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FBR Metallic Materials Test manual (revised Edition)

Shoichi KATO', Takashi ONIZAWA®, Eiichi YOSHIDA",
Kazumi AOTO®

Abstract

For the development of the fast breeder reactor, this manual described the method of in-ait and
in-sodium test for materials and the arrangément method of the data. This manual is reflected the
revision of Japanese Industrial Standard (JIS) and change to the international unit. The test method of
domestic committees such as the VAMAS (Versailles Project on Advanced Materials and Standards)
workshop was also considered. And, the material test technologies accurnulated in this group until now

were arranged in order to transmit all of themn.

* Advanced Technology Division, Structure Safety Engineering Group
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37| '
yq | BEE b EHEIRAD SRR D B LIS 3 X TORY
(Time to Failure) thr)
L2 BA. B/NES @ wax B9 BT BEKR (BIEEAD RURN (EHEAD
Glax., Min. Stress) Tain | o OMME (M 2 4-1 B9 .
(N/mu?)
BEoRk. BNEAH .
. e | DTBEERORKA GIEN) RURA (EEN) 57
13 | Max.,Min Stress i DRHE (FE 2, 41 218
after Relaxation) (/) T
14 |7 “ AHFHEERBANORBA SERTIRL
IR 1] q -
(Stress) (N/mn?)
rara ket Adg
15 + .
{Stress Range) {N/mer’} Toz ™ Oain
AT
e ?H t“, : Sfaﬁ@ BRI 5 BIICBAOOTHAS L RBAODT
nitial Stress —
. ABRITET S ETOISAHDT A% Monotonic Curve),
Strain Curve)
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Appendix2. 1-1

BRICETOIAZROESR (G68)

No. A BB B E B
_— 2ELL EOEHE. BEINSEHEICERE

1 - WHBLEDII. B, EAHEERIETOREIZLS
(Felding)

Tz T 518E.
F B & .

2 - EEREEF T OBEE,
{Manual Welding)

2 B B & & B BIEENEEBEEL R THHEENICHEN
(Automatic Welding) ETT2EBERWTITOEE.

4 EFE—LBE EBW B TtREIV-EHOBEFY—LELST,
(Electron Beam Welding) FOFEERBREMNALTITOBE.

HRT— e .

5 - BET -V BREEZAVWTITOEE,
(Shielded Metal Arc Welding)

6 BIR—TT— S AW TowZARICBNT. BEUVITEEHED
(Submerged Arc Welding) FO7—0hoE B 7 -V B TEETIHE

; T 4 & ¥ $(Tungsten T1ia FEHAOA F— FHAT—IBEET. ¥27
Inert Gas Welding) AFERIBIY 6P EEETOIERE

o T B B Metal MIG BEROA I —bHAT -2 ERO—ET. B
Inert Gas Welding) BIAVEEEETHEE.

o TS XTT— s b AW B EBHEORICREXRE TSI T—F
{Plasma Arc Welding) DETHFOBER. '

Lo HET7 — 7 aEs F—UBREOBBILTHRWAERET, 75
(Covered Electrode) wOAERLTHELD, EEELIBNI,
Do

11 o — HET-/EESB BT aEE.

{Core Wire)

Ly =V BRHZ BERCT— U LEREBEEEB/, EBEHME
(Shielding Gas) BEESIIBATEI 2B EDOHA,

5 om #

13 ) — EERicfimEhs4E GHE) .
Filler Metal)

B BB .

14 - BRESERURESL =G ATEHS OB,
(Weld Zome)

. B - Ui E0BTHE. BE2HNE. B

15 | ) - R SRR £ U, BRLTHARNS
- (Heat-affected Zone)

oy,
E H & B .

16 ) - Enfh o BEERCEGT LEER.
{Deposited Metal)
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Appendix2. 1-1 ()

BRICHTSEFEOESR (Gtl)

No. H i iR € S
B #® & R .
17 - BERO-IT, BEEPIERERLESR.
(Weld Metal)
- -
18 - BERoPTEREERL ES.
(Fusion Zone}
BEL (FEeRE) M EoBRoEs. B
Lo iV REEHETREZELHD, EHEEE. 5
- (Weid Junction) FSEEO LD ITEBESENTWESICE. B
DERFEIIEMHEBH EOERENS,
B %k B iR '
20 . - BETSBHBIICRT EBORER,
{Groove Preparation)
01 g8 B BEERENEE T L EOBERICHTEE
{(Welding Position) B, TH. #ME. YmMEXEMO 4BEHHD,
59 B 1 DFEREFFN OISR D EESRE
(Layer} DE.
2‘3 FAND 4 BEMECR- TS 1 EBoEiERE, A0
{Pass) HRTELHONE—RTHS,
ZNRABEIIBNT, RONSAOHED SNDH]
XA EHEEE
24 - ONADEEEBE. 1521 BEEO/SABERE
{Interpass Temperature)
ZEBBELNS,
BB
25 . - BRI - T 2 BU L OBEERE,
(Bui ld~up)
. RidE BRSO OREC Y - TEMICEE
{Preheat ing) MABT &, .
BHEOR. M BERIZSAONSE#E.
F—UEELBENTR, 7—7iEEE—-Fo
97 A B - BirEX (len) Y=V ICRETHIEZ T RILE
(Heat Input) —H(J/cm TEEH, F—7EEEWN., T—¥
EBHIW . BEEREY (cp/pin) &93&
H=66El/v THEA5NB,
_ A PR VAREESRBRICEENS 7S
T7xz51 MR
28 ) - 1 FiBgOoEsER. RlEhEil. BENaFE
{Ferrite Content) . .
BUHEBRIC 2 5ERS D,
29 — HiEE. FERERREESEDITIT O RAE,
(Postheat Treatment)
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Appendix2. 1-2

FlIERAREZRE LR R

BT No.

b B T 1-3
1) B A-tr' 57 DSS-25T
) wR. MAY. 25ton
22 D HURMIE 600mm
i 4). yozagk Abo-¥ _ ~1250mm '
i 5) JEANY R 0. 005~500mn/min 21 B4l
6) ymiagb EEBEREEE SEEICHLTH0. 1%
T ol BERESR 7 vyl 4R
1) =R BB NRIZ R RER
%ﬁ; 9 Hiee DIF: DT-5 RIS & TEHE
% DT-25 BUIER A DI 2 R
2 |9 weas DI-5% 525 1,0.5m/F S #5 1%/F.S
B DT-2% 25,1255 2 Smm/F.§ HSEE I%/F.§
) R FERERESS
E 2 FR 3KW
o | 3) AR I 300~900°C
i 4 wEAR PID £ KRS R
# ) E ERRERELIF
B |&s|
w |2 R 5KW-
SRR 300~ 1600
4) HEHR PID HI#AR
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i vtz 7 (mm) B

—wbg.ﬁdﬁ?>7(%mm).w
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ST
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AppendixZ. 1-6 FUKEBRF OMEEORDFH

WRESRF OBERUTORANSEHT 5.

§=S,+T,-S,

- T=w(r,cos6,—r,c088,
S=28 /i Xmri-1/2Xrcos 6 X2rsind
=1,2(6 ,—sin6 cos 6 )
S,=1,2{0,—sind,c059,) |
2L nsind =w/2 — 0 =sin'{w/ir)

,8in @ ,=w/2 — 6,=sin”! (v/21,)

r=r,—1t
2 I, - A&
r, © REE
t: Ex
LA
e -
vl S S,
8,0, 9,18,/1 6,l6,/1,

;71_




Appendix2.1-7 FBRERMHERERT—42L—F(B[3E)

TS | U9 AEE-10/min) | EVTFH-1(%) U HEE-20%/min) | BRUOTH-2(%)
1 0.3 3 15
B BERRE | 0.2%Wh | SIk3AS | MMEY | &y —— ERERAE | FRRA [4DOBY EoHE
C) | (N/mmd) | (N/mm® | (%8) (%) | Nme®) | /) | (9%6) | BUBMTEREEIN/mmD) | U | BRI )
ENDBL2 20 2528 593.9 67.2 82.2 A 19306 380.2 1691.5
ENDSD3 20 263.6 596.8 65.5 83.9 A 21981 J84.2 1789.5
END8D4 100 207.8 5214 53.6 84.3f A 1815.9 306.7 1815.0
END8D5 100 204.8 521.2 b2.8 818 A 1715.0 2989 1669.9
END8D& 200 166.8 473.3 478 80,7 A 1443.5 2020 16121
END8D7 200 181.3 47713 "48.4 79.7 A 1385.7 292.0 1563.1
ENDBDS 300 1529 4547 46.0 76.2 A 1217.2 293,0 1406,3
END8D9 300 150,9 451.8 46.6 713 A 1238.7 293.0 1463.3
ENDSEQ 400 140.1 4498 48.0 716 A 11211 12940 1466.1
ENDBE{ 400 135.2 446.9 44.8 76.4 A 1069.2 - 291.1 1415.1
ENDSE3 450 131.3 443.0 457 727 A 11103 3077 12720
ENDSES 500 127.4 428.3 - 45.3 75.8 A 1029.0 2989 1390.6
ENDSE4 500 1254 431.2 455 738 A 1028.0 3116 1305.4
ENDBES 550 126.4 4145 480 75.3 A 10104 300.9 13700
ENDSE7 550 128.4 4204 46,5 72.1 A 1007.4 301.8 1251.5
ENDSES 600 1264 3940 48,7 729 A 961.4 293.0 1279.9
ENDSE9 600 126.4 393.0 470 744 A 1035.2 3028 1335.7
END8SFO 650 126.4 358.7 50.5 741 A 859.5 279.3 1324.0
ENDSF1 650 131.3 3587 516 73.4 A 853.6 282.2 12975
END8F2 700 128.4 310.7 85,7 76.5 A 778.1 240,1 1419.0
END8F5 750 112.7 255.8 70.4 824 A 6164 200.7 1702.3

100-1002 08S6NL ONI
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Appendix2. 2-1 2 U f?ﬁﬁ%ﬁﬁ%—%

RREES ff;;%* R RN T AR
B | D BARGER 5000kg 750ks 3000ke 1500ks
Biow-n 1:40 1:10
o pes 100ke Okg
o | ER REH Y NEEaNER
S |9 mms Y27 =5 &§ YW - DIF &Y 140" -5
£ |3 mewnm 0~20m
"y mmy 20. 10, 5, 2mn/F. S FSEE 0. 5%/F. S

1) MR EBTRESI
B lo=g 3KW
= |3 wwezeE 300~1000°C

1) HHESR PID HIE AR

HREaY 5 5 36 30 15
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Appendix2.2-5 FBREBMHHAET—2 —k(H21)—T)

HEBER| 1 _
] SRR BEG S | BERERT | BEETRL| By | BR (ERVV-T|ARETH| AR TH|-xou— —won-—7 =xroy—7  |BE
HEABS HE ETOBK| FEa TR
c) | (N/mm® (hr) (%) o | uE {%/hr) {min) (% FEAHG% |FAEEGD BA0) |BFERFMGD EAHG) | @
FMF8B4 | 500 372.6 178421 | 287 35.6 B 1.15E~04 6.0 17457 0.151 4400 | 1359 101000] 9033! 0
FNOBAO 560 323.6 34038 | 411 54.5 B 1.97E-03 40 12.662 0.715 3500 | 29790 141001 26.318| o
FNF8C4 550 300.1 104189 | 336 433 | A 4.69E-04 5.0 11.162 0.503 5600 | 2278 44200 | 19857 | 1
FNFSCO 550 2715 290274 465 447 | A 2.50E-04 5.0 8.432 0592] 10200 2600 96380 | 34867 2
FNF8C3 550 267.7 403032 | 36.5 41.2 B 1.42E-04 4.0 8.927 0.292 1650.6 1912 120531 | 34331 1
FNF8B2 600 2746 ‘7262 | 4656 677 | A 1.15E-02 30 10.628 0233 | 200 | 2506 2000| 33233] o
FNF8B3 600 2258 48103 | 610 610 | A 3.09E-03 20 5,353 1036~ 180.0| 4402 13600 | 502091 o
FNF8B4 600 205.9 134239 | 54.1 62.0 B 1.056-03 30 4760 ~ 0480 = 5800| o049l s5700| 42802| 1
FNF8CS 600 188.3 248326 511 64.7 A 4.15E-04 30 3.217 1.078 35350 | 5322 123300 41483| 1
FNF8B5 650 166.7 1416.1 56.4 732 B 1.43E-02 20 2383 0.547 68.0| " 7915 54101 45155| o
FNFeB& 650 137.3 7092.7 813 73.1 A 2.05E-03 20 1.220 6.710 3900 | 4977 23300 74.393 0
FNF8B7 650 177 13909.2 | 1070 70.8 B 6.87E-04 20 0.253 0.467 8000 | 2am [ 31000 | 103949 | 1
FNF8A8 700 166.7 707 ] 1263 80.6 A 3.18E-01 3.0 2.862 0.582 4.0 4783 144 | 1180731 1
FNF8AS 700 1471 199.8 | 106.7 80.4 A 1.35E-01 3.0 1.716 0.387 40 6946 | 500} 97651 O
FNFEBO0 700 12,7 8439 | 1107 79.5 A 2.99E-02 30 0.248 0.358 50,0 5.905 1900 | 104.189{ o
FNF8B1 700 i07.9 13904 | 130.7 784 A 1.87E-02 2.0 0.169 0124 |- 30.0 8.254 430.0 121_332 ' 0
FNFBAO | 750 | 1079 1044] 1322 | 853 | A 3.08E-01 20 0.250 0.148 20| asoa| 210 | 123279 | 1
FNF8AI1 750 88.3 331.8| 1065 88.9 B 1.01E-01 i.0 o111 0.238 10.0 6.858 660 99293 0
FNF8AG 750 68.6 11475 | 1346 833 A 2.46E-02 1.0 0.091 0,128 12.0 7585 3000126796 | 0O
FNF8A7 750 490 54611 1135 | 723 | A 2.01E-03 1.0 0018 0.061 300| 1007 4050 | 112414 | 0
FNFBA3 800 785 659| 1284 | 915 B 5.93E-01 1.0 0095 | 1.0 20.8 0
FNF8A4 800 49.0 6361 | 1382 85.4 B 5.78E-02 20 0.042 0416 8001 t7.933 3070 | 1198001 1
FNF8AS5 800 34.3 31023 | 1239 71.3 A 1.00E-02 20 0044 0279 2300} 13.301 13100 | 110276 | o
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Appendix2.3-5 FBREBMMBART —2L—b(US0t—a2)

HEREES | Aad \ |
HEREES HEBE |RESVTH *JJR%S?J AEE TIEONHE| FERSHN | ABREE | BEEH

' °c) (%) (N/ram?) {(min) (sec) (hr) (N/mm?)
ABR107 550 0.1 102.0 3.10 13 100 86.8
ABR108 550 0.2 110.3 3.10 15 100 96.4 |
ABR102 550 0.3 119.9 3.33 15 100 945 |-
ABR103 550 0.5 1230 3.33 7| 100 101.4
ABR106 550 1.0 140.6 3.55 15 100 109.1
GCG3A8 450 0.1 1929 | 310 30 100 128.8
GCG3C4 - 450 0.2 2955 3.10 23 100 187.6
GCG3B4 450 0.3 326.4 3.33 30 100[- 193.5
'GCG3C0 450 0.5 348.1 3.33 . 28 100 194.3
GCG3C7 450 1.0 388.8 3.55 30 100 200.2
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Appendix2.4-11 FBR&BEHHHERT—2L —k (F3)

HERTRER| WimrTik
1 A : ‘ ' ]
HEAES B | Ear| REFHMG | EAEEN/ sec)| RBEE | T9T4| 224 |unEs YIRS | iR NF/2I35 1 B BA - BAE HIN/mmd)
FEEE | ehe | SI3R4| EMRR| 313840 ) EmR| o) ¢) WEEM) | #EA® | (cycles) | f1E| cvoles | omax | o max omin | &'min

HMH1B8 1 1 0 0 0.1 0.1 500 0 1.512 1,021 897 A 440} 335.405 -351.546
HMHS8B2 1 1 0 0.1 0.1 500 0 0.992 0.597 2559 A 1200| 273.557 ~284.220
HMHBBS 1 1 o ) 0.1 0.1 500 0 0.689 0.379 63i6] A 3000| 229.085 ~236.699
HMH1C2 1 1 0 0 0.1 0.1 550 0 1.507 1.017 I A 380 321,899 -336.924
HMH8C2 1 1 G 0 0.1 0.1 550 0 0.991 0.582 1702) A 900{ 284.827 -295.490
HMHBCH 1 1 o 0] 0.1 0.1 550 0 0.697 0.358 51501 A 3000| 238.836 -247.362
HMHaCQ 1 1 0 0 0.1 0.1 550 0 0.495 0.206 199433| A 100000| 208.975 -215.678
HMHI1CO 1 1 0 0 0.1 0.1 600 0 1.509 1.045 . B221 A 260 318.039 ~335.091
HMHBCS i 1 0- 0 o 0.1 600 0 0.295 0.606 1332] A 700] 270.509 —-282.093
HMHBC4 1 1 4] 0 0.1 ' 0.1. 600 0 0.692 0.366 4532 A 2200] 230.908 -240,051
HMH8C9 1 1 0 0 0.1 0.1 600 0 0.500 0.211 106796] A 55000| 205.624 ~-213.856
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Appendix2. 4-10  F b U D APEFEBRIC BT 20T HRES X

F U T AR BT B EEN B OESREEFET 57BN, T—AKMOTHE (Appendix
2.4-8) TEELU DML, 5 RBA HTROV TR EETHCEMBELL S, FBRO
REAZAVEASTRR TR, 7—AROFAHEFLLTHOTLIHCE D, DIZMEHE

BBRATGROVTAEHETHET . 5%, OTHOHERY —AROTHEIE DTS,
CORBERVTREFEF R I ARETHBORH — DTHEBIIEE A EED SN &
LU, BFOHFETT M) I AR TOOTROBIEZETS,

(D DEFMOBEMALTIE. DISHOTEFBECETRUAOEhTNOLEHALG. ALR
Lo TRADLIIIEHEES (NHIB®W) .
ALT% = ALGY 4+ ALRM
ALT 8t = ALGAIr 4+ ALRAr
ZZT NaRCAITRZNENF MY T APRUBKRERTOEEFT,

2) HBAHE, BERCAFEENF—THIIT. RRMOBEINE U TEIRRES
B KGR EF B A ETRIEBEGEBIE. O — DT SERLERETH
Bic®H, ~EODIIMEMLALTORVELICHL T, FRUYARERTHROALGE ALR
i TNENZERCEICSBLEA NS, (ALGM=ALG Mr. ALR M= ALR Air)

@) ZhZXD., RETRBNSBSNEALTAEALG WOBERICH L, F Y AGR
RICBWTBHEESNIO1/2ETOALT &R ATHITALG BitRE 2,

(4) ATEBOFEBEEMALCING, 2VTHOEAITR L TOEB OB ALinEHN
T, QERABAKFTOALIn— ALGInOBERICRALTRD S,

HEBIZBE L LT, KEFHBRICL VRS SN VT HEERmEERT.

I S e VS D

; _
] VBT B3t STTEIL % TR E

TR HER 2 EHOT HERE
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3 Mod

27mm)

=97mm) Displacement range ALG, ALGin{GL=

Displacement range ALG ALGin (GL

0.5

9Cr- IMoBED VN IR ERARE (B

450°C
QO ALT -ALG
® Alin-ALGin

(Test data 1/2Rf)

vl ey,

01 02 03 04 05 06 07 08

‘Displacement range ALT, ALin{(F-hmm)

s00°C

O ALT ~ALG

® Alin-ALGin
(Test data 1/2Nf}

Displacement range. ALT, ALin (7-hnm)

2Tmm}

=2 Tmm} Displacement range ALG, ALGin(GL=

Displacement range ALG ALGin{GL

0.5

0.4

0.2

0.1

0.5

0.4

0.3

0.2

0.1

L (Test data 1/2Nf)

550C
O ALT ~ALG
® Alin-AlLGin

01 02 03 04 05 06 07 08
Displacement range ALT, ALin (F-Amm)

600°C

O ALT -ALG

@ Alin-AlLGin
(Test data {/2Nf)

1 1 s H " 1 I 1 \ 1 . 1 P | " !

01 02 03 04 05 06 07 08

Displacement range ALT, ALin (F-Amm}
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