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2-37 FR = 391 lb a 4.12°
2-38 1.22 kN … P … 3.17 kN
2-39  F1x = 141 N, F1y = 141 N, F2x = -130 N, 

F2y = 75 N
2-41 FR = 25.1 kN, u = 185°
2-42  F1 = {680i - 510j} N, F2 = {-312i - 541j} N, 

F3 = {-530i + 530j} N
2-43 FR = 546 N, u = 253°
2-45  F1 = {F1 cos ui + F1 sin uj} N, F2 = {350i} N, 

F3 = {-100j} N, u = 67.0° a, F1 = 434 N
2-46 u = 68.6°, FB = 480 lb
2-47 FR = 420 lb h 14.8°
2-49 FR = 389 N, c = 42.7°
2-50  F1 = {-52.0i + 30j} lb, F2 = {-47.0i - 17.1j} lb
2-51 FR = 99.8 lb, u = 173°
2-53 u = 103°, F2 = 88.1 lb
2-54 FR = 161 lb c 38.3°
2-55 FR = 29.3 lb, u = 347°
2-57 FR = 380 N, F1 = 57.8 N
2-58 u = 86.0°, F = 1.97 kN
2-59 FR = 11.1 kN a 47.7°
2-61 b = 120°, F = {30i -  30j + 42.4k} N
2-62 F = {289i + 225j - 261k} lb
2-63 FR = 114 lb, a = 62.1°, b = 113°, g = 142°
2-65  a = 46.1°, b = 114°, g = 53.1°
2-66 FR = 799 N, a = 58.7°, b = 84.4°, g = 32.0°
2-67  F3 = 166 N, a = 97.5°, b = 63.7°, g = 27.5°
2-69  F = 50 N, a = 74.1°, b = 41.3°, g = 53.1°
2-70  FR = 384 N, a = 14.8°, b = 88.9°, g = 105°
2-71 F1 = 429 lb, a1 = 62.2°, b1 = 110°, g1 = 145°
2-73  a1 = 45.6°, b1 = 53.1°, g1 = 66.4°
2-74 a1 = 90°, b1 = 53.1°, g1 = 66.4°
2-75  F1 = {14j - 48k} lb, F2 = {90i - 127j + 90k} lb
2-77 F = 113 lb, a = 45°, b = 69.3°, g = 128°
2-78  F1 = {-159i + 276j + 318k} N, 

F2 = {424i + 300j -  300k} N, g2 = 120°
2-79 FR = 634 N, a = 65.3°, b = 24.8°, g = 88.4°
2-81 FR = 1.55 kip, a = 82.4°, b = 37.6°, g = 53.4°
2-82 FR = 1.60 kip, a = 82.6°, b = 29.4°, g = 61.7°
2-83  a3 = 139°, b3 = 128°, g3 = 102°, if FR = 387 lb, 

b3 = 60.7°, g3 = 64.4°, if FR = 1.41 kip
2-85 F = 2.02 kN, Fy = 0.523 kN
2-86 rAB = 2.11 m
2-87 rAB = 9.06 in.
2-89 x = 5.06 m, y = 3.61 m, z = 6.51 m
2-90 z =  6.63 ft
2-91 x =  y =  4.42 ft
2-93  FB = {-400i -  200j + 400k} N, 

FC = {-200i + 200j + 350k} N

Chapter 1
1-1 a) 3.46 m, b) 45.6 s, c) 5.56 kN, d) 4.52 Mg
1-2 a) GN>s, b) Gg>N, c) GN>(kg # s)
1-3 a) Gg>m, b) kN>s, c) mm # kg
1-5 a) 45.3 MN, b) 56.8 km, c) 5.63 mg
1-6 rw = 2.42 Mg>m3

1-7 a) 0.431 g, b) 35.3 kN, c) 5.32 m
1-9 a) km>s, b) mm, c) Gs>kg, d) mm # N
1-10 a) m = 2.04 g, b) m = 15.3 Mg, c) m = 6.12 Gg
1-11 a) 27.5 kN>m3, b) 0.508 mm>s, c) 1.13 kN # m
1-13 ral = 2.71 Mg>m3

1-14 a) 44.9(10-3) N2, b) 2.79(103) s2, c) 23.4 s
1-15  a) me = 3.65 Gg, b) We = 35.8 MN,  

c) Wm = 5.89 MN, d) mm = 3.65 Gg
1-17 v = 88.5 km>h, v = 24.6 m>s
1-18 a) 8.53 km>kg2, b) 135 m2 # kg3

1-19 a) 4.66 m, b) 55.6 s, c) 4.56 kN, d) 2.77 Mg
1-21 F = 10.0 nN, W1 = 78.5 N, W2 = 118 N

Chapter 2
2-1 FR = 320 lb, u = 176°
2-2 FR =  474 lb, u = 75.4°
2-3 u = 10.9°, Fmin = 235 lb
2-5 u = 18.6°, F = 319 N
2-6 FR = 8.03 kN, f = 1.22°
2-7 (F1)v = 2.93 kN, (F1)u = 2.07 kN
2-9 FR = 464 N, u = 78.6°
2-10 FR = 222 N, u = 4.26°
2-11 Fa = 30.6 lb, Fb = 26.9 lb
2-13 FAB = 186 lb, FAC = 239 lb 
2-14 F = 616 lb, u = 46.9°
2-15 F1u = 205 N, F1v = 160 N
2-17 FR = 19.2 N c 2.37° 
2-18 FR = 19.2 N c 2.37°
2-19 FA = 439 N, FB = 311 N
2-21 u = 53.5°, FAB = 621 lb
2-22 FAC = 323 lb, f = 38.3°
2-23 FC = 4.51 kN, FB = 5.96 kN
2-25 FAB = 485 lb 
2-26 u = 54.3°, FA = 686 N
2-27 FR = 1.23 kN, u = 6.08°
2-29 T = 744 lb, u = 23.8°
2-30 T = 54.7 lb, P = 42.6 lb
2-31 u = 60°, P = 40 lb, T = 69.3 lb
2-33 FR = 747 N a 85.5°
2-34 F1 = {20i + 34.6j} lb, F2 = {47.0i - 17.1j} lb
2-35 FR = 69.2 lb a 14.7°

Answers to Selected Problems
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3-21 mmax =  2.78 Mg
3-22 F = 15.8 lb
3-23 d = 1.56 ft
3-25 F =  39.3 lb
3-26  THA = 294 N, TAB = 340 N, TAE = 170 N, 

TBD = 490 N, TBC = 562 N
3-27 mmax = 26.6 kg
3-29  FED =  30.2 lb, FEB =  43.6 lb, FBC =  69.8 lb, 

FBA =  86.6 lb
3-30 Wmax = 57.7 lb
3-31 s =  5.33 ft
3-33 d =  7.13 in.
3-34 k =  6.80 lb/in.
3-35  FBD = 171 N, FBC = 145 N
3-37 umin = 11.6°
3-38 u =  60°, TAB =  34.6 lb
3-39 u =  60°, Wmax = 46.1 lb
3-41  TB = 34.6 mN, TA = 52.9 mN, u = 19.1°, 

m =  4.08 g
3-42 u = 78.7°, FCD = 127 lb
3-43 a3 = 77.2°, b3 = 148°, g3 = 119°, P = 639 lb
3-45 TB = 109 lb, TC = 47.4 lb, TD = 87.9 lb
3-46 sOB =  327 mm, sOA =  218 mm
3-47 FAB =  2.52 kN, FCB =  2.52 kN, FBD =  3.64 kN
3-49 FAB = 1.31 kN, FAC = 763 N, FAD = 708 N
3-50 FAC = FAD = 312 N, FAB = 580 N
3-51 FAB = 520 N, FAC = FAD = 260 N, d = 3.61 m
3-53 mmax = 90.2 kg
3-54 FB = FD = 858 N, FC = 0
3-55 mmax = 2.62 Mg
3-57 Wmax = 55.7 lb
3-58 FAB = 469 lb, FAC = FAD = 331 lb
3-59  FAC =  574 lb, FAB =  500 lb, FCD =  1.22 kip, 

FCE =  FCF =  416 lb
3-61 FAB = FAC = FAD = 375 lb
3-62  u = 0°, FOA = 149 lb (C), 

FOB =  FOC = 74.5 lb (T)
3-63 s =  333 mm
3-65 FAE = 2.91 kip (C), (TAD)max = 1.60 kip
3-66 FAB = FAC = 16.6 kN, FAD = 55.2 kN
3-67 h =  1.64 ft

Chapter 4
4-1  (MF1)A = 3 kip # ft b, (MF2)A = 5.6 kip # ft b, 

(MF3)A = 2.59 kip # ft b
4-2  (MF1)B = 4.12 kip # ftd, (MF2)B = 2 kip # ftd, 

(MF3)B = 40 lb # ftd
4-3 (MP)A=  123 lb # in.b, F =  23.7 lb
4-5 MA = (1.2 sin u + 0.8 cos u) kN # m

2-94 FR = 960 N, a = 129°, b = 90°, g = 38.7°
2-95  FA = {-1.46i + 5.82k} kN, 

FC = {0.857i + 0.857j + 4.85k} kN, 
FB = {0.970i - 1.68j + 7.76k} kN, FR = 18.5 kN, 
a = 88.8°, b = 92.6°, g = 2.81°

2-97 FR = 378 lb, a = 149°, b = 90°, g = 59.0°
2-98 FR = 1.48 kN, a = 86.9°, b = 77.5°, g = 167°
2-99 rOA = 7.32 ft
2-101 FR = 1.54 kN, a = 84.8°, b = 171°, g = 97.5°
2-102 FC = 442 N, FB = 318 N, FD = 866 N
2-103 N/A
2-105 FOA = 31.4 lb
2-106 (FAB)z = 600 lb
2-107 (FAC)z = 569 lb
2-109 F1 = 333 N, F2 = 373 N
2-110 u = 74.4°, f = 55.4°
2-111 u = 34.2°
2-113 F � � = 4.07 N, F# = 23.1 N
2-114 u = 70.5°
2-115 f = 65.8°
2-117 u = 74.2°
2-118 rBC = 5.39 m
2-119 u = 19.2°
2-121 FCA = 16.2 lb
2-122 u = 115°, F1y = 300 N, F2y = 90 N
2-123 (F2)F1 = 71.6 N
2-125 FAC = 26.5 lb, FBA = 66.4 lb
2-126 Fu = 246 N
2-127 FAC = 366 N, FAC = {293j + 219k} N
2-129 FAB = 31.1 N
2-130 (FAB)AC = {116i - 231j + 231k} N

Chapter 3
3-1 FBA = 3.92 kN, FBC = 3.40 kN
3-2 FBC = 2.90 kN, y = 841 mm
3-3 umin = 34.3°
3-5 T = 720 lb, F = 540 lb
3-6 T = 766 lb, u = 70.1°
3-7 TBC = 22.3 kN, TBD = 32.6 kN
3-9 l′AB =  0.448 ft, l′AC =  0.656 ft
3-10 FCA = 80.0 N, FCB = 90.4 N
3-11 u = 64.3°, FCB = 85.2 N, FCA = 42.6 N
3-13  FAC =  FAB =  {2.45 csc u} kN, 

(lAC)min = (lAB)min = 1.73 m
3-14 sAD = 0.5 ft, sAC = 0.808 ft, sAB = 0.476 ft
3-15 W = 840 lb
3-17 y = 6.59 m
3-18  u = 35.0°
3-19 l′ = 2.66 ft
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4-63 MCA = 226 N # m
4-65 (MF1)z =  38.2 lb #  in., (MF2)z =  14.1 lb #  in.
4-66 MAB =  0
4-67 (MR)Oa =  {26.1i -  15.1j} lb #  ft
4-69 F =  162 lb
4-70 My = 0.828 N # m
4-71 My′ = 464 lb # ft
4-73 R = 28.9 N
4-74 F = 67.5 lb
4-75 F = 830 N
4-77 u = 56.1°
4-78 (Mc)R = 9.69 kN # mb
4-79 N = 26.0 N
4-81 u = 45°, P = 49.5 N
4-82 Mc = 900 lb #  ft, RB = 500 lb
4-83 (Mc)R = 5.20 kN #  mb
4-85 d = 5.54 ft
4-86 (Mc)R = 53.4 lb # ftb
4-87 (Mc)R = 53.4 lb # ftb
4-89  (Mc)R = 96.0 lb # ft, a = 47.4°, b = 74.9°, 

g = 133°
4-90 M3 = 318 lb # ft, M1 = M2 = 287 lb # ft
4-91  (Mc)R = {11.0i -  49.0j -  40k} lb # ft, 

(Mc)R = 64.2 lb # ft, a = 80.1°, b = 140°, 
g = 129°

4-93 F = 992 N
4-94 Mc = {-65.0i - 37.5k} N # m, Mc = 75 N # m
4-95 F = 15.4 N
4-97 F = 832 N
4-98  (Mc)R = {-12.1i - 10j -17.3k} N # m
4-99 d = 342 mm
4-101 Mc = {7.01i + 42.1j} N # m
4-102 F = 35.1 N
4-103 FR = 365 N d 70.8°, (MR)O = 2.36 kN # m d
4-105 FR = 464 lb c 45.1°, (MR)B = 1.60 kip # ft b
4-106 FR = 464 lb c 45.1°, (MR)A = 832 lb # ft b
4-107 FR = 461 N c 49.4°, (MR)O = 438 N # m b
4-109 FR = 342 N d 43.0°, (MR)O = 99.5 N # m b
4-110 FR = 73.8 lb c 59.0°, (MR)O = 359 lb # ft b
4-111 u = 26.6°, F = 8.94 kN, d = 4.5 m
4-113 FR = 29.9 lb a 78.4°, (MR)O = 214 lb # in. d
4-114 FR = 26.4 lb a 85.7°, (MR)O = 205 lb # in. d
4-115 FR = 219 lb d 79.5°, (MR)A = 1.19 kip # ft d
4-117 FR = 416 lb a 35.2°, (MR)O = 1.48 kip # ft b
4-118 F2 = 41.1 lb, u = 44.9°, F1 = 36.8 lb
4-119  FR = {-5i - 35j -70k} N, 

(MR)O = {-8.45i + 4.9j -  5.12k} N # m
4-121  FR = {-0.7j - 2.2k} kip, 

(MR)A = {19.6i - 21.6j + 8.4k} kip # ft
4-122  FR = {-30i + 15j + 45k} lb, 

(MR)O = {80i - 87.5j + 102k} lb # ft

4-6 (MA)min = 0 at u = 146°
4-7  (MO)Case 1 = 120 N # md,  

(MO)Case 2 = 520 N # md
4-9 (MR)B =  1.23 kN # md
4-10 MO = 7.11 N # mb
4-11 M

A
= 7.71 N # md

4-13  (MA)max = 79.8  N # m     at u = 37.9°, 
(MA)min = 0  at u = 128°

4-14  u =  28.6°
4-15  (MFA)C = 162 lb # ftb, (MFB)C = 260 lb # ftd, 

Counterclockwise

4-17 (MO)max = 80 kN # mb, x = 24.0 m
4-18 (MO)max = 80 kN # m     at u = 33.6°
4-19 MC = 13.0 N # mb, F = 35.2 N
4-21 Ft = 618 N
4-22  N/A
4-23 N/A
4-25 MO = {260i + 180j + 510k} N # m
4-26 MP = {440i + 220j + 990k} N # m
4-27 (MFB)O = {-1.8i} kN # m
4-29  (MR)O = {-720i + 720j} N # m
4-30 MO = {-84i -  8j -  39k} kN # m
4-31 MP = {-116i + 16j -  135k} kN # m
4-33 a = 77.8°, b = 29.6°, g = 63.4°
4-34 MO = {-128i + 128j -  257k} N # m
4-35 MB = {-37.6i + 90.7j -  155k} N # m
4-37 MO = {32.6 i - 69.3j - 72 k} lb # ft
4-38 (MF1)O = {110i - 50j + 90k} lb # ft
4-39 (MF2)O = {90i - 130j - 60k} lb # ft
4-41 y = 2 m, z = 1 m
4-42  y = 1 m, z = 3 m, d = 1.15 m
4-43 MA = {-5.39i + 13.1j + 11.4k} N # m
4-45 MA = {1.56i - 0.750j - 1.00k} kN # m
4-46 MB = {1.00i + 0.750j - 1.56k} kN # m
4-47  (MFA)O = {–18i + 9j - 3k} N # m, 

(MFB)O = {18i + 7.5j + 30k} N # m
4-49  (MF1)A = {-36i - 36k} lb # ft, 

(MF2)A = {-42i - 14j - 68k} lb # ft, 
(MR)A = 131 lb # ft, a = 127°, b = 96.1°, 
g = 143°

4-50  M = (10 2127 sin2 u + 225) N # m,
 Mmax at u = 90°, Mmin at  u = 0°, 180°
4-51 MO = {–1.77 i - 1.10 j } kN # m
4-53 Fmax = 770 N
4-54 My = {277j} N # m
4-55 Mx = {77.1i} N # m, Mz = {-  91.9k} N # m
4-57 P =  8.50 lb
4-58 Mx = 21.7 Ν # m
4-59 F = 139 Ν
4-61 MAB = 136 N # m
4-62 MBC = 165 N # m

b

b
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5-7 N>A
5-9 N>A
5-10 By = 586 N, FA = 413 N
5-11 NA = 750 N, By = 600 N, Bx = 450 N
5-13 NA = 2.175 kN, By = 1.875 kN, Bx = 0
5-14 NA = 3.33 kN, Bx = 2.4 kN, By = 133 N
5-15 Ax = 0, Ay = 6.75 kN, MA = 46.2 kN # m
5-17 FA = 30 lb, FB = 36.2 lb, FC = 9.38 lb
5-18 NB = 1.04 kN, Ax = 0 , Ay = 600 N
5-19 T = 34.6 kN, Ax = 20.8 kN, Ay = 87.7 kN
5-21 FCD = 131 N, Bx = 34.0 N, By = 95.4 N
5-22 FAB = 38.3 kN (T), Cx = 30.7 kN, Cy = 3.37 kN
5-23 xmax = 5.21 m, Cx = 32 kN, Cy = 4.38 kN
5-25 NC = 15 kip, NA = 15 kip, NB = 12 kip
5-26 FA =  432 lb, FB =  0, FC =  432 lb
5-27 NB = 150 lb, Ay = 300 lb, Ax = 150 lb
5-29 P = 27.7 lb
5-30 u = 33.6°, Pmin = 27.6 lb
5-31 N>A
5-33 Ax = 25.4 kN, By = 22.8 kN, Bx = 25.4 kN
5-34 Fmax = 14.0 kN
5-35 NB = 2.11 N, FA = 2.81 N
5-37 Ay = 50 lb, NB = 1.6 kip, Ax = 1.51 kip
5-38 F = 93.8 lb, Ax = 1.42 kip, Ay = 46.9 lb
5-39 u = 8.63°
5-41 FBC = 410 lb (C), Ax = 71.2 lb, Ay = 396 lb
5-42 FCB = 782 N, Ax = 625 N, Ay = 681 N
5-43  (F2)max = 724 N, (F1)max = 1.45 kN, 

(FA)max = 1.75 kN
5-45 d = 6 ft, w = 267 lb>ft
5-46 Bx = 989 N, Ax = 989 N, By = 186 N
5-47 Fmax = 800 lb, Ax = 540 lb, Ay = 160 lb
5-49 NA = NB = 180 lb, h = 0.3 ft
5-50 p = 662 psi
5-51 NC = 214 N, NA = NB = 571 N

5-53   T =

W cos u

2 sin(f - u)
,  Ax =

W cos f cos u

2 sin(f - u)
,

  Ay =

W(sin f cos u - 2 cos f sin u)

2 sin (f - u)
 

5-54 l0 = 70.3 mm
5-55 k = 11.2 lb/ft
5-57 FBC  =  6.02 kip (C), Ax =  4.26 kip, Ay =  3.66 kip

5-58 P = e 490 cos u

sin (u>2 + 45°)
f  N

5-59 T = 9.08 lb

5-61 RC = 63.9 lb, RB = 11.9 lb, RA = 26.0 lb

5-62 d =

a

cos3 u

5-63 u = tan-1 a l

62a2 - l2>4 b

4-123  FR = {506i - 23.2j + 1.24(103)k} N, 
(MR)O = {-17.7i - 600j + 26.5k} N # m

4-125  FR = {-70i + 140j - 408k} N, 
(MR)P = {-26i + 357j + 127k} N # m

4-126 FR = 10.8 kip  T , d = 13.7 ft S
4-127 FR = 10.8 kip  T , d = 9.26 ft d
4-129  FR = 58.3 lb d 31.0°, y = -3 ft
4-130 FR = 67.1 lb d 26.6°, d = 8.25 in. c
4-131 FR = 1.30 kN  d 84.5°, x = 7.36 m S
4-133 FR = 78.1 lb c 87.1°, y = -25 ft
4-134 FR = 78.1 lb c 87.1°, d = 31 ft
4-135 FR = 991 N d 63.0°, y = 1.78 m c  
4-137 FR = 65.9 lb c 49.8°, d = 2.10 ft S
4-138 FR = 65.9 lb c 49.8°, d = 4.62 ft T
4-139 FR = 98.5 lb a 24.0°, d = 4.33 ft c
4-141 FR = 197 lb a 42.6°, d = 5.24 ft T
4-142 FR = 197 lb a 42.6°, d = 0.824 ft d
4-143 FR = 26 kN, y = 82.7 mm, x = 3.85 mm
4-145 FC = 600 N, FD = 500 N
4-146 FR = 700 lb, z = 0.447 ft, x = -0.117 ft
4-147 FB = 163 lb, FC = 223 lb
4-149 z = 0.586 ft, FR = {-10j} lb, MR = {-14.1j} lb # ft
4-150  FR = 108 lb, MR = -624 lb # ft, x = 8.69 ft, 

y = 0.414 ft
4-151  FR = 495 N, MR = 1.54 kN # m, z = 1.16 m, 

y = 2.06 m
4-153 FR = 30 kN T , x = 3.4 m S
4-154 FR = 21 kN T , d = 3.43 m S
4-155 a = 1.26 m, b = 2.53 m 
4-157 FR = 0.525 kN c , d = 0.171 m S
4-158 FR = 3.9 kip c , d = 11.3 ft S
4-159 FR = 13.2 lb T , d = 0.340 ft S
4-161 w1 = 190 lb>ft, w2 = 282 lb>ft
4-162 w2 = 17.2 kN>m, w1 = 30.3 kN>m
4-163 FR = 3.25 kip d 67.2°, d = 3.86 ft c
4-165 FR = 3.1 kN T , d = 2.06 m S
4-166 FR = 1.8 kip T , (MR)A = 4.2 kip # ft b
4-167 FR = 1.8 kip T , d = 2.33 ft S
4-169 FR = 1.35 kN d 42.0°, d = 0.556 m d
4-170 b = 5.62 m, a = 1.54 m
4-171 FR = 1.25 kN T , x = 8 m S
4-173 FR = 774 lb a, x = 2.25 ft Q
4-174 FR = 10.7 kN T , x = 1 m S
4-175 FR = 53.3 lb T , x = 1.6 ft S

Chapter 5
5-1 N>A
5-2 N>A
5-3 N>A
5-5 N>A
5-6 N>A
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6-5  FAE = 8.94 kN (C), FAB = 8 kN (T), 
FBC = 8 kN (T), FBE = 8 kN (C), 
FEC = 8.94 kN (T), FED = 17.9 kN (C), 
FDC = 8 kN (T)

6-6  FAE = 372 N (C), FAB = 332 N (T), 
FBC = 332 N (T), FBE = 196 N (C), 
FEC = 558 N (T), FED = 929 N (C), 
FDC = 582 N (T)

6-7   FGB = 27.5 kN (T), FAF = 15 kN (C), 
FAB = 28.0 kN (C), FBF = 25 kN (T), 
FBC = 15 kN (T), FFC = 21.2 kN (C), FFE = 0, 
FED = 0, FEC = 15 kN (T), FDC = 0

6-9  FDF = FBG = 0, FCF = FCG = 0, FEF = FAG = 0, 
FBA = FDE = 667 lb (C), FBC = FCD = 667 lb (C)

6-10  FBG = 0, FGC = 0, FGA = 0, FDF = 400 lb (C), 
FFC = FFE = 333 lb (T), FBC = FBA = 708 lb (C), 
FDC = FDE = 825 lb (C)

6-11  FEF = 0.667P (T), FFD = 1.67P (T), 
FBA = 0.471P (C), FAE = 1.67P (T), 
FCA = 1.49P (C), FFB = 1.41P (T), 
FBD = 1.49P (C), FEC = 1.41P (T), 
FCD = 0.471P (C)

6-13  FCD = FAD = 0.687P (T), 
FCB = FAB = 0.943P (C), FDB = 1.33P (T)

6-14 Pmax = 848 lb
6-15 Pmax = 848 lb
6-17 Pmax = 5.19 kN
6-18  FCB = 3 kN (T), FCD = 2.60 kN (C), 

FDE = 2.60 kN (C), FDB = 2 kN (T), 
FBE = 2 kN (C), FBA = 5 kN (T)

6-19  FCB = 8 kN (T), FCD = 6.93 kN (C), 
FDE = 6.93 kN (C), FDB = 4 kN (T), 
FBE = 4 kN (C), FBA = 12 kN (T)

6-21  FAB = 43.8 kN (C), FAG = 26.2 kN (T), 
FBC = 26.2 kN (C), FBG = 35 kN (T)

6-22  FAB = 7.5 kN (T), FAE = 4.5 kN (C), 
FED = 4.5 kN (C), FEB = 8 kN (T), 
FBD = 19.8 kN (C), FBC = 18.5 kN (T)

6-23  FAB = 3.75 kip (C), FAH = 3 kip (T), 
FBC = 3.75 kip (C), FBH = 1 kip (C), 
FHC = 1 kip (T), FGH = 2 kip (T), 
FEF = 3 kip (T), FED = 3.75 kip (C), 
FDC = 3.75 kip (C), FDF = 1 kip (C), 
FCF = 1 kip (T), FCG = 2 kip (C),  
FFG = 2 kip (T)

6-25  FBD = 260 lb (C), FCD = 480 lb (T), FAC = 0, 
FAB = 0, FBC = 100 lb (T)

6-26  (P2)max = 134 lb
6-27  FHI = 42.5 kN (T), FHC = 100 kN (T), 

FDC = 125 kN (C)
6-29  FGF = 8.08  kN (T), FBC = 7.70  kN (C), 

FCG = 0.770  kN (C)

5-65  Ax = -360 N, Ay = -240 N, Az = 720 N, 
MAx = 7.20 kN # m, MAy = -10.8 kN # m, 
MAz = 0

5-66  FA = 663 lb, FC = 569 lb, FB = 449 lb
5-67  F = 368 N, Bz = 401 N, Az = 334 N, Ay = 0, 

Bx = -435 N, Ax = 66.9 N
5-69  Ax = -8 kN, Ay = 0 , Az = -24.4 kN, 

My = 20.0 kN # m, Mx = -572 kN # m, 

Mz = 64.0 kN # m
5-70  Cy = -318 N, Cz = 500 N, Bz = -273 N, 

Bx = 239 N, Ax = -239 N, Az = 90.9 N
5-71 NC = 0, Wmax = 451 lb, NA = NB = 376 lb
5-73  FBD = FCD = 62.4 lb, Az = 50.0 lb, Ax = 33.3 lb, 

Ay = 0
5-74  Cy = -800 N, Bz = -107 N, By = 600 N, 

Cx = 53.6 N, Ax = -400 N, Az = 800 N
5-75  FDC = 375 lb (C), Ex = 0, Ez = 562 lb, Ax = 0, 

Ay = 0, Az = 62.5 lb
5-77  TBC = 1.40 kN, Ay = -800 N, Ax = 1.20 kN, 

(MA)x = -600 N # m, (MA)y = 1.20 kN # m, 

(MA)z = 2.40 kN # m
5-78  FCB = 1.37 kN, (MA)x = -785 N # m, 

(MA)z = 589 N # m, Ax = 1.18 kN, Ay = 589 N, 
Az = 0

5-79  FCD = 0, FEF = 100 lb, FBD = 150 lb, Ax = 0, 
Ay = 0, Az = -50 lb

5-81  FBC = 175 lb, Ax = 130 lb, Ay = -10 lb, 
MAx = -300 lb # ft, MAy = 0, MAz = -720 lb # ft

5-82 FBC = 105 lb
5-83  By = -50 lb, MBz = 0, MBx =  -300 lb # ft, 

Bx = -16.7 lb, Ax = 16.7 lb, MBy = -900 lb # ft, 
Bz = 200 lb, Az = -200 lb

5-85  FBD = 294 N, FBC = 589 N, Ax = 0, Ay = 589 N, 
Az = 490 N

5-86  TDE = 32.1 lb, TBC = 42.9 lb, Ax = 3.57 lb, 
Ay = 50 lb, (MA)x = 0, (MA)y = -17.9 lb # ft

5-87  T =  58 N,  Cz = 77.6 N, Cy =  -24.9 N, Dx = 0, 
 Dy =  -68.5 N ,  Dz = 32.1 N

Chapter 6
6-1  FAD = 849 lb (C), FAB = 600 lb (T), 

FBD = 400 lb (C), FBC = 600 lb (T), 
FDC = 1.41 kip (T), FDE = 1.60 kip (C)

6-2  FAD = 1.13 kip (C), FAB = 800 lb (T), FBD = 0, 
FBC = 800 lb (T), FDC = 1.13 kip (T), 
FDE =  1.60 kip (C)

6-3  FBA = 214 lb (T), FBC = 525 lb (C), 
FCA = 371 lb (T)
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6-69  Dx = 0, Dy = 5 kN, Ax = 0, Ay = 17 kN, 
MA = 32 kN # m

6-70  Cx = Dx = 160 lb, Cy = Dy = 107 lb, 
By = 26.7 lb, Bx = 80 lb, Ex = 0, Ey = 26.7 lb, 
Ax = 160 lb

6-71  M = 2.43 kN # m
6-73  FAC = 2.51 kip (C), FAB = 3.08 kip (C), 

FAD = 3.43 kip (T)
6-74  Ay = 245 N, Dy = 245 N, Dx = 695 N, 

Ax = 695 N
6-75 FCD = 1.01 kN, FABC = 319 N
6-77  Ax = 300 lb, Ay = 400 lb, Cy = 1.2 kip, 

Dx = 300 lb, Dy = 800 lb
6-78  NA = 8 kip, NC = 5.14 kip, NB = 14.9 kip
6-79  Cy = 1.33 kN, By = 549 N, Cx = 2.98 kN, 

Ay = 235 N, Ax = 2.98 kN, Bx = 2.98 kN
6-81  FIJ = 9.06 kN (T), FBC = 15.4 kN (C)
6-82  Cy = 5 kN, By = 15 kN, MA = 30 kN # m, 

Ay = 5 kN, Ax = 0
6-83  Dx = 50 lb, Dy = 50 lb, Bx = 112 lb, 

Ax = 62.5 lb, By = 117 lb, Ay = 167 lb
6-85  P = 107 N
6-86  WS = 3.35 lb, No
6-87  Cx = 75 lb, Cy = 100 lb
6-89  Ax = 4.20 kN, Bx = 4.20 kN, Ay = 4.00 kN, 

By = 3.20 kN, Cx = 3.40 kN, Cy = 4.00 kN
6-90  P = 2 lb
6-91  F = 120 lb
6-93   T = 5.10 kN,  u = 30°, Ax = 4.33 kN, 

Ay = 5.15 kN
6-94  u = 33.7°, s = 177 mm
6-95  FN = 5.25 lb
6-97  P = 40 N, x = 240 mm
6-98  NE = 5 kN, NC = 16.7 kN, Ax = 0, 

Ay = 2.67 kN, MA = 21.5 kN # m
6-99  NC = 12.7 kN, Ax = 12.7 kN, Ay = 2.94 kN 

ND = 1.05 kN
6-101  FAB = 8.60 MN (C), FC = 9.78 MN
6-102  Ay = 34.0 N, Ax = 0, Cy = 6.54 N, Cx = 0, 

x = 292 mm, By = 1.06 N, Bx = 0
6-103 F = 562 N
6-105 F = 6.93 kN
6-106  Fs = 286 N
6-107  dmin = 0.638  ft
6-109 FE = 3.64F

6-110  u = 6.22°
6-111  W = 25.5 lb
6-113  mS = 1.71 kg
6-114  mL = 106 kg

6-115  Pmax = 282 N, Bx = Dx = 70.7 N, 
By = Dy = 283 N, Bz = Dz = 283 N

6-30  FFG = 8.08  kN (T), FCD = 8.47  kN (C), 
FCF = 0.770  kN (T)

6-31  FCD = 50 kN (T), FHD = 7.07 kN (C), 
FGD = 5 kN (C)

6-33  FHG = 29.0 kN (C), FBC = 20.5 kN (T), 
FHC = 12.0 kN (T)

6-34  FFE = 1.80 kip (C), FEC = 693 lb (C)
6-35  FCB = 3.60 kN (T), FGC = 1.80 kN (C), 

FFG = 4.02 kN (C)
6-37  FLK = 10 kip (C), FLC = 2.5 kip (C), 

FBC = 10 kip (T)
6-38  FJI = 7.33 kip (C), FDE = 9 kip (T), 

FJE = 3.00 kip (C)
6-39  FFE = 8.49  kN (T), FBC = 8.49  kN (C),  

FFC = 0
6-41  FJI = 7.50 kip (T), FEI = 2.50 kip (C)
6-42  FKJ = 3.07 kip (C), FCD = 3.07 kip (T), 

FNJ = 0.167 kip (C)

6-43  FJI = 2.13  kip (C), FDE = 2.13 kip (T)
6-45  FBF = 0, FBG = 35.4 kN (C), FAB = 45 kN (T)
6-46  FBG = (2002L2 + 9) N (C), 

FBC = (200L) N (C), FHG = (400L) N (T)
6-47  FGF = 1.78 kN (T), FCD = 2.23 kN (C), FCF = 0
6-49  BN, NC, DO, OC, HJ, LE, and JG, 

FEF = 7.88 kN (T), FLK = 9.25 kN (C), 
FEP = 1.94 kN (T)

6-50  FAD = 300 lb (C), FBD = 450 lb (C), 
FCD = 568 lb (C)

6-51  FAB = 6.46 kN (T), FAC = FAD = 1.50 kN (C), 
FBC = FBD = 3.70 kN (C), FBE = 4.80 kN (T)

6-53  FAE = FAC = 220 N (T), FAB = 583 N (C), 
FBD = 707 N (C), FBE = FBC = 141 N (T)

6-54  Fmax = 169 N
6-55  FBC = 1.15 kN (C), FDF = 4.16 kN (C), 

FBE = 4.16 kN (T)
6-57  FCD = 650 lb (C), FCF = 0, FDF = 1.23 kip (T), 

FEF = 525 lb (C)
6-58  FAE = 450 lb (T), FAB = 300 lb (T), FBC = 0, 

FBF = 225 lb (T), FBE = 515 lb (T), 
FBD = 721 lb (C)

6-59  FAD = 686 N (T), FBD = 0, FCD = 615 N (C), 
FBC = 229 N (T), FAC = 343 N (T), 
FEC = 457 N (C)

6-61 P = 300 lb, FB = 580 lb
6-62   P = 25 lb, RA = 25 lb, RB = 60 lb
6-63  Wmax = 980 lb
6-65  Ax = 300 N, Ay = 300 N, Cx = 300 N, 

Cy = 300 N
6-66  Ax = 80 lb, Ay = 80 lb, By = 133 lb, Bx = 333 lb, 

Cx = 413 lb, Cy = 53.3 lb
6-67 Pmax = 742
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7-37  V = -0.293rw0, N = -0.707rw0, 
M = 0.0783 r 2w0

7-38 N = -0.866rw0, V = -1.5rw0, M = 1.23r 2w0 
7-39  V = 0.278rw0 , N = 0.0759rw0 , M = 0.0759r 2w0

7-41 VD = 135 N, ND = 180 N, MD = 270 N # m
7-42  (VC)x = 450 N, (NC)y = 0, (VC)z = -550 N, 

(MC)x = -825 N # m, (MC)y = 30 N # m, 
(MC)z = 675 N # m

7-43  (VD)x = 116 kN, (ND)y = -65.6 kN, (VD)z = 0, 
(MD)x = 49.2 kN # m, (MD)y = 87 kN # m, 
(MD)z = 26.2 kN # m

7-45   a) 0 … x 6 a: V = a1 -
a

L
bP  

M = a1 -
a

L
bPx  

 a 6 x … L: V = -a a

L
bP  

 M = Paa -
a

L
 xb ,  

b) 0 … x 6 2 m: V = 6 kN, M = {6x} kN # m  
2 m 6 x … 6 m: V = -3 kN 
M = {18 - 3x} kN # m

7-46  a)  For 0 … x 6 a, V = P, M = Px 
For a 6 x 6 L - a, V = 0, M = Pa   
For L - a 6 x … L, V = -P, 
M = P(L - x), b) For 0 … x 6 5 ft, 
V = 800  lb M = {800x} lb # ft 
For 5 ft 6 x 6 7 ft, V = 0 M = 4 kip # ft 
For 7 ft 6 x … 12 ft, V = -800  lb 
M = {9.6 - 0.8x} kip # ft

7-47  a) For 0 … x 6 a, V =

Pb

a + b
, M =

Pb

a + b
 x 

  For a 6 x … a + b, V = -
Pa

a + b
 

  M = Pa -
Pa

a + b
 x, 

b)  For 0 … x 6 5 ft, V = 350 lb 
M = {350x} lb # ft 
For 5 ft 6 x … 12 ft, V = -250 lb 
M = 53 - 0.25x6  kip # ft

7-49  For 0 … x 6 b, V = -Pa>b, M = -Pax>b, 
For b 6 x … a + b, V = P, M = -P(a + b - x)

7-50 V = {4 - 2x} kN, M = {-x2 + 4x -  10} kN # m
7-51  V = {28 - 3x} kN, 

M = {28x - 1.5x2 - 114} kN # m
7-53  For 0 … x 6 8 m, V = {134 - 40x} kN, 

M = {134x - 20x2} kN # m, For 8 m 6 x … 11 m, 
V = 20 kN, M = {20x - 370} kN # m 

7-54  (w0)max = 8.52 kN>m 

6-117  FAB =  1.56 kN, Ex = 0, Ey = 0, 
MEx = 0.5 kN # m, MEy = 0

6-118  MCx = 0, Cx = 0, Cz = 0.18 kip, Cy = 1.17 kip, 
MCz = 4.14 kip # ft, Ax = 0, Ay = 1.44 kip, 
Az = 0.540 kip

Chapter 7
7-1  NC = 0, VC = -1 kip, MC = 56 kip # ft, ND = 0, 

VD = -1 kip, MD = 48 kip # ft
7-2  NB = 0, VB =  -100 lb, MB =  750 lb #  in.,  

ND = 0, VD = 75 lb, MD =  -750 lb #  in.
7-3  NA = -39 kN, VA = 0, MA = -2.42 kN # m
7-5  NC = 21.7 kN, VC = 62.5 kN, MC = -225 kN # m
7-6  ND = 0, VD = 8 kN, MD = -9.75  kN # m, 

NE = 0, VE = 5 kN, ME =  7.5 kN # m
7-7  NC = 0, VC =  2.88 kN, MC =  6.56 kN # m,  

ND = 0, VD =  1.75 kN, MD =  9.75 kN # m
7-9  NE = 470 N , VE = 215 N, ME = 660 N # m, 

NF = 0, VF = -215 N, MF = 660 N # m
7-10 NC = 0, VC = 0.5 kip, MC = 3.6  kip # ft
7-11 NC = 0, VC = 0, MC =  1.5 kN # m
7-13 NC = 0, VC =

3w0L

8
, MC = -

5

48
w0L

2

7-14  NC =  -1.80 kip, VC =  -125 lb, MC =  9.75 kip # ft
7-15  MC = -15 kip # ft, NC = 0, VC = 2.01 kip, 

MD = 3.77 kip # ft, ND = 0, VD = 1.11 kip
7-17 NA = 86.6 lb, VA = 150 lb, MA = 1.8 kip # in.
7-18  NC = -4 kip, VC = -1 kip, MC = -14 kip # ft, 

ND = -4 kip, VD = 1.75 kip, MD = -5 kip # ft
7-19  NE = -1.92 kN, VE = 800 N, ME = 2.4 kN # m
7-21  NC = -4.32 kip, VC = 1.35 kip, MC = 4.72 kip # ft
7-22  ND = 0, VD = 5 kip, MD = 46 kip # ft
7-23 NC = -

wL

2
 csc u, VC = 0, MC =

wL2

8
 cos u

7-25  NC = -265 lb, VC = -649 lb,  
MC = -4.23 kip # ft, ND = -265 lb, VD = 637 lb, 
MD = -3.18 kip # ft

7-26  a =

L

3
 

7-27  NC = -1.91 kN, VC = 0, MC = 382 N # m
7-29 NC = -406 lb, VC = 903 lb, MC = 1.35 kip # ft
7-30 ND = -464 lb, VD = -203 lb, MD = 2.61 kip # ft
7-31  VD = 0, ND = 200 lb, MD = 900 lb # ft, 

VE = 120 lb, NE = 360 lb, ME = 1.14 kip # ft
7-33  ND = -450 lb, VD = 250 lb, MD = -750 lb # ft
7-34 NE = 250 lb, VE = 0, ME = 675 lb # ft
7-35  VAx = 0, NAy = 0, VAz = 250 lb,  

MAx = 188 lb # ft, MAy = 188 lb # ft, MAz = 0, 
VBx = 0, VBy = 0, NBz = 250 lb,  
MBx = 438 lb # ft, MBy = 188 lb # ft, MBz = 0
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7-87  Vmax = -15.8 kN, Mmax = 20.5 kN # m
7-89 Vmax = {  20 kN, Mmax = 45 kN # m
7-90  Vmax = {11.5 kN, Mmax = -21 kN # m
7-91  Vmax = -172 lb, Mmax = -200 lb # ft
7-93  Vmax = 3.75 kip, Mmax = 37.5 kip # ft
7-94  xB = 4.36 ft
7-95 P = 71.4 lb
7-97  xB = 3.98 ft
7-98  P = 84 lb
7-99  yB = 8.67 ft, yD = 7.04 ft
7-101  h = 2.68 ft, ℒ = 13.4 ft
7-102  wmax = 51.9 lb>ft
7-103  Tmax = 14.4 kip, Tmin = 13.0 kip
7-105  TB = 48.7 MN, TA = 51.4 MN
7-106  (w0)max = 77.8 kN>m
7-107  y = {46.0(10-6)x3 + 0.176x} ft, Tmax = 48.7 kip
7-109  Tmax = 594  kN
7-110  Tmin = 552  kN
7-111 hmin = 7.09 m
7-113  y = {137[cosh 7.32(10-3)x - 1]} ft, ℒ = 158 ft
7-114  Tmax = 5.36 kN, ℒ = 51.3 m
7-115 y = {23.5[cosh 0.0425x - 1]} m, Tmax = 1.60 kN
7-117 dAC = 8.07 m
7-118 N/A
7-119  FRx = 292 lb
7-121  s = 5.14 ft
7-122  Tmax = 4.52 kip, ℒ =  331 ft

Chapter 8
8-1  Pmax = 12.8 kN
8-2  P = 76.0 lb
8-3  NA = 16.5 kN, NB = 42.3 kN, No

8-5  P = 140 N, d = 500 mm
8-6  FC = 30.5 N, NC = 152 N, x = 0.794 m
8-7 b = 2a sin u
8-9 N/A
8-10  f = uk, Pmin = W sin (a + uk)
8-11  P = 0.990 lb
8-13  FA = 604 N, No
8-14  umax = 21.8°
8-15  l = 26.7 ft
8-17  (mA)min = (mB)min = 0.268
8-18  umax = 15.9°
8-19  (ms)min =  0.578
8-21  nmax = 8
8-22  s = 5 in.
8-23  Pmin = 1.18 kN
8-25  Yes., It slips.
8-26  It will slip.
8-27 It will slip.

7-55  For 0 … x 6 L, V =

w

18
 (7L - 18x), 

M =

w

18
 (7Lx - 9x2), For L 6 x 6 2L, 

V =

w

2
 (3L - 2x), M =

w

18
 (27Lx - 20L2 - 9x2),  

For 2L 6 x … 3L, V =

w

18
 (47L - 18x), 

M =

w

18
 (47Lx - 9x2 - 60L2)

7-57  a) V =

w

8
 (7L - 8x) 

M = -
w

8
 (4x2 - 7Lx + 3L2),  

 b) V = {5(10.5 - x)} kN 
M = {-2.5(x2 - 21x + 108)} kN # m

7-58 V =

w

4
13L - 4x2 , M =

w

4
13Lx - 2x2 - L22

7-59  For 0 … x 6 3 m, V = {-2x2>3 - 4} kN, 
M = {-2x3>9 - 4x} kN # m, 
For 3 m 6 x … 6 m, V = {4(6 - x)} kN, 
M = {-2(6 - x)2} kN # m

7-61  For 0 … x 6 15 ft, V = -20 kip, 
M = {-20x} kip # ft, 
For 15 ft 6 x 6 45 ft, V = {120 - 4x} kip, 
M = {-1.65(103) + 120x - 2x2} kip # ft, 
For 45 ft 6 x … 60 ft, V = 20 kip, 
M = {-1.2(103) + 20x} kip # ft

7-62 a =

L

22
7-63  (w0)max = 21.7 lb>ft
7-65  V = {3 - 0.5x} kip, 

M = {3x - 0.25x2 - 6.75} kip # ft
7-66  Vx = 0, Vz = {24 -  4y} lb, 

Mx = {2y2 -  24y + 64} lb # ft, My = 8 lb # ft, 
Mz = 0

7-67  V =

pgr0 
2

3L2
 3(L + x)3 -  L34 , 

M = -
pgr0 

2

12L2
 3(L + x)4 -  L3(4x + L)4

7-69  V = {16 - 4y} lb, M = {-2y2 + 16y - 40} lb # ft
7-70  Vmax = 675 lb, Mmax = 1.9 kip # ft
7-71  Vmax = -14.5 kN, Mmax = -22 kN # m
7-73  Vmax = {5 kN, Mmax = -10 kN # m
7-74  Vmax = -225 lb, Mmax = -300 lb # ft
7-75  Vmax = 625 N, Mmax = 750 N # m
7-77  Vmax = -14 kN, Mmax = 18 kN # m
7-78  Vmax = 45 kN, Mmax = -67.5 kN · m
7-79  Vmax = -2P, Mmax = PL

7-81  Vmax = 800 lb, Mmax = -1.2 kip · ft
7-82  Vmax = 28 kN, Mmax = -114 kN # m
7-83  Vmax = -10.5 kN, Mmax = 22.6 kN # m
7-85  Vmax = -110 lb, Mmax = -180 lb # ft
7-86  Vmax = {3 kN, Mmax = 3 kN # m
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8-89  (TA)min = 1.95 kN, (TB)min = 759 N
8-90  Pmin = 736 N
8-91  u = 40.1° 
8-93  Mmax = 458 N # m
8-94  (mD)max = 25.5 kg
8-95  FA = 16.2 N, No
8-97 nmax = 30, M = 150 lb # ft
8-98 N/A
8-99  Pmin =  53.6 N
8-101  Wmax = 39.5 lb
8-102  T1 = 1.85 N, T2 = 1.59 N
8-103  nmin = 2
8-105  umax = 38.7°
8-106  d = 4.07 m, (ms)min = 0.190
8-107  M = 304 lb # in.
8-109  M = 97.5 lb # ft
8-110 Fs = 1.62 kip
8-111  Mmin = 238 N # m

8-113 M =

msP

3 cos u
 ¢d2

  3 -  d1
  3

d2
  2 -  d1

  2
≤

8-114  p0 = 0.442 psi, Fmin = 573 lb
8-115 Pmin =  2.00 N
8-117  P = 814 N
8-118  Pmin = 0.590 lb, Pmin ≈ 0.597 lb

8-119  M =

mkPr

21 + mk 2

8-121 mB = 13.2 kg
8-122  (rf)A ≈ 0.2 in., (rf)B ≈ 0.075 in.
8-123  (rf)A ≈ 7.5 mm, (rf)B ≈ 3 mm
8-125  P = 1.88 lb, P ≈ 1.89 lb
8-126  Pmin = 216 N
8-127  Pmax = 178 N
8-129  Pmax = 266 N
8-130 N/A
8-131  Pmin = 33.4 lb

Chapter 9
9-1  x = 0.546 m, Ox = 0, Oy = 7.06 N, 

MO = 3.85 N # m
9-2  x = 0, y = 1.82 ft
9-3  x = 0.574 m, Bx = 0, By = 84.8 N,  

Ay = 63.1 N

9-5 m = 13.9 kg, x = 1.24 m, y = 2.18 m
9-6 A = 2.25ft2, x = 2.4ft, y = 0.857ft

9-7  A =

2

3
 ah, x =

3

8
 a, y =

3

5
 h

9-9 x = 0.649 ft
9-10 y = 2.04 ft

8-29 ms =  0.306
8-30 Pmin = 1.03 kN
8-31  Pmin = 845 N
8-33 No

8-34  At P =

W

2
 ms = 0.333,  

For 0 6 P 6
W

2
 and 

W

2
6 P … W, 

ms =

(P + W) - 2(W + 7P)(W - P)

 2(2P - W)
8-35  Pmax = 8.18 lb
8-37  Mmax = 77.2 N # m
8-38  FA =  71.4 N
8-39  No
8-41  nmax = 7
8-42  FB = 200 N
8-43  mmin = 0.177
8-45  dmax = 2.7 in.
8-46  Pmin = 613 N
8-47  Pmin = 13.4 lb
8-49  Pmin = 589 N
8-50 (mA)max = 0.152, (mB)max = 0.254
8-51  Pmin = 49.1 N
8-53 Pmin = 83.4 lb
8-54  Pmin = 100 lb

8-55  dmax =

2msl

21 + 4ms
2

8-57  Pmin =

1

2
msW

8-58  umax = 33.3°
8-59  umax = 22.6°
8-61 Pmin =  858 N
8-62 Pmax = 0.0328W

8-63 Pmin = 1.38W

8-65  Pmin = 304 N
8-66  smin = 32.9 mm
8-67  F = 66.7 N
8-69  Pmin = 575 N
8-70  umax = 33.3°
8-71  F = 71.4 N
8-73 N/A
8-74  M = 40.6 N # m
8-75  ms = 0.0637
8-77 P =  51.2 N
8-78  P = 880 N, Mmax = 351 N # m 
8-79  P = 617 lb
8-81  F = 4.91 N
8-82  P = 2.85 kN
8-83 (WD)max =  12.7 lb 

8-85  nmin = 2
8-86  P = 1.54 kN
8-87  ms = 0.0583
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9-58  x = 1.60 ft, y = 7.04 ft, Ax = 0, Ay = 149 lb, 
MA = 502 lb # ft

9-59 y- =  
h

3
a2b1 +  b2

b1 +  b2

b
9-61 x = 2.64 in., y = 12 in.
9-62  x = 4.83 in., y = 2.56 in.
9-63  y = 11.9 in.
9-65 x = 0, y ≈ 545 mm
9-66 y = 272 mm
9-67  y = 324 mm
9-69 x = 105 mm
9-70 y = 5.12 in.
9-71 x = 2.11 ft, y = 1.34 ft

9-73 x‾ = 2.5 in., y‾ = 4 in.
9-74 x = 7.18 ft, Ay = 667 lb, By = 2.63 kip
9-75 y = 58.1 mm
9-77  u = 53.1°
9-78 y = 154 mm
9-79  x = 2.19 in., y = 2.79 in., z = 1.67 in.

9-81  x =

L + (n - 1)d

2
9-82  N/A
9-83  d = 3 m
9-85 x = 13.1 mm, z = 22.5 mm, umax = 30.1°
9-86 z = 111 mm
9-87  x = 4.56 m, y = 3.07 m, By = 4.66 kN, 

Ay = 5.99 kN
9-89  y = 2.57 in.
9-90  V = 101 ft3

9-91  A = 141 in2

9-93  W = 3.01 lb
9-94  A = 70.0 in2

9-95  R = 29.3 kip
9-97 A = 302 m2

9-98  V = 536 m3

9-99 A = 88.0 m2

9-101 A = 141 in2

9-102  V = 49.1 in3

9-103  V = 25.5 m3

9-105  V = 0.0486 m3

9-106  V = 3.49 m3

9-107  A = 1.36(103)
9-109 h = 29.9 mm
9-110 V = 207 m3, A = 188 m2

9-111 W = 3.12(106) lb
9-113  V = 1.40(10 3) in3

9-114 A = 119(10 3) mm2

9-115 FR =  7.62 kN, xX=  2.74 m, y =  3 m
9-117 FR =  678 lb, x =  0.948 ft, y =  1.50 ft
9-118  FR =  4.00 kip, y =  -6.49 ft

9-11  x =

3

4
 b

9-13  x- =  ap - 2

2p
ba

9-14  y =

p

8
a

9-15 x = 1.08 in.

9-17 y =

a p

8
, x =

L

2
9-18  x = 0.398 m
9-19  y = 1.00 m
9-21  x = 1.6 ft
9-22  y = 4.15 ft
9-23  x = 0.4ft
9-25  x = 3.20 ft, y = 3.20 ft, z = -0.125 ft, 

TA = 384 lb, TC = 384 lb, TB = 1.15 kip

9-26  y =

4b

3p
, x =

4a

3p
9-27 y = 2.80 m , x = 6.00 m
9-29 y = 1.33 in.
9-30 x = 1 m
9-31 y = 0.4 m

9-33  y =

pa

8
9-34  x = -3 m, y = 0.25 m, z = -0.3 m, 

Az = 52.3 kN, MAy = 52.3 kN # m, 
 Az - 52.3 = 0, Az = 52.3 kN, MA = 52.3 kN # m

9-35  x = 0.446 m

9-37  y =

3

4
 h

9-38  y =

4

5
 

9-39 y =

2

5
 h

9-41 x =  y =  0, z =

2

3
 a

9-42 z =

R2 + 3r 2 + 2rR

4(R2 + r 2 + rR)
 h

9-43  z = 2.50 ft
9-45 y = 0.833 ft

9-46  y =

3

8
a

9-47  y = 16.9 in.
9-49 m = 0.917pr0a

3, y = 0.418a

9-50  z =

c

4
9-51  x = 34.4 mm, y = 85.8 mm
9-53 x = -0.590 in., y = 1.07 in., z = 2.14 in.
9-54  x = -50 mm, y = 86.6 mm, f = 19.1°
9-55 x = 2.43 m, y = 1.31 m

9-57 x = 121 mm, y = 44.1 mm, z = 124 mm
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10-41  Iy = 29.8(106) mm4

10-42  Ix = 154(106) mm4

10-43  Iy = 91.3(106) mm4

10-45 x = 61.6 mm, Iy′ = 41.2(106) mm4

10-46  Ix = 52.7(106) mm4

10-47  Iy = 2.51(106) mm4

10-49 JO =

1

32
 pd4 -

1

6
a

 

4

10-50 y = 0.181 m, Ix′ = 4.23(10-3) m4

10-51  Ix′ = 520(106) mm4

10-53 Iy = 45.5(106) mm4

10-54  Ixy =

1

6
 l3t sin 2u

10-55  Ixy = 48 in4

10-57 Ixy =

3

16
 b2h2

10-58  Ixy =

3

16
 b2h2

10-59 Ixy = 10.7 in4

10-61  Ixy = 0.667 in4

10-62  Ixy = -28.1(103) mm4

10-63  Iu = 15.8 in4, I
v
= 25.8 in4

10-65 Ixy =

a2c sin2 u

12
 (4a cos u + 3c)

10-66  Ixy = 98.4(106) mm4

10-67  Ixy = -110 in4

10-69  y = 4.67 in., Ix = 1.47(103) in4, Iy = 2.50(103) in4

10-70  x = 1.68 in., y = 1.68 in., Imax = 31.7 in4, 
Imin = 8.07 in4, up1 = 45°, up2 = -45°

10-71  x = 1.68 in., y = 1.68 in., Imax = 31.7 in4, 
Imin = 8.07 in4, up1 = 45°, up2 = -45°

10-73  x = 48.2 mm, Iu = 112(106) mm4, 
I
v
= 258(106) mm4, Iuv = -126(106) mm4

10-74  Imax = 117(106) mm4,  Imin = 28.8(106) mm4

10-75 Imax = 117(106) mm4, Imin = 28.8(106) mm4

10-77  Iu = 43.9 in4, I
v
= 23.6 in4, Iuv = 17.5 in4

10-78  Iu = 909(106) mm4, I
v
= 703(106) mm4, 

Iuv = 179(106) mm4

10-79  Iu = 909(106) mm4, I
v
= 703(106) mm4, 

Iuv = 179(106) mm4

10-81  up1 = -27.3°, Imax = 24.6(106) mm4, 
Imin = 2.56(106) mm4

10-82  up1 = -22.5°, Imax = 250 in4, Imin = 20.4 in4

10-83  up1 = -22.5°, Imax = 250 in4, Imin = 20.4 in4

10-85  Ix =

2

5
 mb2

10-86  kx = 1.20 in.
10-87  ky = 1.56 in.

10-89 kx = 57.7 mm

9-119 FRx =  628 kN, FRy =  538 kN
9-121 FRA = 157 kN, FRB = 235 kN, do = 4.22 m
9-122 FCDEF = 750lb, FABDC = 1.8 kip
9-123 FR = 83.4 kN
9-125  FR =  117 lb, d =  13.1 in.
9-126  dmin = 2.69 m
9-127  FR1 = 13.8 kip on ABDC, 

FR2 = 61.4 kip on BDFE

9-129 h =  6.67 m
9-130 h =  7.73 m

Chapter 10
10-1 Ix = 2.13 m4

10-2 Iy = 4.57 m4

10-3 Ix = 0.533 m4

10-5  Ix =

2

7
bh3

10-6  Iy =

2

15
hb3

10-7 Ix =

pr0
4

8
10-9  Ix = 10.7 in4

10-10  Ix = 3.20 m4

10-11 Ix = 1.54 in4

10-13 Ix = 0.0606 m4 

10-14  Iy = 0.222 m4

10-15  Ix = 19.5 in4 

10-17 Ix =

pr 4

16

10-18  Iy =

b3h

6
10-19 Ix = 39.0 m4 

10-21 Ix = 0.533 m4 

10-22 Iy = 2.44 m4

10-23  Ix =

3ab3

35
10-25  y = 1.83 in., Ix′ = 33.5 in4 

10-26  Iy = 74 in4

10-27  y = 2 in., Ix′ = 128 in4

10-29  Ix =

1

12
 a4

10-30  Ix = 548(106) mm4

10-31  Iy = 548(106) mm4

10-33 Iy = 388 in4

10-34  Ix = 115(106) mm4

10-35  Iy = 153(106) mm4

10-37  Iy = 10.3(109) mm4

10-38 Iy = 914(106) mm4

10-39  y = 334 mm, Ix′ = 3.83(109) mm4
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11-13 F = 13.9 N
11-14 M = 43.3 N # m
11-15  u = 24.9°
11-17  FC = 427 N
11-18  P = 2k tan u (2l cos u - l0)
11-19 P = 2k(2l cos u - l0)
11-21  u = 90°, or 33.4°
11-22  F = 259 lb
11-23 WG = 2.5 lb

11-25 u = sin-1 a4W

ka
b , or 90°

11-26 Unstable at x = -0.5 ft, Stable at x = 0.833 ft
11-27  Unstable at u = 38.7°, Stable at u = 90°, 

Unstable at u = 141°
11-29 Unstable at x = -0.424 ft, Stable at x = 0.590 ft
11-30  Unstable at u = 34.6°, Stable at u = 145°
11-31 Unstable at u = 17.5°, Stable at u = 70.9°
11-33 WD = 275 lb

11-34 u = sin-1 a W

2kL
b

11-35 Stable at h = 8.71 in.
11-37  Unstable at u = 0°,  Stable at u = 71.5°
11-38 N/A

11-39  W =

8k

3L
11-41  Unstable at u = 23.9°
11-42  b 6 2r

11-43 Unstable at u = 12.1°
11-45 Stable at u = 76.8°
11-46 Unstable at u = 0°
11-47 h = 1.35 in.
11-49 h = 0

10-90  Ix =

3

10
 mr 2

10-91  Iy = 2.25 slug # ft2

10-93  Iy =

5

18
 m

10-94  Iz =

7

18
 ma2

10-95  IO = 0.450 g # m2, y = 57.7 mm, IG = 0.150 g # m2

10-97  Iz = 1.53 kg # m2

10-98  IA = 2.17 slug # ft2

10-99  IO = 5.27kg # m2

10-101 IO = 0.276 kg # m2

10-102 y = 203 mm, IG = 0.230 kg # m2

10-103 IO =

1

2
 ma2

10-105  Iz = 0.113 kg # m2

10-106 IG = 118 slug # ft2

10-107  IO = 293 slug # ft2

10-109  Iz = 34.2 kg # m2

Chapter 11
11-1 FAD = 3.92 kN (C)
11-2  P = 2W cot u
11-3  Fs = 10.0 lb
11-5  u = 27.4°, or 72.7°
11-6  k = 1.05 kN>m
11-7 FE = 177 N
11-9  k = 10.8 lb>ft
11-10  u = cos-1 a a

2L
b

1
3

11-11 P =

ka(a sin u - l0)

l
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