Chapter 5

5-1 § =350 MPa.

. _ S
MSS: gi-=S§/h = n=—"—=
' (0,-0,)

. I 2\V2 _( 2 2 2\V2
DE: 0'—(0'A—UAUB+0'B) —(ax—axay+ay+3rxy)

n=>
0.’

(8) MSS: i = 100 MPags = 100 MPagi = 0

n= 350 =3.5 Ans.
100- 0
DE: o' =(100F - 100(100y 100 = 100 MPa,n :% = 3.5Ans
(b) MSS: 01 = 100 MPag; = 50 MPagz = 0
n= 350 =3.5 Ans.
100- 0
. , 2 350
DE: o' = (100 — 100(50% 50 J*= 86.6 MPa, n= s 4.04Ans
2
© 0, 0020 [ 299 76y = a0, - 0w,
0,=140, 0,= 0,0,=- 40 MP:
MSS: n:izl.% Ans
140- (- 40)
DE: o'=[100 + §- 75)]”2 - 164 MPa, n=-0= 213 Ans
164
2
d) o,,0, = 502 751\/( 5(;’ 75] +(-50f =-11.0;- 114.0 MP
0,=0, 0,=-11.0,0,=- 114.0 MP
MSS: n=ﬂ=3.07 Ans
0-(-114.0)
DE: o' =[(-50)* - (-50)( 751+ € 75§+ 3¢ 50) 1*= 109.0 MP
n= ﬂ =3.21 Ans
109.0
2
© 0,0, :100; 201\/[ 10(; 2Cj +(-20)° =104.7, 15.3 MP
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0,=104.7,0,= 15.30,= 0 MP
350

MSS: n=———-=3.34 Ans
104.7- 0
1/2
DE: o' =100 - 10020y 20+ ¢~ 2§| = 98.0 MF
n= 350 =3.57 Ans
98.0
52 S =350 MPa.
S
MSS: ci-=S/h = n= y
(0,-0)
, 2 S S
DE: U:(Ui_JAJB+0-I§) :Fy = nZF):
: 350
(a) MSS: 0,=100 MPa,g,= 0= n= = 3.5 Ans
100-0
DE: n= 350 =39 Ans
[100” - (100)(100)% 1007
(b) MSS: 0,=100, g,=-100 MPa = n=i= 1.75 Ans
100- (- 100)
DE: n= 350 77 =2.02  Ans
[1002 ~ (100)¢ 100y (- 1o)ﬂ
_ _ _ _ 350 _
(c) MSS: 0,=100 MPa,0,= 0 = n= = 3.5 Ans
100-0
DE: n= 350 7> =4.04  Ans
[100° - (100)(50) 58]
_ 350
(d) MSS: 0,=100,0,=-50 MPa = n=——F——= 2.33 Ans
100- (-50)
DE: n= 350 7 =2.65  Ans.
[1002 ~ (100)¢ 50y (- 59)1
o _ _ 350 _
(e) MSS: ¢,=0, 0,=-100 MPa = n=——= 3.5 Ans
0-(-100)
DE: n= 350 =4.04 Ans.

[(-50)° - (-50)¢- 100)+ (- 109)2]”2

5-3  From Table A-20S, = 37.5 kpsi
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S
MSS: oi-s=§/h = n=—>—
' > (01_03)
' 2 2\¥2 2 2 2\V2
DE: o =(0’A—UAUB+0'B) =(ax -Ux0y+0'y+3fxy)

o
_ . 375
(a) MSS: 0,=25kpsi,0,=0 = n:ﬁf 15 Ans
DE: n= 37.5 5 =1.72 Ans
[ 25" - (25)(15)+ 15|
. _ L 375
(b) MSS: 0,=15kpsi,0,=-15 = n=——= 125 Ans
15— (-15)
DE: n= 375 o> =1.44 Ans
[152 ~ (15) 15+ (- 151
20 |( 20Y°
(© o, o, =Ei\/(7j +(-10Y = 24.1, - 4.1 kps
0,=24.1,0,= 0,0,=- 4.1 kps
MSS: n:L:LSS Ans
24.1- (-4.1)
DE: o =[202+ 3(—10?)]1/2 = 26.5 kpsi = n=312_ 142 Ans
' ' 265
2
(d) 04,0, = 122+ 151\/( 12; 15J +(-9) =17.77- 14.7 kps
0,=17.7,0,= 0,0,=- 14.7 Kkp:
MSS: nzizl.m Ans
17.7- 14.7)
DE: o' =[(-12f - (-12)5p 18+ 3¢ 9] = 28.1kp
nzﬁzl.SS Ans
28.1

2
(e) 0,,0, = 24 241\/( 24 213 +(—15)2 =-9, — 39 kps

2 2
0,=0,0,=-9,0,=-39 kps
MSS: n=£=0.96 Ans
0-(-39)
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DE: o' =[(-24)° ~(-24) (- 24 +(- 24"+ &- 1}51”2: 35.4 kp

n—ﬂs—l 06 Ans

35.4

5-4  From Table A-20S, = 47 kpsi.
MSS: gi-3=S§/h = n= Sy

(o0l
DE: 0"=(0§—0’A0'B+0)1/2=% = n %

(a) MSS: 0,=30 kpsi,o,= 0 = n=304—j: 1.57 Ans
DE: n=— 47 ~=157 Ans
[30° - (30)(30)+ 36 }
(b) MSS: 0,=30, 0,=-30 kpsi = n:L: 0.78 Ans
30- (-30)
DE: n= adl —=0.90 Ans

[302 ~ (30)¢ 30y (- 3()2}

(c) MSS: 0,=30kpsi,o,= 0 = n=—2"_ - 157 Ans
30-0
DE: n= all 77 =1.81 Ans
[30° - (30)(15)+ 18]
(d) MSS: 0,=0, 0,=-30 kpsi = n=L= 1.57 Ans
0-(-30)
DE: n= » all T =1.81 Ans.
|(-30)° - -30)¢ 15)+ (- 15” |
(e) MSS: g, =10, g,=-50 kpsi = n:L: 0.78 Ans
10- (-50)
DE: n= all 77 =0.84  Ans.

[(—50)2 — (-50)(10)+ 16]
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5-5 Note: The drawing in this manual may not be togt@e of original drawing. The
measurements were taken from the original drawing.

(@) MSS and DE: T3 (MPa)
n:%:ﬂ:3.51 Ans.
OA 1.41"
(b)
(b) MSS: '
:@:ﬁ:3.49 Ans
oCc 1.12"
o, (MPa)
DE:
_E_ﬂ_4l03 Ans
OoC 112
(c) MSS
—%—E—Z.OO Ans
OF 1.25
DE —%=@=2.29 Ans
OF 1.25
(d) MSS: nzg—&i:S.OS Ans,, DE:n:O—K—ﬁ—S 17 Ans
o 1.15" ol 1.15"
(e) MSS: n:O—M:&ﬁ:B.:’A Ans., DE:n:O—N:?"l:S.SG Ans.
oL 1.06" oL 1.06"
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5-6  Note: The drawing in this manual may not be togtae of original drawing. The
measurements were taken from the original drawing.

g (kpsi)

(@) oa = 25 kpsi,gs = 15 kpsi

MSS:
=% =—33;= 50 Ans
DE: ' 1"=10 kpsi
=%=—5'02 =1.72 Ans
OA 292" o, (kps)
(b) on = 15 kpsi,os = — 15 kpsi
MSS:
=%=—2'66 =1.25 Ans
ob 212"
- R
ZOF _305_ 144 Ans. -
Oob 212" (e)

2
(© o, o, :2—01\/[?) +(-10Y = 24.1,— 4.1 kps

2
MSS: n:O—H:ﬁzl.M Ans. DE: n:ﬂ:ﬁzlAZ ANs.
oG 243" OG 243"
2
d) o,.0,= 122+ 151\/( 12; 13 +(-97 =17.7- 14.7 MP
MSS —O—K—£:1.16 Ans. DE: n:g—ﬁ—l% Ans
0oJ 2.30" 0oJ 2.30"

2
© 0,0, = 24~ 241\/[_24; Zﬂ +(-15)° =-9, - 39 kps

2
MSS:n:O—N:ﬁ:O.% Ans. DE: nzﬁzﬁzl.% ANsS.
OM 4.00" OM 4.00"
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57 §=295MPagon =75 MPa,0s = - 35 MPa,

S
(@ n= ! = 295 =3.03 Ans.

(J/i — 0,0y +U§)1/2 [752 - 75(— 33 +(— 352]1/2

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

g (MPa)

n:%:@:S.Ol Ans,
OA 0.83"

295

1" =100 MPa

C"»

203 74 (MPa)
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5-8 § =295 MPaon =30 MPa,gs = - 100 MPa,

S
(@ n= Y = 295 =250 Ans.

(0i-0u0,+02)" [302-30(- 100+ (- 10§ |

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

o5 (MPa) P
" 295
n:% :& =3.01 Ans.
OA 0.83"
1" =100 MPa

O 595 04 (MPa)
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2
59 S =295MPag,, O =@i 100 +(-25f =105.9,- 5.9 MP
2 2

S
(@ n= ! = 295 =271 Ans.

(02-0,0,+02)" [105.9 - 105.4- 5.p+ (- 5.)@}”2

(b) Note: The drawing in this manual may not behi ¢cale of original drawing. The
measurements were taken from the original drawing.

g (MPa)
" 205
n=%=£= 2.71 Ans.
OA 1.06"

1" =100 MPa

& 505 G4 (MPa)
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2

S
@ n= ! = 295 =3.30 Ans.

(0i-0.0+02)" [(-387-(-3.9(- 91.3+(- 9LF |

2
510 S =295 MPag,,0, = —0 651\/( 3(; Gi +40F =-3.8- 91.2 MP.

(b) Note: The drawing in this manual may not behi ¢cale of original drawing. The
measurements were taken from the original drawing.

n=—="""=3.33 Ans. %5 (MPa)
OA ™ 0.90" s

1" =100 MPa

205 0y (MPa)
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2
511 S =295 MPag,,0, = oor 24 \/[ 80~ 3‘? +(-10)° = 30.9- 80.9 MP
2 2

S 295
(@ n= . = ==2.95 Ans.

(02-0,0,+a2)” [30.9 - 30.4- 80.p+(- 80.)@}1

(b) Note: The drawing in this manual may not behi $cale of original drawing. The
measurements were taken from the original drawing.

g (MPa) ’
" 295
n:%:@: 2.93 Ans.
OA 0.87"

1" =100 MPa

o 295 71 (MPa)

~_

5-12 S; =60 kpsi,Sc = 75 kpsi. Eq. (5-26) for yield is

-1
n= [ﬂ _&]
Syt SYC

. 25 0)"
(@ g,=25kpsi,og,=C = n= T =2.40 Ans.
-1
(b) 0,=15,0,=-15 kps = n:(é—g—%j =2.22 Ans.
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2
(€) g, o, :2—201\/(%)) +(-10Y = 24.1, - 4.1kps,

-1
24.1_ 4'1j =2.19 Ans.

g =2410,=0,0,=—-4.1kps > n=| ———=
' 2 s P (60 75

2
d) 0,0, = 122+ 15, \/( 12; 13 +(-9) =17.7~ 14.7 kps

0,=17.7,0,= 0,0,=— 14.7 kp:

-1
= —(E—iﬁ =2.04 Ans.
60 75

2
© 0,0, = 242 241\/( 24; 2? +(-15)° =-9, - 39 kps

-1
0,=0,0,=-9,0,=-39 kps = n:(g_—_ggj =192 Ans.
60 75

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

S (kpsi)
(@ o, =25, g, =15 kps 60
1" =20 kpsi 1 pl-®
n i -
:%=ﬁ=239 Ans P
OA 1.46" As
o .~ osi)
"""" Tl oy (kpsi
(b) 0, =15, g, =—15 kps 15 he”
S
n I \(b)
:@:&:2_23 ANns !
OoC 1.06" /
(© A
20 |( 20V’ ©
O, Og =—1= (—j +(-10Y = 24.1,— 4.1 kps
2 2
_ﬁzﬂ_zllg Ans
OE 1.22"
(d)
2
0010, = 122+ 15, \/( 12; 1? +(-9) =17.7- 14.7 kps
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=——=—-—=2.03 Ans
oG 1.15"
©
2
0. = 24 24i ( 24+ 24} +(_15)2 =9, - 39 kps
2 2
:g:ﬁzl_g?, ANns
ol 2.00"

5-14 Sinceg > 0.05, and&: # Sy, the Coulomb-Mohr theory for ductile materials Mo

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

-1 1
n= ﬂ_& :(@___Soj =1.23 Ans.
S, S 235 285

y yc

(b) Plots for Problems 5-14 to 5-18 are found hem@eNThe drawing in this manual
may not be to the scale of original drawing. Thesueements were taken from the

original drawing. |
Op (kpsi)

" 35
n=%=ﬁ=l.23Ans. .
OA 1.58" 1" =20 kpsi 1
- J s
o _ _ LG8 |
S FBss aalkps)
/ \ A (3-16)
i1 (5-14)
Gs 1C%
;1A
.
J -285
(5-17)

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

_1 _1
n= 9, _09s :(S_O_ﬂ)j =1.35 Ans.
S S 235 285

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

oD _2.14"
n=—- =

I % =75 2

= =——=1.35 Ans.
OC 1.58"
2
5-16 O,, O :%51\/(1725)) +(-75f =160, — 35 kps
(a) From Eq. (5-26),
-1 1
n= ﬂ_& = @___35 =1.24 Ans.
S, S, 235 285
(b) The plot for this problem is found on the pageReoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.
n:%:&:1.24 Ans.
OE 1.64"
2
5-17 O, Og = 802 1251\/[ 80; 125} +50° =-47.7,- 157.3 kp:
(@) From Eq. (5-26),
-1 1
n= [ﬂ _&J = [i_ _157'3j =1.81 Ans.
Sy S, 235 285
(b) The plot for this problem is found on the pageRoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.
n:O—H:&:1.82 Ans.
OG 1.64"
2
518 125+ 80, \/( 125 83 +(=75) = 180.8, 24.2 kp:

(@) From Eq. (5-26),
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. S 235 285

_1 _1
n:{ﬂ_&j :(@__Oj =1.30 Ans.
(b) The plot for this problem is found on the pageReoob. 5-14. Note: The drawing in
this manual may not be to the scale of originaliing. The measurements were taken
from the original drawing.

5-19 Si =30 kpsi,Sic = 90 kpsi

BCM: Egs. (5-31), p. 250
MM: see Egs. (5-32), p. 250

(@) on = 25 kpsi,os = 15 kpsi

MM: Eq. (5-33), n=i=ﬂ)=1.2 Ans.
o, 25

(b) on = 15 kpsi,os =-15 kpsi,

-1
BCM: Eq. (5-38), n=| 2-"1°) ~15 ans.
30 90

MM: oa202 g, and |os/oa|< 1, EQ. (5-32a),n:i:f—(5): 2.0 Ans.
UA

2
(©) g, O :g)i\/(%oj +(-10Y = 24.14,- 4.14 kp

2
-1
BCM: Eq. (5-3D), n:(24—'14—ﬂ4) =1.18 Ans.
30 90

: _Sy - 30 _

MM: 0pn=202= 0, and |os/oa|< 1, Eq. (5-32), n=—L=——=1.24 Ans
o, 2414
2
d o, o, = 152+ 101\/( 15; 1(j +(~15} = 17.03,~ 22.03 kp
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BCM: Eqg. (5-3b), n=
9. (5-3b) ( <

17.03 -22.0

90

MM: opo=02 g, and |os /oa| =2 1, Eq. (5-3B),

n:[(%c—&t)ra_ﬁrz
SJC

SieSi

-1
3 =1.23 Ans.

F90—3ql7035220

90(30)

-20- 20
+

-20+ 2

|

BCM: Eq. (5-3%), n= - =

B

(€) O, 0=

2 2

MM: Eq. (5-32), n=-k =
UB

90
-35

-——=2.57 Ans.

—ﬂ =2.57 Ans.

-1
3 =1.60 Ans.
90

2
(3 +(-15Y =-5, - 35 kps

(@ on = 25,08 = 15 kpsi

BCM & MM:
_O0B _1.74"

n= =
OA 1.46"
(b) oa = 15,05 = - 15 kpsi

=1.19 Ans.

-90

1 in= 20 kpsi

5-20 Note: The drawing in this manual may not be togtae of original drawing. The
measurements were taken from the original drawing.

5 (kps1)

30

,B(ﬁ)

30
a, (kpsi)

BCM: n=%=@=15 Ans
OD 1.06"
MM: —%—E—Z.O ANns
OC 1.06
20 | 20\
(C) Op 03_71\/(7j +(_10)2
=24.14, - 4.14 kps
BCM: nzﬁz%zl.w Ans.
OF 1.22"
MM: :ﬂzﬁzl 25 Ans
OF 1.22

Shigley's MED, 18 edition

?,
. "-g -
. !i)g(t)

-90

M
@)
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2
d o, o, = 152+10¢\/( 15; 1‘3 +(~15} = 17.03,~ 22.03 kp
BCM: n=g=ﬂ=1.24 Ans
ol 1.39"
MM: =%:ﬁ:1 61 Ans
o 1.39"
2
© o, 0= 22 ZOtJ[ = 2() +(~15f =5, - 35 kps
BCM and MM:n:O—M:ﬁ:Z.W ANs,
oL 1.77"

5-21

From Table A-245; = 31 kpsi,S,c = 109 kpsi
BCM: Egs. (5-31), MM: Egs. (5-32)

(@) on = 15,08 = 10 kpsi.

A

MM: Eg. (5-32), n:i:f—;

A
(b), (c) The plot is shown below is for Probs. 5-21 to%{%ote: The drawing in this
manual may not be to the scale of original drawifftge measurements were taken from
the original drawing. f

=2.07 Ans.

1" =20 kpsi % (kpsi) r
3] .-
BCM and MM: | Bl .5-21)
| A7
-109 0 - 31
_%_&6"_ 07 Ans [ S | N I -L._FA\ UA(I\—PSI)
OA ™ 0.90 iy T e
IRE
VL
11 Sy
R FHEEE)
!‘ - [/E(5-22)
', -
,' -k
Lo f 109
(5-24)

5-22 S =31 kpsi,Sc = 109 kpsi

Shigley's MED, 18 edition
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BCM: Eq. (5-31), MM: Egs. (5-32)

(a) on=15,06=-50 kpSi,|JB /UA | >1

-1
BCM: Eq. (5-3b), n=(£3—ﬂ)j =1.06 Ans.
31 109
(S.-S,)o * [(100-3) 15 -50]"
MM: Eq. (3-33), n=| e ~w)% _Ts | _ a =1.24 Ans.
SeS« Se 109(3) 109
(b), (¢) The plot is shown in the solution to Prob. 5-21.
BCM —@—&:1.07 Ans
oc 2.61"
MM —%—ﬁzl.% Ans
OoC 261

5-23 From Table A-24S5; = 31 kpsi,S,c = 109 kpsi

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

2
O, O 15, (Ej +(-10Y = 20, - 5 kps
2 2
-1
(a) BCM: Eq. (5-3d), n=(§——5j =1.45 Ans.
31 109

MM: Eq. (5-32), n:i:3—1:1.55 Ans.
o, 20

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

BCM: n=%=£=1.44 ANs.
OF 1.03"

MM —O—H—@—l.% ANns
1.03"

5-24 From Table A-245; = 31 kpsi,S,c = 109 kpsi

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

2
g, Oy = 102 251\/( 12 Zi +(-10Y =-5, — 30 kps
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(@) BCM: Eq. (5-3%),n= —i—@—S 63 Ans.
o, -30

B

MM: Eq. (5-32), n:—i:—ligzs.GB Ans.
g, -30

B

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

BCM and MM: n=—=—"—"—"=3,
ol 1.52"

5-25 From Table A-245; = 31 kpsi,S,c = 109 kpsi

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

2
O, O, = 352+ 13, \/( 35; 1j +(-10¥ = 15, - 37 kps

(E’ —37j =1.21 Ans.
31 109

MM: Eq. (5-32), n_|:(shc Sht) ﬁ:|_ ={(109_ 3]) 15_ —37] —146 Ans.
SeS Se 109(3) 109

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

() BCM: Eq. (5-3D),

BCM: n:gzﬁzl.Zl Ans.
OK 2.00"

MM: n:ONI £—146 Ans,
OK 2.00"

5-26 S; =36 kpsi,Sc = 35 kpsi
BCM: Eqg. (5-31),
(@ oa=15,08 =-10 kpsi.

-1
—(E—ﬁj =1.42 Ans.

BCM: Eg. (5-3b), n=
- ) 36 35
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(b) The plot is shown below is for Probs. 5-26 to 5486te: The drawing in this manual
may not be to the scale of original drawing. Theasueements were taken from the

original (()1I;,<';1wilng.8 ) g (kpsi)
n:ﬁ:mlzl.42 Ans. 36
' 1" =20 kpsi
N b & (5-30)
—35 O —o— Ta ‘
T N oE B o4 (kpsi)
T Nl 62
3 C ah (5:26)
G ? \
o (5-27)
H'| 735
(5-29)
5-27 t = 36 kpsi,S,c = 35 kpsi

BCM: Eq. (5-31),

(@ on= 15,05 =15 kpsi.

-1
BCM: Eq. (5-3b), n:(g——ﬁj =1.42 Ars.
36 35

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

—@—ﬁzlAZ AnNs,

n= =
OC 0.90"

5-28 t = 36 kpsi,S,c = 35 kpsi

BCM: Eq. (5-31),

2
@) o, oy =12, (1—2j +(-8F =16, — 4 kps
2 2
-1
BCM: Eq. (5-3b), n=(E——4j =1.79 Ans.
36 35

(b) The plot is shown in the solution to Prob. 5-26.
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=—=——-=1.79 Ans
OE 0.82"
5-29 Sy = 36 kpsi,.Sc = 35 kpsi
BCM: Eq. (5-31),
2
@ o, 0,= 102 151\/( 1(; 1? +10° =-2.2, - 22.8 kps
: __ 35 _
BCM: Eq. (5-3%), n= —73—1.54 Ans.
(b) The plot is shown in the solution to Prob. 5-26.
:% :ﬁ =1.53 Ans.
OG 1.15
5-30 t = 36 kpsi,§c = 35 kpsi
BCM: Eq. (5-31),
2
@ o, 0, = 152+ 81\/( 152' 8) +(~8)" = 20.2, 2.8 kp:
_ 36
BCM: Eq. (5-3h), n=——=1.78 Ans.
20.2
(b) The plot is shown in the solution to Prob. 5-26.
_OJ_182 =1.78 Ans
ol 1.02"
5-31 t = 36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32). For this problemlyMeduces to the

MNS theory.
(& on=15,08 =-10 kpsi. Eq. (5-3@, n :ﬁ :i’—g =2.4 Ans.
o

(b) The plot on the next page is for Probs. 5-31 85Note: The drawing in this manual
may not be to the scale of original drawing. Theasueements were taken from the
original drawing.
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n=—="""=2.43 Ans. g (kpsi)
OA 0.90" 36
1" =20 kpsi |
] / &/ (5-30)
—35 O  _—~ o~ 136 .
| | T : L-9E T - 0y (kpst)
. \G-{ B e £ 17
T \@ : (3-33)
4 CT N
, "4 B
(T‘fi \ ;‘('-?1)
- - D
g 735
(5-29) (5-32)

5-32 t = 36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtuces to the
MNS theory.
(@) oa=10,05 =- 15 kpsi. Eq. (3-32b) is not valid and must use(BeB2c),

n= —i:—ﬂ =2.33 Ans.
O, -15
(b) The plot is shown in the solution to Prob. 5-31.
n:O—Dzﬁz 2.33 Ans.
OoC 0.90"

5-33 S =36 kpsi,Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtuces to the
MNS theory.

2
(&) g, O =1—221 (132) +(-8F =16, — 4 kps

nzi:ﬁ:Z.ZS Ans,
o, 16

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

5-34 Sy = 36 kpsi,.Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtluces to the
MNS theory.
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2
@ o, 0,= 102 151\/( 12 15) +10° =-2.2, - 22.8 Kp:

n=—e=_ 3% 154 Ans.
o, 228

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

5-35 Sy = 36 kpsi,.Sc = 35 kpsi. MM: Use Eq. (5-32).For this problem, Mbtluces to the
MNS theory.

2
@ o,, o, = 152+ 8, \/( 152' 8) +(~8)" = 20.2, 2.8 kps

n:i:ﬁzl.m ANs.
g, 20.2

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

5-36 Given: AISI 1006 CD steeF, = 0.55 kN,P = 4.0 kN, andl = 25 Nm. From Table A-20,
S =280 MPa. Apply the DE theory to stress eleménasidB

_ _ 4P _ 4(4)10
A 0T 71{(0.018)
_16T 4V _ 16(2§ _ 4{ 0.55(16)

YT 3 n(0.018) " 3| (7/4)0.018

:22.6(16) Pa= 22.6 MP

]=41.9( 16) Pa 41.9 MF
o'=[226+4 41.9)}”2 = 76.0 MP

n =@ =3.68 Ans.
76.0

_32Fl 4P _32(05516( 0y, 4y 10
o, = + = +
o omd® md® 72(0.018)  7(0.018)

=189(10) Pa= 189 MP

_ler _ 16(29 _
Ty= 5= 7{0.015] =37.7(16) P& 37.7 MF
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o'=(0?+3r2)" =[18¢+ { 37.9) " = 200 WP

5-37 From Prob. 3-44, the critical location is at thp bf the beam at= 27 in from the left
end, where there is only a bending stresgaf- 7 456 psi. Thusg’= 7 456 psi and

(S)min =N0’ = 2(7 456) = 14 912 psi

Choose$)min = 15 kpsi  Ans.

5-38 From Table A-20 for 1020 CD sted, = 57 kpsi. From Eq. (3-42), p.116,

63 02H
n

T 1)

wheren is the shaft speed in rev/min. From Eq. (5-3) tfe MSS theory,

S, 16T
e 2n,  m?®

(2)

whereny is the design factor. Substituting Eq. (1) inta &) and solving fod gives

; :{32(63 OZE)Hnd} )
n7zs,

SubstitutingH = 20 hp,ng = 3,n = 1750 rev/min, an&, = 57(10) psi results in

1/3
= A 2RI 75510 ans,
17507( 57 10

5-39 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-68, in fhene of analysis
01 = 16.5 kpsi,ce = - 1.19 kpsi, andmax = 8.84 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses ar

o1 = 16.5 kpsi,o = 0, andgz = — 1.19 kpsi
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S
MSS: From Eq. (5-3), n=—~ o4

= =3.05 Ans.
o,-o0, 16.5-(-1.19

Note: Whenever the two principal stresses of ag@kiress state are of opposite sign, the
maximum shear stress found in the analysis isrtleemaximum shear stress. Thus, the
factor of safety could have been found from

_ S _ 54
n= =
2r,.. 2(8.89

DE: The von Mises stress can be found from the grai@tresses or from the stresses
found in part (d) of Prob. 3-68. That is,

=3.05 Ans.

Egs. (5-13) and (5-19)

_S, S, B 54
n_;_ B o\U2 172
(UA ~O0n0g +JB) [16.52 - 16.5(— 1.19+(— l.l)é}
=3.15 Ans.

or, Egs. (5-15) and (5-19) using the results of @grof Prob. 3-68

n :i = Sy = 54
o (o*+3r)" [15.3+ 9 4.48)]"
=315 Ans.

5-40

From Table A-20S, = 370 MPa. From the solution of Prob. 3-69, inglane of analysis
o, =275 MPao, =—12.1 MPa, andmax= 144 MPa
The state of stressptane stress. Thus, the three-dimensional principal stresses are
o1 =275 MPag; = 0, andos = - 12.1 MPa

370

S
MSS: From Eq. (5-3)n=—-~

= =1.29 Ans.
o,-og, 275-(-12.}
DE: From Egs. (5-13) and (5-19)
_S _ S, _ 370
n=—= B 2 T 1/2
T (0a-0,0+03) [275 - 274~ 12+ (- 121
=132 Ans.
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5-41 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-70, in fhene of analysis
01 = 22.6 kpsi,os =— 1.14 kpsi, andmax= 11.9 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 22.6 kpsio, = 0, andgs = — 1.14 kpsi
. _ S 54 _
MSS: From Eg. (5-3)n= = =227 Ans.
o,-0, 22.6-(-1.19
DE: From Egs. (5-13) and (5-19)
n=—= vz 1/2
I (0hi-0,0s+03) " [22.6-22.8- 10p+ (- LIY]
=2.33 Ans.
5-42 From Table A-20S, = 370 MPa. From the solution of Prob. 3-71, inplaene of analysis
01 = 78.2 MPag, = - 5.27 MPa, andnax= 41.7 MPa
The state of stressptane stress. Thus, the three-dimensional principal stresses ar
01 =78.2 MPag; = 0, andos = - 5.27 MPa
S
MSS: From Eq. (5-3)h=—2—= 370 =4.43 Ans.
0,-0, 78.2-(-5.2]
DE: From Egs. (5-13) and (5-19)
_S, S, _ 370
n=—= 2 T 1/2
7 (0h-0u0+0;) [78.2 - 78.4- 5.2+(- 597 ]
=457 Ans.
5-43 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-72, in thenpe of analysis

01 = 36.7 kpsi,s =— 1.47 kpsi, andmax = 19.1 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are

o1 = 36.7 kpsi, = 0, andgz = — 1.47 kpsi
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S, _ 54

MSS: From Eq. (5-3)h = = =1.41 Ans.
- 53) o,-0, 36.7-(-1.47
DE: From Egs. (5-13) and (5-19)
.S _ S, 54
TR 1/2
7 (0%-0,0,+0%) [36 7-36.9- 1.4V+(- 1. 4)?]
=1.44 Ans.

5-44 From Table A-20S, = 370 MPa. From the solution of Prob. 3-73, inglene of analysis
o1 = 376 MPag, = - 42.4 MPa, andyax= 209 MPa
The state of stressptane stress. Thus, the three-dimensional principal stresses are
o1 = 376 MPa; = 0, andos = — 42.4 MPa
S
MSS: From Eq. (5-3)h=—2—= 370 =0.88 Ans.
o,-0, 376-(-424
DE: From Egs. (5-13) and (5-19)
.S S, 370
-~ 7z -
g (03-0,0,+0%) [3762 37q- 42.3+(- 42 )i}
=0.93 Ans.
5-45 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-74, in thenpe of analysis

o1 = 7.19 kpsi,, =— 17.0 kpsi, andmax= 12.1 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are

o1 = 7.19 kpsi, = 0, andgz = - 17.0 kpsi
S _ 54

MSS: From Eq. (5-3)n = = =223 Ans.
- &3) o,-og, 7.19-(-17.0
DE: From Egs. (5-13) and (5-19)
S S 54
n= _); = 2 s 2 1/2 1/2
d (UA T 003 +UB) [7 19 - 7. lq 17. 9)+ 17ﬁ}
=251 Ans.
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5-46

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-76, in fhene of analysis
o1 = 1.72 kpsi,gs = — 35.9 kpsi, andmax = 18.8 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 1.72 kpsi,oz = 0, andogs = — 35.9 kpsi

S, 54

MSS: From Eq. (5-3)nh= =
- 53) o,-0, 1.72-(-359

=1.44 Ans.

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

(2-0,0,+02)" [1.722—1.71— 35.9+ (- 35.)@}
=147 Ans.

1/2

n:i:
o

5-47

From Table A-20S, = 370 MPa. From the solution of Prob. 3-77,
Bending: gz = 68.6 MPa, Torsionzg = 37.7 MPa

For a plane stress analysis it was found that= 51.0 MPa. With combined bending
and torsion, the plane stress analysis yieldsrtieertax.

S
MSS: From Eq. (5-3)n=—2—= 370
2r,.. 2(51.0

max

=3.63 Ans.

DE: From Egs. (5-15) and (5-19)
S, S, _ 370
0_’

(o3 +3r2)" [68.6+ 4 37.7)]
=3.91 Ans.

n

1/2

5-48

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-79,
Bending: o = 3460 psi, Torsionzc = 882 kpsi

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

s, _54(10)
MSS: From Eq. (5-3)h=—2-= =13.9 Ans.
21,  2(1949

max
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DE: From Egs. (5-15) and (5-19)

S, S, 54(1G)
n=—-= vz 1/2
o (oi+3Z)" [3460 + { 882)]
=143 Ans

5-49 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-80, in fhene of analysis
01 = 17.8 kpsi,oz = — 1.46 kpsi, andmax = 9.61 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 17.8 kpsi,o = 0, andgz = — 1.46 kpsi

S
MSS: From Eq. (5-3)h=—2—= o4 =2.80 Ans.
o,-0, 17.8-(-1.49

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

(02-0,0, +a2)" [1782 17.4- 1.4p+(- 14)é]
=291 Ans.

n=

Q|»

5-50 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-81, in thenpe of analysis
o1 = 17.5 kpsi, = - 1.13 kpsi, andmax = 9.33 kpsi
The state of stresspbane stress. Thus, the three-dimensional principal stresses are
o1 = 17.5 kpsi = 0, andgz = - 1.13 kpsi

S
MSS: From Eq. (5-3)h=——= o4 =290 Ans.
o,-0, 17.5-(-1.13

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

(0§—0A08+0§)12 [17.8-17.4- 1.1p+(- J)éT'z

=2.98 Ans.

n=

Q|
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5-51 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-82, in fhene of analysis
o1 = 21.5 kpsi,gs = - 1.20 kpsi, andmax = 11.4 kpsi
The state of stress pbane stress. Thus, the three-dimensional principal stresses ar
o1 = 21.5 kpsi,o = 0, andgs = — 1.20 kpsi
S
MSS: From Eq. (5-3)n=—2—= o4 =2.38 Ans.
o,-0, 21.5-(-1.20
DE: From Egs. (5-13) and (5-19)
S, S, 54
n=—= vz = 12
7 (0i-0,0:+03) " [218-214- 1.2p+(- 1.9
=2.44 Ans.

5-52 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-83, theaa@n was failure
due to twisting of the flat bar where it was fouhdt 7.« = 14.3 kpsi in the middle of the
longest side of the rectangular cross section.bEnes also in bending, but the bending
stress is zero whermgax exists.

S
MSS: From Eq. (5-3)h=—2—= o4 =1.89 Ans.
21, 2(14.3

DE: From Egs. (5-15) and (5-19)

S S

n=—2= L= >4 5=2.18 Ans.
o (3z,) 3(14.3)]
5-53 From Table A-20S, = 54 kpsi. From the solution of Prob. 3-84, in phene of analysis

01 = 34.7 kpsi,gz = — 6.7 kpsi, andimax = 20.7 kpsi
The state of stress|gane stress. Thus, the three-dimensional principal stresses ar

o1 = 34.7 kpsig = 0, andgz = — 6.7 Kpsi

S
MSS: From Eq. (5-3)n=—~ >4

= =1.30 Ans.
o,-0, 34.7-(-6.1) "
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DE: From Egs. (5-13) and (5-19)
S, 54

(0i-0u0s+02)" [347-347- 67+(- 6]
=140 Ans.

1/2

=S
o

5-54

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-85, in iene of analysis
01 = 51.1 kpsi,g> = — 4.58 kpsi, andmax = 27.8 kpsi
The state of stresspgane stress. Thus, the three-dimensional principal stresses ar

o1 = 51.1 kpsi, = 0, andgs = — 4.58 kpsi

S
MSS: From Eq. (5-3)h=—2—= o4
o,-0, 51.1-(-4.59

=097 Ans.
DE: From Egs. (5-13) and (5-19)
S, _ 54

(03-0,05+02)" 51.2-51.0- 45p+(~ 458
=1.01 Ans.

n :i =
0_: 1/2

5-55

From Table A-20S, = 54 kpsi. From the solution of Prob. 3-86, in tiene of analysis
01 = 59.7 kpsi,g, = — 3.92 kpsi, andmax = 31.8 kpsi
The state of stress|pgane stress. Thus, the three-dimensional principal stresses ar
o1 = 59.7 kpsi, = 0, andgs = — 3.92 kpsi

Sy 5 4

MSS: From Eq. (5-3),n= = =0.85 Ans.
0,-0, 59.7-(-3.92
DE: From Egs. (5-13) and (5-19)
S S 54
n :;): = 2 > 2 1/2 = 1/2
(03-0,05+ %) [59.7 - 59.1- 3.9p+(- 3.9
=0.87 Ans.

Shigley's MED, 18 edition Chapter 5 Solutions, Page 31/52



5-56 For Prob. 3-84, from Prob. 5-53 solution, with 8@D, DE theory yieldsn = 1.40.

From Table A-21, for 4140 Q&T @40B, S, = 238 kpsi. From Prob. (3-87) solution
which considered stress concentrations for Prad@# 3-

o1 = 53.0 kpsi,cz = — 8.48 kpsi, andmax = 30.7 kpsi

DE: From Egs. (5-13) and (5-19)
S, 238

(0i-0u0,+02)" [53.0 - 53.q- 8.ap+ (- B.48]
=412 Ans.

n=

1/2

Q|»

Using the 4140 versus the 1018 CD, the factor ofsaieteases by a factor of
4.12/1.40 = 2.94. Ans.

5-57 Design Decisions Required:

* Material and condition
» Design factor

» Failure model

» Diameter of pin

UsingF = 416 Ibf from Ex. 5-3,

32M
amax = 7Td3

1
3
d:(szmj
JIO

max

Decision 1: Select the same material and conditidxo5-3 (AISI 1035 steel, = 81
kpsi)

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

Decision 3: Use the Distortion Energy static failuredry.

Decision 4: Initially sehg = 1

— Sy — Sy —
o, ———T—81000 ps

max

Ny

d= (M)T =0.922in
7781 000)

Shigley's MED, 18 edition Chapter 5 Solutions, Page 32/52



Choose preferred size df=1.000 in

£ _ 711’ (81000)_
32(15)
530

n=——=1.27
416

530 Ibf

Set design factor ta, =1.27

Adequacy Assessment:

S
- :—V:M:63800 psi
ng 1.27
1
3
71(63 800)
3
F =70 (B1000)_ o5 ¢
32(15)
n=>30_1 97 (oK)
416

5-58 From Table A-20, for a thin walled cylinder madeAdSI 1020 CD steelS, = 57 kpsi,
Sit = 68 kpsi.

Sincer/t = 7.5/0.0625 = 120 > 10, the shell can be consdi#rin-wall. From the
solution of Prob. 3-93 the principal stresses are

0,=0,=—=————=60p, oO,=-p
From Eq. (5-12)

,_ 1 2 2 22
o _E[(Ul_az) +(0,-0Y) +(0_3_0-1)]

:%[(60p—60p)2+ (6G+pF+ tp- 60 3] = 6p

Foryield, 0'=S, = 61p =57 (16) = p =934 psi Ans.
For rupture,61lp=68 = p=1.11kpsi Ans
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5-59 For AlISI 1020 HR steel, from Tables A-5 and A-20s 0.282 Ibf/irf, S, = 30 kpsi, and
v=0.292. Thenp= wlg = 0.282/386 IbE/in. For the problent; = 3 in, and, = 5 in.
Substituting into Egs. (3-55), p. 129, gives

o = 0.282&)2( 3+ 3.293{% 55, 9(25) 1+ g 0.29%}

' 386 r? 3+ 0.292
. 225 .
=3.004 10 )af( 34 =2-- 0.56992]:F(r)w (@
o, =3.006( 104)402( 3&%5’42):60)@2 2

For the distortion-energy theory, the von Misesst will be

1/2

o' =(o?-o0, +022)1/2 =’ F(r) = F(r)G(r)+G*(r) ] (3)
Although it was noted that the maximum radialstreccurs at = (ror; )“’* we are more
interested as to where the von Mises stress isxamman. One could take the derivative
of Eq. (3) and set it to zero to find where the mmaxm occurs. However, it is much
easier to ploo/w? for 3<r < 5 in. Plotting Egs. (1) through (3) results in

70
®0 \
50 =
ol tan
30 .
----- radial
20 — —von Mises
10
0 ---------------------
3 3.5 4 45 5

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

1/2

30(10)

3.00§ 104)( 34+23225— 0.56%0 2:))

w= =1361 rad/:
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n= 60w = 60(1361): 13000 rev/min  Ans
27T 21T

5-60 Sincer/t = 1.75/0.065 = 26.9 > 10, we can use thin-wadigdations. From Eqs. (3-53)
and (3-54), p. 128,

d, =3.5- 2(0.065F 3.37 i
g, = p(d; +1)
2t

- 500337 0.065) ;4515 nei= 13.2 kp:
2(0.065)

=P _S00B:37)_ 01 psi= 6.48 kpsi
4~ 4(0.065)

t

g, =-p, =-500 psi=- 0.5 kpsi

These are all principal stresses, thus, from &q.2),

1
o=

\/E{(13.2— 6.49° +[ 6.48 | 0_5}j+(_ 05 13)%1/2
=11.87 kpsi
n=S . 46

o 11.87
n=3.88 Ans

561 From Table A-20,S, =320 MPz

With p; = 0, Egs. (3-49), p. 127, are

rzp r2 b2

0, =-—2" | 1+-L | =c| 1+ 1
t roz_riz( r2] ( rzj ()
L S i DO Y

o=l 1)o7

For the distortion-energy theory, the von Misees is
2 5 L2
' v2 b? b2 b2 b2
s SRS )
4 1/2
= c(1+ 3b—4j
;
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We see that the maximum von Mises stress occuesertis a minimum at = r;. Here,
o =0 and thugr'=- ¢ . Setting- ¢t =S, = 320 MPa at = 0.1 m in Eq. (1) results in

| _ 2r02p0 _ 2(0.1%) P,
tlr=r, roz _r'Z 0,152_ Of

=3.6p,= 320 = p,= 88.9 MPa Ans

5-62 From Table A-245,; = 31 kpsi for grade 30 cast iron. From Table A+5,0.211 and
w = 0.260 Ibf/irf. In Prob. 5-59, it was determined that the maxinstress was the
tangential stress at the inner radius, where tti@lratress is zero. Thus at the inner
radius, Eq. (3-55), p. 129, gives

7, = pd(ﬂj(moz_'_riz_ Ly 2j: 0.260602( 3.21}[2( 5)+ - * 3(0.2133)2}
8 3+v 386 8 3.211

=0.01471F = 3( 1?)) - 1452 rad/ sec

n = 60(1452)/(2r) = 13 870 rev/min Ans.

5-63 From Table A-20, for AISI 1035 CLy, = 67 kpsi.

From force and bending-moment equations, the groeaction forces are found in two
planes as shown.
y

223 Ibf lll'.-' Ibf

L 7 B (-‘
A = - D—x
8" I 8" 6"
350 Ibf
xy plane
451 Ibf
8" 8" ’
A — D—x
123 1bf 328 Ibf
] xz plane

The maximum bending moment will beBabr C. Check which is larger. In the plane,

M, =223(8)= 1784 IbfJin an, = 127(8) 762 IEF |

In thexz plane,M,; =123(8)= 984 Ibfllin andM. = 328(6) 1968 Ibf |
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1

M, =[(1784F + (984F ¥ = 2037 Ibflir
1

M. =[(762) + (1968f T = 2110 Ibflir

So pointC governs. The torque transmitted betwBeandC is T = (300—- 50)(4) = 1000
Ibf-in. The stresses are

_ 16T _ 16(1000)_ 5093 .
T e ae P

_32M, _ 32(2110)_ 21492
- T

For combined bending and torsion, the maximumrssteess is found from

2 1/2 2 2 1/2
g\ | - 21.49)" (5.0 11.89,
Tmax = (_) + z-XZ = ( 3 j +( 3 i = 3 kpSI
2 2d d d

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

= Y=t = d=0.892in Ans

5-64

As in Prob. 5-63, we will assume this to be a ssgpiroblem. Since the proportions are
unchanged, the bearing reactions will be the sae Brob. 5-63 and the bending moment
will still be a maximum at poin€. Thus

xy plane: M. =127(3)= 381 Ibfdir

xz plane: M. =328(3)= 984 Ibfir

So
M =[ (3817 + (9845 ]~ = 1055 IbfJir

_32M. _32(1055)_ 10746 __ 10.75 _
O == @ = g5 = g5 PSI=—g3 KPS

Since the torsional stress is unchanged,

5.09
7. =

xz d3

kpsi

For combined bending and torsion, the maximumrssteess is found from
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2 1/2 2 2 1/2
.- (1) 2| = (10.75} J{ 5.053 _ 7.40klosi
ma {2 & 2d° d° d?

Using the MSS theory, as was used in Prob. 5i68sg
S 7.40_ 67

:_y
e Ton T d  2(2)

d=0.762 in Ans

5-65 For AISI 1018 HR, Table A-20 gives = 32 kpsi. Transverse shear stress is a maximum
at the neutral axis, and zero at the outer radBending stress is a maximum at the outer
radius, and zero at the neutral axis.

Model €): From Prob. 3-40, at outer radius,
o' =0 =17.8 kpsi

At neutral axis,

o’ =+/3r? =,/3(3.4° = 5.89 kps
S

n=>r=32 _543

The bending stress at the outer radius dominatesl1.80 Ans.

Model d): Assume the bending stress at the outer radilgaminate, as in model
(¢). From Prob. 3-40,
o' =0 =25.5 kpsi

S
=—y=£ =1.25 Ans
g 255

Model €): From Prob. 3-40,
o =0 =17.8 kpsi

S
:_V:E:]__SO Ans
o 17.8

Model d) is the most conservative, thus safest, and regtie least modeling time.
Model () is probably the most accurate, but modgly(elds the same results with less
modeling effort.

5-66 For AISI 1018 HR, from Table A-2@, = 32 kpsi. Modeld) yields the largest bending
moment, so designing to it is the most conservatpgroach. The bending moment is
M = 312.5 Ibfih. For this case, the principal stresses are
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0, -3M 0,=0,=0
1 n_d3 ! 2 3
Using a conservative yielding failure theory use MSS theory and Eg. (5-3)

/3
S 32M S _[SZ\AnJl
= d=

g -0,=— — = =Y
7% m®  n 7S,
32(312.§ 2.5 11
Thus, d=|—— "1 =0.629in0 Used==— in Ans
m1(32)10 16

5-67 When the ring is set, the hoop tension in the isnggual to the screw tension.

2 2

_ B o

Jt_rz—rz 1+F
o i

The differential hoop tensiaif atr for the ring of widthw, is dF =wao,dr . Integration
yields

2 2 2 2
r, wr. T r wr. r
F=["wodr =02 [ 14 e |gr = TPl
fi [Pl RS r r, —r r

o

The screw equation is

T

F=—nHo 2
o (2)
From Egs. (1) and (2)
s Fo T
' wr 0.2dwr,
dF, = fpr,dé@
E = (" fpwrdg=— 1% INCE
0.2dwr, J0
_m Ans.
0.2
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5-68 T=20Nm,S, =450 MPa

(a) From Prob. 5-67T = 0.2F;d
T 20

I 0.9 §(10%)]

(b) From Prob. 5-67 =wr; p;

=16.7(1d) N= 16.7kN Ans

_F _F _ 16.7(10) )
P Twr wr [12(103)}[( 25/2)( 103)} —111.3( 1(9) Pa 111.3 MPa Ans
rh =T r r=r r,—r

. 111.3( 0.0125+ o.oZE)
~ 0.028- 0.012%

=185.5 MPa Ans

o, =-p =-111.3 MPe¢
(d)

I = 0,70, _0,76,

max 2 2

_1855° €1113) 145 4 MPa Ans

1/2

0'=(04~ 0,05 +03)
=[185.8 - (185.5)¢ 111.3) { 1113}

=259.7 MPa Ans
(e) Maximum Shear Stress Theory

S 450 =152 Ans.
2r,.. 2(1484

max

n=

Distortion Energy theory

S
n:_y:4_50:1.73 Ans.
g 259.7
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5-69 The moment about the center caused by
the forceF is F re wherer, is the effective
radius. This is balanced by the moment 125 um R
about the center caused by the tangential
(hoop) stress. For the ring of width

25 mmR Er
I
i

rO
Fr, =.[ ro,wdr
i

2 2 ' o
wpr. en r
=] [Hi}df i
o —F =" r |
2 2

2

wpr r-—r. r

re= fu - o) i +r02|n o)
F(r0 lf ) 2 I

From Prob. 5-67; = wr; pi. Therefore,

2 2
I re—r r
re= 2I 2 : I +r02|n_0
ry—r 2 I

For the conditions of Prob. 5-67= 12.5 mm and, = 25 mm

+25° nEZSJ =17.8 mm Ans

12.5 25-125
r.=
25 -12.8 2

5-70 (a) The nominal radial interferencedgm= (2.002-2.001) /2 = 0.0005 in.

From Eg. (3-57), p. 130,

_ Eal(rf-Rz)(Rz-rZ)]

P=oR

_30(10) o.ooof( 15 9 x 0.62}6]:3072 si Ans
2(7) 1.5 -0.625

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

R?+r? 1?4+ 0.625
Eq. (3-49), p. 127, g =- L =-3074 =22 |=-7010 ps
a-(3-49).p PR 2(12—0.6252j g

g =—-p=-3072 psi
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Eq. (5-13)

r 2 2 1/2
o= (O'A —-0,0, +0A)

[(_7010)2 —(-7019(- 307p+(- 303%”2 = 6086 psiAns

Outer member: p; =p = 3072 psip, = 0. At fit surface =R= 1 in,

(2 + R’ 1.5 +1
Eq. (3'49); p. 127, g = pm =307{mJ = 7987 ps

g =—-p=-3072 psi

Eq. (5-13)

, 2 2 1/2
o —(UA—JAO'B +JA)

=[7987 - 7987~ 307p+(- 3093 = 9888 psiAns

(b) For a solid inner tube,

30(10) 0.0005( 15 % 2)}4167 osi Ans

P= 2(7) T 15
Inner member: ¢ =g =-p=-4167 psi

o :[(—4167)2—(—416’4(— 416)+(- 41@%}”2 = 4167 psiAns
Outer member: pi =p = 4167 psip, = 0. At fit surface =R= 1 in,

(24 R? 15 +7
Eq. (3-49), p. 127, o = pm =4l67(mj =10834 ps

g =—-p=-4167 psi

Eq. (5-13)
o= (a'f\ -0,0, + a,i)m

[10 834 - 10 83§~ 416+ (- 41§] = 13410 psins
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5-71 From Table A-5, E = 207 (¥pMPa. The nominal radial interferencedgm = (40—
39.98) /2 = 0.01 mm.

From Eq. (3-57), p. 130,

. EJ{(VOZ—RZ)(RZ_riz)]

2R

207(1G) o. 25 76 ¢
= 02((202)0 0{( 3 32.529—(1(5‘ 9)]:26.64 MPa Ans

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

2 2
Eq. (3-49), p. 127, 0, =-p~ 'V :—26.6{M

— =-44.40 MP:
R? —ri2 202—102j
g =-p=-26.64 MPa

Eq. (5-13)
o= (af\ -0,0, + a,i)m

[(—44.4@2—(—44.4())(— 26.64 (- 26.()%11/2= 38.71 MP&Ans

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

2 2
EQ. (349).p. 127, 0,=p —26.6{M

= = 59.12 MP:
ro2 -R? 32.5- 2(?}
g =—-p=-26.64 MPa

Eq. (5-13)
o= (af\ -0,0, + J,i)llz

[59.17 - 59.12- 26.6p+ (- 26.4F = 76.03 MPains

5-72 From Table A-5, E = 207 ($pMPa. The nominal radial interferencedgm = (40.008-
39.972) /2 =0.018 mm.

From Eqg. (3-57), p. 130,
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P=oR

EJ[(%“RZ)(RZ-“)]

_207(10) 0.018( 325 Z)( Zo
- 2(20) 32.5-16
Inner member: p;i = 0,p, = p = 47.94 MPa. At fit surface=R = 20 mm,

£
))} =47.94 MPa Ans

R +r? 20° + 10
Eqg. (3-49), p. 127, g =- =-47.94 —————
q ( ) p t pRZ—I'- {202_102

] =-79.90 MP:

g =—-p=-47.94 MPa

Eqg. (5-13)
o

1/2

(JA On0p +U/§)

[(—79.9()2—(— 79.90(- 47.9p+ (- 47. s)} = 69.66 MPaAns

Outer member: p, =p =47.94 MPap, = 0. At fit surfaca =R = 20 mm,

2 +R 32.5 + 20
Eqg. (3-49), p. 127, 0, = p =47.94 =———— |=106.4 MP
9 (3-49).p ‘ prj R? {32.52— 26}

g =-p=-47.94 MPa

Eq. (5-13)
o= (af\ -0,0, + Uf\)

[106.4 - 106.4- 47.9p+ (- 4795 = 136.8 MPains

12

5-73 From Table A-5, for carbon steé&l; = 30 kpsi, and; = 0.292. While folE, = 14.5 Mpsi,
andv; = 0.211. For ASTM grade 20 cast iron, from Tabl@A S, = 22 kpsi.

For midrange valueg}= (2.001- 2.0002)/2 = 0.0004 in.

Eq. (3-50), p. 127,
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o

P (R 1( R2+r?
RI—1 5% 2tV P o | pe 2V
E,\r;-R E\R" -,

_ 0.0004 2613 ps
{ 1 (22+12

1 (f
1 14510\ 2 +O'211j+3c(1€))(12_ 0.29%}

At fit surface, withp; = p =2613 psi, angh, = 0, from Eq. (3-50), p. 127

r2+R° 22 +7
g, = prz—RZ :261{ﬂj: 4355 ps

0 =—p=-2613 psi

From Modified-Mohr theory, Eq. (5-32a), sinog> 0 >gg and| g /oa | <1,

5-74 E =207 GPa
Eq. (3-57), p. 130, can be written in terms ohuléers,

_Eg, [(dj ~D?)(D? —df)} _ 207(10) (0-062{ (507 — 45 )(45 - 46 ﬂ
2D° (d; —d?) 2(45)° (50° - 4G )

p=15.80 MPe

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

_ 45 (15.80)

Outer radius{a,)_ = 7 - 42 (2)=134.7 MP:

2
Inner radius{a, ), = ‘:5%2(15"5_)20(1

(g,). =-15.80 MPe

50
+
45

j =150.5 MPe

Bending (no slipping): | = (77/64)(5¢ - 40" = 181.1 (16) mnd
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Atr: (o) =¢w=¢w)=¢93.2(16 ) Pa=+ 93.2 MF
° T 1 T181.1(10°)
675(0.045/ 2)
Atr: =x—————==4+83.910) P&+ 83.9 MP

Torsion:J = 2| = 362.2 (16) mnf

Atr,: (TW)O:E—W):&.I(M) P& 62.1 MF

J _362.2( 10°)

~900(0.045/2)_

Atr: (7)) = 362.2(10) =55.910) P& 55.9 MP

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

0,=-93.2 MPa, = 134.7 MPg, = 62.1 Ml

, 12

— 2 _ 2 2
o =|o; 0'X0'y+0'y+3l'xy)

Eqg. (5-15)

From Eq. (5-14) withr, = 7 = 0 andgy = + 83.9 MPa

L
7z

With ¢ = - 83.9 MPa
a':i[(—ss.g— 150.5)+ (150.5 158} —( 15#8 83%9) 6(558) = 302MPa

2

[(83.9- 150.5)+ (150.5 15.8y —( 158 83'9) 6(559) = 741MPa
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S
:—yzﬂszlﬁo ANs.

o 230

5-75 From the solution of Prob. 5-7@¢ = 15.80 MPa

Inner member: From Eq. (3-50),
_r2+r? AR+ AQ

r2-r? T JTe

Outer radius{(a,)_ = (15.80)=-134.8 MP:

(0,), =-p=-15.80 MPe

I di 2 —2(452) 15.80 150.6 MP
nner radiusi{o,) =- g =- .80)=- . ‘
( t)l r2_r2 pO 452_402( )

(o] I

Bending (no slipping): | = (77/64)(5¢ - 40%) = 181.1 (16 mn"

Atr: (o) =¢m=¢w)=¢83.9(16 ) Pa=+ 83.9 MF
o | 181.1(109)
_ _ . 675(0.040/2)_
At : e 247459 16) Paat+ 745 MP
rI (UX)| 181.1( 109) E( ) &

Torsion:J = 2| = 362.2 (16) mnf

(5,). - Tc _ 900(0.045/ 2)

Atr,: 3 ™ 3622(10] =55.916) P& 55.9 MF

(o]

Atr: (1) :%):49.7(16) Pa 49.7 MP

Outer radius, 3D state of stress

— 1348 MPa

“y
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From Eq. (5 14) withr,, = 1, = 0 andgy = + 83.9 MPa
o :ﬁ[(SB 9+134.8)+ £ 134.8 158y -( 158 83°9) 6(559) = 13MPa

With g = - 83.9 MPa
a'_%[( -83.9+134.8)+ ¢ 134.8 158y —( 1518 83'9) 6(559) = 42IMPa

S,
——yzﬁszl.% Ans.

nO ]
o 213
Inner radius, plane stress. Worst case is wiheas positive

o,=745MPag, =~ 150.6 MPa, = 49.7 M|

Eq. (5-15)
1/
o= (af -00,+0; +3rX2y)

| 74.8 - 744~ 150+ (- 150)6+ (3 49.%]”2: 216 M

n i:—15:1.92 Ans.
o 216

For AISI 1040 HR, from Table A-2@, = 290 MPa.

5-76
65.2 MPa. From Eq. (3-50) at the inner radRud the outer

From Prob. 3-110max =

member,

2 2 2

q:p°2 *R 652502—25 108.7 MP:
r?-R? 50% -

g, =—-p=-65.2 MP¢
These are principal stresses. From Eq. (5-13)

=[108.7- 108.1- 65+ (-

a,=(0?-0,0,+0?)" 65)&}1/2 = 1522 M|

For AISI 1040 HR, from Table A-2@, = 42 kpsi.

5-77
9 kpsi. From Eq. (3-50) at the inner radRisf the outer

From Prob. 3-111pmax =
member,
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r’+R* __2°+7° .
g, = proz—Rz :922_12 =15 kpsi
g, =-p=-9 kpsi
These are principal stresses. From Eq. (5-13)

o, = (af -0.0, +0,2)1/2 = [152 - 15¢ 9+ (- QZTIZ = 21 kps

5-78 For AISI 1040 HR, from Table A-2, = 290 MPa.

From Prob. 3-111pmax = 91.6 MPa. From Eq. (3-50) at the inner radRusf the outer

member,
2
o =p2 R 201630 *25 _ 1557 wp,
Z-R 507 - 25

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

0,=(02-0,0,+0?) " =[152.7 - 152.7¢ 91.6) (- 91)6]”2= 213.8 M|

5-79 For AISI 1040 HR, from Table A-2@, = 42 kpsi.

From Prob. 3-111pmax = 12.94 kpsi. From Eq. (3-50) at the inner radiusf the outer
member,
r’+R? 22+
0-t = pr2 R2 :1294ﬂ = 21.57 kpf

g, =-p=-12.94 kps
These are principal stresses. From Eq. (5-13)

0,=(02-0,0,+07) " =[ 2157 - 21.57¢ 12.94) (- 12.9%1]”2: 30.20 k
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5-80 For AISI 1040 HR, from Table A-2@, = 290 MPa.

From Prob. 3-111pmax = 134 MPa. From Eq. (3-50) at the inner rad®usf the outer

member,
r? +R? 50° + 25
o, = p-° =134 = 223.3 MP;
=P r?-R° 507 - 25
o, =-p=-134 MP¢
These are principal stresses. From Eq. (5-13)

1/2

a;=(q2—qa,+af)”2=[223.32— 223.3¢ 134 (- 134 = 3126 M

S
:_y:&:O_g?, Ans
o 312.6

5-81 For AISI 1040 HR, from Table A-2@, = 42 kpsi.

From Prob. 3-111pmax = 19.13 kpsi. From Eq. (3-50) at the inner radiusf the outer
member,
2 2 2
0, = p:gLRz :19.13% = 31.88 kps

g, =-p=-19.13 kps
These are principal stresses. From Eq. (5-13)

0,=(0?-0,0, +07) " =[31.88 - 31.88¢ 19.13)(- 19.)%}”2 44,63 k

5-82

o :1 2 A cosg + K, sing cog siﬂsg 2
P2l omr 2) N 2 2 2 2

1/2
K, .6 6 39Y
+ SIN— COS— COS—
2 2 2

J2m
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1/2
=K co sg (sn?— co%— S|ﬁ—+ sﬁw— cdg cbg'ij
N 27 2 2 2
LY (cos€+ smg cogj K, cog( 4 sgj
N2 2 2 2) 2mr 2 2

Plane stress: The third principal stress is zero and
o, = K, cosg( 1+ singj 0. - K cog( 1 sigj g,= O0Ans
Yodom 2 2) 7% Jomr T2 2) °

Plane strain: Equations folor ando; are still valid,. However,

K |

Jam

o,=v(o,+0,)=2v

cosg Ans

5-83 For@= 0 and plane strain, the principal stress eqoatad Prob. 5-82 give

(3) DE: Eq. (5-18)— [(al—al)z+(01-2V01) +(vo,-0) le y

NG

or, -2V =S

Forv=%, {1—2(%}}01:% = 0,=3 Ans

(@) MSS: Eq. (5-3), witim =1 O-;B=5 = O0-2V0=S

V== = g, =3S Ans
T 3 y
Y i, 0,=0,-S, =25 = a-ga
20_\]0_110_2 a 3 1 Yy y 3 3 1
‘?; 1

Radius of largest circle

R:l(gl—zg'lj :ﬂ
2 3 6
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584 Given:a= 16 mmKi = 80 MP&/m andS, =950 MPe

(a) Ignoring stress concentration
F = SA =950(100- 16)(12) = 958(1%) N = 958 kN  Ans.

(b) From Fig. 5-26h/b = 1,a/b = 16/100 = 0.163= 1.3
Eq. (5-37) K, =poVma

80=1.3—  [7(16)10°

100(12)
F=329.4(16) N=329.4kN  Ans.

5-85 Given:a= 0.5 in,K,. = 72 kpsid/in andS, = 170 kpsiS, = 192 kpsi
ro=14/2=7in,r; = (14-2)/2=6In

a _05_n5  L_-5_(gs5
r-r 7-6 r 7

Fig.5-30: g IR 2.4

Eq. 5-37): K.=fovm = T72=24Jn(05§ = o= 23.9kp

Eq. (3-50), p. 127, at=r, =7 in:
6°p

ri2 i — i
o =P (2) = 23.9= P

r2—r2

o 1

(2 = p=4315kpsi Ans
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