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Engineering Mechanics - Statics
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Chapter 1

Represent each of the following combinations of units in the correct S| form using an

appropriate prefix:

(@) m/ms (b) pkm (c) ks/mg (d) km-puN

Units Used:
uN = 107 ° N
-6
ukm =10 ~ km
Gs = 10° s
ks = 10° s
mN = 10" ° N
ms = 10_3 )
Solution:
m m
@ M _ 5,980
ms s
m km
- -1
ms s
-3
(b) ukm=1x10 "m
ukm = 1mm
k
© € _ 1,102
mg kg
ks 3 Gs
mg kg

(d) km-uN=1x10°

km-uN = 1mm-N
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Engineering Mechanics - Statics Chapter 1

Problem 1-2

Wood has a density d. What is its density expressed in Sl units?

Units Used:
Mg = 1000 kg

Given:

d = 470 319
3

ft

Solution:
1slug = 14.594 kg
Mg

d=242—
3
m

Problem 1-3

Represent each of the following combinations of units in the correct Sl form using an
appropriate prefix:

(@) Mg/mm (b) mN/us (c) um-Mg

Solution:

a) Mg 103 kg 106 kg Gg
mm 10—3 m m m
Mg Gg
mm m

L 10°N 10°N KN
us 19765 S S
mN kN
us S

(©  umMg = (107

um-Mg = mm-Kkg
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Engineering Mechanics - Statics Chapter 1

Problem 1-4

Represent each of the following combinations of units in the correct SI form: (a) Mg/ms, (b)
N/mm, (€) mN/( Kg- us).

Solution:

Mg 103 kg 106 kg Gg

(@ — —
ms 10—3 s S S
Mg _ Gg
ms s
N 1N N kN
(b)y — = —10° = -2
mm 10—3 m m m
N Kk
mm m
-3
mN 10 ° N kN
(©) ==
kgus 1070 g5 KOS
mN kN
kg-us  kg-s
Problem 1-5

Represent each of the following with Sl units having an appropriate prefix: (a) S;, (b) S,, (¢) S5.

Units Used:
-3 3
kg = 1000 g ms =10 " s kN = 10" N
Given:
S1 = 8653 ms
Sp = 8368 N
S3 = 0.893 kg
Solution:

(a) Sq =8.653s
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Engineering Mechanics - Statics Chapter 1

(b) Sy = 8.368kN

(c) S3=2893¢g

Problem 1-6

Represent each of the following to three significant figures and express each answer in Sl units
using an appropriate prefix: (a) x, (b) y, and (c) z.

Units Used:
MN = 10° N
-6
ug = 1x10 ~ gm

KN = 10° N

Given:
X = 45320 kN
5
y = (568>< 10 ) mm
z = 0.00563 mg

Solution:
(a) x=453MN
(b) y=56.8km

(¢) z=563ug

Problem 1-7

Evaluate (a-b)/c to three significant figures and express the answer in Sl units using an
appropriate prefix.

Units Used:

um = 10 %m

Given:

a = (204 mm)
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Engineering Mechanics - Statics Chapter 1

b = (0.00457 kg)
c = (346 N)
Solution:

L | — 26.945 XM K9
C

Problem 1-8

If a car is traveling at speed v, determine its speed in kilometers per hour and meters per second.

Given:

mi
v = 55—
hr

Solution:

v - 88514 <™
hr

m
V=246 —
S

Problem 1-9

Convert: (a) S;to N-m, (b) S,to kN/m?, (c) S;to mm/s. Express the result to three
significant figures. Use an appropriate prefix.

Units Used:
KN = 10° N
Given:
S1 = 200g Ib-ft
b
So = 3509 -
ft
ft
S = 8—
3 hr
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Engineering Mechanics - Statics Chapter 1
Solution:

() S1=271N-m

kN
(b) Sp=550—

m

mm
(c) S3=0677—
S

Problem 1-10

What is the weight in newtons of an object that has a mass of: (a) m,, (b) m,, (c) m;? Express
the result to three significant figures. Use an appropriate prefix.

Units Used:
Mg = 103 kg
mN = 10 S N
kN = 10° N
Given:
m1 = 10 kg
mo = 0.5 gm
m3 = 4.50 Mg
Solution:
(@ W=mg
W =98.1 N
(b) W =mzg
W = 4.90 mN
() W =mzg
W = 44.1 kN
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Engineering Mechanics - Statics Chapter 1

Problem 1-11

If an object has mass m, determine its mass in kilograms.

Given:

m = 40 slug
Solution:

m = 584 kg

Problem 1-12

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

Units Used:
Mg = 103 kg

Given:

Ib
_ 520~
r 3

ft
Solution:
Mg

3
m

p = 8.33

Problem 1-13

A concrete column has diameter d and length L. If the density (mass/volume) of concrete is p,
determine the weight of the column in pounds.

Units Used:
Mg = 103 kg
kip = 10° Ib
Given:

d = 350 mm

L=2m
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Engineering Mechanics - Statics Chapter 1

Mg

3
m

p =245

Solution:
d 2
V = n(zj L V =192.423 L

W=pV W = 1.04 kip

Problem 1-14

The density (mass/volume) of aluminum is p. Determine its density in SI units. Use an
appropriate prefix.

Units Used:
Mg = 1000 kg

Given:

sl
o= 5.26—”3g
ft

Solution:

M
p =217 3
3

m

Problem 1-15
Determine your own mass in kilograms, your weight in newtons, and your height in meters.
Solution:
Example
W = 150 Ib
m=W m = 68.039 kg
Wg = 667.233 N

h=72in h=1.829 m
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Problem 1-16

Two particles have masses m; and m,, respectively. If they are a distance d apart, determine
the force of gravity acting between them. Compare this result with the weight of each particle.
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Chapter 1

Units Used:
12 m3
G =6673x10 ° ——
2
kg-s
AN =100 N
Given:
m1 = 8 kg
my = 12 kg
d = 800 mm
Solution:
G mq my
d2
F = 10.0 nN
W1 =mpg W1 =785 N ?:7.85><10
W2
Wy =myg Wy =118 N ?:1.18><1010
Problem 1-17

Using the base units of the SI system, show that F = G(m;m,)/r? is a dimensionally

homogeneous equation which gives F in newtons. Compute the gravitational force acting
between two identical spheres that are touching each other. The mass of each sphere is m,, and

the radius is .

Units Used:
6 12 m3
uN =10 "N G =66.7310 —
kg-s
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Engineering Mechanics - Statics Chapter 1

Given:
m1 = 150 kg

r = 275 mm

Solution:

G m12

(2n)2
F = 4.96 uN

Since the force F is measured in Newtons, then the equation is dimensionally homogeneous.

Problem 1-18

Evaluate each of the following to three significant figures and express each answer in Sl units
using an appropriate prefix: (a) x, (b) y, (c) z.

Units Used:

MN = 108 N

kKN = 10° N

um = 10 %m

Given:

X = (200 kN)?

2
y = (0.005 mm)
7 = (400 m)°
Solution:

(8) X = 0.040 MN?

(b) y=250um?

() z=00640km°

10
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Chapter 1

Evaluate each of the following to three significant figures and express each answer in Sl units

using an appropriate prefix: (a) a;/b,, (b) a,b,/c,, (C) azbs.

Units Used:
um = 10 % m
Mg = 106 gm
ms =10 s
Given:

a] = 684 um
b1 = 43 ms

as =28 ms

bp = 0.0458 Mm

co = 348 mg
az = 2.68 mm
bz = 426 Mg

Solution:

Mm = 106 m

kg = 103 gm

(a)

(b)

(c)

az by s
= 3.69 Mm —
2 kg

az bz = 1.14km-kg

Problem 1-20

Evaluate each of the following to three significant figures and express each answer in Sl units

using an appropriate prefix: (@) a,/b,? (b) a,%b,>.

Units Used:

Mm = 10°

m
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Engineering Mechanics - Statics Chapter 1
Given:
a; = 0.631 Mm
b1 = 8.60 kg
as = 35 mm
b, = 48 kg
Solution:
ai km
by kg

(b)  ap’ by° = 135.48kg°>-m?

12
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Engineering Mechanics - Statics Chapter 2

Problem 2-1

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

Given:

Fq = 600 N
Fo = 800 N
F3 = 450 N
a = 45 deg
B = 60 deg
y = 75 deg
Solution:

w=90deg— S+«

Fr = F12 + F2 2 F1 Fa cos(y)

FR = 867 N

Fr F2
sin(y/) sin(H)

- asin(pz #}

0 = 63.05deg

¢=0+a

¢ = 108deg
Problem 2-2

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

Given:
F1 =801Ib
Fo =60 Ib

13
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0 = 120 deg

Solution:

FR = \/Flz + F22 -2F1 P cos(180 deg — 0)

Fr=721lb
in{180 deg —
g = asin(Fl sm( . H)j
Fr
B = 73.9deg
Problem 2-3

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

Given:
F1 =250 1b
Fo =375 1b

6 = 30 deg
¢ = 45 deg

Solution:

Fr = \/Flz + Fp? 2 Fq Fp cos(90 deg + 0 ¢)
Fr = 178 kg

FR F1

sin(90 deg + 6— ¢) sin(,b’)

F1

B = asin(— sin(90 deg + 6 - ¢)j
Fr

B = 37.89deg

14
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Engineering Mechanics - Statics Chapter 2

Angle measured ccw from x axis

360 deg — ¢ + B = 353deg

Problem 2-4

Determine the magnitude of the resultant force Fp =F, +F, and its direction, measured
counterclockwise from the positive u axis.

Given:
Fq = 300 N
Fo = 500 N
a = 30 deg
B = 45 deg
y = 70 deg
Solution:

Fr = F12 + 2%~ 2 F1 F2005(180 deg — - 7 + a)

FR = 605 N

FR F2

sin(180 deg-pg-y+ a) sin(6’)

in(180 deg — B -
0= asin(Fg sm( - port a>j
FRr
0 = 55.40deg
¢ =0+
¢ = 85.4deg
Problem 2-5

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

Given:

F1 =300N @ = 30 deg

15
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Fo =500 N g = 45deg
y = 70 deg
Solution:

F]_u _ Fl
sin(y — a)  sin(180 deg - 7)

sin(;/— a)
Fiu=F
lu ! sin(180 deg - 7/)
F1y=205N
Fiy F1

sin(e)  sin(180 deg - 7)

sin(a)
sin(180 deg - 7/)

Fiv =F1

Fiy = 160 N

Problem 2-6

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

Given:

Fq = 300 N
Fo = 500 N
a = 30 deg
B = 45 deg
y = 70 deg
Solution:

Sin(ﬂ)j

" Fz(sinm

16
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Fou = 376.2 N

sin[ 180 deg — (8 + ;/)]}

"o s FZ[ sin(7)

Foy = 4822 N

Problem 2-7

Determine the magnitude of the resultant force Fp = F, + F, and its direction measured
counterclockwise from the positive u axis.

Given:

Fp =251b
Fo =50 1b
61 = 30 deg
6> = 30 deg
63 = 45 deg
Solution:

o = 180 deg - (63 + 61)

Fr = F2? + F12 2 F1 F2 cos(a)

Fr=6141b

sin(9) _ sin(a) ;) asin(sin(a) zj

F2 FR FR

¢ = 51.8deg
0=0-03

0 = 6.8 deg

Problem 2-8

Resolve the force F; into components acting along the u and v axes and determine the components.

17
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Given:
F1=251b
Fo =50 1Ib
61 = 30 deg
6> = 30 deg
63 = 45 deg
Solution:
—Fuy F1
sin(eg - 92) - sin(€2)

-F1 Siﬂ(@g - 02)
sin(Hg)

Fu:

Fu=-1291b

Fv F1
sin(180 deg — 6?3) - sin(eg)

F1 sin(180 deg - 63)

F, =

Y sin(eg)
Fy =3541Ib
Problem 2-9

Resolve the force F, into components acting along
the u and v axes and determine the components.

Given:
F1=251b
Fo =50 Ib
61 = 30 deg

18
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6> = 30 deg
63 = 45 deg
Solution:

Fu F2
sin[ 180 deg — (61 + &2)]  sin(éy)

R sin[180 deg — (61 + &)
“- sin(6’2)

Fu = 86.61b

—Fy F2

sin(@l) - sin(€2)

) Siﬂ(@l)
Fy= ————
sm(6’2)
FV = _50|b
Problem 2-10

Determine the components of the F force acting along the u and v axes.

Given:

61 = 70 deg
6» = 45 deg
63 = 60 deg
F =250 N
Solution:

Fu F
sin[ 180 deg — (61 + &2)]  sin(éy)

) Fsin[180 deg - (61 + 62)]

Fy = () Fu =320 N

19
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Fy ~ F
sin(@l) sin(€2)

~ Fsin(&l)

ey Fy =332 N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-11

The force F acts on the gear tooth. Resolve this force into two components acting along the

lines aa and bb.

Given:
F=201b
61 = 80 deg
6> = 60 deg
Solution:
F 3 Fa
sin[ 180 deg — (61 + &2)]  sin(é1)
Fsin(&l)
Fa = sin[180 deg — (61 + &) Fa = 30610
F P
sin[ 180 deg — (61 + &2)]  sin(éy)
Fsin( &
Fp = Sm( 2) Fp = 26.91b

sin[180 deg — (61 + 62

Problem 2-12

The component of force F acting along line aa is required to be F,. Determine the magnitude

of F and its component along line bb.

20
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Given:
Fa - 30 Ib
61 = 80 deg

6> = 60 deg

Solution:

Fa F

sin(61) - sin[180 deg — (61 + 62|

j F=1961Ib

- sin(180 deg - 61 — 67)
-8 sin(@l)

Fa B Fp
sin(@l) sin(€2)

~ Fa sin(@z)

Fo = sin(6y) Fp = 26.41b

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-13

A resultant force F is necessary to hold the ballon in place. Resolve this force into components
along the tether lines AB and AC, and compute the magnitude of each component.

Given:

F =3501b
61 = 30 deg
6> = 40 deg
Solution:

FaAB F

sin(61) sin[180 deg — (61 + 62|

21
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ST S

sin[ 180 deg - (61 + 6]

Fag = 1861b

Fac F

sin(g2)  sin[180 deg - (61 + 6,)]

Fac = F{ sin(2) }

sin[ 180 deg - (61 + 6]

Fac = 2391b

Problem 2-14

The post is to be pulled out of the ground using two ropes A and B. Rope A is subjected to force
F, and is directed at angle &, from the horizontal. If the resultant force acting on the post is to be

Fr, vertically upward, determine the force T in rope B and the corresponding angle 6.

Given:
Fr = 1200 Ib
F1 = 600 Ib

61 = 60 deg

Solution:

T= \/Flz + FR2 -2F1 FR cos(90 deg — 91)
T="7441b

sin(g)  sin(90 - 61)

Fr T

. F1
0 = asin sm(90 deg — 91) = 0 = 23.8 deg

22
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Problem 2-15

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

Given:
F1 = 250 N
Fy = 150 N
61 = 30 deg
6> = 30 deg
63 = 105 deg
Solution:

Fiv F1

sin(@l) sin(€3)
Fiv =F1 (sin(eg)]
Fqy = 129N

Fiu !
sin(180 deg - 61 — 6?3) - sin(6?3)

- - sin(180 deg — 1 — 63)
u="1 sin(6?3)

Fiy= 183 N

Problem 2-16

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

Given:

F1 = 250 N

23
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Fp = 150 N
61 = 30 deg
6> = 30 deg

63 = 105 deg
Solution:

Fiv F2
sin(@l) sin(180 deg — 6?3)

sin(61) j

Fiv = F2 (sin(180 deg - 493)

Fiy = 77.6N

Fau ~ F2
sin(180 deg — 6?3) - sin(180 deg - 493)

c e sin(180 deg — 493)
u =" sin(180 deg — 6?3)

Foy = 150 N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 2-17

Determine the magnitude and direction of the resultant force Fr. Express the result in terms of
the magnitudes of the components F, and F, and the angle ¢.

Solution:
FR% = F1% + Fp? — 2F1 Fp cos(180 deg — ¢)

24
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Since cos(180deg — ¢) = —cos(¢),

FR = \/Flz +F2% 42 F1 Fp cos(g)

From the figure,

F1 sin(¢)

Ll Ay
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Problem 2-18

If the tension in the cable is F,, determine the magnitude and direction of the resultant force acting
on the pulley. This angle defines the same angle & of line AB on the tailboard block.

Given:

Fq = 400 N

61 = 30 deg

Solution:

Fr = \/Flz + F12 -2F1Fq 005(90 deg — 91)
Fr =400 N

sin(90 deg - 6) sin(61)
FRr R

FRr
6 = 90 deg — asin(F— sin(&l)]
1

6 = 60deg

25
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Problem 2-19

The riveted bracket supports two forces. Determine the angle 6o that the resultant force
is directed along the negative x axis. What is the magnitude of this resultant force?

Given:

F1 =601Ib
Fp =701b
61 = 30 deg

Solution:

sin(0) sin(61)
F1 F2

o- asin(sin(@l) ;j

2

0 = 25.4 deg
¢ =180deg— 60— 61

¢ =124.6deg

R = [ F12 + Fo? - 2F1 Fpcos(g)

R = 1151b

Problem 2-20

The plate is subjected to the forces acting on members A and B as shown. Determine the magnitude
of the resultant of these forces and its direction measured clockwise from the positive x axis.

Given:
Fa =400 Ib
Fg = 500 Ib
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61 = 30 deg

6 = 60 deg
Solution:

Cosine law:

Fr = \/FBZ + Fa? — 2FgFacos(90 deg - 0+ 6y)
Fr = 4581b
Sine law:

sin(90 deg— 6+ 491) sin(6 - @)

FR Fa

. Fa
a = 60— asin sm(90 deg— 6+ 91) =
R

a = 10.9deg

Problem 2-21

Determine the angle @ for connecting member B to the plate so that the resultant of F,and Fg
is directed along the positive x axis. What is the magnitude of the resultant force?

Given:

Fa =400 Ib
Fg = 500 Ib
61 = 30 deg
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Solution:

Sine law:

sin(0) sin(90 deg — 491)

Fa FB

[ Fa
6 = asin sm(90 deg — 91) —
Fs

0 = 43.9deg

FRr Fa
sin(90 deg + 61 — 6?)

sin(90 deg - 0+ 01)

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Fr =F

R A sin(@)
Fr = 561Ib
Problem 2-22

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

Given:

F1 =30N
Fo =20 N
F3 =50 N

0 = 20 deg
c=3

d=4
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Solution:

c
a = atan| =
(d)

F - JFlz  Fp? ~ 2F1 Fpcos(90 deg + 0 a)

F'=309N

F ~ F1
sin((90 deg- 0+ a)) - sin(90 deg- 60— ﬁ)

. sin(
B =90 deg — 6 —asin| F1

90 deg — 0+ «)
FI

B = 1.5deg

Now add in force F3.

Fr = F'2+ Fs? - 2F Facos(p)

FrR=19.2 N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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¢ = asin(F' M)
FR
¢ =2.4deg
Problem 2-23

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

Given:
F1 =30N
Fo =20 N

29
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F3 =50 N

0 = 20 deg
c=3

d=14

Solution:

F' = JFZZ + F32 - 2F7F3 cos((90 deg — 9))
F' =47.07 N

F2 F

sin(,b’) sin(90 deg - 6’)

g - asin(Fg sin(90 dleg - 6?))
F
B = 23.53deg
c
a = atan| —
2
r=a-p

Fr = F2+ F1 - 2F Fyoos())

FR=19.2 N

¢ =21.16deg
y=p-¢
w = 2.37 deg
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Resolve the force F into components acting along (a) the x and y axes, and (b) the x and y'

axes.
Given:
F=501Ib
a = 65 deg
B = 45 deg
y = 30 deg
Solution:
@ Fy = Fcos(ﬂ)

Fy = 35.41b

Fy = Fsin()

Fy = 35.41b

Fx F

(b) =

sin(90 deg - g - ;/)

sin(90 deg + ;/)

F sin(90 deg— g - ;/)

sin(90 deg + 7/)

Fy=1491Ib
Fy' _ F
sin(,b’) - sin(90 deg + 7)

Fy = F

sin(4)

sin(90 deg + ;/)
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Problem 2-25

The boat is to be pulled onto the shore using two ropes. Determine the magnitudes of forces
T and P acting in each rope in order to develop a resultant force F,, directed along the keel
axis aa as shown.

Given:
6 = 40 deg
61 = 30 deg

F1 =801Ib

Solution:

F1 T
sin[180 deg — (0+ 01)] - sin(e)

sin(&)

T =P G180 deg — 0- a1

T=54.71Ib

F1 P
sin[180 deg — (0+ 01)] - sin(@l)

F1
sin[180 deg — (6 + 61)]

P = sin(@l)

P=426Ib
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Problem 2-26
The boat is to be pulled onto the shore using two ropes. If the resultant force is to be F;, directed

along the keel aa as shown, determine the magnitudes of forces T and P acting in each rope and
the angle @ of P so that the magnitude of P is a minimum. T acts at & from the keel as shown.

Given:

61 = 30 deg

F1 =801Ib

Solution:

From the figure, P is minimum when

6+ 61 = 90 deg
6 = 90 deg — 61
6 = 60deg

P F1

sin(61)  sin(90 deg)

F1 sin(@l)
sin(90 deg)

P =401Ib

T F1

sin(e) ~ sin(90 deg)

sin(6’)
! sin(90 deg)

T=169.3Ib

33

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2

Problem 2-27

The beam is to be hoisted using two chains. Determine the magnitudes of forces Fand Fg
acting on each chain in order to develop a resultant force T directed along the positive y axis.

Given:
T =600 N
61 = 30 deg

6 = 45 deg

Solution:

Fa i T
sin(9) sin[180 deg — (0+ 91)]

3 Tsin(e)
sin[180 deg — (6 + 61)]

Fa = 439N

Fg B T
sin(61)  sin[180 deg — (6 + 1]

L sin(61)
sin[180 deg — (6 + 61)]

Fg =311 N
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Problem 2-28

The beam is to be hoisted using two chains. If the resultant force is to be F, directed along the
positive y axis, determine the magnitudes of forces F, and Fg acting on each chain and the

orientation @of Fgso that the magnitude of Fg is a minimum.

Given:

F = 600 N
61 = 30 deg
Solution:

For minimum Fg, require

6 =90 deg— 61
6 = 60deg

Fa =F cos(@l)
Fa =520 N

Fg = FSin(Hl)
Fg =300 N
Problem 2-29

Three chains act on the bracket such that they create a resultant force having magnitude Fg. If

two of the chains are subjected to known forces, as shown, determine the orientation & 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.
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Given:

Fr =500 Ib
F1 =200 Ib
Fo = 300 Ib

¢ = 30 deg

Solution:

Cosine Law:

Fr1 = \/Flz + F22 -2F1 P> cos(90 deg — ¢)

Fr1 = 264.61b

Sine Law:  Make F parallel to Fg,

sin(¢+ 6) _ sin(90 deg — ¢)

F1 Fr1

F
0=—¢+ asin(sin(go deg — ¢) F_lj
R1

6 = 10.9 deg

When F is directed along Fg,, F will be minimum to create the resultant forces.

F=Fr-Fr1
F =235Ib
Problem 2-30

Three cables pull on the pipe such that they create a resultant force having magnitude Fg. If two

of the cables are subjected to known forces, as shown in the figure, determine the direction & of
the third cable so that the magnitude of force F in this cable is a minimum. All forces lie in the
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x-y plane.What is the magnitﬁde of F? Hint: First find the resultant of the two known forces.

Given:

Fr =900 Ib
F1 =600 Ib
Fo =400 Ib
a = 45 deg
£ = 30 deg
Solution:

F = \/Flz t Fp? — 2F1 Fycos(90 deg + o - )

F' = 802.641b

F=Fr-F

F=9741lb

sin(¢) _ sin(90 deg + a — ﬂ)
F1 F

F
¢ = asin(sin(90 deg + o — f) —1j

F
¢ = 46.22 deg
0=¢-p
6 = 16.2 deg
Problem 2-31

Determine the x and y components of the force F.
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Given:

F =800 Ib

a = 60 deg

B = 40 deg
Solution:

Fy = Esin(B)
Fy = -F cos()
Fy = 514.21b
Fy = —612.81b
Problem 2-32

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

Given:

F1 =70N
Fo =50 N
F3 = 65N
6 = 30 deg
¢ = 45 deg
Solution:

5 Fre=2Fq  Frx = F1+ Fcos(6) - Facos(g)
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+T Fry=2F,;  FRry = —Fasin(6) - F3sin(g)

[C 2 2
FrR =+ FRx +FRy

FR=97.8 N

0 = 46.5deg

Problem 2-33

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

Given:
F1 =501Ib
Fp =351b
a = 120 deg
B = 25 deg
Solution:
+
—> Fpe=2Fy Frx = Flsin(a) ) sin(ﬁ)
Frx = 2851b
+T FRy: ZFy; FRy =-Fq cos(a) ) cos(ﬂ)
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/ 2 2

FR =+ FrRx + FRy

FrR=29.31Ib
FR

g = atan | y|
|Fry|

¢ = 13.3deg

6 = 360 deg — 4

6 = 347 deg

Problem 2-34

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

Given:
Fq1 =850 N
Fo =625 N
F3 = 750 N
6 = 45 deg
¢ = 30 deg
c=3
d=4
Solution:
i) Fre=SFy FrRX = Flﬁ — Fasin(g) - F3 sin(6)

40

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g bl i sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2

** Fry=SFy; FRy = —F{ ——— — Fycos(g) + F3cos(0)

02+d2

Frx = -162.8 N Fry = -520.9 N
2 2
FR = ,‘/ Frx™ + FRry Fr =546 N

FRy
o = atan| ——
FRX

a = 72.64 deg

£ = o+ 180 deg

B = 252.6deg
Problem 2-35

Three forces act on the bracket. Determine the magnitude and direction & of F; so that the
resultant force is directed along the positive x' axis and has a magnitude of Fg.

Units Used:

KN = 10° N
Given:

FrR = 1 kN

Fo = 450 N
F3 = 200 N
a = 45 deg
S = 30 deg
Solution:

i) Fry=SF,; FRcos(,H) =F3+F> cos(a) +F1 cos(H+ ﬁ)

+T Fry=SFy; —Fgsin(B) = Fysin(a) — F1sin(6+ B)
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F1cos(6+ B) = Freos(B) — F3 — Focos(a)

F1 sin(6+ ,6') =F sin(a) + FR sin(ﬂ)

Fo sin(a) + FR sin(ﬂ)
6 = atan _
Fr cos(ﬂ) -F3-F> cos(a)

6 = 37deg

F1 = (Freos(p) - Fa - Focos(a))? + (Fasin(ar) + Frsin(s)?

F1 =889 N

Problem 2-36

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

Given:

F1 = 300 N
Fp = 450 N
F3 = 200 N
a = 45 deg
S = 30 deg

6 = 20 deg

Solution:

FRy = F1cos(0+ B) + F3 + Focos(a) Fry = 711.03 N

—Fysin(0+ B) + Fasin(a) Fry = 88.38 N
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FR = J':RXTFRVZ Fr =717 N
¢ (angle from x axis)
¢ = atan(ﬂj ¢ = 7.1deg
FRx
¢ (angle from X' axis)
#=py ¢ = 37.1deg
Problem 2-37

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

Given:
F1 = 800 N
Fo = 600 N
6 = 40 deg
c=12
d=5
Solution:
+ c
—> Fr=ZF,; Frx = F1 cos(ﬁ) - Fg[—j
2 2
c +d
. d
A Foy=3F; Fry = F1sin(6) + Fp| ——
02 + d2

/ 2 2
FrR = 4/ FRx +FRy

Fry = 59 N
FRry = 745 N
FR =747 N
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6 = atan| —
FRx
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Chapter 2

6 = 85.5deg

Problem 2-38

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

Units Used:
kN = 10° N
Given:
Fq = 30 kN
Fy = 26 kN
6 = 30 deg
c=5
d =12
Solution:
+ = . C
y Frc= 2Fy Fryx = —F1sin(6) - F2 Frx = —25kN
c +d2
+N Fgy = 2F,; (0) d
T ry=ZF;  FRry = —Fpcos(6) + = |F2 Fry = —2kN
c +d
2 2
FR =/ FR + FRy FR = 25.1kN
FRr
¢ = atan Y ¢ =4.5deg
FRx
£ = 180 deg + ¢ £ = 184.5deg
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Problem 2-39

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

Given:
F1 =601b
Fo =70 1b
F3 =501b
61 = 60 deg
6 = 45 deg
c=1
d=1
Solution:
d
03 = atan(—)
c
Frx = —F1cos(63) - F2sin(61) Fry = —1031b
Fry = F1sin(é3) - Facos(61) - F3 Fry = —42.61b
2 2
FR =/ FR + FRy Fr=11151Ib
¢ = 180 deg + atan| — 6 = 202 deg
FRx
Problem 2-40

Determine the magnitude of the resultant force Fr="F, + F, and its direction, measured

counterclockwise from the positive x axis by summing the rectangular or x, y components
of the forces to obtain the resultant force.
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Given:
F1 = 600 N
Fo =800 N
F3 = 450 N
61 = 60 deg
6o = 45 deg
63 = 75 deg
Solution:
+ .
—> Fp = ZF, Frx = F1cos(62) - F2sin(61) FRry = —268.556 N
+T Fry = 2F,; Fry = F1sin(é2) + Focos(61) Fry = 824.264 N
2 2
FR = FRx + FRy FrR =867 N
|Fryl
6 = 180 deg — atan 6 = 108deg
|Fry
Problem 2-41

Determine the magnitude and direction of the resultant Fg = F; + F, + F of the three forces
by summing the rectangular or x, y components of the forces to obtain the resultant force.

Given:
F1 =30N
Fo =20 N
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F3 =50 N
0 = 20 deg
c=3

d=14

Solution:

Frx = —-F d Fo(sin(6) + F
Rx——l{ﬁJ— 2\8In +F3

J -F cos(@)
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Fry = 19.2 N

FRry = —0.8 N

FrR=19.2 N

0 =2.4deg

Problem 2-42

Determine the magnitude and orientation, measured counterclockwise from the positive y axis, of the

resultant force acting on the bracket.
Given:

Fa = 700 N
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Fg = 600 N

0 = 20 deg

¢ = 30 deg

Solution:

Scalar Notation: Suming the force components algebraically, we have

Frx=2Fo  Frx = Fasin(g) - Fgcos(6)
FRy = —213.8 N

FRy:ZFy; FRy = FAcos(¢) + FBsin(H)
FRy = 811.4 N

The magnitude of the resultant force Fy is

/ 2 2
FrR = 4/ FRx +FRy

Fr =839 N

The directional angle @measured counterclockwise
from the positive x axis is

(|FRX|]
6 = atan
| Ry

6 = 14.8 deg

Problem 2-43

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

Given:

F1 = 300 N

48
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Fo =200 N
F3 = 180 N
6 = 10 deg
61 = 60 deg
c=5
d =12
Solution:
d
—> Fpe=ZF;  Fry = Fysin(01 + 0) - ——|F3 Fry = 1158 N
c +d
C
+T Fry = 2Fy; Fry = F1cos(6y + 6) + Fp + = = Fry = 3718 N
e +d

FR =4 FRe + FRy2 FR=389N

F

¢ = atan Ry ¢ = T72.7deg
FRx

v = ¢~ (90 deg - 61) w = 42.7 deg

Problem 2-44

Determine the x and y components of F, and F,.

49
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Given:
F1 =200 N

Fp = 150 N

6 = 45 deg
¢ = 30 deg
Solution:
Fix = Flsin(é’)
Fix = 1414 N

Fiy =F1 cos(e)

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Fiy = 1414 N
Fox = —F2cos(¢)
Foy = —129.9 N
Foy = ngin(¢>
Foy=75N

Problem 2-45

Determine the magnitude of the resultant force and its direction, measured counterclockwise

from the positive x axis.

Given:

F1 =200 N
Fo = 150 N
6 = 45 deg

¢ = 30 deg

50
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Solution:
+ .
—> Fp,=3F,  Fry = F1sin(6) — Focos(g) Fry = 11.5 N

A Fry=2F;  Fry = F1cos(0) + Fasin(y) FRy = 216.4 N

F =,‘,FRX2+FRy2 F=217N

L= atan(gj £ = 87deg
X

Problem 2-46

Determine the x and y components of each force acting on the gusset plate of the bridge truss.
Given:

F1 =200lb c¢c=3

Fp =4001b d=14

F3 =3001b e=3

Fq =3001b f=4

Solution:

Fix = -F1

F1x = —2001b

Fiy =01b

Fox = Fz(%j

c +d

Fox = 32010

Fay - _F{;j
02 + d2

Foy = -2401b
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F3X = 180 Ib
Fay = F f
3y = F3 > >
e+ f

Fax = —F4
Fax = —=3001b

Problem 2-47

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

Units Used:

KN = 10° N

Given:
F1 = 20 kN
Fo = 40 kN

F3 = 50 kN

>
Il

60 deg

Solution:

f d
S Fo=3F; Fry = F:{—Zj + Fg[—j — Fycos(6)
f

e +

Frx = 58.28 kN
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+T e c .
Fr,=2F,; Fry = F3| ——| - Fo| ———=| — F1sinl g,
Ry y Ry 3 > > 2 > > 1 ( )
e+ f c +d
FRy = —15.6 kN
F = JFr + FRy’
F = 60.3kN
FRr
6 = atan u
FRx
0 = 15deg

Problem 2-48

Three forces act on the bracket. Determine the magnitude and direction &of F; so that the
resultant force is directed along the positive x' axis and has magnitude Fg.

Given:
Fp = 200 N
F3 = 180 N
61 = 60 deg
Fr = 800 N
c=5
d=12
Solution:
Initial Guesses: Fq = 100 N 6 = 10 deg
Given
+ . . d
—> Fr=2F; FR Sln(ﬁl) =F sm(¢91 + 49) - (ﬁjFS
c +d

53

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2
+T _ve. Fr(cos(61)) = Ficos(6y + 6) + Fp + [;Jps
FRy = ZFy, =5

¢? + d?
F
( 1} = Find(F1, 0)

0

F1 =869 N 6 = 21.3deg

Problem 2-49

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

Given:

F1 = 300 N
Fo = 200 N
F3 = 180 N
61 = 60 deg
6 = 10 deg
c=5

d=12

Solution:
Guesses Frx = 100 N Fry = 100 N

Given

+ d
—> Fp=3F;  Fry=F1sin(61 + 6) - (—ng

\/c2+d2

M Fey=3F;  Fry=Fi cos(6y + 0) + Fp + (

ﬁj@
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FRx
( j = Find(FRrx. FRry)

/ 2 2
FR =+ FrRx + FRy

FRr
¢ = atan v
FRx

¢ =[¢-(90 deg - 61

www.SoftCivil.ir
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FRx 115.8
= N
Fry 371.8

FrR =389 N
¢ = T72.7deg
¢ = 42.7deg

Problem 2-50

Express each of the three forces acting on the column in Cartesian vector form and compute

the magnitude of the resultant force.

Given:

F1 =150 Ib 6 = 60 deg
Fp =275lb c=4

F3 =751b d=3

Solution:

Find the components of each force.
Fig = Fi —— Fiy = Fi| ———
Ix = F1 ly = F1
\/cz+d2 \/cz+d2

F i F 2 o
Y Ry P,

Fox =01b Foy = -F2

F o F ° b
27 Ry 728
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F3x = -F3 cos(e) Fay = —F3 sin(6’)

- Fax - -375 "
v = F3y 3v = 65

Now find the magnitude of the resultant force.

FrR = |Fiv+ Fav + Fay

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Fr = 462.91b

Problem 2-51

Determine the magnitude of force F so that the resultant F of the three forces is as small

as possible. What is the minimum magnitude of F?

Units Used:

kN = 1000 N

Given:

F1 = 5 kN
Fp = 4 kN

6 = 30 deg

Solution:

Scalar Notation: Suming the force components
algebrically, we have

+

— Fe,=2F, Fpry = F1 - Fsin(6)

T Fe=3F,; Fry = Feos(d) - R

The magnitude of the resultant force Fy is

FR = FRC + Fry” = \/(Fl ~Fsin(0)° + (Feos(6) - F)°
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|:R2 = F12 + F22 T2 2FF sin(6) — 2F, Fcos(6)

dF
2FRd—FR = 2F - 2F1sin(6) — 2F, cos(6)
dFR
If F is a minimum, then (F = j F = Flsin(e) +F> cos(e) F = 5.96 kN
FR = \/(Fl - Fsin(@))z +(Fcos(6) - F2)2 FR = 2.3kN
Problem 2-52

Express each of the three forces acting on the bracket in Cartesian vector form with respect
to the x and y axes. Determine the magnitude and direction &of F; so that the resultant force

is directed along the positive x axis and has magnitude Fr-

Units Used:
kN = 1000 N
Given:

FrR = 600 N
Fo = 350 N
F3 = 100 N
¢ = 30 deg
Solution:

Fo 0
Fov = Fav =
0 -F3
. F1 cos(6) i (350)N i ( 0 jN
v = ov = 3v =
Y| Fysin(o) v 0 V7 2100

57

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2
The initial guesses: F1 =20N & =10 deg
Given
F1cos(6) Freos(¢)
+ Foy + F3y =
F1 sin(@) v Y FRsin(¢)
F1
= Find(Fy1, 6) Fi=4345N  @=67deg
)
Problem 2-53

The three concurrent forces acting on the post produce a resultant force Fx=0. If F, = (1/2)F,,
and F, is to be 90° from F, as shown, determine the required magnitude F; expressed in terms
of F; and the angle 6.

Solution: Use the primed coordiates.

2Fg=0 F3 cos(e— 90 deg) -F1=0

2Fgy=0 -F3 sin(ﬁ— 90 deg) +F>2=0
Fa 1
t -90deg) = — = —
an(o eg) ;32

1
6 = 90 deg + atan(z)

6 = 117deg

1
cos(e— 90 deg)

k=11 F3 =kFq

R rs
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Problem 2-54

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 magnitude Fg.

Given:
FR =501b
F1 =801Ib
F3 =521b
¢ = 25 deg
c=12
d=5

Solution:

Guesses

Fo =11lb 6 =120 deg

Given

2

d
Freos(g) = F1 + Focos(g+ 6) + [—ng,
c +d2

_Frsin(g) = —Fasin(g+ 6) + | ——— |F3
N, c2 + d2

F2
( j = Find(Fz, 6) Fo =88.11b 6 = 103.3 deg
0
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Problem 2-55
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Determine the magnitude and orientation, measured clockwise from the positive x axis, of

the resultant force of the three forces acting on the bracket.

Given:

80 Ib

F1

=150 Ib

T
N
I

52Ib
6 = 55 deg

¢ = 25 deg

c=12m

Solution:

Frx +Focos(6+ ¢)

F1+F 4
1 3 > >
Ve +d
c .
Fg[—j — Fpsin(6+ ¢)
2 2
Jyc©+d
2 2
Fr = 1/ Frx + FRy

FRy =

Fry = 126.05Ib

Fr = 1611b

S = 38.3deg

Problem 2-56

Three forces act on the ring. Determine the range of values for the magnitude of P so that the
magnitude of the resultant force does not exceed F. Force P is always directed to the right.
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Units Used:

KN = 10° N

Given:

F = 2500 N

1500 N

F1

Fp = 600 N

61 = 60 deg
6o = 45 deg

Solution:
Initial Guesses: Frx = 100 N FrRy = 100N P =100 N
Given
+
—> Fr=ZFy Frx =P+ F> cos(eg) + F1 cos(@l + 492)

+T Fry =ZFy Fry = F2 sin(6’2) +F1 sin(6?1 + 492)

F = JFrRé + FRy

FRx
Fry | = Find(FRrx.FRy.P) Pmax = 1.6 kN

Pmax

Initial Guesses: Frx = -100 N Fry = 100 N

P = -2000 N

Given

+
—> Fr=ZFy Frx =P+ F> cos(eg) + F1 cos(@l + 492)
+T Fry =ZFy Fry = F2 sin(6’2) +F1 sin(6?1 + 492)

F = JFrRé + FRy

FRx

Fry | = Find(FRrx.FRy.P) Pmin = —1.7kN

Pmin

61
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Since P >0 we conclude that 0<=P <= Ppax = 1.6 kN
Problem 2-57

Determine the magnitude and coordinate direction angles of F, and F,. Sketch each force
onanx, Y, z reference.

Given:
60
F1=|-50|N
40
—40
Fo =|-85|N
30
Solution:
|F1| =877 N
al
F1
P1 | = acos| ——-
|F1]
71
al 46.9
B1 | =| 124.7 |deg
” 62.9
|Fo| =986 N
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£ | = aco{—

72

a2 113.9

B2 | =| 1495 |deg

¥ 72.3
Problem 2-58

Express each force in Cartesian vector form.

Units Used:

KN = 10° N

Given:

F1 = 5kN
Fo = 2 kN
61 = 60 deg
6> = 60 deg
63 = 45 deg

Solution:

Fiv = F1 COS(¢93)

25
Fiv =| 35 [kN
25
0
Foy = | -2 |KkN
0
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Problem 2-59

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

Given:
Fn =40 N
6 = 70 deg
c=3
d=14
Solution:
2 2
c +d
F=Fy|——
" [ d }
F=50N
c
Fx = Fhcos(6) Fy = Fhsin(6) F, = [—]F
2 2
c +d
Fy =137 N Fy=376N F;,=30N
Fx Fy F;
a = acos| — = acos| — = acos| —
F d F 4 F
o = 74.1deg £ = 41.3deg y = 53.1deg
Problem 2-60

Express each force in Cartesian vector form.
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Given:
F1 =400 Ib
Fo =600 Ib
61 = 45 deg
6o = 60 deg
63 = 60 deg
64 = 45 deg
65 = 30 deg
Solution:
~cos(6,) 200
Fiy = F1| cos(63) Fiy=| 200 |Ib
COS(@]_) 282.8
cos( 05) cos 0a) 367.4
Foy = Fa| cos(8s)sin(6s) Foy = | 367.4 |Ib
—sin(65) ~300
Problem 2-61

The stock S mounted on the lathe is subjected to a
force F, which is caused by the die D. Determine the
coordinate direction angle £ and express the force as
a Cartesian vector.

Given:

F =60N
a = 60 deg
y = 30 deg
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Solution:

cosz(a) + cosz(ﬂ) + COSZ(7> =1

p = acos(l - cos(a)2 - COS()/)Z) £ = 90deg

—cos(a) -30
Fyv = F| —cos(p) Fv=| 0 [N
—cos() -52
Problem 2-62

Determine the magnitude and coordinate direction angles of the resultant force.

Given:
F1 =801Ib
Fo =130 Ib
6 = 40 deg
¢ = 30 deg
Solution:
cos(¢) cos( 6?) 53.1
F1v = F1| —cos(¢)sin(6) Fiy = | —445 |Ib
sin(g) 40
0 0
Foy = Fp| O Fov=| 0 |lb
-1 -130
FR = Fiy + Fay |FR| = 11361b
a a 62.1
FrR
Bl = acos(m) £ | =|113.1 |deg
y R y 142.4
66
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Problem 2-63

Specify the coordinate direction angles of F, and F, and express each force as a cartesian

vector.
Given:
F1 =801Ib
Fo =130 Ib
¢ = 30 deg
6 = 40 deg
Solution:
cos(¢) cos( 9) 53.1
F1v = F1| —cos(¢)sin(6) Fiy=| —445 |Ib
sin(g) 40
al a1l 48.4
Fiv
B1 | = acos = A1 | =| 123.8 |deg
1
7 7 60
0 0
F2V = F2 0 F2V = 0 Ib
-1 -130
@2 a2 90
Fov
B2 | = acos F_ B2 | =| 90 |deg
2
72 72 180
Problem 2-64

The mast is subjected to the three forces shown. Determine the coordinate angles ¢, £;, 7
of F; so that the resultant force acting on the mast is Fgl.

Given:
FrR = 350 N
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F1 =500 N
Fo =200 N
F3 = 300 N
Solution:
Guesses a = 20 deg
£ = 20 deg
y = 20 deg
cos(a) 0 0
Given F1| cos(B) | +Fo| 0 |+F3| -1 |=Fg|0
cos(y) -1 0
a a 45.6
Bl = Find(a,ﬁ,y) £ | =|53.1 |deg
y y 66.4
Problem 2-65

The mast is subjected to the three forces shown. Determine the coordinate angles o, £;, 1

of F, so that the resultant force acting on the mast is zero.

Given:
Fq =500 N
Fo = 200 N
F3 = 300 N
Solution:

Guesses a = 20 deg

B
y = 20 deg

20 deg

68
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cos(a) 0 0
Given Fi| cos(B) |+F2| O |+F3l -1 |=0

cos(y) -1 0

o a 90

5 | = Find(a, 8,7) B | =531 |deg

y ¥ 66.4

Problem 2-66

The shaft S exerts three force
components on the die D. Find the
magnitude and direction of the resultant
force. Force F, acts within the octant

shown.

Given:
Fq = 400 N
Fo = 300 N
F3 = 200 N
a2 = 60 deg
2 = 60 deg
c =
d=14

Solution:

cos(az)” + cos(82)° + cos(2)” = 1

Solving for the positive root,

B2 = acos( 1- cos(a2)2 - COS(;/Z)Z) F2 = 45deg
F1 cos(a2) - 0
Fiv=1| 0 Fov = F2 COS(ﬂZ) Fav = % —d
0 COS()/z) c+d7| ¢
69
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FR = F1v + Fay + Fay |Fr| =615 N
a a 26.6
FrR
Bl = acos(m) S| =1 851 |deg
R
y ¥ 64.0
Problem 2-67

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

Given:
F1 =630 1b « = 60 deg

Fo =2501b g = 135 deg

c =24 y = 60 deg
d=7
Solution:
0 0

Fiy =| 1764 |Ib

F1 g
Flv = ———=
[2 2
¢ +d7{ ¢ ~604.8

cos(a) 125
Fov = F2 cos(,B) Foy =| —-176.8 |Ib
cos(y) 125
FR = Fiv+Fay |FR| = 495.81b
70
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Engineering Mechanics - Statics Chapter 2
@R @R 75.4
FR
PR | = acos m PR |=| 90 |deg
R
7R 7R 165.4
Problem 2-68

Determine the magnitude and coordinate direction angles of the resultant force.
Given:

F1 =350N  a = 60 deg

Fp = 250N S = 60 deg

c=3 y = 45 deg
d=4 6 = 30 deg
Solution:
cos(a) 175
Fiv = F1| cos(p) Fiv=| 175 |N
—cos(y) —2475
d c
Foh = Fo| ——= Foy = Fo| /——
02 + dzj N, 02 + d2
Foncos(6) 173.2
Foy = | —Fonsin(6) Foy=| -100 | N
Fay 150
FR = F1v + Fay |Fr| =369.3 N
aR e 19.5
FR
PR | = acos m PR | =| 78.3 |deg
R R R 105.3
Problem 2-69

Determine the magnitude and coordinate direction angles of F; so that the resultant of the three
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forces acts along the positive y axis and has magnitude F.

Given:
F = 600 Ib
F1 =1801b
Fo = 300 Ib
a1 = 30 deg
a9 = 40 deg
Solution:

Initial guesses:
a = 40 deg ¥ = 50 deg

£ = 50 deg F3 =451b
Given

Fry=ZF,; 0=-F1+F cos(al) sin(az) + F3 cos(a)
Fry = ZFy; F=F cos(al) cos(az) +F3 cos(ﬂ)

Fr, = ZF,; 0=-F sin(al) + F3 cos(;/)

cos(a)® + cos(B)? + cos(3)” = 1

F3
a 88.3
= Find(F3,a,4.7) F3 = 4281b B | =206 |deg
¥ 69.5
4
Problem 2-70

Determine the magnitude and coordinate direction angles of F5 so that the resultant of the three
forces is zero.
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Given:
F1 =180 1b a1 = 30 deg
Fo =300 1b a2 = 40 deg
Solution:

Initial guesses:
a =40deg y = 50 deg

Chapter 2

P =50deg F3=451Ib
Given
Fry=ZF,; 0=-F1+F cos(al) Sin(ag) +F3 cos(a)
Fry = 2ZFy; 0="F cos(al) cos(ag) + F3 cos(,B)
Fr, = ZF,; 0 = —Fysin(ag) + F3cos(y)
cos(o:)2 + cos(,b’)2 + cos(;x)2 =1
F3
a 87.0
= Find(F3, @, 5.7) F3 = 2501b B | = 1429 |deg
y 53.1
Y
Problem 2-71

Specify the magnitude F5 and directions o3, A5, and
73 of F5 so that the resultant force of the three forces

is Fg.

Units Used:
kN = 10° N

Given:

Fi =12kN c¢=5

10 kN d=12

T
N
Il

6 = 30 deg
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Engineering Mechanics - Statics Chapter 2
0
FR=19|KkN
0
Solution:
Initial Guesses: F3x = 1 kN Fay = 1 kN F3; = 1 kN
Fax 0 —d
. F2
Given FrR=|F3y |[+F1 005(9) + N 0
F3; —sin(6) c+d{ ¢
Fax Fax 9.2
Fay | = Find(Fax, Fay.F3;) F3 = | Fay F3=|-14 |[kN |F3| = 9.6kN
F3z F3; 2.2
a3 a3 15.5
F3
B3 | = acos H B3 | =984 |deg
3
73 73 77.0
Problem 2-72

The pole is subjected to the force F, which has
components acting along the x,y,z axes as
shown. Given S and y, determine the magnitude
of the three components of F.

Units Used:

kN = 1000 N

Given:
F = 3 kN
£ = 30 deg

y = 75 deg
Solution:

cos(o:)2 + cos(,b’)2 + cos(;x)2 =1
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o = acosly cos(p)? - cos(2 + 1)
o = 64.67 deg

Fx = Feos(a)  Fy = Feos(p) F, = Fcos(y)

Problem 2-73

The pole is subjected to the force F which has components F, and F,. Determine the
magnitudes of F and F,.

Units Used:
kN = 1000 N
Given:
Fy = 1.5 kN
F, = 1.25 kN
B = 75 deg
Solution:

cos(a)® + cos(B)? + cos(3)® = 1

F = 2.02kN

Fy = 0.5kN

Problem 2-74

The eye bolt is subjected to the cable force F which has a component F, along the x axis, a
component F, along the z axis, and a coordinate direction angle . Determine the magnitude of F.
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Given:
Fyxy = 60 N
F, =-80N
£ = 80 deg
Solution:
Fy = Fcos(ﬂ)

Fy = \/I:)(2 + FZZ + Fyz COS(,B)

N F=102 N
Problem 2-75

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

Given:

FR = 120 N

M
[ERN
Il

80 N

Fp = 110 N

)
Il
w
o
o
@D
«Q
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Solution:
d 64
F1
Flv = | Y 0 FlV = 0 N
2 2
¢ +d" )\ ¢ 48
0 0
Foy = Fp| O Foy = 0 N
-1 -110
cos(qﬁ)sin(e) 42.4
Frv = FR| cos(g)cos(6) Fry=|735|N
sin(¢) 84.9
-21.6
Fay = FRy — F1v - Fay Fay=| 735 [N |Fay| = 165.6 N
146.9
a a 97.5
Fav
B | = acos| —— B | =| 63.7 |deg
|Fayl
y y 275
Problem 2-76

Determine the coordinate direction angles of F; and Fp.

Given:
Fr = 120 N
F1 =80 N
Fyr = 110N
c=3
d=14
6 = 30 deg
¢ = 45 deg
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Solution:
d 64
F1
Flv = | Y 0 FlV = 0 N
/ 2 2
C +d c 48
a1l a1l 36.9
Fiv
£1 | = acos m B1 =] 90 |deg
1v
cos(qﬁ)sin(e) 42.4
Frv = FR| cos(g)cos(6) Frv=|735 [N
sin(¢) 84.9
aRrR @R 69.3
FRv
PR | = acos| — PR | =| 52.2 |deg
[Fr 45
7R 7R
Problem 2-77

The pole is subjected to the force F, which has components acting along the x, y, z axes as
shown. Given the magnitude of F and the angles « and y, determine the magnitudes of the
components of F.

Given:

F=8N a=60deg y = 45deg

Solution:

B = acos(—\/l - COS(a)Z - cos(;/)z)

£ = 120deg

Fyx = |Fcos(a)| Fy = |Fcos(,B)| F, = |Fcos(7)|
Fy = 40 N Fy =40 N F, = 56.6N

78

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g bl i sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2

Problem 2-78

Two forces F, and F, act on the bolt. If the resultant force Fg has magnitude Fg and
coordinate direction angles « and g, as shown, determine the magnitude of F, and its
coordinate direction angles.

Given:

F1 =20 1b
FR =501b
a = 110 deg
S = 80 deg
Solution:

cos(a)? + cos(p)? + cos(3)? = 1

y = acos(ﬂ/l - cos(a)2 - cos(ﬂ)z) y = 157.44 deg

Initial Guesses Fox=1Ib Fpy=1Ib Fp=11b

cos(a) 0 Fax Fox
Given Fr cos(ﬂ) =F1] 0 |+ F2y Foy | = Find(FZXaFZy:FZZ)
cos(») -1 F2; F2;
Fax -17.1
Fo = | Fay Fo=| 87 |lb |F2| = 32410
Foy ~26.2
a a2 121.8
P | = acos(iJ B2 | =| 745 |deg
N 72 ) s

Problem 2-79

Given r,, r,, and r;, determine the magnitude and direction of r = 2ry — rp + 3r3.
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Given:
3 4 3
rn=(-4\m rh=|0|m rg=|-2|m
3 -5 5
Solution:

r=2ry—rp+3r3

11
r=|-14|m |r| =31l5m
26
a a 69.6
r
B :acos(ﬁj £ | =|116.4 |deg
r
y y 34.4
Problem 2-80

Represent the position vector I acting from point A(a, b, ¢) to point B(d, e, f) in Cartesian vector
form. Determine its coordinate direction angles and find the distance between points A and B.

Given:
a=3m
b=5m
c=6m
d=5m
e=-2m
f=1m
Solution:
d-a 2
r=|e-b r=|-7|m |r|:8.8m
f-c -5
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a = acos(%j a = 76.9deg
r
-b
p = acos(e|—|) S = 142deg
r
f—
y = acos(—| C) y = 124 deg
r
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Chapter 2

Problem 2-81

A position vector extends from the origin to point A(a, b, ). Determine the angles «, S, ¥ which

the tail of the vector makes with the x, y, z axes, respectively.

Given:
a=2m b=3m c=6m
Solution:
a 2
r=|b r={3|m
c 6
a a 73.4
r
= acos(wj =| 64.6 |deg
r
y y 31.0
Problem 2-82

Express the position vector r in Cartesian vector form; then determine its magnitude and

coordinate direction angles.

Given:

a=4m
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b=8m
c=3m
d=4m
Solution:
—C -3
r=|-d-b r=|-12 |m |r|=13m
a 4
a a 103.3
r
Bl = acos(wj B | =|157.4 |deg
r
y y 72.1

Problem 2-83

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

Given:
a=28ft
b=2ft
c=>5ft
6 = 30 deg
¢ = 20 deg
Solution:
—ccos(¢)sin(0) -2.35
r= a—ccos(¢)cos(6) r=| 393 |(ft |r| = 5.89ft
b + csin(g) 3.71
82
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a a 1135
r
p|= aCOS(Wj B |=| 482 |deg
r
y ¥ 51
Problem 2-84

Determine the length of the connecting rod AB by first formulating a Cartesian position vector
from A to B and then determining its magnitude.
Given:

b =16in

a=>5in

a = 30 deg

Solution:
asin(a) +b 185 ). .
—acos(a) —4.3

Problem 2-85

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

Given:
a=12m
b=08m
c=03m
d=15m
6 = 40 deg
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Solution:
c+d cot(6) 2.09
r = r= m |r| =211m
d-a 0.3
Problem 2- 86

The positions of point A on the building and point B on the antenna have been measured relative
to the electronic distance meter (EDM) at O. Determine the distance between A and B. Hint:
Formulate a position vector directed from A to B; then determine its magnitude.

Given:
a=460m
b =653 m
a = 60 deg
S = 55 deg
6 = 30 deg

¢ = 40 deg

Solution:

—acos(¢)sin(9)
roA = acos(¢) cos(e)
asin(¢)

—bcos(ﬁ)sin(a)
rog =| -b cos(ﬁ) cos(a)
bsin(ﬂ)

-148.2
rAB = OB — rOA rag = | —492.4 | m |VAB| =567.2 m
239.2

Problem 2-87

Determine the lengths of cords ACB and CO. The knot at C is located midway between A and B.
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Given:
a=3ft
b=6"ft

c=4ft

Solution:

0
rap=| b ropn =0
a

|rAB| =7.8ft
roc = roaA+rac

| roc| = 3.91ft

Problem 2-88

Determine the length of the crankshaft AB by first formulating a Cartesian position vector from
A to B and then determining its magnitude.
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Given:
a = 400
b =125

0 = 25 deg

Solution:

a+ bsin(e)
rag = | —(bcos(6)) | mm ||’AB| = 467 mm
0

Problem 2-89

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

Given:
a=05m
b=15m
c=2m
d=2m
e=05m
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Solution:
—C
2
-1
d
rap = 2 rap=1| 1 m |rAD| =15m
-0.5
e b
2 2 'BD = —FAD
c |rBD| =15m
2
1
d
rcp = 2 rcp=(1|m |rCD| =17m
1
b e
a+———
2 2
Problem 2-90

Express force F as a Cartesian vector; then determine its coordinate direction angles.
Given:

F=600Ib c=3ft

a=15ft ¢ = 60 deg

b=5ft

Solution:

r = bi + (a+ csin(g))j + (0 — ccos(g))k

r =%+ (a+ csin(9)? + (coos(9)?

r=2m

87

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir

J g Sl el Cul

Engineering Mechanics - Statics

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

. ~(ccos(g))
S e:F(LS”‘W)) f=[ :
r r
d =4521b e = 3701b f=-1361b
F = (di + ej + fk) Ib
d
a = acos = a = 41.1deg
e
B = acos(E) B =51.9deg
f
y = acos £ y = 103 deg
Problem 2-91
Express force F as a Cartesian vector; then
determine its coordinate direction angles.
Given:
a=151ft
b=5ft
c=3ft
0 = 60 deg
F =600 Ib
Solution:
b 452
. r
r = | a+csin(6) F =|:W F=| 370 |Ib
r
—ccos(@) -136
a a 411
F
Bl = acos(mj B | =| 51.9 |deg
4 y 103.1
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Problem 2-92

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

Given:
Fq1 =150 N
Fo =200 N
a=15m
b=4m
c=3m
d=2m
e=3m
6 = 60 deg
Solution:

Define the position vectors and then the forces

ecos(6’) 38
r'AB
raAB = a+esin(6) Fiy = 1m Fiv=| 1038 | N
-b -101.4
c 119.4
rAC
rac =|a-d Foy = FZm Foy=| -199 | N
b AC 1592

Add the forces and find the magnitude of the resultant
157.4

Fr = F1y + Foy FR=| 839 |N |Fr| =316 N
-260.6

Find the direction cosine angles

a a 60.1
Fr
B | = acos (E) B |=| 746 |deg
y R y 145.6
89
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The plate is suspended using the three
cables which exert the forces shown.
Express each force as a Cartesian vector.
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Chapter 2

Given:

Fea = 350 Ib

Fca =500 Ib

Fpa = 400 Ib

a=3ft

b=3ft

c=6"ft

d =14 ft

e =3ft

f=3ft

g=2ft

Solution:

—e—g -109.2

rea =| a+b Fpav = FBA|:Z—2| Feav =| 131 |Ib

d 305.7

f 102.5

rca=1|b Fcav = FCA|::E—2| Fcav =1 1025 |Ib
d 478.5
-0 -52.1

pA = | —C Fpav = FDA|:E—2| Fpav =| —156.2 |Ib
d 364.5
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Problem 2-94

The engine of the lightweight plane
is supported by struts that are
connected to the space truss that
makes up the structure of the

plane. The anticipated loading in
two of the struts is shown.

Express each of these forces as a
Cartesian vector.

Given:
F1 =400 Ib
Fo =600 Ib
a=05ft
b=05ft
c=30ft
d=20ft
e =05ft
f=3.0ft
Solution:
c 389.3
rco
rco =|-b Fiv = 1—|r | Fiy = | —64.9 |Ib
a b 64.9
—C -584.0
rAB
rag=|»b Foy Zﬁ Foy=| 973 |[Ib
—e AB -97.3
Problem 2-95

The window is held open by cable AB. Determine the length of the cable and express the force
F acting at A along the cable as a Cartesian vector.
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Given:
a = 300 mm
b = 500 mm
c = 150 mm
d = 250 mm
6 = 30 deg
F=30N
Solution:
—acos(e)
raAB = c—b |rag| = 591.6 mm
d+ asin(@)
-13.2
'AB
Fy = F—— Fy=|-17.7 | N
[ras 23
Problem 2-96

The force acting on the man, caused by his pulling on the anchor cord, is F. If the length of
the cord is L, determine the coordinates A(X, y, z) of the anchor.
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Given:
40
F=| 20 | N
-50
L=25m
Solution:
F
r=L—
|F|
14.9
r=| 7.5 m
-18.6
Problem 2-97

Express each of the forces in Cartesian vector form and determine the magnitude and coordinate

direction angles of the resultant force.

Given:

F1 =80 Ib c=4ft
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Fp =50 Ib d=25ft

b=2ft f=5
Solution:
—d
-26.2
—c rAC
rAC — d FlV = Fl m Flv = —419 Ib
o d AC 62.9
b 6.1
'AB
rap = | —C Foy = F2 —|r | Foy=| —-12.1 | kg
_a AB ~18.2
-12.8
FR = F1y + Fay FrR=|-68.7 |Ib |Fr| = 7351b
22.8
a a 1.7
FrR
B | = acos| —- p|=1|28
|FR|
, y) \13
Problem 2-98

The cable attached to the tractor at B exerts force F on the framework. Express this force as a
Cartesian vector
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Given:
F =350 Ib
a=235ft
b = 50 ft
6 = 20 deg
Solution:

Find the position vector and then the force

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

bsin(6) 98.1
rAB
rag = | beos(6) Fy = |:ﬁ Fy=| 269.4 |Ib
-a AB ~200.7
Problem 2-99

The cable OA exerts force F on point O. If the length of the cable is L, what are the coordinates

(%, y, 2) of point A?

Given:
40
F=[({60]|N
70

L=3m

Solution:
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1.2
r=(18|m
2.1

Problem 2-100

Determine the position (x, y, 0) for fixing cable BA so that the resultant of the forces exerted on the
pole is directed along its axis, from B toward O, and has magnitude F. Also, what is the magnitude

of force F?

Given:
Fq =500 N
Fy = 400 N
Fr = 1000 N
a=1m
b=2m
c=2m
d=3m

Solution:

Initial Guesses

F3 =1N X=1m y=1m

Given
0 F —C F a F X
1 2 3
Frl 0 | = 0 |+ -b |+ y
-1 ¢+ d? —d ya 1 b2 4 d? —d VX +y2+d2 —d
F3

= Fi d( ) X = L9 m =380 N
Find(F3,x, F
X 3 y y 24 3
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Problem 2-101

The cord exerts a force F on the hook. If the cord is length L, determine the location x, y of the
point of attachment B, and the height z of the hook.

Given:

12
F=]9]Ib
-8

L=28ft

a=2ft

Solution:

Initial guesses x=1ft y=1ft z=1ft

X—a X X 7.65
F
Given y |=L m y | = Find(x,Yy,2) y | =|4.24 |ft
-z z z 3.76

Problem 2-102

The cord exerts a force of magnitude F on the hook. If the cord length L, the distance z, and the
x component of the force, F,, are given, determine the location x, y of the point of attachment B

of the cord to the ground.
Given:
F=301Ib
L=28ft
z=4ft
Fy =251b
a=2ft
Solution:
Guesses
x=1ft

97

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 2

Problem 2-103

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

Units used:

KN = 10° N

Given:

F = 28 kN

c=12m

Solution:

Find the position vectors and
then the forces

b 12
rEA
rEA = | @ FEA = —|r | FEa=| -8 [kN
—C EA —24
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Engineering Mechanics - Statics Chapter 2
b 12
r'EB
reg =| a FEp = F—|r | FEg=| 8 |kN
—C EB —24
-b -12
rec
rec =| a FeEc = Fﬁ FEc=| 8 |kN
—C EC —24
-b -12
r'ED
reEp =| —a FED = F—|r | FED=| -8 [kN
—C ED —24
Find the resultant sum
0
FrR = FEa + FEB + FEC + FED FR=| 0 [kN
-96

Problem 2-104

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 «, g, ¥ of the resultant force.

Units Used:
KN = 10° N

Given:
X =20m a=16m
y=15m b=18m
F1 =600N c=6m
F) =400N d=4m
F3 =800N e=24m
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Solution:

Find the position vectors, then the force vectors

a 282.4
'bcC
roc =|-b Fiv = F1 —|r | Fiv =| -317.6 | N
—e bC —423.5
X 230.8
'DA
e DA 277
—C -1915
'DB
me =1|d Fay = F3 — Fay=| 127.7 | N
o8|
—e -766.2
Find the resultant, magnitude, and direction angles
0.322
FR = F1y + Foy + Fay FrR=|-0.017 [kN |Fr| = 1.502kN
-1.467
a F a 77.6
R
B = acos(m) S| =| 90.6 |deg
R
y 7 167.6

Problem 2-105

The chandelier is supported by three chains which are concurrent at point O. If the force in each
chain has magnitude F, express each force as a Cartesian vector and determine the magnitude and
coordinate direction angles of the resultant force.
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Given:
F =60Ib
a==6"ft
b =4 ft
61 = 120 deg
6> = 120 deg
Solution:

63 = 360 deg — 01 — 6

bsin(61) i 28.8
roA = bcos(@l) FA=F ﬁ ~16.6
. oA —49.9
bsin(61 + 62) 288
I
rop = bcos(91+ 92) FB = F% ~16.6
. OB 49,9
0
roc
_a —49.9
Fr = Fa+Fp + Fc |FR| = 149.81b
a F a 90
B = acos[—Rj B | =| 90 |deg
|FR] " 180
101
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Problem 2-106

The chandelier is supported by three chains which are concurrent at point O. If the resultant
force at O has magnitude Fg and is directed along the negative z axis, determine the force in

each chain assuming Fy = Fg=Fc=F.

Given:
a==6"ft
b=4ft
Fr =130 Ib
Solution:
E_ a’ 1+ b’ e
 3a R
F=521lIb

Problem 2-107

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

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

A(B+D)=AB+AD (QED)

Also,
A-(B + D) = (Axi + Ayj + AK) (B + Dx)i + (By + Dy)j + (B + Dy)K]

Ax(Bx + Dx) + Ay(By + Dy) + Az(B; + D)
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= (AxBx+ AyBy + A;B;) + (AxDy + AyDy + A; D)

= (AB)+(AD) (QED)

Problem 2-108

Cable BC exerts force F on the top of the flagpole. Determine the projection of this force along
the z axis of the pole.

Given:
F=28N

12 m

QD
Il

o
Il
o
3

c=4m

Solution:

0
rgec = | —C k=10
1

'BC
|rec]

—ka FZ: 24 N

T
N
Il

Problem 2-109

Determine the angle & between the tails of the two vectors.
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Given:
rr=9m
rh=6m
a = 60 deg
B = 45 deg
y = 120 deg
¢ = 30 deg
& = 40 deg
Solution:

Determine the two position vectors and use the dot
product to find the angle

sin(s) cos(¢) cos(a)
riy = r1 | —sin(e)sin(g) ray = ra | cos(f)
cos(s) cos(;/)
My 2y
0 = acos| ———— 0 = 109.4deg
(Irlvl Irzvlj

Problem 2-110

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

along r;.

Given:
rr=9m
rh=6m
a = 60 deg
B = 45 deg
y = 120 deg
¢ = 30 deg
& = 40 deg
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Solution:

Write the vectors and unit vectors

sin(g) cos(qﬁ) 5.01
riv = r1 | —sin(e)sin(g) ry=|-2.89 | m
cos(g) 6.89
cos(a) 3
oy =1 cos(ﬂ) roy=|424 | m
cos(;/) -3
, , 0.557 0.5
ug = | 1V| Uy = |—2V| ug = | -0.321 up = | 0.707
r r
v 2v 0.766 05
The magnitude of the projection of r; along r,. |r1v- u2| =299 m
The magnitude of the projection of r, along r;. |r2v- u1| =199 m

Problem 2-111

Determine the angles &and ¢ between the wire segments.

Given:
a=206
b =08
c=05
d=02
Solution:
e=a-d
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0 b
'BA-FBC
rBa =|—€|m regc=| d | ft 6 = acos| ————— 6 = 74.0 deg
|rea| |rec|
—C —C
-b -b
rce-rco
rcg=|-d|m rcp=| 0 |ft ¢ = acos| ——— ¢ = 33.9deg
c X [rca] Jrcol

Problem 2-112

Determine the angle & between the two cords.

Given:

a=3m

b=2m

c=6m

d=3m

e=4m
Solution:

b 0
rAC TAB
rac =|alft rag = | —d | ft 6 = acos| —————— 6 = 64.6 deg
rac| [ras

Problem 2-113

Determine the angle &between the two cables.

Given:
a=28ft
b =10ft
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c=28ft
d=10ft
e =4ft
f=6"t
Fap = 12 1b
Solution:
a—f —f
rac =| —-c |ft raAp =|d-c|ft 6 = acos ﬂ 6 = 82.9 deg
\ e [rac] Irag

Problem 2-114

Determine the projected component of the force F acting in the direction of cable AC. Express
the result as a Cartesian vector.

Given:

F=121b
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a=28ft
b =10 ft
c=28ft
d =10 ft
e =4ft
f=26"ft
Solution:
a-f 0.2
rAC
fac=| ¢ |m UAC = Tad uac = | -06
b AC 0.8
-f -9.6
rAB
"AB = | d-¢ FAB:Fﬁ FAB=| 32 |Ib
¢ A8 6.4
0.229
Fac = (FAB'UAC) UacC Fac =| —0.916 |Ib
1.145

Problem 2-115

Determine the components of F that act along rod AC and perpendicular to it. Point B is located
at the midpoint of the rod.
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Given:
F=600N c=4m

o
Il
o
3
)
Il
I
3

Solution:

Find the force vector and the unit vector U,c.

C+—
5.5 465.5
e 'BD
rep =| b-—= rep=| 4 | m Fy = F—— Fy=] 338.6 | N
2 |rBD|
) -169.3
—a
2
—d -3 -0.5
rac
rac =| e rac=1| 4 |m uac = ﬁ uac =| 0.6
a 4 AC 06

Now find the component parallel to AC.

Fparallel = Fv-UAC Fparallel = 99.1 N

The perpendicular component is now found

2
I:perpendicular = \/FV'FV - I:parallel I:perpendicular =591.8 N

Problem 2-116

Determine the components of F that act along rod AC and perpendicular to it. Point B is located
a distance f along the rod from end C.
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Engineering Mechanics - Statics Chapter 2
Given:

F =600 N c=4m

Solution:

f

\/d2+e2+a2

Find the force vector and the unit vector U,c.

r =

c+d(1-r1 5.5944
rep =|b—-e(l-r1) rep=| 3.8741 | m
-ar -1.8741
475.6
'BD
Fv = F—| | Fy=| 3293 | N
r
BD -159.3
—d -3 -0.5
rAC
rac =| e rac=1| 4 |m uac = ﬁ uac =| 0.6
a 4 AC 06
Now find the component parallel to AC.
Fparallel = Fv-UAC Fparallel = 82.4 N
The perpendicular component is now found
2
I:perpendicular = \/FV'FV - I:parallel I:perpendicular =594.3 N

Problem 2-117

Determine the magnitude of the projected component of the length of cord OA along the Oa axis.
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Given:
a =10 ft
b=5ft
c=15ft
d=5ft
61 = 45 deg
6> = 60 deg
Solution:
cos(@l) cos(@z) c
. ro
roa = d cos(el)sm(ez) rog =| a UQa = —
_ |roal
5|n(91) -b
roa = FroA-Uoa rog = 2.1t
111
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Problem 2-118

Force F acts at the end of the pipe.
Determine the magnitudes of the
components F; and F, which are directed

along the pipe's axis and perpendicular to

it.
Given:
0 a=>5ft
F=( 0 |Ib b=3ft
—40 c=3ft
Solution:
b
r
|1
-C
F1 =F-u F1=183Ib

Fy = F-F - Fq°

Fp = 35.61b

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-119

Determine the projected component of the force F acting along the axis AB of the pipe.
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Given:
F=80N
a=4m
b=3m
c=12m
d=2m
e=6m

Solution:

J g Sl el Cul

Engineering Mechanics - Statics

Find the force and the unit vector

—€
ra=|-a->b
d-c
—€
rag = | -b
d

rAB =

-6 rA
-7 m FV = FW
-10 A
—6

rAB
-3 |m UAB = |r |
2 AB

Now find the projection using the Dot product.

FaB = Fv-uap

Fag =31L1N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

-35.3
-41.2 | N
-58.8

FV:

-0.9
uap =| 0.4
0.3

Problem 2-120

Determine the angles &and ¢ between the axis OA of the pole and each cable, AB and AC.

Given:

F1 =50 N
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Fo = 35N
a=1m
b=3m
c=2m
d=5m
e=4m
f=6m
g=4m
Solution:
0 e —C
rao =| -9 ra =| a rac =|a+b
—f —f —f
rAO'TAB
0 = acos| ————— 0 = 52.4deg
rao| |rag|
raAO FAC
¢ = acos| ———— ¢ = 68.2 deg
rao| |rac]

Problem 2-121

The two cables exert the forces shown on
the pole. Determine the magnitude of the
projected component of each force acting
along the axis OA of the pole.

Given:
F1 =50 N
Fo = 35N
a=1m
b=3m
c=2m
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Solution:

rag =| a rac =|a+b rao = | -9 UAO = T
_f _f —f

rAC
Fiy = FLp—r

1 = F1y-upo Fipo =185 N
|rac]

M

[N

>

o
I

rAB
= Foy-upo Fopo =213 N

'I'I

&)

>

(@)
I

, 1A
|rag|

Problem 2-122

Force F is applied to the handle of the wrench. Determine the angle &between the tail of the force
and the handle AB.
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Given:
a = 300 mm
b = 500 mm
F=80N
61 = 30 deg
6» = 45 deg
Solution:
—cos(&l) sin( 02) 0
Fy = F cos(ﬁl) 003(92) Ugh = | -1
sin(61) 0

6 =127.8deg

(FV‘ Uabj
6 = acos
F

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-123

Two cables exert forces on the pipe. Determine the magnitude of the projected component of

F, along the line of action of F,.

Given:
F1 =301b B = 30 deg
Fo =251b y = 60 deg
a = 30 deg & = 60 deg
Solution:

We first need to find the third
angle (> 90 deg) that locates
force F,,.

Initial Guess: ¢ = 120 deg
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Given

cos(g)2 + cos(;x)2 + cos(¢)2 =1

¢ = Find(g) ¢ = 135deg

Find the force F,, and the unit vector u,.

cos(a)sin(ﬂ) 13
F1v = F1| cos(a)cos(p) Fiy=| 225 [Ib
—sin(a) -15
cos(¢) -0.7
uz = | cos(e) up=| 05
cos(y) 0.5
Now find the projection Fio = |F1V-u2| Fi1o =5.41Ib

Problem 2-124

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

Given:
F1 =301Ib £ = 30 deg

60 deg

Fo =251b 14

a = 30 deg & = 60 deg

Solution:

We first need to find the third
angle (> 90 deg) that locates
force F,.

Initial Guesses: ¢ = 120 deg

117

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir J g bl il ol S bono g Ol pof 3 0932 3 0 39 54 6 BB LRI, 3910 a2 50
Engineering Mechanics - Statics Chapter 2

Given

cos(g)2 + cos(;x)2 + cos(qﬁ)2 =1
¢ = Find(g) ¢ = 135deg

Find the unit vectors u, and u,,.

cos(a)sin(ﬂ) 0.4

up = | cos(a)cos(p) up=| 08
—sin(a) -0.5

cos(¢) -0.7

uz = | cos(e) up=| 05
cos(y) 0.5

Find the angle using the dot product @ = acos(ul-u2) 6 = 100.4 deg

Problem 2-125

Determine the angle &between the two cables.

Given:
a=75ft
b=2ft
c=3ft
d=2ft
e =3ft
f=3ft
F1 =60 Ib
Fo =30 1Ib
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Solution:
—-d-b

—-c—f

raC raB =

a—=e

0 = acos(

rAC TAB
—) 0 = 59.2 deg

Irac| |ragl

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-126

Determine the projection of the
force F, along cable AB. Determine

the projection of the force F, along
cable AC.

Given:

7.5 ft
2 ft

a

3ft

o
Il

d=2ft

e =3ft

f=3ft

F1 =60 Ib

Fo =30 1Ib
Solution:

-d-b

rac =| ¢—f rAB =

Fiuac FiaB = F1v-UAB

Fiv

Fov-uac

FauaB Faac

Fov

Fiag = 30.81b

Foac = 15410
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Problem 2-127

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

Given:

a = 50 mm

b = 300 mm

¢ = 250 mm

d = 400 mm
Solution:

Find the unit vectors and use the dot

product
d
ry
rH=10 ui |r1|
C
a
r
rh=1|b up = |r2|
0
0.848 0.164
ug =| 0.000 | up =] 0.986 0 = acos(u1-up) 6 = 82deg
0.530 0.000

Problem 2-128

Determine the magnitude of the projected component of the force F acting along the axis BC
of the pipe.
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Given:

F =100 Ib
a=2ft
b=28ft
c=06ft
d=4ft

e =2ft

Solution:

rco=| b ucp = —

Fec = (FUCD)'UCB Fgc = 10.51b

Problem 2-129

Determine the angle & between pipe segments BA and BC.

Given:

F =100 Ib

b=28ft
c=6"ft

d=4ft

Solution:

j N ( rBC BA ]
rec =| d rea=| 0 6 = acos| ———— 6 = 143.3deg
Irec| |real
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Problem 2-130

Determine the angles 8 and ¢ made between the axes OA of the flag pole and AB and AC,
respectively, of each cable.

Given:

FE=5N ¢

[
N
3

Fc=40N d=4m

Solution:
0 b —C
rao = | —¢ raB = | —¢ rac =| —¢
—f a-f d-f
rAB FAO
6 = acos| ————— 0 = 74.4deg
|raB| |rac]
rac rao
¢ = acos| —— ¢ = 55.4 deg
rac| |raol

Problem 2-131

Determine the magnitude and coordinate direction angles of F5 so that resultant of the three
forces acts along the positive y axis and has magnitude F.
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Given:
Fr = 600 Ib
Fi1 =180 1b
Fo =300 Ib
¢ = 40 deg
6 = 30 deg
Solution:

The initial guesses:
F3 =1001b g = 30 deg

a = 10 deg y = 60 deg

Given

Fre=ZF,; -F1+F> cos(H)sin(¢) + F3 cos(a) =0
Fry=2F,; Fo cos(H) cos(¢) + F3 cos(ﬁ) =FR

Fe, = 5F; ~Fpsin(6) + Fzcos(y) = 0

cos(o:)2 + cos(,b’)2 + cos(;x)2 =1

Solving:

F3

a 88.3
= Find(F3, @, 5.7) p|=1206|dg  Fz=4283Ib

B
y 69.5

4
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Chapter 2

Determine the magnitude and coordinate direction angles of F; so that resultant of the three

forces is zero.

Given:
Fi1 =180 1b
Fo =300 Ib
¢ = 40 deg
6 = 30 deg
Solution:

The initial guesses:

a = 10 deg
£ = 30 deg
y = 60 deg
Fz =100 Ib
Given
Fre=ZF,; -F1+F> cos(H)sin(¢) +F3 cos(a) =0
Fry=2F,; Fo cos(H) cos(¢) + F3 cos(ﬁ) =0
Fr,=ZF,; ) sin(@) + F3 cos(;/) =0
cos(o:)2 + cos(,b’)2 + cos(;x)2 =1
Solving:
F3
a 87
= Find(F3, @, 5.7) B |=|1429 |deg F3=24961b
P y 53.1
Y
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Problem 2-133

Resolve the force F into two components, one acting parallel and the other acting perpendicular
to the u axis.

Given:

F =600 Ib
61 = 60 deg

6 = 20 deg
Solution:
Fperpendicular = FCOS(Hl - 6’2)
Fperpendicular = 4601b
Fparallel = Fsin(61 - 62)

Fparallel = 3861b

Problem 2-134

The force F has a magnitude F and acts at the midpoint C of the thin rod. Express the force as
a Cartesian vector.
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Given:
F=801Ib
a=2ft
b=3ft
c=6"ft
Solution:
—b
2
. | a
CO = >
—C
-34.3
r'co
FV = ﬁ FV = 229 Ib
r
co —68.6

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 2

Problem 2-135

Determine the magnitude and direction of the resultant Fr=F, + F, + F; of the three forces by
first finding the resultant F' = F; + F5 and then forming Fg = F' + F,. Specify its direction

measured counterclockwise from the positive x axis.
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Given:
F1 =80 N
Fo =75N
F3 =50 N
61 = 30 deg
&> = 30 deg
63 = 45 deg
Solution:
—sin(Hl) 005(92 + 63) 005(93)
Fiv = F1 Fov = Fp| . Fav = F3| |
cos(&l) sm(@g + 03) sm(@g)
F' = Fyy+F o[ 0 )N o[ i-[°
h— + p— | = =
e v 104.6 0 1=
FR=F+F F O |Fr| = 1777 N
= ' + = = E
R 2v R 1771 R
FRI
6 = atan| — 6 = 85.2 deg
Fri

Problem 2-136

The leg is held in position by the quadriceps AB, which is attached to the pelvis at A. If the force
exerted on this muscle by the pelvis is F, in the direction shown, determine the stabilizing force

component acting along the positive y axis and the supporting force component acting along the

negative x axis.

Given:

F =8N
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61 = 55 deg
6» = 45 deg
Solution:

Fyx = Fcos(91 - 02)
Fy =837 N
Fy = FSin(Hl - 92)

Fy =148 N

Problem 2-137

Determine the magnitudes of the projected components of the force F in the direction of the
cables AB and AC .

Given:

60
F=| 12 | N

-40
a=3m
b=15m
c=1m
d=075m
e=1m

128

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir J g bl il ol S bono g Ol pof 3 0932 3 0 39 54 6 BB LRI, 3910 a2 50
Engineering Mechanics - Statics Chapter 2

Solution:

Find the unit vectors, then use the dot product

-a -3 -0.9
r'AB
rag = | —d rap=|-08|m Uag = ﬁ uag = | -0.2
e 1 AB 0.3
-a -3 -0.9
rAC
rac =| ¢ rac=| 1 |m uac = ﬁ uac =| 0.3
b 15 AC 0.4
—-78.5 -72.9
Fag = Fuap Fag=| -19.6 | N Fac = Fuac Fac=| 243 | N
26.2 36.4

Problem 2-138

Determine the magnitude and
coordinate direction angles of F5 so

that resultant of the three forces is

Zero.
Given:

F1 =1801b ¢ = 40 deg
Fo =3001b & = 30 deg
Solution:

The initial guesses:
a = 10 deg
£ = 30 deg
y = 60 deg

F3 =100 Ib

Given

Fre= ZF,; -F1+F> cos(&)sin(qﬁ) +F3 cos(a) =0

FRy: ZFy; Fo cos(e) cos(¢) + F3 cos(ﬂ) =0
129
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Fr,=2F,;  —F2sin(6) + Facos(y) = 0

cos()? + cos(p)? + cos(3)? = 1

Solving:
F3
a 87
= Find(F3,a,4.7) B | =|142.9 |deg
B
y 53.1
Y
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Chapter 2

F3 = 24961b

Problem 2-139

Determine the angles 8 and ¢ so that the resultant force is directed along the positive x axis

and has magnitude Fg .

Given:
F1 =301b
Fo =301Ib
FR=201b
Solution:

Initial Guesses:
6 = 20 deg ¢ = 20 deg

Given

FR? = F12 + F»? = 2 F1 Fpcos(180 deg — 6— 4)
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(Zj = Find(@, ¢)

0 = 70.5deg

¢ = 70.5deg

Problem 2-140

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

Given:
F1 =300 1Ib
Fo =200 Ib
61 = 40 deg
02 = 100 deg
Fp.
Solution:
Frx = F1cos(180 deg — &) + F2cos(61) FRx = 205.31b
Fry = F1sin(180 deg - 6,) - F2sin(6y) Fry = 166.91b

FrR = FRe + FRy2 Fr = 265Ib

0 = atan| — 0 = 39.1deg
FRx
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Problem 3-1

Determine the magnitudes of F, and F, so that the particle is in equilibrium.

Given:
F =500 N
61 = 45 deg
6> = 30deg
Solution:

Initial Guesses
F1=1IN Fp =IN
Given
I3 5F,=0;  Fycos(6y) + Facos(62) - F =0

IR =00 Ry sin(61) - F2sin(é2) = 0
B Find(F1,F2) e (259) N
Fp) VB2 Fo) \366

Problem 3-2

Determine the magnitude and direction 8 of F so that
the particle is in equilibrium.

Units Used:
kN = 10° N
Given:
Fq1 = 7kN
Fo = 3kN
c=4
d=3
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Solution:

The initial guesses: F = 1kN 6 = 30deg
Given

Equations of equilibrium:

\/cz+d2

Sy F,=0; (¢JF1 +Fcos(6) =0

ML F=0 JFl—Fz—Fsin(e):O

c
(\/ 02 + d2

F
(9) = Find(F,0)  F=494kN 0 =318deg

Problem 3-3

Determine the magnitude of F and the orientation & of the force F5 so that the particle is in equilibrium.

Given:
Fq = 700 N
Fo = 450 N
F3 = 750 N
61 = 15 deg
6> = 30 deg
Solution:
Initial Guesses: F = 1IN 6 = 10deg
Given

i) SF,=0; Fq cos(é’l) -F2 Sin(¢92) ~ F3cos(6) = 0
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+T SF,=0;  F+Fpcos(6)+ Fysin(6y) - Fasin(g) = 0

F
(9) = Find(F, 0) F=2825N 6 = 53.02 deg

Problem 3-4

Determine the magnitude and angle @ of F so that the particle is in equilibrium.

Units Used:
kN = 10° N
Given:
F1 =45 kN
Fo = 7.5 kN
F3 = 2.25 kN
a = 60 deg
¢ = 30 deg
Solution:
Guesses:
F =1kN =1
Given

Equations of Equilibrium:

i) > F,=0; Fcos(@) -F2 sin(¢) -F1+F3 cos(a) =0
s F,=0; Fsin(e) ) cos(¢) - ngin(a) =0
F
(9) = Find(F, 0) F = 11.05kN 0 = 49.84 deg
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Problem 3-5

The members of a truss are connected to the gusset plate. If the forces are concurrent at point O,
determine the magnitudes of F and T for equilibrium.

Units Used:
kN = 10° N
Given:
F1 = 8 kN
F2 = 5kN
61 = 45 deg
6 = 30 deg
Solution:

—> IF, =0; —Tcos(@) +F1+F2 sin(&l) =0

F1+F2 sin(&l)
- cos(@)
T =13.3kN

+T SF,=0; F-Tsin(6) - Facos(61) =0

F = Tsin(e) +F2 cos(@l)

F = 10.2kN

Problem 3-6

The gusset plate is subjected to the forces of four members. Determine the force in member B and its
proper orientation & for equilibrium. The forces are concurrent at point O.

Units Used:

KN = 10° N
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Given:
F = 12 kN
F1 = 8 kN
Fo = 5 kN
61 = 45 deg
Solution:

Initial Guesses T = 1kN 6 = 10deg

Given

i) 3F, =0; F1 - Tcos(6) + Fzsin(ﬁl) =0

i SF,=0;  -Tsin(6) - Facos(6y) +F =0

T
(ej = Find(T, 6) T = 14.31kN 6 = 36.27 deg

Problem 3-7

Determine the maximum weight of the engine that
can be supported without exceeding a tension of T,

in chain AB and T, in chain AC.

Given:
6 = 30 deg
Ty =450 1b
Tp =480 Ib
Solution:

Initial Guesses

Fap = T1
Fac = T2
W = 1lb
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Given

Assuming cable AB reaches the maximum
tension Fag = Tj.

s 3F =0 Faccos(6) - Fag = 0

+T SF,=0;  Facsin(6) -w =0

Faci _
we | Find(Fac. W) W1 = 259.811b
1

Given Assuming cable AC reaches the maximum tension Fc = T,.

s 3F =0 Faccos(6) - Fag = 0

A IF,=0; Facsin(6) -w =0

FaB2 _
W | Find(Fag, W) Wy = 240.00 Ib
2

W = min(W1,W>) W = 240.00 Ib

Chapter 3

Problem 3-8

The engine of mass M is suspended from a vertical chain at A. A second
chain is wrapped around the engine and held in position by the spreader
bar BC. Determine the compressive force acting along the axis of the bar
and the tension forces in segments BA and CA of the chain. Hint:
Analyze equilibrium first at A, then at B.

Units Used:
KN = 10° N
Given:
M = 200 kg
61 = 55 deg
_ 981 2
g=29 >
S
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Solution:
Initial guesses:  Fga = 1 kN Fca = 2 kN

Given Point A

> 5F,=0; Fcacos(61) - Fgacos(61) = 0
+T 2Fy=0; M(g) - FCASin(Ql) - FBAsin(Hl) =0
FBA) Find(Fes, Foa) Fea) (1.20) o
Fea) MEATBA- TCA Fca) \1.20
At point B:
i) ZF,=0; FBACOS(H;L) ~-Fgc=0
Fec = Feacos(61) Fpc = 687 N
Problem 3-9

Cords AB and AC can each sustain a maximum tension T. If the drum has weight W,
determine the smallest angle @ at which they can be attached to the drum.

Given:
T =800 Ib
W =900 Ib
Solution:
'L F,=0; W — 2Tsin(6) = 0
(W
0 = asin| —
&
6 =34.2deg
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Problem 3-10
The crate of weight W is hoisted using the ropes AB and AC. Each rope can withstand a

maximum tension T before it breaks. If AB always remains horizontal, determine the smallest
angle 6 to which the crate can be hoisted.

Given:
W = 500 Ib

T = 2500 Ib
Solution:
Case 1. Assume Tag =T

The initial guess @ = 30 deg Tac = 2000 Ib
Given

% T F,=0; Tag-Taccos(6) =0

T TF=0, Tacsin(9)-w=0

Taci _
o |- Find(Tac. 6) 61 = 11.31deg  Tacy = 25501b
1
Case 1: Assume Tac =T

The initial guess @ = 30 deg Tag = 2000 Ib
Given

5 S F:=0; Tag-Taccos(d) =0

T TFR=0 Tacsin(9)-w=0

TaB2
( , j = Find(Tag. 0) 0 =1154deg  Tppz = 24491b
2

0 = max(61, &) 0 = 11.54deg
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Problem 3-11
Two electrically charged pith balls, each having mass M, are suspended from light threads of equal

length. Determine the resultant horizontal force of repulsion, F, acting on each ball if the measured
distance between them is r.

Given:
M =0.2gm
r = 200 mm
| = 150 mm

d = 50 mm

Solution:
The initial guesses:
T =200 N F =200 N

Given

r—d
+ =0 _ | =
TLF=0; F T( = ) 0

3

T _
(F) = Find(T,F) F=113x10 °N T =000 N

Problem 3-12

The towing pendant AB is subjected to the force F which is developed from a tugboat. Determine
the force that is in each of the bridles, BC and BD, if the ship is moving forward with constant

velocity.

Units Used:

KN = 10° N
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Given:
F = 50 kN
61 = 20 deg
6> = 30 deg
Solution:

Initial guesses:  Tgc = 1 kN TBD = 2 kN

Given
i) XF,=0; Tgc Sin(92) - TBDSin(Hl) =0

+T IF,=0; Tgc 005(92) + TBDCOS(H;L) -F=0

TBC Find(Tac, Tao) TBC 22.32 N
= N , =
TBD BC- 'BD TBD 32.64

Problem 3-13

Determine the stretch in each spring for
equilibrium of the block of mass M. The
springs are shown in the equilibrium position.
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Given:
M = 2 kg
a=3m
b=3m
c=4m
kag = 30 —
N
kac = 20 —
m
N
kap = 40 —
m
_ g8 1
g =29 >
S
Solution:

The initial guesses:
FaA =1N Fac=1N

Given

c b
+ _ FaBl ——=|-Fac| ——=|=0
> R0 AB[ a2 + CZJ AC( a2 + sz
F 2 +F _a Mg=0
-0 AC AB - =
+TZ Fy—O, \/a2+b2 az+c2

Fac Find(Fac., Fas) Fac 15.86 \
= N , =
Fap AC-TAB Fap 14.01

FAC

XAC = —— xac = 0.79 m
kac
FAB

XAB = —— XaAB = 0.47m
kaB

Chapter 3
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Problem 3-14

The unstretched length of spring AB is o. If the block is held in the equilibrium position shown,
determine the mass of the block at D.

Given:
o=2m
a=3m
b=3m
c=4m
kag = 30 —
N
kac = 20 —
m
N
kap = 40 —
m
_ g8 1
g=29 >
S
Solution:

Fag = kAB(V a2 + 02 - 5)

The initial guesses:

mp = 1 kg Fac = 1N

Given
+ F ¢ F b =0
_) > szo; AB a2+02 A E—J.2+b2 )
F 4 +F 2 mpg =0
AT F.=0 AC| — AB| 7——= |~ MDY =
T Y \/a2+b2 az+c2

Fac

( j = Find(Fac.,mp) Fac = 101.8 N mp = 12.8 kg
mp
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Problem 3-15

The springs AB and BC have stiffness k and unstretched
lengths 1/2. 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 wall is d.

Given:

Il =6m

N
k = 500 —
m

d=15m

Solution:

T=177.05N

F=—(27) F = 158.36 N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 3

Problem 3-16

The springs AB and BC have stiffness k and an unstretched length of I. Determine the
displacement d of the cord from the wall when a force F is applied to the cord.
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Given:
I =6m
k = 500 d
F=175N
Solution:

The initial guesses:

2 (N
Spring T= d +(E) ~3

T
(dj = Find(T,d)  T=180.96N  d=156m

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 3

A
3

Problem 3-17

Determine the force in each cable and the force F needed to hold the lamp of mass M in the position
shown. Hint: First analyze the equilibrium at B; then, using the result for the force in BC, analyze the

equilibrium at C.

Given:
M = 4 kg
61 = 30 deg
6> = 60 deg
63 = 30 deg
Solution:

Initial guesses:
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Tec = 1N TBa =2 N

Given
At B:

i) 2F,=0; Tgc COS(H]_) - TBACOS(Hz) =0

+T 2F, =0; TBASin(Qg) - Tgc Sin(ﬁl) -Mg=0

TBC Find (Tac. Toa) TBC 39.24 \
= In , =

TBA BC. TBA TBA 67.97

At C: Tcp=1N F=2N

Given
i) SF, = 0; -Tec COS(H]_) +Tcp 005(93) =0

IR, =0; Tge sin(61) + Tepsin(d3) - F = 0
Tep) _ A(Tco, F) Tep) (39.24) \
)T AveD: F ) (39.24

Problem 3-18

The motor at B winds up the cord attached to the crate of weight W with a constant speed.
Determine the force in cord CD supporting the pulley and the angle & for equilibrium. Neglect the
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size of the pulley at C.

Given:

W =651Ib c=12 d=5

Solution:
The initial guesses: @ = 100 deg Fcp = 200 Ib
Given

Equations of Equilibrium:

d
i) T F=0; FCDcos(e)—W —— | =0
cz+d2

+Tz F,=0; Fcpsin(6) - w[;zj ~W=0
d

( ’ j = Find(6, Fcp)

Cc +
Fco

6 = 78.69 deg

Fcp = 12751b

Problem 3-19

The cords BCA and CD can each support a maximum load T. Determine the maximum weight
of the crate that can be hoisted at constant velocity, and the angle & for equilibrium.

147

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir

J g Sl el Cul

Engineering Mechanics - Statics

Given:
T =100 Ib
c=12
d=5

The maximum will occur in CD rather than in BCA.

Solution :

The initial guesses: @ = 100 deg W = 200 Ib

Given

Equations of Equilibrium:

+

d
—> X F,=0; Tcos(@)—W(—) =0
2 2
c +d

43 Fy=0; Tsin(0) —w{%j ~W=0

(\Zj = Find(6, W)

0 = 78.69deg

W =51.01Ib

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 3-20

The sack has weight W and is supported by
the six cords tied together as shown.
Determine the tension in each cord and the
angle @for equilibrium. Cord BC is horizontal.

Given:

W =151b

61 = 30 deg

6» = 45 deg

63 = 60 deg
Solution:
Guesses Tge =11b Tag=11b
0 = 20deg Tec =11b Tac =11b

Tcp=11Ib TaH =11b

Given
At H:

+T XF,=0; TaH-W=0

At A:

i) 2F,=0; -TaB 008(6’2) +Tac 008(6’3) =0

+T SF,=0; Tagsin(62) + Tacsin(é3) - W =0
At B:

i) 2F,=0; Tpc-TBE cos(@l) + TaAB 003(6’2) =0
+T IF,=0; Tgg Sin(ﬁl) - TaB Sin(é’z) =0

At C:

i) 2F,=0; Tcp COS(H) —Tec - Tge 003(93) =0

+T SF,=0; Tcpsin(6) - Tacsin(63) = 0
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TBE T
BE
Tag 10.98
TAB 7.76
Tec
T Find(Tge. Tag. TeC. TAC. TcD, TAH, 6) e 402 Ib
= In b b b b 9 9
AC BE. TAB, TBC,TAC.TcD, TAH Tac 10.98
Tco
) e 13.45
AH
Tan 15.00
0
6 = 45.00 deg
Problem 3-21

Each cord can sustain a maximum tension T. Determine the largest weight of the sack that can be

supported. Also, determine 8 of cord DC for equilibrium.

Given:
T =200 Ib
61 = 30 deg
6» = 45 deg
63 = 60 deg
Solution:

Solve for W = 1 and then scale the answer at the end.

Guesses Tge =1 Tag =1
Tgc =1 Tac =1
Tep =1 TaH =1
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6 = 20 deg
Given
At H:

+T XF,=0; TaH-W=0

At A:

i) XF,=0; -Tap cos(ag) +Tac cos(63) =0

+T IF,=0; TaB Sin(ﬁg) + Tac sin(93) -W=0
At B:

i) 2F,=0; Tpc-TBE COS(91) +TaB 005(92) =0
+T XF,=0; Tgg sin(ﬁl) - TaAB Siﬂ(&g) =0

At C:

i) 2F,=0; Tcp COS(&) - Tec - Tge 003(93) =0

+T ZF, =0; TCDSin(H> -Tac Sin(ﬁg) =0

TBE
TBE
TAB 0.73
TAB 0.52
TBC
_ TBC 0.27
Tac | = Flnd(TBE,TAB,TBc,TAc,TCD,TAH , 9) =
. TAaC 0.73
CD
; Teb 0.90
AH
TaH 1.00
0
T
W = W = 200.00 b
max(Tge, TaB. TeC. TAC. TCD. TAH)
6 = 45.00 deg
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Problem 3-22

The block has weight W and is being hoisted at uniform
velocity. Determine the angle @for equilibrium and the
required force in each cord.

Given:
W=201b
¢ = 30 deg

Solution:

The initial guesses:

6 = 10 deg Tag =50 1b

Given

Tagsin(g) - Wsin(6) = 0

Tagcos(¢) — W — Wcos(6) = 0

Z -
Tag) Find(6,Tas)

6 = 60.00 deg

Tag = 34.61b

Problem 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 T. Also, what is the angle & for equilibrium?

152

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



J g Sl el Cul

Engineering Mechanics - Statics

www.SoftCivil.ir

Given:
T=801Ib
¢ = 30 deg

The maximum load will occur in cord AB.

Solution:
Tag =T

The initial guesses:

0 = 100deg W = 200lb

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 3

Given
+TZ F,=0;  Tagcos(g) - W —Wcos(6) = 0
i) > F,=0; TABsin(¢) - Wsin(6’) =0
0
( j = Find(6, W)
w
W =146.191b 6 = 60.00deg
Problem 3-24

Two spheres A and B have an equal mass M and are electrostatically charged such that the
repulsive force acting between them has magnitude F and is directed along line AB. Determine the
angle 6, the tension in cords AC and BC, and the mass M of each sphere.

153

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



J g Sl el Cul

Engineering Mechanics - Statics

www.SoftCivil.ir

Unit used:
mN = 10 > N
Given:
F =20 mN
m
=981 —
g 2
S
61 = 30 deg
6> = 30 deg
Solution:
Guesses Tg =1 mN M =1gm
Ta =1 mN 6 = 30 deg
Given
For B:

=5 5F,=0; Fcos(6y) - Tgsin(61) = 0

4 Ry =0; Fsin(6y) + Tgcos(61) - Mg =0
For A:
=5 5F,=0; Tasin(6) - Fcos(6) = 0

+T 2F,=0; Tacos(6) — Fsin(@z) -Mg=0

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 3

ij 6=1911deg M =4.08gm

TA
_ TaA 52.92
= Find(Ta,Tg, 6, M) =
0 TB 34.64
M
Problem 3-25

Blocks D and F weigh W, each and block E weighs W,. Determine the sag s for equilibrium.

Neglect the size of the pulleys.
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Given:
Wy =51b
Wy =81b

a=4ft
Solution:

Sum forces in the y direction
Guess s=1ft

. S .
Given Z(ﬁjwl -Wo =0 s = Find(s) s = 5.33ft
S

+a

Problem 3-26

If blocks D and F each have weight W, determine the weight of block E if the sag is s. Neglect
the size of the pulleys.

Given:
Wy =51b
s=3ft
a=4ft
Solution:

Sum forces in the y direction

S
2(—)W1—W=o
2 2
S +a

155

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g bl i sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 3

S
W=2 ——1W;y W=6.00Ib
SZ+E-J.2

Problem 3-27

The block of mass M is supported by two springs having the stiffness shown. Determine the
unstretched length of each spring.

Units Used:
KN = 10° N
Given:
M = 30 kg
l{1 =06 m
lo =04 m
I3 =05m
kN
kac = 1.5 —
kN
kag = 1.2 —
_ 981 2
g=29 >
S
Solution:

Initial guesses:  Fac = 20 N Fag = 30 N

Given
+ 12 FaB l1Fac
—> 3F, =0; - =0
2 2 2 2
\/|2 + 13 \/ll + 13
I3FAB I3FaC
+T2Fy:0; + -Mg=0
2 2 2 2
\/|2 + 13 \/ll + 13
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Fac Find (Fac. Fas) Fac 183.88 \
= FINn 5 =
FaB AC,TAB FaB 226.13

Then guess Lag = 01m Lac =01m

Given Fac = kAC(«/ |12 + |32 - LAC)
2 2
FaB = kABC/ " +13" - LAB)

LAB Find(Lag. Lac) LAB 0.452
= Fin , = m
Lac AB-EAC Lac 0.658

Problem 3-28

Three blocks are supported using the cords and two pulleys. If they have weights of W,=W:=W,
W= kW, determine the angle & for equilibrium.

Given:

k =0.25

Solution:

—> 2F, = 0; Wcos(¢) - chos(H) =0
+T SF, =0; Wsin(g) + kWsin(6) - W = 0
cos(qﬁ) = kcos(6’)

sin(¢) =1- ksin(6’)
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1=K cos(6)? + (1 -ksin(0)? = 1+ K - 2ksin(0)

K
0 = asin(z) 6 = 7.18deg

Problem 3-29

A continuous cable of total length | is wrapped around the small pulleys at A, B, C, and D. If each

spring is stretched a distance b, determine the mass M of each block. Neglect the weight of the pulleys
and cords. The springs are unstretched when d = 1/2.

Given:

Il =4m

k=500E
m

b = 300 mm

(=]
Il

9.81 L
2
S

Solution:
Fs = k b Fs = 15000 N
Guesses

T=IN 6#=10deg M =1Kkg

Given

2Tsin(6) - Fs = 0

—2Tcos(6’) +Mg=0

i)

b+ %sin(é’) = %

= Find(T, 6, M)

< o -
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T=10714 N 6 = 44.43 deg M = 15.60 kg

Problem 3-30

Prove Lami's theorem, which states that if three concurrent forces are in equilibrium, each is
proportional to the sine of the angle of the other two; that is, P/sin « = Q/sin f=R/sin y.

Solution:

Sine law:;

R Q P

sin(180deg - 7) sin(180deg - ﬂ) B sin(180deg - a)

However, in general  sin(180deg — ¢) = sin(¢) , hence

R . Q@ __P Q.E.D.

sin(;/) sin(ﬂ) sin(a)

Problem 3-31

A vertical force P is applied to the ends
of cord AB of length a and spring AC.
If the spring has an unstretched length
o, determine the angle @for equilibrium.

Given:
P=101b
o=2ft
k=15%
a=2ft
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b=2ft
Guesses
6 = 10 deg ¢ = 10 deg
T=11Ib F=11Ib
X = 1ft
Given

~Tcos(6) + Feos(g) = 0
Tsin(6) + Fsin(g) - P = 0
F=kx- o)

asin(6) = xsin(g)

acos(é’) + xcos(¢) =a+b

o
f Find(6, ¢,T,F,x) ! 10-30 Ib 0 = 35d
= FIN O, 1, F,X = = e
F 9.38 2
F
X
Problem 3-32

Determine the unstretched length & of
spring AC if a force P causes the
angle @for equilibrium. Cord AB has

length a.
Given:
P =2801Ib
6 = 60 deg
K = 50 2
ft
a=2ft
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b =2ft
Guesses
o = 1ft ¢ = 10 deg
T=11Ib F=11Ib
x = 1ft
Given

~Tcos(6) + Feos(g) = 0
Tsin(6) + Fsin(g) =P = 0
F=kx- o)

asin(6) = xsin(g)

acos(é’) + xcos(¢) =a+b

5
¢ _ T 69.28
T | = Find(s, ¢, T,F,X) = Ib 5= 2661t
F 40.00
F
X
Problem 3-33

The flowerpot of mass M is
suspended from three wires and
supported by the hooks at B and C.
Determine the tension in AB and AC
for equilibrium.

Given:
M = 20 kg
l1 =35m
lo =2m
I3 =4m
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Ig =05 m
m
=981—
g 2
S
Solution:

Initial guesses:
TaAB = 1N Tac =1N
6 = 10 deg ¢ = 10 deg

Given
-Tac cos(¢) + TaAB cos(@) =0
Tacsin(g) + Tagsin(6) - Mg = 0

I cos(¢) + 1 cos(6’) =13

l1sin(g) = lpsin(6) + 14

TaB
TAaC . 0 53.13 TaB 156.96
= Flnd(TAB ,TAC, O, ¢) = deg = N
0 y 36.87 TAC 117.72
¢
Problem 3-34

A car is to be towed using the rope arrangement shown. The towing force required is P. Determine
the minimum length | of rope AB so that the tension in either rope AB or AC does not exceed T.
Hint: Use the equilibrium condition at point A to determine the required angle & for attachment, then
determine | using trigonometry applied to triangle ABC.

Given:
P =600 Ib
T =750 Ib
¢ = 30 deg
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d=4ft

Solution:

The initial guesses
Tag =T
Tac =T
6 = 30 deg
l=2ft

Casel: Assume Tac =T

Given

i) > F=0; TACcos(¢) - TABcos(H) =0

s F=0. P~ Tacsin(g) - Tagsin() = 0

I d

sin(¢)  sin(180deg — 6 - ¢)

TAB
0 | = Find(Tag. 9.1) TAR = 687.39 b 6 = 19.11 deg Iy = 2.65ft
1

Case2: Assume Tpag =T

Given

i) > F=0; TACcos(¢) - TABcos(H) =0

s F=0. P~ Tacsin(g) - Tagsin() = 0

| d
sin(g)  sin(180deg — 6 — ¢)
Tac
0 | = Find(Tac, 6.1) Tac = 840.831b 6 = 13.85 deg I, = 2.89 ft
12
| = min(l1,12) | = 2.65ft
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Problem 3-35

Determine the mass of each of the two cylinders if they cause a sag of distance d when suspended
from the rings at A and B. Note that s = 0 when the cylinders are removed.

Given:
d=05m
Ii1 =15m
lo =2m
I3 =1m
N
k = 100 —
m
m
S
Solution:
Tac = kl:\/(ll + d)2 + |22 - \/|12 + |22J
Tac = 32.84 N
1 +d
0 = atan( j
12
6 = 45deg
TACsin(é’)
M=—
g
M = 2.37 kg
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Problem 3-36

The sling BAC is used to lift the load W with constant velocity. Determine the force in the sling
and plot its value T (ordinate) as a function of its orientation &, where 0 < 6 < 90°.

Solution:

W — 2Tcos(6?) =0

-3 (=)

Problem 3-37

The lamp fixture has weight W and is suspended from two springs, each having unstretched length L
and stiffness k. Determine the angle @for equilibrium.

Units Used:
KN = 10° N
Given:
W =101b
L =4ft
Ib
k=5—
ft
a=4ft
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Solution:

The initial guesses: T = 200 1b & = 10 deg

Given

Spring T= k(ﬁ(@) - j

+Tz F,=0;  2Tsin(g) -W =0

T
(ej = Find(T, 6) T=734lb  6=4297deg

Problem 3-38

The uniform tank of weight W is suspended by means of a cable, of length |, which is attached
to the sides of the tank and passes over the small pulley located at O. If the cable can be
attached at either points A and B, or C and D, determine which attachment produces the least
amount of tension in the cable.What is this tension?

Given:
W = 200 Ib
| =6 ft
a=1ft
b =2ft
c="b
d=2a
Solution:

Free Body Diagram: By
observation, the force F has to
support the entire weight of the
tank. Thus, F = W. The tension in
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cable is the same throughout the
cable.

Equations of Equilibrium
IF,=0; W — 2Tsin(9) =0

2a
Attached to CD o = acos(T 61 = 70.53 deg

2b
Attached to AB & acos(T) 6» = 48.19deg

We choose the largest angle (which will produce the smallest force)

6 = max(61, &) 6 = 70.53 deg
I L
1/ W . ] a4
T=2f— T = 1061b o Ye
2 sm(e) A
W2 12
lIIIII|
\
Problem 3-39

A sphere of mass m 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.

Given:
ms = 4 kg
a=04m
b=04m
6 = 60 deg
— 981
g=29 >
S
Solution:
a
k = =
b

Geometry: The angle €, which the surface make with the horizontal is to be determined first.
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d
tan(el) = d—i =2kx evaluatedat x = a 61 = atan(2 k a) 61 = 63.43deg

Free Body Diagram : The tension in the cord is the same throughout the cord and is equal
to the weight of block B, mgg.

The initial guesses: mp = 200 kg Fn = 200 N

Given

i) > F=0; mBgcos(e) - FNsin(el) =0

+TZ Fy=0; mBgsin(a) + FNcos(el) -mgg=20

mpg
= Find(mg, FN) Fn = 19.66 N
FN
mg = 3.58 kg
Problem 3-40

The pipe of mass M is supported at A by a system of five cords. Determine the force in each
cord for equilibrium.

Given:

M = 30 kg c=3

m =
g9 L d=4
2
S
6 = 60 deg
Solution:
Initial guesses:
Tag = 1N TaAe = 1IN
Tec =1N Tesp =1N

Given
TABsin(H) -Mg=0
TaE — TAB COS(Q) =0
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TBD[—C - TaAB sin(H) =0
2 2
c +d

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 3

d
TBD + Tagcos(6) - Tec = 0
c + d2
TaB
TAE ]
= Find(Tag. TA€. TeC. TBD)
Tec
TBD
TaB 339.8
TAE 169.9
= N
Tee 562.3
T 490.5
Problem 3-41

The joint of a space frame is subjected to four forces. Strut OA lies in the x-y plane and strut OB lies
in the y-z plane. Determine the forces acting in each of the three struts required for equilibrium.

Units Used:
KN = 10° N
Given:
F =2kN
61 = 45 deg
6> = 40 deg
Solution:
XF, =0;
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SF,=0;  Psin(6p)-F=0
o_ _F
- sin(&g)
P =311kN

2F,=0; Q-P cos(@z) =0

Q=P 003(92)

Q = 2.38kN

Problem 3-42

Determine the magnitudes of F,, F,, and F5 for equilibrium of the particle.

Units Used:
kN = 10° N
Given:
F4 = 800 N
a = 60 deg
S = 30 deg
y = 30 deg
=3
d=4
Solution:

The initial guesses: Fq = 100N Fo = 100N  F3 = 100 N

Given
cos(a) . c —cos(y) 0
Fq O +% —d |+ F3| =sin(y) |+F4| sin(g) |=0
sin(a) c+d | o 0 —cos(p)
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F1 F1 800
Fo | = Find(Fl ,F2, F3) F2 |=|147 | N
F3 F3 564
Problem 3-43

Determine the magnitudes of F,, F,, and F5 for equilibrium of the particle.

Units Used:
kN = 1000 N
Given:
Fa = 85 kN
Fg = 2.8 kN
a = 15 deg
S = 30 deg
c=7
d=24
Solution:
Initial Guesses: F1 =1kN Fo =1kN F3z = 1 kN
Given
—cos(ﬁ) F) —C 1 —sin(a) 0
Fil 0 |+—=—=|-d|+F3/ 0|+F4| cos(a) [+Fg 0 |=0
sin(B) ¢+ d*( o 0 0 -1
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F1 F1 5.60
F2 | = Find(F1,F2,F3) Fo | =855 |kN
F3 F3 9.44
Problem 3-44

Determine the magnitudes of F;, F, and F for equilibrium of the particle F = {- 9i - 8j - 5k}.

Units Used:
kN = 10° N
Given:
-9
F=|-8|kN
-5
a=4m
b=2m
c=4m
61 = 30 deg
6> = 60 deg
63 = 135 deg
64 = 60 deg
65 = 60 deg
Solution:

Initial guesses: Fq; = 8 kN Fo =3 kN F3 =12 kN
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Given
cos(ag) cos(&l) 003(93) a
F
Fq| —cos(62)sin(61) | + F| cos(6s) | + 3 ¢ |+F=0

N, a2 b2 02
sin(62) cos(6a) +0+C-b

F1 F1 8.26

F2 | = Find(F1,F2,F3) Fo [=| 384 |kN

Fa F3 12.21
Problem 3-45

The three cables are used to support the lamp of weight W. Determine the force developed in
each cable for equilibrium.

Units Used:

KN = 10° N
Given:
W=80N b=4m
a=4m c=2m
Solution:

Initial Guesses:

Fag = 1N Fac = 1N Fap=1N
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Given
0 1 —C 0
FAD
Fag| 1|+ Fac| O |+ -b|+W| 0 |=0

o
o
D
N
+
o
N
+
o
N
3}
|
-

FaB FaB 800

Fac | = Find(FAB,FAc,FAD) Fac | =] 400 [N

FAD Fap) \1200
Problem 3-46

Determine the force in each cable needed to support the load W.

Given:
a=28ft
b=6"ft
c=2ft
d=2ft
e =6ft
W = 500 Ib

Solution:

Initial guesses:

Fcp = 600 Ib Fca =195 Ib Fcg =195 Ib
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Given

E C F —d . 0 0

CA CB CDh
e |+ €| +——|b|+W 0 |=0

®re 0 & re 0 \/a2+b2 a 1

Fcp Fcp 625

Fca | = Find(FCD, Fca, FCB) Fca | =198 |Ib

Fc Fc 198
Problem 3-47

Determine the stretch in each of the two
springs required to hold the crate of mass
m, in the equilibrium position shown. Each

spring has an unstretched length dand a

stiffness k.
Given:
me = 20 kg
o=2m
k = 300 E
m
a=4m
b=6m
c=12m
Solution:

Initial Guesses

Foa=1N
Fog =1N
Foc=1N
Given
0 -1 b 0
Foc
Foal -1 [+Fogl O |+ —|a |+mMmcg| O |=0

2 2 2
0 0 vya +b"+c"{ ¢ 1
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Foa Foa 65.40
Fog | = Find(Foa.Fos,Foc) Fos 9%.10 | N
Foc Foc 228.90

O0A = — O0A = 218 mm

0B = — 00B = 327mm

Problem 3-48

If the bucket and its contents have total weight W, determine the force in the supporting cables
DA, DB, and DC.

Given:
W=201Ib
a=3ft

b

4.5 ft

2.5 ft

o
Il

d=23ft

e =15 ft

f=15ft

176

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir J g bl il ol S bono g Ol pof 3 0932 3 0 39 54 6 BB LRI, 3910 a2 50

Engineering Mechanics - Statics Chapter 3

Solution:
The initial guesses:

Fpbpa=401lb Fpg=201Ib Fbc =301b

Given
0 b—e ] 0 e ]
I F=0; FDA - Fpc =0
X 7 2 2| A 2 2 5| P¢
|V (b—e)"+f"+a" | Ve +d +(c— 17|
0 —f ] 0 c—f ]
> F,=0; FDA + Fbc - Fpg =0
y > | DA — > |Fpc ~Fps
|V (b—e) "+ f"+a" | Ve +d +(c— 17|
_ . _ _ ; _
> F,=0; Fpa + Fboc-W=0
: > 2 2| A 2 2 5| O¢
_\/(b—e) +f"+a" | Ve +d +(c— 17|
FDA FDA 10.00
Fps | = Find(Fpa.Fpg.Fpc) Fpe | =| 111 |[Ib
Problem 3-49

The crate which of weight F 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.
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Units Used:
kN = 10° N
Given:
F =25KkN
a=3m
b=1m
c=075m
d=1m
e=15m
f=3m
Solution:

The initial guesses

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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FaDp = 3kN  Fac =3 kN Fag = 3kN
Given —c Fap + d Fac + d Far =0
7 2 2 P 7 2 2 7 2 2 P
c+b " +a d“+e " +a d+f " +a
b FAD + ¢ FAC + _ Fag =0
7 2 2 P 7 2 2 7 2 2 '8~
cC+b " +a d+e " +a d+f"+a
2 FAD + @ FAC + 2 FAB+F=0
7 2 2 P 7 2 2 7 2 2 P
c+b " +a d+e " +a d+f"+a
FAD FAD 1.55
Fac | = Find(Fap.Fac.Fas) Fac | =] 0.46 |kN
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Problem 3-50

The lamp has mass m; and is supported by pole AO and cables AB and AC. If the force in the
pole acts along its axis, determine the forces in AO, AB, and AC for equilibrium.

Given:
m; = 15 kg d=15m
a=6m e=4m

b=15m f=15m

m
c=2m g =981—

Solution:

The initial guesses:

Fao = 100 N

Fag = 200 N

Fac = 300 N
Given

Equilibrium equations:

C c+e C
FaB - Fac =0

Fao -
J+b21al Jicre+ b+ e a JE+ (b+d)2 + a2

b Eart b+ f Far 4 b+d E 0
————Fn0 AB AC =
J+b21a? Jicre?+ b+ 2+ a JZ+ (b+d)?+ a2

8 F 2 F 8 F mg=0

AO - AB - AC—MIQ =
J+b21a? Jicre+ b+ e a JE+ (b+d)2 + a2
Fao Fao 318.82
FaB :Find(FAo,FAB,FAC) FaB | =| 110.36 | N
FAC FAC 85.84
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Problem 3-51

Cables AB and AC can sustain a maximum tension Tmax, and the pole can support a maximum
compression Pmax. Determine the maximum weight of the lamp that can be supported in the
position shown. The force in the pole acts along the axis of the pole.

Given:

Tmax =500 N c=2m

Pmax =300N d=15m

a=6m e=4m
b=15m f=15m
Solution:

Lengths

AO =\/a2+b2+02

AB = a2+ (c+ )2+ (b+d)’

AC = Jal+ 2+ (b+d)?

The initial guesses:

Fao = Pmax Fag = Tmax Fac = Tmax W = 300N

Case 1 Assume the pole reaches maximum compression

Given

F c F -c—¢ —C 0
AO AB
E—b +——| b+f |[+——b+d|+W 0 |=0

a —a —a -1
W1 W1 138.46
Fag1 | = Find(W,Fag.Fac) FaB1 | = 103.85 | N
Fac1 Fac1 80.77
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Case 2 Assume that cable AB reaches maximum tension

Given

F c F —-Cc—¢ . —C 0

AO AB AC
—)| -b|+——| b+f |+——| b+d |[+W] 0 | =0
AO

a —a —a -1

W W2 666.67
Fao2 | = Find(W,Fao,Fac) FAO2 | = | 1444.44 | N
FAC?2 FAC?2 388.89

Case 3 Assume that cable AC reaches maximum tension

Given
F c F —-c—¢e . —C 0
AO AB AC
—A| b |+——| b+f |+——b+d|+W O |=0
AO AB AC
a -a -a -1
W3 W3 857.14
Fao3 | = Find(W,Fao.Fag) FaO3 | =| 1857.14 | N
FAB3 FAB3 642.86
Final Answer W = min(W1, W2, W3) W = 138.46 N
Problem 3-52
Determine the tension in cables AB, AC, and AD, required to hold the crate of weight W in
equilibrium.
Given:
W =60 Ib
a==6ft
b =12 ft
c=28ft
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d=29ft
e =4 ft

f=26ft

Solution:

The initial guesses:

Tg = 100 Ib
Tc =100 Ib
Tp = 100 Ib
Given
b b
¥ F=0; Tg - Tc - Tp=0
\/b2+c2+d2 \/b2+e2+f2
d e
L F,=0; Tc - Tp=0
\/b2+c2+d2 \/b2+e2+f2
c f
> F,=0; -W + Tc+ Tp=0
\/b2+02+d2 \/b2+e2+f2
Solving
TB TB 108.84
Tc | = Find(Tg,Tc, Tp) Tc |=| 4744 |Ib
D D 87.91
Problem 3-53

The bucket has weight W. Determine the tension developed in each cord for equilibrium.

Given:
W =201b
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a=2ft
b =2ft
c=28ft
d=7Hft
e =3ft
f=a

Solution:

Initial Guesses:  Fpa = 20 Ib Fbpg=10lb Fpc=151b

Given
c—¢€ —€ —€
2F, = 0; Fpa + Fboc+ ——=Fpp =0
J(c-e)2 + b2 + a2 J+(@d-b)2+ f2 Je + b2+ 2
-b d-b -b
2F, = 0; Fpa + Fboc+ ———=Fpp =0
J(c-e)2 + b2 + a2 J+(@-b)2+ 2 Je + b2+ 2
2F,=0; 2 Fpa+ ! Fpc + J F W =20
y’\/ 222DA\/2 2 2 ° 2 2 .2 2T
(c—e) +b"+a e +(d-b)"+f e +b +f
FDA

FpB | = Find(FDA, FpB, FDC)

Fbc

Fpa 21.54

Fpe | =| 13.99 |Ib

Fbe 17.61
Problem 3-54

The mast OA is supported by three cables. If cable AB is subjected to tension T, determine the tension
in cables AC and AD and the vertical force F which the mast exerts along its axis on the collar at A.

Given:
T =500 N
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a=6m
b=3m
c=6m
d=3m
e=2m
f=15m
g=2m
Solution:

Initial Guesses:  Fac = 90 N Fap = 350 N F =750N

Given
e f b
Y F,=0; T- FAC—-————Fap=0
X 2 2 2 7 2 2 C 7 2 32 P
e +d +a f+g +a b"+c +a
d g c
T F,=0; T+ FAC-——Fap=0
y 2 2 2 5 2 2 /C 7 2 32 P
e +d +a f+g +a b"+c +a
—a a a
TF,=0; T- FAC-————Fap+F=0
‘ 2 2 2 7 2 2 /C 7 2 32 P
e +d +a f+g +a b"+c +a
Fac Fac 92.9
FaD | = Find(Fac,Fap.F) FaD | =| 364.3 [ N
F = 757.1
Problem 3-55

The ends of the three cables are attached to a ring at A and to the edge of the uniform plate of mass
M. Determine the tension in each of the cables for equilibrium.

Given:

M = 150 kg e=4m
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a=2m f=6m
b=10m g=6m
c=12m h=6m
d=2m i=2m

. m
gravity = 9.81 -

S
Solution:
The initial guesses:

Fg = 15N

Fc =16 N

Fp =16 N
Given

Fp(f—1) Fc(-d-e) Fp(-e)

ZF,=0; -

+ +
Ji—n24n?+ Jdrel+th-a?+ Jel+gi+c?

Fe(-h) Fcl[-(h-3a)] Fp(9)
LF,=0; + + =0
Ji—n24n?+® Jdrel+th-a?+ eligi+c?
Fa(-c) Fc(-c) Fp(-c)
X F,=0; + + + Mgravity = 0
Ji-n24n?+@ Jdrel+th-al+ elsgi+c?
FB FB 858
Fc | = Find(Fg,Fc.Fp) Fc|=| 0 [N
Fo Fp) \858
Problem 3-56

The ends of the three cables are attached to a ring at A and to the edge of the uniform plate. Determine
the largest mass the plate can have if each cable can support a maximum tension of T.
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kN = 10" N
Given:
T = 15 kN e=4m
b=10m g=6m
c=12m h=6m
d=2m i=2m
gravity = 9.81 mz
Solution:
The initial guesses: ' B = T Fc =T Fp=T M=1kg
Case 1: Assume that cable B reaches maximum tension
Given
Fe(f—i Fc(-d-e Fp(-e
SF.=0 B(f—1) . c( ) .\ D(—€)
Jio—iZen?+ @ Jd+rolrth-a2+? Jeligled
Fe(~h Fc[-(h-a F
SF,=0 B(=h) . cl-(h-a)] .\ p(9)
Jo—i2en?+ @ Jd+rolst-a2+? Jeligled
Fe(~C Fe(-¢ Fp(-¢
SE =0 B(—C) . c(-0) .\ p(-¢)
Jio—i2en?+ @ Jd+rolst-al+d Jeligled
M1
_ Fci1 -0.00
Fc1 | = Find(M,Fc,Fp) = kN M1 = 2621.23 kg
Fp1 15.00
Fp1
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Case 2: Assume that cable D reaches maximum tension
Given
Fe(f—i Fc(-d-e Fp(-e
SF.=0 B(f-1) . c( ) .\ D(—€) _
Jio—i2en?+ @ Jd+rolrth-a2+? Jeligled
Fg(-h Fcl-(h-a F
SF,=0 B(-h) . cl-(h-a)] .\ p(9) _
Jo—i2en?+ @ Jd+olsth-a2+? Jeligled
Fg(-c) Fc(-c) Fp(-c)
XF,=0; + + + Mgravity = 0
Jo—i2en?+ @ Jdrolsth-al+d Jeligled
M2
_ Fg2 15.00
Fg2 | = Find(M,Fg,Fc) = kN My = 2621.23 kg
Fco 0.00
Fc2

For this set of number F = 0 for any mass that is applied. For a different set of numbers it would be
necessary to also check case 3: Assume that the cable C reaches a maximum.

M = min(Mq, M) M = 2621.23 kg

Problem 3-57

The crate of weight W is suspended from the cable system shown. Determine the force in each
segment of the cable, i.e., AB, AC, CD, CE, and CF. Hint: First analyze the equilibrium of point A,
then using the result for AC, analyze the equilibrium of point C.

Units Used:
kip = 1000 Ib
Given:
W = 500 Ib
a =10 ft
b = 24 ft
c =241t
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d=7ft
e =7ft

61 = 20 deg

6> = 35 deg

Solution: At A:

Initial guesses: Fac = 570 Ib Fag = 500 Ib

Given
i) 2F, = 0; FABcos(Hl) - FAccos(Hg) =0

+T IF,=0; FABSin(Hl) + Fac Sin(é’g) -W=0

FaB

At C: Initial Guesses

Fcp=1Ib Fcg=11Ib Fce=11b

Given
cos(&g) —a
Fcb Fce
Fac 0 +— 0 |+ ——
2 2 2 2
—sin(@z) a +b ¢ +d

188
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Fcp
_ _ Fce 416
Fce | = Flnd(FCD ,FCE, FCF) Fcp = 1.22kip = Ib
FcEk 416
Fcr
Problem 3-58

The chandelier of weight W is supported by three wires as shown. Determine the force in each
wire for equilibrium.

Given:
W =2801b
r=1ft

h=24ft

Solution:

The initial guesses:

Fag =40 1b

Fac =30 1b

Fap = 301b
Given

S F,=0: rcos(45 deg) _0

rcos(45 deg)

e
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h h h
> F,=0; ———Fac + Fap + FaAB—-W=0
\/r2+h2 \/r2+h2 \/r2+h2
FaB FaB 35.9
Fac | = Find(Fag.Fac.FAD) Fac | =] 254 |Ib
FAD FAD 254
Problem 3-59

If each wire can sustain a maximum tension T,,, before it fails, determine the greatest weight
of the chandelier the wires will support in the position shown.

Given:
Tmax = 120 Ib
r=1ft

h=24ft

Solution:

The initial guesses:

FAB = Tmax
FAC = Tmax
FAD = Tmax
W = Tmax

Case 1 Assume that cable AB has maximum tension

Given
r rcos(45deg)
2 k=0 ——Fac————Fa =0
\/r2+h2 \/r2+h2
—r rcos(45deg)
k=0 ————Fap+ ————Fag =0
y
\/r2+h2 \/r2+h2
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h h h
> F,=0; ———Fac + Fap + FaAB—-W=0
\/r2+h2 \/r2+h2 \/r2+h2
W1 Wi 267.4
Faci | = Find(W, Fac, FAD) Faci |=]| 849 |Ib
FAD1 FAD1 84.9
Case 2 Assume that cable AC has maximum tension
Given
r rcos(45 deg)
> F=0; ———Fac - =0
r2 + h2 \/
—-r rcos 45 de
SF=0;  — reos(4s deg) g) -0
/rz /
h h
¥ F,=0; FA(;+ FAD"‘ FaAB—W=0
2 2
\/ \/ JIo+h
W7 378.2
Fag2 | = Find(W, FAB, FAD Fag2 | =| 169.7 |Ib
FAD2 FAD2 120
Case 3 Assume that cable AD has maximum tension
Given
r rcos(45deg)
2 F=0; ——Fac————Fa =0
r2 + h2 \/ r2 + h2
—r rcos(45deg)
2 F,=0; —FAD +——Fpg =0
y
/r /
2
h h
¥ F,=0; FA(;+ FAD"‘ 2FAB—W:O
\/ \/ \/ +h
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W3 W3 378.2
FAB3 | = Find(W,FAB,FAc) FaB3 | =| 169.7 |Ib
Facs FAC3 120
W = min(W1, W2, W3) W = 267.421b
Problem 3-60

Determine the force in each cable used to lift the surge arrester of mass M at constant velocity.

Units Used:
KN = 10° N
Mg = 10° kg
Given:
M = 9.50 Mg
a=2m
b=05m
0 = 45 deg
Solution:
Initial guesses: Fg = 50 kN Fc = 30 kN Fp = 10 kN
Given
b bcos(H)
SF=0; (BT 2 2
b™ +a b™ +a
—bsin(6) b 0
YF,=0; D
y b2 + a2 b2 + a2
a a a
*F,=0;, Mg-Fg—— - Fc—— - Fp—— =0
b2 + a2 b2 + a b2 + a
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Fg FB 28.13
Fc | = Find(Fg.Fc.Fp) Fc | = 39.78 | kN
Problem 3-61

The cylinder of weight W is supported by three chains as shown. Determine the force in each
chain for equilibrium.

Given:
W =800 Ib
r=1ft
d=1ft
Solution:

The initial guesses:

Fa =11b
Fac=11b
Fap=11Ib
Given
r rcos(45 deg)
> F=0; Fac - =0
. o d2 \/
= —r rsm 45 de
T Fy=0; _F ( g) Fag = 0
2
‘\/ r
_ FAD+ FA(;+ FAB—W 0
> F,=0;
’ \/ 2 +d \/
FaB FaB 469
Fac | = Find(FAB,FAc,FAD) Fac 331
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Problem 3-62

The triangular frame ABC can be adjusted vertically between the three equal-length cords. If it
remains in a horizontal plane, determine the required distance s so that the tension in each of the
cords, OA, OB, and OC, equals F. The lamp has a mass M.

Given:
F=20N
M = 5 kg
_ 981 2
g=29 >
S
d=05m
Solution:

2F,=0; 3Fcos(y) = Mg

= acos Mg = 35.16de
V= 3F V=959 g
Geometry M:?Odeg) = stan(y)
2d
_ cos(30 deg) s < 410mm
3tan(y)
Problem 3-63

Determine the force in each cable needed to support the platform of weight W.
Units Used:

kip = 10° Ib
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Given:

W = 3500 Ib d=4ft

a=2ft e =3ft

b = 4 ft f=3t

c=4ft g = 10 ft
Solution:

The initial guesses:

Fag=11b Fac=11b Fap=11b
Given
b FAD + c_d FaC + ¢ Fag =0
AD ACtT ————FAB =
\/gz+(e—a)2+b2 \/(c—d)2+e2+g2 \/02+f2+g2
o FAD + c F f Fag =0
AD AC- —F——FAB =
\/gz+(e—a)2+b2 \/e2+(c—d)2+g2 \/02+f2+g2
—9 g g
FAD — FAC — Fag+W =0
2 2 2 AD 2 2 2 AC 2 2 2 AB
g +(e—a) +b e +(c-d)"+g g +f +c
FaB FAB 1.467
Fac | = Find(Fag.Fac.FAD) Fac | = 0.914 |kip
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Problem 3-64

A flowerpot of mass M is supported at A by the three cords. Determine the force acting in each
cord for equilibrium.

Given:

M = 25 kg

m
S

61 = 30 deg
&> = 30 deg
63 = 60 deg

64 = 45 deg
Solution:
Initial guesses:

FaAB =1N
FaAD=1N
Fac =1N

Given

2F, =0; FADSin(Hl) - FACsin(Hg) =0
ZF,=0; —FADcos(el) sin(6’3) -Fac cos(6’2)sin(493) + FaB sin(04) =0

2F,=0; FADcos(Hl) cos(03) + FACcos(Hg) cos(03) + FABcos(04) -Mg=20

FaB FaB 219.89
Fac | = Find(Fag.Fac,Fap) FAc | =| 10365 | N
FAD FAD 103.65
Problem 3-65

If each cord can sustain a maximum tension of T before it fails, determine the greatest weight of the
flowerpot the cords can support.
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Given:
T=50N
61 = 30 deg
&> = 30 deg
63 = 60 deg
64 = 45 deg
Solution:

Initial guesses:

Fa =T
FaDp=T
Fac =
W=T

Case 1 Assume that AB reaches maximum tension
Given

2F, =0; FADSin(Hl) - FACsin(Hg) =0
ZF,=0; —FADcos(el) sin(6’3) -Fac cos(6’2)sin(493) + FaB sin(04) =0

2F,=0; FADcos(Hl) cos(03) + FACcos(Hg) cos(03) + FABcos(04) -W=0

W1 W1 55.77
Fac1 | = Find(W,Fac.Fap) Fact | =1 2357 | N
FAD1 FAD1 23.57

Case 2 Assume that AC reaches maximum tension
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Given

2F, = 0; FADSin(Hl) - FACsin(Hg) =0
ZF, =0; —FADcos(el) Sin(Hg) - Fac cos(Hz)sin(eg) + FaB sin(64) =0

2F,=0; FADcos(el) cos(63) + FAccos(eg) cos(63) + FABcos(64) -W=0

Wo W2 118.30
Fag2 | = Find(W,Fag.FaD) FaB2 | = 106.07 | N
FAD2 FAD2 50.00

Case 3 Assume that AD reaches maximum tension
Given

2F, = 0; FADSin(Hl) - FACsin(Hg) =0
ZF, =0; —FADcos(el) Sin(Hg) - Fac cos(Hz)sin(eg) + FaB sin(64) =0

2F,=0; FADcos(el) cos(63) + FAccos(eg) cos(63) + FABcos(64) -W=0

W3 W3 118.30
FaB3 | = Find(W,Fag,Fac) FaB3 | =| 106.07 | N
Facs FAC3 50.00
W = min(W1, W2, W3) W = 5577 N
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Problem 3-66

The pipe is held in place by the vice. If the bolt
exerts force P on the pipe in the direction
shown, determine the forces F, and F that the

smooth contacts at A and B exerton the pipe.

Given:
P =50 Ib
6 = 30 deg
c=3
d=4
Solution:

Initial Guesses Fa=11b Fe=11b

Given

+ . d

—> X F,=0; FB—FAsm(e)—P =0
02 + d2

s F,=0; —Facos(6) + P{;j =0

(Egj = Find(Fa, Fg) (:j = (zjzjlb

Problem 3-67

Wheny is zero, the springs sustain force F,. Determine the magnitude of the applied vertical
forces F and -F required to pull point A away from point B a distance y;. The ends of cords
CAD and CBD are attached to rings at C and D.
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Given:
Fo =60 Ib
K = 40 2
ft
d=2ft
y1 =2 ft
Solution:

Initial spring stretch:
Fo
S = l sp = 1.50ft

Initial guesses:

Fs=11b T=1Ib F=11Ib

Chapter 3

Given
v\’
y1 - [7] v\’
F-—=T=0 Y %771 F-0 Fs=Kd— |d®~| =] +s
2d d 2
FS
: Fs 70.72
T | = Find(Fs,T,F) = Ib F = 40.831b
T 81.66
F
Problem 3-68

Wheny is zero, the springs are each stretched a distance 6. Determine the distance y if a force
F is applied to points A and B as shown. The ends of cords CAD and CBD are attached to
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rings at C and D.

Given:

S
Il
=
a1
-
—

T
Il

60 Ib

Solution:

Initial guesses:

Fs=1Ib T=1Ib y=1f1

Given
F-YT1-0
2d
3 2
d —e) 2
T-Fs=0 Fs=Kd— |d®-[Y] ++5
d 2
Fs
Find(Fs. T, y) N 2.46 ft
T = In s 1o = = &
0 T 97.55 i
y
Problem 3-69

Cord AB of length a is attached to the end B of a spring having an unstretched length b. The other
end of the spring is attached to a roller C so that the spring remains horizontal as it stretches. If a
weight W is suspended from B, determine the angle & of cord AB for equilibrium.
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Given:
a=>5ft
b=5ft

10 2
ft

W =101Ib

Solution:

Initial Guesses

Fea=11b

Fsp = 1 Ib

6 = 30 deg
Given

Fsp — FBAcos(é’) =0
FBASin(6’> -W=0

Fsp = k(a - acos(@))

_ Fsp 11.82
Fea | = Flnd(Fsp ,FBA, 6’) = 15.49

FBa
0

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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6 = 40.22 deg

Problem 3-70

The uniform crate of mass M is suspended by using a cord of length I that is attached to the sides of
the crate and passes over the small pulley at O. If the cord can be attached at either points A and B, or
C and D, determine which attachment produces the least amount of tension in the cord and specify

the cord tension in this case.
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Given:
M = 50 kg
m
=981 —
g 2
S
a=06m
b=15m
Il =2m
a
C=—
2
b
d=—
2
Solution:
Case 1 Attached at A and B Guess T=1N
2
|
3 ¢
Given Mg - — 7 2T =0 T1 = Find(T) T1 =370.78 N
2
Case 2 Attached at C and D Guess T=1N
3
E —-C
Given Mg - I 2T =0 To = Find(T) Top =257.09 N
2
Choose the arrangement that T = min(T1,T2) T =257.09 N

gives the smallest tension.

Chapter 3

Problem 3-71

The man attempts to pull the log at C by using the three ropes. Determines the direction
@in which he should pull on his rope with a force P, so that he exerts a maximum
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force on the log. What is the force on the log for this case ? Also, determine the direction
in which he should pull in order to maximize the force in the rope attached to B.What is this
maximum force?

Given:
P=801Ib

¢ = 150 deg

Solution:

Xy s Feo Fag + P cos(6) — Facsin(g — 90 deg) = 0

+TZ F,=0; Psin(6) — Fac cos(¢ - 90 deg) = 0

P si -
Fac = __Psin(0) In order to maximize FAC we choose  sin(6) = 1.
cos(¢ - 90deg)
Psin(&)
Thus 6 = 90 deg Fac = Fac = 160.00 Ib

cos(¢ - 90deg)
Now let's find the force in the rope AB.
Fag = -P cos(e) + Fac sin(¢ -90 deg)

Psin(6)sin(g — 90 deg)
cos(¢ -90 deg)

FaB = —Pcos(6) +

sin(@)sin(gﬁ -90 deg) - cos(e) cos(¢ -90 deg) cos(9+ - 90deg)
Fap=P =-P

cos(¢ -90 deg) cos(¢ -90 deg)
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In order to maximize the force we set cos(6+ ¢—90 deg) = -1

6+ ¢ — 90 deg = 180 deg

6 = 270 deg — ¢ 6 = 120.00 deg
O+¢—-90d
FAg = - cos(0+ ¢ cg) Fag = 160.00 b
cos(¢ -90 deg)
Problem 3-72

The "scale™ consists of a known weight W which is suspended at A from a cord of total length L.
Determine the weight w at B if A is at a distance y for equilibrium. Neglect the sizes and weights of

the pulleys.

Solution:

- SF,=0; 2Wsin(6) —w =0

2 2
Geometry h:/(ﬂ) —(9) :%«/(L_y)z_d2

2 2
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2W
w = 2W| w=—— (L—y)2—d

Problem 3-73

Determine the maximum weight W that can be supported in the
position shown if each cable AC and AB can support a maximum
tension of F before it fails.

Given:

T
Il
o))
o
o
o

Solution:

Initial Guesses  Fag = F Fac = F W=F

Case 1 Assume that cable AC reaches maximum tension

d
Given FACsin(6’) - ————Fpg =0
¢+ ¢

C
FACcOS(6’> +——FaAp-W=0
¢+ ¢

W1 _ W1 1239.62
= Find(W, Fag) = Ib
FaB1 FaB1 780.00

Case 2 Assume that cable AB reaches maximum tension
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d
Given FACsin(H) - ——Fag =0
2 2
c +d

Fac COS(H) + %FAB -W=0

¢ +d
W2 _ W2 953.55
= Find(W, Fac) = Ib
Fac2 Faco 461.54
W = min(Wq,W>) W = 953.6Ib
Problem 3-74

If the spring on rope OB has been stretched a distance o. and fixed in place as shown, determine the
tension developed in each of the other three ropes in order to hold the weight W in equilibrium. Rope
OD lies in the x-y plane.

Given:
a=2ft
b=4ft
c=3ft
d=4ft
e =4 ft
f=4ft
xg = -2 ft
yp = -3 ft
zg =3ft
6 = 30 deg
k:20!—b

in
6 =2in
W =2251b
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Solution:

Initial Guesses  Fpa = 10 Ib Foc =101b Fop =10 1b

Given
c XB —d
————Fpa+kd + Foc + Fopsin(8) =0
2 2 2 OA 2 2 2 2 2 2 oc ob ()
a +b +c Xg~ +YB +12B d+e + f
-b YB f
Foa + ko Foc + Fopcos(6) = 0

—_— +
\/a2+b2+c2 \/X52+y|32+2|32 \/d2+e2+f2
a B e

————Fpa+kd +
2 2 2 2 2 2 2 2 2
a +b +c Xg~ +VYB +12B d+e + f

Foc-W=0

Foa Foa 201.6
Foc | = Find(Foa.Foc.Fop) Foc | =] 215.7 |Ib
Problem 3-75

The joint of a space frame is subjected to four
member forces. Member OA lies in the x - y plane
and member OB lies in the y - z plane. Determine the
forces acting in each of the members required for
equilibrium of the joint.

Given:
Fq =200 Ib
6 = 40 deg
¢ = 45 deg
Solution:
The initial guesses: F1 = 200 Ib Fo =200 Ib F3 =200 Ib
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Given

LF=0 F3+F1 cos(¢) -F cos(H) =0
k=0, -F1 sin(¢) =0
T F,=0; F28iﬂ(€)—F4=0

F1

Fo | = Find(Fl ,Fo, Fg)

F3

F1 0

Fo | =|311.1 |Ib

F3 238.4

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 4-1

If A. B. and D are aiven vectors. prove the distributive law for the vector cross product, i.e.,
Ax(B+D)=(AxB)+(AxD)

Solution:

Consider the three vectors; with A vertical.

Note triangle obd is perpendicular to A.
od = |Ax (B+D)| = |A|(|B + D)sin(3)
ob = |Ax B| = |A| |B] sin(61)

bd = |Ax D| = |Al |B] sin(6,)

Also, these three cross products all lie in the plane
obd since they are all perpendicular to A. As noted
the magnitude of each cross product is

proportional to the length of each side of the
triangle.

The three vector cross - products also form a
closed triangle o'b'd" which is similar to triangle obd.
Thus from the figure,

Ax(B+D)=AxB+AxD (QED)

Note also,
A = Axl + Ay_] + Azk
B — Bxl + Byj + BzK
D = Dxl + Dy_] + Dzk
i i K
Ax(B+D)= Ax Ay Az
Bx +Dx By+Dy B;+D;

= [Ay(Bz+ Dy) — Ay(By + Dy]J]i — [Ax(B; + Dz) — Ag(Bx + Dy]]j + [ Ax(By + Dy) — Ay(Bx — Dx)]k

= [(AyBz— AzBy)i — (AxBz — AzBy)j + (AxBy — AyBy)K] ..
+ |:(Ay DZ - AZ Dy)l - (AX DZ - AZ Dx)J + (AX Dy - Ay Dx)k]
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i j K i K
AxAyAz+AxAyAZ

Bx By B; Dx Dy Dy

(AxB)+(Ax D) (QED)

Problem 4-2

Prove the triple scalar product identity A~(B X C) = (Ax B)-C.
Solution:

As shown in the figure

Area = B(Csin(6)) = |Bx C|

Thus,

Volume of parallelopiped is | B x C| |h|
Bx C
- A =22
‘ (IBX CIJ‘

Volume = |A~(B X C)|

But,

|h| = |A~u

BxC

Thus,

Since |A X B-C| represents this same volume then

A(BxC)=(AxB).C (QED)

Also,
LHS = A-(Bx C)
i j k
= (Axl + ij + Azk) BX By BZ
Cx Cy C;
= Ax(ByCz — B;Cy) — Ay(BxCz — B;Cx) + Ay(BxCy — By Cy)

= AxByC; — AxB;Cy — AyByC; + AyB;Cx + Az By Cy — A;By Cy
RHS = (Ax B)-C
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i j kK
= AX Ay AZ (Cx| + Cy_] + Czk)
By By B,

Cx(AyBz — AzBy) — Cy(AxBz — A;By) + Co(AxBy — AyBy)

AxByCz — AxB;Cy — AyBxCy + AyB; Cx + A;ByCy — A; By Cx

Thus, LHS = RHS

ABxC=AxB-C (QED)

Problem 4-3

Given the three nonzero vectors A, B, and C, show that if A-(B X C) = 0, the three vectors
must lie in the same plane.

Solution:
Consider,
|A-(Bx C)| = |A| |Bx C]|cos(6)

(|l cos(6))[Bx C

Il B C
=BC |h| sin(¢)
= volume of parallelepiped.

If A-(B X C) = 0, then the volume equals zero, so that A, B, and C are coplanar.

Problem 4-4

Determine the magnitude and directional sense of the resultant moment of the forces at A and B
about point O.

Given:
F1 =401b
Fo =60 Ib
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61 = 30 deg

6» = 45 deg

a=>5in

b =13in

c=3in

d==61Iin

e=3in

f==61In

Solution:

&. Mgo =2Mq; MRo = F1 cos(@g)e -F1 sin(@g)f -F2 cos(@l)\/ b a2 - Fo sin(@l)a

MRo = -858Ib-in  |MRo| = 8581b-in

Problem 4-5
Determine the magnitude and directional sense of the
resultant moment of the forces at A and B about
point P.
Units Used:

kip = 1000 Ib
Given:

F1 =401b b=13in

Fp =60lb ¢ =3in

61 =30deg d=61in

6p =45deg e =3in
a=>5in f=6In
Solution:

&l Mgp=2ZMp; Mpp = F1 cos(@z)(e +¢)-F1 sin(&g)(d +f)-F> cos(@l)(\/ b2 - a2 + d)
+-F» sin(el)(a -0
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MRp = -1165Ib-in  |Mgp| = 1.17 kip-in

Problem 4-6

Determine the magnitude of the force F that
should be applied at the end of the lever such
that this force creates a clockwise moment M
about point O.

Given:
M =15 Nm
¢ = 60 deg
6 = 30 deg
a =50 mm
b = 300 mm
Solution:

(*‘ M = Fcos(6)(a + bsin(¢)) - Fsin(e)(bcos((gﬁ))

M
F = F=776 N

cos(6’)(a + bsin(qﬁ)) - sin(6’)(b cos(¢))

Problem 4-7

Determine the angle & (0 <= €<= 90 deg) so that the force F develops a clockwise moment M
about point O.

Given:

F=100N ¢ = 60 deg
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M =20 N-m a =50 mm
0 =30deg b =300 mm
Solution:

Initial Guess 6 = 30 deg
Given

M = Fcos(e)(a+ bsin(¢)) - Fsin(e)(bcos((gﬁ))

6 = Find(6) 0 = 28.6 deg

Problem 4-8

Determine the magnitude and directional sense of the moment of the forces about point O.

Units Used:

a=4m f=12

b=3m g=>5

c=5m 6 = 30 deg

d=2m Fa = 400 N
Solution:

&l Mg = FAsin(e)d + FAcos(e)c + FB%(a +€)
f"+g

Mg = 3.57kN-m (positive means counterclockwise)
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Problem 4-9

Determine the magnitude and directional sense of the moment of the forces about point P.

Units Used:

kN = 10" N

o
[
w
3
(=]
[
(6]

c=5m 6 = 30 deg
d=2m
Fa = 400 N

Solution:

b+Fpg —fe - FAsin(H)(a —d) + FAcos(H)(b +C)

&'Mp:FBlzg 2 2 2
f"+g f"+g

Mp = 3.15kN-m (positive means counterclockwise)

Problem 4-10

A force F is applied to the wrench. Determine the moment of this force about point O. Solve
the problem using both a scalar analysis and a vector analysis.
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Given:
F=40N
0 = 20 deg
a =30 mm
b = 200 mm

Scalar Solution
(*‘ Mo = -F cos(@) b+F sin(e) a
Mg = —7.11N-m |Mo| = 7.11N-m

Vector Solution

b —F sin(0) 0
Mo = | a|x| —F cos(6) Mo=| 0 [Nm |Mo| = 7.107N-m
0 0 —7.11
Problem 4-11

Determine the magnitude and directional sense of the resultant moment of the forces about
point O.

Units Used:

kip = 10° Ib

Given:
F1 =3001b e =10ft

Fp =250lb f=4

a==6ft g=3
b=3ft 6 = 30 deg
c=4ft ¢ = 30 deg
d=4ft
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Solution:

f g
( Mg = Fp—o— 9
- 2\/f2+g2 \/f2+g2

Mo = 2.42kip-ft  positive means clockwise

esin(¢) +Fy ecos(¢) +Fq sin(e)a -F1 cos(@)b

Problem 4-12

To correct a birth defect, the tibia of the leg is straightened using three wires that are attached
through holes made in the bone and then to an external brace that is worn by the patient.
Determine the moment of each wire force about joint A.

Given:
F1 =4N d=015m
Fo =8N e =20 mm

F3 =6N f =35mm

a=02m g = 15 mm
b=03m & =30deg
c=025m 6> =15 deg
Solution: Positive means counterclockwise
Ma1 = F1 COS(Hg)d +F1 sin(@z)e Ma1 = 0.6 N-m
Mpa2 = Fo(c+d) Ma2 = 3.2N-m
Ma3 = F3 COS(H]_)(b +c+d) -F3 sin(@l)g Ma3 = 3.852N-m

Problem 4-13

To correct a birth defect, the tibia of the leg is straightened using three wires that are attached
through holes made in the bone and then to an external brace that is worn by the patient.
Determine the moment of each wire force about joint B.

Given:

F1=4N d=015m
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Fo =8N e =20 mm
F3 =6N f=35mm
a=02m g = 15 mm

b=03m

>
I

30 deg

c=025m &

15 deg

Solution:

Positive means clockwise

M1 = F1 cos(@g)(a+ b+c) - Flsin(ez)e Mpg1 = 3.07N-m

Mg2 = Fo(a+b) M2 = 44N-m

Mg3 = F3cos(61)a + F3sin(61)g Mpg3 = 1.084 N-m
Problem 4-14

Determine the moment of each force about the bolt located at A.

Given:

Fg =401b a=25ft a = 20 deg y = 30 deg

Fc =51 b

0.75 ft B = 25 deg
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Solution:
&. Mg = Fp cos(ﬂ)a

Mp = 90.6 Ib-ft

&l Mc = F¢ cos(;/)(a+ b)

Mc = 1411b-ft

Problem 4-15
Determine the resultant moment about the bolt located at A.
Given:

Fg =301Ib

Fc =451b

a=25ft

b =0.75 ft

a = 20 deg

B = 25 deg

y = 30 deg

Solution:

&' Ma = Fg cos(B)a + Fc cos(y)(a+b) Ma = 195Ib-ft

Problem 4-16

The elbow joint is flexed using the biceps brachii muscle, which remains essentially vertical as
the arm moves in the vertical plane. If this muscle is located a distance a from the pivot point
A on the humerus, determine the variation of the moment capacity about A if the constant
force developed by the muscle is F. Plot these results of M vs.& for —60 < 6 < 80.
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Units Used:
3

kN = 10 N
Given:

a =16 mm

F = 2.30 kN

6 = (-60..80)
Solution:

MA(H) =F (a) cos(€ deg)

50 = T T

-50 0 50 100

Problem 4-17

The Snorkel Co.produces the articulating boom platform that can support weight W. If the
boom is in the position shown, determine the moment of this force about points A, B, and C.

Units Used:

kip = 10°Ib
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Given:
a=3ft
b=16ft

15 ft

o
Il

61 = 30 deg

6> = 70 deg

W =550 Ib

Solution:
Ma = Wa Ma = 1.65kip-ft

Mp = W(a +b cos(@l)) Mp = 9.27 kip-ft

Mc = W(a+ b cos(@l) -c cos(@z)) Mc = 6.45Kkip-ft

Problem 4-18

Determine the direction € (0° < 6 < 180°) of the force F 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.

Given:
F=401Ib

a=28ft

b=2ft
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Solution: The maximum occurs when the force is
perpendicular to the line between A and the point of
application of the force. The minimum occurs when the
force is parallel to this line.

(a) (| MAmaX =F ‘\’ 3.2 + b2 MAmaX = 329848 Ibft

b
Pa = atan(g) da = 14.04 deg
63 = 90 deg — ¢4 63 = 76.0deg
(b) ﬁMmmzomﬂ Mamin = Olb-ft
b
fp = atan(g) dp = 14.04 deg
6y = 180 deg — ¢p 6y = 166 deg
Problem 4-19

The rod on the power control
mechanism for a business jet is
subjected to force F. Determine the
moment of this force about the
bearing at A.

Given:

F=8N 6 =20deg

a =150 mm 6@, = 60 deg
Solution:
&I Ma = Fcos(@l)(a) sin(@g) - Fsin(@l)(a) cos(@z) Ma = 7.71N-m
Problem 4-20

The boom has length L, weight W,,, and mass center at G. If the maximum moment that can be

developed by the motor at A is M, determine the maximum load W, having a mass center at G',
that can be lifted.
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Given:
L=230ft
Wy = 800 Ib
a=14ft
b=2ft
6 = 30 deg

M = 20 x 10° Ib-ft
Solution:
M=Wy (L-2a) cos(@) + W (Lcos(@) + b)

M—-Wp (L-a) cos(&)

W = 3191b
L cos(6’)+ b

Problem 4-21

The tool at A is used to hold a power lawnmower blade
stationary while the nut is being loosened with the
wrench. If a force P is applied to the wrench at B in the
direction shown, determine the moment it creates about
the nut at C. What is the magnitude of force F at A so
that it creates the opposite moment about C ?

Given:
P =50N b = 300 mm
0=60deg C°
a=400mm d =12

Solution:

@) (. Ma = Psin(6)b

Ma = 13.0N-m
d
(b) (' Mp-F ———a=0
2 2
c +d
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oM 02 + d2
- A T da
F=352N
Problem 4-22

Determine the clockwise direction & (0 deg < 6 <180 deg) of the force F so that it produces
(a) the maximum moment about point A and (b) no moment about point A. Compute the
moment in each case.
Given:

F=801Ib

a=4ft

b=1ft

Solution:

@) (* Mamax = Fv/ a’ + b Mamax = 330 lb-ft

b
¢ = atan(g) ¢ = 14.0deg

63 = 90 deg + ¢ 63 = 104 deg

(b) Mamin = 0
b
Oy = ata”(g) 6y = 14.04deg
Problem 4-23

The Y-type structure is used to support the high voltage transmission cables. If the supporting
cables each exert a force F on the structure at B, determine the moment of each force about
point A. Also, by the principle of transmissibility, locate the forces at points C and D and
determine the moments.

225

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir J g Sl el Cul

Engineering Mechanics - Statics

Units Used:

kip = 1000 Ib
Given:

F=2751b

a=285ft

6 = 30 deg
Solution:

r Ma1 = F sin(é’) a

Ma2 = Fsin(@)a

Also b = (a)tan(e)

Ma1 = Fcos(@)b

Ma2 Fcos(@)b

Ma1 = 11.7 kip-ft

Ma2 = 11.7 kip-ft

Ma1 = 11.7 kip-ft

Ma2 = 11.7 kip-ft

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 4-24

The force F acts on the end of the pipe at B. Determine (a) the moment of this force about point
A, and (b) the magnitude and direction of a horizantal force, applied at C, which produces the

same moment.

Given:
F=70N
a=09m
b=03m
c=07m
6 = 60 deg

Solution:

@ (+ Ma = F sin(e) c+F cos(@) a
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Ma
(b) Fc (a) = Mp Fc = — Fc =822N
a
Problem 4-25

The force F acts on the end of the pipe at B. Determine the angles 8 (0° < 6 < 180°) of

the force that will produce maximum and minimum moments about point A. What are the
magnitudes of these moments?

Given:
F=70N
a=09m
b=03m
c=07m

Solution:

(+ Ma = Fsin(e)c + Fcos(&)a

For maximum moment Z—MA = chos(H) - anin(@) =0
0

C
gmax = atan(—) gmax = 379 deg
a

Mamax = F sin(6max)c + F cos(6max)a Mamax = 79.812N-m

For minimum moment Ma = Fsin(e)c + Fcos(&)a =0

-a
Gmin = 180 deg + atan(—j Emin = 128deg
c
Mamin = F ¢ sin(6nin) + F (2) cos(6min) MAmin = ON-m
Problem 4-26

The towline exerts force P at the end of the crane boom of length L. Determine the placement
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x of the hook at A so that this force creates a maximum moment about point O. What is this

moment?
Unit Used:
kN = 10° N
Given:
P =4 kN
L=20m
6 = 30 deg
a=15m
Solution:

Maximum moment, OB L BA

Guesses x=1m d = 1 m (Length of the cable from B to A)

Given Lcos(@) + dsin(@) =X

a+ Lsin(@) = dcos(@)

X
(dj = Find(x,d) X =23.96 m

Mmax = P L Mmax = 80kNm

Problem 4-27

The towline exerts force P at the end of the crane boom of length L. Determine the position 6 of
the boom so that this force creates a maximum moment about point O. What is this moment?

Units Used:

KN = 10° N
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Given:
P = 4 kN
X =25m
L=20m
a=15m
Solution:

Maximum moment, OB L BA
Guesses 6 = 30 deg d =1 m (length of cable from B to A)
Given Lcos(H) + dsin(@) =X

a+ Lsin(@) = dcos(@)

o .
(dj = Find(8, d) 0 = 33.573deg
MmaX = PL Mmax = 80 kNm
Problem 4-28

Determine the resultant moment of the forces about point A. Solve the problem first by
considering each force as a whole, and then by using the principle of moments.
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Units Used:
kN = 10° N
Given:
F1 =250N a=2m
F> =300N b=3m
F3 =500N c=4m

/1 =60deg d=3

6p =30deg e =4

Solution Using Whole Forces:

d d e
Geometry a = atan| — L=|a+b-—C|/——
e e 2 2
e +d

Mp = _Fl[(a)cos(é’z)] —Fo(a+Dh) Sin(6’1) - F3L Mp = —2.532kN-m

Solution Using Principle of Moments:

d
Ma = —F1 cos(Hg)a -F sin(@l)(a +b) + F3 c-Fj3 ¢ 2(a + b)

d2+e2 \/d2+e

M = —2.532 x 10°N-m

Problem 4-29

If the resultant moment about point A is M clockwise, determine the magnitude of F.
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Units Used:

KN = 10° N

Given:
M=48KkNma=2m

F1 =300N b=3m

Fp 400N c=4m
61 =60deg d=3

6p =30deg e=4

Solution:
Initial Guess F3 =1N

Given

-M=-F cos(@z)a - ngin(@l)(a +b) +F3 ( (a+h)

d e
————|c-F3 | ——

+2 +e
/dz ej [/dz 2}

F3 = Find(F3)  Fgz = 1593kN

Problem 4-30

The flat-belt tensioner is manufactured by the Daton Co. and is used with V-belt drives on
poultry and livestock fans. If the tension in the belt is F, when the pulley is not turning,
determine the moment of each of these forces about the pin at A.
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Given:
F=521Ib
a=38in
b=5in
c=6Iin
61 = 30 deg
¢ = 20 deg

Solution:

(+ Ma1 =
Ma1 =

(+ Ma2

Fcos(61)(a + ccos(61)) - Fsin(61)(b - csin(6y))

5421b-in

F cos(Hg)(a - ccos(eg)) - F(Sin(6’2))(b + CSin(HZ))

Ma2 = —10.011b-in

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 4

Problem 4-31

The worker is using the bar to pull two pipes together in order to complete the connection. If he
applies a horizantal force F to the handle of the lever, determine the moment of this force about

the end A. What would be the tension T in the cable needed to cause the opposite moment about

point A.
Given:

F=801Ib
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Solution:
&l Ma = F(a+b) 003(91)

Ma = 306 Ib-ft

Require Mp = Tcos(@z)(a) cos(@l) + Tsin(@g)(a) sin(@l)

Ma

T= (a)(cos(eg) cos(@l) + sin(6’2)sin(6?1)) ———

Problem 4-32

If it takes a force F to pull the nail out, determine the smallest vertical force P that must be
applied to the handle of the crowbar. Hint: This requires the moment of F about point A to be
equal to the moment of P about A. Why?

Given:
F=1251b
a=14in
b=3in
c=15in
61 = 20 deg
6> = 60 deg
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Solution:
(Jr Mg = Fsin(62)(b) Mg = 3251b-in

P M
- (a) cos(6’1) + () sin(@l)

(*‘ P [(a)cos(@l) + (c)sin(@l)] = Mg P =238lIb

Problem 4-33

The pipe wrench is activated by pulling on the cable segment with a horizantal force F.
Determine the moment M, produced by the wrench on the pipe at 8. Neglect the size of the

pulley.

Given:
F =500 N
a=02m
b=05m
c=04m
6 = 20 deg

Solution:

Initial Guesses

¢ = 20 deg
Ma = 1 N-m
Given

b—csin(@)

———— =tan(g- 0

ccos(@) -a an(¢ )

Ma = chin(¢)

¢ .
Wi Find(¢, Ma) ¢ = 84.161 deg Ma = 199N-m
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Problem 4-34

Determine the moment of the force at A about point O. Express the result as a Cartesian vector.

Given:
60
F=(-30|N
-20
a=4m d=4m
b=7m g =6m
c=3m f=2m
Solution:
—C 260
roa = | —b Mo = roaxF Mo =| 180 [N-m
a 510
Problem 4-35

Determine the moment of the force at A about point P. Express the result as a Cartesian vector.

Given:

60

F=]-30|N
-20

Solution:

-c—d

rpa = | -b-e Mp = rpax F

a+ f

440

Mp =| 220 |[N-m
990
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Problem 4-36

Determine the moment of the force F at A about point O. Express the result as a cartesian

vector.
Units Used:
kN = 10° N
Given:
F = 13 kN
a=6m
b=25m
c=3m
d=3m
e=8m
f=6m
g=4m
h=8m
Solution:
b-g -b
rAB
raAp =|c+d roa =| —¢ Fi = F ——
|rag|
h-a a
-84
Mo = roa x F1 Mo =| -8 |kN-m
-39
Problem 4-37

Determine the moment of the force F at A about point P. Express the result as a Cartesian
vector.

Units Used: kN = lO3N
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Given:
F = 13 kN
a=6m
b=25m
c=3m
d=3m
e=8m
f=6m
g=4m
h=8m
Solution:
b—g —b—f ‘AB
rap =| c+d rpa = | —C-—e¢ Flem
h-—a a
-116
Mo =rpaxF1  Mo=| 16 |kN-m
-135
Problem 4-38

The curved rod lies in the x-y plane and has radius r. If a force F acts at its end as shown,

determine the moment of this force about point O.

Given:

Im

_‘
[
w
3
QD
[

0 = 45 deg

-n
I
3
z
o
I

2m
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Solution:
a 1
rac =| —r rac=|-3|m
-b -2
21.381
rac
Fv =F | | Fy =| —64.143 | N
r
AC —42.762
r 3
roao =1\ r roa=|(3|m
0 0
-128.285
Mo = roa x Fy Mo =| 128.285 |N-m
-256.571
Problem 4-39

The curved rod lies in the x-y plane and has a radius r. If a force F acts at its end as shown,

determine the moment of this force about point B.

Given:
F=8N c¢=3m
a=1m r=3m
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b=2m 6 = 45 deg
Solution:
a
rac = | ¢
-b
rac rcos(@)
Fy = F .
v |FAC| rga = | r— rsm(ﬁ)
0
-37.6
Mg =rgaxFy Mp=| 90.7 [N-m
-154.9
Problem 4-40

The force F acts at the end of the beam.
Determine the moment of the force about

point A.
Given:
600
F=| 300 | N
-600
a=12m
b=02m
c=04m
Solution:
b -720
raB = | a Ma = ragx F Ma =| 120 [N-m
0 —660
239
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Problem 4-41

The pole supports a traffic light of weight W. Using Cartesian vectors, determine the moment
of the weight of the traffic light about the base of the pole at A.

Given:
W =221b a=12ft 6 = 30deg

Solution:
(a)sin(e)
r = (a)cos(&)
0
0
F=]0
-W
Ma =rxF
—229
Ma =| 132 |lb-ft
0
Problem 4-42

The man pulls on the rope with a force F. Determine the moment that this force exerts about the
base of the pole at O. Solve the problem two ways, i.e., by using a position vector from O to A,
then O to B.

Given:

F=20N

a=3m
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b=4m
c=15m
d=105m
Solution:
b 0
rang =| -a roao =1|0
c—d d
b
rAB
rop = | —a Fy = F——
|ras|
C
61.2
Mo1 = roa x Fy Mop1 =| 81.6 |[N-m
0
61.2
Mo2 = rog x Fy Mp2 =| 81.6 |[N-m
-0
Problem 4-43

Determine the smallest force F that must be applied along the rope in order to cause the curved
rod, which has radius r, to fail at the support C. This requires a moment to be developed at C of
magnitude M.
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Given:
r=>5ft
M = 80 Ib-ft
6 = 60 deg
a=7Tft
b==6f
Solution:
b b
. r'AB
raAg = | a- rsm(6’) UAB = m rcg=1| a
AB
—rcos(&) -r
Guess F=11Ib
Given |rce % (F uag)| =M F = Find(F) F=1861Ib
Problem 4-44

The pipe assembly is subjected to the force F. Determine the moment of this force about
point A.
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Given:
F=80N
a = 400 mm
b = 300 mm
c = 200 mm
d = 250 mm
6 = 40 deg
¢ = 30 deg
Solution:
b+d cos(¢)sin(6)
rac =| a Fyv = F | cos(g)cos(6)
—c —sin(g)
-5.385
Ma =racxFy Ma =] 13.093 |[N-m
11.377
Problem 4-45

The pipe assembly is subjected to the force F. Determine the moment of this force about
point B.
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Given:
F=80N
a = 400 mm
b = 300 mm
¢ = 200 mm
d = 250 mm
6 = 40 deg
¢ = 30 deg
Solution:
b+d 550
rec=| O rec=| 0 |mm
—C -200
cos(¢)sin(0) 44,534
Fv = F | cos(g)cos(6) Fy =153.073 | N
—sin(¢) —40
10.615
Mp = rgc x Fy Mg =| 13.093 |N-m
29.19
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Problem 4-46

The x-ray machine is used for medical diagnosis. If the camera and housing at C have mass M
and a mass center at G, determine the moment of its weight about point O when it is in the

position shown.
Units Used:

KN = 10° N
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Given:
M = 150 kg
a=12m
b=15m
6 = 60 deg
_ 981
g=29 >
S
Solution:
—(b) cos(e) 0 -1.77
Mo = a x| 0 Mo =| -1.1 |kN-m
(b)sin(6) ~Mg 0
Problem 4-47

Using Cartesian vector analysis, determine the resultant moment of the three forces about the base
of the column at A.

Units Used:
KN = 10° N
Given:
400
F1 =1300 (N
120
100
Fp =|-100 | N
-60
0
F3=| 0 |N
-500
a=4m
b=8m
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c=1m
Solution:
0 0
rap=| 0 ra3 = | =
a+b b

The individual moments

Ma1 = rag x F1 Ma2 = rag x F2

-3.6 1.2
Ma1 =| 4.8 |kN-m Ma2 =| 1.2 [kKN-m
0 0
The total moment
-1.9
Ma = Ma1 + Ma2 + Ma3 Ma=| 6

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Ma3 = razx F3
0.5

Maz=| 0 [kN-m
0

Problem 4-48

A force F produces a moment Mg about the origin of coordinates, point O. If the force acts at a
point having the given x coordinate, determine the y and z coordinates.

3

Units Used: kN = 10" N

Given:

X=1m

Solution:
The initial guesses:
y=1m z=1m
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Given
X 2
v % F = Mo (yj=pind<y,z> (yj(jm
yA yA 1
z
Problem 4-49

The force F creates a moment about point O of M, If the force passes through a point

having the given x coordinate, determine the y and z coordinates of the point. Also, realizing
that My = Fd, determine the perpendicular distance d from point O to the line of action of F.

Given:

Solution:
The initial guesses: y=1m z=1m

Given

Problem 4-50

The force F produces a moment Mg, about the origin of coordinates, point O. If the force acts
at a point having the given x-coordinate, determine the y and z coordinates.
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Units Used:
KN = 10° N
Given:
X=1m
6
F=|-2|kN
1
4
Mo =| 5 |kN-m
-14
Solution:
Initial Guesses: y=1m z=1m
X
Given Mo=|Yy|xF (yj = Find(y,2)
z
z
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Problem 4-51

Determine the moment of the force F about the Oa axis. Express the result as a Cartesian vector.

Given:

50
F=(-20|N

20
a=6m
b=2m
c=1m
d=3m
e=4m
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Solution:
c 0
'oa
roF = -b rog = | € Upa = m
a d a
0
Moa = [(rOF>< F)'UOa]UOa Mo = | 217.6 [N-m
163.2
Problem 4-52

Determine the moment of the force F about the aa axis. Express the result as a Cartesian vector.

Given:
F = 600 Ib
a==6ft
b=3ft
c=2ft
d=4ft
e =4ft
f=2ft
Solution:
_d d —b
F 1
-441
Maa = [(rx FV)‘Uaa]Uaa Mgz = | —294 |Ib-ft
882
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Problem 4-53

Determine the resultant moment of the two forces about the Oa axis. Express the result as a
Cartesian vector.

Given:
F1 =801Ib
Fo =50 Ib
a = 120 deg
£ = 60 deg
y = 45 deg
a=5ft
b=4ft
c=6"ft
6 = 30 deg
¢ = 30 deg
Solution:
cos(a) 0
F1y = F1| cos(f) Foy=| 0
cos() F2
(b)sin(6) 0
rg = (b)cos(e) r =|—(a) sin(¢)
c 0
cos(¢)
Uaa = | —sin(¢) Maa = [(fl x F1y + 12 x FZV)Uaa]Uaa
0
26.132
Maa = | —15.087 |Ib-ft
0
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Problem 4-54

The force F is applied to the handle of the box wrench. Determine the component of the
moment of this force about the z axis which is effective in loosening the bolt.

Given:
a=3in
b=28in
c=2in
8
F=|-111Ib
1
Solution:
0 c
k=10 r=|-b M, = (rx F)-k M, = 621b-in
1 a
Problem 4-55

The force F acts on the gear in the direction shown. Determine the moment of this force about

the y axis.

Given:
F=501Ib
a=3in
61 = 60 deg
6o = 45 deg
63 = 120 deg
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Solution:
0 0 —cos(&g)
i=|1] r=|0]| Fy=F]|-cos(6)| My=(rxFy)j My = 751b-in
0 a ~cos ()
Problem 4-56

The RollerBall skate is an in-line tandem skate that uses two large spherical wheels on each
skate, rather than traditional wafer-shape wheels. During skating the two forces acting on
the wheel of one skate consist of a normal force F, and a friction force F;. Determine the

moment of both of these forces about the axle AB of the wheel.

Given:
6 = 30 deg
F1 =131b
Fo =781b
a=125in
Solution:
F1 0
F=|F2| r=|-a
0 0
cos(&)
ab = | —sin() Map = (rx F)-ab Mgp = Olb-in
0
Problem 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.
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Units Used:
kN = 10° N
Given:
6
F=|-4|kN
-7
a = 30 mm
6 = 40 deg
Solution:
cos(e) 0
r=al 0 j=11 My = (rxF)-j My = 0.277kN-m
sin( ) 0
Problem 4-58

The hood of the automobile is supported by the strut AB, which exerts a force F on the hood.
Determine the moment of this force about the hinged axis .

Given:

F=24Ib a=2ft b=4ft c=2ft d=4ft
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Solution:
b -b+c -9.798
rAB
ra=1|0 raB = a Fy = Fﬁ Fy=1| 9.798 |Ib
0 d AB 19.596
0
i=|1 My = (rax Fy)j My = —78.384 Ib-ft
0
Problem 4-59

The lug nut on the wheel of the automobile is to be removed using the wrench and applying the
vertical force F at A. Determine if this force is adequate, provided a torque M about the x axis is
initially required to turn the nut. If the force F can be applied at A in any other direction, will it
be possible to turn the nut?
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Given:
F=30N
M =14 N-m
a=02m
b=03m
c=05m

d=01m

Solution:
My = Fyc? - b°
My = 12N-m
My < M No

For M,ax @pply force perpendicular to the handle and the x-axis.

Mxmax = FC
Mxmax = 15 Nm

Mymax > M Yes

Problem 4-60

The lug nut on the wheel of the automobile is to be removed using the wrench and applying the
vertical force F. Assume that the cheater pipe AB is slipped over the handle of the wrench and
the F force can be applied at any point and in any direction on the assembly. Determine if this
force is adequate, provided a torque M about the x axis is initially required to turn the nut.

Given:
F1 =30N M=14Nm a=02m b=03m c¢c=05m d=01m
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Solution:

a+cC
My = F1 ¢ —p°

My = 18N-m

My > M Vi

M,max Occurs when force is applied perpendicular to both the handle and the x-axis.
Mxmax = F1(a+c)

Mxmax = 225 N m

Mymax > M Yes

Problem 4-61

The bevel gear is subjected to the force F

which is caused from contact with another
gear. Determine the moment of this force

about the y axis of the gear shaft.

Given:
a =30 mm
b =40 mm
20
F=| 8 N
-15
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Solution:
-b 0
r=|0 j=11 My = (rxF)-j My = ON-m
a 0
Problem 4-62

The wooden shaft is held in a lathe.
The cutting tool exerts force F on the
shaft in the direction shown.
Determine the moment of this force
about the x axis of the shaft. Express
the result as a Cartesian vector. The
distance OA is a.

Given:
a=25mm
6 = 30 deg
-5
F=|-3]|N
8
Solution:
0 1 0.211
r = | (a)cos(6) i=|0 My = [(rx E)-ili My=| 0 [Nm
(a)sin(@) 0 0
Problem 4-63

Determine the magnitude of the moment of the force F about the base line CA of the tripod.

Given:
50
F=|-20|N
-80
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a=4m
b=25m
c=1m
d=05m
e=2m
f=15m
g=2m
Solution:
-g reA b-g
rca=| e Uca = |I’C | rcp = e Mca = (I’CDX F)-UCA Mca = 226 N-m
0 A a
Problem 4-64

The flex-headed ratchet wrench is
subjected to force P, applied
perpendicular to the handle as shown.
Determine the moment or torque this
imparts along the vertical axis of the

bolt at A.
Given:
P=161b a=10in
¢ =60deg b =0.75in
Solution:
M =P [b+ (a)sin(6)] M = 150.564 Ib-in
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Problem 4-65

If a torque or moment M is
required to loosen the bolt at A,
determine the force P that must be
applied perpendicular to the handle
of the flex-headed ratchet wrench.

Given:
M = 80 Ib-in
6 = 60 deg
a=10in
b =0.75in
Solution:

M

P=—————— P=850lb
b+ (a)sin(0)

M = P[b + (a)sin(6)]

Problem 4-66

The A-frame is being hoisted into
an upright position by the vertical
force F. Determine the moment of
this force about the y axis when

the frame is in the position shown.

Given:
F=801Ib
a==6ft
b==6"ft
6 = 30 deg
¢ = 15 deg

Solution:

Using the primed coordinates we have
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. —bcos
—sm(&) 0 (¢>
. a
j=|cos(6) | Fy=F|O Z e
0 1
bsin(¢)
My = (rac x Fy)i My = 281.528 b ft
Problem 4-67

Determine the moment of each force acting on the handle of the wrench about the a axis.

Given:
-2 3
Fi1=| 4 |1Ib Fo=| 2 |Ib
-8 )
b =6Iin
c=4in
d=35in
0 = 45 deg
Solution:
cos(e)
Ua = 0
sin(@)
cos(@) sin(e) cos(@) sin(@)
rh=>0bh O +(c+d) 0 rh=>0bh O +C 0
sin(e) —cos(e) sin(e) —cos(e)
M1a = (r1 x F1)-ua M1a = 301b-in
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Mog = (r2 X Fg)-ua Mog = 8Ib-in

Problem 4-68

Determine the moment of each force acting on the handle of the wrench about the z axis.

Given:
-2 3
F1 =4 |Ib Fo=| 2 |Ib
-8 )
b==6In
c=4in
d=35in
6 = 45 deg
Solution:
cos(e) sin(e) cos(e) sin(&) 0
rpr=bl 0 +(c+d) 0 rp=>bl 0 +C 0 k=10
sin(e) —cos(&) sin(e) —cos(H) 1
M1; = (rl x Fl)-k M1; = 38.21b-in
Mgz = (r2 x Fa)-k Mo, = 14.11b-in
Problem 4-69

Determine the magnitude and sense of the couple moment.

Units Used:
KN = 10° N
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Given:
F =5kN
6 = 30 deg
a=05m
b=4m
c=2m
d=1m

Solution:

&l Mc = Fcos(e)(a+ c) + Fsin(e)(b —d)

Mc = 18.325kN-m

Problem 4-70

Determine the magnitude and sense of the couple moment. Each force has a magnitude F.

Given:
F=65Ib
a=2ft
b =15ft
c=4ft
d==6"ft
e=3ft

Solution:

—_ _ c —e
c +¢€ c +¢€

Mc = 6501b-ft  (Counterclockwise)

Problem 4-71

Determine the magnitude and sense of the couple moment.
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Units Used:
kip = 10° Ib
Given:
F =150 Ib
a=28ft
b=26ft
c=28ft
d=26ft
e==6"t
f=28ft
Solution:

(@+ )+ F——(c+d)

d
Jd? + £2 Jd? + £2

Mc = 3120Ib-ft Mg = 3.120kip-ft

&. Mc=3M, Mg =F

Problem 4-72

If the couple moment has magnitude
M, determine the magnitude F of the
couple forces.

Given:
M = 300 Ib-ft
a==6ft
b =12 ft
c=1ft
d=2ft
e =12 ft
f=7f
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Solution:

. e(fra) (f—d)(b+e)}
Ji-d2+e? J(t-d?+e?
E - M F = 1081b
e(f+a) B (f—d)(b+¢)
Jio-2+2 Ji-a?+é
Problem 4-73

A clockwise couple M is resisted by the shaft of the electric motor. Determine the magnitude of
the reactive forces —R and R which act at supports A and B so that the resultant of the two
couples is zero.

Given:

a

150 mm

6

60 deg

M =5Nm

Solution:

@ Mc=-M+ Ra__y g o M () R = 289N
tan(6) 2

Problem 4-74

The resultant couple moment created by the two couples acting on the disk is MR Determine
the magnitude of force T.
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Units Used:
kip = 10° Ib
Given:
0
Mr =1| 0 | kip-in
10
a=4in
b=2in
c=3in
Solution:

Initial Guess T =1 kip

a 0 —b 0 -b-c 0
Given O (x| T |+ 0 |x|-T|+ 0 x| -T|=MR
0 0 0 0 0 0

T = Find(T) T = 0.909kip

Problem 4-75

Three couple moments act on the pipe assembly. Determine the magnitude of M5 and the
bend angle @so that the resultant couple moment is zero.

Given:
61 = 45 deg
M1 = 900 N-m
M2 = 500 N-m
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Solution:
Initial guesses: @ = 10 deg M3z = 10 N-m
Given
+
—> M, =0; M1 — M3 cos(6) — My cos(6y) = 0
+T M, =0; M3zsin(6) — M2 sin(el) =0
9 -
Vo | = Find( 6, M3) 0 = 32.9deg M3 = 651N-m
3
Problem 4-76

The floor causes couple moments
M, and Mg on the brushes of the

polishing machine. Determine the
magnitude of the couple forces
that must be developed by the
operator on the handles so that the
resultant couple moment on the
polisher is zero. What is the
magnitude of these forces if the
brush at B suddenly stops so that

Mg =0?
Given:
a=03m
Ma = 40 N-m
Mg = 30 N-m
Solution:
Ma — Mp
Mp-Mg-Fi1a=0 Fi = Fq1 =333 N
a
Ma
Mp-Foa=0 Fo = — Fo =133 N
a
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Problem 4-77

The ends of the triangular plate are
subjected to three couples. Determine
the magnitude of the force F so that
the resultant couple moment is M

clockwise.
Given:
Fq = 600 N
Fp = 250 N
a=1m
6 = 40 deg
M = 400 N-m
Solution:

Initial Guess F=1N

a a
Given Fi|——|-Fa-F|———|=-M F = Find(F F =830 N
1 (Zcos(e)) 2 (Zcos(e)) (F)

Problem 4-78

Two couples act on the beam. Determine the magnitude of F so that the resultant couple
moment is M counterclockwise. Where on the beam does the resultant couple moment act?

Given:
M = 450 Ib-ft
P =200 Ib
a=15ft
b =1.25ft
c=2ft
6 = 30 deg
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Solution:
M-Pa
gk' MR==M M=Fbcos(d)+Pa Fo—r2 F = 1391b
bcos(@)

The resultant couple moment is a free vector. It can act at any point on the beam.

Problem 4-79

Express the moment of the couple acting on the pipe assembly in Cartesian vector form. Solve
the problem (a) using Eq. 4-13, and (b) summing the moment of each force about point O.

Given:
0
F=|0]|N
25
a = 300 mm
b = 150 mm
¢ = 400 mm
d = 200 mm
e = 200 mm
Solution:
-e-b -5
(a) rap =|-c+d M =ragxF M =875 |Nm
0 0
a a+b+e
(b) rop =|d roA = c
0 0
-5
M = rog x F + roa x (-F) M =875 |N-m
0
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Problem 4-80

If the couple moment acting on the pipe has magnitude M, determine the magnitude F of the
vertical force applied to each wrench.

Given:
M = 400 N-m
a = 300 mm
b = 150 mm
¢ = 400 mm
d = 200 mm
e = 200 mm
Solution:
0
k=1]0
1
-e—-b
rag = | —Cc+d
0

Guesss F=1N

Given |rag x (Fk)| = M F = Find(F) F=992.278 N

Problem 4-81

Determine the resultant couple moment acting on the beam. Solve the problem two ways:
(a) sum moments about point O; and (b) sum moments about point A.
Units Used:

KN = 10° N
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Given:
F1 =2kN 61 =30 deg
Fo = 8 kN 6o = 45 deg
a=03m
b=15m
c=18m

Solution:

(a) 5«' Mg = SMo;

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 4

MRa = (F1cos(61) + Facos(62))c + (F2cos(62) - Fisin(61))a ...

+ —(F2 cos(@g) +F1 cos(@l))(b +C)

MRa = —9.69 kN-m

(b) gku Mg = SM;

MRp = (F2 sin(eg) -F1 sin(el))a - (Fg cos(ez) +Fq cos(ﬁl))b

MRp = —9.69 kN-m

Problem 4-82

Two couples act on the beam as shown. Determine the magnitude of F so that the resultant
couple moment is M counterclockwise. Where on the beam does the resultant couple act?

Given:
M = 300 Ib-ft
a=4ft
b =15ft
P =2001Ib
c=3
d=14
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Solution:
Me—2 Far—3 Fp_po
\/c2+d2 \/02+d2

M+Pb

F=yc?sd 2
ca+db

F=167Ib Resultant couple can act anywhere.

Problem 4-83

Two couples act on the frame. If the resultant couple moment is to be zero, determine the
distance d between the couple forces F;.

Given:
F1 =801Ib
Fo =50 1Ib
a=1ft
b =3ft
c=2ft
e =3ft
f=3
g=4
6 = 30 deg
Solution:
{—Fgcos(e)eﬁu (ﬁjﬁd} =0 d = E—i cos(e) e [#j d=2.03ft
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Problem 4-84

Two couples act on the frame. Determine the resultant
couple moment. Compute the result by resolving each force
into x and y components and (a) finding the moment of each
couple (Eq. 4-13) and (b) summing the moments of all the
force components about point A.

Given:

F1 =80Ib c¢c=2ft g=4
Fp =50Ib d=4*ft 6 = 30 deg
a=1ft e =3ft

b =3ft f=3

Solution:

(@ M=3(rxF)

e —sin(e) 0 . —g 0
1
M = |0 |x|Fp —cos(6) |[+]d|x — —f M=| 0 |lbft
0 0 0 f"+9°\ o 126.096

(b)  Summing the moments of all force components aboout point A.

M1 = Fi(b+d)

7=
f2 + g2 f2 + 92
Mo = Fo cos(@)c - ngin(e)(a +b+d)-F> cos(e)(c +€) + ngin(@)(a +b+d)

M = M1+ My M = 126.096 Ib-ft

Problem 4-85

Two couples act on the frame. Determine the resultant couple moment. Compute the result by
resolving each force into x and y components and (a) finding the moment of each couple
(Eg. 4 -13) and (b) summing the moments of all the force components about point B.
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Given:
F1 =80Ib d = 4ft
Fop =50Ib e=3ft
a=1ft f=3ft
b =3ft g=4ft
c=2ft 6 = 30 deg
Solution:

(@ M=3(rxF)

e —sin(@) 0 F —g 0
1
M =|0|x|Fp —cos(6) ||+]|d|x | M=| 0 |lbft
0 0 0 fm+g7\ o 126.096

(b)  Summing the moments of all force components about point B.

g g
M{ = | ——|F1(a+d) - | ———|F12
(\/f2+gzj N, f2+g2
Mo = F» cos(H)c -F cos(6’)(c +€)
M = M1 + My M = 126.096 Ib- ft
Problem 4-86

Determine the couple moment. Express the result as a Cartesian vector.
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Given:
8
F=|-4|N
10
a=5m
b=3m
c=4m
d=2m
e=3m
Solution:
_b_e 40
r=| c+d M=rxF M=| 20 [N-m
-a —24
Problem 4-87

Determine the couple moment. Express the result as a Cartesian vector.

Given:
F=80N
a=6m
b=10m
c=10m
d=5m
e=4m
f=4m
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Solution:
b -f-b
1

\/a +b"+(c+d)"( _3 e+a

—252.6

M =rxFy M=| 674 |N-m
—252.6
Problem 4-88

If the resultant couple of the two
couples acting on the fire hydrant is
Mg = {-151 +30j} N-m, determine

the force magnitude P.

Given:
a=02m
b = 0.150 m
=15
M= 30 | NNm
0
F=75N
Solution:
Initial guess P=1N
Given
~Fa
M=| Pb P = Find(P) P =200N
0
Problem 4-89

If the resultant couple of the three couples acting on the triangular block is to be zero, determine
the magnitude of forces F and P.
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Given:
F1 =150 N
a = 300 mm
b = 400 mm
d = 600 mm
Solution:

Initial guesses: F=1N P=1N

d 0 d 0 0 -F1 0 F1
Given O(x|O0O|+|b|x|-P|+|bfx] 0 |+]|0[x| 0 |=0
a F 0 0 0 0 a 0

o) (0] )
= Find(F,P) = N
P P 100

Problem 4-90

Determine the couple moment that acts on the assembly. Express the result as a Cartesian vector.
Member BA lies in the x-y plane.

276

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 4
Given:
0
F=| 0 |N
100
a = 300 mm
b = 150 mm
¢ = 200 mm
d = 200 mm
6 = 60 deg
Solution:
—(c+d) sin(@) - bcos(@) 7.01
r =| —bsin(6) + (c + d)cos(6) M=rxF M = | 42.14 [N-m
0 0.00
Problem 4-91

If the magnitude of the resultant
couple moment is M, determine
the magnitude F of the forces
applied to the wrenches.

Given:

M =15Nm ¢ =200 mm

a=300mm d=200mm

b =150 mm @ = 60 deg
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Solution:
—(c+d) sin(&) - bcos(e) 0
r = | —bsin(6) + (¢ + d)cos(6) k=10
0 1
Guess F =1N
Given  |rx(FK)| =M F = Find(F) F=235112 N

Problem 4-92

The gears are subjected to the couple moments shown. Determine the magnitude and coordinate
direction angles of the resultant couple moment.

Given:
M1 = 40 Ib-ft
My = 30 Ib-ft
61 = 20 deg
6> = 15 deg
63 = 30 deg
Solution:

M1 cos(@l)sin(eg)
M1 =| M1 cos(@l) 005(6?2)
-Mq sin(@l)

MR = M1+ M»

(04
MR
= acos| —
/ (wRJ

/4

—Mgsin(ﬁg)
M2 =| Moy 005(03)
0
|MR| = 64.01b-ft
a 94.7
B | =] 13.2 |deg
y 102.3
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Problem 4-93

Express the moment of the couple acting on the rod in Cartesian vector form. What is the
magnitude of the couple moment?

Given:
14
F=]-8|N
-6
a=15m
b=05m
c=05m
d=08m
Solution:
d 0 =17
M=|a|xF+|0|x(-F) M=| -92 |Nm M| = 33.532N-m
—C b -27.4
Problem 4-94

Express the moment of the couple acting on the pipe assembly in Cartesian vector form. Solve
the problem (a) using Eg. 4-13, and (b) summing the moment of each force about point O.
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Given:
a=03m
b=04m
c=06m
-6
F=|2|N
3
Solution:
0 2.6
@ M=| c |xF M=|24 |N-m
-b 3.6
0 0 2.6
) M=|0 |[x(-F)+| ¢ |xF M=|24|Nm
-a -a—-b 3.6
Problem 4-95

A couple acts on each of the handles
of the minidual valve. Determine the
magnitude and coordinate direction
angles of the resultant couple
moment.

Given:
F1 =35N 6 = 60 deg

Fo = 25N
r{ = 175 mm
ry = 175 mm
Solution:
—F1211) (-F22rzcos(6) ~16.63
M = 0 +| —=F52 rypsin(6) M=| -758 [N-m |M| = 18.3N-m
0 0 0
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a a 155.496
M
B | = acos ™[ B | =| 114504 |deg
y y 90

Problem 4-96

Express the moment of the couple acting on the pipe in Cartesian vector form. What is the magnitude
of the couple moment?

Given:
F =125N

150 mm

QD
Il

150 mm

o
Il

200 mm

o
Il

d = 600 mm

Solution:
c 0 37.5
M=|a+b|x|0 M=| -25 |[N-m M| = 451N-m

0 F 0

Problem 4-97

If the couple moment acting on the pipe has a magnitude M, determine the magnitude F of the
forces applied to the wrenches.

281

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 4
Given:
M = 300 N-m
a = 150 mm
b = 150 mm
¢ = 200 mm
d = 600 mm
Solution:

Initial guess: F=1N

c 0
Given a+b|x| 0|l =M F = Find(F) F=8321N
0 F

Problem 4-98

Replace the force at A by an equivalent force and couple moment at point O.

Given:
F=375N
a=2m
b=4m
c=2m
d=1m
6 = 30 deg
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Solution:
sin(6) 187.5
Fy = F| —cos(6) Fy =| -324.76 | N
0 0
-a 0
Mo =| b |xFy Mo = 0 N-m
0 -100.481
Problem 4-99

Replace the force at A by an equivalent force and couple moment at point P.

Given:
F =375N
a=2m
b=4m
c=2m
d=1m
6 = 30 deg
Solution:
sin(6) 187.5
Fy = F| —cos(6) Fy =| -324.76 | N
0 0
-a-=¢C 0
Mp =| b-d |xFy Mp = 0 N-m
0 736.538

Problem 4-100

Replace the force system by an equivalent resultant force and couple moment at point O.
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Given:
F1 =601Ib a=2ft

Fp =851Ib b=3ft

F3=25b c=6ft

6 = 45 deg d=4ft

e=3
f=4
Solution:
—e cos(@)
-F1 |+ — 2 —f|+F3 sin(&)
f 0 0

~33.322
-110.322 |Ib  |F| = 115.2451b

- 0 F) —e d cos(e)
Mo=O><—F1+axﬁ—f+bxF35in(6)
0 0 0 e+ 1o 0 0
0
Mo=| 0 [Ibft  |Mo| = 480lb-ft
480

Chapter 4

Problem 4-101

Replace the force system by an equivalent resultant force and couple moment at point P.
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Given:
F1=60lb a=2ft
Fp =851 b=3ft
F3=25Ib c=6ft
0 = 45 deg d=4f1t
e=3 f=4
Solution:
0 —e cos(e)
F2
=|-F1 |+ ——| -f|+F3 sin(@)
2 2
Lo 0
-33.322
-110.322 |E| = 115.2451b
—c—d 0 —d
F2
Mp = 0 x| —-F1 |+| a |x
0 0 0 (5] +f
0
Mp=| 0 |lb-ft |Mp| = 9211b-ft
921

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 4

0 cos(@)
+| b |x|F3 sin(@)
0 0

Problem 4-102

Replace the force system by an equivalent
force and couple moment at point O.

Units Used:
kip = 10° Ib
Given:
F1 =4301b Fy =2601Ib
a=2ft e =5ft
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b =8ft f=12
c=3ft g=>5
d=a 6 = 60 deg
Solution:
—sin(6) g —272
F2
FR = F1| —cos(6) +T— f FR=| 25 |Ib |FR| = 2741b
0 g +flo 0
—d —sin(@) e E g 0
2 .

Mo =| b |x|F1 —cos(&) +] 0 |x = f Mo=| 0 |[Kip-ft

0 0 0 g+t o 4.609

Problem 4-103

Replace the force system by an equivalent force and couple moment at point P.
Units Used:
kip = 10° Ib

Given:

F1 =430l Fp=2601Ib

a=2ft e =51t

b =8ft f=12

c=23ft g=>5

d=a 6 = 60 deg

Solution:
—sin(6) g —272
F2
FR = F1| —cos(6) t | FR=| 25 |Ib |FR| = 2741b
0 g +f o 0
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Engineering Mechanics - Statics Chapter 4
0 —sin(e) d+e . g 0
2
Mp = | b+c |x|F1| —cos(0) || +| ¢ |x = f Mp=| 0 |kip-ft
0 0 0 g +f o 5.476

Problem 4-104

Replace the loading system acting on the post by an equivalent resultant force and couple
moment at point O.

Given:
F1 =30Ib a=1ft d=3
Fp =40Ib b=3ft e=4

F3=60lb c=2ft

Solution:
0 1 —d
F3
FR=F1 -1 |+F9 0 |+ ———| —e
2 2
0 0 d+e | o
4
FrR=|-78 |Ib  |FR| =78.1Ib
0
0 0 0 1 0 —d
F3
Mo =|a+b+c|x|Fq -1 ||+|c|x|Fp0]||+|b+cC xﬁ—e
0 0 0 0 0 d”+e"{ o
0
Mo=| 0 |lIbft
100

Problem 4-105

Replace the loading system acting on the post by an equivalent resultant force and couple
moment at point P.
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Given:
F1 =301b
Fo =401b
F3 =601Ib
a=1ft
b =3ft
c=2ft
d=3
e=4
Solution:
0 1 —d
F3
FR=F1 -1 |+F2 0|+ ——| —&
2 2
0 0 d+e"\ o
4
FR=|-78 [lb  |Fg| =781lb
0
0 0 0 1 0 —d
F3
Mp =|| 0 |ft|x|Fq| -1 ||+]| —a—Db |x]|F2ol O +—axﬁ—e
0 0 0 0 0 d"+e"\ o
0
Mp=| 0 |lb-ft
124

Problem 4-106

Replace the force and couple system by an equivalent force and couple moment at point O.

Units Used:

KN = 10° N
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Given:
M =8 kNm 6 = 60 deg
a=3m f =12
b=3m g=>5
c=4m F1 = 6 kN
d = 4m F2 = 4 kN
e=5m
Solution:
g —cos(@)
F1
FR = == f |+ Fo| —sin(0)
VI +97\ o 0
0.308
Fr =| 2.074 [kN |FR| = 2.097kN
0
0 —C F g 0 —cos(@)
1
Mo =1|0|+]| e |x|——| f||l+]| —-d|x|F2 =sinl@
M 0 f"+9"\ o 0 0
0
Mo = 0 kN-m
-10.615

Chapter 4

Problem 4-107

Replace the force and couple system by an equivalent force and couple moment at point P.

Units Used:

KN = 10° N
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Given:
M = 8 kN-m 6 = 60 deg
b=3m g=>5
d=4m Fp = 4 kN
e=5m
Solution:
. g —cos(@)
1
FR = === |+ F2 —sin(6)
Vi +97lo 0
0.308
FrR=|2074 |kN  |FR| = 2.097kN
0
0 —-c-b F g -b —cos(@)
1
Mp=|0|+| -e& |x|———|Tf]||+]|-d]|x|F2| —=sin(&
M 0 fm+g7 (o 0 0
0
Mp = 0 KN-m
-16.838

Chapter 4

Problem 4-108

Replace the force system by a single force resultant and specify its point of application, measured

along the x axis from point O.

Given:
F1 =1251b
Fo =350 Ib
F3 =850 Ib
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a=2ft
b==6*ft
c=23ft
d=4ft
Solution:
FRy =F3-Fo-Fq FRy = 3751b

Fryx = F3(b +¢) — Fa(b) + F1(a)

Fa(b+c) —Fa(b) +F1 a
X = x = 15.5ft

Problem 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.

Given:
F1 =1251b a=2ft
Fp =350Ilb b==6*f
F3 =8501b «c=3ft
d=4ft
Solution:
FRy =F3-Fo-Fq FRy = 3751b

Fryx = F2(d +¢) - F3(d) + Fi(a+ b+ c+d)

Fod+Fpc-F3d+Fia+F{b+F{c+F1d
X =

X = 2.47ft (totheright of P)
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Problem 4-110

The forces and couple moments which are exerted on the toe and heel plates of a snow ski are
F., M,, and F,, M, respectively. Replace this system by an equivalent force and couple moment
acting at point O. Express the results in Cartesian vector form.

Given:
a = 120 mm
b = 800 mm
Solution:
-50 -20 -6 -20
Ft = 80 N Fh = 60 N Mt =] 4 | Nm Mp = 8 N-m
-158 -250 2 3
FrR = Ft+ Fh
-70
FrR=| 140 | N
-408
a
rort = | 0
0

MRp = (rort x Ft) + Mg+ M

—26
Mrp=| 31 [N-m
14.6

Problem 4-111

The forces and couple moments which are exerted on the toe and heel plates of a snow ski are
F., M,, and F,, M, respectively. Replace this system by an equivalent force and couple moment
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acting at point P. Express the results in Cartesian vector form.

Given:
a =120 mm
b = 800 mm
-50
Fr=| 80 |N
-158
-6
Mi=| 4 | Nm
2
-20
Fh=| 60 [N
-250
-20
Mh=| 8 |Nm
3
Solution: 70
FR = Ft+ Fp FrR=| 140 | N
—408
b a+b —26
Mp = Mt+ Mp+| 0 |x Fph+ 0 x Ft Mp =| 357.4 |[N-m
0 0 126.6

Problem 4-112

Replace the three forces acting on the shaft by a single resultant force. Specify where the force
acts, measured from end B.
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Given:
F1 = 500 Ib
Fo =200 Ib
F3 =260 Ib
a=5ft e=3
b=3ft f=4
c=2ft g=12
d=4ft h=5
Solution:
_f 0 h -300
F1 F3
FR= ——| e [+Fy| -1 |+ —=——| g FrR=|-740 |[Ib  |FR| = 798Ib
2 2 2 2
e +f (o 0 g +h"{ o 0
Initial guess: x=1ft
Given
a —f a+b 0 a+b+c h —X
F1 F3
0|x|———| -e||+| O x|Fo| =1 ||+ 0 X|———| g ||=]| 0 |xFR
2 2 2 2
0 e"+f" o 0 0 0 g +h"{ o 0

x = Find(x) X = —7.432 ft

Problem 4-113

Replace the three forces acting on the shaft by a single resultant force. Specify where the force
acts, measured from end B.

Given:
F1 =500 Ib
Fo =200 Ib
F3 =260 Ib

a=>5ft e =3
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b=3ft f=14
c=2ft g =12
d=4ft h=5
Solution:
—_f 0 h -300
F1 F3
FR= ——| - [+Fy -1 |+ —=——| g FrR=|-740 |[Ib  |FR| = 798Ib
2 2 2 2
e +f o 0 g +h"{ o 0
Initial guess: x = 1ft
Given
-b-c-d —f -c—d 0 —d h —X
F1 F3
X | —=| e || + 0 x|Fol -1 ||+| O |x|—=——| -9 ||=| O |xF
2 2
0 e+ o 0 0 0 g +h"{ o 0

X = Find(x) X = 6.568ft measured to the left of B

Problem 4-114

Replace the loading on the frame by a single resultant force. Specify where its line of action
intersects member AB, measured from A.

Given:

Fy =300 Ib M = 600 Ib-ft

Fp—2000p 23T
b=24ft
F3 =400 Ib
c=2ft
Fsq =200 Ib d=7f
Solution:
Frx = —Fa4 Frx = —2001b
FRy =-F1-Fo-F3 FRy = -9001b
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2 2 FRy
F=4Frx +Fry F=9221b @ = atan e 6 = T77.5deg
Rx

Fryx=-F2a—-F3(a+b) -Fgc+M

Fo(a) + F3(a+Db) + Fgc— M
X = 3.556 ft

Problem 4-115

Replace the loading on the frame by a single resultant force. Specify where the force acts,
measured from end A.

Given:
Fq = 450 N a=2m
Fo = 300 N b=4m
F3 = 700 N c=3m

6 = 60 deg M = 1500 N-m

¢ = 30 deg
Solution:
Frx = F1cos(6) - F3sin(g) FrRx = -125 N
. 3
Fry = —F1sin(6) - F3cos(g) - F2 FRy = -1.296 x 10" N
F = JFRé + Fry? F=1302x10° N
FRr
61 = atan - 61 = 84.5deg
FRx

Fry(¥) = -F1 sin(@)a - Fo(a+b) —F3 cos(¢)(a +b+c)-M

—Flsin(e)a —Fo(a+h) - F3 cos(¢)(a +b+c)-M
X = X=7.36m

Problem 4-116

Replace the loading on the frame by a single resultant force. Specify where the force acts,
measured from end B.
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Given:
F1 =450N a=2m
F» =300N b=4m
F3 =700N ¢=3m
6 = 60 deg M = 1500 N-m
¢ = 30deg

Solution:
Frx = Flcos(e) - ngin(¢)
Fry = —F1sin(6) - F3cos(g) - F2

F = JFr + FRy?

01 = atan(

Fryx = Flsln(eb Fgcos( )c—M

F1 sin(e)b -F3 cos(¢)c -M

X =

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 4

Fry = 125 N

Fry = ~1296 x 10° N

F = 1.302x10° N

61 = 84.5deg

x=1.36 m (to the right)

Problem 4-117

Replace the loading

system acting on

the beam by an equivalent resultant
force and couple moment at point O.

Given:
Fq = 200 N
Fo = 450 N
M = 200 N-m
a=02m
b=15m
c=2m
d=15m

297

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



J g Sl el Cul

Engineering Mechanics - Statics

www.SoftCivil.ir

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 4

6 = 30 deg
Solution:
0 —sin(@)
FR = F1| 1 | + Fo| —cos(6)
0 0
—-225
FR=|-190 | N |Fr| =294 N
0
b+c 0 b —sin(e) 0
Mo=| a |x|Fi1]||+]|a]|x]|Fa —cos(6) ||+M| 0
0 0 0 0 -1
0
Mo = 0 N-m
-39.6
Problem 4-118
Determine the magnitude and direction &
of force F and its placement d on the
beam so that the loading system is
equivalent to a resultant force Fg acting
vertically downward at point A and a
clockwise couple moment M.
Units Used:
kN = 10° N
Given:
F1 = 5 kN a=3m
Fo = 3 kN b=4m
FrR = 12 kN c=6m
M =50KkN-m e=7 f=24
Solution:
Initial guesses: F =1kN 6 = 30 deg d=2m
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. —e
Given — |F1 + Fcos(&) =0
e+ f2
—f .
F1 - Fsin(6) - Fp = —FR
2 2
e+ f
f .
Fra+Fsin(6)(a+b—-d) + Fa(a+b) =M
e+ f2
F
0 | = Find(F, 6,d) F = 4.427kN 0 = 71.565 deg d=3524m
d

Problem 4-119

Determine the magnitude and direction @ of force F and its placement d on the beam so that the
loading system is equivalent to a resultant force Fy acting vertically downward at point A and a

clockwise couple moment M.
Units Used:

3

kN = 10" N

Given:
F1 = 5 kN a=3m
Fp=3kN b=4m
FR=10kN c=6m

M =45kN-m e =7

Solution:

Initial guesses: F =1kN 6 = 30 deg d=1m

Given [——e Fi1+ Fcos(&) =0
e
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f
[ﬁJF1a+ Fsin(0)(a+b-d) + Fa(a+b) =M
-+ f

F
0 | = Find(F, 6,d) F = 2.608 kN 6 = 57.529 deg d=2636m

o

Problem 4-120

Replace the loading on the frame by a single resultant force. Specify where its line of action
intersects member AB, measured from A.

Given:

F1 =500N a=3m

Fp=300N P=2M
c=1m
F3 = 250 N
d=2m
M = 400 N-m
e=3m

6 = 60 deg f=3

g=4
Solution:
FRry = —F:{LJ — F1(cos(6)) FRry = —450 N
/gz g2

0) FRry = -883.0127 N

f
FRy =-F)-F3| —— |- Flsin(
(J f2+92j

FR = y FRx + FRy’ FR = 991.066 N
FR
f1 = atan A 61 = 62.996 deg
FRx
300
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—Fpry(y) =M + F1cos(6)a + F3 (b +a) — Fo(d) — F3[

g f
— ————|(d+e)
/92+ 2 /gz+ fzj e

M + Fq cos(6)a+ Fg——3— (b + a) — Fo(d) — Fs[

f
———|(d+¢)
\/gz+f2 \/gz+f2j "

y =
—FRrx

y=178 m

Problem 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.

Given:

F1 = 500 N a=3m

Fp,—300N P2=2M

c=1m
F3 = 250 N

d=2m
M = 400 N-m

e=3m

6 = 60 deg f=3

g=4
Solution:
FRry = —F{LJ — F1(cos(6)) FRry = —450 N
/gz g2

~ F1sin(6) FRry = —883.0127 N

f
Fry = —F2 — F3| —
Ry 2 3( ,—f2+gzj
2 2
FR = FRx + FRry Fr = 991.066 N
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¢1 = atan| — 61 = 62.996 deg
FRx

Fry(X) = M — Fa(d +¢) — F;{ ](c +d +€) — F1(b) cos(6) — F1 csin(6)

f
/gz L g2

M — Fo(d + ¢) — F;{ j(c +d+e) — F1(b) cos(8) — F1 csin(6)

f
/gz+ 2

X =

X=264m

Problem 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.

Given:

F1=35Ib a=2ft

Fp =201lb b=4ft

F3=25Ib c=3ft

¢ =30deg d=2ft
Solution:
Fry = F1sin(6) + F3 Fry = 4251b

Fry = —F1cos(6) - F2 FRry = -50.3111b

FR = y FRX + FRy? Fr = 65.91b

¢1 = atan| — 61 = —49.8deg
FRx

FryX = —F1 cos(@)a - F2(a+b) + F3(c)
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-F1 cos(ﬁ)a —Fa(a+b) + F3(c)

X = X = 2.099 ft

Problem 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.

Given:
F1 =351Ib
Fp =201b
F3 =251Ib
6 = 30 deg
a=2ft
b =4ft
c=23ft
d=2ft
Solution:
Fry = F1sin(6) + F3 Fry = 42.51b
Fry = —-F1c0s(6) - F2 Fry = -50.3111b
2 2
FR =/ FRx" + FRy Fr=65.91Ib
FR
61 = atan - 61 = —49.8deg
FRx

FrxY = F1 cos(e)b + F3(c)
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Engineering Mechanics - Statics Chapter 4
F1 cos(H)b + F3(c)

y = y = 4.617ft (Below point B)
FRrx

Problem 4-124

Replace the force system acting on the frame by an equivalent resultant force and couple moment
acting at point A.

Given:

F1 =351Ib a=2ft
Fp =20 Ib b =4ft

F3 =25 1b c=3ft

6 = 30 deg d=2ft
Solution:

Frx = F1sin(6) + F3 FRx = 42.51b

Fry = F1cos(6) + F2 Fry = 50.3111b
2 2

FrR = ./ FRrx  + FRry FrR=6591Ib
FRr

61 = atan - 61 = 49.8deg
FRx

Mgra = —F1cos(6)a - Fa(a+ b) + F3(c) MRa = -106b-ft

Problem 4-125

Replace the force and couple-moment system by an equivalent resultant force and couple
moment at point O. Express the results in Cartesian vector form.
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Units Used:
KN = 10° N
Given:
8
F=]6|KkN a=3m
e=5m
8
b=3m f—6m
—20 c=4m _5m
M =| 70 | kN-m 9=
20 d=6m
Solution:
—f 8 -10
FR=F MR =M+]| e [xF Fr=|6 |kN Mr =| 18 |kN-m
g 8 -56

Problem 4-126

Replace the force and couple-moment system by an equivalent resultant force and couple
moment at point P. Express the results in Cartesian vector form.

Units Used:
KN = 10° N
Given:
8
F=(6]|KkN
8
-20
M =] —70 | kN-m
20
a=3m
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Solution:
—f 8 —46
FR=F MR =M+| e |xF Fr=]|6]|kN Mr =| 66 |kN-m
d+g 8 -56

Problem 4-127

Replace the force and couple-moment system by an equivalent resultant force and couple
moment at point Q. Express the results in Cartesian vector form.

Units Used:

KN = 10° N

Given:

M =] -70 | KN-m

o
Il
o
3
)
Il
ol
3

Solution:
0 8 -10
FR=F MR =M+|e |xF Fr=|6 |kN MR =| —30 |kKN-m
g 8 =20

Problem 4-128

The belt passing over the pulley is subjected to forces F, and F,. F, acts in the —k direction.

Replace these forces by an equivalent force and couple moment at point A. Express the result in
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Cartesian vector form.
Given:
F1 =40N r =80 mm

Fo =40N a = 300 mm

6 = 0 deg
Solution:
0
Fiv =F1/ O
-1
0 -a -a
Foy = F2 —cos(e) r=|r rp = —rsin(&)
—sin(@) 0 rcos(e)

FrR = F1v + Foy Ma = r1 x Fiy + ro x Foy

0 0
FR=|-40 N Ma =| 12 [N-m
—40 12

Problem 4-129

The belt passing over the pulley is subjected to forces F, and F,. 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.
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Chapter 4
Given:
F1 =40 N
Fo =40 N
6 = 0 deg
r =80 mm
a = 300 mm
6 = 45 deg
Solution:
0 0 -a —-a
Fiy = F1| 0 Foy = Fp| —cos(6) ri=|r ry = | -rsin(6)
-1 —sin(e) 0 rcos(&)

FR = F1v + Foy Ma

rl X Flv+ I’2 X F2V

0 0
FR=|-2828 |N  Ma=|-20.49 |N-m
—68.28 8.49

Problem 4-130

Replace this system by an equivalent resultant force and couple moment acting at O. Express the
results in Cartesian vector form.

Given:
F1 =50 N
Fo =80 N
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Engineering Mechanics - Statics Chapter 4
F3 =180 N
a=125m
b=05m
c=075m
Solution:
0 0 0
FR=|01|+| O |+ O
F1 -F7 -F3
0
Fr = 0 N
-210
a+c 0 a 0 a 0 -15
Mo = b (x| O [+|b|x| O |+|0|x| O Mo =1 225 |N-m
0 F1 0 ) 0 -F3 0

Problem 4-131

Handle forces F, and F,are applied to the electric drill. Replace this system by an equivalent
resultant force and couple moment acting at point O. Express the results in Cartesian vector

form.
Given:
a=015m
b=025m
c=03m
6
F1 =] -3 |N
-10
0
Fp =] 2 | N
-4
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Solution:
6
FR=F1+F FrR=| -1 | N
-14

a 0 13
Mo =|0|xF1+|-b|xF> Mo=| 33 [Nm

c c -0.45

Problem 4-132

A biomechanical model of the lumbar region of the human trunk is shown. The forces acting in
the four muscle groups consist of Fy, for the rectus, F for the oblique, F,_ for the lumbar

latissimus dorsi, and Fg for the erector spinae. These loadings are symmetric with respect to the

y - z plane. Replace this system of parallel forces by an equivalent force and couple moment
acting at the spine, point O. Express the results in Cartesian vector form.

Given:
FR=35N a=75mm

Fo=45N b =45mm

15 mm

FL=23N ¢

FE=32N d=50mm

e=40mm f=30mm
Solution:
Fres= ZF;; Fres = 2(FR + Fo + FL+ Fg) FRes = 270 N
Mgox = ZMqy; MRo = —2Fra+ 2Fgc+ 2Fb MRo = —2.22N-m

Problem 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.

310

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 4
Units Used:
kN = 10° N
Given:
F1 =30kN a=3m
Fp =40kN b =8m
F3 =20kN c¢c=2m
Fg =50kN d=6m
e=4m
Solution:

MFr=3F; Fr=F1+F2+F3+Fy
FR = 140kN
Mgy =M —FR(Y) = ~(F4)(@) - [(F1)(a+b)] -[(F2)(a+b+0)]

Fpa+Fra+Fib+Fpa+Fob+Foc
FR

y =
y=714m
Mey==My;  (FR)x = (Fa)(e) + (F3)(d + &) + (F2)(b + )

Fpe+F3d+F3e+Fab+Foc
X =
FR

X=9571lm

Problem 4-134

The building slab is subjected to four parallel column loadings. Determine the equivalent resultant
force and specify its location (x, y) on the slab.
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Units Used:

KN = 10° N
Given:

F1 =20kN a =3m

F» =50 kN b =8m

[
N
3

F3 =20kN ¢

F1=50kN d=6m

Solution:
FR=F1+F2+F3+Fy Fr = 140kN
Frx=Fze+Fy(d+e) + Fa(d+e)

2Foe+F1d+Fre+Fod

X = X =6.43m
FR
—-Fry =-Fpa—-F3(a+b) —Fy(a+b+c)
2Fra+Fza+F3b+Fob+Foc
y = y=729m

Fr

Problem 4-135

The pipe assembly is subjected to the action of a wrench at B and a couple at A. Determine the
magnitude F of the couple forces so that the system can be simplified to a wrench acting at
point C.

Given:

a=06m
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b=08m
c=025m
d=07m
e=03m
f=03m
g=05m
h=02m
P=60N
Q=40N

Solution:

Initial Guess F=1N Mc=1Nm

Given
-Mc —P(c+h) 0 a -Q
0 |= 0 + 0 +|b|x| O
0 0 ~F(e+ )] \0 0
E
e | = Find(F, Mc) Mc = 30N-m F=533N
C

Problem 4-136

The three forces acting on the block each have a magnitude F, = F, = F;. Replace this system
by a wrench and specify the point where the wrench intersects the z axis, measured from

point O.

Given:
F1 =101b a==6"ft
Fo = F1 b=26*ft
F3 =F1 c=2ft

Solution:

The vectors
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b 0 b
F1 F3
Fly = ——=|-a| Fay=|-F2 Fay = ——| a
2 2 2 2
b™+a | o 0 b™+a | o

Place the wrench in the x - z plane.
Guesses x=1ft z=1ft M =1 Ib-ft Ry =1Ib Ry=11b R, =11b

Rx
Given Ry = FlV + F2V + F3V
Rz
X Rx Rx 0 0 b
M
0|x|Ry [+ > > 2Ry =la|xFay+|a|xFiy+|0|xFay
z R, \/Rx +Ry" +R; R, c 0 c
X
: R
M M X
= Find(x,z,M,Ry,Ry,Ry) My = Ry
Rx 2 2 2
RX +Ry +RZ R
Ry
Rz
0 Rx 0
X 0
- ft  My=|-14.142 |Ib-ft Ry | =| -10 |Ib
yA 0.586
0 R, 0

Problem 4-137

Replace the three forces acting on the plate by a wrench. Specify the magnitude of the force
and couple moment for the wrench and the point P(x, y) where its line of action intersects the
plate.

Units Used:

kN = 10°N
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Given:
Fa = 500 N
Fg = 800 N
Fc =300 N
a=4m
b=6m
Solution:
Fa
Fr = | Fc |Fr| = 0.9899kN
Fg
Guesses x=1m y=1m M =100 N-m
X b 0 0 0
FrR
Given Mm+nyR= a|x|Fc|+]a]|x| O
R 0 0 0 0 FB
M
) 1.163
X | = Find(M,x,y) M = 3.07kN-m = m
2.061
y

Problem 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
line of action intersects the plate.

Given:
Fao =801Ib a =12 ft
Fg =601Ib b=12ft

40 Ib

Fc
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Solution:
-Fc
FrR =| -FB |Fr| = 108Ib
-Fa

Guesses y=1ft z=1f1t M =1Ib-ft

0 0 -Fc 0 0
FrR
Given Mm+ y|xFr=|a|x| o0 |+|a|x|-FB
R 0 0 b 0
M
_ y 0.414
y | = Find(M,vy,2) M = —6241b-ft = ft
z 8.69

Problem 4-139

The loading on the bookshelf is distributed as shown. Determine the magnitude of the equivalent
resultant location, measured from point O.

Given:

a=275ft
b=4ft

c=15ft

Solution: Guesses R=11Ib d = 1ft

Given wib+wyc=R

b
wlb[a—aj —ch(%+b—aj =—dR

R
(d) = Find(R,d) R =13.25Ib d=0.34ft
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Problem 4-140

Replace the loading by an equivalent resultant force and couple moment acting at point A.

Units Used:
kKN = 10° N
Given:
N
w1 = 600 —
m
N
wy = 600 —
m
a=25m
b=25m
Solution:
FR =wja—-wyb FR=0N
a+b
MRa = Wi a > MRa = 3.75kN-m

Problem 4-141

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

Units Used:
KN = 10° N
Given
kN
W=6—
m
F = 15 kN
M = 500 kN-m
a=75m
b=45m
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Solution:

1
Fr = Ew(a+ b) + F Fr = 51.0kN

1 2 1 b
MR =-M-|—-wa||—-a|-|=wb|la+—=|-F(a+Dh) MR = —914KkN-m
2 3 2 3

Problem 4-142

Replace the loading by a single resultant force, and specify the location of the force on the beam
measured from point O.

Units Used:
kKN = 10° N
Given
kN
W=6—
m
F = 15 kN
M = 500 kN-m
a=75m
b=45m
Solution:
Initial Guesses: FR = 1 kN d=1m
Given

1
FR=EW(a+b)+F

—-Frd = -M - (% waj(%aj - (%w b)(a + g) —F(a+Db)

Fr
= Find(FR,d) ~ Fr=51kN  d=17.922m
d

Problem 4-143

The column is used to support the floor which exerts a force P on the top of the column.
The effect of soil pressure along its side is distributed as shown. Replace this loading by an
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equivalent resultant force and specify where it acts along the column, measured from its
base A.

Units Used: kip = 103 Ib

Given:
P = 3000 Ib
Ib
w1 = 80 —
! ft
Ib
Wy = 200 —
2 ft
h =9ft
Solution:

1
Frx = wih+ E(WZ - W]_)h

FR = Fr + P2 Fr = 3.25kip

P
6 = atan| — 6 = 67.2deg
FRx

1 h h
F =—(wp —wp)h=+wph—=
Rx Y 2(2 1)3 1h2

1 Wy + 2 Wp
= — h2— y = 3.86 ft
FRrx

Problem 4-144

Replace the loading by an equivalent force and couple moment at point O.

Units Used:

Given:
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d=9m
Solution:
1
Fr = E(Wl + W2)d Fr = 90kN
d 1 d
MRro = WZdE +E(W1_W2)d§ MRo = 338kN-m

Problem 4-145

Replace the distributed loading by an equivalent resultant force, and specify its location on the
beam, measured from the pin at C.

Units Used:
kip = 10° Ib
Given:
w = 800 E
ft
a=15"ft
b=15ft
6 = 30 deg
Solution:
wb .
FR=wa+7 Fr = 18kip
a wb b
FrRx=wa—-+—|a+—
2 2 3
a wb( b)
wa—+—|a+—
2 2 3
X = x=11.7ft
FrR

Problem 4-146

The beam supports the distributed load caused by the sandbags. Determine the resultant force
on the beam and specify its location measured from point A.

320

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 4
Units Used: KN = 103 N
Given:
kN
wg =15— a=3m
m
kN
wy =1 — b=3m
m
kN
w3 =25— ¢c=15m
m
Solution:
FR =wia+wob+wgc Fr = 11.25kN

a b c
Ma =w1aE+w2b a+§ +W3C a+b+§

Ma
Mp = 45.563kN-m d = — d=4.05m
R

Problem 4-147

Determine the length b of the triangular load and its position a on the beam such that the
equivalent resultant force is zero and the resultant couple moment is M clockwise.

Units Used:
KN = 10° N
Given:

kN kN
W1 =4F W2 =25F

M = 8 kN-m c=9m
Solution:
Initial Guesses: a=1m b=1m
-1 1
Given —wi1b+—=wyc=0
2 2
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3 2 3

(aj _ (aj (1.539)
= Find(a,b) = m
b b 5.625

1 2b) 1 2c
Ewlb a+—|-—-wpc—=-M

Chapter 4

Problem 4-148

Replace the distributed loading by an equivalent resultant force and specify its location,
measured from point A.

Units Used:
KN = 10°N
Given:

N
wy = 800—
m

N
Wy = 200—

Solution:
1
FR =wob+wja+ E(Wl —Wz)b Fr = 3.10kN

XFR = W a3+£(w wy)b a+E +wba+E
R=W1 5 5 1 2 3 2 >

a 1 b b
wia— +=(wp —wp)bla+—|+wobla+—
2 2 3 2
X = x=2.06m
Fr

Problem 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.

Units Used:
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kip = 10°1b

Given:

Ib
Wy = 300—

Ib
a=12ft
b=09ft

Solution:

FR =wia+ %(Wg —W1)3+%(W2 —W3)b+W3b Fr = 3.9kip

a 1 2a 1 b b
FRd=wja—+—=(wp—wpJa— + =(wo —wa)bja+—=|+wgbla+—
R 1a- 2(2 1) 3 2(2 3)( 3) 3( 2)

3wz ba+2ws b2+W1 a2+2a2W2+3bW2 a+wo b2
d = oF d=11.3ft
R

Problem 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.

Given:

Ib
W1 = 4OF c = 10ft

Ib =
Wy = 60— d =6 ft
ft
Solution:
Initial Guesses: a=1ft b = 1ft
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Given
1 1 d b
—wyd—-w1b=0 —wydlc+—|-wibla+—=]|=0
2 2 1 2 2 ( 3) 1 ( 2)

(aj _ (aj (975)
= Find(a,b) = ft
b b 4.5

Problem 4-151

Replace the loading by an equivalent resultant force and specify its location on the beam,
measured from point B.

Units Used:
kip = 10° Ib
Given:

Ib
wy = 800 —

Ib

a=12ft
b=09ft
Solution:

1 1
Fr = anl + E(Wl - Wz)b +Wwyb FRr = 10.65kip

Frx = 1awa+1(w W)bb+wbb
REZ @iy T ML= TR2Rg #2255

1 a 1 b b
~Zawg— +=(wg —wp)b= +wpb=
2 3 2 3 2

FR

(to the right of B)

Problem 4-152

Replace the distributed loading by an equivalent resultant force and specify where its line of action
intersects member AB, measured from A.
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Given:
wp = 200—
N
wo = 100—
m
w3 = 200—
a=5m
b=6m
Solution:
FRx = —w3a Frx = —1000N
-1
FRy = 7(W1 + Wg)b Fry = -900 N

a b 1 b
—-yFRrx =wza— —wpb———(wg —wp)b—
YFRx = W3a— —wWab=> 2( 1- W) 3

a b 1 b

w3a— —Wob— — —(wqg —wo)b—

3ag ~Who —S(wi-wo)b

y = y=01m
—FRrx

Problem 4-153

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

Units Used:

kKN = 10°N
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Given:

wy = 200—

wo = 100—

Solution:
Frx = —w3a Frx = —1000 N

_71(W1 + Wg)b Fry = —900 N

xF —Waa+wbb+1(w W)b2b
Ry = —Wga= +Wab= + (W —wp)b—

a b 1 2b
-w3a—+Wwyb—+—(wg —wp)b—
ga + Wb+ S(wg - wa)b—

X =0.556 m
FRx

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

>
Il

~FRy

= 1.345kN

Problem 4-154

Units Used:

KN = 10° N

Given:

kN
wp =75 —
m
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kN

a=3m
b=3m

c=45m

Solution:
1 1
Fr = E(WZ —W1)C+ wic+wpb+ Ewla

FR = 95.6 kN

1 c c b 1 a
MRg = —(Wwo —wWq)Jc— —wiCc— -wiblc+—|—-——wialb+c+— MRrg = —349kN-m
Ro 2(2 1)3 15 1( 2) 21( 3) Ro

Problem 4-155

Determine the equivalent resultant force
and couple moment at point O.

Units Used:

kKN = 10° N

Given:

X 2
w(x) = Wo(g)

Solution:

a
Fr = J w(x) dx Fr = 3kN
0

a
Mo = J w(x)(a - x) dx Mo = 2.25kN-m
0
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Problem 4-156
Wind has blown sand over a platform such that the intensity of the load can be approximated by

3
X
the functionw = wg (Ej . Simplify this distributed loading to an equivalent resultant force and

specify the magnitude and location of the force, measured from A.
Units Used:
kN = 10°N
Given:
N
wg = 500—
m
d=10m

X 3
w(x) = wp (E)

Solution:

d
Fr = J w(Xx) dx Fr = 1.25kN

Problem 4-157

Determine the equivalent resultant force and its location, measured from point O.
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Solution:
- 2wg L
2 Wo
Fr= wosin| — | dx =
L V4
0
L
. [ X
XWgsin| — | dx
( L )
0
d = = —
Fr 2

Problem 4-158

Determine the equivalent resultant force acting on the bottom of the wing due to air pressure and
specify where it acts, measured from point A.

Given:
a=3ft
Ib
k = 86—3
ft
w(x) = kx2
Solution:
a
Fr = J w(x) dx Fr = 7741b
0
a
J Xxw(x) dx
0
X= —— X = 2.25ft
FR

Problem 4-159
Currently eighty-five percent of all neck injuries are caused by rear-end car collisions. To
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alleviate this problem, an automobile seat restraint has been developed that provides additional
pressure contact with the cranium. During dynamic tests the distribution of load on the cranium
has been plotted and shown to be parabolic. Determine the equivalent resultant force and its
location, measured from point A.

Given:
a=05ft
wg = 12 —

(=202
3

ft

w(x) = wg + kx2

Solution:
a
Fr = J w(x) dx FR=7Ib
0
a
J XW(x) dx
o2 X = 0.268 ft
Fr

Problem 4-160

Determine the equivalent resultant force of the distributed loading and its location, measured from
point A. Evaluate the integrals using Simpson's rule.

Units Used:
kN = 10° N
Given:
c1 =5
cor =16
a=3
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b=1
Solution:

a+b
FR=J ,/clx+,/cz+x2dx Fr =149
0
a+b
[ odo?
Xaf C1X +4f C2 + X~ dX

0
d = d=227
Fr

Problem 4-161

Determine the coordinate direction angles of F, which is applied to the end A of the pipe
assembly, so that the moment of F about O is zero.

Given:
F=201Ib
a=28in
b==6Iin
c=6Iin
d=10in

Solution:

Require M, = 0. This happens when force F is directed either towards or away from point O.

c 0.329
r

r=|a+b u=W u=1|0.768
r

d 0.549

If the force points away from O, then

a a 70.774
Bl = acos(u) B | =139.794 |deg
y y 56.714

If the force points towards O, then
331
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a a 109.226
Bl = acos(—u) S | =| 140.206 |deg
y y 123.286

Problem 4-162

Determine the moment of the force F about
point O. The force has coordinate direction
angles o, B, y. Express the result as a Cartesian

vector.
Given:
F=201b a=38in
a = 60 deg b=26In
£ = 120 deg c=6Iin
y = 45 deg d=10in
Solution:
c cos(a) 297.99
r=|a+b Fv = F| cos(B) M=rxFy,  M=]15147 |lb-in
d cos(y) -200

Problem 4-163

Replace the force at A by an equivalent resultant force and couple moment at point P. Express
the results in Cartesian vector form.

Units Used:
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kN = 10" N
Given:
a=4m
b=6m
c=28
d=4m
-300
F=| 200 | N
-500
Solution: 300
-500
-a—_c¢ -3.8
Mp = b x F Mp =| -7.2 |kN-m
d -0.6

Problem 4-164

Determine the moment of the force F about the door hinge at A. Express the result as a Cartesian
vector.
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Given:
F =250 N
b=1m
c=25m
d=15m
e=05m
6 = 30 deg
Solution:
c—e 0
rcs
rcg = | b +dcos(6) rap =| b Fy = |:ﬁ
. rcse
—dsm(e) 0
-59.7
Ma = rag x Fy Ma = 0.0 |N-m
-159.3

Problem 4-165

Determine the magnitude of the moment of the force F about the hinged axis aa of the door.
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Given:
F=250N
b=1m
c=25m
d=15m
e =05m
6 = 30 deg
Solution:
c—¢ 0 1
rce
rcg = b + dcos(6) rag=1|b Fy = F—— Uug = |0
. |rca|
—dsm(@) 0 0
Maa = (rAB x Fy)-Ua Maa = -59.7N-m

Problem 4-166

A force F acts vertically downward on the Z-bracket. Determine the moment of this force
about the bolt axis (z axis), which is directed at angle &from the vertical.
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Given:
F1 =80 N
a = 100 mm
b = 300 mm
c = 200 mm
6 = 15 deg
Solution:
-b
r=|a+c¢
0
sin(e)
F=F1 0
—cos(e)
0
k=10
1
M; = (rx F)k

M; = —6.212N-m

Problem 4-167

Replace the force F having acting at point A by an equivalent force and couple moment at
point C.

Units Used:  kip = 103 Ib

Given:
F =50 Ib
a=10ft
b =20 ft
c=15"ft
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d =10 ft
e = 30 ft
Solution:
d
rap = C
—e
rAB
Fy = F——
|rag|
0
rca =|a+b
e
14.286
FR = Fy Fr=| 21.429 |Ib
-42.857
-1.929
MR = rca x Fy MR =| 0.429 |Kkip-ft
-0.429

Problem 4-168

The horizontal force F acts on the handle of the wrench. What is the magnitude of the moment
of this force about the z axis?

Given:
F=30N
a = 50 mm
b = 200 mm
= 10 mm
6 = 45 deg
Solution:
sin(6’) —C 0
Fy = F —cos(ﬁ) ron=| b k=1]0
0 a 1
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Mz = (roa x Fy)k M, = —4.03N-m

Chapter 4

Problem 4-169

The horizontal force F acts on the
handle of the wrench. Determine the
moment of this force about point O.
Specify the coordinate direction
angles «, S, y of the moment axis.

Given:
F=30N c¢=10mm
a =50 mm @ = 45deg

b = 200 mm
Solution:
sin(6’) —C
Fy = F| —cos(6) roaA=|»>
0 a
1.06
Mo = roa x Fy Mo =| 1.06 [N-m
—4.03
a M a 75.7
@)
= acos =| 75.7 |deg
B Mo B
@)
y 7 159.6

Problem 4-170

If the resultant couple moment of the three couples acting on the triangular block is to be zero,
determine the magnitudes of forces F and P.
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Given:
F1 =101b

a=3in
b=4in
c=26Iin

d=3in

6 = 30 deg

Solution:

Initial Guesses: F=11Ib P=11b

Given
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Problem 5-1

Draw the free-body diagram of the sphere of weight W resting between the smooth inclined
planes. Explain the significance of each force on the diagram.

Given:
W=101b
61 = 105 deg
6» = 45 deg

Solution:

N4, Ng force of plane on sphere.

W force of gravity on sphere.

Problem 5-2

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

Given:
F=81Ib
a=151ft
b=02ft
c=2ft
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Solution:

Problem 5-3

Draw the free-body diagram of the beam supported at A by a fixed support and at B by a roller.
Explain the significance of each force on the diagram.

Given:
Ib
w =40 —
ft
a=3ft
b=4ft
6 = 30 deg
Solution:

Ay A, Myeffect of wall on beam.

Ng force of roller on beam.

wa
T resultant force of distributed load on beam.

Problem 5-4

Draw the free-body diagram of the jib crane AB, which is pin-connected at A and supported by
member (link) BC.
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Units Used:
KN = 10° N
Given:
F = 8 kN
a=3m
b=4m
c=04m
d=3
e =4
Solution:
Problem 5-5

Draw the free-body diagram of the
C-bracket supported at A, B, and C by
rollers. Explain the significance of each
forcce on the diagram.

Given:
a=3ft
b=4ft
61 = 30 deg
6> = 20 deg
F =200 Ib

342

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir

J g Sl el Cul

Engineering Mechanics - Statics

Solution:

N4, Ng, N force of rollers on beam.
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Chapter 5

Problem 5-6

Draw the free-body diagram of the smooth
rod of mass M which rests inside the
glass. Explain the significance of each
force on the diagram.

Given:
M = 20 gm
a=75mm
b =200 mm
6 = 40 deg
Solution:

A, Ay, Ng force of glass on rod.

M(g) N force of gravity on rod.

Problem 5-7

Draw the free-body diagram of the “spanner wrench” subjected to the force F. The support at
A can be considered a pin, and the surface of contact at B is smooth. Explain the significance of
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each force on the diagram.

Given:
F=201Ib
a=1in
b=26Iin

Solution:

A, Ay, Ng force of cylinder on wrench.

Problem 5-8

Draw the free-body diagram of the automobile, which is being towed at constant velocity up the
incline using the cable at C. The automobile has a mass M and center of mass at G. The tires are
free to roll. Explain the significance of each force on the diagram.

Units Used:
Mg = 103 kg

Given:
M =5 Mg d=150m
a=03m e=06m

b=075m 61 = 20 deg

c=1m &> = 30 deg

m
S
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Solution:

N,, Ng force of road on car.

F force of cable on car.
Mg force of gravity on car.

Problem 5-9

Draw the free-body diagram of the uniform bar, which has mass M and center of mass at G. The
supports A, B, and C are smooth.

Given:
M = 100 kg
a=175m
b=125m
c=05m
d=02m
g =981 m

32
Solution:
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Problem 5-10

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

Given:
F =500 N
M = 800 N-m
a=8m
b=4m
c=5m
Solution:
Problem 5-11

The sphere of weight W rests between the smooth
inclined planes. Determine the reaactions at the

supports.

Given:
W=101b
61 = 105 deg
6o = 45 deg

Solution:

Initial guesses
346
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Na =11b Ng=11b

Given

NBcos(Hl -90 deg) - NAcos(Hg) =0

NAsin(Hz) - NBsin(Hl -90 deg) -W=0

()t ()22

Chapter 5

Problem 5-12

Determine the magnitude of the resultant force acting at pin A of the handpunch.

Given:
F=81Ib
a=15ft
b=02ft
c=2ft
Solution:
ZFXZO; AX—F=0 AX=F AX=8|b
M=0; 2
Z —0, Fa—AyC=0 Ay=FE Ay=6|b
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Fa = f A + Ay° Fa = 101b

Problem 5-13

The C-bracket is supported at A, B, and C by rollers. Determine the reactions at the supports.

Given:
a=3ft
b=4ft
61 = 30 deg
6> = 20 deg
F =200 Ib

Solution:

Initial Guesses:

Na =11b
Ng=11b
Nc=11b
Given
Npaa—-Fb=0

NB sin(@l) -Nc Sin(ﬁg) =0

NBcos(el) + Nccos(eg) -Npa-F=0

NA NA 266.7

NB | = Find(Na,Ng,Nc) Ng | =| 2084 |Ib

Nc NC 304.6
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Problem 5-14

The smooth rod of mass M rests inside the
glass. Determine the reactions on the rod.

Given:
M = 20 gm
a=75mm
b =200 mm
6 = 40 deg
g =981 m
82
Solution:

Initial Guesses:
Ax=1N Ay=1N Ng=1N

Given
Ay — NBsin(e) =0

Ay — Mg+ NBcos(e) =0

Chapter 5

a+b
-Mg i cos(e)+NBb:O
Ay Ax 0.066
Ay | = Find(Ax, Ay, Ng) Ay | =] 0117 | N
Ng Ng 0.103
Problem 5-15

The “spanner wrench” is subjected to the force F. The support at A can be considered a pin,
and the surface of contact at B is smooth. Determine the reactions on the spanner wrench.
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Given:
F=201b
a=1in
b==6Iin
Solution:

Initial Guesses:

Ay =11b
Ay =11b
Ng=11Ib
Given
-Ay+Ng=0 Ay-F=0 -F(a+b)+Aga=0

Ax Ax 140
Ay | = Find(Ax, Ay, Ng) Ay | =] 20 |Ib
N Ng 140

Problem 5-16

The automobile is being towed at constant velocity up the incline using the cable at C. The
automobile has a mass M and center of mass at G. The tires are free to roll. Determine the
reactions on both wheels at A and B and the tension in the cable at C.

Units Used:

Mg = 10° kg kN = 10° N
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Given:
M=5Mg d=150m

a=03m e =06m

b=075m 61 =20 deg
c=1m 6> = 30 deg
m
=9.81 —
g 2
S
Solution:
Guesses F=1kN Na=1kN Ng=1KkN
Given

Na + Ng + F sin(eg) -Mg cos(@l) =0

-F 005(6?2) +Mg sin(el) =0

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

F 005(6?2) a-F sin(Hg) b-Mg cos(@l) c-Mg sin(@l) e+Ng(c+d) =0

F F 19.37
NA | = Find(F,Na,Ng) NA | =| 13.05 |kN
NB NB 23.36
Problem 5-17

The uniform bar has mass M and
center of mass at G. The supports
A, B, and C are smooth. Determine
the reactions at the points of contact
atA, B, and C.

Given:
M = 100 kg

a=175m

o
Il

1.25 m

351

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir

J g Sl el Cul

Engineering Mechanics - Statics

c=05m
d=02m
6 = 30 deg
g =981 m
32
Solution:

The initial guesses:

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

Na = 20 N
Ng = 30 N
Nc = 40 N
Given
. d .
&l 2XM,=0; -M gcos(e)a - Mgsm(@) > + N sm(@)d +Nc(a+b)=0
+Tz F,=0; Ng — Mg + Nc cos(6) = 0
A Na — Nc¢ sin(@) =0
2 Fy=0;
Nc Nc 493
NB | = Find(Nc,Ng,Na) Ng | =| 554 | N
NA NA 247
Problem 5-18
The beam is pin-connected at A
and rocker-supported at B.
Determine the reactions at the pin A
and at the roller at B.
Given:
F =500 N
M = 800 N-m
a=8m
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b=4m
c=5m

Solution:
c
o = atan
(a + b)

a
1 2M, =0; -F———-M+Bya=0
g\ A cos(a) y

_Fa+M cos(a)

B, =
y cos(a) a
By = 642 N
s F=0;  -Ag+Fsin(a)=0 Ay = F sin(a) Ax =192 N
ML FR=0 A -F cos(a) +By=0 Ay = —F cos(a) + By Ay = 180 N
Problem 5-19

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

Given:
F1 = 600 N
Fo = 400 N
6 = 15 deg
a=4m
b=8m
c=3
d=14

Solution:

gkl XM, =0; By(a +b) ~Fpcos(f)(a+b) —Fra=0
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Fo cos(@) (a+b)+Fqa

By = By = 586 N
y a+b y
+ .

—> X F,=0; Ay — Fasin(6) = 0

Ay = F5 sin(6) Ay = 104 N
+TZ F,=0; Ay - Facos(6) + By — F1 =0

Ay = Fp cos(6) — By + Fq Ay = 400 N

2 2
Fa =+ Ax + Ay Fa =413 N

Problem 5-20

Determine the reactions at the supports.

Given:
w = 250 E
ft
a==6ft
b=26ft
c=6ft
Solution:
Guesses
Given
1
Ay=0 Ay+By—w(a+b)—Ewc=O

wa 2 —wbE —Ewc b+E +Byb=0
2 2 2 3
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Chapter 5

Ay Ax 0

Ay | = Find(Ax. Ay,By) Ay | = 2750 |Ib
By By 1000
Problem 5-21

When holding the stone of weight W in equilibrium, the humerus H, assumed to be smooth, exerts
normal forces F and F on the radius C and ulna A as shown. Determine these forces and the

force Fg that the biceps B exerts on the radius for equilibrium. The stone has a center of mass at

G. Neglect the weight of the arm.

Given:

W =5Ib
0 = 75 deg
a=2in

b =08Iin
c=14in
Solution:

&l 2Mg=0;

-W(c-a)+Faa=0

c—a
a

Fa = 301Ib
+Tz F,=0; Fgsin(6) -W-Fa=0
W+ Fa
L sin(H)
Fg = 36.2Ib
X 5 F=0; Fc-Fpcos(6) =0
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Fc = Fp cos(e)

Fc = 9.3781b

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

Problem 5-22

The uniform door has a weight W and a center of gravity at G. Determine the reactions at the
hinges if the hinge at A supports only a horizontal reaction on the door, whereas the hinge at B
exerts both horizontal and vertical reactions.

Given:
W = 100 Ib
a=3ft
b=3ft
c=05ft
d=2ft
Solution:
XMz=0; Wd-Ax(a+b)=0
d
AX = W AX == 333 Ib
a+b
ZFX = O, BX — AX BX = 333 Ib
ZFy= 0; By =W By = 1001b
Problem 5-23

The ramp of a ship has weight W and 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.
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Given:
W = 200 Ib a=4ft
6 = 30 deg b=3ft

¢ = 20 deg c=6"t

Solution:
2XM,=0;

-Fcp cos(@)(b +C) cos(¢) +FcD sin(e)(b +C) sin(¢) + chos(¢) =0

Fcp = W ¢ cos(y) . . Fcp = 1951b
(b+ c)(cos(é’) cos(qﬁ) - sm(@) sm(qﬁ))
5 S FR=0,  Fcpsin(6) - Ax=0
Ay = Fcp sin(6) Ay = 9751b
+Tz F,=0;  Ay-W+Fcp cos(6) =0
Ay = W - Fcp cos(6) Ay = 31.21b

Problem 5-24

The drainpipe of mass M is held in the tines of the fork lift. Determine the normal forces at A
and B as functions of the blade angle & and plot the results of force (ordinate) versus & (abscissa)
for 0 < 6 < 90 deg.
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Units used:
Mg = 103 kg
Given:
M = 1.4 Mg
a=04m
m
s
Solution:
6 =0.90
M gsin(e deg)
Na(g) = TSI
10
M gcos(H deg)
Ng(6) = TOE 0D
10

pa .
X
=
3
5 .
L
100
0
Angle in Degrees
Problem 5-25

While slowly walking, a man having a total mass M places all his weight on one foot. Assuming
that the normal force N of the ground acts on his foot at C, determine the resultant vertical
compressive force Fgwhich the tibia T exerts on the astragalus B, and the vertical tension F4in
the achilles tendon A at the instant shown.
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Chapter 5

Units Used:
KN = 10° N
Given:
M = 80 kg
a =15 mm
b=5mm
c =20 mm
d = 100 mm
Solution:
Nc = Mg
Nc =785 N
XM, = 0; —-Fgc+Nc (c+d) =0
c+d
FB = Nc
c
Fg = 4.71kN
ZF, =0; FA-Fg+Nc=0
Fa = FB — Nc
Fa = 3.92kN
Problem 5-26

Determine the reactions at the roller A and pin B.
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Given:
M =800 Ibft ¢ =3ft

F =390 Ib d=5

a=28ft e =12
b=4ft 6 = 30 deg
Solution:

Guesses Ra=1Ib Bxy=1Ib By=11Ib

Given

. d
Rasin(6) + By - | —— |F =
( e2+d2)

RAcos(H) + By — (%JF =

e +d

M — RAcos(H)(aJr b) +Byc=0

RA
_ Bx 97.4
Bx | = Find(Ra.,Bx.By) Ra = 105.11b = Ib
By 269
By
Problem 5-27

The platform assembly has weight W, and center of gravity at G,. If it is intended to support a
maximum load W, placed at point G, ,determine the smallest counterweight W that should be
placed at B in order to prevent the platform from tipping over.

Given:
W1 =250 Ib a=1ft c=1ft e=6ft
Wy = 400 Ib b==6*ft d=8ft f=2ft
360

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 5

Solution:

When tipping occurs, R.=0

&. SMp=0;  ~Wy f+Wyc+Wg (b+c) =0
Wo f—WjcC
Wg = ——————
b+c
Wg = 78.61b
Problem 5-28

The articulated crane boom has a weight W and mass center at G. If it supports a load L,
determine the force acting at the pin A and the compression in the hydraulic cylinder BC when
the boom is in the position shown.

Units Used:

kip = 10° Ib
Given:

W =125 1b
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L =600 Ib
a=4ft
b=1ft
c=1ft
d=28ft
6 = 40 deg
Solution:

Guesses Ax =1Ib Ay=1Ib Fg=11b

Given —Ax +Fpgcos(6) = 0 ~Ay + Fgsin(g) -W - L =0

FBcos(H)b + FBsin(e)c -Wa-L(d+c)=0

Ax
A Find(Ax, Ay.Fg) FB = 4.19ki A (308 ki
= Fin , Ay, = 4.19KiI = !
y X1y TB B k Ay) 1967 i
Fg
Problem 5-29

The device is used to hold an elevator
door open. If the spring has stiffness k
and it is compressed a distnace J,
determine the horizontal and vertical
components of reaction at the pin A and
the resultant force at the wheel bearing B.

Given:
N
k =40 — b = 125 mm
m
o0=02m ¢ = 100 mm

a = 150 mm 6 = 30 deg
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Solution:
FS = ké‘
&. 2XM,=0; -Fsa+ Fp cos(e)(a +b) —Fp sin(@)c =0
a
Fe = F

s cos(H) (a+b) - sin(e) c

Fg = 6.378 N

—> 2 F,=0; Ay-Fgsin(6) =0

Ay = Fp sin(e)
Ay = 3.189 N
+T2 F,=0; Ay - Fs+Fp cos(6) = 0

Ay = Fs—Fp cos(e)

Ay = 2477 N

Problem 5-30

Determine the reactions on the bent rod which is supported by a smooth surface at B and by a
collar at A, which is fixed to the rod and is free to slide over the fixed inclined rod.

Given:
F =100 Ib
M = 200 Ib ft
a=3ft
b =3ft
c = 2ft
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d=3
e =4
f=12
g=5
Solution:

Initial Guesses:
Na =201b Ng =10 1Ib Ma = 30 Ib ft

Given

XM, = 0; MA—Fa—M+NB(

e
XF,=0; Npo|——|-NB J =0
e +d2 f2+g2
YF.=0; N d +N f F
y=0 Nao| —— B|————|-F=
e +d2 N, f2+g2
NA
) NA 39.7
NB | = Find(Na,Ng.,Ma) N ol Ib Mp = 106 Ib- ft
B .
Ma
Problem 5-31

The cantilevered jib crane is used to support the load F. If the trolley T can be placed anywhere in
the range X1 < X < Xp, determine the maximum magnitude of reaction at the supports A and B.

Note that the supports are collars that allow the crane to rotate freely about the vertical axis. The
collar at B supports a force in the vertical direction, whereas the one at A does not.

Units Used:

kip = 1000 Ib
Given:

F =7801Ib
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a=4ft
b=28ft
X1 =15 ft
X = 7.5 ft
Solution:

The maximum occurs when X = X,

&. IMa=0; —Fxp+Bya=0

X2
BX:F_
a

By = 1.462 x 10 Ib

+
IS S F=0;  Ag-By=0 Ay = By Ay = 1462 x 10°Ib
+Tz F,=0; By-F=0 By = F By = 7801b
2 2 .
Fg = /Bx + By Fg = 1.657 kip
Problem 5-32

The uniform rod AB has weight W. Determine the force in the cable when the rod is in the
position shown.

Given:
W =151b
L =5ft
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>
I

30 deg

6> = 10 deg

Solution:

IM,=0; NgLsin(6y + 62) - W (%) cos(6y + 62) = 0

Wcos(&l + 492)
2 sin(6y + &)

Ng = 8.938 Ib

XF, =0; Tcos(@g) - Np

NB
T =
cos(€2)
T =9.081b
Problem 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 the greatest
moment reaction at D.

Units Used:
kip = 10° Ib
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Given:
W1 = 800 Ib
Wy = 450 Ib
W3 = 400 Ib
a = 2ft
b=4ft
c=3ft
Solution:
+
—> X F,=0; Dy=0
+Tz F,=0; Dy — (W1 + W + W3) = 0
Dy = W1+ Wso+W3 Dy = 1.65Kkip
&. SMp=0;  ~Wyb—Wszc+Wia+Mp=0
Mp =Wy b+W3c-Wjpa Mp = 1.4 kip-ft

Examine all cases. For these numbers we require line 1 to snap.

MDmax = W2 b+ W3 C MDmax = 3k|pﬁ

Problem 5-34

The picnic table has a weight W and a center of gravity at G; . If a man weighing W,, has a
center of gravity at G,, and sits down in the centered position shown, determine the vertical

reaction at each of the two legs at B.Neglect the thickness of the legs. What can you conclude
from the results?

Given:

Wt =50 1Ib
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Wp = 225 Ib
a==6in

b=20in

c=20in

Solution:

ZMp=0; 2 Ng(b+c)+Wpma-WTb=0

Wt b-Wpma
Ng = ——
2 (b+c)
Ng = —4.371b

Since Ng has a negative sign, the table will tip over.

Problem 5-35

If the wheelbarrow and its contents have a mass of M 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.

Given:
M = 60 kg
a=06m
b=05m
c=09m
d=05m
_ 981 1
g=29 >
S

368

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 5
Solution:
&u 2Mg =0; —Ay (b+c) +Mgc=0
Mgc
Ay = g
b+c
Ay = 378.386 N
+
—> X F,=0; By = ON By =0
+T2Fy:0; Ay—Mg+ZBy:0
Mg - Ay
By = — By = 105.107 N
2
Problem 5-36

The man has weight W and stands at the center of the plank. If the planes at A and B are
smooth, determine the tension in the cord in terms of W and 6.

Solution:
Mg =0; w %cos(qﬁ) —Np Lcos(g) =0
Ng = Y
AT
SF, =0; Tcos(6) — Ng sin(6) = 0 1)
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F, =0; Tsin(6) + Ng cos(6) + Na - W =0 )
Solving Egs. (1) and (2) yields:
T= %sin(@)

Ng = %cos(&)

Problem 5-37

When no force is applied to the brake pedal of the lightweight truck, the retainer spring AB
keeps the pedal in contact with the smooth brake light switch at C. If the force on the switch is
F, determine the unstretched length of the spring if the stiffness of the spring is k.

Given:
F=3N
k =80 —
m
a = 100 mm
b =50 mm
¢ =40 mm
d =10 mm
6 = 30 deg
Solution:

XMp=0; Fgb- Fcos(e)c - Fsin(H)d =0

cos(@) c+ sin(6’) d

Fs=F . Fg=2378 N
Fs
Fs = kx X = m X = 29.73mm
Lo =a-x Lo = 70.3mm
370

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g bl i sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 5

Problem 5-38

The telephone pole of negligible thickness is subjected to the force F directed as shown. It is
supported by the cable BCD and can be assumed pinned at its base A. In order to provide
clearance for a sidewalk right of way, where D is located, the strut CE is attached at C, as
shown by the dashed lines (cable segment CD is removed). If the tension in CD' is to be twice
the tension in BCD, determine the height h for placement of the strut CE.

Given:
F=280Ib
6 = 30 deg
a = 30ft
b = 10 ft
Solution:
b
&u +XM, =0; -F cos(e) a+|————|Tecpa=0
2 2
a +b
a2 + b2
Tecp = F cos(9) — Teep = 219.089Ib
Require Tcp' = 2 Teep Tcp' = 438.1781b
+IM,=0; Tcp'd— Fcos(#)a=0
0
d-Fal2ld d = 47434 ft
Teo
Geometry:
-h d
2 -2 h=a-a|— h = 15.8ft
d b b
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Problem 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 weight W 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.

Given:
W=100Ib e=15ft

a=1ft f =05 ft
b =151t 6 = 60 deg
c=2ft ¢ = 30 deg
d=175ft

Solution:

Na cos(e— ¢)(b +c+d) +Np sin(e— ¢)(a— f) — Wcos(e)(b +C) — Wsin(e)(e +a) =0

Wcos(&)(b +C) + Wsin(&)(e +a)

- Na = 81.6211b
cos(6’—¢)(b+c+d) +sin(0—¢)(a— f) A

SF,=0; —By + Na sin(¢) = 0 By = Na sin(g) By = 40.8111b

SF, =0; By + Na (cos(¢) - W = 0) By = W - Na cos(¢) By = 29.3141b

FB = 4Bx° + By’ Fg = 50.21b
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F, =0; Tsin(6) + Ng cos(6) + Na - W =0 )
Solving Egs. (1) and (2) yields:
T= %sin(@)

Ng = %cos(&)

Problem 5-37

When no force is applied to the brake pedal of the lightweight truck, the retainer spring AB
keeps the pedal in contact with the smooth brake light switch at C. If the force on the switch is
F, determine the unstretched length of the spring if the stiffness of the spring is k.

Given:
F=3N
k =80 —
m
a = 100 mm
b =50 mm
¢ =40 mm
d =10 mm
6 = 30 deg
Solution:

XMp=0; Fgb- Fcos(e)c - Fsin(H)d =0

cos(@) c+ sin(6’) d

Fs =F . Fs=2378 N
Fs
Fs = kx X = m X = 29.73mm
Lo =a-x Lo = 70.3mm
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The shelf supports the electric motor which has mass m, and mass center at G,,. The platform
upon which it rests has mass m, 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 B on the bracket.

Given:
my = 15kg ¢ =50 mm
mp =4kg d=200mm
a=60mm e =150 mm
b =40 mm

m

g = 9.81?

Solution:

&I XM, =0; Bya—-mopgd-mig(d+e) =0

mo> d+mq (d+e)
Bx=g a BX=989N

%ZFXZO, AX_BX=0
AX=BX AX=989N
+TZ F,=0; By-mpg-mypg=0

By =mag+mpg By = 186 N

Problem 5-42

A cantilever beam, having an extended length L, is subjected to a vertical force F. Assuming that
the wall resists this load with linearly varying distributed loads over the length a of the beam
portion inside the wall, determine the intensities w; and w, for equilibrium.
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Units Used:
KN = 10° N
Given:

F =500 N

a=015m

Solution:

The initial guesses

kN kN
wg =1— wp =1—
m m
Given
1 1
+TZ F,=0; SWia-ow a-F =

1 a 1 2a
1 XM, =0; -FL-—wja—|+—wya—|=0
L 21(3) 22(3)

w1 _ W1 413\ kN
= Flnd(wl,wz) = =
W2 Wo 407 /) m

Problem 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 load F 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
aradius of r.
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Units Used:

KN = 10° N

Given:
F =5kN

r=01m

o
[
=
2]
3

Solution:

From pulley, tension in the hoist line is

5\' SMg = 0; T(a) - F(r) = 0
T=F—
- a T =5kN
From the jib,
. b+a
gku IM, =0; -F(¢) + Tgg—=¢=0
2 2
Ve + (b +a)

JZ + (b+a)?

Tgc = F Tgc = 16.406 kN
b+a
e b+a
Mz Fy=0; ~Ay+ Tag| 7——| - F =0
¢ +(b+a)
b+a
Ay = Tec| s S| -F Ay=okn
c +(b+a)

C
—> X F,=0; Ay — TBC|:

—}—F:O
Jc + (b+a)?
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c

Ay = T —
X BC > >
c +(b+a)
/ 2 2
FA = AX + Ay FA = 206 kN

+F  Ag=206kN

Problem 5-44

The mobile crane has weight W, and center of gravity at G,; the boom has weight W, and center
of gravity at G,. Determine the smallest angle of tilt 8of the boom, without causing the crane to
overturn if the suspended load has weight W. Neglect the thickness of the tracks at A and B.

Given:
W1 = 120000 Ib
Wo = 30000 Ib
W = 40000 Ib
a=4ft
b ==6*ft
c=23ft
d =12 ft
e=15ft
Solution:

When tipping occurs, R, =0

&. Mg = 0; ~W>(dcos(6) — c) - W[(d + e)cos(6) — ¢] + Wi(b+c) =0

Woc+Wc+Wq (b+c)
6 = acos
Wy d+ W (d+e)

6 = 26.4deg
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Problem 5-45

The mobile crane has weight W, and center of gravity at G;; the boom has weight W, and center
of gravity at G,. If the suspended load has weight W determine the normal reactions at the tracks
A and B. For the calculation, neglect the thickness of the tracks.

Units Used:
kip = 10° Ib
Given:
W1q = 120000 Ib a =4 ft

Wp =300001b b =6ft
W = 16000 Ib c=3ft

6 = 30 deg d =12 ft

e =15 ft

Solution:

~W>(dcos(6) — c) - W[(d +e)cos(6) —c] —Ra(a+b+c) + Wy(b+c) =0

-W»o (d cos(@) - c) - W[(d + e)cos(H) - c] +Wq (b+c0)

Ra = Ra = 40.9kip
a+b+c
+T e
L F,=0; RA+RB-W1-Wo-W=0
R = -RA+W1+Wo +W Rg = 125kip
Problem 5-46

The man attempts to support the load of boards having a weight W and a center of gravity at G.
If he is standing on a smooth floor, determine the smallest angle @at which he can hold them up
in the position shown. Neglect his weight.
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Given:
a=05ft
b=3ft
c=4ft
d=4ft
Solution:
XMz =0; -—Na(a+bh)+ W(b - ccos(@)) =0

As dbecomes smaller, N, goes to 0 so that,

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

b
cos(e) =—
c
g
6 = acos| —
c
0 =41.4deg
Problem 5-47

The motor has a weight W. Determine the force that each of the chains exerts on the
supporting hooks at A, B, and C. Neglect the size of the hooks and the thickness of the beam.
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Given:
W = 850 Ib
a=05ft
b=1ft
15 ft

o
Il

>
I

10 deg

&> = 30 deg

S
I

10 deg

Solution:
Guesses

Fa=11Ib Fe=11b Fc=11b
Given

XMg = 0; FAcos(03)b +Wa- Fccos(al)(a +¢)=0
XF, =0; Fc sin(6’1) -Fp sin(eg) - FAsin(03) =0

ZF, =0; W — FAcos(Hg) - FBcos(Hg) - Fccos(é’l) =0

Fa

FB | = Find(FA,FB,Fc)
Fc

Fa 432

FB |=| -0 |Ib

Fc 432
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Problem 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.

Given:
F1 = 800 N
Fy = 350 N
a=15m
b=1m
c=3
d=4
6 = 30 deg
Solution:

&I ZMA = 0,

-F1 acos(@) —Fo(a+Dh) cos(e) + %FCB (a+hb) sin(e) + %ch(a + b) cos(@) =0
c +d c +d

[Fra+Fa(a+ b)]cos(e)x/ 2 4

F Fcg = 782 N
cB dsin(e)(a +b) + ccos(e)(a + b) cB
+ d
—> X F=0; Ay ————=Fcp =0
2
c +d
d
AX=—FCB AX=625N
2 2
¢ +d
c
c +d
c
Ay=F1+F2——2FCB Ay = 681 N
c +d
Problem 5-49

The boom is intended to support two vertical loads F; and F,. If the cable CB can sustain a
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maximum load T, before it fails, determine the critical loads if F; = 2F,. Also, what is the
magnitude of the maximum reaction at pin A?

Units Used:

KN = 10° N
Given:

Tmax = 1500 N

a=15m

b=1m

c=3

d=4

6 = 30deg
Solution:

-2 F> acos(e) —Fa(a+h) cos(@) + %Tmax(a + b) sin(@) + ¢

Tmax(a + b) cos(@) =(
2
c +d c +d

(a+ b)TmaX(d sin(@) + ccos(@))

Fo = Fo = 724N
\ 02 + d2 cos(@)(3 a+bh)
F1=2F F1 = 1.448kN
+ d
% ZFX =0; AX - ﬁTmax =0
c +d
d
AX = —Tmax AX = 120 kN
2 2
c +d
+Tz F,=0; Ay-Fp—Fp+ Tmax = 0
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c
Ay = F2 + Fl — —Tmax Ay = 127 kN
2 2
c +d

Fa = JAC+AS  Fa=1749kN

Problem 5-50

The uniform rod of length L and weight W is supported on the smooth planes. Determine its
position @for equilibrium. Neglect the thickness of the rod.

Solution:

Wcos(@)

L
XMy =0; -W —rcos{8) + Nacos(g— )L =0 Np=—""—"
B > (6) + Nacos(¢4 - 6) A= T oosls 0

Wcos(@)

L
XM, =0; W — cosl| ) — Ng cos O)L=0 Ng = ——F
A 5 () B (‘//+ ) B 2COS(I,V+ 9)

2F, = 0; NBsin(y/) - NAsin(¢) =0
Wcos(e) . Wcos(H) . B
2 cos(://+ 0) S = 2 cos(¢— 6?) 3|n(¢) =0
sin(w) cos(¢— 6) - sin(¢) cos(1//+ 9) =0
sin(z//)(cos(qﬁ) cos(e) + sin(¢)sin(6)) - sin(¢)(cos(z//) cos(e) - sin(z//) sin(H)) =0
2 sin(z//) sin(¢)sin(9) = (sin(¢) cos(y/) - sin(w) cos(¢))cos(¢9)

tan(e) _ sin(¢) COS((//) - sin(l//) cos(¢) _ cot(y/) - cot(¢)

2 sin(y/)sin(;é) 2

0- atan(w)

2
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Problem 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 unstretched length 6. 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.

Given:
o = 200 mm
N
k=5—
m
a = 100 mm
b = 300 mm
¢ = 300 mm
6 = 30 deg
Solution:

Using the law of cosines and the law of sines

| = \/c2+(a+ b)2—2 c(a+b) cos(180 deg — 9)

sin(g) _ sin(180 deg — 6) 4 asin(c sin(180 deg - 6)
c I I

Fs=ks=k(I-0) Fs = k(1 - 9)

IMa=0; —Fgsin(¢)(a+b) +Nga=0 Ng = Fgsin(g) a; b

IR, =0;  Ay- Fscos(¢) =0 Ax = FsCOS(¢)

Fy=0; Ay+Ng- Fssin(¢) = 0 Ay = Fssin(g) - Ng

Fa = f A + Ay°

)

Chapter 5
¢ = 12.808 deg
Fs=2.3832 N
Ng =211 N
Ay = 23239 N
Ay = -1.5850 N
Fa = 2813 N
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Problem 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 spring stiffness k is
large enough so that only small deflections occur. Hint: The beam rotates about A so the
deflections in the springs can be related.

Solution:

XMp=0;

3
Fgl+Fc2L-P-L =0

FB+2Fc=15P

Ac=2AB
Fc 2Fp
Kk
Fc = 2Fp
SFg=15P
Fg=03P
Fc.=06P
Ac = m
k
Problem 5-53

The rod supports a weight W and is pinned at its end A. If it is also subjected to a couple
moment of M, determine the angle & for equilibrium.The spring has an unstretched length and
a stiffness k.
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Given:
W = 200 Ib
M = 100 Ibft
o =2ft
K = 50 2
ft
a=3ft
b =3ft
c=2ft
Solution:

Initial Guess: 6 = 10 deg
Given

K (a+ b)sin(6) + c — s](a+b) cos(6) — W acos(6) - M =0

6 = Find(6) 6 = 23.2deg

Problem 5-54

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 F. Neglect the pipe's thickness in
the calculation.

Given:

F=451Ib
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6 = 30 deg

a=161in

b=20in

c=28in
Solution:
Initial Guesses: Ra=11Ib Re=11Ib Rc=11Ib
Given

&. IMp=0; Fcos(@)(a+ b) — Fsin(@)c— Rcb+ RBctan(H) =0

+Tz F,=0; Rccos(6) - Rgcos(6) —F =0

X 5 F,=0; Ra+Rgsin(6) - Rcsin(6) = 0

RA RA 25.981

R | = Find(Ra,Rg.Rc) RB | = 11.945 |Ib

Rc Rc 63.907
Problem 5-55

The rigid metal strip of negligible weight is used as part of an electromagnetic switch. If the
stiffness of the springs at A and B is k, and the strip is originally horizontal when the springs are
unstretched, determine the smallest force needed to close the contact gap at C.

Units Used:

mN = 1072 N
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Given:
a =50 mm
b =50 mm
¢ =10 mm
N
k=5—
m
Solution:

Initial Guesses: F=05N yp=1mm yg = 1 mm

Given
C—YA YB—VYA
= kya+kyg—F=0 kyga—F(a+hbh) =0
a+b a
YA
YA -2
yg | = Find(ya.ys.F) = ( )mm F = 10mN
yB 4
F
Problem 5-56

The rigid metal strip of negligible weight is used as part of an electromagnetic switch. Determine
the maximum stiffness k of the springs at A and B so that the contact at C closes when the
vertical force developed there is F. Originally the strip is horizontal as shown.

Units Used:
mN = 10" ° N
Given:
a = 50 mm
b = 50 mm
c =10 mm
F=05N
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Solution:

Initial Guesses: k = 1

3|z

ya = 1 mm yg = 1 mm

Given

C—YA YB—VYA
= kya+kyg—-F=0 kyga—F(a+b)=0
a+b a

YA
) YA -2 N
yg | = Find(ya, yg.K) = mm k = 250 —

k

Problem 5-57

Determine the distance d for placement of the load P for equilibrium of the smooth bar in the
position & as shown. Neglect the weight of the bar.

Solution:
+T2 Fy=0; Rcos(6) - P =0
a
> M,=0; —-Pdcos(8) + R =0
&. A ( )+ cos(&)
a
R dcos(d) =R
( ) cos(@)
d= a
cos(@)
Problem 5-58

The wheelbarrow and its contents have mass m and center of mass at G. Determine the greatest
389
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angle of tilt & without causing the wheelbarrow to tip over.

Solution:

Require point G to be over the wheel axle for tipping. Thus

bcos(@) = asin(@)

—1(b
60 = tan 1(—)
a

Problem 5-59

Determine the force P needed to pull the roller of mass M over the smooth step.

Given:
M = 50 kg
a=06m
b=01m
6 = 60 deg
61 = 20 deg
S
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Solution:

¢ = 33.56 deg
XMg=0, M gsin(@l)(a -b)+M gcos(é’l)asin(¢) ..=0
+ Pcos(e)(a -b) - Psin(e)asin(yﬁ)
b _ M {sin(&l) (a-b) + cos(@l) a sin(¢)}
- M cos(6) (a—b) +sin(6) a sin(g)
P =441 N
Problem 5-60

Determine the magnitude and direction @of the minimum force P needed to pull the roller of
mass M over the smooth step.

Given:
a=06m
b=01m
61 = 20 deg
M = 50 kg

m
S
Solution:

a-b
For P Natendsto0 ¢ = acos(—)
a

¢ = 33.56 deg

XMg=0 M gsin(@l)(a -b)+M gcos(é’l)asin(¢) ..=0
+ [—P cos(e)(a - b)] - Psin(e)asin(gé)
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o M gsin(61)(a - b) + cos(61)asin(g)]
- cos(&)(a -b) + asin(¢) sin(H)

For Ppin:

P M o[ sin(@1)(a - b) + cos(&1)asin(g)] Fasin

(#)cos(6) - (a—b)sin(6)] = 0
- [cos(6)(a—b) + asin(¢)sin(9)]2

which gives, 0 = atan(sin(ﬁﬁ) 6 = 33.6 deg

p_ M gsin(61)(a - b) + cos(61)asin(g)]

cos(6)(a - b) + asin(g)sin(0) P =395 N

Problem 5-61

A uniform glass rod having a length L is placed in the smooth hemispherical bowl having a
radius r. Determine the angle of inclination & for equilibrium.

Solution:
By Observation ¢ = 6.

Equilibirium :

2M,=0; N2 rcos(e) - W%cos(&) =0

e WL
B= v
$F,=0; Nacos(6) — Wsin(6) =0 Na = Wtan(6)
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IF, =0; Wtan(H)sin(@) + % - Wcos(@) =0

sin(¢9)2 - cos(@)2 =1- 2cos(0)2 = —+ cos(&)

4r
2cos(0)2 - L cos(e) -1=0
4r
L++y/L2 + 128 2 L++y/L? + 128 ¥
cos(@) = BT 6 = acos e

Problem 5-62

The disk has mass M and is supported on the smooth cylindrical surface by a spring having
stiffness k and unstretched length I,. The spring remains in the horizontal position since its end A

is attached to the small roller guide which has negligible weight. Determine the angle € to the
nearest degree for equilibrium of the roller.

Given:
M = 20 kg
N
k = 400 —
m
lp=1m
r=2m
~9g1 1
g=29 >
S
a=02m

Guesses F=10N R=10N ¢ = 30deg

Solution: Given
N T F,=0; Rsin(d)-Mg=0
+TZ F,=0; Rcos()-F=0
Spring F= k[(r + a)cos(e) - Io]
393
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F
F 163.633

R | = Find(F,R, 6) = N 6 = 50.171 deg
R 255.481

0

There is also another answer that we can find by choosing different starting guesses.
Guesses F=200N R =200N & = 20 deg
Solution: Given

N F,=0; Rsin(6)-Mg=0

+TZ F,=0; Rcos()-F=0

Spring F= k[(r + a)cos(e) - Io]
F
] F 383.372
R | = Find(F,R, 6) = N 0 = 27.102 deg
R 430.66
0
Problem 5-63

Determine the x, y, z components of reaction at the fixed wall A.The force F, is parallel to the z
axis and the force F; is parallel to the y axis.

Given:
a=2m d=2m
b=1m Fq1 = 200 N
c=25m Fo = 150 N
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Solution:
XF,=0; Ax =0

SF,=0; Ay =-F1

ZFXZO; AZ = F2

A; = 150 N

ZM=0; Max = -Foa+F1d

Max = 100N-m
2M,=0; Ma; = F1cC

Maz = 500 N-m

Problem 5-64

The wing of the jet aircraft is
subjected to thrust T from its engine
and the resultant lift force L. If the
mass of the wing is M and the mass
center is at G, determine the x, y, z
components of reaction where the
wing is fixed to the fuselage at A.

Units Used:
Mg = 10° kg
KN = 10° N

_gg1 D
g =981~
S
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Given:
T =8kN
L = 45 kN
M =21 Mg
a=25m
b=5m
c=3m 395
d=7m
Solution:

A =T Ay = 8kN
2F,=0; Ay =0 Ay =0
SF,=0; -A;-Mg+L=0

A; =L-Mg A; = 24.4kN
XM, =0; My —-T(a) =0

My =Ta My = 20.0kN-m
XM, =0; L(b+c+d)y-Mgb-My=0

My = L(b+c+d) -Mgh My = 572kN-m
M, =0; M;—-T(b+c) =0

M; = T(b+¢) M; = 64.0kN-m

Problem 5-65

The uniform concrete slab has weight W. Determine the tension in each of the three parallel
supporting cables when the slab is held in the horizontal plane as shown.
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Units Used:
kip = 10° Ib
Given:
W = 5500 Ib
a==6ft
b =23ft
c=23ft
d==6"ft
Solution:

Equations of Equilibrium : The
cable tension Tg can be obtained

directly by summing moments
about the y axis.

d w
M, =0; W——-Tpd=0 Tr = —
y 5 B B 5
Toa+ Ta(a+b) —w[ 22+ _g
M, = 0; ca+Tg(a+b) - — )"
1 a+b+c
Tc = —[WL —Tp(a+ b)}
a 2
2F,=0; Ta+Tg+Tc-W=0

Tao=-Tg—-Tc+W

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Tg = 2.75kip

Tc = 1.375kip

Tp = 1.375kip
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Problem 5-66

The air-conditioning unit is hoisted to the roof of a building using the three cables. If the tensions
in the cables are T,, T and T, determine the weight of the unit and the location (x, y) of its

center of gravity G.

Given:
Ta = 250 Ib
Tg = 300 Ib
Tc = 200 Ib
a=>5ft
b=4ft
c=3ft
d=7ft
e =6ft
Solution:

2F,=0; To+Tg+Tc-W=0
W =Ta+Tg+TC W =7501b

ZM,=0; Wx-Ta(c+d)-Tcd=0

Ta(c+d) + Tcd
- W

X =5.2ft

X

2ZM,=0; Tpa+Tg(a+b-€)+Tc(a+b)-Wy=0

Tpa+Tg(a+b—e) +Tc(a+b)
- W

y y = 5.267 ft

Problem 5-67

The platform truck supports the three loadings shown. Determine the normal reactions on each
of its three wheels.
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Given:
F1 =380 1Ib b=121in
F, =5000p ¢ 100N
d=5in
F3 =800 Ib
e =121n
a=8in f=12in
Solution:
The initail guesses are Fa=11Ib Fe=11b Fc=11Ib
Given

XM, =0; Fi(c+d) +Fa(b+c+d)+Fzd-Fa(a+b+c+d) =0

M, =0; Fie-Fge—-Fyf+Fcf=0

IFy=0; Fp+Fc-F2+Fa-F1-F3=0

Fa Fa 663
FB | = Find(Fa.Fg.Fc) |FB |=]449 |Ib
Fc Fc 569
Problem 5-68

Due to an unequal distribution of fuel in the wing tanks, the centers of gravity for the airplane
fuselage A and wings B and C are located as shown. If these components have weights W,, Wg

and W, determine the normal reactions of the wheels D, E, and F on the ground.
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Units Used:
kip = 10° Ib
Given:

Wp = 45000 Ib

Wg = 8000 Ib

6000 Ib

=
'9)
I

8ft e=20ft

QD
Il

o
Il

6ft f=4ft

c 3ft

8ft ¢

d==6ft

Solution:
Initial guesses:
Rp = 1 kip Re = 1 kip Rg = 1 kip

Given
IM,=0; Wgb-Rp(a+b)-Wcc+Rg(c+d) =0

IM,=0; Wgf+Wa(g+f)+Wcf-Rp(e+g+1f)=0

IF,=0; RD+RE+RE-Wp-Wg-Wc =0

RD Rbp 22.6

RE | = Find(Rp,RE,RF) RE | = | 22.6 |kip

RE RE 13.7
Problem 5-69

If the cable can be subjected to a maximum tension T, determine the maximum force F which
may be applied to the plate. Compute the X, y, z components of reaction at the hinge A for this
loading.
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Given:
a=3ft
b=2ft
c=1ft
d=3ft
e=9ft
T =300 Ib
Solution:

Initial guesses:
F=101Ib Max = 10 Ibft Ma; = 10 Ibft

Ay = 10 Ib Ay = 10 Ib A; =10 1Ib

Given
A
X 0 Max) (a 0 e 0
Ay |+] 0 |=0 0 |+|-—c|x| O |+|-b=c|x|O|=0
Az) \T-F Maz 0) \-F 0 T
F
Ax
Y Find(F, Ax, Ay, Az, Max. Mp;) s * Vot
= Fin ,Ax, Ay, Az, > =
A, X> Ay, Az, VIAx, VMAz Mg 0
Max Ay 0
Maz Ay =] 0 |Ib F =9001Ib
A, 600
Problem 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.
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Given:
0
F= 0 Ib
—-1500
a=>5ft
b =4ft
c=>b
d=5ft
e=5ft
f=2ft
Solution:

a
o = atan
(d+e)
L =+a’+(d+e)?

= atan
d fL

d+e

Guesses Tge =1lb Tpec=11b
Ax=l|b Ay=l|b Az=1|b

Given 2 TpeC cos(ﬂ) =Tge

0 0 0 Ax 0
d|{xF+|d+e|x —TBECOS(OC) =0 Ay | +F+Tgg —cos(a) =0
0 0 TBEsin(a) A, sin(a)
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Ax

Ay Ax 0

Az | = Find(Ax, Ay, A;,Tee. Toec) Tpec = 9191b Ay | =|15x10° |Ib
TBE Az 750
TpEC
Problem 5-71

The cable CED can sustain a maximum tension T,,, 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?

Given:
Tmax = 800 Ib
a=>5ft
b =4ft
c="b
d=5ft
e=5ft
f=2ft

Solution:

L =ya+(d+e)?

b
B = atan — L TpEC = Tmax
L —
d+e
Guesses Tge=1lb F=11Ib

AX=1|b Ay=1|b AZ=1|b

Given 2 Tpeceos(p) = Tee

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



J g Sl el Cul

www.SoftCivil.ir

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Engineering Mechanics - Statics Chapter 5
0 0 0 0 Ax 0 0
dlx| 0 |+|d+e|x|-TBECOS(®) | = 0 Ay [+| 0 |+Tgg| —cos(a) [=0
0 -F 0 TBEsin(a) A, -F sin(a)
Ax
Ay Ax 0
A; | = Find(Ax, Ay, Az, Tgg, F) F = 13061b Ay | = 1306 x 103 |Ib
TBE Az 653.197
F
Problem 5-72

The uniform table has a weight W and is supported by the framework shown. Determine the
smallest vertical force P that can be applied to its surface that will cause it to tip over. Where

should this force be applied?

Given:
W =201b
a=35ft
b=25ft
c=3ft
e=15"t
f=1ft
Solution:
f
0 = atan| — 0 = 33.69deg
e
d = esin(0) d = 0.832ft
——e
¢ = atan ¢ =11.31deg

N o
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W d =P d'sin(90 deg — ¢ + 6)

d

P=W P=14.1Ib

d sin(90 deg — ¢+ 6’)

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 5-73

The windlass is subjected to load W. 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 perpendicular to the shaft on the windlass.

Given:
W = 150 Ib
a=2ft
b=2ft
c=1ft
d=1ft
e=1ft
f=05ft
Solution:
IM=0; Wf-Pd=0
P:WTf P =75Ib
IFy=0; Ay =01b Ay =0
IM,=0; -Wa+Bza+h)=0
405
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BZ: BZ:75|b
a+b
ZFZZO, AZ+BZ_W:0
AZ:W_BZ AZ:75|b
IM,=0; By(a+b)-(a+b+c+e)P =0
Pla+b+c+e
BX: ( ) BX:112Ib
a+b
ZFXZO; AX_BX+P:0
AX = BX—P AX: 375|b
Problem 5-74

A ball of mass M rests between the grooves A and B of the incline and against a vertical wall at
C. If all three surfaces of contact are smooth, determine the reactions of the surfaces on the
ball. Hint: Use the x, y, z axes, with origin at the center of the ball, and the z axis inclined as

shown.
Given:
M = 2 kg
61 = 10 deg
6y = 45 deg
Solution:
2F, =0; Fccos(el) -M gsin(&l) =0

Fc = M g-tan(61)

Fe = 0.32 kg-m
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2F, =0; NAcos(eg) - N cos(ag) =0
Na = N

2F,=0; 2 NAsin(eg) - M gcos(&l) - chin(el) =0

1 M g-cos(@l) + FC-sin(Hl)

Np =
A 2 sin(&g)
Na = 1.3 kg-m
N = Na = Np
Problem 5-75

Member AB is supported by cable BC and at A by a square rod which fits loosely through the
square hole at the end joint of the member as shown. Determine the components of reaction at
A and the tension in the cable needed to hold the cylinder of weight W in equilibrium.

Units Used:
kip = 10° Ib
Given:
W = 800 Ib
a=2ft
b=6"ft
c=3ft
Solution:
c
F,=0 FBC[—J =0 Fpc=01Ib
2 2 2
\/c +b" +a
ZFy:O AyZO Ay:OIb Ay=0|b
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2F, =0 A;-W=0 A;=W A; = 8001b

SM,=0 Max-Wbh=0

Max = W b May = 4.80 kip- ft
IM,=0  May = 0 Ibft May = Olb-ft
EM:=0 M, = 0 Ibft Ma, = Olb.-ft
Problem 5-76

The pipe assembly supports the vertical loads shown. Determine the components of reaction at
the ball-and-socket joint A and the tension in the supporting cables BC and BD.

Units Used:
KN = 10° N

Given:
F1 =3kN d=2m

Fo =4KkN e=15m

a=1m g=1m

b=15m h

[
w
3

c=3m i=2m

f=c—e j=2m
Solution:

The initial guesses are:

Tgp =1 kN Tgc = 1 kN

Ax=1kN Ay =1kN A;=1kN

The vectors

408

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g Sl et Sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 5
0 0
r=(a+b+f rp=|a+b+c
d d
i —]j 0
rBc = | -a rBD = | -a rAB = | @
h-g h-g g
1 0 0
'BcC 'BD . .
UBC—|r | uBD—|r | i=|0 j=11 k=10
BC BD 0 0 1
Given Axi+ Ayj+ Azk—-F1k-Fak+ Tgpugp + Tecusc = 0
raAB X (TBDUBD + TBCUBC) + 1 x (—Fl k) + Iy x (—Fg k) =0
TBD
Tec
A Find(Tep. TBC. Ax, Ay, A7) 'e0 _ry
= In b b b b =
X BD, IBC, Ax»> Ay, Az T 17
Ay
A
z Ax 0
Ay | =| 11.333 |kN
A, —-15.667
Problem 5-77

The hatch door has a weight W and center of gravity at G. If the force F applied to the handle
at C has coordinate direction angles of «, fand y, determine the magnitude of F needed to
hold the door slightly open as shown. The hinges are in proper alignment and exert only force
reactions on the door. Determine the components of these reactions if A exerts only x and z
components of force and B exerts X, y, z force components.

Given:
W =2801Ib
a = 60 deg
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B = 45 deg
y = 60 deg
a=3ft
b=2ft
c=4ft
d=3ft
Solution:

Initial Guesses:
Ay =11b A; =11Ib F=11Ib

szllb Byzllb Bzzllb

Given
Ax Bx cos(a) 0
0 |+|By|+F| cos(B) |+| 0 |=0
Az B, cos(y -W
a+b cos(a) a 0 0 Bx
0 chos(ﬂ)+C><O+C+d><By:0
0 cos() 0 -W 0 B;
Ax
Az
Bx , Ax ~96.5
= Find(Ax, Az, By, By,B;,F) = Ib
By A, ~137
B;
= Bx 485
By | = | -67.9 |Ib
B, 45.7
F=96Ib
410
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Problem 5-78

The hatch door has a weight W and center of gravity at G. If the force F applied to the handle at
C has coordinate direction angles «, 5, y determine the magnitude of F needed to hold the door

slightly open as shown. If the hinge at A becomes loose from its attachment and is ineffective,
what are the X, y, z components of reaction at hinge B?

Given:
W =2801b
a = 60 deg
B = 45 deg
y = 60 deg
a=3ft
b=2ft
c=4ft
d=3ft
Solution:
zMy: 0;
XF,=0;
sz: 0;
ZF,=0;
EM,=0;
=M,=0;

a
F=w

By + Fcos(a) =
= —F cos(a)

By + Fcos(p) =

By = —F cos(p)

B,—W+Fcos(y) =0

B, = W-F cos(y)

cos( ) (a+b)

F =96lb
By = —481b
By = —67.91b
B, = 321b

Mpx + Wd — Fcos(;/)(c+ d =0

Mpx = -Wd+F cos(y) (c+d)

Mgy = 96 Ib- ft

Mgz + Fcos(a)(c +d) + Fcos(ﬁ)(a +b)=0

Mgz = —-F cos(a) (c+d)-F cos(ﬁ) (a+b)

Mgz = —675Ib-ft

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

411

This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir

J g Sl el Cul

Engineering Mechanics - Statics

Problem 5-79

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 5

The bent rod is supported at A, B, and C by smooth journal bearings. Compute the x, y, z
components of reaction at the bearings if the rod is subjected to forces F,and F,. F, lies in the

y-z plane. The bearings are in proper alignment and exert only force reactions on the rod.

Given:

3 ft

F1 =301 d

Fp =2501b e =5ft

a=1ft a = 30 deg

b=4ft £ = 45 deg

c=2ft 6 = 45 deg
Solution:

The initial guesses:

Ax = 100 Ib Ay = 200 Ib

By = 300 Ib B; = 400 Ib

Cy =500 Ib C; = 600 Ib
Given

Ay + By + Fo cos(ﬁ)sin(a) =0
Ay +Cy-F1 cos(H) + F2 cos(ﬁ) cos(a) =0

B, + C; — F1sin(6) — Fasin(p) = 0

F1cos(6)(a +b) + Fysin(6)(c +d) — B;d — Ayb =0

Axb"rCze: 0

Ax(C+d) + Bxd—Cye = 0
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Ax

Ay

% Find(Ax, Ay, Bx,Bz,Cy,Cy) A 032883 1

= |n ) P D) ) ] =

B, Ty e T Ay) \-141.081

C

y Bx) (-721.271 "

C =

z B, 895.215
Cy 200.12 i
C,) \-506.306

Problem 5-80

The bent rod is supported at A, B, and C by smooth journal bearings. Determine the magnitude
of F, which will cause the reaction C, at the bearing C to be equal to zero. The bearings are in

proper alignment and exert only force reactions on the rod.

Given:
Fp =3001b d=3ft
Cy=01Ib e=>5ft
a=1ft a = 30 deg
b=4ft £ = 45 deg
c=2ft 6 = 45 deg
Solution:

The initial guesses:

Ay =100 Ib Ay = 200 Ib

By = 300 Ib B; =400 Ib

Fo> =500 Ib C; =600 Ib
Given

Ay + By + Fo cos(ﬂ)sin(a) =0
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Ay +Cy—-F1 cos(e) + F2 cos(ﬂ) cos(a) =0
B, + C; — F1sin(6) — Fasin(p) = 0
F1cos(6)(a +b) + Fysin(6)(c +d) —B;d — Ayb =0
Ayb+Ce=0

Ax(C+d) + Bxd—Cye =0

= Find(Ax, Ay, Bx.Bz,Cz,F2) Fp = 673.7041b

Problem 5-81

Determine the tension in cables BD and CD and the x, y, z components of reaction at the
ball-and-socket joint at A.

Given:
F =300 N
a=3m
b=1m
c=05m
d=15m
Solution:
-b
rep =| d
a

414
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-b
rcp = | —d
a

Initial Guesses: Tep = 1N Tcp=1N Ax=1N Ay=1N A;=1N

Given
Ay 0
r rco
Ay | +TgD +TcD 10 ]=0
|r8D)] |rcol
A -
q d d-c 0
-d |x|Tegp—— | +|d [x|TcD— | + | 0]=0
|reD| |rol
0 0 -
TBD
Tco
| TBD 116.7
Ax | = Find(Tgp. Tcp. Ax. Ay, A7) Tep)  \1167)
Ay
A, Ax 66.7
Ay |=| © N
A, 100
Problem 5-82

Determine the tensions in the cables and the components of reaction acting on the smooth collar at
A necessary to hold the sign of weight W in equilibrium. The center of gravity for the sign is at G.

Given:
W =501b f=25ft
a=4ft g=1ft
b=3ft h=1ft
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c=2ft i=2ft

d=2ft j=2ft

e =25 ft k =3 ft

Solution:

The initial guesses are:

Tge =101 Ac=101b  May = 10 Ib-ft
ToE=101 Ay =10lb  May = 10 Ib-ft
Given
TDE TBC
(a—Kk) + (-b +d) +Ax=0
Ja-12+id+ 2 Jid-p2+i2+
. TDE . TBC
= —1 +Ay:0
Ja-102+2+ 72 Jid-pn2+it+d
. TpE TBC
] +C -W=20
Ja-102+2+ 72 Jd-n2+it+d
Max + TDE ] ! +cT ! Wi=0
Ax+ TDE BC - Wi =
Ja-12+i2+ 2 Jid-p02+i2+
M Tpek + Tpcc d +W(k-1 =0
Ay~ IDE > 2 2 B¢ 2 2 2 B
(a—Kk)~"+i"+ ] (d=b)"+i"+¢c
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i i

-Tpea + Tgchb =0
Ja-w2+i2+ 2 Jd-b0)2+ i+ 2

Max

TBC Find(Max.May. Tec. TDE. Ax. Ay) TBC 42.857 Ib
= n ) ) s > 5 =
Tpbe Ax> Ay TBC- TDE- B By TbE 32.143

Ax
Ay Ax] (3.571) "
Ay 50

MAX — 13
j _ | 2698 % 10 b ft
May -17.857

Problem 5-83

The member is supported by a pin at A and a cable BC. If the load at D is W, determine the x, y,
z components of reaction at these supports.

Units Used:
kip = 10° Ib
Given:
W = 300 Ib
a=1ft
b=2ft
c==6ft
d=2ft
e=2ft
f=2ft
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Solution:

Initial Guesses:
Tgc =11b Ay =11b
Ay = l Ib Az = 1 Ib

May = LIbft  Mpa; = 1 Ibft

Given
Ax . e+f-a 0
BC
Ay + —C + 0 =0
A, \/b2+02+(e+f—a)2 b ~W
0 —e 0 —a T e+f-a
BC
May [+] ¢ |[x]| 0 |+ X —C =0
\/ 2 2 2
Mas 0 W b b"+c” +(e+ f—a) b
TBC
Ax
Ay
o | = Find(Tec. Ax. Ay, Az, May, May) Tpc = 1.05kip
VA
May Ax)  (-450
Maz Ay | =| 900 |Ib
A, 0
May -600
= Ib-ft
Maz —900
Problem 5-84

Determine the X, y, z components of reaction at the pin A and the tension in the cable BC
necessary for equilibrium of the rod.
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Given:
F =350 Ib e =12 ft
a=4ft f=4ft
b=5ft g =10 ft
c=4ft h=4ft
d=2ft i =10 ft
Solution:
Initial Guesses:
Fec =11b
MAy=1Ib-ft
AX=1Ib
Az=1|b
Maz = 1 lb-ft
Given
0 d g-d
F
May |+ ¢ | x > - 2e—c .. =0
vy | o) [N@-a2+ -0+ 2|
—a) [ a-h
FBC
+| 0 [x —e
o) |V@a-m2en?
Ax g-d a—h
F FBC
Ay e—c |+ —e =0

+
2 2 2 2 2 2
a | J@-0?ee-0?+ 2 ) Ja-nZeden?|
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FeC
Ax
Ay
o | T Find(Fgc., Ax. Ay. Az, May, May) Fgc = 1011b

v4
May Ax —233.3
Maz Ay =| =140 |Ib

A; 77.8

May -388.9
= Ib-ft
May 93.3

Problem 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 vertical force F as shown.

Given:
F =501Ib
a=2ft c=2ft
b=4ft d=2ft
Solution:

Tg=10Ib Ay =101b

Ay=101b A, =101b

By = 10 Ib
Given
IF,=0; -TB+Ax =0

ZF:O; Ay+By:0
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IF,=0; -F+A;=0
SMa=0;  F(c) - By(b) = 0
=My, =0;  F(a) - Tg(bh) = 0

IMp, = 0; By(a) - Tg(c) =0

Solving,
TB TB o5
Ay Ax 25
Ay | = Find(Tg., Ax. Ay, Az, By) Ay | =] -25 |Ib
A, A, 50

25

By By

Problem 5-86

The member is supported by a square rod which fits loosely through a smooth square hole of
the attached collar at A and by a roller at B. Determine the X, y, z components of reaction at
these supports when the member is subjected to the loading shown.

Given:
M = 50 Ib-ft
20
F=(-40|1Ib
-30
a=2ft
b=1ft
c=2ft
Solution:

Initial Guesses

AX:lIb Ay:llb
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MAZ:lIbﬁ: Bzzllb

Given
Ax 0
Ay + 0 +F:O
0 Bz
Max 0 0 0 0
May [+|a|x| O |+||a+b|xF+| 0 =0
MAZ O BZ —C —M
Ax
Ay
g d(Ax, Ay, Max, May, Ma;, By) (2
= Fin , Ay, s ) ) =
MAy x> Ay, VA, MAy, VIAz, Bz Ay 40
Maz B, = 301b
B;
Max 110
May | =| 40 |lb-ft
Ma; 110
Problem 5-87

The platform has mass M and center of mass located at G. If it is lifted using the three cables,
determine the force in each of these cables.

Units Used:

Mg =10°kg kN =10°N g =981

| 3
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Given:
M = 3 Mg
a=4m
b=3m
c=3m
d=4m
e=2m

Solution:

The initial guesses are:

Fac =10N  Fgc = 10N Fpe = 10N
Given
b (FA(;) ~ c (FBC)
J¥+¥ J¥+g
M g a(d +€)

- (Fac)a vr———— vr———-

a
————Fpc(b+c)-Mgb+Fpgh=0
a +C2
Fac Fac
Fec | = Find(Fac,Fsc.FDE) FBC | = kN
FDE FDE

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 5-88

The platform has a mass of M and center of mass located at G. If it is lifted using the three
cables, determine the force in each of the cables. Solve for each force by using a single
moment equation of equilibrium.

Units Used:
Mg = 1000 kg

KN = 10° N
m
=981 —
g 2
S

Given:

M =2 Mg c=3m

a=4m d=4m
b=3m e=2m
Solution:
0 0
rgc = | —¢ rac =| b
a a
-e—-d -d-e
rap =| b rBD = | —C
0 0

First find Fpg.

Mgd 2
M, =0; Fpe(d+e)-Mgd=0 FpE = 1+ o Fpe=4.1s kN
Next find Fgc. Guess Fec = 1 kN
e 0 e+d
'BC
Given 0 |x 0 +| ¢ |x (FBCMJ rap=0 Fec = Find(Fgc)
0 -Mg 0
Fegc = kN

Now find Fpc.  Guess Fac = 1 kN
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e 0 e+d
r
Given 0 |x 0 + b |[x (FAC | |j rep =0 Fac = Find(FAc)
0 -Mg 0
Fac = kN
Problem 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, determine the components of reaction at A. The forces F; and F,

lie in a horizontal plane.

Given:

140 Ib

M
[ERN
Il

75 1b

T
N
Il

6 = 30 deg

b =10 ft

c =15 ft

Solution:

The initial guesses are
Tgc =1001b Tgp = 100 Ib Ay = 100 Ib Ay =100 1b Az =100 Ib

Given

(Fl cos(@) + Fg)c -Tgc a{

c c
—j—TBDa(—j=O
2 2 2 2 2
\/a +b"+cC a +c¢

F1 sin(@)c - ngc[

T B
x/a2+b2+c2
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TBC
Ay + Fpsin(6) - b ————1{ =0
2 2 2
Ja +b"+c
T
a BC
Ay - F1cos(6) - Fp + TBD(— +8 ——xo|=0
2 2 2 2 2
a +c¢c ya“+b +c
TBD TBC
A; —C -C =0
2 2 2
a +c Ja +b"+c

TBC
TBD
Ax | = Find(Tgc. TeD. Ax, Ay, A;) TBCJ = (ijlb
A TBD 509.9
Az Ax -0.0
Ay |=| 00 |[Ib
A, 588.7
Problem 5-90

The silo has a weight W, a center of gravity at G and a radius r. Determine the vertical
component 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 F which acts in the direction shown.

Given:
W = 3500 Ib
F =250 1Ib
61 = 30 deg
¢ = 120 deg
63 = 30 deg
r=>5ft
b =12 ft
c=15Mt
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Solution:

Initial Guesses: A, =11b B, =21Ib C;=311Ib

Given

IM, =0; Bzrcos(el) - Czrcos(al) - Fsin(é’g)c =0 [1]
XM, =0; —Bzrsin(el) - Czrsin(el) + Azr— Fcos(03)c =0 [2]
IF,=0; A;+B;+C,=W 3]

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

A; Az 1600
B; | = Find(Az,Bz,Cy) B; | =| 1167 |Ib
C, C, 734

Problem 5-91

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.

Units Used:
KN = 10° N

Given:
M = 250 N-m
a = 400 mm
b = 300 mm
c = 250 mm
d = 120 mm
6 = 30 deg
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¢ = 20 deg
Solution:
Initial Guesses:
Ay:lkN A; = 1 kN ByzlkN

B, =1kN Fcp = 1kN

Given
0 0 0
Ay | +| By | + —FCDC05(¢) =0
A; B, Fcpsin(g)
d-a 0 —a—-b 0 -M
csin(6) | x —Fcpeos(g) |+ o |x|By|+]| 0 |=0
ccos(6) Fcpsin(g) 0 B, 0
Ay
Az
_ Ay 573
By | = Find(Ay,A;,By.B;,Fcp) N ol N
Bz
Fcp By 382
= N
B, ~139
Fcp = 1.015kN
Problem 5-92

If neither the pin at A nor the roller at B can support a load no greater than F,,,,, determine the
maximum intensity of the distributed load w, so that failure of a support does not occur.
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Units Used:

kN = 10°N
Given:

Fmax = 6 kN

a=3m

b=3m

Solution:

The greatest reaction is at A. Require

1 2
IMg=0; —Fmax(a+b)+Wa(g+bj+zwb§b=0

Fmax(a + b)

2
a(3+b)+b—
2 3

w=218—

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 5-93

If the maximum intensity of the distributed load acting on the beam is w, determine the reactions

at the pin A and roller B.
Units Used:
kKN = 10° N

Given:

F =6 kN
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kN
w=4—
m
Solution:
2F,=0; Ay=0
a 1 b
XM, =0; -wa—-—wbla+—|+By(a+hb) =0
. 2 wefa2)marn
1 3a2+3ab+b2
6 a+b
>F,=0; !
y— y Ay"rBy—Wa—EWb:O
1
Ay:—By'f'Wa"rEWb Ay:].lkN
Problem 5-94

Determine the normal reaction at the roller A and horizontal and vertical components at pin B for
equilibrium of the member.

Units Used:
KN = 10° N
Given:
F1 = 10 kN
Fo = 6 kN
a=06m
b=06m
c=08m
d=04m
6 = 60 deg
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Solution:

Initial Guesses:

Na = 1 kN

By = 1 kN

By =1 kN
Given

By — Fo sin(@) =0
By + Na - F1 - Focos(6) = 0

Fod+ Fq[b+ (c+d)cos(8)] - NaJa+b + (c+d)cos(6)] = 0

Na NA 8

Bx | = Find(Na,Bx.By) Bx | =|5.196 |kN
By By >
Problem 5-95

The symmetrical shelf is subjected to uniform pressure P. Support is provided by a bolt (or pin)
located at each end A and A" and by the symmetrical brace arms, which bear against the smooth
wall on both sides at B and B'. Determine the force resisted by each bolt at the wall and the
normal force at B for equilibrium.

Units Used:
kPa = 10° Pa

Given:
P = 4 kPa
a=015m
b=02m

c=15m
Solution:

XM, =0;
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B~ 712
XF, =0;

AX:NB

ZFy:O;

c

Ay = Pb—

y 2
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C
Npa—-P| b—
B (2)

Ng = 400 N
Ay = 400 N
Ay = 600 N

Fa = AC+AS Fa=T21N

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 5-96

A uniform beam having a weight W
supports a vertical load F. If the ground
pressure varies linearly as shown,
determine the load intensities w; and w,

measured in Ib/ft, necessary for

equilibrium.
Given:
W = 200 Ib
F = 800 Ib
a="7ft
b =26*ft
Solution:

Initial Guesses:

Ib
WlZlE

Ib

WZZlE
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Given

1
wl(a+b)+E(w2—w1)(a+b)—F—W:0

a+b a+b

-Fa=0

wi(a+b)

w1 ) w1 62.7\ Ib
= Flnd(wl,wz) = o~
) ) 91.1) ft

+ %(wz —wy)(a+b) %(a +b)-W

Problem 5-97

The uniform ladder rests along the wall of a building at A and on the roof at B. If the ladder has
a weight W and the surfaces at A and B are assumed smooth, determine the angle & for
equilibrium.

Given:
a=18ft
W =251Ib

61 = 40 deg

Solution:

Initial guesses:

Ra =101b

Rg =101b

6 = 10 deg
Given

XMz =0; —RAasin(H)Jngcos(a) =0
SF,=0; Ra-Rgsin(61) =0
SF,=0; Rpcos(6y)-W =0

Solving,
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R
R Find(Rg,Ra. 0) A 2 o 6 =308d
= FIn s s = = .0 de
A B, RA Rg 326 g
o
Problem 5-98

Determine the X, y, zcomponents of reaction at the ball supports B and C and the ball-and-socket
A (not shown) for the uniformly loaded plate.

Given:
Ib
P=2 -
ft
a=4ft
b=1ft
c=2ft
d=2ft
Solution:
The initial guessesare Ay = 1 Ib Ay =11b Az=11b B,=11Ib C,=11Ib
Given

ZFZZO; Az+Bz+CZ_PaC:O

c
ZM,=0; cB; - Pac(z) +C;b=0

a
IM,=0; -B; (a-d) + Pac(z) -C,a=0
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| B; 5.333
Az = Flnd(Ax,Ay,Az,Bz,Cz) Ay = 0 b C = 5333 b
7 .

Problem 5-99

A vertical force F acts on the crankshaft. Determine the horizontal equilibrium force P that must
be applied to the handle and the X, y, z components of force at the smooth journal bearing A and
the thrust bearing B. The bearings are properly aligned and exert the force reactions on the

shaft.

Given:
F=2801lb
a=10in
b =14 in
c=14in
d=28in
e==6Iin
f=4in

Solution:

ZMy=0; Pd-Fa=0

p =F(§) P = 1001b

IMy=0; Byb+c)-Fc=0

BZ = F (Lj BZ= 40|b
b+c

M, =0; -By(b+c)-P(e+f) =0
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f
By = P (H j By = —35.71b
b+c

ZFX:O; AX+BX_P:0

AX = —Bx+P AX = 1357|b
By:0
ZFZ:O; AZ+BZ_F:0

AZ:_BZ+F AZ:40|b

Problem 5-100

The horizontal beam is supported by springs at its ends. If the stiffness of the spring at A isk,,

determine the required stiffness of the spring at B so that if the beam is loaded with the force F, it
remains in the horizontal position both before and after loading.

Units Used:
kN = 10° N
Given:
kN
kn =5 — a=1m
m
F =800 N b=2m
Solution: F
Equilibrium: . l .
. I ~
a | h
gk' M, = 0; Fg(a+b) —Fa=0 F, Fy
Fg = F |2
B="a+n
Fg = 266.667 N
9«' SMg = 0; Fb-Fa(a+h) =0
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(z5)

Fa =
Fa =533.333 N
Spring force formula:
XA = XB E—AA:E—: kB::i—ikA kB:2.5kFN
437
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Problem 6-1

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:

KN = 10° N
Given:

Py = 7kN

Py = 7kN
Solution:

0 = 45 deg

Initial Guesses:
Fag = 1 kN Fap = 1 kN Fpg = 1 kN
Fpbc = 1 kN Fcg = 1 kN
Given
Joint A: Fas + FAD cos(@) =0
_Pl - FADSIH(Q) =0
Joint D: FDB cos(e) -FaD cos(@) +Fpc cos(e) =0
(FAD + FDB — FDc)SIn(e) - P2 =0

Joint C: Fceg + Fpe sin(e) =0

FAB FAB ;
E E Positive

AD AD -9.9 means

. Tension,

Fpg | = Find(Fag.Fap.Fpe-Fpc-Fca) | FoB |=| 495 |kN Negative
F F —-14.85 means

DC e Compression
= = 10.5

CB CB
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Problem 6-2

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:

kN = 10° N
Given:

Py = 8 kN

Py = 10 kN
Solution:

0 = 45 deg

Initial Guesses:

Fag = 1 kN Fap = 1 kN Fpg = 1 kN
Fpbc = 1 kN Fcg = 1 kN
Given

Joint A: Fas + FAD cos(@) =0
_Pl - FADSIH(Q) =0
Joint D: FDB cos(e) -FaD cos(@) +Fpc cos(e) =0

(FAD + FDB - FDc)SIn(e) - P2 =0

Joint C: Fceg + Fpe sin(e) =0

FAB FAB 5
E E Positive

AD AD -11.31 means

. Tension,

Fpg | = Find(Fag.Fap.Fpg-Fpc-Fca) | FoB |=| 7.07 |kN Negative
F F —-18.38 means

DC e Compression
F F 13

CB CB
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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 tension or

compression.

Units Used:
kip = 10° Ib
Given:
P4 = 600 Ib
Py =400 Ib
a=4ft
6 = 45 deg
Solution:

Initial Guesses
Fag =110 Fap=11b Foc =11b

Fgc =1l Fgp=11b Fpg=L11Ib

Given

Joint A: Fag + FAD cos(6) =0
-Pq - FADsin(H) =0
Joint B: Fec - Fag =0
—P2-Fpgp =0
Joint D: (FDC - FAD)cos(H) +Fpg =0

(FDC + FAD)SIH(0> + FBD =0

440
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FAB
600
F
A 849
FeC | 600 |, Positive means Tension,
FBD | 400 Negative means Compression
1414
Fpc
—-1600
FDE
Problem 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 tension or
compression.

Units Used:
kip = 10° Ib
Given:
P4 =800 Ib
Pr=01b
a=4ft
0 = 45 deg
Solution:

Initial Guesses
Fag =11b Fap = 11b Fbc =11b

Fec =11b Fep = 11b Fpe =11b
Given

Joint A: Fas + FAD cos(@) =0
_Pl — FADSIH(Q) =0
Joint B: Fec - Fag=0

—P2-Fpgp =0
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Joint D (FDC - FAD)COS(Q) + FDE =0

(FDC + FAD)SIH(0> + FBD =0

FAB
FAD
FBc _
Foo | T Find(Fag. FaD-Fac+Fap-Fpc: FDE)
BD
Fpc
FpE
FAB
800
F
AD 1] 1131
FBC | 800 . Positive means Tension,
Fap | o Negative means Compression
1131
Fpc
-1600
FDE
Problem 6-5

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:
KN = 10° N
Given:
P1 =20 kN
P5 = 10 kN
a=15m
e=2m
. e
Solution: 0 = atan(—)
a
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Initial Guesses:
Fag = 1kN Fag = 1kN Fop = 1kN

Fgc = 1 kN Fgg = 1 kN Fpg = 1 kN
Fcg = 1 kN Fgg = 1 kN Fgg = 1 kN

Fcp = 1kN Fpg = 1 kN

Given
Joint B Fec - FABcos(é’) =0

—FBG - FABSIH(H) =0
Joint G FFG + FCGCOS(H) - FAG =0

Fegsin(6) + Fgg —P1 =0

JointC  —Fgc +Feop + (FCF - FCG)cos(H) =0
~(Fce +Fer) sin(6) = 0

JointD  -Fep + FDEcos(H) =0
-Fpg - FDEsin(H) =0

Joint F FEF — FFG — FCFCOS(H) =0

FDF + FCFSII’](H) - P2 =0

Joint E -Fpe cos(@) -Fgg=0

f-’ & If-;,.
E

Frp
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FgG | = Find(Fag.FacFca:Fep:Fac:Fee:Fra: FoE:Fcr:FoE: FEF)

F F
AB —21.88 AG 13.13

c c Fcr _3.13

BC ~13.13 BG 175

- KN - KN FpE | = | -15.62 |kN
Eee 3.13 = 11.25 .

-9.37 12.5 FEF

Positive means Tension, Negative means Compression

Problem 6-6

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:
KN = 10° N
Given:
Pq = 40 kN
Py =20 kN
a=15m
e=2m

444
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. e
Solution: @ = atan (—)
a

Initial Guesses:
Fag = 1kN Fag = 1kN Fgop = 1kN
Fec = 1kN Fgg = 1kN Fpg = 1kN
Fcg = 1kN Fgg = 1kN Fgg = 1 kN
Fep = LkN Fpg = 1kN

Given

Joint B Fec — FABcos(H) =0

~Fgg — Fagsin(é) = 0
JointG  Fpg + FCGcos(a) -Fag =0

Fcgsin(6) + Fgg — P =0

JointC  —Fgc +Fep + (FCF - FCG)cos(H) =0
~(Fcg + Fe)sin(6) = 0

JointD  -Fep+ FDEcos(a) =0

—FDF - FDESIn(H) =0

Joint F FEF - FFg - FCFcos(a) =0

Fpg + Fepsin(6) - P, = 0

Joint E -Fpe cos(e) -Fgg=0

f-’ & Ifﬁ,.
E

Frp
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FgG | = Find(Fag.FacFca:Fep:Fac:Fee:Fra: FoE:Fcr:FoE: FEF)

F F
AB —43.75 AG 26.25

c c Fcr _6.25

BC —26.25 BG 35

- KN - kN | Fpg | =| -31.25 |[KkN
Eee 6.25 = 225 e

-18.75 25 FEF

Positive means Tension, Negative means Compression

Problem 6-7

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:
kN = 10° N
Given:
F1=3 kN
Fy = 8 kN
Fg =4 kN
Fg = 10 kN
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a=2m
b=15m
. b
Solution: 6 = atan| —
a

Initial Guesses

Fga = 1kN  Fgc = 1 kN

Fac = 1 kN
F =1kN F = 1kN
AF CD FCF=1kN
F =1kN F = 1kN
DF ED Fep = 1 kN

Given
Joint B Fl + FBC =0

~F2-Fpa=0
Joint C FCD - FBC - FAC COS(@) =0
—F3 — FAC sm(@) - FCF =0
Joint E —FEF =0
Joint D ~Fep - FDFcos(H) =0

—F4 - FDFSIH(H) - FED =0

Joint F ~Fap+ FEp+ FDFcos(H) =0 Fri
-
FCF + FDF sm(@) =0
FBA Fer «—— @)
FAF
F
DF E,
FBC

Fcp | = Find(Fga. Far:Fpr:Fec:Fep: Fep:Fac s Fcr: FeF)
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FBA
-8
FAF
= 4.167
DF 5.208
Fec -3

Positive means tension,

F = - i i
CD faler | b Negative means compression.
FeD -13.125
-1.458
Fac
-3.125
F
CF 0
FEF
Problem 6-8

Determine the force in each member of the truss in terms of the external loading and state if the
members are in tension or compression.

Solution:

XM,=0; -Pa+CRla-Pa=0

y
Cy: P
Joint C:
1 4
2F, =0; —F -——F =0
X \/E BC \/ﬁ CD
O IS §

P+EFCD—\/EFBC =0
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Fec

J g Sl el Cul

4,/2P
- % =1.886 P (C)

J17P
Fep=-—7— =1374P (M
Joint B:
— . 1 1
ZFX— , P—EFCD-FEFAB:O
SF,=0;  Fen+ ——Fan - Fpp = 0
y ' \/E CD \/E AB BD
2P
FAB = —3 = 0471P (®)
5P
FBD = ? = 1.667P (T
Joint D:
SF,=0; Fpp=Fcp=1374P (T)

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50
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Problem 6-9

The maximum allowable tensile force in the members of the truss is T, and the maximum
allowable compressive force is C,,,,. Determine the maximum magnitude P of the two loads

that can be applied to the truss.

Given:
Tmax = 1500 Ib
Cmax = 800 Ib
Solution:
Set P=11Ib

Initial Guesses

Fag=1b  Fap=11b

Fgc =1Ib  Fgp=11b

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Given
Joint B (FBC - FAB)i +P=0
V2
1
~Fgp -~ (Fag + FBC)E =0
. 4
Joint D (FCD - FAD)— =0

V17
1

Fep—P —(Fap + Fco)ﬁ =0

Joint C _FBC% - FCD# =0

FaB FAB ) oum
Fec FBC | | -1.886
FAD | = Find(Fag.Fpc - FaD-Fcp-FeD) FAD | =| 1374 |Ib
Fep Fep 1.374
Fap Fap 1.667

Now find the critical load
Py =P Tmax P4 = 9001b
max(Fag.Fgc > FaD-Fep- Fap)
Pp = Cmax P, = 424.2641b

P .
|m|n(FAB, Fec.Fap:FcD- I:E’>D)|

P = min(Pl,Pz) P =42431lb

Problem 6-10

Determine the force in each member of the truss and state if the members are in tension or
compression.

Given:
Py =01b

450
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P> = 1000 Ib

a=10ft

b=10ft
Solution:

b
0 = atan(—)
a

Initial Guesses:

Fag=1lb Fag=1Ib Fgg=L11Ib

Fgc =1l Fpc=1lb Fpg=11Ib

Feg =1l Fgc=11b Feg=11lb

Given

Joint B

Joint G

Joint C

Joint E

Joint D

Fec - Fag =0

Feg-P1=0

(FCG - FAG)cos(H) +Fgg =0
~(Fcg + Fag)sin(6) - Fgg = 0
Fpoc - Fec — FCGcos(H) =0
Fec + Fegsin() - P, =0

FDE COS(@) - FEG =0
—FEC - FDESIH(H) =0

—FDE COS(@) - FDC =0

451
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Foc | = Find(Fag.Fac - Feg:Fag:Foc:FecFac: Foe: Feg)

FeC
FBG
FpE
Fca
FAB
333

Fec
. 333

EG 667
FAG _an
Fpc | =| 667 [Ib Positive means tension,
E 667 Negatlve means compression.

EC

0
FBG
—943

F

DE 471
Fca

Problem 6-11

Determine the force in each member of the truss and state if the members are in tension or
compression.

Given:
P4 =500 Ib
P> = 1500 Ib

452
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a=10ft
b =10 ft

Solution:

2
6 = atan| —
a

Initial Guesses:
Fag =11b Fag =11b Feg =11b

Fgc =1lb Fpc=1lb Fpg=11Ib

Feg =1l Fgc=1b Feg=11lb

Joint B FBC - FAB =0
Fpg—P1=0
JintG  (Fog - Fag)cos(6) + Fgg = 0
—(FCG + FAG) sm(@) — FBG =0
Joint C Fpc - Fpc — FCGCOS(Q) =0
FEC + FCGSIH(Q) - P2 =0
JointE  Fpgcos(8) - Fgg =0

—FEC — FDESIH(Q) =0

JointD  ~Fpgcos(6) — Fpg =0
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FaB
FBC
FEG
FaG
Foc | = Find(Fag.Fgc.FEG-FaG-Fpc: Fec - Fee - Fpe-Feg)
FEC
FBG
FDE
Fco
FaB
o 833
Feg 833
-1167
FAG | | -1179
Fpc | =| 1167 |Ib Positive means tension,
Fec 1167 Negative means compression.
e 500
—-1650
FDE 471
Fce
Problem 6-12

Determine the force in each member of
the truss and state if the members are in
tension or compression.

Units Used:
KN = 10° N
Given:
Pq = 10 kN
P> = 15 kN

454
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a=2m
b=4m
c=4m

Solution: a = atan(gj p = atan(E)
a b

Initial Guesses:
Fag =1kN  Fpap=1kN  Fgg = 1kN
FRe = 1kN  Fpc =1kN  Fpg = 1 kN

Fec =1kN Fgc =1kN  Fgp =1kN

Fep = L kN
Given
Joint B —FGB + FBC — FABCOS(Q) =0

—FABsin(a) - FBF =0
Joint F —FAF + FFE + FFC COS(ﬁ) =0

FBF + FFC Sln(ﬂ) - Pl =0
Joint C -Fgc - Fkc cos(ﬁ) + FCDcos(a) =0

—FFC sm(ﬁ) - FCDsin(a) - FEC =0

Joint E ~FEg+Fgp =0
FEc - Py =0

Joint D —FCDcos(a) -Fgp=0
FCDsin(a) =0
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= Find(Fag.Far-FacFep-Far:FEcFecFes- FrE-Fep)

kN  Positive means Tension,
Negative means Compression

Problem 6-13

Determine the force in each member of the truss and state if the members are in tension or

compression.
Units Used:

KN = 10° N

Given:
P1 = O kN

P, = 20 kN

a=2m
b=4m

c=4m
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. c c
Solution: a = atan(—j p = atan(—)
a b

Initial Guesses:
Fag = 1 kN FAr = 1 kN Feg = 1 kN

Fgr =1kN  Fgc =1kN  Fpg = 1 kN

Fgc =1kN  Fgc =1kN  Fgp = 1kN

FEp = 1 kN
Given
Joint B -Fep + Fpc — FABcos(a) =0

—FABSin(Ol) — FBF =0
Joint F —FAF + FFE + FFC COS(ﬂ) =0

Fge + Fecsin(B) -P1 =0
Joint C -Fec - Frc cos(ﬂ) + FCDcos(a) =0
-Frc sin(8) - FCDsin(a) -Fgc =0
Joint E ~FEg+Fgp =0
FEc -P2=0
Joint D —FCDcos(a) -Fgp=0

FCDsin(a) =0

= Find(FaB.FBF-FBc - FED - FAF: FFC - FEC - FGB- FFE-FCD)
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F F
AB | (22361 FC | (28284
FBF 20 pEE 20
Fec | = 20 kN FeB | = 30 kN  Positive means Tension,
0 0 Negative means Compression

FED Fre

=20 0
FAF Feb

Problem 6-14

Determine the force in each member of the truss and state if the members are in tension or
compression.

Given:

o
-
Il

100 Ib

o
N
I

200 Ib

300 Ib

o
w
Il

a =10 ft
b =10 ft
6 = 30 deg
. b
Solution: ¢ = atan| —
a
Initial Guesses:

Fag=1lb Fap=11b Fgc=11Ib
Fge=1lb Fpc=11b Fpg=11Ib

Fep = 1b Fgc =11b  Fgp=11b
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Given
JointB Fpc — FABCOS(¢) =0
—FBF - FABSIH(¢) =0
Joint F —FAF + FFE + FFC COS(¢) =0
—P2 + FBF + FFC sm(¢) =0
JointC  -Fgc + FCDcos(¢) -Frc cos(g) = 0
-Fgc - FCDsin(¢) -Frc sin(¢) =0
Joint E —FFE + FED =0

FEc —P3=0
JointD  -Fgp cos(e) - FCDcos(¢+ 6?) =0

Frc | = Find(Fag. FarFacFae-Frc: Fre:Fep- Fec - Fep)
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FAB
-330.0
FAF
. 79.4
BC | | 2333
FBF 233.3
FEc | =| —47.1 |Ib Positive means Tension,
e 1127 Negative means Compression
112.7
FED
300.0
F
EC ~377.1
Fep
Problem 6-15

Determine the force in each member of the truss and state if the members are in tension or
compression.

Given:
P4 = 400 Ib
P> =400 Ib
P3=01b
a=10ft
b=10ft
6 = 30 deg

Solution: ¢ = atan(g)

Initial Guesses:
Fag=1lb Fpp=1lb Fgc=11b
Fgp =1lb Fpc =1lb  Fgp=1lb

Fep =11 Fgc=11b Fep=11b
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Given

Joint B Fec - FABcos(¢) =0
—FBF - FABSIH(¢) =0
Joint F —FAF + FFE + FFC COS(¢) =0
—P2 + FBF + FFC Sln(¢) =0
JointC  —Fpgc + FCDcos(¢) -Frc cos(¢) =0
—FEC - FCDS|n(¢) - FFC sm(¢) =0
Joint E —FFE + FED =0
FEC - P3 =0

JointD  -Fgp cos(6) - FCDcos(¢+ 6) =0

Frc | = Find(Fag.Far:FacFar:Frc s FresFep-Fec - Fep)
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FAB
-377.1
FAF
. 189.7
BC | | —266.7
FBF 266.7
FEc | =| 1886 |Ib Positive means Tension,
e 56.4 Negative means Compression
56.4
FED
0.0
F
EC ~188.6
Fep
Problem 6-16

Determine the force in each member of the truss in terms of the load P and state if the members
are in tension or compression.

Solution:

Support reactions:

3
IMe=0;  AZd-Pd=0 A= —

462

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may
be reproduced, in any form or by any means, without permission in writing from the publisher.



www.SoftCivil.ir B g bl i sl S sloro g ()l 08 30932 905958 6 0B U1y 3951 a2 50

Engineering Mechanics - Statics Chapter 6
2P
2F, = 0; Ay-Ey=0 Ex:?
Xk, =0; Ey—P:O Ey:P
Joint E:
SE. = 2 13
F,=0; FECE_EXZO FEc = ?le.ZOP (T)
SF,=0; 3
Fy—o, P—FED—FECEZO FED:O
Joint A:
SE = 0: 1 1
Fy=0; FABE - FADE =0 Fag = FaAD
SF,20, A - 2Fpg—= =0 V5
Joint D:
o 2 2 V5
SE = 0: 1 P
Fy—O, ZFADE_FDBZO FDBZE (T)
Joint B:
SE. = 1 1 5
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Problem 6-17

The maximum allowable tensile force in the members of the truss is T,,,and the maximum

allowable compressive force is C,,,. Determine the maximum magnitude of the load P that can

be applied to the truss.

Units Used:
KN = 10° N
Given:
Tmax = 5 kN
Cmax = 3 kN
d=2m
Solution:
Set P =1kN

Initial Guesses:

Fap =1

Fegc =1
Fep =1
Given

Joint A

Joint B

Joint D

Joint C

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

kKN  Fag = LkN
kN  Fgp = L kN
KN Feg=1kN  Fpg = 1kN
1 1
FADE_FABE =0
0

2 2

Foc 5 FAe g -
1

(Fsc + FAB)_/E +Fpp =0

2
(Fep - FAD)E =0

1
Fbe - Fep ~ (FAD + FCD)E =0

2 2
~(Fcp + FBC)E - FCEE =0

1 3
(Fep - FBC)E + FCEE -P=0
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FAD
FaB
FBC
Fep | = Find(Fap.Fag:FecFep:Fcp: Fee: FoE)
Fcp
FcE
FDE
FAD
. ~0.373
AB ~0.373
Fec ~0.373
Fep | =] 0.333 |kN
Fep ~0.373
1.202
FcE
0
FDE

Now Scale the answer

Tmax

P1

P
max(Fap.Fag-Fac-Fap-Fcp-Fees FDE)

CI’T'IE-J.X

Py = P—
|m|n(FAD,FAB,FBCaFBD,FCDﬂFCE’FDE)|

P = min(Pl,PZ) P = 4.16 kN

Problem 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?
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Units Used:
kip = 10° Ib
Given:
F1 = 600 Ib
Fo =800 Ib
a=4ft
b=3ft
6 = 60 deg
Solution:

Initial Guesses

Fea=11b Fep =1lb Fcg=11Ib
Given

JointC  —Fepg— cmos(e) =0

$aboao g oyl 508 3 0933 § 039 39 6 D BT 3L g 50

Chapter 6

Fep = 11b

—FCD - Fzsm(é’) =0

. b a
Joint B FCB + FBD— =0 —FBA - FBD — Fl =0
2 2 2
a +b a +b
F F
BA BA1 (_1133x 103
F F Positive means Tension
BD BD
= Find(FBA, Fep.Fcas FCD) _| ©666:667 1)) Negative means
Fca FcB —-400 Compression
Fep Fcp ~692.82
Problem 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?

Units Used:

KN = 10° N
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Solution:

Initial Guesses:

Fcg =1kN Fpop=1kN  Fga = 1kN
Fep = 1kN Fpp =1kN Fpg = 1kN
Given
. 2a
Joint C -Fcg - Fep =0
2 a)% + b°
Fy—F b 0
2T rFCD T /———— T
J(2 a)% + b
Joint B —FBA+ FCB =0
—F1-Fpp =0
2a

J(2 a)% + b

=0

b

F F Foa — Fpp)|———==0
BD+(CD+ DA DE)m

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Fce
Fcp
FBA _
| T Find(Fcg. Fep- Fea-Fep- Fpa: FDE)

BD
Fpa
FDE
Fce

3

F

CD ~3.606
FBA 3 B _

= kN  Positive means Tension,
FBD -3 Negative means Compression
2.704
Fpa
-6.31
FDE
Problem 6-20

Each member of the truss is uniform and has a mass density p. Determine the approximate force
in each member due to the weight of the truss. State if the members are in tension or
compression. Solve the problem by assuming the weight of each member can be represented as
a vertical force, half of which is applied at each end of the member.

Given:
k
p=8—g
m
_ 981 2
g=29 >
S
F1=0N
Fp =0N
a=3m
b=4m
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Solution:
Initial Guesses:
Fcg = 1N Fcp=1N Fga = 1N

Fep = 1N Fpa = 1N Fpe = 1N

Given

2a

—Frp - FArmq— — <
cB~ Fcp
J(2a)?+b?
oot i3 (2 (] -
Fo-Fepo——=-r,95+ [|5] *|5] |=
2l 2 |2 4

Joint C =0

Joint B —FBA+ FCB =0

b
_Fl_ FBD —pg(a-i- z) =0

Joint D F +(F +F F )—b pgb+3 (ajz{bﬂ 0
BD *(Fcb* FDA ~ FDE —PY 5 nEE
/(Za)2+b2 4 2 4
2a

Fep - Fpa — Fpe)|———==10
(CD DA DE)m

= Find(FCB sFcp:-Fea-FBD:FDA> FDE)
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Fce
389
F
b 467
FBA 389 B _
= N Positive means Tension,
FBD -314 Negative means Compression
736
Fpa
-1204
FDE
Problem 6-21

Determine the force in each member of the truss in terms of the external loading and state if the
members are in tension or compression.

Solution:
Joint B:

ML F=0 Fgasin(26)-P=0
FBA = Pcsc(z 0) (©
—> = F,=0; Fgpcos(2 6) -Fgc =0

Fgc = Pcot(2 6)  (C)
Joint C:
i) > F=0; Pcot(2 9) +P+ FCDcos(Z 9) - FCAcos(H) =0

+TZ Fy,=0; FCDSin(2 0) - I:CASin('g) =0
470
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cot(2 6) +1
cos(@) - sin(@) cot(2 49)

Fea = (cot(6) csc(6) - sin(6) + 2cos(0)P  (T)

Fca =

Fep = (cot(2 ) +1) P (C)
Joint D:

5 s F=0; Fpp-[cot(2 0) + 1] [cos(2 6] P = 0

Fpa = [cot(2 6) + 1] [cos(2 6)]P (®)

Problem 6-22

The maximum allowable tensile force in the members of the truss is T,,,,, and the maximum
allowable compressive force is C,,,,- Determine the maximum magnitude P of the two loads that
can be applied to the truss.

Units Used:

KN = 10° N

Given:

T = 2 kN

max

Crax = 12 kN
L=2m

6 = 30 deg

Solution:

Initial guesses (assume all bars are in tension). Use a unit load
for P and then scale the answer later.

Fga = 1kN  Fgc =1kN  Fcpa = 1kN

Fcp=1kN  Fpa=1kN P =1kN
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Given
Joint B

M ZF=00 Fgpsin(26)-P =0

+
—> X F,=0; —FBAcos(Z 0) + Fec =0

Joint C

L F =00 —Fpsin(6) - Fepsin(2 0) = 0

i) > F=0;

Joint D —Fpc + P — Fcpeos(2 6) - Feacos(6) = 0

+
—> X FK=0, -Fpp+ FCDcos(Z ) =0

F F
BA BA ~1.155
Fec FBC ~0.577
FCA = Flnd(FBA’ FBC , FCA’ FCD’ FDA) ans = FCA ans = 2.732 |kN
Fep Feb ~1577
~0.789
FDA Fpa

Now find the biggest tension and the biggest compression.
T = max(ans) T =2.732kN

C = min(ans) C=-1577kN

Decide which is more important and scale the answer

max

P = min P P =732.051N

Problem 6-23
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The Fink truss supports the loads shown. Determine the force in each member and state if the
members are in tension or compression. Approximate each joint as a pin.

Units Used:
kip = 10° Ib
Given:
F1 =500 Ib a=25ft
F2=1kip 6 = 30 deg
Fg3 = 1Kkip
Solution:

Entire truss:

Mg =0;

ZFy =0;

Joint A:

2F,=0;

© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Ey = (F1+ Fg+ F3+Fp+ Fy)sin(6)
—Ay4acos(49) +Fq4a+Fy3a+Fg2a+Foa=0

2 F1+2 F2+F3
y - 2003(9)

A

E, =-A,+2 cos(6’) Fi+2 cos(@) Fo+ cos(@) Fj

y y

—cos(6) Fq+ A
sin(e)

y

FAB =

FAH = —sin(@) Fl + FAB COS(H)

Fan =3kip (1)
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Joint B:

1lkip (C)

ZFy:O; FBH = FZ FBH
Joint H:

>F,=0; FHC

IF,=0; Fgy =-F> cos(—90 deg + 6’) -Fue cos(—90 deg + 6’) +FaH
Joint E:

_(Fl - Ey sin(6) - Ey COS(9>)
sin(e)

2F,=0; FEF =

2F,=0; Fgp = —Eysin(e) + Excos(e) + FEFcos(é’)
FEp = 3.75kip  (C)

Joint D:

IF,=0;  Fpc = Fgp
Fpc =3.75kip  (C)

ZFyZO; FDF = F2

Joint C:
2F,=0; FCF = FHC

ZFy: 0; FCG = F3 + FHC COS(90 deg — 9)(2) FCG = 2kip ©
Joint F:

2F,=0; FFG = FEF - FCF COS(90 deg — 9)(2) FFG =2kip (T)
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Problem 6-24

Determine the force in each member of the double scissors truss in terms of the load P and state
if the members are in tension or compression.

Solution:

L 2L
(| ZMA:O; PE-I-PT—D L=0

y
- SF,=0; Ay+Dy-2P=0
Joint F:
1
T 2F,=0; Feg—=-P =0
y FB\/E
+ ] 1

%ZFXZO, FFD—FFE—FFBE =0
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Joint E:
P IF,=0;  Fee=-P=0
yo— o EC ™"~

NG
+ . 1
% ZFX— 0; FEF — FEA+ FECE =0

Joint B:

N 1 1 1
T 2F,=0; Fga— + Fpp—= - Fpg—= =0
y BA /3 ©TBD 5 T TFB

+ 1 1 2
—> XF,=0; Fra— + Fpp— - F — | =0
X BA\/E FB\/E BD( (—5)

Joint C:
1 1 1
+T ZFyZO; FCAE-FFCDE—FECEZO
+ 2 1 1
—>3F,=0; Fea—=-Fec—=-Fep—= =0
X CA\/E EC\/E CD\/E
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Joint A:

2

—-Frp— =0
CA\/g

+ 1
Solving we find

Fep = 0.667P(T)
Fep = L.67P(T)
Fag = 0.471P(C)
Fag = L67P(T)
Fac = L49P(C)
Fgg = L41P(T)
Fgp = L49P(C)
Fec = L41P(T)

Fcp = 0471P(C)

Problem 6-25

Determine the force in each member of the truss and state if the members are in tension or
compression. Hint: The vertical component of force at C must equal zero. Why?

Units Used:

KN = 10° N
Given:

Fi =6 kN
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F2:8kN
a=15m
b=2m

c=2m

Solution:

Initial Guesses:
Fag =1kN  Fpap =1kN  Fgg = 1kN

Fgc =1kN Fgp =1kN Fgp = 1 kN

Given
. a
Joint A FAB > + FAE =0
a +c
F c Fi=0
AB > 2 1=
a +c

Joint E FED_FAE: 0

Feg— Fp =0
. b a
Joint B FBc-l-FBD?—FABﬁ:O
\/b +cC a +c
F F ¢ F ¢ 0
Fep-FBp7—= "FABT—= =
\/ b2+c2 \/a2+c2
FAB
FAE
F
EB _
E = Find(Fag.Fae-Fes-Fac-Fap-FeD)
BC
FBD
FED
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FAB
7.5
F
AE -45
FEB 8 B _
= kN Positive means Tension,
FeC 18.5 Negative means Compresson.
—-19.799
FBD
-4.5
FED
Problem 6-26

Each member of the truss is uniform and has a mass density p. Remove the external loads F;
and F, and determine the approximate force in each member due to the weight of the truss.

State if the members are in tension or compression. Solve the problem by assuming the weight
of each member can be represented as a vertical force, half of which is applied at each end of

the member.
Given:
F1 =0
Fo =0
k
p=8-2
m
a=15m
b=2m
c=2m
_gg M
g=29 >
S
Solution:

Find the weights of each bar.

[.2 2
WAB =pgya +C WBC = pgb WBE = pgcC
[2 2
WAE = pga WBD = pg b™+¢ WDE = pgb
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Guesses FAB =1N FAE =1N FBE =1N
FBC=1N FBD=1N FDE=1N
Given
Joint A

a
FAE + ———Fag =0
AE+ ——>——FAB
\/a +C

Joint E FDE—FAE= 0

Wag + Wag + WpE

FBE - 0
BE 5
JointB  Fpe + b F 2 _F 0
BCT > BD T 5 AB~
b® + ¢ \ a4 c?

—C E F c c WAB + WBE + WBD + WBC .
————=FaB~FBE-——=——=FBD — -
Vaz+02 \/b2+02 2

FaB
FAE
Fec _
F = Fmd(FAB’FAE’FBC’FBD’FBE’FDE)
BD
FBE
FpE
FaB
196
F
HE ~118
FBC 857 Positi\_/e means tension, _
= N Negative means Compression.
FeD —1045
216
FBE
—-118
FpE
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Problem 6-27

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:
KN = 10° N
Given:
Py = 4kN
Py = 0 kN
a=2m
6 = 15 deg
Solution:

Take advantage of the symetry.
Initial Guesses:

Fep = 1kN Fcp =1kN  Fag = 1 kN
Fca = LkN  Fge = 1kN

Given
-Pq
Joint D — - Fgpsin(2 6) - Fepsin(3 ) = 0

Joint B —P2cos(2 0) — Fec =0
FBD - FAB - P25|n(2 0) =0
Joint C FCDcos(H) - FCAcos(é’) =0

(FCD + FCA)SIH(H) + FBC =0

FBD FED FBD

Fcp FED Fcp

Fag | = Find(Fgp.Fcp.Fag-Fca-Fec) | ForF | =| FaB

Fca FEG Fca

FBC Fre FBC
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F F
BD 4 FD 4
Fcp 0 FED 0

Positvive means Tension,

F = — F = = H H
AB 4 [kN GF 4 [kN Negative means Compression
Fca 4 Feg 4
0 0
Fec Fre
Problem 6-28

Determine the force in each member of the truss and state if the members are in tension or
compression.

Units Used:
KN = 10° N
Given:
Py = 2kN
Py = 4 kN
a=2m
6 = 15 deg
Solution:

Take advantage of the symmetry.
Initial Guesses:

Fep = 1kN Fep =1kN  Fag = 1 kN
Fca = LkN  Fge = 1 kN

Given
-Py
Joint D —= - Fgpsin(2 6) - Fepsin(3 6) = 0

JointB —Pycos(2 6) - Fge = 0
Fep - Fag — P2sin(26) = 0
Joint C FCDcos(e) - FCAcos(e) =0
(Fep + FCA)sin(e) +Fgc =0
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FBD FED FBD
Fcp FED Fcp
Fag | = Find(Fgp.Fcp.Fas-Fca-Fec) | FeF | =| Fas
Fca FEG Fca
FBc Fre FBC
"BD | 4146 "FD | 4146
Fcp 6.69 FED 6.69
Fa | = [ 1348 kN | For |=|—tads [kn R e L reesion
Fea 6.69 Feg 6.69
o ~3.46 e ~3.46
Problem 6-29

Determine the force in each member of the truss and state if the members are in tension or

compression.

Units Used:
kip = 10° Ib
Given:
Fq1 = 2 kip
Fy = 1.5 kip
Fg =3 Kip
Fyq = 3 Kkip
a=4ft
b =10 ft

Solution: 0 = atan (%)

Initial Guesses
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11b

Fay=1lb Fg =1l Fg =1l Feg=11lb

Fcp=11b Fpp=1Ib Fge=1Ib Fy =11Ib

Fgi=1b Fgy=11b Fpg=11b

Given

Joint A

Joint B

Joint C

Joint D

Joint |

Joint H

Joint G

Joint F
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FAl COS(H) + FAB =0

Fec - Fag =0

FB| =0

FCD — FBC + (FCF - FCl)cos(H) =

FCG + (FCF + FC|)SIn(€) =0

¥

Fpe-Fcp=0 Fp
I"'1.'.'
Fpr =0 B| Fpe

F2 + (FGl + FC' — FAl)COS(H) =0
FHl - FBl + (FGl — FAl — FC|)SIn(€) =0
FGH COS(H) + Fl =0

-FeH sin(e) -Fy =0

(FEG ~ Fon — Fai)cos(6) = 0
~F3-Fce+ (FoH ~ Frg -~ Fai)sin(6) = 0
(FEF - Fpg - FCF)cos(H) =0

(FFG - FCF — FEF)SIH(9> — F4 — FDF =0
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Fce | = Find(Fag.Fc-Fep- Fpe-Fal-Fai-Fci-Fca: Fer: For: FEF: FHI-Fal - FGH - F

3.75 ~12.12
FeC 3.75 Fci 0.27 FHI 0.8
Fcp | =| 7.75 |kip Fcg|=| 14 |kip Fe1 | =| -5.92 |[kip
7.75 —4.04 —2.15
_4.04 0 8,08

Positive means Tension, Negative means Compression

Problem 6-30

The Howe bridge truss is subjected to the loading shown. Determine the force in members DE,
EH, and HG, and state if the members are in tension or compression.

Units Used:

3

kN = 10" N
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Given:
F1 = 30 kN
Fo