


Chapter 2

2.1

The resultant of each force system is 500N ".
Each resultant force has the same line of action as the the force in (a), except

(f) and (h)
Therefore (b), (c), (d), (e) and (g) are equivalent to (a) J

2.2

2.3

Rx = �Fx = �T1 cos 60� + T3 cos 40�

= �110 cos 60� + 150 cos 40� = 59:91 lb
Ry = �Fy = T1 sin 60

� + T2 + T3 sin 40
�

= 110 sin 60� + 40 + 150 sin 40� = 231:7 lb

R =
p
59:912 + 231:72 = 239 lb J

� = tan�1
231:7

59:91
= 75:5� J

239 lbR =

75.5o

x
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2.4

Rx = �Fx + �! 85 = �30 + P cos � + 40 cos 60�

) P cos � = 95:0 kN

Ry = �Fy + " 20 = P sin � � 40 sin 60�

) P sin � = 54:64 kN

) P =
p
95:02 + 54:642 = 109:6 kN J

) � = tan�1
54:64

95:0
= 29:9� J

2.5

2.6
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(b)

2.7

2.8

T1 = 100
�i+ 2j+ 6kp
(�1)2 + 22 + 62

= �15:617i+ 31:23j+ 93:70k kN

T2 = 80
�2i� 3j+ 6kp
(�2)2 + (�3)2 + 62

= �22:86i� 34:29j+ 68:57k kN

T3 = 50
2i� 3j+ 6kp
22 + (�3)2 + 62

= 14:286i� 21:43j+ 42:86k kN

R = T1 +T2 +T3 = (�15:617� 22:86 + 14:286)i
+(31:23� 34:29� 21:43)j+ (93:70 + 68:57 + 42:86)k

= �24:19i� 24:49j+ 205:1k kN J

27
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6 m

x y

z

R

A xA

yA

Let R intersect the plate at point A. Using proportions:

xA
�Rx

=
yA
�Ry

=
6

Rz

xA
24:19

=
yA
24:49

=
6

205:1

) xA = 0:708 m J yA = 0:716 m J

2.9

T1 = T1
�i+ 2j+ 6kp
(�1)2 + 22 + 62

= T1(�0:15617i+ 0:3123j+ 0:9370k)

T2 = T2
�2i� 3j+ 6kp
(�2)2 + (�3)2 + 62

= T2(�0:2857i� 0:4286j+ 0:8571k)

T3 = T3
2i� 3j+ 6kp
22 + (�3)2 + 62

= T3(0:2857i� 0:4286j+ 0:8571k)

T1 +T2 +T3 = R

Equating like components, we get

�0:15617T1 � 0:2857T2 + 0:2857T3 = 0
0:3123T1 � 0:4286T2 � 0:4286T3 = 0
0:9370T1 + 0:8571T2 + 0:8571T3 = 210

Solution is

T1 = 134:5 kN J T2 = 12:24 kN J T3 = 85:8 kN J
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2.10

2.11

2.12

a

8.5"

8" −a

o β35
Α

30 lb

RP

First �nd the direction of R from geometry (the 3 forces must intersect at a
common point).

8� a = 8:5 tan 35� ) a = 2:048 in.
� = tan�1

a

8:5
= tan�1

2:048

8:5
= 13:547�

Rx = �Fx + �! R sin 13:547� = �P sin 35� + 30
Ry = �Fy + # R cos 13:547� = P cos 35�

Solution is
P = 38:9 lb J R = 32:8 lb J
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2.13

2.14

P1 = 100
3i+ 4kp
32 + 42

= 60i+ 80k lb

P2 = 120
3i+ 3j+ 4kp
32 + 32 + 42

= 61:74i+ 61:74j+ 82:32k lb

P3 = 60j lb

Q1 = Q1i

Q2 = Q2
�3i� 3jp
32 + 32

= Q2 (�0:7071i� 0:7071j)

Q3 = Q3
3j+ 4kp
32 + 42

= Q3(0:6j+ 0:8k)

Equating similar components of �Q = �P:

Q1 � 0:7071Q2 = 60 + 61:74

�0:7071Q2 + 0:6Q3 = 61:74 + 60

0:8Q3 = 80 + 82:32

Solution is

Q1 = 121:7 lb J Q2 = 0 Q3 = 203 lb J

2.15

Rx = �Fx + �! 10 = 50 sin 45� �Q sin 30� Q = 50:71 lb

Ry = �Fy + " 0 = 50 cos 45� �W + 50:71 cos 30�

) W = 79:3 lb J
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2.16

50o
P2 P3

b
4 m 6 m

θ
h

40o
P1

The forces must be concurrent. From geometry:

h = (4 + b) tan 40� = (6� b) tan 50� ) b = 1:8682 m J
) h = (4 + 1:8682) tan 40� = 4:924 m

� = tan�1
h

b
= tan�1

4:924

1:8682
= 69:22� J

R = �F = (25 cos 40� + 60 cos 69:22� � 80 cos 50�)i
+(25 sin 40� + 60 sin 69:22� + 80 sin 50�)j

= �10:99i+ 133:45j kN J

2.17
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2.18

2.19

(a)

Rx = �Fx = 160 sin 30
� cos 50� = 51:42 lb

Ry = �Fy = �80 sin 30� + 160 sin 30� sin 50� = 21:28 lb
Rz = �Fz = �120� 80 cos 30� � 160 cos 30� = �327:8 lb
R =

p
51:422 + 21:282 + (�327:8)2 = 332:5 lb J

(b)

R

x
x

y y

z

z = 60 ft

A

B

Rx
x

=
Ry
y
=
�Rz
z

51:42

x
=
21:28

y
=
327:8

60

x =
51:42(60)

327:8
= 9:41 ft J y =

21:28(60)

327:8
= 3:90 ft J
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2.20

Choose the line of action of the middle force as the x-axis.

F

F

F

25o

40o

y

x

Rx = �Fx = F (cos 25
� + 1 + cos 40�) = 2:672F

Ry = �Fy = F (sin 25
� � sin 40�) = �0:2202F

R = F
p
2:6722 + (�0:2202)2 = 2:681F

600 = 2:681F ) F = 234 lb J

*2.21
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2.22

800 NP

0.6 m

0.5 m

2

38o

P1

A

+ 	 MA = �0:6P1 + 0:5P2
= �0:6(800 cos 38�) + 0:5(800 sin 38�) = �132:0 N �m
) MA = 132:0 N �m � J

2.23

A B

60 lb 24 in.

12 in.
P1

P2

P1

P2

C

40 in.

P1 = 60
40p

402 + 122
= 57:47 lb

With the force in the original position:

MA = 24P1 = 24(57:47) = 1379 lb � in. � J

With the force moved to point C:

MB = 36P1 = 36(57:47) = 2070 lb � in: �J

2.24

R = P j+ P
�2:5i+ 3:5jp
(�2:5)2 + 3:52

= P (�0:5812i+ 1:8137j)

Choosing C as the moment center, the combined moment of the two forces is
MC = 2:5P and the moment of R isMC = Ryb. Equating the moments, we get

2:5P = b (1:8137P ) ) b = 1:378 m J
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2.25

2.26

2.27
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2.28

2.29

2.30

Note that the horizontal component of P has no moment about A. Thus the
combined moment about A is

+ � 30(8:5)� (P cos 35�) (8) = 0 ) P = 38:9 lb J

2.31

x

18 lb 24 lb
4 in.

A

36
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Because the resultant passes through point A, we have

�MA = 0 + 	 24(4)� 18x = 0 x = 5:33 in. J

2.32

30o6'

4'
8'

10'

7'
4.804' Wx

Wy

x
y

6200 lb

5.196'

W

Wy =W
7p

72 + 4:8042
= 0:8245W

Largest W occurs when the moment about the rear axle is zero.

+ 	 Maxle = 6200(8)� (0:8245W ) (10) = 0
) W = 6020 lb J

2.33

0.6 0.8

0.15
0.3

30o
A

B

0.3

0.5196 0.7416 Fx

FyDimensions in meters

+ 	 MA = �Fx(0:15) + Fy(0:5196 + 0:7416 + 0:3)
210 = �0:15Fx + 1:5612Fy (a)

+ 	 MB = �Fx(0:3 + 0:15) + Fy(0:7416 + 0:3)
90 = �0:45Fx + 1:0416Fy (b)

Solution of Eqs. (a) and (b) is Fx = 143:2 N and Fy = 148:3 N

) F =
p
143:22 + 148:32 = 206 N J

� = tan�1
Fx
Fy

= tan�1
143:2

148:3
= 44:0� J
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2.34

P = 200
�70i� 100kp
(�70)2 + (�100)2

= �114:69i� 163:85k N

r =
��!
AB = �0:07i+ 0:09j m

MA = r�P =

������
i j k

�0:07 0:09 0
�114:69 0 �163:85

������
= �14:75i� 11:47j+ 10:32k N �m J

2.35

2.36
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2.37

2.38

2.39
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2.40

Noting that both P and Q pass through A, we have

MO = rOA(P+Q)

P = 80
�4:2i� 2j+ 2kp
(�4:2)2 + (�2)2 + 22

= �66:36i� 31:60j+ 31:60k lb

Q = 60
�2i� 3j+ 2kp
(�2)2 + (�3)2 + 22

= �29:10i� 43:66j+ 29:10k lb

P+Q = �95:46i� 75:26j+ 60:70k lb

) MO =

������
i j k
0 0 2

�95:46 �75:26 60:70

������ = 150:5i� 190:9j lb � ft J
2.41
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2.42

2.43

MO = r� F =

������
i j k
x 0 z
50 �100 �70

������ = 100zi+ (70x+ 50z)j� 100xk
Equating the x- and z-components of MO to the given values yields

100z = 400 ) z = 4 ft J
�100x = �300 ) x = 3 ft J

Check y-component:

70x+ 50z = 70(3) + 50(4) = 410 lb � ft O.K.

2.44
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2.45

2.46

MB = rBA � F =

������
i j k
3 4� y 2� z
�20 4 6

������
= (�6y + 4z + 16)i� (58� 20z)j+ (92� 20y)k = 0

Setting y- and z-components to zero:

58� 20z = 0 z = 2:9 ft J
92� 20y = 0 y = 4:6 ft J

Check x-component:

�6y + 4z + 16 = �6(4:6) + 4(2:9) + 16 = 0 O.K.

42
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2.47

(a)

Mx = �75(0:85) = �63:75 kN �m J
My = 75(0:5) = 37:5 kN �m J
Mz = 160(0:5)� 90(0:85) = 3:5 kN �m J

(b)

MO = rOA � F =

������
i j k
0:5 0:85 0
90 160 �75

������ = �63:75i+ 37:5j+ 3:5k kN �m
The components of MO agree with those computed in part (a).

2.48

2.49
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2.50

(a)

8'

4' 2'

6.
92

8'

30o
F = 75 lb

xF

z

y

yF

Only Fy has a moment about x-axis (since Fx intersects x-axis, it has no moment
about that axis).

Fy = 75
6:928p

6:9282 + 22
= 72:06 lb

+ 	 Mx = 6Fy = 6(72:06) = 432 lb � ft J

(b)

F = 75
�2i+ 6:928kp
6:9282 + 22

= �20:80j+ 72:06k lb r = 6j ft

Mx = r� F � � =

������
0 6 0
0 �20:80 72:06
1 0 0

������ = 432 lb � ft J
2.51
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2.52

2.53

0.5

0.6

0.5

0.6x y

30 kN 18 kN

20 kN
O

40 kN
0.2

Mx = (20 + 18)(0:6)� 40(0:2)� 30(0:6) = �3:20 N �m
My = (40 + 18)(0:5)� (30 + 20)(0:5) = 4:00 N �m
MO = �3:20i+ 4:00j N �m J

2.54
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2.55

2.56

Only the component Tz has a moment about the y-axis: My = �4Tz.

Tz = T
ABz

AB
= 40

3p
42 + 42 + 32

= 18:741 lb

) My = �4(18:741) = �75:0 lb � ft J

2.57

Only the x-component of each force has a moment about the z-axis.

)Mz = (P cos 30� +Q cos 25�) 15

= (32 cos 30� + 36 cos 25�) 15 = 905 lb � in. J

2.58

P = 480
�0:42i� 0:81j+ 0:54kp
(�0:42)2 + (�0:81)2 + 0:542

= �190:15i� 366:7j+ 244:5k N

rCA = 0:42i m �CD =
0:42i+ 0:54kp
0:422 + 0:542

= 0:6139i+ 0:7894k

MCD = rCA �P � �CD =

������
0:42 0 0

�190:15 �366:7 244:5
0:6139 0 0:7894

������ = �121:58 N �m
MCD = MCD�CD = �121:58(0:6139i+ 0:7894k) = �74:6i� 96:0k N �m J
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2.59

2.60

MBC = rBA � F � �BC

rBA = 5i F = F
�3i+ 3j� 3kq
(�3)2 + 32 + (�3)2

= 0:5774F (�i+ j� k)

�BC =
4j� 2kp
42 + (�2)2

= 0:8944j� 0:4472k

MBC = rBA � F � �BC = 0:5774F

������
5 0 0
�1 1 �1
0 0:8944 �0:4472

������ = 1:2911F
MBC = 150 lb � ft 1:2911F = 150 lb � ft F = 116:2 lb J

47

© 2010. Cengage Learning, Engineering. All Rights Reserved.



*2.61

2.62
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2.63

(a)

P = �1200k lb Q = 800k lb rOP = 4j ft rOQ = 8j ft

�OA =
6i+ 8jp
62 + 82

= 0:6i+ 0:8j

MOA = rOP �P � �OA + rOQ �Q � �OA

=

������
0 4 0
0 0 �1200
0:6 0:8 0

������+
������
0 8 0
0 0 800
0:6 0:8 0

������ = 960 lb � ft J
(b)

4' 4'

6'

O

A

2.4
'

4.8
'

5
4 3

y

x

Proportions

MOA = �2:4P + 4:8Q = �2:4(1200) + 4:8(800) = 960 lb � ft J

2.64
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2.65

2.66

50
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2.67

(a)

F = 120
4i+ 8j+ 10kp
42 + 82 + 102

= 35:78i+ 71:55j+ 89:44k lb

rBO = �6k ft �AB =
(�6 cot 40�) i+ 6kq
(�6 cot 40�)2 + 62

= �0:7660i+ 0:6428k

: 71: 554 2j + 89: 442 7k + 0:0 + 35: 777 1i

MAB = rBO � F � �AB =

������
0 0 �6

35:78 71:55 89:44
�0:7660 0 0:6428

������ = �329 lb � ft J
(b)

O
40o

50o
6'4.596'

A

B

x

z

Note that only Fy = 71:55 lb has a moment about AB. From trigonometry, the
moment arm is d = 6 sin 50� = 4:596 ft.

)MAB = �Fyd = �71:55(4:596) = �329 lb � ft J

2.68
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2.69

2.70

C = (75 sin 45�) (1:5)� 60 = 19:55 lb � ft � J

2.71
3 ft

1.8 ftx
y

A

B

45 lb
60o

Moment of a couple is the same about any point. Choosing A as the moment
center, we get

+ � C =MA = (45 cos 60
�) (1:8) + (45 sin 60�) (3) = 157:4 lb � ft

) C = �157:4k lb � ft J
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2.72

C = �30(5)i+ 60(2)k = �150i+ 120k lb � ft
) C =

p
(�150)2 + 1202 = 192:1 lb � ft J

2.73

*2.74
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2.75

Moment of a couple is the same about any point. Choosing B as the moment
center, we have

F = �24i kN rBA = �1:8j� 1:2k m

C =MB = rBA � F =

������
i j k
0 �1:8 �1:2
�24 0 0

������ = 28:8j� 43:2k kN �m J

2.76

Moment of a couple is the same about any point. Choosing B as the moment
center, we have

rBA = 180i� bj mm

Cz = (MB)z = rBA � F � k =

������
180 �b 0
200 �110 �80
0 0 1

������ = 200b� 19 800 kN �mm
) 200b� 19 800 = 0 b = 99:0 mm J
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2.77

16 in.

24 in.

30 lb

50 lb 500 lb  in..
x y

z

A

B

C

30 lb
50 lb

As seen in the �gure, the forces form two couples (30-lb pair and 50-lb pair).
Couple of the 30-lb forces:

C1 = �30(16)j = �480j lb � in.

Couple of the 50-lb forces:

C2 = rAC � (�50i) = (24j+ 16k)� (�50i) = 1200k� 800j lb � in.

Applied couple:
C3 = �500j lb � in.

Resultant:

CR = �Ci = �480j+ (1200k� 800j)� 500j = �1780j+ 1200k lb � in. J

2.78

2.79
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2.80

2.81

x

y

z

θ

C

1.8 N m

.

.

1.8 N m.

3 N m

25o

The system consists of the four couples shown, where

C = 0:36F (i cos � + k sin �) N �m

�C = �2(1:8)k+ 3(�i cos 25� + k sin 25�) + 0:36F (i cos � + k sin �) = 0

Equating like components:

�3 cos 25� + 0:36F cos � = 0

�3:6 + 3 sin 25� + 0:36F sin � = 0

F cos � =
3 cos 25�

0:36
= 7:553

F sin � =
3:6� 3 sin 25�

0:36
= 6:478
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tan � =
6:478

7:553
= 0:8577 � = 40:6� J

F =
p
7:5532 + 6:4782 = 9:95 N J

2.82

2.83
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2.84

2.85

2.86

R = �90j+ 50(i sin 30� � j cos 30�) = 25:0i� 133:3j lb J
+ 	 CR = 90(9)� 50(12) = 210 lb � in. CR = 210k lb � in. J

2.87

The resultant force R equals V .

) V = R = 1200 lb J

CR = �MD = 0: 20V � 10H � C = 0
20 (1200) � 10H � 900� 12 = 0 H = 1320 lb J
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2.88

2.89

2.90

40-lb force: P = 40
�3i� 2kp
(�3)2 + (�2)2

= �33:28i� 22:19k lb

90-lb � ft couple: C = 90
�3i� 5jp

(�3)2 + (�5)2
= �46:30i� 77:17j lb � ft

rOA = 3i+ 5j ft

R = P = �33:28i� 22:19k lb J

CR = C+ rOA �P = �46:30i� 77:17j+

������
i j k
3 5 0

�33:28 0 �22:19

������
= �157:3i� 10:6j+ 166:4k lb � ft J
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*2.91

(a)

R = F = �2800i+ 1600j+ 3000k lb J
rOA = 10i+ 5j� 4k in.

CR = rOA � F =

������
i j k
10 5 �4

�2800 1600 3000

������
= 21 400i� 18 800j+ 30 000k lb � in. J

(b)

Normal component of R : P = jRyj = 1600 lb J
Shear component of R : V =

p
R2x +R

2
z =

p
(�2800)2 + 30002 = 4100 lb J

(c)

Torque: T =
��CRy �� = 18 800 lb � in. J

Bending moment: M =
q
(CRx )

2 + (CRz )
2 =

p
21 4002 + 30 0002

= 36 900 lb � in. J

2.92
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2.93

Original system:

F = 80
�1:8i+ 0:9kp
(�1:8)2 + 0:92

= �71:55i+ 35:78k N

C = 250
�1:8i+ 1:3jp
(�1:8)2 + 1:32

= �202:7i+ 146:37j N �m

(a) Since the 80-N force passes through B, it has no moment about B.
Thus the equivalent force-couple system at B is

R = F = �71:55i+ 35:78k N J
CR = C = �202:7i+ 146:37j N �m J

(b) The equivalent force-couple system at D is

R = F = �71:55i+ 35:78k N J

CR = C+ rDA � F = �202:7i+ 146:37j+

������
i j k
1:8 �1:3 0

�71:55 0 35:78

������
= �249i+ 82:0j� 93:0k N �m J

2.94
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2.95

Given force and couple:

F = 32
�3i� 4j+ 6kp
(�3)2 + (�4)2 + 62

= �12:292i� 16:389j+ 24:58k kN

C = 180
3i� 4jp
32 + (�4)2

= 108:0i� 144:0j kN �m

Equivalent force-couple ststem at A:

R = F = �12:29i� 16:39j+ 24:6k kN J

CR = C+ rAB � F = 108:0i� 144:0j+

������
i j k
�3 4 0

�12:292 �16:389 24:58

������
= 206i� 70:3j+ 98:3k kN �m J

2.96

2.97

MO = rOA � F =

������
i j k
b 0:25 0:3
10 20 �5

������
= �7:25i+ (3 + 5b)j+ (�2:5 + 20b)k kN �m

My = 3 + 5b = 8 ) b = 1:0 m J

MO = �7:25i+ 8j+ 17:5k kN �m J
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2.98

2.99

The resultant couple in Fig. (a) is

+ 	 CR = 400 + 120� 160(2) = 200 N �m

The couple in Fig. (b) must equal CR:

(2� b)Fy = CR (2� b)120 = 200 b = 0:333 m J

2.100
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2.101

2.102

2.103

R = �F = 50j+ 30k kN J
Note that the 30-kN force has a moment only about the x-axis. Also, the 50-kN
force has a moment only about the z-axis.

) CR = 30(4)i+ 50(2)k = 120i+ 100k kN �m J
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2.104

2.105

2.106
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2.107

2.108

200

300

400

400

400 N
400 N

300 N

200 N

x

y

z

O
A

B

D

E 200 N
300 N

Split the 500-N force at D into the 200-N and 300-N forces as shown. We now
see that the force system consists of three couples.

CR = �C = �300(0:4)i� 200(0:4)j� 400(0:2)k
= �120i� 80j� 80k N �m J
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