¢
20§t 25,
" 10¢08TE ft
i 15001b
10ft
15°
A
(Rocosis’s 42504t .

@)



4-27.

The connected bar BC is used to increase the lever arm of the
crescent wrench as shown. If the applied force is F =200 N and
d = 300 mm, determine the moment produced by this force
about the bolt at A.

SOLUTION

By resolving the 200-N force into components parallel and perpendicular to the box
wrench BC, Fig. a, the moment can be obtained by adding algebraically the moments
of these two components about point A in accordance with the principle of
moments.

C+(Mg)4 = SFd; M 4 = 200 sin 15°(0.3 sin 30°) — 200 cos 15°(0.3 cos 30° + 0.3)

/4\0;3/5 n30°m

= —100.38 N-m = 100 N - m (Clockwise) Ans. & —a005in 16N

2008505 N



*4-28,.

The connected bar BC is used to increase the lever arm of
the crescent wrench as shown. If a clockwise moment of
M, = 120N -m is needed to tighten the bolt at A and the
force F = 200 N, determine the required extension d in
order to develop this moment.

SOLUTION

By resolving the 200-N force into components parallel and perpendicular to the box
wrench BC, Fig. a, the moment can be obtained by adding algebraically the moments
of these two components about point A in accordance with the principle of moments.

C+(Mp)y = SFd; —120 = 2005sin 15°(0.3 sin 30°) — 200 cos 15°(0.3 cos 30° + d)

d = 0.4016 m = 402 mm Ans.




4-29.

The connected bar BC is used to increase the lever arm of
the crescent wrench as shown. If a clockwise moment of
M, = 120N -m is needed to tighten the nut at A and the
extension d = 300 mm, determine the required force F in
order to develop this moment.

SOLUTION

By resolving force F into components parallel and perpendicular to the box wrench
BC, Fig. a, the moment of F can be obtained by adding algebraically the moments
of these two components about point A in accordance with the principle of
moments.

C+(Mp)4 = SFd; =120 = F'sin 15°(0.3sin 30°) — F cos 15°(0.3 cos 30° + 0.3)
F =239N Ans.




4-30.

A force F having a magnitude of F = 100 N acts along the
diagonal of the parallelepiped. Determine the moment of F
about point A,usingM, = rz X Fand M, = rc X F.

SOLUTION

—-04i+06j+ 0.2 k)
0.7483

F=100<

F={-535i+802j+ 267k} N

i i k

M,=1z xF=| 0 —06 0 |={-160i-321k}N-m
~535 802 267

Also,

i ik
M,=rcXxF=|-04 0 02|={-160i-321k}N-m
~535 802 267

B rp
/7 600 mm
F
X
Ans.
Ans.




4-31.

The force F = {600i + 300j — 600k} N acts at the end of
the beam. Determine the moment of the force about

point A.

SOLUTION

-

= {021 + 12§} m
i K

Mp=rxF=1[02 12 0

600 300 —600

M, = {~720i + 120j — 660k} N-m Ans.



*4-32.

Determine the moment produced by force Fp about point O.
Express the result as a Cartesian vector.

SOLUTION

Position Vector and Force Vectors: Either position vector rp4 Or rpp can be used to
determine the moment of Fgz about point O.

Yoa = [6k] m o = [25j] m
The force vector Fy is given by

(0 = 0)i + (25 — 0)j + (0 — 6)k
VO = 0> + (25— 0> + (0 — 6)

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

i Kk

Mp=ro, XxFz=10 0 6 | =[-1800i] N-m = [-1.80i] kN-m  Ans.
0 300 —720

or
i K

Mp=r1o5 XFz=10 25 0 |=[-1800i]N-m = [-1.80i kN-m  Auns.
0 300 —720

AC0,06)m
F=780N

%

1

0 B(o,250)m
o

e ¢

(&)



4-33.

Determine the moment produced by force Fc about point O.
Express the result as a Cartesian vector

SOLUTION

Position Vector and Force Vectors: Either position vector rp,4 Or roc can be used to
determine the moment of F¢ about point O.

roa = {0k} m
roc=Q2—-0)i+ (-3-0)j+ (0 —0k=1[2i —3j]m
The force vector F¢ is given by

2 —0)i + (-3 — 0)j + (0 — 6)k
V2 =02+ (=3-0)07%+ (0 - 6)

FC = FC“FC = 420B

J = [120i — 180j — 360k] N

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

i i K
My =rtos X Fo= | 0 0 6 | = [1080i + 720j] N -m Ans.
120 —180 —360

or
i i k
Mp=r1oc XFe=|2 -3 0 | = [1080i + 720j] N -m
120 —180 —360




4-34.

Determine the resultant moment produced by forces Fp
and F¢ about point O. Express the result as a Cartesian
vector.

SOLUTION

Position Vector and Force Vectors: The position vector rp 4 and force vectors Fgz and
Fc, Fig. a, must be determined first.

Yoa = {6k}m

(0 — 0)i + (25 — 0)j + (0 — 6)k
VO = 0> + (25— 02 + (0 — 6)
2-0i+(-3-0)j+ (0-06)k
V(@2 =07+ (=3-072+ (0 - 6)>

Fy = Fyupp = 780[ } = [300j — 720k] N

FC = FCuFC = 420[

Resultant Moment: The resultant moment of Fy and F. about point O is given by

MO=rOA><FB+r0AXFC

i j Kk i k
=0 0 6 [ +10 0 6
0 300 =720 120 —180 —360
= [=720i + 720§]N-m Ans.
<23, 0)in
x

} = [120i — 180j — 360k] N

N

: ACO,‘ 0,6)m
B=780n

%

)

8(g25,0)m

¢



md-35.

Using a ring collar the 75-N force can act in the vertical z
plane at various angles 6. Determine the magnitude of the
moment it produces about point A, plot the result of M
(ordinate) versus 6 (abscissa) for 0° = 6 = 180°, and

specify the angles that give the maximum and minimum
moment. /\ 6/
2m &
SOLUTION <
i k . \
M, = |2 1.5 0
0 75cosf 75sin6
=1125sin6i — 150sin 0 j + 150 cos 6 k
M, = V(11255in 6)* + (—150sin )% + (150 cos 6)* = V12 656.25 sin® § + 22 500
dMA 1 .2 _1 .
0 5(12 656.25 sin” 6 + 22 500) 2(12 656.25)(2 sin 6 cos §) = 0 "
sinfcosf =0; 6 =0°90° 180° Ans.

5184 - :
]
M,,. = 187.5N-mat 6 = 90° I:“_/_\

M, = 150 N-mat6 = 0°, 180°




*4-36.

The curved rod lies in the x—y plane and has a radius of 3 m.
If a force of F = 80 N acts at its end as shown, determine

the moment of this force about point O.

SOLUTION
rae = {li —3j — 2k}jm
rae = VA2 + (=372 + (=22 =3742m
i i k

MO = rOC X F = 4 O 72
572(80)  —53(80)  —5755(80)

M, = {—128i + 128j — 257k} N-m



4-37.

The curved rod lies in the x—y plane and has a radius of 3 m.
If a force of F = 80 N acts at its end as shown, determine

the moment of this force about point B.

SOLUTION
| Teln {1i - 3j - Zk}m

rac = VAP + (=372 + (=2)* =3742m

i i K
Mg =134 X F = |3cos45° (3 — 3sin45°) 0
75(80)  —5p(0)  —57;(80)

My = {—37.6i + 90.7j — 155k} N-m



4-38.

Force F acts perpendicular to the inclined plane. Determine
the moment produced by F about point A. Express the
result as a Cartesian vector.

SOLUTION

Force Vector: Since force F is perpendicular to the inclined plane, its unit vector up
is equal to the unit vector of the cross product,b = r ¢ X rpc, Fig. a. Here

ric = (0= 0)i + (4 — 0)j + (0 — 3)k = [4] — 3k]m

z
rge =(0—3)ii+ (4 —-0)j+ (0 —-0k=[-3i+4j]m [
Thus,
i j k
b = Tca X cp = 0 4 -3
-3 4 0
= [12i + 9 + 12k] m?
Then,
12i + 95 + 12k
up = b e I 0.6247i + 0.4685j + 0.6247k x
b 122 + 9 + 122
And finally

F = Fup = 400(0.6247i + 0.4685j + 0.6247k)

= [249.88i + 187.41j + 249.88k] N

Vector Cross Product: The moment of F about point A is
i j k
MA =Tyc X F = 0 4 -3
249.88 187.41 249.88

= [1.56i — 0.750j — 1.00k] kN - m Ans.



4-39.

Force F acts perpendicular to the inclined plane. Determine
the moment produced by F about point B. Express the
result as a Cartesian vector.

SOLUTION

Force Vector: Since force F is perpendicular to the inclined plane, its unit vector ug
is equal to the unit vector of the cross product,b = r ¢ X rpc, Fig. a. Here

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

rge = (0= 3)i+ (4 —0)j + (0 — 0)k = [-3k + 4] m 4
Thus,
i j ok
b=rcyXrep=10 4 =3|=[12i+ 9+ 12k] m?
-3 4 0
Then,
b 12i + 95 + 12k ) .
up=—-=———"—— = (0.6247i + 0.4685j + 0.6247k
b V122 + 9 + 122
And finally x

F = Fup = 400(0.6247i + 0.4685j + 0.6247k)

= [249.88i + 187.41j + 249.88k] N

Vector Cross Product: The moment of F about point B is

i i k
Mg =rge XF=| -3 4 0
249.88 18741 249.88

[1.00i + 0.750j — 1.56k] kN -m Ans.



*4-40.

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

SOLUTION

Position Vector And Force Vector:
ryc = {(0.55 = 0)i + (0.4 — 0)j + (=02 — 0O)k} m
= {0.55i + 0.4j — 0.2k} m
F = 80(cos 30° sin 40°i + cos 30° cos 40°j — sin 30°k) N

= (44.53i + 53.07j — 40.0k} N

Moment of Force F About Point A: Applying Eq. 4-7, we have
MA =T c X F
i j k
055 04 02
4453 53.07 -—40.0

= {~5.3% + 13.1j + 114k} N+-m Ans.




4-41.

The pipe assembly is subjected to the 80-N force. Determine z
the moment of this force about point B.

SOLUTION

Position Vector And Force Vector:
rzc = {(0.55 = 0)i + (0.4 — 0.4)j + (=02 — O)k} m
= {0.55i — 0.2k} m

F = 80 (cos 30° sin 40°i + cos 30° cos 40°j — sin 30°k) N

= (44.53i + 53.07j — 40.0k} N

Moment of Force F About Point B: Applying Eq.4-7, we have
MB = Ipc X F
i j k
=10.55 0 -0.2
4453 53.07 -—40.0

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



4-42.

Strut AB of the 1-m-diameter hatch door exerts a force of z
450 N on point B. Determine the moment of this force
about point O.

SOLUTION

Position Vector And Force Vector:

rog = {(0 — 0)i + (1cos30° — 0)j + (1sin30° — 0)k} m

= {0.8660j + 0.5k} m
ro4 = {(0.5sin30° — 0)i + (0.5 + 0.5c0s30° — 0)j + (0 — O)k} m

= {0.250i + 0.9330j} m

. 450< (0 — 0.55sin 30°)i + [1 cos 30° — (0.5 + 0.5 cos 30°)]j + (1sin 30° — 0)k )N
V(0 = 0.5 sin 30°)% + [1cos 30° — (0.5 + 0.5 cos 30°)]* + (1sin 30° — 0)?

= {—199.82i — 53.54j + 399.63k} N

Moment of Force F About Point O: Applying Eq. 4-7, we have
MO = Iop X F

i j k

0 0.8660 0.5
—199.82  —53.54 399.63

= {373i — 99.9j + 173k} N-m Ans.

MOZI'OAXF

i i K
=1025 09330 0
~199.82  —53.54 399.63

{373i — 99.9j + 173k} N-m Ans.



4-43.

The curved rod has a radius of 5 ft. If a force of 60 Ib acts at
its end as shown, determine the moment of this force about
point C.

SOLUTION
Position Vector and Force Vector:
rcy = {(5sin60° — 0)j + (5 cos 60° — 5)k} m

= {4.330j — 2.50k} m

(6 =0)i + (7 —5sin60°)j + (0 — 5 cos 60°)k

FAB = 60(

= {51.231i + 22.797j — 21.346k} Ib

Moment of Force ¥,z About Point C: Applying Eq. 4-7, we have

Mc =rcq X Fyp
i j k
= 0 4.330 —2.50
51231 22797 —21.346

{—35.4i — 128) — 222k} Ib- ft

V(6 = 0) + (7 — 5sin 60°)2 + (0 — 5 cos 60°)?

__ ¢
5ft [TT60° A
N
5 ft
¢60 b
6 ft

B /

7 ft o

I

Ans.



*4-44,

Determine the smallest force F that must be applied along
the rope in order to cause the curved rod, which has a radius
of 5 ft, to fail at the support C. This requires a moment of
M = 801b - ft to be developed at C.

SOLUTION

Position Vector and Force Vector:

rca = {(5sin 60° — 0)j + (5 cos 60° — 5)k} m
= {4.330j — 2.50k} m

(6 — 0)i + (7 — 5sin 60°)j + (0 — 5 cos 60°)k
FAB = lb

V(6 — 0)2 + (7 — 55sin 60°)2 + (0 — 5 cos 60°)>
= 0.8539F; + 0.3799F; — 0.3558F
Moment of Force F 5 g About Point C:
Mc = rcq X Fup
i j k
0 4.330 —-2.50
0.8539F 0.3799F —0.3558F

—0.5909F; — 2.135j — 3.697k

Require

80 = V/(0.5909)> + (—2.135)* + (=3.697)> F
F = 18.61b. Ans.

_ C
5t 600 A
N\
5 fit
¢ y
60 Ib /
6 ft

B /

7t A




4-45.

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

SOLUTION

MOZI'XF

i
4i+5j—14k=11 vy
6 -2 1

4=y+2z
5=-1+6z
—14 = -2 — 6y

y=2m

Ans.

Ans.

\




4-46.

The force F = {6i + 8j + 10k} N creates a moment about
point O of My = {—14i + 8j + 2k} N-m. If the force
passes through a point having an x coordinate of 1 m,
determine the y and z coordinates of the point. Also, realizing
that M, = Fd, determine the perpendicular distance d from
point O to the line of action of F.

SOLUTION
i j k
—14i + 8 + 2k = |1
6 8 10
—14 = 10y — 8z
8 =-10 + 6z
2=8-— 6y
y=1m
z=3m

My = V(~14)* + 8)* + (2> = 1625N-m

F=V(6)?+ (87 + (10? = 14.14N

16.25
= m =1.15m

Ans.

Ans.

Ans.

\

N




4-47.

Determine the magnitude of the moment of each of the
three forces about the axis AB. Solve the problem (a) using
a Cartesian vector approach and (b) using a scalar
approach.

SOLUTION

a) Vector Analysis

Position Vector and Force Vector:

r={-15}m n=r=>0

F, = {-60k}N F,= {85} N F;={45j}N

Unit Vector Along AB Axis:
(2-0)i+ (0-15)j
Uap =
V(2 =02 + (0 — 1.5

= 0.8i — 0.6)

Moment of Each Force About AB Axis: Applying Eq.4-11, we have

(Mag)y = uyp- (r; X Fy)

08 —0.6 0
=10 -15 0
0 0 —60

= 0.8[(~1.5)(—=60) — 0] =0 + 0 =720N-m

(Mag)y = uyp- (1, X Fy)
0.8 —0.
=10 0
85 0

6 0
0 =0
0

(Mup)s = uyp- (r3 X F3)

08 -06 O
=10 0 0l =0
0 45 0

b) Scalar Analysis: Since moment arm from force F, and Fj; is equal to zero,

(Mag)y = (Map)s = 0
Moment arm d from force F; to axis ABisd = 1.5sin 53.13° = 1.20 m,

(M), = Fid = 60(1.20) = 720 N-m

Ans.

Ans.

Ans.

Ans.

Ans.

F,=85N

F,=60N

Fy=45N




*4-48.

The flex-headed ratchet wrench is subjected to a force of
P = 161b, applied perpendicular to the handle as shown.
Determine the moment or torque this imparts along the
vertical axis of the bolt at A.

SOLUTION
M = 16(0.75 + 10 sin 60°)

M = 1511b-in.

Ans.




4-49.

If a torque or moment of 80 1b - in. is required to loosen the
bolt at A, determine the force P that must be applied
perpendicular to the handle of the flex-headed ratchet wrench.

SOLUTION
80 = P(0.75 + 10 sin 60°)

P - 80 8.50 1b

T 941

Ans.




4-50.

The chain AB exerts a force of 20 1b on the door at B. z
Determine the magnitude of the moment of this force along
the hinged axis x of the door.

SOLUTION

Position Vector and Force Vector:

toa = {(3 — 0)i + (4 — Ok} ft = {3i + 4k} ft

rop = {(0 — 0)i + (3cos20° — 0)j + (3sin20° — O)k} ft

= {2.8191j + 1.0261K} ft
( (3 — 0)i + (0 — 3c0s20°)j + (4 — 3sin 20°)k )

F =20
V(3 = 0)% + (0 — 3c0s20°)% + (4 — 35in 20°)?

= {11.814i — 11.102j + 11.712k} Ib

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

Mx = i.(rOA X F)

1 0 0
= 3 0 4
11.814 —11.102 11.712

1[0(11.712) — (~11.102)(4)] — 0 + 0

44 41b - ft Ans.

M, =i (rop X F)

1 0 0
= 0 2.8191  1.0261
11.814 —11.102 11.712

= 1[2.8191(11.712) — (—11.102)(1.0261)] — 0 + 0

= 44.41b-ft Ans.



4-51.

The hood of the automobile is supported by the strut AB, which
exerts a force of F = 24 Ib on the hood. Determine the moment

of this force about the hinged axis y.

SOLUTION
r = {4ij m
- 20+ 2j + 4k
- 24( V(=22 + 27 + (4)2>

{—9.80i + 9.80j + 19.60k} Ib

0 1 0
M, = 4 0 0 | = —784Ib-ft

-9.80 9.80 19.60

= {~784j} Ib-ft

<

Ans.



*4-52.

Determine the magnitude of the moments of the force F 7
about the x, y, and z axes. Solve the problem (a) using a
Cartesian vector approach and (b) using a scalar approach.

SOLUTION
a) VectorAnalysis x/< )

Position Vector:

rap={4-0i+ 3-0)j+ (-2—-0)Kk}ft={4i+ 3j— 2k} ft

Moment of Force F About x,y, and z Axes: The unit vectors along x, y, and z axes are

i, j, and k respectively. Applying Eq. 4-11, we have
J P Y- Applying £q F = {4i + 12j — 3k} Ib

M, =1i-(ryp X F)

1 0 0
-4 3 =2

4 12 -3
= 1[3(=3) — (12)(=2)] = 0 + 0 = 15.0 b~ ft Ans.

M, =j-(rap X F)

0 1 0
=4 3 =2
4 12 -3
=0 — 1[4(=3) — (4)(=2)] + 0 = 4.001b-ft Ans.

M, =k-(rsp X F)

0 0 1
=4 3 =2
4 12 -3
=0 -0+ 1[4(12) — 4)(3)] = 36.01b-ft Ans.
b) ScalarAnalysis
M,=3M, M, =12(2) — 3(3) = 15.01b-ft Ans.
M,=3M,; M,=—42)+ 3(4) = 4001b-ft Ans.
M,=3M,; M,=—4(3) + 12(4) = 36.01b-ft Ans.



4-53.

Determine the moment of the force F about an axis
extending between A and C. Express the result as a
Cartesian vector.

SOLUTION y
Position Vector:
rcp = {—2Kk]} ft
rap={4—-0)i+ @ —-0)j+ (-2 —0k}ft ={4i + 3j — 2k} ft
Unit Vector Along AC Axis:
4 —-0)i+ 3 -0)j F = {4i + 12j — 3k} Ib

Uyc = 0.8i + 06j

- V4 -0y + (3 - 0y

Moment of Force F About AC Axis: With F = {4i + 12j — 3k} Ib, applying Eq. 4-7,
we have

M 4 = uye (rep X F)

08 06 O
=10 0o -2
4 12 -3

= 0.8[(0)(=3) — 12(=2)] — 0.6[0(=3) — 4(—2)] + 0

14.41b - ft

M e = uye (rap X F)

08 06 0
=14 3 -2
4 12 -3

— 0.8[(3)(=3) — 12(=2)] — 0.6[4(=3) — 4(=2)] + 0

14.41b - ft

Expressing M - as a Cartesian vector yields
Myc = Macuac
= 14.4(0.8i + 0.6j)

— {11.5i + 8.64j} Ib- ft Ans.



4-54.

The board is used to hold the end of a four-way lug wrench in
the position shown when the man applies a force of F = 100
N. Determine the magnitude of the moment produced by this
force about the x axis. Force F lies in a vertical plane.

SOLUTION

Vector Analysis
Moment About the x Axis: The position vector r 4 g, Fig. a, will be used to determine
the moment of F about the x axis.

rap = (025 — 0.25)i + (0.25 — 0)j + (0 — 0O)k = {0.25j} m
The force vector F, Fig. a, can be written as
F = 100(cos 60°j — sin 60°k) = {50j — 86.60k} N

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

1 0 0
M, =iryxF=1[0 025 0
0 50 —86.60

= 1[0.25(—86.60) — 50(0)] + 0 + 0
= —21.7N-m Ans.

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

Scalar Analysis
This problem can be solved by summing the moment about the x axis
M, =2ZM,; M, = —100 sin 60°(0.25) + 100 cos 60°(0)

= —21.7N-m Ans.

A(025,00)m

/00N

60° 3(0'..3@ g.zg;p)m

(@)



4-55.

The board is used to hold the end of a four-way lug wrench
in position. If a torque of 30 N-m about the x axis is
required to tighten the nut, determine the required magni-
tude of the force F that the man’s foot must apply on the
end of the wrench in order to turn it. Force F lies in a verti-
cal plane.

SOLUTION

Vector Analysis
Moment About the x Axis: The position vector r 4 g, Fig. a, will be used to deter-
mine the moment of F about the x axis.

rup = (025 — 025)i + (0.25 — 0)j + (0 — 0O)k = {0.25j} m
The force vector F, Fig. a, can be written as
F = F(cos 60° — sin 60°k) = 0.5Fj — 0.8660Fk

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

1 0 0
Mx:i'rAB X F = 3) 0.25 0 3
0 05F —0.8660F

1[0.25(—0.8660F) — 0.5F(0)] + 0 + 0

= —0.2165F Ans.

The negative sign indicates that M, is directed towards the negative x axis. The
magnitude of F required to produce M, = 30 N - m can be determined from

30 = 0.2165F

F =139N Ans.
Scalar Analysis

This problem can be solved by summing the moment about the x axis

M,=2M, —30 = —F sin 60°(0.25) + F cos 60°(0)

F =139N Ans.

4(0'251 0, 0)m
x” e

60° 3(0-25; 0250)m
(@)



*4-56.

The cutting tool on the lathe exerts a force F on the shaft
as shown. Determine the moment of this force about the
y axis of the shaft.

SOLUTION
M, =wu,-(r X F)
0 1 0
= {30cos40° 0 30 sin 40°
6 —4 -7

M, = 27657 N-mm = 0277 N-m

Ans.

F = {6i — 4j — 7k} kN



4-57.

The cutting tool on the lathe exerts a force F on the shaft as
shown. Determine the moment of this force about the x and
Z axes.
F = {6i — 4j — 7k} kN
\
30 mm
SOLUTION

Moment About x and y Axes: Position vectors ry and r, shown in Fig. a can be con-
veniently used in computing the moment of F about x and z axes respectively.

r, = {0.03sin40°k} m  r, = {0.03 cos 40°i} m

Knowing that the unit vectors for x and z axes are i and k respectively. Thus, the
magnitudes of moment of F about x and z axes are given by

10 0 z
M,=ir,XxF=1[0 0 003sin40° F
6 —4 -7 -

= 1[0(=07) — (—4)(0.03 sin 40°)] — 0 + 0
= 0.07713kN-m = 77.1N-m

0 0 1 I [ >

M, =k-r, X F=]003cos40° 0 0
6 —4 7
x 4

=0 — 0 + 1[0.03 cos 40°(—4) — 6(0)]
= —0.09193kN-m = —91.9N-m @)

0:03M
'/ 3

Thus,
M, = M, = {77.1i) N-m M,= Mk ={-919k}N-m Ans.

z



4-58.

If the tension in the cable is F = 140 1b, determine the z
magnitude of the moment produced by this force about the
hinged axis, CD, of the panel.

SOLUTION

Moment About the CD Axis: Either position vector rc4 or rpg, Fig. a, can be used
to determine the moment of F about the CD axis.

rca = (6 — 0)i + (0 — 0)j + (0 — 0)k = [6i] ft
rpp = (0 —0)i + (4 —8)j + (12 — 6)k = [—4j + 6k] ft
Referring to Fig. a, the force vector F can be written as

(0 — 6)i + (4 — 0)j + (12 — O)k
V(O = 6> + (4 — 0 + (12 — 0)

F = Fu,p = 140 = [—60i + 40j + 120Kk] Ib

The unit vector uj,, Fig. a, that specifies the direction of the CD axis is given by
O—-0i+@®—-0)j+ (6—-0k 4 3

= — 4+ 2k
Y 0 0P+GB-0fr 60 5 3

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

4 3

O — —

5 5

MCD:uCD'rCAXF: 6 0 0
—-60 40 120

-0 - g[6(120) — (—60)(0)] + %[6(40) — (=60)(0)]

= —4321b-ft Ans.
or
4 3
0 — _
5 5 z
MCD = Ucp- Ipp X F = 0 —4 6
—60 40 120

B(0,4,12)f%

X
) 6) 4t

0 = £100120) — (~60)(®)] + 3 [0(40) — (~60)(~4)

—4321b-ft F

The negative sign indicates that Mp acts in the opposite sense to that of ucp.

Thus, x A(é, 0,0) ’?.
M¢p = 4321b-ft Ans.



4-59.

Determine the magnitude of force F in cable AB in order to
produce a moment of 500 1b - ft about the hinged axis CD,
which is needed to hold the panel in the position shown.

SOLUTION

Moment About the CD Axis: Either position vector r¢ 4 or rcp, Fig. a, can be used to
determine the moment of F about the CD axis.

rcy = (6 — 0)i + (0 — 0)j + (0 — 0)k = [6i]ft
reg = (0 — 0)i + (4 — 0)j + (12 — O)k = [4j + 12Kk]ft
Referring to Fig. a, the force vector F can be written as

0—-6)i+ 4 —-0)j+12-0k
( )l ( ).] ( ) :_gFi+gFj+ng

F:FuAB:F\/(0_6)2+(4—0)2+(12_0)2 7 !

The unit vector up,, Fig. a, that specifies the direction of the CD axis is given by

O-0i+E-0j+6-0k 4. 3
1, = = — -
PO+ 80Pt 60 55

Thus, the magnitude of the moment of F about the CD axis is required to be
Mcp = [5001b - ft. Thus,

Mcp = ucprcqg X F

4 3
©s s
s00l=| 6 0 0
3.2, 6
~F SF JF
4 (6 3 3[ (2 3
— — _ _ _ = + = - _ _=
F=1621b Ans.

or

Mcp = ucp-rep X F

4 3

© s s
s00/=] 0 4 12

3.2

—~F ZF 2F
7
4l (6 3
~500=0- 2| 0| 2F |- ->F |12
F =1621b

L [Zs

§ B(94 12) 4+

D(0,8,604t



*4-60.

The force of F = 30N acts on the bracket as shown.
Determine the moment of the force about the a—a axis of
the pipe. Also, determine the coordinate direction angles of
Fin order to produce the maximum moment about the a—a
axis. What is this moment?

SOLUTION
F = 30 (cos 60° i + cos 60°j + cos 45° k)
={15i+15j + 2121k} N

r={-01i+ 015k} m

u=j
0 1 0
M,=1-01 0 015 =437N-m Ans.
15 15 21.21

F must be perpendicular to u and r.

Yy 045 01
701803 0.1803

0.8321i + 0.5547k

a = cos ' 0.8321 = 33.7° Ans.
B =cos 10 =90° Ans.
vy = cos ' 0.5547 = 56.3° Ans.
M =30(0.1803) = 541 N-m Ans.

0.15m

ol
0.15

Q. )m

F=30N



4-61.

The pipe assembly is secured on the wall by the two brack-
ets. If the flower pot has a weight of 50 lb, determine the
magnitude of the moment produced by the weight about the
x,y,and z axes.

SOLUTION

X

Moment About x, y, and z Axes: Position vectors 1y, r,, and r, shown in Fig. a can
be conveniently used in computing the moment of W about x, y, and z axes.

r, = {(4 + 3 cos 30°) sin 60°j + 3 sin 30°k} ft
= {5.7141j + 1.5k} ft
r, = {(4 + 3c0s30°) cos 60°i + 3 sin 30°k] ft
= {3.2990i + 1.5k} ft
r, = {(4 + 3 cos30°) cos 60°i + (4 + 3 cos30°) sin 60°j} ft

= {3.2990i + 5.7141j} ft
The Force vector is given by
W = W(-k) = {-50k}1b

Knowing that the unit vectors for x, y, and z axes are i, j, and k respectively. Thus,
the magnitudes of the moment of W about x, y, and z axes are given by

1 0 0
M =i-r,xW=1[0 57141 15
0 0 —50
= 1[5.7141(-50) — 0(1.5)] = 0 + 0

= —285.701b-ft = —2861b-ft Ans.

0 1 0
M,=j-r, x W=1[3290 0 15
0 0 =50

= 0 — 1[3.2990(—50) — 0(1.5)] + 0
= 164.951b-ft = 165 1b- ft Ans.

0 0 1
M, =k-r, x W= 3290 57141 0
0 0o -5

=0 — 0+ 1[3.2990(0) — 0(5.7141)]
= 0Ans.

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



4-62.

Z

The pipe assembly is secured on the wall by the two
brackets. If the flower pot has a weight of 50 b, determine
the magnitude of the moment produced by the weight
about the OA axis.

SOLUTION

Moment About the OA Axis: The coordinates of point B are
[(4 + 3 cos 30°) cos 60° (4 + 3 cos 30°) sin 60°, 3 sin 30°] ft = (3.299, 5.714, 1.5) ft.
Either position vector r, or 4 5 can be used to determine the moment of W about
the OA axis.

rop = (3299 — 0)i + (5.714 — 0)j + (1.5 — 0)k = [3.299 + 5.714j + 1.5k] ft
rup = (3.299 — 0)i + (5.714 — 4)j + (1.5 — 3)k = [3.299i + 1.714j — 1.5k] ft
Since W is directed towards the negative z axis, we can write W = [—50k] 1b

The unit vector u,,,, Fig. a, that specifies the direction of the OA axis is given by

O-0i+@-0j+G -0k _4. 3
1, = e -
N O- 0P @ - 07+ (G -0y s17s

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

4 3
O — —_
5 5
MOA = Upy°Top X W = [3.299 5.714 1.5
0 0 =50

—o- 2[3_299(_50) —0(13)] + %[3.299(0) 0(5.714)]

= 1321b-ft Ans.
or
4 3
o 3 3 x
Moa = Ups-tag X W= (3299 1714 -15
0 0 —-50
\ . 83299 5714, 1:5) f¢
=0 = £ [3299(=50) = 0(~1.5)] + £ [3.299(0) ~ 0(1.714)] (@)

=1321b-ft Ans.



4-63.

The pipe assembly is secured on the wall by the two
brackets. If the frictional force of both brackets can resist a
maximum moment of 1501b-ft, determine the largest
weight of the flower pot that can be supported by the
assembly without causing it to rotate about the OA axis.

SOLUTION

Moment About the OA Axis: The coordinates of point B are x
[(4 + 3 cos 30°) cos 60° (4 + 3 cos 30°) sin 60°, 3 sin 30°]ft = (3.299, 5.174, 1.5) ft.
Either position vector rpp or roc can be used to determine the moment of W about
the OA axis.

rou = (3299 — 0)i + (5.714 — 0)j + (1.5 — 0)k = [3.299i + 5.714j + 1.5k] ft
rup = (3.299 — 0)i + (5.714 — 4)j + (1.5 — 3)k = [3.299i + 1.714j — 1.5k] ft
Since W is directed towards the negative z axis, we can write W = —Wk

The unit vector u,,,, Fig. a, that specifies the direction of the OA axis is given by

O-0i+@-0j+G-0k 4. 3
u = - =
TNt @-0rrGoop 55

Since it is required that the magnitude of the moment of W about the OA axis not
exceed 150 ft - 1b, we can write

Moy = upa-rop X W

4 3
s s
150/ = |3.299 5714 15
o 0 -W
%
4
150 = 0 = £ [3.29(~W) = 0(L5)] + %[3.299(0) — 0(5.714)]
W =5681b

or

Moy =wpp-rsp X W

0 4 3 ,
5 5 <
150/ = [3299 5714 0
0 0o -w
¥ W=50p
_ 4 3 <l 3
150 = 0 = S [3:299(=W) = 0(0)] + < [3.299(0) — 0(5.714)] (3299, 5.7/4/ o) p

(&)
W = 56.81b Ans.



*4-64

The wrench A is used to hold the pipe in a stationary posi-
tion while wrench B is used to tighten the elbow fitting. If
Fp =150 N, determine the magnitude of the moment pro-
duced by this force about the y axis. Also, what is the mag-
nitude of force F 4 in order to counteract this moment?

SOLUTION

Vector Analysis

Moment of Fg About the y Axis: The position vector rcpg, Fig. a, will be used to
determine the moment of F g about the y axis.

rcg = (—0.15 — 0)j + (0.05 — 0.05)j + (—0.2598 — 0)k = {—0.15i — 0.2598k} m
Referring to Fig. a, the force vector Fg can be written as

Fp = 150(cos 60°i — sin 60°k) = {75i — 129.90k} N

Knowing that the unit vector of the y axis is j, the magnitude of the moment of F

about the y axis is given by

0 1 0
y=itcp X Fg=[-015 0 —02598
75 0 —129.90

=0 — 1[—0.15(=129.90) — 75(—0.2598)] + 0
= —-3897N-m = 39.0N-m Ans.

M

The negative sign indicates that My is directed towards the negative y axis.

Moment of F 5 About the y Axis: The position vector rp 4, Fig. a, will be used to
determine the moment of F 4 about the y axis.

rpa = (0.15 = 0)i + [-0.05 — (=0.05)]j + (—0.2598 — 0)k = {0.15i — 0.2598k} m
Referring to Fig. a, the force vector F 4 can be written as

F, = Fy(—cos 15° + sin 15°k) = —0.9659F,i + 0.2588F,k

Since the moment of F 4 about the y axis is required to counter that of Fg about the
same axis, F 4 must produce a moment of equal magnitude but in the opposite sense

to that of F 4.

M, =j rpy X Fp

0 1 0
+0.38.97 = 0.15 0 —0.2598
—0.9659F, 0 0.2588F,
+0.38.97 = 0 — 1[0.15(0.2588F4) — (—0.9659F 4)(—0.2598)] + 0
F, =184 N Ans.
Scalar Analysis

This problem can be solved by first taking the moments of Fg and then F 4 about
the y axis. For Fp we can write

M, =3M,; M, = —150 cos 60°(0.3 cos 30°) — 150 sin 60°(0.3 sin 30°)
= —3897N-m Ans.

The moment of F 4, about the y axis also must be equal in magnitude but opposite
in sense to that of Fg about the same axis

M, =3M,; 38.97 = F, cos 15°(0.3 cos 30°) — F,sin 15°(0.3 sin 30°)
F, =184 N Ans.

€0, 0-05.60m

D{0,-0050)m
\

'ﬂ.

les
B(-035m30;0.08, - 9:3¢0530°)m
17016 2:05 02578 )m

0
A(0:-35in3p} ~0.08, ~0:3¢o530°)m
A =(06 ~0.05 -0.2590 )m



4-65.

The wrench A is used to hold the pipe in a stationary position z
while wrench B is used to tighten the elbow fitting.
Determine the magnitude of force Fp in order to develop a
torque of SON - m about the y axis. Also, what is the required
magnitude of force F, in order to counteract this moment?

SOLUTION

Vector Analysis
Moment of Fg About the y Axis: The position vector rcp, Fig. a, will be used to
determine the moment of Fp about the y axis.

rep = (—0.15 — 0)i + (0.05 — 0.05)j + (—0.2598 — 0)k = {—0.15i — 0.2598k} m

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

Fy = Fy(cos 60°i — sin 60°Kk) = 0.5F4i — 0.8660Fzk

Knowing that the unit vector of the y axis is j, the moment of Fg about the y axis is z
required to be equal to —50 N - m, which is given by
(0 -0.05, c(g0.05
M, = forcn X By i
0 1 0 ; e
—50i = | — _ »8(-035m3p" 0-05,-0-3¢08307)m
50i = [-0.15 0 —0.2598 o | = (015,005 o a53m3m
05F 0 —0.8660Fy b0
1207 '
=50 = 0 — 1[—0.15(—0.8660Fp) — 0.5F3(—0.2598)] + 0 x 5 B
Fp =192N Ans.

A(03gin30; -0-05, -0.3Cos30°)m

e . . A =(0./15:-0.05 -p. Py
Moment of F5 About the y Axis: The position vector rp,, Fig. a, will be ’ EREREE

used to determine the moment of F, about the y axis.
rps = (0.15 — 0)i + [-0.05 — (=0.05)]j + (—0.2598 — 0)k = {—0.15i — 0.2598k} m
Referring to Fig. a, the force vector F 4 can be written as

F, = Fa(—cos 15% + sin 15°k) = —0.9659F i + 0.2588F k

Since the moment of F 4 about the y axis is required to produce a countermoment
of 50 N - m about the y axis, we can write

My:j-rDA X FA
0 1 0

50=1| 015 0 —0.2598
—0.9659F, 0 0.2588F,

50 = 0 — 1]0.15(0.2588F4) — (—0.9659F4)(—0.2598)] + 0
F, =236 N-m Ans.

Scalar Analysis
This problem can be solved by first taking the moments of Fg and then F 4 about
the y axis. For Fg we can write

M, = 3M,; =50 = —Fp cos 60°(0.3 cos 30°) — Fp sin 60°(0.3 sin 30°)
Fp =192 N Ans.

For F 4, we can write

M, = 3M,; 50 = F,4 cos 15°(0.3 cos 30°) — F,4 sin 15°(0.3 sin 30°)
F, =236 N Ans.



4-66.
The A-frame is being hoisted into an upright position by the <

vertical force of F = 80 1b. Determine the moment of this
force about the y axis when the frame is in the position shown.

SOLUTION
Using x', y’, z:

u, = —sin30°i" + cos 30°

ryc = —6cos15°% + 3j + 6sin15°k

F =80k

—sin 30° cos 30° 0

M, = |—6cos15° 3 6sin 15°| = =120 + 401.53 + 0
0 0 80
M, = 2821b-ft Ans.

Also, using x, y, z:

Coordinates of point C:
x = 3sin 30° — 6 cos 15° cos 30° = —3.52 ft

y = 3 cos 30° + 6 cos 15°sin 30° = 5.50 ft

z = 6sin15° = 1.55 ft

ryc = —3.52i+ 5505 + 155k

F=280k
0 1 0
M,=|-352 550 1.55| =2821b-ft Ans.

y
0 0 80



4-67.

A twist of 4 N - m is applied to the handle of the screwdriver.
Resolve this couple moment into a pair of couple forces F
exerted on the handle and P exerted on the blade.

SOLUTION
For the handle
M = 2M;; F(0.03) = 4
F =133N Ans.
For the blade,
Mc = 2ZM,; P(0.005) = 4

P = 800N Ans.



*4-68.

The ends of the triangular plate are subjected to three 100N
couples. Determine the plate dimension d so that the
resultant couple is 350 N - m clockwise. 3> 600N
d
100 N
3§)°
<€ 600 N
SOLUTION l K
200 N 200 N

C+Mg=3SMy; 350 = 200(d cos 30°) — 600(d sin 30°) — 100d

d=154m Ans.



4-69.

The caster wheel is subjected to the two couples. Determine
the forces F that the bearings exert on the shaft so that the ]
resultant couple moment on the caster is zero.

SOLUTION
45 mmN{
C+SM,=0; 500(50) — F(40) = 0
A (50) — F(40) PN
F = 625N Ans. Qy
A
50 mm-|




4-70.

Two couples act on the beam. If F = 125 1b , determine the result-

ant couple moment.

SOLUTION

125 1b couple is resolved in to their horizontal and vertical components as shown in

Fig. a.

G+ (Mg)e = 200(1.5) + 125 cos 30°(1.25)
=435321b-ft = 4351b-ftD

NZ— 5 2001b

2 ft

Ans.

[1251b
\—~ 125 Co530° b

] 200 1b Bo:tlzi co530°

@)



4-71.

Two couples act on the beam. Determine the magnitude of
F so that the resultant couple moment is 4501b-ft,
counterclockwise. Where on the beam does the resultant
couple moment act?

SOLUTION
C+Mg=23IM; 450 = 200(1.5) + Fcos 30°(1.25)

F =1391b Ans.

The resultant couple moment is a free vector. It can act at any point on the beam.



*4-T72.

Friction on the concrete surface creates a couple moment of
Mo =100 N-m on the blades of the trowel. Determine the
magnitude of the couple forces so that the resultant couple
moment on the trowel is zero. The forces lie in the horizon-
tal plane and act perpendicular to the handle of the trowel.

SOLUTION

Couple Moment: The couple moment of F about the vertical axis is
M = F(0.75) = 0.75F. Since the resultant couple moment about the vertical axis is
required to be zero, we can write

(Mg = =M,  0=100 — 0.75F F=133N Ans.



4-73.

The man tries to open the valve by applying the couple forces
of F =75 N to the wheel. Determine the couple moment

produced.

SOLUTION

C+M, = IM; M. = —75(0.15 + 0.15)
=—-225N'm =225N-m )

Ans.




4-74.

If the valve can be opened with a couple moment of 25 N - m, determine
the required magnitude of each couple force which must be applied

to the wheel.

SOLUTION

C+M, = SM; —25 = —F(0.15 + 0.15)

F =833N

Ans.




4-75.

When the engine of the plane is running, the vertical
reaction that the ground exerts on the wheel at A is
measured as 650 Ib. When the engine is turned off, however,
the vertical reactions at A and B are 575 lb each. The
difference in readings at A is caused by a couple acting on
the propeller when the engine is running. This couple tends
to overturn the plane counterclockwise, which is opposite to
the propeller’s clockwise rotation. Determine the magnitude
of this couple and the magnitude of the reaction force
exerted at B when the engine is running.

SOLUTION

When the engine of the plane is turned on, the resulting couple moment exerts an
additional force of F = 650 — 575 = 75.01b on wheel A and a lesser the reactive
force on wheel B of F = 75.0 1b as well. Hence,

M =75.0(12) = 900 1Ib - ft Ans.

The reactive force at wheel B is

Rp =575 — 75.0 = 500 1b Ans.




*4-176.

Determine the magnitude of the couple force F so that the
resultant couple moment on the crank is zero.

SOLUTION

By resolving F and the 150-1b couple into components parallel and perpendicular to
the lever arm of the crank, Fig. a, and summing the moment of these two force
components about point A, we have

C+Mo)gp = =My 0 = 150 cos 15°(10) — F cos 15°(5) — F sin 15°(4) — 150 sin 15°(8)
F =19%1b Ans.

Note: Since the line of action of the force component parallel to the lever arm of the
crank passes through point A, no moment is produced about this point.

- L ’
155015 (5000516 if,'\

B ——mosmis’ 1 -
7 Feosi5°



4-717.

Two couples act on the beam as shown. If F =150 Ib, determine LR
the resultant couple moment. A
7
> 200 1b
1.5t
< 200 1b
5
SOLUTION F
150 Ib couple is resolved into their horizontal and vertical components as shown in 45
Fig.a t
4 3
C+(Mg). = 150 3 (1.5) + 150 3 (4) — 200(1.5)
=2401b-ftD Ans.
150(&) b
150b "
b
—I50(3 / 200lb
iso(H)b| |15ft
T r=—"" 200 b
EN
5o 150
4+ft




4-78.

Two couples act on the beam as shown. Determine the ~F
magnitude of F so that the resultant couple moment is A3
300 1b - ft counterclockwise. Where on the beam does the ! > 200 1b
resultant couple act? -
1.5 1t
= 200 1b
A

F 4
SOLUTION

41t

C+ (Mo)g = %F(4) + %F(l.S) — 200(1.5) = 300

F =1671b Ans.

Resultant couple can act anywhere. Ans.



4-79.

If F = 200 b, determine the resultant couple moment.

SOLUTION

a) By resolving the 150-1b and 200-1b couples into their x and y components, Fig. a,
the couple moments (MC); and (MC), produced by the 150-Ib and 200-1b
couples, respectively, are given by

C+(M¢), = —150 cos 30°(4) — 150 sin 30°(4) = —819.62 b+ ft = 819.62 b« ft )
C+(Mc¢), = 200( )(2) + 200( )(2) = 560 1b - ft
Thus, the resultant couple moment can be determined from
C+Mo)g = (M) + (M),
= —819.62 + 560 = —259.62 1b-ft = 260 1b - ft (Clockwise) Ans.

b) By resolving the 150-1b and 200-1b couples into their x and y components, Fig. a,
and summing the moments of these force components algebraically about point A,

2 ft——2ft—

CH+(M)g = SM 43 (Mg)g = —150 sin 30°(4) — 150 cos 30°(6) + 200( )(2) + 200( )(6)

- 200( )(4) + 200( )(0) + 150 cos 30°(2) + 150 sin 30°(0)

= —259.621b-ft = 260 1b - ft (Clockwise) Ans.

15051030°1b

P}

‘;3:‘
e
(o]
i?—-

u@',f

1501b
150 5in 30 °

i 2001b

200(45)1b

(@)



*4-80.

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

SOLUTION

By resolving F and the 150-1b couple into their x and y components, Fig. a, the
couple moments (Mc)1 and (Mc)2 produced by F and the 150-1b couple, respec-
tively, are given by

F(%)(Z) + F(%)(Z) = 28F

—150 cos 30°(4) — 150 sin 30°(4) = —819.621b-ft = 819.62 1b - ft D

C+(Me)

C+(Mc),

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

CH+(Mo)g = (M) + (M),

—200 = 2.8F — 819.62

F=2211b Ans.

2 ft——2ft—

2ft

150 Cos30°1b

1501b
1503in20° 1}



4-81.

Two couples act on the cantilever beam. If F = 6 kN, | Im Im
determine the resultant couple moment.

SOLUTION

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

C+(M), = 6in30°(3) — 6 cos 30°(0.5 + 0.5) = 3.804 kN -m
CH+(Me), = 5@)(0.5 +0.5) — 5(%)(3) — —9kN-m

Thus, the resultant couple moment can be determined from

(Mc)g = (Mc)y + (Mc),
=3804 — 9 = —5196kN-m = 520 kN -m (Clockwise) Ans.

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

C+(Mp)g=SMy; (Mco)g = 5(%)(0.5) + 5(%)(3) — 6.cos 30°(0.5) — 6sin 30°(3)

+ 6'sin 30°(6) — 6 cos 30°(0.5) + 5@)(0.5) - 5(%)(6)

= —5.196 kN-m = 5.20 kN -m (Clockwise) Ans.

3™

" 5(H5) W |osm3o°




4-82.

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

SOLUTION

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

C+(M¢), = Fsin30°(3) — F cos 30°(1) = 0.6340F
C+(M¢), = 5(%)(1) - 5(%)(3) = —9kN-m

The resultant couple moment acting on the beam is required to be zero. Thus,
(Mc)r = (Mc)1 + (Mc),

0 = 0.6340F — 9

F =142kN-m Ans.

3m




4-83.

Express the moment of the couple acting on the pipe
assembly in Cartesian vector form. Solve the problem
(a) using Eq. 4-13, and (b) summing the moment of each
force about point O.Take F = {25k} N.

SOLUTION
(a) Mc = r4p X (25k)
i j k
=1-035 —-02 O
0 0 25
Mc = {—5i + 8.75j} N-m Ans.

(b) Mc = rop X (25K) + ros X (—25K)

i j Kk i j Kk
=103 02 0| +[065 04 0
0 0 25 0 0 -25

Mc = (5 — 10)i+ (-7.5 + 16.25)j

M¢ = {-5i + 875§} N-m Ans.



*4-84.

If the couple moment acting on the pipe has a magnitude of
400 N * m, determine the magnitude F of the vertical force

applied to each wrench.

SOLUTION
MC = I'yB X (Fk)
i i k
=1-035 -02 O
0 0 F

M¢ = {—02Fi + 0.35Fj} N-m

Mc = V/(=0.2F)* + (0.35F) = 400

4
00 =992 N Ans.

F =
V(—0.2)* + (0.35)




4-85.

The gear reducer is subjected to the couple moments
shown. Determine the resultant couple moment and specify
its magnitude and coordinate direction angles.

SOLUTION

Express Each Couple Moment as a Cartesian Vector:

M; = {50j} N-m
M, = 60(cos 30° + sin 30°k) N-m = {51.96i + 30.0k} N-m
Resultant Couple Moment:
My = ZM; Mp; =M, + M,
= {51.96i + 50.0j + 30.0k} N-m

= {52.0i + 50j + 30k} N-m Ans.

The magnitude of the resultant couple moment is

Mg = \V/51.96% + 50.0> + 30.0°

=78102N-m = 781 N-+m Ans.

The coordinate direction angles are

51.96
= - 27 = ©
a = Cos (78.102) 48.3 Ans.
50.0
= _1 = o
B = cos (78.102) 50.2 Ans.

vy = cos_1< 30.0 > = 67.4° Ans.



4-86.
The meshed gears are subjected to the couple moments

shown. Determine the magnitude of the resultant couple
moment and specify its coordinate direction angles.

SOLUTION

M, = {50k} N-m

M, = 20(—cos 20° sin 30°i — cos 20° cos 30°j + sin 20°k) N-m
= {-9.397i — 16.276j + 6.840k} N-m
Resultant Couple Moment: /T\M‘ =30N-m
My = SM; My =M, +M, |
= {-9.397i — 16.276j + (50 + 6.840)k} N-m
= {-9.397i — 16.276j + 56.840k} N -m

The magnitude of the resultant couple moment is

Mg = V(=9397)F + (—16276)% + (56.840)
= 59.867N-m = 59.9N-m Ans.

The coordinate direction angles are

-9.397
= _1 = o
a = oS < 59867 > 99.0 Ans.
—-16.276
= _] = o
B 0S ( 50867 ) 106 Ans.

56.840
= cos! =18.3° Ans.
Y = cos (59.867) 8.3 ns,



4-87.

The gear reducer is subject to the couple moments shown.
Determine the resultant couple moment and specify its
magnitude and coordinate direction angles.

SOLUTION
Express Each:

M, = {60i} Ib- ft

M, = 80(—cos 30° sin 45°i — cos 30° cos 45°j — sin 30°k) Ib - ft

= {—48.99i — 48.99j — 40.0k} Ib- ft

Resultant Couple Moment:

My = SM; My =M, + M,
= {(60 — 48.99)i — 48.99j — 40.0k} 1b- ft
= {11.01i — 48.99j — 40.0k} 1b - ft

= {11.0i — 49.0j — 40.0k} Ib- ft

The magnitude of the resultant couple moment is

Mg = V11.01> + (—48.99)? + (—40.0)2
= 64201b-ft = 642 1b- ft

The coordinate direction angles are

11.01
= 71 — = °
@ = cos (64.20) 80.1

—48.99
71 = o
( 64.20 ) 140

—40.0
= _1 — = o
cos ( 64.20 ) 129

=™
Il
(@]
o}
7

<
|

M, =601b-ft

e

Ans.

Ans.

Ans.
Ans.

Ans.

My =801b-ft

Y




*4-88.
A couple acts on each of the handles of the minidual

valve. Determine the magnitude and coordinate direction
angles of the resultant couple moment.

SOLUTION
M, = —35(0.35) — 25(0.35) cos 60° = —16.625

M, = —25(0.35) sin 60° = —7.5777N-m

M| = V(=16.625)> + (=7.5777) = 182705 = 183N +-m

— -1 — )
o = COS (1827 5) = 155

~7.5777
= _1 = °
B = cos ( 18.2705 ) 15

0
= cos™' =90°
Y = cos <18.2705>

Ans.

Ans.



4-89.

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

SOLUTION

Vector Analysis

Position Vector:
rap = {(0.35 — 0.35)i + (—0.4 cos 30° — 0)j + (0.4sin 30° — 0)k} m
= {—0.3464j + 0.20k} m
Couple Moments: With F; = {35k} N and F, = {—50i} N, applying Eq. 4-15, we have

M¢) =1y X Fy

i k
=10 —03464 0.20| = {-12.12i}N-m
0 0 35
(Mc), =148 X F,
i j k
= 0 —03464 020] = {~10.0j — 1732k} N-m
-50 0 0

Resultant Couple Moment:
Mp = ZM; Mg = (Mc); + (Mc),
= {-12.1i — 10.0j — 17.3k}]N-m Ans.
Scalar Analysis: Summing moments about x, y, and z axes, we have
(Mg), = EM,; (Mg), = —35(0.4 cos 30°) = —12.12N-m
(Mg)y = ZM,; (Mg), = —50(0.45in 30°) = —10.0N-m

(Mg), = ZM,; (Mg), = —50(0.4 cos 30°) = —17.32N-m

Express Mg as a Cartesian vector, we have

M = {—12.1i — 10.0j — 173k} N-m



4-90.

Determine the distance d between A and B so that the z
{35k} N

resultant couple moment has a magnitude of Mz = 20 N - m.

SOLUTION

Position Vector:

rap = {(0.35 — 0.35)i + (=d cos 30° — 0)j + (d sin 30° — 0)k} m
= {—0.8660d j + 0.50d k} m
Couple Moments: With F; = {35k} N and F, = {—50i} N, applying Eq. 4-15, we have

(M¢) =1 X Fy

i i K
=10 —0.8660d 0.50d| = {-3031di}N-m
0 0 35

M¢), =145 X Fy

i i k
=| 0 —08660d 0.50d| = {~25.0dj — 43.30d k} N-m
-50 0 0

Resultant Couple Moment:
Mi = EM;  Mgi = (M¢); + (Mc),
= {-30.31di — 25.0d j — 43.30d k} N-m

The magnitude of My is 20 N - m, thus

20 = V/(=3031d)? + (—25.0d)> + (43.30d)>

d = 0.3421 m = 342 mm Ans.



4-91.

If F = 80N, determine the magnitude and coordinate
direction angles of the couple moment. The pipe assembly
lies in the x—y plane.

SOLUTION

It is easiest to find the couple moment of F by taking the moment of F or —F about
point A or B, respectively, Fig. a. Here the position vectors r,z and rz,4 must be
determined first.

r, = (0.3 —0.2)i + (0.8 —03)j + (0 — 0k = [0.1i + 0.5j] m
rgs = (0.2 — 0.3)i + (0.3 — 0.8)j + (0 — O)k = [-0.1i — 0.5j] m
The force vectors F and —F can be written as
F = {80k} Nand —F = [-80k] N

Thus, the couple moment of F can be determined from

i j k
M.=r, xF=|01 05 0|=[40i —8]N-m
0 0 80
or
i j k
M, =1, X -F=[-01 -05 0 |=[40i — 8] N-m
0 0 —80

The magnitude of M, is given by

M.= VM2 + M+ M>= V40 + (-8)> + 0> = 40.79N-m = 40.8 N-m

The coordinate angles of M, are

M 40
= | pnid = — | = °
a = cos ( M> cos (40 79 11.3 Ans.
M -8
= -1 22 2 — | = °
B = cos < ) cos <40.79> 101 Ans.
M 0
= _1 7Z = — = °
Y = cos ( > cos < 2079 90 Ans.

A(2.2,0.3 0)m \’

%OO mm

‘\300 mm
‘ 200 mm
L~
300 mm
/<200 mm s Y
Ans.

"o "B(0.3,08,0)m
(@)



*4-92,

If the magnitude of the couple moment acting on the pipe z
assembly is 50 N - m, determine the magnitude of the couple
forces applied to each wrench. The pipe assembly lies in the
x—y plane.

SOLUTION

It is easiest to find the couple moment of F by taking the moment of either F or -F /600 m%/ < Y
about point A or B, respectively, Fig. a. Here the position vectors r,p and rg, must
be determined first.

ras = (03 — 02)i + (0.8 — 0.3)j + (0 — 0)k = [0.1i + 0.5§] m

rpa = (02 — 0.3)i + (0.3 — 0.8)j + (0 — O)k = [~0.1i — 0.5j]m

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

Thus, the couple moment of F can be determined from

i j k
M, =1, XxF=1[01 05 0|=05Fi— 01Fj
0 0 F

The magnitude of M, is given by

M, = VM?+ M>+ M. = V(05F) + (0.1F)> + 0> = 0.5099F

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

F =981N Ans.




4-93.

IfF = {100k} N, determine the couple moment that acts on
the assembly. Express the result as a Cartesian vector.
Member BA lies in the x—y plane.

SOLUTION
(2 R .
¢ = tan 3 —30° = 3.69
r; = {—360.6 sin 3.69° + 360.6 cos 3.69°j}
= {—23.21i + 359.8j) mm
4.5

2
0= tan—1<—) + 30° = 53.96°

r, = {492.4 sin 53.96° + 492.4 cos 53.96°j}

= (398.2i + 289.7j} mm

M :(rl—rz)XF

i ik
= [-4214 7010 O
0 0 100

=
I

{7.01i + 42.1j} N-m Ans.



4-94.

If the magnitude of the resultant couple moment is

15 N - m, determine the magnitude F of the forces applied
to the wrenches.

SOLUTION
¢ = tan‘(%) —30° = 3.69°

r; = {—360.6 sin 3.69° + 360.6 cos 3.69°j}

= (2321 + 359.8j} mm

2
=tan ' — | + 30° = 53.96°
0 an (4.5) 9

r, = {492.4 sin 53.96° + 492.4 cos 53.96%}
= {398.2i + 289.7j) mm

MC:(rl_l'z)XF

i ik
= |-4214 7010 0
0 0 F

M, = {0.0701Fi + 0.421Fj} N-m

M= V(0.0701F)* + (0.421F) = 15

= 15 = 351N Ans.
V(0.0701)% + (0.421)>

Also, align y’ axis along BA.

M, = —F(0.15)i' + F(0.4)j’

15 = V(F(—0.15) + (F(0.4))?

F=351N Ans.



4-95.

magnitude and coordinate direction angles of the resultant

If F,=100N, F, = 120N and F; = 80N, determine the z l_F4 = [~150k] N
couple moment.

SOLUTION

Couple Moment: The position vectors rq, 1y, 13, and ry, Fig. a, must be determined
first.

r; = {0.2i} m r, = {0.2j} m r; = {0.2j} m

From the geometry of Figs. b and ¢, we obtain
ry = 0.3 cos30°cos 45° + 0.3 cos 30°sin 45°%j — 0.3 sin 30°k
= {0.1837i + 0.1837j — 0.15k} m
The force vectors Fq, Fy, and F3 are given by
F, = {100k} N F, = {120k} N F; = {80i} N
Thus,
M; =r; X F; = (0.2i) X (100k) = {—20j} N-m
M, =1, X F, = (0.2j) X (120k) = {24i} N-m
M; =13 X F; = (0.2j) X (80i) = {—16k} N-m
M, =1, X F, = (0.1837i + 0.1837j — 0.15k) X (150k) = {27.56i — 27.56j} N-m - ;

Resultant Moment: The resultant couple moment is given by

(Mg = SM,; (Mg = M; + M, + M + M, (2
= (—20j) + (24i) + (—16k) + (27.56i—27.56j)
= {51.56i — 47.56j — 16k} N-m 0:3¢0830°

The magnitude of the couple moment is

(Mg = VIM)RlZ + [(M)g], + [(M)g].> )
= V/(51.56)% + (—47.56)> + (—16)? 45° }7}
=7194N-m =71.9N'm Ans.

The coordinate angles of (M) are )

a = cos 71(%) = cos(51'56) = 44.2° Ans.

B = cos 1(%) = cos<_4?'56) = 131° Ans.

1.9

4
) = 103° Ans.




*4-96.

Determine the required magnitude of Fq, Fy, and F3 z
so that the resultant couple moment is (M.)g =
[50i —45j — 20k] N-m.

SOLUTION

Couple Moment: The position vectors rq, rp, r3, and ry, Fig. a, must be determined”™
first.

r; = {0.2ij m r, = {0.2j} m r; = {0.2j} m

From the geometry of Figs. b and ¢, we obtain

ry = 0.3 cos30°cos 45° + 0.3 cos 30°sin 45°j — 0.3 sin 30°k
= {0.1837i + 0.1837j — 0.15k} m

The force vectors Fq, Fy, and F3 are given by

Fl = Flk F2 = sz F3 = F3i

Thus,

Ml =n X Fl = (02i) X (Flk) =-0.2 Flj

M2 =In X F2 = (02j) X (sz) =02 in

M3 =I3 X F3 = (02j) X (F3i) = -02 F3k

M, = 1, X F, = (0.1837i + 0.1837j — 0.15k) X (150K) = {27.56i — 27.56j} N -m

Resultant Moment: The resultant couple moment required to equal
(M,)g = {50i — 45j — 20k} N - m. Thus,

Mg = EM; Mg =M; + M, + M3 + M,
508 — 45§ — 20k = (—0.2Fj) + (02F5) + (—0.2FK) + (27.56i — 27.56j)
50i — 45) — 20k = (0.2F, + 27.56)i + (—0.2F, — 27.56)j — 0.2Fsk

Equating the i, j, and k components yields

50 = 0.2F, + 27.56 F =112N Ans.
—45 = —0.2F, — 27.56 F, = 872N Ans.
—20 = —0.2F, Fy = 100N Ans.
'F" ()
0-3¢€0530°
rl
*®)

—F, = [~150 k] N




4-97.

Replace the force and couple system by an equivalent force
and couple moment at point O.

SOLUTION
+ 5 .
= ZFpy = 2F; Fre =6 e} — 4 cos 60
= 0.30769 kN
12 ,
+13Fg, = SF,;  Fg, = 6(§) — 45in 60°

= 2.0744 kN
Fr = V(0.30769)> + (2.0744)> = 2.10 kN

) tan,{ 2.0744

Ans.
0.30769} = 8167

Ans.
12 5
C+Mo=3Mo;  Mo=8=6(3)(4) + 63 )5 — 4cos60°(4)
My = —10.62kN-m = 10.6 kN -m D

Ans.

0 r
\ . am
6 kN 4 kN
4m
Sm
13/|12 60°
5 I B




4-98.

Replace the force and couple system by an equivalent force
and couple moment at point P.

SOLUTION

+ > o

- XFg, = 2F,; Fr, =6 e} — 4 cos 60
= 0.30769 kN

12
+1SFg, = SF,;  Fg, = 6(E) — 4sin 60°

= 2.0744 kN
Fr = V(0.30769)2 + (2.0744)2 = 2.10 kN

. tan,l{ 2.0744

Ans.
0.30769} = 8L6"

Ans.
12 5 .
C+Mp=3Mp; Mp=8—-06 I (7) + 6 el (5) — 4 cos 60°(4) + 4 sin 60°(3)

Mp=—-168kN-m = 16.8 kN-m )

Ans.




4-99.

Replace the force system acting on the beam by an
equivalent force and couple moment at point A.

SOLUTION

4
B F = SF,;  Fp = 1.5sin30° - 2.5<§>

—125kN = 1.25kN <

+1F, = 3F;  F

—1.5cos 30° — 2.5(§> -3

= —5.799 kN = 5.799 kN |

Thus,

Fg = VF% + Fx = V125" + 5799 = 5.93kN

and

IR 5799
6 = tan ! <Fy> = tan _1(E) =718° &
R .

x

C+Mg, = SM,; Mg, = —2.5@)(2) — 1.5 cos 30°(6) — 3(8)

= —34.8kN-m = 34.8 kN-m (Clockwise)

3kN

Ans.

Ans.

Ans.



*4-100.
3kN

Replace the force system acting on the beam by an
equivalent force and couple moment at point B. 25KN 15 kN 300
s
4 \
| :e: B
T. \
kZm | 4m —2m-—
SOLUTION
4
5 Fr =3F,; Fg =15si 30°—2.5(—)
R, X R, s 3 _4’

= —125kN = 1.25kN <

+TFR.v =2F,; Fg =-15co0s30° - 2'5<§) -3
= —5.799 kN = 5.799 kN |

Thus,

Fr = VF} + F% = V125 + 5799 = 5.93kN Ans.
and
Fr 5.799
—tan ) = an (227 = 770
6 = tan ( RX> tan ( 1'25) 77.8° & Ans.
R 3
G+ Mg, =3Mg,; My = 1.5c0s 30°(2) + 2.5 3 (6)

Ans.

= 11.6 kN-m (Counterclockwise)



4-101.

Replace the force system acting on the post by a resultant
force and couple moment at point O.

SOLUTION

Equivalent Resultant Force: Forces Fy and F are resolved into their x and y com-
ponents, Fig. a. Summing these force components algebraically along the x and y
axes, we have

4

X S(Fp), = =F, (Fg), = 300 cos 30° — 150(5) + 200 = 339.811b —
3

+ 1(Fg), = =Fy; (Fg)y = 3005sin30° + 150(5) =2401b 1

The magnitude of the resultant force Fp is given by

Fr = V(Fp),2 + (Fg),* = V/339.812 + 2402 = 416.021b = 416 1b Ans.

The angle 6 of Fg is

(Fr)
6 = tanfl{(F )y} = tanfl{:é;(;l} = 3523°=352° & Ans.
R)x .

Equivalent Resultant Couple Moment: Applying the principle of moments,
Figs. a and b, and summing the moments of the force components algebraically
about point A, we can write

C+ (Mg)y = SMy; (M) = 150(%)(4) —200(2) — 300 cos 30°(6)

= —1478.851b- ft = 1.48 kip - ft (Clockwise) Ans.

24t
ﬂ
2 ft

Bo0css30°lb

- 150(346) 16

> 200 /L,




4-102.

Replace the two forces by an equivalent resultant force and
couple moment at point O. Set F = 20 Ib.

SOLUTION

4
B Fy =3SF;  Fgr, = 5(20) — 205in30° = 61

3
+1 Fry = BFi Fry = 20008 30° + < (20) = 29321b

Fr = VFh + Fry = V6 + (29322 =2991b  Auns.

Fr
12— tan *(%) = 784° 2 Ans.
Rx

6 = tan —

C +Mg, = ZMo; Mg, = 20 sin 30°(6 sin 40°) + 20 cos 30°(3.5 + 6 cos 40°)

—g (20)(6 sin 40°) + % (20)(3.5 + 6 cos 40°)

=2141b- in.d Ans. 201b

6sin4o'n.

40 v x

T3

& cos #0° /. /vsﬁi




4-103.

Replace the two forces by an equivalent resultant force and
couple moment at point O. Set F = 15 Ib.

SOLUTION
B Fy. = SF;  Fg, = g(15) —205sin30° = 21b

3
+1 Foy = SF; Fry = 20c0s30° + < (15) = 26.321b

Fr = VFh, + F, = V22 + 26322 = 2641b  Auns.

Fg 26.32
6 = tan ! F Y — tan ’1(7) =857° <

Rx

G+ Mg, = ZMy; Mg, = 20 sin 30°(6 sin 40°) + 20 cos 30°(3.5 + 6 cos 40°)

—% (15)(6 sin 40°) + % (15)(3.5 + 6 cos 40°)

=2051b- in.D

-2 in~
Ans.
Ans.
201b -
/
s 30 2
Az
.4-
bsin4o’n
Y x
’I'5l'f!.

? I




*4-104.

Replace the force system acting on the crank by a resultant
force, and specify where its line of action intersects BA
measured from the pin at B.

SOLUTION

Equivalent Resultant Force: Summing the forces, Fig. a, algebraically along the x
and y axes, we have

& S(Fp), = SFy (Fo), = —601b = 60 1b —
+1 (Fp), = SF; (Fr)y = =10 =20 = —301b = 301b |

The magnitude of the resultant force Fy is given by

Fr= V(Fp) 2 + (Fr),> = V60% + 30% = 67.081b = 67.11b Ans.

The angle 0 of Fp is

(FR)y} = tan_]{ﬁ

= 26.57° = 26.6° Ans.
(Fr). 60} P ns

6 = tan_]{

Location of Resultant Force: Summing the moments of the forces shown in Fig. a
and the force components shown in Fig. b algebraically about point B, we can write

C+ (Mp)g = SMy; 60(d) = 60(12) — 10(4.5) — 20(9)
d = 8.25in. Ans.

@

60 1b

121

b)




4-105.

Replace the force system acting on the frame by a resultant

force and couple moment at point A. 2kN
4m I m |
5_Y
I /
Sm °
SOLUTION
Equivalent Resultant Force: Resolving Fq, Fy, and F3 into their x and y compo- I
nents, Fig. a, and summing these force components algebraically along the x and A

y axes, we have

4 5
X S(Fy), = SFy (Fp)x = 5(5) - 3(5) = 2846 kN —
3 12
+1 (Fp), = 3Fy; (Fg), = —5(5) -2- 3(5) = —7.769 kN = 7.769 kN |
The magnitude of the resultant force Fp is given by
Fr = V(Fp),2 + (Fg),* = V/2.8467 + 7.769* = 8274 kN = 827 kN Ans.
The angle 6 of Fp is
(Fr)y 7.769

= tan! = tan |- | = 69.88° = 69.9° Ans.

0 an {(FR)J {2.846} 9 ~ ns

Equivalent Couple Moment: Applying the principle of moments and summing the
moments of the force components algebraically about point A, we can write

Crota =3 9= 32— 5o -0 -3(B ) +3(3)e

= —9.768 kN -m = 9.77 kN - m (Clockwise) Ans.

’ 4m Imjim| 3(,%3)1@1
F=5 kN L2k - l?‘;:5 kn
Al aEDL \1 k i+
+ B |
o 3(%13) kN
5(4/s) kN
5m
A
ST




4-106.

Replace the force system acting on the bracket by a resultant 450 N
force and couple moment at point A.

SOLUTION

Equivalent Resultant Force: Forces F; and F, are resolved into their x and y com-
ponents, Fig. a. Summing these force components algebraically along the x and y
axes, we have

B S(Fp), = SF:  (Fg), = 450 cos45° — 600 cos30° = —201.42N = 20142 N«
+1(Fg)y = SF,;  (Fg), = 450sin45° + 600sin30° = 61820N 1

The magnitude of the resultant force Fy is given by

Fr = V(Fp)> + (Fr),> = V201.4% + 618.20> = 650.18 kN = 650 N Ans.

The angle 0 of Fy is

(FR)y:| _ 71{@

= tan~ !
0 = tan [(FR)x 2014

} =71.95° = 72.0° Ans.

Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a
and b, and summing the moments of the force components algebraically about
point A, we can write

C+(Mp)a = SMy; (Mg) 4 = 600 sin 30°(0.6) + 600 cos 30°(0.3) + 450 sin 45°(0.6) — 450 cos 45°(0.3)

= 43136 N-m = 431 N -m (Counterclockwise) Ans.




4-107.

A biomechanical model of the lumbar region of the human b4
trunk is shown. The forces acting in the four muscle groups
consist of Fr = 35N for the rectus, Fp = 45N for the
oblique, F; = 23 N for the lumbar latissimus dorsi, and
Fr = 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
vector form.

SOLUTION
Fg = SF, ; Fg = (2(35 + 45 + 23 + 32)k } = {270k} N
Mo = SMp ;. Mgo = [~2(35)(0.075) + 2(32)(0.015) + 2(23)(0.045)]i

Myo = {-2.22i}N-m Ans.

y



*4-108.

Replace the two forces acting on the post by a resultant
force and couple moment at point O. Express the results in
Cartesian vector form.

SOLUTION

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

0 —0)i+ (6—0)j+ (0— 8k
5
0 —0)+ (6 — 0)> + (0 — 8)?

Fp = Fpuyp = = [3j — 4k] kN

2—-0)i+ (-3-0)j+(0-6k
(202 + (=3 -0)2+ (0 —6)

FD = FD“CD =7 = [2i - 3j - 6](] kN

The resultant force Fy is given by
Fr = 2F; Fr, = F3z + Fp

= (3j — 4k) + (2i — 3j — 6k)

= [2i — 10k] kN Ans.
Equivalent Resultant Force: The position vectors r,; and r - are

rop = {6j} m roc = [6k] m

Thus, the resultant couple moment about point O is given by
(Mg)o = ZMp;  (Mg)o = rop X Fp + roc X Fp
i j k i j k
0 6 O0|+]0 0 6
0 3 —4 2 -3 -6

= [—6i + 12j] kN m Ans.




4-109.

Replace the force system by an equivalent force and couple
moment at point A.

F, = {100i — 100j — SOk}N/

SOLUTION F; = {- 500k} NY

FR:EF, FR:F1+F2+F3

Im

= (300 + 100)i + (400 — 100)j + (—100 — 50 — 500)k

= {400i + 300j — 650k} N

\ F; = {300i + 400j — 100k} N
4m

The position vectors are r 5 = {12k} mand r z = {—1j} m.
MRAZEMA; MRAerBXFl+rABXF2+rAEXF3 X
i j k i j k
=10 0 12 |+1]0 0 12
300 400 —100 100 —100 —50

i K
+0 -1 0
0 0 =500

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



4-110.

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 # = 0° so that F, acts in the —j direction.

SOLUTION
Fr = F, + F,
Fr = {—40j — 40k} N

MRA = E(l‘ X F)

i j k i j
=(-03 0 0.08] +[-03 0.08
0 -40 O 0 0

=
2
|

= {~12j + 12k} N-m

—40

Ans.

Ans.




4-111.

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 6 = 45°.

SOLUTION
Fr=F, +F,

= —40 cos 45% + (—40 — 40 sin 45°)k

Fr = {—28.3j — 683k} N Ans. F,
rar1 = {—0.3i + 0.08j} m
Y = —0.3i — 0.08 sin 45°§ + 0.08 cos 45°k
= {~0.3i — 0.0566j + 0.0566k} m

Mpa = (tap X Fy) + (rapm X F)

i i K i i k
=|-03 008 0 |+ [-03 —0.0566 0.0566 g
0 0 —40 0 —40 cos 45° —40sin 45° B.28N +
Mg, = {—20.5] + 849k} N-m Ans.
Also,
MRAX = EMAX

Mps = 28.28(0.0566) + 28.28(0.0566) — 40(0.08)
Mpga, =0
Mpga, = ZM A,
Mga, = —28.28(0.3) — 40(0.3)
Mgry = —205N-m

M RA., = M A,
Mpa, = 28.28(0.3)
Mgy, = 849N-m

Mg, = {~20.5i + 849k N-m Ans.



*4-112.

Handle forces Fq and F, are applied to the electric drill.
Replace this force system by an equivalent resultant force
and couple moment acting at point O. Express the results in
Cartesian vector form.

SOLUTION
Fz = SF, Fg = 6i — 3j — 10k + 2j — 4k
= {6i — 1j — 14k} N

Mgo = ZMp;
i o K i § Kk
Mo =015 0 03] +[0 —025 03
6 -3 —-10 0 2 —4
=09 + 3.30j — 0.450k + 0.4i
= {1.30i + 3.30j — 0.450k} N - m Ans.

Note that Fz, = —14 N pushes the drill bit down into the stock.
(Mgo)x = 1.30 N*m and (Mgo), = 3.30 N - m cause the drill bit to bend.

(Mgo); = —0.450 N-m causes the drill case and the spinning drill bit to rotate
about the z-axis.



4-113.

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 B.

SOLUTION
+1 Fg = =F;  Fg = —1750 — 5500 — 3500

= —10750 b = 10.75 kip | Ans.

C+Mpg, = M, ; —10750d = —3500(3) — 5500(17) — 1750(25)

d=13.7ft Ans.

14 ft

LIRS A

1 6 ft



4-114.

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.

SOLUTION
] 141t 61t

Equivalent Force: 3ft 2ft

+1Fg = =F,;  Fx = —1750 — 5500 — 3500

= —107501b = 10.75 kip | Ans.

Location of Resultant Force From Point A:

C+Mg, = SMy;  10750(d) = 3500(20) + 5500(6) — 1750(2)

d =926 ft Ans. & l



4-115.

Replace the three forces acting on the shaft by a single i 51t i 3 ft i 2 ft i 4 ft i
resultant force. Specify where the force acts, measured from 1
Al B

end A. ,

s 12|\13 =

4 5
500 1b
200 Ib 260 Ib

SOLUTION

4 5
b Fr, = 3F,; Fry = —500(5) + 260(5) = —3001b =3001b <«

3 12
+1Fp, = SF,;  Fpy = —500(5) — 200 — 260(—) = —7401b = 7401b |

13
F = V/(-300)2 + (—740)> = 798 Ib Ans.
740
— -1 — o
6 = tan (300) 67.9° ¥ Ans.

CH Mp, = SMy  740(x) = 500(%)(5) 1 200(8) + 260(%)(10)

740(x) = 5500

x = 743 ft Ans.



*4-116.

Replace the three forces acting on the shaft by a single i 51t
resultant force. Specify where the force acts, measured from P
end B. b

500 Ib
SOLUTION
4 5
B Fpe = SF;  Fge = —500(5) + 260<E> = —3001b =3001b <
3 12
+1Fg, = 3F,; Fg, = —soo(g) ~ 200 — 260<B) = —7401b = 7401b |
F = V(=300)2 + (—740)> = 798 Ib Ans.
740
— -1 2 ) = o
6 = tan (300) 67.9° ¥ Ans.

C+ Mpp = EMy; - 740(x) = 500(%)(9) +200(6) + 260<%>(4)

x = 657 ft Ans.

200 1b

260 1b



4-117.

Replace the loading acting on the beam by a single resultant 700 N
force. Specify where the force acts, measured from end A. 450N 300 N 30
|
BY
A l i
3 ‘ \ ‘ 1500 N-m
‘«—2 m-— 4m | 3m |
SOLUTION

B Fpe = SF,; Fr, =450cos 60° — 700sin 30° = —125N = 125N <«

+TFRy =2F,; Fgry = —450sin 60° — 700 cos 30° — 300 = —1296 N = 1296 N !

F = V/(~125)2 + (—1296)* = 1302 N Ans.
1296

=tan!| ) =845 & Ans.

0 tan(125> 84.5 ns,

C+Mpy=ZMy; 1296(x) = 450 sin 60°(2) + 300(6) + 700 cos 30°(9) + 1500

x=1736m Ans.



4-118.

Replace the loading acting on the beam by a single resultant 700 N
force. Specify where the force acts, measured from B. 450 N 300N 30°
60 ‘
BY
A Z i
| |
‘<—2m | 4m } 3m | 1500 N-m

SOLUTION

5 Fr = 3F,; Fg,

450 cos 60° — 700sin 30° = —125N = 125N <«

+1Fgy = SF,;  Fg,= —450sin60° — 700 cos 30° — 300 = —1296N = 1296 N |

F = V/(~125)% + (—1296)* = 1302 N Ans.
1296
= _1 — = o
0 = tan ( 125 > 84.5° & Ans.

C+ Mgy = SMy;  1296(x) = —450sin 60°(4) + 700 cos 30°(3) + 1500

x = 1.36 m (to the right) Ans.



4-119.

Replace the force system acting on the frame by a resultant
force, and specify where its line of action intersects member
AB, measured from point A.

~—2.51ft ﬂ‘-—3 ft —
B

\
\
Wy,

SOLUTION

Equivalent Resultant Force: Resolving F and F3 into their x and y components,
Fig. a, and summing these force components algebraically along the x and y axes,
we have

4
B S(Fp), = SF;  (Fg), = 200 cos45° — 250(5) —300 = —358.58 Ib = 358.58 Ib <

+1(Fg), = =F,;  (Fg), = —200sin45° — 250(%) = —291.421b = 291.421b!

The magnitude of the resultant force Fp is given by

Fr = V(F)2 + (F),” = 1/358.58% + 291.422 = 462.07 1b = 462 1b Ans.

The angle 0 of Fy is

(Fr)y }

,1[291.42
(FR)x

358.58}:39'1 P Ans.

0= tan’l[

Location of Resultant Force: Applying the principle of moments to Figs. a and b, and
summing the moments of the force components algebraically about point A, we can write

C+(Mp)a = SM,;  358.58(d) = 250(%)(2.5) + 250(%)(4) + 300(4) — 200 cos 45°(6)

— 200sin 45°(3)
d = 3.07ft Ans.

’l 200Los45° |b
250(45)1b 46°
=300lb | zﬂ. F=zoolp
= i 2005in45° [b

<o)
F=2501b . 250(34)1b 44t




*4-120.

Replace the loading on the frame by a single resultant force. 300 N
Specify where its line of action intersects member AB, 250 N
measured from A. H‘lermﬂ%3m*>‘ s A
©; B 4
< 1 (D
Q N\ 3 ) \
wooN-m¥
600>/
SOLUTION 3m
500N
4
B SF, = Fgy; Fg, = —250(7> — 500(cos 60°) = —450 N = 450 N < 5 8 -
5 =
A

3
+15F, = SF,;  Fgy, = —300 — 250<§> ~ 500 sin 60° = —883.0127 N = 883.0127 N |

Fr = V/(—450)2 + (—883.0127)> = 991 N Ans.
883.0127
= 71 — = o
0 ( 150 ) 63.0° &

C+ Mgy = SMy; 450y = 400 + (500 cos 60°)(3) + 250(%)(5) —300(2) — 250(%)(5)

800
y = E =178 m Ans.



4-121.

Replace the loading on the frame by a single resultant force. 300 N
Specify where its line of action intersects member CD, 250 N
measured from end C. H‘ 1m erﬂ%3 m%‘ s A
C B /4/
oS t (D
Q N ) \
w0oN-m¥
60°
SOLUTION
3m
4 500N
B SF, = Fgy; Fg, = —250(*> — 500(cos 60°) = —450 N = 450N < ‘
5 & )
A

3

5) — 500 sin 60° = —883.0127 N = 883.0127 N |

+13F, = 3F,;  Fg, = =300 — 250(

Fr = V/(—450)> + (—883.0127)> = 991 N Ans.

883.0127
0=t 71(?) = 63.0° >

3
C+ Mgy = SMe;  883.0127x = —400 + 300(3) + 250<§>(6) + 500 cos 60°(2) + (500 sin 60°)(1)

2333

X = m = 2.64m Ans.



4-122.

Replace the force system acting on the frame by an 351b 30° 201b
equivalent resultant force and specify where the — At
resultant’s line of action intersects member AB, measured A ‘ Y B
from point A. o
2 ft—
o| 31
@
251b
SOLUTION s
B Fp, = SF,;  Fgy = 35sin30° + 25 = 42.51b S

+J,FRy = 3F; Fgy = 35c0s30° + 20 = 50.31 Ib

Fr = V(42.5)? + (50.31)> = 6591b Ans.

50.31
= _1 — = o
6 = tan ( 105 ) 49.8° X Ans.

ol

C+Mgy = SMy;  5031(d) = 35cos 30°(2) + 20(6) — 25(3)

d = 2.10ft Ans.




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.

SOLUTION
b Fp, = SF;  Fry = 35sin30° + 25 = 42.51b
+1Fpy = SF,;  Fgy = 35c0s30° + 20 = 5031 Ib

Fr = V(42.5)* + (50.31)> = 6591b

50.31
— -1 o
6 = tan (42.5>—49.8 ~

C+Mpa = ZMy; 50.31(6) — 42.5(d) = 35cos 30° (2) + 20(6) — 25(3)

d =4.62ft

Ans.

Ans.

30° 20 1b
Xl 4ft
A ‘ I B
Q@ Q
2 ft——‘
o] 31t
Q
251b
2 ft
C
&St




*4-124.

Replace the force system acting on the post by a resultant
force, and specify where its line of action intersects the post
AB measured from point A.

SOLUTION

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

4
B (Fp), = SF;  (Fr), = 250(5) — 500c0s 30° — 300 = —533.01 N = 533.01 N«
3
+1(Fg)y = =F,;  (Fg), = 500sin 30° — 250(§> = 100N 1

The magnitude of the resultant force Fy is given by

Fr = V(Fgp),> + (Fr)y?> = V/533.01> + 100° = 54231 N = 542N Ans.
The angle 0 of F is
(FRr)y 100
= tan ~' = tan ~' =10.63° = 10.6° = Ans.
0 = tan [(FR),V tan {533001} 0.63 0.6 ns

Location of the Resultant Force: Applying the principle of moments, Figs. a and b,
and summing the moments of the force components algebraically about point A4,

C+(Mp)a = SMy;  533.01(d) = 500 cos 30°(2) — 500 sin 30°(0.2) — 250(%)(0.5) - 250(%)(3) + 300(1)

d = 0.8274mm = 827 mm Ans.
Soosinzo I;/“anqm 250C45)N
sON a
Fe. E), =
] /Uk)y JOON
b L2
(Fe) =533.01A
4
A v
i (s

) (b)



4-125.

Replace the force system acting on the post by a resultant
force, and specify where its line of action intersects the post
AB measured from point B.

SOLUTION

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

4
B S(Fp), = SF;  (Fr)x = 250<§> — 500cos 30° — 300 = —533.0IN = 533.01 N «

3
+1(Fgr), = 5F,;  (Fg), = 500sin 30° — 250(5) = 100N 1

The magnitude of the resultant force Fy is given by

Fr = V(Fp),> + (Fr),* = V/533.01 + 100% = 54231 N = 542N Ans.
The angle 6 of Fy is
(Fr)y 100
6 = tan ! =t *1{—} =10.63° = 10.6° = Ans.
an [(FR)X M 53300 ns

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

C+(Mg)p= SMy;  —533.01(d) = —500cos 30°(1) — 500sin 30°(0.2) — 250(%)(0.5) — 300(2)

d=217m Ans.



4-126.

Replace the loading on the frame by a single resultant force.
Specify where its line of action intersects member AB,
measured from A.

SOLUTION
b Fp, = SF,;  Fge = —200 Ib = 200b <

+TFRy=ZFy; Fgy = =300 — 200 — 400 = —9001b = 900 Ib !

F = V(-200)2 + (—900)> = 922 1b

900
0= tan_l(ﬁ) =775 ¥

CH+ Mgy = SMy;  900(x) = 200(3) + 400(7) + 200(2) — 600 = 0
3200

=" =356f
X =500 3.56 ft

300 1b

~— 3 ft

200 Ib

4 ft

400

‘ S

b

(&

600 1Ib - ft

Ans.

Ans.

Ans.

o/

f
2 ft

A

200 Ib




4-127.

The tube supports the four parallel forces. Determine the
magnitudes of forces Fo and F), acting at C and D so that
the equivalent resultant force of the force system acts
through the midpoint O of the tube.

SOLUTION

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

=M, =0, Fp(0.4) + 600(0.4) — Fc(0.4) — 500(0.4) = 0

Fc — Fp =100 @
XM, =0; 50000.2) + 600(0.2) — F-(0.2) — Fp(02) =0

Fe + Fp = 1100 )
Solving Egs. (1) and (2) yields:

Fe = 600N Fp = 500N Ans.




*4-128.

Three parallel bolting forces act on the circular plate.
Determine the resultant force, and specify its location (x, z)
on the plate. F, = 200 1b, Fz = 100 Ib, and F = 400 Ib.

SOLUTION

Equivalent Force:

Fx=3F;  —Fg=—400 — 200 — 100

Fr =7001b Ans.

Location of Resultant Force:

Mg = =M,  700(z) = 400(1.5) — 200(1.5 sin 45°) — 100(1.5 sin 30°)

z = 0.447 ft Ans.
Mg = 3M; —700(x) = 200(1.5 cos 45°) — 100(1.5 cos 30°)
x = —0.117 ft Ans.

1.5 ft

30° \<0
/
o C‘/\}y

S



4-129.

The three parallel bolting forces act on the circular plate. If z
the force at A has a magnitude of F 4, = 200 Ib,determine the
magnitudes of Fg and F( so that the resultant force Fy of the
system has a line of action that coincides with the y axis. Hint: (/\
This requires XM, = 0 and ZM, = 0. g\
c
1.5 ft
SOLUTION o
30°
Since Fg coincides with y axis, Mg, = M R, = 0. ‘\\y Q/q\F "

Mg, = M 0 = 200(1.5 cos 45°) — Fy(1.5 cos 30°)

Fg =163.301b = 163 1b Ans.

Using the result Fz = 163.30 Ib,
My = ZM,; 0 = Fc(1.5) — 200(1.5 sin 45°) — 163.30(1.5 sin 30°)

F-=2231b Ans.
fo




4-130.

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; = 30 kN,
F, = 40 kN.

SOLUTION
+1Fg = 3F; Fgp=—20 - 50 — 30 — 40 = —140kN = 140kN
(Mg), = EM,;  —140y = —50(3) — 30(11) — 40(13)
y=714m

(M), = SM,;  140x = 50(4)+20(10)+40(10)

x =571m

Ans.

Ans.

Ans.



4-131.

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; = 20 kN,
F, = 50kN.

SOLUTION
+VFg = 3F;  Fr=20+ 50+ 20 + 50 = 140 kN
Mg, = SM,;  140(x) = (50)(4) + 20(10) + 50(10)
X =643m
Mg, =3M,  —140(y) = —(50)(3) — 20(11) — 50(13)

y=729m

F,

Ans.

Ans.

Ans.



*4-132.

If F4, = 40kN and Fz = 35kN, determine the magnitude z
of the resultant force and specify the location of its point of
application (x, y) on the slab.

SOLUTION x

Equivalent Resultant Force: By equating the sum of the forces along the z axis to
the resultant force Fp, Fig. b,

+1Fg = 3F; —Fr=—30 —20 — 90 — 35 — 40

Fr = 215kN Ans.

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

y axes,

(Mg), = SM,; —215(y) = —35(0.75) — 30(0.75) — 90(3.75) — 20(6.75) — 40(6.75)
y =3.68m Ans.

(Mg), = ZM,; 215(x) = 30(0.75) + 20(0.75) + 90(3.25) + 35(5.75) + 40(5.75)

x =354m Ans.



4-133.

If the resultant force is required to act at the center of the
slab, determine the magnitude of the column loadings F,4
and Fp and the magnitude of the resultant force.

SOLUTION

Equivalent Resultant Force: By equating the sum of the forces along the z axis to 0.75m
the resultant force F,

+1Fz = 3F; —Fr=-30—-20—-90 — F, — Fg
Fr =140 + F, + Fy @

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

y axes,

(Mg), = SM,; —Fx(3.75) = —F3(0.75) — 30(0.75) — 90(3.75) — 20(6.75) — F(6.75)
Fr = 02F + 1.8F, + 132 @)

(Mg), = SM,; Fx(3.25) = 30(0.75) + 20(0.75) + 90(3.25) + F,(5.75) + F(5.75)

Fx = 1.769F, + 1.769F, + 101.54 A3)

Solving Eqgs.(1) through (3) yields

F, = 30kN Fp = 20kN Fr = 190kN Ans.



4-134.

Replace the two wrenches and the force, acting on the pipe
assembly, by an equivalent resultant force and couple

moment at point O.

SOLUTION

Force And Moment Vectors:

F, = {300k} N F; = {100j} N

F, = 200{cos 45° — sin 45°k} N
= {141.42i — 141.42k} N
M, = {100k} N-m
M, = 180{cos 45°1 — sin 45°k} N-m
— {12728 — 12728k} N-m
Equivalent Force and Couple Moment At Point O:

FRZEF, FR=F1+F2+F3
141.42i + 100.0] + (300 — 141.42)k

{141i + 100j + 159k} N Ans.

The position vectors are r; = {0.5j} mandr, = {1.1j} m.

MR(): EMo, MRU:l'] XF] +r2><F2+M1 +M2
i j Ok
=10 05 0
0 0 300
i i k
+ 0 1.1 0

141.42 0 —141.42
+ 100k + 127.28i — 127.28k

= {122i — 183k} N-m Ans.



4-135.

The three forces acting on the block each have a magnitude
of 10 Ib. Replace this system by a wrench and specify the
point where the wrench intersects the z axis, measured from
point O.

SOLUTION
Fx = {—10j) Ib
M, = (6] + 2K) X (—10j) + 2(10)(—0.707i — 0.707j)

= {5.858i — 14.14j} Ib - ft

Require
5.858
z= 0 0.586 ft
Fy = {—10j} 1b

My, = {—14.1j} Ib- ft

F,

4

6 ft

>

/

Ans.

Ans.

Ans.



*4-136.

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

N

4 ft

600 1b-ft

SOLUTION * 3t
. L

Equivalent Resultant Force: The resultant forces F;, F,, and F; expressed in

Cartesian vector form can be written as F; = [600j] 1b, F, = [-450i] Ib, and 3001

F; = [300K] Ib. The force of the wrench can be determined from
Fr = 2F; Fr = F; + F, + F; = 600j — 450i + 300k = [—450i + 600j + 300k] 1b
Thus, the magnitude of the wrench force is given by

Fr = V(Fp)> + (Fr),? + (Fr).> = V/(—450)? + 600% + 300> = 807.771b = 808 b Ans.

Equivalent Couple Moment: Here, we will assume that the axis of the wrench passes
through point P, Figs. a and b. Since My, is collinear with F,

—450i + 600j + 300k x
Y V/(=450)2 + 6007 + 3002

MW = MWuFR = M,

= —0.5571M,i + 0.7428M,j + 0.3714M,k

The position vectors rp,, rpp, and rp- are z
rpa=0—x)Ji+@—-y)j+Q2-0k=-xi+@—-yj+2k

tpp =B - 0it+ @ - pj+0-0k=0@-xit+4-y)j

tpe=CB-xi+@-yj+Q2-0k=0C-x)i+@-yj+2k - S 3 My
7
The couple moment M expressed in Cartesian vector form is written as X Plx
M = [600i]lb - ft. Summing the moments of F,, F,, and F; about point P and 140
including M,
&)
My, = EZMp; My =r1py X Fi +rpc X F, +rpg X F3; + M
i j k i j k i j k
—0.5571M,,i + 0.7428M,,j + 03714M k= |-x (4 —y) 2|+ |B—x) @ —y) 2/ +|B—x) (A —y) 0|+ 600i
0 600 0 —450 0 0 0 0 300

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

Equating the i, j, and k components,

—0.5571M,, = 600 — 300y @
0.7428M,, = 300x — 1800 ?2)
0.3714M,, = 1800 — 600x — 450y (&)

Solving Egs. (1),(2),and (3) yields

x = 3521t y = 0.138 1t My, = —1003 1b - ft Ans.

The negative sign indicates that My, acts in the opposite sense to that of F,.



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 line of action
intersects the plate.

SOLUTION
Fx = {500i + 300j + 800k} N

Fr = V(500)% + (300)2 + (800)> = 990 N

upg = {0.5051i + 0.3030j + 0.8081k}

Mg, = ZM,; Mg, = 800(4 — y)
MRy' = EMy/; MRy’ = 800x
Mg, = ZMy; Mg, = 500y + 300(6 — x)

Since My, also acts in the direction of u,
Mg (0.5051) = 800(4 — y)
My (0.3030) = 800x
Mg (0.8081) = 500y + 300(6 — x)
Mg = 3.07kN-m
x =116m

y = 2.06 m

Ans.

Ans.

Ans.

Ans.

Z

Fj3 = {800k} N
F, = {500} N




4-138.

The loading on the bookshelf is distributed as shown.
Determine the magnitude of the equivalent resultant
location, measured from point O.

21b/ft | 3.5 1b/ft

SOLUTION
+|lFro = ZF; Fro=8 + 525 =1325 = 1321bl Ans.
S 525U
C+Mgo=3My; 1325x = 525(0.75 + 1.25) — 8(2 — 1.25) ——— 'L‘ BT S
. o , !
x = 0.340 ft Auns. L i Pof J'




4-139.

Replace the distributed loading with an equivalent resultant 3kN/m
force, and specify its location on the beam measured from
point O.

3m ‘ 1.5m—

SOLUTION

Loading: The distributed loading can be divided into two parts as shown in Fig. a.
Equations of Equilibrium: Equating the forces along the y axis of Figs. a and b,
we have

+| Fy = SF; Fr = %(3)(3) + %(3)(1.5) =6.75kN | Ans.

If we equate the moment of Fp, Fig. b, to the sum of the moment of the forces in
Fig. a about point O, we have

CH (Mo = My —675() = =3 IB)Q) — ,(N1HES)
X =25m Ans.

Gk %G1 K

N

0 &




*4-140.

Replace the loading by an equivalent force and couple 200 N/m
moment acting at point O.

SOLUTION
Equivalent Force and Couple Moment At Point O:
+1Fg = SF,; Fp = —800 —
1 Fy v R 800 — 300 20004)=800N +(200)(3) =300N
= —1100N = 1.1I0kN | Ans. N -
C+ Mg, = SMp: Mg, = —800(2) — 300(5) 0”;; ———
7
v L7
= —3100 N-m =z~ 3m T zm

3.10kN-m (Clockwise) Ans.



4-141.

The column is used to support the floor which exerts a force
of 3000 Ib on the top of the column. The effect of soil pressure
along its side is distributed as shown. Replace this loading
by an equivalent resultant force and specify where it acts
along the column, measured from its base A.

SOLUTION
B SFp, = 3SF,;  Fg, =720 + 540 = 1260 b
+{Fg, = SF; Fgy = 30001b
Fr = V(1260)> + (3000)> = 3254 1b
Fr = 325kip
6= tanl[’iggg} =672° ¥
C+ Mgy=3SMy; 1260x = 540(3) + 720(4.5)

x = 3.86 ft

3000 1b

80 Ib /ft
oft |
il 200 Ib//it
A )
3,000k
Ans.
Ans.
Ans.




4-142.

Replace the loading by an equivalent resultant force and
specify its location on the beam, measured from point B.

SOLUTION

+lFr = SF;

C+ Mgp = ZMp;

Fr = 4800 + 1350 + 4500 = 10 650 1b

Fr = 10.6kip |

10 650x = —4800(4) + 1350(3) + 4500(4.5)

x = 0.479 ft

s

800 Ib /ft
500 Ib /ft
/v/l/ o'
_0O
} 12 ft 9 ft
1,350

} 800k ,500 L
-~ -::£ J":..
e i b

B>
X

o




4-143.

The masonry support creates the loading distribution —03m—
acting on the end of the beam. Simplify this load to a single OFb——1—
resultant force and specify its location measured from | KN/m : :
point O.

2.5 kN/m
SOLUTION

Equivalent Resultant Force:

+1Fg = 3F,; Fr=1(03) + %(2.5 — 1)(0.3) = 0.525kN 1 Ans.
Location of Equivalent Resultant Force:

C + (Mg)o = =Mp;  0.525(d) = 0.300(0.15) + 0.225(0.2)

d =0.171m Ans.



*4-144.

The distribution of soil loading on the bottom of a
building slab is shown. Replace this loading by an

equivalent resultant force and specify its location, measured 0\
from point O.
50 Ib/ft 100 1b/tt
300 1b /ft
12 ft i 9 ft
SOLUTION
" L 165 f
+1Fy = 2Fy; Fr=50(12) + 5(250)(12) + 5(200)(9) + 100(9) 15 R
=39001b = 3.90 kip 1 Ans. L6 Ry |
o==F%~
. . 50012) bl [7=*711100(9) b
G +Mg, = ZMy; 3900(d) = 50(12)(6) + 5(250)(12)(8) + 5(200)(9)(15) + 100(9)(16.5) P .
(250121 ,
Ans ’ ?( b

d=113ft



4-145.

Replace the distributed loading by an equivalent resultant
force, and specify its location on the beam, measured from the

pin at C.
SOLUTION
+\Fg = SF;

C+Mpe = EMc;

Fgr = 12000 + 6000 = 18 000 Ib
Fr = 18.0kip |
18000x = 12000(7.5) + 6000(20)

x =11.71ft

A A

B

le

800 Ib /£t
15 ft 15 ft
X
Ans. ¢ l‘_"
EN SN -2
i i i
Ans. woooy &0t



4-146.

Replace the distributed loading with an equivalent resultant Wy wy

force, and specify its location on the beam measured from
point A.
[ ;

A

SOLUTION

Loading: The distributed loading can be divided into two parts as shown in Fig. a.
The magnitude and location of the resultant force of each part acting on the beam
are also shown in Fig. a.

Resultants: Equating the sum of the forces along the y axis of Figs. @ and b,

1 L 1 L 1
+lFR =2F; Fr= EWo(z) + EWO(E> = EWOL ) Ans.

If we equate the moments of Fp, Fig. b, to the sum of the moment of the forces in
Fig. a about point A4,

CH+H(MR)s = =M, _%WOL(Y) = —%wo(%)(%) - %m(%)(%L)

X =-—=L Ans.

(a) (b



4-147.

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.

SOLUTION
Require Fi = 0.
+1Fg = 2Fy; 0=180 — 40b

b =450ft

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

4,
C+Mpg, = XMy, 0=180(12) — 40(4.50)(a + %)

a =975t

b |
! 40 1b /tt
o
| A A .
60 Ib /ft
10 ft 6 ft
b
%
Ans.
P |m—=y-—
g = :
T g
A l //
(R 8
12
f
1z %(m)(s)-.,mm
Ans.



*4-148.

If the soil exerts a trapezoidal distribution of load on the
bottom of the footing, determine the intensities wy and wy of
this distribution needed to support the column loadings.

SOLUTION

Loading: The trapezoidal reactive distributed load can be divided into two parts
as shown on the free-body diagram of the footing, Fig. a. The magnitude and loca-
tion measured from point A of the resultant force of each part are also indicated in
Fig. a.

Equations of Equilibrium: Writing the moment equation of equilibrium about
point B, we have

CHEMp=0; W2(8)<4 - 2) + 60<§ - 1) - 80(3.5 — 2) - 50(7 - 2) =0

w, = 17.1875 kN/m = 17.2 kN/m Ans.

Using the result of wy and writing the force equation of equilibrium along the
y axis, we obtain

1
~(w;, — 17.1875)8 + 17.1875(8) — 60 — 80 — 50 = 0

+1 2F, =0; 5

wy = 303125 kN/m = 30.3 kN/m Ans.

bokN BOKN Bokn

im| z5m ,I, 35m

/q'.

e e =]
- —




4-149.

The post is embedded into a concrete footing so that it is
fixed supported. If the reaction of the concrete on the post
can be approximated by the distributed loading shown,
determine the intensity of wq and wy so that the resultant
force and couple moment on the post due to the loadings
are both zero.

SOLUTION

Loading: The magnitude and location of the resultant forces of each triangular dis-
tributed load are indicated in Fig. a.

Resultants: The resultant force Fp of the triangular distributed load is required to
be zero. Referring to Fig. a and summing the forces along the x axis, we have

B Fy=0=3F; 0= %(30)(3) + %(wl)(l.S) - %(WZ)(I.S)
0.75wy — 0.75w, = 45 @

Also, the resultant couple moment Mp of the triangular distributed load is
required to be zero. Here, the moment will be summed about point A, as in Fig. a.

CH(Ma = 0= SMy 0= 2 ()15 = 3 (m)(15)(03) — 5 GOG)E)
0.75w, — 0.375w, = 292.5 @
Solving Egs. (1) and (2), yields

wy = 6601b/ft  w, = 720 Ib/ft Ans.

30

Ib /tt

3
\
\

o5t

oot
7 %

36 0)(5)"\:\\

',é‘(ﬁ)(ﬁs%

Lo

oi5ft A




4-150.

Replace the loading by an equivalent force and couple

. § 6 kN/m 15 kN
moment acting at point O.
oo m 7] ﬁw\l
/\
0!)7 : — /W
| 7.5m 45m
SOLUTION
+1Fy = 3F,;  Fg=-225-135 - 150
522-5 kil
= —51.OkN = 51.0kN| Ans. Fex75)22 .
2(4)(4~5)-/3-5Nl 5K
C+ Mg = =M,; Mg, = =500 — 22.5(5) — 13.5(9) — 15(12) S00KNM T
A :
= —914kN-m
S dal
= 914 kN - m (Clockwise) Ans. T




4-151.

Replace the loading by a single resultant force, and specify
the location of the force measured from point O.

SOLUTION

Equivalent Resultant Force:

+1 Fr = 2F,; —Fg=-225—-135—-15
Fr=510kN |

Location of Equivalent Resultant Force:

C+ (Mpo=3My;  —51.0(d) = —500 — 22.5(5) — 13.5(9) — 15(12)

d=179m

/_3
o !}7 /W
7.5m

4.5m ‘



*4-152.

Replace the loading by an equivalent resultant force and
couple moment at point A.

SOLUTION
F = %(6) (50) = 150 1b
F, = (6)(50) = 3001b
Fy = (4)(50) = 200 1b
B Fr.=3F,;  Fg, = 150sin 60° + 300 sin 60° = 38
+iFRy =2F,; Fgy = 150 cos 60° + 300 cos 60° + 20

Fr = V/(389.71)> + (425)2 = 5771b

425
= _1 = o
0 = tan (389.71> 47.5° X

C+Mpy=EMy;

=22001b-ft = 2.20 kip - ft D

F=2001b

9.71 1b

0 = 4251b

Mgy = 150 (2) + 300(3) + 200(6 cos 60° + 2)

r (bloseo’+2) ft

o369,

50 b /ft

50 Ib /ft

i

6 ft

100 Ib /ft

Ans.

Ans.

771



4-153.

Replace the loading by an equivalent resultant force and 50 Ib /ft
couple moment acting at point B. 50 1b/ft

| B
0

41t l

SOLUTION

F = %(6) (50) = 150 Ib

B, = (6)(50) = 300 1b

F, = (4)(50) = 200 1b
+ Fp. = SF,;  Fg, = 150sin 60° + 300 sin 60° = 389.71 Ib

+lFRy =2F,; Fgy = 150 cos 60° + 300 cos 60° + 200 = 425 1b

Fr = V(389.71)2 + (425)2 = 5771b Ans.
425

= -1 =475 g Ans.

0 = tan (389.71) 7.5 ns.

C+Mgg = XMy, Mg = 150 cos 60° (4 cos 60° + 4) + 150 sin 60° (4 sin 60°)

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

Mgy = 28001b- ft = 2.80 kip - ft9 Ans.
" (Bcoseo®+4 )t
=200 1Ib




4-154.

Replace the distributed loading by an equivalent resultant
force and specify where its line of action intersects member
AB, measured from A.

SOLUTION

& SFgo=3F,;  Fg,=1000N
+|Fg, = SF; Fgy, = 900N

Fr = V/(1000)> + (900)? = 1345 N

Fr=135kN

0= tan*l[%} =420° &=

C+Mpgy=3SMy; 1000y = 1000(2.5) — 300(2) — 600(3)

y=01m

200 N/m

B

200 N/m

Ans.

Ans.

Ans.

6m
Sm
Q" v
A
30(}»1 600N
™~ ~ 1
v~
|
1,000N e;—-!:
7 1

Fa



4-155.

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

SOLUTION
& SFp, = 3F,;  Fge = 1000N
+|Fg,=SF,;  Fg,= 90N
Fr = V/(1000)> + (900)> = 1345 N
Fr=135kN

0 = tan! {%} =420° >

C+ Mge = SMc;  900x = 600(3) + 300(4) — 1000(2.5)

x =0.556m

200 N/m
B
Tc
6m
o\l
200 N/m iy

A

Ans.
o g
Ans. [t Ry i
1,000N (—2— :’4

Ans.



*4-156.

Replace the distributed loading with an equivalent resultant w

force, and specify its location on the beam measured from Y
w = wysin (57x)

point A.

SOLUTION

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

LT
dFr = wdx = (wo sin 2L x)dx

Integrating dF g over the entire length of the beam gives the resultant force Fg.

L - 2woL -
+ Fo = F, = in — == o
! R ld R l <wo sin 2Lx>dx < - cos L x)

Location: The location of dFy on the beam is x, = x measured from point A. Thus,
the location X of F; measured from point A is given by

L
. T 4w,L?
o la 0
/LxchR A x(wosm 2Lx> X - .

= = 2wl 2wl @ Ans.
dFy o il
L

w o

L _ ZWOL

0 w

! Ans.

dfe

e ———————]

- |
A ——

e LN

=
e

L

’I

~



4-157.

Replace the distributed loading with an equivalent resultant w
force, and specify its location on the beam measured from
point A.

w= %(—x2 — 4x + 60) kKN/m

B

SOLUTION

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

1
dFy = wdx = g(—x2 — 4x + 60)dx
Integrating dFy over the entire length of the beam gives the resultant force Fy.

6m

6m 3
L Be= [dR= [ L-x—ax+60)dx = -5 — 2 + 60x
L o 6 6 3

=36kN | Ans.

0

Location: The location of dFy on the beam is x, = x, measured from point A. Thus
the location X of Fz measured from point A is

4

6m 1 5 ﬁml 1 X 4X3 )
/XchR x| —(=x% = 4x + 60) |dx / (- =4+ 60x)dx G| T4 T T 30x
Jr o 6 Jo 6

6m |

6m

)

0

X = = = =

/dFR 36 36 36
L

=217m Ans.




4-158.

Replace the distributed loading with an equivalent resultant
force, and specify its location on the beam measured from
point A.

SOLUTION

Resultant: The magnitude of the differential force dFg is equal to the area of the ele-
ment shown shaded in Fig. a. Thus,

dfg = wdx = (x2 + 3x + 100)dx

Integrating dFy over the entire length of the beam gives the resultant force Fy.

L x° 3x?
+1 FR:/dFR=/(x2+3x+100)dx: 2 4 100x
L 0 3 2 0

= 2962.51b = 2.96 kip Ans.

15 ft

Location: The location of dFy on the beam is x. = x measured from point A. Thus,
the location X of Fz measured from point A is given by

15 ft

15 1t e X ,
x dFy x| x? + 3x + 100 |dx - T x + 50x
L _Jo 4 0

370 Ib /ft

w = (x> + 3x + 100) Ib/ft

15 ft

X = = = = 9211t Ans.

2962.5 2962.5
[
L




4-159.

Wet concrete exerts a pressure distribution
of the form. Determine the resultant

along the wall
force of this

distribution and specify the height 4 where the bracing strut

should be placed so that it lies through the 1
the resultant force. The wall has a width of 5

SOLUTION

Equivalent Resultant Force:

BFr=3F; —Fg=-

4m
FR = / <2027
0

= 106.67(10°

Location of Equivalent Resultant Force:

I
/ zdA / wdz
A 0

zZ= =

¥4
/dA / wdz
A 0

ine of action of
m.

/IdA = —Azwdz
i)(103)dz

JN = 107kN «

/0 4mz[(zozi)(loﬂdz

A 4m(zoz%)(103)dz
Xm[(zozi)(mﬂdz

4m
/ (2022)(10%)dz
0

=240m

Thus, h=4-7=4-240=160m

Ans.

P> ad

TR AR ST RN L Ay

Il//// V07 ii7
A A /

WL et 00%(5)
=20&L)0?)

Ans.



*4-160.

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

SOLUTION

Equivalent Resultant Force And Moment At Point O:

X
FR=—/dA=—/ wdx
A 0

9m
Fr=— / (200x%)dx
0

= —3600N = 3.60 kN | Ans.

+1Fz = 3F,;

X
Q + MR() = EM(), MR() = _/ xwdx
0

9m
- / x(200x7)dx
0
9m
= - / (200x2 ) dx
0

= —19440N-m

= 19.4kN-m (Clockwise) Ans.

1
w = (200x 2) N/m 600 N/m

9m |

-
-~
-
-
-




4-161.

Determine the magnitude of the equivalent resultant force w
of the distributed load and specify its location on the beam
measured from point A. 420 Ib/ft w=(5 (x— 8)2 +100) Ib/ft
AY Y A A
A |
SOLUTION —
Equivalent Resultant Force: 81t 21t ﬁ‘
X
+1Fg = 3F,; —FR=—/dA=—/ wdx F
A 0 ‘ % ‘
10 ft L 4
F:/ 5(x — 8)* + 100]dx AP -
= [ [50r = 87 + 100 o ” =]
= 1866.67 1b = 1.87 kip | Ans.
Location of Equivalent Resultant Force: dFzda=midx
N wel50x-87+08] b«
| ———

/di / xwdx
dA d - |
/ A wdx I_—K—_, r——dx

A
10 £t
x[5(x — 8)% + 100]dx

_Jo

10 ft
/ [5(x — 8)* + 100]dx
0

X =

10ft
/ (5x% — 80x% + 420x)dx
0

10 ft
/ [S5(x — 8)* + 100]dx
0

= 3.66 ft Ans.



M4-162.

Determine the equivalent resultant force of the distributed
loading and its location, measured from point A. Evaluate
the integral using Simpson’s rule.

SOLUTION
4 1
FR=/wdx=/ \V5x + (16 + x?)2 dx
0
Fr = 149kN
4 4 :
/YdF:/(x)\/5x+(l6x+x2)5dx
0 0
= 33.74kN-m
¥ =2 07m

14.9

w=/5x + (16 + x*)> kN /m

5.07 kN/m

Ans.

Ans.

3m



4-163.

Determine the resultant couple moment of the two couples
that act on the assembly. Member OB lies in the x-z plane.

400 N

SOLUTION
For the 400-N forces:

My = a5 X (4000)
i j K
— [0.6cos45° —05 —0.6sin 45° >\
400 0 0 400N
—
— ~169.7j + 200k 1507

For the 150-N forces:

M, = rop X (150§)

i j k

= 10.6 cos 45° 0 —0.6 sin 45°
0 150 0

= 63.6i + 63.6k

Mcr = M¢; + Mc;

Mcg = {63.6i — 170j + 264k} N-m Ans.



*4-164.

The horizontal 30-N force acts on the handle of the wrench.
What is the magnitude of the moment of this force about the
z axis?

SOLUTION

Position Vector And Force Vectors:

rzs4 = {—0.01i + 0.2j} m
o4 = [(—0.01 — 0)i + (0.2 — 0)j + (0.05 — 0)k} m
= {—0.01i + 0.2j + 0.05k} m
F = 30(sin 45° — cos 45°j) N
= [21.213i — 21.213j] N

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

M, =k-(rzgq X F)
0 0 1
= |-0.01 0.2 0
21213 -21213 0
=0- 0+ 1[(-0.01)(=21.213) — 21.213(0.2)]
= —403N-m Ans.
Or
M, =k-(roq X F)
0 0 1

—0.01 0.2 0.05
21.213  —21.213 0

0 — 0 + 1[(~0.01)(—21.213) — 21.213(0.2)]

—4.03N-m Ans.

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



4-165.

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 «, 3, y of the moment axis.

SOLUTION

Position Vector And Force Vectors:
ros = {(=0.01 — 0)i + (0.2 — 0)j + (0.05 — 0)k} m
= {-0.01i + 0.2j + 0.05k} m
F = 30(sin 45°i — cos 45°j) N
= {21.213i — 21.213j} N
Moment of Force F About Point O: Applying Eq.4-7, we have
My =roqa X F
i J k
= |—0.01 0.2 0.05
21213 —-21213 O

{1.061i + 1.061j — 4.031k} N-m
= {1.06i + 1.06j — 4.03k} N-m

The magnitude of M, is

Mo = V1.0612 + 1.061% + (—4.031)> = 4301 N-m

The coordinate direction angles for M, are

1.061
= -1 === = °
a = Cos (4'301) 75.7

Ans.

Ans.

Ans.

Ans.




4-166.

The forces and couple moments that are exerted
on the toe and heel plates of a snow ski are
F, = {—50i + 80j — 158k} N,M, = {—6i + 4j+ 2k} N-m, and
F, ={-20i +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 results in
Cartesian vector form.

SOLUTION
Fr = F, + F, = {~70i + 140j — 408k} N Ans.
i j Ok i j Kk
Mgp={08 0 0 |[+[092 0 0 |+ (—6i+4j+2k) + (—20i + 8j + 3k)
—20 60 —250| |-50 80 —158
Mgy = (200j + 48k) + (145.36] + 73.6k) + (—6i + 4j + 2K) + (—20i + 8j + 3K)

Mpgp = {~26i + 357.36j + 126.6k} N-m

Mpgp = {—26i + 357j + 127k} N-m Ans.




4-167.

Replace the force F having a magnitude of F = 501b and
acting at point A by an equivalent force and couple moment
at point C.

SOLUTION

. 50[ (10i + 15§ — 30K) }
R V(10) + (15 + (=30)2

Fr = {14.3i + 21.4j — 42.9k} 1b
i i k
MRC = Icp X F = 10 45 0

1429 2143 —42.86
= {—1929i + 428.6j — 428.6k} Ib- ft

M, = {—1.93i + 0.429j — 0.429k]} kip - ft

Ans.




*4-168.

Determine the coordinate direction angles «, 3, y of F, which
is applied to the end A of the pipe assembly, so that the
moment of F about O is zero.

SOLUTION

Require My = 0. This happens when force F is directed along line OA either from

point O to A or from point A to O. The unit vectors up, and u,p are
_(6-0i+ (14-0)j+ (10 - 0)k

VA6 - 07 + (14 — 07 + (10 — 0)?

0.3293i + 0.7683j + 0.5488k

Uoa

Thus,
a = cos 10.3293 = 70.8°

cos10.7683 = 39.8°

®
Il

v = cos 10.5488 = 56.7°
or
(0 — 6)i + (0 — 14)j + (0 — 10)k
V(0 = 6)% + (0 — 14)* + (0 — 10)?
= —0.3293i — 0.7683j — 0.5488k

Uy0 =

Thus,
a = cos ' (—0.3293) = 109°
B = cos™ ' (—0.7683) = 140°

y = cos 1 (—0.5488) = 123°

F=201b

8 in. 6 in.
X

Ans.
Ans.

Ans.

Ans.
Ans.

Ans.



4-169.

Determine the moment of the force F about point O. The F=201b
force has coordinate direction angles of & = 60°, B = 120°,
v = 45°. Express the result as a Cartesian vector.
z I

SOLUTION

Position Vector And Force Vectors:

8 in. 6 in.
ros = {(6 — 0)i + (14 — 0)j + (10 — 0)k} in. X

= {6i + 14j + 10k} in.
F = 20(cos 60°i + cos 120°j + cos 45°k) 1b

= (10.0i — 10.0j + 14.142k} Ib

Moment of Force F About Point O: Applying Eq.4-7, we have
MO =Tpa X F
i j k
6 14 10
10.0 —10.0 14.142

= {298i + 15.1i — 200k} Ib-in Ans.



4-170.
Determine the moment of the force F, about the door hinge b4
at A. Express the result as a Cartesian vector. /\
/
2.5m
/ Fo=
SOLUTION 4
Position Vector And Force Vector: %1
& |
. . . &
rap = {[-05 — (-05)]i + [0 — (-D]j + (0 — 0O)k} m = {1j} m ;;/
/< B
a
I'm <>/ 0.5m
&

[-0.5 — (—2.5)]i +
F = 250 {0—[—(1 + 1.5c0s30°]}j + (0 — 1.5sin 30°)k N .
\/ [—0.5 — (25 +
[0 —[—(1 + 1.5co0s 30°)]}> + (0 — 1.55sin 30°)? . ,
= [159.33i + 183.15j — 59.75k]N

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

MA=rAB><F
i i k
= 0 1 0

159.33 183.15 —59.75
Ans.

= {=59.7i — 159kIN - m



4-171.
Z%

Determine the magnitude of the moment of the force F,

about the hinged axis aa of the door.
25m
/ Fe
SOLUTION 4
QU

Position Vector And Force Vectors:
ra = {[-05 = (=05)]i + [0 — (=D]j + (0 — 0)k} m = {1j} m
{=0.5 — (=2.5)]i + a /<1 m
F. - 250 {0—[—(@1+ 1.5c0s30°]}j + (0 — 1.5sin 30°)k N /
J [-0.5 — (=2.5)] +
{0—[— (1 + 1.5co0s30°)]}> + (0 — 1.55sin 30°)? .

= [159.33i + 183.15j — 59.75k] N
Moment of Force F, About a - a Axis: The unit vector along the a — a axis is i.
Applying Eq. 4-11, we have

Mafa = i’(l.AB X FC)
1 0 0
= 0 1 0
15933 183.15 —59.75

= 1[1(~59.75) — (183.15)(0)] — 0 + O

= —=597N'm

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

M, ,=597N-m

<

\

\O
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*4-172.

The boom has a length of 30 ft, a weight of 800 lb, and mass
center at G. If the maximum moment that can be developed
by the motor at A is M = 20(10%) Ib- ft, determine the
maximum load W, having a mass center at G', that can be
lifted. Take 6 = 30°.

SOLUTION
20(10%) = 800(16 cos 30°) + W(30 cos 30° + 2)

W =3191b

Ans.




4-173.

If 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. Hint: This requires the moment of F
about point A to be equal to the moment of P about A. Why?

SOLUTION

C+ My = 125(sin 60°)(3) = 324.7595 Ib - in.

C+ M, = P(14cos20° + 1.5sin 20°) = My = 324.75951b - in.

P =2381b Ans.



5-1.

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

SOLUTION
The Significance of Each Force:

W is the effect of gravity (weight) on the dumpster.
Ay and A, are the pin A reactions on the dumpster.

F gc is the hydraulic cylinder BC reaction on the dumpster.




5-2.

Draw the free-body diagram of member ABC which is
supported bya smooth collar at A, rocker at B, and short link
CD. Explain the significance of each force acting on the

D
25 KN Caigﬂ(
A

diagram. (See Fig. 5-7b.) /%\

SOLUTION ! 4m
The Significance of Each Force:

N 4 is the smooth collar reaction on member ABC.

N p is the rocker support B reaction on member ABC.

Fcp 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.

60° 4 kN
\ AN "
A\XS; \7B
] 6m
25Kl Feo
. 3m
/40' me)’J[
‘.— A S—
Y | ~
[ 4m | 6m
NA Ng



5-3.

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

SOLUTION

T force of cable on beam.

Ay, A, force of pin on beam.

80(9.81)N force of load on beam.

Am Zm I15m
80(79.81)N



*5-4.

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

SOLUTION
=m4—ﬂ_|,_
l 15§t
\J::F?:—M‘
| ]
8

2 ft




5-5.
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.

SOLUTION

100(381)




5-6.

Draw the free-body diagram of the beam,which is pin

supported at A and rests on the smooth incline at B.

SOLUTION

16 : .
400 8ot 2004 4a  4opii
3+t AL LY

t ¢ ]
Ax = ]

8001b 800 1b
6001b  6001b

400 Ib
3ft 3 ft—
0.6t ) |
/* ; o 121t
i B o f
0.6 ft 5o



5-7.

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

SOLUTION

A ‘am . L

500N




*5-8.

Draw the free-body diagram of the bar, which has a
negligible thickness and smooth points of contact at A, B,
and C. Explain the significance of each force on the
diagram. (See Fig. 5-7b.)

SOLUTION

N 4, N, N force of wood on bar.

10 1b force of hand on bar.

101b "




5-9.

Draw the free-body diagram of the jib crane AB, which is pin
connected at A and supported by member (link) BC.

SOLUTION




5-10.

Determine the horizontal and vertical components of 4kN
reaction at the pin A and the reaction of the rocker B on
the beam.
A !o: (> B
SOLUTION ‘ ‘ | 30°
‘ 6m ~—2m
Equations of Equilibrium: From the free-body diagram of the beam, Fig. a, Nj; can
be obtained by writing the moment equation of equilibrium about point A.
€SM, =0 Ny c0s30°(8) — 4(6) = 0 4k
Np = 3.464 kN = 3.46 kN Ans.
Using this result and writing the force equations of equilibrium along the x and —X
y axes, we have /’00 *
_—m
XSF =0 A, — 3.464 sin30° = 0 r em 30 "
Ay 8
A, = 1.73kN Ans. ()
+T2Fy =0 A, + 3464 cos30° — 4 =0

A, = 1.00kN Ans.



5-11.

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

SOLUTION

S3F =0

+13F, = 0;

B, (12) — (400cos 15°)(12) — 600(4) = 0
B, = 586.37 = 586 N

A, — 400sin 15° = 0

A, = 103.528 N

A, — 600 — 400 cos 15° + 586.37 = 0

A, =400 N

F, = V(103.528)2 + (400)> = 413 N

600 N 15°
1
5
3N\ B
A
~—4m 8m
Ans. booN .
Ay | (5 4o
1 Ax ﬁ/

AI:‘— 4m —»L—— g&m *——?ﬁ[ 6:'

Ans.



*5-12.

Determine the components of the support reactions at the
fixed support A on the cantilevered beam.

SOLUTION

Equations of Equilibrium: From the free-body diagram of the cantilever beam, Fig. a,
Ax,Ay, and M 4 can be obtained by writing the moment equation of equilibrium about
point A.

X 3E =0 4 cos30°— A, =0

A, =346 kN Ans.
+13E = 0; A, — 6 — 4sin30° = 0

A, = 8kN Ans.

C+=My, = 0;M, — 6(1.5) — 4 cos30° (1.5sin 30°) — 4 sin 30°(3 + 1.5co0s30°) = 0

My =202kN+m Ans.

6 kN

6 kn

rsm T 15m 7



5-13.

The 75-kg gate has a center of mass located at G. If A
supports only a horizontal force and B can be assumed as a
pin, determine the components of reaction at these supports.

SOLUTION

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

+13F, = 0; B, —75(9.81) = 0
B, = 735.75N = 736N Ans. 75(700N
C+EMp = 0; A (1) — 75(9.81)(1.25) = 0 R [48m
I
A, =919.69N = 920N Ans. S —
Using the result A = 919.69 N and writing the force equation of equilibrium along Im ]/w
the x axis, we have | =
Bx
L 3F =0 B, — 919.69 = 0

B, = 919.69N = 920N Ans. &y @



5-14.

The overhanging beam is supported by a pin at A and
the two-force strut BC. Determine the horizontal and
vertical components of reaction at A and the reaction at B
on the beam.

SOLUTION

Equations of Equilibrium: Since line BC'is a two-force member, it will exert a force Fy-
directed along its axis on the beam as shown on the free-body diagram, Fig. a. From the
free-body diagram, F - can be obtained by writing the moment equation of equilibrium
about point A.

3
C+=M, = 0; FBC(§>(2) — 600(1) — 800(4) — 900 =0 GooN BooN
L Im Im Zm
Fpc = 3916.67 N = 3.92 kN Ans. l‘ 'r. |
k
Usi hi 1 d writi he fi i f ilibri 1 h Ef )
sing this result and writing the force equations of equilibrium along the x and Aw ~ 3 Joon-m
y axes, we have ¥ E
A'g - ee
4 ()
X SF =0 3916.67(5) —A,=0
A, = 313333 N = 3.13kN Ans.
3
+T2Fy =0 —A, — 600 — 800 + 3916.67(5) =0

A, =950N Ans.



5-15.

Determine the horizontal and vertical components of
reaction at the pin at A and the reaction of the roller at B on

the lever.
141

SOLUTION

Equations of Equilibrium: From the free-body diagram, Fz and A, can be obtained
by writing the moment equation of equilibrium about point A and the force
equation of equilibrium along the x axis, respectively.

C+=M, = 0; 50 cos 30°(20) + 50 sin 30°(14) — F5(18) = 0
Fz = 67.561b = 67.61b Ans.
£ 3F =0 A, — 50sin30° =
A, =251b Ans.

Using the result Fg = 67.56 1b and writing the force equation of equilibrium along
the y axis, we have

+I3F, = 0; A, — 50 cos 30° — 67.56 = 0
A, =110861b = 1111b Ans.



*5-16.

Determine the components of reaction at the supports A and
B on the rod.

SOLUTION

Equations of Equilibrium: Since the roller at A offers no resistance to vertical
movement, the vertical component of reaction at support A is equal to zero. From
the free-body diagram, A, By, and M, can be obtained by writing the force
equations of equilibrium along the x and y axes and the moment equation of
equilibrium about point B, respectively.

X SF, = 0; A, =0 Ans.
+12F, = 0; B,—P=0
B, =P Ans.
L
PL
My =—— Ans.

ot~

|t~

000000

«@)




5-17.

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.

SOLUTION

C+SMpy = 0; ~A, (1.4) + 60(9.81)(0.9) = 0
A, = 37839 N

+13F, = 0; 378.39 — 60(9.81) + 2B, = 0 —
B, =105.11 N

L3F, =0 B, =0 o.eIT 1{‘: & 2 osm
Fp=105N Ans. A E



5-18.

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.

":A
D) ) C
SOLUTION
‘ 5ft 5ft 3 ft
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 1
summing moments about point A.
2 -
C+IM,=0; T(5 + T( )(10) - 80(13) =0
Vs
T =74.5831b = 74.61b Ans.
T T
1 N
5 3F, =0 A, - 74.583<> =0 :N?
: : Vs Ax 7
——) A)
A, =3341b Ans. L A
BEREEER
+13F,=0; 74583 + 74.583 2 -8 —-B,=0 Aa’ M
y — Y . . \/g y 80l6

A, =6131b Ans.



5-19.

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.

SOLUTION
TTHEA
C+3M, = 0; B, (60) — 4(9.81)(200) — 15(9.81)(350) = 0 |
B, = 989.18 = 989 N Ans.
B IF, =0 A, = 989.18 = 989N Ans.
+13F, =0 B, = 4(9.81) + 15(9.81)
B, = 186.39 = 186 N Ans.
Homm
8‘( —
LO"\M 33

Ax




*5-20.

The pad footing is used to support the load of 12 000 Ib.
Determine the intensities w; and w, of the distributed
loading acting on the base of the footing for the

equilibrium.

SOLUTION

Equations of Equilibrium: The load intensity w, can be determined directly by

summing moments about point A.

+T2Fy:0;

1
5 (w1 = 1.646)<3S> + 1.646(35

wz(iz)(n.s ~ 11.67) — 12(14 — 11.67) = 0

w, = 1.646 kip/ft = 1.65 kip/ft

12 12

wy = 6.58 kip/ft

)—12:O

12 000 1b

9 in.—|

9 in.—

(imil
1

Ans.

Ans.

-

Il ]
AT
:
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VAC)

(M- )(EE)

A -
e 58N 175




5-21.

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

SOLUTION

C+3Mp = 0; ~512) + F4(2) =0
F,=301b

+13F, = 0; Fp sin75° —=5-30=0
Fp=3621b

B IF. =0, Fe —362c¢0s75° =0
Fc =9381b

Ans.

Ans.

14 in.




5-22.

The smooth disks D and E have a weight of 200 Ib and 100 Ib,
respectively. If a horizontal force of P = 200 Ib is applied to
the center of disk E, determine the normal reactions at the
points of contact with the ground at A, B, and C.

SOLUTION
For disk E:
5 3F, =0 —P+N’<\/Szj>:o
(1
+15F,=0; No—100 - N (g)=o P=2001b
For disk D:
B IF, = 0; NA<:>—N’<\/5274> =0
+13F, = 0; NA(%)+NB—ZOO+N’(%)=O NC-

Set P = 200 Ib and solve:

N’ = 20412 1b
N, =2501b
Np = 9.181b

Ne = 141 1b




5-23.

The smooth disks D and E have a weight of 200 Ib and 100 Ib,
respectively. Determine the largest horizontal force P that
can be applied to the center of disk £ without causing the
disk D to move up the incline.

SOLUTION
For disk E:
B SF =0; —P+N'<\ézz>:o

1
+13F,=0;  Ne—100 — N’ (g) =0

For disk D:

SIF =0, Ny (g) - N’ <\/5274> -

3 1
+13F, =0, N4 (g) + Nz — 200 + N’ (g) =0

Require Np = 0 for P, . Solving,

N'=2141b
P = 2101b
N, = 2621b

Ne = 1431b




*5-24.

The man is pulling a load of 8 b with one arm held as
shown. Determine the force Fy this exerts on the humerus
bone H, and the tension developed in the biceps muscle B.
Neglect the weight of the man’s arm.

SOLUTION

C+3EZMg=0; —8(13) + Fy(1.75) = 0
Fy = 5943 = 59.41b

BSF, =0, 8 — Ty + 5943 =0

Ty = 6741b

Ans.

Ans.

81b

130

To = —Fumin



5-25.
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.

SOLUTION

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

C+XZM, = 0; Fpc sin 13°(8) — 500 cos 35°(8) = 0
Fpe = 1820.7 1b = 1.82 kip Ans.
=+ .
S 2F, = 0; A, — 1820.7 cos 13° — 500 sin 35° = 0
A, = 20609 Ib
N+2F, = 0; A, + 1820.7 sin 13° — 500 cos 35° = 0
A, =0

Thus, F, = A, = 2060.91b = 2.06 kip Ans.




5-26.

The winch consists of a drum of 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 keeps the drum from
rotating. If the suspended load is 500 Ib, determine the
horizontal and vertical components of reaction at the pin C.

SOLUTION

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

V13

3
E3F, =0, 400.62<> -C,=0
X VE X
C, =3331b Ans.
+13F, =0; C —500—40062<2>=0

C,=7221b Ans.




5-217.

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 K, = 58 KN/m
and the rear two springs each have a stiffness of
kp = 65 kN/m, determine their compression when the car
is parked on the 30° incline. Also, what friction force Fp
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.

SOLUTION

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

C+ =My =0; 14 715 cos 30°(1.2)

~ 14715 5in 30°(0.4) — 2N 4 (2) = 0

N, = 3087.32N
N+ SF, = 0; 2F — 147155sin30° = 0
Fp = 3678.75N = 3.68 kN Ans.
/+ 3F, =0 2Ny + 2(3087.32) — 14715 cos 30° =
Ny = 328446 N

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

spring formula x =

3087.32

X4 = 5. = 0.05323 m = 53.2 mm Ans.
58(10%)

Xp = 328446 _ 0.05053 m = 50.5 mm Ans.

65(10%)

1500(9.81) 2/4.715 a!




*5-28.

The telephone pole of negligible thickness is subjected to the
force of 80 Ib 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, the 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 % for
placement of the strut CE.

SOLUTION

C+3IM,=0; —80(30) cos 30° +

V10

Tpep = 219.089 1b

Tpep (30) =0

Require T'¢p = 2(219.089) = 438.178 b

C+3M,=0; 438.178(d) — 80 cos 30°(30) = 0

d = 47434 ft
30—h 30
47434 10

300 — 10h = 142.3025

h =158 ft

Ans.

30 ft




5-29.

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

SOLUTION

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

C+3My = 0;2500(1.4 + 8.4) — 500(15 cos 30° — 8.4) — N4(22 + 1.4 +84) = 0

N4 = 1850.401b = 1.85 kip Ans.

+13Fy =0; 1850.40 — 2500 — 500 + Ny =0

Ny = 1149.601b = 1.15 kip Ans.




5-30.

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

SOLUTION

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

C+3My = 0; 2500(1.4 + 8.4) — W(15 cos 30° — 8.4) = 0

W = 5337.251b = 5.34 kip Ans.

25001b




5-31.

The mobile crane has a weight of 120,000 1b and center of
gravity at Gy; the boom has a weight of 30,000 Ib and center
of gravity at G,. Determine the smallest angle of tilt 6 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.

SOLUTION
When tipping occurs, R4 = 0

C+SMy=0;  —(30000)(12 cos 6 — 3) — (40 000)(27 cos 6 —3) + (120 000)(9) = 0

6 = cos™!(0.896) = 26.4° Ans.



*5-32.

The mobile crane has a weight of 120,000 1b and center of
gravity at Gy; the boom has a weight of 30,000 Ib 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 6 = 30°.

SOLUTION

C+SMp=0; —(30000)(12cos 30° — 3) — (16 000)(27 cos 30° — 3) — R,(13) + (120 000)(9) = 0
R, = 409311b = 40.9 kip Ans.

+1SF,=0; 40931 + Rz — 120000 — 30 000 — 16 000 = 0

Ry = 125kip Ans.




5-33.

The woman exercises on the rowing machine. If she exerts a
holding force of FF = 200 N on handle ABC, determine the
horizontal and vertical components of reaction at pin C and
the force developed along the hydraulic cylinder BD on the
handle.

SOLUTION

Equations of Equilibrium: Since the hydraulic cylinder is pinned at both ends, it can
be considered as a two-force member and therefore exerts a force Fpp directed
along its axis on the handle, as shown on the free-body diagram in Fig. a. From the
free-body diagram, Fgzp can be obtained by writing the moment equation of
equilibrium about point C.

C+IMc = 0; Fgp cos 15.52°(250) + Fppsin 15.52°(150) — 200 cos 30°(250 + 250)
—200 sin 30°(750 + 150) = 0
Fpp = 62842 N = 628 N Ans. 200N
Using the above result and writing the force equations of equilibrium along the x and 2,250 mﬂ — d=tan -f(;j—g) =552"
y axes, we have
L SF, = 0; C, + 200 cos 30° — 628.42 cos 15.52° = 0 o.z0m | | Ao sC,
C,=43229N = 432N Ans. 7o mn VN
+13F, = 0; 200 sin30° — 628.425in15.52° + C, = 0 m)ﬂ- isom Cof

C, =6819N = 682N Ans.



5-34.

The ramp of a ship has a weight of 200 1b 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.

SOLUTION
C+=ZM, =0; — Fcp cos 30°(9 cos 20°) + Fep sin 30°(9 sin 20°) + 200(6 cos 20°) = 0
Fcp = 1949 = 1951b Ans.
B 3F, =0 194.95in30° — A, = 0 Fep
3° A
A, =9751b Ans. T<——ﬂz
+13F, = 0; Ay — 200 + 1949 cos 30° = 0 B o° nj

2001
A, =3121b Ans. (323
"t 3t



5-35.

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.

SOLUTION

1= V(03)2 + (0.4)* — 2(0.3)(0.4)cos 150° = 0.67664 m

sinf  sin 150°
0.3 0.67664°

0 = 12.808°

s = ks = 5(0.67664 — 0.2) = 23832 N
C+SM, =0, —(2.3832 sin 12.808°)(0.4) + Ny (0.1) = 0
Np=211327N = 2.11 N Ans.
J+3SF,=0; A, — 23832 cos12.808° = 0
A, =23239N
+NZF, =0; A, + 211327 — 2.3832 sin 12.808° = 0

A, = —15850N

Fu=V(23239)? + (—1.5850)2 = 2.81 N Ans.




*5-36.

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 1b 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.

SOLUTION

C+IMp = 0; (N4 cos 30°)(5.25) + N,sin 30°(0.5)
— 100 sin 30°(3.5) — 100 cos 30°(2.5) = 0
N,y =81.6211b = 81.61b

+NIF, =0,  — B, + 100 cos 30° — 81.621 sin 30° = 0
B, = 45.7921b

7+ 3F, =0 By, — 100 sin 30° + 81.621 cos 30° = 0
B, = —20.686 1b

Fg = V(45.792)* + (—20.686)> = 50.2 1b

Ans.

Ans.




5-37.

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.

SOLUTION
C+IM, = 0; —800(1.5 cos 30°) — 350(2.5 cos 30°)
4 3 (e} 3 {e}
+ gFCB (2.55in 30°) + gFCB(2~5 cos 30°) = 0
Fep = 781.6 = 782N Ans.
4

L SF. =0, Ay = <(781.6) = 0

A, = 625N Ans.

3

+12F, =0; A, — 800 — 350 + 5(781.6) =0

A, = 681N Ans.




5-38.

The boom is intended to support two vertical loads, F; and F,.
If the cable CB can sustain a maximum load of 1500 N before
it fails, determine the critical loads if F; = 2F,. Also, what is
the magnitude of the maximum reaction at pin A?

SOLUTION
C+=M, = 0;

S3F =0

+13F, = 0;

—2F»(1.5 cos 30°) — F,(2.5 cos 30°)
4 . 3
+ 5(1500)(2.5 sin 30°) + 5(1500)(2.5 cos 30°) = 0

F, = 724N
F, = 2F, = 1448 N

F, = 145kN
4
A, = 5(1500) = 0
A, = 1200N
3
Ay = 724 — 1448 + £ (1500) = 0

A, =1272N

F4 = V(1200)* + (1272)> = 1749 N = 1.75kN

Ans.

Ans.

Ans.




5-39.

The jib crane is pin connected at A and supported by a
smooth collar at B. If x = 8 ft, determine the reactions on
the jib crane at the pin A and smooth collar B. The load has a
weight of 5000 1b.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the jib crane shown in Fig. a,
we notice that Ny and Ay can be obtained directly by writing the moment
equation of equilibrium about point A and force equation of equilibrium along
y axis, respectively.

€M, =0 Np(12) = 5000(8) = 0
Np = 333333 1b = 3333 1b = 3.33 kip Ans.
+12F, = 0; A, — 5000 = 0 A, =50001b =500kip Ans.

Using the result of N to write the force equation of equilibrium along x axis,
£ 3F =0 A, — 333333 =0
A, =3333331b = 33331b = 3.33 kip Ans.

i X
A,
) ()
12 ft i
s
i
Ul
X »In »In
oAl
Ns g1 N
!
Hf 5000 |b
A_,;J @)



*5-40.

The jib crane is pin connected at A and supported by a
smooth collar at B. Determine the roller placement x of
the 5000-1b 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.

SOLUTION

Equations of Equilibrium:

C+3IM,=0; Np(12) =5x =0 Ny = 04167x
+13F, =0; A, —-5=0 A, =500kip
L SF, =0 A, —04167x =0 A, = 0.4167x

By observation, the maximum support reactions occur when

x = 10ft

With x = 10 ft, from Egs. (1), (2) and (3), the maximum support reactions are

A, = Npg=417kip A, = 5.00 kip
By observation, the minimum support reactions occur when

x = 4ft

With x = 4 ft, from Egs. (1), (2) and (3), the minimum support reactions are

A, =Ng=167kip A, =500kip

ft

@
2
3

Ans.

Ans.

Ans.

Ans.

©)

124t

Mo

'

5 kip




5-41.

The crane consists of three parts, which have weights of
W, = 35001b, W, = 900 Ib, W5 = 1500 Ib and centers of
gravity at Gy, G,, and Gj, 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.

SOLUTION

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

C+EM, =0, 2Ny (17) + W(10) — 3500(3)
—900(11) — 1500(18) =0
Npg = 139412 — 0.2941W @
Using the result Ny = 22788.24 — 0.5882W,
+1 2F, = 0; 2N 4 + (22788.24—0.5882W) — W
— 3500 — 900 — 1500 = 0

N, = 0.7941W + 1555.88 ?2)

a) Set W = 800 Ib and substitute into Egs. (1) and (2) yields
N, = 0.7941(800) + 1555.88 = 2191.18 Ib = 2.19 kip Ans.

Np = 1394.12 — 0.2941(800) = 1158.821b = 1.16 kip Ans.

b) When the crane is about to tip over, the normal reaction on N = 0. From Eq. (1),
Np =0 = 139412 — 0.2941W

W = 47401b = 4.74 kip Ans.

My =0= 139412~ 02844 W
W =440 (b= 4.4 Kp

25-“-5 gﬁﬂh

12001



5-42.

The cantilevered jib crane is used to support the load of
780 Ib. If x = 5 ft, determine the reactions at the supports.
Note that the supports are collars that allow the crane to
rotate freely about the vertical axis. The collar at B supports a
force in the vertical direction, whereas the one at A does not.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the jib crane shown in Fig. a, we
notice that N4 and B, can be obtained directly by writing the moment equation of
equilibrium about point B and force equation of equilibrium along the y axis,
respectively.

C+IMp = 0; N4(4) — 780(5) = 0 N, =9751b Ans.
+1=F, = 0; B, — 780 = 0 B, =780 Ans.

Using the result of N4 to write the force equation of equilibrium along x axis,

X 3F, =0, 975 — B, =0 B, =9751b Ans.

(a>



5-43.

The cantilevered jib crane is used to support the load of
780 1b. If the trolley T can be placed anywhere between
1.5 ft = x = 7.5 ft, determine the maximum magnitude of
reaction at the supports A and B. Note that the supports
are collars that allow the crane to rotate freely about the
vertical axis. The collar at B supports a force in the vertical
direction, whereas the one at A does not.

SOLUTION

Require x = 7.5 ft

C+IM,=0; —~780(7.5) + B, (4) = 0
B, = 14625 1b

BSF, =0, A, — 14625 =0

A, = 14625 = 1462 Ib
+13F, =0; B, — 780 =0

B, = 780 Ib

Fp = V(1462.5)> + (780)2

= 1657.5 Ib = 1.66 kip

Ans. 5,{[
By

Ans.




*5-44,

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.

SOLUTION

From pulley, tension in the hoist line is

C+3SMp=0; T(0.1) — 50.1) = 0;

T =5kN
From the jib,
C+EM, =0; 55)+ T ( L6 )(5)—0
A~ Y - BC\ — — -
\V/27.56
Tpe = 16.4055 = 16.4 kN
+12F, =0, -A +(164055)( L6 )—5=0
b g ' \/27.56
A, =0

y

HIF =0, A, — 16.4055< > ) -5=0
27.56

F,=F,=206kN

Ans.
Tac T= 5 KN
it
3%1 8 sx
Ax e Cm L Ska J’sx-l
Ay
Ans.
Ans.



5-45.

The device is used to hold an elevator door open. If the spring
has a stiffness of X = 40 N/m and it is compressed 0.2 m,
determine the horizontal and vertical components of reaction
at the pin A and the resultant force at the wheel bearing B.

SOLUTION

F, = ks = (40)(0.2) = 8 N

C+IM,4=0; —(8)(150) + Fp(cos 30°)(275) — Fp(sin 30°)(100) = 0
Fp = 637765 N = 638 N

BIF =0, A, — 637765sin30° =
A, =319N

+1SF,=0; A, — 8+ 637765 cos 30° = 0

A, =248 N

Ans.

Ans.

Ans.

© |Sommz |25 mm -



5-46.

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

SOLUTION

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 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 will topple
about point B.

C+3My = 0; W(a—d)—W(d—g) =0

3

d
4

Ans.

A a



5-47.

The horizontal beam is supported by springs at its ends.
Each spring has a stiffness of K = 5 kN/m and is originally
unstretched when the beam is in the horizontal position.
Determine the angle of tilt of the beam if a load of 800 N is

applied at point C as shown.

SOLUTION

800 N
ky kg
A C B

1m i 2m ‘

Equations of Equilibrium: The spring force at A and B can be obtained directly by

summing moment about points B and A, respectively.

C+SMy=0; 8002) — F4(3)=0 F,=53333N

C+IM,=0;  Fyg3)—800(1) =0  Fp = 266.67N

F
Spring Formula: Applying A = Ve have

533.33

4= o0 = 01067 m
5(10%)
266.67

Ap=""10"=005333m
5(10%)

Geometry: The angle of tilt a is

Boo N

N
N

Ans.

0/067-805333 Agr0-5333m
- 5333 m
84201067 m



*5-48.

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

SOLUTION

800 N
ky kg
A C B

1m 1 2m ‘

Equations of Equilibrium: The spring forces at A and B can be obtained directly by

summing moments about points B and A, respectively.
C+ZMp = 0; 800(3) — F4(3) =0 F, =53333N

C+=M, =0, Fp(3) — 800(1) =0 Fp = 266.67TN
. . F
Spring Formula: Applying A = v have

533.33 266.67
= — =01067m  Ag=
5(10%) kp

A

Geometry: Requires, Ag = A 4. Then

266.67
kg

= 0.1067

kg = 2500 N/m = 2.50 kN/m

BooN

m_ ] zm

»N
> T

Ans.

’( 3am ﬂI
0/067-445333 Agr0-533Bm

- 5333 m
By 20-1067m




5-49.

The wheelbarrow and its contents have a mass of
m = 60 kg with a center of mass at G. Determine
the normal reaction on the tire and the vertical
force on each hand to hold it at 6 = 30°. Take
a=03m,b=045m,c =075 mandd = 0.1 m.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the wheelbarrow shown in Fig. a,
we notice that force P can be obtained directly by writing the moment equation of
equilibrium about A.

C+SM, = 0; 60(9.81) sin 30°(0.3) — 60(9.81) cos 30°(0.45)
+ 2P cos 30°(1.2) — 2P sin 30°(0.1) = 0
P = 71315N = 713N Ans.

Using this result to write the force equation of equilibrium along vertical,
+1 2F, =0; N + 2(71.315) — 60(9.81) = 0
N = 44597 N = 446 N Ans.




5-50.

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.

SOLUTION
Require point G to be over the wheel axle for tipping. Thus
bcos® = asin@

b
6 = tan ' —

Ans.




5-51.

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 spring A i“;

stiffness k is large enough so that only small deflections
occur. Hint: The beam rotates about A so the deflections in
the springs can be related.

SOLUTION
3
Fg+ 2F- = 15P
Lo _2L
Ap  Ac
AC = ZAB
Fe 2Fp
kK k
FC = 2FB
5Fg = 1.5P
Fg = 03P Ans.
Fc = 0.6P Ans.
.6P
Deflection, Xc = 0.6P Ans.

k

e L —>d




*5-52.

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

SOLUTION

hlm i 3m ‘

Equations of Equilibrium: The spring force at A and B can be obtained directly by

summing moments about points B and A, respectively.

C+2ZMp = 0; F,y(1) —39243) =0 F,=11772N
C+EM, = 0; Fp (1) —392.4(4) =0 Fp = 1569.6 N
, . F
Spring Formula: Applying A = < we have
1177.2 1569.6
A= 5 = 0.07848 m Ap = 5 = 0.10464 m
15(10°) 15(10°)

Geometry: The angle of tilt a is

E + 0.
o = tan! <O 10464 : OO7848> — 10.4°

40(481)=3924N

Ans. A= 0-10464mM

d‘ly .
-
- |

: R .
%2 N

T m
A=0.07848m  (0./0¢64+0-01648)m



5-53.

The uniform beam has a weight W and length / and is
supported by a pin at A 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.

SOLUTION

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

[
C+2IM,=0; Tsin(d;—@)l—WcosO(E):O

T = % Ans. / ..

W cos 6 a__\_\)'_’\

Using the result 7 =

2sin (¢ — 0)

HSF. 0, ( W cos 6

725in(¢ — 9))cos¢> —A. =0

_ Wcos ¢cos b

* 7 2sin (¢ — 0) Ans.

W cos 0 .
+ = (- + | — — =
T2F, =0, A, (2 s (6 — 0)>sm d—W=0

W (sin ¢ cos 6 — 2 cos ¢ sin 6
Ay = ( - ) Ans.
2sin (¢ — 0)




5-54.

Determine the distance d for placement of the load P for
equilibrium of the smooth bar in the position 6 as shown.
Neglect the weight of the bar.

SOLUTION
+T2Fy=0; Rcosd — P=0
C+=M, =0 —P(d cos 0) + R(L) =0
cos 0
Rd cos® 6 = R( a )
cos 0
d= a3 Ans.
cos’ 6
Also;
Require forces to be concurrent at point O.
AO = dcosh = M
cos 0
Thus,
d= a Ans.

cos’6



5-55.

If d =1 m, and 6 = 30°, determine the normal reaction at
the smooth supports and the required distance a for the
placement of the roller if P = 600 N. Neglect the weight of
the bar.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the rod shown in Fig. a,

+3IM, = 0; = — °(1) =
C 4 =0; Npg (cos 300) 600 cos 30°(1) = 0
450
= ——
a
'\"'EFy/ =0 Np — Nj sin 30° — 600 cos 30° = 0

Ng — 0.5N, = 600 cos 30°

+/' 2F, = 0; N,4cos 30° — 600 sin 30° = 0
N, = 34641 N = 346 N
Substitute this result into Eq (2),

Np — 0.5(346.41) = 600 cos 30°
Np = 692.82 N = 693N

Substitute this result into Eq (1),

692.82 = 40

a = 0.6495 m m = 0.650 m

Ans.

Ans.



*5-56.

The disk B has a mass of 20 kg and is supported on the
smooth cylindrical surface by a spring having a stiffness of
k = 400 N/m and unstretched length of /[, = 1 m. The spring
remains in the horizontal position since its end A is attached
to the small roller guide which has negligible weight.
Determine the angle 6 for equilibrium of the roller.

SOLUTION
+13F, = 0; R sin6 — 20(9.81) = 0
B IF, =0 Rcosf — F=0
tan 6 = M 203N
F
1.0 + £
Since cos 0 = Tm
22cosh = 1.0 + w
400 tan 0
880 sin 6 = 400 tan 6 + 20(9.81)
Solving,

6 =271° and 60 = 50.2° Ans.



5-57.

The beam is subjected to the two concentrated loads. P 2P
Assuming that the foundation exerts a linearly varying load L L I
distribution on its bottom, determine the load intensities wy 3 v 3 v 3
and w, for equilibrium if P = 500 1b and L = 12 ft.
wq mm
SOLUTION "
Equations of Equilibrium: Referring to the FBD of the beam shown in Fig. a, we fooo b
notice that W; can be obtained directly by writing moment equations of equilibrium 5001h
about point A.
¢ SM, = 0; 500(4) — Wy(12)(2) = 0 | 4
L

W, = 83.331b/ft = 83.3 Ib/ft Ans. l Y S

Using this result to write the force equation of equilibrium along y axis, W (r=emma e | j\"‘; i
) 1 W) | T ’

+12ZF, =0 83.33(12) + — (W, — 83.33)(12) — 500 — 1000 = 0

W, = 166.67 Ib/ft = 167 Ib/ft Ans. <

eft



5-58.

The beam is subjected to the two concentrated loads.
Assuming that the foundation exerts a linearly varying load
distribution on its bottom, determine the load intensities w,
and w, for equilibrium in terms of the parameters shown.

SOLUTION

Equations of Equilibrium: The load intensity w, can be determined
directly by summing moments about point A.

2P
w1 :T
1 2P 2P
+13F, =0; Z(WZ—T)L-FT(L)—?)P:O
4P
1% —T

m|h

Ans.

Ans.

Wwa
2P
L & 5

e S S
I - l
F_-_ﬁ:-- A -
| qqqqqqqqq T ———— -d

T
I % W,LE

)L



5-59.

The thin rod of length / is supported by the smooth tube.
Determine the distance a needed for equilibrium if the

applied load is P.
SOLUTION
2r
& -0 _“r N p =
2F, = 0; 4r2+a2NB P=0
2r
C+=M, = 0; —P( I+ NgVarr +d®>=0
Vart+ a?
4r%l > 5
g VAirte=o

472] = (4r2 + az)%
(4r2l>%=4r2 + a?
a=\V@Eriy -4, Ans.

Na




*5-60.

The 30-N uniform rod has a length of / = 1 m.If s = 1.5 m,
determine the distance 4 of placement at the end A along the
smooth wall for equilibrium.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the rod shown in Fig. a, write
the moment equation of equilibrium about point A.

C+=M, = 0; T sin ¢(1) — 3sin 6(0.5) = 0
1.5sin 6
T= sin ¢

Using this result to write the force equation of equilibrium along y axis,

<15 sin 6
sin ¢
sinfcos (0 — ¢) —2sing =0 @

+T2Fy=0; )005(9745)73:0

Geometry: Applying the sine law with sin (180° — 6) = sin 6 by referring to Fig. b,

sin¢g  sin @ h
= . i == )g 2
n 15 sin 0 (1.5)sm0 2)

Substituting Eq. (2) into (1) yields
sin §[cos (0 — ¢) — %h] =0
since sin § # 0, then
cos (0 — ¢) — (4/3)h cos (0 — ¢) = (4/3)h A3
Again, applying law of cosine by referring to Fig. b,

2=n + 15— 2(h)(1.5) cos (6 — ¢)

W+ 125
— = 4
cos (0 — ¢) i “)
Equating Egs. (3) and (4) yields
gh_h2+1%
3 3n
30 =125

h = 0.645 m Ans.

tom

130~



5-61.

The uniform rod has a length / and weight W. It is supported
at one end A by a smooth wall and the other end by a cord
of length s which is attached to the wall as shown. Determine
the placement % for equilibrium.

SOLUTION

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

C+3IM,=0; Tsing(l) — Wsin 6(£) =0

2
_ Wsino
2 sin ¢
W sin 6
ing th ItT =
Using the resu 2sing’
W sin 6
+12F, = 0; - -WwW=0
1 ) ; 2sin¢COS 6 — ¢)
sinfcos (0 — ¢) — 2singp =0 @

Geometry: Applying the sine law with sin (180° — ) = sin 0, we have

sin i
¢ =2 o sin ¢ = ﬁsin 0 2)
h s s
Substituting Eq. (2) into (1) yields
2
cos (0~ ) = 2 @

Using the cosine law,
P =h*+s*— 2hscos (0 — ¢)

W+ s =P
cos (0 — ¢) = o @)

Equating Egs. (3) and (4) yields

2h W+
s 2hs

[2 _ 2
h = % Ans.



5-62.

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.

SOLUTION

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

4
2F, =0 4T(§) — 5886 =0
T = 1839.375 N = 1.84 kN Ans.

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

SF, = 0; F — 600(9.81) — 30(9.81) = 0

F = 61803 N = 6.18 kN Ans.




5-63.

The 50-1b mulching machine has a center of gravity at G.
Determine the vertical reactions at the wheels C and B and
the smooth contact point A.

SOLUTION

Equations of Equilibrium: From the free-body diagram of the mulching machine,
Fig.a, N , can be obtained by writing the moment equation of equilibrium about the
y axis.
ZM, =0, 50(2) - Ns(15+2)=0

N, =28571b =28.61b Ans.

Using the above result and writing the moment equation of equilibrium about the
x axis and the force equation of equilibrium along the z axis, we have

SM,=0; Np(1.25) — Nc(1.25) =0 @
2F,=0; Np+ Nc+ 2857 —-50=0 )
Solving Egs. (1) and (2) yields

Np= Nc=10711b = 10.71b Ans.
Note: If we write the force equation of equilibrium 2F, = 0and 2F, = 0 and

the moment equation of equilibrium XM, = 0. This indicates that equilibrium is
satisfied.

X




*5-64.

The wing of the jet aircraft is subjected to a thrust of
T = 8kN from its engine and the resultant lift force
L = 45 kN. If the mass of the wing is 2.1 Mg and the mass
center is at G, determine the x, y, z components of reaction
where the wing is fixed to the fuselage at A.

SOLUTION

SF, =0 —A, + 8000 = 0
A, = 8.00kN

SF, =0 A, =0

SF, =0; —A, — 20601 + 45000 = 0
A, = 244kN

M, =0 M, — 2.5(8000) = 0

M, =200kN-m
SM, = 0; 45000(15) — 20 601(5) — M, = 0
M, =572kN-m

SM, = 0; M, — 8000(8) = 0

M, = 640kN-m

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

&

Ny My
ﬁ‘ﬁi) M 20,b0IN

P
X Mx

8,000N 45,000N



5-65.

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

SOLUTION

SM,=0;  8000(6) — Ry (14) — 6000(8) + Rz(14) = 0
SM,=0;  8000(4) + 45000(7) + 6000(4) — R (27) =0
SF,=0; Rp+ Ry + Rp — 8000 — 6000 — 45000 = 0

Solving,

Rp = 22.6 kip

Ry = 22.6 kip

Ry = 13.7 kip



5-66.

The air-conditioning unit is hoisted to the roof of a building
using the three cables. If the tensions in the cables are
T, = 2501b, Tz = 300 1b, and T = 200 1b, determine the
weight of the unit and the location (x, y) of its center of

gravity G.
SOLUTION
SF, =0, 250 + 300 + 200 — W =0
W =7501b Ans.
M, =0; 750(x) — 250(10) — 200(7) = 0 N
x =520f1t Ans.
M, =0 250(5) + 300(3) + 200(9) — 750(y) = 0

y = 527ft Ans.




5-67.

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

SOLUTION
M, = 0; 380(15) + 500(27) + 800(5) — F4(35) =0
F, = 662.8571 = 663 1b Ans.
M, = 0; 380(12) — Fp(12) — 500(12) + Fc(12)
Fc— Fp =120
2F, =0; Fp+ Fc — 500 + 663 — 380 — 800 = 0
Fp + Fc = 1017.1429
Solving,

Fe=5691b Ans.

Fp=4491b Ans.



*5-68.

Determine the force components acting on the ball-and- z
socket at A, the reaction at the roller B and the tension on the
cord CD needed for equilibrium of the quarter circular plate. 350 N

SOLUTION

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

SM,=0; Ng(3)— 2003) — 200(3 sin 60°) = 0 oo

Np =37321N = 373N Ans.

SM, =0;  350(2) + 200(3 cos 60°) — A.(3) =0
A, = 33333N = 333N Ans.
SF,=0; Tep + 37321 + 33333 — 350 — 200 — 200 = 0

TCD = 435N Ans.

2F, =0 A, =0 Ans.

2F, =0; A, =0 Ans.



5-69.

The windlass is subjected to a load of 150 Ib. 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.

SOLUTION

SM, = 0; (150)(0.5) — P(1) = 0
P=751b

SF, =0 A, =0

SM, = 0; —(150)(2) + B,(4) =0
B, =1751b

SF, = 0; A, +75-150 =0
A, =751b

SM, = 0; B.(4) — 75(6) = 0
B, = 1125 = 1121b

SF, = 0; A, —1125+75=0

A, =3751b

Ans.

Ans.

Ans.

Ans.

Ans.




5-170.

The 100-1b door has its center of gravity at G. Determine the
components of reaction at hinges A and B if hinge B resists
only forces in the x and y directions and A resists forces in
the x, y, z directions.

SOLUTION

Equations of Equilibrium: From the free-body diagram of the door, Fig. a, B, B,
and A, can be obtained by writing the moment equation of equilibrium about the x’
and y’ axes and the force equation of equilibrium along the z axis.

SMy = 0; —B,(48) — 100(18) = 0

B, = —3751Ib Ans.
M, = 0; B, =0 Ans.
SF, = 0; ~100 + A, = 0; A, =1001b Ans.

Using the above result and writing the force equations of equilibrium along the
x and y axes, we have

>F, =0, A, =0 Ans.
2F, =0; A, + (=375 =0

A, =3751b Ans.
The negative sign indicates that B, acts in the opposite sense to that shown on the

free-body diagram. If we write the moment equation of equilibrium =M, = 0, it
shows that equilibrium is satisfied.




5-T71.

Determine the support reactions at the smooth collar A and
the normal reaction at the roller support B.

SOLUTION )

Equations of Equilibrium: From the free-body diagram, Fig. a, Ng, (M,),, and A,
can be obtained by writing the moment equations of equilibrium about the x and
z axes and the force equation of equilibrium along the y axis.

SM, = 0; Ny(0.8 + 0.8) — 800(0.8) — 600(0.8 + 0.8) = 0

Ng = 1000 N Ans.
S M, = 0; (M), =0 Ans.
3F, = 0; A, =0 Ans.

Using the result Ny = 1000 N and writing the moment equation of equilibrium
about the y axis and the force equation of equilibrium along the z axis, we have

SM, = 0; (M.4), — 600(0.4) + 1000(0.8) = 0

(M), = =560 N -m Ans.
SF, = 0; A, + 1000 — 800 — 600 = 0

A, =400N Ans.

The negative sign indicates that (M 4), acts in the opposite sense to that shown on
the free-body diagram. If we write the force equation of equilibrium along the
x axis, 2 F, = 0, and so equilibrium is satisfied.




*5-T72.

The pole is subjected to the two forces shown. Determine
the components of reaction of A assuming it to be a ball-
and-socket joint. Also, compute the tension in each of the
guy wires, BC and ED.

SOLUTION

Force Vector and Position Vectors:

Fo= A+ Aj+ Ak

F; = 860{cos 45° — sin45°k} N = {608.11i — 608.11k} N
F, = 450{—cos 20° cos 30°i + cos 20° sin 30°k — sin 20°k} N \/ y
= {-366.21i + 211.43j — 15391k} N
(=6 —=0)i+ (=3-0)j+(0-06)k
V(=6 =00 + (=3 -0+ (0 - 6)2}

2 L1 .2
—5Fepi — gFED.] - gFEDk

Frp = FED|:

3
. - [(6—0)i+(—4.5—0)j+(0—4)k}
C = C
B PN 6— 02 + (<45 — 0) + (0 — 4)
2., . 9 _ . 8
= EFBCI - ﬁFBCJ - EFBCk

r = {4k} m r, = {8k} m r; = {6k} m

Equations of Equilibrium: Force equilibrium requires

EFZO, FA+F1+F2+FED+FBC:0
2 12 .
<Ax +608.11 — 36621 — = Fpp + —FBC>1
3 17
1 9 .

2 8
+ (AZ — 60811 — 153.91 = S Fpp — EFEC)k =0

Equating i, j and k components, we have

2 12
TF, =00 A+ 608.11 = 36621 — SFpp + - Fpe =0 1)
1 9
IF, =00 A+ 21143 = S Fpp — 1 Fpe =0 Q)
2 8
SF.=0; A= 60811 = 15391 = SFgp — - Fpc = 0 A3)



*5-72. (continued)
Moment equilibrium requires

EMA:(), r1><FBC+1'2X(F1+F2)+r3><FED:0
12 .9 . 8
4k X (EFBCI - EFBC'] - ﬁFgck)

+ 8k X (241.90i + 211.43j — 762.02K)

2 .1 .2

Equating i, j and k components, we have

36

SM, =0, -Fpc+ 2Fpp — 169145 = 0 @)
48

SM, =0 -Fpc— 4Fpp + 193522 =0 5)

Solving Egs. (4) and (5) yields
Fye = 205.09N = 205N Fpp = 62857N = 629N Ans.

Substituting the results into Egs. (1), (2) and (3) yields

A, =324N A, = 107N A, = 127758 N = 1.28 kN Ans.



5-73.

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, ¥, z components of reaction at A and the tension in cable
DECifF = {—1500k} Ib.

SOLUTION
From FBD of boom,
M, =0; LT (10) — 1500(5) = 0
x 5 \/E BE
SF, =0 A, =0
SF,=0 A, — L(1677 05) =0
o V125 '
A, = 15001b = 1.50 kip
SF, =0; A, — 1500 + > (1677.05) = 0
© ‘ V125 '
A, =7501b
From FBD of pulley,
SF, =0; Z(L)T — L(1677 05) =0
o V96 V5 '

T = 91856 = 9191b

Ans.

Ans.

Ans.

Ans.

& Toe
| %
Ay .
BT
Ay {,500Lb




5-74.

The cable CED can sustain a maximum tension of 800 lb
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?

SOLUTION
From FBD of pulley;
SF. =0 2(800)cos 24.09° — Fyr = 0

Fyr = 1460.59 b

From FBD of boom;

5
SM, = 0; 2 (1460.59)(10) — F(5) = 0
* V125
F = 130639 1b = 1.31 kip
SF, = 0; A, =0
SF, =0 ~ 19 146059 = 0
v Y V125 '
A, = 130639 1b = 1.31 kip
SF. = 0; A, — 130639 + —2—(1460.59) = 0
c ) Vs

A, = 6531b

Ans.

Ans.

Ans.

Ans.

Fo0ib
goollvgi\zmq*’
4040
2 Fae
2
14L0.591),
A k ?%\ v
5t J ot ¢
/ Ry £



5-75.

If the pulleys are fixed to the shaft, determine the magnitude
of tension T and the x, y, z components of reaction at the
smooth thrust bearing A and smooth journal bearing B.

SOLUTION

Equations of Equilibrium: From the free-body diagram of the shaft, Fig. a, A, T,
and B, can be obtained by writing the force equation of equilibrium along the y axis
and the moment equations of equilibrium about the y and z axes, respectively.

2F,=0; A, =0 Ans.
M, = 0; 400(0.2) — 900(0.2) — 900(0.3) + T(0.3) =0

T = 123333 N = 1.23 kN Ans.
ZM, =0; —B.(3)—400(1) —900(1) =0

B, = —433.33 N = —433N Ans.

Using the above results and writing the moment equation of equilibrium about the
x axis and the force equation of equilibrium along the x axis, we have

SM, = 0; B,(3) — 900(2) — 1233.33(2) = 0

B, = 142222 N = 142 kN Ans.
>2F,=0; 400 + 900 — 43333 — A, =0
A, = 866.67N = 867N Ans.

Finally, writing the force equation of equilibrium along the z axis, yields

SF, =0, A, - 123333 — 900 + 142222 = 0
A,=7111IN = 711N Ans.




*5-76.

The boom AC is supported at A by a ball-and-socket joint z
and by two cables BDC and CE. Cable BDC is continuous
and passes over a pulley at D. Calculate the tension in the
cables and the x, y, z components of reaction at A if a crate
has a weight of 80 1b.

SOLUTION
(3i — 12 + 6K)
e = e s v 0

{0.2182F cpi — 0.8729F c1j + 0.4364F gk} Ib

(—3i — 12§ + 4K)

Fep = Fave V(=3)% + (—12)% + 42
= {—0.2308F gpci — 0.9231F gpcj + 0.3077F gpck} 1b
Fup = Fyne (—3i — 4j + 4k)
V(=32 + (—4)% + 4
= Fppc(—0.4685i — 0.6247j + 0.6247k) ¥
SM,=0; Fpgpc(0.6247)(4) + 0.4364F -£(12) + 0.3077F gpc(12) — 80(12) = 0 a,’..___ R )
SM,=0; 04685Fzpc(4) + 0.2308F gpc(12) — 0.2182F c£(12) = 0 2 - :2‘"’/ ,:‘ —
Fppe = 62.02 = 62.01b Ans. sl !
Fep =109.99 = 110 1b Ans.
SF,=0; A, + 0.2182(109.99) — 0.2308(62.02) — 0.4685(62.02) = 0
A, = 19.41b Ans.
SF,=0; A, — 0.8729(109.99) — 0.9231(62.02) — 0.6247(62.02) = 0
Ay, =1921b Ans.
SF,=0; A, + 04364(109.99) + 0.3077(62.02) + 0.6247(62.02) — 80 = 0
A, = —2581b Ans.

)



5-71.

A vertical force of 80 Ib acts on the crankshaft. Determine
the horizontal equilibrium force P that must be applied to
the handle and the x, y, z components of force at the smooth
journal bearing A and the thrust bearing B. The bearings are
properly aligned and exert only force reactions on the shaft.

SOLUTION

M, = 0; P(8) — 80(10) =0 P =1001b Ans.
M, =0 B.(28) — 80(14) = 0 B, =401b Ans.
M, = 0; —B,(28) — 100(10) = 0 B, = —-35.71b Ans.
SF, =0 A, + (=357) — 100 =0 A, =1361b Ans.
2F, =0 B, =0 Ans.
2F, =0 A, +40-80=0 A, =401b Ans.

Negative sign indicates that B acts in the opposite sense to that shown on the FBD.




5-78.

Member AB is supported by a cable BC and at A by a square
rod 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.

SOLUTION
Fpe = FBC(%i - gj + %k)
SF, =0 FBC(%) =0

Fpe =0 Ans.
2F, =0; A, =0 Ans.
SF, =0 A, = 8001b Ans.
M, =0; (M 4), — 800(6) =0

(M 4), = 480 kip - ft Ans.
M, =0; (My), =0 Ans.

=M, = 0; (My),=0 Ans.



5-79.

The bent rod is supported at A, B, and C by smooth journal
bearings. Compute the x, y, z components of reaction at the
bearings if the rod is subjected to forces F; = 300 1b and
F, = 2501b. F, lies in the y—z plane. The bearings are in
proper alignment and exert only force reactions on the rod.

SOLUTION

F, = (=300 cos 45°j — 300 sin 45°k)

= {—212.1j — 212.1k}1b

F, = (250 cos 45° sin 30°i + 250 cos 45° cos 30°j — 250 sin 45°k)

= {88.39i + 153.1j — 176.8k}1b

A, + B, +8839=0
A, +C,—212.1 + 1531 =0

B, + C, - 2121 - 1768 = 0

~B.(3) — A,(4) + 212.1(5) + 212.1(5) = 0
C.(5 + A, (4) =0

A (5) + B,(3) —C,(5) =0

A, = 6331b
A, = —1411b
B, = -7211b
B, = 8951b
C, = 2001b
C. = —5061b

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.




*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 on the rod. Set F; = 300 Ib.

SOLUTION

F; = (=300 cos 45°j — 300 sin 45°k)
= {-212.1j — 212.1k}1b

F, = (F, cos 45°sin 30°i + F, cos 45° cos 30°j — F, sin 45°k)
= {0.3536F,i + 0.6124F,j — 0.7071F,k}1b

SF, = 0; A, + By + 03536F, = 0
SF, =0; A, + 0.6124F, — 2121 = 0
SF, = 0 B, + C, — 0.7071F, — 212.1 = 0
SM, = 0; —B.(3) — A,(4) + 212.1(5) + 212.1(5) = 0
M, =0 C,(5) + A,(4) =0
SM, = 0; A.(5) + B.(3) =0

A, =3571b

A, = —2001b

B, = —5951b

B, = 9741b

C, = —2861b

zZ

F, = 6741b

Ans.




5-81.
The sign has a mass of 100 kg with center of mass at G.

Determine the x, y, z components of reaction at the ball-and-
socket joint A and the tension in wires BC and BD.

SOLUTION

Equations of Equilibrium: Expressing the forces indicated on the free-body

diagram, Fig. a, in Cartesian vector form, we have

Fo=Ad+ Aj+ Ak

W = {—100(9.81)k} N = {—981k} N

(=2 = 0)i + (0 — 2)j + (1 — 0)k

Fgp = Fypugp = F
o BT T 2 02 1 (0— 22 + (1 — 0)?

(1-0)i+(0-2)j+(2-0k
VI =02+ 0 -272+ @2 -0y

Fpc = Fpcupe = Fpe

Applying the forces equation of equilibrium, we have

EFZO, FA+FBD+FBC+W:0

2 2 1 1
(Ad+ Aj+ Ak) + (_EFBDi - gFBDj + EFBDk> + <*F3Ci -

3

2 1 .
(AxigFBD+§FBC>l+ <Ay7 3 3

Equating i, j, and k components, we have

2 1

Ax - gFBD + EFBC = O
2 2

Ay - EFBD - gFBC = 0

1 2
AZ + gFBD + gFBC - 981 =0

xt

g

3

2 2 1
— —Fgpi — —Fypj + =Fppk
3BDl 3BDJ 3BD

.2 .2
Fpci — ZFpcj + *FBck)

3 3

)

Il

2 2

2 2 1 2
~Fpp — *FBC)j + <AZ + - Fgp + gFBC — 981)k =0

@

2

3

In order to write the moment equation of equilibrium about point A, the position

vectors r 45 and r 43 must be determined first.

ric = {ljjm

rap = {2j}m

Thus,

IMy = 0;rpp X (Fpe + Fpp) + (rag X W) =0

(2j) X

3 3 3 3

4 2 L (4 2
(gFBC + gFBD - 981)1 + <§FBD - gFBc)k =0

Equating i, j, and k components we have

4 2
gFBC + gFBC - 981 =0

4 2
3Fsc = 3Fpc =0

1 2 . 2 2 . 2 1
gFBC = ZFpp i =\ 3Fsc + 3Fp )i + | 3FBc + 5F8D

)k} + (1j) X (—981k) = 0

)

)



5-81. (continued)
Soving Egs. (1) through (5), yields

Fgp = 2943 N = 294N
Fpe = 5886 N = 589N
A, =0

A, = 5886 N = 589N

A, = 490.5N

Ans.

Ans.

Ans.

Ans.

Ans.

cll0,2m

D&, 0,10m



5-82.

Determine the tensions in the cables and the components of
reaction acting on the smooth collar at A necessary to hold
the 50-1b sign in equilibrium. The center of gravity for the

sign is at G.
SOLUTION
1 2 2
Tpe=T —i——j+ <k
DE DE(31 3J 3 )
-1 2 2
Tee = Tpe| —i - 5j + 2k
BC BC( 3 1 3J 3 )
1 1
EFx = 0, gTDE - ETBC + Ax =0
2 2
EFZ:O, 7TDE+7TBC_50:0
i 3 3
2 2
EFy:O, 7§TDE73TBC+A}/:0

2 2
SM =0 (M) + 3Toe@ + 5Tpe(@) ~ 502) = 0

2 2
IM, =0 (Ma), = 3Tps(3) + 3Tac(2) + 50(05) = 0

SM, =0 =3 Tpe) — 2Toe() + 3T5c@) + 2 T5c2) = 0

Solving;

Tpp = 32.1429 = 32.1 Ib Ans.
Tpc = 42.8571 = 4291b Ans.
A, =3.5714 = 3.571b Ans.
A, =501b Ans.
(Mp)y =0 Ans.

(M), = —17.8571 = —17.91b- ft Ans.



5-83.

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 300 mm
6 = 0°.The bearings are in proper alignment and exert only
force reactions on the shaft.

SOLUTION x
Equations of Equilibrium:
M, =0 65(0.08) — 80(0.08) + T(0.15) — 50(0.15) = 0

T =580N Ans.
M, =0; (65 + 80)(0.45) — C,(0.75) = 0

C,=870N Ans.
M, =0 (50 + 58.0)(0.2) — €, (0.75) = 0

C, =288N Ans.
SF. =0 D,=0 Ans.
2F, =0; Dy + 288 —50 — 580 =10

D, =792N Ans.
SF, =0 D,+870—-80—-65=0

D, =580N Ans.



*5-84.

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
0 = 45°. The bearings are in proper alignment and exert
only force reactions on the shaft.

SOLUTION

Equations of Equilibrium:

SM,=0;  65(0.08) — 80(0.08) + T(0.15) — 50(0.15) = 0 SON
T = 580N Ans.

SM,=0;  (65+ 80)(0.45) — 50sin45°(0.2) — C, (0.75) = 0
C,=715TN = 776N Ans.

SM,=0;  580(02) + 50cos 45°(0.2) — C, (0.75) = 0

C, =2489N = 249N Ans.
SF. =0 D, =0 Ans.
2F, =0; Dy + 24.89 — 50 cos 45° — 58.0 = 0
D, = 685N Ans.
2F, =0 D, + 7757 + 50sin45° — 80 — 65 = 0

D, =321N Ans.



5-85.

If the roller at B can sustain a maximum load of
3 kN, determine the largest magnitude of each of the three 0
forces F that can be supported by the truss.

~—2m [] 2m 2m
SOLUTION v v v
F F F
Equations of Equilibrium: The unknowns A and A ycan be eliminated by summing
moments about point A.
C+SM,=0; F(6) + F(4) + F(2) — 3cos45°(2) = 0 A,*
F = 03536 kN = 354 N Ans.
A
m
45°
Zm Zm am

FF F No=3 kN



5-86.

Determine the normal reaction at the roller A and horizontal

10 kN
and vertical components at pin B for equilibrium of the
member. ~—0.6m———0.6m ﬂ‘
A -\
/
\ 6 kN
SOLUTION

0.8 m

Equations of Equilibrium: The normal reaction N, can be obtained directly by

summing moments about point B. \\/60° \

“\ B
C+ZM, =0;  10(0.6 + 1.2cos 60°) + 6 (0.4) — N 4 (1.2 + 1.2cos 60°) = 0 0'4%
N, = 8.00 kN Ans.
HIF, =0, B,—6c0s30°=0 B, =520kN Ans.
+1SF, =0; B, + 800 6sin30°— 10 = 0 10 ki
0.6m O-brm
B, = 5.00 kN Ans.
= 56m
b K
:VA 50'
0-4m
60",
B



5-87.

The symmetrical shelf is subjected to a uniform load of 4 kPa.
Support is provided by a bolt (or pin) located at each end A
and A’ and by the symmetrical brace arms, which bear
against the smooth wall on both sides at B and B’. Determine
the force resisted by each bolt at the wall and the normal
force at B for equilibrium.

0.15m

SOLUTION

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

C+3ZM,4=0; Nz(0.15) —600(0.1)=0 N =400 N Ans.
BIF. =0, 400-A,=0 A, =400N
+1SF, =0, A, —600=0 A,=600N

The force resisted by the bolt at A is

Fa= VA2 + A2 = V400> + 600> = 721 N Ans.

A 4 kPa‘L
P /

1.5m

4000 (0.2)(0-75) =00 N




*5-88.

Determine the x and z components of reaction at the
journal bearing A and the tension in cords BC and BD
necessary for equilibrium of the rod.

SOLUTION
F, = {—800k} N
F, = {350j} N
(—3j + 4k)

Fpc = FBC#

(3j + 4k)
Fpp = FBD#

= {06FBDj + OSFBDk} N
SF. =0 A, =0 Ans.

SF, = 0 A, — 800 + 0.8F g + 0.8F 5 = 0
SM, =0, (My),+ 08Fyn(6) + 0.8F5(6) — 800(6) = 0
SM,=0;  800(2) — 0.8Fp(2) — 0.8Fp(2) = 0

EMZ = 0, (MA)Z - 06Fgc(2) + O6FB‘D(2) =0

Fgp = 208 N Ans.
Fgc = 792N Ans.
A, =0 Ans.
(My),=0 Ans.

(M 4),=700N-m Ans.



5-89.

The uniform rod of length L and weight W is supported on
the smooth planes. Determine its position 6 for equilibrium.
Neglect the thickness of the rod.

SOLUTION

L
C+=ZMp = 0; _W(E cos0) + Nycos (Lcosf) + Nysingp(Lsing) =0

W cos 6
A7 2cos (6~ 0) @
B IF. =0, Ngsing — Nysing =0 %))

+T2Fy=0; Ngcostp + Nycosp — W =0

W — N,cos¢
N = cos &Y

Substituting Egs. (1) and (3) into Eq. (2):

(W_Wcosﬁcos¢) ~ Wecosfsing
2 cos (¢ — 6) tan y 2cos(p — 6)

2cos(¢p — O)tanyy — cosftan iy cosp — cosfsing = 0
sin 0 (2 sin ¢ tan ) — cos 6 (sin ¢ — cos ¢ptan ) = 0

sin ¢ — cos ¢ tan
2 sin ¢ tan ¢

tan 0 =

1 1
6= tan’l(g cot iy — - cot d)) Ans.



5-90.

Determine the x, y, z components of reaction at the ball
supports B and C and the ball-and-socket A (not shown) for
the uniformly loaded plate.

SOLUTION
W = (4 ft)(2 ft)(2 Ib/ft?) = 16 1b

SF,=0;, A,=0

M

~
I

<

A, =0

SF,=0;, A,+B,+C,—16=0
SM,=0; 2B.—16(1) + C.(1) =0
SM,=0; —B.(2)+16(22) — C.(4) =0

Solving Egs. (1)—(3):

21b/ft2

Ans.




5-91.

Determine the x, y, z components of reaction at the fixed z
wall A. The 150-N force is parallel to the z axis and
the 200-N force is parallel to the y axis. 150N

SOLUTION
SF, =0 A, =0 Ans.
SF, = 0; A, +200=0
A, = —200N Ans.
SF, = 0; A, —150=0
A, =150N Ans.
SM, =0, ~150(2) + 200(2) — (M ), = 0
(My), = 100N -m Ans.
M, =0; (Ma)y =0 Ans. {r
oo e - (o . r e
ag/,h _
(M 4). = 500N-m Ans. ﬂﬁ ' :

—> 200N



*5-92.

Determine the reactions at the supports A and B for 400 N/m
equilibrium of the beam. 200 N/m

SOLUTION 4m

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

20007) = 1400 N -}(2()01(3) =300N
+3IM, = 0; Np(7) — 1400(3.5) — 300(6) = 0 -
Np = 957.14N = 957N Ans. \_b; Ty ":l
Ag — 1400 — 300 + 957 = 0 Ag = 743N 3 "‘ﬁﬁ"i‘ﬁﬁ . .tmT
X 3F, = 0; A, =0 Ans. A



6-1.
Determine the force in each member of the truss and state

if the members are in tension or compression. Set
P, = 8001band P, = 400 Ib.

SOLUTION

Method of Joints: In this case, the support reactions are not required for

determining the member forces.

Joint B:
+ o 3
S XF, =0; Fpccosd5° — Fgy 5 —400 =0
. 4
+15F, = 0; Fpsind5® + Fyy( < | =800 = 0

Solving Egs. (1) and (2) yields

Fg, = 285.711b (T) = 286 1b (T)
Fge = 808.121b (T) = 808 1b (T)

Joint C:
K 3F =0 Fey — 808.12 cos45° = 0
Fey = 5711b (C)
+13F, =0,  C,— 808.12 sin45° = 0

C, =5711b

@

(2)

Ans.
Ans.

Ans.

Note: The support reactions A, and A, can be determined by analyzing Joint A

using the results obtained above.

‘ 6 ft 8 ft i

Fea

T X
45

foc=808.1216 Gy



6-2.

Determine the force on each member of the truss and state
if the members are in tension or compression. Set

P, = 5001band P, = 100 Ib.

SOLUTION

Method of Joints: In this case, the support reactions are not required for

determining the member forces.

Joint B:

3
L 3F =0 Fpc cos 45° — FBA(g) - 100 =0

4
+13F, =0,  Fgcsind5® + FBA(g) ~500 =0

Solving Egs. (1) and (2) yields
Fga = 285.711b (T) = 286 1b (T)
Fye = 383.861b (T) = 384 1b (T)
Joint C:
£ 3F, =0 Fey — 383.86 cos 45° =
+13F,=0;  C, —383.86sin45° =0
C, =271431b

@

(2)

Ans.
Ans.

Ans.

Note: The support reactions A and Ay can be determined by analyzing Joint A

using the results obtained above.

Fen
fe
<N
E) y42°
N = X
o016
L
Soc Ib
¥
fu
RS X




6-3.

Determine the force in each member of the truss, and state

if the members are in tension or compression. Set = 0°.

SOLUTION

Support Reactions: Applying the equations of equilibrium to the free-body diagram
of the entire truss, Fig. 4, we have

C+SM, = 0; Ne(2 +2) —4(2) — 3(1.5) = 0
Ne = 3.125kN

K 3F =0 3-A, =0
A, =3kN

+ 13F, =0 A, +3125-4=0
A, = 0.875kN

Method of Joints: We will use the above result to analyze the equilibrium of
joints C and A, and then proceed to analyze of joint B.

Joint C: From the free-body diagram in Fig. b, we can write

3
+12F, = 0; 3.125 — Fp (5) =0
Fep = 5208 kN = 521 kN (C) Ans.
+ 4
K 3F =0; 5208( ) = Fes =0
Fep = 4167kN = 4.17 kN (T) Ans.

Joint A: From the free-body diagram in Fig. ¢, we can write

3
+13F, =0 0.875 — Fup (g) =0
Fup = 1.458 kN = 1.46 kN (C) Ans.
n 4
S 2F =0 1@\3—3—1.458g =0
Fup = 4.167kN = 4.17 kN (T) Ans.

Joint B: From the free-body diagram in Fig. d, we can write

+13F, =0 Fgp—4=0
Fgp = 4kN (T) Ans.
X SF, = 0; 4167 — 4167 =0  (check!)

Note: The equilibrium analysis of joint D can be used to check the accuracy of the
solution obtained above.

2m 2m ‘

(@)
%
Fo
3
= ¢ x
Fza
N, =3:/25 KN
(b)
Y4
A Fas
A L=
% —_— X
A3k Fs
Azj:ﬂ'@zﬁ'kﬂ
)




64,

Determine the force in each member of the truss, and state
if the members are in tension or compression. Set § = 30°.

SOLUTION
Support Reactions: From the free-body diagram of the truss, Fig. a, and applying 2m 2m }
the equations of equilibrium, we have Y
4 kN

C+IM, = 0; Nccos30°(2 +2) —3(1.5) —4(2) =0

Ne = 3.608 kN —> 3 ki
K IF, =0 3 —3.608sin30° — A, =0

A, = 1.196 kN
+T2Fy:0; A, +3.608cos30° — 4 =0

A, = 0.875kN
Method of Joints: We will use the above result to analyze the equilibrium of (4 )
joints C and A, and then proceed to analyze of joint B.
Joint C: From the free-body diagram in Fig. b, we can write qé-

3 72
+13F, = 0 3.608 cos 30° — Fgp 5)= 0
3
Fcp = 5208 kN = 5.21 kN (C) Ans. < + ¢ x
) s
X 3F =0 5.208( - ] — 3.608sin30° — Fcp =0
5 J,O,r
Fep = 2362 kN = 2.36 kN (T) Ans. Ne=3-608 KN

Joint A: From the free-body diagram in Fig. ¢, we can write

+13F, =0 0.875 — Fup (%) =0

Fup = 1.458 kN = 1.46 kN (C) Ans.
+ 4’
X SF, = 0; Fap = 1458 5 ) = 1196 = 0

Fap = 2362 kN = 2.36 kN (T) Ans.

Joint B: From the free-body diagram in Fig. d, we can write

+12F, = 0; Fgp—4=0
FBD = 4 kN (T) Ans.
X IF, =0 2362 — 2362 =0 (check!)
Note: The equilibrium analysis of joint D can be used to check the accuracy of the F
solution obtained above. 1‘ PP

—— X

£

Ea._.‘?g‘zzm FC-B='8'363KA’

4K
(&)



6-5.

Determine the force in each member of the truss, and state
if the members are in tension or compression.

SOLUTION

Method of Joints: Here, the support reactions A and C do not need to be determined.
We will first analyze the equilibrium of joints D and B, and then proceed to analyze
joint C.

Joint D: From the free-body diagram in Fig. a, we can write

X SF, = 0; 400 — Fpe = 0

FDC = 400 N (C) Ans.
+13F, = 0 Fpa — 300 =0

FDA =300 N (C) Al'lS.

Joint B: From the free-body diagram in Fig. b, we can write

X SF, = 0; 250 — Fg, =0

FBA = 250 N (T) Ans.
+13F, =0 Fge — 200 =0

Fge = 200N (T) Ans.

Joint C: From the free-body diagram in Fig. ¢, we can write

+13F, = 0; Fe,sin 45° — 200 = 0

Fe, = 282.84N = 283N (C) Ans.
K SF =0 400 + 282.84 cos 45° — N = 0

Ne =600 N

Note: The equilibrium analysis of joint A can be used to determine the components
of support reaction at A.

250N

Y200N

300N

400N Frc

of
Foe
<Z50N
- —x
Fea k

200N
)

%
56 =40oN Nb
= x
45 (&
E Fac =200 N
)

CA



6-6.

Determine the force in each member of the truss, and state D 600 N
if the members are in tension or compression.
4m
SOLUTION E . 900 N
Method of Joints: We will begin by analyzing the equilibrium of joint D, and then
proceed to analyze joints C and E. 4m
Joint D: From the free-body diagram in Fig. a, A B
3
X 3F =0 Fpg (g) - 600 =0 | 6m |
Fprp = 1000 N = 1.00 kN (C) Ans.
. %
+T2Fy =0 1000 <§) — Fpc=0
Fpc = 800N (T) Ans.
Joint C: From the free-body diagram in Fig. b, _D 6 00N
K SF =0 Fep —900=0 4
Ferp = 900N (C) Ans. 5/a
+12F, = 0; 800 — Frp =0
Fep = 800N (T) Ans.

Joint E: From the free-body diagram in Fig. c,

NESE = 0; — 900 cos 36.87° + Fppsin73.74° = 0
FEB = 750 N (T) AnS.
7+3F,) = 0; Fr 4 — 1000 — 900 sin 36.87° — 750 cos 73.74° = 0

Fra = 1750 N = 1.75kN (C) Ans.




6-7.

Determine the force in each member of the Pratt truss, and
state if the members are in tension or compression.

SOLUTION
Joint A:
+13F, =0
X SF, = 0;
Joint B:

X SF, = 0;
+T2Fy =0;
Joint L:
N+H2EF =0
+73F, = 0;
Joint C:

K 3F =0
+T2Fy =0
Joint K:
N+H2EF - 0
+73F, = 0;
Joint J:

K 3F =0
+T2Fy =0

Due to Symmetry

Fap = Foy = Fix = Fyy = 283 kN (C)

Fap = Fgr = Fgc = Frg = Fcp = Fep = 20kN (T)
Fgp = Fpy = Frc = Fyeg = 0

Fex = Fz = 10kN (T)

Fe, = Fjy = 23.6 kN (C)

Fep = Fip = 745kN (C)

20 — FALSin450 =0
Fu = 2828 kN (C)
Fup — 2828 cos 45° = 0
Fas = 20kN (T)

FBC —-20=0
FBL =0
FLC =0

Fix = 2828 kN (C)

FCD -20=0
Fep = 20kN (T)
Fex —10=10

10'sin 45° — Fyp cos (45° — 26.57°) = 0

Fxp = 7454 kN (L)

28.28 — 10 cos 45° + 7.454 sin (45° — 26.57°) — Fy; = 0
Fy; = 23.57kN (C)

23.57sin45° — F;;sin45° = 0
2(23.57 cos 45°) — Fyp = 0

Fyp = 333kN (T) Ans.

Ans.
Ans.
Ans.
Ans.
Ans.
Ans.

-
AE

5

B e 7 [ oY f 2 ¢
B

2.0 do N ¢
¥
L. i“/ F{,]c
AN

’j -“{‘ 'Fi__ &

<8280k \

Py

e



*6-8.

Determine the force in each member of the truss and state if
the members are in tension or compression. Hint: The
horizontal force component at A must be zero. Why?

SOLUTION

Joint C:

BIF, =0, Fep — 800 cos 60° = 0
Fep = 4001b (C)

+12F, = 0; Fep — 8005sin 60° = 0
Fep = 6931b (C)

Joint B:

L SF. =0, %FBD — 400 = 0
Fpp = 666.7 = 667 Ib (T)

+13F, = 0; Fpa— %(666.7) —600=0

Fga = 11331b = 1.13 kip (C)

600 1b

BY

800 b

60°
9/< ¥

o |glA
Ans. ‘A‘

Ans.

Ans.

Ans.

Member AB is a two-force member and exerts only a vertical force along AB at A.

31t
goou,
© l 60°
—_— X
|
|
X
Ho0 U,
Fs fep



6-9.

Determine the force in each member of the truss and state if
the members are in tension or compression. Hint: The
vertical component of force at C must equal zero. Why?

SOLUTION
Joint A:
+T2Fy =0
S SF, =0
Joint E:

5 3F, =0
+12F, =0
Joint B:

+ TEFy =0;
BIF, =0;

X

F,p—6=0
5 las

Fup = 45kN (C)

L
V2

(Fap) = 8 = 5(75) = 0

3 1
Fype — 2(15) — —=(19.8) = 0
5 2

\[

CV is zero because BC is a two-force member .

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.




6-10.

Each member of the truss is uniform and has a mass of
8 kg/m. Remove the external loads of 6 kN and 8 kN and
determine the approximate force in each member due to
the weight of the truss. State if the members are in tension
or compression. Solve the problem by assuming the weight
of each member can be represented as a vertical force, half
of which is applied at each end of the member.

SOLUTION N
Joint A: )
4 6 kN
B y 4
3 [
S3F, =0 —Fap + 196.2(§> =0
15708 185N
F,p = 1177 = 118 N (C) Ans.
A
D
Joint E: 215.8N
B IF, = 0; Frp = 117.7 = 118 N (C) Ans.
+12F, =0; Fpp = 2158 = 216 N(T) Ans. 510N, Fag
Joint B: @® Fae
1 4
+12F, =0 ——(Fpp) — 366.0 — 215.8 — —(196.2) = 0
V2 5
Fen
Fpp = 1045 = 1.04 kN (C) Ans. T®
. 1 —_T_ Fep
3
- =0 -z - =
SF, =0; Fpe = 5(1962) \/5(1045) 0 k.
FBC = 857 N (T) Ans.
3b6.0N
J .
#IN ™

Qbay 258N Fep



6-11.

if the members are in tension or compression.

SOLUTION
Support Reactions:
+1 2F, = 0;
BIF. =0
Method of Joints:
Joint D:

+1 3F, = 0;
L3F =0
Joint E:

L 3F. =0,
+13F, =0;
Joint C:

+12F, =0;
B3F =0

Determine the force in each member of the truss and state 4 kN
3m 3m | 3m—
BY C’—
I g =1
D
3m
A Sm
- F
E
SN =N
4(6) +509) - E,(3)=0 E, =23.0kN
20-4-5-D,=0 D, = 14.0kN
4 kN
D, =0
* |_ Im 3m I 3am I
] | R
L
5 ¥
V34 -
— — Sk
Fpr = 1633kN (C) = 16.3 kN (C) Ans.
5
16 33< 3 ) F 0 ¢
. — | — C =
V34 P
Fpc = 840kN (T) Ans. ¢
e » J=0
- — —
3 3
Frsl—= | —1633| ——= | =0 /)5
EA( \/E> <V34> 3-‘
Fry = 8854KkN (C) = 8.85kN (C) Ans. pe  Yhriow
23.0 1633( > > 8854< ! ) F 0
U — . —F—— | — O. — | — c =
Vai Vi) f f
E
Fpe = 620kN (C Ans. Ec
EC (©) Fog =133 kN
EA 5
i g 2
6.20 — Fepsin45° = 0 £ x
Fcp = 8768 kN (T) = 8.77kN (T) Ans.
E?alﬁ«okﬂ
8.40 — 8.768 cos 45° — Frp =0
Fcp = 220kN (T) Ans. \d,
Fee |
. C e
45° $40kN
& 6.20%N



6-11. (continued)

Joint B:
S3F, =0
+13F, =0;
Joint F:
+13F, =0;
S SF, =0

220 — Fpycos45° =0

Fga = 3.111kN (T) = 3.11 kN (T)

Fpr — 4 —3.111sin45° =

FBF = 6.20 kN (C)

8.768 sin 45° — 6.20 = 0
8.768 cos 45° — Fr4 = 0

Ans.

Ans.

(Check!)

Ans.

Fe Fe=840 kW

Fer Fe=6-20 ki



*6-12.

Determine the force in each member of the truss and state if
the members are in tension or compression. Set P, = 10 kN,

P, = 15kN.
SOLUTION
BIF =0
+12F, = 0;
Joint G:

B IF, = 0;
Joint A:
S3F =0
+13F, = 0;
Joint B:

S SF, =0
+13F, = 0;
Joint F:

S SF, =0
+12F, = 0;
Joint E:

5 SF, =0
+13F, =0;
Joint D:

B IF, =0,

G, (4) — 102) — 15(6) = 0
G, = 27.5kN

A —275=0
A, =275kN

A, —10-15=0
A, =25kN
Fop—275=0

1
27-5_FAF_7(FAB) =0

V5
25 — FAB<\2/5) =0

Fap = 27.95 = 28.0kN (C)

1
27.95<—) + Fpe—275=0

V5
27.95(\2) — Fgr=0

1
15+FFE_%(FFC):O
25—-10—-F (L)—O

"“\v2

Fre = 2121 = 212kN (C)
FFE =0

FED =0
Fre—15=0
Fre = 15.0kN (T)

Ans.

Ans.
Ans.

Ans.
Ans.

Ans.
Ans.

Ans.

Ans.

Ans.

© O

Fee
- A X
23.9508/ o
For
%
25 ! Fee
ls_j Sy Fre x

I

|

Fee
a-—%;—» Fee 4
i
Fac,
L 1
o *



6-13.

Determine the force in each member of the truss and state
if the members are in tension or compression. Set P; = 0,
P, = 20 kN.

SOLUTION
C+=M, =0; —Fgp(4) +20(6) = 0
B SF, =0, A, —30=0
A, = 30kN
+13F, = 0; A, =20=0
A, =20kN
Joint A:
1
53F, =0 30 =Far =7 (Fap) = 0
+13F, = 0; 20 — F (2)—0
- Y, - AB\ — — -
Y Vs
F,p = 22.36 = 22.4kN (C)
Joint B:
1
L3F. =0, 22.36(—) + Fpe—30=0
* /5
+13F, = 0; 2236( 2 ) Fpr=10
- Y, . = = BF —
Y Vs
Fgr = 20 kN (T)
Joint F:
1
BIF, =0 20 + Frp — ——=(Fpc) = 0
! V2
+13F, = 0; 20— F <1)—0
=0: — Frel—) =
! "“\\v2
Fre = 2828 = 283 kN (C)
FFE = 0
Joint E:
BIF, =0 Fgp— 0=
+13F, = 0; Fre —20=0
FED = 0
Joint D:
1
5 3F, =0 ——(Fpe) —0=0
* V5

FDC:()

Ans.

Ans.
Ans.

Ans.
Ans.

Ans.
Ans.

Ans.
Ans.

Ans.

D
2 m—|
£
Tﬁﬁ B c
4m
_a .
O AW — e b
g SoEN
r e
30013‘1 Far—X
@ka)\\
30 F Fae
—X
th Fer
22.36 kN

l‘f
Fre

20
5"
%’ Fre—X

Fee
© Fep— ¥
20 AN

Foe

® X



6-14.

Determine the force in each member of the truss and state if
the members are in tension or compression. Set P, = 100 Ib,
P, =200 1b, P; = 300 Ib.

SOLUTION
+12F, = 0;
S SF, =0
Joint A:
+13F, =0;
L IF. =0
Joint B:
+13F, = 0;
S3F =0
Joint F:
+13F, = 0;
S3F, =0
Joint E:
BIF. =0,
+T2Fy =0
Joint C:

B IF, =0,
+13F, = 0;

200(10) + 300(20) — R, cos 30°(30) = 0
R, = 30791b
A, — 100 — 200 — 300 + 307.9 cos 30° = 0

A, =33331b
A, — 307.9 sin 30° = 0
A, = 15401b

1
3333 - 100 — ——=F 43 = 0

V2
Fap = 3301b (C)
e
V2

Far = 79.37 = 79.41b (T)

154.0 + Fap — —=(330) = 0

%(330) — Fgr =0
Fyr = 2333 = 2331b (T)
L(330) — Fpe =0
V2

Fye = 2333 = 2331b (C)

1

V2

Fre = 47.14 = 47.11b (C)

1
Frp — 79.37— —=(47.14) = 0
2

\/

Frp = 1127 = 1131b (T)

Fre = 3001b (T)
Frp = 112.7 = 1131b (T)

1 1
——(47.14) + 2333 — —=F¢p =0

V2 V2

Fep = 377.1 = 3771b (C)

1 1
——(47.14) — 300 + —=(377.1) = 0
2

V2 V2

10 ft—1
\
P, P;
B c
ioows
A /e N
X "’T 1off | ‘oft | loft
Ay 200t  3ookb 307 R
100Lb
R l /f% Fag
ns. 1
MDLL—-),[———*FR
233,31b
Ans.
Fec.
Ans. r;“,ﬁ'
o0l [8F
Ans.
233,340
G FC
37 o
l@ FE
200U,
Ans.
TFF(,
Ans. 127
‘ l® ” Fep
3ooLl,
Ans.
Ans.
23334 @
TR
I oo, Fep
Ans.
Check!



6-15.

Determine the force in each member of the truss and state if
the members are in tension or compression. Set P; = 400 Ib,
P, =4001b, P; = 0.

SOLUTION
C+3M, =0; —400(10) + Rp cos 30°(30) = 0
Rp = 153.96 1b
+13F, =0 A, — 400 — 400 + 153.96 cos 30° = 0
A, = 666.671b
B IF, =0 A, — 153.96 sin 30° = 0
A, = 76.981b
Joint A:
1
+13F, = 0; 666.67 — 400 — %FAB =0
Fap = 377.12 = 3771b (C)
1
B IF, =0, 76.98 + F op — %(377.12) =0
F,p = 189.69 = 190 Ib (T)
Joint B:
+13F, =0; L(37712)—F =0
y ’ \/2 . BF
Fpr = 266.67 = 267 1b (T)
BIF. =0 L(37712)*F =0
X 5 \/E . BC
Fpe = 266.67 = 2671b (C)
Joint F:
1
+12F, = 0; %FFC — 400 + 266.67 = 0
Frc = 188.56 = 1891b (T)
1
L IF =0 Frr — 189.69 + ——(188.56) = 0
V2
Frr = 56.35 = 56.41b (T)
Joint E:
B IF, =0, Frp = 56.41b (T)
+13F, =0 Fre =0
Joint C:
BIF, =0 L (188.56) + 266.67 L open =0
x ’ = . M - =fc -
V2 Va2 P

Fep = 188.56 = 189 1b (C)

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

10 ft—1+

5u10® Fep

Wbt

Zsien Fev

188.56ib|



*6-16.

Determine the force in each member of the truss. State ’-74m4—‘
whether the members are in tension or compression. Set B C
P = 8kN.
60° 60°
== L A ===\0D
SOLUTION
4 m 4 m
Method of Joints: In this case, the support reactions are not required for "P
determining the member forces.
Joint D:
+13F, =0; Fpesin60° — 8 =0 ¥
Fpc = 9.238kN (T) = 9.24kN (T) Ans. Foc
L SF. =0, Fpr — 9.238 cos 60° =
Fpp = 4619KkN (C) = 4.62kN (C) Ans. N x
2e ¢
Joint C:
+1 SF, =0 Fcpsin 60° — 9.238 sin 60° = YA kN
Fcp = 9238 kN (C) = 9.24 kN (C) Ans. ¥
L ISF =0 2(9.238 cos 60°) — Fep = 0
Fep = 9238 kN (T) = 9.24kN (T) Ans. Fes o x
-« ; ‘éo.
Joint B: 6a
+13F, =0; Fppsin 60° — Fp,sin 60° = 0 " <9218 kn

Fpp=Fpy=F

B SF, =0, 9.238 — 2F cos 60° =

F = 9238 kN
Thus,
Fprp = 924 kN (C) Fps = 9.24%kN (T) Ans.
Joint E:
+1 2F, =0, E, —2(9.2385sin 60°) = 0 E, =16.0kN ¥
&:9.,255# F=72Mkd
B IF, =0 Fra + 9.238 cos 60° — 9.238 cos 60° — 4.619 = 0 <«
Fra = 4.62KkN (C) Ans. P ¢o* B
Note: The support reactions A, and A, can be determinedd by analyzing Joint A Feu Fop 24619 kA
using the results obtained above.

Ey



6-17.

If the maximum force that any member can support is 8 kN
in tension and 6 kN in compression, determine the
maximum force P that can be supported at joint D.

SOLUTION

Method of Joints: In this case, the support reactions are not required for
determining the member forces.

Joint D:
+TEFy:O; Fpcsin60° — P =0 Fpc = 1.1547P (T)
BIF, =0 Fpr — 1.1547P cos 60° = 0 Fpr = 057735P (C)
Joint C:
+1 2F, =0; Fcpsin 60° — 1.1547P sin 60° = 0
Fcp = 1.1547P (C)

BIF, =0 2(1.1547P cos 60°) — Fep = 0 Fcp = 1.1547P (T)
Joint B:
+T2Fy:0; Fppsin 60° — Fpysin 60° = 0 Fpp = Fpy = F
BL3F, =0 1.1547P — 2F cos 60° = 0 F =1.1547p
Thus,

Fgr = 1.1547P (C) Fga = 1.1547P (T)
Joint E:
5 SF, =0 Fr, + 1.1547P cos 60° — 1.1547P cos 60°

—0.57735P =0

From the above analysis, the maximum compression and tension in the truss
member is 1.1547P. For this case, compression controls which requires

1.1547P = 6

P = 520kN Ans.

60° 60°
== ' R ==—=\D
4 m 4 m
Y
P
¥
Fre
60'™\| D
= X
he
\fP
¥
Fes <
x
oo 60
Foe o=l 1547 p
¥

8 fza=l1547P
- o »—X

;

Foa

B

B2 11547P




6-18.

Determine the force in each member of the truss and state if 3kN KN
the members are in tension or compression. Hint: The ‘ 3m | 3m
resultant force at the pin E acts along member £D. Why? ‘ A & Y C

SOLUTION
Joint C:
+13F, = 0; 2 r 2=0
_ —Z Fep—2=
' viz .
Fcp = 3.606 = 3.61 kN (C) Ans. ’;W
BSF, =0 F 3606( 3 > 0 ey l X
« =0 - + 3606 —= | = :
CD \/B F”/fﬁe
FCB = 3 kN (T) Ans.
Joint B:
BIF, =0 Fga = 3kN (T) Ans. "
+13F, = 0; Fgp = 3kN (C) Ans.
Fen 3%N
Joint D: Fep
3 3 3
B IF, =0 ——Fpp — ——(3.606) + ——Fp, =0
* V13 V13 V13
2 2 2
+13F, = 0; —(Fpg) — ——(Fps) — ——(3.606) —3 =0
Y V13 V13 V13 )
Fp» SkN
Fps = 270KkN (T) Ans. 3 f Sbobi
\‘Nl :
Fpr = 631 kN (C) Ans. - _57|®




6-19.

Each member of the truss is uniform and has a mass of
8 kg/m. Remove the external loads of 3 kN and 2 kN and
determine the approximate force in each member due to
the weight of the truss. State if the members are in tension
or compression. Solve the problem by assuming the weight
of each member can be represented as a vertical force, half
of which is applied at each end of the member.

SOLUTION
Joint C:

+T2Fy =0
L SF. =0,
Joint B:

BIF, =0
+13F, = 0;
Joint D:

S3F =0
+T2Fy =0

2

Vi3 P

Fep = 467.3 = 467 N (C)

—2592=0

3
V13

Fep = 388.8 = 389N (T)

Fp, = 388.8 = 389 N (T)

Fpp = 313.9 = 314N (C)

3

3
Vi3l T ™) -

3
FDA:0

V13

2 (Fpp) + ——(Fps) — —

V13 For V13 Foa V13

Fpr = 1204 = 120 kN (C)

——(467.3) — 3139 — 5029 =0

LHAUIBIN - 32(9.81)N 2642(9.84)N
Ans B(l ) )

4

S12H981)N
Ans. |

z5% AN

42

Ans. Fes

Ans. ®

Ans.

Ans.




*6-20.

Determine the force in each member of the truss in terms of P B
the load P, and indicate whether the members are in tension
or compression.
d
C
A
@ o )1
_@_ F D
SOLUTION d
Support Reactions:
PP X ) EY(- i
C+H=Mg =0; P(2d)—Ay<5d) =0 Ay=§P d «d/2~Ld/2 d

4

4
+15F,=0; JP-E =0 E =3P | 24 ’
P

S5%F. =0, E,~-P=0 E =P “
Method of Joints: By inspection of joint C, members CB and CD are zero force 4
=

members. Hence £ —
FCB:FCD:O Ans. . 4
. A
Joint A: T Er.
1 4
+13F, = 0 FA< >—P—0 E
' "\\V325) 3 ¢
F ap = 2.40P (C) = 2.40P (C) Ans. ¥
15 A
BISF =0, Far — 2.404P< ) =0 5
\/3.25 ﬁjl N
F 45 = 2.00P (T) Ans. ATl B
Joint B:
1.5 0.5 05
BIF, =0 2.404P< )—P—F <>—F ()—0
\/3.25 "\ V125 PP\ V125

1.00P — 0.4472F i — 0.4472F g1, = 0 )

1 1 1)
\/3%) " FBD<V1.25> - FBF<V1.25> B

+T2Fy =0 2.404P<

1.333P + 0.8944F ;) — 0.8944F 5 = 0 @
Solving Egs. (1) and (2) yield,
Fpr = 1.863P (T) = 1.86P (T) Ans.
Fpp = 0.3727P (C) = 0.373P (C) Ans. ¥
Joint F: Fee=l8e3p
+12F, =0 1.863P< ! ) - FFE<1> =0 Bozoo0p r,J,'
V125 V125 — >—x
Fre = 1.863P (T) = 1.86P (T) Ans. \m Feo
BIF, =0, Fpp+ 2[1.863P< 05 ﬂ —200P =0 NE,
V125
Frp = 03333P (T) = 0.333P (T) Ans. ¥
Joint D: ho=03727p
+13F, = 0; FDE< L > - 0.3727P< ! ) =0 '&i‘l
V125 V125 Rozo33p\ , P
Fpr = 03727P (C) = 0373P (C) Ans. , X
=]
5 3F, =0 2[0.372713( 05 ﬂ — 0.3333P = 0 (Check!) °
V125 Foe



6-21.

If the maximum force that any member can support is 4 kN
in tension and 3 kN in compression, determine the maximum
force P that can be applied at joint B.Take d = 1 m.

SOLUTION

Support Reactions:

C+3M; =0 P(2d)—Ay(%d)=0 Ayzgp

+13F, = 0; gp—Ey:o Eyzgp 4

HIF, =0, E,~P=0 E - P A dptap d

Method of Joints: By inspection of joint C, members CB and CD are zero force
members. Hence

Fep=Fep=0

Joint A:
+1SF, =0, F < ! )—4P—0 F 5 = 2.404P (C)

y 5 AB \/3% 3 AB .
L53F =0, F —2404P< L3 >—0 F 4r = 2.00P (T)

X 5 AF o \/SE AF .
Joint B:

1.5 0.5 0.5
L 3F. =0, 2.404P< ) -P-F <> - () =0
V325 "\ V125 "\ V125
1.00P — 0.4472F gy — 0.4472F g = 0 50

+12F, = 0; 2.404P<

1 1 1)
\/3.25) " FBD(VE) - FBF<V1.25> Y

1.333P + 0.8944F pp — 0.8944F 3 = 0 ?)
Solving Egs. (1) and (2) yield,

Joint F:

+12F, = 0; 1.863P<

1 1)
\/1.25> B FFE<V1.25> -0

0.5
B3F. =0, Fpp+ 2[1.863P< ﬂ —2.00P =0
* V125

Frp = 0.3333P (T)

Joint D:

1 —
m)‘o

1
1SF, =0, F —03727P
' DE( \/1.25) <

Fpr = 0.3727P (C)

05
B IR =0 2[0.3727}7( ﬂ — 0.3333P = 0 (Check!)
. V125

From the above analysis, the maximum compression and tension in the truss members
are 2.404P and 2.00P, respectively. For this case, compression controls which requires

2.404P =3
P =125kN



6-22.

Determine the force in each member of the double scissors
truss in terms of the load P and state if the members are in

tension or compression.

SOLUTION

D,=P
+T2Fy =0 A, =P
Joint F:
1
SIF, =0 Fep— Fpp - F“*(\ﬁ) -0
Frp = Frp = P
&+ =0; ! =
2y =0 Frp\ s ) =P =0
Frp = V2P= 141 P (T)
Similarly,
FEC = \/EP
Joint C:
2 1 1
5 SF,=0; Fey (\/5) - %P(\/E) — FcD(\/i) -0
2 . L o _p
o tecaT ~lcp T
V5 V2
1 \[ 1 1
+ ZF, =0; FCA%_ ZP% * FCD%:O
2V'5
Feq = T\/ P = 1.4907P = 1.49P (C)
2
Fep = iP = 0.4714P = 0471P (C)
Joint A:
2 (1 2 2
i>2Fx=0; FAE\S/P<\/> \fp(\/) =0
2 5
5
Fag =3P =167 P(T)
Similarly,

From Eq.(1), and Symmetry,

FAB = 0.471 P (C)
Fap = 1.67 P (T)

Fyr = 141 P (T)
Fgp = 1.49 P (C)
Fre = 141 P (T)
Fep = 0471 P (C)

@
3 [
vi
£ N\
“« 5~ l«‘/ ety e
Ay 3 L 3 By
P P
F'
F&{ Fro
—
Ve
g
Py Ep
1
(- > Fae
Te
Ans.
Ans.
Ans.
Ans.
Ans.
Ans.
Ans.
Ans.
Ans.



6-23.

Determine the force in each member of the truss in terms of
the load P and state if the members are in tension or

compression.
SOLUTION
Entire truss:
C+XM, = 0; -P(Ly+ D, 2L)=0 8 . ¢
" &
A
Dy = E T L D »
2 4 %
1 -0 P _
+12F, =0; E_P+Ay_0
P
Ay = Bl
BIF. =0, A, =0
Joint D: Fac ]
&" .z.w
P
+1SF, =0 ~Fepsin60° + 2 =0 asme
FCD = 0.577 P (C) Ans.
ESF =0, Fpz— 0577P cos 60° = 0
FDB = 0.289 P(T) Ans.
Joint C: fo
Prla®
+T2Fy =0 0.577 P sin 60° — Fcgsin 60° = 0 :
Fcp = 0577 P(T) Ans.

BIF, =0 Fpce — 0.577 P cos 60° — 0.577P cos 60° = 0

FBC = 0.577 P (C) Ans.

Due to symmetry:
FBE = FCE =0.577P (T) Ans.
Fap = Fcp = 0577 P (C) Ans.

FAE = FDE = 0.577 P (T) Ans.



*6-24.

Each member of the truss is uniform and has a weight W.
Remove the external force P and determine the approximate
force in each member due to the weight of the truss. State if
the members are in tension or compression. Solve the
problem by assuming the weight of each member can be
represented as a vertical force, half of which is applied at
each end of the member.

SOLUTION
Entire truss:
3 L 3 3
C+=M, =0 _EW(E)_ZW(L)_EW(EL)_W(ZL)+Dy(2L)=0
7

Dy :EW
Joint D:

7 .
+T2Fy:0; EW—W—FCDsm60°:O

Fep = 2.887TW = 2.89 W (C)
BIF. =0;  2.887W cos60° — Fpz =0

Joint C:
. 3 .
+T2Fy =0 2.887W sin 60° — EW — Fepsin60° =0

Fep = 1.1547W = 1.15 W (T)
5 SF, =0 Fpgc — 1.1547W cos 60° — 2.887W cos 60° = 0

Fpe = 2.02W (C)

Due to symmetry:
FBE = FCE = 1.15 W(T)
FAB = FCD =289 W (C)

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

& nIw
[y ]

V)

O-pVe—2xr



6-25.

Determine the force in each member of the truss in terms of P
the external loading and state if the members are in tension
or compression. L C
p BY. »P
0
L L
SOLUTION
Joint B: AE = 5D
+13F, = 0; Fpssin20 — P =0
Fpy = Pcsc26(C) Ans.
4
B IF, =0 P csc 20(cos 20) — Fpe = 0 ©L
“F
Fpe = P cot 26 (C) Ans. 7"7 «
I"sa
Joint C:
—'t>EFx=O; Pcot20 + P+ Fepcos20 — Fcycos =0
+12F, = 0; Fepsin20 — Feysing =0 °
t
Fo - cot26 + 1 p Fota® 7"9 —°f
€4 cos§ — sin fcot 20 fn g,
Fcy = (cothcos® —sinf + 2cos )P (T) Ans.
Fep = (cot260 + )P (C) Ans.
Joint D: (cheoe)P
B IF, =0 Fpa — (cot26 + 1)(cos 26) P = 0
s ® £
Fpa = (cot26 + 1)(cos 20)(P) (©) Ans. Foa T

Py



6-26.

The maximum allowable tensile force in the members of the
truss iS (F))max = 2kN, and the maximum allowable
compressive force is (F,)pax = 1.2kN. Determine the
maximum magnitude P of the two loads that can be applied
to the truss. Take L = 2 m and 6 = 30°.

SOLUTION
(T)max = 2kN

(Fc)max = 1.2kN

Joint B:
+13F, = 0; Fpacos30°— P =0
oy = ﬁ — 11547 P (C)
L SF, =0 F,psin30° — Fpe =0
Fpe = Ptan 30° = 0.57735 P (C)
Joint C:
+12F, = 0; ~F¢,8in30° + Fep sin60° = 0
Feq = FCD(ZE gg:) = 1732 F¢p
B SF, =0 Ptan 30° + P + Fcpcos 60° — Fc,cos30° = 0
Fep = ( tan30° + 1 )P = 1.577 P (C)
\/§ cos 30° — cos 60°
Fea = 2732 P (T)
Joint D:
L SF =0 Fps — 1.577 Psin30° = 0

Fps = 0.7887 P (C)
1) Assume Fcy = 2kN = 2.732 P
P =73205N
Fep = 1.577(732.05) = 11547 N < (F.)pmax = 1200 N

Thus, Po.x = 732N

(0O.K.)

Ans.




6-27.

Determine the force in members HG, HE, and DE of the K J 1 H G
truss, and state if the members are in tension or compression. T ”E] § : r

4 ft

| ag

== B C D E F
SOLUTION
3 ft ~~—3 ft ~~3 ft —~3 ft —|~—3 ft —

Method of Sections: The forces in members HG, HE, and DE are exposed by \ \ \ \ \

cutting the truss into two portions through section a—a and using the upper portion 15001b 150016 15001b 15001b 1500 1b

of the free-body diagram, Fig. a. From this free-body diagram, Fy;; and Fpr can be
obtained by writing the moment equations of equilibrium about points E and H,
respectively. Fy; ;- can be obtained by writing the force equation of equilibrium along

the y axis. _ B}t
Joint D: From the free-body diagram in Fig. a, H FH ol 6-
C+2IMg = 0; Fpg(4) — 15003) = 0
Fre

Fye = 11251b (T) Ans. 4 4
C+=My = 0; Fpe(4) — 1500(6) — 1500(3) = 0 -JL- z

For = 33751b (C) Ans. Fe & ETT
+15F, = 0; FHE(%> — 1500 — 1500 = 0 15001b 15001b

Fpy = 375016 (T) Ans. (a)



*6-28.

Determine the force in members CD, HI, and CJ of the truss,
and state if the members are in tension or compression.

SOLUTION

Method of Sections: The forces in members HI, CH, and CD are exposed by cutting
the truss into two portions through section b—b on the right portion of the free-body
diagram, Fig. a. From this free-body diagram, Fp and Fj;; can be obtained by writing
the moment equations of equilibrium about points H and C, respectively. Fp; can be
obtained by writing the force equation of equilibrium along the y axis.

C +3My = 0; Fep(4) — 1500(6) — 1500(3) = 0
Fep = 33751b (C) Ans.
C+3Mc = 0 Fyi(4) — 1500(3) — 1500(6) — 1500(9) = 0
Fyr = 6750 1b (T) Ans.
T — - 4 —
+13F, =0 Fenl 5 ) = 1500 = 1500 = 0
Fey = 56251b (C) Ans.

”:K J 1 H G
o] 5 S S
4 ft
| ag
_Q_ B C D F
3 ft 3 ft 3 ft ——3 ft —3 ft |
Y \ Y Y

15001b 15001b 15001b 15001b 1500 Ib

500k 15001k 15001k

@)




6-29.

Determine the force developed in members GB and GF of 10 ft 4 ft»r4 ft 10 ft
the bridge truss and state if these members are in tension or Gg Fg Eg
compression.
10 ft
AZQ: ) )] ga;D
SOLUTION " ¢
600 1b

C+IM, =0 —600(10) — 800(18) + D, (28) =0 800 1b

D, = 728571 1b

R
B SF, =0, A, =0 A
toft
+ TEFy =0 Ay — 600 — 800 + 728.571 = 0 A
* —
_ T owoft | l‘ of4

A, = 671.4291b Ay b0l giow J\;
C+E=Mp =0; —671.429(10) + F5r(10) =0

Fgr = 671.4291b = 671 1b (C) Ans.
+12F, =0 671429 — Fgp =0

FGB = 671 1b (T) Ans.

EHM9up [ 10}



6-30.

Determine the force in members EC, EF, and FC of the
bridge truss and state if these members are in tension or
compression.

SOLUTION

10 ft

4 ft—<4ft 10 ft

N

Support Reactions: Applying the moment equation of equilibrium about point A by

referring to the FBD of the entire truss shown in Fig. a,

C+SM,=0;  Np(28) — 600(10) — 800(18) = 0 Np = 728.57 Ib

Ans.

Method of Sections: Consider the FBD of the right portion of the truss cut through
sec. a—a, Fig. b, we notice that Frr and Fy- can be obtained directly by writing
moment equation of equilibrium about joint C and force equation of equilibrium

along y-axis, respectively.
C+IMc=0;  72857(10) — Frp(10) = 0
Fgr = 728571b (C) = 7291b (C)

5
+13F, = 0; FFC(—) + 728.57 — 800 =0
' V29
Fre = 76.931b (T) = 76.916 (T)
Method of joints: Using the result Frx to consider joint E, Fig. c,
X 3F =0 728.57 — Fpp cos45° =0 Fpp = 103036 1b (C)

+13F, =0 1030.36 sin45° — Fge =0
Fge = 728.571b (T) = 7291b (T)

Ans.

Ans.

Ans.

Ax.

Q) ) @
Bl Cl
600 1b
800 Ib

——Ter——10)

)
L

i

Aﬂa, Goolb  8oolb  Np

(@)
Beft |
-
Fre
104
fe
" OL’
4fr{ /0f¢

Baotb Ny=726:571b

(b)

S

Fep 1285716




6-31.

Determine the force in members CD, CJ, KJ, and DJ of the 8000 Ib
truss which serves to support the deck of a bridge. State if 4000 1b 200016
these members are in tension or compression.
4 B C D E F
(2} Q Q Q

12th
SOLUTION A e TJI H T
| |

9 ft 1 9 ft

~—9 ft 9 ft 9 ft 9 ft
C + SMg =0 —9500(18) + 4000(9) + Fy,(12) = 0
Fr, = 11250 Ib = 11.2 kip (T) Ans.
®
C+SM, =0 —9500(27) + 4000(18) + 8000(9) + Fep(12) = 0 . D‘"T‘ Foe
Fep = 93751b = 938 kip (C) Ans. Fog
N 3
H3F, =0 —9375 + 11250 — 2F¢; = 0
5 #,000W  §0004 ™
A 94t ei 98t ¢ \F:p D
Fey = 31251b = 3.12 kip (C) Ans. i
9l et
. 4,5000 N
Joint D: Fpr =10 Ans. =3

L & \Fx3



*6-32.

Determine the force in members EI and JI of the truss
which serves to support the deck of a bridge. State if these
members are in tension or compression.

SOLUTION

+ TEFY =0

—5000(9) + 7500(18) — F;;(12) = 0
Fj;; = 7500 1b = 7.50 kip (T)
7500 — 5000 — Fyy = 0

Fry = 25001b = 2.50 kip (C)

J&L

8000 Ib
4000 1b 5000 Ib
B; cl D E F;
0 - Q Q o) Gi
12 ft
> D o) o) —
L ‘K ‘J ‘1 H
~—9 ft 9 ft—r=—9 ft—rj=—9 ft——9 ft 9 ft
Ans. R
5000
¢t
Ans. r |
12§t : 2
’ 7,500 Us
sk




6-33.

Determine the force in member GJ of the truss and state if 1000 1b
this member is in tension or compression.

1000 1b G

1000 Ib

SOLUTION
Ii%'\i B C‘ D
I

C+3Me =0;  —1000(10) + 1500(20) — Fey cos 30°(20 tan 30°) = 0 =10+ 10 ft 10 ft 10—

\j
Fgy = 2.00 kip (C) Ans. 1000 1b

T

. |
e Liash 1y soou



6-34.

Determine the force in member GC of the truss and state if 1000 Ib
this member is in tension or compression.

1000 1b G

1000 1b

SOLUTION A d
F- B‘ C‘ D

C+=My =0; —1000(10) + 1500(20) — F¢, cos 30°(20 tan 30°) = 0 \%10 ft———10 ft—+—10 ft 10 ft——‘

Y
Fgy = 2.00kip (C) Ans. 1000 Ib

Joint G:

BIF, =0; Fye = 2000 1b

+T2Fy =0; —1000 + 2(2000 cos 60°) — Fgc = 0

Fse = 1.00kip (T) Ans.




6-35.

Determine the force in members BC, HC, and HG. After SkN
the truss is sectioned use a single equation of equilibrium 4kN 4kN 3KN
for the calculation of each force. State if these members are 2kN l
in tension or compression. Al VB vC b -
f
3m
] Q, l
H F Z:m
SOLUTION G
~—5m 5m | S5m 5 m—
C+IMg=0; —A, (20) + 2(20) + 4(15) + 4(10) + 5(5) =0
St
_ 2N W HAN 3N
Ay = 825kN 4 i ) l i
C+=My, = 0; ~825(5) + 2(5) + Fpe(3) = 0 Ax=o W an
Ay Ey 2,
Fgc = 104 kN (C) Ans. )
fe—H85m = 20m —
C+IM, = 0; —8.25(10) + 2(10) + 4(5) + Fuc(5) =0
V29
Frc = 9.1548 = 9.15kN (T) Ans.
3
C+=My =0; —2(2.5) + 8.25(2.5) — 4(7.5) + ——=Fpc(125) =0

V34

Fue = 224 kN (T)

Ans.




*6-36.

Determine the force in members CD, CF, and CG and state

if these members are in tension or compression.

SOLUTION

BIF, =0, E. =0

C+32M, =0 —4(5) — 4(10) — 5(15) — 3(20) + E,(20) = 0
E, = 9.75kN

C+3IMc =0; —5(5) — 3(10) + 9.75(10) —
Frg = 9.155KkN (T)

C+IMp =0, =3(5) + 9.75(5) — Fep(3) = 0
Fep = 1125 = 11.2kN (C)

C+3ZMy =0, —9.75(2.5) + 5(7.5) + 3(2.5) —

Joint G:

BIF, =0; Fey = 9.155kN (T)

2
+13F, = 0; ——(9.155)(2) — Feg =0

V29

Feg = 6.80kN (C)

4 kN 4 kN

~—5m

Sm—t—5m 5 m—

Ans.
Fcp(12.5) =0
34

Ans.

Ans.

A BN ke Sk 3k

Vb S
; S ferfm*‘_Elj

A _ Ey o

g

Fon §§\ /?{r 9.155 kN



6-37.

Determine the force in members GF, FB, and BC of the
Fink truss and state if the members are in tension or
compression.

SOLUTION

Support Reactions: Due to symmetry,

+T2Fy=0; 2A, — 800 — 600 — 800 =0 A, = 1100 1b

B 3F, =0, A, =0

Method of Sections:

C+EZMgz =0 Fpsin 30°(10) + 800(10 — 10 cos® 30°) — 1100(10) =

Fgr = 18001b (C) = 1.80 kip (C)
C+sSM, =0 F g sin 60°(10) — 800(10 cos30°) = 0

Frp = 692.821b (T) = 693 1b (T)

C+SMp=0; F (15 tan 30°) + 800(15 — 10 cos? 30°) — 1100(15) =

Fpe = 121243 1b (T) = 1.21 kip (T)

0

Ans.

Ans.

0

Ans.

8oolb F
. fee -7
10 ¢o5"30°5¢ o
By | |15ttt
£ ol
B fc |
70 ft 5|

A-&=Hao b




6-38.

Determine the force in members FE and EC of the Fink truss
and state if the members are in tension or compression.

SOLUTION
Support Reactions: Due to symmetry,
+T2Fy =0 2B, — 800 — 600 — 800 = 0; B, = 11001b FFE
Method of Sections: £ Boo4b
Fe BbwD co330=7 S 4
C+ =Me =0, 1100(10) — 800(10 — 7.5) — (Frg sin30°)(10) = 0 .
Fer = 1.80 kip (C) Ans. 7 Lbo4t
Fes ©
Joint E: Hoodb
+13F, =0 Fge — 800 cos 30° = 4
Fpe=6931b (C) Ans. googb/
E 300
EF
7N
Fe \



6-39.

Determine the force in members /C and CG of the truss
and state if these members are in tension or compression.

Also, indicate all zero-force members.

SOLUTION

By inspection of joints B, D, H and I,

AB,BC,CD,DE, HI, and GI are all zero-force members.

C+3Mg = 0; —4.5(3) + Flc(g)@) =0

Fie = 5.625 = 5.62kN (C)

Joint C:
B IF, = 0; F¢y = 5.625kN
4 4
+12F, = 0; g(5.625) + g(5.625) — Feg =0

FCG = 9.00 kN (T)

@77

Afe o) Q) Q) og E—
H G F
1.5m—~1.5m

Ans FI.S m—

J15m

6 kN 6 kN
o
Ans.
P
fs:.e
Yism E w G
i
A=Askn"
Ans. @

o] °
At &
73 3 F
5.625°kn E‘ 25



*6-40.

Determine the force in members JE and GF of the truss
and state if these members are in tension or compression.

Also, indicate all zero-force members.

SOLUTION
By inspection of joints B, D, H and I,

AB,BC,CD,DE, HI, and GI are zero-force members.

Joint E:
4
+13F, = 0; 7.sf§FJE=o
Fyp = 9375 = 938kN (C)
3
L SF, =0 5(9375) = Fgr =0

For = 5.62kN (T)

Afe o) Q) Q) gEff
H G F
F*LSHY* 1.5m——15m

ael.Sma\
Ans.
6 kN 6 kN

Ans.
) Ge

Rr=Fr i

4F=IFE |
Ans. Eﬁajfkﬂ



6-41.

Determine the force in members FG, GC and CB of the truss 1.5m—-~1.5m—-~1.5 miE
used to support the sign, and state if the members are in & 900 N
tension or compression.

3m
1800 N
SOLUTION
Method of Sections: The forces in members FG, GC, and CB are exposed by cutting 900 N
the truss into two portions through section a—a on the upper portion of the free-body B g

diagram, Fig. a. From this free-body diagram, Fc, F¢, and Frs can be obtained by
writing the moment equations of equilibrium about points G, E, and C, respectively.

C+=M = 0; 900(6) + 1800(3) — Fep(3) = 0

Fep = 3600 N = 3.60 kN (T) Ans.
C+SMg = 0; Fe(6) — 900(6) — 1800(3) = 0

Fge = 1800 N = 1.80 kN (C) Ans.
C+SMc = 0; 900(6) + 1800(3) — Frg sin 26.57°(6) = 0

Frg = 4024.92N = 4.02 kN (C) Ans.




6-42.

Determine the force in members LK, LC, and BC of the
truss, and state if the members are in tension or compression.

SOLUTION

Support Reactions: Applying the moment equation of equilibrium about point G
by referring to the FBD of the entire truss shown in Fig. a,

C + SM; = 0; 2000(4) + 2000(8) + 4000(12) + 3000(16) = 3000(20)
~A,(24) =0
A, = 7500 1b

Method of Section: Consider the FBD of the left portion of the truss cut through
sec a—a, Fig. b, we notice that F; ., F; - and Fpc can be obtained directly by writing
moment equation of equilibrium about joint C, A, and L, respectively.

C + SMc =0 FLKG>(8) + 3000(4) — 7500(8) = 0

Frx = 100001b (C) = 10.0kip (C)  Awns.
C+3SM,=0; FLC(%)(S) — 3000(4) = 0

Fic = 25001b (C) = 2.50 kip (C) Ans.
C +SM, =0 Fc(3) — 7500(4) = 0

Fpe = 100001b (T) = 10.0kip (T)  Awns.

7o
F_ﬂ%_

B [c [p |E
~aft-fea g fefea fef-a fe-fa ]

2000 1b 2000 Ib
3000 Ib 3000 1b 4000 1b

Ay =75001 30001
b)



6-43.

Determine the force in members J/1,JE,and DE of the truss,
and state if the members are in tension or compression.

SOLUTION

Support Reactions: Applying the equations of equilibrium about point A to the free-
body diagram of the truss, Fig. a, we have

+IM, =0;  3000(4) + 3000(8) + 4000(12) + 2000(16) + 2000(20) — Ng(24) = 0

Ng = 65001b

Method of Sections: The force in members JI, JE, and DE are exposed by cutting
the truss into two portions through section b—b on the right portion of the free-body
diagram, Fig. a. From this free-body diagram, F;; and Fpr can be obtained by writing
the moment equations of equilibrium about points E and J, respectively. F; . can be
obtained by writing the force equation of equilibrium along the y axis.

+SMy = 0; 6500(8) — 2000(4) — F;(6) = 0

Fy; = 733333 1b = 7333 1b (C) Ans.
+3M; = 0; 6500(12) — 2000(8) — 2000(4) — Fpx(6) = 0

Fpr = 9000 1b (T) Ans.
+13F, = 0; 6500 — 2000 — 2000 — Fj sin 56.31° = 0

Fjz = 3004.631b = 3005 Ib (C) Ans.

K J 1
T Ao T
3ft
| \H
3ft
14 / A G

() /e
BCDEF—#‘;—

T R NI YT IR I

2000 1b 2000 1b
3000 1Ib 3000 1b 4000 1b

4/t 4}
200016 200016 =450/}



*6—44.

The skewed truss carries the load shown. Determine the
force in members CB, BE, and EF and state if these

members are in tension or compression. Assume that all
joints are pinned.

SOLUTION
C+=ZMy =0; —P(d) + Fgp(d) = 0
Fgr = P (C)
d
Q+EME = 0, _P(d) + [W}FCB(L{) =0
Fep = 1118 P(T) = 1.12 P (T)
BIF, =0; p— 0 (1118 P) — Fpp =0

V1.25

Ans.

Ans.

Ans.




6-45.

The skewed truss carries the load shown. Determine the
force in members AB, BF, and EF and state if these
members are in tension or compression. Assume that all
joints are pinned.

SOLUTION
C+EIMp =0; —P(2d) + P(d) + Fup(d) =0

Fug =P (T) Ans.
C+2IMp =0; —P(d) + Frp(d) =0

Fgp = P(C) Ans.
BIF =0; P—FBF(\;E)=0

Fyr = 141P (C) Ans.




6-46.

Determine the force in members CD and CM of the
Baltimore bridge truss and state if the members are in
tension or compression. Also, indicate all zero-force

members.
SOLUTION
Support Reactions:
C+=M; =0; 2(12) + 5(8) + 3(6) + 2(4) — A, (16) =0
Ay = 5.625kN

B 3F, =0, A, =0
Method of Joints: By inspection, members BN, NC, DO, OC, HJ
LE and JG are zero force members. Ans.
Method of Sections:
C+=My =0; Fep(4) —5.625(4) =0

Fcp = 5.625kN (T) Ans.
CHIM,=0; Fey(4) —2(4) =0

Fey = 2.00kN (T) Ans.



6-47.

Determine the force in members EF, EP, and LK of the
Baltimore bridge truss and state if the members are in
tension or compression. Also, indicate all zero-force

members.
SOLUTION
Support Reactions:
C+=M, =0 I, (16) — 2(12) — 3(10) — 5(8) —2(4) =0
I, = 6375kN

Method of Joints: By inspection, members BN, NC, DO, OC, HJ
LE and JG are zero force members. Ans.
Method of Sections:
C+IMg =0; 3(2) + 6.375(4) — Fgr(4) =0

Frp =7.875 = 7.88kN (T) Ans.
C+IMg =0, 6.375(8) — 2(4) —3(2) — Fix(4) =0

Fix =925kN (C) Ans.
+T2Fy:0; 6375 —3 — 2 — Fgpsin45° =0

FED = 1.94 kN (T) Ans.



*6—48.

The truss supports the vertical load of 600 N. If L = 2 m,
determine the force on members HG and HB of the truss
and state if the members are in tension or compression.

SOLUTION

Method of Section: Consider the FBD of the right portion of the truss cut through
sec. a—a, Fig. a, we notice that Fy 3 and Fy can be obtained directly by writing the
force equation of equilibrium along vertical and moment equation of equilibrium
about joint B, respectively.

+12F, = 0; Fyp — 600 =0 Fyp = 600N (T) Ans.
C+3IMy = 0; Fyg(3) — 600(4) =0 Fyg = 800N (T) Ans.

o

o

2

Itl
D)

D)




u6-49.

The truss supports the vertical load of 600 N. Determine the
force in members BC, BG, and HG as the dimension L
varies. Plot the results of F (ordinate with tension as
positive) versus L (abscissa) for 0 = L = 3 m.

SOLUTION
+T2Fy =0
C+IMg = 0;
C+=Mz =0;

—600 — Fpgsinf =0

600
Fon =
BG sin 6
sin = #
VI?+9

Fpe = =200V 12 + 9
—Fpe(3) — 600(L) = 0
Fpe = —200L

Fuc(3) — 600(2L) = 0

F HG — 400L

IL\I H G E
) ) ) D)
3m
) °) o)
A B C ND
\ \ L \ L
\
600 N
Faa
9
F"‘; 3m
34’. s
[
Fﬁc
booW
E
1200 /FH:.
$ou]
400
T T
-‘“ -
400
=404
=7 Be
—i"- \




6-50.

Determine the force developed in each member of the
space truss and state if the members are in tension or
compression. The crate has a weight of 150 Ib.

SOLUTION

Solving:

Solving:

—1i + 2j + 2sin 60°k
Fcy = Fca

V38

—0.354 Foui + 0.707 Feaj + 0.612 Feouk

Fop = 0354Fcpi + 0.707Fcpj + 0.612F 5k

Fcp = —Fcpj
W= -150k
SF, = 0; —0.354F ¢, + 0.354F o5 = 0
SF, = 0; 0.707F s + 0.707F 5 — Fep = 0
SF, =0, 0.612F ¢, + 0.612F 5 — 150 = 0

Fca = Fcp =12251b = 1221b (C)
Fcp =1731b (T)

Fpyg = Fpai

Fgp = Fppcos 60° + Fppsin 60° k

Fcp = 122.5 (—0.354i — 0.707 j — 0.612k)

—43.3i — 86.6§ — 75.0k

SF,=0; Fgy + Fgpcos60° — 433 =0

Fypsin60° — 75 = 0

Fgp = 86.61b (T)

Fysa=0

Fac = 122.5(0.354i — 0.707j — 0.612k)
SF, =0; Fpacos30° — 0.612(122.5) = 0

N

s

Fes 15014

Ans.
Ans.
ﬁ<rn -
FM
Ans.
Ans.
Vf Fac= 122,50
Fag
Ans. x / Az



6-51.

Determine the force in each member of the space truss and z
state if the members are in tension or compression. Hint:
The support reaction at E acts along member EB. Why?

SOLUTION

Method of Joints: In this case, the support reactions are not required for
determining the member forces.

Joint A:
oo () e A=
X 4
F,p = 6.462kN (T) = 6.46 kKN (T) Ans.
3 3
2F, =0 Fuc 3 = Fap 5 =0 Fac=Fap @
4 4 2
EFy =0; FAC<§> + FAD(g) - 6.462(\/23) =0
FAC + FAD = 3.00 (2)

Solving Egs. (1) and (2) yields

FAC = FAD = 1.50 kN (C) Ans.
Joint B:
3 3
L & R G R »
5 5 5
SF.=0, F C<> +F <> - 6.462< ) =0
) "\ 38 "\ V38 V29
FBC + FBD = 17.397 (2)

Solving Egs. (1) and (2) yields

FBC = FBD = 3.699 kN (C) = 3.70 kKN (C) Ans.
2F, =0 2|:3 699( 2 >:| + 6462< 2 ) Fpr =0
o : N : | " I'BET
g V38 V29
Fpp = 4.80kN (T) Ans.

Note: The support reactions at supports C and D can be determined by analyzing
joints C and D, respectively using the results obtained above.



*6-52.

Determine the force in each member of the space truss and
state if the members are in tension or compression. The
truss is supported by rollers at A, B, and C.

SOLUTION

SF, =0 %FDC_%FDA:
Fpc = Fpa

2F, =0, %FDC+%FDA—%FD370
Fpp = 1.486 Fpc

2F,=0; —8+2(§>FDC+iFDB=O

7 6.5

Fpc = Fpy = 2.59kN (C)
Fpp = 3.85kN (C)

F, =0 Fpc = Fpa

25 45
SF, =0; 3.85(—) - 2< )F =0
’ 6.5 V2925) ¢

FBC = FBA = 0890kN (T)

3 3
SF, = 0; 2.59(7) - 0.890< ) —Fae=0
7 V/29.25 A

F 4 = 0.617 kN (T)

Ans.

Ans.

Ans.

Ans.




6-53.

The space truss supports a force F = [300i + 400j — 500k] N. z
Determine the force in each member, and state if the members
are in tension or compression.

SOLUTION

Method of Joints: In this case, there is no need to compute the support reactions. We
will begin by analyzing the equilibrium of joint D, and then that of joints A and C.

Joint D: From the free-body diagram, Fig. a, we can write KA

1.5 1.5
1 1
EFy =0 Fpp (ﬁ) — Fpu (E) - FDC(E) +400 =0 2)
3 3 3
2F, = 0; “Fpa\35) ~ Foe\ 35 )~ Fos\ g ) 500 = 0 A)

Solving Egs. (1) through (3) yields

Fpp = —895.98 N = 896 N (C) Ans.
Fpe = 554.17N = 554N (T) Ans.
Fpa = —145.83N = 146 N (C) Ans.

Joint A: From the free-body diagram, Fig. b,

2 1

2F, =0 Fup (E) - 145.83(§) =0

Fup = 52.08N = 52.1 N (T) Ans.

1.5 1.5

SF, = 0; 145.83 (E) - 52.08(E) —Faue =0

FAC =3125N (T) Ans.

3

SF, = 0; A, — 14583 (§> =0

A, =125N Ans.

Joint C: From the free-body diagram, Fig. c,

L5 15
SF, = 0; 125 +55417( 22 ) = Fep == ) =
= 0; 31.25 + 55 7(3.5) CB(z.s) 0
Fep = 447.92N = 448N (C) Ans.
1 2
= 0; A7\ 5z ) —44792( - )+ C, =
SF, =0, 55417(3.5) 44792(2.5) C, =0
C, = 200N
3
SF,=0; 55417( 55 ) — €. =0
C.=475N

Note: The equilibrium analysis of joint B can be used to determine the components
of support reaction of the ball and socket support at B.




6-54. z

The space truss supports a force F = [—400i + 500j + 600k] N.
Determine the force in each member, and state if the members
are in tension or compression.

SOLUTION

Method of Joints: In this case, there is no need to compute the support reactions.
We will begin by analyzing the equilibrium of joint D, and then that of joints
A and C.

Joint D: From the free-body diagram, Fig. a, we can write

1.5 1.5
o 1 1 1 _ z
EFy - O, FDB - ﬁ - FDA E - FDC E + 500 - (2)
3 3 3
EFZ = 0, 600 — FDA g - FDC E - FDB ﬁ =0 (3)
Solving Egs. (1) through (3) yields
Fpg = —47434N = 474N (C) Ans.
Fpe = 145.83N = 146 N (T) Ans.
Fpa = 1079.17 N = 1.08 kN (T) Ans.

Joint A: From the free-body diagram, Fig. b,

1 2

2F, = 0; 1079.17(§> - FAB(E) =0
Fap = 38542N = 385N (C) Ans.

1.5 1.5
= 0; A2( 2 ) - A7\ 2 )+ =

SF, =0, 385.42 (2.5) 1079 17(3_5) Fac =0
Fac = 23125N = 231N (C) Ans.
1

SF, = 0; 1079.17(§) ~A,=0
A, =925N Ans.

Joint C: From the free-body diagram, Fig. c,

15 15
=0; o) — 23125 + 14583 - | =

SF, = 0; FCB(Z.S) 231.25 + 145.83 (3'5) 0

Fep = 28125 N = 281 N (T) Ans.
SF, = 0; 281 25(i) + 145 83(l) -C, =0

youw “\25 “\3.5 v
C, = 266.67N
3

SF, = 0; 145.83 (E) -C,=0

C,=125N

Note: The equilibrium analysis of joint B can be used to determine the components
of support reaction of the ball and socket support at B.




6-55.

Determine the force in each member of the space truss and
state if the members are in tension or compression. The
truss is supported by ball-and-socket joints at C, D, E, and G.

SOLUTION

SMehe =0 —Fpe@) + —Fpp(@) — 5()2) = 0

Vs Vs

FBC + FBD = 2683 kN

Due to symmetry:  Fpc = Fpp = 1.342 = 1.34 kN (C)

Joint A:
4
ZF, =0 Fac = Fag
3 2 2
' 5 Vs &
Fac = Fap = 101 KN (T)
Joint B:
SF, = 0; L i3y + L L) - tp, =
- Y D ~4'BE — — A1 BG —
: V5 3 Vs 3
2 2 2 2
’ Vs 3 Vs 3
2 2
EFZ:O’ gFBE+§FBG_24:0

Fyg = 1.80 kN (T)

Fpr = 1.80 kN (T)

Ans.

Ans.

Ans.

Ans.

Ans.




*6-56.

The space truss is used to support vertical forces at joints B,
C, and D. Determine the force in each member and state if
the members are in tension or compression. There is a roller
at E, and A and F are ball-and-socket joints.

SOLUTION

Joint C:
EFX = O, FBC =0
2F, = 0, FCD =0

SF,=0; Fep=8kN(C)

>F :O, FBD:O

>F :0, FAD:()
EFx:O, FDF:0

EFXZO, FEF:()

SF,=0; Fga=0

Ans.
Ans.

Ans.

Ans.

Ans.

Ans.
Ans.

Ans.

Ans.

Ans.




6-57.

Determine the force in members BE, BC, BF, and CE of the
space truss, and state if the members are in tension or
compression.

SOLUTION

Method of Joints: In this case, there is no need to compute the support reactions. We will
begin by analyzing the equilibrium of joint C, and then that of joints £ and B.

Joint C: From the free-body diagram, Fig. a, we can write

15
SF = 0; Fepl ——=) — 600 =0
: CE(Vs.zs)
Fep = 721.11N = 721 N (T) Ans.
SF, =0 72011 —— ) = Fpe = 0
x (\/3.25> Be
FBC = 400 N (C) Ans.

Joint E: From the free-body diagram, Fig, b, notice that Fxr, Fp, and Fgc lie in the
same plane (shown shaded), and Fp is the only force that acts outside of this plane.
If the x’ axis is perpendicular to this plane and the force equation of equilibrium is
written along this axis, we have
SF. = 0; Fgg = cosf =0

F BE — 0 Ans.
Joint B: From the free-body diagram, Fig. c,

1.5

E>*900=O

EFZ = O, FBF(

Fgp = 2100 N = 2.10kN (T) Ans.




6-58.

Determine the force in members AE AB, AD, ED, FD, and
BD of the space truss, and state if the members are in tension
or compression.

SOLUTION

Support Reactions: In this case, it will be easier to compute the support reactions
first. From the free-body diagram of the truss, Fig. a, and writing the equations of
equilibrium, we have X
M, =0; F,(1.5)—900(3) — 600(3) =0 F, = 3000 N

M, =0; 9002) - A,(2)=0 A, =900N

ZM, =0; Ay2)—3000(1) =0 A, =1500N

SF, =0, A, =0

YF, =0; D, + 1500 — 3000 = 0 D, = 1500 N

2F,=0; D,+ 900 — 900 — 600 =0 D, = 600 N

Method of Joints: Using the above results, we will begin by analyzing the equilibrium
of joint A, and then that of joints C and D.

Joint A: From the free-body diagram, Fig. b, we can write

2F, =0 1500 — F4p = 0
z
F,5 = 1500 N = 1.50 kN (C) Ans.
1.5 tm AP
2F, =0 900 — Fap| —F=—==) =0 = 1gm
z AF (m) A,a }500N E}
F,r = 1081.67 N = 1.08 kN (C) Ans. A
Fre
SF, =0 1081 67( ! ) — Fap=0 A0 Ny
X s . \/375 AD %
A=900N
FAD = 600N (T) Ans.
(b)
Joint C: From the free-body diagram of the joint in Fig. ¢, notice that Fcg, Fcp, and
the 600-N force lie in the x—z plane (shown shaded). Thus, if we write the force Z
equation of equilibrium along the y axis, we have
SF, =0, Fpe =0 Fee
Joint D: From the free-body diagram, Fig. d, o (2
SF, = 0; F, 7<L)+F (L)+F (#>+600—0 a) %t
X 5 BC \/B FD 35 FD \/ﬁ /ch
SF, = 0; F (i) + F, (i) + 1500 = ?2) K 600N
o BP\VvI3) T TPP\3s ©>
2F, =0 F (£> + F <£) + 600 = A3
z Y FD \/ﬁ ED 35 - Z

Solving Egs. (1) through (3) yields
Frp =0 Fgp = —1400N = 1.40 kN (C) Ans.
Fgp = —360.56 N = 361 N (C) Ans.




6-59.

The space truss is supported by a ball-and-socket joint at D
and short links at C and E. Determine the force in each
member and state if the members are in tension or
compression. Take F; = {—=500k} Ib and F, = {400j} Ib.

SOLUTION
=M, =0 -C, (3) — 4003) =0
C,= —4001b
2F, =0 D, =0
M, = 0; C,=0
Joint F: 2F, = 0; Fgr =20
Joint B:
EFZ = 0, FBC =0
4
2F, = 0; 400—§FBE=0
3
SF, =0 FAB—E(SOO):O

SF =0 300 - ——F =0

V34
Fuc = 583.1 = 5831b (T)
i(583.1) 50042 F =0
4

V34 5
SF, = 0. Fap - = (3333) — ——(583.1) = 0
5 V34

EFZZO, FDE:()
3
EFX=0; FEF_g(SOO):O

Frr = 3001b (C)

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.




*6—60.

The space truss is supported by a ball-and-socket joint at D
and short links at C and E. Determine the force in each
member and state if the members are in tension or
compression. Take F, = {200i + 300j — 500k} Ib

F, = {400j} Ib.

SOLUTION
2F, =0
M, =0
M, =0
Joint F:
Joint B:
2F,=0;
2F, =0;
2F,=0;
Joint A:
2F, =0
SF, =0
ZF,=0;
Joint E:
2F, =0
SF, =0

D, +200 =0

D, = —2001b

~C, (3) — 400(3) — 200(4) = 0
C, = —666.71b

C.(3) — 200(3) = 0

C, = 2001b
FBF:O
FBC:()

4

3

F 5 = 3001b (C)

3OO+200737FAC=0

V34

F e = 971.8 = 9721b (T)

3 3
——(971.8) =500 + _F,p =20
\/374( ) 5 AD
FAD:O

4
Fap + 300 — ——(971.8) = 0
4

V34

FDE:()
3

and

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ta={hoos 144

J

B ©® Fer

b [N 4N
7\5



*6—60. (continued)

Joint C:
SF, = 0; 3 (971.8) — Fep = 0
x = Y o . - CD —
V34
Fep = 5001b (C)
2F, =0 F —i(9718)+200*0
z 5 CF \/3*4 .
Fer = 3001b (C)
SF, =0; L(971 8) — 666.7 =0 Check!
o V3 ' '
Joint F:
3
EFXZO, EFDF—:;OO:O

Fpr = 4241b (T)

T S
e Jo
Foo % y
Ans. x Fep 71.8M
Ans. }i
B 300U
~J ®
300k 0 4
X
Ans.



6-61.

In each case, determine the force P required to maintain
equilibrium. The block weighs 100 1b.

SOLUTION
Equations of Equilibrium:
a) +13F,=0; 4P —-100=0

P =2501b
by +15F,=0; 3P—-100=0

P =3331b
o +13F,=0; 3P —-100=0

P’ =33331b

+12F,=0; 3P-3333=0

P=1111b

pePpep

4 PP

T

(A
\
J/aN

h 4
4 P=33.33 b
<)

(b) (©)

Ans.

Ans.

Ans.



6-62.

Determine the force P on the cord, and the angle 6 that the
pulley-supporting link AB makes with the vertical. Neglect A &
the mass of the pulleys and the link. The block has a weight
of 200 1b and the cord is attached to the pin at B. The pulleys ‘ )

- e T D s
have radiiof r, = 2in. and r, = 1in. T

SOLUTION A
rz/vT\'
+13F, =0, 2T —200=0 .
T = 1001b Ans. 4‘
BIF, =0, 100 cos 45° — F 45sin6 = 0
+T2Fy:0; F  pcos® — 100 — 100 — 100sin 45° = 0 T T
0 = 14.6° Ans.
FAB = 280 lb 2000
Fae_ o
ise
106LE

100t 100Lb



6-63.

The principles of a differential chain block are indicated
schematically in the figure. Determine the magnitude of
force P needed to support the 800-N force. Also, find the
distance x where the cable must be attached to bar AB so
the bar remains horizontal. All pulleys have a radius of

60 mm.

SOLUTION

Equations of Equilibrium: From FBD(a),

+13F, =0; 4P" — 800 =0 P’ =200N

From FBD(b),

+13F, =0; 200 — 5P =0 P =400N Ans.
C+=M, =0, 200(x) — 40.0(120) — 40.0(240)

—40.0(360) — 40.0(480) = 0

x = 240 mm Ans.

8oo N




*6—64.

Determine the force P needed to support the 20-kg mass
using the Spanish Burton rig. Also, what are the reactions at

the supporting hooks A, B,and C?

SOLUTION
For pulley D:
+1 SF, =0
At A,

At B,

At C,

9P — 20(9.81) = 0

P =218N
R, =2P = 436N
Ry =2P = 436N

Re = 6P = 131N

Ans.

Ans.

Ans.

Ans.

2f

0(9-31)N



6-65.

Determine the horizontal and vertical components of force
at C which member ABC exerts on member CEF.

SOLUTION
Member BED:
C+IMp=0;  —300(6) + E,(3) =0
E, = 6001b 300Ls
+1SF,=0;  —B, + 600 — 300 = 0 Pe300t ﬁ
B, =3001b ¥ 3001,
Dy=3001
L IF. =0, B, + E, —300=0 §))
B
Member FEC: l 4 Ex
Bx —> : <«—300Lb
3t
C+SMc=0;  3003) = E,(4) = 0 e " Vaoou
E,=2251b
Sy
From Eq. (1) B, =751b T
«—(x
BIF, =0, —C, +300 — 225 =0 3t
‘“’ 300bb
C,=751b Ans. Ex
o
Member ABC: 4t
C+IM4=0;  —=75(8) — C,(6) + 75(4) + 300(3) = 0 TFJ
C, =100 Ib Ans.




6-66.

Determine the horizontal and vertical components of force
that the pins at A, B, and C exert on their connecting members.

SOLUTION

C+IMg=0;  —800(1 + 0.05) + A,(02) =0
A, = 4200N = 420kN

BIF, =0, B, = 4200N = 420kN

+13F, = 0; A, — B, =800 =0

Member AC:

C+3ZMc = 0; —800(50) — A,(200) + 4200(200) = 0
A, = 4000 N = 4.00 kN

From Eq. (1) B, = 320kN

B SF, =0, —4200 + 800 + C, = 0
C, = 340kN

+13F, = 0; 4000 — C, =0

C, = 400 kN

Ans.

Ans.

@

Ans.

Ans.

Ans.

Ans.

A 02m
j%
SR
50 mm
U 2!

\ Im \
800 N
AX KLEOMmm

Ay

8
—_— [ON gD mm

Bx c
I'm
Y
3oon




6-67.

Determine the horizontal and vertical components of force at
each pin. The suspended cylinder has a weight of 80 1b.

SOLUTION

C+ZMp=0; FCD(\%>(3) —80(4) =0

C.,=D, = i(ms) = 1601b
X X \/B .
C,=D, = L(1923) = 107 1b
2
+1SF,=0; -B,+ ﬁ(192.3) -8 =0
B, =2671b

C+3Mp=0; —B,(4) +80(3) + 26.7(3) = 0
B, = 80.01b

B5SF, =0, E,+8 —80=0

E. =0
+13F,=0; —E, +267=0
E,=2671b
BSF. =0, —A, +80+ i(192.3) -8 =0
V13

A, =1601b

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

ft

ft

B [« 3 ft—]

Q
B E
1 ft
@ Q) [©)
A B |
D L
D)
3
| 6 ft 2 ft —
8
J .
Mo aw
A €t et—i& —¢ 80U
b s0ub
Ey
3
£y bt
3
—> 8ol
Bx «— X Ut
2T



*6—68.

Determine the greatest force P that can be applied to the
frame if the largest force resultant acting at A can have a
magnitude of 2 kN.

SOLUTION

C+3SM,=0; T(0.6) — P(15) =0

HIF, =0, A, -T=0

+1SF,=0; A, -P=0

Thus, A, =25P,A, =P

- I ¥
R . A)k e ”SM- —f
equire,
Ay P
2 = V(25P) + (P)

P =0.743kN = 743N Ans.




6-69.

Determine the force that the smooth roller C exerts on 601b - ft
member AB. Also, what are the horizontal and vertical \
components of reaction at pin A? Neglect the weight of the

A
o\ |
frame and roller. @

! 31t 4ft |

SOLUTION
C+EM, = 0; —60 + D, (0.5) = 0
604§t Ht
D, = 1201b i q‘%@TJE
1 [
BIF, = 0; A, =1201b Ans. Ay
+13F, = 0; A, =0 Ans.
1t
C+=Mg = 0; —N¢ (4) +120(0.5) = 0 %:%%-o.sn
Ne=1501b Ans. Ne Tey



6-70.

Determine the horizontal and vertical components of force

at pins B and C.

SOLUTION
L IF. =0,
+12F, = 0;
BIF, =0
+13F, = 0;

—C,(8) + C,(6) + 50(3.5)
A, =C,

50— A, —C,=0

~50(2) — 50(3.5) + C,(8) =0
C, = 3438 = 3441b

C, = 16.67 = 16.71b

16.67 +50 — B, = 0

B, = 66.71b

B, — 50 + 3438 = 0

B, =15.61b

Il
o

Ans.

Ans.

Ans.

Ans.

SO — (x




6-71.

Determine the support reactions at A, C, and E on the 9 kN 10 kN

compound beam which is pin connected at B and D.

SOLUTION

Equations of Equilibrium: First, we will consider the free-body diagram of [15m15m "15m ' 15m 1.5 m '15m |

segment DFE in Fig. c.

+3Mp = 0; Ng(3) — 10(1.5) = 0

Ng = 5kN Ans.
+3Z Mg = 0; 10(1.5) — D,(3) = 0

D, = SkN
X SF, = 0; D, =0 Ans.

Subsequently, the free-body diagram of segment BD in Fig. b will be considered
using the results of D, and D, obtained above.

+2Mp = 0; Ne(1.5) = 53) =10 =0

Ne = 16.67kN = 16.7 kN Ans.
+EMc = 0; B,(15) — 5(1.5) =10 =0

B, = 11.67kN
L 3F =0 B,=0

Finally, the free-body diagram of segment AB in Fig. a will be considered using the
results of B, and B, obtained above.

X SF =0 A, =0 Ans.
+13F, = 0; 1167 -9 - A, =0

A, = 2.6TkN Ans.
+IM, = 0; 11.67(3) — 9(1.5) — M, = 0

My =215kN-m Ans.

{OKN

De

Em | |-&m

Dy Ne

<)




*6-T72.

Determine the horizontal and vertical components of force
at pins A,B, and C,and the reactions at the fixed support D
of the three-member frame.

SOLUTION

Free Body Diagram: The solution for this problem will be simplified if one realizes
that member AC is a two force member.

Equations of Equilibrium: For FBD(a),

4
C+=Mp=0; 2(0.5) + 2(1) + 2(1.5) + 2(2) — FAC<§)(1.5) =0
Fsc = 8333kN
4

+12F, =0; B, +8333|5)-2-2-2-2=0

B, = 1.333kN = 1.33kN Ans.

3
B 3F, =0, B, - 833(¢) =0
B, = 5.00 kN Ans.

For pin A and C,

A, =C, = FAC@) = 8.333(%) = 5.00 kN Ans.
4 4
Ay =Cy=Fucl 5 ) =8333( | = 6.67kN Ans.
From FBD (b),
3
C+3Mp=0; 5.00(4) — 8.333<§>(2) - Mp=0
Mp = 10.0kN-m Ans.
4
+13F, =0; D, — 1333 — 8.333(§> =0
D, = 8.00kN Ans.
" 3
SF, =0 8333 5) =500 - D, =0
D,=0 Ans.

2KkN 2 kN 2 kN 2 kN
E|l ]| E| E

RATaEa nia e nd'2ne ni TR

yoyocyoyo B

A

Rl 2kd 2kN 2 kN
2-5mj0-5] 0-5M0-5n]

K 5‘1

Bx=500 K:Jl

|

fe>B333Kd

Dx, —fe— D)L

S
Z

-

By=1333 kA



6-73.

The compound beam is fixed at A and supported by a
rocker at B and C. There are hinges (pins) at D and E.
Determine the reactions at the supports.

SOLUTION
Equations of Equilibrium: From FBD(a),
C+IMp =0 C,(6)=0 C,=0 Ans.
+13F, =0; E,~0=0 E, =0
B 3F, =0, E, =0
From FBD(b),
C+3SMp =0; B, (4) — 15(2) = 0
B, = 750kN Ans.
+13F, =0; D, +750 -15=0
D, = 750 kN
B IF, =0 D, =0
From FBD(c),
C+=M, =0, M, — 7.50(6) =0
M4 =450kN-m Ans.
+13F, =0; A, —75=0 A, =75kN Ans.

L SF. =0, A, =0 Ans.

15 kN
A D B E
0) /E\ 0) 736'
[ om ‘2ml2ml2m‘ 6m—>‘
Ex
&
.E-? {ap ':*
= E.:IJ
i
I!H E!ﬂ
g J-';JL
7ot
_Ihl?tf-nqd
Ay
vk | B
B G



6-74.

The wall crane supports a load of 700 1b. Determine the
horizontal and vertical components of reaction at the pins A
and D. Also, what is the force in the cable at the winch W?

SOLUTION

Pulley E:

+13F, =0

Member ABC:

+13F, = 0

At D:

2T — 700 = 0
T =3501b

Tpp sin 45°(4) — 350 sin 60°(4) - 700 (8) = 0

Tpp = 2409 1b

—A, + 2409 sin 45° — 350sin 60° — 700 = 0

A, =700 1b

—A,— 2409 cos 45° — 350 cos 60° + 350 — 350 = 0

A, = 1.88kip

D, = 2409 cos 45° = 1703.11b = 1.70 kip

D, = 2409 sin 45° = 1.70 kip

Ans.

Ans.

Ans.

Ans.

Ans.

700 1b

Ax 60
350l ) Y7001b
4ft T4t

45°



6-75.

The wall crane supports a load of 700 1b. Determine the
horizontal and vertical components of reaction at the pins A
and D. Also, what is the force in the cable at the winch W?
The jib ABC has a weight of 100 1b and member BD has a
weight of 40 Ib. Each member is uniform and has a center of
gravity at its center.

SOLUTION

Pulley E:

+12F, = 0; 2T — 700 = 0
T =3501b

Member ABC:

C+SM,=0;  B,(4) — 700(8) — 100(4) — 350 sin 60° (4) = 0

B, = 1803.11b

+13F, = 0; —A, — 350sin 60° — 100 — 700 + 1803.1 = 0
A, =7001b

BIF, =0; A, — 350 cos 60° — B, + 350 — 350 = 0
A, = B, + 175

Member DB:

C+=Mp=0; —40(2) — 1803.1(4) + B, (4) =0
B, = 1823.11b

B IF, = 0; -D, + 18231 =0
D, = 1.82kip

+13F, = 0; D, — 40 — 1803.1 = 0
D, = 1843.1 = 1.84 kip

From Eq. (1)

A, = 2.00 kip

Ans.

Ans.

@

Ans.

Ans.

Ans.

4 ft i
C
E
700 1b
Dy
D
— 401b
44
\ »
( Aft

2t 15}= /803-] Ib



*6-76.

Determine the horizontal and vertical components of 400N
force which the pins at A, B, and C exert on member ABC
of the frame. r1~5 m—f~——2m-—
c Y D
- [@ Q j
1.5m
2.5m
< 300 N
——Be 2m
< 300 N
2.5m
1.5m
SOLUTION LAy e |
C+IMy = 0; —A,(3.5) + 400(2) + 300(3.5) + 300(1.5) = 0
A, =657.1 = 657N Ans.
C+=Mp=0; —C,(35) +4002) =0 #oon
C, =2286 = 229N Ans. I5n | 2m .
300N
C+=My=0; C.,=0 Ans. 2m
_—t)ZFx:O; Fgp = Fpg 15m300~
—>E
t > ool
+12F, =0; 657.1 — 228.6 — 2(\/7—4)FBD— 0 Ay y
FBD = FBE = 368.7N
B, =0 Ans. LooN
5 G —s 1.5m 2m s
B, = ——(368.7)(2) = 429N Ans. T‘_"
V74 ) »f
J
228.6N
'
“—Cx
2.5m F
o
el
2.5m T3 fe



6-717.

Determine the required mass of the suspended cylinder if
the tension in the chain wrapped around the freely turning

gear is to be 2 kN. Also, what is the magnitude of the
resultant force on pin A?

SOLUTION
C+=M, =0 —4(2 cos 30°) + W cos 45°(2 cos 30°) + Wsin 45°(2 sin 30°) = 0
W = 3.586 kN
m = 3.586(1000)/9.81 = 366 kg Ans. w
BIF, =0 4 —3.586c0s45° — A, =0
A, = 1.464 kN
+12F, = 0; 3.586 sin45° — A, =0
A, = 2.536 kN

Fa= \V(1.464)2 + (2.536)2 = 2.93kN Ans.




6-78.

Determine the reactions on the collar at A and the pin at C. 750 N 600 N
The collar fits over a smooth rod, and rod AB is fixed \
connected to the collar. ~1.25m—-1.25m—~

SOLUTION

Equations of Equilibrium: From the force equation of equilibrium of member AB,
Fig. a, we can write

+3M, = 0; M, — 750(1.25) — B,(2.5) = 0 @
X SF, = 0; N,cos45° — B, = 0 )
+12F, = 0 N,sin45° — 750 — B, = 0 3)

From the free-body diagram of member BC in Fig. b,

+3My = 0; B,(25in 30°) — B,(2 cos 30°) + 600(1) = 0 )
X 3F, = 0; B, + 600sin30° — C, = 0 (5)
+13F, = 0 B, — C, — 600 cos 30° = 0 (6)

Solving Egs. (2), (3), and (4) yields
B, = 1844.13 N = 1.84 kN B, = 259413 N
N4 = 3668.66 N = 3.67kN Ans.

Substituting the results of B, and B, into Egs. (1), (5), and (6) yields

M,y = 554784 N-m = 555kN-m Ans.
C, = 2894.13 N = 2.89 kN Ans.
C, = 132452 N = 1.32 kN Ans.

(*)



6-79.

The toggle clamp is subjected to a force F at the handle. a2 |
Determine the vertical clamping force acting at E. \

15a i

SOLUTION

Free Body Diagram: The solution for this problem will be simplified if one realizes
that member CD is a two force member.

B
Equations of Equilibrium: From FBD (a), |42 | 13e _,\
a a Be
C+XIMgz=0; Fcpcos 30°(*) — Fcpsin 30°(f> — F(2a) =0 -3 F
2 2 a
Fcp = 10.93F —_—
BSF, =0 B, — 10.93sin30° = 0 /
20 Fep
B, = 5.464F
(%)
From (b),
C+=IM, =0 5.464F(a) — Fr (1.5a) = 0

Fr = 3.64F Ans.




*6-80.

When a force of 2 1b is applied to the handles of the brad
squeezer, it pulls in the smooth rod AB. Determine the force
P exerted on each of the smooth brads at C and D.

SOLUTION

Equations of Equilibrium: Applying the moment equation of equilibrium
about point E to the free-body diagram of the lower handle in Fig. a, we have

FAB:4lb

Using the result of F, ; and considering the free-body diagram in Fig. b,

+SMp = 0; Ne(1.5) = Np(1.5) =0
NC = ND (1)
L SF =0 4-Ne—Np=0 @

Solving Egs. (1) and (2) yields
NC = ND =21Ib Ans.




6-81.

The engine hoist is used to support the 200-kg engine.
Determine the force acting in the hydraulic cylinder AB,
the horizontal and vertical components of force at the
pin C, and the reactions at the fixed support D.

SOLUTION

Free-Body Diagram: The solution for this problem will be simplified if one realizes

that member AB is a two force member. From the geometry,

Lup = V/350% + 850 — 2(350)(850) cos 80° = 861.21 mm

sin@ _ sin 80°
850  861.24

0 = 76.41°

Equations of Equilibrium: From FBD (a),

CH+SMc=0;  1962(1.60) — F 45 sin 76.41°(0.35) = 0

Fap = 9227.60 N = 9.23 kN

S3F, =0 C, — 9227.60 cos 76.41° = 0
C, = 2168.65N = 217 kN
+13F, = 0; 9227.60 sin 76.41° — 1962 — C, = 0

C, = 7007.14 N = 7.01 kN

From FBD (b),

B 3F, =0, D, =0

+13F, = 0;

D, — 1962 =0
D, =1962N = 1.96 kN
1962(1.60 — 1.40sin 10°) — Mp, = 0

Mp =266222N-m = 2.66 kN-m

10°

1250 mm
I 125m JH@_{
Ans. '_[ri ) S

=764 '% TC "
200(981)= (962N Ba

Ans.
Ans. 350mm
91“ E50mm
Ans.
&
Ans.
1405 10°m
Ans.

| Geo-r405ini0)m |
>
b)



6-82.

The three power lines exert the forces shown on the truss 20 ft 20 ft

joints, which in turn are pin-connected to the poles AH and
EG. Determine the force in the guy cable AI and the pin
reaction at the support H.

SOLUTION

AH is a two - force member.

o e

: : 20 ft
L]

B C D
<40 ft—|-—40 ft—

'800 b \ 800 lb"

800 Ib

125 ft

I | H Gl F\|
Joint B:
Fso ft—1=30 ft#30 ft»%o ft#30 ft———50 ft—
+13F, = 0; F ,p sin 45° — 800 = 0
F,p = 113137 1b
Fae
Joint C:
450
+12F, = 0; 2F,sin 18.435° — 800 = 0 Fee
Joint A:
B IF, =0, —T 4 sin 21.801° — F; cos 76.504° + 1264.91 cos 18.435° + 1131.37 cos 45° = 0
Fz 4 bk,
+13F, =0 —T 4; cos 21.801° + Fj; sin 76.504° — 1131.37 sin 45° — 1264.91 sin 18.435° = 0 kA cevica
34350 734350
T 4,(0.3714) + F;(0.2334) = 2000
800 Lb
—T 4,(0.9285) + F;(0.97239) = 1200
Solving,
TAI = TEF = 2.88 kip AnS.
FH = FG =3.99 klp Ans. 18_43§°
9
2% o 1264911

1131371,

AT



6-83.

By squeezing on the hand brake of the bicycle, the rider
subjects the brake cable to a tension of 50 1b. If the caliper
mechanism is pin-connected to the bicycle frame at B,
determine the normal force each brake pad exerts on the
rim of the wheel. Is this the force that stops the wheel from
turning? Explain.

SOLUTION
C+EZMz=0; —-N@3)+5025) =0
N =41.71b Ans.

This normal force does not stop the wheel from turning. A frictional force
(see Chapter 8), which acts along on the wheel’s rim stops the wheel. Ans.




*6-84.

Determine the required force P that must be applied at the
blade of the pruning shears so that the blade exerts a
normal force of 20 Ib on the twig at E.

SOLUTION

C+EMp=0;  P(55) + A (05) —20(1) = 0
55P + 054, = 20

+13F, =0 D,—P—-A,—20=0

BIF, =0 D, =A

X X

C+ZMp =10,  A,(0.75) + A, (05) —475P —

3
L SF. =0 AfFCB<—>=0

2

+13F, =0; Ay—i-P—FCB(\/B):O
Solving:
A, =1331b
Ay = 6.461b
D,=1331b
D, =2891b
P =2421b

FCB =16.01b

Ans.

‘lin.‘) I \\

0.751in. 0.75in.




6-85.

The pruner multiplies blade-cutting power with the compound
leverage mechanism. If a 20-N force is applied to the handles,
determine the cutting force generated at A. Assume that the
contact surface at A is smooth.

SOLUTION

Equations of Equilibrium: Applying the moment equation of equilibrium about

point C to the free-body diagram of handle CDG in Fig. a, we have

+S M, = 0; 20(150) — Fpp sin 45°(25) = 0
Fpr = 169.71N

Using the result of Fpr and applying the moment equation of equilibrium about

point B on the free-body diagram of the cutter in Fig. b, we obtain

+SMy = 0; 169.71 sin 45°(55) + 169.71 cos 45°(10) — N, (60) = 0
F, = 130N

Ans.

25 mm 30 mm

20N

20N
B
45° = i B}f-
4(4 Omm
B _—4
C—; 7
Foe=leg.1IN
125 mm T 5.5mm|
25mm R2ON  Ma
(@) by



6-86.

The pipe cutter is clamped around the pipe P. If the wheel
at A exerts a normal force of F, = 80N on the pipe,
determine the normal forces of wheels B and C on
the pipe. The three wheels each have a radius of 7 mm and
the pipe has an outer radius of 10 mm.

SOLUTION

1
6 = sin *1(1—2) = 36.03°

Equations of Equilibrium:
+T2Fy =0; Npsin 36.03° — N sin 36.03° = 0
Np = Nc¢

- 2F, =0 80 — N¢ cos 36.03° — N cos 36.03° = 0

NB:NC:495N

10 mm

10 mm

Ans. Nb

26.03°
N.=4946N

4

Nc“‘?“‘é”




6-87.

The flat-bed trailer has a weight of 7000 Ib and center of
gravity at Gy. It is pin connected to the cab at D. The cab
has a weight of 6000 lb and center of gravity at Gg.
Determine the range of values x for the position of the
2000-1b load L so that when it is placed over the rear axle,
no axle is subjected to more than 5500 Ib. The load has a
center of gravity at G;.

SOLUTION
Case 1: Assume A, = 5500 Ib

C+EMy=0;  —5500(13) + 6000(9) + D,(3) = 0
D, =5833331b
b,000Mb
+13F, = 0; B, — 6000 — 5833.33 + 5500 = 0 (D‘ by
B, = 6333331b > 55001b  (N.G!) Ql-—Q
Case 2: Assume B, = 5500 Ib AT& 1 13
C+EM,=0;  5500(13) — 6000(4) — D, (10) = 0 wr bt 3t
D, = 4750 b
+13F, = 0; Ay, — 6000 — 4750 + 5500 = 0
A, = 52501b
7,000 —_—
+13F, =0 4750 — 7000 — 2000 + C, = 0
———
C, =42501b < 55001b  (O.K!) f o O
b %
C+EMp =0;  —7000(13) — 2000(13 + 12 — x) + 4250(25) = 0 . ;Lq%
x =174 ft e

Case 3: Assume C,, = 5500 Ib

+12F, = 0; D, — 9000 + 5500 = 0
D, =35001b

C+IMc=0;  —3500(25) + 7000(12) + 2000(x) = 0
x = 1751t

C+IM, =0;  —6000(4) — 3500(10) + B(13) = 0

B, = 4538461b < 55001b  (0.K!)
+13F, =0; A, — 6000 — 3500 + 4538.46 = 0

A, = 4961.541b < 55001b (0. K!)

Thus, 175t = x = 1741t Ans.



*6-88.

Show that the weight W, of the counterweight at / required
for equilibrium is W; = (b/ a)W, and so it is independent of
the placement of the load W on the platform.

SOLUTION

Equations of Equilibrium: First, we will consider the free-body diagram of
member BE in Fig. a,

3
+3EMpg = 0; W(x) — NB<3b + ZC> =0
w
NB_ x3
(3b + ZC)
w
+13F, = 0; FEF+7);—W:O
(3b + ZC)
FEF:W 1 - x3
3b + ZC

Using the result of N and applying the moment equation of equilibrium about
point A on the free-body diagram in Fig. b, we obtain

w 1
+SM, = 0; Fep(c) — 7)‘3(?) =0
3b+zc
Wx
Nep = ————
07 12b + 3¢

Writing the moment equation of equilibrium about point G on the free-body
diagram in Fig. ¢, we have

Wx X
+2MG = O, m(“-b) +Wl1l- 73 (b) - Wl((l) =0
3b+—c

4
W, =-W Ans.

This result shows that the required weight W, of the counterweight is independent
of the position x of the load on the platform.

Wy
wx feo= T28+3¢

4 x Ns 551’2,: Ep 3b b a
Fee 1
4 '3
3bt3c
Ne

Epgw("'_?ﬁ_%j W,
(4 cb) (o




6-89.

The derrick is pin connected to the pivot at A. Determine
the largest mass that can be supported by the derrick if
the maximum force that can be sustained by the pin at A
is 18 kN.

SOLUTION

AB is a two-force member.
Pin B
Require F 45 = 18 kN

w
+13F, = 0; 185in60°—?sin60°—W=

W = 10.878 kN
10.878
=% M
T 981 &

Ans.

Fas




6-90.

Determine the force that the jaws J of the metal cutters
exert on the smooth cable C if 100-N forces are applied to
the handles. The jaws are pinned at £ and A, and D and B.
There is also a pin at F.

SOLUTION 30 mm

Free Body Diagram: The solution for this problem will be simplified if one realizes
that member ED is a two force member.

Equations of Equilibrium: From FBD (b),

BIF, =0 A, =0
From (a),
C+SMp=0; A, sin 15°(20) + 100 sin 15°(20)
— 100 cos 15°(400) = 0
A, = 736410 N

From FBD (b),
CH+HIMy =0; 7364.10(80) — F(30) = 0

Fc =19637.60 N = 19.6 kN Ans.

80 mnk 20 mm

400 mm

15°
100 N

100 N
15°




6-91.

The pumping unit is used to recover oil. When the walking
beam ABC is horizontal, the force acting in the wireline at
the well head is 250 1b. Determine the torque M which must
be exerted by the motor in order to overcome this load. The
horse-head C weighs 60 1b and has a center of gravity at G¢.
The walking beam ABC has a weight of 130 Ib and a center
of gravity at Gp, and the counterweight has a weight of
200 1b and a center of gravity at Gy. The pitman, AD, is pin
connected at its ends and has negligible weight.

SOLUTION

Free-Body Diagram: The solution for this problem will be simplified if one realizes
that the pitman AD is a two force member.

Equations of Equilibrium: From FBD (a), s 1201b h GIO '/i’ 1t
C+SMp=0;  Fapsin70°(5) — 60(6) — 250(7) = 0 | l
L .\
Fap = 449.08 b \{7; T_B‘
From
(®). 4
C+SMg =0 449.08(3) — 200 cos 20°(5.5) — M = 0 ) )

M = 3141b-ft Ans.




*6-92.

The scissors lift consists of two sets of cross members and
two hydraulic cylinders, DE, symmetrically located on

each side of the platform. The platform has a uniform mass
of 60 kg, with a center of gravity at G;. The load of 85 kg,
with center of gravity at G,, is centrally located between
each side of the platform. Determine the force in each of
the hydraulic cylinders for equilibrium. Rollers are located
at B and D.

SOLUTION

Free Body Diagram: The solution for this problem will be simplified if one realizes
that the hydraulic cyclinder DE is a two force member.

Equations of Equilibrium: From FBD (a),

C+EM,=0; 2Nz (3) — 833.85(0.8) — 588.6(2) = 0
2Ny = 61476 N

B SF. =0, A, =0

+13F, =0; 2A, + 614.76 — 833.85 — 588.6 = 0

24, = 807.69 N

From FBD (b),
C+XIMp =0, 807.69(3) — 2C, (1.5) —2C, (1) =0

2C, + 3C, = 2423.07 a
From FBD (c),
C+IMp=0; 2C, (1) —2C, (1.5) — 614.76(3) = 0

2C, — 3C, = 1844.28 )
Solving Egs. (1) and (2) yields

C, = 1066.84 N C, = 96.465 N

From FBD (b),
B IF. =0, 2(1066.84) — 2F pr = 0

Fpr = 1066.84 N = 1.07 kN Ans.

F"r 2 me 2m —

[ L~ i

[F 1 Ho

|

85(981)=833.85N  50(781)2588.6 N

1N

‘ZAK P

a-sm] 12m

<hy («)

2hy~ 80769 A

2Ag=0

2

M rsm
()

r&m
e

«)



6-93.

The two disks each have a mass of 20 kg and are attached at
their centers by an elastic cord that has a stiffness of
k = 2kN/m. Determine the stretch of the cord when the
system is in equilibrium, and the angle 6 of the cord.

SOLUTION

Entire system:

B IF, = 0; NB—NA(%)=O

+12F, = 0; NA<%) —2(1962) =0

C+ZMy,=0; Ng(lsinf) —196.21cosd =0

Solving,

N4 = 490.5N

Np =2943N

6 = 33.69° = 33.7° Ans.
Disk B:
BIF, =0; —Tcos33.69° + 2943 =0

T = 35370 N

291,38

F, = kx; 353.70 = 2000 x

x = 0177 m = 177 mm Ans.



6-94.

A man having a weight of 175 b attempts to hold himself
using one of the two methods shown. Determine the total
force he must exert on bar AB in each case and
the normal reaction he exerts on the platform at C. Neglect
the weight of the platform.

SOLUTION

(a)

Bar:

+12F,=0; 2(F/2) —2(875) =0
F =1751b

Man:

+1SF, =0, Nc—175-2(875) =0
N¢ =3501b

(b)

Bar:

+13F, =0; 2(43.75) — 2(F/2) = 0
F =8751b

Man:

+12F,=0; N¢— 175 +2(43.75) = 0

Ne = 8751b

Ans.

Ans.

Ans.

Ans.




6-95.

A man having a weight of 175 1b attempts to hold himself
using one of the two methods shown. Determine the total
force he must exert on bar AB in each case and the normal
reaction he exerts on the platform at C. The platform has a
weight of 30 1b.

SOLUTION

(a)

Bar:

+13F, =0;  2(F/2) — 102.5 — 102.5 = 0
F =2051b

Man:

+13F,=0; N¢—175-102.5 - 102.5 = 0
N¢ =3801b

(b)
Bar:

+T2Fy =0 2(F/2) — 5125 — 5125 =0
F =1021b
Man:
+T2Fy =0 Ne— 175+ 5125 +5125 =0

Ne =7251b

Ans.

Ans.

Ans.

Ans.

(a)

(b)
02.5L 102,50
A ]
A 300
1754
|73 1773
A =L=$B
} ¥
102,514 10251
17546
flase E s1.25H
Ne
102.5b

9!

Stasw 51.25M

s1.asth 51,254

L 1s

Flo Ffa

17546
S5k ) gasit



*6-96.

The double link grip is used to lift the beam. If the beam
weighs 4 kN, determine the horizontal and vertical
components of force acting on the pin at A and the
horizontal and vertical components of force that the flange
of the beam exerts on the jaw at B.

SOLUTION

Free Body Diagram: The solution for this problem will be simplified if one realizes

that members ED and CD are two force members.
Equations of Equilibrium: Using method of joint, [FBD (a)],
+T2Fy:0; 4 — 2F sin45° =0 F = 2.828 kN
From FBD (b),

+13F, =0; 2B,—4=0  B,=200kN

From FBD (c),

C+3SM, =0, B,(280) — 2.00(280) — 2.828 cos 45°(120)

— 2.828 sin 45°(160) = 0

B, = 400 kN

+13F, =0; A, +2.828sin45° — 2.00 = 0

A, =0
5 3F, =0 400 + 2.828 cos 45° — A, = 0
A, = 6.00 kN

F

\ \
1280 mm [/[280 mm|

—— 1

Ans. -

Ans.
Ans.

1Z0mm
Ans. .00 kal i )

280mm

by I —_
160mml 280 mm |
ka
280mm

4
280»\E4

[



6-97.

If a force of P =61b is applied perpendicular to the
handle of the mechanism, determine the magnitude of
force F for equilibrium. The members are pin connected at

A, B, C,and D.
SOLUTION
C+3ZM,=0; Fpe(4) —6(25) =0
Fpe = 3751b
BSF. =0, -A, +6=0
A, =61b
+12F,=0; —-A,+375=0
A, =3751b

C+IMp=0; —5(6) — 37.509) + 39(F) = 0

F =9421b Ans.




6-98.

Determine the horizontal and vertical components of force
at pin B and the normal force the pin at C exerts on the
smooth slot. Also, determine the moment and horizontal
and vertical reactions of force at A. There is a pulley at E.

SOLUTION

BCE:

C+IMg=0; —=50(6) — Nc(5) + 50(8) = 0
N¢ =201b

B IF, =0, ‘&+2%g>—m:0
B, = 341b

3
+13F, = 0; By—m(g)—50=0

B, =621b
ACD:
4
BIF, =0, —Ax—ﬂ(§)+50=0
A, = 341b
3
+12F,=0; —A, + 20(5) =0
A, =121b

C+3M, =0 MA+2%g)®—5m&=o

M, =3361b-ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

ft

b

g——Li
3 ft——

3ft—

o €

D 5o

a0k [ TF
§§‘4&
40..#_‘
464

All

~ Ma



6-99.

If a clamping force of 300 N is required at A, determine the F
amount of force F that must be applied to the handle of the
toggle clamp.

70 mm \ \
~—235 mm
30
" _Seme 307 275 mm
5B
* E

SOLUTION

Equations of Equilibrium: First, we will consider the free-body diagram of the clamp in
Fig. a. Writing the moment equation of equilibrium about point D,

C+3Mp = 0; C, (60) — 300(235) = 0
C, = 1175N

Subsequently, the free - body diagram of the handle in Fig. b will be considered.

C+=M, = 0; F g c0s 30°(70) — F g sin 30°(30) — F cos 30°(275 cos 30° + 70)
—F sin 30°(275 sin 30°) = 0
45.62F g — 335.62F = 0 a
L SF =0 1175 + Fsin30° — Fypsin30° = 0
0.5Fpr — 0.5F = 1175 ?2)

Solving Egs. (1) and (2) yields

F =369.69N = 370N Ans.
Fyr = 2719.69N




*6-100.

If a force of F = 350 N is applied to the handle of the toggle F
clamp, determine the resulting clamping force at A.
70 mm \ \
~—235 mm
30
" _Seme 3307 275 mm
5B
E

SOLUTION

Equations of Equilibrium: First, we will consider the free-body diagram of the handle
in Fig. a.
C+ZMe = 0; Fprcos 30°(70) — Fpp sin 30°(30) — 350 cos 30°(275 cos 30° + 70)
—350 sin 30°(275 sin 30°) = 0
Fpr = 257481 N
B IF, =0, C, — 2574.81 sin 30° + 350 sin 30° = 0
C,=111241N
Subsequently, the free-body diagram of the clamp in Fig. b will be considered.

Using the result of C, and writing the moment equation of equilibrium about
point D,

C+3Mp=0; 1112.41(60)—N 4 (235) = 0
N, = 28401 N = 284N Ans.




6-101.
If a force of 10 Ib is applied to the grip of the clamp,

determine the compressive force F that the wood block
exerts on the clamp.

SOLUTION
From FBD (a)

C+IMyz=0; Fepcos 69.44°(0.5) — 10(45) =0 Fep = 25632 1b
+13SF,=0; 256.32sin69.44° — B, = 0 B, =2401b
From FBD (b)

C+ZIM, =0, 240(0.75) — F(1.5) =0 F =1201b

Ans. 8y
8x
9:57n;
654"
3 4.SI||‘
[
0t

(a)




6-102.

The tractor boom supports the uniform mass of 500 kg in
the bucket which has a center of mass at G. Determine the
force in each hydraulic cylinder AB and CD and the

resultant force at pins £ and F. The load is supported

equally on each side of the tractor by a similar mechanism.

SOLUTION ' 0_2Z 125m
C+IMp =0,  24525(0.1) — F45(025) =0 .

Fu5 = 981N Ans. &+
- SF, =0 —E, + 981 = 0; E,= 981N D/ 06m
+13F, = 0; E,—24525=0;  E,=24525N ]

0.4m 03m

Fr = V/(981)% + (2452.5)> = 2.64 kN Ans.
C+IMp=0;  24525(2.80) — Fep(cos 12.2°)(0.7) + Fep(sin 12.2°)(1.25) = 0 24<2.50

Fep = 16349 N = 163 kN Ans.
B IF, = 0; F, — 16349 sin 12.2° = 0

F, = 3455N
+13F, = 0 —F, — 2452.5 + 16349 cos 12.2° = 0 0.k £

F,=13527N

245250

Fr = \V/(3455)? + (13527)% = 140kN Ans.




6-103.

The two-member frame supports the 200-1b cylinder and
500-1b - ft couple moment. Determine the force of the roller
at B on member AC and the horizontal and vertical
components of force which the pin at C exerts on member

CB and the pin at A exerts on member AC. The roller C /\@
does not contact member CB. @B ”‘@

%>
SOLUTION e
Equations of Equilibrium : From FBD (a),
C+3M, =0 Ne(4) = 200(5) = 500 =0 Ng = 3751b %(9500 lb-ft

i 3
bF =0 A, =0 Ans. T
4 fi

+13F, = 0; 375 -200 - A, =0 A, =1751b Ans. ‘ ' |

From FBD (b),

C+EMc = 0; 200(5) — 200(1) — By(4) =0
B, =2001b Ans.
BF =0; 200-200-C, =0 C,=0 Ans.
+13F, = 0; C,—200=0 C,=200lb Ans.
At
A < %
il Il — ==
s =
11t
* o
41

500 lb-ft
{
\;b_.__‘L

<4t
(a) Ne




*6-104.

The mechanism is used to hide kitchen appliances under a
cabinet by allowing the shelf to rotate downward. If the
mixer weighs 10 Ib, is centered on the shelf, and has a mass
center at G, determine the stretch in the spring necessary to
hold the shelf in the equilibrium position shown. There is a
similar mechanism on each side of the shelf, so that each
mechanism supports 5 Ib of the load. The springs each have
a stiffness of k = 4 1b/in. spring.

SOLUTION

C+=Mp =0; 5(4) — 2(Fgp)(cos 30°) = 0

Fep = 11.5471b

HIF, =0,  —F,+11.547 cos 30° =
F, = 10.001b

+1SF,=0; -5+ F,— 11.547sin30° = 0
F, =10.771b

Member FBA:

C+3M, =0;  10.77(21 cos 30°) — 10(21 sin 30°) — F (sin 60°) (6) = 0
F,=1751b

F, = ks; 17.5 = 4x

x = 4.38in. Ans.



6-105.

The linkage for a hydraulic jack is shown. If the load on the
jack is 2000 1b, determine the pressure acting on the fluid 2 in. 2 in.
when the jack is in the position shown. All lettered points )

are pins. The piston at H has a cross-sectional area of
A = 2in’. Hint: First find the force F acting along link EH.
The pressure in the fluidis p = F/A.

2000 Ib

SOLUTION
C+EMc = 0; —F5(sin 60°)(4) + 2000(2) = 0
Fap = 115470 1b
B 3F, =0, C, — Fypc0s60° =0
C, =577.351b
+13F, = 0; C, + 1154.70 sin 60° — 2000 = 0
C, = 1000 1b
C+EMp=0;  —F(5) + 1000(30 cos 60°) + 577.35(30 sin 60°) = 0
F = 6000 Ib
p= F = 6000 = 3000 psi Ans.

A 2




6-106.

If d = 0.75 ft and the spring has an unstretched length of 1 ft,
determine the force F required for equilibrium.

SOLUTION

Spring Force Formula: The elongation of the spring is x = 2(0.75) — 1 = 0.5 ft.
Thus, the force in the spring is given by

Fy = kx = 150(0.5) = 751b

Equations of Equilibrium: First, we will analyze the equilibrium of joint B. From the
free-body diagram in Fig. a,

5 2F. = 0; Fypcos48.59° — Fprcos 48.59° = 0
Fyp = Fgc = F'

+T2Fy =0 2F'sin48.59° — 75 =0
F' =501b

From the free-body diagram in Fig. b, using the result Fzc = F' = 501b, and
analyzing the equilibrium of joint C, we have

+13F, = 0 Fepsin 48.59° — 50sin48.59° =0 Fep = 501b
X 3F =0 2(50 cos 48.59°) — F = 0
F = 66.141b = 66.1 Ibs Ans.




H6-107.

If a force of F = 501b is applied to the pads at A and C,
determine the smallest dimension d required for equilibrium if
the spring has an unstretched length of 1 ft.

SOLUTION

Geometry: From the geometry shown in Fig. a, we can write
sin@ =d cosh =\V1-—d*

Spring Force Formula: The elongation of the spring is x = 2d — 1. Thus, the force
in the spring is given by
Fy = kx = 150(2d — 1)

Equations of Equilibrium: First, we will analyze the equilibrium of joint B. From the
free-body diagram in Fig. b,

B SF, =0, Fagcos® — Fgecos@ =0  Fap = Fge = F'

_150d — 75

+1SF, =0, 2F(d) - 1502d —1)=0 F' y

_150d — 75

d , and

From the free-body diagram in Fig. c, using the result Fp- = F’
analyzing the equilibrium of joint C, we have

150d — 75
d

X SF =0 2{(%)(\/1—%”—50 =0

150d — 75

+T2Fy=0; FCDsin9—< >sin9=0 Fep = 4

Solving the above equation using a graphing utility, we obtain Ans.
d = 0.6381 ft = 0.638ftor d = 0.9334 ft = 0.933 ft

1ft
> d
L"\\)
d
A
11t

©



*6-108.

The hydraulic crane is used to lift the 1400-1b load.
Determine the force in the hydraulic cylinder AB and the
force in links AC and AD when the load is held in the
position shown.

1 ft

7 ft

SOLUTION

C+3Mp=0;  Fea(sin60°)(1) — 1400(8) = 0

Fey = 12932.651b = 12.9 kip Ans.

+T2Fy =0 12 932.65sin 60° — F 45 sin 70° = 0

0° I —
Fap = 11918791b = 11.9 kip Ans. lﬁ(__& \!:P

+ _ 0 0 _ Fea t Bt
SF, =0; —11918.79cos 70° + 12 932.65 cos 60° — F 4p = 0 D
) 3 1400},
Fp = 2389.86 1b = 2.39 kip Ans.
12932.L51b
bo° »
70° o

Fa



6-109.

The symmetric coil tong supports the coil which has a mass
of 800 kg and center of mass at G. Determine the horizontal
and vertical components of force the linkage exerts on
plate DEIJH at points D and E. The coil exerts only vertical
reactions at K and L.

SOLUTION

Free-Body Diagram: The solution for this problem will be simplified if one realizes
that links BD and CF are two-force members.

Equations of Equilibrium : From FBD (a),

C+3M, =0,  7848(x) — Fx(2x) =0  Fx = 3924N

From FBD (b),

C+=M, =0 Fgp cos 45°(100) + Fpp sin 45°(100) — 3924(50) = 0

Fyp = 1387.34N

B IF, = 0; A, — 138734 cos45° =0 A, =981N
+13F, =0; A, — 3924 — 1387.345in 45° = 0
Ay, = 4905N

From FBD (c),
C+HEIMg =0; 4905 sin 45°(700) — 981 sin 45°(700)
— Fepcos 15°(300) = 0

Fop = 6702.66 N

BIF, =0 E, — 981 — 6702.66 cos 30° = 0
E, = 6785.67N = 6.79 kN Ans.
+1 2F, =0 E, + 6702.66 sin 30° — 4905 = 0
E, = 1553.67N = 1.55kN Ans.
At point D,
D, = Fgpcos 45° = 1387.34 cos 45° = 981 N Ans.
D, = Fppsin 45° = 1387.34 sin 45° = 981 N Ans.

800(981)=7848 N
]-—L%X_,
l J :

Az
3 4905 N



6-110.

If each of the three uniform links of the mechanism has a
length L = 3 ft and weight of W = 10 1b, determine the
angle 6 for equilibrium. The spring has a stiffness of
k = 201b/in. It always remains vertical due to the roller
guide and is unstretched when 6 = 0.

SOLUTION 0
=1 D
X 0
Equations of Equilibrium: Here, the spring stretches x = 18 sin 6. Thus, the force B
in the spring is Fy, = kx = 20(18 sin §) = 360 sin 6. Referring to the FBD of B / 5
member BC shown in Fig. a, ) \/ ¢
C+1SMp = 0; Ce=0; B?
then, 1
by
+ — 0 - (-
—_—> EFX = 0, Bx - 05
+13F, = 0; B,—C,—10=0 m 187, | W01k

Referring to the FBD of member CD shown in Fig. b,

C+2IMp = 0; C,(36cos6) — 10(18cos ) = 0
¢, =5Ib 18in.
Substitute this result into Eq (1),

B, =151b Cx,
Referring to the FBD of member AB shown in Fig. c,
C+IM, = 0; (360 sin 6 cos 6)(18) — 10 cos H(18) — 15 (36 cosh) = 0

6480 sin § cos® — 180 cos® — 540cos 6 = 0
Since cos 6 # 0, then

9sinf —1=0

. 1
sinf = —

9
0 = 6.38° Ans.




6-111.

If each of the three uniform links of the mechanism has a
length L and weight W, determine the angle 6 for
equilibrium. The spring, which always remains vertical, is
unstretched when 6 = 0°.

SOLUTION i L
L o e\ 0
Free Body Diagram: The spring stretches x = 5 0. Then, the spring force is T K
NN, S e
Fsp—kx—TsmG. L\/
Equations of Equilibrium: From FBD (b),
C+EMjy = 0; C =0 s Y
Dr. & .
5 3F =0 B, =0 s g
&, sing’—4—
+12F, =0; B,—C,—W=0 @ ;}l [ Cewo
From FBD (a), %@fa )%C”&'
L
C+=Mp =0; C,(Lcos) — W(zcose) =0 3}
E——
¢, =Y B ]
y
2 W A
. w . 3w L (b)
Substitute C, = > into Eq. (1), we have B, = - from FBD (c),
kL L
C+=M, =0; —sin G(fcos 0)
2 2 C
X
L 3w
- W<f cos 0) ——(Lcos9) =0 7
2 2
8W
= qi -1 21
0 = sin (kL) Ans.
or
cos =0

0 = 90° Ans.



*6-112.

The piston C moves vertically between the two smooth
walls. If the spring has a stiffness of £k = 151b/in., and is
unstretched when 6 = 0°, determine the couple M that

must be applied to AB to hold the mechanism in
equilibrium when 6 = 30°.

SOLUTION

Geometry:

siny  sin 30°

R 5 ¥ = 19.47

¢ = 180° — 30° — 19.47 = 130.53°

I sc 12

sin 130.53° _ sin 30° I' s4c = 18242 in.

Free Body Diagram: The solution for this problem will be simplified if one
realizes that member CB is a two force member. Since the spring

stretches x = [4c — I"'jc = 20 — 18242 = 1.758 in. the spring force is
Fg, = kx = 15 (1.758) = 26.37 1b.

Equations of Equilibrium: Using the method of joints, [FBD (a)],
+12F, = 0; Fcp cos 19.47° — 2637 = 0
Fcp =27971b
From FBD (b),
C+=M, = 0; 27.97co0s 40.53°(8) — M =0

M =170.081b-in = 142 1b-ft Ans.

k =151b/in.

W] ~€

Y1947

K

f,}-z&-wb
(&}



6-113.

The aircraft-hangar door opens and closes slowly by means
of a motor, which draws in the cable AB. If the door is made
in two sections (bifold) and each section has a uniform
weight of 300 1b and height L = 10 ft, determine the force
on the cable when 6 = 90°. The sections are pin connected
at C and D and the bottom is attached to a roller that travels
along the vertical track.

SOLUTION

Equations of Equilibrium: Referring to the FBD of member CD shown in Fig. a,

C+3Mp = 0; 300cos45°(5) — C, (10 cos 45°) — C, (10sin 45°) = 0

C,+C, =150 @
Referring to the FBD of member AC shown in Fig. b
C+1=M, =0, 300 cos 45°(5) + C, (10 cos 45°) — C, (10sin 45°) = 0
C,—C, =150 ?2)

Solving Egs. (1) and (2) yields
C,=1501b C, =0
Using these results to write the force equations of equilibrium along y axis

+13F, =0 T4p — 300 =0 T4 = 3001b Ans.




6-114.

The aircraft-hangar door opens and closes slowly by means
of a motor which draws in the cable AB. If the door is made
in two sections (bifold) and each section has a uniform
weight W and length L, determine the force in the cable as a
function of the door’s position 6. The sections are pin
connected at C and D and the bottom is attached to a roller
that travels along the vertical track.

SOLUTION

C+IMp = 0; 2(W)(§> cos (g) - 2L (sin(g))NA =0

_w
0
2tan(§)

C+IMe = 0; TL(cos(%)) - %(L sin(g)) - W(%)(cos(%)) =0
2tan

NA:

2

T=W Ans.




6-115.

The three pin-connected members shown in the top view
support a downward force of 60 1b at G. If only vertical forces
are supported at the connections B, C, E and pad supports A,
D, F,determine the reactions at each pad.

SOLUTION ~\
Equations of Equilibrium : From FBD (a), -
|
C+3IMp = 0; 60(8) + Fo(6) — Fp(10) = 0 a)
+13F, = 0 Fg+ Fp—F-—60=0 )
From FBD (b),
CHEMp=0;  Fu(6) — Fe(10) = 0 3 e
+12F, = 0 Fe+ Fp— Fg=0 7)) - :
C L |
From FBD (c), 2ft 12}, 6ft p
oK b
C+3IM, = 0; Fe(10) — F(6) = 0 ®) @)
+13F, =0 Fi+ F—Fz=0 (6)
Solving Egs. (1), (2), (3), (4), (5) and (6) yields, 1 b
36.73 Ib 22.041b 61.221b “* .
FE = 7 FC = . FB = . v
£k z
Fp=2081b Fp=1471b F,=2451Ib Ans. (o)
A h
eft | 44t
A SR

(<)°



*6-116.

The structure issubjected to the loading shown. Member AD
is supported by a cable AB and roller at C and fits through
a smooth circular hole at D. Member ED is supported by a
roller at D and a pole that fits in a smooth snug circular hole
at E. Determine the x, y, z components of reaction at £ and
the tension in cable AB.

SOLUTION
4
M, =0; 3 F 45 (0.6) +2.5(03) =0
F g = 1.5625 = 1.56 kKN
4
2F, =0 5(1.5625) -25+D,=0
D, = 125kN
2F, = 0; D, =0
3
SF,=0; D,+ C, — §(1.5625) =0
4
M, =0 Mp, + §(1.5625)(O.4) —-25004) =0
Mp, = 05kN-m
3
M, =0 Mp, + 5(1.5625)(0.4) -C,(04)=0
2F, =0 D, = 125kN
M, = 0; Mg, = 05KN-m
M, =0; Mg, =0
2F, = 0; E, =0
M, =0 D, (05) — Mp, =0

Solving Egs. (1),(2) and (3):

C, = 0.938kN

Ans.

@

2

Ans.
Ans.
Ans.

3)

¥
ey ] 5 ™
Ey -5 3
/ [
x b} m@ J;



6-117.

The three-member frame is connected at its ends using ball-
and-socket joints. Determine the x, ), z components of
reaction at B and the tension in member ED. The force acting
at DisF = {135i + 200j — 180k} Ib.

SOLUTION

AC is a two-force member.

F = {135i + 200j — 180k} Ib

M, = 0; —g Fpr(3) + 180(3) = 0
FDE =2701b Ans.
6
SE, =0 B, + 4 (270) ~ 180 = 0
B,=0 Ans.
S(Myg). = 0: — 2 Fe(3) — Fre(9) + 135(1) + 20003) — S 270)3) — > 270)(1) = 0
Bz ’ \/97 AC \/97 AC 9 9
2F, =0 135 — g(270) + B, — L(1641) =0
X > 9 x \/9—7 o
B, =-301b Ans.

>F

Il
i

B, - %(16.41) + 200 — 8(270) =0

V97

B, = —1331b Ans.




6-118.

The structure is subjected to the force of 450 Ib which lies in
a plane parallel to the y-z plane. Member AB is supported
by a ball-and-socket joint at A and fits through a snug hole
at B.Member CD is supported by a pin at C. Determine the
X, y, z components of reaction at A and C.

SOLUTION

SM, = 0; Mc, =0

SF, = 0; C.=0

srmo (D) (o) e -0
5 V73

3 4
EFZ =0 Cz + Fpu <\/773> - 450(5) =0

SM, =0 450(%)(6) — Fya <\;73>(4) =0
SM, = 0; Mc, + Fya <8>(4) - 450(3)(6) =0
NGE 5
Fya = 1538 kip = 1.54 kip
C, = —0.18 kip
C, = —1.17kip

M, = —4.14kip- ft

A, =0

A, =1 538<8> = 1.44kip
TV '

A =1 538<3> = 0.540 kip
SR VAT '

Ans.

Ans.
Ans.
Ans.

Ans.

Ans.

Ans.

>
153
& g



6-119.

Determine the resultant forces at pins B and C on member
ABC of the four-member frame.

SOLUTION
CH+IMp=0;  Fep(T) = $Fpe() = 0
C+SM, =0 —150(7)(3.5) + %FBE(S) ~ Fep(T) =0

Fpp = 15311b = 1.53 kip

Fep = 3501b

5ft 2 ft ——|
150 b /ft
Q) @) @) ——
A B C
4 ft
F E D
Q) @1 o) ——
21t i 5 ft |
Ans,
Ans, 113
K
F,,‘ — 3 =
1 i)
F.‘i Fer
241 St
S0(Mth
[ P S ,
T s



*6-120.

Determine the force in each member of the truss and state 3
if the members are in tension or compression.

SOLUTION
+12F, = 0;
+13F, = 0;
Joint B:

L IF =0
+13F, = 0;
Joint A:
+T2Fy =0
BIF, =0
Joint C:
BIF, =0,
+T2Fy =0
Joint E:
BIF, =0,
+13F, =0;
Joint D:
+13F, = 0;
S SF, =0

~3(1.5) — 4(2) — 10(4) + E, (4) = 0

E, = 13.125kN
A, —8—4-10+13.125=0
A, = 8875 kN

A, =3kN

Fpe = 3kN(C)

Fps = 8kN (C)

3
875 —8 = T Fac =0
Fac = 1458 = 146 kN (C)
4
FAF_3 _5(1.458) =0

Fap = 417kN (T)

4

3+ §(1458) - FCD =0

Fep = 4167 = 417 kN (C)
3

Fop =4+ 2 (1458) = 0

Fer = 3125 = 3.12kN (C)

FEFZO

Frp = 13.125 = 13.1 kN (C)

13.125 — 10 — %FDF =0
Fpr = S21kN (T)

4167 — %(5.21) =0

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Check!

3

&
<—F,
e

s
Fea

fer _—"’1©
130 25kN

o
PRI DR
;{ 132 5BN

For



6-121.

Determine the horizontal and vertical components of force
at pins A and C of the two-member frame.

SOLUTION
Member AB:
C+EIM, =0, =750(2) + B, (3) =0
B, = 500N
Member BC:
C+ZMe = 0; —1200 (1.5) — 900 (1) + B,(3) —500(3) =0
B, = 1400 N
+T2Fy:O; A, — 750 + 500 = 0
A, =250N
Member AB:
B 3F, =0 —A, + 1400 = 0
A, = 1400 N = 1.40 kN
Member BC:

BIF =0, C,+ 900 — 1400 = 0
C, = 500N
+13F, = 0; —500 — 1200 + C, = 0

C, =1700N = 1.70 kN

3m
—_—
C
LA S,
NEERRREE
400 N/m
ISON
deen
Ans. FEPUITE SR SN
T am | 1m T
ﬁj Gj
8y
Ans. b s
m \\
\
- —\\-—o‘loou
15m | 45m" Y
I o
J ------ -
Ans. 42008
Ans.



6-122.

Determine the force in members AB, AD, and AC of the b4
space truss and state if the members are in tension or
compression.

SOLUTION

Method of Joints: In this case the support reactions are not required for
determining the member forces.

Joint A:

2
2F, =0 Fip (\/678> - 600 =0 F = {-600k} Ib

Fup = 2473.861b (T) = 2.47 kip (T) Ans.

15 15
SF.—0. F —F -0
g 4 ( \/66.25) AB(\/66.25>

Fuc = Fup @
SF. =0, F < 8 >+F < 8 ) 247386<8>—0
- Y, C o . D
' 2\ V66225 P\ V6625 /68
0.9829F 4 + 0.9829 F,5 = 2400 @

Solving Egs. (1) and (2) yields

Fuc = Fap = 1220911b (C) = 1.22kip (C) Ans.



6-123.

The spring has an unstretched length of 0.3 m. Determine
the mass m of each uniform link if the angle 6 = 20° for
equilibrium.

SOLUTION

y . o
206) = sin 20

y = 1.2 sin 20° o

F, = (1.2 sin 20° — 0.3)(400) = 44.1697 N ' w

C+ZIM, =0, E, (1.4 sin20°) — 2(mg)(0.35 cos 20°) = 0 ) 1:-\/\
E, = 1.37374(mg) |

C+3Me=0;  1.37374mg(0.7 sin 20°) + mg(0.35 cos 20°) — 44.1697(0.6 cos 20°) = 0 2 ¥

mg = 37.860

m = 37.860/9.81 = 3.86 kg Ans.




*6-124.

Determine the horizontal and vertical components of force
that the pins A and B exert on the two-member frame. Set
F=0.

SOLUTION

CB is a two-force member.

Member AC:

C+EZM, =0, =600 (0.75) + 1.5 (Fcpsin75°) = 0
Fcp = 310.6

Thus,
B, = B, = 3106 (L) =220N

V2

BIF, =0, —A, + 600 sin 60° — 310.6 cos 45° = 0
A, =300N

+T2Fy =0 A, — 600cos 60° + 310.6 sin 45° = 0

A, = 804N

Im

Q)

A

1.5m
60°
400 N/m@(A—+
Ans.
Ans.
Ans.




6-125.

Determine the horizontal and vertical components of force 1m
that pins A and B exert on the two-member frame. Set F
F =500N. ) <
C
1.5m im
Blg\—t
SOLUTION 60°
‘A
Member AC: 400 N/m
C+EIM, =0, —600 (0.75) — C, (1.5 cos 60°) + C,(1.5sin 60°) = 0
Member CB:
C+IMp =0, -C,(1)-C, (1) +500(1) =0 -y . -
Solving,
C, =4026N
C,=974N

Member AC:
BIF, =0, —A, + 600sin 60° — 402.6 = 0

A, =117N Ans.
+13F, = 0; A, — 600cos 60° — 97.4 = 0

Ay, =397TN Ans.
Member CB:

B IF. =0, 4026 —500 + B, =0
B, =974N Ans.
+1SF,=0; -B,+974=0

B, = 974N Ans.



6-126.

Determine the force in each member of the truss and state

if the members are in tension or compression.

SOLUTION
BIF, =0,
+T2Fy =0
Joint A:

L SF. =0,
+12F, = 0;
Joint B:
S3F =0
+T2Fy =0;
Joint D:

B IF, =0,
+12F, = 0;
Joint E:
HIF, =0
+12F, = 0;
Joint C:
+13F, = 0;

D,(30) — 1000(20) = 0

D, = 666.7 b

A, =0
A, — 1000 + 666.7 = 0

A, =33331b

FAB - f’ﬂAGCOS“-S0 =0
3333 — F g sind5° = 0
Fac = 4711b (C)

Fap = 3333 = 3331b (T)

Fpe = 333.3 = 3331b (T)

FGB:()

— Fpc + Fppcos45° =0
666.7 — Fpg sin45° = 0
Fpe =94291b = 943 1b (C)

Fpc = 666.71b = 667 1b (T)

— 942.95in45° + Fpg = 0
— Fpe + 942.9c0s 45° = 0
Fre = 666.71b = 667 1b (T)

Frc = 666.71b = 667 1b (C)

Fgecos 45° + 666.7 — 1000 = 0

10 ft 10 ft 1

—10ft—
Y
1000 Ib
S
T 204+ o4t
Ay tooolb By
b Fag
Ans. ® L& —_—
Fas
Ans. 3333
Ans.
Fag,
Ans.
3 —
Fae
e 3
H5®
P e,
Ans. %M
Ans.
N
Fret Nq4294
Ans.
Ans.
I!’
Fee (7132
i b6b.HA
3 —_—
©
{,000Lb
Ans.



7-1.

Determine the internal normal force and shear force, and 8 kip

the bending moment in the beam at points C and D.

Assume the support at B is a roller. Point C is located just to 40 kip - ft

the right of the 8-kip load. . ‘j
AP ) 9 |

D‘ BA.—Q’—.;

FS& ‘ 8 ft ‘ Sft—»‘

SOLUTION
Support Reactions: FBD (a). :
4P
C+ZM,=0; B,(24)+40—88) =0 B, =1.00kip
40 kipft
+13F, = 0; A, +100-8=0 A, = 7.00 kip Ac ! ])
A~
E A, =0 % |
|67t 1 ek

Internal Forces: Applying the equations of equilibrium to segment AC [FBD (b)], A (@) 5?
we have ;

B3F. =0 Nc=0 Ans.

+12F,=0; 700-8-Vc=0 Vc=-100kip Ans. gk
C+ZIMe = 0; Mc —7.008) =0 M = 56.0 kip - ft Ans. Mc
Y
Applying the equations of equilibrium to segment BD [FBD (c)], we have A l ; Me (b3
x=0 Ve

L IF, =0 Np=0 Ans. éf¢
+13F, =0, Vp,+100=0 V,=-1.00kip Ans. hy=700 kip
C+3IMp=0; 1.00(8) + 40 — Mp =0

) Ny 5
Bft

B”’/ -0okip



7-2.

Determine the shear force and moment at points C and D.

~ c \f\ D £
|
6 ft——4 ft——4 ft—— 6 ft— o
SOLUTION
Support Reactions: FBD (a). 500l zoolb 300 1
C+IMp=0; 500(8) — 300(8) —A, (14) =0 ;& l
[ - —_
A, =114291b | ]
‘ L
Internal Forces: Applying the equations of equilibrium to segment AC [FBD (b)], oft 1 efe 8t
we have A‘J— (@) B‘J.
HSF. =0 Ne=0 Ans.
+1SF,=0; 11429 -500 - V=0 V= —3861b Ans. 5001h
C+3Mc=0; M+ 500(4) — 11429 (10) = 0
Mc = —8571b-ft Ans. 1
[ |+ft 'f
Applying the equations of equilibrium to segment ED [FBD (c)], we have Aveli429 1b
:S .
L SF. =0, Np=0 Ans. ©)
+1SF, =0, Vp—-300=0 V,=300lb Ans.
C+IMp = 0; -Mp—300(2)=0 Mp = —6001b - ft Ans.

Al




7-3.

The strongback or lifting beam is used for materials
handling. If the suspended load has a weight of 2 kN and a
center of gravity of G, determine the placement d of the
padeyes on the top of the beam so that there is no moment
developed within the length AB of the beam. The lifting
bridle has two legs that are positioned at 45°, as shown.

SOLUTION
Support Reactions: From FBD (a),

C+SMp=0; Fp(6) —2(33)=0 Fr=100kN

+15F,=0; F+100-2=0 Fp=100kN

From FBD (b),

- SF, =0 Fyccos45° — Fpecos45° =0

+1 2F, =0 2F sin 45° — 1.00 — 1.00 = 0
FAC = FBC =F = 1414kN

Internal Forces: This problem requires My = 0. Summing moments about point A

of segment EH [FBD (c)], we have

C+2IMy =0; 1.00(d + x) — 1.414 sin 45°(x)

— 1.414 cos 45°(0.2) = 0

d = 0.200 m

Fac = Fpc = F

o
3m 3m
rd o 4s® 45° N\ 547
0.2m] ‘ .
02mi | '
- VE F
EE==—=t— -
A 2k £
L.im 2m f
(@)

fac
éﬁ‘\?" 495
04«.[ ;
|

i) d 1T G-za T
’7
Ans. Ezr0m (b) Fe/0 kn
Fec=l4i4 kN
o e

T W

E=toka

)



74,

The boom DF of the jib crane and the column DE have a
uniform weight of 50 1b/ft. If the hoist and load weigh 300 Ib,
determine the normal force, shear force, and moment in the
crane at sections passing through points A, B, and C.

SOLUTION
BIF, =0
+13F, = 0;
C+=M, =0
B IF, =0
+13F, = 0;
C+=Mz =0
BIF, =0,
+13F, = 0;
C+IMe = 0;

Ny=0
Va—450=0; V,=4501b
—M, — 150(1.5) — 300(3) = 0; M, = —11251b-ft
Ng=0

Vg —550—-300=0; Vz=8501b
—My — 550(5.5) — 300(11) = 0; My = —63251Ib-ft
Ve=0

Ne — 650 — 300 — 250 = 0; N = 12001b

~M¢ — 650(6.5) — 300(13) = 0; M = —8125Ib-ft

5ft
300 Ib
7 ft
Ans.
Ans.
1
Ans. v 5ol
Na f1.15
Ans. 2y
M, 2g0lb
Ans.
Ans.
Ans. v
B ss0\b
Ans. Ne S
e
d 2000b
Ans. m’
(sl
a.le ba4t
b
J :?L 30|




7-5.

Determine the internal normal force, shear force, and
moment at points A and B in the column.

SOLUTION

Applying the equation of equilibrium to Fig. a gives

K3SF =0, V,—6sin30° = V4 =3kN

+13F, =0 Ny —6cos30°—8=0 N, = 132kN

C+IM, =0; 8(0.4) + 65sin30°(0.9) — 6 cos 30°(0.4) — M, =0
M, =382kN-m

and to Fig. b,

XSF, =0, Vz— 6sin30° = Vg = 3kN

+13F, =0 Ny —3—8—6c0s30°=0 Nz=162kN
C+3ZMp=0; 3(1.5) + 8(0.4) + 65in30°(2.9) — 6 cos 30°(0.4) — My = 0
My =143kN-m

Ans.
Ans.

Ans.

Ans.
Ans.

Ans.

8 kN

—B




7-6.

Determine the distance a as a fraction of the beam’s length

L for locating the roller support so that the moment in the
beam at B is zero.

SOLUTION
2L
C+=M, =0; —P(?—a)+Cy(L—a)+Pa=0
2P (5 —a
G = L(3—a)
2P(3—a)<L
C+IM =0; M = . §>—O
L
2PL(§—11)=0
L
a:g Ans.

~

—

o

a 3
L i
P

M

=

v 3

21><§ ~a)
L-a



7-7.

Determine the internal normal force, shear force, and 2500 Ib
moment at points C and D in the simply-supported beam.
Point D is located just to the left of the 2500-1b force.

500 Ib /ft

SOLUTION

With reference to Fig. a, we have

C+3IM, =0;  B,(12) — 500(6)(3) — 2500(9) = 0 B, = 26251b
C+IMy=0; 2500(3) + 500(6)(9) — A(12) =0 A, =28751b
B5IF =0, A, =0

Using these results and referring to Fig. b, we have

BIF =0, Nc=0 Ans.
+T2Fy =0 2875 — 5003) — Ve =0 Ve = 13751b Ans.
C+EIMc=0; M+ 50003)(1.5) —2875(3) =0 M = 63751b-ft Ans.

Also, by referring to Fig. ¢, we have

B 3F, =0 Np =20 Ans.
—I—TEFy = 0; Vp + 2625 — 2500 =0 Vp = —1251b Ans.
C+ZMp =0; 26253) — Mp =0 Mp = 78751b - ft Ans.

The negative sign indicates that V, acts in the opposite sense to that shown on the
free-body diagram.

500(3) Ib

500(6) Ib 250016

e e

Ax

3t + Gft 3ft
Ay

@)



*7-8.

Determine the normal force, shear force, and moment at a 10 kip ) 8 kip
section passing through point C. Assume the support at A 0.8 kip/ft
can be approximated by a pin and B as a roller. l l l l l l l l l l l l l l
| A@ C. B
6 ft—rfs 12 ft ‘ 12 ft——6 ftJ
SOLUTION
C+IM, =0 —19.2(12) — 8(30) + B, (24) + 10(6) = 0
. . 192k \p )
B, = 17.1 kip 10kr kie
Loy
L IF. =0, A =0 = T
A 8
+13F, = 0; A, 10 -192+171 -8 =0 ) 9
2 12t

A, = 20.1kip
$Z]n‘x:o; Ne =0 Ans.
+12F, = 0; Ve=96+171-8=0 ke g,

'Y
M ===

Ve = 05kip Ans. N 4_1' i

C+ZMc = 0; —Mc — 9.6(6) + 17.1(12) — 8(18) = 0 ¥

gi:

M = 3.6 kip - ft Ans. bit



7-9.

Determine the normal force, shear force, and moment at a g
section passing through point C. Take P = 8 kN.
0lmi4 o5m
C
! D
§oo07sm e 075m————0.75m
P
SOLUTION
C+IM, = 0; =T(0.6) + 8(2.25) =0
T = 30kN T
+ D.bm
SIF, =0 A, = 30kN I <A,
4
+13F, =0 A, = 8kN Bn f
- 2F, =0 —N¢c—30=0 075m 1.5m
Nc = —30kN Ans.
+12F, = 0; Ve+8=0
Me Ve
Ve= —8kN Ans. Ne: \‘%Tl:ﬁ— 30kN
015m
C+EMc = 0; —M¢ + 8(0.75) = 0 $al

Mc=6kN-m Ans.




7-10.

The cable will fail when subjected to a tension of 2 kN.
Determine the largest vertical load P the frame will support
and calculate the internal normal force, shear force, and
moment at a section passing through point C for this loading.

SOLUTION
S SF, =0
+12F, = 0;
BIF, =0,
+13F, = 0;

—2(0.6) + P(2.25) = 0

P = 0.533kN
A, = 2kN

A, = 0.533kN
“Ne—2=0
Ne= —2kN
Ve—0533=0
Ve = —0.533kN

—M¢ + 0533(0.75) = 0

M¢ = 0400 kN -m

B
2
0.1m 0.5m
C A
L4 ° >
§oo07sm 075 m——~——075m
P
Ans.
2kRN
0,b M
Ay
225 mm Av-,
¥
Ans.
Ans.
Ne ? TI¢
M2 7 0-7§lm| 2 kN
Ans. 0,533k N



7-11.

The shaft is supported by a journal bearing at A and a thrust
bearing at B. Determine the normal force, shear force, and
moment at a section passing through (a) point C, which is
just to the right of the bearing at A, and (b) point D, which
is just to the left of the 3000-1b force.

SOLUTION
C+EMy = 0; —A, (14) + 2500(20) + 900(8) + 3000(2) = 0
A, = 45141b
L SF. =0, B, =0
+13F, = 0; 4514 — 2500 — 900 — 3000 + B, = 0
B, = 1886 1b
C+EMc = 0; 2500(6) + M¢c =0
Mc = —150001b-ft = —15.0 kip - ft
B 3F, =0, Ne=0
+13F, = 0; —2500 + 4514 — V=0
Ve = 20141b = 2.01 kip
C+=Mp = 0; —Mp + 1886(2) = 0
My = 3771 1b-ft = 3.77 kip - ft
B IF, =0, Np=0
+13F, = 0; Vp — 3000 + 1886 = 0

Vp = 11141b = 1.11 kip

o QEB

3000 1b
2500 1b 75 b/t
b
[ ]
;
61t ‘r 121t T
zsoou, 0% 3oooup
i
X
t 1
Rj BJ
it 12§ 28
Ans.
2,500
Ans. l Me¢
:::::lj——‘r N,
bit Ve
Ans. 451
Ans.
3,000l
Ans. my Yo

Ans.

Ky L1330

1,884



*1-12.

Determine the internal normal force, shear force, and the
moment at points C and D.

SOLUTION

Support Reactions: FBD (a).

C+2M, =0 B, (6 + 6cos45°) — 12.0(3 + 6 cos45°) = 0
B, = 8.485kN

+13F, =0, A, +8485-120=0 A, =35I5kN
BIF =0 A, =0

X

Internal Forces: Applying the equations of equilibrium to segment AC [FBD (b)],

we have
S+ ZF, = 0; 3.515¢c0os45° = Ve =0 Ve = 249kN
N+2F, = 0; 3.515sin45° — No =0 Nc = 249kN
C+3IMe=0; M — 3.515¢c0s45°(2) =0
Mc = 497kN-m
Applying the equations of equilibrium to segment BD [FBD (c)], we have
B IF, =0; Np =0
+12F, =0 Vp + 8485 — 6.00 = 0 Vp = —249kN
C+=Mp = 0; 8.485(3) — 6(1.5) — Mp =10

Mp = 165kN-m

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

2 kN/m

e, e T

—
([
| ke




7-13.

Determine the internal normal force, shear force, and 300 b /£t
moment acting at point C and at point D, which is located 200 Ib /ft 200 Ib/ft
just to the right of the roller support at B.

SOLUTION

Support Reactions: From FBD (a),

2004) =Boolb. 300B)5A00b 5004185010

C+=M, =0 B, (8) + 800 (2) — 2400(4) — 800(10) = 0 PR B
e ] ———faany
B, = 20001b P 2 ¥ ! ;
A | T
Internal Forces: Applying the equations of equilibrium to segment ED [FBD (b)], 2] 44t T4fe |25l
we have A g
. ¢ @ ¥
S IF, =0 Np=20 Ans.
+12F, = 0; Vp—80=0 Vp=2800lb Ans.
C+IMp=0;  —Mp — 800(2) = 0 204)=Go0
Mp = —16001b-ft = —1.60 kip - ft Ans. My Vb a
) A
Applying the equations of equilibrium to segment EC [FBD (c)], we have F
L 3F. =0, Ne=0 Ans.
+13F, = 0; Ve +2000 — 1200 —800 =0 Ve =0 Ans.
-0 _ _ _ - ]
C+=M. = 0; 2000 (4) — 1200(2) — 800(6) — M = 0 3008)=1200 20004)=6001b
M = 8001b-ft Ans. Me V(,= ":"';,,____1
<) 4

ol==

E, =2000 /b




7-14.

Determine the normal force, shear force, and moment at a
section passing through point D. Take w = 150 N/m.

SOLUTION
3
C+3ZM, =0; —150(8)(4) + S Fpc(8) = 0
Fye = 1000 N
4
L SF =0; A, = 5(1000) =0
A, = 800N
3
+12F, =0 A, — 150(8) + g(1000) =0
A, = 600N
BSF =0; Np = —800 N
+12F, =0; 600 — 150(4) — V=0
VD =0
C+EMp=0; —600(4) + 150(4)(2) + Mp =0

Mp =1200N-m = 1.20kN-m

w
Af °
- D
‘ 4m 4 m
150(8)N
[ A
Ax —>
1 3m '}?5\
Rj Fec
150(WN
300N ——), ] 9':, N
T hm
éooN V%o
Ans.
Ans.

Ans.



7-15.

The beam AB will fail if the maximum internal moment at
D reaches 800 N-m or the normal force in member BC
becomes 1500 N. Determine the largest load w it can

Assume maximum moment occurs at D;

support.
SOLUTION
C+=Mp=0;
C+=M, =0

Mp — 4w(2) =0

800 = 4w(2)

w = 100 N/m

—800(4) + Fpc(0.6)(8) =0
Fge = 666.7N < 1500 N

w = 100 N/m

—

E

D
1 4 m 4m
fur
— - 77 "
1 i
o »
TR
[E_Z“i Vo
(0.K.})
Ans.
goo N
sl o l3s




*7-16.

Determine the internal normal force, shear force, and 600 N /m

moment at point D in the beam. l l l l l l l l l
SOLUTION
Writing the equations of equilibrium with reference to Fig. a, we have

4
C+3IM, =0 FBC<5>(2) — 600(3)(1.5) — 900 =0 Fgc = 2250N

C+IMz=0;  600(3)(0.5) — 900 — A,(2) =0 A, =0

2
K SF, =0; A, — 2250<5> =0 A, = 1350N

Using these results and referring to Fig. b, we have

£ 3F =0; Np + 1350 = 0 Np = —1350N = —135kN  Ans.
+13F, = 0; —Vp — 600(1) = 0 Vp = —600 N Ans.
C+2Mp = 0; Mp + 600(1)(0.5) =0  Mp = —300N-m Ans.

The negative sign indicates that N, V5, and M, act in the opposite sense to that
shown on the free-body diagram.

Goo(3)N

600N




7-17.

Determine the normal force, shear force, and moment at a
section passing through point E of the two-member frame.

SOLUTION

B SF =0;

+T2Fy=0;

“1200(4) + 2 Fge(6) = 0

13
Fge = 2080 N
12
—~Np — —=(2080) = 0
&~ 15 (2080)

Ng = —1920N = —1.92 kN

5
Vi — —(2080) = 0
s — +5(2080)
Vp = 800N
5

13

Mg =2400N-m = 2.40kN-m

—-(2080)(3) + %(2080)(2.5) ~M;=0

400 N/m

2.5m

Ans.

Ans.

Ans.

L]
D
3m
E
]
6m
},200N
--1""
B ==
T bm /£
AJ A
Fec
2,080N
ey
e Ve 25m
Ne “GT o




7-18.

Determine the normal force, shear force, and moment in
the beam at sections passing through points D and E. Point
E is just to the right of the 3-kip load.

SOLUTION
SSF =0
+T2Fy =0
S3F =0
+13F, =0;
S3F =0
+13F, = 0;

5(1.5)(12)(4) —A, (12) = 0
A, = 3kip
B, =0
B, +3—;(15)(12) =0
B, = 6kip
Np=0
3—1(0.75)(6) — Vp =0
Vp = 0.75kip

Mp + 3(0.75)(6) (2) — 3(6) = 0
My = 13.5kip-ft
Ng=0
~VE=3-6=0
Vi =-9kip
Mg+ 6(4) =0

My = —24.0%kip- ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

3kip
1.5 kip/ft

M |

B S

‘——Gft f 6 ft 4 ft 4ft*»‘

LQs))Kip
_ - 1
-
-
g ft 45t g’
Ay

By 4pip Slip

L,

44+



7-19.

Determine the internal normal force, shear force, and

moment at points £ and F in the beam. @, C
SOLUTION 4 E} D \452 '
With reference to Fig. a,
, 300 N/m
C+3My=0; T(6) + Tsin45°(3) — 300(6)(3) = 0 T = 664.92N i Sm15mA15m 15 m
& 3F, =0, 664.92 cos45° — A, =0 A, =470.17N
+T2Fy =0 A, + 664.92 sin45° + 664.92 — 300(6) =0 A, = 664.92N
Use these result and referring to Fig. b,
& 3F, =0, Np — 47017 =0
Ny = 470N Ans.
+T2Fy =0 664.92 — 300(1.5) = V=0
Vg =215N Ans.
C+IMy =0; Mg+ 300(1.5)(0.75) — 664.92(1.5) = 0
Mg = 660 N-m Ans.
Also, by referring to Fig. ¢,
& 3F, =0, Ng =0 Ans.
+13F, = 0; Vi + 664.92 — 300 = 0
Vi = —-215N Ans.
C+ZMp=0; 664.92(1.5) — 300(1.5)(0.75) — Mz =0
My = 660 N-m Ans.
The negative sign indicates that V acts in the opposite sense to that shown on the
free-body diagram.
J=064-92N
Ay T T Ayeetqm 075 0.75m
‘ 2 ! m
45° E[ ME. MVF st
] J E,
A : s, o g VY oy |
I T R ] ——
< e > A=4700IN Ve e e
3m 3m Y A J
(b) )

()



*7-20.

Rod AB is fixed to a smooth collar D, which slides freely
along the vertical guide. Determine the internal normal
force, shear force, and moment at point C. which is located
just to the left of the 60-1b concentrated load.

SOLUTION

With reference to Fig. a, we obtain
1 1
+T2Fy =0; Fg cos 30° — 5(15)(3) — 60 — 5(15)(1.5) =0 Fp = 108.251b

Using this result and referring to Fig. b, we have

L 3F, =0, —Nge — 108.25sin 30° = 0 Ne = —54.11b Ans.

1
+T2Fy =0 Ve — 60 — 5(15)(1.5) + 108.25 cos 30° = 0
Ve =-2251b Ans.
C+ZMe = 0; 108.25 cos 30°(1.5) — %(15)(1.5)(0.5) —Mc=0
Mc = 1351b-ft Ans.

The negative signs indicates that N-and V- act in the opposite sense to that shown
on the free-body diagram.

Olb
S’ Z(16)(15) 1b

60 1b

15 Ib/ft

. © B 1530"

3ft

1.5 ft—




7-21.

Determine the internal normal force, shear force, and
moment at points D and E in the compound beam. Point E
is located just to the left of the 3000-1b force. Assume the
support at A is fixed and the beam segments are connected

3000 Ib
600 Ib /ft |

together by a short link at B. A D B E il
‘54.5 ft ﬁ‘e 4563 ft—3ft a‘
SOLUTION
. . Goo(9) Ib 3
With reference to Fig. b, we have
7 S N— "
C+EIMe = 0; 600(6)(3) + 3000(3) — Fz(6) =0 Fp = 33001b A rt
A
<t R 4
Using this result and referring to Fig. ¢, we have M & ;IQ 7 -
£ SF, = 0; Np =0 Ans. A 45/t ikt
+13F, = 0; Vp — 600(4.5) — 3300 = 0 Vp = 6 kip Ans. (a)
C+=Mp = 0; —Mp — 600(4.5)(2.25) — 3300(4.5) =0 éoﬂ(é) Ib
Mp = —209251b-ft = —20.9 kip - ft Ans. '
Also, by referring to Fig. d, we can write q ’5000 b
& 3F, =0 Ng =0 Ans. —
+T2Fy =0 3300 — 6003) — Vx =0 Vg = 15001b = 1.5 kip Ans. I ) Ce
C+ZMg=0; Mg+ 600(3)(1.5) — 33003) =0
Mg = 7200 1b-ft = 7.2 kip - ft Ans. 3ft 3ft
G
The negative sign indicates that M, acts in the opposite sense to that shown in the Fé Cb) }
free-body diagram.
600(4-5)lb
fg=3300lb
(€)
Go0(3)1b
1514
ks e
A Me
Ne
3t e
f=33001b



7-22.

Determine the internal normal force, shear force, and
moment at points £ and F in the compound beam. Point Fis
located just to the left of the 15-kN force and 25-kN-m
couple moment.

SOLUTION

With reference to Fig. b, we have

K 3F, =0 C,=0

C+IMp = 0; Dy(4) = 152) =25 =10 D, = 13.75kN A
C+=Mp =0 152) - 25-Cy4) =0 C, = 125kN

Using these results and referring to Fig. a, we have

£ 3F =0 A, =0
C+3My = 0; 3(6)(1.5) — 1.25(1.5) — A,(4.5) = 0 A, = 5583 kN

With these results and referring to Fig. ¢,

X SF, = 0; Nz =0 Ans.
+13F, = 0 5583 — 3(225) = Vg =0  Vp=—117kN Ans.
C+ZMg = 0; Mg + 3(2.25) — 3(2.25)(8.125) = 0

Mg = 497kN-m Ans.

Also, using the result of D, referring to Fig. d, we have

£ 3F =0 Ny =0 Ans.
+13F, = 0; Vi—15+ 1375 =0 Vi = 1.25kN Ans.
C+=Mp =0; 13.752) =25 — Mz =0 Mp = 25kN-m Ans.

The negative sign indicates that V acts in the opposite sense to that shown in the
free-body diagram.

3
@)k C’,J,
L A
3m [-5m : 1-5m
A* 5?
@)
IS kN
Ce _!_25' KN:M
| ) |
M <M
% Dy
(k)

Dﬁ =/3.76 knN

()



7-23.
Determine the internal normal force, shear force, and 2m

moment at points D and E in the frame. Point D is located 200 N/m
just above the 400-N force.

SOLUTION

With reference to Fig. a, we have

C+3IM, = 0; Fjcos 30°(2) + Fysin 30°(2.5) — 200(2)(1) — 400(1.5) = 0
Fg = 33534N

Using this result and referring to Fig. b, we have

X 3F =0 Vp — 335345sin30° = 0 Vp = 168 N Ans.

+T2Fy =0 335.34 cos 30° — 200(2) — Np =0 Np = —110N  Ans.

C+=Mp =0; 335.34 cos 30°(2) + 335.34 sin 30°(1) — 200(2)(1) — Mp =0
Mp =348 N-m Ans.

Also, by referring to Fig. ¢, we can write

X SF =0 —Ng — 335.345in30° = 0 Nz = —168N  Ans.
+13F, =0, Vi + 33534¢c0s30° —200(1) =0  Vz= —904N  Ans.
C+3Mg = 0; 335.34 cos 30°(1) — 200(1)(0.5) — Mg = 0

Mg =190N-m Ans.

The negative sign indicates that N, N, and V; acts in the opposite sense to that
shown in the free-body diagram.

200(2)N
R 1
= - =
40/m "{lm +lm ‘30
ON
I5m

e A

Ay 5




*71-24.

Determine the internal normal force, shear force, and

40 kKN
bending moment at point C. 8 kN/m
\ \ 60°
?
A ‘ c B
~— 3m i 3m 3m ——~ |~
03 m
SOLUTION
Free body Diagram: The support reactions at A need not be computed. 80335240k B3 =i - <
Internal Forces: Applying equations of equilibrium to segment BC, we have | 40RN
M Vel T4
4 : S~ . 60‘
- 2F, =0 —40cos 60° — No =0 Nc = —20.0 kN Ans. @-{-f L -
| [ g
+1 2F, =0 Ve —24.0 — 12.0 — 40sin 60° = 0 Vism T 25m | 2am '
Ve = 70.6 kN Ans.
C+3IMc=0; —24.0(1.5) — 12.0(4) — 40sin 60°(6.3) — Mc = 0

Mc = —302kN-m Ans.



7-25.

Determine the shear force and moment acting at a section 3 kip/ft
passing through point C in the beam.

e
r—éftA

18 ft 1

SOLUTION
C+3IMy =0, —A,(18) + 27(6) = 0
A, = 9kip e
_ -7
BIF, =0, A, =0 - __%
Mc = 48 kip - ft Ans. 128 5 l
+12F, = 0; 9-3-Vc=0
Ve = 6kip Ans.
3kiy
é/ﬂf
0 —£E& Hm
B
4 |



7-26.

Determine the ratio of a/b for which the shear force will be
zero at the midpoint C of the beam.

B\
A alla  C B =9

SOLUTION — baTh
C+3My =0 - g(Za + b)E(Za +b)— (a+ b)} + A, () =0

A, = %(251 + b)(a — b)

w
-J—(QGfb)
B SF, =0 A =0 l -
— ” - - ‘
— |
+13F, = 0; —%(Za-i-b)(a—b)— %(ng)—vczo == T f .

Ay Y
Since V- = 0, ) ) ,l
a b a

1 1 1
_ + _ - — + —
b (2a + b)(a — b) 4(2a b)(2>
1 1
TP g
3
—a+b = Zb

a 1
E Z Ans.




7-217.

Determine the normal force, shear force, and moment at a 400 N/m
section passing through point D of the two-member frame. 200 Wﬂ/mﬂ
— | @ ° aB
{ A D
25m 3m
lt“
SOLUTION c
5 } 6m \
C+ZIM, =0, —1200(3) — 600(4) + EFBC(@ =0
FBC = 2600 N
12
B IF =0 Ay = 3(2600) = 2400 N
5
+T2Fy =0 Ay — 1200 — 600 + B(26OO) =0
A, = 800N
BIF, =0 Np = 2400N = 2.40 kN Ans.
+T2Fy:O; 800 — 600 — 150 =V =0
boon 2N
i
Vp=50N Ans. o AT
Q,IWON (—:*19_) ND
C+=Mp =0; —800(3) + 600(1.5) + 150(1) + My, =0 1T om L
200N

Mp=1350N-m = 1.35kN-m Ans.



*7-28.

Determine the normal force, shear force, and moment at 500 1b
se.:ctions passing throggh points E ar.1d .F. Member 'BC is 80 Ib/ft
pinned at B and there is a smooth slot in it at C. The pin at C 3501b - ft X
is fixed to member CD. \ E B 60 F
A [ o 9) CmED) .
J C
-2 ft»L—~ 2 ft»Ls fthz ft»L4 ft—»LZ ft =
1ft
SOLUTION
C+EZMp = 0; —120(2) — 500 sin 60°(3) + C, (5) =0
120U 500U,
C, =30781b 1
- 1L K °
BHIF =0 B, — 500 cos 60° = 0 s —’T 1
8
B, = 2501b 3 G
3
+12F, =0; B, — 120 — 500 sin 60° + 307.8 = 0 hoaw
B, =24521b
BIF, =0, ~Ng—250 =0 me Ve
Np= —2501b Ans. Ng <F- | l‘_ 20k
+13F, = 0; V= 2451b Ans. et
C+IMy =0; —Mg —2452(22) =0
Mg = —4901b-ft Ans.
Mg
B SF, =0 Np=0 Ans. lTllb Ne
Ve
+13F, = 0; ~307.8 = Vi =0 N
Ve = -3081b Ans.
C+ZMp=0; 307.8(4) + Mp =0

Mp= —12311b-ft = —123kip-ft Ans.




7-29.

Determine the normal force, shear force, and moment 700 Ib
acting at a section passing through point C.

SOLUTION
C+=M, =0, —800 (3) — 700(6 cos 30°) — 600 cos 30°(6 cos 30° + 3cos 30°)
+ 600 sin 30°(3 sin 30°) + B, (6 cos 30° + 6 cos 30°) = 0 Joosh
B, =927.41b
L 3F, =0 800 sin 30° — 600 sin 30° — A, = 0
A, = 1001b
+12F, = 0; A, — 800 cos 30° — 700 — 600 cos 30° + 927.4 = 0
A, =98511b
J+2F, = 0; N — 100 cos 30° + 985.1 sin 30° =
Nc = —4061b Ans.
Mc Ne
+N2F, = 0; 100 sin 30° + 985.1 cos 30° — V=0 154 ‘3/'
Ve =9031b Ans. foosk e—% Ve
T
CH+SMc=0;  —985.1(1.5 cos 30°) — 100(1.5 sin 30°) + M¢ = 0 5.1k

Mc =13551b-ft = 1.35kip - ft Ans.



7-30.

Determine the normal force, shear force, and moment 700 Ib
acting at a section passing through point D.

SOLUTION
C+IM, = 0; —800(3) — 700(6 cos 30°) — 600 cos 30°(6 cos 30° + 3 cos 30°)
+ 600 sin 30°(3 sin 30°) + B, (6 cos 30° + 6 cos 30°) = 0
B, = 927.41b
BIF, =0 800 sin 30° — 600 sin 30° — A, = 0
A, = 1001b
+TEFY =0 A, — 800 cos 30° — 700 — 600 cos 30° + 927.4 = 0
A, =98511b
+N2F, = 0; Np —927.45in30° = 0
Np = —4641b Ans.
7+3F, = 0; Vp — 600 + 927.4 cos 30° =
Vp = —2031b Ans. be &'%’7";;‘ fookt
C+EIMp =0, —Mp — 600(1) + 927.4(4 cos 30°) = 0 3;&
Mp = 26121b-ft = 2.61 kip - ft Ans. 30°



7-31.
Determine the distance a between the supports in terms of W

the shaft’s length L so that the bending moment in the
symmetric shaft is zero at the shaft’s center. The intensity of

the distributed load at the center of the shaft is w(. The

supports are journal bearings. Z E " " _'d_ ;

SOLUTION L
Support reactions: FBD(a)

Moments Function:

om0 Sl )

Ans. P a1t WY (1)




7-32.

If the engine weighs 800 Ib, determine the internal normal
force, shear force, and moment at points /' and H in the
floor crane.

SOLUTION

With reference to Fig. a,

C+3My = 0; 800 cos 30°(4) — Fac sin 30°(1.5) = 0 Fac = 3695.04 Ib

Using this result and referring to Fig. b, we have

+NIFy, = 0;  3695.04cos30° — 800sin30° — Ny =0 Ny = 28001b
+/3F, =0;  3695.04sin30° — 800cos30° — Vy =0 V= 11551b
C+3Mp=0; 800 cos30°(3.25) — 3695.04 sin 30°(0.75) — My = 0

My = 866 1b-ft

Also, referring to Fig. ¢, we can write

B 3F =0 Vy=0
+12F, = 0; Ny — 800 =0 Ny = 8001b
C+EMy =0; 800(4 cos 30°) — My = 0 My = 2771 1b-ft

Ans.
Ans.

Ans.

Ans.
Ans.
Ans.

@)

b)

o




7-33.

The jib crane supports a load of 750 Ib from the trolley
which rides on the top of the jib. Determine the internal
normal force, shear force, and moment in the jib at point C
when the trolley is at the position shown. The crane
members are pinned together at B, E and F and supported

by a short link BH.

SOLUTION
Member BFG:

5 SF =0

+ 13F, = 0;

Segment BC:

S3F =0

+T2Fy =0

Frr (2) (4) — 750 (9) + 375 (1) = 0

—B, + 265625 <g>—375 )
B, = 1750 b

3
—B, + 265625 (§> — 750 = 0

B, = 843.751b
Ne — 1750 = 0
N = 175 kip

—84375 = Ve = 0
Vo= —8441b
M + 84375 (1) = 0

Mo = — 8441b-ft

5t 3t

i 50

' G
750 Ib

Ans.

Ans.

Ans.

Fer

Tt don

Be1To0b | Mc

N Ne
Ve

It
843.75 1b

A4

By



7-34.

The jib crane supports a load of 750 Ib from the trolley

3 ft
which rides on the top of the jib. Determine the internal
normal force, shear force, and moment in the column at @@ G
point D when the trolley is at the position shown. The crane
members are pinned together at B, E and F and supported O
by a short link BH.
3ft
SOLUTION l o
—foe\A
Member BFG: Al

C+SMz=0; Fgr (%) (4) — 750 (9) + 375(1) = 0

Entire Crane:

CH+SM,y=0;  Ty(6) — 750 (9) + 375(7) = 0

Ty = 687.51b

B IF, =0 A, — 687.5-375 =0

A, =106251b
+1=F, = 0; A, =750 =0
A, =7501b

Segment AED:

3
+13F, = 0; Np + 750 — 2656.25 (g) =0

Np = 8441b Ans.
B IF, =0 1062.5 — 2656.25 (%) +Vp=0
Vp = 1.06 kip Ans.
4
C+3Mp =0, —Mp— 265625 (g) (2) + 1062.5(5) = 0
Mp = 1.06 kip - ft Ans.
94 ‘ %
- 375k
7; i “ Vs r'3,/“‘17
< N v/ ( .| -~ % F"%%‘Zﬁ ‘b
It 2ft 713
eft *
3ft
Ax Y750 Ib
A=/0625 Ib
=760 b




7-35.

Determine the internal normal force, shear force, and
bending moment at points £ and F of the frame.

SOLUTION

Support Reactions: Members HD and HG are two force members. Using method of

joint [FBD (a)], we have
BHIF =0 Fyyi €08 26.57° — Fyp cos 26.57° =
Fyp = Fyg = F
+12F, =0 2F sin 26.57° — 800 = 0
Fyp = Fyg = F = 89443 N
From FBD (b),

C+EM, = 0; C, (208 26.57°) + C, (25in 26.57°) — 894.43(1) = 0
From FBD (c),

C+EIM, = 0; 894.43(1) — C, (208 26.57°) + C, (25in26.57°) = 0
Solving Egs. (1) and (2) yields,

C,=0 C,=500N

@

2

Internal Forces: Applying the equations of equilibrium to segment DE [FBD (d)],

we have

7+ ZF. =0 Ve=0

N+2ZF, = 0; 89443 — N =0 Np = 894N
C+EMg =0, Mg =0

Applying the equations of equilibrium to segment CF [FBD (e)], we have

+/SF. = 0; Vj + 500 cos 26.57° — 894.43 = 0

Vp = 447N
N+3F, = 0; —Np—5008in2657° =0 Ny = -224N
C+3My = 0; My + 894.43(0.5) — 500 cos 26.57°(1.5) = 0

Mp = 224N-m

Ans.
Ans.

Ans.

Ans.

Ans.

Ans.

|, 2cos26-57°m

t
Frp F
2657° § 257,
q
doon &)
AC‘*} C}.
G B
K3
2657 Y
Fro=B3 434 53
5‘=59‘ k’}
-
(c) '8%
p’
g man
e
Ne
#‘/E
A




*7-36.

The hook supports the 4-kN load. Determine the internal
normal force, shear force, and moment at point A.

SOLUTION

With reference to Fig. a,

+/2F, = 0; Vi —4cosd5° =0 V4 =283kN Ans.
+NIF, = 0; N,y — 4sin45° =0 N,y = 2.83kN Ans.

C+3SM,=0;  4sin45°(0.075) — M, =0
M, =0212kN-m = 212N-m

@



7-37.

Determine the normal force, shear force, and moment acting
at sections passing through point B on the curved rod.

SOLUTION

/+3F, = 0; 400 sin 30° — 300 cos 30° + Ny = 0
Np =59.81b

+NIF, = 0; Vp + 400 cos 30° + 300 sin 30° =
Vg = —4961b

C+IMp =0 Mp + 400(2sin 30°) + 300(2 — 2cos30°) = 0
Mp = —4801b-ft

Also,

C+=ZMy = 0; —59.81(2) + 300(2) + Mz =0

My = —4801b- ft

Ans.

Ans.

Ans.

Ans.

300 1b



7-38.

Determine the normal force, shear force, and moment acting
at sections passing through point C on the curved rod.

SOLUTION
X 3F =0 A, =4001b 300 Ib
+1=F, = 0; A, =3001b

C+=ZM, =0, M, — 300(4) =0
M, =12001b - ft

21
+N2F, = 0; N¢ + 400sin 45° + 300 cos45° = 0 mm—»m_
My
N = —4951b Ans. N
J+ZF =0 Ve — 400 cos 45° + 300 sin 45° = 0
Ve = 70.71b Ans.
C+2M, = 0; —Mc — 1200 — 400(2 sin 45°) + 300(2 — 2cos45°) = 0
Mc = —15901b-ft = —1.59 kip - ft Ans.
N M
v,
Also, ‘9
0 A =400 Ib
C+=M, = 0; 495.0(2) + 300(2) + Mc =0 20 120010

Me = —15901b- ft = —1.59 kip - ft Ans. e



7-39.

The semicircular arch is subjected to a uniform distributed
load along its axis of w, per unit length. Determine the
internal normal force, shear force, and moment in the arch
atg = 45°.

SOLUTION
Resultants of distributed load:

0

0
Fre = / wo (rdf)sind = rwy(—cosf)| =rwy(l — cosb)
0 0

Fgy = Ae wq (r df) cos® = r w (sinf) : = rw (sinh)
0

Mg, = l wo (r dO) r = r* w0
At = 45°
+/2F, = 0 =V + Frycos® — Fgysinf =0

V = 0.2929 r wycos45° — 0.707 r wg sin45°

V = -=0293rw, Ans.
+NIF, = 0; N + Fgycos0 + Fg,sinf =0

N = —0.707 rwg cos 45° — 0.2929 r w sin 45°

N =—=0.707 rw, Ans.
C+EM,=0; —M +rw (%) + (=0.707 r wo)(r) = 0

M = —0.0783 r* w, Ans.

F.,,‘iaﬁﬁrufc

NP

AN

mm ﬁ( 4= 0.0,




*7-40.

The semicircular arch is subjected to a uniform distributed
load along its axis of w, per unit length. Determine the
internal normal force, shear force, and moment in the arch
at = 120°.

SOLUTION

Resultants of distributed load:

0
= rwy(1l — cos6)
0

0
Fr. = / wy (r d@) sinf = r wy(—cos 0)
0

0

0
Fgy = /wo(rde)cosezrwo(sine) = rwy (sin 6)
0 0

0
My, = /wo(rdﬂ)r = r> wy
0

At 6 = 120°,

Fry=rwy(1—cos120°) = 1.5r wy

Fry = rwgsin 120° = 0.86603 r wy

+/2EF, =0 N + 1.5r wycos 30° — 0.86603 r wysin 30° = 0
N = —0.866 r w

+NZF, = 0; V + 1.5 r wysin 30° + 0.86603 r wycos 30° = 0

V =—-15rw,

o

120
C+=M, = 0; M + FPw, (77')(

+ (—0. =
180°) (—0.866 r wy)r = 0

M = 123 rw,

Ans.

Ans.

Ans.

y
" 30°
' Fry
)(I/N N
mﬁa



7-41.

Determine the x, y, z components of force and moment at
point C in the pipe assembly. Neglect the weight of the pipe.
The load acting at (0, 3.5 ft, 3 ft) is F; = {—24i — 10k} 1b and
M = {30k} Ib - ft and at point (0, 3.5 ft, 0) F, = {~80i} Ib.

SOLUTION

Free body Diagram: The support reactions need not be computed.

Internal Forces: Applying the equations of equilibrium to segment BC, we have

SF, = 0; Vo), —24-80 =0 (V) = 1041b
SF, = 0; Ne=0

SF, = 0; Vo), —10=0 (V). = 10.01b
SM, = 0; (M), —102) =0 (M), = 20.01b-ft
SM, = 0; (Mc), —24(3) =0 (Mc), =72.01b-ft
SM, = 0; (M), + 24(2) + 80(2) — 30 = 0

(Mc), = —1781b-ft

Ans.

Ans.

Ans.

Ans.

Ans.

ft

/016




7-42.

Determine the x, y, z components of force and moment at
point C in the pipe assembly. Neglect the weight of the pipe.
Take F; = {350i — 400j} b and F, = {-300j + 150k} Ib.

SOLUTION
Free body Diagram: The support reactions need not be computed.
X
Internal Forces: Applying the equations of equilibrium to segment BC, we have F,
2F, =0 Nc +350=0 Nc = —3501b Ans.
SF, = 0; (Ve)y — 400 =300 =0 (V¢), = 7001b Ans. ; ok
7
2F, =0 (Ve), + 150 =0 (Ve), = —1501b Ans. K 4001b z
SM, = 0; (M¢), + 400(3) = 0 &
M)
(M¢), = —12001b-ft = —1.20 kip - ft Ans. 3 ¢ 1 V. ‘%’
(¥ .
I3 (Mu’J,—
M, = 0; (M¢), + 350(3) — 150(2) = 0 \
Vo),
(Mc), = =750 1b- ft Ans. ,_)/ “ ¥
SM, = 0; (M), — 300(2) — 400(2) = 0 3001 T(Mcly

1501k
(M¢), = 1400 1b - ft = 1.40 kip - ft Ans.



7-43.

Determine the x, y, z components of internal loading at a
section passing through point C in the pipe assembly. Neglect
the weight of the pipe. Take F; = {350j — 400k} 1b and
F, = {150i — 200k} Ib.

SOLUTION
2Fr = 0; Fc+F +F =0
Fc = {—170i — 50j + 600k} Ib
C,=—1501b Ans.
C, = -3501b Ans.
C, =6001b Ans.
2My = 0; Mc+rey XF +re, XF, =0
i k i j k
Mc+ (3 2 0 |+1]0 2 0 =0

0 350 —400 150  —150 —200
M. = {1200i — 1200j — 750k} 1b - ft
Mc, = 1.20kip - ft Ans.
Mcy, = —1.20 kip - ft Ans.
Mc, = —7501b - ft Ans.



744,

Determine the x, y, z components of internal loading at a
section passing through point C in the pipe assembly. Neglect
the weight of the pipe. Take F; = {—80i + 200j — 300k} Ib
and F, = {250i — 150j — 200Kk} Ib.

SOLUTION
SFr = 0; Fc+F +F =0
Fc = {—170i — 50j + 500k} Ib
C,=—-1701b Ans.
C,=-501b Ans.
C, =5001b Ans.
SMy = 0; Mc+roy XF +re, XF, =0
i j k i j k
Mc+ | 3 2 0 |+]0 2 0 |=0

—-80 200 —300 250 —150 —200

M = {1000i — 900j — 260k} Ib - ft

Mc, = 1kip-ft Ans.
Mcy, = =900 1b - ft Ans.
Mc, = —2601b-ft Ans.



7-45.

Draw the shear and moment diagrams for the overhang beam. P

Y

SOLUTION e —
I

Since the loading discontinues at B, the shear stress and moment equation must be B
written for regions 0 =< x < b and b < x =< a + b of the beam. The free-body

diagram of the beam’s segment sectioned through an arbitrary point in these two b ! “
regions are shown in Figs. b and c.
Region 0 = x < b, Fig. b P
Pa Pa :

+12F, =0 -—— =V = =—-— 1

1SF, =0 L, V=0 14 5 ) Ac=0 1

]
P P
C+IM =0, M+-"x=0 M=-"t @) N
b b ¥ b a
Ay= L2 _P(ath)
Regionb < x = a + b, Fig.c a & 5}"'2%_‘
(@
2F, =0 V-P=0 V=P 3)
C+=ZM =0; -M — Pla+b—-x)=0 M = —P(a + b — x) 4 )
<
The shear diagram in Fig. d is plotted using Egs. (1) and (3), while the moment 0 é X b
diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of moment at B x 4
is evaluated using either Egs. (2) or (4) by substituting x = b; i.e., A b
P q @

M|X:b=—?a(b)=—PaorM|x:b=—P(a+b—b)=—Pa ('b)

M_v
bL xLatb t

atb-xX
(c)
4
5
-y @ oty
b
G
M
b atb
t 4 x
P




7-46.

Draw the shear and moment diagrams for the beam (a) in P
terms of the parameters shown; (b) set P = 600 1b, a = 5 ft,
b =71t ) A A .
AZo:\ B
| ;
SOLUTION
(a) For0=x<a
. —)
+12F, =0 -V=0 | x
a+b - v
Pb =
VvV = Ans.
a+b
P
Pb
+ -0 _ - N
C+EIM =0 M- x=0 | 4 ‘>M
x v
M = rb X Ans. 41
a+b )
For a < x = (a + b)
v
Pb 2
+T2Fy:()’ a-l,-biPiV:O LYSH (////// X
fa
P 2+ b
y=-—1 Ans.
a+b
m Pbho
P
C+3IM = 0; b p—a) M =0 g
a+b
X
M =Pa-— Pa X Ans.
a+b

(b) For P = 6001b,a = 5ft,b =7 ft




7-46. (continued)

(b)

+12F, =0
ForO0=x=2m
+12F, =0
C+=M = 0;
Fo2 < x=6m
+12F, =0
C+=M = 0;

Ay6) —9(4) =0

A, =6kN
B, = 3kN
6 -V =0
V =6 kN
6x — M =0
M = 6xKkN-m
6-9-V=0
V = -3 kN

6x —9(x —2)-M=0
M =18 — 3xkN-m

Ans.

Ans.

Ans.

Ans.




7-47.

Draw the shear and moment diagrams for the beam (a) in
terms of the parameters shown; (b) set P = 800 1b, a = 5 ft,

L =121t

SOLUTION
(a) ForO0 =x<a
+1SF, =0, V=P
C+SM =0; M= Px
Fora < x < L-a
+13F, =0, V=0
C+EZM =0, —Px+Px—a)+M=0
M = Pa
ForL-a<x=1L
+13F,=0; V=-P
C+EM =0, —-M+PL—-x)=0
M = P(L — x)
(b) Set P =8001b, a=5ft, L =12ft
For(0 = x <5ft
+1SF,=0; VvV =2800Ib
C+=M =0; M =800xIb-ft
For 5ft < x < 7ft
+1SF,=0; V=0
C+=M =0; —800x + 800(x —5) + M =0
M = 4000 1b - ft
For7ft < x = 12 ft
+1SF,=0; VvV =-8001Ib
C+EM =0, —M+800(12—x)=0

M = (9600 — 800x) Ib- ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

0 |
JC
SEp—
14
< a v
" E_TL’PM "



*7-48.

Draw the shear and moment diagrams for the beam (a) in M, M,

terms of the parameters shown; (b) set M, = 500 N -m,

A A
L =8m. W

X
SOLUTION O—Fl)"‘
(a) 0 v
L 0 em
F = = — —
or() = x 3 0 |=€=P
'}
+13F, = 0; V=0 Ans. Cex
C+3IM = 0; M=0 Ans. Mmooy Lx
(f—=
F r£ <x < % l
T3 =*=73 °
_ o _ m m
+13F, =0; V=0 Ans. 0 {z 3;
C+3SM = 0: M= M, Ans. | l
A
L 5
2L O
For —<x=1L 3 3 3
3 v
+12F, =0 V=0 Ans.
Y X
C+=M = 0; M=0 Ans. !
o
(b) m
0 ¢1/] .
Set Mg = 500N-m,L =8m
8 0 X m
F0r05x<§m —L=-l‘j
0 v
+12F, =0, V=0 Ans.
C+3M = 0; M=0 Ans. 2, S00Km
B s S B
8 16
F0r§ m<x< ? m o] X v
+15F, =0, V=0 Ans. mcf 8
C+SM =0; M =500N-m Ans. ")
16 .SOON-ﬂ .SOON-
For?m<x58m O-——g{’ ‘,\l’"ﬁ
 24m | 2670 25m |
+1SF, =0; V=0 Ans. g m | Helm | 2bim 0
V(¥
C+SM =0 M=0 Ans. ’ f
0 , X
m(ﬂ-m) ’500

| B




7-49.

If L = 9m, the beam will fail when the maximum shear
force is V,.x = 5 kN or the maximum bending moment is
Mpax = 2kN-m. Determine the magnitude M, of the
largest couple moments it will support.

SOLUTION

See solution to Prob. 7-48 a.

Moo = My = 2kN-m

Ans.



7-50.

Draw the shear and moment diagrams for the beam.

SOLUTION
- Woa fo T
s : }E
10 lb 8
Mulbft
8a0 'ih-f{’
o v
v g, TV
Q . r&,’ ‘Ir__ 5t
l 10a b 4 .
LI
V{ly)

lo¢ .
J//1B7TTTT ..

mrlh-ft)

x{fe)

100 1b
800 Ib - ft

| I | fe
B F

5ft



7-51.

The shaft is supported by a thrust bearing at A and a journal
bearing at B. If L = 10 ft, the shaft will fail when the
maximum moment is My, = 5kip-ft. Determine the
largest uniform distributed load w the shaft will support.

SOLUTION
For0=x=1L
L
C+3SM = 0: —w—x+wx<f)+M=0
2 2
wL wx?
M==x=7

M = %(Lx - x2)

From the moment diagram

wL?
Mmax :T

w(10)?
5000 = <8 )

w = 400 Ib/ft

Ans.

[ Y YV V¥ ¥

o[
3




*1-52.

Draw the shear and moment diagrams for the beam. 1.5 kN/m
AP 7 o
2m
3m
SOLUTION
x M
Support Reactions: ::4 V)
tossw v
C+EM, = 0; Cy(3) —15(25)=0 C, =125kN @
+12F, =0 A, —15+125=0 A, =0250kN
1.5 (x-2) kN
Shear and Moment Functions: For 0 = x < 2m [FBD (a)],
2m [—,r—l M
+12F, =0 0250 -V =0 V = 0250 kN Ans. 'l‘)
v
C+3IM = 0; M —0250x=0 M= (0250x)kN-m Ans. 025 KNx
(b)
For2m < x = 3m [FBD (b)],
V(kN)
+13F, =0 025 -15(x—-2)-V =0 025
V = {325 — 1.50x} kN Ans. 217 «m)
, \
C+SM =0;  025x— 1.5(x — 2)<XT> -M=0 125
M = {—0.750x*> + 3.25x — 3.00} kN-m Ans.




7-53.

Draw the shear and moment diagrams for the beam. 20 kN
40 kN/m l
Al |
AR B2 C >
1 em L am J150KN'm
SOLUTION
0=x<8
+13F, =0; 13375 -40x -V =0
HO¥m 20kN
V = 133.75 — 40x Ans. U ‘ H ,L) 150kbm
X T 1
Q+EM =0; M + 40X<5) —133.75x =0 13375&N 206.25%n
M = 133.75x — 20x? Ans. im 3m
V(N l
§<x=11
138 »
+13F, =0, V-20=0 = A
k——f £V
B 33 L.g125
V=20 Ans. n () l ‘
C+=M =0; M+20(11—x)+150=0 223.6
M = 20x — 370 A © mYE F 3
= X — ns.
" A g

-210



7-54.

Draw the shear and moment diagrams for the beam. 250 1b/ft
( ‘B>
150 Ib - ft 150 b - ft
1 20 ft 1
SOLUTION
C+3M,=0; —5000(10) + B,(20) = 0 00l
S
B, =25001b A1 ) 1501t
sous |
S3F, =0 A, =0 " "13
20
+13F, = 0; A, — 5000 + 2500 = 0
250%
A, =25001b sowp o =%
”ﬁ% P
For0 =x=20ft 2,500 Y
+12F, = 0; 2500 — 250x =V =0
25040
V = 25010 — x) Ans. o i
( )lsow-ft
} T
C+ZM =0 —2500(x) + 150 + 250x(5) +M=0 2,500 2500t
M = 25(100x — 5x> — 6) Ans.




7-55.

Draw the shear and bending-moment diagrams for the beam. 50 Ib/ft

200 1b-ft

)

20 ft 10 ft —
SOLUTION
Support Reactions: 30r
M
C+EMy = 0; 1000(10) — 200 — A,(20) =0 A, = 490 1b Y |-‘)
X
4901 v
Shear and Moment Functions: For 0 = x < 20 ft [FBD (a)], T @
+13F, = 0; 490 — 50x — V =0
Vv
V = {490 — 50.0x} Ib Ans. Mic—— ) o
X

C+EIM =0; M + 50x <5) —490x =0 100 L

9.80

M = {490x — 25.0x*} Ib-ft Ans. *
~510
For 20 ft < x = 30 ft [FBD (b)],
+13F, =0 V=0 Ans.
M (Ib.f0) 2401
C+3IM =0 —200 - M =0 M =-2001b-ft Ans. I/\
X

(b)



7-56.

Draw the shear and bending-moment diagrams for beam
ABC. Note that there is a pin at B.

SOLUTION

Support Reactions: From FBD (a),

wL (L L wlL
C+EIMe = 0; T(Z) —By(*> =0 By=7
From FBD (b),

wlL wL 3wl
+T2Fy:0; Ay—T—TZO Ay:T

wL (L wlL (L wl?
+2M=0, M,——\(=—)]—-—(=)=0 M,=—
CHEM, ) <4) 4 (2) ATy

Shear and Moment Functions: For 0 = x = L [FBD (c)],

3wL
+T2Fy=O; %—wx—VZO

V=L GL—4)

3wL X wL?
+ = (- - _ ) - = _ =
C+2ZM = 0; 4 (x) wx(z) 1 M=0

w
M= (3Lx - 22° = 1)

Ans.

Ans.

N
1—‘-'-——"=V
T==
M‘,LJ"_‘ I‘J: x
% f z zZ
WL
A} %
v
L
+ WL
& L
t X
R
4
M
le
32
e~
L 3 ¢
zZ 3
-nL
4




7-57.

Draw the shear and bending-moment diagrams for each of the
two segments of the compound beam.

SOLUTION

Support Reactions: From FBD (a),

C+IM, =0; B,(12) — 2100(7) = 0

+13F, =0;

From FBD (b),

CH+IMp=0; 1225(6) — C,(8) =0

+12F,=0; D, + 91875 — 1225 = 0

A, + 1225 — 2100 = 0

Shear and Moment Functions: Member AB.

For 0 =< x < 12 ft [FBD (c)],

+13F, =0

C+IM = 0;

875 — 150x — V = 0
V = {875 — 150x} Ib
M+ 150x(§) — 875x = 0

M = {875x — 75.0x*} Ib - ft

For 12 ft < x = 14t [FBD (d)],

+T2Fy=0;

C+=M = 0;

V —150(14 — x) = 0

V = {2100 — 150x} Ib

~150(14 — x)(14; x) - M=0

M = {=75.0x* + 2100x — 14700} Ib - ft

For member CBD,0 = x < 2 ft [FBD (e)],

+T2Fy:O;

C+=M = 0;

91875 -V =0

91875x — M =0

For2ft < x = 8 ft [FBD ()],

+13F, =0

+2M = 0;

M(lp-$t)
18375

V + 30625 =0

306.25(8 — x) — M =0

M = {2450 — 306x} Ib- ft

MUbft)

V =9191b

V =3061b

B, = 12251b

A, =8751b

C, =918751b

D, = 306.251b

M = {919x} Ib-ft

2552

12 4
! !

X °

o] 2

583

\Z

=300

150 Ib/ft
bl
= ¢ = m— »
‘ ot 2ft 12 ft 4ﬁJ
18814 =2U00 Ib =225 1
2 L y % ‘ D;=O
| 1 -
7 T 55 el W eit
Ay @ % b e %t
150X 150(/4-%.)
N v /4-'):/\
Ans. L;__w lle ;\*c\f‘ H @
ETE .

Ans. /’7=875 b ()

V4 v

Ans. )

l} Me, O ”\C I‘

X 8-k
=987 Py = 3062511

Ans.

V(ib)
Ans.

5
Ans. i \ 300
[1\: K(Ft)

2 583 =

Ans.
=925
Ans.
v(ib)
91875
2 : x(ft)
0
~306:25
X (ft)



*7-58.

Draw the shear and moment diagrams for the compound
beam. The beam is pin-connected at £ and F.

SOLUTION
Support Reactions: From FBD (b),

L wlL (L wlL

+ = () ) =1 =) = =
C+EMg = 0; Fy(3> 3 (6) 0 F, 6
wL wlL wL

+T2E‘,:O; Ey‘i‘?*T:O Ey:?

From FBD (a),
g"r EMC = 0,

From FBD (c),

awL (L wL (L
+2XMp = 0; — | = —\| =) - A,(L) = A
C+SMy = 0; (L) - (L) - a0
TwL  4wL wL
+12F, =0; B +—m———=
f y =0 Y 18 3 6 0 7

TwL
+ =0; e T wx— V=
T=F, =0 g wxoVv=0
w
—§(7L_18x)
X TwL
+3M = 0; +wxl =) - ——x=
C+IM = 0; M wx(z) 8~
" 042
M—18(7Lx 9x°)
For L = x < 2L [FBD (e)],
TwL  10wL
+T2Fy=0; W'i‘T—Wx—V:O
vV =231 - 2x)
2
X TwL 10wL
+3M = 0; M + ) - —x - - L) =
C 0; wx(z) 8~ 9 (x )=20
_w 2 2
M_T8(27LX_ZOL - 9x%)

For 2L < x = 3L [FBD (f)],

TwiL
+13F, =0 V+;”—8—w(3L—x):0
w
V= L (@TL — 18x)
L L—
C+3M = 0; %(3L—x)—w(3L—x)<3 5 X)—Mzo

w

M= —
18

(47Lx — 9x* — 60L?)

w

A 13\ o) (@ e D
e B_ L\ |E F O ¢ =
L LTLTL L
3 3 3
o we Wi
e 3 wog
PR S =, U H F =0
=0 .l] '—l——_. Ee = =0 (o)
Fe o ‘_‘.-'_ Y
3’( ERE R 5 \AZ }:y
4] ~ =
N wt
E’a’ A
S S =0
Jl_Ll i
£ '5l3
M By
WK W(5L%)
SL’; /P—J
PR e
m{ 1&:___4\ &)
3L-x
7WL
%’T
Ans, wWr =
v
fi JM (e
z I=xL
Ans. WL
Ay= =/ow’L
] Bi 7
1 Uwt
oL 18
yia oW
8
Ans. ‘-I\?.i‘- ;*574-3'¢. .
Bt £\
-WL - 7L
-l;_“'T ik 8
Ans.
M ﬂhﬂ“’ v
(048 %
-%LL
L\ g
JT- ‘|- .Z] SL 41] 3‘1_ *
Ans. B \/ =t -
T
9 9
Ans.



7-59.

Draw the shear and moment diagrams for the beam.

1.5kN/m

SOLUTION
+1SF,=0; 075— %x(O.Sx) -V =0

V =075 — 0.25x°
V =0=075— 025x*
x=1732m

C+SM =0, M+ (%)(0.5 x) (x) (%x) ~075x=0

M = 0.75 x — 0.08333 x3
o075

M e = 0.75(1.732) — 0.08333(1.732)° = 0.866

0. 7S hn)

vV (kA)

- Ivm

0. 846




*7-60.

The shaft is supported by a smooth thrust bearing at A and a 300 Ib /tt
smooth journal bearing at B. Draw the shear and moment
diagrams for the shaft.
A E B
1 6 ft 6 ft 1
SOLUTION
Since the loading is discontinuous at the midspan, the shear and moment equations
must be written for regions 0 = x < 6 ft and 6 ft < x = 12 ft of the beam. The L6036 1b
free-body diagram of the beam’s segment sectioned through the arbitrary points s
within these two regions are shown in Figs. b and c. Ao - -»-]
5 —‘- L 1
Region 0 = x < 6 ft, Fig. b i
1 +ft 8ft
+12F, = 0 600 — —(50x)(x) =V =0 V = {600 — 25x%1b (1) Ay=6001b By=3001b
2 @)

C+SM =0, M+ ;(SOx)(x)<;> — 600(x) = 0

_ _ 3 .
M = {600x — 8.333x°} Ib- ft 2 L5060
X
Region 6 ft < x = 12 ft, Fig. ¢ e
A0 o l y™ |
+12F, =0 V +300 =0 V = -3001b A3 —Y OLX<6ft ()
C+3IM =0 30012 —x) = M =0 M = {300(12 — x)} Ib- ft @ hy=6001b

The shear diagram shown in Fig. d is plotted using Egs. (1) and (3). The location at
which the shear is equal to zero is obtained by setting V' = 0 in Eq. (1).

0 = 600 — 25x> x = 4.90 ft

MV
. Lo . €) Gft <XLR1t c
The moment diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of |,_,
[

the moment at x = 4.90 ft (V' = 0) is evaluated using Eq. (2).

M| —4905 = 600(4.90) — 8.333(4.90°) = 1960 Ib - ft
The value of the moment at x = 6 ft is evaluated using either Eq. (2) or Eq. (4).
M| —¢q = 300(12 — 6) = 1800 1b - ft )
6oo
[ (ft)
x
o A9
=300
&)
Mlb-ft)
0
e (800
' £(fe)
0 490 & /2

(D)



7-61.

Draw the shear and moment diagrams for the beam.

SOLUTION
Support Reactions: From FBD (a),

C+EMy=0; 9.00(2) — A,(6) =0 A, =3.00kN

Shear and Moment Functions: For 0 = x = 6 m [FBD (b)],

2

X
300 -— -V =0
4

2
V= {3.00 - Z} KN

The maximum moment occurs when V' = 0, then

+132F, =0

$2
0:3.00—? x = 3.464m

2\ x
— 3. =
M-i-<4 (3) 3.00x =0

3
M = 43.00x — —= ¢ kN-m

C+=ZM = 0;

12

Thus,
3.4643

Mmax = 300(3464) - = 6.93kN-'m

Ans.

(@

i x(m)

M(kn-m)
693

346




7-62.

The cantilevered beam is made of material having a specific
weight . Determine the shear and moment in the beam as
a function of x.

SOLUTION
By similar triangles
y_h _h
x d YT
v oL _ L[ _h
W =~V = 7(2yxt> = 'y[z(dx)xt} ey X
yht yht
+ -0 _ 2 -
1SF, =0, Vv 20 V= X
yht 2(x> yht
+3M =0 -M——x|=])=0 M=—"
¢ 0: 24 \3 6d

Ans. x
L
Ans.

4
M{



7-63.

Draw the shear and moment diagrams for the overhang beam.

SOLUTION

0=x<5m:

+1SF,=0; 25-2x—- V=0
V=25-2x

C+2M =0; M + Zx(%x) —25x=0

M =25x — x*
S=x<10m:
+T2Fy=0; 25-10—- V=0
V= -75
C+ZM =0; M+ 10(x —25) —25x=0
M= —75x—25

Vi) Mikwm)
_-_iéf‘?“” SoEM
: o ——.) 25 156
-—f——' IJ(.L ’("
- #m Fd ]
25en " s

ism .35

=




*7-64.

Draw the shear and moment diagrams for the beam.

SOLUTION

The free-body diagram of the beam’s segment sectioned through an arbitrary point
shown in Fig. b will be used to write the shear and moment equations. The
magnitude of the resultant force of the parabolic distributed loading and the
location of its point of application are given in the inside back cover of the book.

Referring to Fig. b, we have

W(]L 1<W0 2> wo ( 3 3)
+13F =0, 2 — (22 )x -V =0 V= -4 1
I2r =0 =5 =5\ )r 1212 ) ®
— 0 L(wo , X wol _ Yo (.3 4
Q‘i‘EM—O, M+§ px (x) Z —?x—O M_12L2 L’x — x (2)

The shear and moment diagrams shown in Figs. ¢ and d are plotted using Eqgs. (1)
and (2), respectively. The location at which the shear is equal to zero can be
obtained by setting V = 0in Eq. (1).

W
0= 02(L3 — 4x3>
12L

The value of the moment at x = 0.630L is evaluated using Eq. (2).

x = 0.630L

Wo

12LZ{L3(0.630L) - (0.630L)4} = 0.0394w,L>

M|, —ge0r =

W)L
_,"/ll
...... ~F 3
A0 1. 3 oy
- k) WL
L T e
b b4
(&)
(e v
F(pec)x
X/4l
---—-""""--a il

= Wpl
12 (b)
wpl L

_—\1 | X

ob30L

- L

© 4
M

0-03%4 w;L*

| x
o-e’m i

(@



7-65.

Draw the shear and bending-moment diagrams for the beam. 300 N/m
APES
O B
! 3m 4m
SOLUTION ZOKY 45N 3004) - 200w
Support Reactions: From FBD (a), ermmean T ;
Ay - : ! !
— ]
C+=Mp =0 Ay (3) +450(1) — 1200(2) = 0 A, = 650N > “ )
2m  Tim[ zm T 2m |
Shear and Moment Functions: For 0 = x < 3 m [FBD (b)], A} B}G"—)
+12F, =0 —650 — 50.0x* =V =0
V = {-650 — 50.0x’} N Ans. +(100£)(x.)=50.0 X*
C+3M =0; M + (50.0x2)(§> +650x = 0 o)
M = {—650x — 16.7x>} N-m Ans. 1% {35
Afésoﬂ
For3m < x = 7m [FBD (¢)],
+13F, = 0; V —300(7 — x) =0 300(7-X)
V = {2100 — 300x} N Ans. 2x —v—?.__’ .
AN A
7 - € M
C+3IM =0; ~300(7 — x)(Tx) -M=0 CT::l
7-X
M = {-150(7 — x)’} N-m Ans.
V(N)
1200

,\’ X,(m)
7

-+

7
+—y.(m)

-2400




7-66.

Draw the shear and moment diagrams for the beam.

SOLUTION
Support Reactions: From FBD (a),

4 \3 2 \2 Y3

C+SMy = 0; WL<£>+W—L<£)—Ay(L)=O A, ="k

Shear and Moment Functions: For 0 = x = L [FBD (b)],

wL w 1/ w
+ =0 T - o = — =
TZFy 0; 3 2x 2(2Lx)x |4
- W a2 _ 2,2
|4 12L(4L 6Lx — 3x°)

The maximum moment occurs when V' = 0, then

0=4L% — 6Lx —3x*> x = 05275L

1/ w X wx [ x wlL
Q-i—EM = O, M + 5(ix>x<§) + 7(5) - ?(x) =0

w
M = ——(4L%* — 3Lx* — x*
1o (47 = 3Lxt = )
Thus,
Mooy = —1;”L [4L2(0.5275L) — 3L(0.5275L)% — (0.5275L)%)

= 0.0940wL>?

Ans.

Ans.

Ans.




7-67.

Determine the internal normal force, shear force, and
moment in the curved rod as a function of 6, where

0° =6 = 90°.

SOLUTION

With reference to Fig. a,

C+XM, = 0; B,(2r) — p(r) =0

B, = p/2

Using this result and referring to Fig. b, we have

SF, =0 gsine—V=O
EFyr:O, gcosﬁ—NZO
C+EIM =0; B[r(l—cos@)]—M

2

V= gsin 0 Ans.
N = gcos 0 Ans.
pr
=0 M = 7(1 — cos 6) Ans.

fx




*7-68.

Express the x, y, z components of internal loading in the rod z
as a function of y, where 0 = y < 4 ft.

800 Ib /1t

SOLUTION

For0 =y = 4ft

2F, =0 V.= 15001b = 1.5 kip Ans.
2F, =0, N, =0 Ans.
SF, =0 V,=800(4 —y)lb Ans.
M, =0 M, — 800(4 — y)(%) =0
M, = 400(4 — y)*Ib-ft Ans.
SM, = 0; M, + 1500(2) = 0
M, = —30001b-ft = —3kip-ft Ans. 15006
M, = 0; M, + 15004 — y) = 0
M, = —1500(4 — y) Ib- ft Ans.



7-69.

Express the internal shear and moment components acting
in the rod as a function of y, where 0 = y = 4 ft.

SOLUTION
Shear and Moment Functions:
2F, =0 V,=20 Ans.
SF,=0;, V,—4(4—y)—800=0
V,= {240 — 4y} 1b Ans.

SM, = 0; Mx—4(4—y)<4;y) — 8004 — y) =0

M, = {2y* — 24y + 64.0} Ib- ft Ans.
M, =0 M, —8.00(1) =0 M, = 8.00Ib-ft Ans.

M, =0 M,=0 Ans.



7-170.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:
C+IM,=0; B,(8) — 4(7.25) — 4(6.25) — 2(4.25)
—2(325) — 2(2.25) — 2(1.25) = 0
B, = 950 kN
+13F,=0; A, +950-2-2-2-2-4-4=0

A, = 650kN

2kN 2

2

bl

AP

L ) |

I | I
1.25mIm Im 1m Im 0.75m

2 KN QKN 2KA KA 4iN 4 RN

LT

»
125mimimim [ 2m |im | -0 75m

,47,5'50 kN 5,:9.50 kN

650

V(kd)

450
2:50
050 625 7f5 8o

M

= - x(m)

125 205 315

KN-m
) TG
12625 12.625

8125, 7125

1 ! L i ! L ﬂm)

o

125 218 335 408 625 74560




7-71.

Draw the shear and moment diagrams for the beam.

SOLUTION
TT 12kN-Mm
e -
F -
375N j{ 3.25KN
}( 2m am Lm i
v(kN)
31
o W/ ) X
IS YV

/@
%X

7kN
l 12kN - m
:‘&;— ———— ;\I?'—' — E— )
—o




*1-72.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:

C+3IM, =0 FC<2)(4) ~500(2) — 500(1) =0  Fo = 625N

3

+13F, =0 Ay+625<5

)—500—50020 A, = 625N

 /
500 N
R50(2) =5
(2)=500N Foeoisa
= Y
L )
' |
m | Im 2m il
M625N 500N
VIK)
625
125 .
0 2] Klm)
=375
M(N-m)
750
] : =X (m)



7-73.

Draw the shear and moment diagrams for the beam.

SOLUTION

20k W 0%

20 kip 20 kip
4 kip/ft
; -
A =0 B alla’
Llet 30 ft 15 ft ——|




7-74.

Draw the shear and moment diagrams for the simply-

supported beam.
Wo

2wy

SOLUTION

] ] ] X
LA L
Moment Afa; ram

(c)

L2



7-75.

Wo

Draw the shear and moment diagrams for the beam. The

support at A offers no resistance to vertical load. A g

SOLUTION |

Mement dfﬂf“‘"’
(¢)




*7-76.

Draw the shear and moment diagrams for the beam. 10kN
2 kN/m
Y
A @
_L._ — 0B
Sm 3m 2m—
SOLUTION
Support Reactions:
2(5)=10-0 kil 10 kn
C+ZM,=0; B,(10) —10.0(2.5) — 10(8) = 0 B, = 10.5kN
+T2Fy=0; A, +105-100-10=0 A, = 950kN l’l —
| 1
' 25m|  S5m TZm
hyz9so By=105 ko
V(Kd)
950
\F .
o +j5 050 xm)
=050
M (kN-m) ,
2
N\ 225
. 20
0 41 If5 )




7-71.

The shaft is supported by a thrust bearing at A and a journal
bearing at B. Draw the shear and moment diagrams for the
shaft.

SOLUTION

300(+5)N 600N

Y ~

E— i___._._- 300 Nm

r o75m ’0-75m ofsm Ta./gm’l

/4?"'737-5/\( By=312-51\/
(@)
V(N)
7315
\257.5
f o
;) 5 T JCCm )
=72
shear dia gram
)
M(Nm)
769
) 534
234
= { | — x{(m)
Za 225 3
Moment d,afmm

)

JE

600 N
300 N/m
v 3\00 N'm
-
1.5m 0.75 m—~~0.7

B
5 m—|



7-78.
Draw the shear and moment diagrams for the shaft. The

support at A is a journal bearing and at B it is a thrust
bearing.

SOLUTION

ol 100 IR '
m% 46 1 m::;)soom\
3751 l25mh

Vi)

175
. x(M
m%%—

-225

m L Y

2.5

RTLZT7777 (4t
AM /
AL, 375 - 300

200 Ib 100 Ib /ft
lSOO Ib - ft
‘ A Y y B )
~— 1ft 4 ft 1ft 4



7-79.

Draw the shear and moment diagrams for the beam. 8kN
15kN/m
20kN - m
\
T/’ —o_ 3
}-72 m—}1m 2m— 3m
SOLUTION
BN
i l 15 kN/m
by

f *’l t
143 kN 67.3kN
Zm Im 2m 3m

VRN P
»?‘,%A

o -7 d
143 — 223
M (kN-m) | I

-3.6 I
0] x
~28.6




*7-80.

Draw the shear and moment diagrams for the compound

supported beam.

SOLUTION

SkN

3kN/m

Moment dr?ffm»?
)

= 3 | x(m)
K5 \ Z 2.5
=/[&
Shear a//&fmm
(¢)
M (kn-m)
375
3 (4
= 1l } T X M)
75
2l



7-81.

The beam consists of two segments pin connected at B.
Draw the shear and moment diagrams for the beam.

SOLUTION

Toow 1504,

9,400 ¢ .
¢ l & m )%vv»b ft
a5t a WG f

f

108670 300670
1

53.33 b

V()
Le17
11

77

= 9,400

700 1b

150 Ib/ft

(@

4 ft

6 ft

800 1b - ft



7-82.

Draw the shear and moment diagrams for the overhang
beam.

SOLUTION

-2

/4
Shear d;aﬁmm
(b)
M(KN-m)
18
[R5 12




7-83.

The beam will fail when the maximum moment is
M .x = 30 kip - ft or the maximum shear is V,,, = 8 kip.
Determine the largest distributed load w the beam will
support.

SOLUTION
Vonax = 4w; 8 =4w
w = 2 kip/ft
M,,.c = —6w; =30 = —6w
w = 5 kip/ft

Thus,w = 2 kip/ft

=0
gl \
6 ft ‘ 6 ft ‘
[T

Ans.




*7-84.

Draw the shear and moment diagrams for the beam. 50 Ib/ft

AZB:
B == C
|

9 ft } 4 ft —
SOLUTION
Solhfy
IA—.DM“’&
T 95 ’[nm
S278 halh
V(lﬁl
o
D-'——H
{u-fr) I’m 2
T
/’(/-.1/
L -2p




7-85.

Draw the shear and moment diagrams for the beam.

SOLUTION
2 kN 2 kMo,
15 h4. j\’\!\//ﬂ/
f AN
Viaps 2" 3
3
/. X
W (4N m)
X
W=
17

2 kN/m

2 kN/m

18 kN'm
[
QA




CLI T Ty

Draw the shear and moment diagrams for the beam.

\
| L |
SOLUTION
Support Reactions: AL e
L W()L 4L
C+=M, = 0; By(L) — WOL(?) - T(?) =0 :r*“—“--_“:\\ |
1 r ! ~<
_ L e
y 6 {g T T
z z 3
TwoL L WL e
+12F, = 0; A, T L - W%:O A}’T & Eer—
W()L
Ay =——
y
3 Vv
w
F2
i
3 \ [\
o] | L !
B
20
)
M

Wi~ _>&'§
&t
T+t




7-87.

Draw the shear and moment diagrams for the beam.

SOLUTION

Support Reactions:

L L
C+SM, =0, M, —WL<L) —WL(z—L) -0

2 \4 4 \3
~ Twol?
AT 24

L wl 3wl
+13F =0, A, - Mg 4 =T

Wo

L
2
2 3WL T
A74LL ’
(1=
]
LWL T 5
M 5 A
"
3wt
4+ we
4
0 t
L
b
L
9 Z
_nL*
24
_7m?
pra




*7-88.

Draw the shear and moment diagrams for the beam.

SOLUTION
w W
st (TD]:EDDDQ
wL
2
L L
v : ’
2 s/
0 /[ HITS
m
0
/P T
2%

L2




7-89.

The shaft is supported by a smooth thrust bearing at A and a
smooth journal bearing at B. Draw the shear and moment
diagrams for the shaft.

SOLUTION

300N

100(3)N

+(0o)@IN

~
-~
~—.

A? =I150N

- Ll
Em 1-9mflm

@)

V(N)

150

%zéooﬂ

hs 20 6

[?) u
200 —450
Shear d:?:zgram
(b)
MCN-m)
12-5
o 15 '
=300
-450

Moment a{a/ram

©)




7-90.

Draw the shear and moment diagrams for the overhang beam. 6 kN

SOLUTION

The maximum span moment occurs at the position where shear is equal to zero
within the region 0 = x < 6m of the beam. This location can be obtained using the
method of sections. By setting V' = 0, Fig. b, we have

1/1 1
+13F, =0, 45— 5 (Ex)x - 5(6 - x)(x)=0 x=176m Ans.

Using this result,
1 1.76 1 2
+3IM = 0; Ml ic176m + 56 = 1L76)(176)( == ) + 7 (176)(1.76)| 3 (1.76) | — 45(1.76) = 0

M|x=1.76m =373kN'm

V(KN)

G

4.5 \
x{m)
1.7\" 75
—4.5

Shear dia g ram
«)
M(KN-m)
3.73
¢ 15
} } ! sxlm)
1.76
-9




7-91.

Draw the shear and moment diagrams for the overhang

beam.

SOLUTION

300(3)1b —(500)(3) b Goolb

r"‘"" "'""'"T‘-.

h 4

4

"eﬂ’l‘: Sﬂ% “"f*II: 3ft ’I 4‘90 ot

A7=900 lb By=/050 Ib
(2
\/ (Ib)
eoo
2 N : x(fe)
9
450
0
¢ Shear d;aﬁ/am
(b
M(lb.fe)
3 e 9
= ! : —x()
...4_50
/350
-2250
momant a’ﬁyrdm

600 1b

300 Ib /ft l

B
L3 ft ——3 ft—»L3ftJ

450 Ib-ft
»




*7-92.

Draw the shear and moment diagrams for the beam. 5 kip/ft
15 kip - ft h’\v\ﬁ Kip - ft
Y
| : N | )
L6ft 10 ft 6 ft—]

SOLUTION
Support Reactions: From FBD (a),

C+=M,=0;  B,(10) + 15.0(2) + 15 = 50.0(5) — 15.0(12) — 15 =0
B, = 40.0 kip
+12F, = 0; A, +40.0—-150-500-150=10

A, = 40.0 kip

Shear and Moment Diagrams: The value of the moment at supports A and B can be
evaluated using the method of sections [FBD (c)].

C+SM =0; M+150Q2)+15=0 M = —450kip-ft

FoI)150kp 309-200kP Lreigl /50K
15Kipft -4 | B NI
(t '
—
RO S | SR |2H 4

Ay =400 kip by=40-0 KiF

s)6)=l50kip

Y
]

5 r-‘rér b

l +H 'zi" Vv

t

V(kip)
250

'\4 Iro\
5 ) T e
=150

“25-0

M (Kip-fe)

175

¢ m '{' If"x(f“

] ! 1 ""
-ls-ol-\/ \/4/50
N -450 ~450



7-93.

Draw the shear and moment diagrams for the beam. 2 kip/ft
m A vy
A
1 kip/ft I
| 15 ft
SOLUTION

Shear and Moment Functions: For 0 = x < 15 ft

5

+13F, =0, 1x—-x/15-V =0 v M
V ={x — x¥*/15)N Ans. "‘/ft [V

=

C+=M =0; M + (¥*/15) (g) — 1x(x/2) =0

M = {x*/2 — ¥’/45) N-m Ans.
v (kip 375
I/>\ .
75
M (kipf) 375

x(ft)




7-94.

Determine the tension in each segment of the cable and the
cable’s total length. Set P = 80 1b.

SOLUTION
From FBD (a)
C+=M, =0; Tgp cos 59.04°(3) + Typ sin 59.04°(7) — 50(7) — 80(3) = 0
Tgp = 78.1881b = 782 1b Ans.
X 3F =0 78.188 c0s 59.04° — A, =0 A, = 40227 1b I Y- Aft 3
+TEFX =0 A, + 78.1885sin 59.04° — 80 — 50 = 0 A, =629551b
Joint A: A
£ 3F, =0 Tyc cosdp — 40227 = 0 ) 3k | 4t Tep
Ae 7
+13F, = 0; —T e sing + 62.955 = 0 2 =
. |3t
Solving Egs. (1) and (2) yields: ot ¥
¢ = 57.42°
T, = 74.71b Ans. J 501b
0lb
Joint D: (
a)
5 2F, = 0; 78.188 cos 59.04° — Tepcosf = 0 3) y
+13F, = 0; 78.188 sin 59.04° — Tpsind — 50 = 0 @) Jl 443%2-955 Ib
3
Solving Egs. (3) and (4) yields: A
< X
0 = 22.96° A=40-22] 1b @
TCD =43.71b Ans. Z;C
(b)
Total length | = > + 4 + 5 = 15.7 ft Ans,
of the cable: sin 59.04°  cos 22.96°  cos 57.42° y

Tey=76-168 b




7-95.

If each cable segment can support a maximum tension of
75 1b, determine the largest load P that can be applied.

SOLUTION 3 ft— 41t 3t
C+3=M, =0; —Tgp (cos 59.04°) 2 + Typ (sin 59.04°) (10) — 50(7) — P (3) = 0 Ay ~
Typ = 0.39756 P + 46.383 2+ ]
A 5
+£3F, = 0; “ A, + Tppcos 39.04° = 0 2
+13F, = 0 A, — P — 50 + Typsin 59.04° = 0 , ng

Assume maximum tension is in cable BD.

T e
?

Typ = 751b
P =71.981b
A, = 38591b
A, =57.6701b

Pin A:

Tae = V(38.59)* + (57.670)* = 69.391b < 751b OK

0 = tanfl(M) = 56.21°

38.59
Joint C:
23914
XIF =0; Topcosd — 69.39 cos 56.21° = 0 Tep
+13F, =0 Tepsing + 69.39sin 56.21° — 71.98 = 0 S6.2° #
<
Tep =4121b < 751b  OK
¢ = 203° 71984

Thus, P =7201b Ans.



*7-96.

Determine the tension in each segment of the cable and the
cable’s total length.

SOLUTION
Equations of Equilibrium: Applying method of joints, we have
Joint B
4
BIF =0; Fgccos§ — F A<> =0 1 10016
2 B B \/675
7 . ¥
+12F, =0 Fgal —= ) — Fpesin — 50 =0 )
V65 Foa
Joint C , LI"'G
- 2F, = 0; Fepcos¢p — Fpecos =0 3) 45 5 X @
+12F, =0 Fyesin@ + Fepsing — 100 = 0 ) )
AC
Geometry: 5016
sin0:L 0050:; Y
Vy? + 25 Vy? + 25 E,
Fac
. 3+y 3
singg = ————— cosp=——+——— g ¢
Vy?* + 6y + 18 Vy* + 6y + 18 = X 6
Substitute the above results into Egs. (1), (2), (3) and (4) and solve. We have
Fpc = 46.71b Fp, =83.01b Fep =88.11b Ans. ,ot b
y = 2.679 ft
| 3%t f
The total length of the cable is 2
#
= V7 + 4+ V52 + 2679 + V32 + (2679 + 3)
=202t Ans. Skt 3t
Y e A A t




7-97.

The cable supports the loading shown. Determine the

horizontal distance xp the force at point B acts from A. Set
P =401b.
5ft
SOLUTION 8 ft
AtB
-3 2 ft
B IF, =0 40— —B 1B 7,0 !
Vi +25 0 Nag -3t 6d -
5 8
+15F, =0, Tag — To- =0
’ Vi +25 % NV -3P+64C
13xp — 15
7y =200 a) T
V(xg —3) + 64 NG -
AtC . o3
Be.
4 xg — 3 3
B 3F, =0 7(30)+B—TBC—7TCD:0
! 5 V(xg — 3 + 64 V13
8 2 3 loc
+12F, = 0; Tpe — Tep —=(30) =0 ¢
' (cp—32+64 C Vi3 P s Tft{;"
P 3,
30 — 2xp otk
TBC =102 (2)

Vi(xg — 3% + 64
Solving Egs. (1) & (2)

13x; — 15 200
30 — 2xp 102

xg = 4.36 ft Ans.



7-98.

The cable supports the loading shown. Determine the
magnitude of the horizontal force P so that xz = 6 ft.

SOLUTION
AtB
5 3F, = 0 —%AB—%TBC—O
+13F, = 0; \/56—1 AB—%TBC 0
5P—%TBC=O )
AtC
5 SF =0 %(30)4‘ \;ETBC_%TCD:O
+12F, = 0; %Tmf%mr%(m):o
%TBC:WZ (2)

Solving Egs. (1) & (2)

63 _ 5P
18 102

P=7141b Ans.



7-99.
If cylinders E and F have a mass of 20 kg and 40 kg,

respectively, determine the tension developed in each cable
and the sag y .

SOLUTION

First, T 4 ; will be obtained by considering the equilibrium of the free-body diagram
shown in Fig. a. Subsequently, the result of 7, will be used to analyze the
equilibrium of joint B followed by joint C. Referring to Fig. a, we have

C+=M, = 0; 40(9.81)(2) + 20(9.81)(4) — TAB(%)(l) - TAB(%)M) =0

Typ = 413.05N = 413N

Using the free-body diagram shown in Fig. b, we have

3
K SF, = 0; Ty cosf — 413.05(5) =0
4
+13F, = 0; 413.05(5) —20(9.81) — Tpesin = 0
Solving,
6 = 28.44°

Tpe = 281.85N = 282N

Using the result of § and the geometry of the cable, y . is given by

ye — 2
2
ye = 3.083m = 3.08 m

= tan 6 = 28.44°

Ans.

Ans.

Ans.

Using the results of y, 6, and T~ and analyzing the equilibrium of joint C, Fig. c,

we have
X5 2F. = 0; Tcp cos 46.17° — 281.85 cos 28.44° = 0
Tcp = 357.86 N = 358 N
+T2Fy =0 281.85 sin 28.44° + 357.86 sin 46.17° — 40(9.81) = 0

Dy

N

Tas e
5
IX

Y
20980N
40(9.80)N

()

Ans.
(Check!)
%
7;8 =4B'ﬁ5N
f_
3
B g -
Tee
W
R0(981N
(b) o
The 28185 Te
% ¢ x
2044 fan™ (‘iﬁ&—" e =1)
¥ =467"
40(9:81)

(¢)



*7-100.

If cylinder E has a mass of 20 kg and each cable segment can
sustain a maximum tension of 400 N, determine the largest mass

of cylinder F that can be supported. Also, what is the sag y-?

SOLUTION

We will assume that cable AB is subjected to the greatest tension, i.e., T4 5 =400 N.
Based on this assumption, M, can be obtained by considering the equilibrium of the
free-body diagram shown in Fig. a. We have

.

3 4
C+2IMp =0; Mp(9.81)(2) + 20(9.81)(4) — 400(§>(1) - 400(5)(4) =0
Mg = 37.47 kg Ans.
Analyzing the equilibrium of joint B and referring to the free-body diagram shown
in Fig. b, we have
= 0”
N 3 T= | 2Zm
S5 3F, =0; Tpe cos — 400( - ) =0 \
5
A im 104

+13F, = 0; 400(5) — 20(9.81) — Tc sinf = 0
Solving,

0 = 27.29° A ) N

0(9-H!

Tpe = 270.05N 20098
Using these results and analyzing the equilibrium of joint C,
5 2F. = 0; Tcp cos¢p — 270.05 cos 27.29° = (.a')
+T2Fy =0 Tcp sing + 270.05 sin 27.29° — 37.47(9.81) = 0
Solving,

¢ = 45.45° Tep = 34211 N

ep Tre=400N

By comparing the above results, we realize that cable AB is indeed subjected to the
greatest tension. Thus,

My =375kg Ans.

Using the result of either 6 or ¢, the geometry of the cable gives

Ye 2 = tan6 = tan 27.29°
ye =3.03m Ans.
or
_ %4
ycz L ane — tandsase
Yo =3.03m Ans.  Tp =270-05N Tin
M x
¢
0=2]Y4
Y
37.47(980N



7-101.

The cable supports the three loads shown. Determine the

sags y, and y, of points B and D and the tension in each
segment of the cable.

SOLUTION

Equations of Equilibrium: From FBD (a), 121t | 20 ft 15 ft —-12 ft

VB 12
C+IMp=0; —Fup — Fap (yp +4)
Vys + 144 Vys + 144

+200(12) + 500(27) + 300(47) = 0
47yp 12(yp + 4)
Fapl ——————| = Fap| ———=| = 30000 )
Vyh + 144 y3 + 144
From FBD (b),
VB 12
CH+EMc=0; —Fu 5| —————120) + Fap5| ————|(14 — yp) @)
PUNE T 144 PINGE + 144 ?
+300(20) = 0
Fapl —————=| — Fas| ———==| = 6000 ¥
A Vyj + 144 A y3 + 144
g To14718
Solving Egs. (1) and (2) yields 323"
204t T
yp = 87921t = 879ft  F,p = 787.471b = 7871b Ans. ) g =
Be
Method of Joints: ¥ ¥ 300 1
Joint B
K SF, =0; Fpecos14.60° — 787.47 cos 36.23° = 0 For sb5640 J-V'I'-_——M%-f;:;
Fpe = 656.401b = 656 1b Ans. ngﬁ"x
+1SF, = 0; 78747 sin3623° ¢
— 656.40 sin 14.60° — 300 = 0 (Checks!) ¥ 500
Joint C

15
HKSF, =0; Fep — 656.40 cos 14.60° = 0 A3)
\Vy3 + 28yp + 421

¥
foe
14 — A“’f
+1SF, = 0; YD > "

Fep + 656.40 sin 14.60° — 500 = 0 (4) 17
Vyp — 28yp + 421

o 271795 th
Solving Egs. (1) and (2) yields

yp = 6.099 ft = 8.79 ft Fep =717951b = 7181b Ans.
Joint B

N 2F,=0; Fpgcos40.08° — 717.95 cos 27.78° =
Fpr = 830.241b = 8301b Ans.
+1 2F, = 0; 830.24 sin 40.08°
—717.95 sin 27.78° — 200 = 0 (Checks!)



7-102.

If x =2 ft and the crate weighs 300 Ib, which cable segment
AB, BC, or CD has the greatest tension? What is this force
and what is the sag y z?

SOLUTION

The forces F; and F - exerted on joints B and C will be obtained by considering the
equilibrium on the free-body diagram, Fig. a.

+2ZMg = 0; Fe(3) —3002) =0 Fc=2001b
+3XMp = 0; 300(1) — Fg(3) =0 Fg = 2001b
Referring to Fig. b, we have
+2EM, =0 Tep sin45°(8) — 200(5) — 100(2) = 0
Tep = 21213 1b = 212 1b (max)
Using these results and analyzing the equilibrium of joint C, Fig. ¢, we obtain
£ 3F, = 0; 212.13 cos45° — Tyecos = 0
+T2Fy =0 Tpesinf + 212.13 sin45° — 200 = 0
TAB = TCD =2121b (max) Ans.

Solving,
Tge = 158.111b 0 = 18.43°
Using these results to analyze the equilibrium of joint B, Fig. d, we have
5 >F. = 0; 158.11 cos 18.43° — T4gcos¢p = 0
+T2Fy =0 Typsing — 100 — 158.11 sin 18.43° =
Solving,

¢ = 45°

Typ = 21213 1b = 212 1b (max)

Thus, both cables AB and CD are subjected to maximum tension. The sag y is
given by

% = tan¢ = tan45°

yg = 2ft Ans.

it

(b)

Tep=2/2131b

(o

¢Z 9=/8.43° .

F=r001b ¥ Tec=l56:1 1b
(d)




7-103.

If y, = 1.5 1t, determine the largest weight of the crate and
its placement x so that neither cable segment AB, BC, or
CD is subjected to a tension that exceeds 200 Ib.

SOLUTION

The forces F and F exerted on joints B and C will be obtained by considering the
equilibrium on the free-body diagram, Fig. a.

CHIMy=0; Fe(3) — w(x) =0 Fe="3
C+3Mp=0; w3 —x) — Fz(3) =0 FB:%(S—x)

Since the horizontal component of tensile force developed in each cable is
constant, cable CD, which has the greatest angle with the horizontal, will be
subjected to the greatest tension. Thus, we will set T, =200 Ib.

First, we will analyze the equilibrium of joint C, Fig. b.

£ IF, =0,  200cos45° — Tpecos26.57° = 0 Tye = 158.11 1b
. . wx
#ISF =0, 200sin45° + 15811 5in2657° = = 0
% = 212.13 M)

Using the result of T - to analyze the equilibrium of joint B, Fig. ¢, we have

4
£ SF =0;  158.11c0s26.57° — TAB(g) =0 Tap = 17678 1b

3
+13F, = 0; 176.78(§> — 158.11 5in 26.57° — %(3 —x)=0

%(3 — x) = 3536 @)
Solving Egs. (1) and (2)

x = 2.57ft w = 247 1b Ans.

i

E 7
A

3-X

2657

J TB‘=/55'” ,b
F=33)
@)




*7-104.

The cable AB is subjected to a uniform loading of 200 N/m.
If the weight of the cable is neglected and the slope angles
at points A and B are 30° and 60°, respectively, determine
the curve that defines the cable shape and the maximum
tension developed in the cable.

SOLUTION
- 200dx | d
y = FH x | dx
1 2
y = 7(100)( + C1X + Cz)
Fy
dy 1
—= = —(200x +
dx FH( 00x + C)
Atx =0, y =0
dy
Atx =0, — = tan 30°;
dx
1 2
y = —(100x~ + Fj tan 30°x)
Fy
dy
Atx = 15m, —— = tan 60°;
dx
y = (38.5x% + 577x)(107) m
0,0 = 60°
F 2
Ty = ——— = 9B _ s196N

cos 0,  cos 60°

Tpux = 520kN

B
%
60°
y //
/
A wr
X
‘ ‘200 N/m
G =0 b
)
30"
Ci = Fy tan 30° T g,
K————;-;m—"‘

Fy = 2598 N

Ans.

Ans.



7-105.

Determine the maximum uniform loading w, measured in
Ib/ft, that the cable can support if it is capable of sustaining
a maximum tension of 3000 Ib before it will break.

SOLUTION
1
y—TH (/wdx)dx
d
Atx=0, Y =9 s
dx .
t o! ﬁ-j_m
Atx=0,y=0 : o
S0%
C,=C,=0
L)
Y

Atx =251ft, y=61ft Fy = 5208w

d
el = tanb,,,, = v

—QX
dx max FH x=25ft

Opmax = tan~1(0.48) = 25.64°

Fy
T ax = = 3000
€08 0,4
Fy =27051b

w = 51.91Ib/ft Ans.



7-106.

The cable is subjected to a uniform loading of w = 250 Ib/ft.
Determine the maximum and minimum tension in the cable.

SOLUTION
From Example 7-12:

woL> 250 (50)*

Fy = = =130211
B 8h 8 (6) 302116
ERETAL) L) 4 ( 250 (50) ) B .
= = ) = 25.64
0,nax = tan <2FH tan 2(13 021) 5.6
F
Tmax = - = 13021 =144 klp

c0s 0,,,c  C€Os 25.64°

The minimum tension occurs at = 0°.

Tmin = FH =13.0 klp

50 ft

Ans.

Ans.




7-107.

Cylinders C and D are attached to the end of the cable. If D
has a mass of 600 kg, determine the required mass of C, the
maximum sag & of the cable, and the length of the cable
between the pulleys A and B. The beam has a mass per unit
length of 50 kg/m.

SOLUTION

From the free-body diagram shown in Fig. a, we can write
C+=M, =0; 600(9.81) sin0z(12) — 600(9.81) cos 65(3) — 50(12)(9.81)(6) = 0
0p = 43.05°
X 3F =0 600(9.81) cos43.05° — m(9.81) cosf, = 0
+T2Fy =0 me(9.81) sin6, + 600(9.81) sin 43.05° — 50(12)(9.81) = 0
Solving,
me = 477.99 kg = 478 kg Ans.
0, = 2347° Ans.

Thus, Fy; = Tp cosfp = 4301.00 N. As shown in Fig. a, the origin of the x — y
coordinate system is set at the lowest point of the cable. Using Eq. (1) of Example 7-12,

wy ,  50(9.81)
y = — X" = ——X
2Fy 2(4301.00)
y = 0.05702x>

Using Eq. (4) and applying two other boundary conditions y = (& + 3) m at x =x,
andy=hat x = —(12 — x,), we have

h + 3 = 0.05702x,’
h = 0.05702[— (12 — xo)]?
Solving these equations yields

h =0.8268 m = 0.827 m Ans.
Xg = 8.192m

The differential length of the cable is

d 2
ds = Vdx* + dy* = /1 + <£) dx = V1 + 0.01301x% dx

Thus, the total length of the cable is

8.192
L= /ds = / V1 + 0.01301 x?

3.808 m

8.192m

= 0.1140 \V'76.89 + x?dx
—3.808 m
1 8192 m
= 0.1140{5 {x\/76.89 + x% + 76.89 1n<x + \V76.89 + xz)}}
—3.808 m

=132m Ans.

12m

o9
x . T=600(980N
& ” g
h=m.(48) B
3
4 A1 1"
/f
\\ A b .
111
I o
e
m L 4 il
50(12)(4.80N
(a)



*7-108.

The cable is subjected to the triangular loading. If the slope
of the cable at point O is zero, determine the equation of the
curve y = f(x) which defines the cable shape OB, and the
maximum tension developed in the cable.

SOLUTION

y = FLH/(/w(x)dx)dx
= %H/(/%xdx)dx

1 50 ,
= — [ (&2 +
FH/( 3 ¥ Cdx

1 50
= Fif[(g)ﬁ + Cix + Cz)

d C
@ _30 ., 4
dx 3FH FH

atx=0, -—=0 C =0

atx = 0, y=20 G =0

50

YT oR,

atx = 15ft, y = 8ft Fy = 2344 1b

y = 237(1073)x°

ﬂ = tan 6 = & x2
e 3(2344) x =151t

dx max
0pae = tan 1(1.6) = 57.99°

Fy 2344
T o = = = 4422 1b
MO 08 Opyay COS 57.99°

Tax = 442 kip

AN

]

500 Ib/1t 500 Ib/ft
15 ft 15 ft
3
] s
Aresssiy
S004r
159
Ans.
Ans.



7-109.

If the pipe has a mass per unit length of 1500 kg/m, \ 30 m |
determine the maximum tension developed in the cable.

SOLUTION

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point
of the cable. Here, w(x) = w, = 1500(9.81) = 14.715(10%) N/m. Using Eq. 7-12,
we can write

1
y = FH (/wodx)dx

1 (14715(10%)
= FH fx +cx + o

d
Applying the boundary condition o 0 at x =0, results in ¢;= 0.

dx
Applying the boundary condition y =0 at x =0 results in ¢, = 0. Thus,
7.3575(10°
y = 13971300) 15m sm___)\
Fy ?
Applying the boundary condition y =3 m at x = 15 m, we have 3mx
7.3575(10°) s
3=——17+-"75) Fy = 551.81(10°) N
Fy
Substituting this result into Eq. (1), we have (_ﬁz )

dy
— = 0.02667x
dx

The maximum tension occurs at either points at A or B where the cable has the
greatest angle with the horizontal. Here,

dy

Opax = tan™! (a

): tan™! [0.02667(15)] = 21.80°

15m

Thus,

Fy  551.8(10°)
COS Onax " c0s21.80°

= 594.32(10°) N = 594 kN

Tmax =



7-110.

If the pipe has a mass per unit length of 1500 kg/m, ‘ 30 m |
determine the minimum tension developed in the cable.

SOLUTION

As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point
of the cable. Here, w(x) = w, = 1500(9.81) = 14.715(10%) N/m. Using Eq. 7-12,
we can write

1
y = FH (/wodx>dx

1 (14715(10%)
= FH fx +cx + o

d
Applying the boundary condition ?y = 0 at x =0, results in ¢;=0.
X

Applying the boundary condition y =0 at x =0 results in ¢, = 0. Thus,

7.3575(10%)
y=——F> X

Fy
Applying the boundary condition y =3 m at x = 15 m, we have
/[5m J
73575010 . sm__, y
3=——7""15) Fy = 551.81(10°) N
FH —
am
X

Substituting this result into Eq. (1), we have

dy
— = 0.02667x
dx

(&)

The minimum tension occurs at the lowest point of the cable, where § = 0°. Thus,

Tin = Fiy = 551.81(10°) N = 552 kN



7-111.

If the slope of the cable at support A is zero, determine the
deflection curve y = f(x) of the cable and the maximum
tension developed in the cable.

SOLUTION

Using Eq. 7-12,

(o
y:FLH (/4cos%><dx)dx

1 24 W oo
=— = —x +
y FH/ 77{4(10 )} sin % C

24 [96(10%) T }
_7{ cosf24x + Cix + G

Y= o

d
Applying the boundary condition dfy = O0atx=0resultsin C;=0.
x

Applying the boundary condition y =0 at x =0, we have
24 [96(103)

w

cos0°} + G
Ty

2304(10%)
C=—5—"
T FH

2304(10%) a
y = 2F,, 1 — cos ax

Thus,

Applying the boundary condition y =4.5 m at x = 12 m, we have

2304(10%) T }
45 = 1- — (12
W[ €05 24 (12
Fy = 51.876(10°)N
Substituting this result into Egs. (1) and (2), we obtain

dy 96(10%) 7T
-V = n—_—x

dx  =(51.876)(10°) " 24

LT
= (0.5890 sin 24x
and

2304(10%) [ a }
y = — COS X

m2(51.876)(10°) 24

T
= 4.5(1 — cos 24x> m

The maximum tension occurs at point B where the cable makes the greatest angle

with the horizontal. Here,

dy
Oy = tan ' —
ma an (dx x=12m

Thus,
Fy  51.876(10%)
€0S Onax "~ c0s30.50°

Tmax =

) = tan’1{0.5890 sin(% (12))} = 30.50°

= 60.207(10°) N = 60.2 kN



*1-112.

Determine the maximum tension developed in the cable if y
it is subjected to a uniform load of 600 N/m.

SOLUTION I

100 m

| 600 N/m

The Equation of The Cable: ‘

Y= (/w(x)dx) dx

1 (w
= FH<20x2 + Cypx + C2> o))

A @)
dx FH WoX 1

Boundary Conditions:

1
y = 0at x = 0, then from Eq. (1)0 = F(CZ) G =0
H

d 1
& tan 10° at x = 0, then from Eq. (2)tan 10° = —(Cy) C; = Fytan 10°
dx FH

— Wo 2 o
Thus, y = ——x° + tan 10°x 3

C2Fy,
y = 20m at x = 100 m, then from Eq. (3)

600

20 = E(woﬁ + tan 10°(100)  Fy = 126726547 N
and
% = %x + tan 10°
1 26762%5.47)‘ * tan 107

0.4735(107%)x + tan 10°

0 = Oax at x = 100 m and the maximum tension occurs when 6 = 6,,,,.

dy

—= = 0.4735(1073)(100) + tan 10°
dx | =100m

tan 0.« =
Omax = 12.61°

The maximum tension in the cable is

. Fa 126726547
M COS Omax cos 12.61°

=1298579.01 N = 1.30 MN Ans.



7-113.

The cable weighs 6 Ib/ft and is 150 ft in length. Determine
the sag & so that the cable spans 100 ft. Find the minimum
tension in the cable.

SOLUTION
Deflection Curve of The Cable:

ds
. / [1+ (1/F3)([wyds): where w = 6 Ib/ft

Performing the integration yields

Fy) . 4 1
x = :{smh 1[FH(6S + Cl):| + Cz}

dy 1 1
LA [ +
dx ~ F, wods , (6s + Cy)

From Eq. 7-14

Boundary Conditions:

dy 1
a=Oats=0.FromEq.(2)0=FH(0+C1) C;=0
Then, Eq. (2) becomes

dy 6s

E =tanf = FH

s = 0 at x = 0 and use the result C; = 0. From Eq. (1)

Fuf. 1
x=—qsinh'| —(0+0) | + G, G =0
6 Fy

Rearranging Eq. (1), we have

s = &sinh ix
6 Fy

Substituting Eq. (4) into (3) yields

Performing the integration
F 6
y = 6Hcosh<FHx> + Cs
Fy Fu
y =0atx = 0. From Eq. (5)0 = —cosh 0 + C;, thus, C3 = ——

6 6
Then, Eq. (5) becomes

FH 6
=1 cosh| —x | -1
"6 [COS <Fﬂx> J

@

(2

3)

(C))

(6)



7-113. (continued)

s = 75 ft at x = 50 ft. From Eq. (4)

Fy . 6
75 = 6 smh[FH(SO)}

Fy = 184.9419 b

By trial and error

y = hatx = 50 ft. From Eq. (6)

184.9419 6
h = ; {cosh[184.9419(50)}—1}—50.3ft

Omin = 0°.Thus,

The minimum tension occurs at

Fy 184.9419
Tiin = = = 1851b
T oS Omin cos 0°

Ans.

Ans.



7-114.

A telephone line (cable) stretches between two points which
are 150 ft apart and at the same elevation. The line sags 5 ft
and the cable has a weight of 0.3 lb/ft. Determine the
length of the cable and the maximum tension in the cable.

SOLUTION

w = 0.3 Ib/ft

From Example 7-13,

Atx =75ft,y = 5ft, w = 0.3 Ib/ft

F,
5= H[cosh<7sw> — 1:|
w FH

Fy = 169.01b

. w
= tan O, = smh(x)
max FH

4l 75(0.3)
Omax = tan '|sinh = 7.606°

dy
dx

x=75ft

169
Fy 169
Tinax = = =1701b Ans.
M CoS Oy €OS 7.606° ns
169.0 0.3
=~ sinh| ———(75) | = 75.22
s 03 sin [169.0(75)} 75

L =2s=1501t Ans.

?\?ﬁ "

150 i



7-115.

A cable has a weight of 2 Ib/ft. If it can span 100 ft and has
a sag of 12 ft, determine the length of the cable. The ends of
the cable are supported from the same elevation.

SOLUTION

From Eq. (5) of Example 7-13:

FH W()L
=— h{-— ] -1
h i~ [cos <2FH> }
Fy 2(100)
12 = > |:COSh< 25, 1
24 = FH|:cosh <1OO> - 1}
Fy

Fy = 21221b

From Eq. (3) of Example 7-13:

Fy . (Wo >
s = — sinh{ —x
wo Fy

I 2122 . <2(50)>
- = sinh

2 2 212.2

[ = 104 ft Ans.



7-116.

The 10 kg/m cable is suspended between the supports A \ I

and B. If the cable can sustain a maximum tension of
1.5kN and the maximum sag is 3 m, determine the

maximum distance L between the supports

SOLUTION

The origin of the x, y coordinate system is set at the lowest point of the cable. Here
wy = 10(9.81) N/m = 98.1 N/m. Using Eq. (4) of Example 7-13,

Fy Wo
=— h{—=x])—-1
v o |:cos <FHx> J
Fy 98.1x
y =981 [cosh( F, ) 1:|

L
Applying the boundary equation y = 3mat x = > we have
Fy 49.05L
3 =981 |:cosh< i ) 1:|

The maximum tension occurs at either points A or B where the cable makes the
greatest angle with the horizontal. From Eq. (1),

49.05L>
H

tan 0,,,c = sinh <
By referring to the geometry shown in Fig. b, we have

1 1

€08 fmax = © [a90sL)
\/ 1 + sinh? [ 49.05L cosh< : >
Fy Fy

Thus,
Fy
T . =
T8 C0S Opax
1500 = Fy cosh<49'05L> A3)
H
Solving Egs. (2) and (3) yields
L =168m Ans.
Fy = 12057 N
L L
. 2 Z ,I
A B

o]
’ L

@) ),




7-117.

Show that the deflection curve of the cable discussed in
Example 7-13 reduces to Eq. 4 in Example 7-12 when the
hyperbolic cosine function is expanded in terms of a series
and only the first two terms are retained. (The answer
indicates that the catenary may be replaced by a parabola in
the analysis of problems in which the sag is small. In this
case, the cable weight is assumed to be uniformly
distributed along the horizontal.)

SOLUTION
2
X
hx=1+>"+--
cosh x 1
Substituting into
Fit) cosn [ 204 ) — 1
y = o cos FHx
F wix?
Tl 02 b -1
wo 2FH
o W0x2
2Fy

Using Eq. (3) in Example 7-12,

F. = W0L2
o 8n
4h
Weget y= sz QED



7-118.

A cable has a weight of 5 1b/ft. If it can span 300 ft and has
asag of 15 ft, determine the length of the cable. The ends of
the cable are supported at the same elevation.

SOLUTION
ds

{ 1+ FL%{(WO ds)z}

Performing the integration yields:

X = 1

2

Fu s'nh’l{ ! (4.905s + C )} +C a)
= 1 —(4.
7 4905 Fpy s 2

rom Eq.7-13
dy 1

= — [ wyd
dx FH Wods
dy

1
=—(@4. +
i = T (4.905s + C,)

d
Ats = 0; d7i = tan 30°. Hence C; = Fy tan 30°

dy  4.905s
- = + tan 30° 2
dx FH an ( )
Applying boundary conditions at x = 0; s = 0 to Eq.(1) and using the result
C, = Fytan 30° yields C, = —sinh™!(tan 30°). Hence
x = L sinh—{im 9055+ F, tan 30°)} — sinh™!(tan 30°) 3)
4.905 Fp H

At x = 15m;s = 25 m. From Eq.(3)

Fu
4.905

1
15 = {sinhl{F(4.905(25) + Fytan 30°)J — sinh~(tan 30°)}
H

By trial and error Fy = 73.94 N
At point A, s = 25 m From Eq.(2)

d
tan6,4 = a%cj

_4.905(25)

+tan30° 6, = 65.90°
25 m 73.94 A

(F,)a = Fytan 6, = 73.94 tan 65.90° = 165 N Ans.

(FH)A = FH =739N Ans.




u7-119.

The cable has a mass of 0.5 kg/m, and is 25 m long.
Determine the vertical and horizontal components of force
it exerts on the top of the tower.

SOLUTION
ds

1
{ 1+ E(WO ds)z}

Performing the integration yields:

X = 1
2

_ tu 'h*l[i(4905 +C)}+C a)
T 4905 |0 | F,T T 2

rom Eq.7-13

dy 1

dx_FH wods

dy

1
— (49055 +
dx FH( o055 Cl)

d
Ats = 0; cTi = tan 30°. Hence C| = Fytan 30°

dy  4.905s
dx FH

+ tan 30° ?2)

Applying boundary conditions at x = 0; s = 0 to Eq.(1) and using the result
C, = Fytan 30° yields C, = —sinh™!(tan 30°). Hence

Fy
4.905

1
{sinh—l[F(4.905s+FH tan 300)} — sinh™!(tan 30°)} 3)
H

Atx = 15m;s = 25 m. From Eq.(3)

Fy

15 =905

1
{sinh]{F(4.905(25) + Fytan 300)} — sinh (tan 30°)}
H

By trial and error F; = 73.94 N

At point A, s = 25 m From Eq.(2)

tanf, = dy _ 490525 30° 0, = 65.90°
MO T x| s 7304 4=
(F,)a = Fytan 0, = 73.94 tan 65.90° = 165 N Ans.

(FH)A = FH =739N Ans.



*7-120.
The power transmission cable weighs 101b/ft. If the

resultant horizontal force on tower BD is required to be
zero, determine the sag & of cable BC.

SOLUTION

The origin of the x, y coordinate system is set at the lowest point of the cables. Here,
wo = 10 1b/ft. Using Eq. 4 of Example 7-13,

Fy Wo
=— h|l—x|—1
y i |:cos < FHx> :|
Fy 10
y —TO |:COSh (FHX> - 1:| ft
Applying the boundary condition of cable AB, y = 10 ft at x = 150 ft,

~ (Fias 10(150) )
10 = 10 [cosh ((FH)AB> 1:|

Solving by trial and error yields

(Fy)ap = 11266.63 1b

Since the resultant horizontal force at B is required to be zero,
(Fi)pc = (Fiy) ap = 11266.62 1b. Applying the boundary condition of cable BC
y = hatx = —100 ft to Eq. (1), we obtain

h

16662 | 101007
T 10 )" 1126662

= 4.44 ft Ans.




7-121.
The power transmission cable weighs 10 1b/ft. If & = 10 ft,

determine the resultant horizontal and vertical forces the
cables exert on tower BD.

SOLUTION

The origin of the x, y coordinate system is set at the lowest point of the cables. Here,
wo = 10 1b/ft. Using Eq. 4 of Example 7-13,

F,
y =TI: [cosh <;:x> - 1:|

Applying the boundary condition of cable AB, y = 10 ft at x = 150 ft,

_ (Fi)as 10(150) \
10 = 10 [cosh <(FH)AB> 1}

Solving by trial and error yields

(Fy)ap = 11266.63 1b

Applying the boundary condition of cable BC, y = 10 ft at x = —100 ft to Eq. (2),

we have
_ (Fu)se 10(100) \
10 = 10 [cosh( (FH)BC> 1:|

Solving by trial and error yields

(Fir)pc = 5016.58 1b
Thus, the resultant horizontal force at B is

10(150)

1126663:| = 0.13353 and tan(0p)pc =

Using Eq. (1), tan(6g)4z = sinh|:

10(—100
sinh |:()

5016.58 :| = (0.20066. Thus, the vertical force of cables AB and BC acting

on point B are
(F)ap = (Fy)aptan (85) 4 = 11266.63(0.13353) = 1504.44 Ib

The resultant vertical force at B is therefore

(Fv)R = (FD)AB + (FU)BC = 1504.44 + 1006.64
= 2511.07 b = 2.51 kip Ans.




7-122.

A uniform cord is suspended between two points having
the same elevation. Determine the sag-to-span ratio so
that the maximum tension in the cord equals the cord’s
total weight.

SOLUTION

From Example 7-15.
F %
s = L sinh <Ox>
Wo Fy y

_fu Mo ) [
y = o [cosh <FHx> 1j| N

[7] A<
L
Atx = — L
X 5
d L
LN tane,,, = sinh[ 22
dx max 2FH
B2
4 L
1 on $ie Wil
h( WOL>
cos 2,
F
Tmax = i
€OS 0,,0x

25) = Fy cosh [ 205
wo(2s) = Fy cos 2F,
. W()L WoL
2Fy sinh E = Fy cosh E
W()L 1
tanh| —— | = =
o <2FH> 2
L -1
—— = tanh (0.5) = 0.5493

L
whenxzz,y:h

F F
h=-" ! —1p= 0.1547<”>
%0 W, wo
1 — 2 oL
1 — tanh (2FH>
0.1547 L
——— = 0.5493
2h
h

I = 0.141 Ans.



u7-123.

A 50-ft cable is suspended between two points a distance of
15 ft apart and at the same elevation. If the minimum
tension in the cable is 200 1b, determine the total weight of
the cable and the maximum tension developed in the cable.

SOLUTION
Tmin = FH = 200 Ib

From Example 7-13:

F
s = —Lsinh (M)

wo Fy
20 = @sinh (ﬁ(g))
2 wo 200\ 2
Solving,
wo = 79.9 1b/ft
Total weight = wy [ = 79.9 (50) = 4.00 kip
% . = tan 0,,,, = %
Opmax = tan”! [79'9(25)} = 84.3°
max 200
Then,
F 200
Tonax = o5 OHmax T cos843° 201 kip

Ans.

Ans.



*71-124.

The man picks up the 52-ft chain and holds it just high
enough so it is completely off the ground. The chain has
points of attachment A and B that are 50 ft apart. If the chain
has a weight of 3 Ib/ft, and the man weighs 150 lb, determine
the force he exerts on the ground. Also, how high # must he
lift the chain? Hint: The slopes at A and B are zero.

SOLUTION
Deflection Curve of The Cable:

- ds _
o / 0t F sy M T

Performing the integration yields

F
x= ;{sinhl[é{@s + cl)] + Cz}

dy 1 1
= = —(3s +
dx ~ Fy wq ds FH(3S Cy)

From Eq. 7-14

Boundary Conditions:

dy 1
EZOatSZO.FromEq.(Z) O:FH(O+CI) C =0

Then, Eq. (2) becomes

dl_tan() —2
dx FH

s = 0 at x = 0 and use the result C; = 0. From Eq. (1)

F 1
x = H{sinhl[(o + 0)} + cz} C,=0
3 Fy

Rearranging Eq. (1), we have

s = &sinh ix
3 Fy

Substituting Eq. (4) into (3) yields
dy . 3
e smh( F, x>

Performing the integration

F 3
y = ;cosh<FHx> + G

Fy Fy
y = 0atx = 0. From Eq. (§)0 = TCoshO + Cs,thus, C; = 3

‘ 25 ft ‘ 25 ft

@

(2)

3)

)

5)



*7-124. (continued)

Then, Eq. (5) becomes

Fy 3
y = 3 [cosh(FHx> 1:| 6)
s = 26 ft at x = 25 ft. From Eq. (4)
F, 3
26 = :sinh[ﬂ[(zs)}
Fy = 154.003 1b

By trial and error

y = hatx = 25 ft. From Eq. (6)

~154.003 3, B
h = 3 {cosh{154'003\25)} 1} = 6211t Ans.
From Eq. (3)
dy 3(26)

= 0.5065 0 = 26.86°

Al Y T 154,003

The vertical force Fy that each chain exerts on the man is

Fy = Fytan = 154.003 tan 26.86° = 78.00 b

Equation of Equilibrium: By considering the equilibrium of the man,

+1 XF, =0; N, — 150 — 2(78.00) = 0 N,, = 306 1b Ans.



7-125.

Determine the internal normal force, shear force,
moment at points D and E of the frame.

SOLUTION
C+ZIM,=0; Fep (8) — 150(8 tan 30°) = 0
Fep = 86.60 1b
Since member CF'is a two- force member
Vp=Mp=20
Np = Fcp = 86.61b
C+IM,=0; B,(12) — 150(8 tan 30°) = 0
B, = 57.7351b
BIF =0, N;=0
+12F,=0; Vg + 57735 — 86.60 = 0
Ve =2891b
C +=Mp=0; 57.735(9) — 86.60(5) — M= 0

My = 86.61b-ft

and

Ans.
Ans.
Ax
Ans.
Ans.
Ans.
150 1b
Ao,
Btan 30°§t
Ax.

: 1

| /2 ft 1 B

Fp 86.60 1b
Ve
Ne Me A
L ) %
I 5f 41t ]

BJ=5Z 725 1b



7-126.

Draw the shear and moment diagrams for the beam.

SOLUTION
+13F, =0; -V +10-2x=0

V=10 — 2x

C+3M =0 M+30—10x+2x<§)=0

M =10x — x* — 30

A
Sm }B
A 0 2 4N /om,
ns.
SNREN b
20 T} X +‘/
Ans.
>0
sobem (LI LIETT TN sum
( ) Sm )
™ I
10
0 1
m(km)




7-127.

Determine the distance a between the supports in terms of
the beam’s length L so that the moment in the symmetric
beam is zero at the beam’s center.

SOLUTION
Support Reactions: From FBD (a),
C+SMe = 0; %(L+ a) (g) ~B,(a)=0 B, = %(Lm)

Free body Diagram: The FBD for segment AC sectioned through point C is drawn.

Internal Forces: This problem requires M = 0. Summing moments about point
C [FBD (b)], we have

wa( a w 1 w a
+ =0, —|-)+—-L-a)|=QRa+ -—(L+alz)=
C+=Mq =0 2(4) 4(L a){6(2a L)} 4(L a)(z) 0
20> + 2aL — L* =0

a = 0.366L Ans.

r

5 + a 'f @ -1

L- < a L-a

AR
& r

Z
By~ Kirta)




*7-128.

The balloon is held in place using a 400-ft cord that weighs
0.8 1b/ft and makes a 60° angle with the horizontal. If the
tension in the cord at point A is 150 1b, determine the length
of the cord, /, that is lying on the ground and the height /.
Hint: Establish the coordinate system at B as shown.

SOLUTION
Deflection Curve of The Cable:

x = / ds where wy = 0.8 Ib/ft
[1+ (1/F%) (/wo ds)* !

Performing the integration yields

_fu sinh™! L(08 +C) |+ C @
Y708 Fyot T 2
From Eq.7-14
dy 1 1
— = ds = —(0.8s + 2
x FH/WOS FH( s + Cp) (v)]
Boundary Conditions:
dy _ Oats = 0.F Eq. (2
4 0ats = 0.From q- (2)

1
Fy

Then, Eq. (2) becomes

dy 0.8s
E =tanf = TH 3)
s = 0 at x = 0 and use the result C; = 0. From Eq. (1)
FH . -1 1
= —(0 + + =
X=4s {smh [FH(O O)J Cz} C,=0
Rearranging Eq. (1), we have
Fy 0.8
= ——sinh| — 4
s O'gsm (FHX) 4
Substituting Eq. (4) into (3) yields
d 0.8
ﬁ = sinh(FH x)
Performing the integration
Fy 0.8
= —cosh| —x | +
y 08 cos (FH x) C; Q)
Fy Fy
y = 0atx = 0.From Eq. (5)0 = @cosho + Cs,thus, C; = ey

Then, Eq. (5) becomes

_Fu 08\ _
y = 0.8 [cosh(FHx) 1:| 6)

The tension developed at the end of the cordis 7 = 150 1b and 6§ = 60°. Thus



*7-128. (continued)

Fy Fy
= 150 = ——— Fy =7501b
cos 6 cos 60° 1
From Eq. (3)
dy 0.8s
— = 0= — = 162.38 f
dx tan 60 75 s 62.38 ft
Thus,

I =400 — 162.38 = 238 ft

Substituting s = 162.38 ft into Eq. (4).

75 . (0.8
162.38 = @smh( 75 x)
x = 123.46 ft
y = hatx = 123.46 ft. From Eq. (6)

75.0 0.8
h= 0.8|:cosh{75.0(123.46)} - 1} = 93.75 ft

Ans.

Ans.



7-129.

The yacht is anchored with a chain that has a total length of 40
m and a mass per unit length of 18 kg/m, and the tension in
the chain at A is 7 kN. Determine the length of chain /,; which
is lying at the bottom of the sea. What is the distance d?
Assume that buoyancy effects of the water on the chain are
negligible. Hint: Establish the origin of the coordinate system
at B as shown in order to find the chain length BA.

SOLUTION

Component of force at A is
Fy = T cos 6 = 7000 cos 60° = 3500 N

From Eq. (1) of Example 7 - 13

3500 1
=P (Ginh ! —— (18)(9.81)s + C; | +
T 18 0.81) (Sm {3500( 8HO8D)s Cl} CZ)

. dy
Since — = 0,s = 0, then
dx

dy 1
E:FH(W()S“FC]); C1:0

Also x = 0,5 = 0,so that C, = 0 and the above equation becomes

_ T )
X = 19.82<smh (19.82)) (€))

. X
s = 19.82<smh(19'82)) (2)
From Example 7 - 13

dy —wys 18(981) 5

dx  Fy 3500 ° 1982
Substituting Eq. (2) into Eq. (3). Integrating.

dy . X X
A =109, - )+
dx s1nh<19.82> y = 19.82 COSh(19.82) (63

Since x = 0,y = 0,then C3 = — 19.82

y=19.82 (cosh(ﬁ) - 1) @)

Slope of the cable at point A is

dy
—— = tan 60° = 1.732
dx

or,

3)

Thus,

Using Eq. (3),
sap = 19.82(1.732) = 3433 m

Length of chain on the ground is thus
Iy =40 — 3433 = 5.67Tm Ans.

From Eq. (1), with s = 34.33 m

34.33
= 1 _1 — =
x = 19.82 <smh <19.82>> 26.10 m

26.10
y = 19.82 (COSh(@) - 1)

d=y=198m Ans.

Using Eq. (4),



7-130.

Draw the shear and moment diagrams for the beam ABC.

SOLUTION

Support Reactions: The 6 kN load can be replacde by an equivalent force and

couple moment at B as shown on FBD (a).

C+3SM,=0;,  Fepsind5°(6) —6(3) —9.00 =0  Frp = 6364 kN

+T2Fy:0; A, +63645in45° — 6 =0 A, = 150kN

Shear and Moment Functions: For 0 = x < 3m [FBD (b)],
+13F, =0 150 -V =0V =150kN
C+3IM =0 M —150x=0 M = {1.50x} kN-m
For3m < x = 6 m [FBD (¢)],

+12F, =0 V +6364sin45° =0 V= —450kN
C+3IM =0, 6.364sin45°(6 —x) — M =0

M = {27.0 — 450x} kN -m

D
A B C 45°
D) ‘[ G,
1.5m
}
—3m 4“*1.5 m—~f~1.5 m—
6 kN
b kN o
.0 KN-m .
Ax 1‘? j»éE
< Y | 7 |
Ans. A 3m | 3m L
g
(o)
Ans.
Ans.
Ans.
be—_ 4.5
(RN M)
2.5
4,8
. Z(m
i )




7-131.

The uniform beam weighs 500 Ib and is held in the
horizontal position by means of cable AB, which has a
weight of 5 Ib/ft. If the slope of the cable at A is 30°,

determine the length of the cable.

SOLUTION
250
~ sin 30°
Fy; = 500 cos 30° = 433.0 Ib

= 5001b

From Example 7 - 13

y

1
= +
dx Py (wos + Cy)

dy
Ats = 0,—— = tan 30° = 0.577
dx

©.Cy = 433.0 (0.577) = 250

= Fi ] G L( +C)|+C
x—wo S FH wWpS 1 2

433, 1
_ 4330 {sinhl [ (55 + 250)

5 433.0
s=0atx =0, C, = —0.5493

Thus,

X = 86.6 {sinhl [1 (5s + 250)} - 0.5493}

433.0

When x = 15 ft.

s = 182 ft

‘ 15 ft

500 Ib

Z , Z
75/ 751t
2501b
?
T
By 30°
<= X

Ans. \V

2501b



*1-132.

A chain is suspended between points at the same elevation
and spaced a distance of 60 ft apart. If it has a weight per
unit length of 0.5 Ib/ft and the sag is 3 ft, determine the
maximum tension in the chain.

SOLUTION

= dS ;
)

Performing the integration yields:

FH 1
x = sinh™! —(0.55 +C) |+ G
0.5 Fy

From Eq.7-14
dy 1
d
dx FH Wods
W _ 1 ss+c
e FH( S )
dy
Ats = 0; —=0 hence C; = 0
dx
ﬂ =tan 6 = 0.3
dx FH

. z0f4

T

@

(2)

Applying boundary conditions at x = 0;s = 0 to Eq. (1) and using the result C; = 0

yields C, = 0. Hence

s = Qsmh<05 )
0.5 Fy

Substituting Eq. (3) into (2) yields:

4y _ sinh(io'sx)
dx FH

Performing the integration

F 0.5
y = ﬁcosh(—Hx> + G

3)

)

Fy
Applying boundary conditions at x = 0; y =0 yields C; = 05 Therefore

F,
y = OfSI {cosh(%x) - 1}

Atx =30ft; y=3ft

3= 55 {cosh<f(30)) }

By trial and error Fy; = 75.251b

Atx = 30ft; 6 = 0,4 From Eq. (4)

tang, =% = si h(0'5(30)> 0, = 11346°
an Gyax = dx 304t = sin 75.25 max .

F, 75.25
T = ——— = = 76.71b

cos 0,  cos 11.346°

Ans.



7-133.

Draw the shear and moment diagrams for the beam.

SOLUTION

2(5) % Y(kn)

#(m)

2kN/m

ﬁlllllllg Sii%“

| |
|

Mirpem;

L5 X(m)

-5




7-134.

Determine the normal force, shear force, and moment at
points B and C of the beam.

SOLUTION

Free body Diagram: The support reactions need not be computed for this case.

Internal Forces: Applying the equations of equilibrium to segment DC [FBD (a)],

we have
BIF. =0, Nc=0
+1SF,=0; Ve—=300-6=0 Vc=900kN
C+ZMe = 0; —Mc — 3.00(1.5) —6(3) —40=0
Mc = —625kN-m
Applying the equations of equilibrium to segment DB [FBD (b)], we have
BSF. =0, Ng=0
+T2Fy=0; Vp—10.0 —75—-400—-6=0
Vg =275kN

C+ZMp=0; —Mp — 10.0(2.5) — 7.5(5)

— 4.00(7) — 6(9) — 40 = 0

Mp = —1845kN m

)

7.5 kN
2kN/m
1 kN/m
I Y A
C
A B
Sm Sm 3m—
Im
13)=30kN  6kN
15m|1.5m
Ans. Y ~=
Mc N Y (
Ans. Ne “é‘t’ )
40 KN.m
Ans.
25)=100kN 7.5kN
14y =40 kN
S B 6 kN
Vv, Y B A
Ans. My L ) A )
Ny //"”A 40 KN.m
. I[‘T.S m{25m|[2m|2m
Ans.
Ans.

40kN - m



7-135.

Draw the shear and moment diagrams for the beam.

SOLUTION
Sy e

L | "

miEp ‘ T'

8 kip/ft 8 Kip/ft
>\ TR\
=R B allar
~— O ft ‘F 9 ft 9 ft ‘F 9 ft




*7-136.
If the 45-m-long cable has a mass per unit length of 5 kg/m,

determine the equation of the catenary curve of the cable
and the maximum tension developed in the cable.

SOLUTION

As shown in Fig. a, the orgin of the x, y coordinate system is set at the lowest point
of the cable. Here, w(s) = 5(9.81) N/m = 49.05 N/m.

4’y _ 49.05 1+<ﬂ)2

dx? Fy dx
du d’
Setu = i thenﬁ = );, then
du 49.05
= dx

Vi+u?  Fu

Integrating,
49.05
ln(u + V1 + u2) = x + C;
H

d
Applying the boundary condition u = d7i =0 at x = Oresultsin C; = 0.Thus,

ln(u + V1 + u2) = 49'05x
Fy
49.05
u+\Vitut=el
49.05 4905
dl —u=2Cc Fu o T
dx 2

. . e e
Since sinh x = s then

dy . 49.05

—— = sinh X

dx FH
Integrating,

Fy 49.05
= x | +
y 1905 cosh ( ) G

Fy

“29.05 ThuS,

Applying the boundary equation y = 0 at x = O results in C;, =

_ Fu {cosh (49'05 ) — 1} m
Y 7 49.05 Fy

If we write the force equation of equilibrium along the x and y axes by referring to
the free-body diagram shown in Fig. b,

Tcos — Fy =0

+13F, = 0 Tsing — 5(9.81)s = 0

| 40m |

>

@)



*7-136. (continued)

Eliminating 7,

dy tan 6§ — 49.05s
dx FH

3

Equating Egs. (1) and (3) yields

49.05s . (49.05 )
= sinh

X
FH H

kg 49.05
37749.05751nh(7FH ) 5-(7'5/)5
Thus, the length of the cable is Cb )

Fy . 49.05
L=45= 2{49-0551nh (F—H(20)>}

Solving by trial and error,

Fy = 115341 N

Substituting this result into Eq. (2),

y = 23.5 [cosh 0.0425x — 1] m Ans.

The maximum tension occurs at either points A or B where the cable makes the
greatest angle with the horizontal. Here

) = tan"! {sinh(%(ZO))} = 43.74°
x=20m FH

. Fu _ 115341
AT 008 O, COS 43.74°

4y
Oy = tan 1(;

Thus,

= 1596.36 N = 1.60 kN Ans.




7-137.

The traveling crane consists of a 5-m-long beam having a
uniform mass per unit length of 20 kg/m. The chain hoist
and its supported load exert a force of 8 kN on the beam
when x = 2 m. Draw the shear and moment diagrams for
the beam. The guide wheels at the ends A and B exert only
vertical reactions on the beam. Neglect the size of the
trolley at C.

SOLUTION
Support Reactions: From FBD (a),

C+EM, =0, B,(5) —8(2) — 0981(25) =0 B, = 3.6905kN

+1SF, =0, A, +3.6905-8-0981=0 A, =52905kN

Shear and Moment Functions: For 0 = x < 2 m [FBD (b)],

+T2Fy =0; 52905 — 0.1962x — V =0

V = {529 — 0.196x} kN
C+=M=0; M+ 0.1962x(§) —5.2905x = 0
M = {529x — 0.0981x%} kN -m

For2m < x = 5m [FBD (c)],

20(9.81)

+ =0; + 3. - —x) =
TSF,=0; V +3.6905 0y G0 =0
V = {-0.196x — 2.71} kN
20(9.81) (5 - x)
+ =0; . - Xx) - - -M=
C+ZM =0;  3.6905(5 — x) 000 G~ 0 M=0

M = {16.0 — 2.71x — 0.0981x*} kN - m

8 kN

20(981)(5,
gkl 20080C5) . o,981 k0
- =

! $ - i
4 -y

3

v Ll
2m ’I'(‘T 25n
Ans. 05m
Ay By

(o)

29(901)CK) 5. 1962x

/000
Ans. r v
| 3m @
X I
PR
Ans. 200981) (.
ns S / s_x)
Z
A

Ans. “ M (1 e

5]

Ba’jb?ﬂskd
M (EN-m)
10:%
0 ZIT, P2 X(m)
V(KN)
54 490
-
& 3 x(m)

0 ‘\
=3.10

.-369




7-138.
The bolt shank is subjected to a tension of 80 Ib.

Determine the internal normal force, shear force, and
moment at point C.

SOLUTION
BSF =0, Nc+8=0 Nc=-801Ib
+13F, = 0; Ve=0

C+SMe=0; Mc+80(6) =0 M- = —480lb-in.

Ans.
Ans.

Ans.




7-139.

Determine the internal normal force, shear force, and the
moment as a function of 0° = 0§ = 180° and 0 = y = 2 ft
for the member loaded as shown.

1ft

B 0\

I 200 Ib

y

4

150 1b

SOLUTION i
For 0° = 6 = 180°:
+/2F, =0 V +200cosf — 150sin6 = 0

A

V = 150sin 6 — 200 cos Ans.”

+N2F, = 0; N —200sinf — 150 cos 6 = 0

N = 150 cos 6 + 200 sin 6 Ans.
C+2M =0; —M — 150(1) (1 — cos ) + 200(1) sinf = 0
M = 150 cos & + 200 sin 6 — 150 Ans.

At section B, 0 = 180°, thus

Vj = 200 1b :
Ng = —1501b 1G-Cos®Ift 15011

Mg = —3001b- ft

For0 = y = 2 ft: 1501b
BISF =0, VvV =200Ib Ans. #= 3001b-f¢
+13F, =0, N =-1501b Ans. 220/b
C+ZM =0; —M —300—200y=0 4
M = =300 — 200y Ans. L
v
M



8-1.

The mine car and its contents have a total mass of 6 Mg and 10 kN

a center of gravity at G. If the coefficient of static friction
between the wheels and the tracks is u; = 0.4 when the
wheels are locked, find the normal force acting on the front
wheels at B and the rear wheels at A when the brakes at
both A and B are locked. Does the car move?

SOLUTION

Equations of Equilibrium: The normal reactions acting on the wheels at (A and B)
are independent as to whether the wheels are locked or not. Hence, the normal
reactions acting on the wheels are the same for both cases.

C+SMy=0;  N4(L5)+ 10(1.05) — 58.86(0.6) = 0

N, = 16.544 kN = 16.5kN Ans.
+12F, = 0; Np + 16.544 — 58.86 = 0
Np = 42316 kN = 423 kN Ans.

When both wheels at A and B are locked, then (F4)m.x = usN4 = 0.4(16.544)
=0.6176 kN and (Fp)max = 4N = 0.4(42.316) = 16.9264 kKN. Since (F4)max
+ (Fg)max = 23.544 kN > 10 kN, the wheels do not slip. Thus, the mine car does
not move. Ans.

0.9 m

\sJ \4

0.15m

=0.6m—
1.5m

6000(981)=58.86 kN

/10K

1-05m




8-2.

Determine the maximum force P the connection can
support so that no slipping occurs between the plates. There
are four bolts used for the connection and each is tightened
so that it is subjected to a tension of 4 kN. The coefficient of
static friction between the plates is u; = 0.4.

SOLUTION

Free-Body Diagram: The normal reaction acting on the contacting surface is equal
to the sum total tension of the bolts. Thus, N = 4(4) kN = 16 kN. When the plate is
on the verge of slipping, the magnitude of the friction force acting on each contact
surface can be computed using the friction formula F = u,N = 0.4(16) kKN. As
indicated on the free-body diagram of the upper plate, F acts to the right since the
plate has a tendency to move to the left.

Equations of Equilibrium:

P
& 3F, =0, 0.4(16) — 5= 0 p = 12.8kN Ans.

ST NI

F=o4a6) kA

W=7k
@)



8-3.

The winch on the truck is used to hoist the garbage bin onto
the bed of the truck. If the loaded bin has a weight of 8500 Ib
and center of gravity at G, determine the force in the cable
needed to begin the lift. The coefficients of static friction at
A and B are u, = 0.3 and pp = 0.2, respectively. Neglect
the height of the support at A.

SOLUTION

5 SF =0

+13F, = 0;

Solving:

8500(12) — N4(22) =0
N, = 4636.364 1b
T cos 30°
— 0.2Np cos 30° — Npsin 30° — 0.3(4636.364) = 0
7(0.86603) — 0.67321 Nz = 1390.91
4636.364 — 8500 + T sin 30° + Ny cos 30°
— 0.2Np sin 30° =

7(0.5) + 0.766025 Ny = 3863.636

T = 3666.51b = 3.67 kip

Np = 2650.6 Ib

AL 10ft - 12ft -\B

8500 b

10 ﬁ-‘rlz ft r

03N,

Vg
Ny 02N

Ans.



84,

The tractor has a weight of 4500 Ib with center of gravity at
G. The driving traction is developed at the rear wheels B,
while the front wheels at A are free to roll. If the coefficient
of static friction between the wheels at B and the ground is
s = 0.5, determine if it is possible to pull at P = 1200 b
without causing the wheels at B to slip or the front wheels at
A to lift off the ground.

SOLUTION
Slipping:
C+EZM, = 0; —4500(4) — P(1.25) + Np(6.5) =0
L 3F, =0 P = 05N
P =153191b
Ny = 3063.81b
Tipping (N4 = 0)
C+=Myz = 0; —P(1.25) + 4500(2.5) = 0
P = 9000 1b

Since Pregq = 12001b < 1531.91b

It is possible to pull the load without slipping or tipping.

4& | 254 @ Fgz 0.5Ng
Nb

Ans.



8-5.

The 15-ft ladder has a uniform weight of 80 Ib and rests
against the smooth wall at B. If the coefficient of static
friction at A is uy = 0.4, determine if the ladder will slip.
Take 6 = 60°.

SOLUTION

C+3IM, =0, Np(15sin 60°) — 80(7.5) cos 60° = 0

Np = 23.094 1b

BSF =0; F, = 23.0941b
+T2Fy:0; N, =801b Vg
(FA)max = 0.4(80) = 321b > 23.094 Ib (O.K!) st

0" aoib

Fa
Na

The ladder will not slip. Ans.



8-6.

The ladder has a uniform weight of 80 b and rests against
the wall at B. If the coefficient of static friction at A and B is
n = 0.4, determine the smallest angle 6 at which the ladder
will not slip.

SOLUTION

Free-Body Diagram: Since the ladder is required to be on the verge to slide down,
the frictional force at A and B must act to the right and upward respectively and
their magnitude can be computed using friction formula as indicated on the FBD,
Fig. a.

(Fp)a = uNy = 0.4 Ny (Fp)p = uNg = 0.4 Ng
Equations of Equlibrium: Referring to Fig. a.
& 3F, =0, 04Ny — Np =0 Np =04 N, @

+12F, =0 N4 + 04Nz — 80 = 0 ?)

Solving Egs. (1) and (2) yields
N, = 68.97 Ib Ny = 27.591b

Using these results,

C+=ZM, =0; 0.4(27.59)(15 cos §) + 27.59(15sinH) — 80 cos 6(7.5) = 0

413.79sin 6 — 434.48 cosh = 0
sin 6 434.48

cosg 41379 1O
0 = 46.4° Ans.

tan6 =




8-7.

The block brake consists of a pin-connected lever and
friction block at B. The coefficient of static friction between
the wheel and the lever is u; = 0.3, and a torque of S N-m
is applied to the wheel. Determine if the brake can hold
the wheel stationary when the force applied to the lever is
(a) P = 30N, (b) P = 70N.

SOLUTION
To hold lever:

C+=ZMy =0, Fz(0.15) — 5 =0; Fp =33333N
Require

 33333N
B 0.3

=111.1N

Lever,

C+=M, =0; Preqa. (0.6) — 111.1(0.2) — 33.333(0.05) = 0
Preqa. = 398N

a)P =30N < 398N No

b)P = 70N > 39.8 N Yes

Ans.

Ans.

P
400 mm
'
¢
0.1Sm Fg
Ne
A N
;Msm Nl
. | L1 3333N
0, 2m 014’“'\ ?l‘ébu




*8-8.

The block brake consists of a pin-connected lever and
friction block at B. The coefficient of static friction between
the wheel and the lever is u, = 0.3, and a torque of SN -m
is applied to the wheel. Determine if the brake can hold
the wheel stationary when the force applied to the lever is
(a)P =30N,(b) P = 70N.

SOLUTION

To hold lever:

C+=ZM, = 0; —F3(0.15) + 5 = 0; Fp = 33.333N
Require

_ 33333N

= = 111.IN
5 0.3

Lever,

C+ZM, =0; Prega (0.6) — 111.1(0.2) + 33.333(0.05) = 0
Preqa = 3426 N

a) P = 30N < 3426N No

b) P = 70N > 3426 N Yes

-m
P
400 mm
S'J\'W\
)
Oy
0.15m . FB
Ng
Aj 0,05 -

22.33\

Ans.

0.2 l e.4m PMD[
Ans.



8-9.

The block brake is used to stop the wheel from rotating
when the wheel is subjected to a couple moment M, If the
coefficient of static friction between the wheel and the

block is uy, determine the smallest force P that should be
applied.

SOLUTION
C+=Mq = 0; Pa — Nb + u,Nc=0

_ Pa
(b — M C)

C+IM, = 0; ws Nr — My =0

Msp<a>V—Mo
b — usc

My

s ra

N

P = (b_““sc)

P
| a
b
C Lt
(Y (@ i
1
P
P
C = S
e
Ans. N
/'gN
N “#

N



8-10.

The block brake is used to stop the wheel from rotating
when the wheel is subjected to a couple moment M. If the
coefficient of static friction between the wheel and the block
is w,, show that the brake is self locking, i.e., the required
force P = 0, provided b/c = u.

SOLUTION

Require P = 0.Then, from Soln. 8-9

b= pu,c

b
/-Lszz

Ans.

he—

—la



8-11.

The block brake is used to stop the wheel from rotating P

when the wheel is subjected to a couple moment M. If the || a
coefficient of static friction between the wheel and the

block is u,, determine the smallest force P that should be

applied.
SOLUTION

C Ll
il G i
41
Pa — Nb — usNc=0
v P
(b + s c)
MSNY_M():O ?
o |
P(L)r:M ]
M b+MsC 0 ‘
— - x
M, -
pP= (b + pyc) Ans. AN
Wy Fa ) C‘J
N
N

HsN



*8-12.

If a torque of M = 300 N-m is applied to the flywheel,
determine the force that must be developed in the hydraulic
cylinder CD to prevent the flywheel from rotating. The
coefficient of static friction between the friction pad at B
and the flywheel is u, = 0.4.

SOLUTION

Free-BodyDiagram: First we will consider the equilibrium of the flywheel using the
free-body diagram shown in Fig. a. Here, the frictional force Fz must act to the left to
produce the counterclockwise moment opposing the impending clockwise rotational
motion caused by the 300 N - m couple moment. Since the wheel is required to be on
the verge of slipping, then Fyz = u,Ng = 0.4 Np. Subsequently, the free-body
diagram of member ABC shown in Fig. b will be used to determine F .

Equations of Equilibrium: We have

C+EIMy = 0; 0.4 N3(0.3) — 300 = 0 Np = 2500 N
Using this result,
C+=M, =0, Fepsin30°(1.6) + 0.4(2500)(0.06) — 2500(1) = 0
Fep = 3050 N = 3.05kN Ans.




8-13.

The cam is subjected to a couple moment of 5N-m.
Determine the minimum force P that should be applied to
the follower in order to hold the cam in the position shown.
The coefficient of static friction between the cam and the
follower is u, = 0.4. The guide at A is smooth.

SOLUTION

Cam:

C+ZIMp=0; 5 —04Ng(0.06) — 0.0l (Ng) =0
Npg = 147.06 N

Follower:

+T2Fy:0; 147.06 — P =0

P =147TN

10 mm

hN

Ans.

N A

60 mm

| ot




8-14.

Determine the maximum weight W the man can lift with
constant velocity using the pulley system, without and then
with the “leading block” or pulley at A. The man has a
weight of 200 Ib and the coefficient of static friction
between his feet and the ground is u, = 0.6.

SOLUTION

a) +13F, =0; %sin45° +N—200=0

w
B 3F, =0; -3 cos45° + 0.6 N =0
W = 3181b

by +13F,=0; N =2001Ib

w
BIF =0,  0.6(200) = 5

W = 3601b

Ans.

Ans.

(a)

(b)

200ub

t

———> 0.bN sF



8-15.

The car has a mass of 1.6 Mg and center of mass at G. If the
coefficient of static friction between the shoulder of the road
and the tires is u, = 0.4, determine the greatest slope 6 the
shoulder can have without causing the car to slip or tip over
if the car travels along the shoulder at constant velocity.

SOLUTION

Tipping:

C+=M, =0; —W cos 0(2.5) + Wsin0(2.5) = 0
tanf = 1
0 = 45°

Slipping:

/+2F, = 0; 04N — Wsinf =0

N+2F, = 0; N — Wcosf =0

tan6 = 0.4

0 =21.8° Ans. (car slips before it tips) ’/<:)




*8-16.

The uniform dresser has a weight of 90 1b and rests on a tile
floor for which u; = 0.25. If the man pushes on it in the
horizontal direction 6 = 0°, determine the smallest
magnitude of force F needed to move the dresser. Also, if
the man has a weight of 150 Ib, determine the smallest
coefficient of static friction between his shoes and the floor
so that he does not slip.

SOLUTION

Dresser:

+13F, = 0; Np—90=0
Np =901b

BIF, =0; F —025(90) = 0
F =2251b

Man:

+13F, = 0; N, — 150 =0
N,, = 150 Ib

B 3F, =0; =225 + p,u(150) = 0
my = 0.15

Ans.

Ans.

ol
F s —]
v
% 0.25Np
T
{504,



8-17.

The uniform dresser has a weight of 90 1b and rests on a tile
floor for which u, = 0.25. If the man pushes on it in the
direction § = 30°, determine the smallest magnitude of force F
needed to move the dresser. Also, if the man has a weight
of 150 Ib, determine the smallest coefficient of static friction
between his shoes and the floor so that he does not slip.

SOLUTION

Dresser:

+1SF,=0; N —90— Fsin30° =0

HIF, =0, Fcos30°— 025N =0
N = 105.11b

F = 30.3631b = 30.41b
Man:
+T2Fy =0 N,, — 150 + 30.363 sin 30° = 0

B3F, =0, F, — 30.363cos30° =

N, = 134.821b
E, = 26295 1b
F, 26295
P =N = Tagg - 019

Ans.

Ans.

¢ g0lb

201> l
0.2 SN
N

1501k

~3 e

T

Nom



8-18.

The 5-kg cylinder is suspended from two equal-length cords.
The end of each cord is attached to a ring of negligible mass
that passes along a horizontal shaft. If the rings can be
separated by the greatest distance d = 400 mm and still
support the cylinder, determine the coefficient of static
friction between each ring and the shaft.

SOLUTION

Equilibrium of the Cylinder: Referring to the FBD shown in Fig. a,

+15F, = 0; 2|:T<\/63E>:| - m(9.81) = 0 T = 52025m

Equilibrium of the Ring: Since the ring is required to be on the verge to slide, the
frictional force can be computed using friction formula F; = uN as indicated in the
FBD of the ring shown in Fig. b. Using the result of /,

2
+13F, =0, N — 52025 m<\/6;> =0 N = 4.905 m
2
B IF =0, w(4.905m) — 52025 m<6> =0
p = 0354 Ans.

Y CaB81)N
(a)




8-19.

The 5-kg cylinder is suspended from two equal-length
cords. The end of each cord is attached to a ring of
negligible mass, which passes along a horizontal shaft. If the
coefficient of static friction between each ring and the shaft
is u, = 0.5, determine the greatest distance d by which the
rings can be separated and still support the cylinder.

SOLUTION

Friction: When the ring is on the verge to sliding along the rod, slipping will have to
occur. Hence, F = uN = 0.5N. From the force diagram (7 is the tension developed
by the cord)

Geometry:

d = 2(600 cos 63.43°) = 537 mm Ans.




*8-20.

The board can be adjusted vertically by tilting it up and
sliding the smooth pin A along the vertical guide G. When
placed horizontally, the bottom C then bears along the edge
of the guide, where u, = 0.4. Determine the largest
dimension d which will support any applied force F without
causing the board to slip downward.

SOLUTION

+13F, =0; 04Nc—F =0
C+EM,=0; —F(6) + d(N¢) — 0.4N(0.75) = 0
Thus,

—0.4Ng(6) + d(Ng) — 0.4N(0.75) = 0

d =2.701n.

Ans.

Top view

0.75 in.

F

Side view

(V)
-

- bin

Fe= 0,4"‘0



8-21.

The uniform pole has a weight W and length L. Its end B is
tied to a supporting cord, and end A is placed against the
wall, for which the coefficient of static friction
is u,. Determine the largest angle 6 at which the pole can be
placed without slipping.

L
SOLUTION
. L .
C+=My=0; —NA(LCOSO)—[.LSNA(LSIHH)+W(ESII19)=O @ ——
)
BIF, =0, Na=TsinJ =0 2)
6
+12F, = 0; ,u,SNA—W+TcosE=O 3)
. . .0 0
Substitute Eq. (2) into Eq. (3): u, T sin 5~ W+T cos 5 = 0
0 .0
W = T(cosi + u, sin 5) “4)

Substitute Egs. (2) and (3) into Eq. (1):

6 6 \%%
TsinE cosG—TcosE sin9+7sin0:0 5)
Substitute Eq. (4) into Eq. (5):

sing cos@—cosQsin@-ﬁ-lcosgsinﬁ-i-l singsinB—O
2 2 2 %2 o s B

—sing Jrl cosg + sing sinf = 0
2 2 2 P,

cosg+ sing—L
2 T S

cos —
2

50 .0 0
cos 5 + pysin—cos— =1

2 2
sin 0 cos o sin? 0
M SIS €955 2
tan o
2 Ms
0 = 2tan" ', Ans.

Also, because we have a three — force member,

I
2—2008 an 2Sll’l

1 = cos6 + u,sinf

1 — cosf %
= ——— =tan -

Hs sin @ 2

6 =2tan ' u, Ans.



8-22.

If the clamping force is F = 200 N and each board has a
mass of 2 kg, determine the maximum number of boards the
clamp can support. The coefficient of static friction between
the boards is u, = 0.3, and the coefficient of static friction
between the boards and the clamp is u," = 0.45.

SOLUTION

Free-Body Diagram: The boards could be on the verge of slipping between
the two boards at the ends or between the clamp. Let n be the number of
boards between the clamp. Thus, the number of boards between the two boards
at the ends is n — 2. If the boards slip between the two end boards, then
F = puyN = 0.3(200) = 60 N.

Equations of Equilibrium: Referring to the free-body diagram shown in Fig. a, (ﬂ -2)(. 3-)(¢'5f)
we have
f i, I

+12F, = 0; 2(60) — (n — 2)(2)(9.81) = 0 n =812
. L 200N
If the end boards slip at the clamp, then F' = u,/N = 0.45(200) = 90 N. By A0ON
referring to the free-body diagram shown in Fig. b, we have
C+13F, =0, 2090) — n(2)(9.81) =0 n=9.17 =)
Thus, the maximum number of boards that can be supported by the clamp will be
the smallest value of n obtained above, which gives
2)(9.8,
g Ans, - ne2x98l)
& F, il
C+ 3 Mygamp = 0; 60 — (2)(9.81)(n — 1)2 = 0 : F’
60 —981(n —1)=0 Y »
z0oN || 200N
n =712 |

n=7 Ans. (k)



8-23.

A 35-kg disk rests on an inclined surface for which u, = 0.2. P
Determine the maximum vertical force P that may be 200 m
applied to link AB without causing the disk to slip at C. [

™ 300 mm

SOLUTION
Equations of Equilibrium: From FBD (a),
C+ZMy = 0; P(600) — A,(900) =0 A, = 0.6667P
From FBD (b), G
+13F, =0 N sin 60° — Fgsin 30° — 0.6667P — 34335 = 0 ) Jomn | eoomm

B
C+IM, = 0; F(200) — 0.6667P(200) = 0 (b)) Mt ) ¢

Friction: If the disk is on the verge of moving, slipping would have to occur at )
point C. Hence, Fr = u, Nc = 0.2N. Substituting this value into Egs. (1) and (2) 35(481)=343.35 4
and solving, we have

P =182N Ans.

Ne = 606.60 N




*8-24.

The man has a weight of 200 1b, and the coefficient of static
friction between his shoes and the floor is u; = 0.5.
Determine where he should position his center of gravity G
at d in order to exert the maximum horizontal force on the
door. What is this force?

SOLUTION

Fipax = 0.5 N = 0.5(200) = 100 Ib

BSF, =0, P-10=0; P =100Ib
C+3IMy=0;  200(d) — 100(3) = 0

d = 1501t

Ans.

Ans.

200lp /j

M
I
i

N
L

i

N=200 Ib



8-25.

The crate has a weight of W = 150 1b, and the coefficients
of static and kinetic friction are u, = 0.3 and u; = 0.2,
respectively. Determine the friction force on the floor if
0 = 30°and P = 200 1b.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the crate shown in Fig. a,
+1=F, = 0 N + 200sin30° — 150 = 0 N =501b

&5 3F, =0, 200cos30° — F =0 F =173201b

Friction Formula: Here, the maximum frictional force that can be developed is
(Ff) max = MV = 0.3(50) = 151b

Since F = 173201b > (Ff) max. the crate will slide. Thus the frictional force
developed is

Fy = N = 02(50) = 101b Ans.

_ P
N A y
7 AN
150 b
2001b
30°

(a)



8-26.

The crate has a weight of W = 350 1b, and the coefficients
of static and kinetic friction are u, = 0.3 and u; = 0.2,
respectively. Determine the friction force on the floor if
0 = 45°and P = 100 1b.

SOLUTION

Equations of Equilibrium: Referring to the FBD of the crate shown in Fig. a,

+13F, = 0; N + 100sin45° — 350 = 0
N =279291b
B IF =0; 100cos45° — F = 0 F =170.711b

Friction Formula: Here, the maximum frictional force that can be developed is
(F) max = msN = 0.3(279.29) = 83.79 1b

Since F = 70.711b < (Ff)max, the crate will not slide. Thus, the frictional force
developed is

Fr=F ="70.71b Ans.

P
.i\V/. i
VAN
3501b
100 Ib

@)



8-27.

The crate has a weight W and the coefficient of static
friction at the surface is u, = 0.3. Determine the
orientation of the cord and the smallest possible force P
that has to be applied to the cord so that the crate is on the
verge of moving.

SOLUTION

Equations of Equilibrium:

+13F, = 0; N + Psinf — W =0 (§))]
B 3F, =0 Pcosf — F =0 b))

Friction: If the crate is on the verge of moving, slipping will have to occur. Hence,
F = py N = 0.3N. Substituting this value into Egs. (1)and (2) and solving, we have

_ 0.3W _ W cos 6
cos @ + 0.3sin6 cos @ + 0.3sin 6
. .. dpP
In order to obtain the minimum P, a0 = 0.

d—P:O.SW sin § — 0.309502 ~ 0
db (cos 6 + 0.3sin6)

sinf — 0.3cosf =0

0 = 16.70° = 16.7° Ans.
d2p (cos 6 + 0.3sin #)% + 2(sin 6 — 0.3 cos 6)>
de* (cos @ + 0.3sin §)?

2
At O = 16.70°, 7912) = 0.2873W > 0.Thus, 8 = 16.70° will result in a minimum P.

0.3W

P = os1670° + 03sin1670° ~ O2W Ans.




*8-28.

If the coefficient of static friction between the man’s shoes
and the pole is u; = 0.6, determine the minimum coefficient
of static friction required between the belt and the pole at A
in order to support the man. The man has a weight of 180 Ib
and a center of gravity at G.

SOLUTION

Free-Body Diagram: The man’s shoe and the belt have a tendency to slip
downward. Thus, the frictional forces F 4 and Fc must act upward as indicated on the
free-body diagram of the man shown in Fig. a. Here, F is required to develop to its
maximum, thus Fr = (u,)cNe = 0.6Nc.

Equations of Equilibrium: Referring to Fig. a, we have

CH+SM, =0;  Ne(4) + 0.6N:(0.75) — 180(3.25) = 0

N = 131.461b
£ 3SF =0, 13146 — N, = 0 N, = 13146 1b
+13F, =0 Fy + 0.6(131.46) — 180 = 0 F, =101.121b

To prevent the belt from slipping the coefficient of static friction at contact point A
must be at least

Fy 10112

V= A = 0. Ans.
) =N = 13146~ 2707 ns




8-29.

The friction pawl is pinned at A and rests against the wheel
at B. It allows freedom of movement when the wheel is
rotating counterclockwise about C. Clockwise rotation is
prevented due to friction of the pawl which tends to bind
the wheel. If (u,)p = 0.6, determine the design angle 6
which will prevent clockwise motion for any value of
applied moment M. Hint: Neglect the weight of the pawl so
that it becomes a two-force member.

SOLUTION

Friction: When the wheel is on the verge of rotating, slipping would have to occur.
Hence, Fg = uNg = 0.6Np. From the force diagram (F,p is the force developed in
the two force member AB)

0.6Np

tan(20° + 0) = N
B

0.6

6 =11.0° Ans.




8-30.

If 6 = 30° determine the minimum coefficient of static
friction at A and B so that equilibrium of the supporting
frame is maintained regardless of the mass of the cylinder C.
Neglect the mass of the rods.

SOLUTION

Free-Body Diagram: Due to the symmetrical loading and system, ends A and B of
the rod will slip simultaneously. Since end B tends to move to the right, the friction
force F must act to the left as indicated on the free-body diagram shown in Fig. a.

Equations of Equilibrium: We have
—_t) EFX = O, FBC sin 30° — FB =0 FB = 0'5FBC
+T2Fy =0 Np — Fpc cos30° = 0 Ny = 0.8660 Fpc

Therefore, to prevent slipping the coefficient of static friction ends A and B must be
at least
_ Fg  05F

= _ =0.577 Ans.
Bs =Ny T 0.8660F5c ns

30°



8-31.

If the coefficient of static friction at A and B is u, = 0.6,
determine the maximum angle 0 so that the frame remains
in equilibrium, regardless of the mass of the cylinder.
Neglect the mass of the rods.

SOLUTION

Free-Body Diagram: Due to the symmetrical loading and system, ends A and B of
the rod will slip simultaneously. Since end B is on the verge of sliding to the right, the
friction force F; must act to the left such that Fz = u,Ng = 0.6Nj as indicated on
the free-body diagram shown in Fig. a.

Equations of Equilibrium: We have

+13F, = 0; N — Fgecosf =0 Np = Fgccosf
& 3IF, =0, Fpe sinf — 0.6(Fpc cosf) = 0

tanf = 0.6

6 =31.0° Ans.

foc

N

rg :@éA’e



*8-32.

The semicylinder of mass m and radius r lies on the rough
inclined plane for which ¢ = 10° and the coefficient of
static friction is uy = 0.3. Determine if the semicylinder
slides down the plane, and if not, find the angle of tip 0 of its

base AB.
SOLUTION
Equations of Equilibrium:
. 4r
C+=M, = 0; F(r) — 9.81msin 0(?> =0 (60)
T
-5 2F, =0 F cos 10° — N sin 10° = 0 (2)
+T2Fy =0 Fsin 10° + N cos 10° — 9.81m = 0 3

Solving Egs. (1), (2) and (3) yields
N =9.66lm  F = 1.703m

6 = 24.2° Ans.

Friction: The maximum friction force that can be developed between the
semicylinder and the inclined plane is (F)p. = N = 0.3(9.661m) = 2.898m.
Since F.x > F = 1.703m, the semicylinder will not slide down the plane. Ans.




8-33.

The semicylinder of mass m and radius r lies on the rough
inclined plane. If the inclination ¢ = 15°, determine the
smallest coefficient of static friction which will prevent the
semicylinder from slipping.

SOLUTION

Equations of Equilibrium:

+/2F. = 0; F —981lmsin15° =0 F =2.539m
N+2Fy, = 0; N — 9.81m cos 15° = N = 9.476m

Friction: If the semicylinder is on the verge of moving, slipping would have to
occur. Hence,

F=pu, N
2.539m = p, (9.476m)

e = 0.268 Ans.

5 98/ m
4~
3r
< — X
F



8-34.

The coefficient of static friction between the 150-kg crate
and the ground is ug = 0.3, while the coefficient of static
friction between the 80-kg man’s shoes and the ground is
uy = 0.4. Determine if the man can move the crate.

SOLUTION

Free-Body Diagram: Since P tends to move the crate to the right, the frictional
force F - will act to the left as indicated on the free-body diagram shown in Fig. a.
Since the crate is required to be on the verge of sliding the magnitude of F. can be
computed using the friction formula, i.e. Fr = u,Ne = 0.3 N¢. As indicated on the
free-body diagram of the man shown in Fig. b, the frictional force F,, acts to the
right since force P has the tendency to cause the man to slip to the left.

Equations of Equilibrium: Referring to Fig. a,

+12F, = 0; Ne + Psin30° — 150(9.81) = 0
L SF, =0 P cos 30° — 0.3N- = 0
Solving,

P = 43449 N

N¢ = 125426 N

Using the result of P and referring to Fig. b, we have
+1 3F, = 0; N,, — 434.49sin 30° — 80(9.81) = 0 N, = 1002.04 N

L 3SF =0 F,, — 434.49 cos 30° = 0 F, = 37628 N

Since F,,, < Fpax = ' N, = 0.4(1002.04) = 400.82 N, the man does not slip. Thus,
he can move the crate. Ans.

30°




8-35.

If the coefficient of static friction between the crate and the
ground is uy = 0.3, determine the minimum coefficient of
static friction between the man’s shoes and the ground so
that the man can move the crate.

SOLUTION -

Free-Body Diagram: Since force P tends to move the crate to the right, the
frictional force F - will act to the left as indicated on the free-body diagram shown

in Fig. a. Since the crate is required to be on the verge of sliding, ’50( q.g[ ) N
Fc = puyNe = 0.3 N¢. As indicated on the free-body diagram of the man shown in
Fig. b, the frictional force F,, acts to the right since force P has the tendency to cause
the man to slip to the left. P
Equations of Equilibrium: Referring to Fig. a, # 30°
+T2Fy =0 N¢ + Psin30° — 150(9.81) = 0
B SF, =0 P cos30° — 0.3N- = 0
l;': =0-3N,

Solving yields

P = 43449N Nc

Ne = 124526 N (&)

Using the result of P and referring to Fig. b,
+1 2F, =0; N, — 434.49sin 30° — 80(9.81) = 0 N, = 1002.04 N

L 3SF =0 F,, — 434.49 cos 30° = 0 F, = 37628 N

Thus, the required minimum coefficient of static friction between the man’s shoes
and the ground is given by

, F, 37628
Hs 7N, ~ 1002.04

= 0.376 Ans.




*8-36.

The thin rod has a weight W and rests against the floor and
wall for which the coefficients of static friction are u4 and \
g, respectively. Determine the smallest value of 6 for B
which the rod will not move.
L
SOLUTION 0
A

Equations of Equilibrium:
B IF =0, Fy— Ny=0 )]
+12F, =0 Ny+ Fa—W=0 Q?)

. L
C+=M, =0 Ng(L sin 0) + Fg(cos §)L — W cos 0(5) =0 3)

Friction: If the rod is on the verge of moving, slipping will have to occur at points A
and B. Hence, F4 = u,N,4 and Fz = upNp. Substituting these values into Egs. (1),
(2), and (3) and solving we have

w w
NA - NB — L
1+ papsg 1+ paps
1 —
6= tan’l(ﬂ) Ans.
2pn



8-37.

The 80-1b boy stands on the beam and pulls on the cord with
a force large enough to just cause him to slip. If the
coefficient of static friction between his shoes and the beam
is (ug)p = 0.4, determine the reactions at A and B. The
beam is uniform and has a weight of 100 1b. Neglect the size

of the pulleys and the thickness of the beam.

SOLUTION

Equations of Equilibrium and Friction: When the boy is on the verge of slipping, ‘ st 3t At
I e |

then Fp = (us)p Np = 0.4Np. From FBD (a), 1 ft

+T2Fy =05 Np — T(%) -80=0 @
80b

B 3F, =0, 04Np — T(%) =0 )
Solving Egs. (1) and (2) yields T %
T =4161b Np=9.01Ib

Hence, Fp, = 0.4(96.0) = 38.4 1b. From FBD (b), @)
C+SMy=0; 100(6.5) + 96.0(8) — 41.6(%)(13)

+ 41.6(13) + 41.65in 30°(7) — A,(4) =0

A, =474.11b = 474 1b Ans.

B¢

12
BSF. =0, B, + 41.6<E> — 384 — 41.6 cos 30° = 0

¥ 57t )T 3 T 45 v
B, = 36.01b Ans.  Tegilh 15t A;. t

+T2Fy = 0; 474.1 + 41.6(%) —41.6 — 41.6sin30° — 96.0 — 100 — B, = 0

B, =231.71b = 2321b Ans.



8-38.

The 80-1b boy stands on the beam and pulls with a force of
40 1b. If (ug)p = 0.4, determine the frictional force between
his shoes and the beam and the reactions at A and B. The
beam is uniform and has a weight of 100 1b. Neglect the size
of the pulleys and the thickness of the beam.

SOLUTION

Equations of Equilibrium and Friction: From FBD (a), ‘ st
I

+13F,=0; Np- 40(%) -8 =0 Np=095381b

12 Boib

BSF =0, Fp-— 40(6) =0 Fp=3692Ib

Since (Fp)max = (s)Np = 0.4(95.38) = 38.151b > Fp, then the boy does not slip. 13
Therefore, the friction force developed is 400° W

Fp =36921b =3691b Ans.

From FBD (b), HD
C+ZMy=0; 100(6.5) + 95.38(8) — 40(%)(13)

+40(13) + 405in 30°(7) — A, (4) = 0
=95 1001b
b N 65k l
{ho3694 1k Bx
27 1.
7 g 3k ) #t B

b Lon A"
(&)

A, =468271b = 468 1b Ans

12 5.
SSF =0, B+ 40(5) —36.92 — 40 cos 30° = 0 -

—

B, =34.641b = 34.61b Ans.

¥

+13SF, =0; 46827 + 40< >

B) — 40 — 405sin 30° — 95.38 — 100 — B, = 0

B, = 228.271b = 228 1b Ans.



8-39.

Determine the smallest force the man must exert on the
rope in order to move the 80-kg crate. Also, what is the
angle 6 at this moment? The coefficient of static friction
between the crate and the floor is u, = 0.3.

SOLUTION
Crate:
BSF =0, 03Ne—T'sinf =0 §))
{
+13F,=0;  Nc+ T cos6 — 80(9.81) = 0 ) T
\ro
Pulley: '
$EFXZO; —T cos30° + T cos45° + T'sinf = 0
1r'—~x>- F;.‘O.BNC
+13F, =0; T sin30° + Tsin45° — T' cos§ = 0
N¢
Thus,
T = 6.29253 T' sin 0
T T
T = 0.828427 T" cos 6 30 45°
0.828427 B\
= tan I 2222720 = o &
0 = tan (6.29253> 7.50 Ans.
T =0.82134 T’ (R)]

From Egs. (1) and (2),

Nc = 239N
T' = 550N
So that

T =452 N Ans.



*8-40.

Two blocks A and B have a weight of 10 Ib and 6 1b,
respectively. They are resting on the incline for which the
coefficients of static friction are w4 = 0.15 and uz = 0.25.
Determine the incline angle 0 for which both blocks begin
to slide. Also find the required stretch or compression in the
connecting spring for this to occur. The spring has a stiffness
of k = 2 1b/ft.

SOLUTION

Equations of Equilibrium: Using the spring force formula, Fy, = kx = 2x, from
FBD (a),

+/3F, =0, 2x+ Fy—10sin6 =0 1)
N+3F,=0; Ny—10cosf =0 2)
From FBD (b),

+/3F.,=0; Fg—2x—6sinf =0 3
N+2F,=0; Ng—6cos =0 “@

Friction: If block A and B are on the verge to move, slipping would have to occur
at point A and B. Hence. Fy = u,u Ny = 0.15N,4 and Fp = u,gNg = 0.25Np.
Substituting these values into Egs. (1), (2),(3) and (4) and solving we have

0 = 10.6° x = 0.184 ft Ans.

N,=98291b Nz=58971b

k =21b/it
N\

o)
¢ Ib
7 22X
A
A
@)
P 6
Bpeix
13
Ky
(6)



8-41.

Two blocks A and B have a weight of 10 Ib and 6 Ib,
respectively. They are resting on the incline for which the
coefficients of static friction are w4 = 0.15 and uz = 0.25.
Determine the angle # which will cause motion of one of
the blocks. What is the friction force under each of the
blocks when this occurs? The spring has a stiffness of
k = 2 1b/ft and is originally unstretched.

SOLUTION
Equations of Equilibrium: Since neither block A nor block B is moving yet, 121k F -0
the spring force F,, = 0.From FBD (a), 9 a
+/5F.=0; F4—10sin6 =0 )
N+3F, =0, Ny—10cos6 =0 %)) fa
From FBD (b), Na
. @)
+/2F, = 0; Fz — 6sin6 =0 3)
N+3F, = 0; Ng — 6¢cosf =0 4)
Glb
Friction: Assuming block A is on the verge of slipping, then 6
FA:[.LANAZO.lsNA (5)

Solving Egs. (1),(2),(3),(4), and (5) yields ,3;=0 re

0 = 8.531° N,y = 9.8891b F,=14831b N

Fg = 0.8900 1b Np =5.9341b

Since (Fp)max = maNp = 0.25(5.934) = 1.4831b > Fp, block B does not slip.
Therefore, the above assumption is correct. Thus

0 = 8.53° F,=1481b Fg =0.8901b Ans.



8-42.

The friction hook is made from a fixed frame which is
shown colored and a cylinder of negligible weight. A piece
of paper is placed between the smooth wall and the
cylinder. If 6 = 20°, determine the smallest coefficient of
static friction u at all points of contact so that any weight W
of paper p can be held.

SOLUTION
Paper:

+1SF, =0, F=05W

F = uN; F = uN
0.5W
N = ——
o
Cylinder:

C+SMy=0; F=05W

0.5W
BIF =0, Ncos20° + Fsin20° — —— =0

1
+12F,=0; Nsin20° — Fcos20° — 0.5W =0
F = uN; w?sin 20° + 2 cos 20° — sin 20° = 0

n = 0.176

Ans.



8-43.

The uniform rod has a mass of 10 kg and rests on the inside
of the smooth ring at B and on the ground at A. If the rod is
on the verge of slipping, determine the coefficient of static
friction between the rod and the ground.

SOLUTION

+12F, = 0;

L 3F, =0,

N(0.4) — 98.1(0.25 cos 30°) = 0
Ny = 53.10N

N, — 98.1 + 53.10cos 30° = 0
N, = 52.12N

n(52.12) — 53.10sin30° =
©n = 0.509 Ans.




*8-44.

The rings A and C each weigh W and rest on the rod, which
has a coefficient of static friction of u,. If the suspended ring
at B has a weight of 2W, determine the largest distance d
between A and C so that no motion occurs. Neglect the
weight of the wire. The wire is smooth and has a total
length of /.

SOLUTION

Free-Body Diagram: The tension developed in the wire can be obtained by
considering the equilibrium of the free-body diagram shown in Fig. a.

+13F, = 0; 27 sin6 — 2w = 0 r=_

Due to the symmetrical loading and system, rings A and C will slip simultaneously.
Thus, it’s sufficient to consider the equilibrium of either ring. Here, the equilibrium
of ring C will be considered. Since ring C is required to be on the verge of sliding to
the left, the friction force F . must act to the right such that Fr = u,N¢ as indicated
on the free-body diagram of the ring shown in Fig. b.

Equations of Equilibrium: Using the result of T and referring to Fig. b, we have
+13F, = 0; N—w—{i}sinezo Nc = 2w
yo ¢ sinf ¢

w
L 3F, =0, w(Cw) — [@} cosf =0

tanf =
2y

(é)z - (g)z £-d

From the geometry of Fig. ¢, we find that tanf = =

Thus,

?—d? 1

d 2

2l
d= L Ans.

V1 + 4u’

(€)




8-45.

The three bars have a weight of W, = 201b, Wz = 40 1b,
and W = 60 Ib, respectively. If the coefficients of static

friction at the surfaces of contact are as shown, determine A C  Hcp=05
the smallest horizontal force P needed to move block A. 8 [ B W, =03
15 A=Y
[ A Hyp=02 P
D
SOLUTION

Equations of Equilibrium and Friction: If blocks A and B move together, then
slipping will have to occur at the contact surfaces CB and AD. Hence,
FCB = MsCB NCB = O.SNCB and FAD = Mg AD NAD = O.ZNAD. From FBD (a)

8 —

+13F, = 0; Nep — T(ﬁ) -60=0 @ i
5 SF =0 5 B - 2

F,=0; 05Nep =T 17)= 0 2) a_‘jlhplﬁcg

1A
and FBD (b) \j ,L“" B Y
+T2Fy:0, NAD_NCB_6O:0 (3) . ._" ,\)ﬁh
s 2N
L SF, =0 P — 0.5Nop — 02N, = 0 @
Solving Egs. (1), (2), (3), and (4) yields 40160100 16
T =46361b Ncp=81821b N,p=141.821b
17 b
P = 69.271b _‘?Js
T —_’1'_’ =
If only block A moves, then slipping will have to occur at contact surfaces BA and Fan=0? Nk
AD. Hence, FBA = MUsBA NBA = O.BNBA and FAD = Ms AD NAD = O'ZNAD' From <) NM
FBD (c)
8 Nga
+13F, = 0; Npa = T( 7 ) =100 =0 5) FEﬂO&ﬂ,L 201b
s [ P
BIF =0, 03Ng, — ( ) 0 (6) <~
17 bip=02hnp

and FBD (d) (@) oo
+12F, = 0; Naip — Nga —20=10 )
L IF =0, P — 03Ng, — 02N,p = 0 ®)

Solving Egs. (5),(6),(7), and (8) yields
T =40481b  Ng, = 119.051b  N,p = 139.051b

P =63.521b = 63.51b (Control!) Ans.



8-46.

The beam AB has a negligible mass and thickness and is
subjected to a triangular distributed loading. It is supported
at one end by a pin and at the other end by a post having a
mass of 50 kg and negligible thickness. Determine the
minimum force P needed to move the post. The coefficients
of static friction at B and C are ug = 0.4 and pc = 0.2,
respectively.

SOLUTION

Member AB:

C+IMy = 0; —800(%) +Np(2 =0
Nj =5333N

Post:

Assume slipping occurs at C; Fe = 0.2 N¢

4
C+3Mc = 0; —5P(03) + Fp(0.7) = 0
4
BIF. =0, —P—Fg—02Nc=0

5

3
+12F, =0, =P+ N¢— 5333 —5009.81) =0

5

P =35N
Nc = 811.0N
Fy=1216N

(Fp)man = 0.4(5333) = 2133 N > 121.6 N

800N
P
- 1
fAx (—-T .T., Fo
Ne
) .
fe— 2|

so(3.8ON

Ans.

(OK.)



8-47.

The beam AB has a negligible mass and thickness and is
subjected to a triangular distributed loading. It is supported
at one end by a pin and at the other end by a post having a
mass of 50 kg and negligible thickness. Determine the two
coefficients of static friction at B and at C so that when the
magnitude of the applied force is increased to P = 150 N,
the post slips at both B and C simultaneously.

SOLUTION
Member AB:
A _
C+ =M, =0; —800(5) + Np(2) =0 Py aoep
AX 4/34\4
Ny = 5333N 2 Fa
N
Post: &
+12F, = 0; Ne — 5333 + 150(§> —50(9.81) =0
N = 933.83N
4
C+ =M = 0; —5(150)(0.3) + F5(0.7) = 0
Fp=51429N
4 4
SF, = 0; 5(150) = Fe = 51429 = 0
Fe = 68571 N
Fc 68571
He = Ne T 0.0734 Ans.
F .
Fp 51429 4 ho64 Ans.

HB= N, ~ 5333



*8-48.

The beam AB has a negligible mass and thickness and is 200N
subjected to a force of 200 N. It is supported at one end by a
pin and at the other end by a spool having a mass of 40 kg.
If a cable is wrapped around the inner core of the spool,
determine the minimum cable force P needed to move the AM !
spool. The coefficients of static friction at B and D are
mp = 0.4 and up = 0.2, respectively.

2m 1m

SOLUTION
Equations of Equilibrium: From FBD (a), 200N

C+3IM, = 0; Ny (3) —200(2) =0 Ny = 13333N A
x

From FBD (b), | T &

+12F, =0 Np— 13333 —3924=0 N, =52573N
L 3F, =0 P—Fzg—Fy=0 )
C+3=Mp = 0; Fy (0.4) — P(02) =0 7)) Ny=133 33 N

Friction: Assuming the spool slips at point B, then Fz= us gNp = 0.4(133.33) = 40(981)=3%4N
53.33 N. Substituting this value into Egs. (1) and (2) and solving, we have [ 2

Fp = 5333N ¥

P =106.67N = 107N Ans. A

Since (Fp)max = s pNp = 0.2(525.73) = 105.15 N > Fp, the spool does not slip at Np
point D.Therefore the above assumption is correct. by



8-49.

If each box weighs 150 1b, determine the least horizontal
force P that the man must exert on the top box in order to
cause motion. The coefficient of static friction between the
boxes is w, = 0.5, and the coefficient of static friction
between the box and the floor is u; = 0.2.

SOLUTION

Free-Body Diagram: There are three possible motions, namely (1) the top box
slides, (2) both boxes slide together as a single unit on the ground, and (3) both
boxes tip as a single unit about point B. We will assume that both boxes slide
together as a single unit such that F = u;N = 0.2N as indicated on the free - body
diagram shown in Fig. a.

Equations of Equilibrium:

+12F, = 0; N — 150 — 150 = 0

L SF =0 P—02N =0

C+3My = 0; 150(x) + 150(x) — P(5) = 0
Solving,

N =300 x =11t

P=601Ib Ans.

Since x < 1.5 ft, both boxes will not tip about point B. Using the result of P and
considering the equilibrium of the free-body diagram shown in Fig. b, we have

+13F, = 0 N' =150 =0 N’ =1501b
B 3F, =0; 60 — F' = F' =601b

Since F' < Fuax = uN' = 0.5(150) = 75 1b, the top box will not slide. Thus, the
above assumption is correct.

‘%Sft—-‘
] _
4.5 ft
N
L]
4.5 ft
[ ] B
1201

Sft

Ll ol-e
NG
xT

N
(a)
150 1b

(b)



8-50.

If each box weighs 150 1b, determine the least horizontal
force P that the man must exert on the top box in order to
cause motion. The coefficient of static friction between the
boxes is u, = 0.65, and the coefficient of static friction
between the box and the floor is u; = 0.35.

SOLUTION

Free-Body Diagram: There are three possible motions, namely (1) the top box
slides, (2) both boxes slide together as a single unit on the ground, and (3) both
boxes tip as a single unit about point B. We will assume that both boxes tip as a
single unit about point B. Thus, x = 1.5 ft.

Equations of Equilibrium: Referring to Fig. a,

+12F, = 0; N =150 = 150 = 0
B 3F, =0; P—F=0
C+EMy = 0; 150(1.5) + 150(1.5) — P(5) = 0
Solving,
P =901b Ans.

N =300Ib F=901Ib

Since F < Fa = pN' = 0.35(300) = 105 1b, both boxes will not slide as a single
unit on the floor. Using the result of P and considering the equilibrium of the free -
body diagram shown in Fig. b,

+T2Fy=0; N —150=0 N’ =1501b

B 3F, =0; 90 — F' = F' =901b

Since F' < Fpa = usN' = 0.65(150) = 97.5 1b, the top box will not slide. Thus, the
above assumption is correct.

‘%3 ft %‘

45 ft

[ []

451t

w
i
=

g

5ft v

] 10 |8
F
X
N
(@)
150 Ib




8-51.

The block of weight W is being pulled up the inclined
plane of slope « using a force P. If P acts at
the angle ¢ as shown, show that for slipping to occur,

P = Wsin(a + 6)/cos(¢ — 6), where 6 is the angle of
friction; 6 = tan™! p.

SOLUTION
J+2F, = 0; Pcos¢p — Wsina — uN =0
+N2F, = 0; N —Wcosa + Psing =0

Pcosp — Wsina — w(Wcosa — Psing) =0

sin ¢ + u cos «
P=W|——F—
cos ¢ + usin ¢

Letu = tan 6

(i)

(QED)




*§-52.

Determine the angle ¢ at which P should act on the block
so that the magnitude of P is as small as possible to begin
pushing the block up the incline. What is the
corresponding value of P? The block weighs W and the
slope « is known.

SOLUTION
Slippi h P—W(M) here 6 is the angle of fricti W
1pp1ng occurs when = cos ((f) — 0) where 1S € ang € O riction
6 = tan 6. R
% & =UN
dP_W(sin(a-i-B)sin(d)—O))_O N
dp cos? (¢ — 0) B

sin (a + 0)sin(¢p — 6) =0
sin(a +6) =0 or sin(¢p —0) =0
a=—0 ¢ =6 Ans.

P = Wsin (o + ¢) Ans.



8-53.

The wheel weighs 20 1b and rests on a surface for which
up = 0.2. A cord wrapped around it is attached to the top
of the 30-Ib homogeneous block. If the coefficient of static
friction at D is up = 0.3, determine the smallest vertical
force that can be applied tangentially to the wheel which
will cause motion to impend.

SOLUTION
Cylinder A:

Assume slipping at B, Fg = 0.2 Ny
C+=M, =0 Fg+T=P
BIF, =0, Fp=T
+1SF,=0; Np=20+P
Ng =20 + 2(02Np)
N =33331b
Fg=6671b
T = 6.671b
P =1331b
HSF. =0, Fp=6671b
+1SF,=0; Np=30Ib

(Fp)mae = 0.3(30) = 91b > 6.671b

No slipping occurs.

C+IMp=0;  —30(x) + 6.67(3) = 0

1.5
x = 0.667 ft < -5 = 0.75 ft

No tipping occurs.

Ans.

(0O.K.})

(O.K.})

=~

1.5 ft~

bHbe—
3t
Lo, 75} ¢
X
Np



8-54.

The uniform beam has a weight W and length 4a. It rests on
the fixed rails at A and B. If the coefficient of static friction
at the rails is u,, determine the horizontal force P, applied
perpendicular to the face of the beam, which will cause the
beam to move.

SOLUTION

From FBD (a),

+1=F =0; Ny+ Ng—W=0

C+EMp = 0; —N4(3a) + W(2a) =0 lala| 2

2 1
Ny ==W N =-W
473 B3 Ny W Ny
(a) Side view

Support A can sustain twice as much static frictional force as support B.

From FBD (b),

+13F = 0; P+ Fzg—F4=0 ‘14
¢ 3a
C+3Mgz = 0; —P(4a) + Fu(3a) = 0 :
. A
4 1
Fy = gP Fp = EP P Fy
(b) Top view

The frictional load at A is 4 times as great as at B. The beam will slip at A first.

3 3

1
P = Z(FA)max = Z(MS NA) = EH«S w Ans.



8-55.

Determine the greatest angle u so that the ladder does not
slip when it supports the 75-kg man in the position shown.
The surface is rather slippery, where the coefficient of static
friction at A and B is ug, = 0.3.

SOLUTION

Free-Body Diagram: The slipping could occur at either end A or B of the ladder. We
will assume that slipping occurs at end B. Thus, Fz = u,Ng = 0.3Np.

Equations of Equilibrium: Referring to the free-body diagram shown in Fig. b,
we have

;t)EFx:O; FBCSin6/2—0.3NB=O
Fpesinf/2 = 0.3Ng )
+13F, = 0; Np — Fgccosf/2 =0

FBC COos 6/2 = NB(Z)
Dividing Eq. (1) by Eq. (2) yields

tan6/2 = 0.3
0 = 33.40° = 334° Ans.

Using this result and referring to the free-body diagram of member AC shown in
Fig. a, we have

C+3M, = 0;  Fpesin33.40°(2.5) — 75(9.81)(025) = 0 Fpe = 133.66 N

33.40°
K SF, =0; F, — 133.66 sin< 5 > =0 F, = 3840 N

o

3
+T2Fy =0 N,y + 133.66 cos< > - 7509.81) =0 N, = 607.73N

Since Fy < (F) max = #sN4 = 0.3(607.73) = 182.32 N, end A will not slip. Thus,
the above assumption is correct.

2.5m




*8-56.

The uniform 6-kg slender rod rests on the top center of the
3-kg block. If the coefficients of static friction at the points
of contact are uy = 0.4, up = 0.6, and e = 0.3, determine
the largest couple moment M which can be applied to the
rod without causing motion of the rod.

SOLUTION

Equations of Equilibrium: From FBD (a),

B SF, =0, Fzp— Nc=0 @
+13F, = 0; Ny + F- — 5886 =0 )
C+SMy = 0; Fe(0.6) + No(0.8) — M — 58.86(0.3) = 0 A3)

From FBD (b),

+13F, = 0; Ny — Np —29.43 =0 @)
B IF, =0, Fy—Fz=0 5)
C+ =My = 0; F(03) — Ng(x) — 29.43(x) = 0 (©6)

Friction: Assume slipping occurs at point C and the block tips, then
Fe=pseNe=0.3Ncand x = 0.1 m. Substituting these values into Egs. (1), (2), (3),
(4), (5), and (6) and solving, we have

M = 8561 N-m = 856 N-m Ans.
Np = 50.83 N N, = 8026 N Fy=Fg = Nc=2675N
Since (F4)max = Msa N4 = 0.4(80.26) = 32.11 N > F,, the block does not slip.

Also, (Fg)max = Msp N = 0.6(50.83) = 30.50 N > Fp, then slipping does not
occur at point B. Therefore, the above assumption is correct.

800 mn

f
300 mm ‘«— 600 mm—{ *

O



8-57.

The disk has a weight W and lies on a plane which has a z
coefficient of static friction w. Determine the maximum
height 4 to which the plane can be lifted without causing the

disk to slip.
)
/2a
SOLUTION x
Unit Vector: The unit vector perpendicular to the inclined plane can be determined
using cross product. z
A=0-0i+(0—-a)j+ (h—0k=—aj + hk
. . . . ©,0,h)
B=2a—-0)i+ (0-a)j+ (0— 0k =24 — qgj
Then
i j k
N=AXB=|0 —a h|=ahi+ 2ahj+ 2k
2a —a O
N ahi + 2ahj + 2a°k w
n=—=
N aV5n® + 4a? v, "
Thus
cos e hence sin 7\/5}1 F=uN
Y= Y= =
V5K + 4d V5h? + 4d®
Equations of Equilibrium and Friction: When the disk is on the verge of sliding N \-t
down the plane, F = uN.
SF,=0; N —Wcosy =0 N = W cos y @
. W sin y
2F, =0 Wsiny — uN =0 N=—— ?2)
w
Divide Eq. (2) by (1) yields
siny
weosy
\/5h
Vsih' + 4a°
=1
2a
“(\/Shz + 4a2)
h=—+ Ans.



8-58.

Determine the largest angle u that will cause the wedge to
be self-locking regardless of the magnitude of horizontal
force P applied to the blocks. The coefficient of static
friction between the wedge and the blocks is u, = 0.3.
Neglect the weight of the wedge.

SOLUTION

Free-Body Diagram: For the wedge to be self-locking, the frictional force F
indicated on the free-body diagram of the wedge shown in Fig. @ must act downward
and its magnitude must be F = u,N = 0.3N.
Equations of Equilibrium: Referring to Fig. a, we have
+13F, =0 2Nsinf/2 — 2Fcos6/2 = 0

F = Ntan#6/2

Using the requirement F < 0.3N, we obtain
N tanf/2 = 0.3N
0 = 33.4° Ans.




8-59.

If the beam AD is loaded as shown, determine the
horizontal force P which must be applied to the wedge in
order to remove it from under the beam. The coefficients of
static friction at the wedge’s top and bottom surfaces are
mea = 025 and pep = 0.35, respectively. If P = 0, is the
wedge self-locking? Neglect the weight and size of the

wedge and the thickness of the beam.

SOLUTION

4 kN/m

m 10°
5 A
Dy Fﬁ'»P
B
‘ 3m 4m |

Equations of Equilibrium and Friction: If the wedge is on the verge of moving to
the right, then slipping will have to occur at both contact surfaces. Thus,

FA = Mg A NA = OZSNA and FB = Mg B NB = O.35NB.FTOH1 FBD (a),

N, = 12.78 kN

From FBD (b),

+T2Fy =0;

Ny = 13.14kN

B IF =0,

P = 553kN

N, cos 10°(7) + 0.25N4 sin 10°(7)

~ 6.00(2) — 16.0(5) = 0

Ny — 12.78 sin 80° — 0.25(12.78) sin 10°

P + 12.78 cos 80° — 0.25(12.78) cos 10°

~035(13.14) = 0

Ans.

Since a force P (> 0) is required to pull out the wedge, the wedge will be self-locking

when P = 0.

Ans.

-

- b 4

P

-

Im

()

=278 kAl
F =0.2502-78) KN




*8-60.

The wedge has a negligible weight and a coefficient of static
friction u, = 0.35 with all contacting surfaces. Determine the
largest angle 0 so that it is “self-locking.” This requires no

slipping for any magnitude of the force P applied to the joint. P

SOLUTION

Friction: When the wedge is on the verge of slipping, then F = uN = 0.35N.From
the force diagram (P is the ‘locking’ force.),

0 035N
U020 35
My =N

0 = 38.6° Ans.




8-61.

If the spring is compressed 60 mm and the coefficient of
static friction between the tapered stub S and the slider A is —
msa = 0.5, determine the horizontal force P needed to
move the slider forward. The stub is free to move without
friction within the fixed collar C. The coefficient of static
friction between A and surface B is w45 = 0.4. Neglect the
weights of the slider and stub.

k =300 N/m-——

SOLUTION
Stub: |
+1 2F, =0; N 4 cos 30° — 0.5N 4 sin 30° — 300(0.06) = 0 P
—_
N4=2922N
B
Slider:
+T2Fy =0; Npg — 29.22 cos 30° + 0.5(29.22) sin 30° = 0
Fe=300(0.06)
Np=18N
|
5 SF,=0; P — 0.4(18) — 29.22 sin 30° — 0.5(29.22) cos 30° = 0 l
P =345N Ans.
30 0.5y
30°




8-62.

If P =250 N, determine the required minimum compression
in the spring so that the wedge will not move to the right.
Neglect the weight of A and B. The coefficient of static
friction for all contacting surfaces is w, = 0.35. Neglect
friction at the rollers.

SOLUTION
Free-Body Diagram: The spring force acting on the cylinder is Fy, = kx = 15(10%)x.
Since it is required that the wedge is on the verge to slide to the right, the frictional

force must act to the left on the top and bottom surfaces of the wedge and their
magnitude can be determined using friction formula.

(Fp)y = uN; = 0.35M; (F¢)2 = 0.35N,

Equations of Equilibrium: Referring to the FBD of the cylinder, Fig. a,
+12F, = 0 Ny — 15(10°)x = 0 N, = 15(10%)x
Thus, (F;); = 0.35[15(10%)x] = 5.25(10%)x

Referring to the FBD of the wedge shown in Fig. b,

+13F, =0 N, cos 10° — 0.35N, sin 10° — 15(10%)x = 0
N, = 16.233(10%)x

B 3F =0 250 — 5.25(10%x — 0.35[16.233(10%)x]cos 10°
— [16.233(10%)x]sin 10° = 0

x = 0.01830m = 18.3mm Ans.

k=15kN/m—
O
BB
@
P
—_— A
10°
|

(&)

N,=/5¢107)x
Q?)l=5.z500?)x




8-63.

Determine the minimum applied force P required to move
wedge A to the right. The spring is compressed a distance of
175 mm. Neglect the weight of A and B. The coefficient of
static friction for all contacting surfaces is u, = 0.35.
Neglect friction at the rollers.

SOLUTION
Equations of Equilibrium and Friction: Using the spring formula, Fy, = kx =
15(0.175) = 2.625 kN. If the wedge is on the verge of moving to the right, then
slipping will have to occur at both contact surfaces. Thus, F ;= usN 4= 0.35N 4 and
Fp=usNp=0.35N . From FBD (a),
+12F, = 0; N —2625=0  Ng=2625kN
From FBD (b),
+T2Fy =0; N, cos 10° — 0.35N 4 sin 10° — 2.625 = 0

N,y = 2.841 kN
BIF, =0 P — 0.35(2.625) — 0.35(2.841) cos 10°

— 2.841sin 10° =

P = 239kN Ans.

k=15kN/m —
O
2 e
O
P \
_> A
10°
Ne
(&)
F=035N,
a
Ng= 2625 kN
__5:0-35&
P (b

T
f; 20-35 Ny /k']

A



*8-64.

Determine the largest weight of the wedge that can be
placed between the 8-1b cylinder and the wall without
upsetting equilibrium. The coefficient of static friction at A
and Cis u, = 0.5 and at B, u; = 0.6.

SOLUTION

Equations of Equilibrium: From FBD (a),

B 3F, =0; N cos 30° — Fycos 60° — No = 0
+12F, = 0; Npsin 30° + Fgsin60° + Fo — W =0
From FBD (b),

+12F, = 0; N4 — Ngsin30° — Fgsin60° — 8 = 0
B 3F, =0; F4 + Fgcos 60° — Ngcos 30° =

@
2

3
)
6

Friction: Assume slipping occurs at points C and A, then F-= usNs=0.5N, and
F 4= pusN 4=0.5N 4. Substituting these values into Egs. (1), (2), (3), (4), and (5) and

solving, we have

W = 66.641b = 66.6 1b

Ny =51711b N, =59711b  Fz= Ne = 29.861b

Ans.

Since (Fp)max = M5 Np = 0.6(51.71) = 31.031b > Fp, slipping does not occur at

point B. Therefore, the above assumption is correct.

30°—

<

0.5 ft

& STU~
30°

Ne
“)

&lb




8-65.

The coefficient of static friction between wedges B and C is
s = 0.6 and between the surfaces of contact B and A and
C and D, p,’ = 0.4. If the spring is compressed 200 mm
when in the position shown, determine the smallest force P
needed to move wedge C to the left. Neglect the weight of

the wedges.
SOLUTION
Wedge B:
100N
BIF, =0;  Nag— 06N cos15° — Ny sin15° = 0 ;
+13F, =0;  Npccos15° — 0.6N e sin 15° — 0.4N 45 — 100 = 0 o . 1517‘}’;?““
) o
NBC = 2104 N
N, p =1764N sm.ws o
=
Wedge C: ‘_P
?‘
+13F, =0;  Nepcos15° — 0.4N¢p sin 15° + 0.6(210.4) sin 15° — 210.4 cos 15° = 0 ] o
Nep = 1978 N

BISF, =0 197.8 sin 15° + 0.4(197.8) cos 15° + 210.4 sin 15° + 0.6(210.4) cos 15° — P =0

P =304 N Ans.



8-66.

The coefficient of static friction between the wedges B and
Cis u, = 0.6 and between the surfaces of contact B and A
and C and D, u," = 0.4. If P = 50 N, determine the largest
allowable compressionof the spring without causing wedge C
to move to the left. Neglect the weight of the wedges.

SOLUTION
Wedge C:

;t) EFX = 0, (NCD + Ngc) sin 15° + (04’NCD + 06NBC) cos15° =50 =0

T+2Fy =0 (Nep — Npc) cos 15° + (=0.4N¢cp + 0.6N gc) sin 15° = 0
Npe = 3461 N
Ncp = 3253 N

Wedge B:

BIF, =0; Ny — 0.6(34.61) cos 15° — 34.61sin 15° = 0
N,p = 29.01N

T+3F, =0;  34.61cos 15° — 0.6(34.61) sin 15° — 0.4(29.01) — 500x = 0

x = 0.03290 m = 32.9 mm

Ans.

5002

0.4Nag
Neo —>|l = DL(BHeN
346N



8-67.

If couple forces of F=101b are applied perpendicular to the
lever of the clamp at A and B, determine the clamping force
on the boards. The single square-threaded screw of the
clamp has a mean diameter of 1 in. and a lead of 0.25 in. The
coefficient of static friction is u, = 0.3.

SOLUTION

Since the screw is being tightened, Eq. 8-3 should be used. Here,

L 0.25
= = “1in: = - =) = -1 = .
M = 10(12) = 1201b-in; 6 = tan (27_”) tan [277'(0.5):| 4.550°;

¢, = tan 'u, = tan "(0.3) = 16.699°. Thus
M = Wr tan (¢, + 6)
120 = P(0.5) tan (16.699° + 4.550°)
P =6171b Ans.

Note: Since ¢, > 0, the screw is self-locking.



*8-68.

If the clamping force on the boards is 600 1b, determine the
required magnitude of the couple forces that must be
applied perpendicular to the lever AB of the clamp at A and
B in order to loosen the screw. The single square-threaded
screw has a mean diameter of 1 in. and a lead of 0.25 in. The
coefficient of static friction is u, = 0.3.

SOLUTION

Since the screw is being loosened, Eq. 8-5 should be used. Here,

M = F(12);0 = tan —1<L> - tan_l[ 0-25 } = 4550
2mr

27(0.5)
¢, = tan 'u, = tan "1(0.3) = 16.699°; and W = 600 Ib. Thus
M = Wrtan (¢, — 6)
F(12) = 600(0.5) tan (16.699° — 4.550°)
F =5381b

Ans.




8-69.

The column is used to support the upper floor. If a force
F = 80 N is applied perpendicular to the handle to tighten
the screw, determine the compressive force in the column.
The square-threaded screw on the jack has a coefficient of
static friction of u, = 0.4, mean diameter of 25 mm, and a

lead of 3 mm. }_ﬂO.S mi=

(3
0
o
(]
o
[}

SOLUTION
M = W(r) tan(¢; + 0,)

¢, = tan 1(0.4) = 21.80°

0, = tanl[ } = 2.188°

2mw(12.5)
80(0.5) = W(0.0125) tan(21.80° + 2.188°)

W =719 kN Ans.



8-70.

If the force F is removed from the handle of the jack in
Prob. 8-69, determine if the screw is self-locking.

SOLUTION

¢, = tan"1(0.4) = 21.80°
_ -1 3 :| _ o

, = tan {277(12.5) = 2.188

Since ¢ > 6, the screw is self locking.

Ans.




8-71.

If the clamping force at G is 900 N, determine the horizontal
force F that must be applied perpendicular to the handle of
the lever at E. The mean diameter and lead of both single
square-threaded screws at C and D are 25 mm and 5 mm,
respectively. The coefficient of static friction is u;, = 0.3.

SOLUTION
Referring to the free-body diagram of member GAC shown in Fig. a, we have
EM, = 0;Fcp(0.2) —900(0.2) =0 Fep = 900N
L
Since the screw is being tightened, Eq. 8-3 should be used. Here, 6 = tanﬁl(r) =
5 wr
-1 o
= 3.643°;
tan {277(12.5)} 3.643°;

¢, = tan !y, = tan 1(0.3) = 16.699°;and M = F(0.125). Since M must overcome
the friction of two screws,

M = 2[Wrtan(¢, + 0)]
F(0.125) = 2[900(0.0125)tan(16.699° + 3.643°)]
F =667N Ans.

Note: Since ¢ > 0, the screw is self-locking.

Tzoo mmﬂﬁZOO mm ﬁ

Ke)

Ec
A P .ou
B e




*§-T72.

If a horizontal force of F =50 N is applied perpendicular to
the handle of the lever at E, determine the clamping force
developed at G. The mean diameter and lead of the single
square-threaded screw at C and D are 25 mm and 5 mm,
respectively. The coefficient of static friction is u, = 0.3.

SOLUTION

L
Since the screw is being tightened, Eq. 8-3 should be used. Here, § = tan™! (7) =

27r
tanfl{ ] = 3.643°;

S
27(12.5)

¢, = tan ', = tan 1(0.3) = 16.699°; and M = 50(0.125). Since M must overcome
the friction of two screws,

M = 2[Wrtan(py + 6)]
50(0.125) = 2[F¢p(0.0125)tan(16.699° + 3.643°)]
FCD = 67432N Ans.

Using the result of F-;, and referring to the free-body diagram of member GAC
shown in Fig. a, we have

My = 0;674.32(0.2) — F5(02) =0
F; = 674N Ans.

Note: Since ¢, > 0, the screws are self-locking.

T 200 mma’—; 200 mm ﬁ

G B¢
>~ PA___ o
OB . o,
D
125 mm

o

N

E

02m § 0-2m
ﬁ Fcp = é/4'32ﬁj
)




8-73.

tension member AB of the truss. The coefficient of the static e g
friction between the square threaded screws and the
turnbuckle is u; = 0.5. The screws have a mean radius of
6 mm and a lead of 3 mm. If a torque of M = 10N -m is
applied to the turnbuckle, to draw the screws closer

A turnbuckle, similar to that shown in Fig. 817, is used to B D ﬂ

together, determine the force in each member of the truss. 4m
No external forces act on the truss. M
SOLUTION
. . -1 / -1 3 o
Frictional Forces on Screw: Here, § = tan | — | = tan | ———| = 4.550°, G/
2mr 2m(6) 3 A
M =10 N-mand ¢, = tan"! p, = tan }(0.5) = 26.565°. Since friction at two screws
must be overcome, then, W = 2F, 5. Applying Eq. 8-3, we have \ 3m \
M = Wrtan (0 + ¢y)
10 = 2F,45(0.006) tan (4.550° + 26.565°)
F,p = 1380.62N (T) = 1.38 kN (T) Ans.
Note: Since ¢; > 0, the screw is self-locking. It will not unscrew even if moment M
is removed.
Method of Joints:
Joint B:
3
B SF, =0; 1380.62 (g) — Fyp=0
Fgp = 82837 N(C) = 828N (C) Ans.
0 -0 4\ _
+12F, =0; Fpc — 1380.62 5)° 0
_ _ —
Fpe = 110450 N (C) = 1.10kN (C) Ans. 2 M.
Joint A: C,
3
B SF =0; Fac — 1380.62 <§> =0
Fyc = 82837N (C) = 828N (C) Ans.
4
+13F, = 0; 1380.62 (5) — Fap=0
F,p = 110450 N (C) = 1.10kN (C) Ans.
Joint C:
+ 3
S 3F, =0 Fep 5)° 828.37 =0
Fep = 1380.62 N (T) = 1.38 kN (T) Ans.
4
+T2Fy =0 C, + 1380.62 (g) — 1104.50 = 0

C, = 0 (No external applied load. check!)



8-74.

A turnbuckle, similar to that shown in Fig. 8-17, is used to
tension member AB of the truss. The coefficient of the static
friction between the square-threaded screws and the
turnbuckle is u; = 0.5. The screws have a mean radius of
6 mm and a lead of 3 mm. Determine the torque M which
must be applied to the turnbuckle to draw the screws closer
together, so that the compressive force of 500 N is
developed in member BC.

SOLUTION
Method of Joints:
Joint B:
4
+13F, = 0; 500 — FAB<§) =0 Fu3=625N(C)

I 3
Frictional Forces on Screws: Here, 0 = tan_](7> = tan‘l[i} = 4.550°
27r 27(6)

and ¢, = tan ', = tan_l(O.S) = 26.565°. Since friction at two screws must be
overcome, then, W = 2F, 5 = 2(625) = 1250 N. Applying Eq. 8-3, we have

M = Wrtan(0 + ¢)
= 1250(0.006) tan(4.550° + 26.565°)

=453N-m Ans.

Note: Since ¢, > 6, the screw is self-locking. It will not unscrew even if moment M
is removed.

¥




8-75.

The shaft has a square-threaded screw with a lead of 8§ mm 15 mm
and a mean radius of 15 mm. If it is in contact with a plate
gear having a mean radius of 30 mm, determine the resisting
torque M on the plate gear which can be overcome if a
torque of 7 N -m is applied to the shaft. The coefficient of
static friction at the screw is wg = 0.2. Neglect friction of
the bearings located at A and B.

SOLUTION

Frictional Forces on Screw: Here, 6 = tan~ ( ) { (i 5)} = 4.852°,
W =F,M =7N-'mand ¢, = tan 'y, = tan”! (0.2) = 11.310°. Applylng Eq.8-3,
we have

M = Wrtan (6 + ¢)
= F(0.015) tan (4.852° + 11.310°)

F =161029N

Note: Since ¢, > 0, the screw is self-locking. It will not unscrew even if force F is
removed.

Equations of Equilibrium:
C+SM, = 0; 1610.29(0.03) — M = 0

M = 483 N-m Ans.




*8-76.

The square-threaded screw has a mean diameter of 20 mm
and a lead of 4 mm. If the weight of the plate A is 5 b,
determine the smallest coefficient of static friction between
the screw and the plate so that the plate does not travel
down the screw when the plate is suspended as shown.

SOLUTION

Frictional Forces on Screw: This requires a “self-locking” screw where ¢

[ 4
= _1 — = _1 = °
Here, 6 = tan (27_”> tan [277_(10) } 3.643°.

¢y = tan”'p,

s = tan ¢, where ¢, = 60 = 3.643°

0.0637

A
= 0.

Ans.



8-77.

The fixture clamp consist of a square-threaded screw having
a coefficient of static friction of w, = 0.3, mean diameter of
3 mm, and a lead of 1 mm. The five points indicated are pin
connections. Determine the clamping force at the smooth
blocks D and E when a torque of M = 0.08 N - m is applied
to the handle of the screw.

SOLUTION
M=0.08N-m
l 1
Frictional Forces on Screw: Here, 6 = tan ' | — | = tan”!| ——— | = 6.057°,
2mr 2mw(1.5)
W =P, M=008SN-m and ¢, =tan ' u, = tan"' (0.3) = 16.699°. Applying
Eq. 8-3, we have
P=12115N

M = Wrtan(0 + ¢)
0.08 = P(0.0015) tan (6.057° + 16.699°)

P =12715N

Note: Since ¢ > 0, the screw is self-locking. It will not unscrew even if moment M
is removed.

Equation of Equilibrium:

C+HEZMc = 0; 127.15 cos 45° (40) — Fp cos 45°(40) — Fg sin 45°(30) = 0
Fr=7266N = 727N Ans.

The equilibrium of the clamped blocks requires that

Fp=Fp=T27N Ans.



8-78.

The braking mechanism consists of two pinned arms and a 5N-m
square-threaded screw with left and righthand threads. Thus
when turned, the screw draws the two arms together. If the
lead of the screw is 4 mm, the mean diameter 12 mm, and
the coefficient of static friction is w, = 0.35, determine the
tension in the screw when a torque of 5 N -m is applied to \
tighten the screw. If the coefficient of static friction between P\ | 1
the brake pads A and B and the circular shaft is u; = 0.5, /
determine the maximum torque M the brake can resist.

SOLUTION

mm

l 4
Frictional Forces on Screw: Here, 6 = tan’l( ) = tan! [7} = 6.057°,
27r 27 (6)

M =5N-m and ¢, = tan 'u, = tan™! (0.35) = 19.290°. Since friction at two
screws must be overcome, then, W = 2P. Applying Eq. 8-3, we have

M = Wrtan(6 + ¢)
5 = 2P(0.006) tan(6.057° + 19.290°)

P =879.61 N = 880 N Ans.

Note: Since ¢, > 0, the screw is self-locking. It will not unscrew even if moment M
is removed.

Equations of Equilibrium and Friction: Since the shaft is on the verge to rotate

about point O, then, F, = u,'Ny, = 0.5N, and Fg = p, Ny = 0.5Ng. From FBD (a), F<05 (1759 4,_2”)
=0 g

(a>

C+3Mp = 0; 879.61 (0.6) — Ny (03) =0  Nj = 175922 N

From FBD (b), Nes3SiB 4 N~ /757 Z2N
C+3M,y = 0; 2[0.5(1759.22)](02) = M =0 M =352N-m  Ans.

f=0-8(358-44)
(b))



8-79.

If a horizontal force of P = 100 N is applied perpendicular
to the handle of the lever at A, determine the compressive
force F exerted on the material. Each single square-

threaded screw has a mean diameter of 25 mm and a lead of
7.5 mm. The coefficient of static friction at all contacting
surfaces of the wedges is u, = 0.2, and the coefficient of

static friction at the screw is u; = 0.15.

SOLUTION

Since the screws are being tightened, Eq. 8-3 should be used. Here,
L 7.5
o (27'rr) " l2m25)

¢, = tan"'ug = tan"'(0.15) = 8.531°%; M = 100(0.25) = 25N-m; and W =T,
where T is the tension in the screw shank. Since M must overcome the friction of
two screws,

M = 2[Wr, tan(¢, + 6)]
25 = 2[T(0.0125) tan (8.531° + 5.455°)]
T = 4015.09 N = 4.02 kN Ans.

Referring to the free-body diagram of wedge B shown in Fig. a using the result of 7,
we have

£ 3F, =0 4015.09 — 02N’ — 0.2N cos 15° — Nsin15° = 0 @
+T2Fy =0; N’ + 02N sin15° — Ncos15° =0 ()
Solving,

N =632460N N’ =5781.71N

Using the result of N and referring to the free-body diagram of wedge C shown in
Fig. b, we have

+13F, = 0; 2(6324.60) cos 15° — 2[0.2(6324.60) sin 15°] — F = 0
F = 11563.42N = 11.6kN Ans.

F=ozy 1%

250 mm



*8-80.

Determine the horizontal force P that must be applied
perpendicular to the handle of the lever at A in order to
develop a compressive force of 12 kN on the material. Each

single square-threaded screw has a mean diameter of 25 mm
and a lead of 7.5 mm. The coefficient of static friction at all
contacting surfaces of the wedges is uy = 0.2, and the

coefficient of static friction at the screw is u; = 0.15.

SOLUTION

Referring to the free-body diagram of wedge C shown in Fig. a, we have

+13F, =0, 2N cos15° — 2[0.2N sin 15°] — 12000 = 0
N = 6563.39N

Using the result of N and referring to the free-body diagram of wedge B shown in
Fig. b, we have

+T2Fy =0 N’ — 6563.39 cos 15° + 0.2(6563.39) sin 15° = 0
N’ = 6000 N

& 3IF, =0, T — 6563.39 sin 15° — 0.2(6563.39) cos 15° — 0.2(6000) = 0
T = 4166.68 N

Since the screw is being tightened, Eq. 8-3 should be used. Here,

L 7.5
= = = |l —= | = 5.455°:
6 = tan [Zﬂr} tan [2#(12.5)} 54357

¢, = tan 'y, = tan 1(0.15) = 8.531°; M = P(0.25); and W = T = 4166.68N. Since
M must overcome the friction of two screws,

M = 2[Wrtan (¢, + 0)]
P(0.25) = 2[4166.68(0.0125) tan (8.531° + 5.455°)]
P =104N Ans.

J2000N 152
F=0N 15°

> T

FéaJN'

)

250 mm



8-81.

Determine the clamping force on the board A if the screw
of the “C” clamp is tightened with a twist of M = 8§ N-m.
The single square-threaded screw has a mean radius of
10 mm, a lead of 3 mm, and the coefficient of static friction
is ug = 0.35.

SOLUTION
¢, = tan"1(0.35) = 19.29°

— -1 — o
0, = tan {277(10)} 2.734

M = W(r) tan (¢s + 6,)
8 = P(0.01) tan (19.29° + 2.734°)

P = 1978 N = 1.98 kN

Ans.

/
A 72— S\1



8-82.

If the required clamping force at the board A is to be 50 N,
determine the torque M that must be applied to the handle of
the “C” clamp to tighten it down. The single square-threaded
screw has a mean radius of 10 mm, a lead of 3 mm, and the
coefficient of static friction is u, = 0.35.

SOLUTION
¢, = tan"1(0.35) = 19.29°

= -1 L): —1[ 3 }: °
6, = tan (27” tan 27 (10) 2.734

M = W(r)tan (¢, + 6,)

= 50(0.01) tan (19.29° + 2.734°) = 0.202 N -m

Y

W

Ans.



8-83.

A cylinder having a mass of 250 kg is to be supported by the
cord which wraps over the pipe. Determine the smallest
vertical force F needed to support the load if the cord
passes (a) once over the pipe, 8 = 180°, and (b) two times
over the pipe, 8 = 540°. Take u, = 0.2.

SOLUTION

Frictional Force on Flat Belt: Here, T\ = F and T, = 250(9.81) = 2452.5N.
Applying Eq. 8-6, we have

a) If B = 180° = mrad

T,=Te"
24525 = Fe O
F = 130838 N = 1.31 kN Ans.
b) If B = 540° = 3 7 rad
T, =T e

24525 = Fe 0267

F =37238N = 372N Ans.




*8-84.

A cylinder having a mass of 250 kg is to be supported by the
cord which wraps over the pipe. Determine the largest
vertical force F that can be applied to the cord without
moving the cylinder. The cord passes (a) once over the pipe,
B = 180°, and (b) two times over the pipe, B = 540°. Take
my = 0.2.

SOLUTION

Frictional Force on Flat Belt: Here, T} = 250(9.81) = 2452.5N and T, = F.

Applying Eq. 8-6, we have

a) If B = 180° = 7 rad
T=Tek
F = 2452.5¢ %27

F = 4597.10 N = 4.60 kN
b) If B = 540° = 3 77 rad
T, = Te*?
F = 2452.5¢02G™

F =1615232N = 16.2kN

Ans.

Ans.

1



8-85.

A “hawser” is wrapped around a fixed “capstan” to secure a [ T—
ship for docking. If the tension in the rope, caused by the
ship, is 1500 lb, determine the least number of complete
turns the rope must be wrapped around the capstan in order 1500 1b
to prevent slipping of the rope. The greatest horizontal
force that a longshoreman can exert on the rope is 50 Ib.

The coefficient of static friction is u; = 0.3.

SOLUTION

Frictional Force on Flat Belt: Here, Ty = 50 1b and 7, = 1500 Ib. Applying Eq. 8-6,
we have

Tz = Tl e“ﬁ
1500 = 50e"3

B = 11.337 rad

11.337

The least number of turns of the rope required is = 1.80 turns. Thus

Use n = 2 turns Ans.

501b



8-86.

A force of P =25 N is just sufficient to prevent the 20-kg
cylinder from descending. Determine the required force P
to begin lifting the cylinder. The rope passes over a rough
peg with two and half turns.

SOLUTION

The coefficient of static friction wu, between the rope and the peg when the
cylinder is on the verge of descending requires 7, = 20(9.81) N, 7; = P = 25 Nand
B = 2.5(27) = S5zrrad. Thus,

T, = Tye*P
20(9.81) = 25¢M6™
In7.848 = S7p,

w, = 0.1312

In the case of the cylinder ascending 7, = P and T, = 20(9.81) N. Using the result of
L, WE can write

T, = Tye"P
P = 20(9.81)e"13126m
= 1539.78 N

= 1.54 kKN Ans.




8-87.

The 20-kg cylinder A and 50-kg cylinder B are connected
together using a rope that passes around a rough peg two
and a half turns. If the cylinders are on the verge of moving,
determine the coefficient of static friction between the rope
and the peg.

SOLUTION
In this case, T} = 50(9.81)N, T, = 20(9.81)N and 8, = 2.5(27) = 57 rad. Thus,

T, = Tyl

50(9.81) = 20(9.81)eH0™

In2.5 = py(57)

us = 0.0583 Ans.




*8-88.

Determine the maximum and the minimum values of
weight W which may be applied without causing the 50-1b
block to slip. The coefficient of static friction between the
block and the plane is u, = 0.2, and between the rope and
the drum D u; = 0.3.

SOLUTION

Equations of Equilibrium and Friction: Since the block is on the verge of sliding
up or down the plane, then, F = u,N = 0.2N. If the block is on the verge of sliding
up the plane [FBD (a)],

N+2F, = 0; N — 50cos45° =0 N =35361b

7+ 2F, =0, T) — 0.2(35.36) — 50sin45° = 0 T, = 4243 1b
If the block is on the verge of sliding down the plane [FBD (b)],

N+2F, = 0; N —50cos45° =0 N =35361b

J+2F. = 0; T, + 0.2(35.36) — 50sin 45° = 0 T, = 28.281b

3
Frictional Force on Flat Belt: Here, B = 45° + 90° = 135° = Tﬂ- rad. If the block

is on the verge of sliding up the plane, 77 = 4243 1band 7, = W.

T2 = T1 e"ﬁ
W = 42.43¢03(%)
= 86.021b = 86.01b Ans.

If the block is on the verge of sliding down the plane, 77 = W and 7, = 28.28 Ib.
T, = Ty e*
2828 = We3(¥)

W =13951b = 1391b Ans.

45°
¥

5010 T
Fz02N
N
(h)
4;l
iy



8-89.

The truck, which has a mass of 3.4 Mg, is to be lowered
down the slope by a rope that is wrapped around a tree. If
the wheels are free to roll and the man at A can resist a pull
of 300 N, determine the minimum number of turns the rope
should be wrapped around the tree to lower the truck at a
constant speed. The coefficient of kinetic friction between
the tree and rope is u;, = 0.3.

SOLUTION

J+EF,=0; T, —33354sin20° = 0
T, = 11407.7
T,=T e

33,354N
11 407.7 = 300 %3 20°
T
B =12.1275rad ﬁfﬁf/
i

Approx. 2 turns (695°) Ans.



8-90.

The smooth beam is being hoisted using a rope which is
wrapped around the beam and passes through a ring at A as
shown. If the end of the rope is subjected to a tension T and
the coefficient of static friction between the rope and ring is
s = 0.3, determine the angle of 6 for equilibrium.

SOLUTION
Equation of Equilibrium:

+13F, =0; T—2T’cosg=0 T=2T’cos§

0
Frictional Force on Flat Belt: Here, B = > T,=Tand T

T, = T, e*®, we have

@

= T'. Applying Eq. 8-6

T = TreO.3(9/2) — T!eo.159 (2)
Substituting Eq. (1) into (2) yields
o9 1,0158
2T'cos — = T'e™
2
0
0156 _
=2 cos —
e cos
Solving by trial and error
0 = 1.73104 rad = 99.2° Ans.
The other solution, which starts with 7' = Te%3(0/2) based on cinching the

ring tight, is 2.4326 rad = 139°. Any angle from 99.2° to 139° is equilibrium.

A
0
T
AT
Y}Q
e
z T




8-91.

The uniform concrete pipe has a weight of 800 1b and is
unloaded slowly from the truck bed using the rope and skids
shown. If the coefficient of kinetic friction between the rope
and pipe is u;, = 0.3, determine the force the worker must
exert on the rope to lower the pipe at constant speed. There
is a pulley at B, and the pipe does not slip on the skids. The
lower portion of the rope is parallel to the skids.

SOLUTION
C+=M,=0; —800(r sin 30°) + T, cos 15°(r cos 15° + r cos 30°) + T,sin 15°(r sin 15° + rsin 15°) = 0
T, = 203.466 1b . o
po s = 15° 15°

: 150
Ty=Tie, 203466 = TG .

T, =17331b

Ans. . 2



*8-92.

The simple band brake is constructed so that the ends of the
friction strap are connected to the pin at A and the lever arm
at B. If the wheel is subjected to a torque of M = 80 1b - ft,
and the minimum force P = 20 Ib is needed to apply to the
lever to hold the wheel stationary, determine the coefficient
of static friction between the wheel and the band.

SOLUTION

Equations of Equilibrium: Write the moment equation of equilibrium about
point A by referring to the FBD of the lever shown in Fig. a,

C+=ZM, =0, Tysin 45°(1.5) — 20(4.5) =0 Tp = 84.851b

Using this result to write the moment equation of equilibrium about point 0 by
referring to the FBD of the wheel shown in Fig. b,

C+IM, = 0; T,4(1.25) + 80 — 84.85(1.25) =0 T, =20.851b
Frictional Force on Flat Belt: Here, B = (32(5;)77 = %w, T, = T4, = 20.851b and
T, =Ty =284.851b. Applying Eq.8-6,
T, = T\eMP
84.85 = 20.85¢#6)7
eHGOT = 4,069
Ine*®™ = In4.069
M(%)’TT = In4.069
n = 0.328 Ans.

T

T3= 8485 Ib
(b)



8-93.

The simple band brake is constructed so that the ends of the
friction strap are connected to the pin at A and the lever
arm at B. If the wheel is subjected to a torque of
M = 801b - ft, determine the smallest force P applied to the
lever that is required to hold the wheel stationary. The
coefficient of static friction between the strap and wheel is
ms = 0.5.

SOLUTION

B = 20° + 180° + 45° = 245°

I
3ft
"ve

C+3My=0; Ty(1.25) + 80 — T5(1.25) = 0

T, = Tye"f; T, = T1e"¥)Gr) = 8.4827T,

Solving;
T, = 8553 1b
T, = 72.553 1b
C+=M, =0, —72.553(sin 45°)(1.5) — 45P =0 22.5531b
P=1711b Ans.
450
B (S s

O e




8-94.

A minimum force of P = 50 Ib is required to hold the
cylinder from slipping against the belt and the wall
Determine the weight of the cylinder if the coefficient of
friction between the belt and cylinder is u, = 0.3 and
slipping does not occur at the wall. 30°

SOLUTION

Equations of Equilibrium: Write the moment equation of equilibrium about point
A by referring to the FBD of the cylinder shown in Fig. a,

C+ SM,=0; 50(0.2) + W(0.1) — Tycos 30°(0.1 + 0.1 cos 30°) !
— Tysin 30°(0.1 sin 30°) = 0 @

Frictional Force on Flat Belt: Here, T = 50 Ib,

30° T .
B = (180°)7T = grad.Applymg Eq.8-6

T, = Tle#ﬁ

50¢°3 (%) = 58.501b

Substitute this result into Eq. (1),
W=9.171b Ans.




8-95.

The cylinder weighs 10 Ib and is held in equilibrium by the
belt and wall. If slipping does not occur at the wall,
determine the minimum vertical force P which must be
applied to the belt for equilibrium. The coefficient of static
friction between the belt and the cylinder is p, = 0.25.

SOLUTION
Equations of Equilibrium:
C+IM, = 0; P(0.2) + 10(0.1) — T cos 30°(0.1 + 0.1 cos 30°)

— T, sin 30°(0.1 sin 30°) = 0 6))

Frictional Force on Flat Belt: Here, B = 30° = %rad and 7} = P.Applying Eq.8-6,
T, = T, e*®, we have
T, = Pe"®(/% = 1.140P 2
Solving Egs. (1) and (2) yields
P =7871b Ans.

T, = 89.76 Ib




*8-96.

A cord having a weight of 0.5 1b/ft and a total length of 10 ft
is suspended over a peg P as shown. If the coefficient of
static friction between the peg and cord is u; = 0.5,
determine the longest length # which one side of the
suspended cord can have without causing motion. Neglect
the size of the peg and the length of cord draped over it.

SOLUTION
T, = T e* Where T, = 0.5h,T; = 0.5(10 — h), 8 = = rad
0.5h = 0.5(10 — h)e*™

h = 828 ft

Ans. —r . —I—OEB

h

—Li E.aww

05 h



8-97.

Determine the smallest force P required to lift the 40-kg
crate. The coefficient of static friction between the cable and
each pegis uy, = 0.1.

SOLUTION

Since the crate is on the verge of ascending, 7; = 40(9.81) N and 7, = P. From the
geometry shown in Figs. a and b, the total angle the rope makes when in contact with

1 o o
the pegis B = 2B, + B, = 2( 35 ) + <90 ) = 27 rad. Thus,

180° " 180° "
T, = Tie™*
P = 40(9.81)e"1Cm
=736 N Ans.

(@) 6)

%200 mm-—~ 200 mm—




8-98.

Show that the frictional relationship between the belt
tensions, the coefficient of friction u, and the angular
contacts « and B for the V-belt is T, = TeH#/sn(/2),

SOLUTION

FBD of a section of the belt is shown.

Proceeding in the general manner:

SF. =0 —(T+dT)cos?+Tcos?+2dF=0
2F, = 0; —(T+dT)sin?— Tsin%-ﬁ-Zstin%
Replace sin ? by ?,

cos?by 1,

dF = pndN

Using this and (d7)(df) — 0, the above relations become

dT = 2u dN
T do = Z(dN sin g)

Combine

Integrate from 6 = 0, T = T}
tod=B,T=T,

we get,

(@)
T2 = Tle sing

0

Impending
motion e

B

Tz Tl

Q.E.D



8-99.

If a force of P = 200N is applied to the handle of the bell
crank, determine the maximum torque M that can be
resisted so that the flywheel does not rotate clockwise. The
coefficient of static friction between the brake band and
the rim of the wheel is u, = 0.3.

SOLUTION

Referring to the free-body diagram of the bell crane shown in Fig. a and the
flywheel shown in Fig. b, we have

C+2IMp = 0; T4(03) + T¢(0.1) — 200(1) = 0 @
C+=ZMy = 0; T4(04) — Tc(0.4) — M =0 )
By considering the friction between the brake band and the rim of the wheel where

270°
B = 180°

7 = 157 rad and T4 > T, we can write

T, = Tce™*

Ty = Tpe315m

T, = 411127, A3)
Solving Egs. (1), (2), and (3) yields

M =187 N-m

T, =61667TN T, =150.00N Ans.




*8-100.

A 10-kg cylinder D, which is attached to a small pulley B, is
placed on the cord as shown. Determine the largest angle u
so that the cord does not slip over the peg at C. The cylinder
at E also has a mass of 10 kg, and the coefficient of static
friction between the cord and the pegis u; = 0.1.

SOLUTION

Since pully B is smooth, the tension in the cord between pegs A and C remains
constant. Referring to the free-body diagram of the joint B shown in Fig. a, we have

49.05
+12F, = 0; 2T sin — 10(9.81) = 0 T =—
sin 6
. . . 49.05
In the case where cylinder E is on the verge of ascending, 7, = T = Sing and
i

T, = 10(9.81)N. Here, g + 9, Fig. b. Thus,

T, = Tye*sP

49.05 7
—— =10(9.81)¢"! (5 + 9)
sin 6

In 22 _ 0.1(3 + 9)
sin 2
Solving by trial and error, yields
0 = 0.4221 rad = 24.2°

In the case where cylinder £ is on the verge of descending, 7, = 10(9.81) N and

49.05 T
1= ging Here, B + 6.Thus,
T, = Tye*P
49.05 m
10(9.81) = —— e°-1<5 * ")
sinf

In (2 sin ) = 0.1(% + e)
Solving by trial and error, yields
0 = 0.6764 rad = 38.8°
Thus, the range of 6 at which the wire does not slip over peg C is
24.2° < 9 < 38.8°

Omax = 38.8° Ans.

8

lﬁ'
10(781)N

)




8-101.

A V-belt is used to connect the hub A of the motor to wheel B.
If the belt can withstand a maximum tension of 1200 N,
determine the largest mass of cylinder C that can be lifted and
the corresponding torque M that must be supplied to A. The
coefficient of static friction between the hub and the belt is
wy = 0.3, and between the wheel and the belt is u," = 0.20.
Hint: See Prob. 8-98.

SOLUTION

In this case, the maximum tension in the belt is 7, = 1200 N. Referring to the free-
body diagram of hub A, shown in Fig. a and the wheel B shown in Fig. b, we have

C+3IM, =0 M + T;(0.15) — 1200(0.15) = 0

M = 0.15(1200 — T}) )
C+ =My = 0; 1200(0.3) — T1(0.3) — Mc(9.81)(0.2) = 0

1200 — T} = 6.54M¢ @)

If hub A is on the verge of slipping, then

- 90° + 75°
T, = Tye*sP15@/2) where B, = (7

130° )77 = 0.91677 rad

1200 = T1€0‘3(0‘9167ﬂ)/5in 30°

T, = 213.19N

Substituting 7', = 213.19 N into Eq. (2), yields
M = 150.89 kg

If wheel B is on the verge of slipping, then

180° + 15°

T, = TeWPUsn@2) where B, = ( TG

)’7T = 1.08337 rad
1200 = TleOA2(1A083377')/sin 30°
Ty = 307.57TN

Substituting T, = 307.57 N into Eq. (2), yields
Mc = 136.45 kg = 136 kg (controls!) Ans.

Substituting 7', = 307.57 N into Eq. (1), we obtain
M = 0.15(1200 — 307.57)
=134N'm Ans.




8-102.

The 20-kg motor has a center of gravity at G and is pin- M
connected at C to maintain a tension in the drive belt. “‘
Determine the smallest counterclockwise twist or torque M Ny o0mm
that must be supplied by the motor to turn the disk B if ] S0mm 56 m
wheel A locks and causes the belt to slip over the disk. No A l
slipping occurs at A. The coefficient of static friction _ Ca S
between the belt and the disk is u, = 0.3. BT { R —
100 mm

SOLUTION
Equations of Equilibrium: From FBD (a),
C+ZMc=0; T,(100) + Ty (200) — 196.2(100) = 0 (0]
From FBD (b), 100 mm
C+=M, = 0; M + Ty (0.05) — 7, (0.05) = 0 ?2)

{00 mm
Frictional Force on Flat Belt: Here, B = 180° = 7 rad. Applying Eq. 8-6, -

T, = T, e"#, we have

T, = T, ™37 = 2.566T, A3)

Solving Egs. (1), (2), and (3) yields
M =337N-'m Ans.

T, = 4297N T, =11027N




8-103.

Blocks A and B have a mass of 100 kg and 150 kg,
respectively. If the coefficient of static friction between A
and B and between B and C is u; = 0.25 and between the
ropes and the pegs D and E u'; = 0.5 determine the
smallest force F needed to cause motion of block B if
P =30N.

SOLUTION

Assume no slipping between A and B.
Peg D :

T, =T, e"?; Ep=30e"C) = 6580 N

Block B :

& 3IF, =0, —65.80 — 0.25 Ng¢ + Fggcos45° =0

+1 2F, =0 Npc — 981 + Fpgsin 45° — 150 (9.81) = 0
Fgp = 768.1N
Npc = 1909.4 N

Peg E :

T, = Tie"®; F = 768.1e5F) = 2.49 kN
Note: Since B moves to the right,
(FAB)max = 0.25(981) = 24525 N
24525 = Py e

Pox = 112N > 30N

Hence, no slipping occurs between A and B as originally assumed.

100(1.31)N
£5. 20N A
+ * 580N
43N
8N
(30N ¥ Fee
] ys*
@2y |8 Y
Fac =0.25Nge
NBL

Ans.



*8-104.

Determine the minimum coefficient of static friction m
between the cable and the peg and the placement d of the
3-kN force for the uniform 100-kg beam to maintain
equilibrium.

SOLUTION

Referring to the free-body diagram of the beam shown in Fig. a, we have

S 3F, =0 T pcos 45° — Tyc cos 60° = 0

. . . . 100(9.81)
+12F, =0 T 4p sin 45° + Ty sin 60° — 3 000 -
C+3IM, =0; Tgesin60°(6 M3 3d =0
A= U BC SIN (6) 1000 (3 =
Solving,
d=407m Ans.

Tge = 2914 kN T,p = 2.061 kN

Using the results for T~ and T, and considering the friction between the cable
45° + 60°

130° >77} = 0.58337 rad, we have

and the peg, where 8 = K

Tge = TypetP

2.914 = 2.06] ets(0-5833m)

In 1.414 = 11,(0.5833)
e = 0.189 Ans.

100(981) kN

/000

(@




8-105.

A conveyer belt is used to transfer granular material and j

the frictional resistance on the top of the beltis F = 500 N. 0.1m
Determine the smallest stretch of the spring attached to the 0.1 m OO )M F=500N p

moveable axle of the idle pulley B so that the belt does not & k=4kN/m

slip at the drive pulley A when the torque M is applied. A
What minimum torque M is required to keep the belt
moving? The coefficient of static friction between the belt
and the wheel at A is u; = 0.2.
SOLUTION
Frictional Force on Flat Belt: Here, B = 180° = rrad and 7, = 500 + T and
Ty = T. Applying Eq. 8-6, we have T80 +57.76N
2 778!
Tz = Tl E’LLB M 0.im
500 + T = Te®" / %
T = 57178 N
" T=37/8n
Equations of Equilibrium: From FBD (a), (@)
C+=Mp = 0; M + 571.78(0.1) — (500 + 578.1)(0.1) = 0
M =500N-m Ans. T=57178N

From FBD (b),

5 3F, =0, F,—2(51871)=0 F, =114357N

T=57r78 N
Thus, the spring stretch is

F
sp 1143.57
X= T 000 0.2859 m = 286 mm Ans.




8-106.

The belt on the portable dryer wraps around the drum D,
idler pulley A, and motor pulley B. If the motor can develop
a maximum torque of M = 0.80 N-m, determine the
smallest spring tension required to hold the belt from
slipping. The coefficient of static friction between the belt
and the drum and motor pulley is uy; = 0.3. Ignore the size
of the idler pulley A.

SOLUTION

C+SMp=0;  —T, (0.02) + T, (0.02) — 0.8 = 0

T2 = Tl e“B; T2 = Tl 6(0'3)(7T> = 25663Tl

T, = 25537N

T, = 65.53N 1,
/@!’.x

C+SMe=0;  —F(0.05) + (25.537 + 25.537 sin 30°)(0.1 cos 45°) + 25.537 cos 30°(0.1 sin 45°) = 0 R s

]

F, = 854N Ans.




8-107.

The annular ring bearing is subjected to a thrust of 800 Ib.
Determine the smallest required coefficient of static friction
if a torque of M = 151b-ft must be resisted to prevent the
shaft from rotating.

SOLUTION

Bearing Friction. Applying Eq.8-7 with R, =2in.,,R, =11in,,
12 in
11ft

2 R%—R?)
M= uP|——
3tts (R%—R%

2 23 - P
180 = E,LLS(SOO)(ZZ — 12)
ny = 0.145 Ans.

P:8001bandM=15lb-ft( )=1801b-in,

1 1
Note that each of the bearings will result 3 M and the bond on each bearing is 3 P,

which yields the same result.



*8-108.

The annular ring bearing is subjected to a thrust of 800 1b. If
s = 0.35, determine the torque M that must be applied to

overcome friction. 0.75in.— %TLT LT LT 41\:[

<—— P=28001b

SOLUTION
2 R - R}

M= 3’”’(1@ - R%>
_2 @ -r
= 3 (035) (300) [(2)2 - 12}
= 435.61b-in.

M = 3631b-ft Ans.



8-109.

The floor-polishing machine rotates at a constant angular
velocity. If it has a weight of 80 Ib. determine the couple
forces F' the operator must apply to the handles to hold the
machine stationary. The coefficient of kinetic friction
between the floor and brush is u; = 0.3. Assume the brush
exerts a uniform pressure on the floor.

SOLUTION
M = %,uPR

F(1.5) = %(0.3) (80)(1)

F =10.71b Ans.



8-110.

The shaft is supported by a thrust bearing A and a journal
bearing B. Determine the torque M required to rotate the shaft
at constant angular velocity. The coefficient of kinetic friction at
the thrust bearing is u;, = 0.2. Neglect friction at B.

SOLUTION
75 mm 150 mm
0.075 0.15 |
Applying Eq. 8-7 with R; = o =0.0375m, R, = N =0.075m, u, = 0.2 \
and P = 4000 N, we have
Section a-a

0.075% — 0.03753)
0.075% — 0.0375%

=467N-m Ans.

2
= §(O~2)(4000)(



8-111.

The thrust bearing supports an axial load of P = 6 kN. If a 200 mm
torque of M = 150 N-m is required to rotate the shaft,

determine the coefficient of static friction at the constant

surface.

SOLUTION

1 2
Applying Eq. 8-7 with R, = on =005m, R, = on =01m, M =150N-m
and P = 6000 N, we have

2 R — Ry
M =MsP<21>

3 R,> — R/?

0.1 - 0.053>
0.1 — 0.05>

ne = 0.321 Ans.

2
150 = 3 MS(6000)<



*§-112.

Assuming that the variation of pressure at the bottom of
the pivot bearing is defined as p = py(R,/r), determine the
torque M needed to overcome friction if the shaft is
subjected to an axial force P. The coefficient of static

friction is w,. For the solution, it is necessary to determine
Po in terms of P and the bearing dimensions R; and R,.

SOLUTION

27 pR,
2F, =0 P=/dN=/ / prdrdo
A 0 JRr
27 PR, R2
= / / Do (*) rdrdb
0 R, r

=27 py Ry (R, — Ry)

. r
[27R, (R, — R))]

27 R,
M, =0 M=/rdF=/ / wy pre dr do
A 0 JR
27 pR, R
= / / s Po <f2>r2 dr do
0 Ry r

— 1, O py) Ro (RS = R3)

Thus, py =

Using Eq. (1):

M =_u,P (R, + Ry)

AN PAA

Ans.



8-113.

The plate clutch consists of a flat plate A that slides over the
rotating shaft S. The shaft is fixed to the driving plate gear B.
If the gear C, which is in mesh with B, is subjected to a
torque of M =0.8N - m, determine the smallest force P, that
must be applied via the control arm, to stop the rotation.
The coefficient of static friction between the plates A and D
is uy=0.4. Assume the bearing pressure between A and D to
be uniform.

SOLUTION
0.8
F =05 = 26667N

M = 26.667(0.150) = 400N -m

2 R%—R%)
M= pp|2—L
3t (R%—R%

2 [ (0.125)° — (0.1)°
400 =504 (P )((0.125)2 - (0.1)2)
P’ = 88.525N
C+EMp=0; 885250.2) — P(0.15) =0

P =118N

Ans.

P

L

il
;
Z

038w,




8-114.

The conical bearing is subjected to a constant pressure
distribution at its surface of contact. If the coefficient of
static friction is u,, determine the torque M required to
overcome friction if the shaft supports an axial force P.

SOLUTION
d 2mrd
The differential area (shaded) dA = 27r )2
cos 0 cos 0
2ardr A
P = 0dA = =2 d
/pcos /pcos@(cosg> prrr
P
P = R? =
P 4 mR?
P (2 2P
dN = pda =L (2mrdr) 2P,
wR”\ cosf R*cos 6

M—/dF—/ dN = z“sP/RZd
A Kt _choseor ’

2us PR3 _ 2ug PR

R?cosf 3  3cosf

Ans.




8-115.

The pivot bearing is subjected to a pressure distribution at
its surface of contact which varies as shown. If the
coefficient of static friction is u, determine the torque M
required to overcome friction if the shaft supports an axial
force P.

SOLUTION

Tr
dF = pdN = — | dA
v = meos(2)

)rdrdf)

M = Ar,upocos (%
R T 2m
= MPOA (rz cos <ﬁ)dr)l do
s (1) B2 (1
&P\ (%) R
)

()5

= 0.7577u py R®

P = /4dN = %Rpo (cos (;;)rdr>lzwd0
_ p[(l) o (51) 5 oo ()] en

Thus, M = 0.521 PuR

Ak =zmede

F‘)l‘”
N=g 4

Ans.



*8-116.

A 200-mm diameter post is driven 3 m into sand for which
s = 0.3.If the normal pressure acting completely around the —| [—200 mm
post varies linearly with depth as shown, determine the
frictional torque M that must be overcome to rotate the post.

3m
SOLUTION
Equations of Equilibrium and Friction: The resultant normal force on the post is
1
N = 5(600 + 0)(3)(7)(0.2) = 1807 N. Since the post is on the verge of rotating, 600 Pa

F = u,N = 03(1807) = 5407 N.

C+3IM, = 0; M — 540m(0.1) = 0

M =17.0N-m Ans.

p

M

Fe540TN N 280 N



8-117.

A beam having a uniform weight W rests on the rough
horizontal surface having a coefficient of static friction u,. If
the horizontal force P is applied perpendicular to the
beam’s length, determine the location d of the point O

about which the beam begins to rotate.

SOLUTION

N
YL
SF,=0; N=W

MsNd /J“sN(L B d)

SF,=0; P+ - —0

X b L L

:u'sN(L B d)2 MsNdz (2L )
=0 + _ - _ —

SMo. = 0; 5 PG —d)=0

I'LSW(L - d)2 + MsWd2 (% d)(:u's W(L B d) s Wd) =0
2L 2L 3 L L )

3(L — d)? + 3d*> — 2(2L — 3d)(L — 2d) = 0
6d®> — 8Ld + L* =0
Choose the root < L.

d=0.140 L Ans.




8-118.

The collar fits loosely around a fixed shaft that has a radius
of 2 in. If the coefficient of kinetic friction between the shaft
and the collar is u; = 0.3, determine the force P on the
horizontal segment of the belt so that the collar rotates
counterclockwise with a constant angular velocity. Assume
that the belt does not slip on the collar; rather, the collar
slips on the shaft. Neglect the weight and thickness of the
belt and collar. The radius, measured from the center
of the collar to the mean thickness of the belt, is 2.25 in.

Y
=~

SOLUTION \]
201b
¢p = tan' u, = tan'0.3 = 16.699°
rp = 2sin 16.699°=0.5747 in.
Equilibrium:
+1SF,=0; R,-20=0 R, =20Ib ‘ P
S5SF,=0; P-R. =0 R, =P \\
Hence R = VR2 + R = \/P? + 207
C+3SMy =0 —(\/1?202 )(0.5747) +20(2.25) — P(2.25) = 0 200k

P =1381Ib Ans.



8-119.

The collar fits loosely around a fixed shaft that has a radius of
2 in. If the coefficient of kinetic friction between the shaft and
the collaris u;, = 0.3, determine the force P on the horizontal
segment of the belt so that the collar rotates clockwise with a
constant angular velocity. Assume that the belt does not slip
on the collar; rather, the collar slips on the shaft. Neglect the
weight and thickness of the belt and collar. The radius,
measured from the center of the collar to the mean thickness
of the belt, is 2.25 in.

SOLUTION

¢ = tan 'u, = tan' 0.3 = 16.699°

rp = 2sin 16.699° = 0.5747 in.

Equilibrium:

+13SF,=0; R,-20=0 R, =201Ib

HSF. =0, P-R,=0 R, =P

Hence R = VR2+R% = V/P*+20
C+ZMy = 0; <\/102+202 )(0.5747) +20(2.25) — P(2.25) = 0

P =2901b

\ ]

201b

20lb
Ans.



*8-120.

The pulley has a radius of 3 in. and fits loosely on the 0.5-in.-
diameter shaft. If the loadings acting on the belt cause the
pulley to rotate with constant angular velocity, determine
the frictional force between the shaft and the pulley and
compute the coefficient of kinetic friction. The pulley
weighs 18 1b.

SOLUTION
+T2Fy:O; R—-18-105=0
R =12851b
C+ZMp = 0; =55(3) +53) +285r, =0

ry = 0.05263 in.
rp=rsing
0.5
0.05263 = - sing
¢ = 12.15°
m = tan ¢, = tan 12.15° = 0.215

Note also by approximation,

w = 0.211 (approx.)

Also,

C+2M, = 0; -5.5(3) +5(3) + F(%) =0

F=6Ib

N = VR - F2 = \/(285) — 6> = 2786 Ib

F 6

M= 'N T 2786

= 0.215

Ans.

Ans.

Ans.

51b

551b



8-121.

The pulley has a radius of 3 in. and fits loosely on the 0.5-in.-
diameter shaft. If the loadings acting on the belt cause the
pulley to rotate with constant angular velocity, determine
the frictional force between the shaft and the pulley and
compute the coefficient of kinetic friction. Neglect the
weight of the pulley.

SOLUTION
+13F, = 0; R-5-55=0
R =1051b
C+3SMy=0; —55@3) + 5(3) + F(025) =0
F=6lb
N = V(10.5)* — 6> = 8617 Ib
e = % - 8.6617 = 069
Also,
C+3My=0; —55(3) + 5(3) + 105(rs) = 0

rp = 0.1429 in.
0.5
0.1429 = > sin ¢y,

b, = 34.85°

i = tan34.85° = 0.696
By approximation,

Iy = ik

0.1429
Mk = 005 0.571 (approx.)

Ans.

Ans.

Ans.

51b 551b

F=uml

Stb 550



8-122.

Determine the tension T in the belt needed to overcome
the tension of 200 Ib created on the other side. Also, what
are the normal and frictional components of force
developed on the collar bushing? The coefficient of static
friction is uy = 0.21.

SOLUTION

Frictional Force on Journal Bearing: Here, ¢, = tan 'u, = tan™'0.21 = 11.86°.

Then the radius of friction circle is

rp = rsin ¢y = 1sin 11.86° = 0.2055 in.

Equations of Equilibrium:

C+SMp=0; 200(1.125 + 0.2055) — T(1.125 — 0.2055) = 0

T =1289.411b = 2891b

+TFy =0 R —200 —28941=0 R =489411b

Thus, the normal and friction force are

N = Rcos ¢y = 489.41 cos 11.86° = 479 1b

F = Rsin ¢y = 489.41 sin 11.86° = 101 Ib

Ans.

Ans.

Ans.

t,
2= 299.90lb



8-123.

If a tension force T = 215 Ib is required to pull the 200-1b
force around the collar bushing, determine the coefficient
of static friction at the contacting surface. The belt does not
slip on the collar.

SOLUTION
Equation of Equilibrium:
C+IMp =0; 200(1.125 + ry) — 215(1.125 — 1) = 0
rg = 0.040606 in.
Frictional Force on Journal Bearing: The radius of friction circle is
rp = rsin ¢y
0.04066 = 1 sin ¢y

b = 2.330°

and the coefficient of static friction is

us = tan ¢, = tan 2.330° = 0.0407 Ans.




*8-124.

A pulley having a diameter of 80 mm and mass of 1.25 kg is
supported loosely on a shaft having a diameter of 20 mm.
Determine the torque M that must be applied to the pulley
to cause it to rotate with constant motion. The coefficient of
kinetic friction between the shaft and pulley is u, = 0.4.
Also calculate the angle 6 which the normal force at the
point of contact makes with the horizontal. The shaft itself

cannot rotate. M
40 mm

SOLUTION
Frictional Force on Journal Bearing: Here, ¢, = tan™! u, = tan"'0.4 = 21.80°.
Then the radius of friction circle is r; = r sin ¢ = 0.01 sin 21.80° = 3.714(1073) m.
The angle which the normal force makes with horizontal is

0 =90° — ¢, = 68.2° Ans. [25(381)=12-262.5N
Equations of Equilibrium: % =3,]4(m")m

+T2Fy =0; R — 122625 =0 R = 122625 N
C+=M, = 0; 12.2625(3.714)(10’3) -M=0 "
M = 0.0455N-m Ans.
R
28~



8-125.

The 5-kg skateboard rolls down the 5° slope at constant
speed. If the coefficient of kinetic friction between the
12.5 mm diameter axles and the wheels is u; = 0.3,
determine the radius of the wheels. Neglect rolling resistance
of the wheels on the surface. The center of mass for the
skateboard is at G.

SOLUTION

Referring to the free-body diagram of the skateboard shown in Fig. a, we have
2F, =0 F; —5(9.81)sin5° =0 F,=4275N

2Fy = 0; N —5(9.81)cos 5° =0 N = 4886 N

The effect of the forces acting on the wheels can be represented as if these forces are
acting on a single wheel as indicated on the free-body diagram shown in Fig. b. We have

SF, = 0; R, —4275=0 R, = 4275N
SF, = 0; 48.86 — R, = 0 R, = 48.86N
Thus, the magnitude of R is

R= VR, + R = V4275 + 48.86° = 49.05N

¢, = tan"' u; = tan 1(0.3) = 16.699°. Thus, the moment arm of R from point O is
(6.25 sin 16.699°) mm. Using these results and writing the moment equation about
point O, Fig. b, we have
C+3M, = 0; 4275(r) — 49.05(6.25 sin 16.699° = 0)

r = 20.6 mm Ans.

E=#275N

N=48.84-N
(b)



8-126.

The cart together with the load weighs 150 1b and has a
center of gravity at G. If the wheels fit loosely on the 1.5-in.
diameter axles, determine the horizontal force P required to
pull the cart with constant velocity. The coefficient of kinetic
friction between the axles and the wheels is w;, = 0.2.
Neglect rolling resistance of the wheels on the ground.

SOLUTION

Here, the total frictional force and normal force acting on the wheels of the wagon
are F; = pand N = 150 Ib, respectively. The effect of the forces acting on the wheels
can be represented as if these forces are acting on a single wheel as indicated on the
free-body diagram shown in Fig. a. We have

X 3F =0 R,—p=0 R,=p
+13F, = 0; 150 = R, =0 R, = 1501b

Thus, the magnitude of R is

R=VRZ+R,>="\Vp>+ 150

¢, = tan ' u; = tan 1(0.2) = 11.31°. Thus, the moment arm of R from point O is
(0.75 sin 11.31°) in. Using these results and writing the moment equation about point
O, Fig. a, we have

C+3M, = 0; (V/P? + 150?)(0.75 sin 11.31°) — p(9) = 0
P =2451b Ans.

L ftfe—2 ft—|

075in})-3] ’m.



8-127.

The trailer has a total weight of 850 1b and center of gravity

at G which is directly over its axle. If the axle has a diameter
of 1 in., the radius of the wheel is r = 1.5 ft, and the

coefficient of kinetic friction at the bearing is u; = 0.08,
determine the horizontal force P needed to pull the trailer.

SOLUTION
5 3F, =0, Rsing="P

+12F,=0; Rcos¢ =850

Thus,

P = 850 tan ¢

¢y = tan"! (0.08) = 4.574°

rg = rsin ¢, = 0.5sin 4.574° = 0.03987 in.

¢ = sin”! (1%) = sin”' (%) = 0.1269°
Thus,

P = 850 tan 0.1269° = 1.88 1b Ans.

Note that this is equivalent to an overall coefficient of kinetic friction u

1.88
= 2% _ 000222
M= 7850

Obviously, it is eaiser to pull the load on the trailer than push it.

If the approximate value of r; = ruy = 0.5 (0.08) = 0.04 in. is used, then

P =1891b (approx.) Ans.

ySolh

Ne

1A,



*8-128.

The vehicle has a weight of 2600 1b and center of gravity at
G. Determine the horizontal force P that must be applied to
overcome the rolling resistance of the wheels. The
coefficient of rolling resistance is 0.5 in. The tires have a
diameter of 2.75 ft.

SOLUTION

5200 — 2.5P 13000 + 2.5P
Rolling  Resistance: Here, W = N, + N = +

7 7
2.75

=26001b,a = 0.5in. and r = ( > )(12) = 16.5 in. Applying Eq. 8-11, we have

2600(0.5)
T 165

~ 78.8 1b Ans.

26001




8-129.

The tractor has a weight of 16 000 Ib and the coefficient of
rolling resistance is @ = 2 in. Determine the force P needed
to overcome rolling resistance at all four wheels and push it

forward.
SOLUTION
2
Applying Eq. 8-11 with W = 16 000 1b, a = (E) ftand r = 2 ft, we have
16000 (l)
a 12
P~—=——"—=13331b Ans.

r 2



8-130.

The hand cart has wheels with a diameter of 80 mm. If a
crate having a mass of 500 kg is placed on the cart so that
each wheel carries an equal load, determine the horizontal

force P that must be applied to the handle to overcome the

rolling resistance. The coefficient of rolling resistance is Ié
2 mm. Neglect the mass of the cart.

SOLUTION

= 500(9.81)(420)

P =245N Ans.



8-131.

The cylinder is subjected to a load that has a weight W.
If the coefficients of rolling resistance for the cylinder’s
top and bottom surfaces are a, and ap, respectively,
show that a horizontal force having a magnitude of
P = [W(ay + ap)]/2r is required to move the load and
thereby roll the cylinder forward. Neglect the weight of the
cylinder.

SOLUTION

BIF =0, (Ry)x—P=0 (Ry);=P

+135F, =0, (Ra), -W=0 (Ry), =W

C+=Myz =0 P(rcos ¢y + rcospg) — W(ay + ag) =0 (6))
Since ¢ 4 and ¢ are very small, cos ¢4, — cos ¢z = 1. Hence, from Eq. (1)

p— W(as + ap) (QED)
2r




*8-132.

A large crate having a mass of 200 kg is moved along the
floor using a series of 150-mm-diameter rollers for which
the coefficient of rolling resistance is 3 mm at the ground
and 7 mm at the bottom surface of the crate. Determine the
horizontal force P needed to push the crate forward at a
constant speed. Hint: Use the result of Prob. 8-131.

SOLUTION
W(as + ap)

2r ’
witha, = 7mm, ag = 3mm, W = 200(9.81) = 1962 N, and r = 75 mm, we have

Rolling Resistance: Applying the result obtained in Prob.8-131. P =

1962(7 + 3)
p=——

= 130.8N = 131 N Ans.
2(75) 30.8 3 ns



8-133.

The uniform 50-1b beam is supported by the rope which is
attached to the end of the beam, wraps over the rough peg,
and is then connected to the 100-1b block. If the coefficient
of static friction between the beam and the block, and
between the rope and the peg, is u; = 0.4, determine the
maximum distance that the block can be placed from A and
still remain in equilibrium. Assume the block will not tip.

SOLUTION
Block:

+13F, =0, N-100=0
N =1001b
BIF =0, T, - 04(100) =0
T, = 401b
T, = TyetB. T, = 40e"46) = 74978 1b
System:
C+3IM, = 0; —100(d) — 40(1) — 50(5) + 74.978(10) = 0

d = 4.60 ft

Ans.

—_
=

=

10 ft

1001h

t0. 4N

74973 1}

4 100l
Ae }—_&1—@—_‘?’#"

Y 2
ML S




8-134.

Determine the maximum number of 50-1b packages that can
be placed on the belt without causing the belt to slip at the
drive wheel A which is rotating with a constant angular
velocity. Wheel B is free to rotate. Also, find the
corresponding torsional moment M that must be supplied
to wheel A. The conveyor belt is pre-tensioned with the
300-1b horizontal force. The coefficient of kinetic friction
between the belt and platform P is w;, = 0.2, and the
coefficient of static friction between the belt and the rim of
each wheel is u;, = 0.35.

SOLUTION

The maximum tension T, of the conveyor belt can be obtained by considering the
equilibrium of the free-body diagram of the top belt shown in Fig. a.

+13F, =0, n(50) = N =0 N = 50n @)

B 3F, =0; 150 + 0.2(50n) — T, = 0 T, = 150 + 10n 7))

By considering the case when the drive wheel A is on the verge of slipping, where
B = wrad, T, = 150 + 10n and 7; = 150 Ib,

T, = Tye"®
150 + 101 = 150e%35(™

n = 30.04

Thus, the maximum allowable number of boxes on the belt is

n =30 Ans.

Substituting n =30 into Eq. (2) gives T,= 450 Ib. Referring to the free-body diagram
of the wheel A shown in Fig. b,

C+3SMy,=0; M + 150(0.5) — 450(0.5) = 0

M =1501b-ft Ans.

niso)ib 058t [ =45p/b

=3001b




8-135.

If P =900N is applied to the handle of the bell crank, 15°
determine the maximum torque M the cone clutch can
transmit. The coefficient of static friction at the contacting
surface is u; = 0.3.

250 mm

SOLUTION

Referring to the free-body diagram of the bellcrank shown in Fig. a,we have

C+SMy = 0; 900(0.375) — F(02) = 0 Fo = 1687.5N

Using this result and referring to the free-body diagram of the cone clutch shown FE
in Fig. b,

LSF =0, 2 @' sin 15°> ~ 16875 = 0 N = 6520.00 N

The area of the differential element shown shaded in Fig. c is

dr 2w
dA = 2mrds = 2mr sin 15°  sin 15°

r dr.Thus,

01sm P=900N
A= /dA = / - —r dr = 0.08345 m%. The pressure acting on the cone
A 0125m Sin 15
N  6520.00
faceis p = — = ——— = 78.13(10°) N / m’
surfaceis p = = = (ens 78.13(10°) N / m
The normal force acting on the differential element d A is
| 2w 5 16875N
dN = pdA = 78.13(10°) snise dr = 1896.73(10°)r dr.
Thus, the frictional force acting on this differential element is given by
dF = u,dN = 0.3(1896.73)(10°)r dr = 569.02(10%)r dr. The moment equation
about the axle of the cone clutch gives
=M = 0; M—/rdF=0
. -0.15m
M = / rdF = 569.02(10%) r*dr
0.125m
M =270N-m Ans.
,7"-0'/»25/0 r Z=o15m

©)



*8-136.

The lawn roller has a mass of 80 kg. If the arm BA is held at an
angle of 30° from the horizontal and the coefficient of rolling
resistance for the roller is 25 mm, determine the force P
needed to push the roller at constant speed. Neglect friction
developed at the axle, A, and assume that the resultant force P
acting on the handle is applied along arm BA.

SOLUTION
25
— on—1 — o
0 = sin (25()) 5.74
C+EIMy = 0; —25(784.8) — P sin 30°(25) + P cos 30°(250 cos 5.74°) = 0
Solving,

P =96.7N Ans.




8-137.

The three stone blocks have weights of W, = 600 Ib,
Wp = 1501b, and W = 5001b. Determine the smallest A
horizontal force P that must be applied to block C in order
to move this block. The coefficient of static friction between
the blocks is u, = 0.3, and between the floor and each

block wy = 0.5.
SOLUTION

toolb 150l Spolb
B IF, = 0; — P+ 0.5(1250) = 0 | |

P =6251b l 7/1 -——Ti
A 44 <

Assume block B slips up, block A does not move. ———r——;&( 1253 b

Block A: 1250 I
BEF, =0, F,—-N"=0
4 boolb
+132F,=0; N, —600+03N" =0 o, 3NY
h
Block B: J
BIF. =0; N’ — N'cos45° — 0.3 N'sin45° = 0 A T
+15F,=0; N'sin45° — 03 N'cos45° — 150 — 03 N" =0 N
Block C: 1Solb
$ZFX=O; 0.3 N cos45° + N' cos45° + 05N — P =0 R
s
+15F,=0; Nc— N'sin45° + 03 N’'sin45° — 500 = 0 2 s
038" o' N
Solving,
N" =629.01b, N’ =68431b, N =28387Ilb, P =10481b, N' , |Soolb
o3
N, = 41131b ts° P
F, =629.01b > 0.5 (411.3) = 205.61b No good b
< d.g“¢

All blocks slip at the same time; P =6251b Ans. N



8-138.

The uniform 60-kg crate C rests uniformly on a 10-kg dolly D.
If the front casters of the dolly at A are locked to prevent
rolling while the casters at B are free to roll, determine the
maximum force P that may be applied without causing
motion of the crate. The coefficient of static friction between
the casters and the floor is ¢ = 0.35 and between the dolly
and the crate, u;=0.5.

SOLUTION

Equations of Equilibrium: From FBD (a),

+12F, = 0; N, —5886=0 N,=58.6N

B IF =0, P—F;=0 )
C+=ZMy = 0; 588.6(x) — P(0.8) =0 ?2)

From FBD (b),
+12F, =0 Nz + N, — 5886 — 981 =0 3)
B 3F, =0; P—-F,=0 @)
C+EMgy=0; N4 (1.5) — P(1.05)

— 588.6(0.95) — 98.1(0.75) = 0 5)

Friction: Assuming the crate slips on dolly, then F; = u,,N,; = 0.5(588.6)
= 294.3 N. Substituting this value into Egs. (1) and (2) and solving, we have

P =2943N x = 0.400 m

Since x > 0.3 m, the crate tips on the dolly. If this is the case x = 0.3 m. Solving
Egs. (1) and (2) withx = 0.3 m yields

P =220.725N

F; = 220.725N

Assuming the dolly slips at A, then Fy = ;N4 = 0.35N4. Substituting this value
into Egs. (3), (4), and (5) and solving, we have

P =195.6 N = 196 N (Control!) Ans.

—0.6 m —|

P > c 1.5m
0.8 m \
T 1D
0.25¢m B ‘ A
L— 0.25 m
15m ——
60(9-61)= 3686 N
P o |\
0:fm F’o
X
N
(=)




8-139.

The uniform 20-1b ladder rests on the rough floor for which
the coefficient of static friction is uy = 0.8 and against the
smooth wall at B. Determine the horizontal force P the man
must exert on the ladder in order to cause it to move.

SOLUTION

Assume that the ladder tips about A:

BSF, =0, P-F4,=0
+12F, =0, 20+ N,=0
N, =201b

C+3IM,=0; 203)—P@4)=0

P=151b
Thus
F,=151b
(FA)max = 0:8(20) = 161b > 151b OK
Ladder tips as assumed.
P=151b Ans.

8 ft
6 ft ‘
% ol
P
W
Y
W
Ny e 200

#Ht

P
41

L ]
T th{ ,
N

A



*8-140.

The uniform 20-1b ladder rests on the rough floor for which
the coefficient of static friction is uy = 0.4 and against the
smooth wall at B. Determine the horizontal force P the man

must exert on the ladder in order to cause it to move.

SOLUTION

Assume that the ladder slips at A:
Fy,=04N,
+15F,=0; N4—20=0
Ny =201b
F, =04(20) =81b
C+ZMp = 0; P(4) —20(3) + 20(6) — 8(8) =0
P=11Ib
BSF, =0, Ny+1-8=0
Ng=71b >0

The ladder will remain in contact with the wall.

Ans.

OK

201b

44t

B¢

41t

3fe | 3ft




8-141.

The jacking mechanism consists of a link that has a square-
threaded screw with a mean diameter of 0.5 in. and a lead of
0.20 in., and the coefficient of static friction is u, = 0.4.
Determine the torque M that should be applied to the
screw to start lifting the 6000-1b load acting at the end of
member ABC.

SOLUTION

1
a = tan”! (%) = 21.80°

6000 1b

C+SM,=0;  —6000(35) + Fypcos21.80° (10) + Fpp sin 21.80° (20) = 0

Fyp = 12565 1b

¢, = tan"! (0.4) = 21.80°

0.2
= I —= ) = 7256°
0 = tan <27‘r (0.25) ) 7:236

M = Wrtan (6 + ¢)
M = 12565 (0.25) tan (7.256° + 21.80°)

M =17451b+in = 1451b-ft

Ax

Gbooolb

10in.

o246 op

Ans.

r 20,

I15in.



8-142.

Determine the minimum horizontal force P required to
hold the crate from sliding down the plane. The crate has a
mass of 50 kg and the coefficient of static friction between
the crate and the plane is u; = 0.25.

SOLUTION

Free-Body Diagram: When the crate is on the verge of sliding down the plane, the
frictional force F will act up the plane as indicated on the free-body diagram of the
crate shown in Fig. a.

Equations of Equilibrium:
N+2F, =0; N — Psin30° — 50(9.81) cos 30° = 0
/+2F, =0; Pcos30° + 025N — 50(9.81) sin 30° =
Solving
P =140N Ans.

N = 49494 N




8-143.

Determine the minimum force P required to push the crate
up the plane. The crate has a mass of 50 kg and the
coefficient of static friction between the crate and the plane
is uy = 0.25.

SOLUTION

When the crate is on the verge of sliding up the plane, the frictional force F’ will act
down the plane as indicated on the free-body diagram of the crate shown in Fig.b.

N+2F, =0; N’ — Psin30° — 50(9.81) cos 30° = 0
/' +2F. =0; Pcos30° — 025N’ — 50(9.81) sin 30° = 0
Solving,
P = 474N Ans.

N’ = 661.92N

F=0-25N A
(2)

B0(9-81)N
30°




+8-144,

A horizontal force of P = 100 N is just sufficient to hold
the crate from sliding down the plane, and a horizontal

P
force of P = 350 N is required to just push the crate up the
plane. Determine the coefficient of static friction between
the plane and the crate, and find the mass of the crate. <

30°

SOLUTION
Free-Body Diagram: When the crate is subjected to a force of P = 100 N, it is on g
the verge of slipping down the plane. Thus, the frictional force F will act up the plane M(q' I)

as indicated on the free-body diagram of the crate shown in Fig. a. When
P = 350 N, it will cause the crate to be on the verge of slipping up the plane, and so 30"
the frictional force F' acts down the plane as indicated on the free-body diagram of

the crate shown in Fig. b. Thus, F = pu,N and F' = uN'.
Equations of Equilibrium:

+N2F, = 0; N — 100sin 30° — m(9.81) cos 30° = 0
+/2Fs = 0; uyN + 100 cos 30° — m(9.81) sin 30° = 0
Eliminating N,

~4.905m — 86.603
Bs = 78.496m + 50

Also by referring to Fig, b, we can write

+NZF, = 0; N' — m(9.81) cos 30° — 350 sin 30° = 0
+/2F, = 0; 350 cos 30° — m(9.81) sin 30° — u,N' =0
Eliminating N',

303.11 — 4.905m
Ms = e o A0k,

175 + 8.496m
Solving Egs. (1) and (2) yields
m = 36.5kg
s = 0.256

1004
30° F:'){sﬁj

@

m(281)

2

Ans.

Ans.
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