
























































































































































































































































Whenever cables are used for hoisting loads, they must be selected so that they do
not fail when they are placed at their points of attachment. In this chapter, we will
show how to calculate cable loadings for such cases.










































































































































































































































































































































































































































































































































































































































































































































































































































































































































The effective design of a brake system, such as the one for this bicycle, requires an
efficient capacity for the mechanism to resist frictional forces. In this chapter, we will
study the nature of friction and show how these forces are considered in engineering
analysis and design.


































































































































































































































































































































































































































































































































































































































































































































2-23.

2-25.

2-26.

2-27.

2-29.

o= 90°

F; = 250 kN

Fgr=433kN

Fg=809kN

& = 98.5°

o E

n S unid - &)

¢=3

Fg = VI(FY + (F)* = 2(F)(F) cos (180° — )
Fg=2Fcos(§)

FA = 3.66 kN

Fg=7.07kN

Fy=500kN

FA = B.66 kN

0= 60°

F A = 600 cos 30° = 520N

Fy = 600sin 30° = 300N

0= 109"

Fuin = 2351b

F=9741b

0= 162"

Fr= V499.62 + 493.01% = 702N

0= 44.6°

b = 424°
F,=6731b
F,=~1621b
5196 = =2 + Ficosd + 4
~3 = ~3464 + Fysind - 3

Fy=T3IN

& =473° Fy=4T1kN
Fy = 129KkN

Fg=132kN

0=291° Fy=215N

0 = 700 sin 30° = Fycosd
1500 = 700 cos 30° + Fgsin ¢
fl = 68.6° Fg=90N
Fy=839N

& = 14.8°

Fg=4631b

f = 39.6°

0= Fysind — 180 — 240
Fg= Ficosd + 240 — 100

Fy =4201b

Fr = 1401b

0=637 Fy=120F
=543  F,= 686N

ANSWERS TO SELECTED PROBLEMS 621

2-54.

2-57.

2-58.

Fr= V(=103.05)% + (-42.57) = 111 1b
o= 202°

1.22kN = P = 3.17kN

Fg=391N

0= 164°

Fg = V(05F, + 300)* + (0.8660F, — 240)
Fy = F} = 115.69F, + 147600

ZFR@ = ZFI - 11569 =0

dF,

F,=518N, Fp=380N

8 = 103°

F,=8811Ib

Fg=1611b

0= 38.3°

Fi = (—4.1244 — F cos 45%)* + (7-F sin 45°)
ZF,%E = 2(—4.1244 — F cos 45°)(—cos 45°)

+ 27 = Fsind45°)(~sin45") = 0

F = 203kN

Fy=78TkN

Fy = [Ficosti + FysinfijjN
F, = [350i | N

Fy = {-100§) N

= 67.0"

F|_—“'34N

F, = {~159i + 276j + 318k} N
F, = {424 + 300j — 300k} N
Fy = 600(2)(+D)+0j+600(})(+k)

= {480i + 360k} N
F, = 400 cos 60°i + 400 cos 45%j
+ 400 cos 120°k
= {200i + 283j — 200k} N
Fp=T51Ib
a = 25.5°
B = 68.0°
y=T1.7°
F,=-200N
F,=200N
F,.=283N

—100k = [(Fy, — 33.40)i + (Fy + 1928)j
+ (Fy, ~ 45.96)k)

Fu=66.41b

a = 59.8°

8= 107°

y = 144°
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2-66.

2-67.

2-70.

2-71.

2-73.

2-74.

2-T7.

2-T78.

2-79.

ANSWERS TO SELECTED PROBLEMS

a = 1247
B =713
y = 140°
F, = [14.0§ — 48.0k} Ib

F, = (90i — 127j + 90Kk] Ib

=300i + 650§ + 250k
= (459.28i + 265.17j — 530.33k)

+ (Fcosai + Fcos Bj + F cosyk)
F(cos* a + cos® B + cos y) = 1333 518.08
F = L15kN

a=131° B=75 y=415
F=882N

a=121° B=527° y=3530°
Fg=T7181b

ag = 86.8°

Br =133"°

yr = 103°

Fr= V(550 + (52.1)* + (270)* = 615N

a = 26.6°

B =851°
y = 64.0°
ayp = 45.6°
By =331°
71 = 66.4°
oy = 90"

By = 53.1°
v = 66.4°

Fscos ax = —150.57
Ficos B = —86.93
Fscosys = 46.59

F; = 180N
o = 147°

By = 119"
Y= 75.07

a = 121°

y =353.1°
Fr=T84N
B = 525°

F; =958 kN
a; = 15.5°
B; = 984°
s = T10°

a = 64.67°
F,=128kN
F, = 2.60kN

F.= 0776 kN

2-86.
2-87. z=353m
2-89,

2-82. F =202kN
2-83

F, = 0523kN

F; = 166N

o =975

B =637

y = 215°

2-85. Fy= V(-17.10)7 + (8.68)° + (—26.17)°

=3241b

ay = 122°

Ba=T45°

y2 = 144°

Fap = {—3i +6j +2k}m
Fag = Tm

Fgs = {400i — 400j — 200k} Ib

Fe = {250i + 500j — 500k} Ib

Fr = V650° + 100° + (—=700)* = 960 Ib
a=474°

B = 84.0°

y = 137
290, o =728

B =833

y = 162°

Fg=82N
291 Fp=138kN

a=824°

B = 125°

y = 144°
9. (4cos 30° i — 4sin 30°j — 6Kk)

V(4 cos 30°) + (—4sin 30°)° + (—6)°
= (2881 - 16.6j — 499Kk} Ib
Fp = [-288i - 166j — 49.9Kk]Ib

(4j - 6k)
e V(@) + (-6)
= (333§ — 499k] Ib
Fr=1501b
a = 90°
B = %r
y = 180°

294 F=35211b
2-95. F = (59.4i — 88.2j — 83.2k] Ib

a = 639°
B = 131°
y = 128°



2-97.
2-98.
2-99.
2-101.

2-102.

2-103.
2-105,

2-106.
2-107.
2-109.

2-110.

tap = 10 = 0§ + [0 - (-2299)]
4+ (0 = 0.750) k) m
fep = [[-0.5 = (=25)]i + [0 - (-2.299)]
+ (0 = 0.750) k] m
F, = [285j - 93.0k] N
Fe = (159 + 183] — 59.7k| N
F,y = [-43.5i + 174 - 174k| N
Fy = [53.2i — 79.8] ~ 146k) N
Fe = 1.62kN
Fg=242kN
Fg =346 kN
u=§= -0~ %i- Nk
x=24f
y=181
z=16M
Fgp= 1.24 lup
a = 90°
B =9%"
y = 180"
F,‘ - Fﬂ - F( = 3261b
F, = {30i = 20§ - 60k} Ib
Fy = {30i + 20j - 60k} Ib
Fe = {=30i + 20j — 60k} Ib
Fp = {=30i - 20j - 60k} Ib
Fyi=2401b
a =W
B ="
y = I80°
F = 1051b
F = |=6.61i — 3.73j + 929} Ib
ry=(0-075i+ (0 -0+ ((3-0k
= [-075i + 0f + 3k|m
F,= [~146i + S82k| kN
re = [0 = (=0.75sin 45%)]i
+ [0 = (—0.75 cos 45°)]j + (3 — O)k
Fe = [0.857i + 0.857j + 485k} kN
ry = |0 = (=0.75 sin 30°) i
4+ (0 - 0.75cos 30%)j + (3 - O)k
Fy = [0.970i — 1.68] + 7.76k| kN
Fgr=185kN
a = §8.8°
B = 92.6°
y = 2.81°
F = [143i + 248j ~ 201k) Ib

ANSWERS TO SELECTED PROBLEMS 623

113, (Fyo)y = (24)(3) + (-48)(-5)
+ 16(-3) = 469N
(Fio), = V(56) — (46.86)" = 307N

2114, rpe =539m

2-115. (Fgp)y = 334N
(Fep), = 498N

2-117. w, = cos 120°i + cos 60" j + cos45°k
|Proj Fyl = 716N

2-118. Fy- = 452N
Fpe = (32 - 32N

2-119. F, = 333N
F,=373N

2-121. u,- = 0.1581i + 0.2739) — 09487k
(F ac): = =569 1b

2-122, F ¢ = 3661b
Fac = {293] + 219k} Ib

2-123. (Fgc)” = 245N
(Fﬂ"l. - 316N

2-125. uyy, = —sin 30% + cos 30%
uoa=}i+3j-jk
& = 65.8°

2-126. (F)g, = 506N

2-127. 0 = 973"

2-129. r,,; = |15 + 3j + 8k| ft
fac = | =151 = 8j + 12k} ft
f=342°

2-130. F,=4781b
Fao=4551b

2-13L. F, = -I5N
F,=260N

2-133.

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

uy, = cos 135% + cos 607§ + cos 60°k

(F,);__ =541b

2-134. Fi= 178N
f = 100°

2-135. Fy=2151b
0= 527"

2-137. ry, = |-3ilN
rac = (61 + 4 — 2K ft
0= 143°

2-138. F, = 178N
0 = 852"

2-139. F,u = 2151b
0 =357
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4-17.

4-18.
4-19.

4-21.
4-22.
4-23.

4-25.

4-26.
4-27.
4-29.

4-31.
4-33.

ANSWERS TO SELECTED PROBLEMS

(M) e = =30(3)(9)
= —1621b-ft = 1621b-M1)
(‘MF«]C = Zﬂ}]h-fl)

Since (Mg )¢ > (Mg )¢, the gate will rotate

counterclockwise.
F,=2891b
Mp=1(3375cos8 + 75sinf) Ib- ft
a. M, =400V (3)" + (2
M,=144kN-m9
f = 56.3°
G+M, = 1200sin 6 + 800 cos #
My = 144 kN-m 9

foas = 56.3°

Mya =0

Bin = 146°

BC = 2457 ft

T =5 6 = 23.15°
1500 = F sin 23.157(20)
F=1911b

(M), = 1181b-in.)

(M,)s = 1401b-in.)

M,=739N-m )

Fe=822N+

C+Mpy = 40cos 25°(2.5) = 90.61b-f1%
C+Mec=1411b-11 5

G +M,=1951b-11Y)
C+M,=T77IN-mH

Maximum moment, 08 L BA
CH(Mp)max = S0.0KN-m

fi = 33.6°
F=1I5N
F=83N

My = 1y, X Fy = [110i — 50§ + 90k]lb-ft
M, = {90i — 130j — 60k} Ib-ft
(Mg)p = [200i — 180§ + 30k} Ib-ft
M, = 1ty X Fe = (1080i + 720§} N-m
My = 1y % Fe = {1080 + 720§} N-m
Mg = {=720i + 720§} N-m
(My)p={—18i + 9 — 3k} N'm
(Mp)o = {18i + 7.5] + 30k} N-m
M,=r,X%F

= [-539 + 13.1j + 114k} Nm
M, = (106 + 13.1j + 292k N'm
yv=1m
z=3m
d=115m

449, b=r X1y

Uy =
My = rpe % F = [10i + 0.750f — 1.56k) kN -m
4-50. Mg =427N'm

=&

a=952°
g = 110°
y = 20.6°

451, M,p = {9.33 + 933j — 467k} N-m
453 u-=k
r = 0.25sin30°i + (.25 cos 30° §

M.=155N"m
4-54. M, =1501Ib+1t
M, =4001b-ft

M. = 3601b-fi

4-55. M, = (1150 + 8.64j) Ib- 1t

4-57. rop = [0.2 cos 457 — 0.2 sin 45°k} m
M, =0828N'm

4-58. M,=T730N-m

4-59. F=TIN

461. Mcp=ucp-rca xF
=teptpg X F= —4321b-ft

4-62. F=1621b

4-63. M, =4641b- 1

4-65. u, = —sin30°i’ + cos 307§’
ri = —6cos 15°1" + 3" + 6sin 157k
M,=2821b-11

4-66. M =2821b-in.

4-67. (M,); = 301b-in.
(M,): = $1b-in.

469. Moy =upatop X W =1u0,1og < W
W = 56.81b

470. M,=148N-m

471, F=202N

473 M,=424N-'m
0 = 424.26 cos 45° — M5
M;=300N'm

4-74. F = 625N

475, (M, )g=2601b-ft)

477. F'=333N
F=133N

478. F=11IN

4+79. 6= 356.1"

4-8l. C+Mp= 100cos 30° (0.3) + 100 sin 30° (0.3)

~ Psin 15°(0.3) — Pcos 15°(0.3) = 15

P=T07N



4-82,

4-83,
4-85.

For minimum F require # = 45°
P =495N

N =260N

a.

Mg = 8cos45°(1.8) + 8sin 45°(0.3) + 2 cos 30°(1.8)

- 2sin 30°(0.3) — 2 cos 30°(3.3) — 8 cos 45°(3.3)

Mg =969kN-m)

4-90.

4-91.

4-93.

4-94.

4-97.
4-98,

4-101.

4-102.

4-103.

4-105.

b. Mg = 9.69kN- m)
(Mg = 520kN-m)

F=142EN-m
2. C+Mc = 40 cos 30°(4)-60(2)(4)
= 5341b- 1)

b. (+Me=—5341b- ft = 5341b- ft)
a C+Mc=5341br ft)

b. C+Mge=5341b- 1)

(Mg = 1LO4KN-m

a = 120°

B =613

v = 136°

M. =r 5 XF=rg, X =F
M, =408N-m

a= 113"

B = 101°

¥-= 90"

F=981N

(Mg), = 484 kip-ft
(Mg), = 298 kip-fi
Me=F(15)
F=154N
Mg = [-12.1i - 100j — 173k} Nm
d = 342 mm
=-M+3iM;+ 75
0=M; -3iM;—75
0= M- 1067
Ms=3181b-fi
M, = M, =2871b-ft
(M) = 224N-m

a =153

B = 634°

=N

Fy, = 2001b

Fy=1501b

Frp=V 125 + 5799 = 593kN
0=T718

Mg, = 348kN-m)

ANSWERS TO SELECTED PROBLEMS

4-106.

4-107.

4-109.

4-110.

4-111.

4-113.

4-114.

4-115.

4-117.

4-118.

4-119.

4-121.

4-122.

4-123.

4-125.

4-126.

627

Fg = 593kN
0=T71.8%
Mg, =116 kN-m?)
Fr=2991b
= 784°2
Mg, =21d41bsin. 9
Fr= V53301 + 100° = 542N
= 106"
(Mg)y =44IN-m5
Fg = 502kN
0 = 843°%
(Mg)s = 239kN-m)
Fg =461 N
0 = 4947
(Mg)o = 438N-m)
Fx = {2i — 10k} kN
(Mglo = rog % Fg + roc x Fp
= | ~6i + 12} kN-m

Fp = [~210k] N
Mgo = [~15i + 2255 N-m
Fg=[6i—1j- 14k N
Mgo = (130§ + 3.30j — 0450k} N-m
F> = |-1.768i + 3.062j + 3.536k] kN
F = [0.232i + 5.06j + 12.4k] kN
Mg, =nxFi+nxF

= [36.0i - 26.1j + 122k} kN-m
Fr=1075kip |
Mg, = 95kip-ftd)
d=1371
Fp=1075kip |
d=9260
Fr= V(100) + (898.2)° = 904 Ib
f# = 6.35°
& = 236°
d = 6.101Mt
Frp=1971b
0= 42.6°2
d=5241t
Frp=1971b
0= 426°2
d=0841
Fe= V(42.5) + (5031)* = 6591b
0 = 49875
d =210t
Fg=6591b
0 = 4987
d=4.621t
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4-127.

4-129.

4-130.

4-131.
4-133.

4-134.

4-135.
4-137.

4-138.

4-139.

4-141.

4-142.

4-143.

4-145.

4-146.

4147,

4-149.

ANSWERS TO SELECTED PROBLEMS

Fp=542N

= 106"

d =0827Tm

Fr=140kN!

=140y = =50(3)-30(11)—40(13)
y=T7l4m

xX=57lm

Fg = 140 kN

x=643m

y=1729m

Fe = 600N Fp= 500N

0 = 200(1.5 cos 45°) — F (1.5 cos 30°)
Fg=1631b
F(‘ =2231b
Fg=215kN
y=2368m
x=33m
Fu=30kN
Fp=26kN
~26(y) = 6(650) + 5(750)~7(600)—8(700)
y = 827 mm
x = 385mm
F, = 180kN
Fr=48.7kN
Fg = 8081b
X=3520t y=0138ft

My = =1003 b+ ft

Fr=90N

up, = —05051i + 03030 + 0.8081 k
Mg=30TKkN'm x=Ll6m
y=206m

Fe=T75kN |

X=120m

Frp=30kN |

X=34m

FR = }“’uL 1

=hwpl(¥) = ‘g"'u(g(*)'%"'n(%)GLJ
Xx=5L

Fr=39kip !

d=113Mt

wy = 190 Ib/ft

wy = 282 Ib/ft

Fp = [-108§] N

Mgo = —(1 + 3(1.2)) (108) j

Fy=20kN Fg=19kN

Fg=167kN

| e
bort 1

4-150.

4-151.

4-153.

4-154.

4-155.

4-157.

4-158.

4-159.

4-161.

4-162.

4-163.
4-165.
4-106.
4-167.
4-169.

4-170.
4171

4-173.

~(0.1 + }(1.2)) (108) k
Mgy = - 194j — 54k|N-m
b=4501t

a="9751

Fe=17Ib

X = 02681t

Fg=107kN «

owdz
(1]

f wdz
0

_ fm[(zuﬁ) {w-‘)]d:

T =

“

4dm
f (202) (10%)dz
(1]
h=1.60m
Fp=107kN |
X=1m

Fp=5771b,0 = 47.5°<%
Mgy = 220kip-ft D
Fg=806kip 1

806407 = 34560(6) + f (x + 12) wdx
o

¥=l46M

Fp=75331b

X = 160 ft

Wy = 18 b/t

Fp=5331b

X' = 2400

(dFg), = 62.5(1 + cos #)sin @ d

Fp=2231b 1

Fp=5330b |

Mg, = 53310119

d=35541

My = 1o, % F = [298i + 151j — 200k} Ib-in

M, = 289kip-ft )

M, = [-597i — 159} N-m

a Mc=r 5% (25k)
M, = [-5i + 875j|N-m

b. M- =rpp X (25K) + 154 X (-25Kk)
Mg = [=5i + 875j) N-m

F=92N

Fy = |-80i — 80j + 40k} Ib

Mgp = [—240i + 720§ + 960Kk} Ib- fi

M. =k (rg, X F) = k+(rpy X F) = =4.03N-m
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5-38.

5-39.

3

£Lf

5-50.

5-51L.

5-58.

5-59.

ANSWERS TO SELECTED PROBLEMS

k = 1.33kN/m

A, = 300N

A, = 398N

0=231°

A, = 300N

A, = 353N

A, =T7501b

N g (4 sin 30°)~300(1)—450(3)
Np = 8251b

A, =8251b

Ng=127kN

A, = 900N

My=227N.m

T =9081b

2500(1.4 + 8.4) — S00(15 cos 30° — 8.4)

~N,22+14+84) =0

N, = 1.85kip

Ny = LI1Skip

W = 534 kip

Fo=432b Fy=0 Fc=4321b
S0(9.81) sin 20° (0.5) + S0(9.81) cos 20°(0.3317)
— P cos 6(0.5) — Psin6 (0.3317) = 0
ForP..; =0

9= 33.6°
Pain = 395N

F = 520kN

Na=173kN

Ng=249kN

0= 63.4°

T =292kN

Fc(6cos0) — Fu(6cost) =0
0= 128

k= 11.2 Ib/ft

a=1.02°

For disk E: ~P + N(—V;ﬂ) =0
For disk D: N 4(3) - N(?) =0
Na=2501b

Ng=9.181b

N¢ = 1411b

Pasx = 2101b

N,y =2621b

Ne = 1431b

a = 104°

5-70.

571

5-73.

5-74.

95.35 sin 45°(300)~ F(400) = 0

F=3506N

A, = 108N

A, = 488N
a=V@EArl -4
Ne= 289N
N,=2I3N
Ng=332N
Tep(2)-6(1) = 0
Tep =3kN

Ter = 225kN

Tas = 0T5kN

v = 0.667m,x = 0L667m
Ry, = 22.6kip

Ry = 226 kip

Ry = 137 kip

C, =450N

C.(0.9 + 0.9) — 900(0.9) + 600(0.6) = 0
C.=250N

B. = LI2SKN

A, = 125N

B, =25N

A, +25-500=0
A, =4T5N

Tnn = T('n = 117N
A, = 66TN

A, =0

A, = 100N
Fpe=3751b

E, =0

E,=56251b

A, =0

A,=0

A, =6251b

Ng(3) — 200(3) — 200(3sin 60°) = 0
Np=373N

A, =333N

Tep+ 37321 + 33333 — 350 — 200 - 200 = 0
Tep =435N

A, =0

A, =0

Fep=0

Fep = 1001b

F.ﬁ'l} = 1501b

A, =0
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6-T.

6-10.

6-11.

6-13.

6~14.

ANSWERS TO SELECTED PROBLEMS

Fee = 558 N(T)

Fep = 929N (C)

Fpe = 582 N(T)

Feg = 3.00kN(T)

Fep = 260 kN (C)

Fop = 260kN (C)

Fpg = 200kN (T)

Fyr = 200kN (C)

Fgq = 5.00kN (T)

Fep = BOOKN (T)

Frp = 6.93kN ()

Fop = 6.93kN (C)

F‘-_‘w =400 kN (T)

Fyr = 4.00kN (C)

Fyq = 120kN(T)

Joint A: Fpsind5° — P =10

Joint F: Fpycos 45° — 14142 Peos 457 = ()
Joint E: Fpy — 2P = 0

Joint B: Fypysin 45° — 1.4142 Psin 45° =
Joint C:3P — N-=10

2P = 800 Ib P = 400 1b

3P = 600 1b P = 200 Ib (controls)
Fpg = Feg = Fyg = Fpr = Fep = Fge= 0
F_,“‘ — FLIE = 667 Ib (C)

Fye = Fepp = 667 1b (C)

Fyo = Foe=Fga =0

FDF = 400 1b [C)

Fee = Fpg = 33310 (T)

Fye = Fgq = 7081b (C)

Fpe = Fpe = 8251b(C)

Joint A: Fypsinft = 0

Joint D: 2.60 P, cos 22.62° — Fj = 0
Joint B: Fge — 2.60 P, sin 22.62° = 0
P=1351b

Fya =0

Fpe = 24501b (C)

Fe; = 1768 1b (T)

Fep = 12501b(C)

Fop = 1768 1b (C)

Fgp = 25001b (T)

Fyp = 24501b (C)

Fip=0

Fep = 125016 (C)

Fep = 1768 1b (T)

Fep = 1768 1b (C)

6-15.
6-17.

6-18.

6~19.

6-21.

6-22.

6-23.

6-25,

P = 2000 Ib

Joint A: (.8333F cos 73.74° + P cos 53.13°
= FAH =0

Joint B: 0.8333P(%) — Fye(i) = 0

Joint D: Fpp — 0.8333P — P cos 53.13°
—~ 0.8333Pcos 73.74° = 0

P = 1.50 kN (controls)

Fpy = 1500 1b (C)

Feg = 12001b (T)

Fep = 12001b (T)

F.EA =0

Fyp = 125010 (C)

Fyg = 2001b (C)

Fye = 20016 (C)
Fap =0

Fpe = 2501b (T)
Fip = 7516(C)
Fep = 601b(T)
Fep = 601b (T)
Fey = 551b(C)
Fyp = 1541b(C)
Fuy = 63.31b(T)
Fye = 63310 (T)

Fyp = 551b(T)
Foe = 79216 (C)

Joint I; Fyesin 45° + Fypeos3025° = W =10

Joint A: Fy; — 1.414 Wsin 457 = 0
m = 1.80 Mg

Fep = TIBN (C)

Fey = 550N (T)

Fga =TJ0.7N {C)

'FD.E = 500N {C)

Fry = 636N (C)

Feg = T0IN(T)

Fzq = 450N (T)

Fep = 286 N (C)

Feg = 202N (T)

Fpp = 118N (T)

Fppr = 286 N (C)

Fye = 118N (T)

Fyq = 202N (T)

Fyy = 286 N (C)

Joint A: 1.4142 Pcos 45° — Fig =10
Joint D: Fpe — 14142 Pcos45° = 0
Joint F: Fpp — 14142 Psin 45° =

Joint E: 1.4142 Psin 45° — P — Fpgsind3” =0



6-26.

6-27.

6-29.

6-30.

6-31.

6-33.

6-34.

6-35.

Joint C: Fey = P (C)
P = 1kN (controls)
14142P =15
P=106kN

Fep = 7801b(C)

Feg = 72010 (T)
Epy=0

Fpp = 7801b (C)

Fge = 297 1b(T)

Fya =7221b(T)

Eee = 0.667P (T)
F.(.'ﬂ = 1.67P [T)
Fyp = 0471P (C)
Fip = 1.67P(T)
Fye = 149P (C)
Fgr = 141P(T)

Fyp = 1.49P (C)
Fee = 1.41P (T)
Fep = 0471P (C)

Joint A: F, 2 404["(
- V325

1.5
Joint B: 24(14!‘( ) .
V325

I )_F(u.s )=n
BF 125 8D 125
Joint Fi Fppy + “{l 8631’(—[15—)]

= 2.00P =0
P = 125kN
127° = @ = 196°
336° = 0 = 347°
Fyy = 255 b (T)
Fye = 1301b(T)
Fye = 180 1b (C)
A, = 65.0kN

;=0
Fyc (#) + 20(4) + 30(8) — 65.0(8) = 0
Fye = S0.0KN (T)
Fyy = 350 kN (C)
Fyg = 21.2kN (C)
Fye = 11.1KN (C)
Fep = 12N (T)
Fey = 1L60KN (C)
Fep = 129kN(T)
FH = T.21 kN (T]
Fyr = 21.1KN (C)

=0

‘\.___./

ANSWERS TO SELECTED PROBLEMS

6-37.

6-38.

6-39.

6-50,

E, = T7333kN
7.333 (4.5) — 8(1.5) — Fp(3sin 60°) = 0
Fre = 8.08KkN (T)

Fep = 84TkN (C)

Fep = 0.770kN (T)

Fyy = 425kN(T)

Fye = 100 kN (T)

Fpe = 125kN (C)

Fer = 16.TKN (T)

Fep = 100kN (C)

Feyy = 292kN (T)

A, = 2401b
A, = 1001b
240(8) — Fyecos 14.04°(4) = 0

Foe = 495 1b (T)
Fiy; = 4201b (C)
Fs(; = 2001b (C]

AB, BC, CD, DE, HI, and GI are all zero-force

members,
Fye = 5.62kN (C)
Fri = 9.00kN (T)

AB, BC, CD, DE, HI, and GI are all zero-force

members,
Fip = 9.38kN (C)
FGF = 5.625kN [T]
N, = 13001b
Fyq, (8) + 1000(8) —
Fyp = 38001b (C)
Fep = 26001b (T)
Fip=4241b(T)
Fge = 325kN (C)
F('H = 1.92kN (T)
Fep = 1.92kN (C)
fgr = L33KN(T)
Frp = Fe =0
A,=0

= 155kN

900(8) —

633

1300(24) = 0

Fyy $in 33.69°(4) + 5(2) + 3(4) — 15.5(4) = 0

Fo = 180KN (C)
Fee = 750 kN (C)
Fye = 15KN (T)

]

Fyp = 2L9KN (C). Fy = 13.1 KN (T).
Fye = 13.1 kN (C), Fys = 17.5 kN (T),
Feg = 312kN (T). Frs = 11.2kN (T).
Fep = 312KN (C), Fep = 9.38 kKN (C),
Foe = 15.6 kN (C), Fpp = 125 kN (T),

Fep = 938 kN (T)
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6-51.

6-55.

6-58.

6-59.

ANSWERS TO SELECTED PROBLEMS

Fyy = 43.8kN (C), Fyg = 262 kN (T)
Fge = 26.2kN (C). Fyg = 35.0kN(T)
Fge = 625 kN (T), Fgp = 225 kN (T)
Fep = 3L2KN (C), Fee = 188 KN(T)
Fpe = 188KN (C), Fyp = 25.0kN (T)
Fre = 6.25kN (C)

G, = 1.60 kip

1.60(40) — F; (30) = 0

Fy = 2.13kip (C)

Fpe = 2.13kip(T)

Fpy = 83310 (T)

ch = 667 Ib (C)

Fep = 33316(T)

Fap = Eyg = 3541b (C)

Fpy = 501b(T)

Feq = 10001b (C)

Fep = 406 1b (T)

Feg = 344 1b (C)

Fug = Eip = 4241b(T)

an = 544 1b (C)

Joint D: — LEp +

5
e
NEE
1
+——F ¢p = 200=10
735 R
F,uj =343N {T)

Fygp = 186 N (T)
F(‘g = 397N (C]
1
Joimt C: Fprr — ——(397.5) =0
b s
Fge = 148N (T)
Fye = 221 N(T)

Fee = 295N (C)
Fyc = LISKN (C)
Fpr = 416 kN (C)
Fye = 416 kKN (T)
F(‘F =0

Fep = 231 KN (T)
Fip = 346 kN (T)
F_.‘s = 346 kN (C)

D, = 1001b
C, = 6501b
E, = 5501b
F, = 1501b
F, = 6501b
E =T7001b

6-63.

6-70.
6-71.

6-73.

6-74.

6-75.

6~77.

Joint C: Foy = 0
F(_‘n = 650 1b {C)
Fep=0

Joint F: Fye = 2251b (T)

Fpp = 12301b (T)

Fep = 52516 (C)

Fre = Fyc = 220N (T)

E.”; = 583N (C]

Fgp = TOT N (C)

FHE = FBf =141 N (T]

F=170N

Joint F: Fr;, Fp, and Fe are lying in the
same plane.

FFE cosf =0 FFE =0

Joint E: Fig, Fre and Fig are lying in the
same plane.

Fepeos@ =0 Fep =0

Fep = 1571b(T)

Fee = 5051b (C)

Fep =0

P=1251b

Apply the force equation of equilibrium along

the y axis of each pulley
2P + 2R + 2T - 50(9.81) = 0
P=189N

P=5lb
P=2501b

F,=P=2501b Fy=6001b
Ny (0.8) = 900 = 0

Ng = 1125N

A, =T95N

A, = 795N

C, = 795N

€, = 130kN
Me=125kN-m

A, = 601b

C, = 1611b

C, = 901b

A, = 1611b

C, = S00kN

B, = 150kN

M, = 300kN+m

A, = S.O0kN

A,=0

C, =100 B, =4491b
C,=2736b A, =923



6-78.

6-79.

:

X

6-91.

A, = 1861b
M, =331Ib-1t
A, = 300N
A, = 300N
C, = 300N
C, = 300N
Np = 333N
A, =3BN
A, = 10N

Segment BD: B, = 30 kip
D=0

D, = 30 kip

Segment ABC: C, = 135 kip
A=0

A, = T5kip

Segment DEF: F, = 135 kip
E =0

E, = 75kip
Ne= 12.7kN
A, = 127kN
A, = 294kN
Np = 1O5kN
A= 16TN
A, = L1TkN
C, = 1.33kN
C, = 833N

Member AB, Fy; = 2649 N
Member EFG. Fgpy = 1589 N
Member CDI,m, = 1.71 kg

m; = 106 kg
Fig = 194kN
an = 2.60 kN

Member AB: Fy;, = 1624 1b
B, =9741b

B, = 1301b
A, =5261b
A, = 1301b
E, = 9451b
E, = 5001b
D, = 9451b
D, = 1000 Ib
N, = 4.60 kN
C, = 7.05kN
Ng = 705 kN

ANSWERS TO SELECTED PROBLEMS

6-93. Pulley E: T = 3501b
Member ABC: A, = 700 1b
Member DB: D, = 1.82kip
D, = 1.84 kip
A, = 2.00 kip

6-94. W =3351b

6-95. F=36235N

6-97. 80 — N; cos 36.03° — N-cos 36.03° = 0
Ny = No=495N

6-98. M =243kN-m

6-99. F=507kN

6-101. Member ABC

A, =245N
Member CD
D, =245N
D, = 695N
A, = 695N
6-102. Fp = LOLKN
FAB(' = 319N
6-103. A = 183N
E. =0
E.=417TN
Mg =500N-m
6-105. Member BC
C, = 133kN
B, = 549N
Member ACD
C, = 298 kN
A, =235N
A, = 298 kN
B, = 298 kN
6-106. F;- = 2.51 kip
Fyg = 3.08 kip
Fip = 343 kip
6-107. F=1751b
Ne=3501b
F=8151b
Ne=8751b
6-109. Clamp
C,=175N
Handle
F= 370N
F;;f = 271969 N

6-110. N, =284 N
6-111. W, = 0.812W

635



636 ANSWERS TO SELECTED PROBLEMS

6-113. EM; =0; W) - Ng(3b + %) =0 G =6lIN
Y .= 125N
EMy =00 Feple) - m{;'—) 0 Mg, = —429N - m
M. =0

6-127. Fy = 1331b

6-129. Fpp = Fpe =0
Joint C: Fg = 179kN (C)
F(n = B.00 KN (T}
Joint D: Fypy = 8.00 kN (T)
Joint B: Fyy = 17.9KN (C)

X
= ic)“” ~ Wila) = 0

B (4b) + !F(l -
W o="tw

6-114. Fy = 9.06 kN (T)
Fye = 154kN (C)

6-115. Ny = 187N

6-117. 145 = 861.21 mm. Leag = 7641°, . if'f‘:}; B =5005N 0
Fus = 923kN Fo=0
G = 217kN Fgp = 5001b (T)
C, = 701 kN Fup = 3001b(C)
D, =0 Fye = 5831b(T)
D, = 1.96 kN Fyp = 33310 (T)
Mp = 266 kN-m Fyg = 6671b(C)
6-118. A, = 1201b Fpg =0
A, =0 Fgp = 3001b (C)
Ne = 15.01b Fep = 3001 (C)
6-119. A, = 801b Fep = 3001b (C)
A, =80b Fop = 4241b (T)
B, =1331b 6-131. ;'mr = t:’
- /e
= e~ som o
¢, = 5331b by = X0IOAC)
e, Fye = 9721b(T)
6-121. N = “iné Fip=0
M= #‘:;‘Li;“'f'.'g{cm[‘ﬁ - )] Fye = 3671b(C)
6-122. W, = 31lb Fpe =0
Wi =211b Fyp = 3001b(C)
W= 751b Fop = 50016 (C)
6-123. P =283N Fep = 3001b(C)
B, =D, = 425N Fpp = 4241b (T)
B,=D,= 283N 6-133. Member AC: C, = 4026 N
B.= D, = 283N C, = 974N
6-125. — Fpe(3) + 180(3) = 0 Member AC: A, = 117N
Fpe = 2701b A, = 397N
B. + 5(270) - 180 = 0 Member CB: B, = 974N
B.=0 B, = 974N
By = -3 6134, P = sl (2 - csch)
— i»_- . ;'3-3 Ib 6-135. A, = 8.31 kip
A-=l72N A, = 0308 kip
A: - 1SN E, = 831 kip
C. = 473N E, = 569 kip






638

7-25.

7-26.

7-217.

7-29.

7-30.

7-3L

7-33.

7-34.

7-35.

7-37.

ANSWERS TO SELECTED PROBLEMS

Use top segment of frame.

Np = 2001b

"?} =10

Mp = 9001b-ft
N = 360 1b

Vi = 1201b

Mg = 11401b- 1t
Ne= ~Fcsco
e

My = %msﬂ
Ne = —191kN
V(‘ =10
Me=382N-m
Beam reaction

R = 7001b

My = —17.8kip-fi
Vo= —841b
Me= —8441b-1t
Np = 844 1b

Vi, = 1.06 kip
Mp = 106 kip-ft
B, =2939N

By =315N

N,[, = -204N
Vp=315N

My = 889N'm
(N(‘),l =0

(Vf).\' = 104 1b
(Vo). = 10.01b

(Mc), = 20016+t
(Mc)y = 7201+t
(Me). = 178 b~
(Ne)y, = ~3501b

(Vo) = —1501b
(Vo). = 7001b
(M), = 140 kip-ft
(M¢), = 120 kip-ft
(M¢). = =750 1b -t

. = SSON
B, = 900N
(Ng)y =0
(Vo) = 450N
(Vo). = =550N
(Mc), = —825N-m
To=30N-m

(Mc). = 675 N-m

7-38.

7-39.

741

T7-42.

743,

745,

7-46.

7-47.

7-49.

7-50.

7-5L

7-53.

(Vp), = 116N

(Np), = —65.6 kN
(VD)I = U

(M”)_‘ =492 kN -m
(Mp), = 87.0kN-m
(Mp). = 262kN-m
(Ne)y =0

(Ve), = 53.6 kN

(Vg). = —8T.0kN
(Mp), =0

(Mg), = =435kN-m
(M), = —268kN-m
0=x <4m

V = 3kN

M = [3x]kN-m

4m <x =6m

V = —6kN

M = (36— 6x)kN-m
M|,.s=12kN-m
x=8"V =-833, M =1333
x=12'V=-333.M=0
x=0,V=4kN
M=—-10kN-m

For Ve = My/,. My = 45kN-m
For My = My/so My = 44 kN -m

Mi,= 44kN-m

=)

M= E!s'“'"!-»:
x=1L/2

_ L

T
x=175m
M =T759N+m
0=x<5m
V=25-Xx
M =25x - a*
Sm <ux < 10m
V=<=75
M=-15x+735
V= 250(10 — x)
M = 25(100x — 5:° — @)
x=1732m
M, .. = 0866 kKN-m
0=x<9ft
V=125 - 1.667x*
V=0atx =381



7-54.
7-55.

7-57.

7-58.
7-59.
7-61.

7-62.

7-63.

7-65.

7-66.

7-67.

7-69.

7-70.

M = 25x — 0.5556x°

M= 6451b-f1

Ift <x <1351

V=20

M = —180

w = 222 Ib/ft

V= {480 - £} kip

M = {48.0x — & — 576} kip-fi
V= {424 - v} kip

M= {4 - x)*} kip-fi
0=x<3im

v ={-3 -4} kN
M= {3 - 4x} kN-m
Im<y=6m

V = {24 - 4x} kN

={-2(6 — x)*} kN-m
Vlr-lm- = —10kN
V]_.=3m| = 12kN
M|3m = —18kN-m
w, = 218 Ib/ft
wy = 8.52 kN/m
V = (3000 — 500x) Ib
= [3000x — 250x2 — 6750) Ib-ft
x=~6f1
M|,oqs5q = 22501b-f1

¥ ”Tm[(L +xp - Ll]
fr'yr'![ 4 3
- = 4
M IPYE (L + x) L(4x + L)
=20

V. = (240 — 4] Ib
M, = (2% — 24y + 64.0}1b- ft

M, = 8.001b-ft
M. =0

x=2,V =675 M = 1350
x =45V =275 M = 1900
x=6V=-625M =125
x=2"V=5M=-10
x=6",V==-5M=-10
x=2"V=-145M =
x=4"V=06M=-22
x=2,V=15M=15
x=4"V=-125M=10
x=(5)'\v=-PM=PL

ANSWERS TO SELECTED PROBLEMS

7-71.

7-73.

7-74.

7-15.
7-7.

7-78.

7-79.
7-81.

7-82.
7-83.
7-85.

7-86.

7-87.

7-90.
7-91.
7-93.

7-94.

7-95.

x=(2%)v=-2p.M=(})PL
x=02*".V=97.M = -31
r=0V=176M=0
r=08.V=016.M = 0708
r=LV=-38M=0
x=1"V=-917.M=-117
x=3"V=1I5M=-750
¥=15,V=250.M=7125
x=1.V=115M = -200
xX=5,V=-225M=-300
x=8",V =1017. M = —1267
y=M4LV=0M=34
x=6V=-900.M = -3000
x=0V=3512M=0
x=9V =0625M =259
x=9.V=-1315M =259
x=18,V = —3625,M =0 _
x=L"V =2k M= bl
x=3V=-12M=12
Viax = 4w

w = 2 kip/ft

M,,,,,=-6w

w = S kip/ft

Ue v = 2 kip/it.
¥r=6"V=4wM=-120m
x=3"V=115.M=-2]
x=6V=25M=0

x=300,V=T72M=2T1
X =900,V = —487. M = 350
Entire cable

Tup = 78.21b

Joint A: Ty = 74.71b

Joint D: Tepy = 43.71b

L=1571t

P =7201b
Xz =39810
Y =353m
Tig = 6.05kN
The = 453kN
Tep = 4.60 kN
Towx = Tpep = 817kN
yp=243m
T = 157N
v = 86711
yp=T.0411

639






&7
8-9.

8-10.
8-11.
8-13.

8-14.
8-15.
8-17.

8-18.
8-19.
8-21.

8-22.
8-23.
8-25.

8-26.
8-27.
§-29.
8-30.

8-31.
8-33.

8-34.

8-35.
8-37.

8-38.

= 0231
Yes, the pole will remain stationary,
30 (13 cos 8) — 9 (26sin@) = 0

d= 1341t
P=15Ib
P=1Ib

Fz = 280N

JVB = TJ00 N

P = 350N

u, = 0577

Fg = 200N

Np =95381b

Boy does not slip.
Fy = 3691b

A, = 468 |b

B, =3461b

B, = 228 1b

s = 0.595

o = 10.6° x= 01841
Ny = 200 cos 6

Ny = 150 cos @
= 163"

Fep =823 1b
n=12

P = 099%01b
Assume P = 100 1b
N = 160 1b
r=14410t <150
P = 1001b
P=4501b

= 0,300

The man is capable of moving the refrigerator.
The refrigerator slips.

P=295N

Ny = 129N Np =T724N

Tractor can move log.

W= 8361b

Fy=17321b

Ny =1301b

The bar will not slip.

]_.
,,=,m,.,(_mﬂ)

2y
P=01271b
N = wacost
b= 2asing
h=048m

ANSWERS TO SELECTED PROBLEMS 641

8-39,

$1f

§-50.
8-5L
8-53.

8-54,
§-55.
§-57.

§-58.
§-59.

8-70.
8-7L

= 334°
ps =03
Fy = 03714 Fey
Ny = 09285 Fry

py =04

He can move the crate.
pi = 0376

Ny =5518N
B, = 1104 N
B, = 1104 N
M=T77/3N'm
Fy=T714N

P =3589N
T=11772N
N = 9.81m

my = 1500 kg
my; = 800 kg
P=102kN
N=4861b

Slipping of board on saw horse 7 = 24.3 lb.
Slipping at ground £, = 19.08 1b.

Tipping £, = 21.21b.

The saw horse will start to slip.

The saw horse will start to slip.

= 0.304

P =0601b
N'=1501b

F = 601b

P =901b

# = 16.0°

Ne = 37731N
Np = 18865 N
M =9.6Nm
Ny = 15092N
Ny = 679.15N
Fp = 31.73N
P=451b
P=490N

Ng = 8257 b Ne = 275231b
P=90.71lb
P=198N

P =863N

Ny = 121218 N
Ne= 600N

P =129kN

All blocks slip at the same time: P = 625 1b
P =5M4N



642 ANSWERS TO SELECTED PROBLEMS

8-73. N, = 05240W (B)reqg = 03
Ng = 1.1435W M =216 N-m
Fy = 0.05240W 8-102. P=1711b
P = 0.0329W 8-103. Since F < F,,. = 541b. the man will not slip,
874 P =138W and he will successfully restrain the cow.
875. P = 180kN 8-105. T = 48655 N N =31482N
8-77. 0= 7.768° B = (2n + 0.9167)7 rad
&, = 11.310° Thus, the required number of full turns is
F= 620N n=2
8-78. M =5691b-in 8-106. The man can hold the crate in equilibrium.
8-79. M= 1451b-ft 8-107. 7, = 185N
8-8l. = 5455° = 159N
&, = 14.036° 8-109. For motion to occur, block A will have to slip.
F= 678N P=223N
8-82. F=714N Fg=T=36T9N
883 F=492IN 8-110. F = 249kN
8-85. Foo=Fyp 8-111. W=3951b
F=1387.34N 8-113. T=2019N
FH.D = 1387.34 N .F:.‘ = 162N
Fip = 1962N N, = 4784 N
i = 5.455° x = 0.0069Tm < 0,125 m
&, = 14.036° No tipping occurs,
F=T40N 8-114. M = 304 1b-in.
8-86. F=174N 8-115. p, = 0.0568
8-87. Ny= 123N 8-117. Apply Eq.8-7.
N, = 426N F, = 1.62kip
8-89. Ty = 13.6781b 8-118. M =270N-m
Fe=1371b u, PR
Ny = 6581b g Ol i
Fy=3851b 8121 N=25,
8-90. F=131kN A= H‘?‘_“(d% - dh
F=312N w P (di—di
891 F=460kN m=gtl a- ,;;)
F=162kN 8-122. p, = 0442 psi
893 N=181b F=5T31b
F=13691b 2u,PR

Yes. just barely. 8-123. M

894 7,=5771b
B95 f=242°

"~ 3cosh
8-125. tandy = py

897 F=475P sin by = ——
F' = 19,53P V14 g
P=423N o

898 M=I18TN-m M"(\/iTﬂi)"'
= &

Ty = 61667 N 8126. P =215N
T = 15000 N 8-127. P = 179N
8101 7, = 1767.77TN 8-129. 4, = 16.699°

T, = 688.83 my = 13.1kg






644 ANSWERS TO SELECTED PROBLEMS

9-18. Fyo = 264 kN 9-43. m =7
A, =0 e
A, = 198 KN :
= — 164010Y _
919, ¥= — 0833 i Das ™ 5o
921, dA = 2k(x - £) dx ¥ = {5 = 441 mm
¥=g 7= 1003003 — 154 mm
X=7 9-46. x = —-0.59% in.
9-22. X = LO8in. ¥=1.07in,
9-23, y=0.541in. z=214in.
925, dA = (x-9)dx 947. ¥ = 0.0740in.
Te=x . ¥y= 0.0370 in.
jﬁ=§(x+'§;) 7 =0.157in.
A=2251 949, x = -50mm
¥=161 y = 88.6 mm
y=1Ll4f 0=tan ' = 10.89°
3 4 sin 60° ~ REAM) A
9-26. ¥=045Sm & = 30° — 10.89° = 19.1°
9-27. v=045m 9-50. ¥ = 165m
9-29. dA = ydx V=924m
y=3 E, = 342N
§=stih A, = 132kN
9-30. ¥=120m A=0
5l 9-51. ¥ =264in.
Ny = 55.1 kN ¥=12in
A, = 246 kN 9-53. = Sillt‘i[‘]';l)l‘.l_;_?,i‘hﬁilllu';ﬂ_i‘!}ﬂlﬂj
A, = T39KN =5.125in.
9-31. ¥=0914m 9-54. ¥ =2.00in.
y= UJSTm: 9-55. y=257in
9-33. dA = (}-%)dy 957 ¥F=42-22m
=y v 0648 _
F=1h e 1'41‘“‘
9-34. !_ll =§p(mhf 058 = M
X=3a 3a(r,t = 1)
938 Fegmias e
937, dvV = yidy e
Ty 9-6L. I=10
y=32m 441.2(10Y
3 = = 544 mm
938, z=1n ¥ 07
9-39. § = 43611 W
e ;; 1( - Y 9-62. X = W‘b
. am = wpp\a” — y~ +ay — ;)ay = -
S : bW - W) VBT =2
v__ - 5_‘ o cW
Y=8 ﬁj 9-63. y = 293mm
942, y=7mh 9-65. EZm = 164 kg
y=1n __249m(107Y) 155
- *Tieamaey



9-70.

9-71.

9-73.

9-74.
9-75.

£ f
ELL g

23

PEERE1L

y= =15 mm
1.8221(107%)

Foo TN R gy
16.347(10 %)

X=5071

¥=380ft

f = L+ (n: 1yl

T= 8% _ 131 mm

% 3

0= 302°

I =456m

v=30Tm

B, = 4.66 kN

A, =599kN

¥=190ft

y=110f

! J03i3e

2= ghue = 111 mm

z=74mm

¥=219in.

y= 2.79in.

Z = 1.67in.
1.02010%r _

2 — 4 mm

172(10%) 7

h=8mm or h=48mm

= 122 mm

A = 2m(184) = 1156 {t*

V= 3485 1t
V=101

V = 2a{(B("P) + 0501.5)(1)

+ 1.667(*0Y)|

=77.0m’

A = 1365 m*

A= HWlin’

V = 2a|(112.5)(75)(375) + (187.5)(325)(75)]
= 00486 m*

A= 16’

V = 50.6in’

A= 1.06m’

V = 00376 m*

V, = 27[0.75(6) + 0.6333(0.780) + 0.1(0.240))
V. =205m’

R = 293 kip

2.26 gallons

V= 2a[(49) (4= @0) + Q®)4)]

= 536 m’

ANSWERS TO SELECTED PROBLEMS 645

9-98.
9-99.

9-101.
9-102.
9-103.
9-105.

9-106.
9-107.

9-109.

V=255m’
A =4318m?
14.4 liters

A = 2a[7.5(V241) + 15(30)] = 3.56(10%) ft*
V = 22.1(10°% it*

h = 106 mm

~176 580(2) + 73 575d(%d) = 0

d= 268m

d= 365m

Feper=7501b

Figpe = 1800 1b

h = 27071 = 0.7071y

dFyg = (265567V1 = \* ~ 69367y V1 — y¥) dy

9-110.
9-111.
9-113.

9-114.
9-115.
9-117.

9-118.
9-119.
9-121.

9-122. |

9-123.

9-125.

9-126. 1

9-127.
9-129.

Fp=4L7kN
Fr=2251b
Fp = 4501b
wg = 39.24 kN
we = 58.86 kN
Ne = 13.1kN
L=231m
m, = 5.89 Mg
F, = 3924 kN

F, = 17658 kN
(W), = 18835 kN
(W), = 282.53 kN

FS. = 266
x=151m

Fp = 170 kN

dA = X dx

¥=%

v = 133in

¥y = 87.5mm
¥=y=0
z=1%a

=23 = 2730n
V= 3es = 142in
=0

¥=163in

¥ = 02624

dFy = 6(— 2% + 340) dx
Fy = 762 kN
¥=274m
¥=300m






10-66.
10-67.
10-69.

10-70.

10-71.
10-73.

10-74.
10-75.

10-77.

10-78.

10-79.

10-81.

10-82.

10-83.

10-85.

10-86.

I, =0333m'
L, = &bt
dA = x"dr. ¥ = x, ¥ =}
I, =107in*
I, =357in*
I, = 36.0in*
Consider three segments.
, = 17.1(10°) mm*
I, = -110in*
T= 482 mm
1, = 112(10%) mm*
1, = 258(10°) mm*
1, = —126(10°) mm*
nsider three segments.
1, = —13.05(10°) mm*
I, = 439in*
I, =236in*
e = 17.51n*
8.25in.
109 in*
= 238in*
« = 111in*
= 107.83(10") mm*
= 9.907(10%) mm*
, = —22.4(10°) mm*
o = 113(10°) mm®, (6,); = 12.3°
in = 3.03(10°) mm?*, (8,), = ~77.7°
= 82.5mm
= 43.4(10°) mm*
1, = 47.0(10°) mm*
1,, = =3.08(10") mm*
X =482 mm
1, = 112(10") mm*
1, = 258(10°) mm*
1, = —126(10%) mm*

—

e _‘--. o
L

~ ‘-._;-.

‘;-. -

v =2825in.

L =17372in'
R=12872in'
L, = 109 in*
I, = 238in*

1, = 11lin*

X = 168in.

¥ = 168in

Lo = 31.7in¢

ANSWERS TO SELECTED PROBLEMS

Lin = 8.07 in

(8,), = 45°D

(0),); = 4570
10-87. [, = 113(10°) mm*

Lys = 5.03(10°) mm*

(0, = 12.3°Y

(8,); = 77.7°2

10-89. dmn = prr(rn - ;‘r—'z)- dz

il ="k ( _r_“-)‘f-
dl. = jpm|ry P dz
L= ﬂ‘, mri

10-90. I, = m mr?
10-91. I = m"”'
10-93. dm = pw(50x) dx
dl, = 55 (2500 x°) dx
k, = 57.7mm
10-94. [, = imb®
10-95. 1, = | mb*
1097, dl. = §5:2"dz
I. = 87.7(10%) kg - m?
10-98. [ = 632slug-ft’
10-99. /, = L71(10°) kg-m’

LS + 0651.3(2)] « OfL(2
10-101. 0.5 = 16 00l o A

L=639m

lo = 532kg-m*
10-102. [. = 0.150 kg - m?
10-103. /, = 0.144 kg -m*
10-105, ¥ = G358 = 178 m

I = 445 kg m?
10-106. I. = 225 kg-m?
10-107. [, = 325g-m’
10-109. I, = 84.94 slug - ft

Iy = 222 slug - it
10-110. I, = 0276 kg -m*
10-111 [, = 0.113 kg - m?

10-113. Consider four triangles and a rectangle.

1, = 0.187d"*
10-114. [, = j5a*
10-115. y = 0.875in.. [, = 227 in*
10-117. dA = 44 — ¥) dx
I, = 2131
10-118. 7, = 0610 fr*

647






11-46.

11-47.
1149,

11-50.
11-51.
11-53.

11-54.

d*v

0=0,—7==-126<0 unstable
der

h=135in.

¥= =%

V= W52 5 coso

d = 0.586 h

F=3512N

0=90° and 0 =sin'(5])

V = 50sin’ 6 — 100sin # ~ 50 cos # + 50

6 =318

Vv

£ - =1257 >0  stable

de-

P (b 3 ") mg

ANSWERS TO SELECTED PROBLEMS

11-85. 0 = %W0°

11-57.

‘ﬁ‘f =1524>0 stable
do

= 947°

d*v
T =1775 <0 unstable
V = 25sin*# + 15cos @
=0

d*v

P 35>0 stable

0 =725

IV

'——,- =-455<0 unstable
der

11-58. h =%

649
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Conservative forces, 579-581, 5395

potential energy and, 580-581, 595
spring force, 579-580

virtual work and, 579-581, 595
weight, 579-580

Constraints, 243-251, 259

improper, 244-245
redundant, 243
statical determinacy and, 243-251, 259

Continuous cable, 86
Coordinate dircction angles, 44-47, 80-81

Coplanar forces, 32-42, 89-93, 113, 170171,

200-236, 258-259, 263-264, 266
Cartesian vector notation for, 33
center of gravity (). 204
equations ol equilibrium, 89, 214-223
equilibrium of, 89-93, 113, 200-236,
258-259

free-body diagrams, 86-88, 113,
201-210, 258-259

idealized models, 204-205

internal forees, 204

moments of force and couple sysiems,
170-171

particle systems, 89-93, 113

procedures for analysis of. 87, 90,
206,215

resultant forces, 33-34, 170-171

rigid bodies, 200-236, 258-259

sealar notation for, 32

support reactions, 201-203

three-force members, 224

truss analysis, 263-264, 266

two-force members, 224

vector addition of. 32-42

weight (W), 204

Disks, 429-430, 443, 545-546, 5348, 559
frictional forces on, 429430, 443
mass moments of inertia of, 545-546,

548,559
Displacement of virtual work, 564-566,
582,59
Distributed loads, 183-187, 195, 354-356,
368-369, 493, 507,511-512
beams subjected to, 354-356
cables subjected to, 368-369
distributed loads and, 493, 507
flat surfaces, 493, 507
force equilibrium, 355
internal forces and, 354-356, 368-369
line of action , 493, 507
location of, 184,493
magnitude, 183,493
momenis of inertia and, 511-512
reduction of. 183-187, 195
resultant forces, 184,493
shear force and, 354-355
single-axis, 183-187
uniform, 183, 354

Distributive law, 69

Dot (scalar) product, 69-73, 81

Dry friction, 387433, 441443
angles of, 389-390, 414-415
applied force and, 388
bearings, forces on, 429433, 443
characteristics of, 387-392, 441
coefficients of (u). 389390, 441
direction of force and, 394
equilibrium and, 388. 391, 394
impending motion and, 389, 392-393,

414415
kinetic foree, 390-391, 441

INDEX 651

equations of, 89, 103, 214-223, 242,
565-566

free-body dingrams, 86-88, 113,
201-210,237-241, 258-259

friction and, 388, 391, 394

frictionless systems and, 582

neutral, 583

one-degree of freedom systems,
584-588

particles, 84-115

potential-energy and, 582-588, 595

procedures for analysis of, 90, 103, 215,
246, 583

rigid-bodies, 198-261, 582

stable, 583

three-dimensional systems, 103-107,
113,237-257,259

three-force coplanar members, 224

tipping effect and, 388

two-force coplanar members, 224

unstable, 583

virtual work and, 565566,
582-588, 595

Equivalent, force and couple systems,

160-165, 170-177, 195
concurrent force, 170
coplanar force, 170-171
moments, 161
parallel force, 171
perpendicular lines of action, 170-177
procedure for analysis of, 162, 172
reduction of forces, 160-165
resultams of, 160-163, 170-177, 195
wrench (screw), force reduction to,
173,195

Coulomb friction, see Dry friction
Couple moments, 148-153, 194, 356, 564
beam segments, 356
equivalent, 149
parallel forces of, 148-153, 194
resultant, 149
rotation, 564
scalar formulation, 148
translation, 564
vector formulation, 148
virtual work of, 564
Cross product, 121-123
Curved plates, fluid pressure and, 496

Cylinders, rolling resistance of, 434-435, 443

D
Deformable-body mechanics, 3
Dimensional homogeneity, 10-11

motion and, 3%0-391
problems involving, 392-399
procedure for analysis of, 394
screws, forces on, 414-416, 442
slipping, and, 389-393

static force, 389, 391, 441
theory of, 388

Dynamics. 3

Elastic potential energy, 580
Equilibrium, 84-115, 198-261. 388, 391, 394,

565-566, 582-588, 595
conditions for, 85, 199-200
copl {two-di

89-93. 113, 200-236, 258-259
criterion for, 582

direction of force and. 394

ional)

F
Fixed supports, 201-203
Flat plates, fluid pressure and, 495, 497
Floor beams, trusses, 264
Fluid mechanics. 3
Fluid pressure, 494-500, 507
centroid (C) and, 494-500, 507
curved plate of constant width, 496
flat plate of constant width, 495
flar plate of variable width, 497
Pascal’s law, 494
Foot-pound, unit of, 564
Force, 4, 5,8, 16-83, 84-115, 116-197,
198-261, 328385, 564, 579-581,
594-595.
See also Friction; Weight
addition of, 20-42
beams subjected to, 329-364, 380
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Mechanics, 3-7
concentrated force, 5
deformable-body, 3
fluid, 3
Newton’s laws, 6-7
particles. 3
quantities of. 4
rigid-body. 3.5
weight, 7
Method of joints, 266-279, 323
Mecthod of sections, 280289, 324,
329-336, 380
beams, 329-336, 380
centroid for, 330
compressive foree bers, 280
internal forces and, 329-336. 380
procedures for analysis of, 282, 331
tensile force members, 280-281
trusses, 280-289, 324
Mohr’s circle, 537-539
Moments, 116-197, 330, 355-356, 380, 382
axis, about an, 139-143, 194
beams, 330, 355-356, 380, 382
bending, 330, 380
Cartesian vector formulation, 125
changes in (AM), 355-356
couple. 148153, 194, 356
direction of, 118,124
equivalent (force and couple) systems,
160165, 170~177, 195
force system resultants and, 116-197
internal forces and, 330, 355-356,
380,382
magnitude of, 118, 122,124
principle of, 128-130
resultant (M), 118,125, 149,
170-171, 184
scalar formulation, 117-120, 139,
148,193
shear and, relationship of, 355-356
torsional (twisting), 330, 380
transmissibility, principle of, 124
Varignon's theorem, 128-130
vector formulation, 124-127, 140,
148,193
Moments of inertia, 510-561
arca, 512-517, 522-524, 558
axis systems, 511-517, 530-536,
550, 558
composite shapes, 522-524. 550, 558
disk clements, 545-546, 548, 559
distributed loads and, 511-512
inclined axis, area about, 534-536
integrals, 511-512
mass, 545-552, 559

Mohr’s circle for, 537-539

parallel-axis theorem for, 512-513,522,
531,549, 558

polar, 512

principle, 535-536, 559

procedures for analysis of, 514,
522,538

product of inertia and, 530-533, 558

radius of gyration for, 513. 550

shell clements, 545-547. 559

Maotion, 6, 389-393, 414-415, 429433, 441,
449, 564-566, 582, 594

displacement of virtual work,
564-566, 582, 594

downward, 415, 563

dry friction and, 389-393, 414-415, 441

dynamic response, 449

impending, 389, 392-393, 414-415

Newton's laws ol 6

rotation of a couple moment, 564

screws and, 414-415

shaft rotation, 429-433

slipping, 389-393, 441

lipping, 388, 393, 441

translation of a couple moment, 564

upward, 414
virtual. 565
Multiplicative scalar law, 69
N
Neutral equilibrium, 583
Newton's laws, 6-7
gravitational attraction, 7
motion, 6

Normal force, 330, 380
Numerical calculations, 10-11, 18-83
li ional homogeneity, 10-11
rounding off numbers, 11
significant figures, 11
vector operations for, 15-83

o]
One (single) degree-of-freedom systems,
584-588

P
Pappus and Guldinus, theorems of,
454487, 506
Parallel-axis theorem, 512-513, 522, 531,
549,558
centroidal axis for, 512-513
composite shapes, 522
moments of inertia, 512-513, 522, 588
products of inertia, 531, 558
Parallel systems, resultant force of, 171
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Parallelogram law, 18-19.79
Particles, 5. 84-115
coplanar force systems, 89-93, 113
equations of equilibrium, 89, 103
equilibrium of, 84-197
force conditions, 84-115
free-body diagrams (FBD), 86-88, 113
idealization of. 5
procedures for analysis of, 87, 90, 103
resultant force, 85
three-dimensional force systems,
103-107, 113
Pascal’s law, 494
Pin supports, 201-203, 239-240, 264
coplanar force systems, 201-203
three-dimensional force systems,
239-240
truss load connections, 264
Pivot bearings, frictional forces on, 429430
Planar truss, 263-289
Plates, 494-500, 507
centroid of, 494-500, 507
curved of constant width, 496
flat of constant width, 495
flat of variable width. 497
fluid pressure and, 494-500, 507
Polar moments of inertia, 512
Position coordinate, 568, 551-582, 594-595
Pusition vectors, 56-58, 81
right-hand rule for, 56
X, ¥, 2 coordinates, 56-57, 81
Potential encrgy. 580-388, 595
conservative forces and. 578-581, 595
elastic, 580
equilibrium stability of , S83-588, 595
frictionless systems, 582
function of, 581
gravitational, 580
position coordinate (g), 581-582, 595
procedure for analysis of, 385
single degree-of-freedom systems,
581,584
stability of systems using, 583-588, 595
virtual work and, 380-582, 595
Pressure, see Fluid pressure
Principle moments of inertia, 535-536, 559
Product of inertia, 530-533, 558
arca minimum and maximum
moments, 530-533, 558
axis of symmetry, 530-531
parallel-axis theorem for, 531
Projection of components, 70, 81
Pulleys. equilibrium and. 86-88
Purlins, 263
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R
Radius of gyration, 513, 550
Reactive force, 160
Rectangular components, 43, 80
Resultant force, 20-26, 33-34, 47, 80-81, 85,
116-197. 330, 380, 493, 507
axis, moments about an, 139-143, 194
Cartesian vectors and, 47, 80-80
centroid for location of, 184,
195,330
components, 20-26
concurrent systems, 170
coplanar systems, 33-34, 170-171
couple moments, 148-153, 194
cross product, 121-123
distributed loads and, 183-187, 195,
493,507
equilibrium of a particle and. 85
cquivalent (force and couple) systems,
160-165, 170-177, 195
internal forces, 330, 380
line of action, 493, 507
magnitude of, 493
moments, 118, 125, 149,
170-171, 184
parallel systems, 171
procedures for analysis of. 162,172
scalar formulation, 117-120, 139,
148,193
system moments of, 116-197
transmissibility, principle of, 124, 160
vector formulation, 124-127, 140,
145,193
wrench (screw) systems, 173, 195
Right-hand rule. 43, 56, 80, 121-122
Cartesian vector coordinates, 43, 56
cross-product direction, 121-122
moment direction, 118
Rigid bodies, 3.5, 198-261, 567-572. 594
center of gravity, 204
connected, 567-572
constraints, 243-251, 259
coplanar force systems, 200-236,
258-259
equations of equilibrium, 89, 103,
214-223,242
equilibrium of, 198-261, 565-566,
582-588, 595
free-body diagrams (FBD), 201-210,
237-241,258-259
idealization of, 5
idealized models, 204-205
independent coordinates,
567-568, 594

internal forces, 204
mechanics, 3
position coordinates, 568, 594
procedures for analysis of, 206, 215,
246, 568
statically indeterminate, 243, 246, 259
support reactions, 201-203, 237-240
three-dimensional systems,
237-257,259
three-force coplanar members, 224
two-force coplanar members, 224
virtual work for, 567-572, 594
weight, 204
Roller supports, 201-202
Rolling resistance. 434435, 443
Roof loads, trusses, 263
Rotating shafts and friction, 429-433, 443
Rotation of a couple moment, 564
Rounding off numbers, 11

S
Scalar analysis, 117-120, 139, 148, 193, 242
axis, moments about an, 139
couple moments, 148
equations of equilibrium, 242
moments of a force, 117120, 193
Scalar notation, 32
Scalars and vectors, 17-18, 79
Screws, 414-416,442
J 1 impending motion, 415
friction forces on. 414416, 442
sell-locking, 415
thread angle. 414415
upward impending motion, 414
Shaft rotation, 429-433
Shear and moment diagrams, 345-348, 381
Shear force, 330, 354-356, 380, 382
beams subjected to, 330, 354-355,
380, 382
changes in. 355-356
distnbuted loads and, 354-355
momenis and, 355
Shell elements, mass moments of inertia of,
545547, 559
Significant figures, 11
Simple truss, 265
Simply supported beams, 345
Single-axis distributed loads, 183187
Sliding vector, 160
Slipping. 389-393, 441
dry friction and, 389-393, 441
impending motion of, 389, 392-393
maotion of, 390-391
Slug. 8

Space truss, 290-293
Specific weight, 470
Spring force, 579-580
conservative force, as a, 579
elastic potential energy. 580
Springs, 86-88
constant, 86
equilibrium and, B6-88
Stability of a system, see Equilibrium
Stable equilibrium. 583
Static friction force, 389, 391, 441
Statically indeterminate bodies, 243,
246,259
Statics, 2-15
development of, 4
mechanics and, 3-7
numenical calculations. 10-11
procedure for analysis, 12
quantitics ol 4
units of measurement, 7-10
Stiffness, 86
Stringers, 264
Structural analysis, 262-327
frames, 294-322, 325
free-body diagrams for, 294-299
machines, 294-322, 325
method of joints, 266-279, 323
method of sections, 280-289, 324
procedures for, 267, 282, 290, 301
trusses, 263-293, 323-325
zero-force members, 272-274
Structural members, see Beams
Support reactions, 201-203, 237-240
ball-and-socket joint, 237-238, 240
bearing, 237-240
coplanar rigid-body systems, 201-203
fixed, 201-203
hinge, 237,239
pin, 201-203, 237, 239-240
roller, 201-202
three-dimensional rigid-body
systems, 237-240
Surface arca of revolution, 4584

T
Tensile force members, trusses, 265-267,
280-281,323
Tension and belt friction, 421-422
Tetrahedral truss, 290
Three-di ional force
113,237-257,259
constraints, 243-251, 259
equations of equilibrium, 103, 242
free-body diagrams (FBD),
237-241,259

103-107,



particle equilibrium, 103-107. 113
procedure for analysis of, 90, 246
rigid-body equilibrium, 237-257, 259
statically indeterminate, 243, 246, 259
Three-force coplanar members, 224
Time, 4,8
Tipping effect, 388, 393, 441
Torque. 117
Torsional (twisting) moment. 330, 380
Translation of a couple moment, 564
Transmissibility, principle of, 124, 160
Triangular truss, 265
Trusses, 263-293, 323-325
compressive force members, 265-267,
280,323
coplanar loads on, 263-264, 266
design assumptions for, 264-264, 290
joint connections, 264-263
method of joints, 266-279, 323
method of sections, 280-289, 324
planar, 263-289
procedures for analysis of, 267,
282,290
simple, 265
space, 290-293
tensile force members, 265-267,
280-281,323
zero-force members, 272-274
Two-dimensional systems, see
Coplanar force
Two-force coplanar members, 224

U
LS. Customary (FPS) of units, 8
Uniform distribute loads, 183, 354
Unit vectors. 43, 59, 80
Units of measurement, 7-10
conversion of, 9
International System (51) of units,
810
U.S. Customary (FPS) of units, 8
Unstable equilibrium, 583

v

Varignon's theorem, 128-130

Vector analysis, 124-127, 140, 148, 193, 242
axis, moments about an, 140
Cartesian, 125
couple moments, 148
equations of equilibrium, 242
magnitude from, 124
moments of a force, 124-127, 193
resultant moment (M) from, 125
right-hand rule for, 124
transmissibility, principle of, 124

Vectors, 16-83, 121-123. 160
addition, 18-22,32-37. 46
angles formed between, 70, 81
Cartesian, 43-55, 80-81,122-123
collinear, 19,79
coplanar forces, 32-42
cross product, 121123
division, 18
dot (scalar) product, 69-73,81
forces and, 20-42, 59-62
free, 160
line of action, 59-62, 81
multiplication, 18
notation for, 32-33
parallelogram law, 18-19,79
position, 56-58, 81
procedure for analysis of, 22
projection of components, 70, 81
rectangular components, 43, 80
resultant force, 20-26, 33-34
right-hand rule for, 43, 56, 121-122
scalars and, 17-18,79
sliding, 160
subtraction, 19

Virtual work, 562-597
conservative forees and, 579-581
couple moment, of a, 564
displacement () and, 564-366,

582,594
equilibrium and, 565-566,
582-588, 595
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force, of a. 564

friction and. 580

frictionless systems, 567-382

independent coordinates for,
567-568, 594

joules (J) as unit of, 564

one degree-of-freedom system, 367,
581,584,594

position coordinate for, 568,
581-582. 595

potential energy and, 580-582, 595

principle of, 563-578, 594

procedures for analysis of, 568, 585

rigid-body systems and, 567-572

spring force and, 579

stability of a system. 583-588, 595

weight and, 579

Volume., 449, 485
centroid of a, 449
revolution of a plane arca, 485

w

Wedges. friction forces and, 412-413, 442

Weight, 7-8, 204, 372-375, 470, 579-580
cables subjected to own, 372-375
center of gravity and, 204
composite bodies, 470
conservative foree, as a, 579
free-body diagrams and, 204
gravitational force of, 7
gravitational potential energy, 580
units of measurement, 8
virtual work and, 579-580

Wark, see Virtual work

Wirench (screw) systems, force reduction

10, 173, 195
X
x, ¥, 2 coordinates, 56-57, 81
r4

Zero-force truss members, 272-274
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