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1-1. Round off the following numbers to three significant

~ . A
figures: (a) 4.65735 m, (b) 555785, (<) 4555 N, (d) 2768 kg ) 466m  b) $5.65s ¢ 4.56KN d)2.77TMg Ans
1-2. Wood has a density of 4.70 slug/ft3 is i
density expressed in ST units? /I What s its Y M } - 242 Ml -
(470 shug/f)| (53048 m)*(1 slug)

1-3. Represent each of the following quantities in the

*1-4. Represent each of the following combinations of
units in the correct SI form using an appropriate prefix:
(20 m/ms, (b) pkm, (c) ks/mg, and (d) km - uN.

. 0.000431 kg = 0.000431( 10°) g=0.431 Ans
correct SI form using an appropriate prefix: (a) 0.000431 kg, 2 g (10) g
b) 35.3(10°) N, (c) 0.00532 km.
)33 R b) 353(10°) N=353kN Ans
c) 0.00532km =0.00532(10’) m=532m Ans
m (10)* m - Ans
@ m/ms = (—-—(10).3 s) = (_s ) km/s

! A
© pkm=(10y°(10)° m= (10 m=mm m

0y s \_(aoy s)_ Gs/kg Ans
(c) ks/mg = (——_(10)" ks) = (__ks

@ K- uN =[10)° m][10)° N] =(10)° mN =mmN  Ans

1.5, [Ifacaristraveling at 55 mi/h, determine its speed
in.kilometers per hour and meters per second.

55 mi/h = (Si_:n')(szso ft)(o.m m)( | km )

Tm i N\iooom
= 88.5 km/h Ans
88.5km\/1000mY/ 1h
(e
8.5 (lh Tim N36005) = 246m/s  Ans

1-6. Evaluate each of the following and express with an

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

(a) (430 kg)* = 0.185(10°) kg’ = 0.185 Mg’ Ans
®  (0002mg? = [2107) g]' = 4ug’ Ans
© (230 m)* = [023(10°) m]’ = 0.0122 kaw’ Ans

1-7. 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 SI units, and (d) its
mass in Sl units.

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

2) 250(10°) siugs =[250(10%) "“35](“i5s913:sk8)

=3.64845(10°) kg

=3.65Gg Ans
b) W, = mg =[3.64845(10°) ke ](9.81 mss*)
=35.791(10°) kg- m/s®
=358 MN Ans

0 W, =meg,, =[250(10°) slugs](5.30 fus’)
4.4482 N)

=[1325(10%) lb](—Tlr

=5.894(10°) N =589 MN Ans
Or
8\ _ 5.30 fus? = 589 MN
W = W’(T) = (35791 MN) (32.2 fst
d) Since the mass is independent of its location, then
Ans

m,, =m, =3.65(10%) kg=3.65Gg




*1-8. Represent each of the following combinations of
units in the correct SI form: (a) kN/us, (b) Mg/mN, and
(c) MN/(kg - ms).

1-9. The pascal (Pa) is actually a very small unit of
pressure. To show this, convert 1 Pa = 1 N/m? to Ib/f2,
Atmospheric pressure at sea level is 14.7 Ib/in?,
How many pascals is this?

1-10. What is the weight in newtons of an object that
has a mass of: (a) 10 kg, (b) 0.5 g, (c) 4.50 Mg? Express

the result to three significant figures. Use an appropriate
prefix.

1-11.  Evaluate each of the following to three significant
figures and express each answer in S| units using an
appropriate prefix: (a) 354 mg(45 km)/(0.035 6 kN),
(b) (.004 53 Mg)(201 ms), (c) 435 MN/23.2 mm.

(8 kN/us = 10°N/(10%s = GN/s Ans
(b) Mg/mN = 10°g/10°N = Gg/N Ans
© MN/(kg-ms) = 10°N/kg(107>s) = GN/(kg-s) Ans
Using Table 1-2, we have
IN/ 11b  1(0.3048% m? 3 2
= — | || ———— |=209(107) /¢ A
tha= o (4.443214)( 1@ ] 209(107%) e
| AaTM= 147 lb(4.4482 N ) 144 in? 12
T ing 11b 112 )0 0.3048 m?
=101.3(10°) N/m?
= 101 kPa Ans
@ W=(9.81m/s?)(10kg) = 98.IN Ans
() W=(9.81m/s?)(0.5g)(10™ kg/g) = 4.90mN Ans
© W= (9.81m/s?)(4.5Mg)(10° kg/Mg) = 44.1 kN Ans
-3
2) (354 mg) (45 km) 10,0356 kN = (35410 g][45(10°) m]
0.0356(10%) N
_ 0.447(10°) g-m
N
=0.447kg-m/N Ans

b) (0.00453 Mg) (201 ms) =[4.53(10) ( 10°) kg][201(107") ]

=0911kg-s Ans
435(10°) N 18.75(10°) N
435 MN/23.2 mm = - -
© 43 3.2 mm 232(10) m o 188GN/m Ans
175 b ft 374.4482 N
* @ 175 1o/t¢ =( g )(0.3048 m) ( ) )
1-12, anvert each of the following and express the =(27.5 10y’ N)___ 7.5 KN/ Ans
answe; using an appropriate prefix: (@) 1751b/£83 to o
kN/m’, (b) 6 ft/h to mm/s, and (c) 8351b- ft to kN~ m. oA 1
® srvn=(7) (> )5003)
=0.508(10)"* m/s = 0.508 mm/s Ans
4.4482 N\(0.3048 m
(c) 8351b-ft=(8351b- ft)(T)(T)
=1.13(10 N-m=1.13kN-m Ans




1-13. Convert each of the following to three significant
figures. (a) 20 Ib - ft to N - m, (b) 450 Ib/ft* to kN/m?, and
(c) 15 ft/h to mm/s.

Using Table 1-2, we have

a) 201b-fr=(20 |b.ﬁ)(4'4;‘f: N)(0-3048 m)

Ift
=27.1N-m

b) 450 n:/n’:(@)(i«sz N)( 1kN )
fe 1b 1000 N

Ans

1f?
0.3048° o3

=70.7 kN/m® Ans

o) 15 fuh= (%)(M)(ﬂ.) = 1.27 mm/s

TR )\36005 Ans

1-14. If an object has a mass of 40 slugs, determine its
mass in kilograms.

40 slugs (14.5938 kg/slug) = 584 kg Ans

1-15. Water has a density of 1.94 slug/ft’. What is the
density expressed in SI units? Express the answer to three
significant figures.

Using Table 1-2, we have

_(l.94 slug (l4,5938 kg) 10
=" ) Tsiig 03048 m>

=999.8 kg/m’ = 1.00 Mg/m’

*1-16. 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.

F=cl™
r2

Where G = 6.673(107"") m®/(kg-s?)

8(12)

-11
F = 6.673(10 )[(0.8)2

] = 10.0(10°) N = 10.0 nN

W, = 8(9.81) = 785N

w, 12(9.81) = 118 N

1-17. Determine the mass Of an object that
has a weight of (a) 20 mN, (b) 150 kN, (c) 60 MN. Express
the answer to three significant figures.

Applying Eq.1-3, we have

W 20(107%) kg-m/s?

—_—_———— =204
) m= 8 9.81 m/s? g
W 150(10°) kg-m/s?

= —= =15.3M
b m=- 9.81 mis? .

W 60(10°) kg- m/s?
C) m=?=-—-———-—-—

=6.12Gg Ans

9.81 m/s?




. . (a) m = — = 48] slug Ans
1-18. If a man weighs 155 Ib on earth, specify (a) his 322
mass in slugs, (b) his mass in kilograms, and (c) his
weight in newtons. If the man is on the moon, where 145938 kg
the acceleration due to gravity is g, = 5.30 ft/s?, (b) m = 155[——.32.2 J =702 kg Ans
determine (d) his weight in pounds, and (e) his mass in
kilograms. © W = 155 (4.4482) = 689 N Ans
5.30
= — | = 25, Ans
(d) w ]55[32.2] 2551b
= o[ 145938 kg
(e) m = ISS[T] = 70.2 kg Ans
Also,
_ 145938 kg _
m = 25.5[7] = 70.2 kg Ans
1-19.  Using the base units of the SI system, show that Using Eq.1-2.
Eq. 1-2 is a dimensionally homogeneous equation which m m,
gives F in newtons. Determine to three significant figures F= GT
the gravitational force acting between two spheres that m® \rkg-kg) kg-m
are touching each other. The mass of each sphere is 200 kg N =(m)(—m7)= - (QED)
and the radius is 300 mm.
F=cT™
rt
- 200(200)
=66.73( 107"
Sl
=741(10"°) N=7.41uN Ans
*1-20. Evaluate each of the followin ignifi
) g to three significant (a) 0.631 Mm/(8.60 kg)? -(°~631“°‘) m)_8532m
figures and' €Xpress each answer in SI units using G0 WJ=T
an approprlzate pre{ix: (a) (0.631 Mm)/(8.60 kg)?,
(b) (35 mm)?(48 kg)*, =8.53(10°)m/kg} = 8.53 km/kg? A
() (35 mm)z(48 kg)’ =[35(]0") m]z“s ks)] =135 mzk‘) Ans




2-1. Determine the magnitude of the resultant force

Fr = F; + F;andits direction, measured counterclockwise
from the positive x axis.

F = {/(600)2 + (800)Z — 2(600)(800)cos75° = 866.91 = 867 N

Ans
y
86691 _ 800
sin75°  sin6
F, =800N F =600N
6 = 63.05°

¢ = 6305° + 45° = 108° Ans

. F,=80N
2-2. Determine the n}agnitude of the resultant force if: F,=100N 60° 2
(a) Fr=F, + Fy; (b) Fg=F, - F,.

Fe
f
100N goN
Parallelogram Law : The parallelogram law of addition is shown in
()

o

Fig. (a) and (c).

)

‘oo oN looN
a) K = /1002 + 802 — 2(100) (80) cos 75° ooN 34/%\_
=11IN Ans & A
S 4
b) R’ = {1002 + 802 -2(100) (80) cos 105° gou
Ans (e

Trigonometry : Using law of cosines [Fig. (b) and (d)], we have

=143 N

()

2-3. Determine the magnitude of the resultant force

Fr = F; 4 Fandits direction, measured counterclockwise
from the positive x axis.

Fy=2501b

B = /(250 + (375)7 = 2(250)(375) cos75° = 3932 = 393 1p Ans

393.2 250

sin75° SE

6 = 37.89°

¢ = 360° - 45° + 37.89° = 353° Ans

F=3754

Fp=3751b

*2.4, Determine the magnitude of the resuitant force
Fy = F, + F, and its direction, measured clockwise from
the positive u axis.

B = Y(300)% + (500)% — 2(300)(500)c0s95° = 605.1 = 605 N

605.1 500

$in95°  sin@

6 = 55.40°

¢ = 55.40° + 30°=85.4°




2-5. Resolve the force F; into components acting along

the u and v axes and determine the magnitudes of the BF% = 300
components. in40° "~ sin 1100
Fo=20sN 4.0 u
1’
fi= 300N
Lo _300 v
8$in30°  gin 110°
A, = 160N Ans
2-6. Resolve the force F, into components acting along
the u and v axes and determine the magnitudes of the
components.
Bu _ 500

$ind5° ~ sin 70°
B, =376 N Ans

B, 500

sin65° ~ sin 70°

B, =482 N Ans

2.7. The plate is subjected to the two forces at A and B
as shown. If 6 = 60°, determine the magnitude of the
resultant of these two forces and its direction measured
from the horizontal.

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

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

F = /82 +62-2(8)(6)cos 100°
=10.80 kN = 10.8 kN Ans

The angle@ can be determined using law of sines [Fig. (b)].

sin @ _ sin 100°

6 10.80
sin 6 = 0.5470
6 =33.16°
Thus, the direction ¢_of Fp measured from the x axis is

¢ =33.16°-30° = 3.16°




Fy=8kN
*2-8. Determine the angle 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.

Fy=6kN

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

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

sin (90°=6) _ sin 50°
6 T
sin (90° = 0) = 0.5745

6 =54.93° = 54.9° Ans

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

B = /82462 -2(8)(6)cos 94.93°
=104 kN Ans

2-9. 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.

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

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

Fa__ 500
sin60° sin75°

Fiy =448 N Ans
B _ 500

sin 45°  sin 75°

Fc=366N Ans




2-10. Solve Prob. 2-9 with F = 350 Ib.

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

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

Fap 350

sin60°  sin75°

Fap=3141b Ans

Fac 350

sin45° ~ sin75°

Fac =2561b Ans

350 1b

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.

20 F,

B
_— -, = 30. t
Snd0° — Sing0° F, =30.61b Ans

20 Fb
_— =2 = 26.
Gnd0s = smep  [r=2691b Ans

¥2-12. The component of force F acting along line aa
is require to be 30 Ib. Determine the magnitude of F and
its component along line bb.

0 . o6 A
Sin80°  sind0° =" ns
30 F

= R F,=2641b Ans
sin 60° b ns

sin 80°




2-13. The 500-Ib force acting on the frame is to be
resolved into two components acting along the axis of the
struts AB and AC. If the component of force along AC
is required to be 300 Ib, directed from A to C, determine
the magnitude of force acting along AB and the angle ¢
of the 500-Ib force.

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

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

sing  sin75°

300 500
sing = 0.5796
§ = 35.42° Ans

Thus,
45° 46 +75° + 35.42° = 180°

6 =24.58° = 24.6°

Fag 500

$in(45° +24.58°)  sin75°

Fag =4851b Ans

F=5001b

2-14. The post is to be pulled out of the ground using
two ropes A and B. Rope A is subjected to a force of
600 Ib and is directed at 60° from the horizontal. If the
resultant force acting on the post is to be 1200 b, verti-
cally upward, determine the force T in rope B and the
corresponding angle 6.

T = /(600)? 4 (1200)% — 2(600)(1200) cos 30°
T =743.59 b = 744 b Ans

sinf _ sin30°

= f = 23.8° .
w0 ~ 735 =88 Ans

600 1b




2-15. Determine the design angle 6 (0°< 6 < 90°) for
strut AB so that the 400-b horizontal force has a.
component of 500-1b directed from A towards C. What is
the component of force acting along member A B? Take
¢ = 40°.

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

Trigonometry : Using law of sines [Fig. (b)], we have
sin & sin 40°

500 400
sin 6 = 0.8035

6 = 53.46° = 53.5° Ans
Thus, ¢ = 180°-40° - 53.46° = 86.54°
Using law of sines [Fig. (b)]

)
sin 86.54°

_ 400
" sin 40°

Ey=6211b Ans

*2-16. Determine the design angle ¢ (0°< ¢ < 90°)
between struts AB and AC so that the 400-1b horizontal
force has a component of 600-1b which acts up to the left,
in the same direction as from B towards A. Take 6 = 30°.

Parallelogram Law : The parallclogram law of addition is shown in
Fig.(a).

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

F, ¢ = y/4002 + 6002 — 2(400) (600) cos 30° = 322.97 Ib
Theangle ¢ can be determined using law of sines[Fig. (b)].
sin ¢ - sin 30°
400 322.97
sin ¢ = 0.6193

¢ =38.3°




2-17. The chisel exerts a force of 20 Ib on the wood
dowel rod which is turning in a lathe. Resolve this force
into components acting (a) along the n and y axes and (b)
along the x and r axes.

( F, 20
) —— = —
) Sind5 T sin60°
F,=1631b Ans
-F, 20
§in75°  sin60°
F,=-2231b Ans
F 20
by —t =
® 5 T Eei
F,=5981b Ans
F__2
sind5°  sin 120°
F,=1631b Ans

2-18. Two forces are applied at the end of a screw eye
in order to 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

500 N )
has a magnitude of 750 N. g

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
sing = 0.750

¢ = 131.41° (By observation, ¢ > 80°)

Thus,

o = 180° — 30° — 131.41° = 18.59° = 18.6°

F 500
sin 18.59°  sin30°

F=319N

Ans

Ans




219. IfF=F=30lb determine th

»d e angles 6 and
so ti_iat the resultant force is directed alonggthe positivt
X axis and has a magnitude of Fr=2010b.

20 _ 30
sing Sm“e
Y 3oy, *
¢=0 >
Fz 6 M ou
(30)* = (30)2 : ~
*(20)% ~ ¢ 30)(20) cos @ \:\)30“
9 =6=17s0 Ans

*2-20. The truck is to be towed using two ropes.
Determine the magnitude of forces F,4 and Fp acting on
each rope in order to develop a resultant force of 950 N
directed along the positive x axis. Set 6 = 50°.

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

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

F 950
sin 50°  sin 110°

F, =774N Ans
B N5
R 950
sin20°  sin 110° G507

R, =346N Ans (b




2-21. The truck is to be towed using two ropes. If the
resultant force is to be 950 N, directed along the positive
x axis, determine the magnitudes of forces ¥4 and Fj
acting on each rope and the angle of 6 of Fj, so that the

magnitude of Fy is a minimum. F , acts at 20° from the x
axis as shown.

Parallelogram Law : In order to produce a minimum force Fy, Fy has

1o act perpendicular to F, .The parallelogram law of addition is shown in
Fig.(a).

Trigonometry : Fig.(b).

Fy =950sin 20° = 325 N Ans
F, =950cos 20° =893 N Ans
The angle 6 is
6 =90°~20° = 70.0° Ans

950N
(b)

o

222. Determine the magnitude and

resultant F = Fi+F,+F

: 3 3 of the thr
finding the resultant F'=F
Fr=F +F,

direction of the
ee forces by first
+ F, and then forming

F = {/(20)2 + (30)% = 2(20)(30) cos73.13° = 30.85 N

30.85

30

sin73.13° _ sin(70° - 8)°

sin1.47°  sin@

19.18 30.85.

’

13

Ans

F = /(30.8572 + (50)2 — 2(30.85)(50) cos1.47° = 19.18 = 192 N




2-23. Determine the magnitude and direction of the
resultant Fg = F; + F, + F; of the three forces by first
finding the resultant F' = F, + F; and then forming

FR = F' + Fl'
y F' = /(2007 + (50)2 = 2(20)(50) cos70° = 47.07 N
F=30N :
| 20 4707 6 = 23.53°
"\ sing  sin70°’ -
4 F3=50N
x F = /(47.07)2 + (30)2 — 2(47.07)(30) cos13.34° = 19.18 = 192 N Ans
4 A0%-23.53°-(90%34.37°)
. 20° 1918 _ 30 ¢ = 21.15° R
— sin1334°  sing’ o
Fa
Fy=20N 6= 2353° - 21.15° = 237° <  Ans F'= 47.07N
*
al2—24. Resolve the 50-1b force into components acting
ong (a) the x and Y axes, and (b) the x and y' axes.
50l
(@ FE, = 50 cos45° = 354 1b Ans '
4 45°,
s ~ F‘
E = 50sin45° = 354 1b Ans

S01b f

E 50

®) sin15°  sin120°

E =1491b Ans

E- 50 130°
sin45°  sin120°

E- = 4081b




2-25. The log is being towed by two tractors A and B.
Determine the magnitude of the two towing forces Fy
and Fp if it is required that the resultant force have a
magnitude Fg = 10 kN and be directed along the x axis.
Set 8 = 15°.

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

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

Fa 10
sin15°  sin 135°

Fp =366 kN Ans

Fs 10
sin30°  sin135°

Fp=707kN Ans

2-26. If the resultant Fp of the two forces acting on
the log is to be directed along the positive x axis and
have a magnitude of 10 kN, determine the angle 6 of the
cable, attached to B such that the force Fj in this cable
is minimum. What is the magnitude of the force in each
cable for this situation?

Parallelogram Law: In order to produce a minimum force Fp. Fy has
to act perpendicular to F 4. The parallelogram law of addition is shown
in Fig. (a).

Trigonometry: Fig. (b).

Fy = 10sin30° = 500 KN Ans

I

Fai = 10c0s30° = R.66 KN Ans Fp 10kN

(a) (b
The angle 6 is

0 =90° — 30° = 60.0° Ans




2-27. 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 9 = 45°,

1 600
m'm. Fi=439N Ans

toon
7] 600
@l e AN Am g A
/

the y axis as shown,

For minimuym £}, require

0=60° Apg

5-600coa30°=szon Ans

F2 = 600 sin 30° = 300 N Ans

16



2-29. 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 orientation 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.

Cosine law :

Fry = /3002 + 2002 - 2(300)(200)cos60° = 264.6 Ib
Sine law :

sin(30°+6)  sin60°
_zoo"'szlsz 6=10.9° Ans

When F is directed along Fp, » F will be minimum to create the resultant force,

Fa=Fp+F
500 = 264.6+ F,,,,
Faia =235 Ans

2-30. Three cables pull on the pipe such that they create
a resultant force having a magnitude of 900 Ib. If two of
the cables are subjected to known forces, as shown in the
figure, determine the direction 6 of the third cable so that
the magnitude of force F in this cable 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.

F' = y/(6007 + (400) - 2(600)(400) cos 105° = 802.64 1b

F =900 - 80264 = 974 1b Ans

sing _ sin 105°
600 802.64 '

¢ = 46.22°

€ =46.22° - 30° = 162° Ans

17



2-31. Determine the x and y components of the 800-1b

F, = 800sind0° = 514 Ib Ans
= —800c0s40° = —6131b  Ans Fty
F.
]

force.

N

*2-32. Determine the magnitude of the resultant force
and its direction, measured clockwise from the positive

X axis.

Fp, = 70 + 50c0s30° — 65c0s45° = 67.34 N

1+

Pl
L}
™M
ol

+T1';y =ZF; K = -50sin30° - 65sind5° = -70.96 N

50N
Fr = {(67.34)2 + (-70.96)2 = 97.8 N

70.96
6 = tan”' ——
67.34

= 46.5°




2-33. Determine the magnitude of force F so that the
resultant F of the three forces is as small as possible.

‘<

20kN

X

Scalar Notation : Suming the force components algebraically, we have

. 4
SHR=IE; F = 20(3)-&0; as°
= 160-0.7071F —

3
+T R =E; kR =20(§)-12+Fsin 45°
=0.7071F T

The magnitude of the resultant force Fp is

b= B+
=Y(16.0-0.70715 +(0.7071F)?

= /F?=22.63F+ 256 m

R = F*-22.63F+256

L]
2/t =2F-202,
By =2F-2263 (21

d&*F, dF, dF,
R—+—=x2|=
(’dﬂ+dedFJ

In order to obtain the minimum resultant force Fp, i—F; = 0. From Eq.[2)

dF,

L3 = -

F=1131kN=113kN Ans

Substitute F= 11.31 kN inwo Eq.(1], we have

R =y11312-22.63(11.31) + 256 = V128 kN

dF,
Substitute £, = y/128 kN with d—; =0 inw Eq.[3], we have

K
(J 28—+ o) =1

L
— =0.0884>0
i 0.0884 >

Hence, F= 11.3kN is indeed producing a minimum resultant force.




2-34. Determine the magnitude of the resultant force

and its direction, measured counterclockwise from the .
. + A _4 _ . o . oe _ ‘

positive x axis. -Fk =XF; F = S(850) 625 sin 30° ~ 750 sin4s 162.8 N

+ TI-'R =ZIF; 1';, = —§(850) — 625c0s30° + 750c0s45° = —520.9 N
F=750N '

Fp = ¥(-162.8) + (-5209)Z = 546 N  Ans

-520.9
- =1 —7 = .64°
¢ = tan [—162.8] 72.64
X
6 = 180° + 72.64° = 253° Ans
F, =625N F, =850N

2-35. ‘Three forces act on the bracket. Determine the 5E, = ZF,; 1000 cos30° = 200 + 450 C0s45° + F, cos(8 + 30°)
magnitude and direction 9 of F, so that the resultant force
is directed along the positive x’ axis and has a magnitude +TER, =XE;.  ~1000 sin30° = 450 sin45° — £ sin(6 + 30°)
of 1 kN.

£ sin(@ + 30°) = 818.198

£ cos(8 + 30° = 347.827

6 + 30° = 66.97°, 6 = 37.0° Ans
F=450N
F = 889N Ans
F3=200N
- X
F 1
*2-36. If F,=300N and 6 = 20°, determine the
magnitude and direction, measured counterclockwise from
the x' axis, of the resultant force of the three forces acting
on the bracket.
SR, = 3F,; Fex = 300 0s50° + 200 + 450 cosds® = 711.03 N
y

+TR, = IE; Fy =-300sin50° + 450 sinds® = ggag N

4 R = v (711.03)2 + (88.38)2 = 717 N Ans
3 # (angie 5 ) = m“[ 88‘38]
f =200§ angle from x axis) = 71103
iyl
Y "= 1710
o $ =7
x' ¢ (angle from x’ axis) = 30° + 7.10°

¢ =371° Ans




2-37. Determine the magnit
that the resultant force is dir
has a magnitude of 800 N,

ude and direction 6 of F, so
ected vertically upward and

Scalar Notation : Suming the force components algebraically,

we have
+ 4
- K =XIF; £, =0=F sin 6+400cos 30"—600(3)
Fsin 8= 1336 §)]
+T F;’ =ZIF;

F, =800 = F, cos a+4oo;m30°+soo(3)

5
Ficos 6=240 (2]

Solving Eq.[1] and (2] yields

6=291° R =2715N Ans




2-38. 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; =
500 N and 6 = 20°.

Scalar Notation : S

ing the force comp algebraically, we have

= R, =IF: F, = S00sin 20°+ 400cos 30‘-6(!)(;)

=3742N -
+7 K, =IF; R =500cos 20°+ 400sin 30°+600(§)
=10298N T

The magnitude of the resull force Fy is

fo= VR AR = /T4 1098 = 10305 N = 1.03kN  Ans

The directional angle @ measured counterclockwise from positive x axis is

K
8=wn'R =m"(@)=s7.9° Ans
7 e VIS
2-39, Express Fyand F, as Cartesian vectors,
F = =30sin 30°; =30 cos
30°§
F=26 kN N

= {~150i - 260} kN Ans

5
B a3 12
13(2(5)] #—13(25)1

= {-100i + 24.05} kN

"N



*2-40. Determine the magnitude of the resultant force
and its direction measured counterclockwise from the

positive x axis.

*
Fe = 2F; Ry = ~3om30°-%(26>=-25m

+Thy = I, Fy = -30c0530°+g(26)= ~1.981 kN

2skN

Fa = V/-257 + (“1981) = 25.1kN  Ane R 9% kn
-1(1981
¢=tn ‘(—) 4.53°
) =4
6 = 180° + 453° = IRS°  Ana
y
F, =600N

5 Ry = IE;

+ Tﬁ?y = XF;
= {(824.264)7 + (—268.556)2 = 86691 = 867 N

=t

= 180° - 71.95° = 108°

2-41. Solve Prob. 2-1 by summing the rectangular or
x, y components of the forces to obtain the resultant force.

Fp, = 600c0s45° — 800sin60° = —268.556 N

F, = 600sin45° + 800cos60° = 824.264N

F, =800N




2-42. Solve Prob. 2-22 by summing the rectangular or
x, y components of the forces to obtain the resultant force.

4 : 404
, = -30(=) - 20(sin20°) = —30.8
F'=F, +§, = 30(5) 20(si

3 ) = — 5
R =) - 20°) = —-0.7938
E' =K, + B, 30(5) 20(c0s20°)
F, = E'+ F, = —30.8404 + 50 = 19.1596
e = B2 x

, = -0.79385
Ry, = E’ +F, = —0.79385 + 0

F = /(19.1596)2 + (-0.79385)2 = 192N Ans
—0.79385 o _ ° Ans
1 Ty = -23726° = 237° <
6 = an (157556 )

2-43. Determine the magnitude and orientation 8 of Fy
so that the resultant force is directed along the positive
¥ axis and has a magnitude of 1500 N.

Scalar Notation : Suming the force components algebraiqny.

we have
SR =IE; 0 = 700sin 30° - £ cos 6
Fycos 6 =350 (1
+T R =XE; 1500 =700cos 30°+ Fysin 6
Fysin 6 = 893.8 (2]
Solving Eq.[1] and (2] yields

6=68.6° F =960N Ans

v




2-42. Solve Prob. 2-22 by summing the rectangular or x,
y components of the forces to obtain the resultant force.

4
F| = Fi + Fy = =30 (3) — 20(5in 20°) = —30.8404

1
Fi=Fy+ Fy= 30(';) — 20(c0s 20°) = —0.79385

Fie = F! + Fa, = ~30.8404 4 50 = 19.1596

Fry=F, + F3, = -0.79385 + 0 = —0.79385

Fr = /(19.1596)2 + (—0.79385)° = 19.2 N Ans

~0.79385 . .
6 =tan"! (-S-%) =-23726" =237 Q6  Ans

Fy=20N

2-43. Determine the magnitude and orientation 6 of Fp
so that the resultant force is directed along the positive ¥
axis and has a magnitude of 1500 N.

FA=700N

Scalar Notation: Summing the force components algebraically, we
have

B Fp, =TF: 0=700sin30° — Fycos
Fgcost) =350 13
+ 4 Fg, =XF,; 1500 = 700c0s 30° + Fpsin0
Fpsind = 893.8 12}
Solving Eq. [1] and |2] yields

8 = 68.6" Fy =960 NAns

]
F, /
FE _-_‘B_\' / |
AN ]_1(3, |
N, / i
|
Foi ¢ 9{;\ X ~1FAA
it
v
Fe=1500N

~SE



2-44. Determine the magnitude and orientation,
measured counterclockwise from the positive y axis, of
the resultant force acting on the bracket, if Fy = 600 N
and 6 = 20°.

Scalar Notation : Suming the force components algebraically, we have

S Ry, =IE. £, =700sin 30° - 600cos 20°
=-213.8N=2138N

+T R =XE. F =700cos 30° +600sin 20°
=8114N T

The magnitude of the resultant force F, is

FR=R +I';}'=/213.81+811.41=839N Ans

The directional angle 8 measured counterclockwise from positive y axis is

7 213.8
e:m"ﬁam"(—)g 4. Ans
R, TTY

2-45. Determine the x and y components of F; and F,,
y

Fx = 200sin4s° = 141 N

F, = 200cos45°

141N

F =
1=200N Bs = -150c0s30° = —139 N

By = 150sin30° = 75 N

~e



2-46. Determine the magnitude of the resultant force
and its direction, measured counterclockwise from the
positive x axis. ‘

= 150c0530° + 200sin45° = 11.518 N

#y = EEi By = 150sin30° + 200c0s45° = 216421

B = {/(11.518)2 + (216.421)2 =

= 217N Ans
_1,216.421
0 = tan (22250 _
isg) = 87.0° Ans
F, = -2001b Ans

2-47. Determine the x and y components of each force
acting on the gusset plate of the bridge truss. Show that R, =0 Ans
the resultant force is zero.

B, = 400(2) =3201b Ans

3
E, = _4()0(3) = -2401b  Ans

B, = 300(2) = 180 Ib Ans
4
F, = 3oo(§) = 240 Ib Ans
F, = —3001b Ans
F3=3001b
F, =0 Ans

Fpe = Fy + B, + B, + K,

=
z
1

—200 + 320 + 180 — 300 = 0

Fy =R, +E, + K, + L,

By =0-240+240+0=0

Thus, KR =0

*248. If 6 =60° and F = 20kN, determine the

. . . . + 4 1 o
magnitude of the resultant force and its direction Shy = IF, Ry = 50(3) + -‘/—5(40) = 20 cos60° = 58.28 kN
measured clockwise from the positive x axis.
1
Y +TR, =35, &K, = 50(2) — —(40) — 20 sin60° = —15.60 kN
50kN ﬁ

F, = /(58.28)2 + (-15.60)2 = 60.3 kN Ans

_\[15.60
58.28

] = 15.0° Ans

27



2-49. Determine the magnitude and direction 8 of F4s0
that the resultant force is directed along the positive x
axis and has a magnitude of 1250 N.

5E, = 3F,; F, =F, sin6 + 800 cos30° = 1250
+TFK, = IE; Fy =F, cos® - 800sin30°= 0

6 =543° Ans

F, = 686N Ans

~

2-50. Determine the magnitude and direction,
measured counterclockwise from the positive x axis, of
the resultant force acting on the ring at O, if Fis=750N
and 6 = 45°,

Scalar Notation : Suming the force components algebraically, we have

5 B, =IF; F, =750sin 45°+800cos 30°
=1223.15SN -

+T R =ZXF; F;, = 750cos 45° - 800sin 30°
=13033N T

The magnitude of the resul force Fy is

G =R+E
=¢1223.152+130.332 = 1230N = 1.23 kN Ans

The directional angle 6 measured counterclockwise from positive x axis is

g o 130.33
—Z =an" | —— .08° A
R ™ (123.15)3608 -




2-5L. Express each of the three forces acting on the
column in Cartesian vector form and compute the
lrl

magnitude of the resultant force.

3 4
150(2)i — 150(~
50(2)i 150(5)4

.
]

{90i ~ 1205} 1b Ans

sl
[

= {-2755} Ib Ans

F; = -75 cos60° -75 sin60°j

o
I

{-37.5i - 65.0§} Ib Ans

F, =XF= {52.5i - 460j} 1b

Fr = ¥(52.5)2 + (460)2 = 463 Ip Ans

*2-52. The three concurrent forces acting on the screw
eye produce a resultant force Fx = 0. If F, = §F1 and
F, is to be 90° from F, as shown, determine the required
magnitude of F; expressed in terms of F; and the

angle 6.

Cartesian Vector Notation :

F, = F,cos 60°% +F, sin 60°)
=0.50F, i +0.8660F, j

2 2
F = Eﬁcos 30°i-§F,sm 300§
=0.5774F i -0.3333F j

F;, =-Fsin 6i - F cos 6j

Resultant Force :
Fp=0=F, +F, +F,

0 = (0.50F, +0.5774F, - ;sin 6)i
+(0.8660F, ~0.3333F, - K cos 6) j

Equating i and j components, we have

0.50F, +0.5774F, - F;sin 8= 0 m

0.8660F, ~0.3333F, - Fcos 6=0 (21

Solving Eq. (1] and [2] yields

6=637° F =120F, Ans




2-53. Determine the magnitude of force F so that the
resultgnt Fr of the three forces is as small as possible.
What is the minimum magnitude of Fgp?

SkN

Scalar Notation : Suming the force components algebraically, we have

-

oA

=ZIF,; I';.=5-Fsin30°
=5-050F —

+T R =ZF: F =Fcos30°-4
=0.8660F-4 T

The magnitude of the Itant force Fy is t

= {(5-0.50F )* +(0.8660F - 4)°

= /PR -11.93F+41 (n
B =F -1193F+41
dF,
2F—2 =2F-11.93 (2]
dF "
&*F, dF, dF,
Rt e B Y P & _
dF? ' dF  dF N — n
dF,
In order to obtain the minimurm resultant force Fy, 7}=°‘ From Eq.{2) A |
\ »— x
dF, Tax
2R, 2R ZoF-1193=
R = 2F-1193=0
F=5964 kN =596 kN Ans

Substituting F = 5.964 kN into Eq.[1], we have

Fp = /5.9642 - 11.93(5.964) + 41
=2.330kN =2.33kN Ans

dF,
Substitting F; = 2.330 kN with ﬁf; =0 into Eq.(3], we have

d*F,
[(2.330) -t o] =1

&K,

=04
T 0.429>0

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




2-54. Express each of the three forces acting on the
bracket in Cartesian vector form with respect to the x and
¥ axes. Determine the magnitude and direction 6 of F; so

that the resultant force is directed along the positive x' Fi = {F cos0l + K smo)} N Ans
axis and has a magnitude of Fg = 600 N. F, = {350i} N Ans
F, = {-100j} N Ans

Require,

Fr = 600 cos30°i + 600 sin30° j

Fp = {519.6i + 300§} N

Fp = IF

Equating the i and j components yields :
519.6 = F cos@ + 350

F, cos® = 169.6

300 = F sin 6 - 100

R

1-; = —
cos(116.57° — 90°)

[

F, L12F Ans

F sin@ = 400
6= !an"[ 207 < 6700
169.6] = o Ans
R = 434N Ans
2-55. The three concurrent forces acting on the post
produce a resultant force Fg = 0. If Fz‘ =35F, and l_", is
to be 90° from F, as shown, determine the required
magnitude F; expressed in terms of F; and the angle 6.
y
IR, = 0; K cos(9 - 90°) = R
3 Y
IR, =0 F, sin(6 - 90°) = F, \
E . Fa Pt
6-90°) = 2 = =
tan( E =3
F1 Fs
0 — 90° = 26.57°
6 = 116.57° = 117° Ans




*2-56. Three forces act on the bracket. Determine the
magnitude and orientation @ of F, so that the resultant

force is directed along the positive u axis and has a
magnitude of 50 Ib.

Scalar Notation : Suming the force components algebraically, we have

S B, =ZF; 50cos 25°=80+52(%)+[;c05 (25°+9)

Fcos (25°+6) = ~54.684 (1

+T R =XE;  _50sin2s0 =sz(g)-5sm (25°+9)
Esin (25°+6) = 69.131 (2)
Solving Eq.[1) and (2] yields

25°+6=12835° g= 103° Ans

=811

+ Fe=501b



*2-57. If F, = 150 Ib and @ = 55°, determine the
magnitude and orientation, measured clockwise from the
positive x axis, of the resultant force of the three forces
acting on the bracket.

Scalar Notation : Suming the force components algebraically, we have

SR =IF; F =so+52(li3)+150cos 80°
=126.051b -

12
+T R =XF; & =52(l—3)—150sin 80°

=-99.721b=99.721b {

The magnitude of the resultant force Fy, is

R= ‘/F;l‘ +I-}, =y 126.052+99.722 = 161 Ib Ans
The directional angle 6 d clockwise from positive x axis is
R 99.72
e=un"—"z--un"(—-—)=3s.3° Ans
R, 126.05

2-58. 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?

P =IF: Fa = 8- Fcosds® - 14.c08 30°
== 4.1244~ F cos 45°
+Th, =XF; FR, =-Fsin45°+143in30°
=7~F sin45°
F = (~4.1244 - F cos 45°)? + (7~ F sin 45°)} V)
2&.% = 2(~4.1244 - F cos 45°)(—cos 45°) +2(7 - F sin 45°)(~sin 45°) = 0
F=203kN Anms
FromEq. (1); Fp =7.87kN Ans
Also, from the figure require
(Fa);-=0=EF,.; F+l43in15°-8cos 45° =0
F=203kN Ans
(Fp)y - =LF,.; Fp=l4cos15°-8sinds*

R =7.87kN  Ans

e ¢ '3° F
Be ¢s°
TN
,’




2-59. 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.

F = 60|—50]#40k

Fi = /(607 + (-50) + (40P = 87.750 = 87.7N  Ans

R
(]

8

i
&
2
>
g

B = m"(é—_}’%) =125° - Ans

(i) e am

B = -40i-85j + 30k

R = {/(~40P + (=852 + (30¢ = 98.615 = 98.6N Ans
-1 i = o Ans
% = cos (98.615) =14

SETE ST

(i) e

[ 2% n "

née

1S0°

*2-60. The cable at the en
force of 250 Ib on the b
Cartesian vector.

d of the crane boom exerts a
oom as shown. Express F as a

Cartesian Vector Notation : With a = 30° and § = 70°, the third
coordinate direction angle ¥ can be determined using Eq.2 - 10,

cosza+cos’ﬁ+cos’7= 1
cos130°+cosz70°+cos’7= 1
cos y = +0.3647
Y =68.61° or 111.39°

By inspection, ¥ = 111.39° since the force F is directed in negative octant.

F = 250{cos 30% + cos 70°j+cos 111.39°} Ib

={217i+85.5j-91.2k} Ib Ans




2-61. Determine the magnitude and coordinate
direction angles of the force F acting on the stake.

dF_40, F=s0N
5

3
F = (40 cos70° + 40 sin70°j + g(SO)k)

Cartesian Vector Notation :
24 7
F =75{-—j+— ={~72.0j K
\ 5{ 25j+25k}lb {-72.0j+21.0k} Ib
F, =55{cos 30°cos 60° + cos 30°sin 60°j - sin 30°k} Ib
={23.82i +41.25j-27.5k} Ib
Resultant Force :
F,=F, +F,
= {23.82i+(-72.0+4l.25)j+(21.0-27.5)k} b
= {23.82i ~30.75j- 6.50k} Ib
The magnitude of the resultant force is

=23.820+(=30.75)2 4 (~6.50)*
=39431b=3941p Ans

The coordinate direction angles are

23.82
R 3943
R -30.75
- =
R

a=528° Ans

F = {13.7i +37.6j +30.0k } N Ans
F = {(13.68)2 + (37.59)2 + (30)2 = 50 N Ans
13.68 o
a= cos'l(?o—) = 74.1 Ans
37.59 A
= 2y = 41.3° ns
B = cos™( 0 )
1. 30 Ans
= (=) = 53.1°
Y cos (50)
2-62. Determine the magnitude and the coordinate
direction angles of the resultant force. 2z
751b

30°

551b




2-63. The stock S mounted on the lathe is subjected to

a force of 60 N, which is caused by the die D. Determine

the coordinate direction angle 8 and express the force as c0s?60° + cos? B + cos’30° = 1

a Cartesian vector.

B = 90° Ans

F = —-60(cos60% + €0s90°j + cos45°k)

F = {-30i - 52.0k } N Ans

]

*2-64. Determine the magnitude and coordinate F, = (80 cos30°cos40°i — 80cos30°5in40° + 80sin30°k)
direction angles of the resultant force and sketch this

vector on the coordinate system. Fi = {53.1i - 4455 + 40k } b

F, = {-130k } Ib
z
F, =F +F
F,=801b Fr ={53.1i - 44.5j —90.0k} Ib
Yy
B = /(5307 + (~443)2 + (=900)% = 114 1p Ans
= oot 33 i
F=1301b T 0% (5 = 621 Ans
1.2
1,445 u3°
B = cosT'(—=) = 113° Ans x
113.6
Fx
-90.0
= " (— = °
7= cosT () =142 Ans
2-65. Specify the coordinate direction angles of F; and
F; and express each force as a Cartesian vector. F, = (80 c0s30°c0s40° i — 80cos30°sind0°j + 80sin30°k)
F, = {53.1i — 44.5j + 40k } Ib Ans
z _1,53.1
= —) = 48.4°
a; = cos (80) 8 Ans
F,=801b Bi= cos' (23 _ o0 Ans
80
o y 4’0
30°} 7 = cos”i(—=) =60° Ans
40° 80
F,=1301b F, = {-130k} Ib Ans
x a = cos'l(i) = 90° A
130 ns
B,= cos'l(i) = 90° A
2 130 ns
7, = cos"(ﬂ)) =180° Ans

130




2-66. The mast js su.bjected to the three forces shown,

angles
Fi so that the resultant force acti gles @y, By, v of
0i} N.

F, = 500 cosa, i + 500cosB,j + 500 cosy, k
F, =F, + (-300j) +(—200k)

350i = 500 cosa,i + (500 cosfB, ~ 300)j + (500 cosy, - 200)k

350 = 500 cosa,; o, = 456° Ans
0 = 500cos 3, - 300; B, = 53.1° Ans
0 = 500cosy, — 200; Y = 66.4° Ans

2-67. The mast is subjected to the three forces shown.
Determine the coordinate direction angles oy, By, v; of
F; 50 that the resultant force acting on the mast is zero.

f F,=200N

F, = {500 cosa; i + 500cosB,j + S00 cosy, k} N

K = {-200k} N

F, = {-300j} N

Fp=F,+F +F =0
500cosc, = 0; a = 90° Ans
500cosB; = 300; B, = 53.1° Ans

500cosy, = 200; ¥, = 66.4°



*2-68. 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.

Cartesian Vector Notation :
F, =350(sin 40°% +cos 40°k} N

={224.98j+268.12k} N
= {225j+268k} N Ans

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

F, = 250{cos 60° +cos 135°j+cos 60°k} N
={125.0i - 176.78j+ 125.0k} N
={125i-177j+ 125k} N Ans

Resultant Force :
Fp=F, +F,+F
={(70.71+ 125.0)i +(224.98 + 50.0 - 176.78) j+ (268.12- 50.0+ 125.0) k} N
= {195.71i + 98.20j + 343.12k} N
The magnitude of the resultant force is
RVEIR IR,

= /195.712 + 98.202 + 343.12%
=407.03N=407N Ans

The coordinate direction angles are

cos a= h, 1571 a=61.3° A
"R 0703 =0k ns




7 24
= 630(z3) § - 630(=2)k
F = 630(0)) 0(z3)

2-69. The beam is subjected to the two forces shown.
Express each force in Cartesian vector form and
determine the magnitude and coordinate direction angles E
of the resultant force.

= (176.4 — 604.8k)

L]

= {176j — 605k } Ib Ans
F, = 250 cos60°f + 250 cos 135°j + 250 cos 60°k
F, = (125i - 176.777j + 125k)

F, = {1251 - 177 +125k } b Ans

F,=2501b B=F+F
60°

Fp = 125i — 0.3767j — 479.8k

F ={125i — 0.377j —480k} b Ans

F = /(1252 + (=03767)2 + (-479.8) = 495.82

X
= 496 Ib A
F=6301b ns
o, 125
= = 75.40 A
@ = cos(oems) = 154 ns
_ 1, 03767
B = o (gsgy) = %00 Ans
., —479.8 .
7= o (Ggsgy) <165 Ans
2-70. Determine the magnitude and coordinat'e
direction angles of the resultant force and sketch this
vector on the coordinate system.
Fp = F, + F
z Fp = 350c0s60° + 350c0860°j ~ 350cos45%k + 250(3) cos30° _250(:‘) §in30% + 250(3)'(
5 5
F,=250N Fp = {348.21i + 75.0f - 97.487k} N
B = /(34821)7 + (75.0)2 = (97.487)
= 369.29 = 369 N Ans
a= cos-l(348.21 1950
36929 = 195 Ans
= -1, 75.0 .
B = oo (35529) = 783 Ans
-1,=97.487
7 = cosTH(5=2) =105 Ans

369.29




. Cartesian Vector Notation :
2-71. The two forces F; and F, acting at A have a

resultant force of Fr = (-100k} Ib. Determine the Fp = {-100k} Ib

magnitude and coordinate direction angles of F,.

F, = 60{—cos 50°cos 30° +cos 50°sin 30°j - sin 50°k} Ib
= {-33.40i + 19.28j - 4596k} 1b

F,=(R,i+K j+E k} b
Resultant Force :
Fp =F, +F,
=100k = { (£, -33.40) i + (K, +19.28) j+ (K, -4596)k}
Equating i, j and k components, we have

E,-3340=0 K =33.401b
E,+1928=0 £ =-19281b
E -4596=-100 K =-54041b

The magnitude of force F, is

ReVEE R
= y/33.402 + (~19.28) + (~54.04)°
=66.391b=66.41b Ans

The coordinate direction angles for F, are

F, 3340
- = =59.8° Ans
S R T %9 *
R -19.28
== =107° Ans
cos B2 =263 b
B, -54.04
=St = = 144° Ans
Y= E = 5639 r
*2-72. Determine the coordinate direction angles of the
force F and indicate them on the figure. z

Unit Vector For Foce F :

Ur, =—cos 50°cos 30° + cos 50°sin 30°j ~ sin S0°k
=-0.5567i +0.3214j - 0.7660k

Coordinate Direction Angles : From the unit vector obtained
above, we have

cos a=-0.5567 a=124° Ans
cos f=0.3214 B=713° Ans
cos ¥ = -0.7660 7= 140° Ans




2-73. The bracket is subjected to the two forces shown.
Express each force in Cartesian vector form and then
determine the resultant force Fg. Find the magnitude and
coordinate direction angles of the resultant force.

Cartesian Vector Notation :

F, =250{cos 35°sin 25°% + cos 35°os 25°j-sin 35°k} N
= {86.55i + 185.60j - 143.39k} N
= {86.5i + 186j - 143k} N Ans

E; =400{cos 120° + cos 45°j+ cos 60°k} N
= {-200.0i + 282.84j + 200.0k} N
= {-200i + 283j+ 200k} N Ans

Resultant Force :
Fr=F +F,
= {(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
B VEIR IR

= y/(~113.45)* + 468.442 + 56.612
=485.30 N =485 N Ans

The coordinate direction angles are

F, -113.45
COSG=F:'—=W a=104° Ans
Fe  468.44
=l = e =15.1° A
cosf= 1t = 530 p n
R 56.61 o
. A
cos 7=F 3485.30 y=833 ns

2-74. 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 is 3 kN, and B =30° and y = 75°,
determine the magnitudes of its three components.

2
cos’ @ + cos’B + cos’y = 1

cos” a+ cos*30° + cos?75° = |

@ = 64.67°

E, = 3c0864.67° = 1.28 kN

E = 3 cos30° = 2.60 kN

F, = 3co0s75° = 0.776 kN




2-75. The pole is subjected to the force F which has
components F, = 1.5kN and F, = 125kN: If g = 75°,
determine the magnitudes of F and F,.

2
cos’a + cos’f + cos?y = 1

15, 1.25

(5)%+ cos?75° + (—F—)’= 1
F=20kN Ans
E = 2.02 cos75° = 0.523 kN Ans

*2.76. 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 hasa magnitude
of 80 Ib, determine its magnitude F and coordinate
direction angles o, B, v.

Cartesian Vector Notation : The magnitude of force F is

Fcos45°=80 F=113.14b=1131b Ans

F = {113. 14sin 45°% + 80cos 60°j — 80sin 60°k} Ib
= {80.0i +40.0j - 69.28k} Ib

The coordinate direction angles are

cos a= 2 = 500 45.0°
F 11314 a=a Ans
E 400
e A o
cos = =114 p=693 Ans
wr:isﬁs = 128° A
F o 1314 L4 ne




2-77. Three forces act on the hook. If the resultant force
Fr has a magnitude and direction as shown, determine
the magnitude and the coordinate direction angles of
force Fs.

N

Cartesian Vector Notation :

Fp = 120{cos 45°sin 30°i + cos 45°cos 30°j+sin 45°k} N
= {42.43i + 73.48j+ 84.85k} N

F, = 80{§i+§k}N = {64.0i+48.0k} N
F, = {-110k} N

F,=(K,i+K j+K kI N

Resultant Force :

Fpr=F+F+F
{42.43i +73.48j + 84.85k}
={(64.0+F )i+F J+(480-110+F )k}

Equating i, j and k components, we have

64.0+F =42.43 F, =-21.5TN
F, =T348N
480-110+K =8485 K =14685N

The magnitde of force F; is

R = ”l'?' + I';‘, + ";l‘
= J(=21.57)% + 73.482 + 146.852
=16562N =166 N Ans

The coordinate direction angles for F, are

2-78. Determine the coordinate direction angles of F,
and FR.

Unit Vector of F, and Fy :
4 3 "
uﬁ = §i+§k =0.8i + 0.6k

up = cos 45°sin 30° + cos 45°cos 30°j + sin 45°k
= 0.3536i + 0.6124j+ 0.7071k

Thus, the coordinate direction angles F, and Fy are

cos @ =0.8 ag =36.9° Ans
cos B, =0 By, =90.0° Ans
cos Y5 =0.6 Y5, =53.1° Ans
cos ap =0.3536 a, =69.3° Ans
cos B, =0.6124 B, =52.2° Ans

cos yp =0.7071 7y, =45.0° Ans

E,  -21.57
N o a=975° Ans
s &= 16562
F 1348
=2z — =63.7° Ans
cos =2 = sz B
F 14685
e =215° Ans
CSY=E T 16562 L4
Fy
Fp=120N
Fy=110N
Y
F, =8N 45°
34 f
30°




— ——

2-79. 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 a = 60° and y = 45°,
determine the magnitudes of its components.

Iz
F,
Y
Fle—— ’3\ ,
Fy o
K,

x

cos B = 1 - cos?a - cos?y

= /T~ 60 —conids®

B =120°

E = |80 cos60°| = 40N Ans
E = | 80cos120°| = 40N Ans
F, = |80 cosd45°] = 566N Ans

*2-80. Two forces F; and F, act on the bolt, If the
resultant force Fg has a magnitude of 501b and coordinate
direction angles a = 110° and B = 80° as shown,
determine the magnitude of F; and its coordinate
direction angles,

Z

(1) = cos’110° + cos*80° + cos’y

¥ = 157.44°

F, =

F, + F,

50 cos110° = (R),

50 cos80° = (R),

50 cos157.44° = (), — 20

=6i-8)+6k-41+5k+9i-6)+15k

=1li-14)+ 26k

ra= (112 + (=142 + (262 = 31.5Im=31.5m Ans

(B), = -17.10
(R), = 868
(B), = -26.17
F = /(-17.10)2 + (8:68)2 + (-26.17)2 = 324 Ib Ans
IR v A 1 N, A
ai—cos(32.4)-l22 ns
L R A
B, = cos (32‘4) = 745 ns
L2607 A
Y, = cos (——32'4 ) =144 ns
2-81. If r = {3i — 4j + 3k} m, r, = {4i — 5k} m, fy =
{3i — 2j + Sk} m, determine the magnitude and direction
ofr = 2I'[ - yl'z + 3]’3.
11 14 26
ra2n -n +3n , = il —3”1] + T k

= -1 ll - 0
@ = cos (31.51) 6.6° Ams

-14

B = coo"(—) =116  Ans

31.51

- -1 26 = 4° A
7= cos (31.51) 34 ns




2-82. Represent the position vector r acting from point
A(3m,5m,6m) to point B(5S m, -2 m, 1 m) in Cartesian
vector form. Determine its coordinate direction angles
and find the distance between points A and B.

Position Vector : This can be established from the coordinates of two
points.

fap ={(5-3)i+(-2-5)j+(1-6)k} ft
={2i-7j-5k} ft Ans

The distance between pointA and B is

s =V2+(=N +(-5}=/781t=883ft Ans

The coordinae direction angles are
Cos @ = — a=76.9° Ans
cos f= —= B=142° Ans

COs Y= — y = 124° Ans

2-83. A position vector extends from the origin to
point A (2 m, 3 m, 6 m). Determine the angles «, B, y
which the tail of the vector makes with the x, y, Z axes,
respectively.

Position Vector : This can be established from the coordinates of two
points.

r={2i+3j+6k} ft Ans
The distance between point A and B is
s = V22 +(3)2+(6)>=Tft  Ans

The coordinate direction angles are

cos o= ; o="T3.4° Ans

cos B= % B=164.6° Ans
6 o A

cos 'y=7 v=31.0 ns




2-82. Represent the position vector r acting from point
AGm, Sm, 6m) t point B(5 m, —2m. | m) in
Cartesian vector form. Determine its coordinate direction
angles and find the distance between points A and B.

Position Vector: This can be established from the coordinates of
two points.

rap = {(5=3i+(-2— 5)j + (1 — 6)k}L
= (2i — 7j — Skt Ans
The distance between point A and B is
rap = VE D (-9 = VTR ft=883 1t Ans

The coordinate direction angles are

2
cosa = ——= o =769 Ans
V78
-7 .
cos B = ﬁ B =142 Ans
cosy = = y = 124° Ans
) VT8 )

2-83. A position vector extends from the origin to point
A(2 m, 3 m, 6 m). Determine the angles o, B, y which the
tail of the vector makes with the x, v, z axes, respectively.

Position Vector: This can be established from the coordinates of
two points.

r = {2i + 3j + 6k} ft Ans
The distance between point A and B is
VE4+ 03X+ =T1t Ans

rAB =

The coordinate direction angles are

2
cose =z o= 73.4° Ans

ABG



*2-84. Express the position vector r in Cartesian vector
form; then determine its magnitude and coordinate

direction angles. A )
N

Position Vector :

r= ((6—2)i+[6-(—2)]j+(-4-4)k) ft

={4i+8j-8k} ft Ans
The magnitude of r is '
r=ye+8+(-8) =120t Ans
The coordinate direction angles are
cos a= — 70.5° A
= m a= . ns
8
= c— = ‘20
s B=55 p=as Ans
-8
— l ol
R ANTY r=132 Ans
2-85. Express the position vector r in Cartesian chtor r = (=5 cos20°sin30°% + (8- 5c0s20°cos30°)j + (2 + 55in20°)k)
5 determine its magnitude and coordinate
diression r = {-2.35i +3.93j +3.71k} ft Ans
direction angles.
r=y(-2.35)2 + (3.93)2 + (3.71)2 = 5.89 ft Ans
-2.35
- = cos (=2 = 113° Ans
ot 18 @ = cos (T
T
2R = cost (22 —as2e Ans
/ l B = cos(Tag) =48
3.71 .
y = cos/(==) =510

5.89

47



2-86. Express force F as a Cartesian vector; then :
determine its coordinate direction angles,

2789
y
F=5001b /
4ft
Unit Vector :
1ft—"B
Taz ={(4=0)i+[1- (~2sin 60)1+(0-2cos 60°) k} i
= {4.00i +2.732j - 1.00k} *
Tag = V4.002 42,7322 +(~1.00)* = 4.946 f
w.. < Tas _ 4.00i +2.732j - 1 00k
=== 07747k
e 4.946 ¥
=0.8087i + 0.5524j - 0.2022k
Force Vector :
F=Fu, = 500{0.8087i +0.5524j-0.2022k) b
= {404i + 276 - 101k} Ib Ans
Coordinate Direction Angles : From the unit vector u, , obtained
above, we have
cos a = 0.8087 @ =36.0° Ans
cos B=0.5524 B=56.5° Ans
cos ¥ =-0.2022 7 =102° Ans
2-87. Determine the length of member AB of the truss
by first establishing a Cartesian position vector from 4
to B and then determining its magnitude.
1.5
L = (L1+ andos 0.8)f + (1.5- 1.2)j

{2.09 + 03§} m

¥(2.092 + (03)Z =211 m




*2-88. At a given instant, the position of a plane at A
and a train at B are measured relative to a radar antenna
at O. Determine the distance d between A4 and B at this
instant. To solve the problem, formulate a position vector,
directed from A to B, and then determine its magnitude.

Position Vector : The coordinates of points A and B are

A (=5cos 60°cos 35°, - Scos 60°sin 35°, Ssin 60°) km
=A(-2.048, - 1.434, 4.330) km

B(2cos 25°sin 40°, 2c0s 25°cos 40°, - 2sin 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~5.175k} km

The distance between points A and B is

d=ryp =3.2132 + 28222 +(~5.175)* = 6.71 km Ans

5km

2-89. The hinged plate is supported by the cord AB. If
the force in the cord is F = 340 Ib, express this force,
directed from A toward B, as a Cartesian vector. What is
the length of the cord?

Unit Vector :

g = {(0—8)i+(0-9)j+(12-0)k} ft
={-8i-9j+12k} ft

e =V(-8)*+(=9) s 122 = 170 Ans

Tas _8i-9j+1k 8 9 2

DT T AT

u = —_ =
e TN TS

AB
Force Vector :
8 9 12
F=Fu 340{ = —i = —j+ —
e = { AT AT
= {~160i - 180§ + 240k} Ib Ans




2-90. Determine the length of the crankshaft AB by first
formulating a Cartesian position vector from A to B and
then determining its magnitude. Fas = (400 + 1255in5ey; _ 125 cossey)

Tz = {452.831 —1133)} mm

e =Y (45283)7 2 (T3 3)7 < 467 mm

Ans

2-91. Determine the lengths of wires AD, BD, and CD.
The ring at D is midway between A and B.

2+0 0+2 1.5+0.5
D(T'T'T)"’ =0 LNhm

o = (1-2)i+(1-0)§+ (1~ 1.5)k
=-1i+1j-0.5k

Tap = (1-0)i +(1-2)j+(1-0.5)k
=1i-1j+0.5k

ep =(1-0)i+(1-0)j+(1-2)k

=li+1j-1k

Tap =¥ (-1)2+12+(=0.5)2 = 1.50 m Ans
Tsp =V 12+ (-1)2+052=1.50m Ans
x Tep=vY12+124(-1)2=1.73m Ans




*2-92. Express force F as a Cartesian vector; then
determine its coordinate direction angles.

F=1351 "
10 ft
. . 400
Unit Vector : The coordinates of point A are 10
30°
. y
A (~10cos 70°sin 30°, 10cos 70°cos 30°, 10sin 70°) ft SR
=A(-1.710, 2.962, 9. ft
( 0, 2.962, 9.397) BZ 74
Then
| W ((5-(-1.710)]i+(—7-2.962)j+(0—9.397)&) ft x
={6.710i -9.962j-9.397k} ft
ras =671+ (-9.962)* +(-9.397)* = 15.250 ft
_ Tap _ 6.710i -9.962j-9.397k
Tas 15.250
= 0.4400i - 0.6532j - 0.6162k
Force Vector :
F = Fu,y = 135{0.4400i — 0.6532j - 0.6162k} 1b
= {59.4i - 88.2j-83.2k} Ib Ans
Coordinate Direction Angles : From the unit vector u, obtained
above, we have
cos a = 0.4400 a=63.9° Ans
cos f=-0.6532 B=131° Ans
cos ¥ =-0.6162 7 =128° Ans
2-93. Express force F as a Cartesian vector; then
determine its coordinate direction angles.
r = (5i + (1.5 + 35in60°)j +(0— 3 cos60°)k)
r = {5i +4.098j - 1.5k} ft
u =1 = (07534 +0.6175§ - 0.226k)
r
F = 600u = (452.04i + 370.49j —135.61k)
A = -
. som iR 60° F ={452i + 370j - 136k} Ib Ans
a= cos“(452'04) = 41.1° Ans
1 37049 A
ﬁ:cos(GOO)—SIS ns

51

v = cos (

_, -13561
600

) =103°




2-94. Determine the magnitude and coordinate
direction angles of the resultant force acting at point A,

Te = {3i - 055 - 4k} m

Itacl = Y32 + (=05)2 + (<4)% = /2525 = 5.02494

i — 0.5j — 4

K
= (119.4044i - 19.9007j - 1592059k
Soza08 ) = ¢ ! i )

3
F, = 200(
s = (3c0s60% + (1.5 + 3sin60°)j — 4k)

Ly = (L5 + 409815 - 4k)

Il = Y(15)2 + (4.0981)% + (—4)2 = 5.9198

1.5i + 4.0981j - 4k

= (38.0080i + 103.8405j — 101.3548k
59198 ) = (38.0080i + 10: i 0 8k)

F, = 150(

F, = F, + F, = (157.4124i + 83.9398] - 260.5607k)

B = {/(157.4124)2 + (83.9398)2 + (-260.5607)2 = 315.7791 = 316 N Ans

157.4124
= cos (z====) = 60.099° = 60.1° A
&= o (57701 = 0 ns

83.9398
- -1 ——
B = s (357701

) = 74.584° = 74.6° Ans

_1,~260.5607

= o) = 145.60° = 146° A
Y = cos (315.7791 ) 5.60 ns




2-95. The door is held opened by means of two chains.
If the tension in AB and CD is F4 = 300 N and F¢ = 250
N, respectively, express each of these forces in Cartesian

vector form.

Unit Vector : First determine the position vector ¢ , 5 and r¢p. The coordinates of
poinis A and C are

A[0, —(1+1.5cos 30°), 1.5sin 30 ] m=A (0, —2.299, 0.750) m
C[-2.50, - (1+ 1.5cos 30°), 1.5sin 30®'] m = C(-2.50, —2.299, 0.750) m

Then

ras = {(0-0)i+[0~(-2.299)] j+(0-0.750)k} m
= {2.299§-0.750k} m
res = ¥2.2992 +(=0.750)* = 2.418 m
Tp 2290750k, 5507j-0.3101k

Yar == T 2418

rep = {[~0.5 - (~2.5)1i+ [0~ (-2.299)] j+ (0~ 0.750)k} m
= {2,000 +2.299j-0.750k} m

rep = v 2.002 +2.2992 + (=0.750)* = 3.138 m

feo _ @lz':%ﬂ = 06373 +0.7326j - 0.2390k

Ucp =
e

Force Vector :

F, = Fyu,p = 300{0.9507j-0.3101k} N
= {285.21j-93.04k} N

= {285j~93.0k} N Ans
F, = Fougp = 250({0.6373i +0.7326j - 0.2390k } N
= {159.33i + 183 15j~59.75k} N
Ans

= {159i +183j-59.7k} N




*2-96. The two mooring cables exert forces on the stern
of a ship as shown. Represent each force as as Cartesian z
vector and determine the magnitude and direction of the
resultant.

Unit Vector :

rca = {(50-0)i+(10-0)j+(-30-0)k} ft= {50i + 10j— 30k} ft The magnide of Fy is

rea = VS0 + 102 + (~30)? = 59.16 ft
rca _ SOi+10j-30k

Yer e 59.16

Fy = 266.672 + 131457 + (- 160.00)
=0.8452i +0.1690§ - 0.507 1k =337.631b=3381b Ans

rcs = {(50-0)i+(50-0)j+(~30~0)k} ft= {50i + 50— 30k} ft The coordinate direction angles of Fyare

res = V502 + 502 + (~30)% = 76.81 ft 266.67
C

Feu _ 50i+50j-30k _ *= 356

Ucy a=_73r-06509l+06509j 0.3906k ﬁ- 131.45
T 337.63

160.00

"33763

a=37.8° Ans

B=67.1° Ans

Vector :
Force cosy=

r=118° Ans

F, = Fluc, =200{0.8452i +0.1690j-0.5071k} 1b
= {169.03i + 33.81j~ 101.42k} Ib
= {169i +33.8j - 101k} Ib Ans

Fy = Fucy = 150{0.6509i +0.6509j — 0.3906k} Ib
= {97.64i +97.64j - 58.59k} Ib
= {97.6i +97.6j - 58.6k} Ib Ans

Resultant Force :

Fp=F, +F,
= {(169.03+97.64)i+(33.81+97.64)j+(-101.42-58.59)k) b
= {266.67i + 131.45j - 160.00k } Ib




2-97. Two tractors pull on the tree with the forces
shown. Represent each force as a Cartesian vector and
then determine the magnitude and coordinate direction
angles of the resultant force.

t54 = {(20cos 30° - 0)i +(~20sin 30° - 0) j+ (2-30)k} ft
={17.32i - 10.0j- 28.0k} ft

raa = ¥ 17.3204(-10.0)? + (-28.0)* = 34.41 ft

321 - 10.0§- 281
2 Taa 173210057280k _ ) (onsi— 0.2906j-0.8137k
Tga 3441

Uga

rac = {(8-0)i+(10-0)j+(3-30)k} ft= {8i+10j—27k} ft
rac =y 82 +102+(-27)2 = 29.88 ft

8i+10j-27k
upe = 126 2 B IU=2TK _ o 6771+ 0.33465 - 0.9035K
P 29.88

Force Vector :

F,» = Figup, = 150{0.5034i - 0.2906j - 0.8137k} 1b
= {75.51i - 43.59j - 122.06k} Ib

= {75.5i - 43.6j~ 122k} Ib Ans
Fac = Fycupc = 100{0.2677i +0.3346j — 0.9035k} Ib

= {26.77i +33.46j-90.35k} Ib

= {26.8i +33.5j- 90.4k} Ib Ans

Resultant Force :

Fp=Fyy +Fpc

= {(75.51 +26.77)i + (—43.59+ 33.46) j + (~122.06 - 90.35) k} Ib
= {102.28i - 10.13j-212.41k} Ib

The magnitude of Fy is

Fy = /102282 + (-10.13)? + (-212.41)}
=235971b=2361b

Ans
The coordinate direction angles of Fyare

102.28
cos a= a=643° Ans

23597

10.13
= —— =92.5° Ans

c0s B=-33557 h
2.

cosy= il y=154° Ans

23597

Fyg=1501b

A 20 ft




2-?8. 8uy w; k

pole. R presans (0] 'sup{port the telephope

4 Wire in ¢y Sian vecto,
Unit Veetor :

L =((—l—0)i+(4-0)j+(0-4)k} M= {~1i+4j- 4k}
hie= (-1)‘+42+(~4)’=5.74sm
<M -livgjgq -
U, e - 534 = ~0.1741i +.0.6963j~ 0, 6963
Nap =((2-0)1+(-3—0)j+(o-5.5)k} ™ ={2-3j~55k} m
B =VEH(-3)24 (557, 6.576 m
2i-3j-5 5

T,
upp = 22 - 273 -5.5k =0.3041j ~0.4562j - 0.8363k
ap 6.576

Force Vector :

Fo = Rue = 2500 174y *0.6963)~0.6963x} N
= {~43.52i + 174,05 174,08k} N
= {4351+ 1745 174 IN Ang

= {53.22i - 79.835~ I46.36k') N
= (53.2i-79.81~ l46k} N Ans

in Cartesian vector
ress each of the forcgs i '
fz- 3:’;1 al;:l)ép determine the magnitude and coordinate
d(i)rection angles of the resultant force.

2l \

7N\ Fi=801b
251t \

F=501b
6%
\A

y

yd

X

Tac = (=251 - 45 4 o) ; Tac = 7.6322

F, = 80(::—:) = {-2620 - 4195 4 620 1p Ans

Tar = {2 45 - 6y}, Tas = 7.48

F, = 50(:‘4) = {1341 - 269 _ 40,1y p Ans
AB
F = F, + F,

= {-12.81 - 68.7§ + 22.8k} b

R = ﬁ% =74

=735 Ans

1, -128 . Ans
= =) = 100
Rty

—68.7
- = = 159°
B = cos (73.47)

2.8 Ans
-1 =71.9°
Y= (71 47)

56



50 sin20° + 50c0s20% — 35k

*2.100. The cable attached to the tractor at B exerts a
force of 350 1b on the framework. Express this force as a r

Cartesian vector.

-
I

= {17.10i +46.98j — 35k} ft

(7102 + (46.98)7 + (33)% = 61.03 1

~
I

r
u = ;= (0.280i +0.770j - 0.573k)

F = Fu = {981j + 269j - 201k} 1b Ans

351t F=3501b

2-101. 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.

Unit Vector : First determine the position vector r 5 .The coordinates of point B

are

B(5sin 30°, Scos 30°, 0) ft=B(2.50, 4.330, 0) ft

Then
e = {(2.50-0)i+(4.330-0)j+[0-(-10)] Kk} ft
= {2.50i +4.330j + 10.0k} ft

rap = v2.502 +4.330% +10.0> = 11.180 ft

khp _ 2.50i+4.330j+ 10,0k
Yas =T 11.180
= 0.2236i +0.3873j + 0.8944k

Force Vector :

F = Fu,, = 60{0.2236i + 0.3873) +0.8944k} Ib

= (13.4i+23.2j+53.7k} b Ans




2-102. The pipe is supported at its ends by a cord AB. If
the cord exerts a force of F = 12 Ib on the pipe at A, express z
this force as a Cartesian vector.

Unit Vector : The coordinates of point A are

A (5, 3cos 20°, —3sin 20°) ft=A(5.00, 2.819, - 1.026) ft

Then

y
X
f4g = ((0-5.00)i+(0-2.819)j+[6—(-l.026)]k} ft
= {-5.00i - 2.819j +7.026k} ft
rp = V(-5.00)% +(-2.819)* +7.0262 = 9.073 ft
_ryp _ —5.00i -2.819)+7.026k
s e 9,073
= -0.5511i -0.3107j +0.7744k
Force Vector :
F = Fu,, = 12{-0.5511i -0.3107j+0.7744k} Ib
= {—6.61i —3.73j+9.29k} Ib Ans
2-103. Thecord exertsaforce of F = {12i + 9j — 8k} Ib
on the hook. If the cord is 8 ft long, determine the location
x, y of the point of attachment B, and the height z of
the hook.
z
w=FE_ _ 2+ 9 -8k} o061 + 05295 - 0471K)
F o Ja2? + (92 +(-8)?

750
A
S
e
///g/g//

r=r = 8u = {565 +424j - 3.76k} ft

x—-2=565; x=765ft Ans

y-0=424; y=4241t Ans

0-z= =376 z=23761f Ans

*2.104. The cord exerts a force of F = 301b on the
hook. If the cord is 8 ftlong, z = 4 ft, and the x component
of the force is F, = 25 Ib, determine the location x, y of
the point of attachment B of the cord to the ground.

u, == = 0.833

r, = mu, = 8(0.833) = 6.67 ft

oSN ,/(-r—r——r—r—r—r—r— :
C AC—r—r—r—r—r——r—
¢/ e e o el s e

y x-2=667; x = 8.67ft Ans

r=y66NZ +y> +42 =38

y = 189 ft

58



2-105. Each of the four forces acting at E has a
magnitude of 28 kN. Express each force as a Cartesian
vector and determine the resultant force.

6 4. 12
= 82— =5 - 2k
z Fau = B -0~ @Y
Fy, = {12i - 8j —24k} kN Ans
6. 4. 1
= 82+ —j - —k
Fyp 28(14l+14j ]4)
Fep'= {12i + 8j - 24k} kKN Ans
5,412
Fee = 28(1—41 + 1—41 1
Feo = {~12i + 8j —24k} kN Ans
-6 4 12
= 28(—i-—j- =k
Feo = (i -3¢0 ~ @9

Fpp = {-12i - 8j - 24k} kN Ans

Fp = Fgy + Fgy + Fe + Fy

= {-96k} kN Ans

2-106. 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 a, 8,y of
the resultant force. Take x = 20m,y = 15 m.

F, =

o = A0 * Tree! ~ 34 N
- 4 2

Fps = 800 P M

L] (2506' * 5060 ~ 35,060
16, 18, 24

Fpc = 600(—i — -5 _ 2

be = 600(i - i - ZON

Fp = Fpy + Fyy + Fpe

= {321.66i - 16.82j - 1466.71k} N

R = Y(321.66) + (-16.82)2 + (-1466.71)2

= 1501.66 N = 1.50 kN Ans
o= ot (J26
= 150166’ ~ ' Ans
-16.82
= l—ly = o
B = cos (1501.66) 90.6 Ans




2-107. 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.

Unit Vector : The coordinates of point B are
B(50sin 30°, 50cos 30°, 0) fi= B(25.0,43.301,0)

Tas = {(25.0-0)i +(43.301-0)j+ (0-35)k} fu
= {25.00+43.301j - 35.0k} fc

Tan = V25.004+ 433012 4 (-35.0)" = 61.033 fr

Tas _ 25.0+43.301j-35.0k
s 61.033
= 0.4096i +0.7094j - 05735k

Up =

Force Vector :

F=Fu,, = 350{0.4096i+0.7094j-0.5735k) b
= {143i +248j- 201k} Ib Ans

~

*2-108. The window is held open by chain AB.
Determine the 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.

Unit Vector : The coordinates of point A are

A(Scos 40°, 8, Ssin 40°) ft=A(3.830, 8.00, 3.214) ft

Then
ryp ={(0-3.830)i +(5-8.00)j+(12-3.214)k} fi

= {~3.830i - 3.00j + 8.786k} ft
Tas = ¥ (~3.830)% +(=3.00)? +8.7862 = 10.043 ft= 10.0ft  Ans

_tap _ —3.8301-3.00j+8.786k
i 10.043
= ~0.3814i —0.2987j + 0.8748k

Force Vector :

F = Fu,, = 50{-0.3814i - 0.2987j + 0.8748k } Ib
={-19.1i - 14.9j+43.7k} Ib Ans

Coordinate Direction Angles : From the unit vector u,, , obtained
above, we have

cos a =-0.3814 a=112° Ans
cos B=-0.2987 B=107° Ans
cos ¥ =0.8748 Y =29.0° Ans




2-109. Given the three vectors A, B, and D, show that 3
A-(B+D)=(A'B) + (A-D).

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 + AJ + Ak) - ((B, + D,)i+ (B, +D,)j + (B, + D)k]
= A(B, + D,) + A (B, +D,) + A(B, + D,)
=(AB; + A B, + AB,)+ (AD; + A D, + AD;)

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

2-110. Determine the angle 0 between the tails of the £
two vectors.

Position Vectors :

r ={(3-0)i+(~4-0)j+(0-0)k} m
={3i-4j} m

r; ={(2-0)i+(6-0)j+(-3-0)k} m
={2i+6j-3k} m

The magnitude of postion vectors are

n=VYR+(9=500m r,=y22+62+(-3)7=7.00m

Angle Between Two Vectors 6 -

Ty -1y = (3i-4j) - (2§ +6j-3k)
=3(2) +(=4)(6) + 0(~3)
=-18.0m’

a(h R .1 -18.0 °
= — | = — =] ] A
8=cos (r.r,) cos [5.00(7.00) 2 ns




2-111. Determine the angle 8 between the tails of the
two vectors.
r, = 9(sin40°cos30° -sin40°sin30°j +cos40°k)

{5.010i —2.8925j + 6.894k} m

n
r, =6(cos60% + cos45°j + cos120°k)

r, = {3i + 4.2426j -3k} m

~'

r -r = 5.010(3) + (~2.8925)(4.2426) + (6.894)(-3) = ~17.93

0= cos"(-r—l—ﬁ)
nn

#2.112. Determine the magnitude of the projected
component of r; along r,, and the projection of r, along r;.

r, = 9(sin40°cos30°% — sin40°sin30°j + cos40°k)

r; = 5.010i — 2.8925j + 6.894k

r; -r; = 5.010(3) + (—2.8925)(4.2426) + (6.894)(-3) = —17.93
- -17.

Projr, =2 % = 1299 m| Ans
- -17.

Proj.r, = nho_ —122 = |1.99m| Ans
n 9

2-113. Determine the angle 6 between the y axis of the z

pole and the wire AB.

Position Vector :
rie={-3j}

e ={(2-0)i+(2-3)j+(~2-0)k} ft
={2-1j-2k} ft

The magnitudes of the postion vectors are

ne=3008 1, =y2+(-1)2+(<2)’ =300t

The Angles Between Two Vectors 6 : The dot product of two vectors
must be determined first.

fag Tas =(-3)) - (2= 1j-2k)
=0(2) +(=3)(-1) +0(-2)
=3

. 3
9 = cos™ Fao Tas ) .t ],7 .50
o8 (r,,,r“ 5| 35000y |~ 105" Ans




2-114. The force F = {25i — 50j + 10k} N 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.

Unit Vector : The unit vector along Aa axis is

- (0-0)i+(5-9)j+(0-6)k

‘/(0_0)2 TG s 0-6" =-0.5547j-0.8321k

Uss

Projected Component of F Along AB Axis :

F, =F-u,, =(25i 50§+ 10k) - (-0.5547j— 0.8321k)
= (25)(0) +(~50) (—0.5547) + (10) (-0.8321)
=19.414N=194N Ans
Component of F Perpendicular to AB Axis : The magnitude of force F is
F = 252+ (~50)* + 102 = 56.789 N.

K =FI-F = /567892 - 19.414 = 534N Ans

2-115. Determine the angle 6 between the sides of the z
triangular plate.

fac = (3i+4)-1k)m

Tac = /(3P + (42 + (=11 = 5.0990m

a2 = (2j+3k)m

Tas = (27 + (3 = 3.6056m

e M =0+4QQ)+(-1)3) = §

9= m-:(fac Y ] ) = cos~! s
FaC Tas (5.0990) (3.&56)

6 = 74.219° =274.2°  Ans




*2-116. Determine the length of side BC of the
triangular plate. Solve the problem by finding the
magnitude of ryc; then check the result by first finding
6, r4p, and r4c and then use the cosine law.

toc={31+2j-4k}m

reac=J (3P +Q@P +(4P =539 m

Also,

Ans

fac={3i+4)j-1k}m

rac = Y OF +(47 +(~1)* = 5.0990 m

e ={2j+3k}lm

ras =y (2P +(3) =3.6056 m

faCc° Tan = 0+4(2)+(-1)(3) =S

') -l(rAC * TAB ) - -1 5
o TaCTaB o (5.0990)(3.6056)
0=74.219°

rac =  (5.0990)? + (3.6056) — 2(5.0990) (3.6056) cos 74.219°

rpc=539m Ams

2-117. Determine the components of F that act along
rod AC and perpendicular to it. Point B is located at the
midpoint of the rod.

e=vY(=3)2+42 + (4)2 = /4l m

e = (=31 + 4) - 4k),

-31 + 4 - 4K
Tas ="‘—2‘=———2j—=-1.5|+2j—2k

TLp = Tap + Tpp

Tgp = Tap = N4

(41 + 6] — 4K) — (—1.51 + 2 — 2k)

]

{551 + 4j — 2k} m

Y (5.5)2 + (4)2 + (=2)? = 7.0887 m

L}

TsD

T,
F = 600(:'—") = 465.5281 + 338.5659) — 169.2820k
BD

Component of F along r, ¢ is F

R, = F-r,c _ (4655281 + 338.5659) — 169.2829k) - (-3i + 4j — 4k)
: Tac ﬁ_l
F, = 99.1408 = 9.1 N Ans

Component of F perpendicular to r,¢ is F}
F! + % = F* = 6007
F? = 600° — 99.1408"

F, = 59175 = 592N Ans




2-118. 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.

rea = 3i -4 + 4k
Toa = 6403124
res = BT;EA("") = 1405561 — 1.874085] + 1.874085k
Top = Toc + Tcp
= -3+ 4)+ rc
= —1.59444i + 2.1259j + 1.874085k
Top = Tos + Tap
rsp = Top — Top = (4i + 6)) — rop

= 5.5944i + 3.8741j — 1.874085k

rap = Y (5.5944)% + (3.8741)2 + (~1.874085)% = 7.0582

F = 500(:'—") = 475.568i + 329.326j — 159.311k
8D

’,w=v/‘ﬁ

Component of F along r,c is K,

e = (3 + 4 - 4K),

Forec  (475.568i + 329.326j — 159.311k) - (=3i + 4j — 4k)
=== Y41
K, = 824351 =824 N Ans
Comp of F perpendicular to r,¢ is Fy
BaR =P -
B = 600" - 82.4351°
F, = 594N Ans
2-119. The clamp is used on a jig. If the vertical force
acting on the bolt is F = {500k} N, determine the 4
magnitudes of the components F, and F, which act along z
the OA axis and perpendicular to it. &
4q mm
2 3 |_|-—20mm
-
A0 mmA——
Unit Vector : The unit vector along OA axis is *
\j
- (0-20)i +(0~40)j+(0-40) k - 1 F={-500k}N
—_— R

2 2
37373

U0
(0-20)2 + (0-40)2 + (0 - 40)?

Projected Component of F Along OA Axis :

1, 2 2
Fi=F o= (<5000 (5i- P35

-0(3)-0()-ca0f)

=333.33N=333N Ans

Component of F Perpendicular to OA Axis : Since the magnitude of
force F is F= 500 N so that

K =Fi-F = /5007 -33333 = 313N

Ans




*2-120. Determine the projection of the force F along
the pole.

. 2 2 1
ProjF = F . =21+ 4 10k) - [S44 2 --t)
b f@ledg. ) (3 ‘.JJ 3

Proj F = 0.667 kN Ans

= (2i+4j + 10k) kN

2-121. Determine the projected component of the 80-N
force acting along the axis AB of the pipe.

T 6 2
e I it R B
Uy . = 7 7k}

= {~-0.857i - 0.4295 + 0.286k}

_ so[ -6i —7j - 10k ]
V© + ()7 + (102
= {-35.29i - 41.17j - sg.82k) N
Proj. F = Fcos = F.u,,
= (-35.29)(-0.857) + (~41.17)(~0.425) + (~58.82)(0.286)

311N Ans




2-122. Cable OA is used to support column OB.
Determine the angle 8 it makes with beam OC.

Unit Vector :
uge =1i

_(4-0)i+(8-0)j+(-8-0)k
V(4-0)2+(8-0)* +(~8-0)?

Yo
1, 2, 2
—i+of-=k
=31*3173

The Angles Between Two Vectors 0:

w0 (13- Be (o0 2o 2

1
0=cos™ (upc - ug,) =cos™ 3=705° Ans

2-123. Cable OA is used to support column OB. Unit Vector:

Determi i i .
etermine the angle ¢ it makes with beam OD tap =—sin 3071+ cos ) - 0.5+ 0.86603

(4-0)i+(8-0))+(-8-0)k
ton = J@-07+(8-0) +(-8-0)
1

2
= §i+;j-§k

The Angles Between Two Vectors ¢:

1, 2,2
Uop - Ugs = (~0.5i +0.8660)) (—s-i 3= 3)

=(-0.5) (%)»« (0.8660) G)»fo(-g)
=0.4107

¢ =cos™ (ugp - ug, ) =cos™ 0.4107 = 65.8° Ans




*2-124. The force F acts at the end A of the pipe
assembly. Determine the magnitudes of the components
Fi and F, which act along the axis of 4B and
perpendicular to it.

Unit Vector : The unit vector along A B axis is

v = (3-0)i+(8-4)]+(0-0)k .3 +4j
,/(3-o>2+<a-4)1+(o-0)2 55

Projected Component of FAlong AB Axis :

B =F -y, = (20i + 10j - 30K) -Gi+§j)
3 4
= (20)(§)+(10)(3)+(-30)(0)
=200N Ans

Component of F Perpendicular t0 AB Axis : The magnitude of force F
is F= Y202 4102 4 (=30)% = 37,417 N.

R =VF7-I','Z=¢37.4l73-20.01=31.6N Ans

2-125. Two cables exert forces on the pipe. Determine
the magnitude of the projected component of F; along
the line of action of F,.

Force Vector :

Ug, = cos 30°sin 30 + cos 30°cos 30°j - sin 30°k
=0.4330i +0. 75j-0.5k

F,=F ur =30(0.4330i +0.75j-0.5k) Ib
={12.990i +22.5j - 15.0k} 1b

Unit Vector : One can obtain the angle @ = 135° for F; using Eq.2- 10,

cos’a+cos?f+ cos’y = 1, with S = 60° and ¥ = 60°.The unit vector along the
line of action of F, is

Ug, =cos 135% + cos 60°j + cos 60°k = =0.7071i +0.5j+0. 5k
Projected Componem of F, Along the Line of Action of F, :

(ﬁ),} =F ‘ug =(12.990i+22.5j—lS.Ok)~(—0.7071i+0.5j+0.Sk)

=(12.990)(-0.7071) + (22.5)(0.5) +(~15.0) (0.5)
=-5441b

Negative sign indicates that the projected component (F) r, &1 in the opposite
sense of direction to that of ug.

The magnitde is (R ),.’ =541b. Ans

Fy=251b

Fy=301b




2-126. Determine the angle 9 between the two cables
attached to the pipe.

The Angles Between Two Vectors 6:

up, -ug =(0.4330i +0.75j-0.5k) - (~0.7071i +0.5j+ 0.5k)

=0.4330(~0.7071) +0.75(0.5) + (=0.5) (0.5)
=-0.1812

Then,

8=cos™ (uf ‘ug ) =cos™* (-0.1812) = 100° Ans

Unit Vector:

ug, =cos 30°sin 30°i + cos 30°cos 30°§ - sin 30°k
=0.4330i +0.75j - 0.5k

ug, =cos 135% + cos 60°j +cos 60°k
=-0.7071i+0.5j+ 0.5k

2-127. Determine the angle 8 between cables AB and
AC.

Position Vector :

ras = {(0-15)i+(3-0)j+(8-0)k} ft
= {-15i +3j+8k} ft

Fac = {(0-15)i+(-8-0)j+(12-0)k} ft
= {-15i - 8j+ 12k} ft

The magnitudes of the postion vectors are

rop =y (-15) #3482 = 17.263 ft
Fae = ¥ (—15)2 +(=8)* + 122 = 20.809 ft
AC

The Angles Between Two Vectors 6:

fyp Tac = (=151 +3j+8K) - (~15i - 8j+ 12K)
= (~15)(=15) +(3)(~8) +8(12)
=297 f¢

BUTURY 4.7V R V- TR 297 ]=342° Ans
6= cos (r“r‘c )’ws [17.263(20.809) :




2-128, ¢ F has 4 Magnitude of 55 1b, determine the

Magnitude of its Projected ¢q

axis and along capje AC.

Mponent acting along the

Force Vector :
w. - (0—15)i+(3~0)j+(3‘0)k
e ‘/(0-15)2+(3-0)1+(8-0)’
=-0.8689; + 0.1 7385+ 0.4634k

F= Fu, = 55(~0.8689; +0.l7381+0.4634k) b
={-47.791i + 9.558j+25,489k} Ib

Unit Vecyo, * The unjt vector along Regative x axjs NdAC are

. . (0—15)i+(-8~0)j+(12—0)k
e ./(0-15)2+(-s~0)1+(12~0)=
= ~0.7209 - 03845 1.0, 57675

Projecteq Camponem of F .
E=F. U, =(~47.791; + 9.558j+ 25.489k) . (~1i)

=(~47.791) (-1) +9.558(0) +25.489(0)
=478 Ans

The projecteq Component aces along cable 4 C. Fc, can also be determined using
fac = Feos 6. From the solution of Prob. 2-137 ¢ 34.2°. Then

Fac = 55005 34,20 < 455,

2-129, Determine the an
cket.

sheet-meta] bra

gle 6 between the edges of the

No= {400i + 250k } mm H 1 = 47170 mm
N o= {50 + 300j » mm ; 2 = 304.14 mm
10 = (400)(s0) , 0(300) 4+ 250(0) = 2000

1,0 T,
6 = cog ‘(u)
nrn

! 20000

= cos %) = 820° Ans

70



2-130. 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,.

Force Vector :

ug = sin 35°cos 20% - sin 35°sin 20°§+ cos 35°k
=10.5390i - 0.1962j +0.8192k

F, = Fuj, =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

ug, = cos 45° +cos 60°j + cos 120°k
=0.7071i +0.5§-0.5k

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

(R)g, =F -ug =(215.5% —178.47)+ 327.66k) - (0.7071i +0.5j - 0.5k)
=(215.59) (0.7071) + (-78.47)(0.5) + (327.66) (-0.5)
=-50.6 N

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

thus themagnimdeis(l"l),,=50.6N Ans

2-131. Determine the angle 6 be
tw
attached to the post. & een the two cables

Unit Vector :

ug, = sin 35°cos 20°i - sin 35°sin 20°j + cos 35°k
=0.5390i - 0.1962j+0.8192k

ug, = cos 45% + cos 60°j +cos 120°k
=0.7071i +0.5j- 0.5k

The Angles Between Two Vectors 6 : The dot product of two unit
vectors must be determined first.

up, -ug, =(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

6=cos™ (up, -uy,) =cos™ (-0.1265) = 97.3° Ans




#2.132. Determine the angles 6 and ¢ made between
the axes OA of the flag pole and AB and AG, respectively, Tac = {~2i -4j + 1k} m; ne = 458 m
of each cable. ’
z e = {L5i - 4j +3k} m; e = 522m
156 | o = { = 4 -3k} m; Tao = 500m

T4 ‘Tao = (15)(0) + (—4)(—4) + (3)(=3) = 7

-1,T4p "
6 = cos™!(-AB Tao
TaBTa0

0s™!(

;
522500)) = T4 = Tase Ans

Tac Tao = (=2)(0) + (—4)(—4) + (1(-3) = 13

-1, L, .
¢ = cos™!(FAc M40
Tachao

= —]( 13
358500 = 354 Ans

2-133. Determine the magnitude and coordinate direction
angles of F; so that the resultant of the three forces acts
along the positive y axis and has a magnitude of 600 Ib.

F,=3001b

=—180 + 300 cos30°sin40° + F; cosa

IF,
R, = IF; 600 = 300 cos30°cos40° + F; cosf
R, = IF; = =300 sin30° + F cosy

cos’a + cos’B + cos’y = 1

Solving :
F = 4281 Ans
a = 88.3° Ans
B = 206° Ans
¥ = 69.5° Ans




¢ magnitude and coordinate

. Determine th
i at the resultant of the three

direction angles of F3 so th:
forces is zero.

[

F,=3001b

=
It

. = XIF; 0 = —180 + 300 cos30°sin40° + F, cosa

N
I

y = LF: 0 =300 cos30°cos40° + F, cosf
F, = ZF; 0= -300sin30° + F cosy

2
cos’a + cos’f + cos’y = 1

Solving :
F =251 Ans
a = 87.0° Ans
B = 143° Ans
Y = 53.1° Ans

2-135. Determine the design angle 6(8 < 90°) between
the two struts so that the 500-1b horizontal force has a
component of 600-Ib directed from A toward C. What 13
the component of force acting along member BA?

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

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

F,, = y/6002 + 5002 — 2(600) (500) cos 20°
=214911b=2151b Ans

The design angle 8 (8 < 90°) can be determined using law of sines
[Fig. (b)].

sin @ sin 20°

500 21491
sin 8= 0.7957

8=>52.7° Ans




2-134. Determine the magnitude and coordinate direc- -
tion angles of F3 so that the resultant of the three forces
is zero.

F,=1801b

Fge = ZF ) = —180 + 300 cos 30° sin 40° + Facosa
Fry=LF: 0= 300 cos 30° cos 40° + F3 cos f8
Fr.=ZF; 0 = —300sin30° + Fycosy

cos? @ + cos? f +cos’y = 1

F,=3001b

Solving:

F;=2501b Ans
a=870° Ans
g =143 Ans

y =53.1° Ans

2.135. Determine the design angle  6(6 < 90%)
between the two struts so that the 500-Ib horizontal force
has a component of 600-1b directed from A toward C.
What is the component of force acting along member BA?

Parallelogram Law: The parallelogram law of addition is shown in 600 1o

Fig. (a). W Rkl
i i fow of cosines \__ e
rigonometry: Using 14 COS S . 3
g try: Using law of cosines {Fig. (b)), we have S0~ \\ '\‘(7“~(L00 b
5 5 e Y, Fya -~
Fan = /6007 + 5007 — 2(600)(500) cos 20° == i \‘___M:=-
Fpa 500 1b
=21491 b =2151b Ans (@ ®

The design angle 6 (6 < 90°) can be determined using law of sines
|Fig. (b))

sing = 0.7957

=757 Ans
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*2.136. The force F has a magnitude of 80 Ib and acts
at the midpoint C of the thin rod. Express the force as a

Cartesian vector. rp = (-3i + 2§ +6k)

1
Tep = 5rap = (ZLS+1§ +30)

fco ='Tgo + Tca

= —6k — 1.5 +1j + 3k

= -151 +1j - 3k
rco = 3.5
F = SO(I-C—O) = {-34.3i + 22.9j - 68.6k} Ib Ans
Tco
y
2 ft
x
*2.137. Two forces F; and F, act on the hook. If their F F
lineg of action are at an angle 6 apart and the magnitude sing  sin(6-9) F 4Je
of éach force is F; = F, = F, determine the magnitude of (m £
the resultant force Fz and the angle between Fg and F;. sin(6-9) = sing AP O
Fa
6-¢=¢
6
¢ = 3 Ans
B = Y(A2 + (H? = 2(A(F) cos(180° - 6)
Since cos(180°-6) = —cosé
F = F(Y2)y/1+ cos@
Since cos(—e) = Vl+c_ow
2 2
Thus
]
B =2F 003(5) Ans
2-138. Determine the angles 6 and ¢ between the wire
segments.
rga = {-04j -0.5k} m; rpa =0.640 m
rpc = {0.8i + 02§ — 0.5k} m; rpc =0.964 m

Tpa-Tpe = 0+ (-0.4)(0.2) + (-0.5)(-0.5) = 0.170 m*

0.170

6 = N ————
cos ((0.640)(0.964))

= 74.0° Ans

4
L]
]

{~0.8i — 0.2j + 0.5k} m ; res =0964 m

rep = {-08i } m;

rep =0.800 m

rcp-Tep = (—0.8)(—0.8) = 0.640 m?

0.640

- -1, U
¢ = o5 ({5.964)(0.500)

= 33.9° Ans
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2-139, Determine the magnitudes of the Projected
components of the force F = {60i + 125 - 40k} N in the F = (601 + 12§ - 40} N
direction of the cables AB and AC.

- _ (3i-075+Kk)

VO (e

Uup

= (-0.9231i - 0.2308§ + 0.3077k)

(=3i + j +1.5k)

u = e
R rrar T an (L5)2
= (085711 + 0.2857) + 0.4286k)

ProjFy = Fou,,

60(-0.9231) + 12(~0.2308) + (~40)(0.3077) = ~70.46 N

Proj £, = 705N Ans
Proj ¢ = Fou,,

60(-0.8571) + 12( 0.2857) + (-40)(0.4286) = -65.14 N

Proj Ko = 65.1 N Ans

*2.140, Determine the magnitude of the projected
component of the 100-Ib force acting along the axis BC
of the pipe.

- (0-6)l+(12-4)j+[0-(-2)]k

(0-6)2+(12-4)2+[0=(=2))2
=-0.5883i + 0.7845j+0.196 1k

Ucp

F = Fucp = 100(~0.5883 +0.7845j+0.196 1k)
={-58.835i + 78.446j+ 19.612k} 1b

Unit Vector : The unit vector along CB is

(o-s)i+(o-4u+[o—(-2)lk
Ucy =

— 20 i+10-(-D)k
V(0-67+(0-0)+ [0~ (a)7

=~0.8018i ~0.5345j +0.2673K

Projected Component of FAlong CB :

Fep =F ugy = (~58.835i + 78.446j+ 19.612k) - (-0.8018i - 0.5345j+0.2673k)
=(~-58.835) (-0.8018) + (78.446) (-0.5345) +( 19.612) (0.2673)
=1051b Ans

2-141. The boat is to be pulled onto the shore using two
ropes. If the resultant force is to be 80 Ib, directed along
the keel aa, as shown, determine the magnitudes of forces
T and P acting in each rope and the angle 6 of P s a
minimum. T acts at 30° from the keel as shown.

From the figure Pis minimum, when

6 +30° = 90° 6 = 60° Ans

SN
P 80 A O

m=m; P=awn Ans 8014

T 80
Sn60° ~smoos ¢ T =693  Ans




3-1. Determine the magnitudes of F, and F, so that
particle P is in equilibrium.

Equations of Equilibrium :

5 EE =0; ﬁ(;)-AOOsinW-ﬁsh\GO‘SO
0.8F, - 0.8660F; = 200.0 (

3
+TZE =0;  400cos 30"-5(3)-&905 60° =0
0.6F; +0.5F, = 346.41 (2

Solving Eqgs.[1] and (2] yieids

F=435b FK=171b Ans

400 1b

30°

3-2. Determine the magnitude and direction 6 of F so

that the particle is in equilibrium. % EE =0 _7(%) + Fcosf =0
y
4
+T2F;=0; 7(3)—3—Fsin9=0
lving,
Solving 3KN
6 =318 Ans
F = 494 kN Ans
X
y

3-3. Determine the magnitude and angle 6 of F; so that
particle P is in equilibrium.

Equations of Equilibrium :

5
— XF, =0, 300(B)+450005 20°-Fcos =0
F cos 6=538.25 [1]

12
+T2E =0; 300(E)—450sm 20°-Fsin =0
Fysin §=123.01 [2]

Solving Egs.[1] and [2] yields

6=12.9° F =552N Ans




R —

*3-4. Determine the magnitude and

angle 6 of F so that
the particle is in cquilibrium.

1+

IF,

x

+TZE

Fcos@ + 225 cos60° - 45 - 7.5 sin30°= 0

Fsin6 - 2.255sin60° - 7.5 cos30°= 0

8.444
=" _ 1185 sk
tanb = o0
6 = 49.8° Ans
F = 11.0kN Ans 5

3-5. The members of a truss are pin-connected at joint

O. Determine the magnitudes of F; and F, for
equilibrium. Set 6 = 60°

Equations of Equilibrium :

SEIE =0 F,c0s 60° + £, sin 70° - Scos 30"-1(;):0

0.5F, +09397K = 99301 (m

*TIE =00 Foos 70° £ sin 60°+ Ssin 30°-7G)=o

0.3420F, - 0.8660F, = 1.70 (21

Solving Egs.[1] and (2] yields

F=18kN E=960kN Ans

g
5 kN
70° A
300 INE B .
60°
ot
* F

T kN




3-6. The members of a truss are pin-connected at
joint O. Determine the magnitude of F; and its angle 0
for equilibrium. Set F, = 6 kN.

Equations of Equilibrium :
- 4
—ZIF, =0; Fcos 6+ 6 sin 70° - Scos 30’-7(3)-0
Fcos 6=4.2920 [8)]

+TZE =0;  6oos 70°~ F sin 9+$sin30’-7(§)=0
F, sin 6 =0.3521 (2]

Solving Egs.[1] and (2] yields

6=4.69° F =431kN Ans

3-7. The device shown is used to straighten the frames
of wrecked autos. Determine the tension of each segment

B
of the chain, i.e., AB and BC, if the force which the 3.50 kN f
hydraulic cylinder DB exerts on point B is 3.50 kN, as h 450 mm
shown.

400 mm 250 mm

Equations of Equilibrium : A direct solution for Fjccan be obtained by

summing forces along the y axis. ¢
+T IE =0; 3.5sin 48.37° - Fycsin 60.95° =0
fas &
Fye =2.993kN =2.99kN Ans < x
483" 6095°
Using the result Fj = 2.993 kN and summing forces along x axis, we have
5 IF =0;  3.5cos 48.3%° +2.993cos 60.95° - F, =0 3% k) K.

Fp =3.78kN Ans




e

*3-8. Determine the force in cables 43 and AC
necessary to support the 12-kg traffic light,

Equations of Equilibrium -

24
:u‘:l-; =0; Fgcos 12°-l';c(§3)=0
Eg =09814F, . m
in 12° ! -117.72=0
+TEE =0; FEysin12 +E¢ % .
0.2079F,, +0.28£,. = 117.72 (2

Solving Eqs.[1] and [2] yields

12(981)=17.72 N
Fa=29N F.=243N Ans

39. Cords AB and AC Can each sustain g maximum

te

900 — 2(800) sing = 0 »
0 = 34.2° Ans




3.10. The 500-b crate is hoisted using the ropes AB and
AC. Each rope can withstand a maximum tension of 2500
Ib before it breaks. If AB always remains horizontal,
determine the smallest angle 6 to which the crate can be

hoisted. Casel: Assume T, = 25001b
53F = 0; 2500 - T, cos@= 0 ]
Tac A 35004k
+T2E =0 T,c sind — 500= 0 x
5004
Solving,
6 = 11.31°

Tyc = 2549.51b > 25001b  (N.G!)

Case2: Assume T, = 25001b

+TZ2E =0 2500 sin@ — 500= 0

6 = 11.54° 2,5004b A Th®
5H5F = 0; T,5 — 2500 cos11.54° = 0 qu,

T,p = 2449.491b < 2500 Ib

Thus, the smallest angle is 6 = 11.5° Ans

3-11. 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 » = 200 mm.

A 75
- IF, =0 F - T(—)=
* ST

1502 — 752 T
+T3E = 0; 7{%} - 0.2(9.81)(107%) = 0

T = 2.266(10°) N

F= 1L13mN .2(9.81; N




Free Body Diagram : By observation, cable A B has t0 support the
entire weight of the concrete pipe. Thus,

Fiy =400 1b Ans

The tension force in cable CD is the same throughout the cable, that is
Fyc = Fyp.

Equations of Equilibrium : ’

-
=

23400 1b

>

BIE=0;  Epsin 45°~ Fysin45° =0

”;C=&¢=F

+TIE =0, 400-2Fcos 45° =0
F=FRp=Fy=283D Ans

3-13. Determine the stretch i each spring for

€quilibrium of the 2-kg block. The Springs are shown in
the equilibrium position.

Fp = 2(9.81) = X4 p(40)

*ap = 0.4905 m

1 3
ac(ﬁ) *Es(3) - 2981 = ¢
209.8)N
Fc =158 N

Xac =

82



3-14. The unstretched length of spring AB is 2 m. If t.he
block is held in the equilibrium position shown, determine
the mass of the block at D.

lr Im 4m 4"]
C F=kx =30(5-2) = 9ON L4
. 4 T 9pN
SEF =0 T cosds°® — 90('5')= 0 Az
.
Al 45 (3 .
T = 10182 N
T =0 in45° 2 w
+1 35 =0 =W + 10182 sindS° + 90(3) = 0
W = 1260N
126.0
m = 9—8—1— = 12.8kg Ans

3-15. The spring ABC has a stiffness of 500 N/m and an
unstretched length of 6 m. Determine the horizontal force F
applied to the cord which is attached to the small pulley B so
that the displacement of the pulley from the wallisd = 1.5 m.

+ 1.5 y
- IF =0 ——=(MNQ2)-F=0
,—-".25(7')( ) : T
F <—A1
T = ks = 500(/32 + (1.5)2 - 3) = 177.05 N }%T
" 6m F=158N Ans
*3-16. The spring ABC has a stiffness of 500 N/m and
an unstretched length of 6 m. Determine the displacement
d of the cord from the wall when a force F = 175N is
applied to the cord.
+ A 4
5 2E =0 175 = 2T sin@
ke T
Tsin@ = 87.5 14 =500 N/m Q|
9 =
N\
d * N
—_— | = 875 sk |6 e
T[ /324.,12} T P 6m
T = ks = 500(y/32 + d? - 3) f
3 |
d(1—- = 0.175
(- =) o
-

Probs. 3-15/16




3-17.  Determine the maximum weight of the flowerpot

that can be supported without exceeding a cable tension
of 50 Ib in either cable ABor AC.

Equations of Equilibrium :

3
S3F =0, Fsin30°-F (§)=0
F,c = 120F,, (1

4
+T2E =0, F ooos 30°+FAB(§)—W=O
0.8660F, . +0.8F,, = [2]

Since Fy ¢ > F , failure will occur first at cable A C with Fi . =50 1b.
Then solving Eq.[1] and [2] yields

Fz =41671b
W=76.61b Ans

3-18. The motor at B winds up the cord attached to the

* =0 - i =
65-1b crate with a constant speed. Determine the force in ” feo cos 65(13) =0
cord CD supporting the pulley and the angle 6 for

equilibrium, Neglect the size of the pulley at C. *Tzg =0

Fp sing - g5 _ 65(1~2) =0
13
6 = tan’'(5) = 7570 Ans

Bp = 1271b Ans




3-19. The cords BCA and CD can each support a
maximum load of 100 Ib. Determine the maximum weight
of the crate that can be hoisted at constant velocity, and
the angle 6 for equilibrium.

D
\4
. 1001b
-IE =0 100 cos @ = w(i) ~
13 0
i +*
+T 25 = o loosin9=w(ll_§)+w e
9 s
C
‘“‘\'— 0 = 787° Ans w W
W =510 Ans
134112
5 A
N B FA
\ C:':)\. M H
*3.20. Determine the forces in cables AC and AB | "
needed to hold the 20-kg ball D in equilibrium. Take F = _—r—‘
300Nandd = 1m. L sm '
o
d
A
F
Equations of Equilibrium : l*—2 o
z 0. 300-Fp| = |-F 2 |=0 D
-IF =0 AB ‘/ﬂ AC ‘/-5-
06247F, 5 +0.8944F, 0 =300 n
TIF =0 F, 5 +F, ! -1962=0
+ Iy = AB \/-4—" AC Jg
0.7809F, 5 + 0.4472F, ¢ = 196.2 (21 3
i 200N
Solving Egs.[1] and [2] yields
F =986N FEc=267N Ans

20(981)=19%62 N




3.21. 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.

Equations of Equilibrium :

LI =0, 100-Fyc0s0=0 Fapcos =100

+TIE =0; Fysin 9-1962=0 Fpsin 6=1962

Solving Egs.[1] and (2] yields
0=6299° Fy=22021N

From the geometry,

d+1.5=2wn 62.99°

d=242m Ans

n
2

%
Fas
6 100N
->—X
20(981)=/96-2 N
d+5




3-22. 'The block has a weight of 20 Ib and is being hoisted
at uniform velocity. Determine the angle 8 for equilibrium
and the required force in each cord.

Point A :

LEF = 0; T,,c0860° - 205in8 = 0
T,5€0860° = 20sin @

+T2ZE =0, T,,sin60° - 20 - 20 cos® = 0
T, 8in60° = 20(1+cos6)

1+cos@
sin8@

tan60° =

tan60°sin® = 1+cos@

6 = 60° Ans
20sin60°

Tg = =3461b A

A8 cos60° ns

Also:

6 = 60° Ans
S+ EE =0, T - 2[20c0s30°] = 0

Ltp =36 Ans

Y
! i
\on®
o
0\1
20
Zols

Zolb




3-23. Determine the maximum weight W of the block
that can be suspended in the position shown if each cord
can support a maximum tension of 80 1b. Also, what is the
angle 9 for equilibrium?

1) Assume T,, = 80 1b
+TIE = 0;  80sin60° - W ~ W cos6 = 0
80 sin60° = W(1+cos8) 1

L%F = 0, 80c0s60° ~ Wsing = 0

80 cos60° = W sin@ 2)
1
(an60° = +.cose
sin@

tan60°sin® = 1+cos@

8 = 60° Ans
80cos60°
= e = !
pr 46.1881b < 80 1b (0.K!)

2) Assume W = 80 Ib
+TZE = 0; Tsin60° ~ 80 ~ 80 cos® = 0
T sin60° = 80(1+cos@) 3

55F =0, Tcos60° - 80sin6 = 0

T cos60° = 80 sin@ 4)
{an60° = lfcoso
sin@

tan60°sin@ = 1+cosé

6 = 60°
80sin60°

T= = 1386 1b .G!
s 3861 > 801b  (N.G!)

Thus, W =4621b Ans

Bolb

Botb




*3.24. Determine the magnitude and direction 6 of the
equilibrium force F.p exerted along link AB by the
tractive apparatus shown. The suspended mass is 10 kg.
Neglect the size of the pulley at A.

Free Body Diagram : The eension in the cord is the same throughout the
cord, thatis 10(9.81) =9.831 N,

Equations of Equilibrium ; 10(9.81)=98.18

SVEE =0;  F,yc080-98.1cos 75° - 98.1cos 45° = 0

F,5c086 = 94,757 (1 _

I A
+TIE =0;  98.1sin75°~98.1sin 45° - F,psin 8= 0 ; g x
’ +£
F,psin 6 = 25.390 121 g £
Ag
Solving Eqs.[1} and (2] yields 100981 =98-IN

8=150° F,=98IN Ans




3-25. Blocks D and F weigh 5 Ib each and block E
weighs 8 Ib. Determine the sag s for equilibrium. Neglect
the size of the pulleys.

e 4 ft o4t

'\ 1

+TZF =0

2(5) sin@ —8= 0 3

6 = sin"'(0.8) = 53.13° 6 3
o

ny
s v/
Ans

s = 4tan53.13° = 533 f

the pulleys.

3-26. If blocks D and F weigh 5 1b each, determine the
weight of block E if the sag s = 3 ft. Neglect the size of

+TZE =0

3
uﬂg)—W=°

W=61ID0 Ans




3-27. 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.

the force Fy has o support the

. . ion,
Free Body Diagram : By observatiol vty

entire weight of the containet. Thus, F, = 500(9.81)

Equations of Equilibrium :

S EF =0 Fcoos0-Fipcos8=0 Fc=Fp=F

+1IF =0; 4905-2Fsin6=0 F={2452.5cs¢ 6} N
5 =0

Th Fic = Fag = F={2.45csc 0} KN Ans
us,

If the aximum allowable tension in the cable is S kN, then

2452.5csc 8 = S000
8=29.37°

1.5 o e
= — 8 = 29.37°. Therefol
From the geometry, = pov and

[

| F=500(981)
A =49054

hs




e Ao BT A

*3.28. 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°.

v M)

Free Body Diagram : The tension force is the same throughout the cord. ’
Equations of Equilibrium : ; ] gF F

+ 1 /// Q ]

— IF,=0; Fsin6-Fsinf=0 (Satisfied!) .

P X
+TZIE =0; 2Fcos §-147.15=0 —7.b :
IS
F={73.6sec 8} N Ans | S s

020 AT e 900 i5e980)=14715 N

3-29. The picture has a weight of 101b and is to be hung
over the smooth pin B. If a string is attached to the frame
at points A and C, and the maximum force the string can
support is 15 Ib, determine the shortest string that can be
safely used.

Free Body Diagram : Since the pin is smooth, the tension force in
the cord is the same throughout the cord.

Equations of Equilibrium :

5 IF =0; Tcos6-Tcos §=0 (Satisfied?)

5
+T}:F;=0; 10-2Tsin0=0 T= -
sin 8

If tension in the cord cannot exceed 15 Ib, then

5
—_=15
sin 6
8=19.47°
! 9 Jin_¢<
From the geometry, 3 b and 6 = 19.47°. Therefore P
v
18

[} =19.1in. Ans

= Cos 19.47°




3-30. 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, orC
and D, determine which attachment produces the least
amount of tension in the cable. What is this tension?

Free Body Diagram : By observation, the force F has to support the
entire weight of the tank. Thus, F = 200 Ib. The teasion in cable is the same A F=2001b
throughout the cable.

Equations of Equilibrium :

P

DI =0, Tos@-Toos 0=0 (Satisfieds)

100
+TIE =20, 200-2Tsin §=0 Ta-—
sin 8

m

From the function obtained above, one realizes that in order to produce the

least amount of tension in the cable, sin 8 hence 8 must be as great as 2R
possible. Sinmthemldmnntofﬂle'abletopoimc and D produces a u
greaterd (0=cos"§-70.53°) as compared to the attachment of the cable

topoints A aad B( 8= cos™'} =48.19°)

The attachment of the cable to point C and D will produce
the least amount of tension in the cable. Ans

1#t
Thus, Vo O

100
T~ o5 =100 Ans




w3-31. A vernical 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 = 15 Ib/ft.

. VIF = O; I«;couo—Tcol8=0 )
211 ‘ 2t . o . Y R
- T ‘ 4 +TEE =0 Tsin8 + F, sing - 10= 0 @ 5
1 X
T d x = J@®T+ DA c0sb = 2/5-dcosb
! 0L
// E=kx=2k(ﬁ-_4c_oa-9—l) Al
From Eq. (1) : T=E(§;—:') ] 4
2-—cosé 1 Jwosh - 232 =Ces®)
: = (/3= ~ 1) (e M)
From Eq.(2): T = 2k(y/5-4cosb 1)(m)(m9
q 2{C-Hws®
2k(yfS-4cos@ —l)(2—cos9)m9 . 2k(4f/5S—4cosB ~1)28in6 10 15in
y5-4cos8 2y/5-4cos6
(iS—AcosB -1) . 5 _lo
(2tan8 - sin@ + sinf) = —
P JS—Aco:G 2k
45—4c059 ak
Setk = 15 Ib/ft
Solving for 6,
8 = 35.0° Ans
*3.32, Determine the unstretched length of spring AC
if a force P =801lb causes the angle 6 = 60° for
equilibrium. Cord AB is 2 ft long. Take k = 50 Ib/ft.
f——2ft i 2 ft J\
‘ |
?
!
/
L= /4 +22 - 22)(4)c0s60°
44t
= Lo* =g
1=y12 e

il2=2

sin60°  sing

¢= m*&%") =30°

2

+TZF = 0; Tsin60° + Esin30° - 80 = 0

LEE =0, —Tcos60° + Ecos30® = 0
Solving for F,, gt
F =401

F = kx

0 = 50(/12 - 1)

U= 2,66 ft Ans




m3-33. A “scale” is constructed with a 4-ft-long cord and
the 10-1b 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 E if the system is in
equilibrium when s = 1.5 ft.

0.
Free Body Diagram : The ension force in the cord is the same throughout [ o
the cord, thatis 10 Ib. From the geometry, ’
4

0.5
8 = sii -l(—)- 9, -/

sin {135 23.58 -T’/ 5, 1254
Equations of Equilibrium :

DHIE =0;  10sin23.58°-10sin 23.58° =0  (Satisfieds) 0% 101

+TEE =0;  2(10)cos 23.58° - Wy = 0 9=21.58" 9-23.58°

Wy=1831b Ams




fl 3-3d. A caris to be towed using the rope arrangement
shown. The towing force required is 600 lb. Determine
the minimum length [ of rope AB so that the tension in
either rope AB or AC does not exceed 750 1b. Hint: Use
the equilibrium condition at point A to determine the
required angle 6 for attachment, then determine ! using
trigonometry applied to triangle ABC.

Casel: Assume T, = 750 Ib

750cos @
0830°

sin30° —~ 750 sinf = 0

433.01cos® + 750 sin6 = 600

55F = 0; 750 cos30° — T, cos8= 0 1&»&
A
+T2E = 0; 600 — 750 sin30° — T, sinf = 0 X
T 1501
6 = 19.107°
T,;= 687.391b < 75016 (O.K!)
4 1
sin(180°—30°-19.107°)  sin30°
I=265%
Case2: Assume Tz = 750 Ib y
L3E = 0; T, c0s30° — 750 cosf = 0 boolb
A
+13E =0 600 — T, sin30° —750 sin® = 0 iy T
7504b Ac

An analytic approach to the solution is as follows :
(433.01/1-5in? 8 )* = (600 ~ 750 sin6)
172500 ~ 900 000sin@ + 750 000sin’6 = 0

Solving this quadratic equation for the root of @ that gives a positive value for 7, we ge
8 = 13.854°

I . 750 cos13.854°
4c cos30°

T,c = 840.831b > 7501  (N.G!)

Thus, ! = 265ft Ans




S—

#*3.35. The spring has a stiffness of k = 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.

The Force in The Spring : The spring strewches s = 1=l 205-0.2
=0.3 m. Applying Eq.3 -2, we have

F, =ks=800(0.3) =240 N

Equations of Equilibrium :

* 4
—=ZIF =0; P;ccos45°+ﬂp(§)-240=0

400 mm

~—— 500 mm

0.7071Fc +0.85, = 240 3] ¥
3
1B =0 Resinas-5,(3)=0 e
Fc = 084855, (2]
8 45° x
Solving Eqgs.(1] and (2] yields, -
BpeiboN X
]-;D=I71N _F;c=l45N Ans 4
)
*3-36. The sling BAC is used to lift the 100-1b load with
constant velocity. Determine the force in the sling and plot
Us value T (ordinate) as 3 function of its orientation 0, v13xr =0 100 - 2T cos® = 0 toole T
where 0 < ¢ < 9g°, ’
50 50
T = — Ans

cos 6




.

T

m3-37. The 10-ib 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.

_’.)zp; =0 Tcos® — Tcos6=0 y
+T};1~;=o; 2Tsin@ — 10 = 0
Tsin® =51b
4
- =S _4
F=ks T =58 )
T = 20(— - 1)
"~ “cos8
sin@
0(—— — sinf) = 5
2 (cose )
tan@ — sin@ = 0.25
Solving by trial and error,

6 = 43.0° Ans

#3-38. The pail and its contents have a mass of 60 kg, If
the cable is 15 m long, determine the distance y of the
pulley for equilibrium. Neglect the size of the pulley at A.

Free Body Diagram : Since the pulley is smooth, the tension
in the cable is the same throughout the cable.

Equations of Equilibrium :

SEE=0; Tsind-Tsing=0 =9
Geometry :
h=V10-07+(y-2) L =/aie7

Since 8 = ¢, two triangles are similar.
10-x _y=-2 (10~x)%+(y-2)?
N T
L+, =15
V0-x) + (-2 + /52 = 1§

,/xzi-yl 7 3
Y(16-x) +(y=-2 +yxt+y2=15
‘/x1+y3

Also,

However, from Eq.{1]

yxiey?
,-_x1+y2(10—x)+ [xT+yl=15
X

—-x)2 - 2)2 -
4(10 x):+(y=2) =10x x,Eq.[Z]becom

.‘:‘,:;
“\ 10m

Dividing both sides of Eq.[3] by yx2 + y? yields

10 15
<= e x= 408y 4)
10-x _y-2 _ S_y
From Eq.[1] P —'—y— X-y_l [s)
Equating Eq.(1] and [5] yields
/08y = '—Lx
y=659m Ans
03] 10-x_| x |
T

{2)

(3]

+

60(981)=588.6 N




3-39. A 4-kg sphere rests on the smooth parabolic
surface. Determine the normal force it exerts on the
surface and the mass mg of block B needed to hold it in
the equilibrium position shown,

Geometry : The angle 8 which the surface make with the horizontal 1s w
be derermined first.

dy
== = 5.0x =2.00
fan 41-0.4- dxls=o.4m 5 |n-0.4-
0=63.43°

Free Body Diagram : The iension in the cord is the same throughout the
cord and is equal w the weight of block B, W, = my (9.81).

Equations of Equilibrium :

IR =0 my(9.81)cos 60° - Nsin 63.43° = 0

N =5.4840m, (1]
+TIE =0;  my(9.81)sin 60° + Ncos 63.43°-39.24 =0
8.4957m, +0.4472N = 39.24 {2}
Solving Eqgs.[1] and [2] yields

my=358kg N=197N Ans




*3-40. The 30-kg pipe is supported at A by a system of
five cords. Determine the force in each cord for

equilibrium.
J
Tee
+T3E = 0; T, sin60° - 30(9.81) = 0
B NI R
X
Tip = 339.83 = 340N Ans
30(93N
55E = o Tz~ 339.83 cos60° = 0
Tie = 170N Ans
T5F =0 Tp(2) — 339.83sin60° = 0
+T 2R = (3 - 3
N 8p
Typ = 490.5 = 490 N Ans
Tec
4
5EE = o 490.5(3) + 339.83 cos60° - Tpc = 0 334,030

Tc = 562N Ans

100




3-41. Determine the magnitude and direction of F,
required to keep the concurrent force system in
equilibrium.

Cartesian Vector Notation :
F,=F i+F j+F k

F, = {~500j} N

F, = 400[—'35'—@?3"—} = {~114.29i - 342.86j+ 1T1.43k} N

F, = 300{cos 30%+sin 30°k} N = {259.81j+ 150.0k} N
F; = {—450k} N
Equations of Equilibrium :
IF=0;, F,+F+FK+F +F =0

(R, -114.29)i+(F -500-342.86+259.81) ]
+(F, +171.43+1500~450) k=0

Equating i, j and k components, we have

F,-11429=0 F,=11429N
F, -500-342.86+259.81 =0 F, =583.05N
F +171.43+150.0-450=0 F, =1285TN

The magnitude of F, is

F =R+ +F
= /114.397 + 583.05¢ + 128572
=607.89 N = 608 N Ans

The coordinate direction angles are

101

(-2m-6m,3m)

N

N

Fy=400N

Fy=500N




3-42. Determine the magnitudes of Fy, F,, and F; for
equilibrium of the particle.

ha s

60°

X

800N

e i
3.43. Determine the magnitudes of Fy, F,, and F; for
equilibrium of the particle.
IF, =G
IF, = 0;

8.5 kN

102

F, = F {cos60°% + sin60°k }

{0.5F i + 0.8660F k }N

F=5Gi-

{0.6Fi - 08Ej}N
F, = F{~cos30% - sin30°j }

{-0.8660K1 - 0.55,j }N

IF, = 0; 05K + 06F — 0.
35 = 0;
IF, = 0;  0.8660F, ~ 800cos3(° = 0
F = 800N
F = 147N
F = 564N

8660F, =0

~0.8F, ~ 0.5F, +800sin30° = @

Ans

Ans

Ans

F, sin30°-2.8 =0

F = 560 kN Ans
8.5 15° (24 =0
.5 cos 25)& =
F, = 8.55kN Ans
F, — 5.6cos30° 855(7) 8.5
3 — S5.6cos S53(55 .

F, = 944 kN Ans

sinl5°= 0




%*3.44, Determine the magnitude and direction of the

force P required to keep the concurrent force system in f
equilibrium.

(-1.5m,3m,3m)
P /
Fy=0.75kN
120°

60°

QFFZkN

Cartesian Vector Notation :

F, =2{cos 45°% + cos 60°j+cos 120°k} kN = {1.414i +1.00j - 1.00k} kN

K =o.7s(—'-"-5-'-*-113-!‘—)= {~0.250i +0.50j+0.50k} kN

F, = {-0.50} kN
P=Fi+Fj+Fk
Equations of Equilibrium :
IF=0; F,+F+F{+P=0
(P, +1.414-0.250)1 + ( B, +1.00+0.50-0.50) J+ (P, = 1.00+0.50) k = 0

Equating i, j and k components, we have

P, +1.414-0.250=0 P, =-1.164kN
P, +1.00+0.50-0.50=0 P, = -1.00kN
P -1.00+0.50=0 P, =0.500 kN

The magnitude of F, is

P=|PI+PI+F?

= (~1.164)% + (~1.00)* + (0.500)?
=1.614kN = 1.61 kN Ans

The coordinate direction angles are
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3-45. The three cables are used to support the 800-N
lamp. Determine the force developed in each cable for

equilibrium.

a, = 0.80 kN Ans

4
IE =0 ¢fp —800=0
Fp = 120 kN Ans
2 fro ¢
SE =0 -2(1200) + B =0 %‘4
Fe = 040N Ans l Fﬁ\
Fac
4 27 Soon
IE =0 -(2)(1200) + E, =

104



3-46. If cable AB is subjected to a tension of 700 N, .
determine the tension in cables AC and AD and the |
magnitude of the vertical force F.

y
6m 0 21m
e
X
Cartesian Vector Notation :
2i+3j-6k
Fp =700 a2 | (2001 + 300j - 600K} N z
Y22 4324 (=6)
AF
~1.51+2j-6k I
Fic = £ o| e | = ~0.2308F, 0§ + 0.3077F, .j - 0.9231F, -k AT 5
AC = fac (-1.5)’+21+(-6)1)= AC acd AC 3,?/ ! __2_1"7 1Em
S A o g
I 2 ¥
~3i- 6]~ 6k ém| TN "
Fio = Fp| et | = —0.3333F, i ~ 0.6667F, o~ 0.6667F, pk v A 3m 16m
V(=32 +(=6)2+(-6)? e TR
FA—D :bm\i
F=Fk \i Ry 700N
[
x
Equations of Equilibrium :

IF=0;, F,y+Fc+Fp+F=0

(200-0.2308F, ¢ — 03333, 5)i + (300+ 0.3077E, c — 0.6667F, )
+(~600-0.9231F, - ~0.6667F,p, + Ak =0

Equating i, j and k components, we have
200-0.2308F, - —0.3333F,, = 0

300+0.3077F, ~0.6667F,, =0
- 600-09231F, - - 0.6667F,p + F= 0

[t}
[2)
(3}
Solving Egs. (1], {2] and [3] yields

Ec=130N  F,=510N F=1060N =106 kN
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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 & = 300 N/m.

Cartesian Vector Notation :

Gi+4j+ 12k 3 2 6
Foc = Foc(———"———}= 7:n;,ci +_—7Focj+-_;Fock

Jerariz

Fon =—Foud Fop = -Foai
z
= {~196. N
F = {-196.2k} 5(,
Equations of Equilibrium : : Fﬂg
ll
I
IF = 0; FOC+F,,A+F0,+F=0 e
— - . - A
3 . 2 6 - 1 /l [
(_—,FD‘C—FO,)|+(7FOC—FM)_|+(-7-FOC-196.2)I(-0 Ba E /,/M
ty
Equating i, j and k components, we have }m"-LJ
‘ F=20(38)=1% 2N
3
§F0c -Fp =0 {1}
2 X
~Foc = Fou =0 (2
g"'oc' 196.2=0 3]

Solving Eqgs. 1], (2] and {3] yields
Fpe=2289N  Fp =98.1N  Fp, =65.4N

Spring Elongation : Using spring formula, Eq.3-2, the spring

. F
elongation is s = e

So8 = 93—?”-} =0.327 m = 327 mm Ans
65.4
Soa =355 =0.218 m= 218 mm Ans
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*1. .
3-48. If the bucket and its contents have 3 total weight

0f 20 Ib, determj i
ine the force in the i
suppor
DB, and DC. pporting cables DA, o = ¢ 3 L5 3
G ary Ryl ¥ .
z u ( , 1 Fon Fae
=i —j+ =
pe 31.5j + 5” Fos
IF =9 3 R 15 x /l Y
x o 45DA"?FDC =0 T00
_ 15 1
=0 238 — By + 350c=0
3 3
“:1'; = Q; 4—51'2)4 + EIBC_ZO: 0
Bu = 1001 Ans
B = L1l Ib Ans
Foe =156 1b Ans
m3-49. The 2500-N crate is to be hoisted with constant
velocity from the hold of a ship using the cable
arrangement shown. Determine the tension in each of the
three cables for equilibrium.
-0.751+1j- 3k
Eip = Fyp| m=—o——— = ~0.2308F, ,1 + 0.3077F, ,j - 0.9231F, .k
AD AD[ (_0.75)z+11+(_3)1J AD ADJ AD'
li+1.5-3k ¥
Ey¢ = Fyo| ————=== | = 0.2857F, i + 0.4286F, . j — 0.8571F, ck
AC AC( 11+l,51+(—3)2J AC ACj AC Zm”
1i-3j-3k
Eyp = Fp| === | = 0.2204F, , i~ 0.6882F, | - 0.6882F,  k
AB AR 11+(_3)1+(—3)1J A2 Alj AR . ‘*
F = {25k} kN
{25k} Fig Fap
&(
IF=0. F,p+F,+F +F=0
(-0.2308F, ol +0.3077E, pj - 0.9231F, pk)
+(0.2294F, » 1 - 0.6882F, ,  — 0.6882F, , k)
+(0.2857F, ¢ +0.4286F, o § — 0.8571F, k) + (2.5k) = 0
(-0.2308F, , +0.2294F, 5 +0.2857F, 0}
+(0.3077F, , - 0.6882F, , + 0.4286F, .) §
+(-0.9231F, , - 0.6882F, , - 0.8571K, ¢ +2.5)k = 0
IF =0,  -0.2308F,,+0.2294F, , +0.2857F,c =0 (1
IE =0, 03077F,,-0.6882F,, +0.4286F,. =0 12
IF =0;  ~09231F,, - 0.6882F,; ~08571F, +2.5=0 &)

Solving Egs.[1], [2] and [3] yields :
F,, =0980kN  E,. = 0463 kN Ep=155kN Ans
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#3-50. 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 AQ, AB,

and AC for equilibrium.

1.5m
ot

- y

2 1.5 6
Fop= Fo{—}i - — —
no = Baolggl - g5h + 55N

6 3 6 f,
Fp= Ep{—i + 2j -2 A
as = Ep{ U 9] 9'(} N Tae

Fao

2 3 6
Fic= Fc{—I + 2§ — -
AC el 7 7] 7k} N 15(9.85N

W = 15(9.81)k = {-147.15k}N

IF, = 0;  03077E,,~0.6667F,, — 0.2857F,; = 0

IE = 0;  -0.2308F,, + 0.3333F,, + 04286F, = 0
IF, = 0; 09231, - 0.667F,5 — 0.8571F,c ~ 147.15 = 0
Fo = 319N Ans
Eg = 110N Ans

858 N Ans

P
[
]
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3-51. Cables AB and AC
of 500 N, and the po
compression of 300 N. D
of the lamp that can be s
The force in the pole act

Z

can sustain a maximum tension

le can support a maximum
etermine the maximum weight  F i~ =i SN
upported in the position shown. 65 65 763

s along the axis of the pole.

B = Balgie 508 0 -
9 Yo
) : 1.5@8/ E, = I;‘,C{-;Zi + ;3; - _76k} N W "
W= wg N
IE =g 2

LS
EF; =0 ~—F

1) Assume £, = 500 N
2 6 2 _
E";o - §(500) 7’:«: Y

1.5 3 2 =0
E—Iia + ;(500) + 7}':“_-

n

6 6 S _weo
a5Fo = 5500 - SEic

Solving,

F,o = 1444462 N > 300 N (N.G!)

F,c = 388902N
W = 666.677 N

2) Assume F, o = S00 N

2 Sc 200 <0
a’ia - 51’:4' 7(500)

13 3F + 3(500) =0
'Eﬂa + gt 3
3 6 6 Cwe
;;":w - ;F;u (500)
Solving,

F,, = 1857.143 N > 300 N (N.G!)

F,, = 64285TN > S00 N (N.G!)

3) Assume F,, = 300 N

2 6 2 _

55300 - gfar—3he =0
5 3 3 _

—%(300) + 51-;, + Fhc 0

L b - SE-W=0
33(300)‘9":43 FHac

Solving,
Fc = 808N
F = 104N

W = 138N Ans
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r *3.52. Determine the tension in cables AB, AC, and AD.
required to hold the 60-Ib crate in equilibrium.

29

W = -60k
T, = Ti
=T l2i+ ’ + 8k)
T =Tlg T ¥
T
= —0.706T.i + 0.529Tj + 04T1Tck 3,
%
12, 4 6
= Ty(——i — —j + =K —
T =Bt~ Y * o 3

= —0857Tpi - 0.286Tpj + 0.429Tpk

B

T, - 0.706T; — 0.857T, =0

0.529T, — 0.286T; = 0

8

IF, =0 —60 + 0.471T; + 0.4297;, = 0




3-53. The boom supports a bucket and contents, which
have a total mass of 300 kg. Determine the forces developed
in struts AD and AE and the tension in cable AB for
equilibrium. The force in each strut acts along its axis.

Cartesian Vector Notation :

FAB

-3j+ 125 12 5
Fop| —— = --2F J+—F,k
e (J(-a)ﬂnzsz] 1374877 137

=2i+3j+6k

1.3 6
=~ i+ 2Fpj+ F &
¢(-2)2+32+62J 7401+ 7ha0i* 500

2i+3j+6k ) 2. 3 6
Eg= ﬂs(m)= Fhaei +;’isj+5ﬂzk
F = {-2943k} N

Equations of Equilibrium :

IF =0; Fis+Fp+F,;+F=0

5 6 6
"’(E’il +7’io+’ 45'29“3)|‘ =0

7

Equating 1, j and k components, we have

2 2
--7-&,,+7I-;5=0 )
12 3 3
'l—"}u+;ﬂo+7ﬂs=0 [2)
b 6 6
E&a"’;’in"‘;ﬁs‘zs’“‘o [3]

Solving Eqgs. (1), {2] and [3] yields

Fe=Fp=142076N = 142kN Ape
Fas

= 131928 N = 1,32 kN Ans




3-54. Determine the force in each of the three cables
needed to lift the tractor which has a mass of 8 Mg,

Cartesian Vector Notation :

2 - 1.25§- 3k

Fpoz=Fipg] —m—m—m———r
AB Al( r—21+(_12$)2 +(_3)Z

2i +1.255-3k

Fo=Fo| MBI
" ‘C(J21+1.252+(-3)1

): 0.5241F, i +0.3276F, cj - 0.7861F, ck

~1i-3k
Fp= ap(m}ro.smzr;,,i-o.mmok
F = {78.48K} kN

Equations of Equilibrium -
IF=0; F,y+F+Fp+F=0

(0.5241F,  +0.5241F, ¢ - 0.3162F, ) + (~0.3276F5 +0.3276F,c)
+(—0.7861F, 5 —0.7861F, ¢ - 0.9487F, , + 78.48)k = 0

Equating i, j and k components, we have
0.5241F, 5 +0.5241F, ¢ —0.3162F,, =0
—~0.3276F, 5 +0.3276F,c =0
-0.7861F,; —0.7861F, o - 0.9487F, , + 78.48 =0
Solving Egs.[1], [2) and (3] yiclds

Fip =Ec=166kN Fp=55.2kN Ans

)= 0.5241F, i - 0.3276F, ] ~ 0.7861F,  k

(11
2
3]

F8eso78) = L 4B K




3-55. Determine the force acting along the axis of each
of the three stryts needed to support the 500-kg block,

l‘.-l".(

Jj+2s k)
3.905

= 0.7682"'.] + 0.64025 k
QHI—S]—ZJK)
&'&( 5.640

F,
= 0.1330"2-!—0.8865&-] -0.4432F- k °

Fe

-1.25i-5§- 25K
5,.5flli__l____)

5.728

500(9.21)N

Fa
= -0.2182F 1 - 0.8729 Fp J - 0.4364 17 3

W = -500(9.81) k = —4905 k

IF =0, Fo+F.+Fp +Wao

ZFf =0; 0.1330 Ff; - 0.2182F, = 0

LF =0; 0.7682 F - 0.8865 Fc - 0.8379F =0

IFK =0; 0.6402 £, = 04432 Fc - 0.4364 Fp- 4905 = 0
Fs = 19.2kN Ans

Fe = 104kN  Ans

Fp = 6.32kN Ans
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*3.56, 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.

Cartesian Vector Notation :

6i + 2.5k 12
3

s
Fop =Fp| e |= —F.i+—F .k
A8 u( G125 1 ast 13 48

~6i - 2j+ 3k 6 2 3
Fic=Fo|l ———me—ee |z =2 F, i 2F, .j+ 2F .k
s AC[ (—6)2+(-2)1+32J 7haci=5hcl Fhac
Solving Egs. (1], [2] and (3] yields
~6i + 2§+ 3k 6 2 3
Fip=Fp| e [=——F, i+ 2F,pj+ 2 F, pk
AD AD( (—6)1+21+.32] 7740 7ADJ 740 Fe=Fp=312N
F = {—490.5k} N
Equations of Equilibrium :
F.y =580N Ans
ZF =0, F,+F +F,+F=0
12 6 6 . 2 2
(E":u ‘75(:‘550)”‘(‘7&(:*7":\0)5

s 3 3
+(ﬁ n +7F,}c+7l';,,—490.5)k=0

Equating i, j and k components, we have

12 6 6
]}u‘;’ic';’io=0 [
2
“3fac+3hp=0 (21

21
o
+
<iw
an
~lw
*n

ct

p—4905=0 31




3-57. Determine the height d of cable AB so that the
force in cables AD and AC s 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.

Certesian Vector Nosas

F, =(Fa), i+(Fy), &

E, ~6i - 2j+ 3k 3 1 3
F,.=-A% ~F = +—F
= ( T 6)2+(_2)2+3z)= Faal= gl Thak

Faf -6i+2j+3k
Fo=5

3 1 3
—————— e = -l F i+ —Fk
'—“"(—6)%21+le Fhaei+ohai+ vl

F = (~490.5k) N

Bquations of Equilibrium :
IF =0, Fp+E +F,+F=0

3 3 ) 1 1
((";l). ‘7";. ‘;’in)' "'(‘7 ast ;Eu)‘

3
+((I-;,)x +=Fa+—F, —490.5)k =0

w

F=50(951)=490.5 Al
7 ik 5009 51) =44

Equating i, jand k components, we have

3 3 6
(’iﬂ,‘;’in‘;&a =0 (£,), =3f m
1 1
= 3fan+ 3B =0 (Satisfied?)
3 3 3
(’il)g"‘ﬁﬁn"'rﬁl“‘%J:o (Fy), ‘490-5‘;"..4' (2]

However, £, =(F,)? +(F,5)}, then substitue Eqs. (1] and (2] into this
expression yields

6.\ 33
Ey= (;ﬂl) +(490-5" 75')
Solving for positive root, we have

Fig=51979N=520N Ane
Thus,

an

1
c=Fip=3(51979) = 260N Ans

6
(Fup), = 5(519.79) = MS.53N

3 .
(Fa3), =4905~ 3 (519.79) = 267.73N

[ (F) -1(36713Y | 31000
then, e-m‘[ﬁ]’““ (445.53)

d=6tan 8=6tan31.00°=3.6lm
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3.58. The 80-lb chandelier is supported by three wires as
shown. Determine the force in each wire for equilibrium.

1 1
z IE =0,  —F .- ——Fcosd5° = Pe | P
2647 2642 Fao
\ ; 1 1 4 J
IF = 0; —2—61§D+ Rﬂasm“" =0 X
N B . . oLy
b 135 1 ft X
5 1ft >T IF =0 EF + 2'4F 24
s uc + — + —F,y, —-80=0
9OE° 2#1350 | 26 640 " 26748
Hft
/ Solving,
Fs =359 b Ans
2.4ft Be=FEp= 254D Ans
y
X
3-59. If cach wire can sustain a maximum tension of 120
Ib before it fails, determine the greatest weight of the
chandelier the wires will support in the position shown. 1
1 ° =
z IF, = 0; i‘éﬂc - 5gfancosts ¢

135° -|—

, -1 ft a4
D_r 1 ft o \ - s 2

B / | 3 = 0 ghe * 350 T 3% g
90° ~=<_|__}35° |

! ! g, sinds® = 2 ¥,
/’A —\ 21:; = 0; —-2—.61':“) + '2—6FAB sin45 0 2) o he F‘B
()]

Assume F,c = 120 Ib. From Eq. (1)

1 1 .

—_— — ——-F,gcos45° = 0

2.6(120) 26 4°

2.4ft

| Fy = 16971 > 1201 (N.GY)

Assume F g = 120 Ib. From Egs. (1) and (2)
Lr.- —1—(120)(cos45°) =0

- v 2614 26
Fc = 848531b < 1201 (0.K!)

1 1 o
-— —(120)sin45° = 0
et + 760120

F,p = 848531 < 120 Ib (O.K!)

= 3%(56 + Ep + Fag) = 26742 = 267D Ans
2.




Cartesian Vecior Noztation -

3j-4k
oo =Rl ———_ |- 06F,j-03F k
A8 Al( 31*(.4)2) A‘j AR

3cos 30% - 3sin 30°) - 4k
Ec= Fic =
V(3008 30% 2 5 (T3 30°)2 4 (—q)?
= 051967, ci ~0.3F, cj- 0.8, .k

Ep= =
V(=3cas 3097 + (3sin 30°)2 + (—4)?
= ~0.5196F, i - 0.3£,,j - 0.3F, ,k

~3cos 30° - 3sin 30°) - 4k
=Ffp

F = {900k} 1b
Equations of Equilibrium :
IF=0; F,+F +F,,+F=0

(0.5196F,c - 0.5196F, ,)i + (0.6%,, ~03E~03E,)j
+(-0.8F,; ~0.8F, . ~0.8F, , +900)k = 9

Equating i, j and k components, we have

0.5196F, . ~0.5196F, , = 0 i
06,5 ~03F, . ~03F,, =0 (2
~0.8Fs ~08E,. ~0.8F,+900=0 3

Solving Egs. (1), (2] and (3] yiewds
Fa=Fe=Fp=3751 Ans

This probiem also can be easily solved if one realizes that due to Symmetry all cables are
subjected 10 a same tensile force, that is Bs=Fe=F,=F Summing forces along z
axis yields

=0 90-3F3)=0 Femisp
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3.61. The 800-Ib cylinder is supported by three 'chains
as shown. Determine the force in each chain for
equilibrium. Take d = 1f{t.

F,p= 5,,(—?11115-] = ~0.7071E, pj + 0.7071F, pk Foe F

li+ik
F. =ac( h]:o.wnacuammck

~0.7071i +0.7071j + 1k
FAH =g | T

V(00713407071 + 12 $00lb

=—0.5F, ;i +0.5E,,j +0.7071E,, k
F = (—800k}1b

I¥=0; FEp+Fc+Fy+F=0
(~0.7071E, 5 + 0.70T1E, pk) + (0.7071E, i +0.7071E, ck)

+(=0.5E, 51 +0.5E, 5 j+0.7071E, y k) + (~800k) = 0
(0.7071E,  —0.5F, )i + (~0.7071E, p + 0.5E,»)

+(0.7071E, 5 +0.7071E, ¢ +0.7071E, , —800)k = 0

IF =0, 07071Kc-05E, =0
IF =0, -07071E,+05E, =0
TE=0;  07071E,,+0.7071F, ¢ +0.7071F, , —800=0

Solving Egs.[1), [2] and [3] yiclds :

Fy =4691b Ee=Fp=3311 Ans
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3-62. A small peg Prestson a spring that is contained
inside the smooth pipe. When the spring is compressed
so that s = 0.15 m, the spring exerts an upward force
of 60 N on the peg. Determine the point of attachment
A(x, y, 0) of cord PA S0 that the tension in cords PB
and PC equals 30 N and 50N, respectively.

Cartesian Vector Notation :
Fpy, =(F;A);i+(FPA),j+(FPA)zk

~0.4§~0.15k

Fpp =30 ——2_ "~ ={-28.09j-10.53k} N
V(=047 (<0.15)

—0.3i+0.2j-0.15k
V(-03)7+027+(-0.15)

Foc = so(

F={60k} N
Equations of Equilibrium :

IF=0; Fp+Fp+Fpo+F =0

[(By), -3841]i+[(R,), ~28.09+25.61];

J= {-38.41i+25.615- 1921k} N

+[(B4), ~10.53-19.2) +60]k =0

Equating i, j and k components, we have

(Fa), -3841=0 (Fy), =3841N
(F4), -28.09+25.61=0 (Fy), =248N
(Fa), - 10.53-19.21+60 =0 (Foy), ==3026 N

The magnitude of Fp, is

B =\ (Bp)E 4 (B ) + (Bt
= V3841242482 4 (-30.26)* = 48.96 N

The coordinate direction angles are

41
a= cos"[%] =cos™’ (38—) =38.32°

Fon 43.96
_tf (Fpa) -1 2.48)
=cos”!| 242 |- —— | =87.09°
B =cos [ E. cos (48.96
£y 1(~30.26
= cor| Lk ] '(—-)=128.17°
¥= cos [ O R BTYT:

The wirc PA has a length of

(PA) -0.15
PA=——_2. 0 =0.2427
sy cos 128,170 " AV m
Thus,
X =PAcos g = 0.2427cos 38.32° = 0.190m
y=PAcos = 0.2427cos 87.09° = 00123 m
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3-63. Determine the force in each cabl
support the 3500-1b platform. Set d = 4 ft.

33004
Tt -
Ko = ﬂn(”—&‘%’i » =i = ‘/&ﬁ“ﬁ'
= {03698, pi + 0.09245F, pj — 0.9245E, pk} Ib
Eie = Bl =) — -k}
109 {109
= { 0.2873F,cj — 0.9578F,ck} Tb
Fyp =F,'“,{—4——i - 'i‘.i - —lo—k}
= {03578E, i — 0.2683E,5§ — 0.8944F, Kk} b
SF =0; -03698E,,+ 0.3578F,, =0
IF =0 0.09245F,, + 0.2873F,» ~0.2683F,, = 0
$E = 0, - 09245F,, - 09578, ~ 0.8944F,, + 3500= 0
Solving,
Fp = 1.42 kip Ans
Fc = 0914 kip Ans

147 kip Ans

Pl
w
]
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3- 4. 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 Ib/ft. Determine the vertical
distance & from the ring to point A for equilibrium,

qu.uu'on of Equilibrium : This probiem also can be easily solved if one 2z
realizes that due 1o symmeuy all springs are subjected t0 a same ensike force
of £,. Summing forces along z axis yields

g

Y A
IE =0, 3F cosy-80=0 ( Fy - /”

Spring Force : Applying Eq.3 - 2, we have

1.5 75
E, =ks=k(i-y)=s0[ -3 _ 15} 75 _
= ks =k(I-l) So(sinr 15) s 21 J

Substimting Eq.{2] into {1] yields

3 75 75
(m )COS Y-80=0

any= Y0
T=gg(l-sinn)

Solving by trial and error, we have h 4

Y =42.4425°
Geomertry : '

ha 1.5 - 1.5

any wmnd2a425° 1.6t Ans
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3-65. Determine the tension developed in cables OD
and OB and the strut OC, required to support the 50-kg
crate. The spring OA has an unstretched length of 0.8 m

and astiffness ko4 = 1.2 kN/m. The force in the strut acts
along the axis of the strut.

Free Body Diagram : The spring strewhes s = [~ = 1-0.8 = 0.2 m. Hence,
the spring force is I';’ =ks=1.2(0.2) =0.24 kKN =240 N.

Cartesian Vector Notation :

€

5, Fae
~2i - 4j+ 4k 1 2. .2 | arfom
Fos = Foa | T |= =3 Foni = S Fon i+ S Fank N |7
” °'[¢(-2)2+(—4)2+42J jlosl=3osl*3 -\ Vo
[ 7.8 i v
2o NI,
Foc =K, ( e ] 2 Bcl + 2Fock Fop=2hou 4 14 .
oc = foc| ====== | = ~¢foci + s loc L - I
J=2+m) S 5 %
(-4 -
Zi+dj+ak | 1 2 2
= ——eeee (= =Py i+ = Fypj+ = Fypk
- %[sz*“’*"] et Rt < i|r/-'=50(9-5/)=49a.5n
F,, ={-240j} N F = {~490.5k} N

Equations of Equilibrium :
IF =0; Fog +Foc+Fyp +F,, +F =0
1 4 1 2 2
(’3"5- = EFoc + Sf'bo)i "'("557. + Sl’bo - 240).'

3 2
+(5500 +3Foc+ 3Fon = 4903 J =0

Equating i, jand k p we have
1 4 1
~3fos = 5Fac+3F0 =0 (
'gfbl +§P;,D—240=0 (2
2
;I-},, +§;;,c+§r;,,,-49o.s=o (3]

Solving Egs.{1], (2] and (3] yields

Fpg=120N  Fpe=150N  F,, =480N Ans
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3-68. The pipe is held in place by the vice. If the bolt
exerts a force of 50 Ib on the pipe in the direction shown,
determine the forces £ a and Fj that the smooth contacts
at A and B exert on the pipe.

F =3461b Ans

K =573m Ans

4
L35 =0 r,-r;ooseo°-50(3)=o

+T2F = -15smso°+50(;) =0

3-67. When Y is zero, the Springs sustain a force of 60
Ib. Determine the magnitude of the applied vertical forces

Fand -F required to pult point A away from point B a  Initial spring stresch :

distance of Y = 21t. The ends of cords CAD and CBpD

=2 J
1 30 - 15h lF
+T}'J;=0; F—2(517)=0; F=r 27T X
T T
SIE ~ o, -E 4 2(-‘2@>r= 0
s x
F = 17327
k /40 Ib/ft
Finai stretch js 1.5 . 0.268 = 1.768 1t “IH
<
40(1.768) = 1,732 me{(
F=40380n0 Ans
*, . .
3-68. %en Y Is zero, the Springs are each stretched 1..5 “13E o 2T sing =60
- Determine the distance y if a force of F = 601b is
applied to points 4 and B as shown. The ends of cords Tsiné = 30 ﬁ
. A
CAD and CBD are attached to rings at C and p. 52 -0 Weosde F bole
Fang = 60 ) 3 s
F = kx T T
F = 40015 +2 ~2co0s8)
¢
Substitute Fin Eq. 1 !
(]
40(].5+2—2c059)tnn9 = 60 ‘_C " 8
(35 -2 cos8)tanf = 1.5 T
3.5tan6 - 2sin@ = 1.5
1.75tan6 - sing = 0.75
P
By trial and error : h
8 = 37.9° e [t
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3.69. Romeo tries to reach Juliet by climbing with

constant velocity up a rope which is knotted at point A. 415 < o T, 5in60° — 65(9.81) = 0

Any of the three segments of the rope can sustain a
. R A . L T,p = 736.
maximum force of 2 kN before it breaks. Determine if 48 629N < 2000 N Te. Y
Romeo. who has a mass of 65 kg, can climb the rope, and SEE =0, T - 73629c0s60° = - ~
—x

if so, can he along with his Juliet, who has a mass of 60 kg,

climb down with constant velocity? Tic = 36815N < 2000 N £5(9.81)N
Yes, Romeo can climb up the rope. Ans
+TEE = 0;  1,,sin60° - 125(9.81) = 0
Tae J
T,, = 141595N < 2000 N 4o Tac
—_—
BIE =0, T, - 1415.95c0860° = 0 125(7-3)N

Tye = 708N < 2000 N

Yes. Romen and Juliet can climb down Ans

83-70. Determine the magnitudes of forces Fy, F, and Fs
necessary to hold the force F = {—9i — 8j — Sk} kN in
equilibrium.

IF =0 I‘]ooc60‘cos30‘+l§coul35'+gl';—9=0
IF, =0 —ﬁeo|60'|m30‘+)‘;c0960'+§!§—8=0

IF =0 F,sin60°+l';(:0360°-§1';—-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, = 3.84kN Ans
F = 122kN Ans

[ ]
(4 m, 4m, -2m)
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LEE = 0 Fp+ 80cos® —Fcsin60° =0

+TXF =0; B80sin@ -Fccos60° = 0 y
=80t
Fyc = 160sin@
]
dF, F_— x
AC _ = 60° 8
26 160cos 6 0 Fe
8 = 90° Ans

F . = 1601b Ans
E sin60° = E,; + 80cosé
80sin8sin60° = (F,p, + 80co0s8)cos60°

E 5 = 138.6sin@ — 80cos@

dF,
4% — 138.6c0s8 + 80sind = 0
PT)
_\[138.6
= — = 120°
] tan [ —80] 120 Ans

Fp = 138.65in120° — 80cos120° = 160 Ib Ans
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®3-72. The ring of negligible size is subjected to a vertical
force of 200 Ib. Determine the required length ! of cord AC
such that the tension acting in AC is 160 Ib. Also, what is
the force acting in cord AB? Hint: Use the equilibrium
condition to determine the required angle 8 for attachment,
then determine / using trigonometry applied to AABC.

Equations of Equilibrium :

5 EE =0; Egcos 40°-160c0s =0 n
+TIE =0;  Fypsin 40°+ 160sin 6-200=0 (2]
Solving Egs.[1] and [2] yicids
6=133.25°
Fp=1751 Ans

Geometry : Applying law of sines, we have

H 2
sind0°  sin 33.25°

=234 1t Ans

L'
Fe=téo b Fag
40°
6 £ %
‘Lzoo ib
(33.25° 40
P z2{¢

3.73. Determine the maximum weight of the engine that
can be supported without exceeding a tension of 450 1b
in chain AB and 480 b in chain AC.

A

ing cable AC

N
— LF, =0,

+T2E =0

Eccos30°-Fz =0

Fiosin30°-W=0

the

Assuming cable AB reaches the maximum tension £, 5 = 450 Ib.
FromEq.{1]  F,-c0s30°~450=0

E:=51961b >4801b (N.G!)

FromEq.[l}]  480c0s30°-F, =0

FromEq.[2] 480sin30°-W=0
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tension £, » = 480 Ib.

Fy=41571b <450 1b (O.K!)

W=2401b

Ans



®3.72. The ring of negligible size is subjected to a
vertical force of 200 Ib. Determine the required length
[ of cord AC such that the tension acting in AC is 160
Ib. Also, what is the force acting in cord AB? Hint: Use
the equilibrium condition to determine the required angle
¢ for attachment, then determine / using trigonometry
applied to AABC.

Equations of Equilibrium: v
BEF =00 Fapeosdd® — 160cos6 = 0 (1 Fac=1601b Fan
FHEF =00 Fpsind0® + 160sing — 200 — 0 12} P 10
X
Solving Eqs. {1} and (2] yields 4
9 =3325° 0 = 66.75°
Fae=1751 % g _goap Ans { 201

Geometry: Applying law of sines, we have

! 2 ! 2

sind0” ~ 5in3325 7 Sna0 = simeeIs

=234t or /=1401 Ans

3-73.  Determine the maximum weight of the engine that
can be supported without exceeding a tension of 450 Ip
in chain AB and 480 Ib in chain AC.

SEF =0, Ficcos30° - Fyy =0 1 U Fe

Y Fag 30°

FHPIZE =0; Faesin30® — W = [ {2} x
Assuming cable AB reaches the maximum tension Fqpy = 450 ib. w

From Eq. [1]  Fyecos30° - 450 = 0 Fac=51961b > 480 1b N.GY)

Assuming cable AC reaches the maximum tension Fac = 480 1b.
From Eq. {1} 480cos30° — Fap=0 Fap =41571h < 450 b (O.KY)

From Eq. [2] 480sin30° - W =0 w= 240 b Ans

127



*3-74. Determine the f
or
support the S00-1b load. ce in each cable needed to

Equation of Equilibrium :

IF, =0; Fc,,(s) 500=0 Fep =6251b Ans

Using the results Fp =625 1b and then summing forces along x and y axes
we have

2

o gy e

3
z"; =0; ’{——' -s'
=F=

Fern = Fea 198 b Ans

(8
NS
IRy

-

A

3-75. Thejointof aspace frame is subjected to four member
forces. Member OA lies in the x — y plane and member OB
lies in the v —  plane. Determine the forces acting in each of
the members required for equilibrium of the joint.

Equation of Equilibrium :

IF =0;
IE=0;

Fsin 45°=0
Fysin 40°—200 =0

F =0 Ans
£ =311.14b=3111b Ans

Using the results £/ = 0 and K, = 311.14 Ib and then summing forces along
the y axis, we have

IF, =0; ~311.14cos 40° =0 =238 1b Ans




4'-1._ lf.A, B, and D are given veclors, prove the
distributive law for the vector Cross product, ie, A x
(B+D)=(AxB) + (Axp)

Consider the three vectors; with A vertical,
Note obd is perpendicular o A,
od = |A x(B+ D)l = IAl(B + D) sing,

ob = A x Bl = |Alll sin,

bd = IA x DI = |AlIDY sing,

Also, theoemreemsproducuaﬂueinmephne
obd sincemeymlllpapendimhrmA.Atnowd
themunimdeofachmpmduaispmpom'ond

toﬂlelmgd:ofelchsideofdwuimgh.

Tbmmvmrams-pmdummofomlchsed

3, ’l(‘o')

f '
d
Note also, ¢ %7

A=Al+A]+Ak e b
A Alea “‘Ah‘
B=Bi+Bj+Rk ""‘ﬁ‘.
LY

D=Di+D,j+Dk

i J k
AxB+D)=| 4 A A
B.+D, B,+D, B +p,

=48 + D)~ A, + D,y

~[AB + D)~ A8+ D,y

+ (A8, +D,) ~ A (B, + D)k
(A8 -ABN- AB -AB)+ (43, - 45
* 4D - ADY - AD - ADY + AD, - 4 D]

i ) x I T
wiangle o'b'd” which s similar w triangle obd, Thus '}4- 4 Al+iA A 4
from the figure, B, B, B D, D, p,
AXB+D)=AxB+AxD (QED) =(AxB)+(AxD) (QED)
4-2. Prove the triple scalar product identity A.-Bx C =
AxB.C,
Also,
LHS = A-BxC
Asshownintheﬁm
LI T Y
Area = B(Csin8) = IB x CJ =WAi+Aj+AK)- B, B 3
G G ¢

Thus,

Volume of parallelepiped is IB x Clil
But,

BxC
W = A upug) = ’A' (ﬁ]
Thus,
Volume = IA- B x CJ
SinceleB-Cllwmeumhisumevolumemu

A-BxC =AxB.C (QED)

“ABG-BG)-ABG - BG)+ ABG - B,
TABG-ABG -ABG v ABG +ABG - ABC

RHS = AxB-C

I} k
-k A A
s 3, s

= GAB -AB) - GWUB - AB) + GAB, - AB,)
*ABG -ABG -ABG +ABG +ABG, - AB .

Thus, LHS = RHS

“(Gl+GJ+Ck)

A-BxC =AxB.C (QED)
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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.

Coasider,
{A- (BxC) = |A|BxC| cos® o2
= (A|cos8)|B x C| 1
4[’
= W|B x C|
= BC Ihl sing

= volume of parallelepiped.
IfA- (B x C) =0, then the volume equals zero, sothat A, B, and C are coplanar.

*4-4, Determine the magnitude and directional sense
of the moment of the force at A about point O.

Q M, = 400cos 30°(5) +400sin 30°(2)

=2132N-m

=213kN'm (Counterclockwise) Ans

4-5. Determine the magnitude and directional sense
of the moment of the force at A about point P.

(,, M, = 400cos 30°(8) - 400sin 30°(2)

=2371N'm
=237kN.m  (Counterclockwise) Ans

——d4m—o,

3m




4-6. Determine the magnitude and directional sense of

y
the moment of the force at 4 about point O,
P 520N
30°
4m 12f\13

12 \

¢ M- szo(ﬁ)(s) ‘ A X
=2880N-m=288kN-m (Counterclockwise) Ans 5 P

4-7. Determine the magnitude and directional sense
of the moment of the force at A about point P,

5
G M= 520(:—32-)(6+4sin 30°) - 520(1—3)(4003 30%)
=3147N'm
=315kN-m (Cauuurclackwin) Ans

P——

*4.8. Determine the m,

agnitude and directional sense of
the resultant moment o

f the forces about point 0,

(+M, = 400sin30°(2) 4 400cos30°(s) . 260( 1_2)(6)
13
y
=35721Nm = 35, kN
L\4 m— P m®% Ans
260N
3m s/,
5
X
(4] ;-—2 m—-{B
5m O
-i . ’ l . . . 5

49. Determine the magnitude and directional sense of (+Mp = 260(3)(3) + 260( 11_32) (2) - 400sin30°(2) 4 400cos30%(s)
the resultant moment of the forces about point P.

=31S1Nm = BISIN-my  ap
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4-10. The wrench is used to loosen the bolt. Determine

the moment of each force about the bolt’s axis passing
through point O.

(+ (M), =100c0s 15°(0.25)

=241N'm (Counterclockwise) Ans
(+ (M), =80sin 65°(02)
=145Nm (Counterclockwise) Ans

Fz=80N

4-11. Determine the ma

sultant moment of the forces about point O,

—_————x

A
3
4 3
of_~ \&AZSOlb
{
30°

gnitude and directional sense of the re-

0 !
1 4ft
6 f _L
‘ 4
g ¢ fi—f C+M, = 250(2)(10sin30°) + 250(;)(10cos30°) + 300(sin30°)(6) ~ 300(cos30°)(3)
3 ft
Mo = 24196211t = 242 kip-fi Ans
300 1o 3%
R
*4-12. Determine the moment about point A of each of F =351 Fy=5001b
the three forces acting on the beam.

¢ (M), =-3158)

=-30001b-ft=3.00kip-ft  (Clockwise) Ans
4
(+ (), =—soo(3)(14)
=-56001b-fi=560kip-ft (Clockwise) Ans
{+ (M), =-160(cos 30°) (19) + 160sin 30°(0.5)
==25931b-ft=259kip-ft  (Clockwise) Ans
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#4-13. Determine the moment about point B of each of
the three forces acting on the beam,

F=3751b Fy=5001b

¢ (M), =315011)
=41251b-f1=4.125 kip-ft (Caunlerclockwin) Ans

(), =500G)(5)'

= 2000 lb-ft=2.00kip-fl (Cuunlerclackwi.re) Ans

¢ (Mg), = 160sin 30°(0. 51 - 160c0s 30°(0)
=40.01b-ft (Counterclockwise )

|

4-14. Determine the moment of each force about the
bolt located at A. Take Fg =401b, Fr = 50 ]h.

{ +M, = 40 cos25°(2.5) = W06 1b-ft %) Ans

{ +M, = 50 cos30°(3.25) = 141 Ib-ft) Ans

415. If Fg=30lb and Fr = 451b, determine the

L+M, = 30 cos25°(2.5) + 4 o
resultant moment about the bolt located at A. “ (2.5) + 45c0830°(3.25)

= 19511 Ans

*4-16. The power pole supports the three lines, each line
exerting a vertical force on the pole due to its weight as
shown. Determine the resultant moment at the base D
due to all of these forces. If it is possible for wind or ice
to snap the lines, determine which line(s) when removed
create(s) a condition for the greatest moment about the
base. What is this resultant moment?

(+ M, =xFa; My, =700(3.5) - 450(3) - 400(4)
=~5001b-ft=5001b-ft  (Clockwise) Ans

When the cable at A is removed it will create the greatest moment at
point D. Ans

(4- (M,,n) an = ZFd;

(My,) ., =—450(3) - 400(4)
=-29501b-ft=2.95 kip - ft (Clockwise) Ans
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4-17. A force of 80 N acts on the handle of the paper
cutter at A. Determine the moment created by this force
about the hinge at 0,iff = 60°. At what angle ¢ should
the force be applied s0 that the moment it creates about
point O is a maximum (clockwise)? What is this maxi-
mum moment?

( M, =3SFd, M,= —80cos 800D — 80sinA(0.4)

I

—(0.800cos # + 32.0sindY N.m

= (0.800cos 6 + 32.0sin@) N-m (Clockwise)

At g = 60" M, = 0.800cos 60° + 32.05in60°

— 28.1 N - m (Clockwise) Ans

In order to produce the maximum and minimum moment about point

dM,
A, —==0

M, .
970 _ = —-0.800sin 8 + 32.0c088

4 = 88.568" = 88.6" Ans

LMy .
—_—= ~0.800¢cos8 — 32.0sin8
de=

d*Ma . .

—_ — —0.800cos $8.568° — 32.0sin R8.568" =
dB? pausso8°

~32.00 is a negative value, indeed at 6 = 88.568°, the 80 N produ-

ces a maximum clockwise moment at 0. This maximum clockwise

moment is

Since

(M0)max = 0.800cos 88.568" + 32.0sin 88.508°

= 32.0 N - m (Clockwise) Ans

4-18. Determine the direction #(0° <6 < 180°) of the
force F =40 1b so that it produces (a) the maximum
moment about point A and (b) the minimum moment
about point A. Compute the moment in each case.

(a) 1+tMA)(m., —4VE +29) =3301b £t Aps

g F=401b
A
2 “ ]
¢ = tan™' (g) = 14.04° 2 = 21t
8 ft
= 90° — 14.04° = 76.0° Ans R ft
® A+ Mo =0 Ans
2
¢ = tan™" (—) =14.04"
8
§ = 180° — 14.04" = 166° Ans
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*4-19. The hub of the wheel can be attached to the axle
either with negative offset (left) or with positive offset
(right). If the tire js subjected to both a normal and radial
load as shown, determine the resultant moment of these
loads about the axle, point O for both cases.

For case 1 with negative offset, we have

£+ M, =800(0.4) ~4000(0.05)
=120N'm (Caumerclockwl'n) Ans

For case 2 with positive offset, we have

£+ Mo =800(0.4) + 4000(0.05)
=520N.m (Counttrclockwiu) Ans

*4-20. The boom has a length of 30 ft, 5 weight of 800 Ib,

and mass center at G. If the maximum moment that can

be developed by the motor at Ads M =2010%) Ib-ft,

determine the maximum load W, having a mass center at 20(10%) = 800(16c0830°) + W(30c0s30° + 2
G, that can be lifted. Take 6 = 30°.

W=319p Ans

in the direction shown, det

about the nut at C. What
A 50 that jt Creates

€rmine the moment it createg
s the magnitude of force F 4

the opposite moment about 9

@ C+M, = 59 8in60°(0.3)

My = 1299 - 130N-m Ans

M) C+M, =g -1299 + F(:—:)(OA) =0

F=352N Ans
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4-22. Determine the moment of each of the three forces
about point A, Solve the problem first by using each force
as a whole, and then by using the principle of moments,

The moment arm measured perpendicular to each force from point A is
dy =2sin60°= 1.732m
d; = 5sin 60° = 4.330 m
dy =2sin 53.13°= 1.60m

Using each force where M, = Fd, we have

{+ (M), =-2500.732)
=-433N-m=433N-m (Clockwise) Ans

(+ (M), =-300(4.330)
=-1299N-m=1.30kN-m (Clockwise) Ans

(+ (M), =-s00(1.60)
=-800N-m=800N-m (Clockwise) Ans

Using principle of moments, we have

(+ (M5), =~250c05 30°(2)
=—433N-m=433N-m (Clockwise) Ans

¢+ (M), =-300sin 60°(5)
=-1299N - m=130kN-m (Clockwise) Ans

3 4
(+ (#), =500(5)(4)-500(§)(5)
=-800N-m=800N-m (Clockwise) Ans

Fy =250 N 30 F2=300N

£ =300M

5m 60’

423, As part of an acrobatic stun

who has a weight of 120 I and is seated on i
a cha t
of the pole. If her center of 0ot

of tilt, g, which will not allo
clockwise moment about 4

In onier.lo prevent the girl from falling down, the clockwise moment produced
by the girl's weight must not exceded 250 Ib - fr.

M, = 120(16sin 8) < 250
sin 50,1302

0 =7.48° Ans




4-24. The two boys push on the gate with forces of
Fa =30 1b and Fy = 50 Ib 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.

3
¢ () =303 )
=-1621b-ft=1621p. (Clockwise) Ans

¢ (M,,) . = 50(sin 60°)(6)
=2601b-f (C‘ounurclockwiu) Ans

Since (M,,)c > (M,‘ )c » the gate will rotage Counterclockwise. Ang

4-25. Two boys push on the gate as shown. If the boy at
B exerts a force of Fg =301b, determine the magnitude
of the force F, the boy at 4 must exert in order to prevent
the gate from turning. Neglect the thickness of the gate.

In order 10 prevent the 8ate from mming, the
tesultant moment about point C must be equal to zero.

* My =ZFd; My =0=30sin 60°(6) - F, (;)(9)

F =289 Ans
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4-26. The towline exerts a force of P = 4 kN at the end

of the 20-m-long crane boom. If § = 30°, determine the Maximum moment, OB L BA

placement x of the hook at A so that this force creates a

maximum moment about point O. What is this moment? (+(Mo)ner = 4000(20) = B0 kN-m Ans
4 Kodsin60°(x) — 4 Kalcos60°(1.5) = 80 kN-m

x =240m Ans

4-27. The towline exerts a force of P = 4 kN 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?

R T E S e e Py T e e e ory v poy T pevpeoen
x
Maximum momeat, OB L BA
¢ +(Mp) s = 4000(20) = 80000 N-m = 80.0 kN-m Ans

4000 sin¢(25) ~ 4000 cos¢(1.5) = 80000

25sing - 1.5 cos¢ = 20

¢ = 5643°
8 = 90° — 56.43° = 33.6° Ans
Also,

a5’ +2 =y
225+ 722 =y
Similar triangles

0+y  25+z
z oy

0y + y2 =252+

20225 + ) + 225 +2F = 257 + 7 y O 0%
+-5m 4,000
= 2.2 !
z=225m 5 2m—
y=2712m
1,2.259
8 = cos (——) = 33.6° Ans

2.712
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*4.28, Determine the direction ¢ for 0°
the force F so that F produces (a) the maxij
about point A and (b) the minimum mome
A. Calculate the moment in each case,

= 0=<180° of
mum moment
nt about point

F=400N
a)

(+A14 =400 /(3)7 4 (2)? » 1442N .
F- deon

M, =2 144kN. Ans "
12 2m
¢ = an (5) = 33.69°

F= 4opN
8 =90° - 33.69° = s6.3° [

Dan
b) .
C*M =0 Ans

o= m"@) = 33.69°

6 = 180° - 33,690 5 140 Ans

4-29. Determine the moment of the force F about point

R F=400N
A as a function of . Plot the results of M (ordinate) versus
6 (abscissa) for 0° < g < 180°.

‘ +M, = 400 5inf(3) + 400 cos8(2)

= 1200 sin@ + 800 cos§ Ans

%- 1200 cos@ ~ 800 sind = 0

6=un! (%?) = 56.3°

(My)ua = 1200 sin 56.3°+800 cos 56.3° = 1442 N- m
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*4.28, Determine the direction 8 for 0° < 6 < 180° of F=d00N
the force F so that F produces (a) the maximum moment
about point A and (b) the minimum moment about point
A. Calculate the moment in each case.

) +Ma=400/3)T+ (27 = 1442 N-m Fod0ON
My=14KkN-m Ans 9 3m
J

2m

2

¢ = tan™! (5> = 33.69°

/

6 = 90° — 33.69° = 56.3° Ans

® {+My=0 Ans

2

—ant {2 = -
¢ =tan (3)_33.69

= 180° — 33.69° = 146" Ans

4-29. Determine the moment of the force F about point F=400N
A as a function of 8. Plot the results of M (ordinate)
versus @ (abscissa) for 0° < 8 < 180°.

& +Ma = 4008in(3) + 400003 6(2) M(N-m)
= 1200sin 0 + 800 cos A Ans
% = 1200cos# — 800sin = 0
8 = tan™! (%O) = 56.3" 56.3” 90° ?
(Ma)man = 12005in 56.3° + 80005 56.3° = (442 N . m -800 l *************
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4-30. The total hip replacement is subjected to a force
of F= 120N Determine the moment of this force about
the neck at 4 and at the stem B.

and the neck axis js 20°~15° = 50

(+ M, = 120sin 5°(0.04)

=0418N. (Caumerclockwi:e) Ans
Moment Apoy, Point B : The dimension / can be deterrined using the law
of sines
! _ 55
m-sm\mo l=158‘4mm=0.1584m
Then

+ My =-120sin 15°(0.1584)

=—4.92N~m=4‘92N-m (Claclcwi.n) Ans

20°
55mm

15¢»

*4-31, The crane can be adjusted for any angle 0° < ¢ <
90° and any extension 0 < x < § . For a suspended mass
of 120 kg, determine the moment developed at 4 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.

(+ M, = -120(9.81)(7.5+ x)cos 0
={~1177.2c05 9(7.5+x)} N.m

= {1.18cos 9(7.5+x)) kN-m (clockwise)

Thcmaxjmummomentqucwrswhm 8=0andx=5m,

(Moo, = (-1177.2006 0°(7.5+5)} Nom
=-14715N.m

=147kN.m (clockwise)
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#4-32, Determine the angle 8 at which the 500-N force
must act at A so that the moment of this force about point
B is equal to zero.

This problem requires that the resultant nioment about point 8 be

equal to zero.
,( +My = SFd: Mg =0 = 500cos 0(0.3) ~ 500sin0(2)

4 =853 Ans
Also note that if the line of action of the 500 N force passes through

point B, it produces zero moment about point B. Hence, from the geometry

0 =tan"! (E) = 8.53°
2

1 [03m

|
j \ I 03 m

1

P
8" SN

4-33. Segments of drill pipe D for an oil well are tight-
ened a prescribed amount by using a set of tongs T, which
grip the pipe, and a hydraulic cylinder (not shown) to
regulate the force F applied to the tongs. This force acts
along the cable which passes around the smali puiley P. If
the cable is originally perpendicular to the tongs as shown,
determine the magnitude of force F' which must be applied
so that the moment about the pipe is M = 2000 Ib - ft.
In order to maintain this same moment what magnitude
of F is required when the tongs rotate 30° to the dashed
position? Note: The angle DAP is not 90° in this position.

This problem requires that the moment produced by F and F’ about
the z axis is 2000 1b - ft.

M. =2000= F(1.5)

F = 13333 Ib=1.33 kip Ans
F = F'cos#. where
. {15 = 1.5¢c0s30°
0 =30 + tan™' (—Tg‘—i)
= 35.104"
F’=——]L3'3}—=l.63 kip Ans
cos 35.104°
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4-34. Determine the moment of the force at A about P
point O. Express the result as a Cartesian vector,

F= {60i - 30 - 20k}N

Position Vector -

Fosx = ((‘3—0)i+(—7—0)j+(4-0)k) m
={-3i-7j+dk} m

Moment of Force F About Point O ; Applying Eq.4

—=7, we have
Mj =r,, xF
i J k
=I—3 -7 40]
60 =30 -
=(260i+180j+510k}N-m Ans
Sy

4-35. Determine the

: moment of the force at A about
point P. Express the res

ult as a Cartesian vector,

T

4m

F = {60i - 30§ -~ 20k N

Position Vector :

Tea = {(=3-4)i+(~7~6)j+[4-(-2)]k} m
={-7i-13j+6k} m

Moment of Force F About Point 0 : Applying Eq.4~7, we have

M, = 1o, xF
i ] k
='—7 -13 ZJ
60 -30 -
= {440i + 220§+ 990k} N.m Ans
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*4.36. Determine the moment of the force F at A about
point O. Express the result as a Cartesian vector.

e ={-15+6j+2k}m

e = V(=152 +62+22 = 65m

B
S
- -1 i j k
-~ My =rpyxF=| -25 -3 6
- -$13) K13 Zay)
A F=13kN
8m
M, = {-84i - 8j ~ 39k} kN-m Ans
6m
7
)z 4m
25m -
//, "/ o / 4
A—3m 3 m—/ 4
6m
o
A 8m P
X
4-37. Determine the moment of the force F at A about
point P. Express the result as a Cartesian vector.
B —
A /'F: 13kN i ; .
8$m My =rp x F = l—-s&s -1 6
=513 %03y Za3)
6m
M, = {-116i + 16j - 135k} kN-m Ans
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4-38. The curved rod lies in the x-y plane and has a radius
of 3 m. If a force of F = 80N acts at its end as shown,

: _ : Lo ={li -3 - g
determine the moment of this force about point O.

Tae =AM+ T < 340

i i i K
M, = roex F = 4 0 )
T80 -525(80) -+ (s0)
0 Mo = {-128i + 128) - 257k N Ans
y
4-39. The curved rod lies in the x-y plane and has a radius
of 3 m. If a force ot F = 80N acts at its end as shown,
determine the moment of this force about point B.
Z
e = {1 -3j - )
e =YD CHTIG < 3900 1y
M, - ) i k
3 STy, XF = 3cos45° (3_3sm45°) 0
7742 (80) -ﬁ(SO) ‘3#(80)

M, = {-376i + 90.7j — 155k} N-m Ang

© *4-40. The force F = {600i + 300§ — 600k} N acts at
the end qf the beam. Determine the moment of the force
about point A.

- {02+ 12§} m

i § ok
02 12 o
600 300 —

2
[

=X F =

]

M, = {~720f + 120§ — 660k} N-m Ans
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'4-41.  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.

7 ft

Position Vector and Force Vector :

rca = {(Ssin 60° - 0) j+ (Scos 60°-5)k} m
= {4.330§ - 2.50k} m

(6= 0)i +(7-5sin 60°) j+ (0 - Scos 60°) k b
V(602 +(7=Ssin 60°)% + (0~ Scos 60°)
= {51.231i +22.797j - 21.346k} Ib

Fp = 60[

Moment of Force F,y About Point C : Applying Eq.4 -7, we have

Mc =rey xFyy

i j K
={ 0 4330 -2.50
51231 22797 -21.346
= {~35.4i - 128j~ 222k} Ib- fi Ans

4-42, A force F having a magnitude of F = 100 N acts
along the diagonal of the paralielepiped. Determine the
moment of F about point A, usingM,, = ryxFand M, =

re xF

)

F

c_~7
-

200 mm

§ ¥

400 mm

A

600 mm ———7/

~0.41 + 0.6§ + O.Zk)
41+ 065+02k

F = 100
( 0.7483

F=(-535i+802]+267k}N

4 j] k
My=¢ty XF = 0 -06 0= {-16.0i -~ 32.1k}N- m Ane
~53.5 80.2 26.7
Also,
i J Kk
My=re xF = (-04 0 02| = {-16.01 - 32.1k}N- m Ans
=538 80.2 26

moment of M = 801b- ft to be developed at C.

b4

4-43. 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

Tou = {43301 - 2.5k}

6i + (7-55sin60°)j — Scos60°%k )

F, = £
4o “(,/(6)2 + (7-55in60°)2 + (—Scos60):

F.p = F,;(0.8538i + 0.37995 - 0.3558k)
Mc = v, x E,,
i j k

0 43301 -25
0.8538 0.3799 —0.3558

Mc = F,,(-0.5909i + 2.135] - 3.697k)

Me = F3v/(-0.5909)7 + (2.135)2 + (~3.697)2

80 = F,,(4.310)

80__ 18.5618 Ib
T 43100 %

o]
Y
]

186 Ib Ans

o
»
]
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*4-44. The pipe assembly is subjected to the 80-N force,
Determine the moment of this force about point A.

Position Vector And Force Vector :

Tac ={(0.5-0)i +(04~0)j+(~0.2-0)k} m
= {0.55i +0.4j-0.2k} m

F = 80(cos 30°sin 40°% + cos 30°os 40 - sin 30°Kk) N
= {44.53i + 53.07j - 40.0k} N

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

M, =r, . xF

i j k
=1 0.55 04 —0.201
453 5307 -4,

= {~5.39§+13.1j+11.4k} N-m

4-45. The pipe assembly is subjected to the 80-N force,
Determine the moment of this force about point B.

Position Vector And Force Vector :

e = ((0.55—0)i+(0.4-0.4)j+(-0.2-0)k} m
={0.55i-0.2k} m

F = 80(cos 30°sin 40°% + 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

My =r, . xF

i i k
=10.55 0 -OZJ
453 5307 4,

={10.61+13.1j+29.2k} N.m

Ans
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4-46. Strut AB of the 1-m-diameter hatch door exerts a
force of 450 N on point B. Determine the moment of this
force about point 0.

Position Vector And Force Vector :

rog = {(0-0)i+(1cos 30°~0) j+ (1sin 30° ~0)k} m
= {0.8660j+ 0.5k} m

foa = {(0.5sin 30° -~ 0)i +(0.5+0.5c0s 30°~0)j+(0-0)k} m
= {0.250i +0.9330j} m

(0-0.5sin 30°)i +{ Icos 30° - (0.5 +0.5cos 30°)] j+ (Isin 30° - 0) k N
J(O—O,Ssin 30°)2 + [ 1cos 30° - (0.5 +0.5cos 30°)]2 + ( 1sin 30° —0)?
={-199.82i - 53.54j+ 399.63k} N

F= 450(

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

M, =g x
i j k
= 0 0.8660 0.5
-199.82 -53.54 399.63
={373i-99.9j+ 173k} N-m Ans
Or
M, =r,, XF
i i k
=] 0.250 0.9330 0
-199.82 -53.54 399.63

={373i-99.9j+ 173k} N-m

4-47. Using Cartesian vector analysis, determine the
resuitant moment of the three forces about the base of
the column at A. Take F; = {400i + 300j + 120k} N.

i
, N (M), = 430 35)0 112.(201 = {~3.6i + 4.8j} KN-m
i . l i k
F, = {100i - 100j 60k}N/; A (M), = Ilgo —lgoo _1620’ = {12 + 1.2§) kN-m
i j ok
e (M), = Io -1 Ooo] = {05} kN-m
0 0 -s
Fo— (- S00KIN Mic = -36+12+05= —1.90kN-m
g M, =48+ 12 = 600kN-m
lm M, =0
M, = {~1.90i + 6.00j} kN-m Ans
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*4-48. A force of F = {6i - 2j + 1k} kN produces a
moment of My = {4i + 5§ - 14k} kN 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 v and
Z coordinates, '

My =rxF
4d+51-14k=l1i j :l
6 -2 1
=y+2
5= -1+6
—14=—2—6y
y=2m Ans
Z=1m Ans

4-49. The force F = {6i + 8j + 10k} N creates a
moment about point O of Mg = {—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.

T 1414

i k
—l4i+81+2k-_-ll y ZI

2=8-6y

6 8 10
~M= 1oy - g,
8=-10+6;
y=1m Ans
Z=3m Ans

My = (-7 1 (8T ¢ (2?2 = 1625 N-m
F=v(6)+ (87 7(i0)2 = 1414 N

16.25
=115m Ans



*4-50.  Using a ring collar the 75-N force can act in the

vertical plane at various angles 6. Determine the

magnitude of the moment it produces about point A, plot

the result of M (ordinate) versus 9 (abscissa) for 0° < g <

180°, and specify the angles that give the maximum and i J k

minimum moment. M. =IZ LS 0 J
0 75cos6 75sin

<

=112.5sin8 1~ 150 sin@ j + 150 cos8 k

M o=/112s sind) +(~150 sing)? +(150 cos8)? = /12 656.25 sini6+ 22 500

M, 1 .
TaA' = 5 (12 656.25 5in%0.+ 22 500) " (12 656.25)(2 sin6 cos6) = 0

sin@ cosf = 0; 6=0° 90° 180° Ans
Moo =187.5N- m at 8 =90°

Mo = 150N m at6=0°, 180°

M
'117.5 """ T
/\
/:o-‘----%-_- N
| t
— ; % s
90° /50°
4-51. Determine the moment of the force F about the
Oa axis. Express the result as a Cartesian vector.
F = {50i - 20j + 20k}N
\ Cal
A oo = S5
J ‘ 0 4 3
K 5
} ’ (Mp,)p = Il -2 ;}I =272N-m
6m 50 -20
|
y
(Mg,)p = (Mp,)pu,,
=223+ 2
= (SJ 30
(Mg,)p = { 218§ + 163k} N-m Ans
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*4-52. Determine the moment of the force F about the
aa axis. Express the result as a Cartesian vector.

F = {30i + 40j + 20k N

Position Vector -
r= {(-2—0)i+(3—0)j+(2—0)k) m={-2i+3j+2k} m
Unit Vector Along a-a Axis :

_ (4-0)i+(4-0)

o = e Y 0.7071i +0.7071j
,/(4—0)24»(4-0)1

Moment of Force F About a-a Axis : Wit F = {30i +40j+20k) N,
applying Eq.4~ 11, we have

My =u, (r x F)

0.7071 0.7071 0
= =2 3 2
30 40

=04707l[3(20)—40(2)] =0.7071{(~2) (20) -30(2)]+0

=56.6N-m Ans

4-53. Determine the resultant moment of the two forces
about the Qg axis, Express the result as 2 Cartesian vector.

F, = 80(cos120° *00860% +c0s45%) = {404 +40j.+ 56, 560K } b
F, = {50k} Ib
n =(4sin30°—0)i+(4cos30°—0)j+(6-0)k
=1{2i+3.464j+ 6k} gt

2 =(=5sin30°)j = {~2.55) 1t

M; =r, xF, +r, xF

i k
= I 2 3464 ¢ / +(-2.55) x (50k)
40 40 56569

= [3.464(56.569) ~40(6)]i - [2(56.569) - (~40)(6)]j+ {2(40) - (~40)(3.464) ) k — 125i

= {~169.044i - 353.138j+218.560k) Ib- ft

o = c0830°% - 5in 30°; = 0.8660i - 0,5;

(Mo = ug, - M, = (0.8660i 03+ (~169.044i - 353,138 4 218.560K)
= (0.8660)(~169.044) + (-0.5)(~353.138) + (218 560)
=30.1731b- £

Mr) oy = (M), 15, = 30.173(0.8660i 0.55)

={26.1i-15.1}1b- 1t
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*4.52. Determine the moment of the force F about the
aa axis. Express the result as a Cartesian vector.

z

F = {30i + 40j + 20k }N
v

2w

Position Vector:

r={(~=2-0i+(3—0j+ Q- 0)kjm={—2i+3j+ 2k} m

Unit Vector Along a — a Axis:

4 - 0)i+ (4 - 0)j
by = GO EOF 605 4070715
JE—0r+ G0y

Moment of Force F About a — a Axis: With F = {30i + 40j + 20k}
N, applying Eq. 4-11, we have
Myy =ty - (r x F)
0.707¢  0.7071 0
=] -2 3 2
30 40 20
= 0.7071{3(20) ~ 40(2)] ~ 0.7071[(~2)(20) ~ 30(2)] + 0
=56N-m Ans
My, = M, 84,
= 56.57(0.7071i + 0.7071j)
= {40i + 40j]N - m Ans
4-53. Determine the resultant moment of the two forces
about the Oa axis. Express the result as a Cartesian vector.
450 =801
F; = 80(cos 120°i 4- cos 60°§ + cos 45°K) = {—40i + 40 + 56.569k} 1b y g
B
F» = {50k] Ib /Z 1200
F,=501b
) = (45in30° - O)i + (4c0s30° — 0)j + (6 — O)k 1\ 61t
= (20 + 3.464] + 6k) fi Y ¥
SR L 100
ki 2ty - iy 407K,
r; = (—5sin 30")j = {-2.5j} ft T nd
/30
Mig=r xFi+rpxF o
i j k x

2 3464 6
—-40 40 36.569

+ (~2.55) x (50K)

= [3.464(56.569) — 40(6)]i — [2(56.569) — (—40(6)]j + [2(40) — (—40)(3.464) |k ~ 125§
= {—165.044i — 353.138j + 218.560k} Ib - ft

U, = c0$30%1 — sin 30°j = 0.8660i — 0.5j
(MR)You = 404 - Mg = (0.8660i — 0.5)) - (—169.044i — 353.138j + 218.560k)

= (0.8660)(~169.044) + (-0.5)(—353.138) + 0(218.560)
=30.173 b ft

(Mz)oa = (Mg)oto. = 30.173(0.8660i — 0.5§)

= {26.1i — 15.1j}Ib - ft Ans
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4-54. 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.

a) Vector Analysis
Position Vector and Force Vector :

vp={-15}m r=r=0
F,={(-60k} N F, ={85i}N F ={45j} N

Unit Vector Along AB Axis :

_ (2-0)i+(0~15)

u = 0.8i - 0.6
P E-0e(0-152

Moment of Each Force About AB Axis : Applying Eq.4 - 11, we
have

(Mag)y =ug (1, x F)

0.8 0.6 0
0 -15 (;0‘
0 0 -

=0.8[(~1.5)(-60) ~0] -0+0=T72.0N-m Ans

(Myp); =uyy(r; x Fy)
0.8 -0.6
=|0 0 =0 Ans
85 0
(Myg)y =uyp - (ry x Fy)

0.8 -0.6
0 0 =0 Ans

0 45

b) Scalar Analysis : Since moment arm from force F; and F; is equal to
zer0, Hence
(M), =(Mys)y =0 Ans

Moment arm d from force F, to axis AB is d = 1.5sin §3.13° = 1.20 m,
Hence

(Myg), = Fd= 60(1.20) = 72.0N-m Ans
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4-55. The chain AB exerts a force of 20 Ib on the door
at B. Determine the magnitude of the moment of this
force along the hinged axis x of the door.

=1[0(11.712) - (-11.102)(4)] -0+ 0

Position Vector and Force Vector: =4441b-ft Ans
Or
Toa ={(3-0)i+(4-0)k} ft= (3i+4dk} ft
ros = {(0=0)i+(3cos 20° -0)j+ (3sin 20°-0) k} ft M, =i~(l;o, x F) o .
={2.8191j+ 10261k} ft =. o 28191 Lo

11.814 -11.102 11.712

=1(2.8191(11.712) - (-11.102) (1.0261)] -0+ 0

- 0[(3-—0)i+(0—3<:os 20°)j+ (4 - 3sin 20°)k }“’
=4441b-fi

(3-0)? +(0~-3cos 20°)* +(4 ~3sin 20°)2
= {11.814i - 11.102j+ 11.712k} b

Moment of Force F About x Axis : The unit vector along the x axis is
i. Applying Eq.4—11, we have

M, =i(ro xF)

1 0 0
3 0 4
11.814 -~11.102 11.71
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*4-86. The force of F =30 N 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 F in order to produce the maximum
moment about the a—a axis. What is this moment?

F = 30(cos 60°§ + cos 60° j + cos 45° k)

{15i+15) + 21.21k} N

-
L]

(011 +0.15k}m

u=]J [ 3
o 1 o0
M =]-01 0 015/ =437N-m Ans F=30K
15 15 21.21 o
0,8
F must be perpendicularto e and r. X
L0185 01 o oism| N
U= G183 T 0.1803
o,
= 0.83211 + 0.5547k Im

a= cos”' 0.8321 = 33.7° Ans
B=cos' 0 = 90° Ans
y= cos™! 0.5547 = 56.3° Ans

M= 30(0.1803) = 5.4IN- m Ans
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4-57. The cutting tool on the lathe exerts a force F on
the shaft in the direction shown. Determine the moment

of this force about the y axis of the shaft. M =u (rxF)
0 1 0
z = 10.03cos 40° 0 0.035in40°)
6 -4 -7

M, = 27657 N.-mm = 0277 N.m Ans
F = {6i - 4j - Tk}kN

4-58. The hood of the automobile is supported by the 2
strut AB, which exerts a force of F = 24 Ib on the hqod.
Determine the moment of this force about the hinged axis y.

r={4i}m

<2425+ 2k )
gt ak

= 4
Voo m
= {~9.80i + 9.80j + 19.60k} 1b
0 1 0
M, =I 4 0 owl = -7841b-ft
-9.80 9.80 19.

M, = { -784j} b-ft Ans

4-59. Determine the magnitude of the moments of the i
force F about the X, y, and z axes. Solve the problem

(a) using a Cartesian vector approach and (b) using a
scalar approach.

a) Vector Analysis
Position Vector :
Tas =((4‘O)i+(3-0)j+(—2—0)k} ft=(4|+3j-2k}ﬁ x

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

M, =i(ry X F)

1 0 o
=l4 3
4 12 -3

F={4i+ 12§~ 3k}ib

=1H3(=-3)-(12)(-2)] -0+0= 1501 ft Ans

M, =j (r,y xF)

0 1 0
=[4 3 —2'
4 12 -3

=0-1(4(-3)~(4)(-2)] +0=4001b-ft  Ans b) Sealar Analysis

M =k(r; xF) M =IM; M =12(2)-3(3)=1501b.f Ans
0 0 1
) : 132 :3 M, =IM: M =-4(2)+3(4)=4001b-fi  Ans

=0-0+1[4(12)=4(N1 =3601b- i Ans M =IM; M =—4(3)+12(4) =36.01b-§ Ans
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*4-60. Determine the moment of
axis extending between A
Cartesian vector.

the force F about an
and C. Express the result as a

Position Vector :

rea = {=2k} fi
Tap ={(4-0)i+(3-0)j+(-2-0)k} fi= {4i +3j- 2k} e

Unit Vector Along AC Axis :

_ (4-0)i+(3-0)j

u = 0.8i +0.6
e J@-0rr -0

Moment of Force F About AC Axis : With F = {di+12j-3k} .

applying Eq.4 - 11, we have

Mic =u,c-(rcy X F)

038 0.6 0
=]0 0 -2
4 12 -3

=0.8{(0)(-3) - 12(~2)] -0.6{0(~3)-4(~2)]+0

=144 -1

Mic =uyc-(ry x F)

08 06 ¢ S
F={4 -
-la 3 _ZI {4i+ 12§ - 3K}
4 12 =3

=0.8{(3)(~-3)- 12(-2)] - 0.614(-3) ~4(~-2)]+0
=14.41b. 1
Expressing M, ¢ as a Cartesian vector yields
M, =Mcu,

= 14.4(0.8i + 0.65)
={11.5i +8.64j) 1b. g

4-61. The lug and box wrenches are used in
combination to remove the lug nut from the wheel hub.
If the applied force on the end of the box wrench is F =
{4i - 12j + 2k} N, determine the magnitude of the
moment of this force about the x axis which is effective
in unscrewing the lug nut.

- 250 mim
N s

Position Vector and Force Vector :
r= ((0.075—0)j+(0.3—0)k) m={0.075j+0.3k} m

Moment of Force F About x Axis * The unit vector along x axis is i.
With F = {4i - 12j+2k} N, applying Eq.4-11, we have

M =i(r xF)

1 0 0
=10 0.075 0.3
4 -12 2

= 1{0.075(2) - (-12)(0.3)] - 0+0

=375N-m
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4-62. A 70-1b force acts vertically on the “Z” bracket,
Determine the magnitude of the moment of this force
about the bolt axis (z axis).

Position Vector And Force Vector :
fos = {(—6~0)i+(6-0)j} in. = {~6i +6j} in.
F = 70(sin 15% - cos 15°k) Ib = {18.117i - 67.615k} Ib

Moment of Force F About z Axis : The unit vector along z axis is k.
Applying Eq.4~ 11, we have

M =k (ro, xF)
0 0 1
=| -6 6 0
18117 0 -67.615!
=0-0+1[(~6)(0) - (6)(18.117)]
=-1091-in

Negative sign indicates that M, is directed toward negative z axis.
M, = 1091b-in

4-63. Determine the magnitude of the moment of the
force F = {50i — 20§ — 80k} N about the base line CA of
the tripod.

/I.Sm C / o L

x 25m
2m

1m
0.5m B

_ {n+2p
e T TCor r
uc, = {-0.707i + 0.707j}

-0.707 0707 O
Mg, = ugy (rapx F) = 2.5 0 4
e 50 20 -8

|Mgy| = 226 N'm Ans

*4-64. The flex-headed ratchet wrench is subjected to a
force of P = 16 Ib, applied perpendicular to the handle
as shown. Determine the moment or torque this imparts
along the vertical axis of the bolt at A.

M = 16(0.75 + 10sin60°)

M = 151 lb-in.

Ans




4-65. If a torque or moment of 80 Ib - in is required to
looser the bolt at A, determine the force P thar must
be applied perpendicular to the handle of the flex-headed
ratchet wrench.

80 = P(0.75 + 10sin 60°)

80
=—=8501b S
P 541 8.501 Ans

4-66. The A-frame is being hoisted into an upright posi- Using &', ¥’ z:
tion by the vertical force of F = 80 Ib. Determine the o .
moment of this force about the y axis when the frame is 4 = — sin 30°F’ + cos 30%j

in the position shown.
Fac = —6¢os 15°F + 3§’ + 6sin 15°k

Y F = 80k
—sin30°  cos30° 0
M, =1 —6¢cos15° 3 65in 15° | = —120 +401.52 4+ 0
0 0 80

M, =2821b-ft Ans

Also, using x, v, z:

Coordinates of point C:
x = 35in 30° — 6cos [5°cos 30° = —3.52 ft

¥ == 3¢0s 30° + 6cos 15° sin 30° = 5.50 it

:=6sin15" = .55 ft

Fac = —3.52i + 5.50§ + 1.55k

F = 80k
0 1 0 |
M, ={-352 550 155 =2821b ft Ans
0 0 80 |

4-67. A horizontal force of F = (~50i}N is applied
perpendicular to the handle of the pipe wrench. Determine
the moment that this force exerts along the axis OA (z
axis) of the pipe assembly. Both the wrench and pipe
assembly OABC lie in the y-z plane. Suggestion: Use a
scalar analysis.

N
0.8 m 0.2m
M, =50(0.8 +0.2) cos 35° = 3536 N-m A&A

M. = (35.4k}N - m Ans —_
(0.8 4 0.2) cos 45°
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*4-68. Determine the magnitude of the horizontal force
F = —Fi acting on the handle of the wrench so that this
force produces a component of moment along the OA axis
(z axis) of the pipe assembly of M, = {4k}N - m. Both
the wrench and the pipe assembly, OABC, lie in the y-z
plane. Suggestion: Use a scalar analysis.

M. = F(0.8+0.2)cosd5° = 4

F=566N Ans

4-69. Determine the magnitude and sense of the couple y
moment. L
05m
e
SkN
30~
ol |, -
5k m
About point A, kN
BY—y—
& HMe =5c0s30°(2.5) + 55in 30°(3) l‘m
0 o
Me =183 kN-m’ Ans 2 m ]
4-70. Determine the magnitude and sense of the couple e
moment. Each force has a magnitude of F = 65 Ib.
g2

¥ )
_F 21 r 31t -‘
)

| [

x

4 3
(+Mc~=EMB; M(.:(,s(g)(6+2)+65 (5)(4+2)

=06501b-ft (Counterclockwise) Ans

4-71.  Determine the magnitude and sense of the couple
moment. Each force has a magnitude of F = 8 kN.

3 4
(‘*‘M( = EMp; 4"(‘=8(§)(5+4)*8(§)(3+1)

=176 kN-m (Counterclockwise) Ans
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*4-72. If the couple moment has a magnitude of

12 5
s0=F{=)an-r{=} 2
00 (]3)( ) (13)1 )

F=1081b Ans

300 Ib - ft, determine the magnitude F' of the couple forces.

4-73. A wist 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.

For the handle

Mc=XIM,, F(003)=4
F=133N Ans
For the blade,
M =ZM,. P@0.005) =4
P =800N Ans

4-74. The resultant couple moment created by the two
couples acting on the disk is Mg = {10k}kip - in. Deter-
mine the magnitude of force T.

Mg =3EM; H0=TO)+TQ)

T = 0.909 kip
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4-75. A device called a rolamite is used in various ways
to replace slipping motion with rolling motion. If the belt,
which wraps between the rollers, is subjected to a tension
of 15 N, determine the reactive forces N of the top and
bottom plates on the rollers so that the resultant couple
acting on the rollers is equal to zero.

100 mm
25 min

(+£M‘ =0 15(50*'505“130")—1\’(50“)4;30")=()

N=260N Ans
4-76. The caster wheel is subjected to the two couples.
Determine the forces F that the bearings create on the
shaft so that the resultant couple moment on the caster
is zero.
B
40 mm
100 mm
Lso _T (+TMi =0:  500(50) - F(40) =0
QU mny
500N
F=625N Ans
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4-77. 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 Ib 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,

When the engine of the plane is urned on, the resulting couple moment
exerts an additional force of F= 650~ 575 = 75.0 Ib on wheel A and
a lesser the reactive force on wheel B of F=75.0 1b as well. Hence,

M=750(12) =900 Ib-fi Ans

The reactive force at wheel B is

Ry =575-75.0= 500 Ib Ans

4-78. Two couples act on the beam. Determine the
magnitude of F so that the resultant couple moment is
450 1b - ft, counterclockwise. Where on the beam does the

+My = IM; = o
resultant couple moment act? e 450=200(1.5) + Feos30°(1.25)

F=1391b Ans

The resultant couple moment is a free vector. It can act at any point oshe beam
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4-79. Express the moment of the couple acting on the
pipe assembly in Cartesian vector form. Solve the @ M =, x (25
problem (a) using Eq. 4-13, and (b) summing the moment
of each force about point O. Take F = {25k} N.

L]

i i ok
-035 02 o l
() 0 25

£

{-5i + 875§} N-m Ans
b M. =r,,x (251 + Tor X (~25K)
iy ok (O
= /0.3 02 o/ + )0.65 04 o
0 0 25 0 0 25

Me = (5-10)i + (=7.5 + 16.25)j

M ={-5i 4+ 8.75j} N-m Ans

*4-80.. If the couple moment acting on the pipe has a
magnitude of 400 N - m, determine the magnitude F of the W Me = rx

vertical force applied to each wrench. i Ik
= I—o.ss -02 ;)J
10

0

M = (0.2 + 035F)) N-m

M = /(<02F)7 + (03552 = 400

F =

400 =92 N Al
V(-0.2)2 + (0.35)2 -
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4-81. The ends of the triangular plate are subjected to
three couples. Determine the plate dimension d so that
the resultant couple is 350 N-m clockwise.

100N
N o
d
100N
30°
| - 600 N
l 4
200N 200 N
(+ My =IM,;

=350 = 200(dcos 30°) - 600(dsin 30°) - 100d

Ad=154m Ans

4-82. Two couples act on the bea
the magnitude of F 5o that
is 3001b- ft countercio
the resultant couple a

m as shown. Determine
the resultant couple moment
ckwise. Where on the beam does

3 4
ct? C+H (M), = §F(4) + EF(I.S) = 200(1.5) = 300
F=1671 Ans
Resultant couple can act anywhere, Ans

4-83. Two couples act on the frame. If the resultant

couple moment is to be zero, determine the distance 4
between the 80-1b couple forces.

y
2 fAd—3 ft—

307}7’50 Ib |
B : i

L)
; 4

7 { | 30° (+Mc = ~50 cos30°(3) + Z(80)(d) = 0

/43/ v 501b
d
80 1b ‘ d=203ft Ans
‘ 1
3

ft

801  AH
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*4-84. Two couples act on the frame. If d=4ft,
determine the resultant couple moment. Compute the

(3 M; =X(rxF)
result by resolving each force into x and Y components

and (a) finding the moment of cach couple (Eq. 4-13) i J k} i ik
) : = 3 0 o+ | o 4 0
and (b) summing ;he moments of all the force 50 5in30° 50 cos30° o 480 —380) o
components about point A.
M. = {126k} Ib-ft Ans
" | 4 4
r—:zft 3 ft— ® (+Mc = —-80)(3) + 2(80)(7) + 50 €0s30°(2) - 50 cos30°(5)
I 4501 ’ 3 3
30
B M. = 126 Ib-ft Ans

o

4-85. Two couples act on the frame. If 4 = 4 ft, (8 M =Z(r xF)
determine the resultant couple moment. Compute the ; i K i j :;
result by resolving each force into x and Y components _ 3 o o+ 1(30) l(‘s‘t)) 0
and (a) finding the moment of each couple (Eq. 4-13) —50 sin30° —50 cos30° 0O 3 3
and (b) summing the moments of ali the force . s
components about point B. M. = {126k} 1b-
4 4
- - = (80)(5)
(b) (+Mc = 50 cos30°(2) — 50 cos30°%(5) — S(80)(1) + 2(80)(
v
ol g M = 126 1b-ft Ans

501b |
300V Olb‘

4-86. Determine the couple moment. Express the result
as a Cartesian vector,

F = {50i -20j +80k}Ib

Fosition Vector :

Tap = {(0= ()i +(~3-5)j+{8-(~6))k} ft
= {4i-8j+ 14k} fu

Couple Moment : With F = {50 —20j+ 80k} b, applying Eq.4- 15,

we have
M =1y xF
i j k *
=|4 -8 Iﬁ -F = {-50i +20j ~B0k }Ib
50 =20 8

= {-360i + 380j+ 320k} Ib- f Ans
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4-87. Determine the couple moment. Express the result

as a Cartesian vector. Each force has a magnitude of F =
120 1b.
A
Position Vector and Force Vector : _F y[_jiffj
Taa = {(=3-2)i+[6~ (-] j+(3- Nk} ft J;t— B, =T ,
= (—Si + 81) ft -17 ~ ,ﬂ /—‘3 ft,
2] —
F =120 BB+ (4-6)1+0-3)k /”‘ T
= 120| T IE
VB-(=3)17+(4-6)2+(0-3)2 x

= {102.86i - 34.26j~ 51.43k} Ib

Couple Moment : Applying Eq.4 - 15, we have

M¢ =ry, xF
i j k
102.86 -34.26 -51.43

= {—411i - 257§~ 651k} Ib-fi Ans

*4-88. The gear reducer is subjected to the four couple
moments. Determine the magnitude of the resultant
couple moment and its coordinate direction angies,

(M), =ZM;  (My) =35+50=850N.m
(M), =IM,;  (M,) =30+10=400N m

The magnitude of the resultant couple moment is
{ ] 2
My = (My), + (My ),
= /8502 ¥ 40.07

=93941N-m=939N.m Ans

The coordinate direction angles are
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4-89. The main beam along the wing of an airplane is
swept back at an angle of 25°, From load calculations it
1s determined that the beam is subjected to couple
moments M, = 17 kip-ft and M, = 25 kip-ft. Determine
the resultant couple moments created about the x’ and
y" axes. The axes all lie in the same horizontal plane.

-

(M), =IM.;  (My),. = 17cos 25° - 25sin 25°
=484 kip- fi Ans

(Mp), =ZM,.;  (My),. = 17sin 25° + 25cos 25°
=298 kip- ft Ans

4-90, If F = {100k} N, determine the couple momc':nt 2
that acts on the assembly. Express the result as a Cartesian ¢ = tan (5) ~30° = 3690

7 . )
vector, Member BA lies in the x-y plane. :
Ty = {-360.6 5in3.69° + 360.6 ©053.69%)

(-23.215 + 359.8)} mm
8= m"(l) +30° = o
= = 53.96

r; = {492.4 5in53.96° + 492.4 €0853.96°%}
= {398.21 + 289.7j} mm

Me=(r, -)xF 8

t ok
= |-4214 7010 gol
0 [

M = {701 + 421§} N-m
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4-91. If the magnitude of the resultant couple moment
is 15N-m, determine the magnitude F of the forces ,
applied to the wrenches. ¢ = m“(a) - 30° = 3.69°

r; = {—360.6 sin3.69° + 360.6 cos3.69°j}
= {~23.21i + 359.8j} mm
6= m“(i) + 30° = 53.96°
45

r, = {492.4 sin53.96°% + 492.4 c0s53.96°}
= {398.2i + 289.7j} mm

Mc =(n - ) xF

i ik
—421.4 7010 ©
0 0

M. = {0.07F1 + 0.421Fj} N-m

M, = Y(007TH? + (0421F)? = 15

Fee 2 3N Ans

{0077 + (04212

Also, align y* axis along BA.

M, = - F(0.15)I’ ~ F(0.4)§

15 = ¢ (F0.15))2 + (F(04))?

F=351N Ans

4-92. The gear reducer is subjected to the couple
moments shown. Determine the resultant couple moment
and specify its magnitude and coordinate direction angles.

Express Each Couple Moment as a Cartesian Vector :
M, = {50j} N-m
M, = 60(cos 30% +5in 30°k) N.-m = {51.96i +30.0k} N-m

Resultant Couple Moment :

My =IM; M, =M, +M,
= {51.96i + 50.0j+30.0k} N-m

The magnitude of the I ple moment is
My = /51.962 +50.02 + 30.02
=78.12N-m=78.1N-m Ans
The coordinate direction angles are
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4-91.  If the magnitude of the resultant couple moment is
15 N - m determine the magnitude F of the forces applied
to the wrenches.

¢ =tan ' (i) —30° = 3.69°
1y = [~360.65in 3.69°i + 360.6 cos 3.69" j}
={-23.21i + 359.8j} mm
)
8 =tan"' (4—“;) + 30° = 53.96°
ry = {492.45in 53.96°i + 492.4 c0s 53.96°j}
= {398.2i + 289.7§} mm

Me=(n-n)xF

i K|
=1-421.4 70,10 O
) 0 F

M¢ = {0.07Fi+ 0421 Fj} N.m
Mc = JOOTF) + (0421F)! = 15

15

=351 N Ans
V(0.07)2 + (0.421)°

Also, align y’ axis along BA.
M¢ = ~F(0.I5V + F(0.4)f
15 = V(F{0.15))? + (F(0.4)2

F=351N Ans

300 mm
\ ~.
AN
S
150 mm

4-92. The gear reducer is subjected to the couple
moments shown. Determine the resultant couple moment
and specify its magnitude and coordinate direction angles.

Express Each Couple Moment as a Cartesian Vector:
M; = {50j} N-m

M; = 60(cos 30°i + sin 30°k) N - m = {51.96i + 30.0k} N-m

Resultant Couple M t:

Mg =XIM: Mg=M, +M;

= {51.96i + 50.0j + 30.0k} N . m

The magnitude of the resultant couple moment is

My = +/51.962 + 50.0 + 30.02

=T78I102N-m=78{ N-m Ans

My=60N-m

The coordinate direction angles are

a=cos”! >1.96 =48.3" Ans
78.102

50.0
B = cos™! (ﬁ) =502 Ans
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4-93. The gear reducer is subject to the couple moments
shown. Determine the resultant couple moment and 2
specify its magnitude and coordinate direction angles.

My =801b-ft

Express Each :
M, = {60i} Ib-ft

——y

M, = 80(~cos 30°sin 45°% - cos 30°cos 45°% - sin 30°k) b ft
= {-48.99i —48.99j - 40.0k} Ib-ft

Resultant Couple Moment :

My =IM; M, =M, +M,
= {(60-48.99)i — 48.99j — 40.0k} 1b- ft
= {11.01i —48.99j - 40.0k} Ib- ft
= {11.0i - 49.0j - 40.0k } Ib- ft Ans

The itude of the ltant couple moment is

S

My = {11,012+ (~48.99)% + (—40.0)°
=64201b-ft=6421b-ft Ans

The coordinate direction angles are

.01
a=cos"(£—(2)3)= 80.1° Ans
-48.99
=cos"( e ): 140° Ans
-1 -40.0)
= — |=129° A
¥ =cos (64.20 "

4-94. The meshed gears are subjected to the couple M.=20N a
h= -m

moments shown. Determine the magnitude of the AN
resultant couple moment and specify its coordinate
direction angles.

M, = {50k} N-m

M, = 20(—cos 20°sin 30°i - cos 20°cos 30%+ sin 20°k) N-m
={-9.397i ~ 16.276j+6.840k} N-m

Resultant Couple Moment :
M, = IM; My =M, +M,
={-9.397i - 16.276j +(50+6.840)k} N-m
={-9.397i - 16.276j+ 56.840k} N-m

The

gnitude of the Itant couple moment is

My = V(=9.397)? + (-16.276)° +{56.84%
=59.867N-m=599N-m Ans

The coordinate direction angles are

-9.397

-1

a= — 1=99,0° A

cos (59.867 ) ns
-16.276

ﬂ=ws"(w)= 106° Ans

7=cos™’ (5—6i—“ ) =183° Ans
59.867
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4-95 A couple acts on each of the handles of the
npmdyal valve. Determine the magnitude and coordinate
direction angles of the resultant couple moment.

M, = -35(035) - 25(0.35)cos60° = —16.625

M, = —25(0.35)sin60° = ~75777N-m

IM = ¢/(-16.625)% ¥ (<7.5777)2 = 18.2705 — 183 N-m

-1,—16.625

@ = cos” (~——) = 155°
Ga2705) = 155 Ans

-\ —1.5777
= COos ——
B 82705

-1
= €o8" (———) = 90°
4 82705’ = Ans

*4-96. 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.

Vector Analysis
Position Vector :

tog = {(0.35-0.35)i +(—0.4cos 30° - 0) j + (0.dsin 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 xFy
i i k
=10 —0.3464 0.20{ ={-12.12i} N-m
0 0 35
(Mc), =r,, XF,
i j k
=10 ~0.3464 0.20{ ={~10.0j-17.32k} N-m
-50 0 0

{35k}N

Resultant Couple Moment :

M =IM; M, = (M), +(M,),

={-12.1i-10.0j- 173k} N-m Ans

Scalar Analysis : Summing moments about x, y and z axes, we have

(Mp), =ZM,;  (M,), =-35(0.dc0s 30°) = ~12.12N-m
(Mp), =ZM,;  (My), =-50(0.4sin 30°) ==10.0N-m
(M), =EM,;  (Mg), = ~50(0.4c0s 30°) =-17.32N . m

Express M, as a Cartesian vector, we have

M, = {-12.1i - 10.0§- 7.3k} N-m
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4-97. Determine the distance d between A and B so that
the resultant couple moment has a magnitude of M, =

20N-m. {35k}N

Position Vector :

rA,={(0.35—0.35)i+(-a’cos30°—0)j+(dsin30°—0)k)m (=500}N pi) \ \. {-35k]N
= {~0.8660d j+0.50d k} m

Couple Moments : With F, ={35k} Nand F, = {-50i} N, applying Eq.4~ 15,
we have

L (501N
(M), =r,, xF,
i j k
=0 -0.8660d O.SOdI ={-3031d i} N-m
0 0 35
(Mc), =r 4 xF,
i i k
=l 0 ~0.86604 O.SOdI ={-25.0d j-43.304 k} N.m
=50 0 0
Resultant Couple Momens :
M, =IM; M, =(Mc), +(M),
={-3031d i-25.04 J-4330d k} N.m
‘The magnitude of M; is 20N m thus
20=y(~3031d)% + (~25.00)* + (43.304)2
d=0.3421 m =342 mm Ans
4-98. Replace the force at A by an equivalent force and
couple moment at point 0.
F=375N Ans

( +M, = 375 cos30°(2) - 375 sin30°(4)

M, = -100.48 = 100 N-m) Ans
y
4-99. Replace the force at A by an equivalent force and AlF—2m
couple moment at point P.
30°
F =315N Ans 4m 315N
{ +M, = 375 cos30°(4) — 375 sin30°(3) F,

M, =737Nm "  Ans
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4-100. Replace the force and couple moment system by

an equivalent force and couple moment acting at point 0.
4ON-m
6m
|
} [e——— 8 m 77"4f
1 ! N
0 3V T R
3m 60N ‘
AFp = EF:  Fpo=-60cos30° = 5196 N = 51.96 N « \J
140N 8 m
|
+ 1 Fy =TF: Fgp = —60sin 30° — 140 |
i
=—-170.L0 N=170.0 N e
! I12m ;P
Thus.
Fp= [F} + Ff = V35196 + 170.0° = 178 N Ans
and
Fy 170.0
G=tan' [ — J=tan"! A):n.o" Ans
. (FR_ ) " (51.9(, ns
( Mg, = Mo Mg, = ~60sin30°(8) + 40 + 140(3)
= 220 N-m (Counterclockwise ) Ans
4-101. Replace the force and couple moment system by v
an equivalent force and couple moment acting at point P.
4ON-my
6m
J 8 m ~~—ﬂ
X
(7] 30°
. ] )/
—Fr =ZF,; Fr, = ~60c0s 30" = —51.96 N =51.96 N « : 3m 60N
y
+1Fq =ZF;  Fp = -60sin30° — 140 140N 8m
=—170.0 N= 1700 N }
Thus, P 12m ————— P
Fe= JF + F3 = V51962 +170.0° = 178 N Ans
and
&
Fr 170.0
an-! 2\ = tan-! - 730° .
6 = tan (7_;—-> = tan (5].‘)6) =730 ;7 Ans

( +Mp, = EMp; Mg, = 60sin30°(12 — 8) + 60 cos 30°(8)
+ 40 + 1403 + 12)

=2676 N.m

= 2.68 KN-m (Counterclockwise) Ans
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4-102. Replace the force system by an equivalent force

and couple moment at point O,

175

M, = 548 kip-t " Ans

y
* s
— 2fi - e =IE; R, = 260(33) - 430 sin60°
| = 22391
o 12
+Tu‘ = H = -y - o
430 Ib ‘} 8 ft 260 Ib & =15 g, 260(13) ~ 430 cos 60
134, =251
[4) 5 B = /(2272397 77555
; # =0TV < 27410 pps
3ft l— S fit ‘_} f 25
9= = . o
of an [272.39] 524 o Ans
— 2t f—
(Mo = My M, = 430 Cos60°(2) + 430 sin60°(8) + 260('_2)(5)
13
My = 4609 1b-ft = 4.6; kip-fty Ans
4-103. Replace the force system by an equivalent force
and couple moment at point P,
y
—-] 2 ft
* s
60° “If, =EF; g, = 260(33) ~ 430 sin60°
4301 8 fi 2601b = -27239 1
1Bfl12 12
0 g *T25, =25 g - 260(33) - 430 cosete
!
3ft — 51t -—‘ =251
Y
_,{ 2§t o B =Y(272397 ¢ (25)2 = 27416 Apg
25
6= tan!{ 22 ] _ °
tan [272.39] 4w Ans
= AL . 12
C+Mp = EMyi My = 430 sine0v(11) 4 260257 - 250(1_53)(3)
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*4.104. Replace the force and couple system by an equiv- ¥
alent force and couple moment acting at point O.
Note that the 6 kN pair of forces form a couple.
3m 6 kN
B Fp = E£F:  Fp = Scos45° = 3536 kN —
6 kN 6‘0" p 307
4t Fp =TF,; Fpo=—5sinds® -2 0 H *
v 4.5m 2 m‘} 45
=-5 =5.53
5.536 kN = 5.536 kN | e
5kN
Thus,
| e
Fr=F} +F} = V35362 +5.536 =657 kN Ans
and
Fy 5.536
O=tan"' { ) =tan~' [ =) =57.4° A
an (FR: ) an (3.536) ns
,(+M,((, = XMy, Mg, =6(3) + 2(4.5) — 5sin45°(2)
=199 kN .- m (Counterclockwise} Ans
4-105. Replace the force and couple system by an equiv- v
alent force and couple moment acting at point P.
im 6kN
6 kN 620 \ P 30 ’ .
Note that the 6 kN pair of forces form a couple.
P P v 4.5m 2 m‘l 45°
S Fg = EF: Fr = 5c0845° = 3.536 kN — KN
' 5 kN
+ 1 Fp = EF: Fg = —5sind5° -2
= —5536 kN = 5536 kN |
Thus,
Fp= v/’é: + F} = V/3.5367 4 5.536? = 6.57 kN Ans
amd
F 5.536 5
¢ = tan”! (Ti—) =un"' (3—53—6) =574" Z{ Ans
& FMe, = EMpi My, =6(3) +2(45+2) = 50)
=310 kKN -m (Counterclockwise) Ans




4-106. Replace the force and couple system by an
equivalent force and couple moment at point O.

4 kN

:»ZI;, = XIE;

x

S
B = G(E,_ 4 cos60°

Ans

4-107. Replace the force and couple system by an

equivalent force and couple moment at point P,

Yy
3Im—-
8 kKN‘m
[¢] P x
\ ~—3m—-[
6 kN 4KN
4m

= 0.30769 kN
+TIk, = 5x, By = 8(33) - 4 sin60°
= 2.0744 kN
& = /(030769)7 7 (20744)2 = 210 1 Ans
i 2.0744
(2o
030765 | = 816° 4» Ans
o o ) e 12 5
o =IMy; M, =g G(E)“) + 6(5)(5) = 4 cos60°(4)
Mo = ~1062kN-m = 106 kN.m )
=Lk, = XF; - &=
2 i &,-«E)~4m60°
= 030769 kN
+T2R = 3F. 12 i
ty =& R o= 6(3) - 4sin60°
= 20744 kN
B = /(030769 & (2.0744)2 = 210 kN Ans
[ 20744
0= tan '{\ =
030769 = 816° Ans
LM =DM My = 8- 6y L 65 "
A 137N+ 8(35)(5) - 4 cos60°(4) + 4 sin60°(3)

Mp = ~168kN-m = 16.8 kN-m )

Ans




*4-108. Replace the force system by a single force
resultant and specify its point of application, measured

along the x axis from point 0. +TEE < IE. R gs 350 - 125 = 37535
Y - =
N f”R=315p 1 Ans
‘ 850 Ib
L+Mpo = M,; 375(x) = 850(9) - 350(6) + 125(2)
x = 15.
1251b 350 Ib 5t Ans
0 | P
B S e

4-109. Replace the force system by a single force
resultant and specify its point of application, measured

along the x axis from point P.
& +TU;U =IE; , =850—350—125=3751b

Y
850 1b Fr=3751B 1 Ans
(+Mpp = EM,; 375(x) = 350(7) - 850(4) + 125(15)

1251b 3501b
X = 247 ft Ans (to the left)

I AP AP
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4-110. Replace the force system acting on the beam by
an equivalent force and couple moment at point A,

3kN

25kN 1.5 kN300

4
- R =IE:. & =l.5:in30°—2.5(§)
=-1.25kN = L.25 kN «

+TR =IF; R, =~1.5cos 30°—2.5@)-3

=-5799kN =5799kN |

Thus,
K =R +F = /1257457952 = 593 kN Ans
and
L[5 5.799
8=unt| 2 =un"(—)=77.8°
(&,J 125 Ans

3
(+ My =1IM,; My, =—2.5(§)(2)—l.5cos 30°(6) ~3(8)
=-348kN-m=348kN - m (Clockwise) Ans

4-111. Replace the force system acting on the beam by
an equivalent force and couple moment at point B,

4
>R =IE, R =1.55in30°—2.5(§)
=-125kN = L25kN «

3 %
+TR =1F; Fp, =~1.5cos 30°-2.5(§)-3
=-5.799kN = 5.799kN |
Thus. Me
’ 125 K| g ;
—_—_— x
R=\R+F =/1257+57997 = 593 kN Ans 10
7 i
and - E 5799 kW
6=wn| L =m"(-—5'799)=77.8° Ans o
Fr, 1.25 3

(+ Mo, =My M, = 15c0s 30°(2)+2.5@)(6)

=116 kN-m (Counterclockwise) Ans
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*4112. Replace the three forces acting on the shaft by
a single resultant force, Specify where the force acts,

. 4 s
measured from end A, 5 =IE; F_-= -500(3) + 260(E) = -3000b = 300p

3 12
R, = = 500(3) -200 - 260(33) = 74016 = 74015 &

F = /(-300)2 + (=740)2 = 798 1p Ans

Ans

3 1
500(3)(5) +200(8) + 260(1—32)(10)

740(x) = 5500
200 Ib 260 Ib g

x =743 Ans

4-113. Replace the three forces acting on the shaft by a

single resultant force. Specify where the force acts,
measured from end 3.

1+
5’1

[}
»g
e ]

[}

4
x -500(;) + 260(%) = =300 = 3001p

3 12
+T5, =x£; R, = —300(3) - 200 - 260(3) =-7401b =740 1p |
F = /(=300)2 + (-730) = 798 1 Ans
6= m“(%’) = 67.9° 7 Ans

3 12
CHMpy = IMy; 740(x) = 500(5)(9) + 200(6) + 260(5)(4)

X = 6571t Ans
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4-114. Replace the loading on the frame by a single

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

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

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

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

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

) o _125N=125N"'
Rx *

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

x =136m Ans

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

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

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

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

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

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

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

Moment Summation :

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

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

£E=2591b 6=181° F=681D Ans

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

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

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

Equivalent Force :

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

==107501b = 10.75 kip { Ans

Location of Resultant Force From Point A :

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

d=9.26ft Ans

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

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

+TIE = 2r;

883.0127
8 = tan!
(%

183

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

—_—) =

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

~883.0127 N = 883.0127 N |
Ans

63.0° &7

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




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

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

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

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

6 = ! 280127
450

) = 63.0° &

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

2333

= 2.64 m Ans

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

251b
-

2ft

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

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

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

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

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

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

“1.5 1

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

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

21t

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

Ans

A (313
50.31

0= n' (") 5 4980 Ans

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

so.31 (b
d=462f Ans

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

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

+LF, =IF; Fy =35c0s30° + 20 = S0.311b

Fr = /(4257 + (50.31¢ = 65.91b Ans

o

8 = tn”! (%3?') = 49.8° C Ans

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

M.~ 1040 it ) fhns

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

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

M.o = 2Mo,’ MRO = - 20‘—70j+20k+

i j
—65:1
8 6 8i;

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

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

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

B =F +F

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

n = {-03i + 0.08} m

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

Ans

£
it

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

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

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

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

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

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

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

i k
0 -1 0
o o -

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

+

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

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

Z

Force Vectors :
F, = {6.00k} kN

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

Equivalent Force and Couple Moment At Point O :

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

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

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

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

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

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

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

Mo = {-222i} N-m Ans

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

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

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

x=571m Ans

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

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

+Jr1'; = LF

Mo, = IM,;

Mo, = IM,;

't

x =643 m

y=729m
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#4-135. Replace the two wrenches and the force, acting
on the pipe assembly, by an equivalent resultant force and

couple moment at point O.

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

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

M, = {100k} N-m

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

Equivalent Force and Couple Moment At Point O :

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

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

H
404 P
€ 101 )07 Y

S858 th- 14

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

= {5.8581 - 14.14j} 1b-ft

Require

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

w1
"

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

upz = {0.50511 + 0.3030j + 0.8081k}

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

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

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

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

y = 206m Ans

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

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

Fy = {~60j}Ib

Resultant Force Vector : /

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

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

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

ite
sense . Thorefore, u,, = —0.3714i - 0.5571j—0.7428k, Opposite sense to that of Fy.
(M), =IM,;  -03714M, = 60(12~z) +80y {1
(Mp),. =IM,.;  -0.5571M, =40z (2}
(M), =ZM,.;  ~0.7428M, = 40(12~y) [3)
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4-139. The loading on the bookshelf is distribfp
Determine the magnitude of the equivalent resultant
location, measured from point O,

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

Ans * R 12587 5f
x = 0340 ft

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

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

Equivalent Resultant Force :

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

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

d=0.171m Ans

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

52225 K4

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

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

Equivalent Resultant Force -

=51.0kN | Ans

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

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

d=179m Ans

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

iR, =I5, K, =30001

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

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

200 b/t x = 3.86 ft Ans
A

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

Ty

Il
]
]
15 kN/m

Dlg
5 kN/m e

—_—

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

N e

—_—p— -

noooy, 6000

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

x=117f Ans

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

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

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

200 N/m

Require f =0.

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

Require My, =0.

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

Solving Egs.[1] and [2] yiclds

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

measured from point A.

equivalent resultant force and specify its location, +i5

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

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

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

L +My, =IM,;

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

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

d=1131t Ans

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

Regquire £, = 0.

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

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

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

! b |
, 120 b/t

10 ft 4 6 ft

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

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

=206 m Ans

800 N/m

1IN

g

900N
LO6OON 600 N

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

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

d=113 1 Ans

[0}

P RAGARE A RIS N DR

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

1()() lb/fl

126
( T \

1
s
i

16.5 i
15 ft

L8R
0<%+
sy il [T

00
T(200)9) 1b

100(9) 1b

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

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

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

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

a =975t Ans

— 40 1/t

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

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

F = 106kipl Ans

800 ib/ft

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

x = 0479 ft Ans

1,35t
4300Lb L 500U
-1

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

l x

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

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

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

y=01lm Ans

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

200 N/m

+

100 N/im €L =IE; F, = 100N

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

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

6= m_,[;)oo] =42.0°%r  Ans

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

T R
e e

fn-amm_,.h

200 N/m

x=0556m Ans




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

7.5 kN/m

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

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

p =(42")kPa

Equivalent Resultant Force :

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

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

Ans

couple moment acting at point O.

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

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

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

Ans

Ans

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

199

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




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

Equivalent Resultant Force :

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

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

Location of Equivalent Resultant Force :

(" My, =IM,;

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

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

£=14.6ft Ans

w = (2880 - 5x2) Ib/ft

2880 Ib/ft

L—IZﬂ ‘~I-~5 24 ff ——

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

r___,L__, _____ s
[ToecbAREz =20,

AL

/ L_
eft

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

Equivalent Resultant Force :

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

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

Location of Equivalent Resultant Force :

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

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

420 Ib/ft

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

120 Ib/ft

8 fi ! 2ft4{

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

Bos vt = [V e s g

w

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

4 « -
‘ f;IdF=f;(x)mdx

2 kN/m —
' c = 3374 KN-m

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

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

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

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

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

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

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

Position Vector And Force Vectors :

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

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

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

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

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

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

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

=238 1b Ans

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

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

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

F¢ = 250 N

XN

30°M {0~ 155183072

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

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

M,y =rap xF
i j K

|
|

= 0 ! 0
1159.33 18315 ~59.75

= {—59.7i — I59k{N - m Ans

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

Position Vector And Force Vectors:

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

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

= {159.33i + 183.15j — 59.75k|IN

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

Mi-a =1-(rap x Fo)

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

= 1(~59.75) — (183.15)(0)] =0+ 0

=~—-597N-m

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

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

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

Mc; =y, x (4000)

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

]

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

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

= 63.6f + 63.6k

Mep = M, + M.,

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

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

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

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

0 0 1
-0.01 0.2 0
20213 =21.213 0

I

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

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

={1.06i +1.06j — 403k} N-m  Ans

The magnitude of My, is

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

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

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

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

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

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

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

‘:SIb——/a(
-

N|
gl

n
ESd

—
»>
(¥

1
%

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

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

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

which is pin-connected at 4 and supported by member

(link) BC.

T

Odm

r}\g Zm “é“'“‘ 4m —
g Ko

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

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

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

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

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

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

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

8001b 800Ib
6001b 600 1b

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

The Significance of Each Farce :

N, is the smooth collar reaction on mermber ABC.

Ny is the roller support 8 reaction on member ABC.

Fep is the short link reaction on member ABC,

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

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

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

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

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

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

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

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

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

,A-l.\

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

A, =81b { A

(+EIMp = O 8(1.5) —A,(2) =0

A =6 - 2 —>

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

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

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

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

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

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

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

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

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

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

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

Ni

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

A, = 1486 Ib = 1.49 kip Ans

8001b  8001b

6001b 600 1b

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

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

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

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

Np = 142kN Ans




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

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

(+XM, =0

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

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

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

N, = Ng(sin30°) = 0

A, = 180N Ans

213

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




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

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

Neglect the weight of the arm.

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

214

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

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

FE =30 Ans

F, sin75° - 5 - 30 = 0

K =362 Ans

F. — 362 cos75° = 0

F. =938

Ans



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

81b

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

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

A, =31201

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




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

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

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

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

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

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

(Ny), =9861 Ans
Stiletto heel shoe,

,(+2M8 =0, 120(375) — (Na), (4.5 =0

(Na), = 100 b Ans

120t
1201b

| ]
1
1
|

1

|
|

/

S

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

(

| 3.750n.

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

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

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

A

{EM=00 420005 - N0 =0

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

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

W; = 786 1b Ans

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

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

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

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

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

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

Fs - SN

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

] A, = 319N

+TEE =0, 4 -8+ 637765¢c0s30° = 0 IR P

Y

A, = 248N Ans

Equations of Equilibrium ;
obtained directly by suraming m,

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

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

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

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

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

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

tL+IM, =0

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

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

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

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

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

N, =3087.32N

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

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

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

using the spring formula x = i
k

3087.32

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

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

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

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

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

Mol = 3.00kip-fi  Ans

Sy D

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

Equations of Equilibrium :

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

By observation, the maximum support reactions occur when

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

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

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

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

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

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

the equilibrium.

g on the base of the footing for

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

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

wy = 1.646 kip/ft= 1.65 kip/ft

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

) ’
1ETin. 5B 175

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

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

b

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

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

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

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

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

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

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

d =4.7434 ft
30—k 30
47434 ~ 10

300 — 10h = 142.3025

h =158 ft Ans

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

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

B, = —20.686 1b

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

(+2‘MA =0;

2

If P=5001band L = 12f,

12

12

w, =

+TZI:; =0, l(wz—_

2P
L

Wy = e

2(500
w, =289 s e

4(500)
Wy = ——— = 167 b/ft

its

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

Bt

2P
)L+T(L)—3P=0

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

bottom,

can be determined

Ans

2P
A L

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

L
T T WL

AL

Wy

| 200 mm

50

5-41. The shelf supports the electric motor which has a
mass of 15 kg and mass center at G,,,. The platform upon
which it rests has a mass of 4 kg and mass center at G,.
Assuming that a single bolt B holds the shelf up and the
bracket bears against the smooth wall at A, determine this
normal force at A and the horizontal and vertical
components of reaction of the bolt on the bracket.
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B, (60) — 4(9.81)(200) - 15(9.81)(350) = 0

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

= 989 N

= 989 N

+ 15(9.81)

186 N

Ans

HIEON FLICRVY]
200mm | 150mm
=




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

500N

sz

0.15m

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

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

@150y =0

These equations become

wy — un = 6666.7
2wy — w) = 400000

Solving,

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

0.1 m

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

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

From pulley, tension in the hoist line is

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

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

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

8 = cos '(0.896) = 26.4° Ans

— (30 000)(12cos8-3) - (40 000) (27 cos 8~3) + (120 000)(9) = 0

227



5-45. The mobile crane has a weight of 120,000 Ib and
center of gravity at G,; the boom has a weight of 30,000 b
and center of gravity at G,. If the suspended load has a
weight of W = 16,000 Ib, determine the normal reactions
at the tracks A and B. For the calculation, neglect the
thickness of the tracks and take 9 = 30°.

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

40931 + Ry — 120000 — 30000 — 16000 = 0

Ry = 125 kip Ans

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

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

N

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

5 1F =0 400‘62{‘/—3—-__J—C, =0
13

C, =333 Ans

2
+TZE =0, ¢ —500—400.62[—]:0
Y y
Vi3

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

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

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

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

3ft

From Eq.[1],

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

Ans

Np =1394.12-0.2941W [
Using the result Ny = 2788.24 - 0.5882w,
+T iF =0, 2N, +(2788.24 - 0.5882W) - w
—3500-900-1500=0
N, =0.7941W + 1555.88 [2]
a) Set W = 800 b and substitute into Eqgs. (1] and [2] yields
N, =0.7941(800)+1555.88=219l.181b=2.19kip Ans
Ny =1394.12-0.2941(800) = 1158.821b = 1.16 kip Ans
*5-48.  The boom supports the two vertical loads, Neglect
the size of the collars at D and B and the thickness of the
boom, and compute the horizontal and vertical
components of force at the pin A and the force in cable
CB.Set F{ = 800N and F, = 350 N,
%9\ (+ZM, = 0;
C
—32!4; =0
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+T}:I'; =0

—800( 1.5 cos30°) - 350(2.5 cos30°)

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

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

A = 625N

Ans

3
A, - 800 - 350 + 57816 = 0

A, = 681N

Ans




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

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

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

Y

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

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

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

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

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

sin@

0.3

sin150°
0.67664°

8 = 12.808°

F, = ks = 5(0.67664—0.2) = 2.3832 N

A, = ~15850N

F, = ¥(2.3239)2 + (-1.5850)2 = 281 N

Ans

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

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

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

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

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

Geometry : From triangle CDE, the cosine law gives

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

sina _ sin 120°

253 3715 &=l

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

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

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

£, 8.0
k=—"£=~=
P 11.2 b/ft Ans

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

451b

L +EM,

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

232

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

639 b Ans

R = 6391

1195 = 119 b Ans

]
il

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

R, =2601 Ans

45s8in30° — R, c0830° = 0

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

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

63.9 1b Ans

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

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

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

Spring Formula: ApplyingA = -, we have

383 1067w

Ba 5(10%)

Geometry : The angle of tilt & is

): 1.02° Ans

o (0.05333
a=f@an

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

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

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

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

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

=0 Rcos@ - P= 0

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

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

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

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

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

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

€1,
3

F
Spring Formula : Applying A = i we have

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

Geometry : Theangk of tilt @ is

0.10464 +0.07848

1 )= 10.4° Ans

a=tan'l(

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

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

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

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

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

¢ =, =o; nm(b—wma@w

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

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

sin¢_sin6 . h
T—T sm¢=;sm8 {2)

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

cos (t‘!-¢’)=:2 (31

Using the cosine law,

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

h+s2_p
cos (~¢)= —— __
0s (6-¢) e (4]

Equating Egs.[3] and (4] yields

2h  Rl+siop

236



5-62. The disk has a mass of 20 kg and is supportgd on

the smooth cylindrical surface by a spring having a

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

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

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

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

—XF = 0; Rcos8 — F =0

20(9.81
g _ 200081
F

1.0 + £

400

2.2

Since cosf =

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

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

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

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

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

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

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

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

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

k5,000N

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

Ans

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

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

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

plane as shown.

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

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

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

T, = 1.375 kip Ans

Ib.

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

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

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

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

B + F. = 1017.1429

Solving,
Fo = 5691 Ans

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

Equations of Equilibrium:

ZF =0, 6cos30"—A, =0 A, =519 1Ib

ITF =0 Ay =0

LF, =0, A, —-6sin30°=0 A, =3001Ib

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

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

= V4207 + 10.397 + 727752

=84.641b-in=7051b ft Ans

—— T E TN

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

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

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

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

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

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

From FBD of boom,

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

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

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

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

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

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

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

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

s

s
.
S o i

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

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

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

A, =751 Ans

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

B, = 1125 =112 Ans

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

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

60 Ib

Equations of Equilibrium:

TF, =0, O, +60sin45° ~60sin45° =0

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

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

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

X

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

3 6, 2
Fpc = Fgc (*i" i+ ,—]k)

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

A, <
IM, =0, (My), —800(6) =0

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

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

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

Equations of Equilibrium :

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

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

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

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

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

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

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

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

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

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

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

IF, =0

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

M, =0

= {0.3536K1 +0.6124K§ - 0.7071Fk}1b

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

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

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

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

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

Lo,

5ft

F=2501b

X

Top view

247
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CA5) +A(H =0

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

A, =357

A = -200D

B, = -59%1b

B, = 9741

C, = -281

E = 6741 Ans
IM, =0

4.3308, -4.330C, -1875=0

M, =0;

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

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

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

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

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

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



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

components of reaction acting on the smooth collar at 4

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

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

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

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

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

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

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

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

components of reaction at A and the tension in the /

cable at B.

Equations of Equilibrium :

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

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

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

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

IE=0, A,-1667=0 A, =167kN Ans
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*5-84. The boom AC is supported at A by a ball-and-
socket joint 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, ¥, z components of reaction
at A if a crate has a weight of 80 Ib.

(3i —-12} + 6k)

Fop = Foprme A0
E By 1)+ &

3
= { 0.2182F;l - 0.8729F.z] + 0.4364F,ck} Ib \
Ax F
Ay ~le » . z,
B oo g (5312121 + 4 . i WSS
@y e & #y W .
0Lb ’

= { ~0.2308F,pci — 0.9231F,¢ + 030775 pck} Ib
(=31 - 4§ + 4k)
F, = F, —
8D BDC (—————(_3)2 T s &
= Fypc(—0.46851 ~ 0.6247) + 0.6247k)

IM, = 0. Fypc(0.6247)(4) + 0.4364F(12) + 030775, pc(12) — 80(12) = 0

IM, = 0, 0.4685F;5c(4) + 0.2308Fpc(12) — 0.2182F4(12) = 0

Fopc = 62.02 = 62.01b Ans

Fep = 109.99 = 110 1b Ans

IE = 0; A +02182(109.99) — 0.2308(62.02) — 0.4685(62.02) = 0
A = 1941 Ans
IF = 0; A, - 0.8729(109.99) - 0.9231(62.02) - 0.6247(62.02) = 0

A, =1921b Ans
IE = 0, A +04364(109.99) + 0.3077(62.02) + 0.6247(62.02) — 80 = 0

A = -2581 Ans
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5-85. Rod AB is supported by a ball-and-socket joint at
A and a cable at B. Determine the x, y, z components of

reaction at these supports if the rod is subjected to a
50-1b vertical force as shown,

IF, 20, -TH +A =0

IF =0 A +8 =0

IF, =0 -50+A =0
My, =0 S0Q2)-B,(4=0
M, =0 0Q-H =0
My =0, B()-H (D=0
Solving,

Lh=25b Ans

—
[
By .
A = 25D Ans l
A =-251  Ane ot /“
Ay
4,.5011; Ans /r\\r

B, =25 Ans r A
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5-86. A vertical fo

rce of 50 b act
Determine the hori s on the crankshaft.

zontal equilibrium force p that must

Equations of Equilibrium :

B =0 B(28)-50(14=0 B =2501 Ans
M, =0 P(8)-50(10) =0 P=6251b Ans
|
IM =0; B, (28)-62.5(10) =0 |
B, =22321=2231 Ans
IF =0 62.5+2232-4,=0 A, =8481b Ans
IF =0, B, =0 Ans
IF =0; A, +250-50=0 A, =250 Ans

5-87. The platform has a mass of 2 Mg and center of mass
located at G. If it is lifted using the three cables, determine
the force in each of these cables. Solve for each force by
using a single moment equation of equilibrium.

3 3
zﬁc = 2";«: =0 Ec = Ke
4 4

M, = 0; IOBDD) ~ SFe(6) - SHc(6) = 0

F¢ = Be = 6131 = 613 kN Ans

Y

M, = 0; ;;(6.131)(6) ~3(981)(3) + Fpg(3) = 0

Fpp = 19.62 = 19.6 kN Ans

4
3(6.131) + 3(6.131) + 19.62 — 3(981) = 0
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*5-88. The platform has a mass of 2 Mg and center of
mass located at G. If it is lifted using the three cables,
determine the force in each of the cabics. Solve for each
force by using a single moment equation of equilibrium.

IM,. = 0; Fpe(6) — 2(9.81)(4) = 0 a
Fpp = 131 kN Ans
IM, = 0; Uy (rap X Fae) + U, (NoX W) = 0

—0.8944 0.4472 0
[} 6 0

-0.8944 0.4472 0
+| -4 3 0 =0
0 -0.6F,c 0.8F, 0 0 -196
~0.8944(6)(0.8F;c) ~ 0.8944(3)(~19.62) — 0.4472(—4)(19.62) = 0
Fc = 409 kN Ans
M, = 0; Wos (Tpa X Byc) + wy, - (rpgx W) = 0
—0.8944 -0.4472 0 -0.8944 -~0.4472 0
0 -6 0 + -4 -3 0 =0
0 06F. 08F, 0 0 -1962

~0.8944(—6)(0.85, ) — 0.8944(-3)(~19.62) + (0.4472)(~4)(-19.62) = ¢

Fe = 409kN Ans
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5-89. The cables exert the forces shown on the pole.
Assuming the pole is supported by a ball-and-socket joint
at its base, detemine the componenis of reaction at A,
The forces of 140 1b and 75 Ib lie in a horizontal plane.

140 1b
X
T e Tood - Tk
8D < fl?) BD. Jl_o 8D
-10 5 15 Ar
= =Tl + —T¢j ~ —=T,ck /‘
Tre V350 T 3500 T Jaso ¢ fe

5 1
=0 30° + 75)(15) ~ Te(15) = —=Tpp(15) = 0
IM, = 0; (140cos )(15) 350 ¢ Mo
140sin30°(15) 10 Tc(15) = 0
M, =0, sin 30 %€
10

IF, =0, A, + 140sin30° - Lie =0

735

1 5
IF, =0; A, -140c0830° - 75 + ——Tjp + —=To = 0

Vo™ {350

E =0 A,—f-ﬁnp—%nﬁo
Tye = 130.96 = 131 Ib Ans

Typ = 51010 Ans

A =0 Ans

A, =0 Ans

A, = 5891b Ans

Also, note that BA is a two - force member, sothat A, = A, = 0.
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5-90. The pole is subjected to the two forces sh.owr'L
Determine the components of reaction at A assuming it
to be a ball-and-socket joint. Also, compute the tension
in each of the guy wires, BC and ED.

Force Vector and Position Vectors :

Moment equilibrium requires
F, = Ai+Aj+AK

IM, =0 1 xFpe+r, X(F +F,)+r; xFgp, =0
F, = 860{cos 45° ~sin 45°k} N = {608.11i -608.11k} N

&« ( 12 9 . 8 k)
X[ ~=Fyci—=Fcj-—F
F; =450{-cos 20°cos 30% + cos 20%sin 30°k - sin 20k} N 17°8¢ 17acd T gtEC
= {=366. 21i+211.43j~153. 9k} N +8kx(241‘90i+211.43j—762.02k)

2
+6kx(—§Fmi—%ij—§ka)=0
E oF [(—6—0)i+(-3—0)j+(0—6)k
Ep = Tgp
V(=6-0+(=3-0)2 +(0-6)? Equating i,j and k components, we have

= 2F' lF' sz
= 3m' 5:0)""3'50

M, =0; ?—:5C+2FED-1691.4S=0 (4]
F.c=F.c[ (6-0)i+(—4.5—0)j+(0-4)k] M, =0; gﬁc_4pw+193522=0 (sl
V(6-0)*+(<4.5-0)2+ (0-2)?
::F.cl 197 —FRcj- ls'l,ick Solving Egs. (4] and [5] yields
R M ne(im = (o Bc=2509N=205N Fp=6285TN=629N Ans
Equations of Equilibrium : Force equilibrium requires Substituting the resuks into Bas.(1l. [2)and [3] yields
IF = 0; F4+F1+H+FED+F,C=0 A, =324N A, =107N A, =127758N=128kN Ans

2. 12

A, +608.11~366.21 - 2F,_ 4 12
( 3 m*‘”F )i
(A,+21143--F -_p ),

2 8
(A, - 60811~ 15391 - 2k, ——71-;C)k 0

Equating i, j and k components, we have

IE =0; A,+608.ll—366.21—§Fu, 1‘: e =0 (1

1
=0 A +214-1F, ‘3";c=0
g

(2

=0 A,- 60811-15391-5Fm-%ac_o {3
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*591. The shaft assembly is supported by two smooth
journal bearings A and B and a short link DC.If a couple
moment is applied to the shaft as shown, determine the
components of force reaction at the bearings and the force
in the link. The link lies in a plane parallel to the y-z plane
and the bearings are properly aligned on the shaft.

z
<

.

250 mm

y O
N 300 mm
A 250N-m ¥
x 400 mm
\// ¥

IM, = 0; 250 + Fyp cos20°(0.25 cos30°) + Ky, 5in20°(0.25 sin30%) = 0

Fop = 101543 N = 1.02 kN Ans
EMy), =0; —-A(0.7) — 1015.43 sin20°(0.42) = 0

A, =-20838 = -208N Ans

X

-208.38 + 1015.43 5in20° + B, = 0
B, = -139N Ans
I(M,), = 0; A (0.7) - 1015.43 c0s20°(0.42) = 0

A, = 57251 = 513N Ans
IF =0 572.51 — 1015.43 <c820° + B, = 0

B, = 382N Ans
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5-92. Determine the horizontat and vertical components
of reaction at the pin A and the reaction at the roller B
required to support the truss. Set F = 600 N.

Equations of Equilibrium : The normal reaction N, can be obtained

directly by summing moments about point A,

(4» M, =0 600(6)+600(4)+600(2)-N,cos 45°(2) =0
Ny =5091.17 N = 5.00 kN

Ans
+
= IF =0; A —5091.17cos 45°=0
A, =3600N = 3.60kN Ans
+ TZF; =0;  5091.17sin 45"-3(600)—A, =0
A, = 1800 N = 1.80 kN Ans

5-93. If the roller at B can sustain a maximum load of 3
kN, determine the largest magnitude of each of the three
forces F that can be supported by the truss.

Equations of Equilibrium : The unknowns A, and A, can be climinated
by summing moments abaut point A. '

f‘ IM, =0;  F(6)+ F(4)+ F(2) - 3cos 45°(2) =0
F=0.3536 kN = 354N Ans

Zm
€oo N

X,

= x

‘Zm

oo

| zm lz»n N
600N goon &
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qumm’ou of Equilibrium : The normal reaction N, can be obained
directly by Summing moments about point B.

(+ My =0;  10(0.6+1.2c05 60°) +6(0.4)
=Ny (1.2+ 12005 60°) = g

N, =8.00kN

l +
Y

]
(=]

8, ~6cos30°=¢ B, =520kN Ans

+
Y

\q
]

2

B, +8.00~ 6sin 30° ~ 10=¢0
B, =500kN

10 kN

*5-95. The symmetrical shelf is subjected to a uniform
load of 4 kPa. Support is provided by a bolt (or pin)
located at each end 4 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,

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

(;mﬁo; Ny (0.15)-600(0.1)=0 N, =400N  Ans

D IE =0, 400-A,=0 A =400N
+TIF =0; A -600=0 A, =600 N
The force resisted by the boltat A is

F, =JA}+A}=¢4001+6001=721N

o /m O Im
i J “:
Ax
0-15m A\‘,
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596. 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.

F, = { -800k} N

F, = { 350§} N
(=3j + 4k)
FIC = Fnc_'s_

= {-0.6F¢j + 0.8F,ck} N

(3j + 4k)
Fop = I’;DT
= {0.6Fpj + 0.8F,k} N
=0, A =0 Ans

=0; 350-0.6Fc + 0.6, = 0

u
2

A, - 800 +0.8K + 0.85, = 0
M,, + 0.85,,(6) + 0.85c(6) — 800(6) = 0

=0; 800(2) - 0.8K(2) - 0.8F(2) = 0

EREER XK

=0 M, - 0.6Fc(2) + 0.6Fp(2) =0
Fp = 208 N Ans

Fe = 792N Ans
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5-97. Determine the reactions

at the supports A and B
for equilibrium of the beam.

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

+IMa =0, Np(7) - 1400(3.5) — 300(6) = 0 200(7) = 1400 N -L.(200)(3) = 300N

N =957.14 N = 957 N Ans L - S :_E
- ]

Ag— 1400 — 300 + 957 = 0 Ag =743 N i |
35m | 25m m'l
SLF =0, A,=0 Ans A, N,

5-98. 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.

W = (4 ft)(2 f)(2 Ib/ft) = 16 Ib

LF,=0; A, =0 Ans

LF, =0, A,=0 Ans

LF,=0;, A, +B,+C,-16=0 )
IM,=0; 2B,—16(1)+ C,(1)=0 )

IM,=0; — B, +16Q2)—C,(8=0 (3)

Solving Egs. (1)-(3):

A, =B, =C,=5331b Ans
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*5.99, Determine the x, y, z components of reaction gt
the fixed wali A. The 150-N force is parallf:l to the z axis .
and the 200-N force is parallel to the y axis. 5

quations of Equilibrium :

IE =0; A, =0 Ans
IF =0; A +200=0 A =-200N Ans
IE=0; A,-150=0 A, =150N Ans

IM, =0; (M), +200(2)-150(2) =0
(M,), ==100N-m Ans

XM, =0; (MA), =0 Ans

IM, =0; (M) +200(2.5)=0
(M,), =-S00N-m Ans

200 A

m negative signs indicate that the direction of the reaction components
are in the opposite sense of those shown on FBD,

5-100. The horizontal beam is supported by springs at
its ends. If the stiffness of the springat Aisk, = 5kN/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 both before and after loading.

Equilibrium :

QMIO: F.(s)—soou)-o— Fy = 266.67 N
(+IM.=0; 800(2)-Fi(3) =0 F,=53333N

Spring force formula : x= {

Lord
XL =Xp
Y &L -
53333 _ 266.67 fa R
5 &
k& =2500 N/m = 2.50 kN/m Ans
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6-1. Determine the force in each member of the truss
and state if the members are in tension or
compression. Set P, = 800 Ib and Py = 400 Ib,

Method of Joints : In this case,

the support reactions are not required for
determining the member forces.

Joint 8

SIE =0, f;ccosas"-)r“(;)-aoo:o (1
4
*TIE =0 Kosinasosg, (3)-800=0 (2

Solving Egs.[1] and [2] yields

Fou=285711b (D =286 1b (1)
5

Ans
c=808.121b (T) =808 i n Ans
Joint C
= ZIE =(; Fea - 808.12c05 45° = ¢
Fey =STLIb (C) Ans
+T2F =0 G ~808.129y5° = 0
G =571 B
Note : The Support reactions A, and A, can be determined by analyzing

Joint A using the results obained above

261

fac=808.12 It




62, 1

Jetermine the force on each member of the
truss

and state if the members are in tension or
compression. Set P, = 300 Ib and P, =100 Ib.

6 ft

Method of Joints : In this case, the support reactions are not required for
determining the member forces.

/:8_». -
e
Joint B ‘ 5
3 V45
SIFE =0, Fecosdst—F (3)-100=o (n < K
TEEE e 845 /0016
4
+TIE =0,  FResiniso+F, (ﬁ-soo:o {2
v
So¢ Ib
Solving Egs.[1] and [2] yields
Fpa =285.711b (T) =286 1b (T) Ans 'S
Fyc =383.861b (T) =384 16 (T) Ans
Joint C
Fu
SIE =0, F, -383.86c0s 45° = 0 =, X
Fep =27110 (C) Ans
+TIE =0,  C -383.865ms5° = 0 - <
G =271.431b s2-8300 174

Note : The support reactions A, and A} can be determined by analyzing
Joint A using the results obuined above.
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6-3. The truss, used to support & balcony, is subjected
to the loading shown. Approximate each joint as a pin
and determine the force in each member. State whether
the members are in tension or compression. Set P, =
600 b, P, = 400 1b.

+ 1 IZF =0, Fapsind5® -600=0
Fyp = 848.528 = 849 I(C)  Ans
SEF =0, Fap~ 848.528c0s45° = 0)

Fap = 600 I(T) Ans

Joint B:
+1IF =0, Fpp—400=0
Fpp =400 Ib(C) Ans
SEF =0, Fae—600=0
Fye =600 I(T)  Ans
Joint D:
+ 1 TF, =0, Fpcsind5® —400 — 848.528sin45° = 0
Fpe = 1414214 b = 1.41 kip(T) Ans

—:ZF, =0; B4B.528c0s457 + [414.214¢c0545° — Fpp =0

Fpe = 1600 1b = 1.60 kip(C) Ans

¥

400 1b Fo

848.528 b DC
45°ﬁ 45°_x

|¥
600 1b

e

g

B -
600 1b T
Fap
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*6-4. The truss, used to support a balcony, is subjected
to the loading shown. Approximate each joint as a pin
and determine the force in each member. State whether

the members are in tensjon or compression. Set
Pl = 800”3,P2 =0,

Joint A :
+TIE =0; F,psin45° - 800= 0 }
Fp =113141b = 1.13 kip (C) Ans ool Fae
A 4¢° X
+ o __
—IF = 0 Fg — 1131.4cos45° = Q Frn;
Fp = 800 b (T) Ans
Joint B :
+TZF;, =0(; I';;D—-O=O ‘&
FbD = O Ans @
~l— - X
* [ ¥
>Zi, = 0; Fye — 800 = 0 §oo 15 g
FBD
Fc = 800 1b (T) Ans
Joint D :
+T2F =0, Fpcsind5® — 0 — 1131.45in45° = 0
Fpe = 11314 1b = 1.13kip(T)  Ans
55E = o 1131.4c0s45° + 1131.4c0845° - F,, = 0

Fpe = 1600 1b = 1.60 kip (C) Ans
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Method of Joints : In this case, the support reactions are not required for

determining the member forces.

Joint 4

1
+Trr =0 £ (-J-uo
y ' 45[
5
Fe=8944kN (C) =8.94kN (C)  Ans

SrE =0 g, —8.944[%):0
5
Fip =8.00KN (T)

Joint B

DIE =0, Fe-8.00=0 FBc=800kN(T)  Ans

*TIE=0; Fp-8=0  F£,=800lN(C)  Ans

Joint E
+ IF. =0; Fgccos 36.87° - 8.00cos 26.57° = 0
l";c=8.944kN(T)=8.94kN(T) Ans
+XF, =0; 8.944+8.00sin 26.57° + 8.944sin 36.87° -Fep=0
Fep = 17.89 kN (C) = 17.9kN (C) Ans
Joint D

+TIF =0 P;,c—l7.89(‘/i_)=0 Foc =8.00kN (T) Ans
s

53F <0, -Q+17,gg(:/2__]=o D, = 16.0kN
5

Note : The support reactions C; and G, can be determined by analysing
Joint C using the results obuined above,

fe=Bo0kd | o A

i

fa

Ge=8ookd 1

-

Toe
Fep =17.89 kN f

5
> De
< ""'—“X
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6-6. Assume that each member of the truss is made of
steel having a mass per length of 4 kg/m. Set P = 0,
determine the force in each member, and indicate if the
members are in tension or compression. Neglect the
weight of the gusset plates and assume each joint is a pin.
Solve the problem by assuming the weight of each
member can be represented as a vertical force, half of
which is applied at the end of each member.

Joint Forces -

- V20
£ =4(9.81)[2+T‘/_)= 166.22 N

F =4(9.81)(2+2+ 1)=1962N

F= 4(9.81)[14-3(‘/2—2—0}]: 302.47N
17 =4(9.81)(2+‘/2;26J= 166.22 N

Method of Joints : 1n this cas

e, the support reactions are not required for
dcrcmn'm'ng the member forces.

Joint 4

s
Re=3TLONC=312N (C)  ans

1
+TE =0 f, 7_}—166.22:0

5
Fs=33245N (M=332N (T Ans

SIF =0, F, —371.69(%)=0

Joine B

5z

w¥l

=0.  F.-33245=0 Be=32N(T)  Ans

+TIE =00 F,-1962-¢

fae=196.2N (0) = 196 N () Ans

Joint £

ﬂ- I8 . =0; Fzecos 36,870 - (196.2+302.47) cos 26.57° =0

Bec=SSISIN(D=SSEN (D) apg

\125. =0 37169+ (196.2+302.47) sin 26, 57°
*+357.535in36.87°- £, = 0
2 =92922N (O) =929 N (C)  Ans
Joint D
+7T EE=0; F~ 929.22[i)— 166.22 =0
J5

Fpo = 582N (T) Ans

L3k =0, 1),—929‘22(\/1,}0 D, =831.12N
5

Note : The support reactions C, and C, can be determined by analyzing
Joint C using the results obtained above,
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6-7. Determine the force in each member of the truss
and state if the members are in tension or compression.

10kN
(+ZM, =0;  —3(L.5) = 4(2) —10(4) ¥5(# =0 s
AR R 1
SN T
E, = 13.125 kN £3m
Ax 5 ] 4
-0 _ - . =0 |
+TZE =0; A, - 8—4-10+13125 N\ g
2 —J‘*mn—ﬂ
A, =8875 kN =3
—+—>}:I«; = 0; A, = 3kN
Joint B :
P
—IF, =0; Fpe = 3N (O Ans MJ““;:
3N F
+TZF = 0 F, = 8 kN (C) Ans ——>T<——— B
Faa
Joint A :
3
+TZIE =0; 8875 -8 - —Fc=0
3 BkN e
§
F,o = 1458 = 146 kKN (C)  Ans 3k \l/zé‘/
T@ Fi
* 4 RETSKN
-ZIF, = 0; Fr=3-(1458)= 0 Bk
F,p = 417kN (T Ans
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Joint C:
55E =0 342
Fop = 4167 = 4.17 kN (C) Ans
_ 3
+T2E = ¢ FcF—4+§(l.458) =0
For = 3125 = 3.12 kN (O) Ans
Joint £ ;
53E =0, Fgp = 0 Ans
+TI;}; = 0; Fep = 13.125 = 13.1 kN © Ans
Joint D :
3
+TZ]1; =O; 13125—10‘ ‘S‘FDF=O
Fyr = 521 kN (T) Ans
. 4
—>IF, = Q; 4.167 - 5(5.21) =0 Check!

Foe

416N

131 25 lepN

10k

xﬁﬁ 130 23kN
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*6-8.  Determine the force in each member of the truss
and state if the members are in tension or compression.
Set Py =2kNand P, = 1.5 kN,

¢
Method of Joints : In this case, the support reactions are not required for Eﬁ
desermining the member forces,
3o
Joint ¢ < X
)
*TEE =0, Eysin30o-15=0
Fey =3.00kN(T) Ans
. -5 Kkl
—ZIF =0 Fep =3.00c05 30° = 0
fop =2598KN () =2.60kN (C)  Ans ?
Joint D T ’8
SIE=0, Ey-2598=0 F =260kN (C)  Ans
DE DE ,5’ =058 ka/
+TIE =0, E,-2=0 Fop =200kN(T)  Ans PE D —*
Joint B J
LB =0;  Fyecos 30°-2.00c0s 30° = 0 < wl
Fg =200kN (C) Ans

NI =0 (200+200)5in30°43.00- 5, =0
B4 =S.00kN (T) Ans

Note : The support reactions at support A and £ can be determined by
analyzing Joints A and £ respectively using the results obtained above.

g =200 knl

269



6-9. Determine the force in cach member of the truss
and state it the members are in tension or compression.
Set Py = P, = 4 kN,

s
Method of Joints : In this case, the support reactions are not required for /LZ P
determuning the member forces.
30 -
Joint C Z x
s
+TEE =0,  F,sin30°-4=0
Frg =800 KN(T) Ans
. 4 kN
2 ZIF =0; F.p-8.00c0s 30° =0 .
Fop=6928kN (C) =693kN (C)  Ans f
Joint D X Fie
SIE =0, Fp-6928=0 Fpe=693kN (C)  Ans
. Zpz o928 “(
T = -4 = = .
+TIE =0 E,-4=0 Fop =400kN (T)  Ans Be D
Joint B
/- LF.=0;  F gcos 30°-4.00c0s 30° = 0 j o
Fae =4.00kN (C) Ans

N\$IE =0, (4.00+4.00)sin 30°+8.00-F, =0
Fpy = 120kN (T) Ans

Note : The support reactions at supportA and E can be determined by
analyzing Joints A and £ respectively using the resuits obtained above
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6-10. Determine the fo
and state if the members
Set P, = 0,5 =10001Ib.

A,
A,
Joint A :
+
—XF, =0
+TZI'; =0;
Joint B :
Joint D :
+
—-IF, = 0;
+T21'; =0;
Joint E :
53E, =0
+TZI§ =0;
Joint C:
+TZI'; =0;

Reactions at A and D :

rce in each member of the truss
are in tension or compression.

33331
666.7 1b
Fip — F;c0845° = 0

3333 - F;sind5° = 0

F.c =471 1b (O Ans
Fz =3331b(T) Ans
Fgg =0 Ans
Fyc =3331b(T) Ans
—Fye + Fypcosds® = 0
666.7 — Fpesinds° = 0

Fop = 9429 = 943 1b (C)
Fye = 666.7 = 667 1b (T)

Fee — 942.95in45° = O
—Fc +9429c0845°= 0

FEC = 666.7
FEG = 666.7

i

667 Ib (T)
667 1b (C)

1t

Fegcos45° + 666.7 — 1000 = 0

F.. =4711b (T
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Fae

3333

—_— X

FBC = 333“(T>

kge

66674

Ans

qi2.94b

Fec

Ans
' bbb TMb

Y
%"'yg“ bbb T4

—

X

1,000

Ans




6-11. Determine the force i
and state if the members are in te
Set P, = 500 1b, P, = 15001b.

Reactions at A and D ;

A

X

A,

Joint A :
—;ZI-; = 0

+TZI;; :();

Joint B :
—IF =

x

+TLIE =0,

Joint D :
—-)Z}’; = O;

+TZ[‘: =0

Joint £:

—IF =

x

+TZF; =0;

Joint C -

+TZF; =0;

n each member of the truss
nsion or compression.

83333 b

i

1166.67 1b

fi

Eg — Fscos45° = 0

833.33 - F,,sind45° =

ey

1178.51 = 1179 1b (C)

B

Lp

83333 = 833 Ib(T)

Fpe 833 =0

-500=0

o
a
]

8- Ib(T) Ans

w1l
Q
i

300 1b (T) Ans

—Fe + Fypcosd5® =

1166.67 - Fppsind5° =

]

Fpp = 1649.96

it

1650 1b (C)

Fye = 1166.67 = 1167 Ib (T)

Fog - 1649.96sin45° = ¢
= Fge + 1649.96c0s45° =
Fee = 1166.67 = 1167 1b (T

Fp = 1166.67

1167 1b (C)

Frcc0s45° + 1166.67 - 1500= 0

Feg =470.93 = 471 1b (T)
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*6-12, Determine the
and state if the mem
Set P, = 10 kN, P,

force ip each member of the truss
bers are in tensio
= 15kN.

N Of compression,

C

4m
A Jif
. Q) -1
le—2 m—-
(HEM, =0
f—»):li =0
+TZE =0,
Joint G :
—ZFE =0
Joint A :
>IF = 0
+TZE =0,
Joint B :
5SIE = 0
+TZE =0

Probs. 6-12/13

G.(4) —10(2) - 15(6) = O

G, = 27.5kN
A -2715=0

A, = 275kN

A, -10-15 =0
A, = 25kN

E;p =215 =0

Fy = 215 KN (T)

1
275 - Ky ~ —‘/-g(lfw) =0
2
25 - Fp(-=)=0
NG
Er = 150kN (O
Ej = 2795= 28.0kN (C)

1

NE

2
2795(-=) - Fp=0
5

7

27.95(—=) +Fye — 215 =

By = 2499 = 25.0 kN (T)

Fe =150 kN (T)

G' & B________ [
T

; / s A
s / e A

s P X
! ; ! e , .
i i : \
’ L&
B T ST Lk

Ax TL;M,L; L am _>L.2M—~

Aj P':|° F?'—"S‘
¢
S
Ans %_,’ Fﬁb —x
1? ¥ae
A
A Fae
Q?.ST®— X
Ans Y
Ans
0
Ans
Ans
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Joint F:
5EE = 0
+T}:I~; =0

1
15 + Fgp - T(ﬁrc) =0

2

1
25 - 10 = Fpe(—=) = 0
2

7

Fre = 21.21 = 21.2kN (Q)

Fg =0
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Set P, = 0, P, = 20 kN.

6-13. Determine the force in each member of the truss
and state if the members are in tension or compression.

D
)l —\e
4m 2m*-{:
Vp:
(+IM, = 0; Fip(4) =20(6) = 0
F;p = 30 kN (T) Ans
N
—-IE = 0; A, -30=0
A, = 30 kN
+TzE =0 A, -20 =0
A, =20 kN
Joint A :
+ 1
2ZIE = 0; 30 ~Fp — —=(Fp) = 0
ﬁ 4 Fae
2 Boﬂir,fél Far —
+TZE =o0; 20 - E,y(—=)= 0 A€
’ AB(\/S) @T»om
Fir = 20 kN (C) Ans

= 2236 = 22.4 kN (O) Ans

1

B
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b—\5 Con‘k\&e
Joint B :
53F, = 0
+TZF =0
Joint F:
+
—ZF, = 0;
+TZE =0
Joint E :
+
—IF, =0
+TZF, =0
Joint D :
+
—IF, =0

i
22.36(—;) +FK:-30=0

i

2
22.36(—;) - F=0

Fpr = 20kN (m) Ans
Fpc =20 kKN (T) Ans
1

20 + Fpp — —=(Fge) = 0

7z

1

20 - Fre(—=)= 0
N

Foe = 2828 = 283 kN (O)

FFE = 0

Fpp—0=0

Foce —20=0

Fp =0 Ans

Fe = 200kN (T) Ans
i

—(Fpe) ~0=0

N
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i,

PSS

TZO Fre

4

Feg—— =

Ans

Ans
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6-14. Determine the force in each member of the truss
and state if the members are in tension or compression,
Set A, = 1001b, P, = 200 Ib, P; = 300 Ib.

(+1M, =0, 200(10) + 300(20) — R,cos30°(30) = 0 8 c
oo,
Ry = 307.9 b av/ ¢ £\’
_’T 104t | toft | 10?1/
+T2E =0 A, =100 ~ 200 ~ 300 + 307.9 c0s30° = 0 Ay 300k 3oob 30N Ry
A, =33341p
S3E = o A, - 307.9sin30° = 0
A, = 15401
Joint A :
1
+TZF =0; 3334 - 100 - —=F,, =0 10016
y ﬁ @l/ﬂ‘(ﬁf
b
o5 X
Fjs = 330 1b (C) Ans T frs
v ! 32341
SIE = o 1540 + E,, - 7_-(330) =0 3
2

Er = 17937 = 7194 1b (T) Ans
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G- d—conlS
Joint B :
+TZF; =0
53F =0
Joint F:
+T>:Fy =0
-:)Zli = 0
Joint E :
-1521i =0,
+TIF, = 0
‘Joint C:
L)ZF; =O;
+ T3 = 0

1
—(330) ~ Fpp = 0
2

<

Fr = 2333 =233 1b(T) Ans
Foc
1 V.
—(330) - K= 0 4
2( ) 5e o0k T8F
Fe = 2333 =2331b (O) Ans
1 -~
—T&C -200 + 2333=0
5
Fec = 47.14 = 47.1 1b (C) Ans 233.210 _
I 5.~ Tec
{ A ek
L— —-—é .
Frg — 1937 -7_—(47.14) =0 l® Fre
2
200U,
Fp = 1127 = 1131b (T) Ans
Fge = 30016 (D Ans Fe.
127 T
Fp = 1127 = 1131b(T) Ans l@_—> Fep
ool
1 1
—(47.14) + 2333 —~ —=Fp =0
ﬁ ‘/—2 23334 @

Fp = 377.1 = 377 1b(C) Ans

1
—}—(47.14) - 300+ —=(377.1) = O
2 2

7
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6-15. Determine the force in each member of the truss

and state if the members are in tension or compression.
Set P, = 4001b, P, = 4001b, P; = 0.

=0 —400(10) + R;c0s30°(30) = 0
L+ ZM yoolb
R, = 15396 b
AKT\OH 1of+ 1okt
Qo 1 R
+1IE =0 A, —400 — 400 + 153.96 cos30°= 0 A* Jooli oot °
y 3‘,6
A, =666.67 1b
H%F = 0 A, — 153.968in30° = 0
A, = 7698 1b
Joint A :
400 LE,=0
+TZE =0: 666.67 — N "
<o
E, = 377.12 = 377 1b (C) Ans %Q%Mi /&5
@] uot;xp\
+ 1 b N
SIF, = 0; 7698 + Fp — -ﬁ(377.12) =0
F,r = 189.68 = 190 1b (T) Ans
Joint B :
1
+TZF, =0 —((377.12) - By = 0 R
V2 ¥ Cov
X
Fyr = 266.67 = 267 1b (T) Ans A (8
1 &K

(377.12) - Fye= 0

7

B = 266.67 = 267 1b (C) Ans

Con’¢
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G- \% COA’(“l
abbbx,

Joint F : A A Fre
{ .
4 &
1 @ FFE
+TZF, =0 — Fpc — 400 + 266.67= 0
4o}
Frc = 188.56 = 189 1b (T) Ans
. 1
SIF, = 0; Frg — 190 +—=(188.56) = 0
/2
Fep = 56.68 = 56.7 1b (D) Ans
Joint E :
—EE =0 Fp = 56.7 Ib (T) Ans
+TZF, = 0; Fpe =0 Ans
Joint C:
+ 1 1 QLAL?K
—>IF, =0 ——(188.56) + 266.67 — —Fp = 0 G
2 V2 STon Fep
(88.5bib;
Ans

F.p = 188.57 = 189 1b(C)
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*6-16. Determine the force in each member of the truss.
State whether the members are in tension or
compression. Set P = 8 kN,

Method of Joims : In this case, the support reactions arc not required for

determining the member forces.
Joint D
+TLIF =q; Foesin 60°-8 =0
Foc =9238kN () =924 kN (T)  Ans
SIE =0, K, -9238c0s 60° =0
for =4.619kN (C) =4.62kN (C)  Ans
Joint C
+TEE =0, Eysin 60°~9.238sin 60°=0
Fee=9.238KN (C)=9.24 KN (C)  Ans
SIE =0 2(9238c0s 60°)-F.y =0
Fop =9.238kN () =9.24 kN (T)  Ans
Joint B
+TLE =g F3ps8in 60° ~ K, sin 60° =
Fe=Fy=F
S IE =0, 9.238- 2Fcos 60° = 0
F=9238 kN
Thus, he=924 N (0) K, =9.24xn (T Ans
Joint E
+TIE =0 g -2(9.238sin 60°) = 0 E, = 16.0kN
SIE =0, £, +9238 cos 60°~9.238 cos 60°+4.619 = ¢

Fe =4.62KN (C) Ans

Note : The support reactions A, and A, can be determined by analysing
Joint A using the results obtained above,
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Fea c

60

oy

r0

Fpc=9238 kn

Fs=9 238K+

60

Eg 29238 kn

6o
X

Fp': 4-6/9 kA




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.
¥
Method of Joints : In this case, the support reactions are not required for 5(_
determining the member forces.
Joint D
éo‘i D
+TIE =0, FKsin60°-P=0 F=11547P (T) x
he

DIE =0,  Fpg-1.154TPcos60° =0  Fy, = 0.57735P (C)
Joint C VP

+TIF =0,  F.sin 60°~ 1.1547Psin 60° = 0 f

Fog = 1.1547P (C)
—=IF =0, 2(1.1547Pcos60°)~F3 =0 Fuy = 1.1547P (T) Fes c
- X

Joint B o0 60"

+TEE =0;  Fygsin 60°-F,sin 60° = 0 Ry=FK,=F

Foe =1 1547 p

= IF =0; 11547P-2Fcos60°=0 F=1.1547P
Thus, Fpe = 1.1547P (C)  F, = 1.1547P (T)
Joint E Es2/1547pP

—Xx

S IE =0;  Fy + 1.1547P cos 60° - 1.1547P cos 60°

+0.57735P=0
Fgy =0.57735P (C) 5
A
From the. above analysis, the maximum compression and tension in the truss f 211547 P ¥
member is 1. 1547P. For this case, compression contols which requires Feg 211547 p
e =
1.1547P=¢6
P=520kN Ans
£ —X
Ea £ Fesosmsp
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6-18. 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?

600 Ib 800 b

Joint C:
SIF = 0 F.p — 800 cos60° = 0
J goou,
F.p; = 400 1b (C) Ans l
- © [ A b0
(B ——> X
+T2E = 0 F.p — 800 sin60° = 0 T
F.p = 6931b (C) Ans Fop
Joint B :
+ 3
—IF = 0; -E, -400 =0
: 3
|
E, = 666.7 = 667 1b(T) Ans oo L
4 l
= 5 — - . - 600 = O i X
+T2E = 0 Fpa = 5(666.7) . Woom
3
Fy, = 11331b = 1.13 kip (C) Ans Fep (8D

Member AB is a two - force member and excrts only a vertical force along AB at A.
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6-19. Determine the force in each member of the truss and
state if the members are in tension or compression. Hint:The
resultant force at the pin E acts along member ED. Why?

Joint C:
T -0 2
+ ZF; _Oy ——I'CD - 2= O
V13 )3
F.p = 3.606 = 3.61 kN (C) Ans i"“‘”
| =t
leBe
+ 3 - - X
oXE =0 ~Foy + 3.606(——) = 0 F, 5 ®
13 cp
Fop = 3kN (T) Ans
Joint B :
+
DL =0; B4 = 3kN (T) Ans 3kN
+T2F =0 Fyp = 3KN (O) A :
y BD s F“)A 3*”
-
Joint D : F
ap
+ 3 3 3
~LF =0 ——Fy ~ —=—(3.606) + ——F. =0
‘/'1—3 DE ‘/B ~/—B DA
2 2 2
+T2E =0 o _
Y (Fpg) — —=(fp,) — —=(3.606) — 3 = 0 Y
FVA
3606 kN
Fpp = 270 kN (T) Ans \“RJ/ 2
X

S
™

= 6.31 kN (C)

Ans Foe
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*6-20. Each member of the truss is uniform and has a mass
of 8 kg/m. Remove the external loads of 3kN and 2 kN and kN

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.,

' Vi3

3
fpg
1
2 2
- (Fpp)

2
+T2F =0, —_ + —=(Fpa) - —=(467.3) — 3139 ~ 503.0 = ¢
’ /13 B T Uk
M
Fog = 1203 = 1.20 kN (C) Ans = \k
]J
Fpy = 736 N (D) Ans /f’(—,

Foe

285

determine the approximate force in each member due to - 3m i ——=3m-

N
503

FEHAUIBIN - 32(9.21)N 26 42(9.31)N

) 8 4 V.
e O 4209, 1
Joint C: 3.2N /
ﬁ/ SLAHIBHN
2
+TZF, =0 —m@o—zsg.zzo £
F., = 4673 = 467N (C) Ans o 273 AN
N 3 07? + @
=LK =0 —Fp +4673(—)= 0 3
13 Fen
F.p = 3888 = 389 N (T) Ans
Joint B :
3139w
53K =0 Fy, = 388.8 = 389 N (T) Ans
" - 385.9N
+ 128 =0, Fp = 3139 = 314 N (Q) Ans A
Fap
Joint D :
3 3
55F = o, ~=Fp ~ —=(4613) - —F,, = 0
Jy13 13

ON 45728

T




6-21. Determine the force in cach member of the truss
in terms of the external loading and state if the members
are in tension Or compression,

Joint B :
+TZF =0 F,,sin28 -~ P=0
Fy, = Pcsc28 (O) Ans
L3E = 0 P csc26(cos20) — Fye = 0
Fye = Pcot26(C) Ans
Joint C:
:)ZI'; = 0 Pcot28 + P + F,pcos28 - F,cos6 =0
+ TEI'; =0, Fopsin28 ~ F,sinf =0
P cot26 + 1
€A 7 cos® — sinBcot28
F., = (cotBcosf — sin@ + 2cos@)P (T
Fp = (cot28 + )P (C)
Joint D :
L3F = 0 E,, — (cot26 + 1)(cos26)P = 0
Fpu = (cot28 + 1)(cos28)(P) (©)
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6-22. The maximum allowable tensile force in the
members of the truss is (F,)max = 2 kN, and the maximum

B = 732N

Ans

287

P
allowable compressive force s (F)max = 1.2kN.
Determine the maximum magnitude P of the two loads that B L C
can be applied to the truss. Take L = 2 m and 0 = 30°. = >
6%
(1:),,.,“ = 2 kN L L
F)mue = 12 KN
A D
Joint B : e L
*TIE =0, F, cos30° - P =0
P
F P 1.1547 P (C) l
BA = = .
0s30° Faa é\ Fac
D IE =00 Fysin30° - K = 0
Fae = Pran30° = 057735 P(C)
Joint C:
+T3E = o —Fey €0s30° + E.,sin60° = @
Phoazo® p
sin60°
F = - 1‘ - aq
CA cD sin30°) 132 Fp 353 ©
Fa
DIE =00 Pun30® + P+ F.cos60° — Fey cos30° = 0 Fep
tan30° + 1
Fep = ( P = 1.577P(C)
ﬁcos30° — €0s60°
Fep = 2732P(T)
Joint D ;
*
2IE =0, F, - 1.577Psin30° = 0 ,
300 [.533p
Ry = 0.7887 P (C) Fop
—y @
1) Assume fea = 2kN = 2732p T
Py
P=173206N
Fep = 1.577(732.06) = 11545 N < (F)mae =1200N  (0.K!)
Thus,




6-23. Determine the force in each member of the truss
and state if the members are in tension or compression.

Support Reactions :
(=0 4@+5@-E®=0 E=10N

+TZI-;=O; 23.0-4-5-D =0 D, =140kN

:)ZI';=0 l)‘=0

Method of Joints :

Joint D

5
+TZIE =0 "bt[\/_—;)- 140=0

Fg=1633kN (C) = 16.3kN (C)  Anms
. 3
= IF, =0; 16.33(—}-FDC=0
Fyc =84