11 Estiomate C and m for straight /ime

/90/’7‘/'044 im g /13, Use MFa/m, %%,%"Te.

3‘%: C (bK)™ 105%‘%-—- log C + 7 log(dk)

Two poimits om /ime are (AR, da/dW) =
(5, 2x1077), (100, 42 X1077)

log (4.2X/10732) — lpg (3X1077) _ 3.1
log /OO — log &

-7/, _ 319 _ -9 mm Jcycle
C=3x10 /5 = .77 X/0 e

_ 19
%’% = .77 X10 q(AN)3 (/0 < BK L /00) p
(For umits of MPar7n, mmjcycle)

wm =
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M2  rFor F4.//25(rt) , MgO-PS2 ceramrnc in
arr, evaluale C and anm for dajdn=c (bK)"
Tiwo pPormits on the straight lrme are:
(Ah') MPa /7% ; da/d/V/ mm Jeycle )
= (3,0, /077), (%.0,/0™%)

(g%)A = COR)T, (d2) = clomg)T

Jog (Aa/aN,) — /oG (da/dNg)
109 (Oky) — Jog(bkg)

05 /077 = log 1077

~7

(EX NI

= 24

C“/O

- - 2594 X,D-—Iq mm/cycle
324

(MPavm) ™

dq < —-19 24
= = 3.54x10”"" (AK) <

(For MPa o, amm /cycle)

T he rery high vralue OF M= 24 imdli-
coles +hart *he 9/*04«)7% rates /1o thrs
aterial are extreonely semsstrve o
Stress Jeve/ ama crack Size, 4
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M3 Center-cra cRec plate: 7075-T65/

AL, b=19.05 1= ¢.c0 mm, P=/3F ~kNat
R=0. For givem o, dafd N, calculate
AR, plot; it da/dN=C (BRY™.

(@) approv;mate  (b) |east squares,

AK=FASMG, OS=20c  (Fig, .02

|- 0.5 +0.32¢4 ="

= (7(:_6_1_
F — , #=2

b, mm t, mm AP, N
19.05 6.6 18,800
a da/dN o=a/b F AK
mm mm/cyc MPa+/m
7.32 1.76E-04 0.384 1.091 12.37
9.53 5.08E-04 0.500 1.176 15.22
12.07 1.27E-03 0.634 1.345 19.58
1494  3.18E-03 0.784 1.740 28.19

(Q) FPormts form o reasomable strassh?
lime om log-log plol, so power- /aw
QQU&?‘/‘OM Is OK. Use eyeball /ime, +wo
poimts ; see Ex, I.1,

/oG (da/dMy) — log (da/dNa)
JogbK,) — log (Dhg)
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m =




(“‘B)F"Z>
log /X102 — [og IX10™F
Jog 375 = 10G /0

= 3.4%4 <4

C (A!'V)m - 375 3494 - 3/237<IO
| (mm/feycle, MPaim)

(b) /09 da = /og C + m log (AK‘)
\__s___/ N—————— R
Y = b + M K
C=3,65XI0"% = 3.45) <
(mm/fcycle , MPa /)

1.0E-02 |

I L4

[ 7075-T651Al

/ O Data

1.0E-03

da/dN, mm/cycle

/ da/dN = 3.645E-08AK>4%"

/B
1.0E-04 c/‘/
10 AK, MPavm 100
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For given data, make a log-log plot and fit to Eq. 11.10: (a) using two
points on an approximate line, (b) using least squares.

da/dN AK 2124-T851 Al

mm/cyc  MPa+/m R=0.1

1.26E-06 2.99
2.41E-06 3.64
4.84E-06 5.02
1.02E-05 6.04
1.99E-05 7.68
3.74E-05 9.95
6.69E-05 12.0
1.77E-04 15.9

(a) The data form an approximate straight line on the log-log plot, so
that a fit to Eq. 11.10 is reasonable. The data points with the highest and
lowest growth rates seem to represent the line well.

da/dN = C(AK)™
_log(da/dNA)—log(da/dNB) C_da/dNA __da/dNB

log(AK 4)-log(AKp) ° (AK )™  (AKp)™
Point da/dN AK m= 2959 <4
A 1.77E-04 159 C = 4.929E-08 _ mm/cycle
B 1.26E-06  2.99 (MPaim) ™

(b) Do a least squares fit y = mx + b, where the dependent variable is
y =logda/dN and the independent variable is x = log AK

log(da/dN)=mlog(AK)+logC
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The result is shown on the graph and is seen to represent the data well.

mm/cycle

m= 2.904 C= 518E-08 —————
(MPaw/I;)m ‘

1.0E-03 e e S B o o ——
—da/dN = 5.177E-08AK%%%4
A
2 1.0E-04 ,;
>
O
: 2
1S
= 2124-T851 Al
T
8 1.0E-05 e
/S O R=0.1data
—Fit
1.0E-06 By l l l
1 10 100

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 instructors who rely on these materials.



11.5

For given data, make a log-log plot and fit to Eq. 11.10: (a) using two
points on an approximate line, (b) using least squares.

da/dN AK 2124-1T851 Al

mm/cyc  MPa+/m R=05

1.25E-06 2.18
2.00E-06 2.75
3.57E-06 3.53
6.62E-06 4.52
1.49E-05 5.48
3.38E-05 6.97
8.16E-05 9.20
1.65E-04 11.7

(a) The data form an approximate straight line on the log-log plot, so
that a fit to Eq. 11.10 is reasonable. The data points with the highest and
second lowest growth rates seem to represent the line well.

da/dN = C(AK)™
_log(da/dN 1)—log(da/dNp) ~ ,_daldN, _daldNp

log(AK 4)-log(AKp) ° (AK )™  (AKp)™
Point da/dN AK m= 3.048
A 1.65E-04 11.7 C = 9.165E-08 _ mm/cycle
B 2.00E-06 275 (MPavm)™

(b) Do a least squares fit y = mx + b, where the dependent variable is
y =logda/dN and the independent variable is x = log AK

log(da/dN)= mlog(AK)+logC
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(1.5 p.2)

The result is shown on the graph and is seen to represent the data well.

m= 3.008 C= 938E-08 - Mm/eycle
(MPam)™ <
1.0E-03
[ O R=0.5data
| —Fit
A
%;" 1.0E-04
S
£
£
z 2124-T851 Al
3
S 1.0E-05 .
V4
A i
B da/dN = 9.376E-08AK>%% |
1.0E-06 way L Ll
1 10 100

AK, MPa+/m
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11.6

For given data, make a log-log plot and fit to Eq. 11.10: (a) using two
points on an approximate line, (b) using least squares.

da/dN AK 17-4 PH stainless steel

mm/cyc  MPa+/m R=0.04

9.98E-06 11.2
2.84E-05 15.6
8.03E-05 224
1.83E-04 32.9
3.18E-04 42.3
7.92E-04 65.1
1.60E-03 90.8
3.68E-03 124.0

(2) The data form an approximate straight line on the log-log plot, so
that a fit to Eq. 11.10 is reasonable. The data points with the highest and
second lowest growth rates seem to represent the line well.

da/dN = C(AK)™
__log(da/dN 4)~log(da/dNp) o_daldN, daldNp

log(AK 4)—log(AK p) (AK )™ (AKp)™
Point da/dN AK m= 2.346
A 3.68E-03 124.0 C = 4.505E-08 mm/cycle <
B 2.84E-05 156 (MPavm) ™

(b) Do a least squares fit y = mx + b, where the dependent variable is
y =logda/dN and the independent variable is x = log AK

log(da/dN)= mlog(AK)+logC
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The result is shown on the graph and is seen to represent the data well.

m= 2.370 C= 413E-08 - Mm/eycle <4
(MPa Jm )"'
1.0E-02
L 17-4 PH SS ,@?\

. 1.0E-03 = O R=0.04data =
2 4 Fi‘t N
g 7 T
E 1.0E-04 7
%— py 4
8 /78

1.0E-05 (& da/dN = 4.132E-08AK>370

1.0E-06

10 100 1000

AK, MPav/m
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11.7

A center-cracked plate of 7075-T6 aluminum is cycled between P ;. =
48.1 and P ., = 96.2 kN, with crack growth data as given. Dimensions
as in Fig. 8.12(a) are b = 152.4 and ¢ = 2.29 mm. Determine da/dN and
AK, plot, and fit to Eq. 11.10.

Calculate AS based on Fig. 8.12(a), which also gives an expression for
F . Then number the data points starting with j = 1, and calculate da/dN
and AK for the intervals between data points by applying the equations
below forj =2, 3, 4, etc.

AP P
AP = Pyax — Pnin > AS=_2_Ea =_17m£
max

da

(__)zaf-af—l P Bl o .
dN ), N;j-N;’ ave 2 R

o 120500, + 0.32605,,
.= ,  AK;=F;AS
J Too Cave i=t; Raavg

Calculation results and graph are given on the next page. Using these
results, do a least squares fit y = mx + b, where the dependent variable
is y =log da/dN and the independent variable is x =log AK .

log(da/dN)=mlog(AK)+logC

The fit is shown on the graph and is seen to represent the data well.

m= 4327 C= 1.296E-08 _ mm/cycle <
(MPavm)™
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(”.7) ,9,2)

b,mm t, mm Pmax: N Pamin: N AP, N AS, MPa R
152.40 2.29 96,200 48,100 48,100 68.91 0.50

j a N da/dN 3avg Olavg F AK
mm cycles mm/cycle mm MPa Vm

1 5.08 0 XXX XXX XXX XXX XXX
2 762 9,500 2.674E-04 6.3500 0.0417 1.001 9.74
3 1016 14,300 5.292E-04 8.8900 0.0583 1.002 11.53
4 1270 17,100 9.071E-04 11.4300 0.0750 1.003 13.09
5 1524 19100 1.270E-03 13.9700 0.0917 1.004 14.49
6 1778 20,500 1.814E-03 16.5100 0.1083 1.006 15.78
7 2032 21,500 2.540E-03 19.0500 0.1250 1.008 16.99
8 2286 22,300 3.175E-03 21.5900 0.1417 1.010 18.13
9 2540 22,900 4.233E-03 24.1300 0.1583 1.013 19.21
10 30.48 23,500 8467E-03 27.9400 0.1833 1.017 20.77
11 35.56 24,000 1.016E-02 33.0200 0.2167 1.025 22.74

1.0E-01

——dal/dN = 1.296E-08AK*3%7

SE——

o 1.0E-02 -
[$]
8
£ [
£ O R=0.5data
g ——  —Fit
S

1.0E-03

7075-T6 Al
1.0E-04
1 10 100

AK, MPavm
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11.8

A compact specimen of a hard tool steel is cycled between P i.=445
and P ., = 1379 N, with crack growth data as given. Dimensions as in

Fig. 8.16 are b = 50.8 and ¢ = 6.35 mm. Determine da/dN and AK , plot,
and fit to Eq. 11.10.

Figure. 8.16 gives expressions for F» and K. Number the data points

starting with j = 1, and calculate da/dN and AK for the intervals between
data points by applying the equations below forj = 2, 3, 4, etc.

N Ppin AP
AP = Phax — Prin =P AszFPjUE—
(ﬂ) _9j=aj-1 . _ajta;, _ Gayg
aN ).~ N;-N; e~y > YawgTy

_ 2+ 00y J0-886 + 4.64014,g — 13.32005,, +14.7205,, —5.60(8,)

(1 'aavg)l.5

Fp;

Calculation results and graph are given on pages that follow. Using these
results, do a least squares fit y = mx + b, where the dependent variable is
y =logda/dN and the independent variable is x = log AK .

log(da/dN)= mlog(AK)+logC

The fit is shown on the graph and is seen to represent the data well.

mm/cycle
m= 3.525 C= 459E-09  (ypavm)™ <
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b, nim t mm Pmax N Ppmin, N AP, N R

50.80 6.35 1379 44.5 1334.5 0.032
mm cycles mml/cycle mm MPa Vm
19.86 0 XXX XXX XXX XXX XXX

2113 300,000 4.233E-06 20.495 04034 7.35 6.85
2215 508,000 4.904E-06 21640 04260 7.80 7.28
2294 658,000 5.267E-06 22545 0.4438 8.20 7.64
23.80 792,000 6418E-06 23370 04600 8.58 8.00
2461 892,000 8.100E-06 24.205 04765 9.00 8.39
25.37 976,000 9.048E-06 24990 0.4919 942 8.79
26.54 1,070,000 1.245E-05 25955 0.5109 9.99 9.32
27.43 1,122,000 1.712E-05 26.985 0.5312 1067 9.95
27.89 1,148,000 1.769E-05 27.660 0.5445 11.15 10.40
28.32 1,167,000 2.263E-05 28.105 05532 11.49 10.72
29.08 1,191,000 3.167E-05 28.700 0.5650 11.98 11.17
29.85 1,221,000 2.567E-05 29465 05800 1265 11.80
30.71 1,241,000 4.300E-05 30.280 0.5961 13.45 12.54
31.01 1,251,000 3.000E-05 30.860 0.6075 14.06 13.11
31.29 1,259,000 3.500E-05 31.150 0.6132 14.39 13.42

PN PR NADOCONONAWN

Note: As a convenience for handling units, the equation for AK was
employed in the mathematically equivalent form below, with units of
newtons for AP, meters for b in the numerator, and mm for ¢ and 4 in
the denominator. This procedure gives the desired units for AK .

AP\b
th
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1.0E-04

L O R= 0.032data
— —Fit
Q
L
[&]
g
£
E [
5 1.0E-05 ;
3 Tool steel [
oy = 2200 MPa|

da/dN = 4.593E-09AK35%5

1.0E-06 : J l
1 10 100

AK, MPavm
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11.9

A compact specimen of 7075-T651 aluminum is cycled between P ;. =
270 and P ., = 2700 N, with crack growth data as given. Dimensions as

in Fig. 8.16 are b = 50.8 and ¢ = 6.477 mm. Determine da/dN and AK,
plot, and fit to Eq. 11.10.

Note: Early printings of the text give ¢ = 6.447 mm, which value should be 6.477 mm.

Figure. 8.16 gives expressions for F» and X. Number the data points

starting with j = 1, and calculate da/dN and AK for the intervals between
data points by applying the equations below forj =2, 3, 4, etc.

P AP
AP:Pmax"'Pmin’ ='—'Pmax ’ AKleﬁ—th
da aj—aj_l aj +aj__1 o aavg
= , a = = —
aN ).~ N;-N; avg 2 avg = 7

(2+ gy J(0-886 +4.64014, — 1332017, +14.72003,; — 5.6004,5)
Fpj = 1.5
(1- aavg )

Calculation results and graph are given on pages that follow. Using these
results, do a least squares fit y = mx + b, where the dependent variable is

y =log da/dN and the independent variable is x = log AK .
log(da/dN) = mlog(AK)+logC

The fit is shown on the graph and is seen to represent the data well.

mm/cycle
m= 3.295 C= 6.42E-08 - ™mm/cycle
(MPa N m) " 4
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(1.9, p.2)

b, im t mm Pmax N Pmin, N AP, N R

50.80 6.477 2700 270 2430 0.100
j a N da/dN Aavg " Olavg Fp AK
mm cycles mm/cycle mm MPa vm
12.70 0 XXX XXX XXX XXX XXX

13.97 17,000 7.471E-05 13.335 0.2625 5.09 8.48
15.24 27,840 1.172E-04 14605 02875 544 9.06
16.51 37,600 1.301E-04 15875 0.3125 5.81 9.66
17.78 45,970 1517E-04 17145 0.3375 6.19 10.30
19.05 54,050 1.572E-04 18415 0.3625 6.60 10.99
20.32 59,820 2201E-04 19.685 0.3875 7.04 11.72
2159 64,950 2476E-04 20955 04125 7.52 12.53
2286 68,710 3.378E-04 22225 04375 8.05 13.41
10 2413 72,650 3.223E-04 23495 04625 8.64 14.38
11 2540 74680 6.256E-04 24765 04875 9.30 15.48
12 26.67 76,960 5570E-04 26.035 05125 10.04 16.72
13 2794 78610 7697E-04 27305 05375 10.89 18.13
14 2921 79,920 9.695E-04 28575 0.5625 11.87 19.76
15 3048 80,670 1.693E-03 29845 05875 13.01 21.66
16 31.75 81,420 1.693E-03 31.115 0.6125 14.35 23.89
17 33.02 81,830 3.098E-03 32.385 0.6375 15.95 26.54
18 3429 82,010 7.056E-03 33.655 0.6625 17.86 29.73
19 3556 82,170 7.938E-03 34.925 0.6875 20.19 33.61

©COoO~NOOTONDWN-=

Note: As a convenience for handling units, the equation for AK was
employed in the mathematically equivalent form below, with units of
newtons for AP, meters for b in the numerator, and mm for # and 4 in
the denominator. This procedure gives the desired units for AK .

APB
tb
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1110 2024-T2 Al, Table //,2) WalRer eom,

= /42 -8 mmm/Cyc _

¥ =0.6%0 (R=20)

@) Estiomate da/d N=C (DK™ equatiomns
for R=0.5 and 0,8,

Co
(/ _R)’)M (1=%)

259
Cos= ZS X078 | 22 = 215%67%(AK) <
danN (R=0.5)

C =

Cog= 702X 102 -0-,—4—:9:02)( e 339 <4
0.8 / dN lD (bk—) (R:O, 5)

(Bo+h For umits of mwm feye amg M Pa f’)—n)

(b) Plot both with R=0 egmn. For each of
R=0, OS5, avod O.8, calculate da/dN
for AR = 5,15, amd S0 MPa /.

Co m Y
1.42E-08 3.59 0.68
R = 0 0.5 0.8
C= 1.42E-08 3.15E-08 9.02E-08
AK da/dN da/dN da/dN
MPa m®5 mm/cyc _mm/cyc  mm/cyc

S 459E-06 1.02E-05 2.91E-05
15  2.37E-04 5.25E-04 1.50E-03
50 1.78E-02  3.96E-02 1.13E-01
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Commect these peimts to foron the resaI-H"ng
three straight limes om a log- log plot,

1.00E-01
1/"
— R=0 ¥
100E-02 t=—"__ _p_oe Lt
— .. R = 0.8 : Le ',I //
777
§ 1.00E-03 L /
S— s ~ /A
; i
Z" ’ ,' //
< 1.00E-04 I, /
© e
,"'/ 4
i
1.00E-05 '/
I/
1.00E-06
1 10 100
AK, MPa m®®

Q) T he limes are parallel, J/mdljcatimg
comstamnt factors for any AR, as deter-
mimed by C.,

(a/dMp _ Cr _ {2.22 (R=0.5)
(ca/dNy — Co ~ | 6,35 (R=0,8)
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1111 Piot da/dN vs AK for FProb. |7 data
om 7075 -T¢ Al, R=0.5, ana l/me expect-
ed fromi Table /1.2 coas+aarts,

da m
dN M=, SRy m®

C.= 2. -% mm/cyc —_
o) 71 X110 (Mpam)‘m ) m = 3,70

¥=0 641

For R=0,5, C=6.80 x10"% Lnmleye
/ o X ’O (MPayz)™

d - ,
d_;z,= 6gox10"% (AK)>7° <

Plot +his eguation alomg with +he data
of da/dN vs. pAK Fesultimg £rom Pr. )7
as showm om +he mext page, Data

amd calculated jime agree guite well, <
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1.0E-01
———7070-T6 A, R=0.5
1.0E-02 O,
o 1L/
S /
K [ I'e
&
£ L O Data g
- —— ——Calc
S P4
8 1.0E-03 d
II
0
e
'
/
/
1.0E-04
1 10 100

AK, MPavm
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N

G 7 P da _ m
ran/fe rock %2 - C (DK

0.2 R C s,
ol 2x/107° /19
02  73x/o™® /1.9

R=0. |

da [dN, m/cycle

C,o ’”%j(:? (Wa“?e\r‘)

AK , MPa 7

da _ AKX m C m
=C [ — — © Ak
dN = ((\:—R)' *‘] (1-R)™ () (BK)
(/‘RY’"U—X) (RMowm for R=0. ,, O.Z)
2x10-'%= Co 5 where x = m,(\=Y)
(\=0.1) m=m =11 <

78X =S 2x10™° _ 0.8)7‘
(1-0.2) 7.8X107"° \0.9

K= tos (2/78) _ [1.555
Log (0.9/0.9)

C=

1~¥=0.97, ¥= 0,029
| |

C,=2X167°(0,9) "= 5.92 x jo~" e
<4

§ small compared to ome /mdicates a
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11.13

For the given data on RQC-100 steel at R = 0.1, 0.5, and 0.8: (a) Plot
da/dN vs. AK and note if a set of parallel lines seem reasonable. (b) If so,
obtain approximate C, m, and y for the Walker equation. (c) Obtain C,
m , and Y from multiple regression. (d) Plot da/dN vs AK for data and
fitted line, and comment on the success of the fit.

(a) The requested plot is given on the next page. A set of parallel lines
does reasonably represent the data.

(b) Pick two points that represent the R = 0.1 data, and a third that lies on
the parallel trend for R = 0.8. Then use the first two points to calculate
constants C; and m for the R = 0.1 line. Next, using the same value of

m for R = 0.8, calculate C .

da/dN = COI(AK)m

_ log(da/dNy)—log(da/dN,) _ da/dN;
log(AKy)—log(AK,) %17 (akpm
m da / dN 3
da/dN =Cyg(AK)" , Cog=—""-
(AK3)
Point da/dN AK R
1 487E-02 114 0.1 m = 4.241
2 3.10E-05 20.1 0.1 Cos = 9.227E-11
3 1.64E-04 20.0 0.8 Cos = 4.986E-10
’ mm/cycle
(MPa vm )™
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Then apply Eq. 11.20 to both R values, and solve for C and .

Co
Cr (1- R)™1-Y)

Co C
Co.1= Cog = .

(1-0.8)"(1-7)

Cox _ (=080 _(0.2)'"“‘” |y 108(Co.1/Cog)
Cos (1-0.1)™0-7) 109 » md=m= log(0.2/0.9)

_ l_i(log(co.l /Co.8)

) ,  Co=Co1(1-0.™1~

m| 1log(0.2/0.9)
m Y Co
mm/cycle
4. . . - —
241 0.735 8.198E-11 —— P
1.0E-01 —
Y 1
yd
4
1.0E-02 £ W
7 L
3 77
> 1.0E-03 4.
- E 3 0 R=0.1
E — s /A O R=05
T 1.0E-04 il A R=038
E ’2 ——Lines from fit
1.08-05 (544
- RQC-100 steel
1.0E-06 L 1 |
10 100 1000
AK, MPa+/m
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(c) Multiple regression then proceeds as below. The values used for fitting
are given in a table that follows.

da AK
av = pyT
(1-R)

da
log——=mlog AK —m(1-7) log(1- R)+1ogC,

dN
| | 1] || | | | I
y = aq n + a Xy + b
a; = 40705
ay=m, a, =—m(l-7), =
1 2 =—m(l-Y) Y=ay/a;+1 a,= -1.06496
b=logCy.  Cy=10° b= -9.8135
m Y Co mm/cycle
4.070 _ 0.7384 1.536E-10 (MPa vm )™ <
1.0E-01 _
;L
1.0E-02 2 0 R=0.1
P e 0O R=05
& 1.0E-:03 4 A R=08
= Fit
E
S 1.0E-04 A
s u
1.0E-05 ,iﬁ RQC-100 steel
1.0E-06
10 100 1000
AK, MPa\'m

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 instructors who rely on these materials.



(11,13, 2.4)

da/dN AK R y X4 Xz AK

mm/cyc  MPa+/m log (da/dN) log (AK) log (1-R) MPa+/m
3.10E-05 20.1 0.1 -4.509 1.3032 -0.0458 20.66
7.54E-05 25.2 0.1 4.123 1.4014 -0.0458 25.90
1.68E-04 30.2 0.1 -3.775 1.4800 -0.0458 31.04
5.02E-04 40.5 0.1 -3.299 1.6075 -0.0458 41.63
1.56E-03 498 0.1 -2.807 1.6972 -0.0458 51.19
5.08E-03 65.7 0.1 -2.294 1.8176 -0.0458 67.54
1.27E-02 81.4 0.1 -1.896 1.9106 -0.0458 83.68
2.34E-02 99.0 0.1 -1.631 1.9956 -0.0458 101.77
4.87E-02 114 0.1 -1.312 2.0569 -0.0458 117.19
8.72E-06 11.2 0.5 -5.059 1.0492 -0.3010 13.43

2.78E-05 15.2 0.5 -4.556 1.1818  -0.3010 18.22
4.94E-05 19.5 0.5 -4.306 1.2900 -0.3010 23.38
1.51E-04 254 0.5 -3.821 1.4048 -0.3010 30.45
2.65E-04 30.3 0.5 -3.577 1.4814  -0.3010 36.32
8.33E-04 40.7 0.5 -3.079 1.6096 -0.3010 48.79
2.90E-03 51.5 0.5 -2.538 1.7118  -0.3010 61.74
6.86E-03 64.9 0.5 -2.164 1.8122 -0.3010 77.80
1.70E-05 11.6 0.8 -4.770 1.0645 -0.6990 17.67
3.28E-05 13.5 0.8 -4.484 1.1303  -0.6990 20.57
8.91E-05 16.5 0.8 -4.050 1.2175  -0.6990 25.14
1.64E-04 20.0 0.8 -3.785 1.3010  -0.6990 30.47
4.13E-04 24.0 0.8 -3.384 1.3802  -0.6990 36.57
5.58E-04 27.1 0.8 -3.253 1.4330  -0.6990 41.29

(d) AK is calculated using the fitted y value as listed in the last column
above. Plotting these values versus da/dN gives the graph on the previous
page. Also shown is the line from the fitted constants C, and m . The fit is

successful as the data all fall together along the fitted line.

AK

AK =—22
(1-R)-Y
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11.14

For the data on 2124-T851 aluminum at R = 0.1 and 0.5 from Tables
P11.4 and P11.5: (a) Plot da/dN vs. AK and note if a set of parallel lines
seem reasonable. (b) If so, obtain approximate C,, m, and y for the
Walker equation. (c) Obtain C, m, and y from multiple regression.

(d) Plot da/dN vs. AK for data and fitted line, and comment on the
success of the fit.

(a) The requested plot is given on the next page. Two parallel lines do
reasonably represent the data.

(b) Pick two points that represent the R = 0.1 data, and a third that lies on
the parallel trend for R = 0.5. Then use the first two points to calculate
constants C; and m for the R = 0.1 line. Next, using the same value of

m for R = 0.5, calculate C .

da/dN = Cy 1(AK)™

_ log(da/dNy)—log(da/dN,) daldvy
log(AKy)~log(AKy) ° %17 (ag)™

da/dN =Cys(AK)", Cys= daldNs
(AK3)™
Point da/dN AK R ,
1 1.77E-04 159 0.1 m= 2.959
2 1.26E-06 2.99 0.1 Cos = 4.929E-08
3 149E-05 548 0.5 Cos = 9.704E-08
' mm/cycle
(MPa vm )m
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(114, p.2)
Then apply Eq. 11.20 to both R values, and solve for C and v.

C Co
R a R)m(l-Y)
Co Co
Co1= Cos

Coq _(1-0.5"0D (0.5 T(I—Y) m(l—7)= log(Co.1/Co.5)
0.9 ’ 1og(0.5/0.9)

m\ 1log(0.5/0.9)
2 3159 0 g11 ) 3620E-08 mieyele |
- - - (MPax/EDm
1.0E-03 —_—
— 0 R=0.1
[ O R=05
- — Lines from fit F/ /1
2 1.0E-04 f
& %
: s
z" Pa
) 3l /7
3 1.0E-05 LY
yaAW..
y s 174
4o 2124-T851 Al
1.0E-06 "-/2/2
1 10 100
AK, MPa/m
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(c) Multiple regression then proceeds as below. The values used for fitting
are given in a table that follows.

da AK
FrA P
(1-R)

da
logﬁ= mlog AK —m(1—-7) log(1-R)+1ogC,
| I || N
y = aq x + a X9 + b
a; = 29562
aj=m, ar =—m(l-7), Y=ay/a;+1 a,= -1.32061
b= -7.389
b=logCy, Co=10° °
m Y Co mm/cycle
2.956 0.5533 4.078E-08 (MPa vm )™ 4
1.0E-03
[ 2124-T851 Al
% 1.0E-04 {__,"}{
g P
£
Z ot
3 . . o R=0.1
o 1.0E-05 S O R=05
Fit
14
1.0E-06 7
1 | 10 100
AK, MPa/m
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da/dN AK R y X4 X, AK
mm/cyc  MPa+m log (da/dN) log (AK) log (1-R) MPa+/m
1.26E-06  2.99 0.1 5900 0.4757 -0.0458 3.13
2.41E-06 3.64 0.1 5618  0.5611  -0.0458 3.82
4 84E-06 5.02 0.1 5315 07007 -0.0458 5.26
1.02E-05 6.04 0.1 -4.991 0.7810  -0.0458 6.33

1.99E-05 7.68 0.1 -4.701 0.8854  -0.0458 8.05
3.74E-05 9.95 0.1 -4.427 0.9978  -0.0458 10.43
6.69E-05 12.0 0.1 -4.175 1.0792  -0.0458 12.58
1.77E-04 15.9 0.1 -3.752 1.2014  -0.0458 16.67
1.25E-06 2.18 0.5 -5.903 0.3385 -0.3010 2.97
2.00E-06 2.75 0.5 -5.699 04393 -0.3010 3.75
3.57E-06 3.53 0.5 -5.447 0.5478 -0.3010 4.81
6.62E-06 4.52 0.5 -5.179 0.6551  -0.3010 6.16
1.49E-05 5.48 0.5 -4.827 0.7388 -0.3010 7.47
3.38E-05 6.97 0.5 -4.471 0.8432 -0.3010 9.50
8.16E-05 9.20 0.5 -4.088 0.9638 -0.3010 12.54
1.65E-04 11.7 0.5 -3.783 1.0682  -0.3010 15.95

(d) AK is calculated using the fitted y value as listed in the last column
above. Plotting these values versus da/dN gives the graph on the previous
page. Also shown is the line from the fitted constants C, and m . The fit is

successful as the data all fall together along the fitted line.

AK

A= 8
a-Rr-Y
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11.15

For the given data on 17-4 PH stainless steel at R = 0.04, 0.67, and 0.8:
(a) Plot da/dN vs. AK and note if a set of parallel lines seem reasonable.
(b) If so, obtain approximate C, m, and y for the Walker equation.

(c) Obtain C, m, and y from multiple regression. (d) Plot da/dN vs.AK
for data and fitted line, and comment on the success of the fit.

(a) The requested plot is given on the next page. A set of parallel lines
does reasonably represent the data.

(b) Pick two points that represent the R = 0.04 data, and a third that lies
on the parallel trend for R = 0.8. Then use the first two points to calculate
constants C 44 and m for the R = 0.04 line. Next, using the same value of

m for R = 0.8, calculate C ;.

da/dN = C0.04 (AK)m

_log(da/dN,)—-log(da/dN,) _ da/dN,
log(AKy)-log(AK,)  ° 0T (pkym
m da / dN 3
da/dN =Cog(AK)", Cog=—""T,
(AK3)
Point da/dN AK R ,
1 3.68E-03 124 0.04 = 2.458
2 9.98E-06 11.2 0.04 Coos = 2.631E-08
3 2.46E-04 284 0.8 Cos = 6.585E-08
mm/cycle
(MPa \/r_n— )m
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Then apply Eq. 11.20 to both R values, and solve for C; and 7.

__ %
B (1- R)m(l—Y)

Cr

Co.04 = o Cog=——=2
%9 a-0.04ym0-1 > 08T g gy

Coos (1-0.8)"!"" (02 m(1=) (- )_10g(Co.o4/ Cozg)
Cos  (1-0.04)0-1D ~(0.96 > MY 08(0.2/0.96)

1{log(Co.04/Co.8) m(1-
— : : = 1-0.04)"1=7)
[ 10g(0.2/0.96) |’ Co=Co.04( )

m
2 4m58 0 :IY62 2 56375—08 mieyele
- - - (MPa Jm )m
1.0E-02 —
£, » 1
/P%s)
1.0E-03 &/
Q gAY 114]
3 Y. oF,
£ | 0E-04 A O R=004 ||
= N7 O R=0.67 —H
g A R=0.8
O / —VLines from fit
1.0E-05 .Q{
17-4 PH stainless steel ||
1.0E-06 [ Ll
10 100 1000

AK, MPavm
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(c) Multiple regression then proceeds as below. The values used for fitting
are given in a table that follows.

da_ ([ ak
dv 0 (1- R
da

logE= mlogAK —m(1—-17) log(1- R)+logC,

| | | [

y = aq x5 t+ a Xo + b
a;= 25038
a=m, 02 =—m(1—'Y), 'Y=a2/a1+1 a,= 0.54725
b= -7.5991
b=logCy, Co=10°
m Y Co mm/cycle
2.504 0.7814 2.517E-08 (Mpa JE)’" <

1.0E-02 _

1.0E-03
o
[$]
g O R=004
€ 1.0E-04 __ O R=067
= = A R=08
= —Fit
8

1.0E-05 L&

17-4 PH stainless steel -
1.0E-06 L L
10 100 1000
AK, MPa+m
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da/dN AK R y X X, AK

mm/cyc  MPa+/m log (da/dN) log (AK) log (1-R) MPavm
9.98E-06 11.2 0.04 -5.001 1.0492 -0.0177 11.30
2. 84E-05 15.6 0.04 -4.547 1.1931  -0.0177 15.74
8.03E-05 22.4 0.04 -4.095 1.3502  -0.0177 22.60
1.83E-04 329 0.04 -3.738 15172  -0.0177 33.19
3.18E-04 423 0.04 -3.498 16263 -0.0177 4268
7.92E-04 65.1 0.04 -3.101 1.8136  -0.0177 65.68
1.60E-03 90.8 0.04 -2.796 1.9581  -0.0177 91.61
3.68E-03 124 0.04 -2.434 2.0934 -0.0177  125.11
4.57E-05 15.8 0.67 -4.340 1.1987  -0.4815 20.13
7.70E-05 20.1 0.67 -4.114 1.3032  -0.4815 25.61
1.39E-04 25.4 0.67 -3.857 1.4048  -0.4815 32.36
2.36E-04 326 0.67 -3.627 15132  -0.4815 41.54
4.47E-04 411 0.67 -3.350 16138  -0.4815 52.37
1.42E-03 53.6 0.67 -2.848 17292  -0.4815 68.30
2.67E-03 66.2 0.67 -2.573 1.8209 -0.4815 84.35
2.45E-05 11.2 0.8 -4.611 1.0492  -0.6990 15.92
5.23E-05 14.7 0.8 -4.281 1.1673  -0.6990 20.90
7.75E-05 17.6 0.8 -4.111 1.2455  -0.6990 25.02
1.30E-04 22.7 0.8 -3.886 1.3560 -0.6990 32.27
2 46E-04 28.4 0.8 -3.609 1.4533  -0.6990 40.37
4. 67E-04 35.8 0.8 -3.331 15539  -0.6990 50.89
9.14E-04 455 0.8 -3.039 1.6580  -0.6990 64.68

(d) AK is calculated using the fitted vy value as listed in the last column
above. Plotting these values versus da/dN gives the graph on the previous
page. Also shown is the line from the fitted constants C, and m . The fit is
successful as the data all fall together along the fitted line.

—  AK
AK =———
(1-R)Y

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaphing_their courses and assessing sFudent 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 r_10t pgrmltted.
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 instructors who rely on, these materials.



1116 Foramam Eq. Lor 2024-"T3 AL,
Write and plo‘}' for R=0 amd 0,5
Co= 2.3 X105 am,= 238, Ke= 110
(for MPa i, anm/jcycle, Table 11.3)

da _ C, (AK)™*
dN™ (\-R)K. - AK

/0 ¢

' T rrn

1
W

The J/imes
CUyve gew?‘/y

S

S
3

b

S
!

da/dN, mm/fcycle

|
0N

et gl AN NERT

/0 /0%
AR, MFaltm

da/dN typically imcreases aroumd a-+actor
of +wo by imcreasimg R From O 4o 0,5,
But this ratio imcreases with MK, <

s
~
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NAT =, 7075-T¢ Al frowm Prob W/, data
at R=0.5:

) Calculate amd p/o‘|’ @ us AK
C2= 5,29 %1077, m, = 3.2/, k. =7%.7
(-GOk MPa m rm/cycle) £rom Table 11.3)

G2 ((1-R) ke~ aK) X A, = Ca (0K
da M

AN’ cycie AR, MPaim Q)

r" cche
2,67 X107 474 792 x10™¢

529 XI0° 1154 1471 Mo~
Q.07 X10° " 13,10 2,38 X107

WOl6 X 10~ 22,9 1.675 X 10~ %
10 = ' (Ex.11.2 data
R

also showm)

Data and

[ime Qg ree
4  reasomably
well. 4

AR, MPalm
10 10*
(b) Add lime Q_—; C'Z (Ak-) M2 — 5529 XID—"‘I (AK)B'ZI
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VI8 J7-5A/-2.55m, €+ Ay, vs R
data +o AK,,= L\l‘vh (\—R)I'KH\

/pg(A h) /09 (A/r,m) + (1= ¥,) fog (1-R)
\._._\,__, —

y - b + “n X
AKy, R Y X
MPa m®® log(AKy,) log(1-R)
4.8 0 06812 0
3.6 031 05563 -0.1612
3.2 0.5 05051 -0.3010
2.4 0.72 0.3802 -0.5528
2.1 079 03222 -06778

A least sguares fFr+ grives
b= 06619, m=05/06

0K, =10°= 4.59 MPay7
X-H'\: |— m = 0.4%9

ARyp= 459 (\—R)'\—04%9

Compare data and Filled lime by
/9/0#/'479 both o911 a /qg—/og p/o;" O ¥
ARG, s, (1-R). Froom the plot, dala
andg lime agree 7/cely, 4
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10

— Fit
O Data

\g

AKy,, MPa m®®
\

0.1
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11.22 N =7 for A= F AS Ma , F = comstant
a-nd da/dN C (AK} that (s, m = 2.

b da
C(FAS‘,_——> O/N—frrC(Fas)z a

dN
d_; (nma, — (»a;

—
am—

N,? LM(Q'F/ () <
TC (F AS)=
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11.23 Fimd Nl'.)::-((a,')éi.f.) efe.) <or

Ak =28 .dﬁ._.c(amm“

dN — da — a2 4aq
C(bk)™ C [aP/(tvw))™

m Q
Nig=&(FF) [ amveda

al

S
C\ AP |+ m/2
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11.24 Derrve Nig=£(C, m, AP, t, b, ai, o)

0. 39 Z_\F’ da
= a

N.; a.; a.f
dN = da - AN __-F__F_b-__ A da
CAR)™ C{0pg94P

a;

N¢ a;

,\]‘ — ds —Q¢ 't![E it
ARG 0.29 AP

<

Simce AS= SP , an alfermate form is:

Nig = 178 Asf‘> <
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11.25 N,‘_;_z? for K= FAS/™a, P=Coms+

da_ S (BK)™* <, (FAs(Ra)”
amd =
dN  (I-R)k, ~oKk  (-R) K, - F asfin

dN= da[(0-R) K, ~FAS/Ta]
CZ(FASW ™Ma

a
(\—R) e / f_d_q_ .
(FAS /_)’Mza a’””Z/Z

_ (1mRIKR, (o T2 g B
Nig =

( —_—
CAFAS m)™ (2gme)
a&3-z/m1 - q, ==

<
C, (Fasyw)™ ! (322)

2.

T he above s [i)lec/ Ly (07’) =2, 477#3))
bu7 closeq Foram equatioms are easily
obtarneqd for e/ther of #rhese cases, 1H€
Imiegyal /da/a U a be/mg reedeqg for
the First Term j£ =2, amd for 7Fhe
second if m =3,
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11.26 For am imfimite colimear arrdy of
cracks | Fp l/m *=a/b, derrve
N,‘{ =)( (aL, ag C, AP, b) for (a) m=2,
(b) possible for otheyr m 7

d_a_ C(mv) =2  ak= 2P !

! t Vb ysm’ﬂa

i {r \/ Sm«\/m;]

on /2
nig= L (4R)7 ) (sm ™ da

a;

a¢

for m =2, Ni€: b(;:AP>2(%)/SfM’”qu’ga)

ay

Nig =77 CAP) [ ~ F['Tbgf] <

Lookimg at a table of (M'i’egkals imdicates
that closed form solutioms are possible
for evem imtegers m=2,4, ¢, etc. <
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11.27

A center-cracked plate of 2024-T3 aluminum has given dimensions and
initial crack length, and is cycled between given minimum and maximum
loads. Calculate the number of cycles to grow the crack to failure.

Record the given dimensions énd loads, and calculate R .

b t ai I'-')max I:,min R
mm mm mm N N Pmin/Pmax

50 4 2.00 60,000 18,000 0.300

Obtain materials properties from Table 11.2

Gy ch CO m Y
m/cycle
MPa  MPavm gp,vm)m
353 34 1.420E-11 3.59 0.680

Obtain the definition of S and equations for F from Fig. 8.12(a).
=25 o=—, F=1 (x<04)

12050403260
I-a

(any o)

Calculate S ,,,, and the crack length a . to cause brittle fracture. Proceed
by picking a trial a, then calculating o, F, and K, varying quntil K =
K . is obtained. Also calculate the crack length a, to cause fully plastic
yielding from Fig. A.16(a).

_ Finax K

Smax = 2bt ’

FSmaana R a. _>ch.
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(1,27 p.2)

2bto,,
Smax ac Ol Ff ch =R
MPa mm a;/b MPa Vm mm
150.0 14.84 0.297 1.0498 34.00 28.75

As F does not vary excessively, the life may be obtained from Eq. 11.32.
Organize its input as follows: The smaller of a, and a, is the final crack

length a ;. Based on the Walker method, calculate C for the applicable R
value from Eq. 11.20. Choose an F' value near that for a ;. Calculate AS,

and for convenience, 1 — m /2. Express all quantities in units of meters,
MPa, or combinations thereof.

Co
ay=MIN(a;,a,), C=(1_R)m(l—'y) , AS =S, .x(1-R)
a¢ g C F AS 1-m/2
m/cycle
m m ——(Mpa Jo)" MPa
0.01484 0.0020 2.139E-11 1.00 105.0 -0.795

Finally, calculate the number of cycles to grow the crack to failure.

ql-m/2 _a}—m/Z

. N, cycles = 46552 4
if

B C(FASNmR)Y"(1-m/2)

Comment: The final crack length could be calculated by the F = 1.00
approximation for o < 0.4, which gives a, = a, = 16.35 mm, causing the
calculated life to change slightly to N ;- = 47,400 cycles. <4
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11.28

A circular shaft of 7075-T6 aluminum has given diameter and initial half-
circular surface crack length. It is cycled between given minimum and
maximum bending moments. Calculate the number of cycles to grow the
crack to failure.

Record the given dimensions and loads, and calculate R .

d ai Mmax Mmin R
mm mm N-mm N-mm  Mpin/Mpax
50 1.00 2,300,000 -460,000 -0.200

Obtain materials properties from Table 11.2

O, ch Co m Y Y
m/cycl
MPa MPavm ﬁ R<0
523 29 2.710E-11 3.70 0.641 0

Obtain the definition of S and equations for F from Fig. 8.17(d).

_22¥ a:%, F=0728 (0<0.35)

Calculate S ., and the crack length a . to cause brittle fracture. Check that
0. is such that the F' used is valid. Also calculate the crack length a, to

cause fully plastic yielding, very roughly approximating this case as a
rectangular section from Fig. A.16(b), with same a and b =d,t=d.

2
32M 1{ K
S — 7 max — | ——fc ~0. . <0.
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[ 9 |
a,=bl1-- /=, b,t—>d
b\ to,

Smax F ac Ol Is F OK ? a,
MPa mm a./d mm
187.4 0.728 14.38 0.288 yes 31.24

As F' does not vary excessively, the life may be obtained from Eq. 11.32.
Organize its input as follows: The smaller of a . and a, is the final crack

length a ;. Based on the Walker method, calculate C for the applicable R

value from Eq. 11.20. Calculate AS, and for convenience, 1 — m /2.
Express all quantities in units of meters, MPa, or combinations thereof.

Co

a;=MIN(a,,a,), C=(1-R)"'(1—Y)’ AS =8 (1-R)
a¢ a; C F AS 1-m/2
m/cycle
m m MPavm)"™ MPa
0.01438 0.0010 1.380E-11 0.728 224.9 -0.85 |

Finally, calculate the number of cycles to grow the crack to failure.

I-m/2 _ 1-m/2
ar a; Ni¢, cycles = 20,942 4
N,»f

T C(FASR)"(1-m/2)
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11.29

A bending member made of Man-Ten steel has a rectangular cross section
with given dimensions and initial full-thicknes crack length. It is cycled
between given minimum and maximum bending moments. Calculate the
number of cycles to grow the crack to failure.

Record the given dimensions and loads, and calculate R .

b t ai Mmax Mmin R
mm mm mm N-mm N-mm Muin/Mmax
40 10 0.50 800,000 500,000 0.625

Obtain materials properties from Table 11.2

Go Kic Co m Y
m/cycle
MPa  MPavm G ioym
363 200 3.280E-12 3.13 0.928

Obtain the definition of S and equations for ' from Fig. 8.13(a).

6M a
=—b'2—t—, oc=—b-, F=112 (@<04)
| T 4—
> — 0.923+0.199 1—sin—2—
F =, —tan— s (any o)
COS—Z—

Calculate S ., and the crack length a . to cause brittle fracture. Proceed
by picking a trial a, then calculating o, F, and K, varying a until K =
K ;. is obtained. Also calculate the crack length a , to cause fully plastic
yielding from Fig. A.16(b). '
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6M
Smax = —b;ntax , K= FSmax\/na , a, = Ky,
[ 2 Mo
o= bl'l—; tc J
o
Smax ac O naclz Fc ch Q
MPa mm a./b MPaJm mm

300.0 26.40 0.660 1.037 2.3151 200.00 10.31

The smaller of a, and a, is the final crack length a,. As F does not vary
excessively up to the controlling a ,, as a,,/ b = 0.258, the life may be

obtained from Eq. 11.32. Organize its input as follows: Based on the
Walker method, calculate C for the applicable R value from Eq. 11.20.

Choose an F value near that for a;. Calculate AS, and for convenience,
1 — m /2. Express all quantities in units of meters, MPa, or combinations

thereof.
= o AS=S..  (1-R
a¢ a; C F AS 1-m/2
m/cycle MP
m m MPad™ a
0.01031 0.00050 4.091E-12 1.12 112.5 -0.565

Finally, calculate the number of cycles to grow the crack to failure.

al—m/2 _al—m/2
f i N, cycles = 1,154,249 |

T C(FASm)Y" (1-m12)

Ny
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11.30

- A tension member made of 7075-T6 aluminum has a rectangular cross
section with given dimensions and initial quarter-circular corner crack
length. It is cycled between given minimum and maximum stresses.
Calculate the number of cycles to grow the crack to failure.

Record the given dimensions and stresses, and calculate R .

b t g Smax Smin R
mm mm mm MPa MPa  Spin/Smax
40 15 0.50 336 -68 -0.202

Obtain materials properties from Table 11.2

o Kic Co m Y Y
m/cycle
MPa  MPavm gpuym)m R<0
523 29 2.710E-11  3.70 0.641 0

Obtain the definition of S and equations for F' from Fig. 8.17(c).

P

S=E,

F=0722 (a/t<0.35,a/b<0.2)
Calculate the crack length a . to cause brittle fracture. Check that a, is
such that the F' used is valid. Also calculate the crack length a , to cause

fully plastic yielding, conservatively approximating this case as a through-
thickness crack with same a from Fig. A.16(d). -

1 KIc 2 .
a., =— R (F=0722if a/t<0.35, a/b<£0.2)
T\ FSmax

P
pr=fmax _Smax (- PP D)
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F a. a./t a./b IsFOK? P a,
mm mm
0.722 4.549 0.303 0.114 yes 0.6424 7.589

As F does not vary excessively, the life may be obtained from Eq. 11.32.
Organize its input as follows: The smaller of a. and a, is the final crack

length a ;. Based on the Walker method, calculate C for the applicable R
value from Eq. 11.20. Choose an F' value near that for a ;. Calculate AS,
and for convenience, 1 — m /2. Express all quantities in units of meters,
MPa, or combinations thereof.

Co
(I_R)m(l"Y) ’

aszlN(ac,ao), C= AS = Sax — Smin

3 a; C F AS 1-m/2
m/cycle
m m m MPa
0.004549 0.0005 1.370E-11 0.722 404.0 -0.85

Finally, calculate the number of cycles to grow the crack to failure.

al—m/2 _a}—m/2

Ny = Ni, cycles = 242
7 C(FASNTY"(1-m/2) noycles= 4 <
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11.31 Bendimg member, ALST 4340 steel

b=c0,t=12 mm , Mpmin= 03, Moy =4.0

Ni{: 60,000 cycles ag = 14 mm RN*m
.= -10

= ¢ oy o C,=5.11 %10

N, = A —-Q; m, = 3,24') Y=042
T C(F ASYT)™(1-m/2)  (for MPelmm amd

e Jeycle, R=0)

c, S X107 -13
C:(i—/?)m“‘n = 70,9720 632) = 7.77XI0

(<or fm/(,yde.)

R= Mm;m/M/mOx: 0.20 ;M= m,

Ac_68M _ 6(4.0-0.8)X1000 N'm _Asd MPa
AS b>t (60 mm)Z (O.012 m)

a;/b= 025 £ 04, s0o Fm 112 (Fig 213)

Substitute Q¢ = 0.014 m, awd solve for ag:
a; = 0.000475m = 0,415 momnm <
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11.32

A circular rod with 80 mm diameter is made of the ferﬁtic—pearlitic steel
ASTM A572 with given 0, and K .. It is subjected to a cyclic axial force

AP at R = 0.6. Determine the AP that will cause a circumferential crack
to grow from a; = 0.5 mm to a, = 10 mm in two million cycles.

Record the given dimensions, R, and life.

d b=d/2 a; ay R Nit
mm mm mm mm P rmin/Pmax cycles
80 40 0.50 10.00 0.600 2,000,000

Record the given materials properties and obtain generic crack growth
constants from Table 11.1.

60 K|C CO m Y
m/cycle
345 200 6.890E-12 3.00 0.500

Obtain the definition of S and equations for F from Fig. 8.14(a).
P a
S=;Z-, o=, B=1-a, F=112 (@<0.21)

1 [
2B1.5|_

F= 1+%B+%[$2—0.363B3+O.731|34]_ (any @)

Calculate F for the given final crack length.

o B=1-a Fi
af/ b
0.250 0.750 1.2810
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(.32, 5,2)

As F does not vary excessively, the life may be obtained from Eq. 11.32.
Organize its input as follows: Based on the Walker method, calculate C
for the applicable R value from Eq. 11.20. Choose an F value near that
for a ;. For convenience, calculate 1 — m /2. Then vary AS to obtain the
given life, and calculate the corresponding AP . Express all quantities in
units of meters, MPa, or combinations thereof.

3 Co 2
C= , AP =7mb“AS
(1- R)m(l—Y)
alf—m/2 _a}—m/Z
N =
T C(F ASNRY™ (1-m/2)
ar 3 C F 1-m/2 AS
m/cycle
m m —(MPa J)" MPa
0.01 0.0005 2.724E-11 1.12 -0.5 54.62
N, cycles = 2,000,000 AP,kN= 2746 <4

Comment: An iterative solution can be avoided, but it is then necessary to
algebraically solve Eq. 11.32 for AS.
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11.33

For the center-cracked plate of 2024-T3 aluminum of Prob. 11.27, failure
occurs due to brittle fracture at a » = 16.35 mm and N ;- = 47,400 cycles.

(a) Determine the largest initial crack size a; that can be permitted so that
the life is at least 100,000 cycles. (b) Assuming that this a; can be found

by inspection, what inspection interval in cycles would give a reasonable
safety factor in life?

(a) Record the given dimensions, loads, final crack length, and life.

b t |:,me:x Pmin R a¢ Nif
mm mm N N P min/Prmax mm cycles
50 4 60,000 18,000 0.300 16.35 100,000

Obtain materials properties from Table 11.2

Co Kic Co m Y
m/cycle
353 34 1.420E-11 3.59 0.680

Obtain the definition of S and F' from Fig. 8.12(a).

P
= le = S .
o (=al/b<04)

Calculate S ,, from P, and check that the approximate F is valid.

Smax Oy Is F OK ?
MPa a/ b
150.0  0.327 yes
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As F does not vary excessively, Eq. 11.32 applies for life calculation.
Organize its input as follows: Based on the Walker method, calculate C
for the applicable R value from Eq. 11.20. Choose the above approximate

F value for small a;. Calculate AS, and for convenience, 1 — m /2. Vary
a; to obtain the desired N ;. Express all quantities in units of meters,
MPa, or combinations thereof.

Co

C=a_pmin> A= Smax(-R)
al—m/2 _a}—m/Z
N =
7 C(F ASNR)™ (1-=m/2)
a; ay C F AS 1-m/2
m/cycle MP
m m (MPaJE)m a

0.000892 0.01635 2.139E-11 1.00 105.0 -0.795

Ns, cycles = 100,000 a, mm= 0892 <4

Comment: An iterative solution can be avoided, but it is then necessary to
algebraically solve Eq. 11.32 for a;.

(b) A reasonable safety factor in life would be in the range X, =3 to 5.
Choosing the latter gives an inspection interval N, = N ;- / X y; as below.

Nis XN Ny
cycles cycles
100,000 5.00 20,000 4
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11.34

A bending member made of 7075-T6 aluminum has a rectangular cross
section with given dimensions and initial full-thicknes crack length. It is
cycled between zero and a given maximum bending moment. (a) What is
the safety factor in life if the expected service life is 80,000 cycles? (b)
What inspection period gives a safety factor of five on life?

Record the given dimensions, loads, and R .

b t a; Mmax Mmin R
mm mm mm N-mm N-mm Mmin/Mmax
50 12 0.25 500,000 0 0.00

Obtain materials properties from Table 11.2

Oy KIC Co m Y
m/cycle
MPa  MPavm G yaym
523 29 2.710E-11 3.70 0.641

Obtain the definition of S and equations for F from Fig. 8.13(a).

s=M =% Fel12 (0<04
- bzt ’ - b ’ 1. (a— . )
[ 0L 4
> - 0.923+0.199 1—sin—2—
F = tan
o 2 p— (any )
COS“Z—

Calculate S ,,,, and the crack length a . to cause brittle fracture. Proceed
by picking a trial a, then calculating o, F, and K, varying a until X =
K 1. is obtained. Also calculate the crack length a , to cause fully plastic
yielding from Fig. A.16(b).
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6M
Smax=——;;—“tﬂ, K=FS \Nma, a, 5K
|2 [Mom
a, =b|1-—
"%V, |
Smax ac O To, / 2 Fe Kic a,
MPa mm a./b MPa Vm mm

100.0 18.79 0.376 0.590 1.1936 29.00 32.15

As F does not vary excessively, the life may be obtained from Eq. 11.32.
Organize its input as follows: The smaller of a,. and a, is the final crack
length a ;. Note that C = C as R = 0. Choose an F value near that for a ;.
Calculate AS, and for convenience, 1 — m /2. Express all quantities in
units of meters, MPa, or combinations thereof.

Co
ar =MIN(a,,a,), C=(1_R)m(l_y) , AS =S, (1-R)
as a; C ' F AS 1-m/2
m/cycle
m m ———"-—(Mpa Jo)" MPa
0.01879 0.00025 2.710E-11 1.15 100.0 -0.85

Calculate the number of cycles to grow the crack to failure.

1-m/2 _ 1-m/2
a a; N;,cycles= 139273 4

Ny =—
T C(FASNTR)™ (-m2)
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(a) Calculate actual safety factor in life, and (b) the required inspection
perion N, for the desired safety factor in life.

Ny Nir
a) Xy =—7%-, by N, =
@Xy=" G Np=5
Nis N XN N XN N,
cycles cycles (actual) cycles (desired) cycles
139,273 80,000 1.741 139,273 5.000 27,855

@ ®) ¢
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11.35

A sheet of 2024-T3 aluminum has a row of rivet holes as in Fig. 8.24 with
given dimensions and initial crack lengths on both sides of each hole. It is
cycled between given minimum and maximum stresses. Calculate the
number of cycles to grow the cracks to £ =4 mm length.

Record the given dimensions and stresses and calculate R .

2b b d t Smax Stin R
mm mm mm mm MPa MPa  Snin/Smax
24 12 4.0 3.0 28.0 8.5 0.304
¢; a; Ly a
a={+—
mm mm mm mm 2
0.50 2.50 4.00 6.00

Obtain materials properties from Table 11.2

G, Kic Co m Y
m/cycle
3563 34 1.420E-11 3.59 0.680

Obtain the definition of S and equations for K from Fig. 8.23(b), K , case.

P a 0.89P
- =2 -2 (0.1250<0.65
S=o 7y Ke=T 7 (012502065

Calculate P ,,,. Check K ,,,, <K, at the given £, and also that o; and o
are such that the K, used is valid. Also calculate the crack length a , to
cause fully plastic yielding, noting that Fig. A.16(a) applies.
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_ 0.89Ppay  0.89Py b

b tb

Prmax = 2btSmax » K max

[ P |
ao=b[1 J

- 2bto,
Pmax Kmax o O Kmax < ch ? do ar<a, ?
N MPavm  a/b a/b  aOK? mm
2016 5.46 0.208 0.500 yes/yes 11.05 yes

As the K approximation is valid over the range of o that occurs, the result
of Prob. 11.24 can be applied. Organize its input as follows: Based on the
Walker method, calculate C for the applicable R value from Eq. 11.20.

Calculate AS and use the second form for N ;, which arises from the first

by substitution of the definition of S. Express all quantities in units of
meters, MPa, or combinations thereof.

Co
(1- R)m(l—Y) ?

N _ar—a tvb _arTg 1
¥=— ¢ l089AP) — C |1.78ASp

C= AS = S0 (1-R)

as a; C AS b
m/cycle
m m ———Ma )" MPa m

0.00600 0.00250 2.152E-11 19.5 0.01200

Ni, cycles = 1,345,594 < _
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11.36

The structural member of Prob. 8.16 is made of the ferritic-pearlitic steel
ASTM A572, with 6, and low temperature, dynamic loading X ;. as
given. The member is loaded cyclically between zero and a moment that
may be as large as M ,, = 176 kN-m. (a) At what crack length is brittle
fracture expected? (b) For a; = 2.5 mm and a safety factor of 5.0 on life,
how many cycles can be permitted before inspection?

Model the flange as a single-edge-notched member in tension. This
should be reasonably accurate for small cracks, but for longer cracks
becomes increasingly conservative due to to the real member having
stiffening from the web. Dimensions and loads are then as follows:

b t ai Mmax Mmin R
mm mm mm N-mm N-mm  Mpin/Mmax
203 13.1 2.50 1.76E+08 0 0.00

Record the given materials properties and obtain generic crack growth
constants from Table 11.1.

Op ch Co m Y Y
__mfcycle
MPa  MPavm g, vm)m R<0
345 40 6.890E-12 3.00 0.500 0

Obtain F' from Fig. 8.12(c).

F=112 (@<0.13), o=

| R
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Approximate S .., as the bending stress at mid-thickness of the flange,
using 7, for bending about the member x -axis from Fig. P8.16.
Calculate the crack length a . to cause brittle fracture, and check that o,

is such that the F used is valid. Also, conservatively approximate the
crack length a , to cause fully plastic yielding of the flange by using
Fig. A.16(d).

M
Smax = n;axy

_ (176,000,000 N - mm)(303/2 -13.1/2) mm
(1.29%10~* m*)(1000 mm/m)*

=197.8MPa

max

2
K
ac=l Ie (F =1.12 if € <0.13)
T\ FS max

_max o _plpre1- PP D))

bto,, G,
Smax F a. O IsF OK ? P' a,
MPa mm a./b mm
197.76 1.120 10.38 0.051 yes 0.5732 46.7

<4
As F does not vary excessively, the life may be obtained from Eq.
11.32. Organize its input as follows: The smaller of a. and a,, is the
final crack length a . Based on the Walker method, C = Cydueto R =

0. Calculate AS, and for convenience, 1 — m /2. Express all quantities in
units of meters, MPa, or combinations thereof.
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Co
aszIN(ac,ao), C=(1_R)m(1—7) , AS =S 0 (1-R)
ar 3 C F AS 1-m/2
m/cycle MP
m m (MPa vVm )™ a

0.01038 0.00250 6.890E-12  1.120 197.76 -0.5

Finally, calculate the number of cycles to grow the crack to failure and
the required inspection period.

1-m/2 1-m/2
af —a,- _ N!f

N:p = , N. =
7 C(F ASVR)™(1—-m/2) P~ Xy
Ni XN Np
cycles cycles

48,864 5.0 9,773
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11.37

A center-cracked plate of AISI 4340 steel has given dimensions and initial
crack length, and it is cycled between given minimum and maximum
loads. (a) Estimate the crack length at failure. (b) Calculate the life in
cycles from Eq. 11.32, and comment on whether this result is expected to
be accurate. (c) Calculate the life from numerical integration and compare

to (b).
Record the given dimensions and loads, and calculate R .
b t a F,max F>min R
mm mm mm N N F,minl Pmax
38 6 1.00 120,000 40,000 0.3333

Obtain materials properties from Table 11.2

Gy K|c CQ m Y
m/cycle
1255 130 5.110E-13 3.24 0.420

Obtain the definition of S and equations for ' from Fig. 8.12(a).
=, o0=—-—, le (OLSO.4)

- 1-0.50+0.3260”
- I-a

(any o)

(a) Calculate S ., and the crack length a . to cause brittle fracture.
Proceed by picking a trial a, then calculating o, F', and K, varying a until
K =K, is obtained. Also calculate the crack length a , to cause fully
plastic yielding from Fig. A.16(a).
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2bt ’
bf P |
9o = L 2btooJ
Smax ac O Ff ch d,
MPa mm a./b MPa Vm mm

263.2 28.80 0.758 1.6424 130.00 30.03

As F changes excessively, the life from Eq. 11.32 is expected to be
inaccurate. But proceed as requested and organize the input as follows:
The smaller of @, and a,, is the final crack length a . Based on the
Walker method, calculate C for the applicable R value from Eq. 11.20.
Guess at an F value nearer to that for a; than for a,. Calculate AS, and

for convenience, 1 — m /2. Express all quantities in units of meters, MPa,
or combinations thereof.

Co
as a; C F AS 1-m/2
m/cycle MP
m m (MPa-\/l;‘l-)m -a
0.02880 0.0010 1.095E-12 1.10 175.4 -0.62 4

(b) Finally, calculate the number of cycles to grow the crack to failure.
alf—m 12 _ a}-—m /2

N, cycles= 575528 |
Ny = —
C(FAS~TY"(1-m/2)
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(¢) To proceed with numerical integration, express as, a;, and b, in
meters. Pick a number of increments » such that the increment factor is
around r = 1.1.

r=(af/ai)l/n

ar, M a;, m b,m n r
0.02880 0.00100 0.03800 36 1.097835

For each crack length starting with a ;, calculate o, F, AK, and y =

dN Ida . Increment crack lengths by the factor 7 until a / is reached.
Then, for each group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq.
11.38 to obtain AN values, and also calculate the cumulative sum, the
last value of which is the calculated life N .

a.
J _
aj=_b—, FJ=F((1]), AKJ—-FJAS naj

_dv 1
Y17 da C(AK ;)™

aj+1=raj

aj; (r2 —-1) [ 5 ]

AN 42 = = yjr(2—-r)+yj+1(r+1) +yj+2(2r—l) ~
i a a=al/b F AK y = dN/da AN  X(AN)

m MPa+/m cycles/m cycles cycles
0 0.001000 0.0263 1.0003 9.84 5.545E+08 0 0
1 0.001098 0.0289 1.0004 10.31 4.766E+08 0 0
2 0.001205 0.0317 1.0005 10.80  4.096E+08 97,717 97,717
3 0.001323 0.0348 1.0006 11.32  3.520E+08 0 0
4 0.001453 0.0382 1.0007 11.86  3.025E+08 86,988 184,705
5 0.001595 0.0420 1.0008 12.43  2.599E+08 0 0
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6 0.001751 0.0461 1.0010 13.02  2.233E+08 77,416 262,121
7 0.001922 0.0506 1.0012 13.65  1.918E+08 0 0
8 0.002110 0.0555 1.0014 14.30  1.648E+08 68,870 330,991
9 0.002317 0.0610 1.0017 1499  1.415E+08 0 0
10 0.002543 0.0669 1.0021 15.71  1.215E+08 61,234 392,225
11 0.002792 0.0735 1.0026 16.47  1.043E+08 0 0
12 0.003065 0.0807 1.0031 17.27  8.952E+07 54,398 446,623
13 0.003365 0.0886 1.0038 18.11  7.680E+07 0 0
14 0.003694 0.0972 1.0046 18.99  6.585E+07 48,265 494,888
15 0.004056 0.1067 1.0055 19.91  5.643E+07 0 0
16 0.004452 0.1172 1.0067 20.89  4.833E+07 42,745 537,633
17 0.004888 0.1286 1.0081 21.92  4.135E+07 0 0
18 0.005366 0.1412 1.0099 23.00  3.535E+07 37,752 575,384
19 0.005891 0.1550 1.0121 24.16  3.018E+07 0 0
20 0.006468 0.1702 1.0147  25.38  2.573E+07 33,204 608,588
21 0.007100 0.1869 1.0180 26.67  2.189E+07 0 0
22 0.007795 0.2051 1.0220 28.06  1.858E+07 29,022 637,609
23 0.008558 0.2252 1.0269 29.54  1.572E+07 0 0
24 0.009395 0.2472 1.0331 31.14  1.326E+07 25,124 662,734
25 0.010314 0.2714 1.0407 32.87 1.113E+07 0 0
26 0.011323 0.2980 1.0502  34.75  9.288E+06 21,431 684,165
27 0.012431 0.3271 1.0622 36.83  7.697E+06 0 0
28 0.013647 0.3591 1.0774 39.14  6.320E+06 17,862 702,027
29 0.014982 0.3943 1.0967 41.74  5.129E+06 0 0
30 0.016448 04328 1.1216 44.73  4.100E+06 14,344 716,371
31 0.018057 04752 1.1540 4822  3.213E+06 0 0
32 0.019824 0.5217 1.1970 52.41  2.454E+06 10,832 727,203
33 0.021763 0.5727 1.2563 57.59  1.808E+06 0 0
34 0.023892 0.6287 1.3368 64.25  1.268E+06 7,353 734,556
35 0.026230 0.6903 1.4558  73.31  8.269E+05 0 0

36 0.028796 0.7578 1.6424  86.67  4.809E+05 4,072 738,628

N;, cycles = 738628 4

This result is noted to differ considerably from the calculation by Eq.
11.32, where the value of constant F' to assume is problematical.
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For the center-cracked plate of 2024-T3 aliminum in Prob. 11.27,
estimate the life by numerical integration.

Record the given dimensions and loads, and calculate R .

b t ai Pmax I:,min R
mm mm mm N N P min/Pmax
50 4 2.00 60,000 18,000 0.3000

Obtain materials properties from Table 11.2. Based on the Walker
method, calculate C for the applicable R value from Eq. 11.20.

Co Kic Co m Y C
m/cycle m/cycle

MPa MPavm Py P

353 34 1.420E-11 3.59 0.680  2.139E-11

From Fig. 8.12(a), obtain the definition of S and the equation for F'.

P a
S=om %%

1-0.50.+ 0.3260.2
F =

Ve b

Calculate S ., and AS. Also, determine the crack length a . to cause
brittle fracture. Proceed by picking a trial a, then calculating o, F, and
K, varying auntil K = K ;, is obtained. In addition, calculate the crack
length a , to cause fully plastic yielding from Fig. A.16(a).

P,
Smax = ;nba;( > AS = Spax(1-R)
K =FSxVna, a, > Ky,
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Smax AS ac Olc Fs Kic Qo
MPa MPa mm a./b MPa+/m mm
150.0 105.00 14.84 0.297 1.0498 34.00 28.75

The smaller of a . and a,, is the final crack length a . Express a;, and
also a; and b, in meters. Pick a number of increments 7 such that the
increment factor is around r = 1.1.

ar =MIN(a., a,), r:(af/ai)l/n

a;, m a,m b, m n r
0.01484 0.00200 0.05000 20 1.105401

For each crack length starting with a;, calculate o, F, AK,and y =

dN Ida . Increment crack lengths by the factor 7 until a , is reached.
Then, for each group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq.
11.38 to obtain AN values, and also calculate the cumulative sum, the
last value of which is the calculated life N .

J —
an : a ra
Yji= = j+1 =174
7 da C(AK ;)™
2
a;(r°--1) 5
AN,y = J . [yjr(2—r)+yj+1(r+l) +yj+2(2r-—1)]
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(11,38, p,g)

j a a=alb F AK y = dN/da AN  Z(AN)
m MPavm cycles/m cycles cycles
0 0.002000 0.0400 1.0007 8.329  2.316E+07 0 0
1 0.002211 0.0442 1.0009  8.759  1.934E+07 0 0
2 0.002444 0.0489 1.0011 9.210  1.614E+07 8,577 8,577
3 0.002701 0.0540 1.0014 9.686  1.347E+07 0 0
4 0.002986 0.0597 1.0017 10.187 1.124E+07 7,302 15,879
5 0.003301 0.0660 1.0021 10.714  9.379E+06 0 0
6 0.003649 0.0730 1.0025 11.270 7.822E+06 6,211 22,090
7 0.004033 0.0807 1.0031 11.856 6.521E+06 0 0
8 0.004459 0.0892 1.0038 12.474 5.434E+06 5,276 27,366
9 0.004928 0.0986 1.0047 13.126  4.525E+06 0 0
10 0.005448 0.1090 1.0058 13.816  3.765E+06 4474 31,840
11 0.006022 0.1204 1.0071 14.545 3.131E+06 0 0
12 0.006657 0.1331 1.0088 15.317  2.600E+06 3,782 35,622
13 0.007358 0.1472 1.0108 16.137 2.156E+06 0 0
14 0.008134 0.1627 1.0134 17.009 1.785E+06 3,183 38,805
15 0.008991 0.1798 1.0166 17.939  1.474E+06 0 0
16 0.009939 0.1988 1.0205 18.935 1.214E+06 2,659 41,464
17 0.010987 0.2197 1.0255 20.005  9.969E+05 0 0
18 0.012145 02429 1.0318 21.162 8.148E+05 2,197 43,661
19 0.013425 0.2685 1.0397 22.420 6.622E+05 0 0
20 0.014840 0.2968 1.0498 23.800  5.344E+05 1,783 45,444

Ni¢, cycles = 45444 4
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11.39

Consider the bending member with a rectangular cross section, made of
AISI 4340 steel, in Prob. 11.31. Determine the initial crack length by

numerical integration.

Record the given dimensions, moments, final crack length, and life.

b t Mmax Mmin R a¢ Nif
mm mm N N Min/Mmax mm cycles
60 12 4,000,000 800,000 0.200 14.00 60,000

Obtain materials properties from Table 11.2. Based on the Walker
method, calculate C for the applicable R value from Eq. 11.20.

Op ch Co m Y C
m/cycle m/cycle

MPa MPavm = pro g

1255 130 5.110E-13 3.24 0.420 7.772E-13

From Fig. 8.13(a), obtain the definition of S and the equation for F.

g M  _a
b2’ b
_ .
. oL
0.923+0.199|1—-sin——
F == tan 2 22| (any o)
“Vra T 2 oL Y
Cos——
2
Calculate S, and AS .
S AS 6M
MPa MPa Smax = T »  AS=Spax(1-R)

555.6 444 .44
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(1.39 p.2)

Initially estimate a; = 0.475 mm based on the result of Prob. 1 1.31. Pick

a number of increments n such that the increment factor is around r =
1.1. Then vary a; until the given N is obtained. For use in the numerical

integration calculations, express a;, as, and b in meters.

1/
r=(ar/a;) "
a a ay b n r N;
mm m m m cycles

(1) 0.4750 0.000475 0.01400 0.06000 36 1.098544 65,894
(2) 0.5476 0.000548 0.01400 0.06000 36 1.094214 60,000

(1) 1st try (2) final

For each crack length starting with a;, calculate o, F, AK,and y =

dN Ida . Increment crack lengths by the factor r until a/ is reached. Then,
for each group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq. 11.38
to obtain AN values, and also calculate the cumulative sum, the last value

of which is the calculated life N .
a;
(Xj=_l')_, FJ=F((X.]), AKJ=FJAS naj

dN ]
Yi= = )
! da  cAK )™

aj+1=raj

a; (r2 -1) [ 5 ]
AN ;i3 = 6r yir(2=r)+yjn(r+]) +yj+2(2r=1)
j a o=al/b F AK y = dN/da AN Z(AN)
m N[PaJ—rH cycles/m cycles cycles
0 0.0005476 0.0091 11110 20.480 7.257E+07 0 0
1 00005992 0.0100 1.1100 21.403 6.291E+07 0 0
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(11,39, p.3)

2 00006556 0.0109 1.1089 22.367  5.454E+07 6,791 6,791
3 0.0007174 0.0120 1.1077 23.372  4.730E+07 0 0
4 00007850 0.0131 1.1065 24420 4.103E+07 6,113 12,904
5 0.0008589 0.0143 1.1051 25.513  3.561E+07 0 0
6 0.0009398 0.0157 1.1036 26.652 3.091E+07 5510 18,414
7 0.0010284 0.0171 1.1020 27.838  2.684E+07 0 0
8 00011253 0.0188 1.1002 29.073  2.332E+07 4973 23,388
9 0.0012313  0.0205 1.0983 30.360 2.027E+07 0 0
10 0.0013473 0.0225 1.0963 31.699  1.762E+07 4496 27,884
11 0.0014742 0.0246 1.0941 33.093  1.533E+07 0 0
12 0.0016131 0.0269 1.0918 34.543  1.334E+07 4071 31,955
13 0.0017651 0.0294 1.0892 36.050 1.162E+07 0 0
14 00019314 0.0322 1.0866 37.617 1.012E+07 3,694 35,649
15 0.0021134  0.0352 1.0837 39.246  8.822E+06 0 0
16 0.0023125 0.0385 1.0807 40.938 7.694E+06 3,359 39,008
17 0.0025304 0.0422 1.0775 42.696 6.715E+06 0 0
18 0.0027688 0.0461 1.0741 44522  5.863E+06 3,061 42,068
19 0.0030296 0.0505 1.0705 46.418 5.122E+06 0 0
20 00033151 0.0553 1.0668 48.387 4.477E+06 2,795 44864
21 0.0036274 0.0605 1.0630 50433  3.915E+06 0 0
22 0.0039691 0.0662 1.0590 52.559  3.424E+06 2558 47,422
23 0.0043431 0.0724 1.0550 54.770  2.996E+06 0 0
24 0.0047523 0.0792 1.0510 57.072 2.622E+06 2,344 49,766
25 0.0052000 0.0867 1.0469 59.472  2.294E+06 0 0
26 00056899 0.0948 1.0430 61.979 2.007E+06 2,149 51915
27 0.0062260 0.1038 1.0393 64.603  1.755E+06 0 0
28 00068125 0.1135 1.0360 67.359  1.533E+06 1,968 53,882
29 0.0074544 0.1242 1.0331 70.265  1.337E+06 0 0
30 00081567 0.1359 1.0309 73.343 1.163E+06 1,794 55,677
31 0.0089252 0.1488 1.0296 76.622 1.010E+06 0 0
32 0.0097660 0.1628 1.0294 80.139  8.730E+05 1,622 57,299
33 o0.0106861 0.1781 1.0308 83.941 7.513E+05 0 0
34 00116929 0.1949 1.0341 88.088 6.426E+05 1,445 58,744
35 00127946 0.2132 1.0399 92.659  5454E+05 0 0
36 00140000 0.2333 1.0488 97.754 4.586E+05 1,256 60,000
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11.40

A single-edge-cracked plate made of Man-Ten steel has given dimensions
and initial crack length, and is subjected to a given zero-to-maximum
cyclic force. Estimate the life by numerical integration.

Record the given dimensions, cyclic force, and R .

b t ai F,max Pmin R
mm mm mm N N P min/P max
75 50 40 20,000 0 0.00

Obtain materials properties from Table 11.2. Based on the Walker
method, C = C, for the R =0 case.

Go Kic Co m Y C
m/cycle m/cycle

MPa MPavm o =

363 200 3.280E-12 3.13 0.928 3.280E-12

From Fig. 8.12(c), obtain the definition of S and the equation for F'.
_P e
- b

4 0.857+0.2650
F=02651-0)* + —
(1-o)™

Calculate S ,,, and AS . Also, determine the crack length a . to cause

(any o)

brittle fracture. Proceed by picking a trial a, then calculating o, F, and
K, varying auntil K = K ;, is obtained. In addition, calculate the crack
length a, to cause fully plastic yielding from Fig. A.16(d).

P,
Smaxz_IZ?'x—’ AS = Spax (1-R)

K = FSpaxVTa , a. > Ky,
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(1WA, p.2)

profmax _Smax oy [pr1o 2P

bto, O,
Smax AS ac Olc Fs Kic a,
MPa MPa mm a./b MPa~/m mm

53.3 53.33 56.83 0.758  8.8747 200.00 42.48

The smaller of @, and a, is the final crack length a . Express ay, and
also a; and b, in meters. Pick a number of increments 7 such that the
increment factor is around r = 1.1.

a; =MIN(a.,a,), r=(as/a)!'"

a;, m a,m b, m n r
0.04248 0.00400 0.07500 24 1.10346

For each crack length starting with a ;, calculate o, F, AK, andy =

dN Ida . Increment crack lengths by the factor r until a  is reached. Then,
for each group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq. 11.38
to obtain AN values, and also calculate the cumulative sum, the last value
of which is the calculated life N .

a.
J = . = . .
aj=_b—, F]—F(OLJ), AK]—FJAS 1ta]
1
«"J"’aer m> AT
da  C(AK ;)
2
a;(r--1) 5
ANj+2=_!_6r——[)’jr(2—r)+.)’j+1(r+l) +J’j+2(2"_1)]
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(W40, p.3)

j a a=alb F AK  y=dN/da AN Z(AN)

m MPa«/—rr_l cycles/m cycles cycles

0 0.004000 0.0533 1.1586 6.927 7.132E+08 0 0

1 0.004414 0.0589 1.1636 7.308 6.032E+08 0 0

2 0.004870 0.0649 1.1694 7.715 5.091E+08 524431 524,431

3 0.005374 0.0717 1.1762 8.151 4.286E+08 0 0

4 0.005930 0.0791 1.1840 8.619 3.598E+08 453,719 978,150

5 0.006544 0.0873 1.1932 9.125 3.011E+08 0 0

6 0.007221 0.0963 1.2040 9.671 2.509E+08 388,068 1,366,218

7 0.007968 0.1062 1.2167 10.266 2.082E+08 0 0

8 0.008792 0.1172 12316 10.917 1.717E+08 326,692 1,692,911

9 0.009702 0.1294 1.2494 11.633 1.408E+08 0 0

10 0.010706 0.1427 1.2705 12.427 1.145E+08 269,019 1,961,929
11 0.011813 0.1575 1.2957 13.313 9.229E+07 0 0
12 0.013035 0.1738 1.3260 14.311 7.360E+07 214,805 2,176,734
13 0.014384 0.1918 1.3625 15.447 S5.795E+07 0 0
14 0.015872 0.2116 14068 16.754 4.494E+07 164,287 2,341,022
15 0.017514 0.2335 1.4608 18.275 3.424E+07 0 0
16 0.019326 0.2577 15272 20.069 2.554E+07 118,306 2,459,328
17 0.021325 0.2843 1.6095 22.218 1.857E+07 0 0
18 0.023531 0.3138 1.7125 24833 1.311E+07 78,306 2,537,634
19 0.025966 0.3462 1.8431 28.076 8.930E+06 0 0
20 0.028652 0.3820 2.0112 32.181 5.826E+06 46,031 2,583,664
21 0.031616 04216 2.2316 37.509 3.606E+06 0 0
22 0.034887 0.4652 2.5279 44633 2.093E+06 22,833 2,606,498
23 0.038496 05133 29393 54.517 1.119E+06 0 0
24 0.042479 05664 3.5365 68.902 5.376E+05 8,794 2,615,292

N;, cycles = 2,615,292 <
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11.41

Consider the sheet of 2024-T3 aluminum with a row of rivet holes (Fig.
8.24) from Prob. 11.35. Use the exact K, with numerical integration to

calculate the number of cycles to grow the cracks to £ = 4 mm length.

Record the given dimensions and stresses, and calculate R, AS,a;, ay.

2b b d t Smax Smin R
mm mm mm mm MPa MPa Smin/Smax
24 12 40 3.0 28.0 8.5 0.3036
AS [i a; ef as
MPa mm mm mm mm a={+ 5

19.5 0.50 2.50 4.00 6.00

Obtain materials properties from Table 11.2. Based on the Walker
method, calculate C for the applicable R value from Eq. 11.20.

Co Kic Co m Y C
m/cycle m/cycle
MPa  MPavm (o, o (MPa V)"
353 34 1.420E-11 3.59 0.680 2.152E-11

Obtain the definition of S and equations for K from Fig. 8.23(b), using
the exact K , case.

§=2L KeFote =2
~2bt’ TP b
1 1 1 oL
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(W4, 5.2)

Express a,, a;, and b in meters. Since K is nearly constant, the ordinary

Simpson's rule of Eq. 11.36 is preferrable, and the number of increments
need not be very large. Pick a crack length increment that gives n = 10.

3, M a,m b,m n
0.00600 0.00250 0.01200 10

Aa,m
0.00035

af—a,-

n

Aa

For each crack length starting with a;, calculate o, F p, AK, andy =

dN Ida . Increment crack lengths by Aa until a ; is reached. Then, for each
group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq. 11.36 to obtain
AN values, and also calculate the cumulative sum, the last value of which
is the calculated life NV .

AP
. = AK : = Fp;, —==2Fp; AS~/b
A j J=rE L Pj

a.
J _
—b_, FP]—F(aJ)9
dN 1
y-..__ = 5
7 da  CAK )™

aj+1=aj+Aa

Aa[ ]
AN =—lyj+4yjn+Yjs2

3

J a o=a/b Fp AK y = dN/da AN 2(AN)

m MPavm cycles/m cycles cycles
0 0.00250 0.2083 0.8468 3.618  4.596E+08 0 0
1 000285 0.2375 0.8281 3.538  4.981E+08 0 0
2 0.00320 0.2667 0.8159 3.486 5252E+08 347,339 347,339
3 0.00355 0.2958 0.8089 3.456  5418E+08 0 0
4 0.00390 0.3250 0.8061 3.444 5486E+08 378,102 725,441
5 0.00425 03542 0.8068 3.447  5.469E+08 0 0
6 000460 0.3833 08106 3.463 5377E+08 381,978 1,107,419
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(H.‘H) p,.?)

7 0.00495 04125 0.8173 3.492 5.221E+08 0 0
8 0.00530 0.4417 0.8267 3.532 5.011E+08 364,854 1,472,274
9 000565 0.4708 0.8388 3.583  4.757E+08 0 0

10 0.00600 05000 0.8536  3.647  4.467E+08 332,564 1,804,837

N;, cycles = 1,804,837‘
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11.42

A solid circular shaft made of 17-4 PH stainless steel has given
dimensions and initial circumferential crack. For a given moment in
rotating bending, estimate the life by numerical integration.

Record the given dimensions and cyclic moment, and calculate R .

d b=d/2 a; Mmax Mmin R
mm mm mm N-mm N-mm  Mpin/Mmax
50 25 0.50 5.0E+06 -5.0E+06 -1.0000

Obtain materials properties from Table 11.2. Assume that the
compressive loading does not contribute to crack growth by using Y= 0.
Based on the Walker method, calculate C for the R = —1 case from Eq.

11.20.
Go - K Co m ' C
m/cycle m/cycle
MPa  MPavm 0" R<0
10569 120 3.290E-11 244 0.00 6.063E-12

From Fig. 8.14(b), obtain the definition of S and the equation for F'.

4M
=3 0t=g‘, B=1-a
rth b

3
F =

[ 13
_852-5L1+55+§B +— |33 128[3 +0537BJ (any o)

Calculate S ,,,, and AS . Also, determine the crack length a . to cause
brittle fracture. Proceed by picking a trial a, then calculating B=1 - a,
F,and K, varying auntil K = K ;. is obtained. In addition, calculate the
crack length a , to cause fully plastic yielding by solving for crack
length using the expression for M,, from Prob. 8.14.
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(l \14'2J P 2)
AM max

R AS = Sipax 1— R)
T

Smax =

K =FS . VTa, a, = Ky,

{1_%[31\40 )”3}

Smax AS ac Bc Ff ch =1
MPa MPa mm 1-aJb MPa/m mm
407.4 814.87 8.494 0.660 1.8029 120.00 9.758

The smaller of a . and a, is the final crack length a ;. Express ay, and
also a; and b, in meters. Pick a number of increments 7 such that the
increment factor is around » = 1.1.

a;=MIN(a.,a,), r=(ay/a)'"

as, M a,m b, m n r
0.008494 0.000500 0.02500 30 1.09902

For each crack length starting with a ;, calculate , F, AK, andy =

dN Ida . Increment crack lengths by the factor » until a , is reached.
Then, for each group of three points, 0-1-2, 2-3-4, 4-5-6, etc., apply Eq.
11.38 to obtain AN values, and also calculate the cumulative sum, the
last value of which is the calculated life N .

J _ [
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(N42,5.3)

daN 1
Y17 da " cak

aj+1=raj

a;(r? -1)[ , . ]
ANjya =" yir@R-r)+y i +)" +y;0@2r-1)

j a B F AK _ y=dN/da AN Z(AN)
m 1-alb MPaJm cycles/m cycles cycles

0 0.000500 0.9800 1.1367 36.711  2.507E+07 0 0
1 0.000550 09780 1.1380 38.531 2228E+07 0 0
2 0.000604 0.9758 1.1395 40.447 1.979E+07 2,312 2,312
3 0.000664 09735 1.1412 42465 1.758E+07 0 0
4 0.000729 09708 1.1431 44591 1.560E+07 2,203 4,515
5 0.000802 0.9679 1.1452 46.833 1.384E+07 0 0
6 0.000881 0.9648 1.1476 49199 1.227E+07 2,095 6,610
7 0.000968 0.9613 1.1503 51.698 1.088E+07 0 0
8 0.001064 0.9574 1.1533 54.339 9.630E+06 1,989 8,599
9 0.001170 09532 1.1567 57.135 8.521E+06 0 0
10 0.001285 09486 1.1606 60.097 7.532E+06 1,882 10,481
11 0.001413 09435 1.1650 63.241 6.651E+06 0 0
12 0.001553 0.9379 11700 ©66.584 5.865E+06 1,774 12,255
13 0.001706 0.9318 1.1757 70.145 5.165E+06 0 0
14 0.001875 09250 1.1823 73.948 4.541E+06 1,664 13,919
15 0.002061 0.9176 1.1899 78.019  3.984E+06 0 0
16 0.002265 0.9094 1.1987 82.393 3.488E+06 1,550 15,469
17 0.002489 0.9004 1.2088 87.107 3.045E+06 0 0
18 0.002736 0.8906 1.2206 92.211 2.650E+06 1,431 16,900
19 0.003007 0.8797 1.2345 97.764 2.298E+06 0 0
20 0.003304 0.8678 1.2507 103.841 1.983E+06 1,304 18,204
21 0.003632 08547 12700 110.535 1.703E+06 0 0
22 0.003991 0.8404 12928 117.966 1.453E+06 1,167 19,371
23 0.004386 0.8245 1.3202 126.288 1.230E+06 0 0

24 0.004821 0.8072 1.3532 135.703 1.032E+06 1,018 20,390
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All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other instructors who rely on these materials.
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25
26
27
28
29
30

0.005298
0.005823
0.006399
0.007033
0.007729
0.008494

0.7881
0.7671
0.7440
0.7187
0.6908
0.6602

1.3934
1.4426
1.5036
1.5800
1.6773
1.8029

146.482
158.987
173.718
191.378
212.976
240.000

8.567E+05
7.015E+05
5.651E+05
4.462E+05
3.437E+05
2.568E+05

0
856
0
682
0
502

0
21,246
0
21,929
0
22,431

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.
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11.44 oy Frob 11.27 situatiom, estiaonate

repetitioms to failure for givea loacd/
history and a; = 2-mm, 2024-T3 Al
cemter-cracRed p/ate, b=50, t = F »7m,
Pue to the same Fpy,, = 60 RN, Fhe ag=
/6,35 'mm«- Froma Prob 11,27 solultriom a,o,a//'es,

m |/ m —
AS, = { (AS) ] " A= Sy, (1-R)

For fmuH-zp/e cycles Nj atdifferemt levels:

R . RE\™ ]I/ m
Asqz[zg;msf) ) ) Ng=ZN,;

For each leyel, calculale

R: Pm;m _ P/rV\ax , A—S") NJ (A—EJ)W

60

P, Load, kN

-t
(0 0]

o

time

[ One repetition

Use C =Co, m and ¥ $rom Taple l].2.
F %2 1.0 amd comstant fron Prob. 1.20,
Calc ulatioms are showm rm +he table-

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.
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and the needs of other instructors who rely on these materials.
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The sum of the last columma in the table
and < N;=Npg are used to calculate
0Sg , amd them Nig and Bif follow,

v a}—m/2 _a}—m/2 . Nif
77 co(FAS,Nmyma-m/2)" 7 Np
b t a; as F C m Y 1-m/2
m/cycle
mm mm m m MPadmy”

50 40 0.00200 0.01635 1.00 1.42E-11 3.59 0.680 -0.795

—
j N; P max P min R Stmax AS N j '\AS J)m

cycles kN kN MPa MPa
1 1 60 0 0 150 150.00 6.489E+07
2 10 60 18 0.3 150 117.69 2.717E+08
)> 11 3.365E+08
AS,, MPa = 121.66
Ni;, cycles = 42,116
B;, repetitions = 3,829 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.
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1145 For Prob. (1.3], a; = OS5 mm, replace
\oad lf\;’s"’oky as showwn. B,-f::?

Bemd,‘ma me-m be;—-J b= é()) t=1/12 mm MPa &
ATST 4340 steel, o= 1255 MPo, K = |30
C.=5.0 %16~ (m/eycle) ,m, = 3.24 , ¥=0.4Z

a§ = Qa, ord,, Qp +room Hg, A 13(b)

Ap= bp—%/{j%ffz_] , Maax = 4 RN/

- 4X/0% N mm
d, = (éofm»m)[l— Zommm V) (12 mm)(125 S MPa)

a,=274 mm
assume ac/b< o4, F=1.12 (Fg.3.13)

=6 Momax _ & (4 X/0°N-mm)
Srmmz b%+ - (60)2“2) s

=7 (£Z "= 00139 m = 139 o

a./b = 0,23, calculatiom O.K. , Fa 112
as = Cr= 13,9 mm1 comtrols 4

clc.

H

w

M, Moment, kN-m
N

0 time

- one repetition =|'

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.
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For each level with N; cycles, calculate .

6 Movax
) Somax = b2+

A M/m,'m
R= Vwax

AE= S (1-RYY,  N;(4AS)™
T hean Sum ‘o obfm “n
ZNJ /AS) ]'/"’"

Ng= SN; , B8,=

Calculatiom of Ni¢ amd B,-; them follow,

_ —m/2

v a} m/2__a11 m f Nif
o . B
7 Co(FAS N (1-m/2) Np

b t a; as F Co m Yy 1-mf2
m/cycle
mm mm m m (MPavm)™

60 12 0.00050 0.01390 1.12 5.11E-13 324 0420 -0.62

j Nj Mmax Mmin R Smax —A_E N J (B J )m
cycles kN-m kN-m MPa  MPa

1 2 3.00 0.00 0.00 41667 416.67 6.154E+08

2 1000 4.00 2.00 050 55556 41524  3.043E+11

3 1 4.00 0.00 0.00 55556 55556 7.815E+08

pX 1003 3.057E+11
AS,, MPa = 415.44
N;, cycles = 109,118

By, repetitions = 108.8

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 instructors who rely on these materials.



11.46

A bending member made of Man-Ten steel has a rectangular cross section
with given dimensions and initial full-thicknes crack. It is repeatedly
subjected to a given bending moment history. Estimate the number of
repetitions to grow the crack to failure.

Record the given dimensions and maximum moment in the history,

b t a; Mwmax
mm mm mm N-mm
40 20 1.00 1,200,000

Obtain materials properties from Table 11.2

G Kic Co m Y Y
m/cycle
MPa MPavm ypava)™ (Rz0) (R<0)
363 200 3.280E-12  3.13 0.928 0.220

Obtain the definition of S and equations for F from Fig. 8.13(a).

a yieo)
_ M _a _T Fe112 (@<04
=% 2’ ( )

C[1_[0923+0.199(1—sinp)* |
F= BtanBL cosP J (any o)

Calculate Syax and the crack length a . to cause brittle fracture. Proceed
by picking a trial a, then calculating o, ', and K, varying a until K =
K . is obtained. Also calculate the crack length a,, to cause fully plastic
yielding from Fig. A.16(b).

6M | :
S]MAX:—bATItAX;’ K-_—FSM\ITCG, ac—->KIc

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses a i i
Dissemination or gale of any part of this work (including on the World Wide Web) will destroy the integgrity of the work anndd?ssiistsér;grnfit:tj:gm fearming.
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2 M
a, =b[1—— MAX J
b\ to,
SMAX ac vac Bc Fc ch Ao
MPa mm a./b oL / 2 MPa+/m mm

225.0 28.76 0.719 1.129 2.9573 200.00 14.29

The smaller of a, and a, is the final crack length a. Calculating the

corresponding F indicates that this quantity does not vary excessively. So
the life calculation can be based on Eq. 11.32.

ar Ot Br Fs
mm a¢/ b oyl 2 ar =MlN(ac,a0)
14.29 0.357 0.561 1.1656

Perform cycle counting on the given moment history.

One repetition

time

—

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.
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Set up a table as below. For each level of cycling in the history, calculate:
M i 6M — — \m
R= Mm“‘ . Siax =—;21‘;“’i, AS =S 1-R)Y, Nj(ASJ)
max

Then employ sums from the table to determine N 3 and AS ,.

e,
Np=2N;, AS, =i_ JNB : Jl

Finally, employ Eq. 11.32 to calculate N, using Co, choosing F as a
value near that for a;, and expressing all substituted quantities in units of
meters, MPa, or combinations thereof. Then calculate B .

N a}—m/2 _a}—m/2 . le

3 —_— . if‘ —_

7 Co(F AS NT)™ (1-m12) Np

a; as F Co m Y v 1-m/2
m/cycle

— (Rz20) (R< 0)
(MPavm)™
0.00100 0.01429 1.12 3.280E-12 3.13 0.928 0.220 -0.565

m m

—_ s m
j Nj Mmax Mmin R Smax | AS N_] (AS j )
cycles N-m N-m MPa MPa
1 200 1200 600 0.50 22500 118.26 6.1515E+08
2 1000 300 -900 -3.00 5625 76.31 7.8066E+08
3 1 1200 -900 -0.75 22500 254.48 3.3860E+07
T 1201 1.4297E+09
AS,, MPa = 87.32 N;, cycles = 2,041,541
By, repetitions = 1700 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 instructors who rely on these materials. + - :



11.47

A circular shaft made of 7075-T6 aluminum has given diameter and
initial half-circular surface crack. It is repeatedly subjected to a given
bending moment history. Estimate the number of repetitions to grow the
crack to failure.

Record the given dimensions and maximum moment in the history,

d g Mumax
mm mm N-mm
50 1.00 2,300,000

Obtain materials properties from Table 11.2

Co Kic Co m . Y Y
m/cycl
MPa MPavm qupe/o)™ (R20) (R<0)
523 29 2.710E-11 3.70 0.641 0.00

Obtain the definition of S and value of F from Fig. 8.17(d).

S=—=, a=—, F=0.728 (0.<0.35)
nd’ d

Calculate Syax and the crack length a . to cause brittle fracture. Check
that o, is such that the F used is valid. Also calculate the crack length a,,

to cause fully plastic yielding, very roughly approximating this case as a
rectangular section from Fig. A.16(b), with same a and b =d,t=d.

2
32M 1 K
Sapax = ——;;%AX— a, = ;(——’i—} (F =0.728 if 0.<0.35)

This work is protected by United States copyright laws and is i i
| cted . provided solely for the use of instructors in teaching their courses and i i
Th%s;g&]lgggomna(i;:g:z fc;gamni); gﬁrt ?:; this Wot;k (|ncéuding <I>n the World Wide Web) will destroy the integgrity of the work anda;ssif)stsgr;grnfit:tjsgm learning.
ould never be made available to students except by instructors using the accompanying text i i :
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[ My ]
a,=>b 1—-2— , bt >d
0 b\ to,
Smax ac Ol F Is FOK? a, a
MPa mm a./d mm mm
187.4 14.38 0.288 0.728 yes 31.24 14.38

The smaller of a, and a, is the final crack length a ;. As F does not vary
excessively, the life calculation can be based on Eq. 11.32.

ar =MIN(a., a,)

Perform cycle counting on the given moment history.

One repetition —>

———— 2300 N-m

.E_ 1750

B

=

= — — 330
—460

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.
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and the needs of other instructors who rely on these materials.
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Set up a table as below. For each level of cycling in the history, calculate:

M 4in 32M ax

- S =
K M nax max nd3

. AS=S,,(-RY, N,(a5;)"

Then employ sums from the table to determine N 3 and AS .

FZN(E .)m'|1/m
Ng=2N;, AS, =L JNB : Jl

Finally, employ Eq. 11.32 to calculate N, using Co, choosing F as a
value near that for a;, and expressing all substituted quantities in units of
meters, MPa, or combinations thereof. Then calculate B .

v a}—m/Z__all—m/Z Bf_]_vif_
. pmemnd ’ i —_
7 Co(F AS,Nm)™ (1-m/2) Np
a as F Co m ¥ y 1-m/2
m/cycle
m m Padm)” (R20) (R<0)

0.00100 0.01438 0.728 2.710E-11 3.70 0641 0.00 -0.85

j Ni Mmax Mmin R Smax —A—S_ N_] (E j ) m
 MPa
cycles N-m N-m MPa
1 9 2300 330 0.143 18742 169.71 1.6001E+09
2 30 1750 330 0.189 14260 12473 1.7067E+09
3 1 2300 -460 -0.200 187.42 187.42 2.5670E+08
pX 40 3.5635E+09
AS,, MPa = 140.80 N;, cycles = 60,342
By, repetitions = 1509 <

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.
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148 £ Prob, 11.30, replace /oadimg wrth
hirs tory of F/9, P/0,39 TF095-T6 Al part as
im Fig. PlL30 with a coFner crack.

’R [ Ai = 0.5 man

< =M™ Ex o022 (Fig.817)
a.;: 4,55 mm £rowm Prob, 11.30 QFF,I'QS
due tv Same Sagy, = 336 M.

Use cycle coumﬂmy resy |t from Prob, 10.39

solutrom.
For each level with Nj cycles, calculate

— X — \m
= . DS = Somae (1-R)" ) Nj(DS))
max

T heon su-m o ob?‘n/'th
=N, (5g)™ /™

R — Srrm‘m

Use C=Cp,, 1, ¥ frowm Table 1.2.
Note b’ 0 f—o;— RLO is eza/m/eaﬁ" +o Mo

gffea"of Cofm/al'e's,S/omJ AS = Somax -

See table om the mext page Tor de'ralls
Fimally , calculate:
y—-m/j2 _ y—mj2 N
Nir= 9 it =5 ) ISrg= ' f
= TC(F 8sq /M )7 (1-m/2) Ng
Bieg =49 repetitioms 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.
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a; a F Co m Y Y 1-m/2
m/cycle > R <0
m m e R20) (R<0)
0.0005 0.00455 0.722 2.71E-11 3.70 0.641 0 -0.85
S = m
j Nj Smax Smin R AS N J (AS J)
cycles MPa MPa MPa
1 11 336 48.3 0.1438 304.18 1.6943E+10
2 35 292 48.3 0.1654 260.04 3.0182E+10
3 88 255 48.3 0.1894 222.89 4.2893E+10
4 180 219 48.3 0.2205 186.67 4.5527E+10
5 300 181 48.3 0.2669 148.34 3.2420E+10
6 510 143 48.3 0.3378 109.80 1.8106E+10
7 780 105 48.3 0.4600 70.74 5.4427E+09
8 1030 67.6 48.3 0.7145 30.27 3.1082E+08
9 15 48.3 -19.3 -0.3996 48.30 2.5509E+07
10 1 48.3 -67.6 -1.3996 48.30 1.7006E+06
11 1 336 -67.6 -0.2012 336.00 2.2256E+09
T 2951 1.9408E+11
AS,;, MPa = 129.71
Ny, cycles = 143,559

B;, repetitions = 48.6

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.
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All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other instructors who rely on these materials.



1149 ) cemter-cracked plate of ATST
4240 steel of ExX. )14, periodic jmspections
at Np= 23,500 cycles are dome.

b= 2%, t=6, a;= 1,0 mm = 44

Poim = 80, Prgy = 240 RN

T he fc}/awfmg froma the Ex. |14 solm, apply:
ag=15.8 mm, C= \.095x|o“2(;4”7"‘,§",§n_‘—)4—w
($0r R= P/ Pomax = O 333)

m= 3.24, Y= 0.42 (Table 11.2)

Also from EX 114 Spax=526, 45=351 MPFa

) Xc) Xp =7 Just be-Foré (mspection
T he crack s/ze after Np cycles s meeded,
\—m/2 |-m/2 |
Ngs = 9% — 94 Fxl03 (Ex I14)
PTC(Fas/m)™(-m/2)/
a,~%%2— 0.001” >¢*
£3,500= 1.095 x1o~'2 (1,03x351/7)>*#(-0.62)

Soluvimg gives Qg= 0,001673m= 1673 mm
Sc = AL ) KR = 130 MPa V" m

Xe =
< srmax /rfnqu
Fomax = Somax VTG, F21L0 (Fi9.3.2(2)

Fomay = U526 MFR) ST (0,001693 m)
Aomaxy = 391 MFPa /o

_ 136 _ = <
Xe=425= 3.4

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.
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Ko = = P =2bto, (| -5;—) (Frg, Alle)

J
Prmax _ [,§ 73 mm)
B = 2(38mw)(6 mm) (1255 MP) (=555

P,=547, 000N = 547 RN

_ 547 _
Ko = Saf4 = 2.28 <

(b) These safely Factors seem +» be
ade quate, Tt is good +hat yieldimg
'S oviore likely +ham sudden lorrHHe
fracture, dye +o Xo < Xe, <

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.
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11.50

A single-edge-cracked plate made of AISI 4340 steel has given
dimensions and cyclic loading. (a) Fora; = a,; = 1.3 mm, estimate
the life. (b) Is the design adequate for a desired service life of 60,000
cycles and safety factor of 3.0 in life? (c) If not, what new a ; would
need to be found? (d) If a ; cannot be made smaller, what inspection

interval is needed? (e) If neither is possible, what lower stresses with
R = 0.5 are required?

Record the given dimensions, cyclic force, and R .

b t I:>max Pmin R
mm mm MN MN |'-')min/Pmax
250 25.0 3.40 1.70 0.50

Obtain materials properties from Table 11.2. Based on the Walker
method, calculate C for the applicable R value from Eq. 11.20.

Oo Kic Co m Y C
m/cycle m/cycle
MPa MPavm ‘o rom (MPa vm )™

1255 130 5110E-13 3.24 0.420 1.880E-12

From Fig. 8.12(c), obtain the definition of S and equations for F'.

P a
S=— =— F=1.12 o<0.13
p %S ( )
4 0.857+0.2650

F=0265(1-a)" + (any o)

Calculate S ,, and AS . Determine the crack length a . to cause brittle

fracture, by picking a trial a and varying a until K = K, is obtained.
Also, calculate a, to cause fully plastic yielding from Fig. A.16(d).

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses a i i
Dissemination or gale of any part of this work (including on the World Wide Web) will destroy the integgrity of the work anndd?ssiistsér;grnfit:tj:gm fearming.
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P,
Sm:f).x:_i;%’ AS = Sipax (1- R)

K=FSpuna, a.—>Kj

profmax _ Smax oy [pry1o 2P D))

—_ ’

"~ bto, ©,
Smax AS ac Ol Fs Kic =0
MPa MPa mm a:/b MPaJm mm

544.0 272.0 1353 0.0541 1.1593  130.00 79.67

As F does not vary excessively, the life may be obtained from Eq.
11.32. The smaller of a, and a, is the final crack length a ;. Choose
F near that for a small value of a ;. Express all quantities in units of
meters, MPa, or combinations thereof. |
N a}—m/2 _alm/2
¥ C(F ASNm)Y™(1-m/2)

af = M]N(ac’ ao) ’

Y Y = 60,000
XN=N,-f/N N, cycles=
a a; F AS 1-m/2 Nif XN
m m MPa cycles

(a) 0.01353 0.001300 1.12 2720 -0620 56,779 0946 (b) 4
(c) 0.01353 0.000268 1.12 2720 -0.620 180,000 3.000 4
(e) 0.02770 0.001300 1.12 196.7 -0.620 180,000 3.000

(a) Calculate N ; for a; = 1.30 mm. See table above.

(b) Calculate X  in the table above. It is too small, so the design is <
not adequate.

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.
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(\\,50, p. 3)
(c) Vary a; to get N s such that Xy = 3.0. See table above.

(d Mg Xy . Np . Ny
cycles cycles P Xy
56,779 3.00 18,926 4

(€) Vary S to get N such that X = 3.0. Noting that a , must
change, simplify the calculation of a . by approximating F' as
constant. See the life calculation in the table above.

Smax AS F ac O Is F OK? a,
MPa MPa mm a./b mm
393.5 196.7 1.12 2770 0.1 yes 101.50 |

2
o =Y Re | porn2ifaco13)
¢ 7\ FSmax

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
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11.51

A beam made of Man-Ten steel has a rectangular cross section with given
dimensions and cyclic loading, and also given length of inspection-size
crack. (a) Estimate the number of cycles to grow the inspection-size crack
to failure. (b) What is the safety factor in life for a desired service life of
1,000,000 cycles? (c) For a safety factor in life of 3.00, is inspection
necesary? At what interval? (d) What is the largest crack size that can be
present just before inspection? (¢) For the crack size from(d), what are the
safety factors against brittle fracture and fully plastic limit load?
Adequate?

Record the given dimensions and loads, and calculate R .

b t a; Mmax Mmin R
mm mm mm N-m N-m  Mni/Mmax
40 20 1.00 1200 480 0.400

Obtain materials properties from Table 11.2. Based on the Walker
method, calculate C for the applicable R value from Eq. 11.20.

Oo Kic Co m Y C
m/cycle m/cycle
MPa  MPavm (psvm)” (MPa V)"
363 200 3.280E-12 3.13 0.928  3.680E-12

Obtain the definition of S and equations for F from Fig. 8.13(a).

6M
§=-75, OF
bt

{1 [0.923+0.199(1—sin B)* |
F = BtanB[ cos B J (any o)
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Calculate S, and the crack length a . to cause brittle fracture. Proceed

by picking a trial a, then calculating o, F, and K, varying auntil K =
K ,, is obtained. Also calculate the crack length a , to cause fully plastic

yielding from Fig. A.16(Db).

6M
S max _—E—;“ﬂ, K=FSpy~Nma, a.—Kp
t
i 2 Mo |
%o = [—b to, J
Smax ac O Bc I:c ch o
MPa mm a;/b oL, / 2 MPa+Jm  mm

225.0 28.76 0.719 1.129 2.9573  200.00 14.29

The smaller of a, and a, is the final crack length a ;. Calculate the
corresponding F .
3¢ Oif Bs Fs

mm as/ b oy / 2
14.29 0.357 0.561 1.1656

ar= MIN(a,, a,)

F is seen not vary excessively, so the crack growth life may be calculated
from Eq. 11.32. Choose F near that for a small value of a ;. Express all

quantities in units of meters, MPa, or combinations thereof.
1-m/2 1-m/2
a —a; )
f i
N. = , Xy =Ny /N
77 C(F ASNT)™ (- m/2) /
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AS = Sax (1-R) N, cycles= 1,000,000

a a F AS 1-m/2 N XN

m m MPa cycles
(a) 0.01429 0.00100 1.12 1350 -0565 465274 0.465 (b)d
(d) 0.00170 0.00100 1.12 1350 -0.565 155,091 -—-- |

(a, b) Calculate N ;s and X . See table above.

(c) N Xn N, N if
cycles cycles N Py
Xy P
465,274 3.00 155,091

(d) Vary a, to make the life equal to N,. See table above.

(e) For the crack length from (d), calculate K and the resulting X .. Also
calculate M, from Fig. A.16(b) and X ,.

K
K=FS yma, X.= 1?
bztco 5 M,
=—21-0?, X,=
? 4 ( ) ° Mmax
Smax a o B F K Xe
MPa mm alb oL/ 2 MPa+/m

225.0 1.70 0.043 0.067 1.0772 17.71 11.29 |

M, | ) & The controlling X, is adequate, and it is
N-m “beneficial that yielding is more likely
2662  2.22 than fracture. 4
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11.52 Spherical pressure vessel, =600,
+ =50 rmm, Austemrtic sta/m less steel,
Kre= 200 MPavm. Crack 2¢c= 8, a = 2 mm
— =
_ a 9'>
N /v—ﬁ‘,S/_’__ (9.:9 |
P————*l a |t @
2c a \\16=>
r Qa\t 1.4-64<z>

o= 1085 +0731(2)°-037(2)" (4= 05)

(a) /\/,‘15: 7 for p=20 MPo cycles

_ . ph_(ZOMPa)(60OM'Vm)
an’lq;k-— AS-——é-t — 2(500’”%3

Sovay = AS = 120 M Pa (F:lgi A7 (b).)

v

m/cyc

-2
for R= 0O (Table ||

o e \ 1165
Qal+ 1464 (E2EN T2 Lge6S

K=/FS/ma, F=F/NG

Check < at a/+ =/, a=50 mm
Fp = 1085 +0,7231 (1) 0,290 = /.44¢

T (0.050 )
w=/99¢ (/20 M~) /(,4—555 =

Calculate Irfe to +4/s pormt; resse/ leaks.
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Vd)’léf‘f‘lom on Frequzres Mumerical imte-
@m*‘IO’VI ‘o Q_S_‘—':'t = SO0 mm; a; = 2 mm.

Nig = [a{( )d&? %: c (O™

Use S/rmpsom's Fule (o +he /rVIoo/i-Fz'ed
‘F’OY’VW O‘f‘ Ei. ”I 38,

I 1"=Z2, ma 337

Use m= 24 (evem Imteger)
!
r=(£@)ﬁ”==L0qqzo-

%pkoceed calculate for |=0,1,2 --M:
aJ“raﬂ , Oy =05/t Fpy= Fo (Ky)

Ta; o

QJ ) YIT Car)yT™”

Themn, forj=0,2,% --(M=2), calculate:
| drz dN
AN = yda from Eq. 11.3%9;y=7-
a;

<= (AN) = cumu/alive sum

Details are gjvem om pagcs +hat+ §Follow.
T he £imal = (AN) is +he calculated |ife.
/N,'.F = 425, 300 cycles
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AS C m t g & Q
MPa m/cyc m m m

120.0 5.61E-12 3.25 0.050 0.0020 0.0500 1.4665

n=34 r= 1.09930

j a a = ajft Foj AK Y =dN/da AN Z(AN)
m MPam®®  cycles/m cycles cycles

0 2.000E-03 0.0400 1.086 8.532 1.680E+08

1 2.199E-03 0.0440 1.086 8.947 1.439E+08
2 2.417E-03 0.0483 1.087 0.383 1.233E+08 59937 5.994E+04

3 2.657E-03 0.0531 1.087 9.841 1.056E+08
4 2.921E-03 0.0584 1.087 10.323 9.041E+07 53144 1.131E+05

5 3.211E-03 0.0642 1.088 10.828 7.740E+07
6 3.530E-03 0.0706 1.089 11.360 6.624E+07 47079 1.602E+05

7 3.880E-03 0.0776 1.089 11.918 5.667E+07
8 4.265E-03 0.0853 1.090 12.507 4.845E+07 41653 2.018E+05

9 4.689E-03 0.0938 1.091 13.126 4.141E+07

10 5.155E-03  0.1031 1.093 13.779 3.536E+07 36782 2.386E+05
11 5666E-03 0.1133 1.094 14.468 3.018E+07
12 6.229E-03 0.1246 1.096 15.196 2.573E+07 32393 2.710E+05
13 6.848E-03 0.1370 1.099 15.967 2.191E+07
14 7.528E-03 0.1506 1.101 16.783 1.863E+07 28417 2.994E+05
15 8.275E-03 0.1655 1.105 17.651 1.581E+07
16 9.097E-03 0.1819  1.109 18.574 1.340E+07 24790 3.242E+05
17 1.000E-02 0.2000 1.114 19.560 1.133E+07
18 1.099E-02 0.2199 1.119 20.615 9.548E+06 21456 3.457E+05
19 1.208E-02 0.2417 1.126 21.749 8.023E+06
20 1.328E-02 0.2657 1.135 22.972 6.717E+06 18367 3.640E+05
21 1.460E-02  0.2921 1.145 24.296 5.599E+06
22 1.605E-02 0.3211 1.156 25.735 4.643E+06 15488 3.795E+05
23 1.765E-02 0.3530 1.170 27.307 3.830E+06
24 1.940E-02 03880 1.187 29.030 3.139E+06 12805 3.923E+05
25 2.133E-02 04265 1.206 30.927 2.555E+06
26 2.344E-02 0.4689 1.228 33.020 2.065E+06 10328 4.026E+05
27 2.577E-02 05155  1.253 35.333 1.657E+06
28 2.833E-02 0.5666  1.282 37.887 1.321E+06 8101 4.107E+05
29 3.115E-02 0.6229 1.313 40.696 1.047E+06
30 3.424E-02 0.6848 1.346 43.757 8.272E+05 6191 4.169E+05
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31 3.764E-02 07528 1.380  47.037 6.541E+05
32 4138E-02 0.8275 1.412 50.448 5.210E+05 4681 4.216E+05
33 4548E-02 0.9097 1.437 53.810 4.224E+05
34 5.000E-02 1.0000 1.446 56.790 3.545E+05 3664 4.253E+05

Ny, cycles = 425,278

() The K £ Kte calculatiom for a=1
above lmplies leaking before Fracture,
Assume +hat +he crack ~maimtaims +the
ajc =05 shagpe unts/ 77¢ay the back
wall, ama thesn become o +hrough
Crack as belvew with a =1 = O0.5c

%\\\ ///%. | a=t=50mm

—_— 4

——m

iy

Y

2C = 200

For thjs situatiom:

A= ~S/TIC =(1)/120MFP) /T (0,100™)

A= 6726 MPa/m |
Xe= ks, /K =200/62.26 =2.97 <

C) Xy=7 for Scycles o day for 20years,
N=(s cye)day) (365,25 days/yr) (20 yks)
A =326 525
_ N 425,300
Xy =

% - 36,525 = /46 <

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 instructors who rely on these materials.



(“'52) P, 5)

d) Xe=7 after 20 years, oF N= 36,525
cycles, Fromm +he mumerical imteqgira-
+j0m table , +his occurs prior toj= 2,
where S (AN)= 59,940 cycles. Tm +his
Feg rom, Fox L0886 amd comstamnt,
Hemce, +/md Qppe from:

Clap' ™ 2= a2
c (Fas/m)™ (i—ml2)

- 0.625 — 0,625
36, 525': QZO - 00002

5,6/ X 10-"2(0.997X 120V ) 225 0.625)

Nig =

For <= F S /la , = Fo _ 1,08¢

VO V14665
Sohfl'fng gives Qo0 = O0,002294 ™

Koo = 0897 1ZO0MPa) /T (0, 00224 m)
Koo =903, Xc= Az, / Kzp= 200/203 = 22.<;

= 0.%97

(e) The vessel seems quite S@fe From
the above calculatioms Hocwever, one
Should check +hat Aovstile chemical oF
theymwia) environmments are 7ol poresemn]
Fhat acceferate crack growth. flse,check
that occas/om pressure tramssenls do not
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occur, perhaps by AN/ 1or»gG #he vesse/
operatiom for & perrod oF +me.
More detarled amalysis of crack shaqpe
chamges durrmg Growth could be
Sorre baseq omn [ MNewmam 6],
Fimally, Check 1hat the vessel meets
any a/op /icable de.s/yw codaes, SUCh

as [ASME 0%4] om 2 379,
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11.53 For data of Fig. .38, +imd A, €or
a=AK™., Commenrt om m values. Howo
does & Imcrease for 259, imcréase imk™?

Fima +teoo /oo/‘m‘fs on each l/ime,
logQ = logda _ log(d/d) p o S
log /K, — Llog A - log (K /Ky’ <"

G lass d. K, d'z. A2 m A

mls MPavm m/s MPaim

Soda 107" 028 077 062 203 167

<
ultra 107" 0.315 107" 0.49 365 205,

7 hese Ver/ high values of 7 ymdscale an
cxFre-me sewnsitivity of a Fo

- - X Q2 soda
'— ) 2S A~ a'/o =/257 =
o Al X 3400
uHvra

|
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11.54 For soda-lime glass) /-\=I.Z:~7/ M

=20.3,
{or a=AK"

(m)s, MPam). Hal{-circular
= |Oum | F = O.728 for K= FS/ma

_a -
& _a)tEog 7

(FSITT)’*"(\-’-S-)

14)
- -

_(\/a)?- — (/ayET 1 (\—(ai/ay’

Fsm” (2-1)  oF\AFSM &)
T4 a; << ag | them for m=20,3, the
mj2 — | . ) Md
q_uam+\+y (a; /q_g) s s-mall a |
can be dkoppe_d For e’za./m,'ole, 1
ai = 025a, ,them (@;/0,) 3 %10 ¢
Hemce, for -l-h/s higmn 7, +he Jlife Is
essemtially lmolep emdemt of ac.

= £(s)=7¢

tig

C

2 (st“ By 028"
' -4
h = — = 3.50 X\0O

{;'g:

42
for a; = \0um =\0""m | ti§52°'3= 1,97 K10

a, m C' (for MPa, seconds) C,

0.000005 1.18E+45 166.1 4
0.000010 2.08E+42 121.5

0.000020 3.67E+39 88.9
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To aveord /large e;r/powe’nTS/ Use

! 20.3 [ 1/20.3
'L,'{= ‘éc_é'é':'j = <%2——> ) where C2—<C )
Now, For S=C, (MFa), tipe=/s. Calculale
ome or -more addstiomal Ty usimg S
below C; ; do for each case. StraighT
Jimes om a [og~/09 plol cre formed,

p—

a;= 5 UM

|0 ——
=20 —

/00

Mz
| /

N
Ly /0 /'03 /2‘* = 05 Jo7 100
Ly, secomds

The life is highly semssfive fo both aq;
ang stress, Doublimg a; shorfems the
//fFe by a factor Of 29°=570 for amy
givem stress. ThHe semsitivity 7o sTress

js evem greafer ; doaé//’nﬂ ) jfgkfems .
the life by o Factor of 27 7°=/3 X
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