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APPENDIX F

ANSWERS TO SELECTED PROBLEMS

CHAPTER 1

1.1 o = 1019 psi (T)
13 Wy = 1256 10
16 dyi, = 1.5 mm

1.8 o = 257MPa(T)

112 (a) oy = 232.8 MPa (C); (b) 5, = 20MPa(C)
1.15 (a) ., = 156 MPa (C); (b) o}, = 8.33 MPa (C)
1.19 5, = 3 MPa (C)

1.25P,,, = 108 kips

128 P = rz(d, +d))t

131 W, = 1256 1b

1.44 o, = 3.286 ksi (T); 7,4 = 1.53 ksi

151 o = 11.9 psi (T); V = 19 Ibs

1.52 (a) oy, = 38 MPa (C); ong = 16 MPa (T); oug = 22 MPa (C); oy = 16 MPa (C)
(b) (4),s = 53.76 MPa

1.56 o5, = 100 MPa (T); 7, = 259 MPa

162 P, = 70.6 kN

max
1.67 P, = 5684 Ib
169 L = 104 in
171 (a) deg = 30 mm; dep = 27 mm; deg = 23 mm
(b) de = 22 mm; sequence: CB, CG, CD
1.74 7 = 9947 Pa
175P =3 alLr
1.77 © = 3.18 MPa
1.79 7 = 226.3 MPa
1.82(a) 7 = 85psi; (b) T = 6.7 in-Ib
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CHAPTER 2

2.1 &£ = 0.9294 cm/cm

2.4 ¢ = 0321 infin

27 Uup—u, = 25 mm

2.8 ¢y = 393.3 pin/in; &g = —150 win/in

2.11 g, = -0.0125 in/in

2.13 g, = —0.0108 infin

2.15 g, = -0.0108 in/in; & = -0.003 in/in

2.19 8z = 2 mm to the left

2.21 65 = 2.5 mm to the left

2.22 g, = —416.7 yumm/mm; & = 400 gmm/mm

2.29 y, = -3000 prad

2.32 y, = 5400 urad

2.34 y, = 1296 urad

2.38 y, = -928 prad

2.48 y, = —-1332 prad

251 (a) epp = 11747 pgmm/mm; (b) gpp = 1174.6 umm/mm; (C) gpp = 1174.6 xmm/mm
2.54 5,p = 0.0647 mm extension; Jgp = 0.2165 mm extension
2.57 5,p = 0.0035 in contraction; ogp = 0.0188 in contraction

2.61 ggc = 4200 pmm/mm; gop = =2973 pmm/mm; s = -2100 gmm/mm
2.64 ggc = 500 gmm/mm; gog = -833 umm/mm; g5 = 0; sop = 667.5 gmm/mm
2.68 g, = —128 umm/mm; &, = -666.7 umm/mm; x, = 3600 urad

2.71 gy = 1750 ymmimm; &,
2.74 &,,(24) = 555 uinfin

2.77 u(20) = 0.005 in

2.80 u(1250) = 1.516 mm
2.85 & = 42.2 ymm/mm

287 ¢ = 4T%

= -1625 ymm/mm; x,, = -1125 urad
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CHAPTER 3

31 (a) oy = 510 MPa; (b) op,. = 480 MPa (c) E = 150(7.5) GPa; (d) oy, = 300 MPa (e) oyiq = 300 MPa
(f) E, = 25 GPa; (9) E; = 6.5 GPa

3.2(a) P = 23.56 kN; (b) P = 35.34 kN

336 =325mm

3.4 g = 0.065; &yp = 0.0028; £, = 0.0622

35P = 36.9kN

3.12 (a) E = 300 GPa; (b) oy, = 1022 MPa;

(€) oyieg = 1060 MPa; (d) E; = 1.72 GPa; (e) E; = 11.2 GPa; (f) &, = 0.1203

3.16 E = 25,000 ksi; v = 0.2

3.18 G = 4000 ksi

3.25P = 70.7 kN; Ad = -0.008mm

3.27 0.0327%

331U = 125in.-lbs

3.36 (a) 300 kN-m/m?; (b) 21,960 kN-m/m?; (c) 5,340 kN-m/m3; (d) 57,623 kN-m/m®,

3.38 (a) 1734 kN-m/m3; (b) 157 MN-m/m?; (c) 18 MN-m/m?; (d) 264 MN-m/m?

341 F = 22.1 kN

344 F = 16.7 kN

345 F = 0.795 Ib; 6 = 65.96°

350 P, =0; P, = 2kN

353h = 4in; d = 1} in

3.59 dpi, = 23 mm

3.65 N = 60 kips; M, = 30 in-kips

3.66 (a) a = 1062.1 MPa; b = 4493.3 MPa; ¢ = -12993.1 MPa; (b) E; = 1.621 GPa

3.68 P = 70.1 Ibs

374(3) oy, = 0; g = —3661 p; &, = 2589 u; y,, = 5357 prad; &, = 357 4,
(b) &, = 0; o, = 25MPa(C); g, = 3571 p; &, = 2679 u; y,, = 5357 prad

3.78 (a) o,, = 0; g, = —0.06875; gy, = 0.0875; €, = —0.00625; Yyy = 0.125
(b) &,, = 0; c,, = 12.50psi(T); g, = —0.0703; gy, = 0.08594; Tyy = 0.125

3.81 0,, = 0; oy = 40.9ksi (C); oy, = 36.26 ksi (C); &, = 771 pinfin; 7, = -5.77 ksi
3.83 0,, = 0; o, = 60 MPa(T); o, = 60 MPa(C); &, = 0; 7, = 18 MPa

3.86 oy, = 16 ksi (C); o,y = 4 ksi (C)

3.92 a = 50.06 mm; b = 50.1725 mm

3111 &, = -936 4; 5, = 2180 4; 5, = -5333 u

3.115 g, = 19.07 ksi (C); o, = 0.99 ksi (C); 7, = 0.6 ksi

3119K = 24
3.121 Gy = 45.3 ksi
3.127 6 = 0.34°

3.130 oy, = 47.4ksi (C); oy, = 52.02 ksi (C); &, = 1254 u; 7, = =5.77 ksi
3.137(a) T = 33.33 hours; (b) T = 133.33 hours; (¢) T = o

3.139 n = 400,000 cycles

3.142 (a) E; = 15,000 ksi; (b) E, = 64.15 ksi; (c) n = 0.1694; E = 56.2 ksi
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CHAPTER 4

42 F, = 1085kN; F, = 452 kN; F; = 94.3 kN
4.4 F = 11.25 kips

49 up—u, = -0.175in

4.13 (a) up—u, = —0.0234 in; (b) o
418 ug—u, = 0.126 mm

420 u = 04621 P/EK
4.21 (a) ug—up = 0.034in; (b) opay = 33.95 ksi (T)

3.75 ksi (C)

424 ug = —L°/2E
427 5= 0.045in
431 F,,, = 4886 Ib

max
— . _ o4l _ 15 :

4.33 dp = 05in; a, = 15 in; by = 116 in

4.41 (a) Au = 0.60 mm; (b) oy, = 62.2 MPa (T)

4.44 a = 224.40; b = -23.60; ¢ = -0.40; u, = 0.017 in to the left

4.46 F = 46.9 kips
4.50 6, = 0.23 mm

451 o, = 8.0ksi (C); &5 = 0.0021 in
461 8, = 024 mm; o, = 118 MPa (C)

4,65 (a) &, = 0.0265 in; (b) Ad, = 0.00074 in; Ad, = -0.00066 in
467 o, = 225ksi (C); og = 17.2 ksi (T)

470 Fpppy = 555 kN
474 Fpp = 17.2 kN
477 W, = 9.4 MPa
4.83 P, = 106.7 kips

485 Age = 1.1in% d = 1.31n

4.87 Fppy = 148.6 kN

4.89 F,, = 1819 kN

490 o, = 5.2 ksi (T); o = 3.5 ksi (T)

494 o, = 0; u(L/2) = aT L/24

495 o, = EaT, /3 (C); u(L/2) = —aT L/8
4.99 o, = 25.70 ksi (T)

4.100 o,, = 10 MPa(T); 7, = 40 MPa

4.104 ty;, = 0.05 in; d,,, = 0.206 in

4.106 ppa = 500 psi; d,;, = 0.85in

max

noz

CHAPTER 5

51 yp = 2400 prad

52 T = 64.8 in-kips

5.7 ¢, = 0.0400 rad; ¢, = 0.0243 rad; ¢; = 0.0957 rad
511 T = -495.2 in-kips
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513 T = 10.9 kN-m

5.23 (@) (7,,), > 0; (b) (1) <0

5.26 (a) (7yy)x>0; (b) (7)) <0

5.29 ¢p— ¢, = 0.00711 rads CW

5.32 ¢ = 0.0163 rads CW; Ymax = —1094u; (7,9 = —4.4 ksi
5.35 ¢, = 1676 urads CW; (7,,). = 15.1MPa

v)a

5.38 (a) dg = 0.1819(T,qL/Gr") CCW; (b) 7y = 0.275T, /1"
5.40 ¢, = (qL°/GJ) CW

541 T = 69.2 in-kips

543 (M)pax = 24 mm

547 di, = 21 mm; 7,5 = 52.5 MPa

557 R, = 25 in

559 Ag = 0.085 rad; 7, = 172 MPa

5.60 A¢g = 0.088 rad
5.63 ¢y = 0.0516 rads ccw; 7, = 25.8 ksi

5.66 @ = 0.006 rads CCW; T = 200.5 in-kips
5.67 ¢g = 0.0438 rads CW

571 ¢, = 5.659—= CCW: r.. = 2.83 =
® Gd o

max

5.74 Ty = 32 kN-m; g5 = 0.048 rads CCW; 7,,, = 130.4 MPa
5.75 di, = 89 mm; gz = 0.0487 rads CCW; 7., = 116 MPa
5.76 d;, = 108 mm; ¢z = 0.025 rads CCW; 7, = 58.62 MPa
5.95 | 70 = 10.8 MPa

5.101 |g,0] = 21.65 MPa

CHAPTER 6

6.1 y = 2.41°
6.3 ¢ = 182 um/m; & = -109.1 um/m; &, = —654 um/m; &5 = 393 um/m
6.6 P = 1454N; M, = 123.6 N-m

6.7 P, = 1458 kN; M; = 130.3 N-m; P, = 9.88 kN; M, = 64.0 N-m

6.12 M, = 9.13 in-kips

6.14 M, = -2134 KN-m

6.25 o = 3.73ksi(T) ; o = 6.93ksi(C)

6.29 o, = 1224 psi (C); og = 735 psi (C); op = 1714 ksi (T)

6.35 o, is (C); ogis (T)

6.38 o, is (T); ogis(C)

6.42 (a) o3, = 2.96 ksi (C); (b)
6.45 o, = 4.17 ksi (C);
6.49 o, = 6.68 ksi (C);
6.51 &, = —1500 u
6.53 g, = -327 u

Omax = 6.93 ksi (C) or (T)
= 125 ksi (C) or (T)
= 28.9 ksi (T)

O-max

O-m ax
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6.60 (a) V, = 3(72-x) kips; (b) M, = 1.5(72—x)2 in-kips

6.62 (a) V, = [108 - ;x’] kips; (b) M, = [5184 — 108x + x"] in-kips
6.64 V, =-wL kips 0<x<L; M,= (WLX—WLZ) in-kips 0<x<lL;
V, = [w(x-L)-wL]kips L<x<2L; M,=[wlx-%(x-L)"~wL?]inkips L<x<2L
6.68 V, = (76-12x) KN 5S5m<x<9m; M, = (6x2—76x+154) kKN-m 5m<x<9m;
Vy=-20kN 9m<x<12m; M, =(20x-240) kKN-m 9m<x<12m

6.60 V, = -6x kN 0<x<3m; M,=3x"kN-m 0<x<3m;
Vy:—8kN 3m<x<5m; M,=(8x-7)kN-m 3m<x<bm

6.74 (Vy)ax = 7.5 kN; (M,), . = 5.625 kN-m
6.79 (V) = 36 kN; (M) . = -86.67 kN-m
6.83 (Ve = 9 kN; (M), .. = —23.625 KN-m
6.86 (V) ey = 6 Kips; (M), = —16 in-kips

6.92 W,,, = 154.3 Ib/in
6.99 a, = 117 in

6.100 r = 3.75 mm

6.102 P = 165.7 N

6.107 Point A: negative z,,; Point B: positive 7, Point C: negative z,,; Point D: positive z,
6.112 Point A: positive z; Point B: negative z,; Point C: zero; Point D: positive z,,

6.117 | Oex| = 348.4 MPa; |7, = 6.84 MPa; (oy,), = 48 MPa (C); (1)), = —3.2 MPa
6.120 Vg = 6144 Ibs; Vg = 921.6 Ibs

6.124 M, = 8333.33 in-lbs

6.125 P = 202 N; As = 16 cm

ext

max
6.137R, = 2% in
6.138 |Opnax| = 9185 psi; | 75| = 295 psi

CHAPTER 7

7.2 v(x) = —[wx/(24EN)](x° = 2Lx° + L%); v(L/2) = —[5wL"*/(384ED)]
7.4 v(X) = —[wx’/(24E1)](x* = 4Lx + 6L%); v(L) = —[wL*/(8ED)]
7.9 v, = PL®/(3El)

2 2
1700 = {[wLx/(QEI)](xZ—SLZ) 033st ; W) = —(awL/8EN
[wLx/(9ED](x* = 5L%) - [wL/(BEN](x-L)® L<x<:
2 2
Lx/48E1)(2x> - 7L 0<x<L

719 v(x) = {(W x/4BED)(2x ) =t v(L) = —[5wL*/(48E1)]

(w/EN2Lx® - 7L%) /48 — (w/24E1)(x - L)* L<x<2L
7.25 h(x) = J6PX/(D0); Vo = -8 L%/(27PE?)
7.28 Gy = 128PL/(27703); Vyay = ~8PL>/(3E 2dy)

7.32 Ry = 16.2 kips up; M, = 10.8 in-kips CCW
(P/12EN[2(x-2L)° = 5(x-L)®-9L% + 11L%] 0<x<L

734 R, = 5P/2; v(X) = { . \
(P/12EN[2(x - 2L)° = 9L%x + 11L°] L<x<2L
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dv _ wL3_ _ 6lwL _ 2
7.36 X (L) = 0ET’ Ra = 120 up; M, = 11wL"/120 CW

757 v, = —41wL*/24El

7.61 v, = —-PL°/96EI

764 v, = -wL*/136El; Re = 11wL/17; M = 5wL’/34

7.67 v(x) = (W/18EN[2Lx> - 3L(x-L)*-10L%];  v(L) = —-4wL"*/9EI

771 v(x) = (W/24EN[X" = (x- L) —4L(x - 2L)° - 122 (x - 2L)? - 40 + 71L*];  w(2L) = (wL*)/(4ED)

7.72 v(x) = (P/12EN[3Lx° - 3x> +5(x-L)*]; R, = 5P/2

7.76 V'(x) = —(WL>/6El);  v(x,) = —(wL"/8EI)

CHAPTER 8

8.1 g,,is(C); 7, is positive

8.6 o, is(C); 7, can’tsay

8.12 o, = 8.66 ksi (C) 7, = 5.0 ksi
8.15 Compression

8.19 6,, = 50 MPa (C); 7, = 40 MPa

8.24 o, = 45.36 ksi (C); 1, = 1.84 ksi

826 P, = 8491b

8.33() o,,=0(T); 7, =0; b) 6,,, = 0; 7, = —0O

8.42 o, = 7 MPa(T); z,, = -59.7 MPa; o, = 75.2 MPa(T); o, = 45.2 MPa (C); o5 = 0; 6, = 69.2°;

Tnax = 60.2 MPa

8.44 o,, = 454 ksi (C); 7,, = 1.84 ksi; o = 15.4 ksi (T); o, = 454 ksi(C); o3 = 0; 6, = 40.3°;
Tax = 30.4 ksi

8.47 o,, = 0.63 ksi(C); 7,, = —7.06 ksi; o7 = 0.62 ksi (T); o, = 40.62 ksi (C); o3 = 12ksi (C) 6, = 128°;
T = 20.62 Ksi

8.50 o, = 67.9 MPa (T); o, = 207.9 MPa(C); o3 = 0; 6, = 78% 7., = 137.9 MPa
8.54 0y, = 7.54 ksi(C); oy, = 9.46 ksi (C); 7, = L1.15 ksi

8.60 o, = 16,5 ksi (C); 7,, = —9.55 ksi
8.71P, . =30.6 kN

CHAPTER 9

9.3 &,, = —234.7 u; ¢ = 196.96 urad CW

96 &,, = 150 u; &; = 450 w; y, = -519.6 u

98 &,, = -70.2 u; &; = -529.8 u; y, = 385.67 u

913 &, = -2954 u; &; = 2954 u; y,, = -1042 u

9.16 Sectors 8 and 2 or Sectors 4 and 6

931 g =659 u; & = 459 u; & = 0; pax = 1118 u; 6; = 103.3°;
&n = 643.7 u; &, = —443.7 u; Yot = —259.8 1

9.37 & = 12465 u; & = 1965 p; &5 = 0; yuax = 1443 u;
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&y = 1027 u; &

Yy
0.42¢,, = 466 1 &, = 1266 u; 3, = ~1000

y = 234 py = 1037 p

944 g = T67.9 1; & = =125 p; &5 = 2143 11} Jpay = 982.2 u; 6, = —26.57°
9.46¢, = 6814 u; & = —604.3 11; &3 = 0; Jpay = 642.9 u; 6, = 26.57°

9.49 (0)grain = 103.3% (0)giress = 98-8°

9.54 ¢, = 3349 u; g, = 400 u; & = 1665 u

9.58 ¢, = 6875 u; & = -406.3 y; & = —656.9 u

9.62 &, = 6859 u; & = -185.9 p; &5 = —166.7; yna = 8718 ; 6, = 48.3°
9.64 ¢ = 3929 u

9.68 ¢ = 716.7 u
9.74 & = —1125
CHAPTER 10

10.1 o, = 4.6 ksi (C); 7,; = —16.4 ksi

104 P = 60.76 kN

10.6 &, = 1696 u; & = -1176 u

10.12 ¢, = 1333 y; &, = —666.66 u

10.24 (00)p = 05 (04 )g = —Ohengy = 85.3OMPA(C); (7)p = Tior * Theng-y=42.89MPa;
(Ty)g = ~Tior = —25.62MPa

10.27 (03)p = 0; (Gp)g = ~Oenay = 222MPA(C); (T)p = Thengy = 17-27TMPa; (7)) = 0

10.30 (Opay)s = 102.7MPa(T) or (C); (Gpax)g = 137.33MPa(C); (tyay), = 51.35MPa;
(Tma)g = 91.79MPa;

10.35 (0y), = 23.1 ksi (C); (7)), = ~7.2 ksi

10.36 o, = 8219 psi (C); 7, = 13180 psi

10.44 P, = 4.3 kN

10.48 w = 791.2 N/m

10.53 ogp = oge = 5.13 psi (C); ope = 10 psi (T); oxg = 167.4 psi (C)

10.55 W, = 67 Ib

10.62 R, = 2.405 in

10.65 () Py = 5 kN; (b) P, = 5.75 kN

10.66 P, = 9.5 kips

10.69 K = 1.22

CHAPTER 11

11.2 P, = 5/4 kL
11.6 P, = 153.3 b

1115 L/r = 72.7; P, = 215.4kip; o, = 3.36 ksi (C)
11.21 K = 1.106
11.25 K = 3.633
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1140 L, = 42in

11.43 Wy, = 12 kKN/mM; Kgp = 2.3

1155 0y = 2.68 Ksi (C); Vyp = 0.0458 in
1159 Ly = 2.09 m

11.63 P, = 39.45 kip

11.64 P, = 17.0 kip
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FORMULA SHEET
N/A V/A lim (AF'
= = o =
v U aa 5 0\AA
Li—L Ug—u (x)
e= L0 gzé e= 22 y=n/2-«a EXX:dUX
L, L, Xg — Xa dx
+ /G G= E
&x = Loy V(O' 03,)] Txy Xy - 2(1+ v)
O = L&t vEyl . ( )(5 +&y)
1-+%)
du_ N Nog-x) S NL N
dx EA 2 EA EA A
d¢ _ T Too-x) _Tp
dx ~ GJ ho= =~ o =7
2
dv y V,Q
M, = Elzz_z Oxx = |Z Txs = I tz
dx 7z 7z
M,z \%
Oxx = — Tus = _____2_9_‘1
| Iyt
dv dM 2 %
V, = -V ax P —a-X—Z:V VZ:VlJ’L p dx MZ:M1+J'X V dx
1 1
Onn = Oyy cos’ 0+ Oyy sin®0+ 27, sin¢ cos @ Tot = —Oyy COSOsSINO+ oy, sindcos 6+ ry(cos sinZH)
27, (G + ) Oy — O\ 2 Oy — Oy Oy— 0y 03— O
- Chy +(xx vv)+2 _ (1 2 0203 O3 1)
tan24, (o= 017 = > + Ty Tmax = MaX( =5, =5, =
En = Exx cos’ 0+ &y sin®0+ Yy Sin@cos & Yot = —2& SINO COs O+ 2, sin 0 cos &+ yxy(coszﬁ— sinzﬁ)
¥ t & ) Exx ~ 7x Ymax S17 6 &8 &
I T )
tan26, o) &1 = 5 > L
o . ZEl
cr L2
_ 4r 1 .3 _1 4 _1 4
e =3, | = 12ab | v J nr
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