5-1

Chapter 5

Ans.

S
MSS: 0'1—0'3:Sy/n = n—= Y
0|1 — 03
Sy
DE: n=—
o
o' = (03 —onop+03)* = (62 =00 + 02 +372)"°
(a) MSS: o1 =12, 00 =6, 03 = 0 kpsi
50
= =417 Ans.
n 12 ns
/ 2 241/2 . 50
DE: o' = (122 = 6(12) + 6°)'/> = 1039 kpsi, n=—— = 4.81
10.39
12 12\ 2
(b) oa, 08 = 5 + \/(7> + (—8)2 = 16, —4 kpsi
o1 =16, 0, =0, 03 = —4 kpsi
MSS >0 25 A
. n—=-————= L. .
16— (—4) "
50
DE: o' = (12> +3(—8%)"/> = 18.33 kpsi, n = 533 =273 Ans.
—6—10 —6+10\2
(¢) 04,08 = > i/( ;r ) +(=5)2 = —2.615, —13.385 kpsi
o1 =0,0, = —2.615, 05 = —13.385 kpsi
50 o
MSS: n= =3.74 Ans.
0 — (—13.385)
DE: o/ =[(—=6)* — (=6)(—10) + (—10)* + 3(=5)*]"/
= 12.29 kpsi =
50 !
n=——=4.07 Ans. S
12.29
12+4 12 —4\? ,
(d) 04,05 = 5 + — )+ 12 = 12.123, 3.877 kpsi

o1 = 12.123, 0, = 3.877, 03 = 0 kpsi

MSS:

DE:

50
=— " =412 Ans
"T1123-0 "
o' =122 — 12(4) + 4% 4+ 3(1%)]1"? = 10.72 kpsi
50
n =4.66 Ans.

T2
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5-2 S, = 50 kpsi

S
MSS: op—o3=S8,/n = n= Y
0] — 03
) 2 n\1/2 _ 2 2\1/2
DE: (O’A—O'AO'B +UB) =S§/n = I’l—Sy/(O'A—O'AO'B -|-GB)
. 50
(a) MSS: o1 =12kpsi,03 =0,n = Z—0 =4.17 Ans.
DE >0 4.17 A
: n= =4, )
[122 — (12)(12) + 122]/2 "
) 50
(b) MSS: o1 = 12kpsi,o3 =0,n = B =4.17 Ans.
50
DE: = =4.81 Ans.
" T2 = (12)(6) + 621172 "
(¢) MSS 12 kpsi 12 kpsi 50 2.08 A
: o] = ,03 = — MN=—— =2, ns.
1 p 3 p 12— (-12)
50
DE: = =241 Ans.
T2 —(12)(—12) + (—12)2]1/3 "
) 50
(d) MSS: o1 =0,03 = —12kpsi,n = ——— =4.17 Ans.
—(—12)
DE 20 481
: n= = 4.
[(—6)2 — (—6)(—12) + (— 12712
5-3 S, =390 MPa
S
MSS: op—o3=S8,/n = n= Y
o1 — 03
) 2 n1/2 _ _ 2 2\1/2
DE: (O'A OAOB +JB) =S8/n = n=S§)/ (O'A OAOB —|—O‘B)
390
(a) MSS: o1 =180MPa, 05 =0,n = 180 = 2.17 Ans.
390

DE: n =250 Auns.

- [1802 — 180(100) + 1002]1/2

180 180\ 2
(b) 04,0 =— =+ > + 1002 = 224.5, —44.5 MPa = o, 03

2
390
MSS: n= =1.45 Ans.
224.5 — (—44.5)
390
DE: =156 Ans.

T 11802 1 3(1002)]172
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160 160\ >
(€) 04,05 = —— =+ \/<_T> + 1002 = 48.06, —208.06 MPa = o, 03

2
390
MSS: = —1.52 Ans.
" 48,06 — (—208.06) s
390
DE: = —=1.65 Ans.
"= 21602 + 3(1002)]172 s
(d) 04,0 =150, —150 MPa = o4, o3
390
MSS: n=————=1.30 Ans.
150 — (—150)
DE 390 150 A
N n—=—-———=—1]. .
[3(150)2]1/2 "
5-4 S, = 220 MPa
(a) o1 =100, 0, = 80, 03 = 0 MPa
220
MSS: n= =220 Ans.
100 — 0
DET: o' = [100%> — 100(80) + 80%]'/? = 91.65 MPa
_ 220 _ 240 A
" 9les T T s
(b) o] = 100, 0Oy = 10, 03 = 0 MPa
MSS 220 220 A
. = — = 4. S.
"= 100 "
DET: o’ = [100? — 100(10) + 10%]'/? = 95.39 MPa
_ 220 _ 231 A
"= 9539 © e
(¢) o1 =100, 0, =0, 03 = —80 MPa
220
MSS: n=——=1.22 Ans.
100 — (—80)
DE: o’ = [100> — 100(—80) + (—80)%]'/? = 156.2 MPa
220
n=——=1.41 Auns.
156.2
(d) 01 =0, 00 = —80, 03 = —100 MPa
220
MSS: n=——=220 Ans.
0 — (—100)
DE: o’ = [(—80)> — (—=80)(—100) + (—100)] = 91.65 MPa
220
—— =240 Ans.

"= 91.65
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5-5
(a) MSS:

DE:

(b) MSS:

DE:

(c) MSS:

DE:

(d) MSS:

DE:

OB 223
n=—— =221
0OA  1.08
oC 2.6
n=——=""=24
0A  1.08
OE 165
n=—-—=-"-=2=15
oD~ 1.10
OF 18
n=—=-"=16
oD 1.1

Scale
1" = 200 MPa

OH 168

_O7_ 1% 6
"=0G6 T 1.05
oI 185
ne 2L =2 g
0G _ 1.05
OK 138
ne 2 1% 3
07~ 1.05
oL 1.62
n =1.5

07 105
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5.6 S, = 220 MPa

MSS: = =—_—_=22

(a) n= =13
oc 3.1
0OA 13
OE 22

(b) MSS: n=——=—=22
oD 1
OF 233

DE: n= =""_-23

oD 1

T

1" = 100 MPa

(d) MSS: n=—=——=22
oJ 1.3
OL A
UJ 1.5
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(a) MNS: Eq. (5-30a)

BCM: Eq. (5-31a)

MM: Eq. (5-32a)

MNS: Eq. (5-30a)

BCM: Eq. (5-31b)

MM: Eq. (5-32a)

(b) ox = 12 kpsi, 7y, = —8 kpsi

2
12 .
0p, 0 = — + \/<—) + (—8)2 = 16, —4 kpsi

5-7 Sur = 30 kpsi, S, = 100 kpsi; 04 = 20 kpsi, op = 6 kpsi

Sur 30

n o 0 ns
30
n=—=1.5 Ans.
20
30
n=—=15 Ans.
20

2

30
n=— =188 Ans.

16
1 16 —4
—:——u = n=1.74 Ans.
n 30 100

30
n=—=1.88 Ans.

16

(¢) ox = —6Kkpsi, oy = —10 kpsi, 7, = —5 kpsi

—6—10 —6+10\°
Op, OB = + \/< ;_ ) +(=5)? = —2.61, —13.39 kpsi
100
MNS: Eq. (5-30b) n=— =747 Ans.
—13.39
100
BCM: Eq. (5-31c¢) n=— =747 Ans.
—13.39
100
MM: Eq. (5-32¢) n=— =747 Ans.
—13.39
(d) o = —12 kpsi, 7,y = 8 kpsi
12 12\? ,
0p, 0 = —— + —— ) +82=4,—16kpsi
2 2
—100
MNS: Eq. (5-30b) n=——==625 Ans.

—16
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BCM: Eq. (5-31b) S22 B9 341 ans
n 30 100
MM: Eq. (5-32b) % = (1(1)80(3?)(;)4 — 1;(? = n=2395 Ans.
o
.
.
.
.
.
.
.
.
i
1" = 20 kpsi ?;I, (a)
R
o = |
= ,
/N . I
K/ \‘ D (b)
/AR
A
/ \
/ \
/ \
/ \
/ \
/ \
/ Yo
/ \
/ ¥ H
/ \
/ \
/ \
/ \
/ \
/ \
Ao v

(d)
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5-8

See Prob. 5-7 for plot.

OB 1.55

(a) For all methods: n=—=——=1.5
OA 1.03
oD 14

(b) BCM: n=——=—=175
oc 0.8
OE 1.55

All other methods: n=—=——=19
ocC 0.8
OL 5.2

(¢) For all methods: n=—=——=7.6
OK 0.68
oJ 512

d) MNS: =—=—=06.2
@ "TOoF T 082
oG 2.85

BCM: =—=—+-=35
"TOoF T 082
OH 3.3
OF 0.82

5-9

Given: Sy = 42kpsi, S,; = 66.2kpsi, e = 0.90. Since ey > 0.05, the material is ductile and
thus we may follow convention by setting Sy, = Sy;.

Use DE theory for analytical solution. For o’ use Eq. (5-13) or (5-15) for plane stress and
Eq. (5-12) or (5-14) for general 3-D.

(@) o' =[9* —9(—=5) 4+ (—=5)*1"/? = 12.29 kpsi

42
n=——=27342 Ans.
12.29
(b) o' = [12% + 3(3%)1"/? = 13.08 kpsi
42
n=——=2321 Ans.
13.08
(© o =[(—=4)? = (—=4)(=9) + (=9)% 4+ 3(59)1"/? = 11.66 kpsi
42
n=——=23.60 Ans.
11.66
(d) o’ =[11%> = (11)(4) + 4% + 3(1*)]"/* = 9.798
42
n=——=429 Ans.

9.798
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1

Tp

(d)
cm = 10 kpsi "

For graphical solution, plot

load lines on DE envelope as shown.

(a) oa=9,0p = —5 kpsi

OB 35
n=—=—=23.5 Ans.
OA 1
12 12\? ,
(b) 04,0 = 5} + ) + 32 =12.7, —0.708 kpsi
OD 42
n=—=—=2323
ocC 1.3
—4-9 4—-9\? ,
(¢) op,0 = 5 + — + 52 =-0.910, —12.09 kpsi
OF 4.5
OE 1.25

1144 11 —4\? _
d) op,0p=——+ + 12 =11.14, 3.86 kpsi

2 2
OH 5.0
n=——=——=435 Ans.
oG 1.15

5-10

This heat-treated steel exhibits Sy, = 235 kpsi, Sy = 275 kpsi and ¢y = 0.06. The steel is
ductile (¢4 > 0.05) but of unequal yield strengths. The Ductile Coulomb-Mohr hypothesis

(DCM) of Fig. 5-19 applies

— confine its use to first and fourth quadrants.
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(a) o, =90 kpsi, 0y = —50 kpsi, 0, =0 .. 04 = 90 kpsi and og = —50 kpsi. For the
fourth quadrant, from Eq. (5-31b)
1 1
n = =
(0a/Syt) — (0B/Suc)  (90/235) — (=50/275)
(b) o =120 kpsi, 7y = —30 kpsi ccw. 04, 0p = 127.1, —7.08 kpsi. For the fourth
quadrant

=1.77 Ans.

1
"= (127.1/235) — (—=7.08/275)
(¢) ox = —40kpsi, oy = —90kpsi, 17,y =50kpsi. o4, op =—9.10, —120.9 kpsi.
Although no solution exists for the third quadrant, use
Sye 275
oy  —1209

(d) oy =110 kpsi, oy = 40 kpsi, 7,y = 10 kpsi cw. 04, 0p = 111.4, 38.6 kpsi. For the
first quadrant

=1.76 Ans.

=2.27 Ans.

n —

S
n:—ytzﬂzz.n Ans.
oa 1114
Graphical Solution:
OB 182 .
=—=""=178  [mmmmmmmmmmmmemem—mme- .
@ == 1Tn |
|
oD 224 |
b)n=—="""=175 |
OC ~ 1.8 |
|
OF 2.5 !
() n=—="=222 l
OE 1.4 !
|
OH 2.46 |
@n=—-=""-208 -
0G ~ 1.18 .
in = 100 kpsi G - |
— |
— !
—" |
o —— _______ — /I Oy
~. c T —/,5—«»
! I \~\ ///
: ’ ~. J/
| \ //
| ; N
| /B ()
: ’ //
E 7
| I
| ;
| //
| | /
| //
| N
| |
| i
e e e e . >— — —|
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5-11

The material is brittle and exhibits unequal tensile and compressive strengths. Decision
Use the Modified Mohr theory.
Sur = 22 kpsi, S, = 83 kpsi

(@) o =9 kpsi, 0y =—5 kpsi. 04,03 =9,—5 kpsi. For the fourth quadrant,
128 = 3 < 1, use Eq. (5-320)

9%}

w22

n=—=—=244 Auns.
OA 9
(b) o =12 kpsi, 7y, = —3 kpsi ccw. 04, 0 = 12.7, —0.708 kpsi. For the fourth quad-
g _ 0.708
rant, |Z_A| =17 < 1,
22
n=S_ 22 93 ans.
OA 12.7

(¢) oy = —4kpsi, oy = =9 kpsi, T,y = 5 kpsi. 04,0 = —0.910, —12.09 kpsi. For the
third quadrant, no solution exists; however, use Eq. (6-32¢)

—83
n —
—12.09
(d) oy = 11kpsi, 0y = 4kpsi, 7y = 1kpsi.oa, op = 11.14, 3.86 kpsi. For the firstquadrant

S Sy 22

= 6.87 Ans.

n =—=——=1.97 Ans.
OA OA 11.14
Jp
30k
— Su/:22
= ()
—/_
[ C ol 1,
o~ 30
N0
— AN
/ ™
F |
/ |
A )
/
/ /
— /
! /
Lol /
' /
l L/
/
' /
/ |/
/
S, =83 /
L 1/
© 9o
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5-12  Since ¢ < 0.05, the material is brittle. Thus, S,; = S, and we may use MM which ig

basically the same as MNS.

(@) 04,0 =9, =5 kpsi
_ 35

n= 5 =3.89 Ans.
(b) o4, 0p = 12.7, —0.708 kpsi
35
n=-——=276 Ans.
12.7
(¢) 04,0 = —0.910, —12.09 kpsi  (3rd quadrant)
36
= =2. Ans.
n 7.0 98 Ans o
(d) o4, 05 = 11.14, 3.86 kpsi """""""""i
|
n:i:3.14 Ans. |
11.14 :
1 cm = 10 kpsi |
|
Graphical Solution: _Me-@
0B 4 o
@ n=_—=7=40 Ans. S _i_mo
~ C - D -(
OD 345 | \X\\ i
b)n=—=—-=2.70 Ans. Ex ~ |
0C ~ 128 ! |
(c)n—ﬁ—ﬁ—. ns. (3rd quadrant) , i
|
OH 3.6 ——————————————f.L-————————————————'
d)n=—=—-=3.13 Ans. '
=056~ 115 " ©

5-13

Sur = 30 kpsi, S, = 109 kpsi
Use MM:
(@) oa,0p = 20, 20 kpsi

30
Eq. (5-32a): n= 0= 1.5 Ans.
(b) 04,08 = £/(15)2 = 15, —15 kpsi
30
Eq. (5-32a) n= 5= 2 Ans.

(¢) 04,05 = —80, —80 kpsi

For the 3rd quadrant, there is no solution but use Eq. (5-32¢).

109
Eq. (5-32¢): n= — = 1.36 Auns.
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(d) 04,0 =15, =25 kpsi, |oploa| = 25/15 > 1,

(109 —30)15 —25 1
Eq. (5-32b): _ — _
109(30) 109 n
n=1.69 Ans.
OB 425
=—=—=1.50
@ n=04~ 283
(b) OD 424 500 o5 “
n=—=—-—= . p.a
oc 212 -_“““—““.Z
OF 155 a
(¢) n = —= = —— = 1.37 (3rd quadrant) A/' !
OF 11.3 s !
OH 49 ya |
d =—=—=1.69 . [
@D"=56=129 % |
| 0, —0,
I *
| /
| /
| 7
| /
i 1em = 10 kpsi '/0
| %
| /
| /
| %
| /
| /
: /
: 7
| y
| y
| y
| v
| Ve
| /
: 7
: /
L
L/

F)(: _________________________________________________

©"

5-14 Given: AISI 1006 CD steel, F =0.55 N, P =28.0 kN, and 7= 30 N - m, applying the
DE theory to stress elements A and B with §, = 280 MPa

_32F1 4P 32(0.55)(10%)(0.1) N 4(8)(10%)
Cond3  md? 7(0.0203) 7(0.0202)
= 95.49(10%) Pa = 95.49 MPa

A: Oy
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- 167 16(30)
VT rd3 T 7(0.020%)

= 19.10(10°%) Pa = 19.10 MPa

1/2

o' = (o] +31;,) " =195.49" +3(19.1)’]'/* = 101.1 MPa

Sy 280
o’ 101.1
AP 4(8)(10%)
wd3 7(0.020%)

16T N 4V 16(30) N 4T 0.55(10%)
T = — _—_—= — -
YT rdd  3A 0 w(0.0203) 3| (7/4)(0.0202)

= 21.43(10% Pa = 21.43 MPa
o' =[25.47% + 3(21.43%)]"/? = 45.02 MPa

280
n=-——
45.02

=277 Ans.

= 25.47(10°%) Pa = 25.47 MPa

= 6.22 Ans.

5-15 S, = 32kpsi
AtA, M = 6(190) = 1140 Ibf-in, T = 4(190) = 760 Ibf - in.

32M  32(1140)
O’x = =
nd? 7(3/4)3

= 27520 psi

167 _ 16(760)
T nd3 T m(3/4)3

27520\ 2
Toax = \/<T) + 91752 = 16 540 psi

Sy 32
n= = = 0.967 Ans.
2Tmax  2(16.54)

= 9175 psi

MSS predicts yielding

5-16 From Prob. 4-15, 0, = 27.52 kpsi, 7, = 9.175 kpsi. For Eq. (5-15), adjusted for coordinates,

o' =[27.52% +3(9.175)*]/* = 31.78 kpsi

Sy 32
n=— = 3178 =1.01 Ans.

DE predicts no yielding, but it is extremely close. Shaft size should be increased.
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5-17

Design decisions required:

* Material and condition
* Design factor
 Failure model

* Diameter of pin

Using F = 416 1bf from Ex. 5-3

32M
Omax —
‘ nd?

32Mm \/?
= (o)
TT Omax
Decision 1: Select the same material and condition of Ex. 5-3 (AISI 1035 steel, Sy =

81 000).

Decision 2: Since we prefer the pin to yield, setny a little larger than 1. Further explana-
tion will follow.

Decision 3: Use the Distortion Energy static failure theory.

Decision 4: Initially set ng = 1

S S
Omax = — = —2 = 81000 psi
ng 1
G
7(81000)
Choose preferred size of d = 1.000 in
3
_ 7(1)°(81000) — 530 Ibf
32(15)
530
n=-—=1274
416
Set design factor tony = 1.274
Adequacy Assessment:
Sy 81000
x = — = ——— = 63580 psi
Tmax =T 1274 Pt
32(416)(15)7/° .
=|—————| = 1.000 OK
[ (63 580) ] in (OK)
1)3(81 000
p= T EI000 a0
32(15)
530
n=—=1274 (OK)

~ 416
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5-18

For a thin walled cylinder made of AISI 1018 steel, Sy = 54 kpsi, S,; = 64 kpsi.

The state of stress is

pd p(8) pd
= — = =40 5 =— =20 s = —
47 4(0.05) P o= p, or==p

These three are all principal stresses. Therefore,
, 1
V2
1
NG
=3551p=54 = p=152kpsi (foryield) Ans.

Ot

o [(01 — 02)* + (02 — 03)* + (03 — 01)?]"/?

[(40p —20p)* + (20p + p)* + (—p — 40p)*]

For rupture, 35.51p = 64 = p = 1.80 kpsi  Ans.

5-19

For hot-forged AISI steel w = 0.282 1bf/in®, Sy = 30kpsi and v = 0.292. Then p = w/g =
0.282/386 Ibf - s%/in; r; = 3in; r, = 5in; r} = 9;r2 = 25; 3 + v = 3.292; 1 + 3v = 1.876)

Eq. (3-55) for r = r; becomes

3+v 1 +3v
O't:pa)2< 8 )|:2r3—|—r12<1—3+v>i|

Rearranging and substituting the above values:

Sy 0.282 (3.292 1.876
2= T (=) 5049 (1 -
w? 386 8 3.292

=0.01619
Setting the tangential stress equal to the yield stress,
30000 \'/?
= = 1361 rad/
<0.016 19) radss
or n = 60w/2r = 60(1361)/(27)
= 13000 rev/min

Now check the stresses atr = (rori)l/z, orr = [5(3)]'/2 =3.8731n

34+ v
Oy :pwz( )("0_"1')2

8

0.282w? (3.292
- ()

386 8

= 0.001 203w>
Applying Eq. (3-55) for oy

0.282\ (3.292 9(25) 1.876(15)'|
2
o w(386)(8)[+ ST 3202 |

=

= 0.012 160>
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Using the Distortion-Energy theory

/

o' = (0} — 0,00 +02) "> = 0011610

, 30000
Solving =

12
—_— = 1607 rad/s
0.01161

So the inner radius governs and n = 13000 rev/min  Ans.

5-20  For a thin-walled pressure vessel,

di =3.5—2(0.065) =3.371in

pd; +1)
o = ————
2t
500(3.37 + 0.065
o = (337 + ):13212psi
2(0.065)
d;  500(3.37 .
oy = P 006D ey
4t~ 4(0.065)
o, = —pi = —500psi
These are all principal stresses, thus,
1
o' = —{(13212 — 6481) + [6481 — (—500)]> + (=500 — 13212)%}!/2
V2
o' = 11876 psi
S, 46000 46000
T T o T 11876
=3.87 Ans.

5-21 Table A-20 gives S, as 320 MPa. The maximum significant stress condition occurs at r;
where 01 = 0, =0, 0, = 0, and 03 = o;. From Eq. (3-49) forr = r;, p; =0,

22p,  2(150%)p,
r2—r2 1502 — 1002
o' =3.6p, =S, =320

320 _ cgompa 4
— — . a ns.
Po=73%

o; = = —3.6p,

5-22 S, = 30kpsi, w = 0.2601bf/in®,v = 0.211,3 + v = 3.211, 1 + 3v = 1.633. At the innet
radius, from Prob. 5-19

ﬂ_’o( 8 )(2r0+rl- "3,

7
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Here rj = 25, rf =9, and so

o, 0260 (3211 1.633(9)
Lo () (5049 — —— ) =0.0147
? 38 \ 8 3.211

Since o, is of the same sign, we use M2M failure criteria in the first quadrant. From Table

A-24,S,; = 31kpsi, thus,
31000\ '/
w= ( ) = 1452 rad/s

0.0147
rpm = 60w /(2) = 60(1452)/(2m)
= 13 866 rev/min

Using the grade number of 30 for S,,; = 30 000 kpsi gives a bursting speed of 13640 rev/min.

5-23 Tc = (360 — 27)(3) = 10001bf - in, Tp = (300 — 50)(4) = 10001bf - in

d

223 Ibf 127 1bf

B C
A
3" 3" 6"
350 Ibf
xy plane

D

Inxy plane, Mp = 223(8) = 1784 1bf - in and M¢c = 127(6) = 7621bf - in.

387 Ibf
8" g 6"
A D

106 1bf 281 1bf

xz plane

In the xz plane, Mp = 8481bf - in and Mc = 1686 1bf - in. The resultants are
Mp = [(1784)% + (848)%]'/2 = 19751bf - in
Mc = [(1686)% + (762)%]'/? = 18501bf - in

So point B governs and the stresses are

16T 16(1000) 5093

7y I
32Mp  32(1975) 20120 |

o,y = = = S1

AR Sy FERL

Then

2 1/2
OA, OB = % + |:<G—2x> + Tfyi|

1/2
1 |20.12 20.12\°
0408 =515 + [(T) + (5.09)2}

(10.06 £11.27) | . . 4
— d3 1\1_}01 11T
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Then
10.06 +11.27 2133 |
oA = PE =5 kpsi
and
10.06 — 11.27 1.21 )
op = Ve =5 kpsi

For this state of stress, use the Brittle-Coulomb-Mohr theory for illustration. Here we use
Sur(min) = 25 kpsi, S, (min) = 97 kpsi, and Eq. (5-31b) to arrive at

2133 —1.21 1

2543 97d3 2.8
Solving givesd = 1.34in. Soused = 13/8in Ans.

Note that this has been solved as a statics problem. Fatigue will be considered in the next
chapter.

5-24  As in Prob. 5-23, we will assume this to be statics problem. Since the proportions are un-
changed, the bearing reactions will be the same as in Prob. 5-23. Thus
xy plane: Mp = 223(4) = 8921bf - in
xz plane: Mp = 106(4) = 424 1bf - in
So
Mumax = [(892)% + (424)%1'/? = 9881bf - in
32Mp  32(988) 10060 .
O, = = = S1
T B T ad I
Since the torsional stress is unchanged,
Tyr = 5.09/d> kpsi
1| /1006 10.06') 2 2
op=— 11— ||| —— 5.09)
o= (92) [ (22 o]
oa = 12.19/d°> and op = —2.13/d°
Using the Brittle-Coulomb-Mohr, as was used in Prob. 5-23, gives
1219 -213 1
2543 9743 2.8
Solving givesd = 11/8 in. Ans.
5-25 (Fa); =300c0s20 = 281.9 Ibf, (F4), = 300sin20 = 102.6 Ibf

3383
T =281.9(12) =33831Ibf-in, (Fc); = S = 676.6 1bf

(Fc)r = 676.6tan 20 = 246.3 1bf
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y

Rp, = 193.7 Ibf 246.3 Ibf Ry, =233.5 Ibf 676.6 Ibf
A B c A B c
0 —x 0 —
20" T 16" T 10" 20" 1 16" T 10"
Ry, = 158.1 Ibf Z Ry, = 807.5 Ibf
281.9 Ibf i 102.6 Ibf
xy plane xz plane

M4 = 20v/193.72 + 233.52 = 6068 Ibf - in

Mp = 10v/246.32 + 676.62 = 72001bf - in  (maximum)
_32(7200) 73340

wd3 d?
16(3383) 17230
WETOS TP
2 2\ 1/2 Sy
o' = (o +37;,) " = -~

1/2
73340\ 172300217 79180 60000
+ 3 = =
d3 d3 d3 3.5

d = 1.665in so use a standard diameter size of 1.75in Ans.

5-26 From Prob. 5-25,

5 12
_ | (% 2 _ 5
Tmax = |:(7) + Txy:| - E

1/2
73340 2+ 17230 /_40516_60000
2d° d3 & 235)

d=1.678in sousel.75in Ans.

5-27 T = (270 —50)(0.150) = 33N -m, S, = 370 MPa

(T —0.1571)(0.125) =33 = T} =310.6N, T, =0.15(310.6) =46.6N
(T1 + Tz) cos45 =252.6N

y | l107.0 N [ 2526 N

163.4 N 252.6 N 89.2N 300 400 150
300 A 400 150

o z

B C ’ 320Nl 1]74‘4N
xy plane xz plane
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My =0.3v163.42 4+ 1072 =58.59N-m  (maximum)

Mg =0.15y/89.22 + 174.42 = 29.38N - m
_32(58.59)  596.8

Ox

wd3 a3
16(33)  168.1
B

2 »71/2 6
P2 a2yl | (5968 168.1 _664.0  370(10°
o' = (o7 +31;,) _[< o) T35 =— =33

d=17510"%)m = 17.5mm, souse 8 mm Ans.
1/2

Tmax = ox ’ + 2 = &

max — 2 Xy - 2]/[

1/2
596.8 2+ 168.1\2]"" 3425 370010
2d° a3 4 230

d=177(10")m = 17.7mm, sousel8mm Ans.

5-28 From Prob. 5-27,

5-29  For the loading scheme shown in Figure (¢),

V| |
Flfa b 4.4
Mpyx=—|=+—-)=—(6+45
d (2 i 4) 26445 L
—23IN-m BTN
For a stress element at A: - B
M 32(23.1)(10° JE_'_'_'C_'_'_|_
M (1
oy = _ 2@ DUY) 565 Mpa A
wd3 7(12)3
The shear at C is

CAF2) 444/2)(10%)
YT 324 T 3n(12)2/4

,71/2
136.2
Tmax = — = 68.1 MPa

Since Sy = 220MPa, S,y = 220/2 = 110 MPa, and

= 25.94 MPa

o
R
Tmax  08.1

n —=
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For the loading scheme depicted in Figure (d)

F(a+b F (1\ /(b\*> F (a b
Mpax = — e = ==—\|\z+-
2\ 2 2\2/\2 2\2 "4

This result is the same as that obtained for Figure (c). At point B, we also have a surface
compression of

—F —F —44(10%
A bd 18(12)

With o, = —136.2 MPa. From a Mohrs circle diagram, tp,,x = 136.2/2 = 68.1 MPa.

110
n=——=162MPa Ans.
68.1

oy = = —20.4 MPa

5-30 Based on Figure (¢) and using Eq. (5-15)
o = (02)1/2
X
= (136.2%)"/? = 136.2MPa
S 220
n=-—2=""_-=162 Ans.
o’ 136.2
Based on Figure (d) and using Eq. (5-15) and the solution of Prob. 5-29,
o' = (af — ooy + Uyz)l/z
= [(—136.2)% — (—136.2)(—20.4) 4+ (—20.4)*]'/2
= 127.2 MPa
S 220
n=-==-""J=173 Ans.
o’ 1272
5-31

When the ring is set, the hoop tension in the ring is
equal to the screw tension.

2 2
- i Pi r

/{ / oy = Zl 3 (1 + —02>
e rg —r; r

We have the hoop tension at any radius. The differential hoop tensiond F is

dF = wo; dr

To wr’p; (T r2
F:/r‘ watdr:rzir;/r. (1+r—02>dr=wripi (1
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The screw equation is

F; = T 2
"7 0.2d

From Egs. (1) and (2)

p;r;do L F . T
% . pi= wri  0.2dwr;
e
dF, NS dF, = fpir;do

-
2 2
fTw /
F, = iwr; df = ; do
x= [ Jpiwn 0.2dwr; ' J,
2nfT
= 2l Ans.
0.2d

5-32
(a) From Prob. 5-31, T =0.2F;d
P — r 190
' 0.2d  0.2(0.25)
(b) From Prob. 5-31, F = wr;p;

= 38001bf Ans.

F F; 3800

o — 15200psi  Ans.
P T wr . 0.5(0.5) pst - Ans
2, 2 (2 42
(C) o = Zripl2 (1+r_0> _ pl(;l +;0)
ry —r; Ay — ry —r;

15200(0.5 + 12
= O+ 1) 5333psi Ans.
12-0.52

o, = —p; = —15200 psi

oy — 03 0 — Oy

d max — ==

(d) Tma 5 5
25333 — (—15200)

2

=20267psi  Ans.

o' =(o;+o0f— O'AO'B)I/z

= [25333% 4 (—15200)% — 25333(—15200)]'/>
= 35466psi Ans.
(e) Maximum Shear hypothesis
Sey 058,  0.5(63)

= = = =1.55 Ans.
Tmax Tmax 20.267
Distortion Energy theory
Sy 63
n=— =1.78 Ans.
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5-33

The moment about the center caused by force F
is Fr, where r, is the effective radius. This is
balanced by the moment about the center
caused by the tangential (hoop) stress.

rO
Fre:/ ro;wdr
T

i

2 T, 2
wp;r; o
= 2pl 12 / (l" + r_o) dr
rg—riJn, r
2 2 2
wp;r; ro—r; sy To
Fe = +r.In—
e F(I’Z _ r_z) ( B 0 i )
From Prob. 5-31, F = wr; p;. Therefore,

2 2
ri r; —r: ro
Ve = 5 ° ! +r02 ln—
r2—r; 2 r;

For the conditions of Prob. 5-31,r;, =0.5and r, = lin

0.5 12 -0.5°
12 -0.5?

Ve =

1
1’In— | =0.712i
; n0.5) n

5-34

Snom = 0.0005 in
(a) From Eq. (3-57)

B 30(108)(0.0005) [(1.52 —1%)(1> - 0.5%)

—3516psi Ans.
(1) 2(1.57 — 0.5%) ] pbAns

Inner member:

R? +r? 12 4+ 0.52
Eq. (3-58) (0,)i = —p i —3516 (+—) = —5860 psi

R*—r? 12 —0.52
(0r)i = —p = —3516 psi
Eq. (5-13) o/ = (03 —oaop +0p)"

= [(—5860)% — (—5860)(—3516) + (—3516)]"/?
= 5110 psi Ans.

Outer member:
1.5 412 )
(0y)o = —p = —3516 psi
Eq. (5-13) o) =[9142% — 9142(—-3516) + (—3516)*]"/?

— 11320 psi Ans.
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(b) For a solid inner tube,

_30(10%)(0.0005) [ (1.5% — 1%)(1?)
B 1 [ 2(12)(1.52)

(o) = —p = —4167 psi, (0,); = —4167 psi
o] = [(—4167)> — (—4167)(—4167) 4+ (—4167)*]"/> = 4167 psi  Ans.

1.52 4+ 12
1.52 — 12

o) =[10830> — 10830(—4167) + (—4167)*1'/> = 13410 psi  Ans.

] = 4167 psi  Ans.

(01)o = 4167 ( ) = 10830 psi, (0y), = —4167 psi

5-35 Using Eq. (3-57) with diametral values,
207(10%)(0.02) [ (75% — 50%)(50% — 252
= (107)(0.02) 1 ( X ) = 19.41 MPa Ans.
(503%) 2(75% —252)
507 + 252
(0r)i = —19.41 MPa
Eq. (5-13) o/ = [(—32.35)% — (—32.35)(—19.41) + (—19.41)*]'/2
= 28.20 MPa Ans.
75% 4+ 50°
Eq.(3-59)  (01)o = 1941 | -o5—/5 | = 5047 MPa,
(0r)o = —19.41 MPa
0! = [50.47% — 50.47(—19.41) + (—19.41)*]'/? = 62.48 MPa  Ans.
5-36 Max. shrink-fit conditions: Diametral interference §; = 50.01 — 49.97 = 0.04 mm. Equa-

tion (3-57) using diametral values:

~207(10°)0.04 [ (75% — 50%)(50° — 25%)
P50 2(752 — 25
507 4 25°
502 — 252
(0,)i = —38.81 MPa

] = 38.81 MPa Ans.

Eq. (3-58): (07); = —38.81 ( ) = —064.68 MPa

Eq. (5-13):
al-/ = [(—64.68)2 — (—64.68)(—38.81) + (—38.81)2]1/2
= 56.39 MPa Ans.
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5-37
5 1.9998  1.999
2 2

= 0.0004 in

Eq. (3-56)

0.0004 =

p(1) [22+17
14.5(106) | 22 — 12
p = 2613 psi

1 12
+0.211]+ L) [ +0

—0.292
30(10) | 12—0 ]

Applying Eq. (4-58) at R,
27 +12 ,
(O'[)o = 2613 ﬂ = 4355 ps1

(0r)o = —2613 psi, S, =20 kpsi, S, = 83 kpsi

—| = —2613 1 Eq. (5-32a)
_ - . (5-
on 1355 , .. use Eq a

h = Su/oa = 20/4.355 = 4.59 Ans.

Oo

5-38 E = 30(10%) psi, v = 0.292, I = (7/64)(2* — 1.5%) = 0.5369 in*
Eq. (3-57) can be written in terms of diameters,

Esy | (df — D*)(D*—d?) | 30(10°
D 2D%(d? — d?) L5

p:

2 2 2112
(0.00246) [(2 1.75%)(1.75 1.5 )]

2(1.75%)(22 — 1.52)
= 2997 psi = 2.997 kpsi

Outer member:
1.75%(2.997)

Outer radius: (0y)o = 21752 (2) = 19.58 kpsi, (6,)o =0
. 1.75%(2.997) 22 . .
Inner radius: (07); = 71752 752 = 22.58 kpsi, (0r); = —2.997 kpsi
Bending:
6.000(2/2) .
o (0y)o = T%é = 11.18 kpsi
6.000(1.75/2) .
ri. (O'x)l' = T@/ =9.78 kpSl
Torsion: J =21 =1.0738 in*
8.000(2/2) .
Fo: (Txy)o = —1'073g =17.45 kpSl

8.000(1.75/2) )
ri (Toy)i = Tm/ = 6.52 kpsi

T-U700
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Outer radius is plane stress

oy = 11.18 kpsi, o, = 19.58 kpsi, 7., = 7.45 kpsi

S, 60
Eq. (5-15) o' =[11.18% — (11.18)(19.58) + 19.58% + 3(7.45%)]'/? = =2 = —
60
21.35=— = n,=281 Auns.
no

Inner radius, 3D state of stress Z|

—2.997 kpsi

9.78 kpsi

22.58 kpsi

From Eq. (5-14) with 7y, = 7, =0

1
o = E[(9.78 —22.58)% 4+ (22.58 + 2.997)% + (—2.997 — 9.78)% + 6(6.52)*]'/* =
60
2486 =— = n; =241 Ans.
n;

60

nj

5-39

From Prob. 5-38: p = 2.997 kpsi, I = 0.5369 in*, J = 1.0738 in*

Inner member:

. (0.875% 4+ 0.75%) .
Outer radius: (01)o = —2.997 |:(O.8752 ~ 075 = —19.60 kpsi
(07)0 = —2.997 kpsi
2(2.997)(0.875%
Inner radius: (o) = — (().8752)£ 0.752) = —22.59 kpsi
(0,)i =0
Bending:
6(0.875) .
To: (0x)o = 0.5360 = 9.78 kpsi
6(0.75) .
= = =8.38k
v (oy)i 0.5369 psi
Torsion:
8(0.875) .
o (Tay)o = L0738 = 6.52 kpsi
8(0.75
ri (Tay)i = ( ) = 5.59 kpsi

1.0738




142 Solutions Manual e Instructor’s Solution Manual to Accompany Mechanical Engineering Design

The inner radius is in plane stress: o = 8.38 kpsi, 0y = —22.59 kpsi, 7, = 5.59 kpsi

o/ =[8.38% — (8.38)(—22.59) + (—22.59)% + 3(5.59%)]"/% = 29.4 kpsi

S 60
nj=—=——=204 Ans.
of! 29.4
Outer radius experiences a radial stress, o,

1
o, = — [(—19.60 4 2.997)> + (=2.997 — 9.78)* + (9.78 + 19.60)* + 6(6.52)*] /*

CV2
= 27.9 kpsi

60
n,=—— =215 Ans.
27.9

5-40

1(2 K; 9)i (K, 0 9,39)2
O, = — COS — S1n — COS — S1In —
P 2ar 2 Lnr 222

( K/ .6 0 39)}
+ SIn — COS — COS —

2rr 2 2 2
K 0 0 0 . .36 0 0 36\ /2
= ! cos — =+ [ sin? = cos? = sin> — + sin® — cos> — cos®> —
2Tr 2 2 2 2 2 2 2
K 0 0 0 K 0 6
:—I(cos—:lzcos—sin—) = ! cos—(l:l:sin—)
2r 2 22 S27r 2 2

Plane stress: The third principal stress is zero and

K 0 0 K % 0
o] = ! CcoS — (1 + sin —), oy = ! CoS — (1 — sin —), o3 =0 Ans.
N2r 2 2 2Tr 2 2

Plane strain: o1 and o, equations still valid however,

0
03 =v(oy +0y) =2v cos — Ans.

2mr

5-41 For 6 = 0 and plane strain, the principal stress equations of Prob. 5-40 give

K w R,
0] =0) = , 03 =2 = 2vo
: ? N2y : N2k l
1
(a) DE: Sl —01)* + (01 — 2vo1)* + 2voy —01)?]'? =,

o] — 21)0’1 = Sy

1 1
Forv = 3 |:1 -2 (§>:| or=S8, = o1=35 Ans




Chapter 5 143
(b) MSS: op—o3=3S8, = o]—2vo =23
1
v:§ = o1 =35, Ans.
03 = 50’]

Radius of largest circle

1 2 a1
R:—Ul——O'I = —
2 3 6

RN -
AN G
1

@[

5-42 (a) Ignoring stress concentration
F = S8yA =160(4)(0.5) =320 kips Ans.
(b) From Fig. 6-36: h/b =1, a/b =0.625/4 =0.1563, = 1.3
v 1 (0.625
40.5) V(002

F =769kips Ans.

Eq. (6-51) 70 = 1.3

5-43 Given: a = 12.5 mm, K;. = 80 MPa - /m, S, = 1200 MPa, S,; = 1350 MPa

350 350 — 50
ro=—=175mm, r,=——— =150mm
2 2
i )= 125 0.5
Ao I =95 150 —
150
ri/ro = — = 0.857
175
Fig. 5-30: B =25
Eq. (5-37): K. = Boma
80 = 2.50+/m(0.0125)
o = 161.5 MPa
Eq. (3-50) at r =ry:
2
ripi
= 2
Oy I"g’ _ ]"12( )
150° pi(2)
161.5 = ———
1752 — 1502

pi =29.2 MPa Ans.
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5-44
(a) First convert the data to radial dimensions to agree with the formulations of Fig. 3-33
Thus

ro = 0.5625 + 0.001in

ri = 0.1875 £ 0.001 in

R, = 0.375 £ 0.0002in

R; = 0.376 £ 0.0002 in
The stochastic nature of the dimensions affects the § = |R;| — |R,| relation in

Eq. (3-57) but not the others. Set R = (1/2)(R; + R,) = 0.3755. From Eq. (3-57)

_E_«s{vs—Rz) <R2—rf>}
)

R 2R? (r02 —r?

1

Substituting and solving with £ = 30 Mpsi gives

p = 18.70(10% 8
Sinced = R; — R,

§ =R;i — R, =0.376 — 0.375 = 0.001 in

and
,71/2
R 0 0002 0.0002
05 = _—
4
000 070 7 in
Then
o 0.0000707
Cy=2 = 222 0.0707
) 0.001
The tangential inner-cylinder stress at the shrink-fit surface is given by
R+ 7

0.3755% +0.18752
= —18.70(10%) & ( + )

0.3755% — 0.18752
= —31.1(10% ¢
&1 = —31.1(10% § = —31.1(10°)(0.001)
= —31.1(10%) psi
Also
65, = |Cs61,| = 0.0707(=31.1)10°

= 2899 psi
o;; = N(—31100, 2899) psi Ans.
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(b) The tangential stress for the outer cylinder at the shrink-fit surface is given by

. 72+ R?
Ot_p FZ—RZ

o

0.5625% + 0.37552
= 18.70(10%) & ( + )

0.56252 — 0.37552
= 48.76(10%) § psi
5o = 48.76(10°)(0.001) = 48.76(10°) psi
6o, = CsGor = 0.0707(48.76)(10%) = 34.45 psi
~.0r = N(48760, 3445) psi Ans.

5-45 From Prob. 5-44, at the fit surface o, = N(48.8, 3.45) kpsi. The radial stress is the fit

pressure which was found to be
p = 18.70(10%) §
p = 18.70(10°)(0.001) = 18.7(10°) psi
6, = Csp = 0.0707(18.70)(10%)
= 1322 psi
and so
p = N(18.7, 1.32) kpsi
and
o,r = —N(18.7, 1.32) kpsi
These represent the principal stresses. The von Mises stress is next assessed.
op =48.8kpsi, op = —18.7 kpsi
k =o0p/os = —18.7/48.8 = —0.383
o' =aa(l —k+kH'?
= 48.8[1 — (—0.383) + (—0.383)%]"/2
= 60.4 kpsi
65 = Cpa’ =0.0707(60.4) = 4.27 kpsi
Using the interference equation
S—a’
(63+32)"

B 95.5 — 60.4 s
T [(6.59)2 + (4.27)21 2 T

pr =a = 0.000 003 40,

2=

or about 3 chances in a million. Ans.
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5-46
., _ Pd _ 6000N(1, 0.083 33)(0.75)
T 2(0.125)
= 18N(1, 0.083 33) kpsi
., _ Pd _ 6000N(1,0.08333)(0.75)
=P

4 4(0.125)
= 9N(1, 0.083 33) kpsi
o, = —p = —6000N(1, 0.083 33) kpsi

These three stresses are principal stresses whose variability is due to the loading. From
Eq. (5-12), we find the von Mises stress to be

o {(18 —9)2+[9 — (=6)]* + (—6 — 18)? }‘/2

2
= 21.0 kpsi
65 = Cpo’ =0.08333(21.0) = 1.75 kpsi
S—o'
LT a2
(GS + GU’)
50 —-21.0

(4.12 +1.75%)1/2

The reliability is very high
R=1—-®(65) =1-4.02(100")Y=1 Ans.




