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2.2 A—RTFFALRATUL AR E KB EH AR
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Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 32
22 F—RFFARRTFULRMREARESRE = JWES
B s
#¥  :SUSBIELTP(AREELRAL) | & I
I% iﬁ : E 55 x ,?__" |:|:| é __________________ _/_ _________________________
ﬁ“fﬁ] . Uf}}“#] fﬂ] 20 (R320) 1i6 20
RS 10.02~5Hz
D SERWIEY - E SRS RER ) (GL=12.5mm)
FMESR: ﬁ%%ﬁN% N | sussieLTP, e,=0 |
(BIRBIGHA/2NOENS E
25%ETLIEOMELYE) | |t
FTTIT=T % ey [ 2 S
-
BHEIER F
B D&FREFSLH 1
b _ 3mmizE i 102 10° 104 10 108 107 108
= 2 cycles Number of cycles to failure [cycles]
BITBERIE T B OWE I S-N#E(SUS316LTP)
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 33

131



2.2 A—RTFFAPRATUL AR E KB EH AR
EEXRHBRAEER

REMRE: TA)—§E(#200—#400—#600—#800—#1000)
RAEMICHA R (RFHRDBE

Notched Portion

i

|
|
I
|
I
|
I
|
I
|
%
I
|
Ll
; I
H I
| I
! I
)
s
I I
|
| I
|
]l I

I
@170.3
$216.3

PIRE: H£Z70 mm, FEE3 mm

= IS AERK 1,39, i§ER1.14
¥ (FEMAZ#F &)
BB AR S (mm)
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 34

l

2.2 A—RATFTFALRATUL AR E KB EH A ER

A—h— MTS#t
HERE +10 MN(F#89) £ 5 MN(Eh&YD
A BRI EK1.5Hz (EELEMEIZEKRE)

FOFaI—3FEH +150 mm
IJAXRAYFBEIE 3000 mm

JORAYE l O—Ft)L  BRERXE RBREEESZ SvyFRLE
§ . \ el SRER{A A
O—K+)L BEERILE ) >

BB . e M

Aaws

F—L4(F) )
TOFaT—4 FHF1I—4 SRTRRTYLY  BBRER R
i . _ " BEEARIE
BRI E S AERG R
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 35

132



2.2 A—RTFHFALRATULAHERERB R T HER

BHRBREH 13 e e
il 1 2T (4 R BhIF) - Stk sl
AR :0.03~0.1Hz odlboo 500
HEHOT A PR EERER - L
BRRXUOTH +2.5%(—BEHVTHE) OFHBEGE —
firE :O—KF+)L
P37 RBRET7OFaI—4 P
EFHFRAVTH OFAS—S(BIXERSE) oo
(BB TR EI A o =B (L B5E) ﬁ O L O m
FEaFEES FRALTVAFERIZKVAIE N
BRRS IR THR(E—FT—o45) 1
#ER L3 BEFEEIMmEER
AHERAE AR (BREZES20mm) ZTEEHAE
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 36
22 F—RFFA+RRATULAREAREHRER = JWES
HERTF)IVRRUER
VFH iy BEFEIIMmEE BRI B &
BE  U9#4 pgas  @ELS  0FaT  BELY
Ch) Ch) (%) (cycles) (%) (cycles)
SRERA HY*1 — +0.49  1.00x10* +050 1.16x10*
s{EXB L — +0.44  1.37x10* +045 154x10*
RERC HY* — +0.26 579x10* +0.26 6.71x10
SE%D L 2.25 +0.26 5.28 X 10* +0.26 5.79 % 10*
SRERE L 2.00 +050 7.40x10%5  +050  9.05%x103
SABRF L 2.30 +0.18 — — —_
*1:+2.5%DF|/ROT A HMEA
*2SERBIA BT O EH I EHV T HHHER
*3HHRLED1 /20 REED VT A+l
FE—FI—OEEFLTVHABRRICT, RAICHBGERLER SN =EHHISEHE
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 37

133



22 F—RFFALRATULAREARESRER = JWES
VT HOEB(1H/42ILE)

HEBBCEHVTH0% VFHRIEL0.44%) ;) @~—»W'O(gf

VTH e

6000
5000
4000
3000
2000
1000
o
-1000
-2000
-3000
-4000
-5000
-6000

O-B>-0O<0 E,:|

e OBk H
DN

oEe OoI® E

FE PN
8 B
8 8 o
%ii
)-
05

oo c e 5

S _J
i T o i
I

@ H > 0

£
g2

-250 -200 -150 -100 -50 0 50 100 150 200 250

OFHELE L)

PIREEH RER(UI) R U —IREBD

UF AR

00]100|100| 100
dl d2 d3 d4 db

-600

-800
-6000 -4000 -2000 0 2000 4000 6000

PREERRE W) VTH elw)

PIR = EH RER(UI) D
U HEFEDER

- YIREWRICEKDOTHEFD=H. YIREEDRREIFU)DVT
FAlE—HEER(ul. u2. ud. ub)kYELY,

— ROV T AHKIFFE—FEIH->THY., H—dIFIREBTH 1=,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 38

22 A—RFFAFRRATFULABEREAREYE AR = JWES

U HEMBELMO
SREEB(TH0T 0% U 2 RIEE0.44%) ==

VT HEE de (%)

0.8

0.6

04

0.2

0.0

Sf:‘:g‘ié‘ 00, 100 100 100
| e dl d2(d3)d4 ds
L ’ L o PRI 3@ TR l:o_a._v_aﬁl_,q_-%#
BEOTHHEE 0.3~0.4%
AN AN AN AN A S ¢l ilﬁﬁﬁfg 0.05Hz
E—FI—0 5L F) AR TEREIZHA
AP I RS A B B EARERE NI S S BAA
o s ] o SRR R G A T
1.E+00 1.E+01 1;02 [H:Los ‘H1HE04 1.E+05 :‘EEEEU*&;‘L
#RLEL N (cycles)
PIREEHREB(u3). RxHEI(d3)D
UOT HEBESRELBORMER
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 39

134



2.2 F—RTFHAPRATUL Rl EXE K 5

L7VOREER
REB(THVTH0% VT HEIEL0.44%)

2ETHUELTIHERE

N=0[]

N=13000E1 (41 R E88) N=14000E]

N=15150[EI
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 40
22 F—AFFAFRATULABREALES RSB = JWES
E—Fv—OfEER
AEBRB(TEHV T H#0% VT A#RIEL0.44% E—FT—I8KEA
EEEH I HEHM
WELE smgay oo 22
1.37x1074
| RILFE3mm
B 1152 535
E—F Y= E&FHIZ R C-EERA a8 ARSI T,
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 41

135



22 A —RFFALRATUL AR E KB EH A ER

o
e

i

e BB (0)020mmEBEELKSHEEEET
. © B (R L) (R HBRERMEL TOENS, HERA~ED3mmE
g N 8RS (17101 (SRS SRR L & 20mm B EHRSR L 30D % 1 (0.868)
N O NERERA ﬂ::} B EALT204x 10°ALHETE,
"2 —:TS=542MPatt 4R N
: HBRAHBRAN+ 255D F VT HEEHY.
; 1.0 % g b
“7&»-2@\13__;_ BEEH N
T HHRELMTOSRADFHEN, COMELE
5 D1/208 DB RAIOH B 256U HETLL

R LM M T B H

1.E+02 1.E+03 1.E+04 1.E+05 1.E+07

#RLE N(cycle)

BRI ABRER LR
- REEEO&FZRSImmELERELHL. PEEERF DR Fon
Nos(@ 10mmERER T2 9 S BHERSHI3MmBY) Z LB T HLIFIFRF TH
Y. BARER TR RIEEBDHONELY,
BHESIMMEFEELHE20mmEBRRELEZ. FHRNOFRTHEY
A& FYBABOALE FRFEEANEVONREFRFTHY., BFEGFIE
AMRIIRBOHLNEL,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

1.E+06

42

i

22 A—RFFAFRRTUL ARG KBRS JWES

ABIAER KIS I S HIE NFIEDEZ T

1200

Q s worew || #IEGoodmani% & UrSmith-Watson-

e O ssc (Fisoraom Topper(SWT)i% TEH4i
= B =m0 (THUFA2L25%)
g 800 € s (THOFH%)
E 1.00;;;‘-@ 137 x10° @.7.40X 100E A -*- ;ii;;ﬂztﬂv’fﬁz.s%) ﬁﬁﬁl:m L\T:ﬁﬁ,;f\jj
= . 0,=0.2520 ,+141 (MPa)
E Mod. Goodman y u
Fi 400

-~ EiE H=0MPaL 7 5 F MM iRY G HIRIEICIE
200 e

AERA DA FHIG NIRIE640MPaZ )
R FMTBRFSImmBERRL - TEE

0 100

200

300

400

500

TS=542

600

NHTEHEH om(MPa)

REEREDOOWHIE N RUAHTEN N LERLBORE R

- RERC(IOUSNDRERFE R, EIEEGoodmanii LY AAIZFKEELTEY.
SWTEDMWBERELL—BHLTIVS,

- RATVLABOFHIGARICLHEEETIXHEE TEL. EIEGoodmaniEk
UELSWTiEDO AL ET EHIErEh S,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 43

136



i

2.2 FA—RTFALRATUVLUABERE XBIKRF AR

2.2 FEH

« F—RTFALZRATUURAFASUSIT6LTPMD8BSch160EEE
ZRAVWV=I R IT RS HAERZ 1T o1

The Japan Welding Engineering Society

. KEREO&HFIIMmBEEELEE. NEBRBREDN,,
BRLBZLRY HERFFREFTHY. ARG TEIDREEE
HLNTELY,

- REBREO&ZFESIIMmMEEFRLEE. 20mm(EE)#ER
LEBZEFHIEHOFETLHETIE FHRDEOALE

FIRFRENEVD, (EFRF THYRELR T NER
112y (RA{ AN

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 44

L

Jg

1IEFIRICHITHTERES
2. REYRFHHER

2.1 REFMERVESEHTRAERSHER
2.2 A—ARTFALZRATULATBELE KB R T e Bk

3.F¥ED

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 45

137



3.E LD = JWES

INRIERBR iy & X RUEABR{A D LB

ELBEEFRHARSOARER

Crack length (mm)

20

$ 4

o 4 TR Tan | TPNe.2 [CHTD
IEEBROFAES

30

TP No. PLISHT D '

MEREEOFHRE : |
25 ! [ |

TP No. P2IZHTS
IEREFOF ARG / '

l—

TP No.4 <393
MERGEOFHES

£

E

L

E)

15 c
@

p TPNo. 1I1ZHTSH L

T EEBROT RS ‘é

10 S

TP No. 3ISHT 5
T AEEBKOFARS

nnnnn 100000
100000 150000 200000 250000 300000 350000 400000
Number of cycles, N (cycle) Number of cycles, N (cycle)

INBUERER T DIRH F N, GESIMmIZE) X, XEHBRADERFES
SmMmEEZERLEEFIFRFETH S,

VT HEAEDFEOHI G KB RBRAE T, SnmBEEOBRRETHTE
SHERLBNCEN TR SIS,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 46

The Japan Welding Engineering Sociely

i

ol AEEmOmEEZOFE
MNEFBAKYEHUIE 5 N e
HEEICHTHE10Fw e <l

BRLBETRARSOBEBRARTULRM) wEcEm

SRR a(mm)

#ELERN
25 P 2
= *-——s U = o
sa o LERBAD BEC. . . IERBRO
2 BEE T e 2 BB T FASH:o
15 215
=
1
10 B¢10 |
&R
#0
5 |@BUBRALe-098% 5 = HERC Ae=0.52%
A-5BRB Ae=0.88% .
< SUBRE Ae=1.00% em=2.00%(X | @~ A~ &RFSImm BBREIMM - - gy - | CEEDAe-052% em=2.25%
0 0
1E+03 1E+04 1E+05 1E+04 1E405 1E+06

#ERRLEL N(cycle) :ﬁ%@bﬁﬂ N (cycle)

=09 H FEBH BV Y A HEEH

S0 HHEE BRFSHK.5mmIET HHIICFRIFa(<E|E
BUOTHEE: THUOTHE SERC(N)TFRFHEFORRZFEESAD.5mm

FHUOTHAE HABRD(®)TIIFRAFwAICEE

KBEHBRAOBRESE/NEABRAOSHE TSN DT REF G ORERIIARET
XN RTULUAREEDRELN20mmIZETHA=HEHETE),

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 47

138



i

The Japan Welding Engineering Society

a [EHBOREREDE K]

d‘ﬂ%ﬁﬁﬁﬂ'&‘)gﬂjbfﬂ} 3:'; I\\\ [BEE S RE]

- THEEICHT I 0 F o~
@ﬂbﬁti%%ﬁ‘éwﬁa{%(;(f/l/xﬁﬂ) SRE T
25 WELEHN
INREBRAD  BUERF
FRFGE O
20
28
10
Bk 10
R4
# ®
s ;
- BRFES3mm
= FRERF Ae=0.36% £m=2.30%
0

1.E+04 __LE+05 LE+06
#ERLEL N(cycle)

BV HER: FHUVIAHF SHEBH(O)FRERSAWIMmISET SRR
TUOY AHHEICHT S o FamEEEICINFESD,

RAIBEEV I ABTRIOS AHE)HT 5+ 0 THMT HE. KEEER
FOBHEFSImMmELERE L BIS/NREGER FOFRFHRAIZINESD,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 48

INBIERER iy EXRIEABR{A D LLES:
BR A RF A MG DDORES

Normalize stress (ofo, )
s o
Normalize stress (/0.
o o o

%é3mm

Depth from notch surface(mm)

Depth from notch surfacem m)

1&‘“&@%

INEUERER y DI N B BL IS — k. KB HERATIX G h@EHY, 1==L.

BRENKENESH, FEIMMBETOEELSN =N LHIX0.92F2E

THYQETEOHTH S,

BRFESIMMELEREL BT/ MBI F EXBEER R/ TEER—,
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 49

139



f

i
-
s
@
v 0.
]
g
T 04
£
2 02 —— Large-sized pipe specimen

o = = Small-sized specimen

FRS3mm

0 . .
0 5 10 15 20 25
Depth from notch bottom (mm)
—
AT AH

.« RSIMMBBETOEELSNT-ICALF0.87TERETHY. iHE
BolX/haEly,
- IMMESOBRFELEF o T/MEHBR T EXBEHBR A TRIER—,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 50

The Japan Welding Engineering Society

i

3.FLD

BHARDOESDEZERIT HL. MEGEBROBEFan I XA
BRKIZHE T HFRSIMMIBEEORHREEFRICTHEY TS,

BT TEAKRECRG>TH, BRACELDENFANIEF
FICTHNIE, WHESHEEICHT S TENRIKIFEAERL,

$10
A
. Teo O: ¢ 10mm/NEUERBR Fr <1 ik
REVELE REFiR /ZNa—+E
INEIGERA, ARRBRE RUEHT AR RBOLE
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 51

140



3EEH JWeES

. INBVERER E DEEET E R IT KB SRERKIZE T B FEEH3-4mmiEE
ENRUFEFGAZELLEND, AEEEMEX T HEE
BERE)DRHZ(E, TENREERTIDELLEL,

- COHEMAE, ERICEVDTIIEM TEAKREL BADEI R
PHhTHLH=HTH S,

i

« ABRATENKERLOTLRAAICELSE N WNFR
EICLTHNIETENRIKIFEALEGLS REDOEHEWTLRE
ORI GO NS,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 59

5 3K

1. Takanashi, M., Ueda, H., Saito, T., Ogawa, T., and Hayashi, K., “Development of
New Design Fatigue Curves in Japan - Discussion of Best-Fit Curves Based on
Large-Scale Fatigue Tests of Carbon and Low-Alloy Steel Plates -,” PVP2018-
84456, American Society of Mechanical Engineers, 2018.

2. Takanashi, M., Ueda, H., Saito, T., Ogawa, T., and Hayashi, K., “Development of
New Design Fatigue Curves in Japan - Discussion of Crack Growth Behavior in
Large-scale Fatgiue Tests of Carbon and Low-alloy steel plates -,” PVP2019-
93393, American Society of Mechanical Engineers, 2019.

3. Bodai M. et.al, PVP2018-84436, “DEVELOPMENT OF NEW DESIGN FATIGUE
CURVES IN JAPAN — DISCUSSION OF BEST FIT CURVES BASED ON FATIGUE
TEST DATA WITH LARGE SCALE PIPING —”,2018.

4. Bodai M. et.al, PVP2019-93272, “DEVELOPMENT OF NEW DESIGN FATIGUE
CURVES IN JAPAN- DISCUSSION OF FATIGUE CRACK GROWTH BASED ON
FATIGUE TEST DATA WITH LARGE SCALE PIPING -”,2019.

5. DFC/MEBEEE HRIHEFHRBEDEEIZHRSIAE(Phase 1) http://www-
it.jwes.or.jp/fatigue_knowledge/fatigue_committee.jsp

6. DFC/MEBEESE HRIHEFRBEDEEIZHRSHE(Phase 1), http://www-
it.jwes.or.jp/fatigue_knowledge/fatigue_committee.jsp

f

The Japan Welding Engineering Society

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 53

141






Hr T TRERFHR 97 MR K IR F T DB & 51 D R B

SRS NN = = BH E
HETRNLE—V AT LARER) W HiE

143






(—4) BXBEHS RFHAREAS =— N\WES
B55ME BRI RIIL ——wioieh —

FLLOEREHE F R ER B RITICBT S ROV L
— ERXZBA-ABNGHEEROMEICAITT —

=TSR T H#RIC L D
BHBRFTDHESERDRE

202157 H9H

EMXKFEEAN [REXE BH ZE
BEZIRILFT—IRATLARKSHH A

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

HENE

l

1. LR EHRSTHBRORERUREHBEOFELSD
1.1 il 4R (BFC: Best Fit Curve) &(X5DE 5
1.2 IR 5T BRELEBIG DKL
1.3 FiME HMHIE
1.4 RELLEFSHRFEEA

2. RABRRBRBUFORHBIRVHEERREDLE
2.1 UFEHH
2.2 PERBREED

3. BRBF#ENE RFNIMREAEE RAEENEERITHITLMEHDE
R
3.1 DFC3/DFC4A/NER =
3.2 BAHMFSATRARBHREERRICHE T HREILEE
3.3 BEHRFRRIHEKHKS-02201= 1+ 53 4&1LEED

4. HEHYIZ

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 1

145



i

1 3= 73T IR 57 B #R D 3K
BRUREHARDOFELED

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

1.1 5B S8 (BFC: Best Fit Curve) &IESDE LM
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OLEICNITLHRFREETEZELT, KeatiR A RHZER

ELT=,
N = 2x 108 cyclemM SIEE-0.1 DEHR(F X ERE L) THET
S =C N (N, 22x10°)

C.=(2x10°)"' xS

a(N,;=2x10°)
@ EFHRE
N =1x108 cyclel2H 1T SERFRELT D,

S-ME#R ETM = 1x 108 cyclel=H T3S, (EFE M H S5
B ERTEELEERLEDS,) JYUE/NEUVEDIRIEFUAC
N URLIECTLLY,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

8
1.3 FHBABE = JWES
@ 3 HFHIEZIESmith-Watson-Topper (SWT)iEZZF &R T 5.
Seq = \/SaSmax :\/Sa(Sa +Smean)
EHEHDEEEZRARICRATIZES, (95 0%
ZELT,
Smean = Sy o Sa
BRLBIL - SILEEBEERLT, SERELBREH
CYSIZEMZ
Smean = CYS o Sa
S,, =S, -CYS
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 9
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f

1.3 I NHHIE

O TS AMIEICALDIERLIRRE N CYSE XU,
R, EE &N

CYS=06150, (FH1E)
CYS=0.7260, (BARIZRATES)

A —RTFARATULREH

CrS§=0.2520,+112 (F191E)

CYS=0.2520 +141 (RKIRIZEATISGE)
Ei?rﬁ'#li o =SGRBE)EEE, FHNNMRERKRIZE A
CYSEFHIMREIZH T AR R o, GREHRFXIRIBIES,) his,

S, = max{o, CYS}

ELT, §ZFIEHAMEIZALS,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 10

i

1.4 REGS LIFHRERA;
O/ NiRMEICREL L ITHRBRBAZEET S,

K, ={1.0x 1040 -800)+0.21}l0g(R,)+0.90 (o ,<800)
K =0.21l0g(R,)+0.90 (o ,2800)
==L, K21

Bfi: o, (MPa), R, (1 m)

A —RTFFALRATULABICITEBREWK, = 1)
S HNEFA(HEINIIEFEEBVZRBA)ICEELTAEE
BT AREFEN (KK EADRENEZEER).,
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2987 RIRZREUF OFE L5
BRUGERBRRE LD L
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298 FH REBRBUF ORHBIRUHEFRE LD HE

| SIS RS SR |
|
BE | EESSEFOEE | A RIS
BEtRMEER | BEtRMEER
|
FSHITITT BHARID
DEERE
A4 ¢
BEZE T | TEmhozE |
SRS EENS SERSEENS
EN £5tE N, ztE
B3 s A=
%%%fn/vfi%-ﬂﬂ | g@m}jng 228 |
I
|

[FSEEUEER N, = min[A, 4] |

RERFEGEOHE

SSSSSSS

12

umw
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2.1 UF RHifl

f

OEHRERBUF DEHFIR

(1) SEMERRTICKIVIRFRITELDISHZEFTFET D,

(2) BEICISCHNDERRB(FLRBVIAEFRERBOA, K
FIRE RO BRBAEEIRELELETHRERAZRL,
E—JIGESERDD =121, K (F=IEA) EAGZE
ESEDIDEFGEWN(RESVAZRAND),

(3) Z o DEZIFT, E—V N EBSOEBEHFEZ KD, £
D1/22E—V IR NBSDIRIEET B

(4) E—JIE NBSOIRIBICHEE IR BMAEZIT CREH
IE), BBEBANSVOT AREA € ZEERDDES
[FEZFELTRFBINICAWDE—VICHREIZTRDD,
Eo: METEIE R B DR EE

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

14

2.1 UF &l

i
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(5) FREtRB(a, B)ZEEL, BEICKLTEYISAHEIE
270, FEICHIRBEZEHL, BARBRERRUF Z2RD
>

(6) ZENENMNEESNDIGE [LEREFHRBZEAW=FML
HNIRIEIZEK ST, 2% 108E LA DBFCEMIET 5 (B AL
-01 @E%ﬁ) o

(7) E=2I5 N5 D IRIEANER

% E L1-DFCD108[E] (D & 7754
ELYLPSWNGEX, TORBISHTHUF20£5 5,
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2.1(1) UF &I

i

@ RIEGRMUF DEHHI
-#F RS2 JIS G 3204:SFVQ1A
-5} ifE B - 300°C
S, = 550 MPa (&g
S, = 292 MPa(300°C)
£, = 207 GPa (E#£{E), £, = 174 GPa (300°C)
R =100um = K, =127
i HEHELKA) = 1)

RS AETICEYE =G NEESHNS, = 470 MPalF HE
Nr=&EL,CDIEHH600 cycleRET HEETE

- ERICNDEZEFEKRICERET S,

BREHMRB o, BIE, [E5DF20FEE

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 16

2.1(1) UF B

i

ORI LITHRBRBADEE
St = Ky 8,/2 = 1.27x470/2 = 298 MPa

QTR MBI
Sur = (Bo/ E}) Sy = (207000/174000) x 298 = 355 MPa

OFIET  #BELHIH T BREEH B DEE
3-1 T AMIE
CYS=0.726S, = 0.726 x 550 = 399 MPa
S, = max(S,, CYS}=max{292, 399} = 399 MPa
TN OFEBERKICEET D0,
St = (S 8,005 = (355 x 399)05 = 377 MPa

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 17
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2.1(1) UF &I

f

3-2 300°CI=&THBFC BN, MEEH
T>200°C7a DT

S, =(1.2x10° =288 )(N,70.721)"** +0.45S, +36 &Y
1

5 0.58
N, = 0.721] L2x10° 2285,
S... —(0.455, +36)

S, = 550 MPa(i =4 - E & £ ME=aDEE AL S)
S = 377 MPa

N, = 131,264 cycle
N, =N'/B =60,213 cycle (B(=20)=2.18)

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 18

2.1(1) UF BHiHin

i

@FNE2: Is WIRIB R T HREHRH o DEE
-1 aDEE

Suiz = & Sy, = 440 MPa (& (= 207)= 1.24)

4-2 FI55 HAHEIE
FIE1ERFRICFEHG DDEEEFRKICEE
2 = (Sia* 8,05 = (440 x 399)05 = 419 MPa

4-3 300°CIZHBI1TBHBFCrBMEFE H (3-2&R#k)
N, = 68,388 cycle (=108 cycled=HEFHBRELIE)

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.
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i

2.1(1) UF &I

GOFFRHFRLEH
N, = min{M, N, } = 60,213 cycle (=M,)

©RF BRFEHRUF

ZDEZH, n=600 cycle F&
UF = n/N, =600/60,213 = 0.01

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 20

i

2.1(2) UF EHi512

O 5 RIRFREUF DEHHI2

-UF OFHHINIZS,=125 MPad i 71/53600,000 cycleEE I %
CEITRY, BFEAICGEo=ET B,

400MPa

600[=]

*A-BOL 2O ~7:600[E]
“A-COL > ~7:600,000[H]
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2.1(2) UF &EHif512

S RBEZ (BTIVE)  KIEENEIZHR TS
- UF13BI%81 TEEEH

600,000[=]

400MPa
_|_

600[=]

-A-BOL X7 :600[A]
-A-COL >R 7:600,000[m

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 29
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i

2.1(2) UF &EHif512

E#A12470 MPa x 600E DK 12125 MPa x 600,000 AV E B E

=29 55—
IR BT NI EIITESD, 85/ aHHEWNIRIDEE

BIR—=DFETILIED—5I

400MPa

REWRDHIZ
INELNVEAY1,000[E]

RELVKAG00E]
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2.1(2) UF &EHif512
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D811 = K= S8,/2 =79 MPa (79.4 MPaZz S H A, LL T EIHR)
@812 = (Eo/ £1) Sy = 94 MPa

@FIET
3'1 GS;CH = (Sanz'sy')o's - 194 MPa

CDEIL300°CHBFC LD EFTFRE(285 MPa)LLF
— BDEREIITE

ZEGHELTOADU DL ENF|E2THEER
@F|E2

41 Sys = @Sy, = 117 MPa
4'2 cS;qz = (Salt3' Sy')0.5 - 216 MPa

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

24

2.1(2) UF EHi512

i

“The Japan Welding Engineering Society

® M =2x10%cyclemMSEZ-0.1DERE L DIFERRLEN,

N =2 X 109136 5 9 BBFCE DS NRIES, , e, &Y
C, = (@x109"'xS, | =1291
S, = G,y N0

S, = S DE=,

Ny = (Cs/ Soqp)/01 = 57,748,478 cycle (=108cycle)
@ENMENIZLDIEF BERE

UFy = m/N,, = 600,000/57,748,478 = 0.01
DBIE1D UF(=0.01)EE £ T

UF=0.01+0.01 = 0.02

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.
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2.2 PERARE LD L

#LULVERETHE R R Z2 JSME SR &1 - B EX 3R D

K& LT=,
- —ESNUREG/CR-6909M #R &+ LB L 1=,
SEHIS A RIIERKRRIZCRAAR,

Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved.

2.2 PERBRHED L

Q@ ESEHMSFVATA(R,=100 u m)

S,(S/Kp (MPa)

BRLE—IKh8S

1.E+05 ¢
: -+~ BFC+RASHIRE
- - —BFC
& e DFC(N1)(Sa/Ksf)
Lol s ——— DFC(N2)(SalKsf)
~
' — 2] SalKsf)
, JSME: Su< 550MPa
L TS R 3 o
1.E+03 | ~. KHKS &7 IRE(@300°C)
[ [sPvata AL T
L [su=ss0MP=(RT), | @ TNl e T ==l C
1E+02 || 481MPe(300°C) ——
[ |CYs=399MPa
[ [a=124 3=305
I [Eo/E=1.190
Ky=127
1.E+01 T

ST MEL BRI N,

-JSMED R LYELEEE
-—EIRIBEDIZEICKHKSE X RZE DR FRE
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ARETIR F7 #R

26

i

DFC(NT) - #85& L %8l =
REHRBBEER

DFC(N2) : It A #iRiEl =
REtEMaEERE

S W T W W I YWV T SN W N W W WY ¥ RS Y T S
1.E401 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

217



2.2 PERARE LD LB

@ i F:STS410

1E+05 ¢

1E+04 P

1E+03 |

---BFC

- = BFC+¥ i H#H1E
——DFC(N1XSa/Ksf)

——— DFC(N2)(Sa/Ksf)

—— ZBE S1(Sa/Ksf)

—— JSME: Su<550MPa
KHK S 77 BR FE(@300°C)

— 55 71, Sa (SalKsf) (MPa)

oy

1.E+02

BiRLE

I [STS410
[ [Su=410MPa(RT),

404MPa(300°C)

E [CYs=298MPa
| a=124, B=3.05
b |E,/E = 1.092
F|K,=1.24

1.E+01
1.E+01

1.E+02

1.E+03

1.E+04 1.E+05 1.E+06 1.E+07

FAEHLERLEH, Na

-JSMED KLY HEHEE
-—EIRIEDIZEICKHKSE R IZRIREDIEFRE
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2.2 PEXRBRHED LB

SSSSSSS

DFG(NT): #: L #& 4RI <
REtRBBEER

DFC(N2): & S ¥ 8l 1=
RitrHazER

1.E+08

28

umw

@ 15k & A& &AL AEHIE S £4HH)SNB24-3

1.E405 |

- - = BFC+FHILHHHIE
- - =BFC

_ e DFC(N1): 458 L Brfall=
& 1.6404 [ = DFC(N2) -
= - — T REHRHBEERE
» —.— JSME: Sn<2.7Sm DFC(N2) : iz J1#RiiE{al 1=
' —— JSME: 27Sm < Sn<3Sm S EH O EEE
g 1.E+03 | KHKSYE 57 BRE(@300°C)
R F S
i) Tyl
4 | [sNB24-3 - —
B 4o | Su = 1000MPa(RT), T~
w F 850MPa(300°C)

F|CYS=726MPa

Fla=124, £=3.05

I |Eo/E4=1.190

L S I
1.E+01  1.E+02 1E+03 1.E+04 1E+05 1E+06 1.E+07 1.E+08
TBEEURIE A,
-JSMEQ R K YH KIBIZEHE1E
= 4= heS =] —_— —_ | I
-—EIRIEDIZS(CKHKSERIF D IR FRE
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2.2 PERARE LD L

O+ —RTFHFARATULR§HSUS316

1.E+05

T 1E+04

=3

“

L%

#

R 1.E+03

i®

]

A

:f;} SUS316
& 16402 | [5u= 427MPL(300°C)

OY5= 249MPa
@=143 8=248
Eo/Ef=1.108

1.E+01

-« = BFC+¥E¥J[LNTHIE

- - =BFC

e DFC(N1)

e DFC(N2)
—ZEH

— JSME: SUS-Curve C
KHKS 57 IR E(@300°C)

T e e e

1.E+01 1.E+02

STRREL B8R A,

DFG(NT): #:& L #& 4RI <
REtRBBEER

DFC(N2): & A ¥R 8lI <
RitrBazER

1.E+03/ 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

-JSMEQ#EH LY B EE (—EBD F g TIXIXR5F)

‘KHKS&YEE LR FRE
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2.2 PERBRHED L

@ ==v/7)LEaENCF600

30

i

DFC(NT) - #85& L %8l =
REHRBBEER

DFC(N2) : It A #iRiEl =
REtEMaEERE

1.E+05 ¢
i -« = BFC+ELHIRE
- = =BFC
= ——— DFC(N1)
g 1.E+04 | e DFC(N2)
; : ZELH
0 —— JSME: SUS-Curve C
ﬂ JEEA Al I8 B X
R 1E:03 | KHKSES7 IR E(@300°C)
12 E
T .
Yy e T vde
Q NGFB00
o 1.E+02 | [su =501 MPa(300°C) —
[ [Cvs=364mPa
[ |a=143 8=248
Eo/Eq=1.045
1.E+01 : : -
1.E+01 1.E+05 1.E+06 1.E+07 1.E+08

1.E+02 1.E+03 /7 1.E+04
HEEEH A,

KD FaEZRE, SSMEORRLYLEHEE

‘KHKS &KW J UL VE T IRE
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i

2.2 PERARE LD LB

@®NUREG/CR-6909 D #R X &M ELE2 (300°C)

DFG(NT): #:R L BB CEREHR B B £E IR
DFC(N2): I WiRIB Al EHR B a 25 &

1.E+05 1.E+05 ¢

SFVQIA e DFC(N1)(Sa/Ksf) E ——DFC(N1)

Su=550MPa(RT), | —— DFC(N2)(Sa/K F
T 421 MPa(300°C) DFCIN2)(Safksf r ———DFC(N2)
o — — NG Sa/Ksf) r
= YS= 399MPa oL - — T
>y 1.E+04 =124 82305 | — — NUREG Rev.1-LAS g 1.E+04 »
N Eo/Er=1190 —-— JSME: Su= 550MPa < — —NUREGRev.1-S$
e =12 — USME: T90MPa< Su < 900MPa v —— JSME: SUS-Curve C
) 5 X r
2 5208 £ (@300 & B R (@200°
g 1.E+03 KHKSTE 7R E(@300°C) R 1E:03 I KHKS &5 R Z(@300°C)
5 N
i) - 3
E ST = ] SUs316
g . T T e ——— g 1E02 | 1o, - 4070pa(300C) —
& b |CYs=249MPa

fla=143 B8=248
I |E/E=1.108
L 1.E+01
TE+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1EH9 1E+0 1E+1 1E+01 1E+02 1E+03 1E+04 1EH5 1E+06 1E+07 1E+08 1E+9 1EH0 1E+1
B HHEL LI N, PP IR N,

SFVQ1A SUS316

NUREGO R LY EEIESh TS
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JHABEWE RFAMRERR
RAEENEAERICH
HR#B A DB K

i
N
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3.) %ﬁiﬁ?&’rﬁ% RFAMRE/R BHEENERRICHITSIMAH

f

3.1 DFC3/DFC4/NEE=

3.2 BAKWF S RERXFRREBZERICEITHRBEILE
a g
3.3 EEN RARLHEKHKS-0220(=F 1+ 5 R EES
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3.1 DFC3/DFC4/NER =

i
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DFC/DFC2/NEE S TIEHLWEZ ADHRHEF R ZER
FL, TOPRTHRITBERZFIZTOVLTRETZTL, BRGIER
NFEonT-, KKIZREAMHSELVEIRESEZ/NTA—FELT-
RETLITHRERDIESIZIE, BE~PRERICETSIE
BOENKEL, T—ADILFTENDETHAHA NI o1,
F-. BFRERMREEF IR DFHIEDBERICDOLTIL,
NoDEETDEEEZHERTIDENHLENHLM T,

ZZTDFC3/DFCA/INE B2 (201944 8 ~202143
/2021558 ~2023F3R)EHEL, LLTITDOWLTHRETT 5,

(VEFREICRTIREELIFHRDOFEF ZD BRI
(VR FREICH T IR FTRE RN REEF G DFEED
EZEDIEBEBEDEE
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3.1 DFC3/DFCA/NER=

3.1 DFC3/DFC4/NER =

1.6
X 15
g% 1.4
R 1.3
o
12
M 11

1.0

0.9

i

(—#) BRBERE RFIMEEZES
[EREHRF RN KR EIZ%RSFAE Phaselll /IV I(DFC3/
DFC4)/NEE &= (201948 ~2021FE38 /2021558 ~
20234%E3A8)

F EZDIIRE(FEKXR)

B B/IMER (HEIXELEHR)

BEE:-EHEULGER), MNEEH(BEX)

it BAAEN, BEEH, TAEN, FEEA,

hETEH MEETEAH, ANEH, BREAFR

SR FUFERXE, LEXE, BEEZIAKRFE BRI
EKRZE, LiEBEKXKE, #FHEXE, IHFEXZE, NIMS,
JAEA, KHK, =& 1 ¥, HIiIGE=a1—5Y)7-
IF+o—, B EER, REIRILF—RT LA
X, H ((BR)FIXTEBEEIE TV =EEELR)
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i

O Ei L (FHRERA,ORREREL
A~ IR TIES DEK
DFCLINEBLIBEDA, L5 EHI<EER
—EH AL TILBEC R BIO A HY

— VUV 255 R=-1 20

6,=800MPa
-DFC2, Rz=25um
S Rz=50pm
o & —DFC2, Rz=100pum
i) %16 |
1 @ g ---EN, Rz=25um
B - —EN, Rz=50pm
® 14 H—eN,Re=t000m |0 _--"T 7777
n
E 1.2
#
1.0
400 500 600 700 800 900 8 ‘
31 E (MPa) 0 03 1.E+04 05 06 0
RIS & 58 LI N (cycles)
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3.1 DFC3/DFCA/NER=

O HEFETYE AN EET SEDEREDIER
EHSNBERICICNESREEZRT 556
Ga’ Gm_>aeq
Geq '= Ktaeq
T NEREEERICEHRICABIET HI5EE
o, =Ko, , o, '=Ko,
c,, o, ~0,'
K (BUNEK, K 1,
S NIRMEE TS DO G IZH ML H
B DV FMIS D IRNEZH 5 S H
Copyright ©2021 The Japan Welding Engineering Society, All Right Reserved. 38
3.1 DFC3/DFCANERS = JWES

@{ZEGoodmaniEDiHE
o,=0,/(l-0,/0,)
CEWHIE AW ERICIENEPEERE
o, =Ko, =Ko,/(1-0,/0,)
S NEDEEERICFHICHHIE
o, =Ko,/ (1-Ko,/0,)

>HERNELD,
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i

3.1 DFC3/DFC4/NZ=EE
OSWTEDiZ&
O, = \/aa (c,+0,)

CEHSABERICSNEDEER
Geq = Kzo-eq - Kt \/Ga (Gm + O-a)

S NEREEERICTEHLNMFIE
o, '= \/Ktaa(Ktam +Ko,)) = Kt\/O'a(O'm +0,)

WFhE K o, (0, +0,) THRIZREL
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3.1 DFC3/DFC4/NEES = JWES
EHRERESSE REAREMEANT,
I TREL L BE) 2T 2 - TBHEBE DERHR
B
— K,OREL

Y REEOREH LT B LR -HB A OESAR
— KK EK D EEEBTEQRE

IS ARP A+ F IS DA EIR SR
— SWTZEDOEAMLHEEIEFDZEENTE)

=F - =8
0) nﬂ%ﬁ'vct%)ﬁﬁ Aty
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3.2 BAHMFREERAXIBRBER/ARICHITHRBILTFE
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(—#t) BA¥W TS RERAZFERIEEES

FEFHEMZEES RFFMEI,HE (EFEREER)
DFC/NEESTRHRELE-XKPERTEFHEEA—XIZ,

RIBEFIIMFEDRELEZR T X

-F3(E, BEBERFIEMOR—RELDIRE[PTDUF 2KHB
F=HDEEELTHERALD,

R EER(THEELILRETESFTyMRS O
MERED, HEREXSVTARELLY, REBEFEE
PYBEL TEZoN D=8, £F (FIREE 7 5% F

FETLEIFHIRFZHBELT

K =0.16 log(R,)+0.95 #IRZE X

ATV R DWTHEYIS DM IEF R AX

XEIH, &k S, BN, JSSMERGERFFTEFENDFREHRF REEIYAHRE,
0S1317, HARHWFS MAM20194t i HhEhT7L X (2019)
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3.3 BEH AR L IHEKHKS-0220128 11 55 4&1LEE

i

BEH R RER G
B RSB T B EEKHKS-0220 0D i 3 ARAT ~
DFC/VE B2 DR EEKIEICERA N T2020E % R 4T

1. AR

DFC/hNEZEELNY IL—TFA, B, CIZ4 )L—FD(2.25Cr-1Mo
WEi), E(B=y 7 ILEaE(4>axr)LT18))%ENN,

2. SREHE T HER
DFC/MNEESDBFCIZRRETRBEEZETSAEE, XK
DEZFICEDEREHRFHBONWT A ZEERAFEELT
L5 (R, BEEH, 725/ MRATULR, A—XT
FARRATULAFCGABMIMEED), SEHAKRILL .,
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3.3 BEH R ERHEKHKS-02201=51 2348 L EE) JWES

2. FJREHEREFHIE (DDF)

EKHREZBFCOH2 X 108EID S Mo tEE-0.1 TTFLI-ER

ED10EICEFHEFRENT/2LL, COELLE~108E]
[2HITHRFRERBDISNIRIEICH T DR ELHZE
108EIELTLVS (B 108EITH B EIY) .

1.E+05 ¢

F i R3 - 1EASE, Su=550 MPa (E38) D) [—T=200°C
--ZEN
R gl
LE04 | KHKSDFTE) V)
= 3
2
o
g 1.E+03
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