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Low-cycle fatigue Properties data on Mod, 9Lr-1Mo steel in air and in sodium

Ryuji KOMINE*'; Yasushi HIRAKAWA®', Tomohiro FURUKAWA®'
Seiichi KAWASHIMA*2, Hideaki KOBAYASHI*2, Yuji TAKAMORI*?2

Katsuo ISHIGAMI*?, Eiichi YOSHIDA*', Yusaku WADA*'

ABSTRACT

In order te advancement in materials strength standard on elevated
temperature design guid.e' of the FBRs and evaluation method of materiais strength
behavior, this report are presented about the low-cycle fatigue properties of
Mod, 9Cr-1Mo steel, based on the R & D results obtained through the sctivities of
material tests, '

Contents of the data sheet are as follows;

Material ; Mod, 9Cr-1Mo steel (SR)
F2 Heat 1,000 X 1,000X12mm* (Plate)
F4 Heat 1,000 X 1,000X250am* (Forging)
F5 Heat 1,000 X 1,000X25m* (Plate)
——— Environment ; In Air and in Sodium

— Test temperature ; 450, 500, 550, 600 and 650°C

—— Strain rate 3 0.1% /sec (10 °mm,/ mm sec)
—— S$train range 1 0.38%~1.86%

— Humber of deta i 83 points

% 1 Materials Development Section, Systems and Components Division , OEC/PNC

% 2 Joyo Industry Co. Ltd.
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1. Mod,9Cr-1Mo BMASh B LU F U DL ESRBOBRES

Materials T T Mod, 9Cr-1Mo steel.. . .

Heat No of Materials - |\~~~ o F2 . _ F2 oo F o4 O
Ervironment - "~ |- in Sodium oooin Alr oo dn Al
Type of Specimen - o Type A . Type B | oo Type G
Type of loading Sl TR - Uniaxial push-pull
Control- . _ R Constant displacement control- |- Constant starin control
Loading waveform . -~ . . woooooeon Trianguler waveform:
Strain rate .- - o 6L 1% sec
Strain range '~ - 0 | 0.49%~1.5% | C.41%~ 1. 86% | . 0.38% ~1. 2%
Temperature .- - - 430, 509, 550, 600 - 450, 500, 550, 600, 630
Number of data points - | [4& A B 7 L 542|§
Sedium conditioas - S - e | _ o o
Sodium velocity ~ |~ Im/sec | . ——— " T
©Cold trap Temperature |- .- 120C -] . . ——— e
L mRY L T
S ;ﬂgﬁﬁ‘ﬁiﬂﬁh’)b\f Appendix 1 ISR L,
_ PV v ahEHERA :Type Ao
g”ffbuvA$UfaﬁEﬁﬁﬁ : Type B
ORI PRTERA s Type O

:-f x@ﬁm(F4t—r)@ﬂﬁﬁﬁﬂ&ﬁ%&ﬁﬁﬁ ohf*MﬁmmétﬁﬁLﬁ;]

x&%B¢A¢ﬁﬁﬁﬁkxﬁ%bUﬁa¢ﬁ%£%®ﬁf&%£ﬁﬁﬁ&k?hf@ o
Append1x3i Biﬁbﬂ.o o i

“x@@@bﬁﬁ@ﬁ(M)@ﬁﬁ ST, MmMH4L£ﬂLtL

L BEEEE, M@Uw%wmﬁ@b%/wg(mnLL%E%@@EL&%@ﬁmn;['

:"Xlﬁlﬂﬂfzﬁ (A B C) @E%LOG\‘Z’M. Append1x5 i\_nﬁﬁ Lto

”'Xfruoatﬁw—fwym—/—r&meHﬁkrb fruoa¢$;6ki$i-“

OEFRBHBABK A Appendix TICRBL 2,

WEoM, RRFEEOCTH, rgﬁ@méﬁﬁkxwaﬁ%ﬁﬁﬁ&@a@wuﬁﬁg}
CAMBEMOE Xwu M, PRCTHOA0 91004 SR .



PNC PN3450 91-004

Q}Fmﬁﬁﬁﬂ “fv—r
Mod QCr Lifo ﬂﬂ@ﬁxwgéﬁ ( )

(12 tx 1000X 1000)



FBEBRs=EAMEEEFEFT— = &-—r (B 15

Bl:58H (1./2)
OZHED | QUSRS £ # T # (mm H OB £ & MEEHHE |IAY—IMNo | E—lDo
7 5 12 ¢ x 1000 », poro.n x 1000 . SUMITOMO  KINZOKU 86 &£ 3 H 18 B | AU00472 ABB1303

R RS | RS | 8 EiRlk B B B B N 754 & (%) &£ EBE ++ E 8 B (*103%%)

ASTH A38T A 7.0 F A 0| B 8 1C 0 | Total
o= R w B F & B OB F B B A F B E B ®
@ #| ., @ @ #|, @Dt @ #|, @¥rEn

No. g | B B (C) | EREREhD ik Ko. PR, B ECC) | FFEEEr) Sk No. s B K (C) | FEEHGD F ik

(1) N 1050 8.3 AC (2) T 780 1.0 AC (3 SR 740 8.4 FC

(4} (5) (8)

F2

=

#

=

Bl

%

=

OFHER @B E S @#nE @ HE

1: 808304 1: Hot Rolled Q : Quench AC: Air Cool

21 SUS3l6 2. Cold Rolled N : Normalize FC: Furnace Cocol

3: 88321 3: Forged T : Temper WQ: Water Quench

4: 2. 250r-1Mo 4: Tube ST : Solution Treatment 0Q: 0il Quench

5: INCONEL 718 5: Bquivalent Tube SIT: Stabilizing Treatment BC: Blast Cool

6: SCr-1Mo 6: Pipe 1A [ Isothermal Anneal MC: Mist Cool

7: Mod. 8Cr-1Mo 7. Bar FA : Full Anneal

8: 9Cr-1Mo-Nb. ¥ 8. Casting A : Anneal

9: 9Cr-2Mo 9: Ring SR : Stress Relief

100 9Cr-2Mo-NL. ¥

11: Others 10: Others 0 : Qthers
{ ) ( ) { )
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FBRsFEFAAREERERST— 2 ¢ — r (B 2D
|B2:## (2/2)
REITE L
| 2 B % m o R OB

OREAHiE | BB | SHREBRLAEoHE | HBEE (T) | 02485 (ke/on?) | IR E (kg/mn?) | BT (95) .0 (%) @RS # m&

J Y 20 49.7 69.3 29.7 4.3

i 2 = L2 @ £ @ ft # H B B
ORBRHE| B HEEE (C) Wiy - (kef-u) | 91kE4R | @R~F&E@m (P T|U T|R T|H V T|Bend| Dizer | Flar| Flat | Hydre | M.Etc |O.M
NO | YES| NO | NO | MO [ NO | YES NO | WO | NO NO  YES
2 £ B & L a d 1 e (wt%) '

W B K C Si Mn P S Ni Cr
SUMITOMO  KINNZORU 0.10 0.39 0.41 0.013 0. 001 0.06 8. 77

Mo Cu v Co Ti Nb+Ta w B7 B¢

0.96 0.22 0.087
As Al s01l 81 total N sol N total o
0.0i1 0. 0502
it g 2 & C h e ¢ k (wt%)

a W OB W C Si Mn P S Ni Cr
SUMITOMO KINZOKU 0.10 0.40 0. 43 0.014 0.001 0.07 8.73

Mo Cu v Co Ti Nb+Ta W B? B2

0.96 0.22 0.09
As Al sol Al total N sol N total 6]
0.013 0.051
OB #UE @mERBHE B¢ ofoHEERE
L (Bt |moEmmmms mecmvmm  the prezoas
HS : Shore RT: SR @aREa  Flar. @ #LISFRE
0: Others HRB: Rockwell B | MT: REAGER{EaiEk Flat. @ {@F&R
( ) { KRC: Rockwell C | VT: HiRi&Z Hydro.: HEERER

700-16 0G¥6Nd ONd



FBRssFEHERRREESESTST—R St -— 1~ (D 1>
D1 :¥gF (1.73)
@ EHBAKB ® @ ZELE BB HAFTE (mm) 7 & @U R, B K nx
# EEHL | BRER ~a—X _
H ORBER T M| MNE| e |Gy | B2 (o) | FHAER | BOHAE | TTHEE | @Rk BRER | 088 i B ff
BM 0 3 a7 10 30 3 3
E‘it Eﬁ }:IL g %:{géﬁﬁljﬁ%
>
%&i’%ﬂ%%
US6A4 US642 US6AL US6AD USGAT US646 UISGAS US6B3 US6B2 {S6B1 USGBO F2
US6B8 USEB6 USGB5 F2
O @HBE QEHE @FIAH GFWLE TR | @WRER GuR, Aop—X05FHE
BM: Base Metal J: JIS 1: 9/4t L: Longitudinal AM: As Machined 1: V-Notched 1: W
§J: ¥eld Joint Az ASTM 2. 1/4t T: Transverse P : Polising 2: U-Notched 2: _p—X
DH: Deposited Metal 3172t V: Vertical E : Electropolising | 3: Smoothed 3 wR, Rp—X
W Yeld Metal 4 3/4t PG: Paper Grinding | 4: Arc-Notched
5 4/4t
0: Others 67 Others 0 : Others 5: (thers 4: Others
{FBR ) { ) ( ) ( ( )
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D1 :8&%kK (2/3)

FBRESEAEBSRES — 2> —FR (D 1D

D] ERAR @ @ Z@EoE KRB AFT# (mm W &k @R, B oW hn T
i BHy | SR ~Ap—X
FH | ORgE |5 B |E | 7R |GOHEF 8% () | EAER | BO848 | BTEEE | ©ORR | BRES | ofE i B ft
B 0 3 27 10 30 3 1
:EEE Eﬁ J:lL g SR
RAEE
US6C1 US6Co UGECT UGECE {86C5 USBC4 US6C3 UsS6C2 UGBCY UGeCs USECY F2
US6C8 UGeD3 UGeD1 UG6D4 F2
OFEE @R A GE g @RS A @xzEMNE HEF | @UKER @R, Ae—X0HE
Bi{: Base Metal g JI8 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 10w
WJ: Weld Joint AT ASTH 2: 1/4 T: Transverse P : Polising 27 U-Notched 2 Np—X%
DM: Deposited Metal 3 1/% ¥: Vertical E : Electropolising | 3: Smoothed 3 vA, Ro—X
Wi Weld Metal 4: 3/4¢ PG: Paper Grinding | 4: Arc-Hotched
5: 4/4t
0: Others 6: Others 0 : Others 5: QOthers 4: Gthers
{FBR ) ( ) ( } { ( )

p00-16 0GP6Nd DNd



FB R==EFEIEERENT— 2 2 — + (D 1D
D1:8%mK (3/73)
O HAHE® @ |® ZwEaE REBEHF+TE (mm w X @A, B T
# B | 25 : ~g—Xx
o onE |5 | LE| 58| Ok ﬁ‘és_ (p) | BAER | BSAR2 | BHTERE: | ORR | BRER | oBE 2 B f
BY 0 3 20 10 25 3
i1 Ex =3 % FHBINES
%&3&5’.{#%
[1)3 53:11] UHBA4 [FH6BT UHGBS UHBAC UH6B2 UHEAS UH6B1 [IH6B6 UHGB3 UHGBAS F2
UHGA9 HGBS UH6B4 UHBAT UHBAZ F2
O QS QMR @REAER GOFENE k¥ | @UkER @vR, u—X0O¥NE
BY: Base Metal Jo JIS 1: 0/4t L: Longitudinal AM: As Machined 1: V-Notched 1: R
¥J: Weld Joint A ASTH 2: 1/4t T: Transverse P : Polising 2: U-Notched 2 Rp—X
D¥: Deposited Metal 3 1/2t ¥ Vertical E : Electropolising | 3: Smoothed 3 v, =X
Wl: Weld Hetal 4: 3/4t PGI Paper Grinding | 4: Arc-Notched
5 4/4t
0: Others 6: Others ¢ : Others 5 Dthers 4: Others
(FBR ) ( } ( ) { ( )
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2 —1 Mod 9Cr-1Mo SEBREMEHIW (F 2)

F )y LhEFTHERER

450CH B 1 B Mod, 9Cr-1Mo B FEMHUKF (F2) O+
(BB H Type A)

500C i<k iF 2 Mod. 9Cr-1Mo M= BMFM A (F 2) O F F
(BB Fr Type A)

Sh0cCcicEB ir A Mod, 9Cr-1Me EMEFHYE (F2) ©F b
(B FType A)

00CIZH iF B Hod, 9Cr-1Mo iz BB YUK (F2) ©F ¢
(ABRF Type A)

450Cic B A Mod, $Cr-1Mo SR BFHLuE (F2) @
FrUOLFEOEBLBHME (B Type A)

500C I i B Med, 3Cr-1de HERBTHELSIK (F2) ©
F R AhEBEHDELUEHME (AR Type A)

550CIc kit B Mod, 9Cr-1Mo HHiE=AEH UK (F2) ©
Fr U LpBORULDEE (R Type A)

6G0TICHE I AMod, Cr-1Mo WEHMBFHEYHE (F2) ©
FrU o ARBOELREE (RBRFType A)

DU LRy E ek
Dy ARG FaliE
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H1:&% (1/2)

FBRsEsEAARE—X>—Fk CH 1D

ORBTBET | OHIEEE
3 H
O |2 |mumw|smm | mame | sme | veap | roEa | 2ZswE | pessem | gomLy | Q) [M2CSY SEk BNSS ke/m?)
RRES | Ea | B2 (hr) (%6/sec) (§o))] (%) - (%) (%) (cycles) kel cycles g max g nin
HE | e EE4E EEfE fir@ o ’'max o'min

userd | 3 | 1 . o1 450 0 0.485 0.200| 93569 | A soop | -06F 30208
usez | 3 |1 : o 450 0 0.696 0.36| 15726 A sopo| 78| 32863
usear |3 |1 ’ >! 450 0 0.963 0.622 4859 | 2500 4T B4
used0 | 3 |1 : o 450 0 1496 1.107 1327 A mp| MO8 3B.T06
useir |3 |1 ; 01 500 0 0. 678 0.36|  13800| A | 29826 30.683
USGAG 3 |1 g g 1 500 0 0.978 0.659 47149 | A as00| SR8 32945
USGAS 3 |1 g gi 500 0 1. 463 1.174 1520 | A goo | 3-%27| 34568
US6B3 3 |1 g g i 550 0 0.537 0.311 16912 | A goo| 22T 26.420
vseBz | 3 | 1 : 1 550 0 0.693 0.478| 14854 | A oo P48 2TE9T
USEB! 3 |1 g g i 550 0 0.993 0.741 3565 | A 00| BOT| 258

ORBERESA @FHEHE @ELEH OFEAFE GEhE

1: In Alr 8: In Ar D: Diametral Strain €. | 17 Axial Strain 17 Trianglar D EH., BERBRE OB

2: In Stagnant Na A: Axial Strain C. 2: Diametral Strain | 2: fast-slow ABC

3: In Flowing Na 5: Stress C. 3: slow-fast iDEERBROEE

4: In Hot Lab L: Load €. 4: Trapezoidal BM WM Bond HAZ

5: In Vacuum H: Displacement C.

6: In He 9: Others 3: Others 5: Others

7: In Ne { ) (Displacement ) ( )

700-T6 0S¥Y6Nd INd



FFEBEBRsEHAESS —2 22—k CEE 1D
H1 :#% (2/2)
ORBRFER | @HAAE
3 H
O |9 | meseses | s | mocmm | simm | smmn | woma | cmswE |oezaum | somus | O [W2EEYSEA BN ke/i?)
HRAET |(Ex | B (hr) (%/sec) () (%) (%) (% {cycles) ol cycles g_max g i
S | BE g Bl firfe o "max o ’nin
use | 3 |1 : o 550 0 1. 444 1444 2351| A 1200 248 #TI2
usees | 3 | 1 : o 600 0 0.507 0.32| 33235 4 16000 7061 21359
usess | 3 | 1 : o1 600 0 0.941 0.741 5320 | A asop| %1 2.5
usess | 3 | 1 : > 600 0 1.504 1.322 128 | A soo| 27| N
OREFHESA @R QEHEH @OFERERE G ATE
1: In Air 8: In Ar D: Diametral Strain €. | 17 Axial Strain 1: Trianglar )BT, ESEREOES
2: In Stagnant Na A: Axial Strain C. 2. Diapetral Strain | 2! fast-slow A BEC
3: In Flowing Ma 8: Stress C. 3: slow-fast iNEFRRFOEBE
4: In Hot Lab L: Load C. 4: Trapezoidal BM WM Bond HAZ
5: In Vacuun H: Displacenent C.
6: In He 9: Others 3. Others 5: Others
7: In i ( ) {Displacement ) ( )

700-16 0G¥6Nd INd



PNC PN9450 91-004

(%)

2UVTHEE Ae,

(%)

éU'ﬁ‘&ﬁﬁﬁl Agr

) - ¥ Froeromns
L I N 0 At e e 0 I N B B Mt 0019 A B By S B N AR O 1N SoDIUM
B Materisl : MOoD. §CR—1Mo|
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SRR (m&ﬁ%k%?ype 0) RS S e e

S B 50T B Ao, 9Cr Lo gﬁ]ﬁﬂéﬂiuu (:P.T'.j4-_)_'-_"3’5'7'5'ﬁ'?ﬁ:ﬁ%%ﬁ%ﬁ i
o (BT D) e

-'_"._(,,fcs@)#me f:)

S UE2E S00TIE B AN 9Cr m sﬁlmsﬁ] ('F '4_:)_:'_'@'7?5‘?"@_‘3'5&@Fﬁi'ﬁ:'ﬁﬁ_(ii‘i":"_.

R (aﬂﬁ}ﬂype C)

i @25 550°C 1 % 1 % Mo, 9Cr 1Mo %ﬁsﬁluu ('F?:'4_5 oxmTEUELESERY

(ﬁ%#r'rype C)



|B1:®# (1/2)

FB R=SEBAEERIFT——2 =—+ (B 1D

OFHESN | OHRES £ O T+ & (mm)> M & & B MEERHE 34— o — I No.
7 3 250 ¢ x 1000 b, goro.p x 1000 . KAWASAKI SEITETU B6fF 6 38 10211
FEELE R | RS EES | B FEk ¥ B B OB N 754 b8 (%) ¥k &£ B+ E W R (*103%%)
0.769 | A 8.5 | F A BE c 8 | Tota
= i) = s B i B OB OAF W # A #FH B B ® 8B
EF LRF ESR HDS

@ &, @A @ # |, @¥rH @ #|, ' ' @¥En
Ho. nE B E(C) | FEEREGn ik No. jm | B B (C) | HEREGD ik No. mE m B (C) | HFHEER (G ik
(1) N 1040 6.0 WQ (2) T 760 6.0 AC (3) SR 725 8.4 FC
(4) (5) (8)

Fd

E
k2
i1
5
%
5
O . @8l RE S L E 3k @EHAE
12 508304 1: Hot Rolled Q : Quench AC: Air Cool
2: SUS316 2. Cold Rolled N : Normalize FC: Furnace Cool
3: SUS321 3: Forged T : Temper WQ: Water Quench
4: 2. 25Cr-1Ho 4: Tube ST : Solution Treatment 0Q: Qil Quench
5. INCONEL 718 5: Bquivalent Tube STT: Stabilizing Treatment BC: Blast Cool
6: 9Cr-14o 6. Pipe IA : Isothermal Anneal MC: Mist Cool
7. Mod. 8Cr-1Mo 7. Bar FA : Full Anneal
8. 9Cr-1Ho-Nb. V 8: Casting A Anneal
9: 9Cr-2Mo 9: Ring SR : Stress Relief
10: 8Cr-2Ho-Kb.V
11: Others 10: Others 0 : Others

( ) ( ) ( )

700-16 0S¥6Nd INd



B2 1 #EH (22}

FBR=pEMHPEIEGERT— R 2 —hr (B 2D

REEE
| i E B wm o B OB

ORBAFRE | B8 | SHRERAB0gERE | RBEE (T) | 0. 2467 ke/no?) | SRR E (ke/oo®) | BT (%) &b (%) OB &

J Y 20 51.0 68.0 24.0 74.0 HY 209.8

i = E B ® = o fh # B ®H B

ORBRHE | B BRERERE (C) | BRIy - (kgf-n) | YI%EHR | Yxtik@) |P T|(U TR T|M T|V 7]Bend|Dimer |Flar|Flat|Hydre |M.Etc {O.H

J 20 20.9 YES | YES| NO NO YES{| ND NO NO NO NO (t] NO

it = 54 o L a d 1 e (wt%)

4 W B i C Si Mn P 8 Ni Cr
KAWASAKI SEITETU 0.10 0.25 0.37 0. 008 0.003 0,08 9.10

Mo Cu v Co Ti Nb+Ta W B? B®

06.93 0,022 0,09
As sol S1 total N sol N total 0
0. 002 0. 943
it % B 5 C h e c k (wt%)

| B wm| c Si Mn P S Ni Cr
KAWASAKT SEITETU 0.10 0.25 0.37 ) 0.008 0.003 0.08 8.10

Mo Cu v Co Ti Nb+Ta W BT B1e

0.93 6. 022 0.09
As sol Al total N sol N total 0]
0.002 0. 043
OB A QEEREHTE @D OHBRR
J: JI8 HB : Brinell PT: EBEEHNE Bend. @ piFERER MEte: =¥ nFzwd
A1 ASTH HY : Vikers UT: BEEFEEHS  Diven.: F#35 0.4 eSS
S : Shore RT: BRaAR  Flar. | MLETHER
0: Others HRB: Reckwell B | MT: MHFARE Flat. © {FEMEE
( HRC: Rockwell C | VT: #-8Ezr Hydro. : sKEESRER

F00-16 0S¥ENd 2Md



FBR=ESEMHEFERESE— X >-—F CID 1D
D1 #8858 (1/1)
D BEBRAR @ | @ FE LA BB A+ H (nm) m = @uA, B oE T
] EH | R ~og—3x
H OSKE| % 8| 4B |5l | @k | HE (2) | FREE | BOSHE | BTHES | ORR | BREY | o'k B B
BY 0 3 20 18 25 3
= =)
g gﬁ Jﬂf % K~ ﬁffgmgug%
%&éﬁﬁﬂﬁ%
MHEK2 MHEKL MHEJO HHEJ6 WHEJ9 HHEKD MHBJ4 HHEJS MHG 1 MHBA2 YHED6 Fd
MHGES MHEFS HHBG3 HHEC4 MHGHS MHB13 MHBB3 F4
oEg @R €33 A @A GREAE HEy | @PER @UA, Re-XogHE
BM: Base Metal J: JIS 1: 0/4¢ It Longitudinal AM: As Machined 1: V-Notched 1 v
WJ: Weld Joint A: ASTM 20 1/4t T: Transverse P : Polising 2: U-Notched 2: "p—X%
DH: Deposited Metal 3 1/2t V: Vertical E : Electropolising | 3: Smoothed 3w, Np—-X
KM Weld Metal 4: 3/4¢ PG: Paper Grinding |4: Arc-Notched
5. 4/4t
0: Others 6: Others 0 : QOthers §: Others 4: QOthers
(FER ( ) ( ) { ( )

¥00-16 0G¥6Nd INd



FBRagEMMBHS TS —>I-— 1+ CH 1D

H1 8% (1/2)
ORBEESR | OHEAE
1 A
g . 2
O N2, | memm | smm | mame | sope | swme | voma | cEswm |ouwmsem | somly | O [WAESY OB BN (/)
BRrET | B2 Ea (hr) (%/sec) c) (%) - (%) &) {cyeles) g cycles L _fax o nin
R | B FEkE( i g o 'max o 'nin
MHEK2 1|t : o 500 0 0.401 0.08| 79070 A o000 | B9 B
wigkt | 1|1 : > 500 0 0. 488 0.147| 35054 A 1g0gg | 2801 26888
wgelo | 1 | 1 ; 01 500 0 0.703 0. 362 7528 | A el T
Mi6E | 1| 1 ; o 500 0 1.003 0.643 2266 | 10go| 0-246) 31862
Higl9 |1 |1 : 01 500 0 0. 384 0.09| 53876 | A o0 | BTE| 26422
sk | 1 | 1 : 1 550 0 0.394 0.18| 72230 A oo | Z0-%4T| LS4
HHEJ4 1|1 g > 550 D 0. 489 0.173 13779 | A gooo| 23780 212
wigss | 1|1 : > 550 0 0.699 0.395 5934 | A so00| 24080 25.210
wes | 1|1 . v 550 0 1,006 0,674 1389 | A 0| W) Sl
meAz |1 |1 ° % 50 0 0.4%6 0.178] 16489 | A sogo| 086 2835
ORBREHER @I HE @ELER DOF AR LGy AT
1: In Air 8: In &r D: Diametral Strain £. | 13 Axial Strain 1! Trianglar D8, BERBRRroRs
2. In Stagnant Na A: Axial Strain C. 2: Diametral Strain [ 2: fast-slow ABGC
3. In Flowing Na 8: Stress C. 3: slow-fast il FERBRRr oGS
4: In Hot Lab L: Load C. 4: Trapezoidal BY WM Bond HAZ
5: In Vacuum H: Displacenent C.
6: In He 9: Others 3t Others 5: Others
7: In Ko ( ) { ) ( )

700-T6 0GP6Nd DNd



H1 8% (272)

FB RseEHAE>— %< — 1+ CHF 1D

OHRBREEL | OflEHE
1 A
. - . < 2
O |9 | mewen | s | mawsm | siem | soiam | voma | szawm |wemamm|soguuy| O, [N/ACHY SR B Ge/u)
RRAES | EX) Ea (hr) {%/sec) 4 - (%8) %) {cycles) o cycles 72X g o
i | B EAER SRR fizig T’ max ¢ ’min

HHEDE 1|1 ; o 550 0.437 0.163] 10480 A spop | 0% 22910
HH6ES 1|1 : o 550 0.458 0.165] 21014 A woop|  2L94E) 23067
HHEFG 1|1 | ol 550 0.501 0.211 10217] & spop|  ZAMS| M
MgG3 | 1 | 1 ; o 550 0.479 0.185| 18606 C goo| AP WA
mecs | 1| 1 : o 550 0.477 0.185| 10234 A sop| 28001 24992
mews | 1 | 1 : o 550 0.479 oarr|  mrz| gop| 00} 23625
mes | 1| 1L : o 550 0.475 0.180]  18018] gop| 09| 1z
migs3 | 1|1 : o 550 0.474 0.19 7486 | A 0| 2R Ze.o

OFBRERSR @FIHAE QEXHEE @FE AR O AT

1: In Air 8: Ir Ar D: Diametral Strain C. { 1: Axial Strain 1: Trianglar DEH. EeEBH0BEs

2: In Stagoant Na Al Axial Strain C. 2: Diametral Strain | 2: fast-slow A BC

3: In Flowing Na 8: Stress C. 3: slow-fast iDFEFHRBRFOHEE

4: In Hot Lab L: Load €. 4: Trapezoidal BM WM Bond HAZ

5! In Vacuunm H: Displacement C.

6: In He 9: Others 3: Others 5: Others

T In e ( ) ( ( )

700-16 0Gv6Nd INd
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(%)

éz)‘?xéﬁﬁ[ﬂ Ae T

(%)

éf)‘-ﬁ:é‘g{i@ FANN T

¥ ricaiot1e

10 T T T TTTTrrTITTT T T T T T TTF T TETT T T T T T TITTTITT LANALI B I B i
B Matarlal t  MOD, 9CR—1Mo| T
B Temperature a0 %
B Strain Rata 0.1 %10c | ]
5k -
- O FEHT LAM | -
2 b .

IUD C O 7
- O wd
'L O ]
C 0O N
2 - .

lu-l i Pl b e Ly o)1 L 1 (1 pb ] 1e1 1 1 3 1 LIl otyaal ] I 1 Lt el ¢ )11
].D? 2 § 103 2 5 104 2 5 105 2 &

BOBELUMWEE N (Cycies)

10°

- B2l S00CicH i B Mod. ICr-1Mo MEMSA (F 4) DARDEYESBE

(B F Type C)

| B Frootor1s
[B L I T T T T 11T T 11171 T T T TTTIT T 10T T mF T T TFy T TT7 T Illlll'lllll_
B Materkal ' MoD. 9CR-IMO| T
~ Tomperatura 550 oc T
B Strain Reto ' ¢ 1 $rsac | ]
5 .
N O EWET L] o | ]
| WA o BN B2 -
¥ A BEETF | IMHGAZ | LHmE Y= .
z | MHEDE | L M gt |
RHHGES [ '/4t L&HM@ i
HUHGRE | /et CHBE ol | 4
HHHBES | /st LAPT b
0 MHHGCY | '/at IHE #p
10 | O HMHBRS | */ct LA®) o |
r HHHGI ( /.t CHfp bl |
L 0 HHUGB3 | '/at LBE S (
5 -
C & £ Oy, ]
[ O ]
2+ _
10-' 1 It 3 11l 1 I 20l 1 [qtr] 1 Lot 13 11011 ] | 2 S I I I I R
g 2 s 1 ° 5 1ot 2 § 108 ? i 1o’

BORLUBE B N (Cycies)

B22 550CIHiF BHod. 9Cr-1Mo WM (F 4) OARBEYEOBY

(B2 F Type C)
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0.0 7T T T T T T T T 7T T T T T T T T
- - I HMHEBEJ9
. ENVIRONMENT o Air - : HMHBK?2
. TEMPERATURE : 500 *'C 4 —— - : HMHBKI
- STRAIN RATE D00l Heser - e HMHEJO
L N — : HMHBJE
r HEHET LER fad |
80-0 O : 0. 38% ]
— IS PSR : 0. i
- il s O:0.4 % 7
& 2y A:DL5 % i
AN S 0.7 %
& x 1,0 % g
o s0. 0 &= -
< N N
H - ‘ -
= 3 ) .
R B [ -
-~ - 1 4
= 40,0 - A —
N B RN N N LT B N W AR 1T B A AR TR A A R N1 TR B A WA AT
10° 10} 102 10? 104 108
BoELEHE N (Cycles)
RI23 500CicHB i BUod, 9Cr-1Mo BHERME (F4) OASHEDE LGS
(8B A Type C)
V2.0 1T 73T T T T T 7 T T TTTT N 1 L B B W B
- - I HMHBRQO
L ENVIRCMMENT Poen Acr I . HMHBJ 4
i TEMRERATURE : 550 - C oo . WMHBJS
L STRAIM RATE D0 Hssas d . dmasa
i HEET LHM |
80,0 ]
— K 00,4 % ]
ge N O:0.5 % ]
N0 %
AN O:10% 1
o _
—_ -
b -
< N
B -
e J
_R -
2 4
N N AR I R RN TTR BER AN IR N N1 PR N A W A1 TR S AN IR N1 TR B B AT

10° 10t 10? 10° 10* 10%

BMOoELEEH N (Cycles)

Bi24 550CHzH i B Mod 9Cr-1Mo PEBEE (F4) OAKHBOELE BB
(H B A Type )
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(ke crf)

WHEHE Ao

100. 0

0. 0

40.Q

25.Q

T TITIE v T T T T

TTTTTIT

T T T

(LI

ENVIRAONMENT
TEMPERATLURE
STRAIN RATE

oo Arr
: 650 °C
0.1 Nssec

er = 0,5%

MM—=X+ODOO|

EEHT

LA H

LA

Yt LA
'at CHIE
/it L5
/it THR
et LEME
CH
LA

AR[
=718
gl
== %)
s
AR
s
ol
AR

PR N S 1 I 1 25 O 1 5 S U I T | IIIL{

16’ 107

®oELUEXK

10

N (Cycles)

1ot

10

)

¢ HMHBA2
¢ HMHBOB
: HMHEBER
: HMHEFS
: HMHBEC3
: HMHBC4
: HMHBHS
¢ HMHEBIZ3
¢ HMHBB3

BI25 Hh0TiTH i B Mod, ICr-1Mo WMEHAR (F 4) OAKTBOL R LB HEERE

(B A Type C)

-— 34._
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26
'7 @w:

B2s

1501 13 B Hod,
(RBATYe O
500 1< 1 5 o,
E (<x5%F¢Type [h e

550°c t_:,*a i :5 Mod',

' ( ﬁ%ﬁ)#]‘ype c)

om0

R

600°C h:a‘o Gf 5l «iod

650 12 %513 & Nod.
“._tﬁﬁ%ﬁwpe C')' SRR

150 1= # i 3 Wod.

" i4 FBRWTm$i#+

yv—t

Mod 9Cr lMo Eﬂiﬁ (F 8)

:T(%txwmme){*fW

GCr-1Mo
QCf—iMq
chéiMa

-gtffIM?
CGEBAETe O

9Cr;1M6

9CffiM@

i
e
_#%

i

o
(e
o)
v o)
)

(F§)

ORRBEFF SR
DARHEHFGRE

rmTIRARE

DREFEFFARL

OREBRIFRBE

oxmEmDELEIEE

"*Tfhﬂﬁ%TWeC} ﬁ3] .ﬁH:fVW“m”

'Z:ﬂ. E!32  

50T IS f z; Mod:

':3  T_(ﬁi5%F?Type C) H-f“”

m
f'gﬁf

132.1'35_*

550C ,;:lrs_ mm;
C(BBATYE O
6007 12 % 1 3 Mod,
(HRETe O
'650°c :ro j’Z:Mud-_

(:&ﬁﬁ}#Type C)

:9 C r— 1 .M'_o.

9Cr lMo

QCf;iMi

9Cr-1Ho

AR
Wi

o e

_'_'('_F' 6 g
': ( F g )
ver

é)%:ﬁiﬁjggéggi{jﬁjﬁgﬁ%%xi_ i 

.a>5(§iqég§éiﬂgi:mSabéE%% E€:a1 .J_. T
éjjkéitﬁﬁﬁk)ﬂgi;ﬁﬁjjégﬁﬂ.
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FEBRSFEAAEERERY-— 2 2 — 1+~ (B 12

[BL:#m#t u/2)

QOFHEEH | ORRES T M <+ & (mm) B & & & B#BssEAH I —FNo. t— bk No.

7 1 25 ¢ «x 1000 ». goro.p x 1000 ¢ SUMITOMO  KINZOKU 86 &= T H 25 H | AU01293 A5B1303
RN R | BRAEES | B8 - EiEH B & B OE N 7254 MR (%) 3 £ B it £ % B (1 03%)
ASTH AT A 7.0 | F A 0|B i 1C 0 | Total
B o0oB R ® B OF B BOBOHF B # R K5 B R w8 F
MDS
@ & . @Yl @ #|., @¥H @ #|. @y
tlo. = B ECC | HFEEREGD ﬁﬁ_ to. m B B (O | REREGD ik No. nm B E(C) | FEEREGOD) S
(1) | 1050 1.08 AC (2) T 780 1.42 A 1(3) SR 740 8.4 FC
(4) (5 (8)
F6

3

E7 |

81

Z

=

OFHER OBRE Sy @aking @ HIF

1: SUS304 1: Hot Rolled Q@ : Quench AC: Air Cool

2. 808316 2: Cold Rolled N : Normalize FC: Furnace Cool

3: sus3al 3: Forge T ¢ Temper ¥Q: Water Quench

4: 2, 25Cr-1Mo 4: Tube ST : Solution Treatment 0Q: Oil Quench

5: INCONEL 713 5: Equivalent Tube 8TT: Stabilizing Treatment BC: Blast Cool

6: 9Cr-1to 6: Pipe 1A ! Isothermal Anneal MC: Mist Cool

7. Hod. 9Cr-1Mo 7: Bar FA © Full Anneal

8. 9Cr-1Mo-Nb. ¥ 8: Casting 4 ° Anneal

9: 9Cr-2Mo 9: Ring SR : Stress Relief

107 9Cr-2Mo-Nb. ¥V

11: Uttéers 106: Ottzers y 0 - Otl%ers y

700-T6 0G¥6Nd INd



|B2:8#t (2 )

B R=SEMERESET— R —  CB 2D

RELEE  mmi
]l Lz [ 5 WO BB
ORBFFHE | SW | BHBREBRLBoRE | FHREE (C) | 0.2%6 7 ke/m?) | 5IBBHE (ke/un?) | HEHT (%) D (%) QR ma
J Y ' 20 49.9 68.2 26.0 69.0
# 3 i L4 ' @ % o i # B B OB
ORBHHE | % BREE (C) | Wi - (kegf-n) | ¥R | @&-HE@n) (P T|{U T|R T|M T|V T|Bend|Diner | Flar | Flat | Hydre | M.Etc 0.4
NO YES| NO | NO | NO | NO YES NO NO NO ND - YES
it # - 15 & L a d 1 e (wt%)

 H & B c Si Mn P S Ni Cr
SUMITQMO  KINZOKU 0.10 0.39 G. 41 0.013 0.001 0. 06 B.77

Mo Cu v Co Ti Nb+Ta W B? Bte

0.96 0.20 0.087
As Al sol 51 total N sol N total O
0.011 0. 0502
{e % 4 & C h e ¢ k (wt%)

a W OB W C Si Mn P 5 Ni Cr
SUMITOMO  KINZOKU 0.10 0.39 0.42 0.014 0.001 0.06 8.75

Mo Cu v Co Ti Nb+Ta w B’ B!

o 0.97 0.21 0.089

As Al sol Al total N sol N total O

0,012 0, 0505
QRB R OES KB AL @t o oHERE
J: JIS HB : Brinell PT: EhEEEIR Bend. : EhFERER MEBte: v/ Ffxcy
A ASTH HY : Yikers UT: ESEERE  Dinen. ! ~JE3EE 0.4 ISR
RS : Shore RT: MsfsamiEadss  Flar, @ BLIEWRER
0: Others HRB: Rockwell B | MT: BiEyiEM#aRER Flat. : B2ats
{ HRC: Rockwell C | VT: #-Eite# Hydro. : KFERER

700-16 0GSPENd INd



FBRsEiEstEEsET—X> 2-— ~ (D 123>
D1 :&Eh (1/1)
O HHAMEB @ |@ Ea BRERF~+E (@mm) w = @Y A, B W T
i ERHT | BRER ~g—Z
W ORKE |5 B |7 | OfkF | 858 (p) | FEER | BT5AE | BITPEE | OBR | BREE | o5& BT B ff
BY 0 3 20 10 25 3
= =
) E& 133 S = IS
2%1%?&%5&%%
THEB2 THGAS THEB1 THEC4 THEAD THBAL THEA4 THEBS THEBT THECT THEB3 F6
THEBS THECE THEBO THEAS THEC1 THEAZ THGCO THEAT THGBG F6
@i @HiEE 61 AT @FEAM GxENE Lk | ®URER @R, Lo—XOHE
BY: Base Metal J: JIS 1: 0/4t s Longitudinal AM: As Machined 1: V-Notched 1:wR
WJ: Weld Joint Al ASTM 2 1/4¢ T: Transverse P : Polising 2: U-Notched 2: Npg—-X
DM: Deposited Metal 30 1/2t ¥: Vertical E : Electropolising | 3: Smoothed 3: vA, Ap—X%
WM. Weld Metal 4: 3/4t PG: Paper Grinding | 4: Arc-Notched
51 4/4t
0: Others 6: Others 0 : Others 5: Others 4: QOthers
(FBR ) ( ) ( ) { ( )

700-T6 05¥6Nd ONd



Hi:EH (1./2)

FPEBR=sEFEE>— R r—+ C(CH 1D

ORBBHEL | OFlEHS
1 A
z . = 3
O 12, | memm | simm | macwm | simp | smme | voEs | cmawE |owmses | gyl | O (N/2CHY BEk-Bbsh Ga/m?)
HRARS |22 Ea (hrd (%/sec) T %) (%) &9) (cycles) el cycles - 2 2o
| B EERR EEfER] LA o "max @ nin
Tee2 | 1 | 1 : o 450 0. 495 0.180| 42639 4 22000 | 0-183) 30588
mes |1 |1 : 01 450 0.689 0.318 B | 4 awoop| B 38168
meel |1 |1 ; o 450 1.003 0. 607 3596 | A wo| A2 3506
THEC4 ! : o1 450 1.204 0.799 1710| A gop| 400 37675
mwe |1 |1 : o1 500 0. 49 0.170|  16615| A goop| AT 28349
THEAL 1|1 g g} 500 0. 889 0,361 w008 | & 0| L48|  oLoez
oAt | 1|1 ; - 500 0.995 0.593 2904 | A 1400 253 32909
THeBy | 1 |1 ; . 650 0.701 0.472 3334 | A igoo| 1847 17190
meer | 1 |1 : o 650 0.955 0.776 1883 A goo| 17003 IT.87
ez |1 |1 ; - 630 1.198 0.940 1065 | A s lTTeLp 18T
ORBRFHESR @itHE QEHEH @ESLER OuEAE
1t In Air 8: In Ar D: Diametral Strain C. | 13 Axial Strain 1: Trianglar DES, BERRF08E
2. In Stagnant Na A Axial SBtrain C. 2: Diametral Strain | 2: fast-siow 4B C
3: In Flowing Na S: Stress C. 3: slow-fast IDFRBRAOES
4: In Hot Lab L: Load C. 4. Trapezoidal B WM Bond HAZ
5 In Vacuun li: Displacement C.
6: In He 9: Others 3: Others 5: Others
7! In Nz ( ) ( ( )

700-T6 0G76Nd JNd



FBREAASLS — % s— 1k CH 1D
H1:#%% (2/2)
ORBREER | OHE
1 A
© |2, | mrmm | simm | mowe | simm | wnex | woEs | cmsem | wwmsems | gomly | O (N/2EEGSRA B ke/m)
REAES B |EA (hr) (%/sec) e) (%) %8 (%) {cycles) sl cycles g _nax ¢ ain
R | e FEfadl A heid o 'max o’min

™ess |1 |1 : o 550 0.702 0.394 5087 | 00| 21T 2.4
mess [ 1 [ 1 0 o 550 1.002 0.680 2323 | 4 10| MO 2n.Em2
mees | 1 f1 : > 550 1.197 0.838 1706 | A goo| 28847 30.089
™) | 1 |1 : > 600 0.485 0.230 9853 | A soon|{ 18-837)  20.703
TS | 1|1 : o 600 0.708 0.423 1694 | A o0 | 2013 21388
mect | 1 | 1 : % 600 0.998 0.714 2062 | & wop| 22830}  23.656
TeAz | 1 |1 ; o 600 1.200 0.93 1606 | A goo| 287z
™eCO |1 |1 : > 650 0.501 0.277 9857 | A sop| (B3t 17088
HeAT | 1 | 1 : o 500 1.199 0.801 1597 | A 0| L9 4
T™HBS | 1 | 1 : o 550 0.504 0.202|  13016] A pogg|  2h26) 24981

OFBZEK @iEE QFE AW @EAXHEE CrETiE

1: 1n Air 8: In 4r D: Diametral Strain C. { 1. Axial Strain 1: Trianglar DEH, FERBRoBe

2: In Stagnant Na At Axial Strain C. 2: Diametral Strain | 2: fast-slow 4B C

3: In Flowing Na S: Stress C. 3: slow-fast iDFEFRBROBE

4: In Hot Lab L: Load C. 4. Trapezoidal BY WM Bond HAZ

5 In Vacuum H: Displacement C.

6: In He 9: Others 3¢ (thers 5! Others

T In Ka { ) ( ( )
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