81 AILSI §4340 steel (F—Z‘;,, 8.32) 0, = Q00
and 16 00 MPa

@ K= 7 (b) a == (m:c,j‘”

T\ B
Gy, MPa Ko, MPaym» Ay, mm

SO0 /85 A,
/600 al) 020

The much smalley a, for +he higher 5
indicales o greafer sessitios Y fo
flews, so thal britilte fracture would be
an sompoorlant 6/’95{’977 consrdleralion
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0 —/s0 42 700 0.001\S |1|S
(2) +/0 /60 480 0.0354 354

| ————— T he steel is much miore
toleramT of Flaws at the
higher fermperature (2), 4

200 — AE33E-] steel

OL, rmem
f ] 1 ] ]

o 20 4-0 40 SO 100

Koo _ 42 MPalm _ 749 oo
/e \/’W@"mw V&

o V1000,
= Drc _ 160 25’55
@ s e T MPQ

I g

loo
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8.3 For each -metal jm Table 8.1 ,'Cé/ca/afé

ay, and plot on log scale us. Tp.

( &6 MPa\/7_n-)2
5S40 MPe

-
%-W(

2
K.l'c) —
& _

I

(i

a,=F+.75 X102 m = 475 mm
(€for AISI (144 steel , others ssmiilarly)

K Go - ay Ki Op a;
MPam’ MPa mm MPam’® MPa mm
(a) Steels (b) Aluminum Alioys
66 540 475 24 415 1.06
60 620 298 34 . 325 3.48
187 760 - 19.27 36 350 3.37
110 1090 3.24 29 505 1.05
123 1310  2.81 52 435 4.55
176 1290 5.93 (c) Titanium Alloy
152 1070 '6.42 66 925 1.62
65 1740 0.44 -
100 ¢
i O Steel
[ Al
' ATI
10 k
£ - oo © o
. : [ o o o
© . 3 A
1E 0o
- O
0.1 1 1 1 1 1. 1 1 1 1

0 200 400 600 800 1000 1200 1400 1600 1800 2000 -

G, , MPa
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2.3 p.2)

Although +there is comsiderable scaffer, (T
appears that 4, decreases with rmcreas-
jmg To for steels. Aluriimum alloys
showw a s/ma//ar trend, bul writh

a, sovaller thamn for steels of
<ianirlar S%remg-i‘//),
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M- _CC? /C‘M/afe Oé for yariees g'/'z/efm
Sra f‘ék/‘&/s ang cormaneart oag +Freands.

_ K’zc)e__-’_ 66 MFPaym =
G =l ) Tl 590 MPX

O = 475 X 107 %m = %75 2mm

(-Fok AIST 144 steel; others simrlarly)
Use Tur for brrttle materials where
+here is mo yrel/d kaemgfh,

Material Kic Go ay

MPa m®° MPa . mm
1144 Steel 66 540 475
A517-F Steel 187 760 19.27
300-M, 650 Steel 152 1070 6.42
300-M, 300 Steel 65 1740 0.44
2219-T851 Al 36 350 3.37
7075-T651 Al 29 505 1.05
ABS Polymer 3.0 42" 1.62
Epoxy 0.60 5972 0.033
Glass 0.76 502 0.074
SisN, 56 4502 0.049

Notes: 'Average strength from Table 4.3. “Ultimate
strength, rather than yield, is used.

Qp IS a farrly large (€as/ly foumnd) s/ze
Lor amost of the steels, and /s sonaller
for the Al alleys, The tralues are very
sanall For epoxy, glass, andg SN, , and
/N F+hese cases svay be sSimilar 1o the
natuval Flaws /m the mmaterial, Herce,
these three mway be "imtermally flawed. "
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8.6 | Cemter-cracked plale, AZSI //#4
stee/, b= 10, ¢ =/5 mm. Ay.= 66 Marm (T, 5.))

P=? for Xex=le/K=3 /f @=/0, 24 mm
(@) a = /O »mm
K:‘:FS‘?.'ZTG/

__F _~F
53" 2bt’ K‘"Fzzatm

A= ;:r‘ = 6"/’3/\40}9&‘/%— = 22 MPaym
< P

| o N
BRIV = S 15)

P= 14BN = /459 AN 4

, X=a/b=/0/40 = 0.25
=Py (F73. 8,/2)

2 VT (O0/0 m)

(b) a=2%mm , X=a/b= 0.6
- 05%+ 03267
r= T
/.'>
2 (40)(/15)
P="7%400N = 744+ RN <

= /292 (Fyg 2./2)

22=/272

JT (0 024y
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8.7 F = tabulated vealues , X = a/b

2
o E = |-O.S % +0.3264 Fiq, 9.12()

2 e
() F‘;:‘— sec /TZO( (c) Er‘: /ﬁ—&{qmm

(o) Z im radiams)

For ecch A=0,01,0.2....09,
calculate F, F;J and F+) a-ngd also
+the ratios /5, 5 /5, and Fa JF.

a=afb Tada Fig.8.12a Secant Tangent Fig. 8.12a Secant Tangent
' Fi Fy Fs F4 Fo/F, Fa/F, F4/F,
0 1~ 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

0.1 1.006 1.0048 1.0062 1.0041 0.9988 1.0002 0.9982

0.2 1.025 1.0208 1.0254 1.0170 0.9959 1.0004 0.9922

0.3 1.058 1.0510 1.0594 1.0398 0.9934 1.0013 0.9828

0.4 1.108 11001 1.1118 1.0753 0.9920 1.0025 0.9696
0.5 1187 1.1759 1.1892 1.1284 0.9907 1.0019 0.9506

0.6 1.303 12924 13043 1.2085 09918 - 1.0010 0.9274

0.7 1.488 14784 14841 1.3360. 0.9935 0.9974 0.8979

0.8 1816 1.8082 1.7989 1.5650 0.9957 0.9906 0.8618

0.9 2578 25743 25283 21133 0.9986 0.9807 0.8197

@) F, is within [% for &£ 0.9
(b) Fz IS withim 2% for A £ 04

€ Fyis withim 297 for A £ 0.3,
59 for O&LOS awd 1897 off <
at & = 09,
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8.8  AIST 1045 steel, HB=400,T; = 1300 MPs,
Kr,.= 30 MPaym  (Fig, 8.7) |

i b= 120, £=12 mon

E= 02650 -o) 4 Q857 + 0.2¢5q
(1-x)3/2

PN .
(120)(2) VI (0.0187m)

= |.233

26,7 MPe = 1293

P=i2&, 000 N = 12¢ kN <

(b)Y Xg=F/P=7?  Ptromm (@) |

P= bty [— <X+ /22 -2 +1 | (Fig, A6 (dl))

P, =(12 Oamm) (1 2mm) (1300 M) X
[-0.15+\20ISF-200.15) + | |
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(9.8} 12 2)
pp'-.-; .235 X |0°N= 1335 N
=R/P=1335/12¢ = |06 4

The P=126 kN force is far belowo fully plastic
YIwejdl’Vlﬁj with Xe=3.0 com-l-robl:mg .

(C) a=7 for P=106 RN, %< =30
kK=Fs/Ta, F=F(d=as/b) as above

[00, 000N [ _a,mm
(20 (V2) mm® __fooomm/rm

Solve iteratively: P:‘ci@"‘a" Calculate o = a/b,
F, and K, Vary "a” unti) K =267 I?esu!‘t is
ad= 244 mm 4
Also checir X)) > 3.0 as i~ (b) -Fok— this "cz”
P—-u'sq MPe xézué(o OK <

b, mm t,mm o, MPa Ko, MPavm

120 12 1300 80.0
P.N S.MPa a mm am o F
(ab) 125,897  87.43 18.00 0.01800  0.1500 1.283
(c) 100,000  69.44 2438  0.02438 02032 1.387
K,MPam X« Po, N Xo
(a,b) 2667 3.00 1.335E+06 10.60
() 2667 3.00 1.159E+06 11.59
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8.9 | M  X=25 |
( . . Ii;{/ / ) b= 20 YN
| += )0 mm
f : ABS plastic
KIC: 30 Mpam) 3, :_42_ MFa (arerage.)

| | (Tobles 2.2,4.3)
(a)y a=7 for M= 10Nm

c_eM _ GUO000N M)
8T b+ T (zo@w)l(\owm)

K=112S,/Ta (4/b£0.4) (Fz 913)
K=30/2.5 =12 WPaim

= 1S.0 MFed

Q..:_._L_(____ = (LZMPQ.WSL
AR VA= M\ LIZ X [SMPa

a = O.00l62Zm= 1£2 mm <

a/b=162/20 = 0081, F=112 is O.K;
(b) a=7 for M = 30N m = 30006 N-mm

___:GM __Vé(goc?lO) _ 5 P
> b2t~ 2p% 10 = o Mbe

Calculatiom with F=\12as above g/yes:
Q=190 mm, A= G/h= 090, mot £ 0.4
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(29,p.2)
Hemce , the eguatiom for varyimg F is meeded,

. 4
, {0,922+ 01991 —sinx)
F = \/.___ tamx |
X Cos K

cwhere ’71=’7T0(/2) _o(-_—&./j;

k=Fs/ma, L2MPaim =F &5 MPa){T@,m)

Pick am "a” ‘hea calculate &, X, F and K.
Vary '‘a” H"em‘h‘vely until K=\12 MPa x/;n_z

a=10.1 rman <
b, mm t, mm X K. MPa Vm G, MPa
- 20 10 2.5 3.0 - 42
M, N-mm S, MPa a, mm am o=ab w2

(a) 10,000 15.00 1.624 0.001624 0.08120 —

(a) 10,000 15.00 1.870 0.001870 0.09352 0.14690

(b) 3,000 4.50 10.125 0.010125 0.50627 0.79525

F Comment K, MPam Xy M,, N-m X',

(a) 1.120 Approx F 1.200 2.50 35,456 3.55 (c)

(a) 1.044 Exact F 1.200 2.50 34,512 345 (c)

(b) 1.495 Exact F 1.200 2.50 10,238 3.41 (c)

(C) Comsider J,’-u”y plastre y1'eld:‘m7.

Vo= B (1-00)*  (Fig, ALY, X5 = Mo/M

See results (nm table above: (&0 ng—'—‘ 355,
(b) X, =241, So Xx= 2.5 comtrols Lor(a),(b) 4
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810 Simgle edge cracked plate.
b=320, t=4%, G=6 amm  P=TSKN

(&) For Xx= 2.%, what /T];C required ¢
h—Ic

K::: FSJJQ ) K“" XK'

Rie = X Foz VTG (Fig. 912(0))

. 4 7 . 650(
= = 5, I~xY 4 2857 T0.2¢
F=o0 7.65( ) (=o)s

k= a/b= 6/30=0.20, F= 1380

Kpe = 2.9 (1.3%9) ;iczf)’:nmz \/fn‘(olooefm)

Kre = 33.2 MPaVym ‘ <

| (b)) X,=2.0 for fully plastic yieldimg
To =7, Xo=FR/P Use Fig. Alc (d).
P = btr[—-u 4+ /ZO(Z—Z'O('I"\] = X, P
Z(WbOONj “(EOMM)M-M/m)( MPQ)X

= Z200MPa  (mimimtan) <

() 2024 -T35| or 2219~ TES| ~meet above,
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811 Bemd:‘mq me ileks, Fz‘g, F A3, b =60,
t=20mm, |¥ IV rmaraging sTeel (vac, melt)
M=1C RN, a =1 mm,

Krc = 176 MFa ym, T, = 1290 MPe (ThL $.1)

(a) Failure M=7 X=7 [igs, 8,13 Al3(b).
Brittle fracture. K = Fs /T = R,

sm Ll F=112 (/b4 0.4)

M - e bzf"j}:a
F oy VTa = Ko, Mc CE
(60 mm)* (20 mm) {176 MPaym) |
.=
6 (LYY (0.001 m)

Me = 233,64 110 Nomom = 32,64 RN'm P
_ Mc _ 22464

X M 10

(F=112 is OK as a/b=1/60 = 0.0167)

: . . Z4 =

Fu”y pIGzSHC yleld:mq; MO:- bfc‘ (,__q/b)a

= 3,2¢ . <

M = (60 mm)? (20 mm) (1290 MPa)(,__ L mm \Z
6O mm

o _
-4 |
My = 2245 XJ0° Nmm = 22.45 RNm <

o=z 2285 2 2,25 (comprols) 4
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(Q.))J P 2)

(b)) a=5mm , X=8/b=00%22

Repeat above with new'a’” |

Xe =150, X, =195 4
B i tle Fra:fure Now Cm'l‘ral_s vs, yrelding
for (), Xe is low motimg typrecal statisti-
cal scatter im Ky, (Table BA4) Replace., 4
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12 Rectamgular bea»m) 7475 -T7351 Al .

s
X, = 2,0

il

J | b= 40 mmn
A a/b=01 @) X, X OK 7

/

Fig. 813\ F=1.12 (a/b £ 0.4)

e N-mom

v (642')02_ ?;‘?)) D = (875 MPa
Table 3.1: K= 52 MPa/m, =435 MM
| Con&sider Fully plas*h‘e y}&)d;‘mg)w:+h creick

Mo = b::f"_z‘ (1-2Y  Fg. Ale(b)

G OmmY 20 ) (435 MPa) /| Aomm §
Mo = . (_' 40 mﬂm)
Mp= 2.2 #210° Nemam = 2,82 RN m

X.=M,/M=2%2 >20 OK 4

gtx‘\-

S5 =

Consider brittle fracture
| Krc/xh—': K = F S/
K=1.]2 (1875 MPa) T (0.00%m)
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(3.12, p. 2)
- o _ 52 MPa J7A
k=23.5¢ MPa/T, X = 55 5ampatn

X=2.21, <35 oot OK
D) Kee o Fo i = F SN/
X b=t |
G .
s2 MPadTh _ 2 ©UOXIOZNm) Lo me gy
3,5 (b, mm)® (20 mm)
b:_‘p-O-?g “¥YVi“v¥} . ‘
= a/b = 4/5035 = 0,079, F=112 js Ok
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8.14 Fimal pf;) M, for a leﬂuwfeﬁ‘@w'}‘!’a’
crack im shaft case, as f(a,b,T,)
| - Oo

= Tb¥, (|- a/b)° <

Qo

A A

‘n
.|
1
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8.15 Tube wourth /0743:'7"&10’/"%0 [ crack.

p=20 MPa, farg =25, t=2, a= 5 omm, |
Fimd Xf;;) X, Cwrthout crack), Ti-GAL-4 V.
A= (Table 2.1)

anspy.
Lt

Q 5
{fartt /25(2)

= :/H— .25 3% = 1,275

= O.707

k= FPlras jrg _ 1275 (20MPe)(2 5 mm)
t _ 2 M

k _ 1275 (ZOMPa ) (25 amom)

| 2. “rvina

K=2994 MPa/m
XK: [’T]:C_; — cé6 MPalm |
Ay 29.94 M Pa A

[T (0,005 )

Pr _pPr |
UX:“; ) 0; T ) Cp=—P

. :(_2OMPC()(25"’\=)’MW — \20
Cp =240 MPe, o =— 20 MPa
01 ,C%, T = U,,0,, T (all T =0)

5"5:/\4&74 (o =03), 103 -3, 1oz —G7)) = T /X,

0= 260 MPg = 425 MPa / X, , Xo= 356 4
The X is too low ¢ <
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8.16 Structural mewiber, A572 steel, Fig.

8.27. Dymammic loadimg at —30°C, a = 15 mm.
ey M,=7 (b) Compare to design My = 176
RN fFroam X,=1LE67 Ky, = 40 MPa /7.

(@) kpe = FSc/a  Model flamge as Fig,
Sz (c), S at mid-thickmess of £lamge.

bbb AS a/b = 15 /203 = 0.074
. b >} Fal 2

203mm Alse mote web temds +o
:%_%m limit asymmetry

effect omn F,

Y
—
. X

KI(_ Mc\/ Y;:
5= | f ; ,
Yo ¢ F/ma |

40 MPaym (M, N ’m*m)(BOBIZ-— ra:/Z)

I ‘ZF(OO'SW’) ()29 X106 %4“)(1000%7%/%1)4'
Mc = 1464 X10° Nomm = 1464 RN-m <

(b) M, to 'FFJZC"‘L&V'& < allowable My =176 hN'WI,
T§ service loads reach desigm My, fracture

s M?ely <

Comments: M; to yjeld edge of beaw e +h
To = 345 MPa frem Fig. €37, is!

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes
All remplents of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
~___and the needs of other |nstructors who rely on these materials.



(B.16,p2)

- y ' o
T, 1.29 XI10%¥ mm*

M;= 293,% x10° Nomm = 293.8 RN:m

KXo = 1,67 +henn gf‘ves an allowable wc)fmedq‘ti

X X, W 173,9 R |

wihhich s close +o +he givemn allowable
M =[7b RN m.
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8.17 T——Secq‘/}:::m) TOIS=-Té651 AL, crack "a,”
My = 150 Nem, (@) Verify ¢, T, , () Xe=7
Loy a= bLSmm. (&) a=7 for Xg= 3.0,

(d) Use 7475-T73517 |

From Table .1, Koo in MPaym , 0o im MPe:
F075-TE51 ) Kre = 29, 0. = 508

A4975-T 7351 Rpe= 52, 0, =435

| &7 |
y 40
1 }35 _ _[e 2

x 35 3)

BRI e s " .
17.5 1;5‘5

4l

a

SAYe _ (4% 35)(17.5) =2 (18 X2 (5.5)
S A (4AOX335) -2 (18X 31)

(a) c=y=

| 7204 mm 3
= =25, 94 m . 4
C o4 mamn 2 . 25.35 m

. bh3 _ 40(35)3_ 18 (313 4
_Ix =Z 5 T —3 2—=——= 214,175 mm

Ty =T, + (EA)C* T,=Ty - (SAC"

T, =214, 175- (2%4)(25.359) = 31,538 mm*
(b) K=FS/Ma =Kge /A, Fa 112
SI‘My/i-y L Use y =C , bottom edge
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(%17, .2)

< = (180,000 N-mm) (25,26 mm)
3,538 mm?

K = 112 (14473 MPa) /T (0.0015Sm) = Méim

A=K, /K =29/1013 = 2.6] | 4
(©) Kie /Xy = F 5T .

(29 MParm) /2.0 = 112 (144,73 MPa) /T (G, m)
A= 1122 X107 3m = 112 mm | <

— 144,73 MPa

(d) Redo (b) amd (&) with Ky =52 MPavm
For a= 15 mm, Xg=52/1113=4.47 <
For X =3.0! -

52/3% =112 (\44.73)VTTa, a = 2.64mm <
Check yieldimg simce G, lower.

_ 0w _ 4235 MPa -
xd — :: : i
5 \44.73 M Pg 30l OK <

7405 =T 7351 has larger X for a =15 mm,
amd for A= 3.0, permissible 'd' is more
tham BX larger, sveasiey Yo £ivd by
imspection, Change +o mew alloy if €racture
would have severe comseguemces, <
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0

818  ASTM A490-8steel, S= 250 MPa
I‘——— 2(:‘—>l 2¢ = S'O IMIN
% Aa//’ A= )5 2mm
/’/ < S . - Ly
AT s 6o A

(Table 3. _/)
Safe 7z frxcj" S 19 applies

N:FS/_’%—& , F=112 (3§ small)

- 1¢5 e
Q=1+ 1462 (2) =1+ 1gse(E22)

25 man
Q= /630

A= /12250 MRR) [T (/‘?'6"3’5"”)

K= 47.6 MPaVm
X= 0% = EOLBIT 126 Aol <

A 4726 MPavm

X, is /madeguale fo safely operate,
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S =20 2024-T357 AL, Table 9.1

C ¥ fp = 34 MPa jom
a T, = 325 MPa

d
’ A ROI28 S/Ta  (Fig, 9.17)

\—_’/ )
| 00 N-m  Ye=lIe =3

S:Mr# Mr _ +M - 4-(6 X]0° Nemm) _ CfSS

p———

I 7t arE '77_(20%@)3 M Pa

A )2___1_(//,33 MPa v \2
0.72%95/) M \0.728(95.5 MFa)
a= 245 X 10" =0m

o 345 _
$=252=021, 02 <035

So F=0.728 1s OK (Fig, 8.77)

|

3;46' 7Y ‘
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8.20 Solid circular shaft, d=50mm, M=
.0 RNm, 300-M (300°C) steel. Table ¥l

@ Kre =65 MPa/m, Co = 1740 M
(@) a, =7 (b) a=7?¢ for X=32

(¢) Compare a, arnd .
d

@) K=FsV/Ta, s-=%’r-%/—;’-) F=0.72%

for a/d < 0.35 (Fig. 2.11d)

S _ 32 (3.0 X0° N-mm) /74,
65 MPa/M = 0.72¢ e rp— JTAc

Q. = 5:97X107Fm = 5,97 mm  (F=0.128 is OK) 4
(b) K=HFre/Xp =FSVMG

& .
565 MPaym  _ 5 nag 32(BORO J\:lgmm) TR
3.5 T (S0 mm)

a=4.37 O~ Fm = 0.48Tmm (F=0728 is OK) 4

() Xg= CQc/ot = 5.97/0.:487 = 12.25 <
A large safety factor im'a" is meeded +o
achieve an adeguate X, Froom Eq 917!

‘ 2
X, = Zcz(F ;gK> F=FR =01%, %=X 4
C
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8_1 Recfamqu ar beafm 2219-785/7 Al
M= /60 /\/'777 b= /0’794044/ Cor%e}» a= 2 mmMmm

(a)Jc?,carx“‘“‘-‘ 30 o M

£ NN ( L
From Frg, 8.17(C), cwrth >
dimensioms b, T, and 'a’ defrmed Fhere,

/ﬁ-rc = 36 MFa /77—74-} Co = 350 MPa (Table Ql)

Fx~ 0722, $<0.35, 2coz

— - Fs/Ta, s=S8 (/g %17)

X o e

36 MR/ _ sy & (/80,000 N-mm)
T O amem )T, mm )

/T (0,002m)
t=2/,3 mom | 4
L=25 =009, £=,5=020, Fis O

(b) Check Fully plastic yieldimg. Use Fa‘g A e (b)

N2 ! Q.
“,A M():(b}{o-;(\__.‘;.

%/“% 21.3 mm &
//% t—>b Use units mm, MPa=N/mm
7

2 O (350)
| Mo = 21341.( (! 213) N-mm

[0 mm Mp= 326 Nm, X, =M,/M= 2.04,or<<
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8.22  Ammealed Ti—-6AL-4V | Table 3|
=qg25 MFPe, Ar. = 66 MPa/=m

Selid civeular shaft , M= 5,0 kN-m

o =3,0 mwm, half-civcular surface crk,

Ca) Xc.::z) do :?J 5:":%.& J C=d/2

s

o = (.32 MXo )5 _ 32(000&: MN-m) 2
TJo T 925 MN/m*

d=d,

= 0.0479 v = 47.9 »rmon |

(0) X=3, dc =7, F=072% (a/d<0.35)

= — _ KT _ 22M  Fia,
K=FSyTa = Xc,) 5= a3 s17@

K 22M | WA
= F —----3) yma

/
d:(ZZMFXR\/a)/B B | d

e 32 (0005 MN-m)(0.129)(3) JO.003 n |5
- ( 66 MPavm (77 |

d=d. = 0,0547 m = 54,7 amam (F is Ok) 4

€) Use +he larger, d=54.7 mm <

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
----and the needs of other ins}ructors who rely on these materials. )



8.23 Shaft, d=50mm , with circumteremtiq|
crackR, a= S mm. /g /\/z aragimg steel
Are = /23 M,Oq ym  (arr wmelted, Table F.1)

() 7(7—“? if M= 1.5 &N-m

Fig, .14 (b) applies: Sg=<4M/(Tb*)
K:’:S‘imJ OL:q/bJ /‘J)“—:

b=d/2 =25mm, x= 5/25=02, 3=0%

Fegam[ 1 B 345 PG M 059787

F=132¢3
K=FSglMma = /365

4 (1.5 %10°% N-mm)
T (25 mm) 3
K=2095 MPavm , X=Azr./K=5387 4

[T (0.005)

(b) Add 120 RN temsiom (Fig, 3.14(a))
3
E= E‘E":S [( —4-—5;+ 2 3*-0.36387F 0.73/&"}: \.225

k= FESg: [T, Sgz=F/(TT5)

. M P/ m
S e /T (0005 ™) = .3

F,=1225

kK=K + K, = 2095 +9.39 = 30,33 MPa/m
w here IT, s < duye to be’hdz‘ma + roma [6(),_
X=hkr/~A=7123/20.33=4.05 |
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8.24 Cjrcularshaft, d=60mm, with halg-
circular surface crack, Gt = JO v,
Ti—CAL-4%V, ammealecls K. = 66 MPa /5
(Table 31) . M=1.2 kKN-m, P=7 X = 4.0.

Fig, €.17(d):, F=0.72% , a/d £ 0.2 or 0.35.
a/d=10/60= 0,167, +his F =£ = Fp,

Rre /%= N= L5 /TG + £, 5, /T
66/4 MPavwm = 0,72% /T (0,00 04;)..(5&+Sb> |

5+_._:4______P____ - SN s =(2,527x107) P MPa

TAZ T (66 mam)

:32M‘22(12x;1)°mww) _ |
Sb “-"—mfn_dB = (60’%‘1%)3 _56-5‘? M Pe

6.5 = 0’728/0010’1T (3537><10"“P+56:>9)
P=201,500 N = 202 kN <
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8.25

~ Infinite collinear array of cracks loaded on one side, K, in Fig. 8.23(b).
Calculate and plot Fp, for various o, = a/b. Compare to approximations.

P 1 1 N 1t o,
Kn =Fpy—F— Fpr, =—| —F/— —tan
2 P2 1B’ P29 A/sin oL 2 2

1{ 1 «ro

P .
K5 =Fpy—F—, Fpy=— + 10%, 0.<0.38
=i T e ) (RS

P
K5 =Fpr ——, Fp, =0.89 - (10%,0.12<0<0.63
e P2 (10%, 0. )

Calculation results are on the next page. For o approacing zero or unity,
Fe, and hence K, approaches infinity. Ratios F'p,/Fp, and Fpo/Fp, show
that the approximations are within 10% over their respective ranges, with
the minor exception that F"p, does exceed the exact Fp, by 10.4% around

o=0.34.

.

Fpa(ot)

Fpo =
N

0.0 0.2 0.4 0.6 0.8 1.0
o=alb
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(.25, p.2)

Infinite collinear array of cracks loaded on one side, K, in Fig. 8.23(b)

o=ab  Fp F'pa F'po/Fpo Fip2 FpalFpy
0.010 2.865 2.865 1.000 — —
0.020 2.058 2.057 1.000 — -—
0.040 1.501 1.499 0.999 -— —
0.060 1.264 1.260 0.997 — —
0.080 1.128 1.123 0.995 -— -—
0.100 1.040 1.032 0.992 -— e

0.120 0.979 0.968 0.989 0.89 0.910
0.140 0.933 0.920 0.985 0.89 - 0.953
0180 0.874 0.853 0.976 0.89 - 1.019
0220 0.838 0.809  0.965 0.89 - 1.062
0260 0.818 0.779 0.952 0.89 1.088
0.300 0.808 0.758 0.937 0.89 1.101
0340 0.806 0.742 0.921 0.89 1.104
0.380 0.810 0.731 0.902 0.89 1.099

0.400 0.814 0.89 1.093
0.450  0.830 — 0.89 1.072
0.500 0.854 —_— 0.89 1.043
0.550  0.886 0.89 1.005
0600 0.927 0.89 0.960
0.650  0.981 - 0.89 0.907
0.700  1.051
0.750  1.144 —
0.800 1.272
0.850 1.464 -
0.870  1.570
1 0.890 1.705 -
0910  1.884
0920 1.997 - — e
0930 2.135 .
0.940  2.305
0950 2.524
0.960 2.822 —
0.970  3.258 —
0.980  3.990 — — —
0.990 5642
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.8;2§ Row a{"ha‘&s !oad‘ed O ONe s:‘a/e_ |
60 Mpa) 2b=24 ,cd=4, =3 mm
, %o 207_4 T35/ AL (Table 8.1)

d/2 -I-f Emm | AK=a/p= 5/12 = 0,417

"

O.89FP = . -
i Fig, 2,23(b)
e  ’ T Zbt (Fig

0.89 (2bts) _

T =[.7% S{b |
1.78 (60 MPa)VO.0\2Zm = 11,70 MPavm
Xe = Kpe /K= 34/1170 = 2.9 <
Fully plastic yielding |

-_k _ 2btSy Sa
o . —_ m_._...._...._....
(2b-2a)t ~ Zbt (1-x) T -

S, =0 (1) = 225 (1—0.417) = 199.6 MP

Xo=5/5=189¢4/60 = 3.6 | q
X = 2.9] comtrols <

J

S=
X
A=
S
/z(_
K
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8—'2"?' Cy/fmdf"i’ca/ pressure vesse/

d, =150, t=5 mm, P=20 MFa, X,=2
Leak — before-break X@: q,ie, Ce=Xgt

@) Safe if 300-M steel (200°C) 7

Ry, = 65 MPay77, Ty =790 MFe (Table 3.))

/

pri._ (20 MPa)(75 mwm)

s

O = Sy =150 MPa, 0p =~p =—20 MPa

O:t)vx {Tr‘:o_l)ojz O}

\/‘ (0,~03)° +(0*2 03+ (0,-0; P =277 M
Ko =C0/Ty = 6.27 O/v g

c. =L ( /fu) (GEMPaF
< T

o 250 NP ) 0,014‘?4— m

XQ—- F=Eamm o 2499, 299<9 Nole

S mem |
(b) Safe i ASI7-F steel 7
Fic = 187 MFPa /7, Cp = 760 MFPa (Tabl 2.1)

_ O 760 Mma |
%o—@— 277 MFfa 7% OK | <

o () (S 01237

Ra=Ce/t =1237mm/5mm=2%"7 Yes! 4
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_(?.27, P.2)
() What -m/imjmum K1, pegui/red?

2
o= X, t 2_%(5%) , Rie= O VTRt

K. = BooMAa /T (9)(0.005 m)
Koo = 113 MPalm

(67) What Xk-‘—'/ﬂ:c,//\' achreved ?
KR, =T /T Xat (€ro-m above)

[~z =0, /Tt = ?:: I at leak
VXa

Kl'c

3

/Xa ) Xe=/%a=/773 b

W
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8.28 Frg. 3.35 Steels except AZI7 Mseq
at 22°C, Desz’gm v [ +in S:'O; /2 amd

= Rre/2. What (s largest peromissible
half circular surface crackR €or each?

K= 0728 S /T« (Fig. 2.17(b))
A3 Yo
e = 0729 F Jma

_ J( KT, 2
A= (523565
Read Kre fromw Fig, 835 at 22°C, and
tabulate with O, also givemn.

1 (170 MPam \2 27 2
A= ’T\(O.")Z%(égz M%)) = 003 _32 m

(-E-ok 403 SS ; others St"milm’)y)'

Material Kie R a
MPa.m®®  MPa mm
403 SS 170 682 37.32
A471 130 931 11.71
A469 75 590 9.71 .
A470 45 626 3.10 |

ITon imspectionn for cracks , largetr size
is easier to +'md, so +hat fracture rs
most easrly avoided in 402Ss, and
least im A4 70 <
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829 2,25Cr-IMo steel, Frg, 9,38, at +50°C
amd —50°C , S=400 MFPa., For helf-cirecular
surface crack, f/md a for Xe= 3,0

+

A= FS;/-’]TQ g F=0.728

_ (Fig, ?l?(bj)
.'XK: Kl‘c_: 3'0 o

NE )
=X 0s 1| Nre, MPaimm Y

3X0.728 X400 MFa

lemp,, °C Are, MPa /7 Qe , o

A50 /40 S,/ 7
-50 50 o /.04

The steel/ is clearly -more Likely To Lave o
probleon with briftle Fracture at the /lower
temperature, as a. js in thal case foo small
+o be easi/ly foumd by imspection Simce
the Framsrtiom to low Kre at low tewmwp-
ém;‘we occurs for BCC ~metals , a Oeller
chorce of -malerral for —50°C might be
am austewitsc stammless steel, such as
ALSL 204 or 2/, whrch has an FCC
structure, angd wo tramsitior fo low Rrxe
gt low tFewiperature,
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8.30  Comsider ATSI 4340 steel, Fig, 9.32.
(a) On = RO, (b) T, =1600 MFPa. Calculate
Me amd Me for both, () Use high G 7

M K= FS /TG
=10 M1 a/b = 0,20

D=S0omm  =_)12 (Fig 2.13)

b 5= bZ ¢

VD;_

 EMc 5
KIC: [éz,tcl

b2t K. (50mm) (20 mm)(Rx, MP’aF)
6.72 {Ta. 6.72 /T (O.010 M)

M=

b4t Co 2 .
Mo= 2= (1~ %) (Fig. A.16 (1)
(50%?:4)%22)%%)(%,,%4?&) (0.90)

Me, Mo above im N-%’m)' ()\'/-’m'm))(l()"éz RNm

Co Ke M. Mo
MPa.  MPaym RNm  RNm
(a)  BOO 197 .95 6.40 4
(b) 600 4| .724 12,80

(€) The higher 05 catses M ot £ailure to
be much lower due Yo low Ky, . Do met use, 4

M, =
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831  (velded AS333E -l steel, Fig. .23, Fimd
Failure Sg at (a)—=T75°C, (bY206°C . Them
(O) comrmemt om usimg +his steel us, °C.

T T }r 59 Assp{fw;e, @ebmef“ry acts as crack.

b
100 mm Rre=F Sgc ¥4
‘_“"‘;__9::_ d:ﬁ/b ,___:O‘g(:)} F= 2,85
MR/ 50 F froma F(X) 1aa Fig. B.12(c),
weld | _ :
qu

oy

Fee , M Pz /o
Sgc)MPQ - ¢ GV

2,915/ (0,05 m)

SQO_E’—__G’[CX-}—\/ZO( zo<+l] (I—-:gAié(d))

Sgo, MPa =(Cu, MPa)[0.207)]  (cA=0.5)

b, mm a, mm a,m o =a/b S F
100 50 0.050 0.50 2.815

T°C Kp,MPavm o, MPa S, MPa S, MPa
(a) -75 52 550 46604 11391
(b) 200 200 400 179.24 82.84 4

Cc) L -Flc?w& are preseat, suddew fracture ay
occur at =75°C. Avoid this steel at low T‘e%p‘.‘
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8.32 Shaft, 50 wmwmw dia, mowmient, M.

Crircamferemiial Crack , c =4 amm.
00 M S?LGZé:Z/ ES0 or B00OSC fewjaek/
Table 2./ preperties, My or My = ¢
_— b= 25
=/~ 5 /Ta J S = f—-—/‘j- - A

a=4%

;5 + 0.5‘3"7&]

2% 5 .3 25
+=
P ie P 12§

/% = [~ = 0. 84, F = [,2493
| . 4‘Mc ’
= Kg = F gz /T4 | |
3 : 3 . ‘
Mc = be—i \/:;a Mo = %‘é&““d)g
gl
(Pr. .14)

Calculate M amd M, for each teraper,
B F M M

300-M Kic 6o b a o« |
°c temper MPa .\/E MPa mm mm ab 1-ab ~ kKN-m  kN-m

650 162 1070 25 4 0.16 084 1.293 1286 13.21
300 65 1740 25 4 0.16 0.84 1.293 550 21.49

The locwer of M_c;. My comtrols For each,
Myiar) = Mo =13.21 EN-m for 650 °C
Mgasl = Me = 5.50 BN for Z00°C
7—6777/051— 6509 clearly beller;yields first.4

«
<
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-8'—3—§ () Determiime AT »{f@r -{;;a::&d‘uke e:?/ééﬁ
to thermaal shock of each materral, Assuame
o= | mmr half-circular surface crack.
Ky, = Fsima , F=0,728  (Fig.817(b))
Eo (AT) K, |
=0y = = S = =
G Y. = | [— 2 | ) . F‘f?ﬂ_..a

FVira £«

oG, E, 2 im Table P3,33

) ?

K, i Table 8.2

For soda-— linne c?,lct.ss !

AT = — (0.7¢ MPaym)(\= O.2)
0,728 )T (0,001 m) (65,000 MPay CaIXIO™© Veo)

AT = —23"7 °C, Others st‘wi\arly

Material o E v K AT Rank
10%°C GPa MPa~/m °C
S-L glass 9.1 69 0.20 0.76 -23.7 4
MgO 135 = 300  0.18 2.9 14.4 5
© ALO, 8.0 400 022 4.0 -23.9 3 <
sic 45 396 022 37 -39.7 2
Si:N, 2.9 310 027 5.6 111.4 1

Siz N4 has the best resisfamca_ , Mg O t+he worsT,

as ranmlkred above. 4

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other insfructors who rely on these.materials. .



(8.33) (b Thermal shock of listed malls,

.__ ExA4T |
S = T~ | (EQ, 5.41)

Use Sec, 2,8 -method +o ramk wmaterials
as +o res/stamce +o AT with a small

half-crircular surface crack presenit.

te=FSYTa, F=072% (Fig, 17(b))
P S AP e ) TR .
T Ex T Ed F/a

N ] KI(.(]"W) .__ -

—AT= Fm] TE o | ]"" ‘Fa 'Fz,

- MC('XI’?VHZ‘@ fz : hIC (\"‘-Z))/(EO()

Material o E v Kie f, for AT - Rank
' 10-6, oC GPa MPa'\/—II_l oC mo.s
S-Lglass 9.1 69 0.20 0.76 0.968 4
MgO 13.5 300 0.18 2.9 0587 5 4
AlLO; 8.0 400 0.22 4.0 0.975 3 |
- SiC 45 396 0.22 3.7 1.620 2
SisN, 29 310 027 56  4.547 1

= igher RKre gives better AT yresistamce, But
loweyr 2V, £, amd & are bemeficial, Z-Owek"o(_
gives less therval effect, Lower Eand 2
give less stress for agivem AT, 4
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§.-_?ﬁ. Solid roumad shaft M= 323 RNm
ATST 4340 steel , X,= 2.0, Xe= 20
Kre Us. 0p b»n F-‘:g 2.32, a_ [.O ~om,

(@) What d,, d. fmeedéz:l
for 0, = - 200 MPa 7

(b) Which comtrols 7

(€) Ke peat forotherd,

(d) Find optimumw oy, d.

(@a,b) Yreldimg ; @) Loockdt a=0.5,2.0mm
- Mc _ Co T-= mnd%

et

T X 64 c=d/z
M(d/z)Y d_(BZMy\o)’/B '
¥ /6% X } e ’JTO?> |
J- Fﬂz){%xio" wa)}'/g

T ROCM |

Fractwe: Fig. 217), S=32M/(Td*)
K=FSJTa, F:O.'7ZS’ (a/b & ©.25)

K=072% BZM Ta = [T
a3 Xk
o= [0729 32 M X /TTQ ]‘/3’
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(8.34 5.2)
For G, = 80O MPa, with Ky, = 187 MPa/m

d= (072832 (33 X10° N-70m)(3) /T (0.001m)
T 187 MPa Jm |

d{_ = 29.9 mm (do =45, v comtiols) 4

Similarly calculate d, and de for +he
other To, K Com binmatioms, (C)

—

3

G, Kic Yielding Fracture, d;, mm, fora, mm =

MPa  MPa-m>® do,mm 100 0.50 2.00

800 187 45.91 29.37 26.17 32.97

1000 182 = 42.62 29.64 26.40 33.27

1200 152 40.11 3147 28.04 35.33 4
1300 102 39.05 35.95 32.03 40.35

1400 65 38.10 41.77 37.22 46.89

1600 41 36.44 48.71 43.39 54.67

1800 35 35.04 51.35 45.74 57.63
55

8
Q
T

Yielding

Diameter, mm
N S
o (&3]

L ] ]

(48]
19}
T

1 mm crack

o))
(e ] .
T "

25 3 1 1 1 1 1 1 1 1 1 1 ]
600 800 1000 1200 1400 1600 1800 2000

Yield Strength, MPa
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(6.34 p.3)
At amy vield stremqgth ‘helarger of d, or

de comtras, T he mijmiovur d occurs ot
Sy = [Z40MPa, d= 387 mam (d) <

(&) Also comsider a=0.5 anvd a= 2.0 mm
Repeﬁt calculatioms €or these a} see
table above.

60
2.0
55 |
' 1.0

c 50 [ Yielding
a5t 0.5
D
D a, mm
£ 40 |
8
(]

35 |

30 |

25 1 ! 1 i 1 1 i 1

- 600 800 1000 1200 1400 1600 1800 2000
Yield Strength, MPa

a So do=dc For larger crack size ,a,
mm MPa mm

050 1420 379 lower o, amd largerd
1.00 1340 38.7 are required for nim,
2.00 1275 39.3

weight. 4
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8.39 Shaft with d=20mm and Crreumfer -
entral crack, a =15 mm, Combimed /oads
M5O N, T =300 Nom . What /s X7
AIST #/30 steel: Ay, =10 Mravi (Th. 5.1)

Assume Rgp. = Az /2 /n:

z2 2 A
(/f-r f(/rﬁ-) :/)(f.z;).,- )-m/
ze M. c Az, Az
/.\—-

=V/(re)® + @Ag)® (@t fractare)

for FAE des/ign sytuafron, defime an
effectrve AT . |

://“:rz"“q‘/"zz? , Xe=rm ) A

From 8.04(b) , & =a/b =/5/0 = 0,/5
pB=/—x = 085, F=/277

fy=FS, /TR, S, :%, b =d/z

- | VAL ko
_FEM —  20.277) (/50,000
/‘_—i‘” W‘bf’ a = 77_(/0’7’7444)3 //7[000/5)

= /675 MFa V7

Siomilarly, From Frg GIF(C), K = O./5
B=0,85, F=1/95
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(8,39, p.2)

' ,/‘* 27T 2FT
s ’Esﬁ 7, Sg=93, Am™ ;53 /74

P 2(//95)(300@00/&/7%4)
Nz 7T (/D/mn’n)g

A= 1567 MPa 7
R=//75% 44 (/567 = 25.5 pMpa v

JT (0 &0/57??)

o __..I/Ti‘c: _//D L |
Xpe = = ~Zes T 3./0 | | 4
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880 B Ex w40 @) Dses Pl sTieaim ago/y,

and /s LEFNM d/?/::?/f'c:.‘&é/e? @)/Zd‘ oF lpe =7

A5/ 7-F steel ; = /57 MPai7n, Of =780 M
t=s0, 2:::4—0, 2 =/0 7177 (’/‘:79‘ £19(b))
R=47.2 MParim, @s cale, for givem Stresses,
ﬁﬂrc’/a,d‘/’('f}qy £g, .40 to this case;

2k, a, (t-a), h 225(8)°= 0.0/05 -

Jarge, /O, +O mm, large = [0,5 o
No, 1ot ,c:?/r.zme, Straiom , although close. 4

a,(t-a),h 2% (5)*= 000533 (Eq. %79

/0 F0O n1m, /c?/:ge:’ 5 232 2m9mm
Yesj LEFM /s applicable. <

2-’65-:'%7" (‘5?:)2: O. 00| 33m=/33 mm <

o
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84  Double-edge-cracked plate (Fig 2.12b)
b= 159, t=6.35,a=5,7 mm, large h.
7075-7651 Al ; /\‘_7_-4- 29 Mfa (7,
Cp=505 MPa (Table 2.1)

I test: Boo,= £5.6 P@ =50,3 &N, T/v,oeI

| Po_ . 50,300N
@) Mg =FSe/Ta, So==3% - 2(/5,9)(6.35)

F=F(R), «= a/b = 0.3585 Gl R
(A 'l.lZ) oF -more accyrately, F= 1.125
fTQr: 1,125 (249, ) MPa) /T (0.0057 )
K@'::Br], 5 MPa vVm <

Bt a (b-2), h = 25(rg/55) = 00138
6.35, 5.7, /0,2, large = 13.5 mm
No, f)mf,a/do?e strarmn. <

a,(b-a), h 2L (%/0)%= a.00702 »
5'7 /0.2, large = 7,02 am |
No, LEFm mnot c;,a,a//cab/e, <

€ Ry = Rz, is expected due to pl. stress,
Value possibly a.f-{lec'fecl by plczs-l-:c.rry <
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842 AISI 4240 s‘r‘eel G = 1380 MPa
CO%,@::?::/‘ spec,, H =50, 3 ZL-** /2, 75 a=254
Fo = Fonax = 15.02 AN | Type 3 e

Q) ho= KL | ab=x=0,5 6.5_67659
/b (F:/g g.15¢)
/= ZESZ(0OISOZIN) 2594 prponrs
(©0r295 m){o.0508 ™ <

&) Va7 Are 7 toa, (b-a), h = 250K, ;)
/2.95, 254 25,4, 0.6X50.5 = 3,25 mmm
Yes, valid /E_-C E7.7 MParrm 4

— 3 (RN -
€) 2/= 37 (._612;5) = 0,135 m <
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8.43 o gi'uem results of fracture ToLiﬁMMeSS
tests, defermime:@) Ko amd whether valid R,
(b) 25 oF 2hhg, (CYLEFM applicable 7, (4) Plot
e Us. t commemt, (@) P, comment.,

f%z-(——l,_fi’_t’;) f:p-.-.l:,g(o(),o«:a/b (Fig.B:lt)

F, _Ziﬁ‘__(o 8G6+ 46400 — 13,32 2 (47207 5. 6o*)

Plave straim: €, (b-a), h = 2,5(_"6%9)
amd Epay /g = 1]

Zrbctjﬁ(_of;f)l) Zrog = gﬂ(é_('@)i

L EFM c, (b-a), /4”4(0_0)

(@, b, c)

bmm h,mm hb o, MPa 7075-T651 Al
508 305 0.600 505 | (Table 2.1)
Test ai ' t PQ ‘Pmax o FP KQ
No. mm mm kN kN a/b MPa +/m

241 3.18 2.56 3.96 0.4744 8.945 3195

24.7 6.86 4.96 6.16 0.4862  9.263 29.72

23.3 19.35 12.00 12.00 0.4587  8.547 23.52 _
4

W N -
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(3,43, 2,2)

Test 25K’ PnalPa Plane Ko  (@m(Ko)? LEFM

No. mm strain? MPavm  mm OK?
1 10.01 155 - no -~ 510 yes 4
2 8.66 1.24 no — 4.41 yes
3 542  1.00 yes 23.52 2.76 yes

(d)
30 T~

ok 70o715-7é57 Al

- | 1 I [
O -y /O /5 20 z2s

Z, Thickness, »mm

K'cp decreases with T, but /s -Qx,oec‘}ed

o leve/ off such that me Further decrease
_occu)—s',ok'/or to the Firna/ valie, 7 he
fFracture surface chamges {rema angular
(shear) Type fo flat over +his ramge. 4
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(%843, p, 3)
e R = bt‘O‘[- —/+/2(l+°<2)j

b, mm o, MPa

50.8 505
Test t a Po Pmax/Ps  Fully
No. mm a/b kN plastic ?
1 3.18 04744 7.41 0.534 no
2 6.86 04862 15.19 0.406 no
3 19.35 0.4587 48.26 0.249 no .

Simce FPopax IS mot close fo /2 o
amy case, all three farlures wekre
comitrolled Oy Fracture, mr%er
Fhaan y/e/d/wﬁ | | | <
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B4 K= FS/TR, a,(b-a)h 2 % (&)°

@) Largest S/0 for LEFM 7
Asstme a < (b-a) amd a< h, so +hat
e comtrols imequality, so at 'HAe Linwi+
E= 2
) a8
b) _FE S/a; limit
rIOO O:_S_O ‘
.12 045 | - \ - 4
2/1 0,79 |

<Y I Fig, 8.5, the S/05, =0.506 linurt aﬁph‘as,

So thatl deviation from the LEFM lime might
be expected above S=0.5T; = 259 MPa,
Ome data poimt a lithe above +his S seeams
to agree with the LEFM curve (solid), but
the three at higher S clearly deviate from
LEFM, Hemnce, there (s reasoma ble agree -

- memt with +he liamit.

!
2F
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845 AL = CE Mbaiaw, U, =518 MPa

Center —cracked plate . Frg. 9,12(a)
K=g,/fia , FX1up o d=04 = b)
or a=04bh =04(152 mm) = 60,9 mm

Plot-@ 66 = s,/mMa  MPeimm
b) K, = ¢¢ = 5,(T (a+ 1) M Pa v

\ Z ~
og 27 (Q'; Zrn- (‘"g‘l——é) m— OaOOZb? v

O CL | (OJ '(b)s _ A

e m ﬁa" | 3 ﬂ\/’]T(CL-l—O.OOZS'?)
| ool V198 MPa . 22 MPa
2 0,002 £33 550
4 o004 < 599 459
10 6.0\0 272 - 222
20  0.020  2E€3 243
30 O.036 215 S 2066
+0  0.0%0 | 8¢ 190

S0 0,050 [¢7 162
60 0,060 |Is2 149
7 0,007 445 3380
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| (c> The Fyy adjustment
soor! gives some improyement
. _L‘- | around a= 3 to 1O mm ; it
% - Cammot be correct above T
_ | -

200
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