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Damage Assessment of Low-cycle Fatigue by Crack Growth Prediction
(Development of Growth Prediction Model and its Application)
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Abstract In this study, the fatigue damage was assumed to be equivalent to the crack
initiation and its growth, and fatigue life was assessed by predicting the crack growth. First, a
low-cycle fatigue test was conducted in air at room temperature under constant cyclic strain
range of 1.2%. The crack initiation and change in crack size during the test were examined by
replica investigation. It was found that a crack of 41.2 pum length was initiated almost at the
beginning of the test, which was approximately at 9% of the total fatigue life. Therefore, the
fatigue life was almost equivalent to the number of cycles necessary for crack growth to the
critical size. The identified crack growth rate was shown to correlate well with the strain intensity
factor, whose physical meaning was discussed in this study. The fatigue life prediction model
(equation) under constant strain range was derived by integrating the crack growth equation
defined using the strain intensity factor, and the predicted fatigue lives were almost identical to
those obtained by low-cycle fatigue tests. The change in crack depth predicted by the equation
also agreed well with the experimental results. Based on the crack growth prediction model, it
was shown that the crack size would be less than 0.1 mm even when the estimated fatigue
damage exceeded the critical value of the design fatigue curve, in which a twenty-fold safety
margin was used for the assessment. It was revealed that the effect of component size and surface
roughness, which have been investigated empirically by fatigue tests, could be reasonably
explained by considering the crack initiation and growth. Furthermore, the environmental effect
on the fatigue life was shown to be brought about by the acceleration of crack growth. It was
concluded that the magnitude of the environmental effect on fatigue life could be estimated from
the crack growth experiments.

Keywords Low-cycle fatigue, Fatigue damage, Strain intensity factor, Crack growth prediction,
Stainless steel
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Table 1 Chemical content of test material (wt %) .

Fe

Si

Mn

P

S Ni

Bal.

0.06

0.5

1.3

0.031

0.027 10.18

16.94

2.02

Table 2 Mechanical properties of test material (R.T.).

0.2% proof Tensile Young's Eloneation Reduction of
strength strength modulus & area
297 MPa 611 MPa 202.5 GPa 0.58 0.79
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Fig. 1 Geometry of test specimen (unit: mm) .
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Fig. 2 Change in crack surface length obtained by
replica investigation.
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3 Relationship between strain intensity factor range
and crack growth rate obtained under various
loading conditions.
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Fig. 4 Schematic drawing representing change in effective strain range with magnitude of total strain range.



INSS JOURNAL Vol. 19 2012 NT-12 171

TRADRBIHNINNE L %2 5.

3(b) I AK (e & ERMERE OB EZRT. O
T AMEAER DY A%, MY & LI L #RILiZ X 5T
RO opinEAL L7275, S 2 TRENENOK
HTD ominZE W T AK (i T B L7z, AK (e (&
SHEMEAELE LOMHBZRL, T—FDE50& D
A THEBLIZHGE I DS o TWE I Ebh
5.

3. & =
3.1 OT HILKFBEOYIEN & Zhk

ARG R S, O T RILKARBAMEH A 7 VI S7 12
BIF 5 SR ERE ) A RETLHH/EL LTHITH
B EDVRBIR SN KiiZ, XZEHTD
ISR ORE S ZRETLHIBEL %505 KM
DIBNEZE OF AU S 2 720 F RILKBREAS, O
FAROUERS 2 RET 2 bIFTIE AR, & IZ, KB
RTIE~ 7 uRIR)) - O3 RBERATHEIREICH %
BELWRELTVWEOT, K7 Fuy—Ii3
WAL LawEEZ NS, T2, OFARIEAREDE
FIE, KMEICHT2BREE 2TV E2, £
DFYLELMEE 25, 22T, KEFEHEE
HE LM E AT A L RIS, BEMIREBIC B
B XM OEREBICHERT A2 LT, OFTAIEKR
BRI DY BRI 7 R 2 £ 52 L 7.

HEEAT T I2B 0 2 B R OBSEORE )%, O
Fh (LK) TRELIMEE RS, 2%, MEHOB
BT B BRAMEIE, BRABEEOFATIEZR L, BRAE
BHEHWTERSND OGN, EWXROFEY T4
T T HRABEEOTATERTEDLEVIEZT D
B HE~ 60 AR T T AR NS¢ T
MBS L 2w L2 EZ DL, BEOTAIR
SIS LW Z LI TH L. 2F D, Bk
DAMIZE > T, ML) WHER» AT S
B, WEIEITAMOKE SORFUE 28 2 7256123848
T4, WHAMCE S SHEREPEALRIBILE
I RICE > TR b 3N TWwAHREER L E, £
OERFIHEEIZ 0T ATIE AL, Bl (E) OBk
IChbEEZLNL. T EIE, P E LK
IS TIIERAREL L D OF RILKRREE BB Z A L
TWwabZE, BIOWEHHFGVPISNEHEE Y SO
AP T2 L L FFET A, Zhuaxl, |5
OB Z HWTLF D X ) iz AR 5.

BOBELOOTHRIZE D HEBF I AT VA%
A3 A= r7aiin)] - O3 AERPFEAT L. WA
WKIRAROT A 6) ZEMLZEE (MFD A D
REE) o E2UImn T, &I X ) MR
KRERIRDEBHOTADIHET L. 1A 7 VHD
EZULH T, RERMBOSTAPEL L7720, )
BERELCARDIZ W, A2D BORENELT S L,
71, O F VO T AT S 2LT, CoOIR
BTRE~7u0203A0R/MEE RS, ZOLE, &
FUIAL 5729, 6500 & 2 eim O REIE L &
N, Lo T, BRI RBUAT O %
L7206, B W OIST540 1% & 25060 % &)
Y-t ZoRxSFvrakiphe—%15.
ZLT, BR800 TANRCHLL A DIRRBICE
LL, ESEMFHIOTEE, ZOXImTEIIIIII R
BisHd 5. ok &, FRGmLEE, Rt A 2
MZBWTHEUZM TS L ) BFERESARE LR
S>TWb7D, WHENLEERLE RS, ZZLEHEDUAND
HALTIE A WIS T 5 O AMFEL, €Ot
EZLERE O LA L R HHH L ) T RE .
CDO, BRMEIZLY SREHTH A HY DD
FRPEEL, FHIC X o TRET BT ETE
WCEoTdHbE3NDbAsx ELR b, 9FD, Y
BUMET T, Ae D~ 7 OB EEEmICE
WT Ae X EffISORNEALSIELIEICh5.

DEDOEZENS, AKX, WRITX D AK (ZiE X
ZHIENTESL.

AK=fAz—:1 E -/ ma = SAK. (6)
—y y

1_
CIT, ELvidvysRERT Y VT, FHO
FTAHAREEZEEL TV, fAMOLREETH 2
E=2025GPaB X0 v=03%#EHT5&, 2
Rl L IR E ORI 6 DX H 2% b,
BT, 0T ARHEPHATIEZR AR ARAEZHNT
B SNBSS NIRRT (AK (o) & H W
Twb. F7z, [ U A & 81E S 7o pid ) 7R
BRI & B /NBUBE AR St T T D & R E AR DA R
W HRLTWw5E, SEBERBROMEZ, 6)XE2H
WCEHR SN ZFRBERE L LHBRLTEY, &
ZUEI O BB 2 20b 5F, M—IIC X R R E#
R TEXL I LDMRTES.

INFT, BHWVEATE T Co SR REE OEKE) )
fRER & LT3 ] B Edipe (o) 2SHRTH B 2 LAt
REINTE 2 BLOWETIE, A7 ¥ L AMDET;
FH T B I IEBFPH O 5 2R TR D I S



172 INSS JOURNAL Vol. 19 2012 NT-12

Stress

Ao= EAg

A
, B
Strain
C C
Ag Ag
Global loading ‘ | Local change near crack tip

o

=0

A B

o O W

C A

Fig. 5 Schematic drawing representing the change in stress and strain conditions during fatigue cycle.
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