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A Study on Probabilistic Fatigue Crack Growth Behavior

under Constant-Amplitude [oads

Hyeon-Cheol Jeong

Department of Mechanical Engineering
Graduate School

Pukyong National University

ABSTRACT

Fatigue crack growth processes are wusually dealt with as
deterministic phenomenon, however, fatigue crack growth data,
regardless of how carefully the are generated, show considerable
scatter which depends on various uncontrolled factors, such as
material properties and metallurgical structure, type of loading,
environment and so on. Currently, this scatter of fatigue crack
growth data 1s conmonly regarded as an inherent feature of fatigue
crack growth process.

Therefore, the assessment of the probabilistic fatigue crack growth
behavior is very important for fatigue sensitive structures.

In this study, an analysis of fatigue crack growth behavior from a
statistical point of view under constant amplitude loads has been
carried out. Fatigue crack growth tests were conducted on sixteen

pre cracked compact tension (CT) specimens of the pressure vessel



(SPV30)  steel in  controlled identical load and environmental
conditions. The assessment of the statistical distribution of fatigue
crack growth cxperimental data obtained from SPV50 steel was
studied and also the correlation of the parameter € and m in the
Paris-Erdogan law was studied.

The results obtained are summarized as follows;

1. The probability distribution function of fatigue crack growth life
seems to follow the 3-parameter Weibull and the coefficient of
variation (COV) of fatigue crack growth life was observed to

decrease as the crack grows.

e

The fatigue crack growth rate scems to follow the 3-parameter
Weibull and the log normal distribution.

3. Fatigue crack growth rate data shows a normal distribution for
both m and logC and a strong negative linear correlation cxists

between the coefficient C and the exponent m in Paris model.
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Nomenclature

Crack length

Final crack length

Initial crack length

Shape parameter of Weibull distribution
Specimen thickness

Scale parameter of Weibull distribution
Constant of Paris’ law

Coefficient of variation

Fatigue crack growth rate

Crack length increment

Stress intensity factor range

Scaling factor

Stress intensity factor range at pivot point
Threshold stress intensity factor range
Load range

Probability distribution function
Probability density function

Location parameter of Weibull distribution
Frequency

Stress intensity factor

Fracture toughness

Maximum Stress intensity factor
Minimum Stress intensity factor
Exponent of Paris’ law

Number of cycle

Load

Stress ratio

Specimen width
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F(x)= Pr[X<x] (2-40)
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Hao] 091 174H &3 Frtstes otk X7t adllA] bAtel 9] e HE o

5O thgt o] ol

4

Prla {X<bl=F(b)— F(a) (2-41)

Axy=-4E (2-42)

fooE ded AEFFEIE s HodARE & & dFel Bg How

[ Rwas=1 (2-43)
gadEe] fia=2A4s #HiTA(mean value), =% (median), #H1x|
(mode} 7} #F7 o] 890}
Hirals ohg Aoz Hoeng
0= f mxj(x)dx (2-44)
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u = : (2-50)

o g7 A3y, Fix)o a3 el A5 4 ok
X-u
¢ 1 o
Fx) f_ oz expl= - )du (2-51)
o] 2o} HAFE = Hito] 0, Aol 12 Har ¥ (0 Do FH5ULE
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P E g ol v 4 ol
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0w = o= [ exp(—ax (2-51)
¢5 o] &3, HN(25D8 Fix)= s A3 Zof e 4 ol
F(x) = o(*4) (2-52)
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)= exp] #%ﬁ;} (2-53)
N _ (Inx—@)* 9
F(")_fe o exp[ o }dx {(2-54)

2.5.4 Weibull # 3
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R 4
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A= (E2L) e - (=2 ) (2-56)
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R(x)=1—F(x):exp[-— (ﬂ) ] (2-57)
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ol SPVR0e. &, 2 g8ty AE3 71AA AEEL Table 3-1 2 Table 3 29
vhebi ek Al EHE ASTM E647 932 w40 2)dte] Z(W)o] 50mm 181
FAMB) 9mm<] CT{compact specimen) AFH L o] Bstdon 7 "Han A
7% Fig. 3-1o) vebdidch w8 Al EH A9 olE Photo 3-10] H.of &=c}.
Ao AHWEE rdw(rolling direction)s}t @ el M3 (growth
direction)o] ZHZH(L-T direction)e] = %% sttt o7& oo mwe 7]
A - txgel Az

4 o
A7 A s dddte]l Sa4st Fes Adrdr AAAHE A&ty

7}e kit

Table 3-1 Chemical composition (wt. %)

Material | C | Si | Mn | P S Ni | Cr | Mo

SPVB0 | 013 | 0.3 | 1.27 | 0016 | 0.004 | 0.12 : 0.01 | 0.05

Table 3-2 Mechanical properties

. Tensile Strength Yield Strength Elongation
Material
(MPa) (MPa) (%)
SPV30 626 572 300
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Table 4-1 The value of the Weibull parameters

Crack length,

(rm) a b ¥
27 1.06 43052 27541
27.5 1.59 60461 32126
29 2.85 98654 31552
31 3.58 131617 28985
37 3.60 170718 36336
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Table 4-2 The constants in Paris’ law

Specimen No. m log C
SPV30-1 3.26 -8.699%5
SPVX0-2 325 -8.7520
SPV0-3 292 -8.2380
SPVHE0O-4 3.39 ~9.0025
SPVa0-5 297 8.4808
SPVS0-6 279 ~7.9558
SPVO0-7 2.66 7.9634
SPVE0 8 2.96 -8.3448
SPV50-9 341 -8.9584
SPV20-10 2.38 -9.09%1
SPVH0-11 3.32 -9.0289
SPV30-12 2.86 -8.3170
SPV30-13 341 ~9.0677
SPVa0-14 315 -8.7812
SPVa0-15 280 -8.2752
SPV50-16 3.39 -9.1307

Distribution normal normal
Mean 3.12 -8.6302
Stdio) 0.26258 0.4064
Cov 0.08416 0.4710
o WE o 4o mAbel7] $lstel 9 o) ¥ =7 d Al

el Fxel ol AHIFRE, dFAHGFEE, 2 parameter Weibull 3,
3-parameter Weibull =30 tislo] A& et ded = Fig. 4-9, 4-10,
4-11 Zre]ar 4-12+ 42 oo AR A 7 210 dn 8 (da/dN) el A
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Table 4-3 The value of the Weibull parameters

AK -5 -3y
(MPa mvz) ¢ ReA0™) veA0)
22.41 1.43 4.04 2.576
2595 1.39 7.28 3.632
33.42 1.32 15.20 6.692
42.90 1.82 32.10 10.122
50.94 2.00 57.00 8.920

St Table 4-3 ZHzhe]l &g o] st ds& o Weibull ¥28 A3t

S uERd Rolvh IEFEdn&e] FET v gifHTFEE BT
3-parameter Weibull &3 & Ste=vin 3 ¢ ou, TdoA & F %
of AR EILE oz dAsh= Ay molup  o]d  ujE|A
3 parameter Weibull 329 Z§-7F tigAdqfEEEct 2R84 o 2 Ui s
o o UTh

Fig. 4-132 4Kol w2 da/dNe] Q5 AlTE Z2AgE 3olth deAd <&
T odxol AK7F Frhskel wel da/dNe REAFE Tadtnrt o= 999
AKAN A HA7F 8§ tA] F7ksh= 23S Helal ok o] & Paris? 9] 3
AARde] WMEAT il AKAA FFst= 45 ondrh o wo] AKp

Zt2 33MPaV mo) L Fig. 4-8o v} e 2l o).
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Table 4-4 Fatigue crack growth rate scatter on present tests

AK Mean da/dN Standard dev.

(MPa m'™) (10°m/cycle) (10°m/cycle) cov
21 3.28 8.62 0.262
23 4.35 10.93 0.251
25 5.64 13.67 0.242
27 7.17 16.91 0.236
29 8.95 20.74 0.231
31 11.02 25.25 0.229
33 13.40 30.53 0.228
35 16.11 36.68 0.228
37 19.17 43.83 0.229
39 22.61 52.09 0.230
41 26.46 61.56 0.232
43 30.73 72.38 0.236
45 3545 84.68 0.239
47 40.65 98.58 0.242
49 46.35 114,21 0.246
51 52.58 131.72 0.251

t}&ol Bergner and Zouhar (200007} #|<F3t (C9F me] AddA A
(scaling factor®)ell 2|34 2] w.kc}

Fig. 4-17& scaling factorgrel uh2 logChv# m2l Abole] AaAl raks o
bl Aotk 21 ZHoh logCst m Abele] A 47F 0] ¥+ scaling factor$!
AKy2) gkol 33MPavV m® pivot pointdel s} 3 A 2L g 2ych

=

%, scailig factor¥ 7} pivot pointgtel Gy A4 2 Adds gl

_54_



skt

u
-
= 05
g
=
4
=
S oo .
—
(=]
g
2 2
"g 05 kL Al\":| MPa m A[\”:‘M\n
Q
-
1.0 - n L J L 1

-1 0 1 2 3
Arbitraty Scaling Factor, log{AK )

Fig. 4-17 Dependence of the coefficient of correlation between log(C, and m

on the scaling factor, 4K,

a8 4-18e A#AISr 09 Wl F, scaling factor, AKne] AK,Y  uw g
logCost me] scatter plot& HojFEo} o2 ZgoA AMZ loghet me Abol
of A3AT rghd 098 ¢ F ok A loglel me] Al s

HA
dez FEHes HE ¥ B dolgd o5 matsjejopd RHolr)

it

_55...



log (C)

Fig. 4-18 Scatterplot of the values of logCy and m

-38

Coefficient of correlation : ¢
37k
a
n
L |
-38 -
a2
u ]
39 *
[ ]
[ ]
a" 1
4.0 - -
-
4.1 1 1 I 1 N 1 1
1.5 20 25 30 35 4.0 4.5
m

_56_

50



ol o g

Xz
[

A F ] W

=1

= T

MIGESE

L.

]

BV
i)
it
=y

=
el

A5

il

g2

5]

Al

o 7

A

illn

=

mej

+

| Al Cob A

o)
_Zﬂv
TH

]

A3 Paris

!
il

o
o
o
=)

L)
ps

bt

°

Ha

[

.

Aol gk A e

53
of

Ir
s

da7b ¥ Amm7HA)

|=]

Al

el

ol
2
po

=

=
[S]

-

L.

(COV)

&k st
38 & 3-parameter Weibull

o0 S
Aol &S #9

-

-

fren)
1
e/

i

w5k

oy

6(:!:

ﬁo
3

file)
™~

o
nin

M

=
pid]

o=

3-Parameter Weibull

(5) tHHdapf Aol e Parish & Ao gk AT loglCet AFA = m9

o

3

A
ol
21

I

[e}

ar

¥

=]

A
a-

eE

A7
=

Pivot point* #F scailing factor® &=

£)
B2
——
o

—_—

O_l
o

s A

me =

A
T

of AF C9 A
- 57 -

=

o o

logC=—3.884 —1.518m

AK p=AK,=33MPaV m

2234y, Paris-Erdogan &



L)
i
rs

al

LA, 1999, “sl 2t dd A ghe] fEAlel o

71 A B =g, A2338, A1TE, pp. 1139-1146.

Paris, P. C. and Erdogan. F. 1963, “A Critical Analysis of Crack

Propagation”, ASME ]. Basic Eng., Vol. 55, pp. 528-534.

3. Sobczyk, K., 1993, “A Stochastic Approach to Fatigue”, Springer Verlag
Wein-New York, pp. 1-33.

A WJF sREE M E b, 1979, “SEM B RS & ZHEIE S e o o R BR T

LA IEETE”, £ K 28-321, pp. 880-891.
5. Bilir, O. G., 1990, “The Relationship Between the Parameter C and m of
Paris’ law for Fatigue Crack Growth in a SAW 1010 Steel”, Eng. Frac.
Mech., Vol. 36, pp. 361-364.
6. il Eah, iR ek, 1985, “ue% = ZHE B da/dN) "I B 1T B 757 £ R
FREEAL o JjUT, MR #34% BA378%, pp. 321-326.
70wl ek, ke, 1987, RS 3 SRR oo B ) NAE T & B )t TR
Ty BE", BEL 8366 S408%, pp. 922-926.
8 feln &, AR, EhZ, 1991, S S IR SR AR E T
EESIH AT, HOARERMAE Py 8, Vol.b7-534, pp. 250 258.

9. Bl i, R, BT, 1991, “MHEHOERIN Z B B EREUEE RS Fis K
WEF oG TT, H AR E @ al sk, Vol 170, pp. 665-671.

10. M. B. Cortie and G. G. Garrett, 1988, “On the Correlation between the C

=0k

Aol AT et

1o

and m in the Paris Equation for Fatigue Crack Propagation”, Eng. Fract.
Mech., Vol. 30. No. 1, pp. 49-58.

11. M. Cavallini and F. lacoviello, 1995, “A Statistical Analysis of Fatigue
Crack Growth in a 2091 Al-Cu-Li Alloy”, Int. J. Fatigue, Vol. 17, No. 2,
pp. 135-139.

12. T. Yokobori, [. Kawada and H. Hata, 1973, “The Effects of Ferrite Grain

- 58 -



13.

14.

16.

17.

18,

24

Size on the Stage I Fatigue Crack Propagation in Plain Low Carbon
Steel”, Rep. Res. Inst. Strength Fract. Mater. Tohoku Univ., Vol 9,
35-64.

Lapetra, C., Mayo, J. and Dominguez, J., 1996, “Randomness of Fatigue
Crack Growth under Constant Amplitude Loads”, Fat. Fract. Eng. Mater.
Struct., Vol. 19, pp. 389-600.

Tanaka, 5., Ichikawa, M. and Akita, S., 1981, “Variability of m and C in
the Fatigue Crack Propagation Law”, Int. J. Fract., Vol. 17, R121.

5. A, Tost and J. Lesage, 1990, “On the Existence of a Pivot Point for

Stage [ Fatigue Crack Growth”, Engineering Fracture Mechanics, Vol.
36, No. 3. pp. 585-596.

F. Bergner and G. Zouhar, 2000, "A New Approach to the Correlation
between the Coefficient and the Exponent in the Power Law Equation
of Fatigue Crack Growth”, Int. ]J. Fatigue, Vol. 22, pp. 229-239.

wih 2, WS RE AR O S EIEHEE BT 5 BH9E, MUUTERA TR B
a1 3, 1990

TR, MeED T, G BUR T ME o TR ERE) o MBS S BAEE £5 S RUT
TEPIZ DWW T N2 RAMR I T T RIS 0 287 1R @ral 3
%, 17355 pp.327-336, 1993

NWEA, AT, EANEY] gE slzddnde] wEge fu tEed
A7, ek Al g E =3, A228 A8, pp. 1528-1532, 1998

F5, M, BT, B els, 4R E Al 1995

&, ol A%, &8, WU, ARBES, AFF AL, 1993

. Anderson, T. L., Fracture Mechanics, CRC press, 1995

Virkler, D. A., Hillberry, B. M. and Goel, P. K., 1979, “The Statisticla
Nature of Fatigue Crack Propagation”, ASME H. Eng. Mat. and Tech.,
Vol. 101, pp. 148-153.

Oritz, K. and Kiremidjian, A. S., 1986, "Time Series Analysis of Fatigue

_59_



28) olalg, AR, o) ¢

Crack Growth Rate Data”, Eng. Frac. Mech., Vol. 24, No. 5, pp. 657-675.
Az e BEEFC mlAs Ao $7hd AEe] ddke] g o
T, fonskeben g whAbeRe] -, 19924 129

Ritchie, R. O., Smith, R. F. and Knott, J. F., "Effects of Thickness on
Fibrous Fracture from a Notch and on Fatigue Crack Propagation in
low Strength Steel”, Metal Science, Vol. 9, pp. 485-492, 1975

Ashok Saxena and Hudak, S. ], "Review and Extension of Compliance
[nformation for Common Crack Growth Specimens:, International J. of

Fracture, Vol. 14 No. 2, pp.453~462, 1978

C A, AEd e e SE Al 1993

_60_



= T % T
o X
o o Fe T
P R
e SC >
b} o S
oo A kL
m j , f _
§ i ] .&m Ui CE ‘@.ﬂ. —_ MAF
<A n,p ~ % . _MT ™
U I M
< = A _ o ,.&IL ] ja—
aw T oo K R g
PE e I E oW
1 =T a vg %
R I
_(rw o ay e X mﬁ ;o.ﬁ
of T 2 X NF it -
Wm STy .Mmm op of T I
—t— X T
O o W T R
—t— i ]_l_ ‘m _D |
Lwﬂg%;}wé
Mo RO Cow o D
ol o = o v
o g 5 3 o o
k) = R mw T owow w
N A - « -
" L = W T
< ooz T uuH
. F B
3 g Yoo :
e o L
Tyl _1_o_ou uuL W @ oW >
oW A (R
o AT ° m b JH
o im 5 E R WT i
B T T e W
: W ~ = "
- < = N - A ‘U,r e
o= o T T X Lu .
T oMo o ¥ 25
I N L] woB = -
Tior e HAW\. 1..“[_

)

2

2005

Jyek
_61 -

H

o} =

=

5

o) 8

Phge A

!

=

el Al =



	표지
	차례
	초록
	1. 서론
	2. 이론적 배경
	2.1 선형파괴역학
	2.2 괴로균열전파의 특성
	2.3 피로균열전파의 불확정성과 확률론적 취급
	2.4 Scaling factor
	2.5 신뢰성에 관한 확률분포

	3. 재료 및 실험방법
	3.1 시험관 재료
	3.2 실험방법
	3.3 실험조건

	4. 실험결과 및 고찰
	4.1 괴로균열전파곡선의 불확정성
	4.2 괴로균열전파수명의 확률분포
	4.3 괴로균열전파율의 확률뷴포 및 변동계수
	4.4 Paris 법칙의 C와 m의 확률분포 및 그 상관관계

	5. 결론

