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Summary

By taking the crack closure concept into account, fatigue crack growth rate under constant ampli-
tude loading can be evaluated by Paris’ law. But under random loading condition fatigue crack
propagation behavior becomes more complicated and is difficult to predict accurately from constant
amplitude tests even if the crack closure concept is considered. Under constant amplitude loading
condition, it is well known that the crack growth will decelerate when a single overload such as a spike
load is applied, and this phenomenon becomes more remarkable as the load becomes larger, or/and,
crack length becomes longer. From this, it can be expected that the fatigue crack growth rate under
random loading shows a smaller value of exponent parameter m of Paris’ equation than that obtained
by constant amplitude tests, if equivalent stress intensity factor range (4K.q) is introduced.

The fatigue crack propagation tests using CCT test specimens are carried out by applying 6 kinds
of random load, each has the same value of 4K., but has different peak load, sequence etc. The above
mentioned expectation is approved qualitatively and a method to predict the crack growth rate for
different type of random loading conditons is presented. Calculations based on Wheeler model and the
closure concept method are also conducted for comparison. The method proposed in this study can
predict propagation life better than others.
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Table.1 Result of retardation test by single overload

First

Second

Third

Fourth

Fifth

a 1(nm)

11.34

14.48%

18.70

24. 74

31.65

a 2 {mm)

12. 80

16.61

22.53

30. 65

41.22

Nc (x10*)

44.49

44.11

49.13

43.10

35.91

Nd(x10*)

103.¢

167.0
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171. ¢

199. 2§

Nd,/Nec

2.32
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3.22

3.97
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WS MBEURRWMENRL 20T, HEOEHKC L 2E AETFICIE S 28923, RWEL4 220 034 U dafdN (&
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WWHB I bbb ol EERERLPTWEI I, mr D
EHER - T, ThEhD Cr EE2EHE LTz (Table. 7 %
£1), RWEI4 D Cr ¥ 3EIFRECZ EBF» ol T
kbb, HBEDE S EROMHEOERC & 2 EEEEOH
B C, TET Lok, BIET22E CrOATITA
BILREWT S, &8, HOWELvVEZERRL LS
WEBMEXLEERL, BEF—ETHD, RWEI4D 1.63
kgf/mm? iX, RWEI 3 ® 1.92 kgf/mm?, RN 0 2.31 Kgf/
mm? & RTINS LEERRL, Table. 70 C, fEL
DX EHEENC—BT 2,

5.1.3 NS HHE D BHE

y=24 QFEERIC BT, B2 CHEBIAEET S
DF RW T, ZOEBROFEREHWT, RW LIGHHEHT
HHEZBED 3 (3L HIFIFVA7LOBIREB o
=2) DEEBRER L phE S BE T 5, Fig. 81 RL
ko, SHER/EMSCOVWTIE, RW &, MBS > E
DHBEOLZ WRWEI4 X BRI CTH % 2%, Fig.120
dajdN — AK.q Curve Tld, SZUGREHEE T, ERIBRED
FRIDMNEVRLOO, EEIE RWEL4 X D RRRE WL
BERY . me DEIDWTIX, RWEI4 0 0.5 5L, RW
131.03 %2, 77 AFEBOKNEHESMINED &, &
FUREREOWME L HE VBT BB HZELLT

2.0
3§ 1.5 -
£ s
= N
2 1.0 evoooQo
o . ®e
b &
0.5 —1
°
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Crack length a
Fig.10 Example of Popen—a curve (RWEI2)
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Fig. 11 da/dN— A4K., curve

b, ¥ BKEVIEY my B/NE R ZEMEEEV VL E
25,

5.2 C,, m, &NEEE%

P EoWEt»ns, 75 AHETOERURIERE & A5
YTOEMSEH 2N L CEHET 2L T, ERBHED
mEZODEESATEIORTHEYICH S Z LD ol
LHL, m bEETRSEESHBHLLZ I, SREHE
HEOTAEES —BEMICT 3, Thbb, 4K BIEE
oHEOERNFEERIcI RO B ELTY, C
Emr OfE L LHSLZLAEVERD, PHlTSL I EHT
i\, VS AMEBETOROMEZ FHIT 2 Z Lot8L
{, FRIOMOME X 2REL R WD, KPIET
BN ELEBL 2 WHEEERZUTO L 5 ICRET 5,

BEEBRD Cr, m, L ERIBFRED C, m AN, m,
DBELTEOIHLT, Cra8ENT 3, 25612, Fig9d
daJdN — dKeq Curve 25T & 912, SHEIB/IEL,
AKeq B/NS VBT, WROBECGRLRS 7V A
HWETO dal/dN L ERBOZ N LIZHE DEBEDLRVL, &
AKo B 2 B8 2 DEMNBEE IR B, FEBRO da/
dN — AK.q Curve %1& AK.q BB HIE T &, EIF—RWK
EHhT2HTFRI 0L B, TOHEERY PRAEEZ,
COEHIET 2 X% (dKeg)r, YHEIDE %
(da/dN)r L EHT 2, Thibb, AKeq 15 (4Keo)r % LA
S THh o, BIEEHC L 2 EHEAEORTHEECZD,
FIRBHELEO>ERATERT 5, KRBT - 0,
(4K.q)p 1 20~25 kgf/mm *?, (da/dN)r 13 1.5X107°
mm/cycle Rt T, £k, ERBHERBR TR SNz dKn
t (da/dN)a W IEEEV . —H, Paris B log 251 T
BHET2E, LTOX5Ici25,

Table.7 Test results of RWEI3, RWEI4, RN

RWEIL3 RWEI4 RN

C.(x107'") 33569 41350 32574

m 0.5 0.5 0.%

1074

>
T T 7 TTiT
n}\
i
o

10‘5 /

ga/dN (mm/cycle)

T T T [ TT7I

10‘“E
5 - L 1 1. 1 1 1 1

10! ] : 10?
AK, AKeq (Kgf/mm?2)

Fig. 12 da/dN — AK., curve
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log C=log (da/dN)—m log (4K.q) (10)
BT VT LARMEERO 5 BEEMER dJdN - K., Curve
D—p IR T 2 % 613, (4Ke)r & (daldN)e % £
RATBZ WL -T, C, mBEADbI S, V%
log C, X#i%® micL T, KKBRICIvENI Cry, mr
ERATI L, 2hoD7—5 i3 HE —log (4Ke)r), Y
YIE (dafdN)e DEBR LICFE 233 TH 5, Fig. 1312
(deq)r=23 Kgf/mm?*?, (da/dN)r=1.5X%X10"% mm/cycle
ELTHOIRRETRT, &§7 -0 E20wL, T4HE
Behdi-b, 7Y AEOBBIIC L ST, EEREE
HENERy PEEERTILE>TRWEEZON S,
(dKeq)r & (daldN)p 13 E AR B & D AKu & (da/dN)um
EFELWERLEE, Cr, m DT —HNT0nNIE,
BOO—ABNEHTERZ LTk 3,

BAERRAEARFEIC L 0 HSR/A- M~ R BT 2
EEqNTWVB7D, 22T, BHE r 200 & 5 WEH
L, mr LOBEFREEEL THz,

7= wrfwe (11)

wr . 7V ARET & RGO ME T

wc : [FFHIE 2 R0 EiRIBHR B O Bt~k
we BRI RD OB, o, IRAHFEDOHRERR U
EWCREEBCIRET 2120, TSRO DIIEEETH

1079
. 10 muEl4
= " RHET3: Ai%iﬁ“
- ?\m_ | AH——{—_: 104C=-5.781.37n
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Fig. 13 C-m relation under different random loading
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Fig.14 m-7, relation under different random loading

3, FHELEBEORAHESAVTHET I LIl
Hethns my, BEEL v ORI C-2 RV > 5 AREEROD
F—=y%7ay b LEOMFig 14 THs, ZOL>H
BLD mr—rp Curve b, > 5 AHEDOEED 7,
D6 my ZFHL, FLTAORXDS Cr 2EHT 2k
kD, EBEESHETSE 5,

5.3 fhAEke oLbEtE

ZOFHTIE, BRCREEINHEERV LRO K
EROT, EHERDOY S 2v—yar i, 2084
T 5, AWFFED HiEDfiiz, Wheeler model & E%)
BRI ERHEE 2 T 5, £7, Wheeler model i X
5FHLE, YIRIZ X 291D 5B K ORI Rl DB T B
B % 381 ¢, 15mm~25mm D B 2w TIT -
Wheeler model DR UM ESRAFC L DEE 2 EH
mw % 1IN, 705 AREOREE R Mb 31, KO
GREHRTO LR E WS BRPEOND DS, me % 7T
DFEFICLT, LREHIcb Y, FERTLE, BENK
&Ly, IELWTFHEDSHER VW, 2, 18 2000 mm D
Mz 5 F & 20 mm D =3, #HFS RWEI 3 EERICH
WHENDE I Y ATHEDS L2, 400mm £ TEET 3 &
L7:85E, MET4EFOEREL % (Fig. 15 22H),
HM D 7 — 5 i3 RWEI 3 REEERD Cr, mr 2FAWTEE
L7z, Table. 8 i& 2L %3100 mm, 200 mm, 300 mm,
400 mm E CTHUZDIZHE L T 2EHOLKERT, 2
ENSEURILHPILT, BBRRKELS LD L8005,
ThEEBETICE, EERRIICUT, &# ms 238

600
500
Experipent
- Wheeler mpdel (RHE]3)
= 400 N e
-+ A o
Z 2 o f
2300 A Py
v Iy O
B ry 0 °
g 200 i 3
AA [
100 —ato—2 .
&
S
0 1 2 3 4 9 77
[x107)
Cycles N

Fig.15 Example of simulation based on Wheeler
model

Table. 8 Comparison of calculation results

(x10*) Nioo Naoo Naoso Nioa
Experiment 1262 2982 1483 5853
Yheeler model 804 1260 1476 1608
(AKeff)eq method 478 738 858 930
Proposed method 1095 2494 3661 4698
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XE BT

KLz, REMECOMEESMb S,

BN ERE KL, HHMOMOTERAVT,
(AKeti)eq 1 & DETE %175 . Wheeler model 12 & 25HEH &
LU XS, EREFEDO m 2R T2 20, RENET
Bz 213 Y, BESKE S L MBREKALLT
#% 2 (Fig. 16 228,

Fig. 13 R T EHRHEL, FEBRICAV SN TH 3 HF
Drp BOEFNEFND m, ZROTHS, (LORTLD Cr
2EHT 2, 2D Cr, mr RO AKeq % Paris QIR AL
T, EEHEG Rt E T 5, Fig. 17 FEBER 2R3, Table.
8IZRY & DI, D FEICHART, BBEMWNEWI LA
LB, IVEVLHEETHE I LR KX
TR LS > ¥ ARTEDEAREL, EE O HBIEFE,
KELBES>TWLBIZbP»DST, RELULHEEIR
R EEZTEY, LEs->TEBD I V7 ARER
LEHETELAEENSH B LEZLONDY, O LETE
BT ESSIHEORR DS VY AMTEERA VI EER
DLENHS D,
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Fig. 16 Example of simulation based on crack closure
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Fig. 17 Example of simulation based on method
proposed
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