Chapter 5

5-1  §,=350 MPa.

S
MSS: o1—-3=S8/n = n=—-3>2—
(6,-03)
' 2 2\/2 5 2 ) \l/2
DE: o'= O'A—O'AO'B-l-O'B) =(0x—0'xay+ay+3rw)
S,
n:;},

(a) MSS: o1 =100 MPa,o» = 100 MPa,o3 = 0

n= 350 =35 Ans.
100-0
' 2 25\1/2 350
DE: o' = (100> =100(100) +100%)"> =100 MPa, n=m=3.5 Ans.
(b) MSS: o1 =100 MPa,0> = 50 MPa,o3 = 0
n= 350 =35 Ans.
100-0
' 2 25\1/2 350
DE: o' =(100% =100(50) + 50%)"> =86.6 MPa, n=ﬁ=4.04 Ans.
2
(©) o,, o, =%i \/(%J +(=75)* =140, —40 MPa
0, =140, ¢, =0, o, =40 MPa
MSS: nzi:1.94 Ans.
140 — (—40)
1/2
DE: a':[loo2 +3(—752)] _l64MPa, n=>2_213 dns.
164
2
W) o,,0,= _502_ 75 i\/(—502+ 75) +(=50)* =—11.0,—114.0 MPa
0,=0, 0,=-11.0, 0, =—114.0 MPa
MSS: n =L=3.07 Ans.
0—(—114.0)
DE: o' =[(=50)% = (=50)(=75) + (=75)* +3(=50)*]"* =109.0 MPa
n =ﬂ =321 Ans.
109.0
2
(€ 0,,0,= 100; 20 i\/{looz—zoj +(=20)" =104.7, 15.3 MPa
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o,=104.7, 0,=15.3, o, =0 MPa
350

MSS: n=————=3.34 Ans.
104.7-0
1/2
DE: o' =[100° ~100(20) +20° +3(~20)" | " =98.0 MPa
n= 30 =3.57 Ans.
98.0
5-2 Sy =350 MPa.
S
MSS: o1—-a3=S8/n = n=—-2>2—
(0,-03)
S S
DE: J’:(aj—O'AGB+G§)U2:—y = n=—
o
350
(a) MSS: 0,=100 MPa, 0,=0 = n= =3.5 Ans.
100-0
DE: n= > 350 S5 =3.5 Ans.
[100° —(100)(100) +100"]
(b) MSS: o,=100, o, =-100 MPa = nszljs Ans.
100 — (~100)
DE: n= 350 - =2.02  Ans.
[1002 —(100)(~100) +(—1oo)2]
350
(c) MSS: o, =100 MPa, o, =0 n= =3.5 Ans.
100-0
DE: n= 350 - =4.04  Ans.
1007 = (100)(50) +50° |
350
(d) MSS: o,=100, o, =-50 MPa = n=————=233 Ans.
100—(-50)
DE: n= 330 —=2.65  Ans.
[1002 —(100)(=50) +(—50)2]
350
(e) MSS: 0,=0, 0, =-100MPa = n=—————=35 Ans.
0—(~100)
DE: n= 350 —=4.04  Ans.

[(—50)2 —(—50)(—100)+(—100)2}

5-3  From Table A-20, S, = 37.5 kpsi
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S

Yy

MSS: o1—-o3=8/n = n=—"-——
(0'1_0'3)

2 P 172 2 2 P 172
(GA—O'AO'B+O'B) —(ax—axa},+0'y+3rxy)

DE: o'=
n=r
O_!
. 37.5
(a) MSS: o,=25kpst, 0;,=0 = n=——=15 Ans.
25-0
DE: n= 373 — =172 Ans.
(257 -(25)(15)+15 |
. 37.5
(b) MSS: o, =15 kpsi, o, =—15 n=—=>""__=125 Ans.
15—(-15)
DE: n= 373 = =144  Ans.
[152 —(15)(—15)+(—15)2}
2
© o,, o, :2—20i\/(2—20J +(=10)* =24.1, —4.1 kpsi
o,=24.1, 0,=0, o, =-4.1kpsi
MSS: nzizl.ﬁ Ans.
24.1—(-4.1)
1/2
DE: o' = [202 +3(—102)] _265kpsi =  n=l 142 Ans.
26.5
2
) o,,0, = _122“5 i\/{—lzz—wj +(=9)? =17.7,-14.7 kpsi
o,=177, 0,=0, o, =—14.7 kpsi
MSS: n:37—'5:1.16 Ans.
17.7—(-14.7)
' 2 2 272 .
DE: o' =[(-12)° = (-12)(15)+15* +3(-9)* | " =28.1 kpsi
n=£=1.33 Ans.
28.1
2
(€ 0,,0,= _242_ 24 i\/(_242+ 24) +(~15)" =-9, —39 kpsi
0,=0, 0,=-9, o, =-39 kpsi
MSS: n=—31>__096 dns.
0-(-39)
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DE:
375

n= 1.06 Ans.
35.4

o' =[ (-24)" -~ (-24)(-24) + (-24)’ +3(—15)2T/2 = 35.4 kpsi

5-4  From Table A-20, S, =47 kpsi.
S
MSS: oi—ao3=S/n = n= -
(0,-03)
S S
DE: a'=(0'j—aAaB+0'§)m=—y = n=—
o
. 47
(a) MSS: o,=30kpsi, 0,=0 = n=——=1.57 Ans.
30-0
DE: n=— 47 7 =1.57  Ans.
[30° —(30)(30)+307]
(b) MSS: 0,=30, 0,=-30kpsi = n YT 0.78  Ans.
30—-(-30)
DE: n= 47 —=0.90  Ans.
[302 —(30)(=30) +(—30)2}
: 47
(¢c) MSS: 0,=30kpsi, 0,=0 = n=——=1.57 Ans.
30-0
DE: = 47 — =181 Ans.
30" —(30)(15) +15° ]
. 47
(d) MSS: 0,=0, 0,=-30kpsi = n=—-——=1.57 Ans.
0—-(-30)
DE: n= 47 —=1.81  Ans.
[(—30)2 —(=30)(~15) +(—15)2}
: 47
(e) MSS: o,=10, 0, =-50kpsi = n=————=0.78 Ans.
10— (-50)
DE: n= 47 —=0.84  Ans.

[(—50)2 —(=50)(10) + 102}
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5-5  Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

(a) MSS and DE: 0z (MPa)
OB _495 ——=3.51 Ans.
04 141
(b) MSS:
_9D 391" 349 ans
oc 1.12"
, (MPa)
DE:
OE 451 =4.03 Ans.
“oCc 112"
(c) MSS:
_0G 250" 5 00 dns,
OF 1.25"
DE: n=O—H=&:2.29 Ans.
OF 1.25"
(d) MSS: n—OJ 331 ———=3.05 Ans., DE:nzO—Kzﬁz?).U Ans.
or 1.15" ol 1.15"
(e) MSS: n=0M 3.54 ——=3.34 Ans., DE: n _ON _3.77 ———=3.56 Ans.
OL 1.06" T OL  1.06"
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5-6  Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

(a) o4 =25 kpsi, o = 15 kpsi 5 (kpsi)
MSS:
=%=%:1.50 Ans.
DE: ' 1" = 10 kpsi
:%=£:l.72 Ans.
o4 292" il
(b) 04 =15 kpsi, op=— 15 kpsi
MSS:
:%2&21.25 Ans.
oD 2.12"
DE:
:0—F=&=l.44 Ans.
oD 2.12"

2
(¢) o GBzz—zoi\/(?j +(=10)* =24.1, —4.1 kpsi

MSS: n—O—H 325 ——=1.34 Ans. DE: n—OI 346 ——— =142 Ans.

0OG 243" 0G 243"

2
@d) o,.0, :ﬂi\/(ﬂj +(-9)* =17.7,-14.7 MPa

2 2
MSS:n—O—K 2.67 ———=1.16 Ans. DE: n—@:ﬁ:l.% Ans.
oJ 230" oJ 230"
2
(e) O'A,o-B:ﬂi (ﬂj +(—15)2 =-9, —39 kpsi
2 2
MSS: n—ON 3.85 ———=0.96 Ans. DE: n—OP ﬁ =1.06 Ans.
OM 4.00" OM 4.00"
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5-7  §,=295MPa, o4 =75 MPa, o =— 35 MPa,

S
(@) n= - = 295 =3.03 Ans.

(02-0,0,+02)" [752 —75(—35)+(—35)2T/2

(b) Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

05 (MPa)
n:%:_Z.SO =3.01 Ans. 249
04 0.83"
1" =100 MPa
C_'I

205 04(MPa)
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5-8  §,=295MPa, o4 =30 MPa, oz =— 100 MPa,

S
(@) n= - = 295 =2.50 Ans.

(0i-0.0,+0;) " [30°~30(-100)+(-100)' ]

(b) Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

a5 (MPa) ;
" 205
n:@:£=3.01 Ans.
04 0.83"
1" =100 MPa

O o, (MPa)
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2

S
(a) n= - = 295 =2.71 Ans.

(Gj —0,0, + O-; )1/2 |:10592 _105'9(_5'9)—’_(_5.9)2]1/2

2
59  §5=295MPa, 5,, o, =@i\/(%j +(=25)* =105.9, —5.9 MPa

(b) Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

Tz (MPa)
" 295
n:ﬁ:ﬁ:zﬂ Ans.
o4 1.06"

1" =100 MPa

& 395 0, (MPa)
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2

S
(a) n= . = 295 =3.30 Ans.

(0} -ou0u+03)" [(—3-8)2 —(—3.8)(—91.2)+(—91,2)2T/2

2
5-10 S,=295MPa, 5,,0, = —30-65 i\/(_?)o; 65) +40> =-3.8,-91.2 MPa

(b) Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

n= OB _3.00"_ 3.33 Ans. %5 (MFa)
04 0.90" ros
1" =100 MPa
© — 555 0 (MPa)

\\—/Br =295
|
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2
511 §,=295MPa, 5,,0, = _80;30 i\/(—802—30j +(~10)’ =30.9,-80.9 MPa

S
(a) n= - = 295 =295 Ans.

(62 -0,0,+02)" [30.9° —30.9(—80.9)+(—80.9)2T/2

(b) Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

Op (MPa) f
" 295
n=@=£:2.93 Ans.
o4 087"
1" =100 MPa

O, o, (MPa)

i S

5-12 Sy =60 kpsi, Sy =75 kpsi. Eq. (5-26) for yield is
-1
- [i_&}
S, S,
25 0

-1
a) o, =25kpsi, 0,=0 = n=|—-—| =240 Ans.
(a) o, p 3 (60 75]

. 15 -15Y"
(b) 0,=15, o, =-15 kpsi = n=|————| =222 Ans.
60 75
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2
(¢) o, GBzz—zoi\/(%)j +(=10)* =24.1, —4.1kpsi,

-1
0,=24.1, 0,=0, o, =—4.1kpsi = n=(£—ﬂJ =2.19  Ans.
60 75

2
@) o, 0, =211 i\/(_lz_lsj +(=9)* =17.7,-14.7 kpsi

2 2
-1
6. =177, 0, =0, o, =147 kpsi = =(17—'7—ﬂj _2.04  Ans.
60 75
2
R N e
-1
0,=0,0,=-9, 0,=-39kpsi = nz(i—ﬁj =1.92  Ans.
60 75

5-13 Note: The drawing in this manual may not be to the scale of original drawing. The
measurements were taken from the original drawing.

O (kpsi)
(a) o0, =25, o, =15 kpsi 60
0 3.49 1" =20 kpsi . R L@
" J .
nz—Bz'—:2.39 Ans. ] P
04 146" ] A
al.
"""" Tl 7/ 60 alkpsh
(b) o, =15, o, =—15 kpsi i E\W\E@ 'F(c)60 ’
ek
36" If - “(b)
n=@=£:2.23 Ans. A
oc 1.06" [
(©) 2 75
2 ©
o, Oy =§i 20 +(=10)* =24.1, —4.1kpsi
2 2
n:£:£:2.19 Ans.
OE 122"
(d)
2
G0, = _122“5 i\/{—lzz—wj +(=9)? =17.7,~14.7 kpsi
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_OH 234"

n=——-=——=2.03 Ans.
oG 1.15"
(e)
2
0,0, =222, (_24”4) +(=15) =-9, —39 kpsi
2 2
n:gzﬁzl.% Ans.
oI 2.00"

5-14 Since & > 0.05, and S); # Sy, the Coulomb-Mohr theory for ductile materials will be
used.
(a) From Eq. (5-26),

—1 ]
n= 9 _% 2(15—0—_—5()) =1.23 Ans.
S S 235 285

yt ye
(b) Plots for Problems 5-14 to 5-18 are found here. Note: The drawing in this manual

may not be to the scale of original drawing. The measurements were taken from the
original drawing.

Op (kpsi)
OB 1.94" 233
=—=——-=1.23 Ans.
"7 04T 158" " 1" =20 kpst 1
. J| (5-
o l‘r.#_e{_,,ﬁ(am)
T T T T T L::___l IEF 35 (7_1(1{1381)
1\ 0 £6-16)
o (5-14)
i
Gs 1C%
;A1)
o }
r -285
(5-17)

5-15 (a) From Eq. (5-26),

-1 .
Lo oo ztﬂ_ﬂj 135 Ans.
S S 235 285

vt ye
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(b) The plot for this problem is found on the page for Prob. 5-14. Note: The drawing in
this manual may not be to the scale of original drawing. The measurements were taken
from the original drawing.

nz@zﬁzl.% Ans.
oC 1.58"
2
5-16 o, Oy =1275i\/(%J +(=75)* =160, —35 kpsi

(a) From Eq. (5-26),

1 71
n= 9 _% :(@_ﬁj =1.24 Ans.
S S 235 285

vt ye

(b) The plot for this problem is found on the page for Prob. 5-14. Note: The drawing in
this manual may not be to the scale of original drawing. The measurements were taken
from the original drawing.

n:£=—204 =1.24 Ans.
OE 164"
2
517 o, o= _80;125 i\/(_SO;IZSJ +50% =-47.7, —157.3 kpsi

(a) From Eq. (5-26),

1 ]
n=|2L_9% =(l—_157‘3j —1.81 Ans.
s s 235 285

vt yc
(b) The plot for this problem is found on the page for Prob. 5-14. Note: The drawing in

this manual may not be to the scale of original drawing. The measurements were taken
from the original drawing.

_OH 299"

n=——-=—=1.82 Ans.
0G  1.64"
2
518 o, o= 125;801\/(1252_80] +(=75)* =180.8, 24.2 kpsi

(a) From Eq. (5-26),
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-1 .
L oo :(@_Lj 130 Ans.
S S 235 285

vt ye

(b) The plot for this problem is found on the page for Prob. 5-14. Note: The drawing in
this manual may not be to the scale of original drawing. The measurements were taken
from the original drawing.

_9J —ﬂzlSO Ans.

n=——n=
or 1.83"

5-19  Su: =30 kpsi, Suc = 90 kpsi
BCM: Egs. (5-31), MM: Egs. (5-32)
(a) o4 =25 kpsi, o = 15 kpsi

S, 30

BCM: Eq. (5-31a), n=—"t=—=1.2 Ans.
o, 25
MM: Eq. (5-32a), n= 5,30 1.2 Ans.
o, 25

(b) o4 =15 kpsi, o =—15 kpsi,

-1
BCM: Eq. (5-31a), nZ(l_S_—_lSJ =1.5 Ans.
30 90
S, 30
MM: 04202 op,and |os/o4| <1, Eq. (5-32a), n:—”:E:ZO Ans.
04
2
(¢) o,, Oy =?i\/{%j +(=10)* =24.14, —4.14 kpsi
-1
BCM: Eq. (5-31b), n:(%_ﬂj —1.18 Ans.
30 90
S 30
MM: 04>02> o, and |og/o4| <1, Eq. (5-32a), n=—*=——-=1.24 Ans.
o, 24.14

2
@) o,, o, =_152+10i\/(_152_10j +(~15)* =17.03, —22.03 kpsi
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BCM: Eq. (5-315),

-1
_ (17.03 ~ —22.03] 193 dns.
30 90

MM: 04>02 o, and |op/o4 |21, Eq. (5-32b),

-1 -1
n{(s .~5,)o, &} :{(90—30)17.03_—22.03} 160 Ans.

S.S S

uc ut uc

90(30) 90

2
© o, o, :_202_201\/(_20;20) +(~15)* = -5, —35

S 90

BCM: Eq. (5-31¢), n=——"*<=—-——=2.57 Ans.
o =35

MM: Eq. (5-32¢), n= S = _20 =2.57 Ans.
o =35

kpsi

5-20 Note: The drawing in this manual may not be to the scale of
measurements were taken from the original drawing.
(a) o4 =25, op =15 kpsi

original drawing. The

o a5 (kpsi)
11n =20 kpsi 30
BCM & MM: (@)
OB 1.74" A B
=—— =" =1.19 Ans. o A |
04 1.46" 20 ob-7 1% s
(b) o4 =15, o =— 15 kpsi f'\\ ('F—‘zﬁ()
oC 1.59" J f‘}’-' ¢
BCM: n=——=—"""=15 Ans. I e
OD 1.06" L}._ %( 1())
" 3 C
MM: n=%=£:2.0 Ans. 'r' 1
0OC 1.06" =
() o, 0y :2_20i\/(20j +(= 10) ] -
L Vo
—24.14, —4.14 kpsi o :
BeM: =29 141 ig s
OF 122"
MM: nzOH 1.52 ———=1.25 Ans.
OF 122"
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2
W) o, o, :_15+10i\/(_152_10j +(=15)* =17.03, —22.03 kpsi

2
BeM: n=L 17204 ans

ol 139"
MM: n= OK 2.24 ———=1.61 Ans.

or 139"

2
() o, 632—202—201\/(—20;20) +(~15)* = =5, —35 kpsi
BCM and MM: n = 2 _ 355" 57 s,
oL 177"

5-21 From Table A-24, S.. = 31 kpsi, Suc = 109 kpsi
BCM: Egs. (5-31), MM: Egs. (5-32)

(a) o4 =15, o= 10 kpsi.

BCM: Eq. (5-31a), n:i:ﬂ:2.07 Ans.
o, 15
MM: Eq. (5-32a), n=i=%=2.07 Ans.

A
(b), (¢) The plot is shown below is for Probs. 5-21 to 5-25. Note: The drawing in this
manual may not be to the scale of original drawing. The measurements were taken from

the original drawing. 1" =20 kpsi ;IB kpsi) f
BCM and MM: i
P
" - 109
:%= 1'86 =2‘O7 Ans. 1 T T T T T T T
o4 0.90"
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5-22  Su:=31 kpsi, Suc = 109 kpsi
BCM: Eq. (5-31), MM: Egs. (5-32)

(a) ou=15, op=—50kpsi, |op /o4 | > 1

-1
BCM: Eq. (5-31b), n = 15500 106 ans.
31 109

-1 -1
MM: Eq. (5-32b), n= (Bu=S)os o, | _|(109-3115 =50 _ o o
S S S 109(31) 109

uc ~ut uc

(b), (¢) The plot is shown in the solution to Prob. 5-21.

BCM: n—O—D 2.78 ————=1.07 Ans.
oc 261"

MM: n=@:£=125 Ans.
oCc 261"

5-23 From Table A-24, S.: =31 kpsi, Su. = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
o, Oy =1—5i\/(1?5] +(=10)*> =20, —5 kpsi

2
(a) BCM: Eq. (5-32b), n= 205 _1—145 Ans
e ’ 31 109 ' '
MM: Eq. (5-32a), n=S”’ =£=1.55 Ans.
o, 20

(b), (¢) The plot is shown in the solution to Prob. 5-21.

BCM: n—OG 1.48 ——=1.44 Ans.
OF 1.03"

MM: nzO—H:ﬂ:l.SS Ans.
OF 1.03"

5-24 From Table A-24, S.. = 31 kpsi, Suc = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
o, o= _10_251\/(_10;25) +(=10)* =—5, —30 kpsi

2
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(a) BCM: Eq. (5-31¢),n = —i—% =3.63 Ans.

oy -
MM: Eq. (5-32¢), n= S 109 3.63 Ans.
Oy =30

(b), (¢) The plot is shown in the solution to Prob. 5-21.

BCM and MM: n:g:£:3.64 Ans.
or 1.52"

5-25 From Table A-24, S.. = 31 kpsi, Suc = 109 kpsi

BCM: Eq. (5-31), MM: Egs. (5-32)

2
o, o, =_352+13i\/(_352_13j +(=10)* =15, —37 kpsi

a) BCM: Eq. (5-316), n=
(a) q. (5-31b), n (31 109

-1 -1
MM: Eq. (5-32b), n= Bu=Su)oy oy | (093015 370 0
S S S 109(31) 109

uc " ut

-1
15 _37j =1.21 Ans.

uc

(b), (¢) The plot is shown in the solution to Prob. 5-21.

BCM: n:ﬂ:£:l.21 Ans.
OK 2.00"

MM: nzO—M:£=1.46 Ans.
OK 2.00"

5-26  Su: =36 kpsi, Suc =35 kpsi
BCM: Eq. (5-31),

(a) o4=15, op=- 10 kpsi.

-1
BCM: Egq. (5-31b), n:(ls —10) =1.42 Ans.
36 35
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(b) The plot is shown below is for Probs. 5-26 to 5-30. Note: The drawing in this manual
may not be to the scale of original drawing. The measurements were taken from the

original drawing. Oy (kpsi)
OB 1.28" :
n:azmzl.él-z Ans. 36
’ 1" =20 kpsi
- ] -
I J (5-30
—35 O . —o— s ; ‘
I | TeE & o4 (kpsi)
i \Q\&ﬂ 4 T (528)
4 C7 4 (5-26)
G ':P %
N (5-27)
o735
(5-29)
5-27  Su =36 kpsi, Suc =35 kpsi
BCM: Eq. (5-31),
(a) ou=15, op=— 15 kpsi.
-1
BCM: Eq. (5-310), n= (1—0—_—15j —1.42 Ans.
36 35
(b) The plot is shown in the solution to Prob. 5-26.
n:O—D=£:1.42 Ans.
oCc 090"

5-28  Su =36 kpsi, Suc = 35 kpsi

BCM: Eq. (5-31),

2
(a) o, (TB=%i (%) +(-8)* =16, —4 kpsi

16 —4Y"
BCM: Eq. (5-31b), n=| ———| =1.79 Ans.
36 35

(b) The plot is shown in the solution to Prob. 5-26.
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= OF —ﬂ=l.79 Ans.

n=——=
OE 0.82"

5-29

BCM: Eq. (5-31),

2
(a) o, 082—102—151\/(—102“5) +10% =22, —22.8 kpsi

BCM: Eq. (5-31¢), n=——2_ =154 Ans.
28

(b) The plot is shown in the solution to Prob. 5-26.

= OH —ﬂ:l.ﬁ Ans.

n=—=
oG 1.15"

5-30

BCM: Eq. (5-31),

2
a) o,, o, =152+8i\/(152_8j +(-8) =20.2, 2.8 kpsi

BCM: Eq. (5-31a), n= 36 =1.78 Ans.
20.2

(b) The plot is shown in the solution to Prob. 5-26.

= 0J —£=1.78 Ans.

n=——=
or 1.02"

5-31

Sut =36 kpsi, Suc = 35 kpsi. MM: Use Eq. (5-32). For this problem, MM reduces to the
MNS theory.

. S, 36
(a) ou=15, op=—-10kpsi. Eq. (5-32a), n=—*=—=2.4 Ans.

o, 15

(b) The plot on the next page is for Probs. 5-31 to 5-35. Note: The drawing in this manual
may not be to the scale of original drawing. The measurements were taken from the
original drawing.
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n=9§=351=zm Ans. Op (kpsi)
04 0.90" T

1" =20 kpsi

} I S (5-30)
—35 O  ——o— 136 o
T T T E ! = o4 (kpsi)
. "'-..__.___ )
7 \;\®4i "~ (5-33)
4 CT N .
SN 2
- . D
H'| 735
(5-29) (5-32)

5-32  Sur=36 kpsi, Suc = 35 kpsi. MM: Use Eq. (5-32).For this problem, MM reduces to the

MNS theory.
(a) o4=10, op =— 15 kpsi. Eq. (5-32b) is not valid and must use Eq, (5-32¢),
n= _She = _35 =233 Ans.
Oy -15
(b) The plot is shown in the solution to Prob. 5-31.
n:O—D:&:Z&” Ans.
oc 0.90"

5-33  Su: =36 kpsi, Suc = 35 kpsi. MM: Use Eq. (5-32).For this problem, MM reduces to the

MNS theory.
2
(a) o, O'B:Ei (EJ +(-8)> =16, —4 kpsi
2 2
n:i=£=2.25 Ans.
o, 16

(b) The plot is shown in the solution to Prob. 5-31.

= OF —ﬂ: 2.27 Ans.

n=—=
OE 0.82"

5-34  S.:=36 kpsi, Suc = 35 kpsi. MM: Use Eq. (5-32).For this problem, MM reduces to the
MNS theory.
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2
_10—151\/(—102“5) +10% =22, —22.8 kpsi

a) o,, 0, =
( ) A B 2
n:_i:_izl,ﬂ Ans.
o, -22.8

(b) The plot is shown in the solution to Prob. 5-31.

_oH _176 =1.53 Ans.

n=——=
oG 1.15"

Sut = 36 kpsi, Suc = 35 kpsi. MM: Use Eq. (5-32).For this problem, MM reduces to the
MNS theory.

5-35

2
(@) o,, o, :ls+8i\/(15_8j +(-8)" =20.2, 2.8 kpsi

2 2
n:i:i=l.78 Ans.
o, 202

(b) The plot is shown in the solution to Prob. 5-31.

n:gzﬁzlﬂfﬂ Ans.
ol 1.02"

Given: AISI 1006 CD steel, F=0.55 kN, P=4.0 kN, and 7= 25 N-m. From Table A-20,
Sy =280 MPa. Apply the DE theory to stress elements 4 and B

. _4p A0 ) pa =
4 o == (00157] 22.6(10°) Pa=22.6 MPa

0.55(10°
, _M6T 4V 16(25) 4 ( )2 -33.6(10°) Pa=33.6 MPa
" oxd® 34 7(0015°) 3| (%/4)0.015

o'=[226 +3(33.62)T/2 —62.4 MPa

5-36

n= @ =449  Ans.

624

3 3
:32%;1+ 4102 _32(0.55)10 (0.1)+ 4(4)10 =189(106)Pa=189 MPa
rd®  nd ;z(o.0153) ;z(o.0152)

B: o,

le7 __16(25) :37.7(106)Pa:37.7 MPa

T =

Y add 7(0.015°)
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/2

o'=(0?+322)" =[189° +3(37.7)] " =200 MPa
S, 280 _

o' 200

1.4  Ans.

5-37 From Prob. 3-45, the critical location is at the top of the beam at x = 27 in from the left
end, where there is only a bending stress of o= — 7 456 psi. Thus, o’=7 456 psi and

(S))min = no” = 2(7 456) = 14 912 psi

Choose (S))min =15 kpsi  Ans.

5-38 From Table A-20 for 1020 CD steel, Sy =57 kpsi. From Eq. (3-42)

63 025H

n

T (1)

where 7 is the shaft speed in rev/min. From Eq. (5-3), for the MSS theory,

S, 16T
T = =
" 2n, xd’

2)

where ng is the design factor. Substituting Eq. (1) into Eq. (2) and solving for d gives

i {32(63 025)Hnd} G

nrS f

Substituting H = 20 hp, na= 3, n = 1750 rev/min, and S, = 57(10%) psi results in

min

_{32(63 025)20(3

1/3
= 5 ) =0.728 in Ans.
17507:(57)10

5-39 Given: d =30 mm, AISI 1018 steel, H =10 kW, n =200 rev/min.
Table A-20, S, =220 MPa
Eq. (3-44): T=9.55 H/n=9.55(10)10%/200 = 477.5 N*m
16T 16(477.5)

Tmax 3 3
zd®  7(0.030)

S 220
a) Eq. (5-3): n=—2>—= =1.22 Ans.
@) e O3 == 90.07)

max

10°=90.07 MPa
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(b) From Eq. (5-13), o, =+/37%, =+/3 (90.07)=156.0 MPa

S
Eq. (5-19): n=—r=220_ 14 Ans.
o 156

max

5-40 Given: d =20 mm, AISC 1035 HR steel, n, =400 rev/min, n, = 1.5.
Table A-20, S, =270 MPa

S,
() Eq. (5-30): 7. =~ =270 __ 90 Mpa
2n,  2(L.5)
Substituting Eq. (3-44) in the equation for zmax gives
3 7(0.02°)400(90)10°
max=167;= 163 9.557 s L (0.02°)400(90)
zd®  nd n, 16(9.55) 16(9.55)
=5.92(10°) W=592 kW  dns.
S, 270 270
(b) From Eq. (5-13):0", =37, =—2="— = 7 =——7—=103.9 MPa
n, L5 1.5V3
Thus,
3 7(0.02°)400(103.9)10°
= Ednn,  7(002)400(1039) =6.84(10') W=6.84 kW Ans
16(9.55) 16(9.55)

5-41 Table A-20 for AISI 1040 CD steel, S, = 490 MPa.
From Prob. 3-47,

2 2
A: 0x:=79.6 MPa, 1, =63.7MPa. r = \/(%j +rfy =\/[%j +63.7* =75.1 MPa.

B: Tnax = 7.0 = 53.1 MPa. C: Timax = e = 116.8 MPa.
Critical case is at point C.

S 490
a) MSS Theory: n, =——= =2.1 Ans.
® Y T T 2(1168) "
S
(b) DE Theory: n = 490 =24 Ans.

ﬁrymax ~J3(116.8)

5-42  Table A-20 for AISI 1040 CD steel, S, = 490 MPa
From Prob. 3-53, o, =122.6 MPa, 5, =0, o, =—10.2 MPa, 7, = R =66.4 MPa

S 490
a) MSS Theory: = =
@ Y T T 2(664)

max

=3.69 Ans.

(b) DE Theory, Eq. (5-13): o :[122.62 —122.6(—10.2)+(—10.2)2T/2 ~128 MPa
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S
n :—y—@=3.83 Ans.

Yo 128

5-43 Table A-20 for AISI 1020 CD steel, S, =390 MPa
From Prob. 3-54, o, =194.2 MPa, o,=0, o,=-10 MPa, 7 =102.1 MPa

S
(a) MSS Theory: n,=—>—= 490 =1.91 Ans.
Y or, o 2(102.)

max

(b) DE Theory, Eq. (5-13): o' =|194.2° —194.2(—1o)+(—10)2}”2 ~199.4 MPa

S
=—y=ﬂ:1‘96 Ans.
o 1942

n g

5-44 Table A-20 for AISI 1035 CD steel, Sy = 67 kpsi
From Prob. 3-55, o, =45.8 kpsi, 0, =0, o, =-0.45kpsi, r

(a) MSS Theory: n, = 5 __67
i Yo2r, o 2(23.0)

max

~ =23.1 kpsi

m

=145 Ans.

(b) DE Theory, Eq. (5-13): o’ =[ 45.8° ~45.8(~0.45)+(-0.45)' | ' =46.0 MPa

S
n}=—y:ﬂ:1‘46 Ans.
Yo' 46

5-45 Table A-20 for AISI 1040 CD steel, Sy =71 kpsi
From Prob. 3-101, o, =18.47 kpsi, o, =-3.60 kpsi, 7

(a) MSS Theory: n, = 5 __ 7
Y Ty Ta(1109)

max

_ =11.03 kpsi

m

=322 Ans.

(b) DE Theory, Eq. (5-13): o =[18.472 —18.47(—3.6O)+(—3.60)2]1/2 ~20.51 MPa

S
n :—y=7—1:3.46 Ans.
7o' 2051

5-46 Table A-20 for AISI 1040 CD steel, S, =71 kpsi
From Prob. 3-102, o, =29.1 kpsi, o, =—14.2 kpsi, 7,

S, 71
(a) MSS Theory: n, = = =1.64 Ans.
Y 2r 2(21.7)

max

. =21.7kpsi

(b) DE Theory, Eq. (5-13): 0" = 29.1 —29.1(—14.2)+(—14.2)2T/2 ~38.2 MPa
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S
n :—y=7—1=1.86 Ans.
7o' 382

5-47 Table A-21 for AISI 4140 steel Q & T 400° F , S, = 238 kpsi, F = 15 kip.
M4=0=3Rp-2F = Rp=2(15)/3=10kip,
XFy,=0=R4+Rp—F = R4=15-10=5kip
Critical sections are at points B and C where the areas are minimal.
B:dp=1.1in, Mp=R4(1)=5kip+in, Vg=R4= 5 kip, Tp =7 kip*in
Ap=(1/4) 1.12=0.9503 in?,
C:dc=13in, Mc=Rp (1)=10kip*in, Vc=Rp=10kip, Tc =7 kip*in
Ac=(m/4) 1.3 =1.327 in?,
Critical locations are at the outer surfaces where bending stresses are maximum, and at the
center planes where the transverse shear stresses are maximum. In both cases, there exists
the torsional shear stresses.
B: Outer surface:

=—Ft= 32(5)3 =38.26 kpsi, 7, :16Tf = 16(7)3 =26.78 kpsi
zd”  7(1.1) zd”  7z(1.1)

2 2
(TB)max :\/(%j +T§ =\/(¥j +26782 =329 kpSl

o) =Jor +37) =[38.26" +3(26.78) =60.1 kpsi

Center plane:

4v,  4(5) ,
(%) =32, = 3(0.9503) P

(z,)  =7,+(z;), =26.78+7.02=33.8 kpsi

oy =V3(z,). =+/3(33.8)=58.5 kpsi
C: Outer surface:
o, = 32M3C = 32(10)3 =46.36 kpsi, 7. = 16T§ = 16(7)3 =16.23 kpsi
rd' z(13) & x(13)

2 2
(76 ) :\/(%j +7; :\/(?j +16.23* =28.30 kpsi

ol = \Jol +322 =/46.36* +3(16.23) =542 kpsi

Center plane:

4y, 4(10)
(7} =34, ~301327)
(7). =7c+(7c), =16.23+10.05=26.28 kpsi
o =~3(7.). =~3(26.28)=45.5 kpsi

=10.05 kpsi
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(a) MSS Theory: Critical location is at point B at the center plane:
S, 238

n =—-=

" 2r, 2(338)

max

=352 Ans.

(b) DE Theory: Critical location is at point B at the outer surface:

S
n :—yzﬁzi% Ans.
Yol 60.1
5-48 XMo=0=40 Rc—30(575) +12(460) *‘ 460 Ibf 575 Ibf
Rc=293.25 Ibf 12 inT 18 in l 10 i
YXF,=0=Ro+293.25+460 — 575 1‘ T x
Ro=-178.25 Ibf Ea Re

Minax =2.9325 kip *in

V. (Ib)
32(2.9325 J ot
o= 32M‘3‘m = ( ) =29.87 kpsi ‘ 281.75
zd 7[(13)
16(1.5 = 1825 203 25
T= 167; = ( S )=7.64 kpsi B S293.25
zd 7[(1 ) M- (Ibf-in) 2037 5
2
@ 7, =\/(¥) +7.64% =16.78 kpsi 0
g -2139
n =—2—= >0 =1.49 Ans.

Y, 2(16.78)

(b) Eq. (5-15): &’ =[29.87% +3 (7.64)2]"2 = 32.67 kpsi

S
po=2r o0 s Ans.

Yo 3267

5-49 Given: AISI 1010 HR, n,=2,L=0.5m, F=150 N, T=25N'm
Table A-20, S, = 180 MPa.
M.=FL=150(0.5)=75N'm
32M, 32(75) 2400
O = 3 = 3 = 3
zd zd zd
16T 16(25) 400
rd’ d’ rd’

o ? ) 1200 ? 400 ? 40263 S 180(106)
— — _ _ Yy _
@) 7, =4 = | +t7° = —| + S| e ——
2 zd wd d 2n 2(2)

| 4(402.63)

o

T

173
] =0.0208 m=20.8 mm Ans.
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2 27! 6
S 180(10
®) G,:(JZHTZ)MZ (24030) +3(4ogj :795;14: v ( )
zd rd d n 2

y

173

2(795.14)
d=|——2| =0.0207 m=20.7 mm Ans.
180(106)

5-50 From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-79, in the plane of analysis
o1 =16.5 kpsi, o» =— 1.19 kpsi, and zmax = 8.84 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =16.5 kpsi, oo =0, and o3 = — 1.19 kpsi

S
MSS: From Eq. (5-3), n=—-2= >4

= =3.05 Ans.
o, — 0, 16.5—(—1.19)

Note: Whenever the two principal stresses of a plane stress state are of opposite sign, the
maximum shear stress found in the analysis is the #7ue maximum shear stress. Thus, the
factor of safety could have been found from

S
= >4 =3.05 Ans.
27, 2(3.84)

max

DE: The von Mises stress can be found from the principal stresses or from the stresses
found in part (d) of Prob. 3-79. That is,

Egs. (5-13) and (5-19)
S, S, 54

n= = J =

!

o' (o?-0,0,+0%)" 1657 —16.5(—1.19)+(—1.19)2T/2
=3.15  Ans.

or, Egs. (5-15) and (5-19) using the results of part (d) of Prob. 3-79

s, s, 54
n=;= 5 N R 2
(02 +3c%) " [1537+3(443)]
=3.15 Ans.

5-51 From Table A-20, S, = 370 MPa. From the solution of Prob. 3-80, in the plane of analysis
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o1 =275 MPa, o» = — 12.1 MPa, and znax = 144 MPa
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

01=275MPa, 0o =0, and o3 =— 12.1 MPa

S, 370

MSS: From Eq. (5-3), n= =
% (5-3) o,—o, 275-(-12.1)

=1.29 Ans.

DE: From Egs. (5-13) and (5-19)
i Sy 370

n=—= - ) L2
275 ~275(-12.1) +(-12.1) |

O_r 2 2 1/2
(O'A—UAO'B“FUB)

=1.32  Ans.

5-52

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-81, in the plane of analysis
o1 =22.6 kpsi, o» = — 1.14 kpsi, and znax = 11.9 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =22.6 kpsi, oo =0, and o3 = — 1.14 kpsi

S
MSS: From Eq. (5-3), n=—2>—-= >4 =2.27  Ans.
o,—o, 22.6—(-1.14)
DE: From Egs. (5-13) and (5-19)
S, S, 54

n= = =

!

o' (o?-o,0,+0%)" [22.62—22.6(—1.14)+(—1.14)2}
=233  Ans.

1/2

5-53

From Table A-20, S, = 370 MPa. From the solution of Prob. 3-82, in the plane of analysis
o1="78.2 MPa, o» =—5.27 MPa, and zmax = 41.7 MPa
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =782 MPa, o» =0, and o3 = - 5.27 MPa
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MSS: From Eq. (5-3), n=— > =370 _
: q. (5-3), n= = =4.43 Ans.
o,—o, 7182-(-527)
DE: From Egs. (5-13) and (5-19)
S S 370
n= —}’ = 5 24 i = T
o (oi-ouou+ay) [78.27-782(-5.27)+(-5.27)' |

=4.57  Ans.

5-54 From Table A-20, Sy = 54 kpsi. From the solution of Prob. 3-83, in the plane of analysis
o1 =36.7 kpsi, o» =— 1.47 kpsi, and zmax = 19.1 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are
o1 =36.7 kpsi, o» =0, and o3 =— 1.47 kpsi

54

S
MSS: From Eq. (5-3), n=—-+=

= =1.41  Ans.
o, — 0o, 36.7—(—1.47)
DE: From Egs. (5-13) and (5-19)
S, S, 54
R :_r: P ) 1/2 = 2 1/2
o (oi-ou0u+0y) [36.77-36.7(-1.47)+(-147)' |
=1.44  Ans.

5-55 From Table A-20, Sy, =370 MPa. From the solution of Prob. 3-84, in the plane of analysis
o1 =376 MPa, o» =—42.4 MPa, and znax =209 MPa
The state of stress is plane stress. Thus, the three-dimensional principal stresses are
o1 =376 MPa, o» =0, and o3 = — 42.4 MPa

S, 370

= =0.88  Ans.
o,—o, 376- (—42.4)

MSS: From Eq. (5-3), n=
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DE: From Egs. (5-13) and (5-19)

5, S, 370
h :_r: 2 2 1/2 = 5 1/2
o (oi-o.0,+0;) [376°-376(-42.4)+(-42.4) |
=0.93  Ans.

5-56 From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-85, in the plane of analysis
o1 =7.19 kpsi, o» =— 17.0 kpsi, and znax = 12.1 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =7.19 kpsi, o» =0, and o3 = — 17.0 kpsi

S, 54
MSS: From Eq. (5-3), n= =
o, — O, 7.19—(—17.0)
DE: From Egs. (5-13) and (5-19)
Sy S, 54

n=—= = ) L2
[7.19°=7.19(-17.0)+(~17.0)’ |

=2.23 Ans.

O_r 2 2 1/2
(GA -0 ,0, +O'B)

=2.51 Ans.

5-57 From Table A-20, Sy = 54 kpsi. From the solution of Prob. 3-87, in the plane of analysis
o1 = 1.72 kpsi, o» = — 35.9 kpsi, and zmax = 18.8 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are
o1 =1.72 kpsi, o» =0, and o3 = — 35.9 kpsi

54

S
MSS: From Eq. (5-3), n=—-+=

= =1.44  Ans.
o, — 0o, 1.72—(—35.9)
DE: From Egs. (5-13) and (5-19)
S, S, 54
h :_r: 2 2 1/2 = 5 1/2
o (oi-ouoytay) [1722-1.72(-35.9)+(-35.9)' |

=147  Ans.

5-58 From Table A-20, S, = 370 MPa. From the solution of Prob. 3-88,
Bending: o= 68.6 MPa, Torsion: 7z =37.7 MPa
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For a plane stress analysis it was found that zmax = 51.0 MPa. With combined bending
and torsion, the plane stress analysis yields the true zmax.

S
MSS: From Egq. (5-3), n=—"—= 370 _ 3.63  Ans.
2, 2(51.0)
DE: From Egs. (5-15) and (5-19)
S, S, 370
n=—"= Nz R N2
o (o3+35;)  [68.6°+3(37.7)]

=391 Ans.

5-59

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-90,
Bending: oc = 3460 psi, Torsion: 7c = 882 kpsi

For a plane stress analysis it was found that znax = 1940 psi. With combined bending and
torsion, the plane stress analysis yields the true zmax.

s, 54(10°)
MSS: From Eq. (5-3), n=—"—= =13.9  Ans.
2r,. 2(1940)
DE: From Egs. (5-15) and (5-19)
S, S, 54(10°)
n=—-= =
o' (oe+3e)" [3460° +3(882°)]
=143  Ans.

5-60

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-91, in the plane of analysis
o1 = 17.8 kpsi, o» = — 1.46 kpsi, and znax = 9.61 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =17.8 kpsi, o» =0, and o3 = — 1.46 kpsi

S
MSS: From Eq. (5-3), n=—->= >4

= =2.80  Ans.
o,—o, 17.8—(-1.46)
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DE: From Egs. (5-13) and (5-19)
Sy S 54

n=—= Y =

!

o' (o?-o,0,+0%)" 178 —17.8(—1.46)+(—1.46)2T/2
=291 Ans.

5-61 From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-92, in the plane of analysis
o1 =17.5kpsi, o» = — 1.13 kpsi, and znax = 9.33 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =17.5 kpsi, oo =0, and o3 = — 1.13 kpsi

S
MSS: From Eq. (5-3), n=—2>—-= >4 =290  Ans.
o,—o, 17.5-(-1.13)
DE: From Egs. (5-13) and (5-19)
s, s, 54

n=—= =

!

o' (o2-0,0,+02)" [17.52—17.5(—1.13)+(—1.13)2T/2
=298  Ans.

5-62 From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-93, in the plane of analysis
o1 =21.5 kpsi, o» = — 1.20 kpsi, and znax = 11.4 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =21.5 kpsi, o» =0, and o3 = — 1.20 kpsi

=2.38 Ans.

S, 54
MSS: From Eq. (5-3), n= =
o, — 0o, 21.5—(—1.20)

DE: From Egs. (5-13) and (5-19)
S S 54

Y y
n=—-= =

!

7 (oi-ow,ro;) 2157 -215(-120)+(-1.20) |
=244  Ans.

1/2
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5-63

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-94, the concern was failure
due to twisting of the flat bar where it was found that zmax = 14.3 kpsi in the middle of the
longest side of the rectangular cross section. The bar is also in bending, but the bending
stress 1s zero where 7max €xists.

S
MSS: From Eq. (5-3), n=—"—= 4 _ 1.89  Ans.
27, 2(14.3)
DE: From Egs. (5-15) and (5-19)
S S
n:—y: 4 = >4 =2.18 Ans.

o' (3r.)" [3(143)]"

5-64

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-95, in the plane of analysis
o1 =34.7 kpsi, o» =— 6.7 kpsi, and zmax = 20.7 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are
o1 =34.7 kpsi, o» =0, and o3 = — 6.7 kpsi

s, 54

MSS: From Eq. (5-3), n= = =1.30 Ans.
9653 o, — O, 34.7—(—6.7)
DE: From Egs. (5-13) and (5-19)
S, S 54
I’l=—},= 5 . 5\12 = 2 V2
o (oi-oop+ay) 347 -347(-67)+(-6.7) |
=1.40  Ans.

5-65

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-96, in the plane of analysis
o1 =51.1 kpsi, o» =—4.58 kpsi, and znax = 27.8 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are
o1 =51.1 kpsi, o» =0, and o3 = — 4.58 kpsi

s, 54

MSS: From Eq. (5-3), n= =
%(>3) o, — 0o, 51.1—(—4.58)

=0.97 Ans.
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DE: From Egs. (5-13) and (5-19)
Sy S 54

n=—= Y =

!

o' (o?-o,0,+0%)" 511 —51.1(—4.58)+(—4.58)2T/2
=1.01  Ans.

5-66

From Table A-20, S, = 54 kpsi. From the solution of Prob. 3-97, in the plane of analysis
o1 =59.7 kpsi, o» = — 3.92 kpsi, and zinax = 31.8 kpsi
The state of stress is plane stress. Thus, the three-dimensional principal stresses are

o1 =59.7 kpsi, o» =0, and o3 = — 3.92 kpsi

S
MSS: From Eq. (5-3), n=—2>—-= >4 =0.85  Ans.
o,—o, 59.7-(-3.92)
DE: From Egs. (5-13) and (5-19)
s, s, 54

n=—= =

!

o' (o?-o,0,+0%)" [59.7° —59.7(—3.92)+(—3.92)2T/2
=0.87  Ans.

5-67

For Prob. 3-95, from Prob. 5-64 solution, with 1018 CD, DE theory yields, n = 1.40.

From Table A-21, for 4140 Q&T @400°F, S, = 238 kpsi. From Prob. 3-98 solution which
considered stress concentrations for Prob. 3-95

o1 = 53.0 kpsi, o» = — 8.48 kpsi, and zmax = 30.7 kpsi

DE: From Egs. (5-13) and (5-19)

S, S, 238
n==—"= N R
o (oi-0.0,40;)  [53.0°-53.0(-8.48)+(-8.48) |
=4.12  Ans.

Using the 4140 versus the 1018 CD, the factor of safety increases by a factor of
4.12/1.40=294.  Ans.

5-68

Design Decisions Required:
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e Material and condition
e Design factor

e Failure model

e Diameter of pin

Using F' =416 Ibf from Ex. 5-3,

32M
O-max = 3
d

1
3
d:(32M]
o

max

Decision 1: Select the same material and condition of Ex. 5-3 (AISI 1035 steel, S, = 81
kpsi)

Decision 2: Since we prefer the pin to yield, set ns a little larger than 1. Further
explanation will follow.

Decision 3: Use the Distortion Energy static failure theory.

Decision 4: Initially set nqa =1

S S .
o =—=—=81000 psi
n, 1

d- (m} —0.922in
7(81000)

Choose preferred size of d =1.000 in

71 (81000)
o 32(15)
530

n=——-=1.27
416

=530 Ibf

Set design factor to n, =1.27

Adequacy Assessment:

s
O =— = 81000 _ 63 800 psi
n, 127
1
3
a=|32E1909 ¥ 4 56in 0K)
(63 800)
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#_ 7(1)'(81000)
o 32(15)

n=2Y_127 (0K
416

=530 Ibf

5-69 From Table A-20, for a thin walled cylinder made of AISI 1020 CD steel, Sy = 57 kpsi,

Sut = 68 kpsi.

Since r/t = 7.5/0.0625 = 120 > 10, the shell can be considered thin-wall. From the

solution of Prob. 3-106 the principal stresses are

pd __ p5) _
4t 4(0.0625)

0,=0,=

From Eq. (5-12)

’

1
2

Foryield, c’=S8, = 61lp =57(10°) = p =934 psi
For rupture, 61p=68 = p=1.11kpsi Ans.

=60p, o, =-p

1 , 5 512
loj =$|:(01—02) +(o,—03) +(G3_01)}

= [(60p—60p)* +(60p+ p)* +(~p—60p)* |~ =61p

Ans.

5-70  Given: AISI CD 1040 steel, n, =2, OD = 50 mm, ID =42 mm, L = 150 mm.

Table A-20, S, = 490 MPa
Atr=r;=21 mm, Eq. (3-51) gives

(o) = P4t 25421
s = P r—r’ Pos op
(O-r)max =D =03
Closed end, Eq. (3-52) gives
2 2
pr’  p(21)
o =—"—= =2397p =0
T 25 -ar Pi=
- 5.793p. —(-p.
@ £, ~ 90 S0P CR) 50,
2 2
S
= = 3397p =0
2ny 2(2)

(b) Eq. (5-12):

Shigley’s MED, 11" edition

=5.793 p, =0,

p;, =36.1 MPa Ans.
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2

490

=  5.883p, = - = p,=41.6 MPa Ans.

{ (5.793-2397) +(2.397+1) +(~1-5.793)’ r
p.=5.883p
s,
O'
n)’

5-71 Given: AISI 1040 CD steel, OD = 50 mm, ID =42 mm, L = 150 mm, p; = 40 MPa
Table A-20, S, =490 MPa
Atr=r;=21 mm, Eq (3- 51) gives

2
(o). =p o 4025 *2L 531 74 MPa =,
e rl—r’ 25° =217

(0, )max =-p,=-40 MPa =o,
Closed end, Eq. (3-52) gives

7’ 40(21
L 2( ) 9587 MPa ~o,
T 252212

- 231.74—(—-40
(a) ,[max — O-l 0-3 — ( )

o, =

=135.87 MPa

S
n =—*= 490 =1.80 Ans.

, {(0'1—02)2+(0'2—(73)2+(0'3—01)2]m

1/2
(231.74-95.87)" +(95.87 +40)’ +(—-40-231.74)’
= =2353 MPa
2
S
n :—y:ﬂ=2.08 Ans.
Yo' 2353

5-72  For AISI 1020 HR steel, from Tables A-5 and A-20, w = 0.282 1bf/in®, S, = 30 kpsi, and
v=0.292. Then, p = w/g = 0.282/386 Ibf-s*/in. For the problem, »; = 3 in, and r, = 5 in.
Substituting into Egs. (3-55), gives
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0282 w2[3+(;'292J[9+25+ 9(25)_1+3(0.292)r2}

" 386 r? 3+0.292
2 225 2 .
=3.006(10" )@ (34+—2—0.5699r j:F(r)a) (1)
r
o, =3.006(10") o’ (34—%’5—;/2) =G(r)e’ (2)
r

For the distortion-energy theory, the von Mises stress will be

1/2

o'=(0l~0,0,+0) =@ [F(r)~ F()G(r)+G*(r)] 3)

Although it was noted that the maximum radial stress occurs at 7 = (r,7: )"> we are more
interested as to where the von Mises stress is a maximum. One could take the derivative
of Eq. (3) and set it to zero to find where the maximum occurs. However, it is much
easier to plot o7w? for 3 <r <5 in. Plotting Eqgs. (1) through (3) results in

70

60

S~

50 S =

30

tan

----- radial
20

— — von Mises
10

-
- - -
- -

0

It can be seen that there is no maxima, and the greatest value of the von Mises stress is
the tangential stress at » = r;. Substituting » = 3 in into Eq. (1) and setting o’ = S, gives

1/2
30(103)
225

32

= =1361 rad/s

3.006(104)(34+ —0.5699(32)]

. 60w 60(1361)
27 27

=13 000 rev/min Ans.

5-73 Since v/t =1.75/0.065 =26.9 > 10, we can use thin-walled equations. From Egs. (3-53)
and (3-54),
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d =3.5-2(0.065)=3.37 in

o = Pdit])
2t
- 500(3.37+0.065) _ 11515 psi =13.2 kpsi
2(0.065)
= pd; _5003.37) _ 6481 psi = 6.48 kpsi
4t 4(0.065)

o, =—p, =—500 psi =—-0.5 kpsi

r

These are all principal stresses, thus, from Eq. (5-12),

1/2

o’ =L{(13.2—6.48)2 +[6.48—(-0.5)] +(—0.5—13.2)2}

N

=11.87 kpsi
i_ 46

o 11.87

n=3.88 Ans.

5-74 From Table A-20, S, =320 MPa

With p; = 0, Egs. (3-49) are

For the distortion-energy theory, the von Mises stress is

/ p2Y (. b Y]
o' =(c? oo +02) =c||1+Z | -1+ |[1-2Z |+
( t “r r) 2 2 2 2
4 1/2
:c(1+3b—4j
r

We see that the maximum von Mises stress occurs where 7 is a minimum at » = r;. Here,
o- =0 and thus 6’= - o; . Setting — 0; =S, =320 MPa at = 0.1 m in Eq. (1) results in

,_
|

e 2 p2 0157 -0.12

=3.6p,=320 = p =889 MPa  Ans.
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5-75 From Table A-24, S.: = 31 kpsi for grade 30 cast iron. From Table A-5, v=0.211 and
w = 0.260 Ibf/in’. In Prob. 5-72, it was determined that the maximum stress was the
tangential stress at the inner radius, where the radial stress is zero. Thus at the inner
radius, Eq. (3-55) gives

- =pw2(3+vj(2rf i 143y n2)= 0.260 aﬁ(““j 2(52)+32 _14+3(0.211) 3
8 3+v 386 8 3.211

=0.01471w2=31(103) = 1452 rad/sec

n=60(1452)/(27) =13 870 rev/min  Ans.

5-76 From Table A-20, for AISI 1035 CD, S, = 67 kpsi.

From force and bending-moment equations, the ground reaction forces are found in two

planes as shown.
=

13.‘-‘3 Ibf lll? Ibf
B C
A . - . D—x
Su T b.rl 6“
350 Ibf
xy plane
1451 Ibf
8" 8 6
A : D x
123 Ibf 328 Ibf
ol az plane

The maximum bending moment will be at B or C. Check which is larger. In the xy plane,
M, =223(8)=17841bf -in and M . =127(6) = 762 1bf -in.
In the xz plane, M, =123(8) =984 Ibf -in and M . =328(6) =1968 Ibf -in.
M, =[(1784) +(984)2]% =2037 Ibf -in
1

M, =[(762)* +(1968)*]2 = 2110 Ibf -in

So point C governs. The torque transmitted between B and C is 7= (300 — 50)(4) = 1000
Ibf-in. The stresses are
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16T 16(1000) 5093
T,.=—>= T =—7 Dsi
d d d

32M . 32(2110) 21492
O = = =
Y oxd’ rd’ d’

psi

For combined bending and torsion, the maximum shear stress is found from

2 1/2 P ) 1/2
o, ) 21.49 5.09 11.89 .
Tmax = + TXZ = 3 + 3 = 3 kPSI
2 2d d d

Max Shear Stress theory is chosen as a conservative failure theory. From Eq. (5-3)

s
=B 0T 0892 ns.
& 2(2)

5-77

As in Prob. 5-76, we will assume this to be a statics problem. Since the proportions are
unchanged, the bearing reactions will be the same as in Prob. 5-76 and the bending moment
will still be a maximum at point C. Thus

xy plane: M. =127(3) =381 Ibf -in

xz plane: M. =328(3) =984 Ibf -in

So
) 512 .
M, =[(381) +(984)’ | " =1055 Ibf -in
32M,  32(1055) 10746 . 10.75
0, = 3 3 ;3 PSI=—3
rd zd d d

kpsi

Since the torsional stress is unchanged,

~5.09

Xz 3

kpsi

For combined bending and torsion, the maximum shear stress is found from

2 1/2 P P 1/2
o, 2 10.75 5.09 7.40 )
Tinax = T | = | T = =—+ kpsi
2 2d d d

Using the MSS theory, as was used in Prob. 5-76, gives
S, 740 67

0w 2(2)

d=0.762 in Ans.
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5-78 For AISI 1018 HR, Table A-20 gives S, = 32 kpsi. Transverse shear stress is a maximum
at the neutral axis, and zero at the outer radius. Bending stress is a maximum at the outer
radius, and zero at the neutral axis.

Model (c¢): From Prob. 3-41, at outer radius,
o' =0 =17.8 kpsi
n= S—) = 32 =1.80
o 178
At neutral axis,

o' =377 =[3(3.4)" =5.89 kpsi

S
n=r o 32 543
o 5.89

The bending stress at the outer radius dominates. n=1.80  Ans.

Model (d): Assume the bending stress at the outer radius will dominate, as in model
(c¢). From Prob. 3-41,
o' =0 =25.5kpsi
S 32

n=—-=—"—=125  Ans.
o 255

Model (e): From Prob. 3-41,
o' =0 =17.8 kpsi
n :£:£=1.80 Ans.
o 178
Model (d) is the most conservative, thus safest, and requires the least modeling time.
Model (¢) is probably the most accurate, but model (e) yields the same results with less
modeling effort.

5-79 For AISI 1018 HR, from Table A-20, S, = 32 kpsi. Model (d) yields the largest bending
moment, so designing to it is the most conservative approach. The bending moment is
M =312.5 Ibf'in. For this case, the principal stresses are
_32M o 20
o, = — o, =0,=

Using a conservative yielding failure theory use the MSS theory and Eq. (5-3)

1/3
S, 32M S, 32Mn
0,—0; =— = T =— = d=
n d n 7Z'Sy
1/3
32(312.5)2.5
Thus, d= (—)3 =0.6291in .. Use d:H in  Ans.
72'(32)10 16
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5-80 When the ring is set, the hoop tension in the ring is equal to the screw tension.

2 2

rp. 7

_ i i 0
o, =5 1+—2
r—r r

1

The differential hoop tension dF at r for the ring of width w, is dF' = wo,dr . Integration
yields

2
r —r.

o 1

e w2 o

\N|° o
N—
$
Il
c\N g
| S

(3]
NS
VR
~
|
~ |e\’.\)
N

The screw equation is

T
F=— 2
" 0.2d @

From Egs. (1) and (2)

dF, = fprd0

fTw FJ~2;r 0

2z
F = wrdf = .
x IO fpz i 02dw1’; i

0

= 272fT Ans.

0.2d

5-81 7'=20 N-m, S, =450 MPa

(a) From Prob. 5-80, T=0.2 F;d
T 20

=02~ 0.2[6(10’3)}

= 16.7(103) N=16.7kN  Ans.

(b) From Prob. 5-80, F =wr; p;

3
p=t ot 167(10') =111.3(10°) Pa=1113 MPa  Ans.

wi - w; o [12(107) ][ (25/2)(107)]
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o r? D; ’?2+”02
(C) 0, = 21 p12(1+L] :(2—2
ey r_ ro=T
111.3(0.01252 + 0.0252)
= —185.5 MPa

0.025% —0.0125
o, =—-p,=-111.3 MPa

(d)

0,—-0, 0,—0,

Tmax
2 2

= 185.5-(-111.3) =148.4 MPa  Ans

o'= (0-/21 —0,0;+ 0-2)1/2

- [185.52 —(185.5)(~111.3) +(-11 1-3)2]1/2

=259.7 MPa  Ans.
(e) Maximum Shear Stress Theory

S
n=—=>—= 450 =1.52  Ans.
27, 2(148.4)

max

Distortion Energy theory

S
p=r 2 P00 s
o' 2597

Ans.
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5-82 The moment about the center caused by
the force F'is F'r. where r. is the effective
radius. This is balanced by the moment 125 umR
about the center caused by the tangential
(hoop) stress. For the ring of width w

25 mmR |'<_ Te _*‘{
i

To
Fr, :J- ro,wdr

7

2 2 a,
wp.r. T v | 5
gl I G U - [
il A -

2 2 2

wp.r ro—r r

r,= le 3 Q ! +l”021n—0
F(ro —rl.) 2

From Prob. 5-80, F = wr; p:. Therefore,

2 2
— o ! _o
== 2( 5 +r In J

r,=r "

1

<

For the conditions of Prob. 5-80, »; = 12.5 mm and r, = 25 mm

12.5 [252 ~12.5° 25
¢ 25-12.5°

+25°In—— [=17.8 mm  Ans.
2 12.5

5-83 (a) The nominal radial interference is hom = (2.002 — 2.001) /2 = 0.0005 in.

From Eq. (3-57),

s Frz—m(zez—f)]

P 2R’

B 30(106)0.0005 (1.52 —12)(12 —0.6252)
2(r) 1.5 -0.625

Inner member: p; =0, p, = p = 3072 psi. At fit surface r =R = 1 in,

} =3072 psi  Ans.

2 2
-7

1

R +77 (12 +0.625

Eq. (3-49): o, =—p~ Tt 3072) X902 1 7010 psi
% 3-49) =PR 12—0.6252j P

o-=—p=-—3072 psi
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Eq. (5-13):

o' = (aj ~0,0,+0; )1/2
= [(—7010)2 —(—7010)(—3072)+ (—3072)}1/2 = 6086 psi  Ans.
Outer member: p; = p = 3072 psi, p, = 0. At fit surface » =R =1 in,

2 2 2 2
72+ R _3072(1.5 +1

Eq. (3-49): e

]:7987 psi
or=—p=—3072 psi

Eq. (5-13):

y (2 5\1/2
o —(UA—O'AGB+O'A)

=[7987° ~7987(~3072)+ (-3072) ]~ =9888 psi  Ans.

(b) For a solid inner tube,

so(wﬁ)o-ooos{(l-sz—12)(12)

p= 2(13) 5 }=4167 psi  Ans.

Inner member: o;= 0, =—p =—4167 psi
P 5 V2
0":[(—4167) —(—4167)(—4167)+(—4167)} =4167 psi  Ans.

Outer member: p; = p = 4167 psi, p, = 0. At fit surface » =R = 1 in,

2L R 1.5 412 .
Eq. (3-49): Gt=pr"2+—Rz:4167 1;—+12 ~10834 psi

or=—p=—4167 psi

Eq. (5-13):

’

) 2 1/2
o —(UA —O'AGB-I—GA)

[10 834> ~10 834(~4167)+(—4167)] ~ =13 410 psi  Ans.
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5-84 From Table A-5, E =207 (10°) MPa. The nominal radial interference is dhom = (40 —
39.98) /2=0.01 mm.

From Eq. (3-57),

_ES [("f-RZ)(RZ—f:z)]

p 2R3 r2_ri2

o

207(103)0.01 (32.52 —202)(202 —102)
- 2(20°) 3257 —10°
Inner member: p; =0, p, = p = 26.64 MPa. At fit surface » =R = 20 mm,

] =26.64 MPa Ans.

= —44.40 MPa

R +7’ 20% +10°
Eq. (3-49): o, = 26,64 0
% (3-49) PR (202—102}

or=—p=-26.64 MPa

Eq. (5-13):

y 5 \1/2
o —(GA—O'A(')'B+(7A)

= [(—44.40)2 —(~44.40)(-26.64) + (—26.64)}1/2 =38.71 MPa  dns.

Outer member: p; = p = 26.64 MPa, p, = 0. At fit surface » =R = 20 mm,

r*+R? 32.5% +20?
Eq. (3-49): o=l TR 32.5°+20°
q- (3-49) (TP TR 32.5 - 20

o

26.64( j=59.12 MPa

or=—p=—26.64 MPa

Eq. (5-13):

' 2

> 1/2
G=(O‘A GAGB+UA)

=[59.12* ~59.12(~26.64) +(-26.64) ]~ =76.03 MPa  Ans.

5-85 From Table A-5, E =207 (10°) MPa. The nominal radial interference is dhom = (40.008 —
39.972) /2 =0.018 mm.

From Eq. (3-57),
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P=oR

207(103)0.018 (32.52 —202)(202 —102)
- 2(20°) 32.5% —10°
Inner member: p; =0, p, = p = 47.94 MPa. At fit surface » =R = 20 mm,

} =47.94 MPa Ans.

R —r> 20 —10

1

2 2 2 2
Eq. (3-49): o, ——pN ¥h__ 47.94(20—“02}:—79.90 MPa

or=—p=-—47.94 MPa

Eq. (5-13):
/2
o' :(O'f1 - 0,0, +O'i)l

1/2

=[ (~79.90)" ~(79.90) (~47.94)+ (—47.94) | " =69.66 MPa  Ans.

Outer member: p; = p = 47.94 MPa, p, = 0. At fit surface » =R = 20 mm,

>+ R 2.57+20°
Eq. (3-49): o, = plo TR _ 4794 325 120

lo T ~106.4 MPa
rP—R 32,57 - 20° j

or=—p=—47.94 MPa

Eq. (5-13):
2 —

, 2 172
o —(O‘A O'AO'B+O'A)

=[106.4° ~106.4(~47.94) +(-47.94)] " =136.8 MPa  Ans.

5-86 From Table A-5, for carbon steel, Es = 30 kpsi, and v = 0.292. While for E.; = 14.5 Mpsi,
and v; =0.211. For ASTM grade 20 cast iron, from Table A-24, S.; =22 kpsi.

For midrange values, 6= (2.001 — 2.0002)/2 = 0.0004 in.

Eq. (3-50):
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= - =2613 psi
2 2 2
R (2 Y §E) . (0 1!
14.5(10 ) 221 30(10 ) 1

At fit surface, with p; = p =2613 psi, and p, = 0, from Eq. (3-50)

2 Rz 22 12 .
UFP:UzJ_r—Rz:%B % =4355 psi

o

or=—-p=-—2613psi
From Modified-Mohr theory, Eq. (5-32a), since o4 > 0> op and | o /o4 | <1,

22

n=i=—=5-05 Ans.
o, 4355

5-87 E=207GPa
Eq. (3-57) can be written in terms of diameters,

_Es, {(dj _D*)(D? —df)} _207(10°)(0.062) {(502 —457)(45> —402)}
Tt @) 2(45) (507~ 40%)

p=15.80 MPa

Outer member: From Eq. (3-50),

_ 45°(15.80)
° 50" -45°

(0,),=0

Outer radius: (o,) (2)=134.7 MPa

2 2
Inner radius: (o, )i = 45502(1 5485(2)) (1 + 3(5)2 j =150.5 MPa
(0,), =—15.80 MPa

Bending (no slipping): 1= (x/64)(50* — 40*) =181.1 (10*) mm*
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At (o)) =My OPOOID 955000 pa=1932 MPa

I 181.1 (10-9)

| 675(0.045/2)

Atns (o =200 (107)

= J_r83.9(106) Pa =+83.9 MPa

Torsion: J = 2/ =362.2 (10°) mm*

Te  900(0.05/2
Atr: (rxy)0:7C:W:62.1(106)Pa:62.1MPa
Atr: (z,) —wzsw(loﬁ) Pa =55.9 MPa

3622 (107)

Outer radius, is plane stress. Since the tangential stress is positive the von Mises stress
will be a maximum with a negative bending stress. That is,

=-93.2 MPa, o, =134.7 MPa, 7, = 62.1 MPa

o'= (O'f -o.0,+ G§ +37}, )1/2
Eq. (5-15) L2
=[ (-93.2)" ~(-93.2)(134.7)+134.7° +3(62.1)" | =226 MPa
S
n,=— ﬂ—1 84  Ans.
o' 226
Inner radius, 3D state of stress %
-15.8 MPa
- — |~ /tsz.s MPa
150.5 MPa
From Eq. (5-14) with 7. = z, =0 and ox =+ 83.9 MPa
o' :%[(83.9—150.5)2 +(150.5+15.8)% +(—15.8 —83.9)> +6(55.9)2T/2 ~174 MPa

With o; = - 83.9 MPa

o' :%[<—83.9—150.5)2 +(150.5+15.8)" +(~15.8+83.9)* +6(55.9)* | =230 MPa
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S
——y—ﬂ=1.80 Ans.

e 230

5-88 From the solution of Prob. 5-87, p = 15.80 MPa

Inner member: From Eq. (3-50),

2 2 2 2
Outer radius: (g, ) = - ’;02 :,:2 . = —%(IS.SO) — _134.8 MPa

o 1

(0,), =—p=-15.80 MPa

I di _2r2 p —2(452) 15.80 150.6 MP
nner radius: (o, ) =——— =— .80) =-150. a
us: { l)’ rP-rt 0 457 —40° ( )

Bending (no slipping): 1= (x/64)(50* — 40*) = 181.1 (10*) mm*
Atr: (o)) = g Me [ 6750.08572) _ \¢39(10°) Pa =+83.9 MPa
oI 181.1 (107)

Atr: (o)) = iw=ﬂ4.5(106) Pa =+74.5 MPa
© 1811 (107)

Torsion: J = 2/ =362.2 (10°) mm*

(7o) = Tc 200004573 55.9(10°) Pa =55.9 MPa

AT, J 3622 (107)

Atr: ()= %m =49.7(10°) Pa =49.7 MPa

Outer radius, 3D state of stress

-15.8 MPa

‘\,f, \\/tss.s MPz

— 134.8 MPa

S

- y
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From Eq. (5-14) with 7. = z, =0 and oz =+ 83.9 MPa

-

- \E[(83.9+134.8)2 +(~134.8+15.8)> +(~15.8 —83.9)? +6(55.9)2]”2 =213 MPa

With o =— 83.9 MPa
o' :%[(—83.9“34.8)2 +(~134.8+15.8)° +(~15.8+83.9)° +6(55.9)* |~ =142 MPa

S
n, :—y:£=1.95 Ans.
o' 213

Inner radius, plane stress. Worst case is when o is positive

o, =745MPa, o0, =-150.6 MPa, 7, =49.7 MPa
Eq. (5-15)
o'= (0'5 -0,0,+0, +3Tf,y)l/2

1/2

74.5% —74.5(~150.6) +(~150.6)’ +3(49.7)2} =216 MPa

n, :—y:£:1.92 Ans.
o 216

5-89 For AISI 1040 HR, from Table A-20, S, =290 MPa.

From Prob. 3-124, pmax = 65.2 MPa. From Eq. (3-50) at the inner radius R of the outer
member,

2 2 2 2
LR 65220 T2 1087 MPa
1, —R 50°-25
o, =—p=-652 MPa
These are principal stresses. From Eq. (5-13)

0,=pP

1/2

o, =(0? -0, +0?) [108.72 —108.7(—65.2)+(—65.2)2T/2 ~152.2 MPa

S
nz—yzﬂzl.% Ans.
o 1522

o

5-90 For AISI 1040 HR, from Table A-20, S, = 42 kpsi.
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From Prob. 3-125, pmax = 9 kpsi. From Eq. (3-50) at the inner radius R of the outer
member,

PP+ R 2 +1 :

o,=p R =9 PERE =15 kpsi

o, =—p=-9 kpsi

These are principal stresses. From Eq. (5-13)

1/2

o, =(0? 0,0, +0?) [152 —15(—9)+(—9)2T/2 = 21 kpsi

5, _42_

o 21

!
o

2 Ans.

5-91 For AISI 1040 HR, from Table A-20, S, =290 MPa.

From Prob. 3-126, pmax = 91.6 MPa. From Eq. (3-50) at the inner radius R of the outer

member,
r’ +R? 50° +25°
o =pt—=9]1.6———"—=152.7 MPa
e 50> 25

o

o, =—-p=-91.6 MPa
These are principal stresses. From Eq. (5-13)

1/2

1/2
o, =(0? -0, +0?) [152.72—152.7(—91.6)+(—91.6)2J =213.8 MPa

S
_y:ﬂzl.% Ans.
213.8

n=

!
o

5-92 For AISI 1040 HR, from Table A-20, S, = 42 kpsi.

From Prob. 3-127, pmax = 12.94 kpsi. From Eq. (3-50) at the inner radius R of the outer

member,
7P+ R 22 +1° :
o, = pTRz = 1294ﬂ =21.57 kpSl

o, =—p=-12.94 kpsi
These are principal stresses. From Eq. (5-13)

1/2

1/2
o, =(0}~0,0,+07) [21.572—21.57(—12.94)+(—12.94)2} =30.20 kpsi
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S
n=2 2 139 s,
o 302

o

5-93 For AISI 1040 HR, from Table A-20, S, =290 MPa.

From Prob. 3-128, pmax = 134 MPa. From Eq. (3-50) at the inner radius R of the outer
member,
rl+ R 507 +25°
o, =p-—> =134———=223.3 MPa
TP TR T s o5
o, =—p=-134 MPa

These are principal stresses. From Eq. (5-13)

o

172

1/2
o, =(0} -0,0,+07) [223.32—223.3(—134)+(—134)2} =312.6 MPa

o

S
n:—yzﬂ=0‘93 Ans.
o 3126

o

5-94 For AISI 1040 HR, from Table A-20, S, = 42 kpsi.

From Prob. 3-129, pmax = 19.13 kpsi. From Eq. (3-50) at the inner radius R of the outer
member,

1P+ R 22 +1°

Ly

o

=31.88 kpsi

o, =—p=-19.13 kpsi
These are principal stresses. From Eq. (5-13)

1/2

1/2
o, =(02~0,0,+0%) [31.882—31.88(—19.13)+(—19.13)2} = 44.63 kpsi

S
2= 42 =0.94 Ans.
o' 44.63

o

5-95
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1/2
& {cosgi(sinzgcoszgsinz%ﬁtsinzgcoszgcoszﬁj }

27r 2 2
K (cosgi singcos Q] __K cosg(l *sin Q]
277 2 2 2 2zr 2 2

Plane stress: The third principal stress is zero and

o, K cos§(1+sin§j, o, = K, cosg(l—singj, o,=0 Ans.

27y N2y

Plane strain: Equations for o1 ando» are still valid,. However,

o, IV(O'I +02)=2v

5-96 For 8= 0 and plane strain, the principal stress equations of Prob. 5-95 give

KI
27

I
2xr

0, =0,= 2vo,

~N

(a) DE: Eq. (>-18) L[(Gl — 0 )2 +(0-1 - 2vo, )2 +(2VO'1 —0'1)2]1/2 =S

V2

y

or, o1—2voi=3Sy

For v=l, [1—2(lﬂo—1:S = o0,=35, Ans.
3 3 y y
(a) MSS: Eq. (5-3), with n =1 oo—-o3=8 = o -2vo=3S
1
V== = o, =3S Ans.
Y 3 y
2
G - o;=0,-8,=25, = o,==0,
2 0y, 0 3
371
Radius of largest circle

R:l(d1 —zal)zﬁ
2 3 6
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5-97

Given: a = 16 mm, K;. = 80 MPa- \/5 and S, =950 MPa

(a) Ignoring stress concentration

F = 8,4 =950(100 — 16)(12) = 958(10°) N =958 kN Ans.

(b) From Fig. 5-26: h/b=1, a/b=16/100=0.16, f=1.3
Eq. (5-37) K, = BoNra

80=13—_ [z(16)10"

100(12)

F=3294(10N=3294kN  Ans.

5-98

Given: a = 0.5 in, Kz = 72 kpsi-+/in and S, = 170 kpsi, Su =

ro=14/2="71in, r;=(14-2)2=61n

a__ 0.5 =05, '=§=0.857
r,—r. T— 7

o 1

|-~

Y

N

Fig. 5-30: A B24
Eq. (5-37): K, =pfoNwa = T12=240,/7(0.5)

Eq. (3-50) at r =7, =7 in:

4 2 2 2 2
vy =", 7 -6

192 kpsi

= 0=23.9kpsi

) 2
o =P 2) = 23_9:M(2) = p,=4315kpsi  Ans.
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