7.4

For the given state of stress, calculate principal normal
stresses. Then use the maximum normal stress fracture
criterion to obtain the effective stress and safety factor.

O, +0 Oy, —O
g | == | 412

G1.0p =

S = MAX(©1,02,05),  (Swr >0, [Oimax|> [ouinl )

X =0, [Onr
Stresses in MPa SisN, (Table 3.10)
Oy Oy 87 Ty O3 T3

125.00 15.00 0.00 -25.00 70.00 6042

G4 | Oy O3 . Tyt aNT X
13042 958 0.00 450 13042 3.45 |
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7.2

For the given state of stress, calculate principal normal
stresses. Then use the maximum normal stress fracture
criterion to obtain the effective stress and safety factor.

0, +0 G, —G
y Y| r2

T-_F — w=0i3113, O3=0;

6,0, =

'C_SNT =MAX(GI,02,G3), (C_FNT >0, Icmax‘ >.|0min|)

X =0, [OnT
Stresses in MPa Gray cast iron
Oy Oy o, Ty O3 T

50.00 80.00 000 2000 6500 2500

G4 G, - O3 Out ONT X
90.00 4000 000 214 90.00 2.38 <
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1.3

For the given state of stress, calculate principal normai
stresses. Then use the maximum normal stress fracture
criterion to obtain the effective stress and safety factor.

2

G, +0y, G, —O,,
et ) 41y, =063 £13, 03=0;

Gi,0) = +
1,02=77 2

Gmax| > iomin[ )

oyt = MAX(01,05,03), (S >0,

X =0y / ONT
Stresses in MPa SiC (Table 3.10)
Oy Gy G, Txy O3 T3

50.00 £ 10.00 -20.00 -15.00 30.00 25.00

o Gz O3  ©Oyx ONT X
5500 500 -20.00 307 5500 558 P
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7.4 Spherical pressure ressel, t=2.5,
daz ISOmm ), p=0OSMPR | R, =1]2
Glass, similar to soda—/Irarme glass
Cut = 50 MP& (Table 2.10)

_ Ph _ (0.5 MP) (72.5 mm)().2)
x. y = 2+ A h 2(2 5 anm) '

h=ds /2=t =75-2.5= 72,5 mm

Cx=0y= 37 MPa, Tp=—p=-05 M
07,02, 0z = O0x, 9y, 0z = 8.7, 97,05 M

Gut = MAX (1,02, 03) = 8.7 MPa
Sut
X,= =2 - 20 _ 5,75 <
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Z-'_‘-é lp/[)é’ wwrth closed ema/s,. t= 5 mm,
d,=2m, p=2MFa, |8 Ni maragineg sTeel.
Fimd safety factor agarmst yieldimg.
Use F/'g, A7), |

Pri _ (2 MPa)(ls‘oow»m): OO Mch
t 5

\

O
—P—r-‘- = 200 MPCL

2t
O =—p = =2 MPe (imsided, C,.=0 (outside)

Oy

(i

Gy, 0,03 =0;, Oy, C; (since Ty , Typr Tpy =0)

02“G3|,!0'3 '_'Gll)s XS =00/63

2

6'5 = MAX(|01 — 0y

_ 1 ' 5 _
°H 27_5\/(01 ~0)* +(0, -03)* +(63-6))*, Xy =0,/5g

Stresses in MPa 18 Ni maraging steel (Table 4.2)

Location Ot Oy G, G4 G> O3
inside  600.00 300.00 -2.00 600.00 300.00 -2.00
outside 600.00 300.00 0.00 600.00 300.00 0.00

Max Shear Oct Shear
Location o, Og Xs Gy Xy

inside 1791 602.00 298 521.35 3.44
outside 1791 600.00 299 51962 3.45

Imside has a slightly lower safety factov.
Xs=2,9% (max shear), Xy= 344 (oct shear) <
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7.6

For the given state of stress, determine the safety factor
against yielding by (a) the maximum shear stress yield
criterion, and (b) the octahedral shear stress yield criterion.
First calculate principal normal stresses, and then use these to
obtain the effective stress and safety factor for each method.
Or for (b), the alternate form can be applied without first
calculating principal stresses.

Gx+0' 0, —OC
y 2 .

01,0 =" 5 Tl T 5 xy =03 13, 03 =0

63 ZMAX(IGI_G2|’|62 —03[,|0'3.-—01l) . XS'=60/6S

S5 = =01~ 02)° 1 (0, —3)? ), Xg=0,/5
H =5 (01 —02)" +(0p —03)" +(03 —07)° H =0,/0g

Or use alternate form for 65

Eﬂzjl—z\/(sx—oy)zﬂo ~0,)% +(o, —c) +6(1: +t§,z+*cm)

Stresses in MPa - AISI 1020 steel (Table 4.2)
Gy Oy (¢2% Txy O3 T3 . 04 G G
-100.00 40.00 0.00 -50.00 -30.00 86.02 56.02 -116.02 0.00

Max Shear Oct Shear
(O 68 XS 6H XH
260 17205 151 15199 1.7 x|
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7.7

For the given state of stress, determine the safety factor
against yielding by (a) the maximum shear stress yield
criterion, and (b) the octahedral shear stress yield criterion.
First calculate principal normal stresses, and then use these to
obtain the effective stress and safety factor for each method.
Or for (b), the alternate form can be applied without first
calculating principal stresses.

Cx +0,y Cx — Oy , .
0,0 = H |75 | +Tp =03 T3, O3=0;

B'S =MAX(IGI —-.02‘,102 ‘-_“03|9103 “G}') . XS —_—00/65

_ 1 _ _
Oy =$J(Gl ~0y)° +(0y —63)2 +(03-0)", Xp=0,/0g

Or use alternate form for G

_ 1 - |
Sy = -:/—_2—\/(53; ~0,)° +(0, —0;)” +(0, — 6, )" +6(T2, + 15, +T5;)

Stresses in MPa 7075-T6 aluminum (Table 4.2)
Oy Gy G, Txy G T3 . O Oo O3
100.00 140.00 -60.00 80.00 120.00 8246 20246 37.54 -60.00

Max Shear Oct Shéar
O, Og Xs Gy Xh
469 26246 1.79 22978 2.04 > |
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7.8

For the given state of stress, determine the yield strength
required for a safety factor against yielding of 3.0 by (a) the
maximum shear stress yield criterion, and (b) the octahedral
shear stress yield criterion. First calculate principal normal
stresses, and then use these to obtain the effective stress and
required yield strength for each method. Or for (b), the
alternate form can be applied without first calculating principal
stresses. |

2

y 2
01»02=Ti 5 +Tyy =03 £13, O3 =0,
J

\
Oy +0y, 0, —O

35 =MAX(|01—02|,|02—0'3|,03—01|) 5 Go'_‘XSoS

_ — ,
GHZE\/(UV%) +(0y —03)° +(03 —61)% , 0, = XHOy

Or use alternate form for Gy

_ 1 '
Gy = 7“5\/(03«: ~6,)? +(0, —6,)* +(0, —0,)* +6(12, +12, +1%)

Stresses in MPa

Oy Oy G, Ty O T3 - 04 s O3
150.00 30.00 - 0.00 -45.00 90.00 75.00 165.00 15.00 0.00

Max Shear Oct Shear

6S Xs Oo 3}:[ Xu Op
165.00 3.00 495 158.03 3.00 474 4
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7.9

For the given state of stress, determine the yield strength
required for a safety factor against yielding of 2.0 by (a) the
maximum shear stress yield criterion, and (b) the octahedral
shear stress yield criterion. First calculate principal normal
stresses, and then use these to obtain the effective stress and
required yield strength for each method. Or for (b), the

alternate form can be applied without first calculating principal
stresses.

Gy +0,, G — O, 5

'Gl,ozzTi — +1:xy=c,c3it3', 03=0
5'S=MAX(!01— "Gll)s G, = X5Gs

1 > 5 > L
GH‘—-“"JE“\/(GPGQ) +(0y—03)" +(03—01)°, ©,=Xpy0py

Or use alternate form for Gy

1
=5 (0:=0,)" (0, ~0,)" +(0, ~0,)" + 6% + T, +7)

- Stresses in MPa

Oy Oy Gz Txy O3 Ts Oy 107] O3
120.00 -50.00 200.00 60.00 35.00 104.04 139.04 -69.04 200.00

Max Shéar | Oct Shear
Cg Xs Go Cn Xy o | |
269.04 2.00 538 24434 200 489 x|
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710  AIST /020 steel , Op = 260 MPe

£ =203 GFn ,27= O. 2‘73 (Takles 4. 2 5.2)
Sy = /90X 107 ‘5 %,*-760)(/0’ . J’,{}, ZOO)V/)-"
[ ane stress, X=7

Ex= =lox-20y)
£y z-—l-é[(ry "—VG—I)

5_/7(}/-’-? Txy /(3 , 6:2(/7‘_2)) 79,5 GFF

(150 X 1676)(203000) = Oy -0,293 T, MFPa
(-760X1076)(203,000) =—-0,293 Ty + T, MPex
Solve; Ty =="726, Ty==/56,% M~FPa

Txy = GYY}, = 23,55 Mra |
Tz [0 -5+ =02) "+ 0202+ 6(Tf + Ty 4 3)

"6}; =/5%.3
X::-'“(Tc,/a':H'-‘},é‘i- <
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1 Rosefte straim gage megsuremens o
7075-T6 Al surface: Ex=1200X107) g,= —£50
xto‘f 545::/‘?00)(/0_? Fimd safety factor
agaimst yieid:‘w‘zg{, |

From EX. 6.9 ¥y =28, €y =€, = 3250 K0 ©

| 5 Mb5h+uﬁfﬂg 69() {y, amd b/fxy VV)-’—O 'Haﬁ)he‘% LQW
gives the momzero stresses Ox, Ty ) Ty, (See

Do, 652 solutiom,) Them calculate oy or
S amd safety factor.

- 0y +0, [[0x—0, )
O, G = E || 41, =03 113, 03=0;

Oy =MAX(](51 —Gzl,lﬁz —(53_1, |03 —Gli) 3 XS 260/68

- 1 - _
O'H="‘ﬁ\/(01-02)2+(02—03)2+(03—01)2 , XH=%/G_H

- Or use alternate form for 6y

~ 1 2 2 2 2 2 .2
GHzTE (Gx_cy) +(Gy—'cz) +(0, —0y) +6(Txy+1:yz+1:zx)
Stresses in MPa 7075-T6 aluminum (Table 4.2)

Oy Oy O3 Ty Gr3 T3 (o7 O3 O3y

77.86 -18.83 0.00 8493 29.52 97.73 12725 -68.22 0.00

Max Shear Oct Shear
Go GS ' XS (—SH Xy
469 19546 240 171.83 2.73 , > |
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7.1 Solid circufar shaft /7 torsion

I 5°

I i‘ ¥ N /G_\:T - 2vr=d = diaw.
| T = 1r J T = __’7_]'_):_4

T . N\AG =T T 2
=0 © 42T _ 16T
P 3

@) d: ? -FO}' /rm,\a“ C//"/"I_ef’/.()’l/], M lf'3 ’ﬂd
Assume 56?'7‘@7"}/ {;ac:?"o/—_ X = _(_3_:0_ alse g /e,

Os = MAX(G -0 ) Jop —03), I —o31) = 27
To._ 32T g (32Tx\3

X md®’ TS\ 7o, | <
' + or ”J;) C/»/"f‘e/r-/‘om} and Co-mpare,

N

)
I

_O';)ZN_\_ (U-z ~O;)2+ (O}“OT)I

=7

_\-\ \

=3 7= 18/53T d_._.({e/?‘rx "2
| , TH T T

- (_;3_2_ )’/32 L 044 @) requires d +o be
' | about 5% larger +ham

does (b)

Il
Nn
.

g
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113 Solid circular shaft X,=2,7, =7
| T=50RNmMm
/W

=0 mmrm

Cy =0
| 4
-

200,000 N (3.0 X106 N-mm ) 30O mm)
TE0) | W (Z0h et
Oy = 2122 MPa |

y (X106 O
Tx :bxoi(g ) - [17.9 M Pa
T30)Y/ 2
+ Oy Ox 0324 7o <
1 T y
= .
0y,0, = 106/ L \S¥L = 244,97, —52.5
M P
Ge = MAX (Vo7 =92} |02 -03 1,00z -071)
G:S = 3]7:2 Mpq = G;/ Xo
Cp = 6 34+ MFPe o <
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Ty =

G:,G_i. — Ox



7.14 HPC torth closed ewds: dy = BO,t= 30mm,
o =20 MPa, M=2.0 kNem, 7075=T¢ AL

Fl‘md safety factor by (a)Tg, (b) S

+0;c r2:4~0}1q:-37fm/m

G}-/ v - UseFigs, A7(a), A%
O, = PN

_ (ZOMPQ.)_(Z'?%w):-Zé%J MPa
t 3,0 “mn -

PN M 9334 20XI0° Nemm
UxTE T rarg™t £33 T (38 5)33.0) mm?=
Oy = 266.5, =198 MPa (T or C side of bending)

T = O (outside), Tp=-p=-20 MPa (imside)

G1,07,03 =0;, 04,0, (Since Ty, Typs Tpr = 0)

_(-SS =MAX(|01 —0'2‘,|0'2 —0'31,|03 —Gll) , XS =GQ /(_53-

_ 1 _
Of =:E\[(01 ~0,)* +(0, —03)° +(0;-06)>, Xpg=0,/Cg

7075-T6 aluminum (Table 42): o, MPa = 469

Stresses in MPa

Location C¢ Oy G, Tix o7 Oy O3
outside, T 246.7 266.5 0.0 0.0 246.7 266.5 0.0
inside, T 2467 266.5 -20.0 0.0 246.7 266.5 -20.0
outside, C 246.7 -19.8 0.0 0.0 2467 -19.8 0.0
inside, C 246.7 -19.8 -20.0 0.0 2467 -19.8 -20.0
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(714, p.2)

Max Shear 0_ct Shear
Location 3] S Xs o H XH

outside, T 2665 176 2572 1.82
inside, T 2865 1.64 277.1 1.69
outside, C 2665 176 257.2 1.82
inside, C 266.7 176 2666 1.76

Tnside om T-side of bemz:hfn has lowest
safety factor, Kg=16% (_M&‘% shear), or
= V69 (oct shear) 4
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115 fipe with closed emds | dy; =20,t= 3.0
mm, p= 20 MFa, M=2.0, T=3,6 RN-m,

70’75 T¢ Al, Fimd safely fac‘i"ar’ by (@)0g, (b) 0}
4G4 =40, i = 37 mm

= e Use Frgs. A7) and A8,
o
G{_: F;:h _ (20/;@&3”&17%%) - 24_6’7/‘4?&

_Ph4 M _— 4+ 20XI0° N-mmm
Oz = 23 T Yaug® * 1233 = m(38.55°(3.0) ,
Oy =266.5,~19.8 MPa (T or C side) o

G- = O (outside), Cp=—p=-20 MR (I%S:de)

T 3.0 X104 Neman -
X 2T ra.,gzt - 2T (28.57(20) mwm /

' O; +0x 0'1‘".“0'x 2 _ |
01,0p = 5 i\/[“‘""—z—“‘ + Ty =013 i’C3, 03 =0,

S5 = MAX(Jo; -

-'Gll), XS=GO/6S

1 . _
(3724 =E\Rﬁl ~0;)? +(03-03)* +(03-01)*, Xy =0, /0y

Or use alternate form for Oy

_ 1 2 2 2
oy :~J—2:J(o, -6,)% +(0; —0,)2 +(0; —6,)* +6(T5, + T3 +T5)
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(7: 15) /9, 2)

7075-T6 aluminum (Tabie 4.2): | o, MPa = 469
Stresses in MP_a
Location Gy Oy G, Tix O3 T3
outside, T 246.7 266.5 0.0 1074 256.6 107.8
inside, T 246.7 2665 -20.0 1074 2566 107.8
outside, C 246.7 -19.8 0.0 1074 1134 171.1
inside, C 246.7 -198 -200 1074 1134 171.1
Max Shear Oct Shear
Oy Oy G3 68 Xs BH | Xy
364.4 148.8 0.0 3644 129 3174 148
364.4 148.8 -20.0 3844 1.22 3337 1.41
284.5 -57.7 0.0 3423 137 3174 1.48
284.5 -57.7 -200 3423 137 3250 1.44

Lamside om T-side of bemd:"ng has lowest

safely factor Xg= |22 (mayx shear) , or

Xu = 141 (oct shear),
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116 Solid shaft, diam d, P=200 RN,
T=1LSORNmM. (A)d=50 opnam, X=7
(b d= ¢, X=2.0, AIST 1020 s+teel.
a) |

TN

_ P _ P — T T (d/2)
Or =+ = Ty = 1E =
A T T md*/32

1 _ |
- 275_J(0x .._(yy)z +(Gy.-'0z)2 +(0, —0;)? +6(t§y +1:_§2 +'c§x)-

— — — '_. = __ 2 — =
=0, =Ty, =T, =0, GH—1/(5326+3TW, X =06,/0g

y
P T G AlSI 1020 Steel
N N-mm MPa
2.00E+05 1.50E+06 260
| Oct Shear
d J A Oy Txy Oy X
mm mm4 mm2 MPa MPa MPa

50.00  6.136E+05 1.963E+03 101.86 61.12 14690 1.77 (a) <«
5250 7.457E+05 2.165E+03 9240 5280 130.00 2.00 (b)

| .SOXID® N-mm2
d,mm /

|30 MPa = g (205000 N)? + 4%

Solve iterative ly, d= 5250 mm 4
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718 A circular tube must sSupport M=4.5,
T= 70 RNm, ASTM AS 14 steel, t =30mm.
(A) X,=7 «€or dy= 0 mm,
(b) dy =7 $or X,=1.5

| - \%irx -
M ) 9) <I_j= %

Use Fig, A8

Mo T
Ty = T =
KT mrRgt 7 T 2arEy

_ Ox +G; Gy —0x \© 2 _
@, 0y = 22 %i\/(_t;z__?%ﬂ-’ﬂ_x , 03 =0

. - = =) T T
o g, = +IMe+T° *

So T, ,0; determine T aovax
Os=MAX (1T, ~c.l, |op-03], 103 -0, ]

Gz

= _ _IMB+ T2 _ o
OsTATOL T ATERE T X,
T, = 724 MPec (Table 4.2)

(&) dy= ‘30,' 2 =40, =37, Yarg =385 mm

X = MOolavst _ a7 (724 MPa) (38.5)%(3.0) mm®
O —~— :
VML TE .5 %1097+ (7.0x/0%7 N-mm
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(713, 2) |
Xo= 1.215 o -

(b) 2 _ X YME+T? e e
_ Qvg ey ; favg = peosgr M2+

| ,15. = 2. | AR
L= 5 7.0% (10°) N-mm
favg \/ﬂT (724 MFa )(3,0mm) \/Ar T . ) -

rcu,rg =42, 77 mm

= Varg + t/2 =44.27mm), dz'“ 88‘54m'm<

Note: I¢ Gy is used: (@) Ro= [,34, (b) d2 =
8448 mm, <4

M T 1 G,
N-mm N-mm mm MPa
45E+06 7.0E+06 3.00 724

Case d;, mm r,, mm Favg: MM ]’mm4 J, mm?* Oy | Oy O, Txy
(a) 80.00 40.00 38.50 538E+05 1.08E+06 3221 0.0 00 2505

(b) 88.54 4427 4277 7.37E+05 147E+06 261.0 0.0 0.0 203.0
(b) 84.48 4224 4074 637E+05 1.27E+06 2877 00 0.0 2238

Stresses in MPa Max Shear Oct Shear
Case O Ts o4 o, O3 Oy Xs Oy Xu

(a) 161.1 2978 4589 -136.8 0.0 5957 1.22 5404 1.34
(b) 1305 2413 3718 -110.8 00 4827 150 - -—-
(b) 143.8 266.0 409.8 -122.2 0.0 e — 4827 1.50
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—_—— = T=1.0 RN-m | — T
) - oI
- O"Y:.O

7075-T6 AL, I5= 469 MPe, (Table 4.2)
(@) X,o=7 ¥ +=22.5 mm | g = 2425

P - | )
_ 000 N _ 595

CZTVargt T 2m(24.25)(25) g0
dedlgss! i a k%)

I IR T Yaus _ (10°Nmm) (24.25 mm)
Y T T Z W ravst T 2 (24,25)3(2.5) menit

ey = 108.3 MPa

O".+O_ﬁ ~0uY* z
%2 = 5 yi/(oii“") + T

O, 02 = 212.6, =551 MPa , T3 =203=0
Os = MAX (18- 8,1\, |0 —~0%] V03 —G;1) = 267.7 MFa
Xe=0Co/Gs =175 | | <

(b) t=7 | for X,=2.0

- P o T (n+¥/2)
x=Z2mlnrt2dt ) YT o R+ t/2)34

i

O s‘ -_.z > _
O—IJG‘ :'%i/(%{) +TX)’ 1%—0

5 50,0340, 508z = =53 = 03 /x,
Vary T umtil Xo=2.0; £ =282 mm <
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Nom———

(7.19,p.2) Zmnd Saluh’b'n; use Gy

@) g—Hz-!-;i—/(o- T2)" + (02 =03+ (03— ~a3)*

=244.9 MPc
=0./0n = 192 4

(b) Vary t, but wi+h Gy as @rbm/e, +o ge‘t
Xo=2.0; t= 2,60 mm 4

T P rq Og
N-mm N mm MPa Stresses in MPa
1.00E+06 60,000 23.00 469

Case t rs Favg Jo A Oy Oy Tyy
mm mm mm mm®  mm? MPa MPa MPa
(a) 2.50 25.50 2425 2240E+05 3809 1575 0.0 108.3
(b) 2.82 2582 2441 2581E+05 433.0 1386 0.0 94.6
(b) 260 2560 24.30 2346E+05 397.3 151.0 00 1036

Casé O3 Ta O1q G2 O3 - 6S XS 6]{ XH

(a) 788 1339 2126 -551 00 2677 1.75 2449 1.92
(b) 693 117.3 1865 480 00 2345 200 -  —
b) 755 1282 2037 -527 00 —  -— 2345 200
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7_-_20 Solid circular shatt under bemdinmg cnd
tovsiom. Fimd d={(05, X, M, T) usmg (&3 Js, and
®) &,

_ =
Ox 1 L__* T’_—max o T
| 7 Tyy X O, Txy)

G, >0, 65:<0
O‘,)O‘?_' give Tomax g3=0 '

(0~ 71)')

(a) O_jz +Gy + Gx ‘—UX 2 =
O_MQ—Z: 2 — = + ,T;(y

G ,0; = 0x/2 & \/(O‘x/2)2+ T

O¢ = MAX (1G,~031, Iz - 03), 105-G)) = G, =G
0s=2\/(0x/2)* + T)" = o /Xs d

o = Md/2) _ Md/2) 3z M
*TTT T md¥éd T mad®

= 1(d/2) _ T(4/2) _ 1T
T Ty T wmd*/3z T qde

— _ _l(1eMNB . 16T\ 32
5 =2 L)+ (LT 22, o -

ollS
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(’7.20, P.2)
1/3
d (32)(0 /M +T> | “_

b)
7,

e

l}

(G- (0 -0 + 6+ %2 +723)

= | 2 . 2 2 . 2
0, =— /20, + 6 Txf = |Ox“"+ 37
H. E\/ * rd \/ L Y

oo J(BEMP . Z/leT \? _ 16 [JaMZ43T7=
%= "‘“37@?) il

1/3 o
d= @x°\/4M7-+3T2 <«
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Z-_._1. 7 Aivg -cwalled fz/be closec/ ewds |
=2 »nrm, /.:«"'—-24-—/14/9& '7'—8()/?/\/7?7
. Select o smarerial Fromi Talble +2

o EY‘: 24‘MPCL (5-0’”"'"4) — 500
¢ y = =2 rram | o Po.

X
TR
N (ﬁ
N\

*JZF——»— 2.E-_E- = 30() MPecc

T Yoy . BRIOEN M (ST mm) 4 o
J 2T (51 2mm) 3 (2 mam) ‘MPa
3‘ Z’ﬁ’ ¢
T = O (ouT’S;de)

Outside :

Oy, 0y = 450X 2871 = 72711629 MPQ-
Oz=0z=0

Ty =

6:5':-757;}365/2.2
T =1622 MPa required N
IMSIdé 03 =02=—pP =— 24 MPa

Txy = 1;_&‘11 = 244.9 MPy

Ox ,0y = 200, 600 MPa
Ty, T =450% 2871 =7371,162,9 MPa
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(7.2, p,2)

Ts = MAX (1T =03, 105 -031,103 -031 ) = 52
G = 761 MPa=T,/2.2

Co = [L74 MPal required , comtrols
Possibilitres:

ATST 4142 (205 °C)steel, = [{9€ MPqa

| % N rmaragiog steel (250), 0o = 117491 MP:(

| Secomd Solutioan:

O'E;
5_H ‘/(O— J5) +(G‘z““g~) 'f“(ﬁ- T) X

Outside ! Gy = £70.,6 MPa = 03 /2.2
CSe = [475 MFPa reguf}"@d

Tuside: Ty = €37.0=0,/2.2
T = 1511 MPa reguired,comtrols

Ppssibilities ( 4142 (205°C) steel, 13N (250)

steel, asabove, or ATST 4142 (3 70°C )

steel with g = lS?‘]—Mpa Cheose 'H'le latter
as amest cductile, <

= Do mot Use 4142 (s guenched y—too brittle,
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7.22 [Block comfined im Yy dir, free im x.
E)’ =0, 0x=0, Ox,9y,02 = O07,3Tz, O3
=7 at yiedimg . Foissom's ratio eftect?

Oy_=z | | -
Ey E  EOx+0z), 0= Oy ~2/0z , Oy= Zq;

V4
Os = MAX (10, = 021,10, ~ 031,103 - 03) = T5 (@)
MAR(lo-2a |, 1z0; - 63) loy-01) = %

Oz = Co No effect of c:cm{ memaem‘t or 2.
<4

(b) P.“‘OC&GO’ 5I’M]‘ia,?'}y -?Uk ch‘ahé_—,drﬁi Shm%‘

— ..\
=1/ T -0+ (G- (- 7)* =

— N -

01 =1z ) (0-20) "+ (20, -0 ) '+ (03 -0)* =

GG=—=22— _z [o0]o03] o5
V=2t - G/ ) | 1z5 ] 1155

I +his case there (s « modesT effect of 2/ 4

<CJAI’6I IOZO Steel =260 MPa, 7= 0.293
(Tapbles +,2, 5’",2), As.sufme Oz = -*26::13 MPe i~ C.

Max shear:. Gp =0y = —260 MPe <
Oct. shear ! - = ~ 260 M Pa
\/“—O-ZQB-}- 0. 293

=—292 MF’a‘
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Froma Prob. 5:2.3

?‘1/ Ex=0 i

@) Max, shear

O =MAX(107 —03), 103 -

!
S

|
a9 o
I
%
®
=+
&
S
—

_20- a- ” | 5
MAX(ICT% ﬁ')huﬂ])l@,%l):%
IO‘Z-'ZE_%[ [=27

—2\T T =

o= G(IZL) @, b i) 4

=0 72 =0,/ 2=0.3 2=0,5

Tz

= 1,0 /25 L75 OO
o |

}/esjb/_'y eﬁﬁecrfj Mo y/'c»}dz‘mg 1'-f(owr57"- volume
because thewn T, =T, =UT3 , which ;s Siomyple
hydrostatic corpressiom, | <4
(b) Octahedral shear |
=g (T T+ (02T (@-0)* = O
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(023, p.2)

_ 703 | t—zv _
GH_E\/z(o;— 2—) = —Z20; =T,

-7

-7 |
Ty = O, (T*_:-z“.z';“) (sGawmie o5 (ﬂ)) -

(C) ATSI Ju20 steel: Thp= 260 MPa , 2= 0,293
{ Tables 42,5,2), Assurie O :H?Z_éQMFthC

= (~260/M7a )( —2(0zan) =T T4+ M

771/5 5ﬁésfam7‘/ﬁ//y exceeds Uy .
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7.24 Ox= A0y, €,=0 , A varies +1 to ~I,

Determmime oy at yield;‘mg‘ (/EJQ 7.27)
Assume elaste, perfectly plastic beharvror
so that Hooke's /aw c:?p,o/z‘e?s a,a o 71’3/6"{;‘%5,

Gy = \/(;to_), o) “+ [6, - 20, H-}l)]

+[7/o-(/+2 ~205)" =0 Catyld)

Oy = [X2=X+) + Z(w-1)(1+2)2])"=
A=1: Oy = O /(1-22)

2=0: 0y, =GCo/(I-z+23%°
A==1:0,=0,//3

For Typrcal A= 1 05 0 -05 -1
=0 32 o /o, = 2500 1898 1.125 0.768 0.577
(i [

fremce, yielding occirs at Gy >0, for a= o,
but the effect reverses for some A<0, 4
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~J
N
(3]

|.

20294-T4 Al ,G,= 3032 MPQ
Y| P . (Table .2)
¥ooo@ K=2.5, Tyy=7
— X Ty -.‘:O‘y = CE. = —P |
2z~ | | (L) Discuss effect of P

Ly : »
Grn =5 |00+ =6 (G0 + £ (37 4 Ty 24 T,

On =1z [P+ pY rprpY + lcpepY € Toy = %
‘/ng-)é)f'-'—‘ O-;/)(O:: 303/2’5 MP&.
Tyy = 700 Mia | <

(bY 7T he pressure dreps out of the Gy calc-
ulation. The sare will happea, fFor s
Fressure has ne effecl om esther y/‘e/&;’ i Teiren
as i1 dees ot a ffé?‘c“f the e /ue of 7,

or Tn, #he guamtsties that cause y;e/gﬁfmfﬁ Jn
the +twoe criteric, -
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7.26 Oz =—120 MPa, amd Txy,o0m block.

a) Ty = C for R=2, (b)) Discuss Oz effect,
d;, 0% = O—:Zg o i/(y—l—mmxéo_)z+7x; =+ Ty
03 =02 =—120 M/% |

O = MAX (] T, =G/, ),

Gs = Txy +120 7
e A;l\ N -

Te= 2Txy 20 Ty Ty =Ty 50 Twr

Try the fivst case: ALST /020 sTeel
FTs = To/X , 0oz 260MPa (Table £.2)
Tey + 120 = 130 MPa, Ty = IO MPa <

Secomd case:
2Tyy = 130 MPa | Txy = 65 MP= q

Comtrollimg aviswer; Try =10 MFPa <
Lt Gz decreases , Znad case cam Lontrol,
and Tay= 65 MFo , so t+he reswult /s very

semssFive to 0z. <

Secommd Saolution

Ch=5 /(07 ~ 0+ (03 ~T3) + (03-0,)" = 05/X
. A —

Cp = Jﬁf(zﬁ’%y)2+(-7¥, +120) + (_--12_0.—- Tay)
Gn =/ 3Tx? +1202 =120MPs , T,=289 My
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121 Thick-walled tube , o= /00 MPa
F =40 ra= 5O men | BN maragrmg steel

O = /791 MPa.  (Table #.2)

X.= G /Ty = 1791 MPa/ T

For varrous R, calculate 0% 5 9, 5:,,“ and X,
See Table (@) om mext page,

X, = 372 at R= i (msmim o -)(o) <

(5) Oy, = My = MY ( bemdimg)

T ~ mnr-r") /M4
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_ (4O RI0° N-mm) (Y, mm) (7,27, pfz)

Oxe= " (504 -40%) /& mm*

Ozp = 13;8()2)/ MPFPa | Cy ' rmzrv;)

For various Y from +40 to Y5 O0mm
amd £rom) —40 4o —50 mam , calculate
Cx = Tgp T+ Txp T, awd Ty, where
R=Iyl for +he tast two., T hemw calculate
Oy awed X, as for (@), See Table (b)

- Mimimiuma X,= 2,37 at y=%250 <

(a) R Oy o G, eff oy X
. mm MPa  MPa MPa MPa
50 177.8 3556 0.0 3079 582
48 177.8 3707  -15.1 334.1 5.36
- 46 1778 3878 -32.3 3638 492
44 1778 4073 518 3976 450
42 177.8 4297 742 4364 410
40 1778 4556 -100.0 481.1 3.72

( b) Y Oxp o} o, Oxp total 5, effoy X

mm MPa MPa MPa MPa  MPa MPa
50 177.8 355.6 0.0 690.1 867.9 7557 237 4
48 177.8  370.7 -151 - 6625 8403 7420 2.41
46 177.8  387.8 -32.3 6349 8127 7317 245
44 177.8  407.3 -51.8 607.3 785.1 7259 247
42 177.8  429.7 -74.2 579.7 7575 7256 247
40 177.8 4556 -100.0 5521 7299 7323 245

=40 1778 4556 -100.0 -5521 -374.3 7323 245
-42 177.8 4297 -7142 -579.7 -401.9 7256 247
-44 177.8  407.3 -51.8 6073 -4295 7259 247
-46 177.8 387.8 -32.3 6349 -4571 7317 245
-48 1778 3707 -151 -662.5 -484.7 7420 2.41 '
-50 177.8 355.6 0.0 6901 -5123 7557 237 4
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1.29 T hick-walled +ube, h=25, rz =
50 mawm, p = 00 MPa , T=75 RN-m
\Q Ni mmaraging steel, To=1741 M =

(Teable 4‘.2) , Xa - 7

&

First Solutiom: Max., shear \/fald crit,
0s = MAX (10, - 03], 10— 03, 105—03))
_X5 :.G‘o /6_5

For various R £rom 17 to Y’z)'CalcQ/@]“f
Sx , Ty Of, T‘I‘t) +“’\¢"M O_‘)O—Z)O_.BJO-S) Rs-
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(.29, p. 2)

p T I ro Gg J

MPa kN-m mm mm MPa mm*

100 75 25 50 1791 9.204E+06

R Stresses in MPa

mm Oy Gy O©O;=0C3 1Ty G4 o> Os Xe
25.00 33.3 166.7 -100.0 203.7 314.3 -114.3 4287 4.18
30.00 333 1259 -59.3 2445 3284 -169.2 4976 3.60
35.00 33.3 1014 -347 2852 3546 -219.9 5745 3.12
40.00 33.3 854 -18.8 3259 3864 -267.6 6540 2.74
4500 333 745 -7.8 366.7 4212 -3134 7345 244
50.00 333 66.7 0.0 4074 4578 -357.8 8156 2.20

Yieldimg £irst at v, where Xs=2.20 4

Secomd Solutiom Octa hediral shear

yield Critevriomn.

— \ T NZ
O-H:._—\/:é:_ ‘/(0_1_5-2)14"(0_2‘0-3) +({T3—G:)2

Kt = Jo /Ty

R _
mm By Xy
2500 4217 425
30.00 452.8 3.96
35.00 507.8 3.53
40.00 5717 3.13
45.00 639.1 2.80
50.00 708.1  2.53

Yieldimg {irst at 2, where Xy=2.53 4
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LA solid circular shaft,L=10m, M= /.0,
T=/5kNm, X, =2.0. | |

(ay I¥ ALST 1020 steel, £imc d, m . |

(b) Calculate Of’) W FOr otheyr materals named
€Y C,,,= | for ATSL /020, C,,= 6 for Als,

Con= 23 for AIST 4140, Q;mpaka Ve/a'/‘ft/e cost
(d) Select a ~material,

(GYATIST 1020 Cp=260 Mba, p="7.%7 g/cw

(Tables 4—2 2,1)
Qy=

o

63 =MAX(\GI —621,102—G3l,|03-01|), XOS =00/65

_ 1 2 2 . .2 .2
Oy =—\/—2_—-\/(0x—~cy)2+(cy-—oz)2+(cz —0x )" +6(Tyy + T +T2)

XOH =0, /B'H

Combimimg the above equatioms gives
expressioms for the required d as
derived im Prob. 7,20 soluliom,
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(7.3, p.2) /
| 1/3 |
ds= (32 aC /M T ) | 655)?;44.(*:«'1(f shear)

| (/3
de(quoé" /4M2+3T2) | (On, oc:'f.. shear) |

1/3

,_;. 32 (2.0) ) 2, (1 5x/0°)2 N-m
ds (WzéoMPa) Jooxi09%+ (151092 | )

ds = 52.08 mm | <

\ V3
_ [ 32(2.0) 2, =) 42)
dy= ( T \/4(1.0)(10) +3(I15></o_)

Ay = 5046 mm <
Mass 1 Use dy , mote g/cm Mg /m3 |

m=pV=p ”dzL

Rg \ 77 (0.050467(1.0) m?
(797 3xwooMg) :

m=1574 kg | <
(b) Siemilar calculatioms for +he oH\_er /mqt’l.s,
give values as v table om mexl page.

(C) Also calculate C,,m uvalues as a mmeasure
of relative cost oFf the frmc??“er/al i+ each

sha+t.
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(‘7.3)} p,g)

M,N-mm T,N-mm L m X,
1.00E+06 1.50E+06 1.00 2.00

Material o, MPa  %RA p, glom® gﬂ:;,lze:‘ dy, MM m, kg Csoh_::t; ?n
1020 steel 260 61 7.87 1 50.46  15.74 15.7
2024-T4 Al 303 35 2.70 6 47.95 4.87 29.2
7075-T6 Al 469 33 2.70 6 41.45 3.64 21.9
4140 (205) 1583 7 7.87 3 27.63 4,72 142 <4
4140 (315) 1560 33 7.87 3 27.77 4.77 14.3
4140 (425) 1399 38 7.87 3 28.79 512 15.4
4140 (540) 1158 48 7.87 3 30.67 5.81 174
4140 (650) 872 55 7.87 3 33.71 7.02 21.1

d) I¢ weight is am overrimg Lactor, choose
7075 ~T6 Al. However, +his o relatively bi-ittle
material (see Sectiom 1.2,2 amnd Table B.1).

A good combimatiom of ductile behaiv-rior

(high ARA) and relatively loww mass amnd
cost would be ATLSI 4140 (540°C femper), <«
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Po!ycakfo omate

Y Tt

€y =0 “
y v=0.38 (Tabl52)

5x=0

03=0 - 4= 62 MPa
Table 4.3 NPy

E =24 GFPu
0}3? et y/’ff!a:!ifwﬁ | - /q;z
| A / T,

Show praxia/ locus: pt A |
03 4.4

_ T Zz — =
GEECE@ TR =0, 0 =0

2 ' 2
(07-%)" + (@ - &Y + (@ -0

+ 2(105c) = o) (07 + 03 + 03 ) = 2105, | 04

(0: -2%)" 4 (20,)* + (- 3)*
+2(l2xez-e)(oz +705) =
A=~ +7Y + 12401+ 2) 05 —44/2.8 = O

O. 7644 C5= + /7. /1205 —4612,% =0
J,= 673, —8%7 Mi%

S\ 2127

Solve guadratic egn.:
O} = 97'7 MFa (‘- Foolm as cowpkesszb%) «
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739 FitC-M to limestome datec. u, ¢, 6. oul,

R
Based on the relationship Sut = Comament,

o, ~ 03| = ~m(o; +03)+ 211 - m?

perform a least squares fit, y = ax + b, where

=|01403 , X=0]+03

The resulting coefficients a and b then give
b o |
m=-—a, T =, ¢=sin "m, Ut =tand
| Wl-m?

90°~ ¢ 1+m I-m
6, == Cu=—2uli— . O _2r,/l+

Then plot the envelopeline along with the Mohr's circles for each test.

Gs 01=0> Y X Center
MPa MPa los — o3 o4+ 03 (04t G3)2
4. 0 -— -—- 2.0
-83 0 83 -83 -41.5
-519 -100 419 -619 -309.5
-820 -200 620 -1020 -510.0
a b, MPa m 1;, MPa ¢, rad TR
-0.5760 43.35 0.5760 26.52 0.6139 0.7047 4

‘q)s deg ec: deg G'uc, MPa Glut: MPa )
35.17 27.41 -102.26 27.51 P
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(7.39, p.2)

600 <

500

iﬂ+u0=1f
400 AN s

I///

© \\/ lt|+0.70470= 26.52 MPa |
S - ]

S 300 N

= ///”/’ _‘\:§§§§ |

<N

-900 -800 -700 -600 -500 -400 -300 -200 -100 O 100
o, MPa

The f/tted lime represemls the date el
Cue = — /02 MPa Frowm the Fr1rs jor reungh
agreemwiemt with Tue=-83 MPa from the
test, Buto,,,=28 MPe far exceeds Suy=

4 MFa, so +he envelope does mot #r1
temgiom-domimated behaivor <
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240 4 C-M 1o siltstome data, u, ¢, &, Tuc,

Based on the relationship Ope = ¢ Commenit,

 |61 —G3l=—m(0'1 +03)+21;V1—m?

perform a least squares fit, y = ax+ b, where

=|01— X=011+03

The resulting coefficients a and b then give

b N _
N ¢ = sin im, p=tan¢
2Nl—m

90°—¢ - 1+m ’l—m
0, = 5 Oy = 2’51 1—m’ (511;1“"2'c 1tm

Then plot the envelopeline along with the Mohr's circles for each test.

m-=—da, 1; =

- Og G1= G2 Y X Center
MPa MPa |G1 - U3I c1t+0; (o1t 03)12
21.9 0 —- — 11.0

-185.4 0 185.4 -185.4 -92.7
-278 -7.10 270.9 -285.1 -142.6
291 -10.49 280.5 -301.5 -150.7

-343 1434 3287  -357.3  -1787
-345 -19.65 3254  -3647  -182.3

-392 -23.1 368.9 -415.1 -207.6
a b, MPa m 1;, MPa 0, rad tL

-0.7941 = 40.62 0.7941 33.42 0.9175 1.3066 |

¢, deg 0;,deg o', MPa &'y, MPa
52.57 18.71 -197.28 22.64 4
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(740, p,2)

400 A\ {
- ll+po=1;
e
300 N— |t} +1.30660 = 33.42 MPa-
e _
= 200

]
/

/’ § Siltstone
100 / ) ] |

1 F [
1 It

400 - -300 -200 -100 0 100

)

hY

The f£ifted lime represemts the data well. S/ =
=197 MPec from the £t is im rough aq reefmefn‘t
With Gye = — 195 MPa from +he +est . Also, Oy’ =
22.6 MPa is close to Oue = 21,9 MPa | but +his
\atter agreement is umusual avidis ot thought
to lmply gemeral validity for +he emvelope

im the tewsjon —domimated region, 4
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41 i c-M+o comncrele date. M, @, E, Tue,
Based on the relationship Gui=?¢ Commemt,

|01 —03|=—m(61 +03) +27; 1-m?

perform a least squares fit, y = ax + b, where
=l01—03. s X=0]1t03
The resulting coefficients a and b then give

b . -
m=-a, T; = —F—, ¢=smlm,_ [L=tan¢

21— m?

90°—¢ - [1+m ,l—m R
eC: 2 » 0;,;(::_21:1' l—m’ G’ ""21 1+m

Then plot the envelope line along with the Mohr's circles for each test.

O3 C1=02 Y X Center
MPa MPa jo4 — G4 o1+ 03 (c1+03)2
1.70 0 — — 0.85
-45.3 0 45.3 -45.3 -22.7
-58.8 -2.5 56.3 -61.3 -30.7
-72.0 -5.0 67.0 -717.0 -38.5
-96.2 -10.0 86.2 -106.2 -53.1
-117.6 -15.0 102.6 -132.6 -66.3
-137.5 -20.0 117.5 -157.5 - -78.8
-155.2 -25.0 130.2 -180.2 -90.1
a b, MPa m T, MPa o, rad n
-0.6312 17.90 0.6312 11.54 0.6831 0.8139 <4

o, deg 0., deg 0w, MPa &', MPa
39.14 25.43 -48.54 10.97 4
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- B (741,p.2)

140‘\ . |f51]+ucs‘='r,~E F l_

120 \\ — [t|+0.81396=11.54 MPa—

100 \

[}
£ « AN
= Concrete
60 i T
, | .
40 ;// (// e

RVAVAVAY . >
NIRREAVIAA

[=] [~ Tt [~ T =1 1

-160 -140 -120 -100 -80 -60 -40 -20 0 20
o, MPa

The £itted lime represemnis +he data well. Ty’ =

— +9 MFa froam the £/t /S I FoUgh agreewemf
With Ope=—45 MPa From the test, Bul Oyi =

/1.0 MPa far exceeds Typ= 1.7 MFPec, so the
enmvelope does -nel F1't Tevsionm dowimated
behavror | |
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1.43 FPlet 6,-0; failure locus amd graph-
fCaUy Verity X values fFroam Fx 7.8.
(1) X=2.27 for 07, 0y = A44.3, —94,2 MPa
(2 X=2,22 for T, 7 =472, ~18%.6 MP@:
Ta=0 For both cases -
The =214, Ty = — 770, Tf=—393 MPx

G2
300}

. \ \A
A;) 3, = Qpplz'ed G, T —\'31
— 3001 \ \

| Az, B, = imtersectioms
with $arlure locus

Measure distances
OA,, OAs, OB, 0B, ~6%0

(HX— OA" 23 (2) X = 2’32:2,9 <
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7.44 = 300, Cuc=~1000 , O} = =500 MPe
) Mocf Mo{mf failure locus -For G, Us. 03 |

5
00_sz M Po

/ _
, |
F(</ ) x= .30
/ @x=1e7,

/

-~ /000

®b) Emwel.ope owm O Us |T|

— A (0> , |
m:’.gud (TLH: U_L = 0.250 (O—ucxcac)

|Cuc|+ Out + a;
“Sﬂmd)) ':|44€°
= tan p= 0.258

} 2/J- l+ 'Gucl‘ [—’)’Vl
ac | N, I- 2 | 4+ ™7

000 0. 250
— 387 M
7= 2 \/1+o,250 =7

ITI+ 02586 = 3%7 Mfa <

tﬂ+ﬂ¢*c}
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(744, p.2) T+ 4O =T

~ ]000 -500 ot 500 MPa

()

For the given principal stresses, calculate

Cp =—“‘: |01 -02|+m(0i_+02)]

Ca3 ="‘“"‘“ 102 “03|+m(02 +03)]

Csi_ = 1—_";1“;;[ [03 “011+m(03 +01)]

Then calculateeffective stresses and safety factors

_ 1 B
oyp = MAX(0y,0,,03), =

_ XNP Oyt
_ | 1 By
Ocpy = MAX(Cyy, Cy3, C3y), Y=

1
Xams ==
MM ™ MAX (1/ X cpg 1/ X wp)
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( 754, 2 3

Case G O> . O3 C12 023 ' C31
MPa MPa  MPa MPa  MPa MPa

1N 200.00 -100.00 0.00 433.33 100.00 333.33

(2) 100.00 -600.00 0.00 766.67 600.00 166.67

(3) -300.00 -600.00 0.00 100.00 600.00 300.00
Case Onp 1/Xnp Scus MKem = X
MPa MPa

(1) 200.00 0.6667  433.33 04333 1.500
(2) 100.00 0.3333 _ 766.67 0.7667 1.304
(3) 0.00 0.0000 600.00 0.6000 1.667 <4
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L45  Comerete: |y =272 Mfa, 6. =259
Syt & 2.72 MPa. Fimd T3 +o fail if C,=0,=~-10 MFa,

[T

C-Memvelope
comtrols.

f

6. =50°
Cuc & Ouc z >!

1
| _ '
A
Oz=7 Cuc / 5 o

0 =0y=~l0 MPa”  Cut
d=90°-26. =40°, m=sin § = 0.642%
Sem=MAX(Ciz, Cos, C3) = 10wl (@t frac)
C12< O, C23=Cgy, S0 Tepn = Cs, _-"-'l@uc'] |

\
Czy = -":",;,';"[16"3‘07]*?"7”4 (Cz+97)

12,7995 [ (Tz+10) + 06428 (T3 10)] =272 MPa

Oz =+ 374  must be(-); Mot possfblé
Cz=-73.2  vald solutiom - | 4
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146 Moytar of Table 17.|; m=0497, T =
9,%6 Mo, X=7 €or Cz= ~50,Ty =0y =12 Mfa.
0y, 92,03 = Tx,0), T2 (Th=0)
0,02,0z=—12,—12,—50 B
CglzczjJ Cip LO ) so Cgy=Czz comtrols

_ cg,'z_ll__m%@cx-s-cs;\ + m (c~3+~:r,)]: 4-.28¢ MPa

Gem= MAX (C2, C23,C3)) =Csz, = 1Tl | / Xem

'14,2%:34;02/&,,,) Xem =238 <

-G'NP:MAX'(m)U*;)G-B) = — |2 MPOL). Xnp= 22
XMM: MIN (XCM) 7(Np) .'..‘.-"’2,38 | o 4

JaN
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7.47 Buildimg columiar , 400 an ma digameter
SamdsTome, Oyt =3 ,|Ty | =100, Ti=23235 MPa,

m = O700 (Table 7.1)

LO—Y C =200 mir» radius

g™ 7R

~ Tay - 1C _Tc :2T
T | YT T T wcHi T ace

.\“—__?.
O
-
e

I e

(Q>XMMW?'7COV‘ P:/ZSO!‘?’\’)T:O‘,%}, :O
_ __ _L25xio¢ N |

O = T Zo e =~ Mf’a

oyl =-2T =-111.2 MPa

O—i)gl)(j‘é: oJ—Q'Q$7,O'MPa | (all T

CTep = MAX(C13,Ca3,C3) = C2

Ci5 = Tf—_—% (15, -Gzl +m (T3 +0‘2)_7 = 49947 MFa

Xem = 103 ]) /G_f:M =118 |
Snp = MAX(07,03,03) =0, Xy =@
Xpapm = MIN (xm) Xnp) = (118

(D) Xum= ¢ for P=0, T= 20000 Nw; , Ty =

Y-
| _'Z(ZOMTD‘SN"MMJ__ |
Try = A = 592 MPa

— Z
o, 0= 21T x J(BoH) T,

=0)

<
<
4
O

, Oz =0
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(747,p2) o7, 0 = 1.592, —1.592 MPa

Ocm =MAX(C2, C23,C5y) = €5

sz‘—:"-‘:-;;,,-[lo‘.*%l-i-ﬂﬂ(mfﬂz)j = 10,61 Mfa
Xem= 19w l/c-CM 1042 <

Tye = MAX (37,03, 03) = 1.592 MPa

XNP --m/o—,\,p = .99 <

Xpipt = MIN (Xem, Xpp) = 188 <

(&) Kuw =7 €er P=1250 RN, T =20000 Nhm
Oy =—9.947, Txy=1592 |

.. Ox + 0y Oy =0y \? =
51, 0z = Vi/( )+ Ty, 3= 0
O, 3= —4974 £ 5,222 = 0.24%,~ 1019 MP
Tem=MAY (C12, €23,C3) = Ci2

Ciz :m——@cr =03} + - (T +G‘z,)] = 11,60 M
-EszMAx (o—,, 2, o}) = 0,248 MPe

Xne = Tut /Cnp = 12,1 < Aum= 459 <«
@) Fracture im (b) is easy due +o ‘i‘emsmm
from Tyy amd low Tyut. But Yhe temsion is
much reduced inm (€) due +o 4the COompressive Fi

so thatl +he $racture s shifted to C~-M mode,
with safety factor almost as layge as in (G). €
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7.48 Concrele of Table 7./, with pressure

P and Txy=Z30MPa. (a) Fracture |f p =

0 MPa ¢ (b) Somallest p for mo fracture.
P/-—x Try m=0.631, T;= ],.54+MFe

1 ,
e ISucl =27 ]L_—‘"E—_

4452 Mfa

Ox + Ty Ox —-Gy\% ~2 L
S Gz > +\/(_2'-“—Z)+Txy =—P T Txy

¢=~4o+3a:-m>

Out
\I/Hg— 0—3:""‘4'0 MP&
Oz Tz ¢ ©

Comtrol/s ! C,,= 90‘~ ) +m (T, -}~0‘2_)7
C,,= 25,80 'qCM._ C, = 2590 |
Xem= Q_uél/G‘cM= '99 Mo Fracture 4

)T}

(b)C)‘i - —-pP "rBOJ G,= -—;9-'30) Cz=—P
@M:Cizj XCM:\G:{U/O‘:CH =1, G,= \O—wl
Cla =72 (60 + m (-2p)]=49.52 MPa
p= 23.3¢ M Pa o <
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249 Mortar, Gt =2,9,I0ul =318 MPa
T m=049497, Ti= 486 MPa (Table 7.1)

Gil=—2T; [ o 240 MPa A=

{—m | A l\
(&)7} = O Oz = O XMM ? - | T

Gz =0z =0

S92 = 7 I/( = /+’7})’

G102 =x Ty, = £ (0 MPa
Sem = MAX(Cra, C23,C3) = Crz
Cra = T |G~ 02l + i (0 +G3) | = 3,976 M

’rxy.'

Sem= 3976 MPa , Xcp = 10wl fGpp = <355
Onp= MAX (G, 03,03) = 1L.O M Pex

Xnp = Cut/Tne = 2,80

XmMm= MIN (Xey, Anp) = 2,80 | <
(P) Tay =10, Cp=—15 MPa

Gy, 02=ETey = 0O MPa |, Oz =03 =—IS M
Sem ‘-‘-?M/‘}X(C:z,, ng,Cgl)'::'Ci |

Co1 = o LISz = 071 + om (03+07) ) = 1798 MPa.
XCM-—IO}}L \/Cem = 189 |

Cnp= MAX(T,02,03) = 1,0 MPa |, Xyp= 2,50
Xpm= MIN (X , Xnp) = 199 <
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(74,02) €)X =25,Tx, = LO MPar
What is largest allowable Gz 7

G,0z= iTxy“ilOMPQ Sz =04
Assume C-M Comtrols, and T3 < T =—10 MR
Sem = MAX (G2, Cp3,C5)) = Cz= 10U | /Xy

[|oz-10] + 0.497 (02 +1.0)]=34 /2.5

\—04‘?7
Simce Oz &£ —|, -]G‘ﬁu),ol = —0z-1.0)

=0z +1.0 + 0,497 Sz + 10) = (0503)34—/25
Cz=—10.62 MPo g
Onp = MAX(T71,0%,03 ) = ,0MPa x,\,pwzszo
Amm = MIN (Kep, Xyp ) =2.5

Assumptioms are OK

0“2,’2""0163 MPQ <4
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o
(<)

£:9U Groy cast irom shaft, d= 30 mm,
X=2, P=100 RN compressiom, T =7
Tut = 214, ISull = 770 MPea = 0.276

= —
Oy = = 2 ZIO000ON | 41 47 MPa

A (15 mm)?

Tirs 27T
= ) f&y - qTr?

J =

T, >20,0,<0, 500, awnd C;; comtrol.
Assume Gepy Comtrols amd check Typ.
) loud|

KM

Ciz = ‘T'!_',"?,,}‘;]" DG’, — 33 + M (0-[ + (Tz)j“-‘—“

\Cuc'| 3 2
Yem =M [2 ‘/(67‘/2)1_+ Tay v O—"]

(723757 = S U=m) o]

T G o) (2]

Su/gsT‘{‘}'uff—’ values Froamn above and Xey=3,
’]Txy = @740 M <
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(7.50,p.2)
Check Grnp | |

= (O‘x/-Z)_+ \/<O‘,¢ /2)5 Tey =41.70 MPa
Onp = MAX (T,0,,93) = T = 4170 MPa
Out |

| NP

T =4 73T Ty = 463, 300 Nemm
T = 443 N'm | <

I
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751 Gray cast iromn , Tu+= 214 MPa,
\Tucl =Tl = 770 MPa, »n = 0,276
Thick—walled tube r, =20, 1y =S5O Mmamn,

(a) Xpm = ? for .P'—: 20 MPa

P~

@Z:Cz_rz — 1125 MPa at al} R
2z T h - '

1l

o Y;
O;":C_(_'%.?_+l )Q-r-:—-c<éz—l)
At R=1 =30 MPa | ;=425 ,07=-20 MPa

< +2'5:5l\61-; As ’7;:),:-;--’7}% :”T%;r'
: Gy =0, s all Z2ero, them

Ay =
2 Ox 0 » O =T1,T2,05.

l
|
| ] C.= 0, largest,and
—20 v Cr = : T = 3 S%&?HPS%
Iy "2 at ali R.

a:.CM = MAX (CI'Z)CZ:?,Cg;) - ng at all R

\ |
Cy3 =1 1102 =S5+ m (03 + 03))

Cl/\echimq various K gives largest C, 3 at
R=1, where Cy3=604,90 MPqa = 0cp

Xem =191 /Topy = 2l <
Snp= MAX(T;,0;,0;)=42.5 MPx

Xnp=Tut/Gyp = 5.04 - <
Xpm = MIN (X, Xyp) = 5,04 | <
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(750,p.2)  (b) Xym= 7 if F==700,000N
ayial Compressioo added o p= 2o MPa.

G =Cxp + Oxe = 125~ ZOQ00ON
Tx=—128.0 MPa ¢, OF as above.
@%;%3 O = {TL)D_%

O, =02 \lar‘qas‘t’, Tx =9, smallest, a‘t all R.
amzwwxu;%(u,.g)-cm at all R
w=0, | C=1.258 MP@

| 425
| l r

O

'r——_c l?_ ,)

- ""“2—9’10 [J” R

Ci2= ]{"ﬁﬁm_gzl +’W’(GT+O-§,)]

Checkm«q various R gives |argest C,Z at
R= where C); = 202,9 MPa = &,

XCM-— Ioa | /Gop = 2,80 <
Sp = MAX(T7,93,03) =42.5 MPa

Xnp=COut /Gy = 5.04 | | <
Xum= MIN (Xem, np) = 2,80 <
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