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da/dN
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Kmax
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Pmax
Pop
Prcrc
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B4 X (Crack length)

K fEJ#/ 0% (Normalized K-gradient)

9% 7 BAURKEIEE  (Fatigue crack growth rate)

s IPERAREL (Stress intensity factor)

NP (Fracture toughness)

P A EERMEAE  (Fatigue fracture toughness)

B KIS SPERAREL (Maximum stress intensity factor)

B/ NS JIPERAREL (Minimum stress intensity factor)

BB OIS DK% %L (Crack opening stress intensity factor)

WA 7 V¥ (Number of cycles)

A E (Load)

BAPANfTE (Crack closure load)

ARfFHE (Maximum load)

BB N1 B (Crack opening load)

LA IS A B2 (Re- Compressive Plastic zone’s Generated load)
35| R ¥R MEIE Al 77 B (RPG fi7 B ; Re-tensile Plastic zone's Generated load)
I = fe /NS TT Qmin /- e KIS ) Omax (Stress ratio)

BB Ot (Crack opening ratio)

i B S5 A1 ZE7 (Load direction displacement)

IS JIERARER#IBH  (Stress intensity factor range)

BNENILRARE P (Effective stress intensity factor range)



YO BN A RIS IR R EELPH  (Crack closure effective stress intensity

factor range)
(K eff tn TR NS PERARE i PH  (Threshold effective stress intensity

factor range)

YO TR 0B 2hS PR R A2 & PH  (Threshold crack closure
effective stress intensity factor range)

®Krec  RPG fif B ELHE OO A BN IS 9L KRR P (Effective stress intensity factor
range based upon the RPG load)

PKih FRRFIES YL RAREELPH  (Threshold stress intensity factor range)

@ler  AZNICSHEFH (Effective stress range)

3 a7 F A7 A (Compliance)

Ua J&IHRWE  (Stress amplitude)

Umax  F¢RIG) (Maximum stress)

Omin B¢/ /) (Minimum stress)

Uop #BZIBA 1) (Crack opening stress)

1 iR © ¥PEIETYE  (Length of reversed plastic zone)

i 55 8.2 (Fatigue crack)

&KW1 7 VST (Low cycle fatigue)
B A 7 5 (High cycle fatigue)
AV iAZ (Intrusions)

Z7¢Z ML (Extrusions)

TN 7274 (Electrical potential method)

2



e s (Eddy current method)
H % (Ultrasonic method)
U—H =Tk, FHOTHENT — ¥ (ISDG ; Interferometric
Strain/Displacement Gage)
T a—A7 4 v 7 xI viaik (AE; Acoustic emission method)

PR G (Damage tolerance design)

LA maxat (Safe life design)
{&IE Paris - Elber HI] (Modified Paris-Elber’s law)

Brfargft: = > "7 A 7 2 A% (Unloading elastic compliance method)

ASTM (American Society for Testing and Materials ; ASTM International )

ASTM E647 (Standard Test Method for Measurement of Fatigue Crack Growth
Rates )

ISO 12108 (Metallic materials — Fatigue testing — Fatigue crack growth
method )

WES 1111 ((—#) AAREE S, KT ARERHERRTE | Standard test
method for fatigue crack growth rates)

v’ —F~—7 7% (Beach mark method)

#8255 7187 /v (Cohesive force model)

7 V& Vg FEARE  (DIC ; Digital image correlation method)
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Fig. 1.1 Albert’s first fatigue test machine ¥.
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E t Stage I slip plane crack A ' o
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Fig. 1.2 Schematic illustration of the growth process of fatigue crack observed in a

high strength aluminum alloy *
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Static ductile fracture : 14%
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Rupture, ete. : 3%
Stress corrosion cracking,
delayed fracture : 5%

(High cycle)
fatigue : 59%

Thermal, corrosive,
fretting fatigue : 11%

Low cycle fatigue : 8%

Fig. 1.3 Classification of causes of damage to welded structures and machine parts 'V,
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The front bogie of No.13 train

Air spring

To Hakata

Stringpiece

Location of
fatigue cracks

The side of g
........... stringpiece

- Stringpiece
underside

Axial spring
seat

\ Fine beach marks and

Crack opening width 16mm  ~ rust on the corner

b) Crack photographed from the side.  ¢) Crack photographed from the underside

Fig. 1.4 Fatigue crack in a Sinkansen train bogie '¥.
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Fig. 1.5 Relationship between Fatigue crack growth rate
and Stress intensity factor range.
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728, Elber DHERLIFE, da/dN 2% pKer O —fli%E & L TR END Z ENLL A

7.

y” 77 77 1'3
YU O O =YY0 1.4
QW . .. .
s O Yvu =0 YYu 15
Qo

2T, Ko uix (1.6) NTEEINIBEFEOLTHS.

YoOYO 0=, ., ., 1.6

Z 2T, Oop (TEBEBA DS, Omax, Gmin 1XZNENIKEB L OR/NGESTH 5.

W7 AR DB P ZEENTIE, MR LA IR R 9 2 BRI BF O MM T
IZBR ST, FRCFIRFEETIE T Ly T 4 U 72 L 0 A UTBE SO A A4k
Wie EOIAE 1B R0, MR DNE T BRI T 5 2 LICERT S <&
O 2R 9, EROA—AT A MIBEBBERIC LY v T oA NERE
ok AR 20, SBABAM N AR 2 L OB ORL S A BN D SR,
ESUBREFHEOHREEAEL D 2D 2L, VAR COBRKAN ZFH S
LRI EZ S HDZ LITEEDLETHS.

W57 AR OB 0 B8 2 T IC RIS 5 2 L IE RV R TH L0, &
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HOBMAAZEEIENZBE L THIELRRINTEL. TRETICRBINTEA

SUBHRA D 2B E 7 kD4 ¥E & Fig. 1.6 1281,

Fig. 1.6 Classification of measurement methods for crack openings.

AL OF BRIV TETRBR A OEER 2R AT 2550 TH Y, AffffEP &
MEGHEMUZ (1.7) ATEL, Xhoe (27 T7407 ) OHIERRIC
EOSZRKEAOMER EOFEREZHET 20 THY, —KICIT=TT
AT AEEHTR TN D,

1.7

Ca

LA 5, PLUDOHMAEETIE, FiCmY A 7 VR GIZE O TUIEAMIRNE
/N E 72D SIN LD 72 5723, 3 I ITER EE DG DR WEE B E 0.
ZIZT, NS 230 0RO VICOTHT — D& AW TR T RKAMNE N 28 %
FELCHIET S Z L2 BIZ, 33 EOHM T 2 EXREE (F15RER) 275
L, MESNTREM OO HIBIEIZR L TRAD TR A L TV 2 BRI
gz (Rt 7 T4 7 o REEHRESND) 752 L TRRAARD
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EfZ2 B A2 R TV 528, BHPA N ¥ B OFEM e BlEE £ TITIEE > T,

—J, WAL P T A Ry TSGR i O BAFTT IS L2 O 2y
— U EGIEEBIZEAR, I E SN EZOOT A% 10 fFICHE S
Ve ATV AN =TI L 2BKAMNOBEZE LT, ARMNALAR
AN ROMEN RS Z EH LN LR, BREAMOE#HEa T4 T
AL DFEM7e B L E T ThiL T,

BRI, iR, R0 EEICHERTE 503, SN EAAREMICEN 29 2
&L, T LWARE~ORRLIEOTEAIC XV BROBHA R ZFE 23 0 S 720
ATREPEDS E T2 2 EHIGIT A 720,

WEEY, EMHEIFMERELE L AR DOREICHALZLOTH
D08, 9T B SURRE A B CHRAE T 5120, WE T r— T A REOEICERE T
D FMaBS 720, Lal b 29 2D OHFFELASN T O FAFNTFHA L 72 fipH T3
Wl= B0,

FHIYE 2 IR OB ERIEEE S 2O FRHTE D0, Bl &5
FICEET D VENH D T2 DWNEE RN LT a7,

L—PFunElE, BRSSO HR LA —Y (ISDG) i EMSiLd.
JE S BN E T A O FEMRIL TR 2 127D 728, 1988 40D SCHR T4 0.01mm O
SREEZ A LTV 0 AT, MESNLT =X Xar T T4 7 o A&

DTHGOMR GBS TlEdH 203, R REOBRE TS AT ER
EAORENS H T2, BEEEOHEGHIHEICRMETHDL 2 & &, BB R
i EDOZEEOHZNBPE SN TND E WV RN H D 3D .

Ta—A7 4y xIviar (AE) EE, MEOEBCMERICER I
TZOTHEF T —=PEMER E LTSN DB 2R L2 b DT, AE it
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P L WIS KO R KEZBAM O R E LTS 2 03, 35 1EOFEMITH
BT o TR,

Fig. 1.6 ([ZRL#EIIRWVD, IEFIERANEAL TS T 2 X VB FEBEIE, Bk
HEEOEREIED T v F bR F— il e i+ 5 2 L THRENOLER &
WETL2FETH LN, FEMARRIILE 7 =TT,

117 «fik'm=fio 4 5 <ewr=RPG —
BHG X, Chen & W DEEAYUR LIzEmiEa L 7T 47 o AFHAIZE
EAATAA PTG S BBURIERBR L A T L& RF L, WHAIURE 1 V171
BIL2BEMDOa 77347 AOERMNEZREL, WERRIZETS
EBRND, R AMWE S ARG RBIESD R S VGO D E TH 5
o sREMIE i B (RPG faf E ; Re-tensile Plastic zone's Generated load) Prec
NEIe D Z L, Pree LA LR EGFHANE ST RBACREICEICHFLG T2 L2 A
L, (1.8) iR RPG fif EIEAED A IS TPLRAREH I pKreg 23T A — X
EF DA ZRE LT,

QW , o
Q0

W F7 AR DAFETREN /11T, BRI S L5 MR » BN THE S h
LB TH Y, pKre 23 FIHR 0 BBMECITE & — RIS T2 P Z &b,
(1.8) T &V EfITETRROEHFZHMETE b0 L Hiffans. (1.8) X
X, (1.2) e (1.5) X TIEFHIS T D T IRFUS S HEARCREAEE AT 9 55 &,
FUsFEOHETES, HE DO WER D D EET D X 5 7o BB AT HEE T
IBWTH, MBMRHLRHEEREZALTVD

15



RPG faf EFEEHE DG 57 B EUAFEH]TIX, Paris HIX° Elber HI TELIL 5 9 597 BN
158 DI JHERAREGE O TIRAMETH 5 oKn 0, FIRAA IS DIERIRE

FPH(QKett yin, T FRAEBZLEH ARSI IERAREHEFAYO i 23FN D Stage | O
FEIRICB N TS FRADFEE T, MR 77 B AUE T R O MR8 & &
BIARETH D 3. 7205 opKn O K 5 72 FIRFMEA HEBLT 5 DI, A=#EHIZ D
b ONRRTERRTZOD, BT FORETHLEEZBND.

RPG fif EIEAED RN 2 AW 7 BRI RE Y S 2 L —Y g 2 FE T
LI, BREUMOMEIER C, mE L2 D UNENH LT, BRI
R4 550 LT Pree ZIE L, @Kree & da/dN OEARAZRIET D2 LE N H 5.
Prec ORNEE, BRIEETHIZAT LI OT A — U M ERE D b 8RS
FTOE ATV AN —T"%4E L, %R 2 sEA A 2 BRI, K&
FEENBRICEVHET DHENDH L. EDTD, 1FEEDORBREEDS Prec fH
DORERG B L KT T, 2, BEOOWETHERS A7 LIFHFRERED CUL
D 0S, FHHHEERAS 12bit O A/D a3 EIROBEESR THR S TER Y, oM
ENEEICAARE TH D DI RARBEGEO N E T T, Ix T, #lEL
2O M & A 2 U R 2 BAEREE (k92 51 E M) OMerrea B
EITO NMEBERT DL ELH 5.

WD X DN, P RREAA OBABMA N FETICOWT, TOMIHNEKEE

B LOOERMRFHEZTT 9 121X, pKree /8T A —H L35 L REHATH 5.

—J7, LRMIRBLEDND oKn DMEEZMBIPHEOEIR L AT 28 bH o 2 L
97 B FUBRE LB AR 2 DU 7o KIS R &) O MERE R 217 9 72
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(1) oK fEOHEFEOEIRAL.

2) KnfEZHET D700, JET AT L0 HBENML.

() NEEEHE ORI T Prec 2 FIET 5 Fik.

MLETHD. £z, 2) ITEEL, HENEG RV 2 & TR T
Wl Shica 7747 A EFEFHIIT AT LD L LETH D, AHZET
%, FICERROTHBEEET LT T4 T AFHY AT AOMEEE A Eli

L.

BAMERBICH L, ISR HETRERLS 20774 T A2 ET D121, B
BMOOT AT — P it L CHEE SN 5 BEURIERIZ I T 2 LER & 273,
ZOMFEEICHBENER SN D, F 2T, IHERENE LW T VA VISR
firz g 2 & ¢, BREEEFEOOT AL ZREL, ZOMENLar 774
T U ARFHAIT S Z & OAMREME G RGEE LTz,

Mz T, RPG FfEIEHEDNE BRI OBI R TH D, WWHBEFEEND
(B4 2 e — BRI FTRE & 9 2 B O 2 Y MEfsR & B IS, 24U L 7= 3B
T OF%EE & RAED SNSRI A RIEBIEORE 1TV, BHLOH
A IS < HEE ARG L & O LRl © S L 7=

1.2 —_

KFSNL T DOENOHER STV D.

B EITRGR TR Y, IR, T RABIEOREE L BUR, Fa 0BIURHE
HI & BRI, TR BIC DWW TR~z

B2 BT, Y RHEOGHELEROER AR L BT, I aSYARER
BRDT 477 NAX K —RThD ASTM E647 ) 1T - C, 5 RIUSHE
WL AR S 5 K EMWREABRTEDOMBERZERT 5 & L biZ, BRIz
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RSN EEOERAERITIEDE oK EORTETIEDOMMAL &, I BRI
REY R 2 b—va yE AVTZRBREHFEFIC O W TI—RET 5.

W3 BT, BRETHIE D T A T R E A T 5 B oo B BE 101 S Eh i
LS, BBV ESM TV TR X <R BR R B IR & HE & v Re 72
RPG fif EIEE DY 7 BEURIRN O I LB 72 RPG W E 4, BRiflta 72
AT 2 AETRE T D FIEIC OO TEEMARREEEZTT 9 .

B4 BT, SRBERa T TAT A BB EHEERE & A0A A TR 5 A
EBRERBR S 27 L OEARL & BRGFHEB A S &Mk 72 BT, IZITBERE L 0 B
ERWT-RBRY AT LT 5.

BSETIE H4BTBELEV AT ANSEONIMET —F 2 I Lz
E AT U AN—FKEREZEH LT, Pree # AOTEI ST HENRET D
FEERET .

%56 FECIE, UIRIENDIA - R T DI T BROMUNBRBRE (RSN
SEFERIARRRE DR E ) (2B 5, BERZFEMBIEZITE L2 BR ks L O
HEFEIZOWTIRET 5.

57 BT, AL OIINCOT GRS RTRE R 7 2 2 VB AR B 2
RWT, JE5 AR OBRENR & & 2 bl BRI SN D, MY
PRI D ~HESC TR O MR ORIE FIEICE L TRET L 72,

TR TH Y, AUFFEORIR & BT ZE 2 BT 3 1T 2 fRRkaEIc o0
TEATS.

18



2.1

9% 57 BAURFEHI da/dN=C gK™ (C, m : B EEEL) 13 Paris HI & FEIXAL, JE597 &
SURTRHTE da/dN &R DIERAREHPE oK (2 XD ixtdk s 7 7 ECHEMRBEGRE
IRTERSY COIRNLT D, T Fig. 1.5 127”7 Stage INIZAHHE L, Z OfEKT
TBEEICA T A == a URNSTBR S WE S B P LZERE LTS 19,

—7J5, Stage  IT 1 I NIERL, ~EBH, KL OBMERINL A & ORIk E
(ZHALL U 7o M A 3 SRR 70 R B 10 0, ARV A 7 WC K DI ST D
Ak CTH D,

F 72, Stage X Forsyth? 23RS L7= L 912, AT AWIIS I L0 A BN

HIZA DAL T IBREEZRT D, BEWARRIZTE W T oK OE D3 51224
T da/dN 2325 Z & T, Paris HIASEANT L7V viEdk & 8 H F Stage &
LTW5., ZOMHEmETIE, F9EEdaldN=0 & LTHRY #bh 5 FRAUS LK
FRESHAPH K DTFAET D, L L7an s, EBICIE pkn FRE O pK fETH, 2
20BN TIE D DN BRITERELMNG L T DHEENZ VD, pKn Z5FE
T5I21%, RHORBRIFHZET 25502 L.

Fig. 2.1 1%, Barsom |Z K 2F 4 OHIA 21T 5, IESIH R 23 AKn (I KIEFTH
BB AR THDH. R oKn I EHESE RSN TWE R, =
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DFEFD D A K 1T OBEBAOMEE PR OB LD L RO BEEZ T 5720,
B2 DM CH IS TG T ThIUE oK 1 XIFIZFA CEEBLS. 723, R 23
KREWVIZE oK OIEIXK FTAEAICH L. I HIZ, pKnlTRHEE S allbik
795 Z &%, Tanaka'® & NREURFEO FIRFUIARICH O TR0 H A SbhL
RCHIESNTRETH D & LIEWHAFNRE 2 &2 b ST kD 5 =

ET, pKn i a OWNTHEVVETTHE LTS, 2D & XKD pKn lZAMS
TR RATTAIRIT B 2T 272, BRE G THIRE L ORIEYD ORGHORST
BN T Ko IZEZERMEMFEE S L THO LR TV D23, MEHEA OBRAE
TIXRWO T, MEDEOBREFTFARIOLRHFEMRATIIEE L T DoKn & FH1E
T D5 EE, TOMWEZ BT D LEN DD,

W BIUCRERRGIEDT 4 777 hAZ L Z—FE LTELS VSR T
% ASTM E6473Y (TR S 7= K EHEGERERIC LV pKn 2R ET 5854, da/dN 23
1.0x 10° m/cycle LA IC72 % £ C K & Wik & Bt 2 BERH B 720, 7720
R W D kfe ) 700 5 AR IEABR S M B L 72 5. —J5, ASTM E647 O BLE
F Vb oK OWRECES 2 R 2 B3 5 FiEs E S 41, WES 111139 (H
REBEW S, 7 BAURTERBE) (CBRA S, Bl v -7
— 2R BT 2 &R0, KRB OB AR ICITE > T RN
EEREFTIE, X0 EE O ERRICE S DRI DWW COMEHI kT
RETHAD.

AR T, BEROE S @HMEFERROT — 2 28B4 5 L L b, RHEFEN
EE e BB LRI EY S 2L — 3> FLARP® L EMT5H 2 &
T, K OERFMORBRTHEEDS Z L OHRDMEER oKn OIEF EEZRE L
7-.
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DKy, = 2.0(1710.85R) for R = 0.1
I DKy = 6.0 [MPa*m“ 4 forR " 0.1
8r °
= 65? 2 v/
i
=
.)<
©
o u
=,
£ 4f Steels
5 v Mild steel
. O Lowtalloy steel
A 18/8 austenitic steel
O AS517TF steel
2 A 9310 steel
B A508 class 2 steel
- @ Ab533 gradey class | steel
O ] ] ] ] ]
11.0 0.0 0.2 0.4 0.6 0.8 1.0
R (Pmin / I:)max)
Fig. 2.1 Stress ratio dependence of ®Kin value.
2.2 — 2 |

W I IRIE 2 AT DA B O 5 BRIC BN T, JEHIREM T T ED#R LA
WERT 256, MUNBREBREAL, TO%KAKTH 100mm 4 —F O E#
IAFH T2 O ZLi3d 50, HEOHEM T TR TR END L-ULOSTE
DEAVMEET 2120F, WERE DT L50ERHD. LT, pkn &k
ET5H71EE LT, ASTM E647 % TiX K [EHEERERZ1T 5 OB TH 5.

Fig. 22 DEBE VS TRT LI, pKafEIZ R alliz, K a5
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BERED oK 2 (oK) 3B L O 1 A7 v 7 4720 O K fEOWD #7e & Ofaf
BB BEZ T L. —J0, AISIIERREG oKer THREET 5 &, K fE#T
JERBR DFEF & T &1 K 2 i S 7oA S (Fig. 2.2 L)
9% Y . ZAUE KAEENEIZ W TRMERE T O K EZ LR R G611,
Kert THEEPE I AUITHE 77 RN R AT I BRBH P D 288 2 B 8 L 7B Y 23wl e
ThnHZ L, WHRREREOER L L TEEICHEWV AR DIAEN DR
SIRERENEERER ZHS> TNDH I EEZREBELTND,

10"

S35C R=0

K decreasing
(Kmax)i deax/da
76 l‘;l’ 19.8 13.1

1007 |6 171 131

E 78 T1.5

K increasing
u_ 49

+3.1

18

da/dN [m/cycle]
[N
o

O
1O|10_ DK o C‘?

------

oV

10

1/2
Dr<eff ) max [MPa*m ]

Fig. 2.2 Comparison of (K value at different start K of Decreasing Test and (Kef.
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BAZAN S DMORER 7L, R EIC K DRI OEER
ISR L 2N, RBBRRICBT28HEO 7Ly T 4 V72X 58
bk KD Y, MMRAHEAEMAD P, MERHEEAXMn 20,
R S FEAKMAA D Bd 5.

2.3 — AKin—

2.3.1 —
ASTM E647 TiX, KAEJADE 3D I2XL Y oKn ZRET 2 FIERLLFD X 91
HES TN,

1) da/dN 73 10°~10'° m/cycle DFEIRIZ & 5 daldN - pK 7 — % %, Kl
Ea MO CREFRRIC 5 AL ERET 2.

2) F—& ZEAREYF L, da/dN=10""m/cycle |25 5 oK % pKin &3 5.

3) da/dN 7% 10°~10""m/cycle DHiFH T, 1ZIFHRIFRIC S MDT — & NS

TEnE, MBREITHUL LN TE 5.

ZOFEINED &, 5 B EOBEBRTT — 2 EEAT 5 BN 8 HAnTEEE
DA =21 10" m/cycle DARMERSREEEE BTG4 S T 2035, T OIsfE I H]
ETHITITRADNEE MER LI L AR 5B S 61+ ~E RO
MR LA 2T 2 LERH D720, EBRICET 2 HMIZIEF ICEMICED
D, £, WEHERELBERBRICKE T, AAEMEZ LI LT 5720
OHWHEIENH RSN TN RWZ &b H 0, BAEMMER LT LT 510X, fi
ZNXLAT D & 9D 7o igg@/F 2 BN TIT 5O MWE DR H 5.
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1. MAOICRZMSE LIl LT BRSO 7 B AURIEHE (da/dN) LV b, =56
21 A—F F ORI RIRIEEE (da/dN), TEEMIZHER & M9 5.

2. ARIEEE AKX T S 7oA TORAMREFIA ik L CRIEROIERIRIET
S, I RIURTEEE (da/dN) ORFETI TITER L CTu iz &b

o T, PR OEMFIILTX 20, BAMERE Lz LB LTl
EREEEN N EREE L.

% Z°C, Fig.23 T DR RIREE &Il © & 2B oK il (oK
&R D) DR ST G AR RBRS R ) 0 1T oW T, Fig.23 b
HIWTTE D oK i & B> ASTM E647 O FIEICHE - T oK Z2 3R 6D 7= Eelk D fk
R Fig. 2.4 177, RNV THERRIE ASTM E647 O FEIZ L D oK,  #iEdh
FENENORE G RRGHERPERICB O THLMNICRRERICE-TND &
R E 0B gpKETHDH. ZOFER I Y ASTM E647 O FIEIZHE - TIRIE &
N5 K IXLZEMNCFHE STV D Z EMRHERRTE 5720, oK B[R E SO
ELRLBRNHFHETE S,
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da/dN [m/cycle]

da/dN [m/cycle]

Fig. 2.3 Example for relation between the stress intensity factor range and fatigue

T4

10" 10
G  A200T R=0
3 F | A200T R=0.25
r A200T R=0.5 <><>
10T6_ 10T6- & C200T R=0
_ o C200T R=0.5
L Q L
ES
L
10" E 10"
z
R
L . L
©
10™0L 10720
1072 . 1072 .
10° 10" 10° 10° 10" 10
o 112 102
LK [MPa*m™"] LK [MPa*m™]
a) Ref.39).
10" -
14
0 Base metal(R=0) 10 G SB42(Base metal)
& Weld metal(R=0) & SB42(Weld metal)
o o_HAZ(R=0) o SB42(HAZ)
10"°r . _||©® Welten60(Base metal)
Base metal: Wekton60 10" O Welten60(Weld metal)
< < Welten60(HAZ)
©° [> SM50A(Base metal)
T8 g U SMSO0A(Weld metal)
10 E 107
% "
g 8
T Q 1
10" 10720} S
Q
102 0 X 2 T12 ,
10
10 10 " 10 10 10t 10
*
LK [MPa*rm™"] LK [MPa*mllZ]
b) Ref.40).

crack growth rate.

25



10

. ASTM_ Ref.
Line: (LK) =(Kyn) 5
© ©
QI_|
T ®
(ol ()o
é or @) ©
— (@)
[0
o ©
- ®
X 5
S 0
© : A500T,B500T,C500T,
A350T,A200T,B200T,C200T,
SB42,Weld,HAZ,
Welton60,weld,HAZ,
SM50A,SR,AS.Weld
O L L L L | L L L L
0 5 10
ASTM 1/2
(DKy) [MPa*m™]

Fig. 2.4 Comparison of (K identification by Refs.39) and 40) with the one by
ASTM-E647.

2.3.2 WES 1111 —%3 1|

WES 1111 39 |3 8k D%z 57 BLAURHENERE (9K & da/dN DRR) 12D
T, =i, KKTIRT D M7 7 BAUSRERER 71k & LT 2014 FFICHUE
7o, ASTM E647 39 R0 1S0 12108 *V A 51Kk & LTV 5 72 DIZEELR A
2, oK XA E LT ASTM E647 & [FIE£IC da/dN = 1.0 x 107" m/cycle (2

BILAKEELTEZXD L Loob, Ry 2 & 2RI LT oMY #
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WHFFREL TS,

1) —Eff EIRWESF LY K EMlijsaERic X0 BfS L7z da/dN 23 1.0 x 107
m/cycle PLEDOF—% &, 1.0 x 10°~1.0 x 10"'° m/cycle DFEIKICH D oK -
da/dN BE4R A i X 2 RIS R M RR C© 3 2L EBS L, e/ ZRIEEIC LY
@K & da/dN OBfRAEEYRX 2 ThDH (2.1) K TEBTHZ LT, ETA

ZURFEHID C, m KO pKn ZIRETE 5.
— O Yu You 2.1
Qu
2)  —Efnr EARIE SR M OV K E#EGEERIZ LV, da/dN 23 1.0 x 10°~1.0 x 10°1°
m/cycle DFEIKIZH D daldN - gK 7 — % &, (ZIFHEMREIC 3 JLLEHIEL,
EARERICE VS5 5 dadN = 1.0 x 1070 m/cycle (2% % K & LT
pKin ZRETE 5.

3) da/dN=1.0x 10" m/cycle DT —X % @Kt & T 5 Z & LIFET 5.

5k 3) 1T 07 — Z E O gL, W% T < oK Z2 7R3 LB
LA EDHISEMEL TEDLNTND.

2.1 T2 91T, WES 1111 OBFHIHW BN FEERT — 2 IRV 23 -
722 &R0, Rig72 BB OBRBRFR M I IR > TWRWZ L 2B ETUE, &
0 fE (2> BRI EE 4 B B IC OV TRET O SR#IAER S TV 5.

2.4 ||-=I N AKin —

24.1 —

Fig. 2.3 \Z/R L72RM|IT —# 12N %, Fig. 2.5 ~ Fig. 2.8 (TR THEEOMES
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T2 DA GF FIZ W CHEME ST 77 BEURIERBRE R 90 2B L,
ASTM E647 X°> WES 1111 THE S/ Fik L [FRRE D pKkn OfEZ 52 5 Z &3
TE, POBREFOHEFRMEHEMTE D FEL B L.
BARPIZ I35/ —IEIZ L D da/dN - oK BfR%Z (2.1) X TH x5 ERH
THEIT 5 Z & T okn B2 RETE 5, EOREOHECTHE L da/dN &

PK OF — X Z VD RXMNTHONT, BT a) ~e) DOEECHOWTHRELT-.

a) da/dN=1.0x10°~1.0x 10" m/cycle D#iH T, 1 ZIFZEMREIC S HDOT— 4.
b) da/dN=1.0x10"~1.0x 10" m/cycle DHiFH T, IZIFHERMIBIZ 3 HMDOT — 4.
¢) da/dN=1.0 x 10° m/cycle LL FDET — 4.

d) da/dN=1.0 x 10 m/cycle DHIEFIRIZH D 3 T HDDOT—X .

e) da/dN=1.0 x 108~1.0 x 10® m/cycle DFIFH T, 1FIFZEMBIC S HOT—4.

2B, d) 1oV TE, WL o2d daldN OFPHIZSOWTRR L 7=,
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T4

10" 10
SM58Q HT80
El — F|©O R=0.8
u R=08 & R=06
wof S Ro1L ol |G R=014
10"°F 10" |& R=0
o R=T10.5
ey i oy F[0_R=T1
E 10" E 10"
=z Z
k=] e}
3 a s 1
© o
10710 10T10
10712 ! 10T12 1
10° 10" 10° 10° 10" 102
LK [MPa*m™?] LK [MPa*m*?]
a). b).
1OT4 1074
SM58Q
-|©6 R=0.8 :
& R=0.64
- a R=0.4 76
10"°F g R02 10"°F
iy o R=T0.5 s
S -0 R=11 2 i
) )
E 10" E 10"
=z =z
o °
3 3 3 L
© ©
1OT10 10T10_
>
10T12 ! 10T12 L
10° 10" 10° 10° 10" 10°
OK [MPa*m*?] LK [MPa*m™?]
c). d).
Fig. 2.5 Fatigue crack growth behavior under loading conditions with different stress

ratios (Regarding the data in Ref.43).
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10"

S35C _
o Annealed at 600© R=0
f | & Tempered at 5000
G Tempered at 3500
0T6_ & Tempered at 2000
1 SB42
o)
=3 P SK5
L [ ® Annealed at 700© ]
£ T8[
= 10
Z
k=)
3 L
°
T10| o
10 &
G
L o
> 7.69
10™2 . © 613
0 1
10 10 10
DK [MPa*m™?]
a).
Fig. 2.6
ratios (Regarding the data in Ref.44).
10™
(1 Paris ©“A533B
& Klesnil Steeln
o Sasaki SM50A o
1078 ¢
)
o
>
2
E 10"
zZ
k=]
3
©
1070
102 .
10° 10" 10°
OK [MPa*m*?]
a).
Fig. 2.7

da/dN [m/cycle]

da/dN [m/cycle]

T4

10
S55C R=0
o Annealed at 850©
E | © Tempered at 6500 A D
& Tempered at 5000 o
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Fatigue crack growth behavior under loading conditions with different stress
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