Engineering Mechanics: Statics 1e Plesha, Gray, Costanzo

Answers to Selected Even-Numbered Problems

NOTE TO INSTRUCTORS CONSIDERING ADOPTION: Additional content (e.g., FBDs, shear and mo-
ment diagrams, etc.) is in the process of being added to this document. The answers reported here, along with the
solutions manual, are currently being accuracy checked by several professors. This document, as well as the solutions
manual, will be updated and completed by early summer, 2009. PowerPoint slides with embedded animations are also
available.

We are happy to receive any questions you might have on the book or the supplements. For statics, please contact Mike
Plesha at:

plesha@engr.wisc.edu
608-262-5741.

If you would like a copy of the solutions manual to aid your adoption decision, then please contact the editor, Bill
Stenquist, at:

bill_stenquist@mcgraw-hill.com
563-584-6387.

Thank you for your consideration.

The Authors

Chapter 1

1.2 Answers given in problem statement.

14 (a)l =254 pum;(b)ym = 53.4kg; (¢) F = 11.4kN; (d) I, = 2.60N-m - s2.

1.6 (a)l = 5.021t; (b) m = 4.46slug; (¢c) F = 20.11b; (d) M = 291in. - Ib.

1.8  (a) p = 3.631b/in%; (b) E = 29.0x10°1b/in.%; (¢) I ey = 5.65in.%; (d) I1pe=1091n. - 1b - 52,
1.10 m = 0.115kg.

L12  geory = 9.787m/s.

1.14 F =2.03x10'4N.

116 (a)y = 65.7kN/m>, p = 6.70x103 kg/m>; (b) y = 20.9kN/m?, p = 2.13x103 kg/m>; (¢) y = 0.314kN/m?>,
p =32.0kg/m3; (d) y = 21.4kN/m>, p = 2.19x103 kg/m?>.

1.18 0.2171b.
1.20 (a) 0 = 0.621rad; (b) 0 = 0.0188 mrad; (c) 6 = 266°; (d) 0 = 0.0146°.

Chapter 2

22 (a) R =255mm @ 36.0°; (b) R = 1.10kip @ —142° 4.

24 (@R=632m@71.6°/;(b)R=721m@ —56.3°/;(c) R = 16.97m? @ 45.0°/%; (d) R = 1.41 @ 45.0°.4.
2.6 o = 16.0° or 104°.

28  F =1.60kN, 6 = 90°.

210 (a) 364N @ 147°./4; (b) 239N @ 257°./4; (¢) P = 607N; (d) o = 0°, P = 304N,

212 o =60° F, =246N.

214  (a)|F,| =25.91b, | Fy| = 96.61b; (b) | F,| = 29.91b, |F,| = 1121b.

216 B =90°, Focr =2001b.

218 R = (—187+35/)kN.

220 F =1.607kN.

222 (a) R = (—3047 +200 ) N; (b) R = (—53.67 — 233 /) N; (¢) P = 607N; (d) o« = 0°, P = 304N.

224 o =60° F, = 246N, F; = (—2137 + 123 ))N.
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@ Pqp = (41 =3 ))m; (b) fBA = (41 +3))m (©dgp = 27— 275 @ ipy = —27+ 27 (e
Fyp = (9.60 —72))kN; (f) Fgy = (—9.67 — 7.2 /) kN.

R = (=93.67 + 541 /)N, |R| = 549N, R = 549N @ 99.8°4..

F,/F, = 1.50.

a =33.7°, R = 6.42kN.

(a) Not safe; (b) Not safe; (c) Safe.

R, = 100N, R, = —200N, R, = —13.4N, R, = —233N.

(@) R, = —213N, R, = 51.7N; (b) R, = —187N, R, = —114N.

Fup = (=207 + 48 j)mm, xg = 165mm, yg = 48 mm.

Fac = (=507 + 120 j) mm, xc = 135mm, yo = 120 mm.

Foa = (957 4 56 J)mm,Fop = (687 + 92 j)mm,7pc = (177 + 160 j) mm, xp = 68 mm, yg = 92 mm.
F = (—4.597 + 26.8 7 + 12.6k)1b, 0 = (39.87 + 30.0 j — 33.4k)1b, P = (50.07 — 70.7 j + 50.0k)1b,

R = (8527 —13.9] +29.2k)Ib.
P = (=1.337+0.766 ] + 1.29k) kN, O = (=2.671 +2.67 J + 1.33k)kN, F = (2.127 +1.50 ] + 1.50 k) kN,
R = (—1.8771+44.93 ] +4.12k)kN.

F = (12.5i—14.5 j+16.1 k) N where , = 60°,6, = 125°,0, = 50°% P = (49.47+53.0 }+19.4k) N where
0, = 48.8°.0, = 45°.0, = 75° R = (61.97+38.5 ] +35.5k) N where 0, = 40.3°,6, = 61.6°,6, = 64.0°.
rBA =4.16km.

(@) 6, = £ cos ! (sin 6y, cos b,), 0, = £ cos™!(cos 6, cos 8,), 0, = £cosTI(sinf,) = £(90° — 6,); (b)
0y = 75.5°,9y = 64.3°,6, =30°.

0, = 33.7°,0, = 59.0°.

Fg = (—44.47 +77.8 ) — 44.4k)1b, Fg = (44.47 —77.8 ] + 44.4K) Ib.

(Xg.VE.2E) = (80,60, 120)mm, Fgg = (—47.17 + 52.9 ] + 70.6 k) N.

(a) Fg/F4 = 1.51; (b) Spokes on side B are more severely loaded; (c) Essay-type answer.
(a) 128°; (b) A = —4.331b, A} = 5.501b; (¢c) A = (4.047 + 0.578 ] — 1.44k)lb, A} = (1.967 —2.58 ] +
4.44 k)lb.

d =57Tcm, 0 = 41.4°.

a=4.70° B =9.43°,a =12.2in.,b = 12.01in..

F“ = —067.4N, F| = 73.9N, The bead slides toward C.

Answer given in problem statement.

F = 1.42kip, F = (—0.6407 — 0.0522 } + 1.27 k) kip.

5.83N.

Fj =3751b, F) = 14.01b.

W = 45.0N.

F” = —1.7IN, F| = 60.0N, The bead slides toward A.

v = (1.15)s.

51.7 mm.

12.0in.

(a) and (b) 350 k N-mm.

(a) (—1207—2 7 —26 k) mm?; (b) (1207 42 j +26 k) mm?2; (c) Essay-type answer; (d) Answer given in problem
statement.

Essay-type answer.
(a) Yes; (b) ]l710 = (—193007 + 13600 j) in.-Ib.
(a) Essay-type answer; (b) 2 = 0.1927 + 0.192 ] + 0.962 k; (c) 364 cm?2.

U, = (—2.921 —7.87] — 6.30 k) km/s, v, = (-3.6271 —1.95] — 4.11 k) ks, |v,| = 10.5km/s, |v;| =
5.82km/s.

2 Last modified: March 19, 2009



Engineering Mechanics: Statics 1e Plesha, Gray, Costanzo

2102 6.57 mm.
2.104 (a) and (b) 23.4 N-m.
2.106 —8.8kN < P <4.6kN.
2108 (a) R = (—2.297 +2.72j — 1.45k)kN; (b) T = (2.297) kN.
2110 P; = (-0.970)P , P = (0.243) P.
2112 P =7.66kN, P| = 6.43kN, P| = (-3.487 —3.48 } —5.87k)kN, P| = (3.487 +3.48 j — 4.13k) kN.
2.114 (a) 0, = 107°, 0, = 114°; (b) 0.5207 + 0.693 j + 0.500 k.
2.116 Answers given in problem statement.
Chapter 3
32 R¢ = Rp =3181b.
34 (a)T; =2511b, R = 1411b; (b) T, = 1491b, R = 1411b.
36 (a F =179N, Ry = 179N, Rp = 98.1 N, R = 52.2N (b) Block A may move with constant velocity but it
will not accelerate. (¢) Block B will accelerate to the right.
lw =49.05N
Yy
RA .A
20° *
R
W =49.05N
R
B .<T
Rp
38 T,4p =5.13kN, T4¢c = 0.340kN.
310 F4p = 15801b, T4c = —15001b.
312 (@) T4p =175N; (b) Tep = Tcg = 109N; (c) Essay-type answer.
3.14 (a) Answer provided in problem description; (b) F = 2T cos 0; (c) Essay-type answer.
316 T4cp =2620N,Tcpg = 4530N.
300 TCDE F: 7848N Y
o y T
60° ¢ b
T 30° 30°
Tacn
Tacn Tepe  Tepe
318 m = 547kg.
¢ Wy
60° T,
. r
C
‘ @Q 60° LD 60°
30° 45°
Tach Tach Tepk Tepe
320 Tcp = 8420N,Tpy = 6840N, Tep = 7890N, W = 2110N.
3.22 (a) System (a): T = W, system (b): T = %W, system (c): %W, system (d): %W, system (e): %W, system (f):
%W; (b) Essay-type answer.
324 W =2181b.
326 Tpy =5401b,Tyg = 5401b,Tgc = 7171b, Tgr = 5861b, Wy = 3221b, Wz = 3691b, Wp = 1081b.
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0 =46.8°, T = 86.2N.

2T
T
0 70°
¥ A
.
W =225N

W, =32.6N, W, = 11.3N.

(51b)(cos 30°+sin 30°)
cos 30° cosa—sin 30° sino *

T4c = 34601b, Ty = 60001b, T4 = 42401b, § = 6.00in.

(@ Lyp =943cm, Lyp =120cm; (b) x = 104cm, y = 46.7cm.
(a) 10.0N, 8.00N; (b) 7.00N, 5.00N.

k =1671b/in., Ly = 21.0in.

F; = 1281b, F, = 3351b, F3 = 1281b.

§ = 3.42mm.

(a)§ = 1.17in.; (b) § = 1.99in.

o = —30°; intermediate answer: Fgp =

/ 2 2
(a) F = —2(2N/mm) (S mm)” + @ mm—5)” —29mm (2mm — §) + (0.3N/mm)§; (b) Answer not provided; (c)
V(5 mm)? +@2 mm—6)2
Fax = 0.600N; (d) Essay-type answer.

P =(2N/mm)§

mp = 91.7kg.

W = 500N.

(@ W =3k (1 - ﬁ) d;(b)d = 16.9in.
P = 8001b.

P =8001b.

P = 14501b.

7

(a) Fyp = —4201b, Fyc = —1201b, F4p = —1201b; (b) Fgp = —1201b.

F4p = F4c = 7801b, R = 8001b.

W = 400N, R; = 300N, R, = 13.7N, Ry = (27271 +218 ] +204k)N, R, = (—12.87+2.27 j—4.13k)N.
P =107N, R = (32.0 7 + 42.6 j — 107 k)N.

Fgp = 2801b, Fpp = 3601b, Fpg = 2101b, Fp4 = 3801b, Frc = 2101b, 601b must be added to traffic
light E.

Essay-type answer.

Typ = 44.61b, Typ = 69.61b, Tpp = 1921b, Tpg = 2741b, Typcp = 1001b.
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376 0 =19.1°,Typ = 153N.

3.78 F =90.1N.

3.80 §; =10.0mm,§, = 10.0mm.

382 Typ =9.33kN, Tyc = 9.33kN, Typ = 16.0kN, T4 = 8.00kN.

384 Typ =8.40kN, T4p = 8.00kN, T4 = 9.33kN, T4 = 8.00kN.

3.86 The bead slides toward B.

388 Ty c =16501b, Tgc = 1061b, Tcp = 23301b, Fogp = —14001b, Fop = —14001b, P = 1061b.

Chapter 4

Note: Throughout Ch. 4, unless otherwise stated, answers for two-dimensional problems are reported using positive

values for counterclockwise moments and negative values for clockwise moments. Answers for three-dimensional prob-
lems are reported using positive values for moments that act in the positive coordinate directions and negative values for
moments that act in the negative coordinate directions.

4.2

44

4.6

4.8

4.10
4.12
4.14
4.16
4.18
4.20

4.22
4.24
4.26
4.28
4.30
4.32

4.34
4.36
4.38
4.40
4.42
4.44
4.46
4.48
4.50
4.52
4.54

@ d = 6.00in., Mg = ~150in.-Ib; (b) Mg = —150in.-Ib; (¢) Mg = —150in.-Ib; (d) Mg = —150in.-Ib; ()
Mg = —150k in.Ib.

(a)d = 14.1mmi Mp = —4A2.4N~mm; (b) Mp = —424N-mm; (¢c) Mp = —42.4N-mm; (d) Mg =
—42.4N-mm; (e) Mg = —42.4k N-mm.

(@) F =20.11b; (b) F = 56.11b; (¢) k = 13.01b/in.

F = 6401b, « = 140°.

(a) M4 = 30.0kN-m; (b) M4 = 35.0kN-m; (¢) M4 = 38.0kN-m.

(a) O = 10.0kN; (b) W = 5.00kN, o = 53.1°.

F = —100N.

(@) Mg = (35707 + 286 } — 3000 k) in.-Ib; (b) M = (80307 + 514 } — 3000 k) in.-Ib.

(@) My = (=72007 + 7200 7) N-mm; (b) Mg = (29,600 /) N-mm.

(a) Mp = (—46007 — 2880 k) ftlb; (b) M4 = (—23007 + 1920 7 —2880 k) ftlb; (¢) M = (—38407 47680 j —
2880 k) ft-1b.

F = 1.75kN.

(a) F = 240N, (b) A7IO = —9127 N-m; (c) Essay-type answer.

(a) Myp = 1900 N-mm, F = (3.857 + 9.2312) N; (b) Mg4p = 472N-mm; (¢c) My = 0.

F =92.61b.

F = 115N. Twisting occurs at both fittings on pipe OA.

(@) My = (2297 4+ 1037 4+ 2.29k)N-mm, Myp = —8.00N-mm; (b) My = (12.07 — 6.00k) N-mm,
M4 p = —8.00 N-mm; (c) Essay-type answer.

Mog = 12.5N-m.
(a) M4 = (9830741940 } +7770 k) Nmm, M,, = 11300 Nomm; (b) M, = 140007 Nemm, M, = 11300 Nmm.
F=(358]+17.9k)1b, Mgp = 537in.-Ib.

0 = (6i+6]+3k)Ib, Mgc = —290in.-Ib.

M, = —17,400 ft-Ib, & = 90°.

M = 144in.-b.

(a) Q@ = 120N; (b) The answer does not change.

(@) M = 96.6 N-mm; (b) M = 96.6 N-mm.

M = (2007 — 600 k) N-m.

d=192m.

(a) M = (—8007 — 200 j) N-m; (b) Essay-type answer.
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4.56 The forces F are resolved into horizontal and vertical components as shown. The two vertical forces F cos 30°

constitute one couple. The two horizontal forces F sin 30° and the horizontal force F constitute another couple.
y

F cos 30°

458 F, = (421b)(=0.9767 + 0.484 j — 0.179k), Fg = —F4 = (421b)(0.9767 — 0.484 j + 0.179k); Additional
result: the moment of the couple about line a is M, = 921 in.-1b.

4.60 Force systems (a) and (d) are equivalent, and force systems (b) and (c) are equivalent.

4.62 For force system (b), ¥ = 2kip and P = 4Kkip; for force system (c), there are no values for ' and P such that
force systems (a) and (c) will be equivalent; for force system (d), F = 5kip and P = —1kip.

4.64 Fp, =—14901b, Fp, = —1021b, Mp—5110in.-1b.

4.66 Fp, = —0.500kN, Fg, = —3.87kN, 2.58 m to the right of the bearing at C.

4.68 (a) Fg = (—1800k)N, Mg = (6.947—12.0 /) Nm; (b) Fg = (—1800k) N, (x, y) = (—3.86 mm, —6.67 mm).

470 (a) Fg = (—=5.007 +50.0j — 10.0k)nN, Mgp = (1207 — 60.0k)nN-um; (b) Fg = (=5.007 + 50.0 j —
10.0k)nN, Mg = (2207 + 800 j + 3890 k) nN- yum.

472 (a) Fg = (10.0 )kN, Mgy = (25.07 + 4.00 j + 20.0k)kN-m; (b) Fg, = 0, Fg, = 10.0kN, Fg, = 0,
MRayx = 25.0kN-m, Mg 4, = 4.00kN-m, Mg 4, = 20.0kN-m.

474 Fp=-2Fk Mg =3Prk, (x,y) = (0.r).

476 Fp = (2.007 +3.00] —4.00k)N, Mg 4 = (9.007 + 8.00 ] — 4.00 k) N-m.

478 Fp = F(—] +k), Mg = Fal(=j +k), (x,y) = (3a,b).

480 Mp = (1507 + 104 j — 200k) N-m.

482 (a) M, =256N-m; (b) i = —0.5307 + 0.662 j + 0.530k.

4.84 F =3001Ib.

486 P =-10lb,Q = —-51b,R=0,S = —-201b, Mp = —10in.-1b.

488 (a) Fgr, = —0.8801b, Fgy, = —0.6601b, My = 0.552in.-1b; (b) Fgr, = —0.8801b, Fry = —0.6601b,
y = 0.627 in.

490 (a) Fpy =0, Fgy, = 0, Fp; = —18001b, M4, = 8700ft-1b, My, = 0, My, = 26,700ft-1b; (b) Fg, = 0,
Fry =0, Fp, = —18001b, x = 12.2t, z = 7.83 ft.

492 Fp = (-30.0i —120] —22.5k)Ib, Mgp = (—9907 + 60.0 } + 1180k) in.-Ib.

Chapter 5

5.2 A =235N,B =107N.

5.4
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B = 42 9N (force supported by one link), A, = 68.6N, 4, = —51.4N.

d = 3.10ft.

@A, =3F+iP A, =0,D,=3F+3P;(b) A, =0.192F +0.385P, A, = 3F+ 3P, D = 0.385F +
0.770P;(c) A, = F + P, D, =0, Mp = %L(F +2P);(d) Ay =0,4, =F + P, My = %L(F +2P).
Ay, = 1.88kN, E}, = 2.12kN, E, = —2.00kN.

Ay =0, 4, =3.00kip, P, = 1.00kip.

C, = 11,3001b, D, = 61701b.

Ay =0,B, =P, My = Pa.

Rollers B and C make contact, Ay =0, By = —40.81b, Cy = 2311b, Dy =0.

Rollers A and C make contact, Ay = 1931b, By =0, Cy = 198 1b, Dy =0.

(a) A = 498 1b; (b) Essay-type answer.

(a) @ > 75.5°%; (b) « > 90.0°

Essay-type answer.

Fy =9.081b, F,, = —4.821b, E, = 17.01b.

G =4.66N, N = 17.4N, 6 = 17.0°.

Ay =0,4, =2001b, 7 = 6001b.

(@) Ay =2.59kN, 4, = —352kN, B;, = 54.8kN; (b) A, = 7.59kN, 4, = —41.2kN, B, = 59.5kN.

T = 1.66kip (tension in cable BCD), A, = —1.66kip, A, = 0.55kip Tpg = 2.76kip, Fpp = 2.36Kip.

1 kip o
T ¢ I 15° 3

== T
T —— Ar y TQ4
Y T |
L Ay Lx Fpp T0E

xT

(a) Complete fixity, statically determinate; (b) T = 10.68F; Additional results: C, = —2.000F, C, =
—11.32F.

(a) Partial fixity, statically indeterminate; (b) The cable tension cannot be determined; Additional result: The
equations of static equilibrium require F = 0. If F # 0, then the equations of static equilibrium cannot be
satisfied, and dynamic motion occurs.

ﬁm 1&/5

) 1 1
Foor T

Y cl G
LI
F =13.61b.
(a) 6 = 4.58°; (b) 6 = 36.7°; (¢) Essay-type answer.

Essay-type answer

kL? _ FkL? _FL kL?
2k, +kL2)]’ YT 2k, + kL2 AT 7[ ok, +kL2]

For structure (a), full fixity and statically determinate; for structure (b), full fixity and statically indeterminate;
for structure (c), full fixity and statically determinate; for structure (d), partial fixity and statically determinate;
for structure (e), full fixity and statically determinate; for structure (f), partial fixity and statically indeterminate.

D =0.314N, L = 1.34N.
§ =2.40mm, 6 = 1.49°.

(@) Tg 4 = 1.33kip, B, = 0, B, = 3.33kip; (b) Tg 4 = 12.3kip, B, = 0, B, = 20.3kip; (¢) T4 = 15.9kip,
B, =0, B, = 25.7kip.

Ay =0,4, = F|[1
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5.60
5.62
5.64
5.66
5.68
5.70
5.72
5.74

5.76

5.78

5.80
5.82

5.84

ABC is a 3-force member and BD is a 2-force member.
ABDE is a multiforce member and BC is a 2-force member.
3-force member.

3-force member.

ABCD is a multiforce member and DE is a 2-force member.
Multiforce member.

3-force member.

F4p = 318KkN to begin opening the dump when 6 = 0°; F4p = 0 when the center of gravity G of the dump
and its contents is immediately above point O.

C, = 0333kN, C,, = 0.667kN, Typ = 1.25kN, M¢, = 0, Mc, = 2.00kN-m, Mc, = 3.33kN-m,

(a) Partial fixity and statically determinate; (b) 7 = 271b, A, = 18.01b, Ay = 9.001b, M4, = 54.0in.-1Ib,
My, =0.

]\JA:L' A T B
— —> W* v
}ﬁ C 18l

s Az

z
Typ = 50.75kN.
(b)2,0,4,1,3;
(a)

]\[A 9
! fMAx
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5.86 F =3.21kN, C, =-3.00kN, C;, =2.07kN, C, = —0.429kN, Mc, = 0.343kN-m, Mc,, = —0.600kN-m.
588 A4 =5.77kN,C =2.89kN, D, =5.00kN, D, =0, Mp, =0, Mp, = —9.23kN-m.

—~«— A, = Asin30°
A, = Acos30°

L
30°\A
5.90 Essay-type answer; partial answer: the propellers rotate counterclockwise.

592 T =163N,C =163N, A = —83.2N.

80N cos 30° 30
80 N sin 30°

594 A, =700N, 4, =26.1N, My =—-276N-cm.
596 (a) F =329N;(b) F =11.5N;(c) F = 20.1N.

5.98  For structure (a), full fixity and statically determinate; for structure (b), partial fixity and statically indeterminate;
for structure (c), full fixity and statically indeterminate; for structure (d), partial fixity and statically determinate;
for structure (e), partial fixity and statically determinate; for structure (f), full fixity and statically indeterminate.

(a) (b) (c)
XYY
(d) (e) (f)

5.100 (a) Essay-type answer; (b) 77 = 15.71b, T, = 21.51b, O, = 13.31b, Oy =11.51b, 0, = —19.41b.

5.102 (a) Full fixity and statically determinate; (b) A, = 0, A, = 60.0lb, B, = —40.0lb, B, = 40.01lb, My, =
200in.-1b, M4, = —80.0in.-Ib.
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Chapter 6

62 Typ =-5001b,T4c =0,Tgc = 6251b, Tgp = —3751b, Tcp = 6251b, Tcg =0, Tpg = —5001b.

64 P =32001b.

6.6 P = 80001b.

68 Tcg =3.75kN, Tpp = —3.66kN.

610 T4p = 4.00kN, Ty¢ = 0, Tgc = —7.21kN, Tgp = 6.00kN, Tcp = —5.00kN, Tcg = —6.00kN,
Tpg = 7.21kN.

6.12 P = 10.0kN.

6.14 P = 6.66kN.

6.16 1.92.

6.18 1.77.

620 Typ=F,Tyg =~2F,Tcp =0,Tcg =0,Tpg = V2F,Tpp = F, Tgg = —F.

622 Typ = —5.60kN, Typ = 4.00kN, Tgc = —7.07kN, Tgp = 2.24kN, Tgg = 3.00kN, Tgr = 4.47kN,
Tcr = 5.00kN, Tpgp = 3.00kN, T = 3.00kN.

Y
L T;\Bmﬂjc
" Tpp Typ TBF
s Tep Tpr Tpr
§ 150 éos 43° E }
A, =4kN 2k kKN ¢, =5kN

624 (a) FG,DG; ) Tpg =0,Tpg =0, Tg4c = —12.0kN, Typ = 10.4kN, Tcp = 4.00kN, Tgp = 10.4kN,
Tgy = —8.00kN, Tpg = 6.93kN, Tgg = —8.00kN, Tcg = —8.00kN, Tpg = 8.00kN, Tcp = —16.0kN,
Tpr = 6.93kN.

6.26 (a) BG, DI, EJ, DE,CD,CH; (b)Tgg = 0, Tcyg = 0, Typ = —3.00kip, Ty = —5.20kip, Tg¢c =
—3.00kip, Tcp = —7.21kip, Tpg = 6.00kip, Tcg = 5.00kip, Tgyg = 3.00kip; (¢) Tp;y =0, Tgy = 0,
Tpg =0,Tcp =0,Tcy = —14.4kip, Try = 9.00kip, Ty = 10.0kip, Tg; = 3.00kip.

628 Tpp =—-571P,Tcp =577P,Tcg = —8.66P

630 (a) DE,HI,JK,LM, NO; (b)eliminate DE, HI, LM, essay-type answer; (¢) Tgyg = %Q,

6.32 (a) HI, JK, LM; (b) eliminate JK, essay-type answer; (¢) Tpg = 2.00kN.

6.34 (a) Statically determinate; (b) Tcp = —8.00kip, Tpg = 0, Typ = 10.4kip, Tpg = —10.4Kkip.

6.36 (a) T;r = 40.2kN; (b) Ty = 30.0kN, Ty; = 14.1kN, Ty = 0, Tjps = 0.563kN, T;; = 0.796kN.

6.38 (a) Statically indeterminate; (b) mechanism; (c) statically indeterminate; (d) statically determinate.

6.40 (a) For truss system (a): Tyg = —1.41W,Tgp = —W,Tpp = —1.41W, Tyc =W, Tcg =W, Tgp =W,
Tge =W, Tcp =0, Tpg = Wi, for truss system (b): Typ = —1.12W, Tgp = —0.500W, Tpp = —1.12W,
Tqyc = 0.500W, Tegp = 0.500W, Tpr = 0.500W, Tge = W, Tep =0, Tpg = W (b) Essay-type answer;
(c) Essay-type answer; (d) Essay-type answer.

6.42 (a) Partial fixity; (b) statically determinate; (¢) Tyg = 0, Tyc = 0, Typ = 4.00kN, Tgc = 0.417kN,

Tgp = —2.13kN, Ty = —0.838kN, Tcp = —2.13kN, T = —0.838kN, Tpp = 1.33kN.
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6.44 Answers to be provided.
6.46 Answers to be provided.
6.48 Answers to be provided.
6.50 FBDs to be provided.
6.52 Essay-type answer.

6.54 Horizontal force applied by the operator is 0 = 20.81b, Ty = —6.671b, By = —5.771b, B, = 13.31b,
Cx =—15.01b, C;, = 13.31b.

6.56 Horizontal force applied by the operator is 0 = —47.7N, Fgg = 63.0N, A, = 557N, 4, = 107N, C, =
—103N, C,, = 10.7N.

6.58 (b) F4p = —33901b;
(@)

M
6.60 (b) Ty = 283N, T, = 283N; (¢) from DE: A, = 260N, A, = —225N, from FG: A, = —260N, A, = 225N;
(a)

6.62

(a)

20001b

Fer Feop
6.64 Fpy =22.5N, Fgp = —70.8N.

11 Last modified: March 19, 2009



Engineering Mechanics: Statics 1e Plesha, Gray, Costanzo

6.66 (a) The structure is not a truss, essay-type answer; (b) Tpg = 2.00kN, T = 3.00kN, Tpgyg = 4.00kN,
Typ =3.00kN, Tpg = 3.00kN, Tgr = 3.00kN, Tcp = 3.00kN, B, = —3.00kN, B, = 1.00kN.

2kN 3kN 4kN
~— ~—
Tap Tap Tpr Tpr Ter Ter Tcr Ter

6.68 (a) Statically indeterminate; (b) OH and 1Q, (¢) Fpg = V2kN.
6.70 Tpp =8131b, Tgp = 8131b, Tcp = 1001b.

6.72 Tup = —1631b, Ty = 1151b, Tz = 1631b, Tgp = —1151b, Tg; = 0, Ty; = 85.01b, Ty = 1841b,
Tpg = —1841b, TG = —35.01b.

I, = 851b

, ¥ 5 31
5
1201b 4 120 lbl T, %1),
— 7 x P G ; !
80 lbl T i i

<

801b *
pG” Tpq Thu

C D
Yy
T,

E
Tap”Tip T4
! L A7
Ay v A\ Tap B
A, =1151b
674 (b) Fyp = —5251b;
(a)
Y
G,
x
Fap 501b
¢ E.’L'
> Frr
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Chapter 7
7.2 (x,y) = (0,65.0) mm.
74 (% 7) = (1.18,1.18)in.
7.6  (%.7) = (60.8,30.0) mm.
7.8 (x,y,2) =(2.31,2.12,1.42) in.
- - 9 9 .
710 (X,)) = (55, 5g) in.
712 (%.5) = (¢ 3) mm.
704 (%.5) = ({7 T) in.
7.16 (x,y) = (48.0,16.0)in.
7.18  Answer given in problem statement.
720 ¢, =b/Ja,c; =bja3, (%, F) = (32a. 3D).
in. — 2
722 (@)X =: (}m xv/1+9x%dx = flm x3/14+9x%dx (b) % = 01 yl/s\lH_(%y 2/3) dy y =
. 1in. lm i ’ -
Jo™ V1+9x4dx V1+9x4dx folm. 1+(%y_2/3)2dy
(o) (x,y) = (0.609,0.366) in.
2 2
Tx 1+( = ) dx ST, Vr2—x2 l+( —x ) dx
724  (a)x = E VRN PP ) (b)) (5.5) = (0. 2r
I \/”(w%z) dx 5’/ Hyam) @
726 X=4R
7.28 (x,y,Z) =(133,0,0)in.
730 (X,y,Z) = (2.98,0,0)in.
732 m,=0680¢g
counterwelght
w3
—o—o e
bolt
holeforbolt
734 (X,y,Z) = (1.07,0,0.876) in.
7.36  (x,y) = (1.46,1.00) m, mass of frame m = 44.6kg, T = 639N, B, = 553N, By = 118N.
y
e
Byl\ “%0 Ter
— i
By
coM
S
vy
X
— l.46lm‘ﬁ
/2 500 —x2)dx+[} 5 xpom(r?—x2)dx
738 - _hlTx 2 (r2—x2)dx+ /]2 xpg F=07=0:(b)F=2
(@) x (;/2 pon(r —x2)dx+ [/ 5 por (r? —x2)dx Y . (b) ¥ = 56r
h2 1—— d
740 @@= Lo : )2 SNOE
I ponhz( —’ac—z) dx
55 wvon| 255 1) Jax
742 @F=— 7 SE—. 7 =02=0() %= L.
i vor[ (50 ~(% 7) Jax
lcm 1 2 _
744 (@) = (llc-‘ir-nx+x )yo2mx[1+x2 x]dx’ (b) & = % em.

1in.

0

y 1+(%y—2/3)2dy'

Jo M yvo2mx[14+x2—x]dx

1in.

0

\/1+(§y—2/3)2 dy
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7.46
7.48
7.50
7.52
7.54
7.56
7.58

7.60
7.62
7.64
7.66
7.70
7.72
7.74
7.76
7.78
7.80
7.82

7.84
7.86
7.88
7.90
7.92
7.94
7.96
7.98
7.100
7.102
7.104

7.106

7.108

7.110

7.112

7.114
7.116
7.118
7.120
7.122
7.124
7.126

V =283mm3, A = 226 mm?.

V = 1.78x103 mm?3, 4 = 1.98x 103 mm?.

V =8xh3, A = wh?%(11 + 8/2).

V =19.8in3, W, = 0.1181b.

@) V = 327mm3; (b) Ayyige = 34.6x10% mm?; (¢) Ajige = 12.2%x103 mm?.
V=TZR3 A=Z(11+5R2

(a) w = 2.781b/in. for 0 < x < 36in.; (b) w = 1.851b/in. for 0 < x < 18in., w = 3.701b/in. for 18in. <
x <36in.; (¢) w = 1.851b/in. + (0.05141b/in.2)x for 0 < x < 36in., (d) w = 1.851b/in. + (0.1031b/in.2)x
for0 < x < 18in., w = 5.561b/in. — (0.10291b/in.2)x for 18in. < x < 36in.

A, =0,4, =3331b, B, = 66.7Ib.
Ay =0, A, = 49.1kN, My = 98.1kN-m.

(a) ¥ = 21.0in; (b) & (¢) A, =0, 4, = 22.21b, B, = 77.81b.

(a) % = 1.67m; (b) & (¢) A, =0, A, = 49.1kN, M4 = 81.8kN-m.
(a)a = 800N/m, b = 0, c = —8.00N/m?; (b) d = 800N/m, f =
A, =0, A, = —4.00kN, B, = 16.0kN.

« =0, A, = —40.0kip, B, = 40.0kip.

« =0, A, = 6.08kip, B, = 4.92kip.

© =0,C, = 12.0kN, M¢ = —24kN-m.

« =0, 4, = —80kip, C, = 80kip.

T
20m*

a = o

NN

x=0,4, =wia+wy(L —a), My = %wlaz + %wZ(L2 —a?).

a =0.524kN/m, b = 1.21kN/m?, ¢ = —0.0556kN/m3, F = 23.0kN, ¥ = 4.05m.
Ay =0,A4, =04, =W, My, = -WR(1—2), My, = —2WR, My, =0.

T = yd3.

T =39.01b.

6o = 0.235rad = 13.5°.

(@) T = 40.71b; (b) T = 323 1b.

Tg = 414N, T = 287N, Tpy = 684N.

Fgg = 3811b.

(¥,y) = (0,20.2) mm

(x.7) =(32.D)m

(x,7,2) = (34.7,0,0) mm.

5" x{p; 12— L x)2+p, [+ Ex)2—(2— LX) dx

L = 0.002 3.0, =0. 3 x=10
(a) Let p, = 0.002g/mm"~, p; = 0.003 g/mm"~, X S 72—k 121 py (34 b2 —2— b1} dx
Z = 0; (b) (%.7,2) = (3.20,0,0) mm.

4

,y =0,

- ot xm(14+x2)2dx -5
Y aaayrax P = s em
2 km > 2 km 2 >
(a) = Ll XVIHAX® 5 Jo i XVIEAXE gy 5 5 (0,801, 1.48) km.

A Jiranz ) T Jiae
V = 4T”r3, A= 4nr?.
V = 4360cm3, A = 867 cm?.
Ay =0, 4, =17001b, B, = 13001b.
By =6401b, C,, =0, Cy = 14601b where pin C is located 6 ft from the left-hand end of the beam.
Ay =0,4, =2.17kN, C,, = 3.83kN where roller C is located 2m from the right-hand end of the beam.
A, = —46.81b, A, = 2811b, C, = 1871b.
d =—12.5mm.
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Chapter 8

82 Ny =-34.71b, Vg = —1971b, My = 1180in.-1b, Ny = —4801b, V; =0, M; = 0.

84 Ng =2001lb, Vg =3461b, Mg =0, Ngp = 2001b, Vg = 3461b, M = —8310in.-1b

86 Np = —3.20kN, Vg = 4.27kN, Mg = 0, Ng = —3.20kN, V5 = 4.27kN, Mgz = 10.7kN-m, Ny =
—0.800kN, Vg = 1.07kN, My = 10.7kN-m, N; = —0.800kN, V; = 1.07kN, M; = 13.3kN-m.

88 Np = —11.2kN, Vg = 1.60kN, Mg = 0, Ng = —11.2kN, V5 = 1.60kN, Mg = 4.00kN-m, Ny =
—8.80kN, Vg = —1.60kN, Mg = 4.00kN-m, N; = —8.80kN, V; = —1.60kN, M; = 0.

810 Np =0,Vp =100lb, Mp =0, Ng =0, Vg = 1001b, Mg = —150in.-1b, Np = —70.71b, VE = 70.7Ib,
Mg = —256in.-1b.

812 Ny = —2.00kN, Vg = 2.00kN, Mgy = 0, N; = —2.00kN, V; = 2.00kN, M; = —5.60kN-m.

8.14 N; = —2.00kN, V; = —2.00kN, M; = —3.20kN-m, N9 = —2.00kN, Vy = —2.00kN, My = 0.

816 Np = —5.83kN, Vg =0kN, Mp =0, Ny = —4.00kN, V4 =0, My = 4.20kN-m.

818 Ny = —4001b, Vi = —6931b, My = —1390ft-1b, N; = —4001b, V; = —6931b, M; = 0.

820 Ny =4621b,V;, = —6531b, My = 1600 ft-1b, Npy = 0, Vpy = —8001b, My, = 0.

8.22 Essay-type answer.

824 V4, =0,Vy, =1501b, Ny, = 0, My, = —2400in.-Tb, My, = 0, M4, = 3600in.-1b.

8.26 NBx = 0, VBy = 0, VBZ = 120N, MBx = 84ONI'I1, MBy = —126NI’I1, MBZ =0.

828 Vp, =0,Np, =0,Vp, = 120N, Mp, = 13.8N-m, Mp, = —14.4N-m, Mp_ = 0.

830 V =250kN, M = (2.50kN)x for0 <x <3m; V = —7.50kN, M = (7.50kN)(4m — x) for3m < x < 4m.

832 @V =P M=Pxfor0<x<3iL;V=0M=3iPLfor L <x<2L;V=-P M= P(L—x)for
%L < x < L; (b) Essay-type answer.

834 V =1251b, M = (1251b) x for0 < x < 8ft; V = 1251b, M = (—1251b)(16ft — x) for 8 ft < x < 16ft.

836 V =10001b, M = (—10001b)(20 ft — x).

838 V = (—8.00kN/m)x, M = (—4.00kN/m) x2.

840 V =1200N — (600N/m)x + (50N/m?)x2, M = (1200N) x — (300N/m) x2 + (16.7N/m?) x3.

8.42 Essay-type answer.

844 V = 3.00N, M = —8.00N-mm + (3.00N)x for 0 < x < 2mm; V = —1.00N, M = —(1.00N) x for
2mm < x <4mm; V =2.00N, M = —12N-mm + (2.00N) x for4 mm < x < 6 mm.

846 V =3.00N,M = —8.00N-mm + (3.00N)x for0 < x <2mm; V =0, M = 0 for2mm < x < 6 mm.

8.48 Essay-type answer.

850 V = —1001b/ft(6.00ft — x) + 10001b, M = —501b/ft[(12.0ft)x — x3] + (10001b) x for 0 < x < 6ft;
V = —1001b/ft(6.00 ft—x) — 1000 1b, M = —501b/ft[(12.0 ft)x — x2] + (1000 1b) (12 ft— x) for 6 ft < x < 12 ft.

852 V = 1000N, M = (1000N)x for0 < x < 1m; V = 100N, M = (100N)(9.00m + x) for Im < x < 2m;
V =—1100N, M = (1100N)(3.00m — x) for2m < x <3m.

8.54 V = (0.202kip/in.) x, M = (0.101kip/in.)x? for 0 < x < 20in.; V = —10.0kip + (0.202kip/in.) x, M =
200in.-1b — (10.0kip) x + (0.101kip/in.)x? for 20in. < x < 79in.; V = (—0.202kip/in.)(99.0in. — x),
M = (0.101 kip/in.)(99.0in. — x)? for 79in. < x < 99in.

856 V = (—8.00kN/m)x, M = (—4.00kN/m) x2.

8.58 V = 60kN— (8.00kN/m) x — (4 kN/m?)x2, M = —192kN:m + (60.0kN) x — (4 kN/m) x2 — (& kN/m?) x3.

8.60 V = 40001b—(15.01b/ft)[(40.0 ft)x —x2], M = (4000 1b) x — (5.00 Ib/ft>)[(60 ft)x% — x3], M,,, = 15,400 ftIb
atx = 8.45ft.

862 V = lwgL - L) M = wo(bx - 1x2 4 Lx3 = Zatx =

X = gWo wo(x — 7x%), M = wo(gx — 3x° + 3px°), My, = (0.0160)wy L= at x = (0.211)L and

M, = (=0.0160)wy L2 at x = (0.789)L.

864 V=2P,M=-3PL+2Pxfor0<x=<%,Vv=P M=-IPL+Px-LiL)fork <x<L.

8.66 V = (-25.01b/f})x2, M = (=F 1b/f®)x3 for 0 < x < 4f; V = 18001b — (25.01b/f>)x2, M =
—7200ft-1b + (18001b) x — (& 1b/ft?) x3 for 4 ft < x < 12ft.

8.68 V = (—1.00kN/m)x, M = (—0.500kN/m)x2 for 0 < x < 1.3m; V = —6.86 kN — (1.00kN/m)(x — 1.30 m),

M = 7.22kN-m — (5.56kN) x — (0.500kN/m) x2 for 1.3m < x < 4m; V = —14.0kN — (1.00kN/m)(x —
4.00m), M = 25.0kN-m — (10.0kN) x — (0.500kN/m) x2 for4m < x < 5.5m.
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8.70
8.72
8.74
8.76

8.78
8.80

8.82

8.84

8.86

8.88

8.90
8.92

8.94

8.96

Vipax = 4P atx =0, M, = —10Pd atx = 0.
Vinax = —45.0N just to the left of x = 30 mm, M,,, = —1130N-mm at x = 30 mm.

V

max

ax

= 10.01b just to the right of x = 17in., M;,, = —16.0in.-1b at x = 4in.

Beam 1: Shear diagram (b), Moment diagram (g); Beam 2: Shear diagram (a), Moment diagram (g); Beam 3:
Shear diagram (d), Moment diagram (f).

Np = —6.19kip, Vg = 0.940kip, Mg = 0, Ng = —6.19kip, Vz = 0.940kip, Mg = 4.00kip-ft.
Np = —833N, Vi = 833N, Mg = 0, Ny = —1180N, Vp = 0, Mp = —69.0N-m, Ng = 833N,
Vg = —833N, Mg = 0.

V = 12.0kN — (0.750kN/m?) x2, M = (12.0kN) x — (0.250kN/m?) x3 for 0 < x < 4m; V = 36.0kN —
(12.0kN/m) x + (0.750kN/m?) x2, M = —32.0kN-m + (36.0kN) x — (6.00kN/m) x% + (0.250kN/m?) x3
fordm < x < 8m.

V = 12.0kN — (0.750kN/m?) x2, M = (12.0kN) x — (0.250kN/m?) x3 for 0 < x < 4m; V = 36.0kN —
(12.0kN/m) x 4 (0.750kN/m?) x2, M = —32.0kN-m + (36.0kN) x — (6.00kN/m) x% 4 (0.250kN/m?) x3
fordm < x < 8m.

V = 60.0N, M = —12,000N-mm + (60.0N) x.

V =60.0N, M = —21,000N-mm + (60.0N) x for 0 < x < 150mm; V = 240N, M = —48,000N-mm +
(240N) x for 150 mm < x < 200 mm.

Viax = —17501b for 15t < x < 20ft, M,,, = 8750 ft-Ib at x = 15ft.

(a) V = —4.00kN — (3 kN/m?) x2; (b) M = (—4.00kN) x — (5 kN/m?) x3; (¢) Vs = 9.00kN at x = 3m,
M. = —15.0kN-mat x = 3m.

max
(a) M = (=2.00kip/ft) x2; (b) V = 56.0kip — (8.00kip/ft) x + (5 kip/ft?) x2; (¢) Vi = 20.0kip at x = 6 ft,
M.« = —72.0ft-kip at x = 6ft.

(a) M = 132kN-m — (17.0kN) x + (0.500kN/m) x2; (b) V = 16.0kN — (4.00kN/m) x + (3 kN/m?) x2; (c)

Viax = 16.0kN at x = 0, M,, = 48.0kN-matx = 6m.

Chapter 9

9.2
9.4
9.6
9.8
9.10
9.12
9.14
9.16
9.18

9.20
9.22
9.24
9.26
9.28
9.30
9.32
9.34
9.36
9.38
9.40
9.42

N = 52.11b, F = 10.3 b, the box remains at rest on the ramp.

© > 0.0939.

6 =tan~! p.

h = 60.0cm.

The dam will not slide or tip when the reservoir is completely full.
The dam will not tip and will fail by sliding.

N = 1.43x10°1b, F = 8.58x10*1Ib.

P =474N.

(a) min = 0.289; (b) The answer to Part (a) will change, essay-type answer; (¢) The answer to Part (a) does not
change, essay-type answer.

g = 0.750.

P = 0.9001b will cause all books to slide.

ng = 0.417.

Q =7.701b.

P =10.6N.

P =7kN.

s =3

The truck is not capable of pulling the dumpster.
(@) P =4.56N; (b) Tcp = 6.58N, essay-type answer.
(a), (b), & (¢) P = 73.01b.

My =23.1N-m.

M, = 575in.:1b.
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944 (a) P = 14.1N;(b) P = 4.54N.

946 W =3531b.

9.48 Wp = 53.81b, surface C will stick while motion is impending at A and B.

9.50 1 =0.0741.

9.52 p = 0.0943, the normal and friction forces between the dam and foundation are located 0.730 m to the left of
point A.

9.54 P = 1.601b, the roll of paper will tip.

9.56 P = 56.21b, slip is impending at £ and there is no slip at B and C.

9.58 Ty =5741b.

Chapter 10

10.2 Essay-type answer.

104 I, =568a% I, =328a%.

10.6 I, =0.0404in*, 1, = 0.0570in.%.

108 I, = 5bh3. 1, = {5hb3.

10.10  Answer provided in problem statement.

1012 [, = Erg. Jo = Ery, essay-type answer.

1014 J4=Zry.

10.16  Essay-type answer.

1018 (a) [, =2.74mm*; (b) /, = 11.0mm*.

1020 (a) I, = 0.305mm*; (b) /,, = 1.60 mm*.

1022 (a) I, = 0.500in.*; (b) I, = 0.375in.%.

1024 ¢, =b/Ja,cy =b/a3 I, = {5ab>.

1026 I, = 0.305mm*.

1028 1, = 4.64x10" mm*, I, = 4.58x10°mm*, k,, = 105mm, k,, = 33.1mm.

1030 /I, = 117in.4, essay-type answer.

1032k, =23.1in.

10.34  For the rectangular cross section: [, = 108in.%, I, = 108 in.#; For the I cross section: 1,

I, =76.0in.*.

10.36 1, = 4.06x10° mm*, I, = 1.83x10° mm*.

10.38 1, =37.6in%, 1, = 10.9in.*.

1040 (a) I, = 1820mm*; (b) /., = 2550 mm*.

1042 (a)d = 4.00in.; (b) I, = 128in.%; (¢) I, = 704in.*.

1044 (a)d =2.00mm; (b) /, = 88.0mm*; (c) /,, = 48.0mm*.

1046  (a)d = 65.0mm; (b) I, = 1.45x10° mm*; (¢) 7, = 1.13x10° mm*.

10.48  Answer provided in problem statement.

1050 1, = }tmr2 where m = prr?t.

10.52 [, = m(3R? + 112) where m = pnR2L.

1054 I, = 2m(5R? + L?) where m = $pnR2L.

1056 [, = %m(%az + h?) where m = %pabh.

10.58  Essay-type answer.

10.60 (a)l, = % 0r/2 %On(rz —x2)2dx + %frr/z oot (r? —x%)2dx; (b) I, = %nr“po.

10.62 I, = 4.28x107 slug-in.?
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10.64

10.66

10.68
10.70
10.72
10.74
10.76
10.78
10.80
10.82
10.84
10.86
10.88
10.90
10.92
10.94
10.96
10.98
10.100
10.102
10.104
10.106
10.108
10.110
10.112
10.114
10.116
10.118
10.120
10.122
10.124

I, = %ma2 where m = %pnhaz.

L L 2 2
@1, = [y R = G dx + fy prR2Z (1) = (57)% dxs (b) 1, = m 1A LA TO8O R

where m = %anRz.

@1, =2 [ pto2 = P)m (B 1+ B ax oy 1, =

I, = 1.50x1073 kg-cm?.

I, = %mR2 where m = %an3.
I, = %mR2 where m = %anz’.

lop, = 0.0217 slug~ft2, essay-type answer.
I, = tm(@@?® + b?).

Ig = 20,700 kg-mm?.

I4 = 9.24x10™*slug-in.2.

I, = 0.497 slug-in.2.

Ig = 0.0778kg-m2.

I, = 1.61 slug-in.2,

I, = 0.619slug-in.2.

I, = 3.53slug-in.2.

I, = 5.10x1073 slug-ft?.

Jo = %(r;‘ —rl-4).

@1, = [3™x2(Jx — x)dx; (b) I, = 20.6m*.

9in.

R2

mR? where m = %plonRL 14+ 75.

L2

c=6.c=-%c3=L@I, =[5 " x2(6—Fx— Vx)dx: (b) I, = 286in*.

@1, =2 [ ™ x2(x — )2 dx; (b) I, = 0.0667 in.*.

I, =2.98x105 mm*, I, = 3.25x10° mm*.

(@) d = 1.183in.; (b) I,, = 5.56in.%.

3 2 _ 1 2
fomr< where m = 3pmr<h.

IZ

I, = 1700 kg-mm?2.
I, = 3040 kg-mm?2.
I, = 0.0113kg-mm?2.
Ix

Iy

= %fg’ p1wx2dx + %fhzh oo x2 dx.

1.79%10° kg-m?.

(@) I, = 1.43x10% mm*; (b) I, = 5.45x10° kg-mm?.

I, = 13.3slug-in.2.
I, =16.7 slug-in.2.

18
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