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June, 1993

Material Strength Standard of FBR Grade Type 316 Stainless Steel

—Draft —-
Watashi,K.*,Aoto,K.*, Aoki,M.*,
Komine,R.*,Ito, T.*,Hasebe,S.*,
Kato,S.*,Koi,M.* and Wada,Y. *

Abstract

Much progress has been made in improving established creep properties of
Type 316 stainless steel and to develop a new structural material named “FBR
Grade Type 316 Stainless Steel”, 316FR, with superior creep properties. This
report includes a draft of Material Strength Standard of 316FR and its
interpretation on the basis of the major result of research and development
conducted so far.

The draft includes identical items described in the “Standards for the
Strength of Materials” for Monju, and was carefully prepared to have an
identical style for convénience in design evaluation. Creep damage evaluation
diagrams, which are depicted in the “Structural Design Guide for Class 1
Components cof Prototype Fast Breeder Reactor for Elevated Temparature Service”
(ETSDG) for individual materials, are also included in this report.

* Material Development Section
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1. EERIFHER316 OHE

—RRIZSUSI0APSUSBIBI EDA ~ X7+ 4 PFRRF L A, FEMEE, Tk, FAHS S8
NTVWADOTHEFEO—RAMBME & LTHLTE D, M) Bl 3 REOQRITHMAREKS X
U TbALw) TORERMERATE fco —7, MUAOERALICE T, EFEE EOBANS T
7 v F OBRLD BVSRBOMIEMRALL & 2RI T B15ITid, SUSI04SUS 16D /o bR % 1%
AL LTHRBMEBMEICENLHALRBER > TV S EMBETSH B,

HEUEILERI316  (BEFR 316FR) (3. BBKETHIILT <& EBENBRE -~ FTHZ 7 ) - THEHICH

LT ENIHEEHTHMTH 5, 3I6FR 3. ERFBEFTHOSNT VB~ XFF4 PHRR
T UVRROLERRFRE. J | SORBARTHERT A itk » THREI I, ‘
CFRbb U Y - THEREES 7 Y — TEEMICEATOWAMEO 2 ) - TES BRI
HRNOBEOE - MAEEDHT IS NS0 ) — THEEEESE 3T ENTE S, RED
SUS3044PSUS316TIXMMBERE RO YA & BRFERRIC TIRMO. 04% % B3 T WAty 316FR T2t % & [k
DIR{LA (BliERb LML) 26T 3R CHAREEER L. B - A2 M
B HICBRERERRE0. QX UT L ECHE L2,

J 1 SDSUS3I6MIR I & et L Ty 316FR DILERS % FTHRISRT,

s (BB S-22b)

Z I 2 3 §i Mn P S Ni Cr Mo Cu N
= = s 0.015| = 10.00 16.00| 2.00 |[—— | 0.06
316FR | 0.02 | 1.00 | 2.00 |-0.045]0.030 |-14.00 | -18.00|-3.00 -0. 12
JIS s = s s s 10.00| 16.00]| 2.00 |—— [——
SUS316{ 0.08 | 1.00 | 2.00 {0.045 |0.030 |-14.00 | -18.00|-3.00
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RNEMTIZI [ SEFIALTVAH, 316RR 13J 1 SEISSD(LERARORBANTHY, sy -7
EBICREUT DM BREERAES & U THINERICED ST AJIR B LUK AL T3 & & Lz,
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FRBHGERR SIS NS (CUITAE S L 05) ORIk - BIROED S I U THRE
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3. BIEFHER316 O LEE
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(1) JARFRCNRS (2) BEIGHMS
Tl RAMBGHHE S (ke/m? ) #2  BMSHES S (kg/m? )
BEE °C 316FR BE C 316FR
-30 ~40 13.2 -30 ~40 14.0
75 13.2 75 14.0
100 13.2 100 14.0
150 12.9 150 14.0
200 12.9 200 13.5
225 12.7 225 13.2
250 12.7 250 12.8
275 12.5 275 12.4
300 12.1 300 12.1
325 11.9 o 1.9
350 1L.7 350 11.6
315 11.4 35 1.4
400 11.3 400 1.2
425 1.2 425 1.1
450 1.1 450 10.9
475 10.9 475 10.7
500 10.9 500 10.6
525 10.9 525 10.4
550 10.5 550 10.3
575 9.7 575 10.2
600 9.0 600 10.0
625 8.2 625 9.8
650 6. 4 650 9.6

% : 425CETER 018 LE—. 650CET
MERIHEH L F—,
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(3) EHICHMEE

&3 Bt hmE St ( kg/mn? )

By fhr
1 10 30 100 300 {1,000 |3,000 |10,000 |30, 000( 100,000 300,000
RAEC

425 15.2 | 15.2 | 162 [ 15.2 | 152 | 15.2 | 15.2 | 15.2 | 15.2 15,2 15.2
450 14.9 | 149 | 14.9 | 149 | 149 | 149 | 14.9 | 14.9 | 14.9 14.9 14.9
475 4.7 | 147 | T [ 147 | 4.7 | 147 | 147 | 147 | 14.7 14.7 14.7
500 14.5 | 14.5 | 14.5 | 14.5 | 14.5 | 145 | 14.5 | 14.5 | 14.4 14.4 14.4
525 14.3 | 14.3 | 14.3 | 14.3 | 143 | 14.3 | 14.3 | 14.2 | 14.1 14.0 13.8
550 14.1 14,1 4.1 | 4.1 14.0 | 14.0 | 13.9 | 13.8 | 13.5 13.1 12.3
575 13.9 | 13.9 | 13.8 | 13.7 | 13.5 | 13.5 | 13.3 | 12.8 | 12.3 11. 1 9.9
600 137 | 13.6 | 13.3 | 13.1 12.6 | 12.6 | 12.0 | 11.2 | 10.1 8.9 7.9
625 13.5 | 13.1 125 | 1.9 | 10.9 | 10.9 | 10.0 8.9 7.8 6.7 5.8
650 13.0 | 12.3 | 10.9 9.9 8.6 8.6 7.4 6.2 5.2 4.3 3.5

% : SFEEERE () EED D REGHE Che/mn?) HMBEHE (C) KB 3RPOGHEL Y bASVBAE,
RISEAVWTHRINE S EED B EMNTE S,
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(4) RRETERRS

#4 BHERA Sy (ke/mo® )

BEE °C J16FR
~30 ~40 21.0
75 19.1
100 17.9
150 16.4
200 15.2
225 14.7
250 14.2
275 13.8
300 13.4
325 13.1
350 12.9
375 12.7
400 12.5
425 12.4
450 12.1
475 11.9
500 11.8
525 11.6
550 11.4
575 1L.3
600 11.1
625 10.9
650 10.7

W% - HERitEd L E—,
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(5) BEtO VU - TS HMK S

%5 Bt 7 ) — 7HEOSHME S ( ke/mn? )
Biflhr -
1 10 30 100 300 | 1,000 {3,000 |10,000 830,000 100,000 300,000
BEEC

425 43.5 | 43.5 | 43.5 | 43.5 | 43.5 | 43.5 | 43.5 | 43.5 | 43.5 43.5 43.5
450 42.5 | 42.5 | 42.5 | 42.5 | 42.5 | 42.5 | 42.5 | 42.5 | 42.5 41.9 39.0
475 4.4 | 414 | 4.4 | 414 | 41.4 | 41.4 | 41.4 | 41.4 | 38.5 35.5 32.9
500 40.4 | 40.4 | 40.4 | 40.4 | 40.4 | 40.4 | 38.4 | 35.3 | 32.6 29.8 27.4
525 39.3 | 38.3 | 39.3 [ 39.3 | 38.8 | 355 ( 32.7 | 29.8 | 27.4 24.9 22.7
550 38.3 | 3.3 | 3.3 |31 | 332 3.2 | 2.6 | 250 | 22.8 20.5 18.5
575 37.2 | 37.1 | 34.0 | 30.9 | 28.2 | 25.5 | 23.1 | 20.8 | 18.7 16.7 14.9
600 3.8 | 32.0 | 29.1 | 26.2 | 23.8 | 2.3 | 19.2 | 17.0 | 15.2 13.3 11.8
625 33.4 | 2.3 | 24.7 | 22.1 19.9 | 17.6 | 15,7 | 13.7 | 12.1 10.4 9.0

l 650 28.8 | 23.2 | 20.8 | 18.4 | 16.4 | 14.3 | 12.6 | 10.9 9.4 7.9 6.7

% : FARE hr) EEHZXEEHME (ke/m?®) MUBBE (°C) KHF ZRPOBHBLD bIAXVEA .
RISEHWTIHREIC IS EEDH B LM TE B,
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6) ERET5IRIRE

&6  BMIIEME Su ( ke/mn? )

&E °C 316FR
~30 ~40 53.0
75 49.9
100 48.5
150 45.1
200 44.9
225 44.5
250 44.1
275 43.8
300 43.5
325 43.5
350 43.5
375 43.5
400 43.5
425 43.5
450 42.5
475 41.4
500 40.4
525 ' 39.3
550 38.3
575 31.2
600 35.8
625 34.2
650 32.1
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(7) BEHERIGCHE S

. 4 BARFUE NS St ( kg/mo? )

B§fathr
1 10 30 100 300 | 1,000 3,000 | 10,000 30,000 | 100,000 | 300,000
BREC
425 16.6 | 16.6 | 16.6 | 16.6 | 16.6 | 16.6 | 16.6 | 16.6 | 16.6 16.6 16.6
450 16.4 | 16.4 | 16.3 | 16.3 | 16.3 | 16.3 | 16.3 | 16.3 | 16.3 16.2 15.9
475 16.0 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0 | 159 | 15.6 15.0 14.2
500 159 | 159 | 16.9 | 159 | 15.8 | 157 | 15.4 | 14.7 | 13.8 12.8 12.0
525 156 | 156 | 156 | 155 | 15.2 | 14.5 | 13.5 | 123 | 11.2 10.4 9.7
550 15,4 | 15,3 | 151 | 14.5 | 13.6 | 12.2 | 10.9 9.6 8.8 8.0 1.2
575 15,2 | 14.6 | 13.7 | 12.3 | 10.9 9.4 8.2 1.2 6.4 5.6 4.8
600 14.6 | 12.7 | 1.2 9.6 8.2 6.8 5.8 5.0 4.3 3.5 —_—
625 13.1 10.0 8.5 7.0 5.7 4.6 3.7 3.0
650 10.7 7.4 6.0 4.7 3.6
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(8)  HitSH (R 9 R7voit
8 HMMMRM E  (kg/mn?) #9 A7Vl v

& B C 316FR & B °C 316FR
375 17400 375 0. 300

400 17200 400 0. 300

425 17000 425 0. 300

450 16700 450 0. 300

475 16400 475 0. 301

500 16200 500 0. 302

525 15900 525 0. 304

950 15700 550 0. 306

575 15400 575 0. 308

600 15200 600 0.310

625 14900 625 0.312

650 14700 650 0.314

W% # gzjg % TERER—, 650°C % THERIT W% . 650°CE THEELITES & B/—,
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10 HAEZRMRE

210 MIYERGEM o (107 on/m/ °C )
2 BRESRARCSRIRI aa | THIMIEEGEM ao

20 15.15 —
50 15. 65 15.45
5 16. 07 15. 63
100 16. 48 15. 82
125 16. 86 16. 00
150 17.22 16.18
175 17.55 16. 37
200 17.85 16. 54
225 18. 12 16. 72
250 18. 36 16. 88
275 18.58 17.04
300 18.79 17.20
325 18.99 17.34
350 19.19 17.47
375 19. 38 17.58
400 19.57 17.69
425 19.75 17.78
450 19.93 17.89
475 20.11 18.00
500 20. 28 18.12
525 20. 45 18.23
550 20. 60 18.33
975 20.74 18.44
600 20. 87 18.54
625 20. 99 18.64
650 21.09 18.74

aa : BRESMAEIRGR

as : 2R, O TOREE TOEEMBHFELK
#i% : 650°C £ TS & Bl—,
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1 BFFVIHEE (A)

&1l BEUTAEHE (A) ¢ ( mm/mm )

&x'c

%'.'u = 425 450 475 500 525 550 575 600 625 650
10

0.0500 ]0.0331 }0.0323 |0.0316 [0.0308 [0.0300 |0.029]1 |0.0283 |0.0274 |0.0265
2X10 10,0362 (0.0238 0.0232 |0.0225 |0.0219 |0.0212 {0.0205 |0.0198 |[0.0191 |0.0184
4x10 10,0268 |0.0173 |0.0168 [0.0163 0.0158 }0.0152 |0.0147 |0.0141 |0.0136 {0.0130
10° 10.0185 |0.0116 |0.0113 [0.0109 0.0105 |0.0102 |0.00978 {0.00940 |0.00902 {0.00864
2x10* 10.0142 10.00891 |0.00864 |0.00836 |0.00807 |0.00709 |0.00750 |0.00721 |0.00693 | 0.00665
4x10* [0.0113 |0.00705 |0.00684 |0.00662 |[0.00641 |0.00619 |0.00597 |0.00576 [0.00554 |0.00533
10° [0.00838 |0.00544 |0.00529 |0.00513 |0.00498 |0.00482 |0.00467 |0.00452 |0.00436 |0.00421
2x10° |0.00685 |0.00462 |0.00450 |0.00437 |0.00424 |[0.00411 |0.00398 |0.00385 |0.00372 |0.00359
4x10° 10.00571 {0.00394 |0.00383 |0.00372 |0.00361 [0.00350 |0.00339 {0.00328 [0.00317 |0.00306
10* 10.00454 {0.00318 }|0.00310 |0.00301 |0.00294 |0.00283 |0.00274 |0.00265 |0.00256 |0.00247
2x10* 10.00392 |0.00271 |0.00264 |0.00254 |0.00249 |0.00241 |0.00233 |0.00226 |0.00218 |0.0021}
4x10* |0.00342 |0.00231 |0.00225 |0.00219 |0.00213 {0.00207 |0.00200 |0.00194 |0.00188 |0.00182
10° }0.00288 |0.00193 [0.00189 |0.00184 |0.00179 |0.00174 |0.00170 |0.00165 |0.00160 |0.00155
2x10° 10.00254 [0.00172 |0.00169 |0.00165 |0.00161 |0.00157 |0.00153 |0.00149 |0.00144 |0.00141
4x10° 10.00277 }0.00156 |0.00153 |0.00150 |0.00146 |0.00143 |0.00139 |0.00136 |0.00132 |0.00129
10° ] 0.00200 |0.00140 {0.00137 |0.00134 [0.00131 |0.00128 |0.00125 |0.00122 |0.00119 |0.00116
Wi % : RFITEE LT ABEEA10  mn/on/sec LIEDIBEISERAT 2 &N T3,
650°C & THhEREH1ER & Bl —

1) HFAFVTAER (B)
£12 HEUOTHEHE (B) €t ( on/mm )
fiﬁ_bgﬁc 425 450 475 500 525 550 575 600 625 650
10 [0.0500 [0.0265 [0.0252 |0.0238 [0.0224 [0.0210 [0.019% |0.0182 |0.0168 |0.0155

2x10 10.0362 [0.0185 |0.0174 }0.0163 [0.0152 |0.0142 ]0.0131 {0.0121 {0.0111 {0.0101
4x10 10.0268 [0.0131 ]0.0123 |0.0115 [0.0107 |0.00987 {0.00911 |0.00838 |0.00769 |0.00704
10 [0.0185 |0.00875 |0.00819 |0.00765 |0.00712 |0.00662 |0.00613 |0.00568 |0.00525 |0.00485
2x10* 10.0142 10.00676 |0.00635 |0.00595 |0.00556 |0.00519 {0.00484 |0.00451 |0.00420 |0.00391
4x10* 10.0113 10.00544 |0.00513 |0.00483 [0.00454 |0.00426 |0.00399 {0.00374 {0.00351 |0.00328
10° ] 0.00838 | 0.00431 | 0.00409 |0.00387 |0.00366 [0.00344 |0.00323 |0.00303 |0.00284 |0.00266
2x10° 10.00685 |0.00367 |0.00348 |0.00330 |0.00311 |0.00293 |0.00275 |0.00258 |0.00242 | 0.00226
4x10° 10.00571 |0.00313 |0.00297 |[0.00281 |0.00265 |0.00249 |0.00234 |0.00219 |0.00206 |0.00193
104 10.00454 |0.00253 |0.00240 |0.00227 |0.00214 |0.00201 {0.00183 |0.00178 |0.00167 |0.00156
2x10* 0.00392 |0.00216 |0.00204 |0.00193 |0.00183 |0.00173 |0.00163 |0.00154 |0.00145 |0.00137
4x10* 10.00342 }0.00187 |0.00178 |0.00169 |0.00160 |0.00152 |0.00144 |0.00136 |0.00129 {0.00122
10° }0.00288 | 0.00160 |0.00153 |0.00i46 |0.00139 |0.00132 |0.00126 |0.00120 |0.00113 {0.00108
2X10° 10.00254 |0.00145 |0.00138 |0.00132 |0.00127 |0.00121 |0.00115 |0.00110 |0.00105 {0.000996
4x10° [0.00277 |0.00133 |0.00127 [0.00122 |0.00117 |0.001:2 |0.00107 |0.00102 |0.000974 | 0.000929
10° }0.00200 |0.00120 [0.00115 |{0.00111 |0.00106 |0.00102 | 0.000978 | 0.000937 | 0. 000897 | 0.000858
Wi% : ARIIEHE LU A HEEA 10 m/mn/sec LA EDBEICHAT S ENTE S,
650°C & THiE A EEH & [F—o
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13 Fra0d'AHEER (C)

&RI13  FEUTAEEEH (C) €t ( mn/mm )

%'a gI}E‘C 425 450 475 500 525 550 575 600 625 650
10 10.0500 }0.0227 ]0.0210 10.0194 {0.0178 |0.0162 [0.0146 (0.0131 |0.0117 |0.0104
2x10 10.0362 {0.0155 |0.0142 [0.0130 {0.0118 |0.0107 {0.00958 |0.00857 |0.00767 |0.00679
4x10 10.0268 ]0.0109 |0.00995 |0.00907 |0.00823 | 0.00744 |0.00671 |0.00604 [0.00543 | 0. 00488
10 ]0.0185 )0.00730 |0.00670 |0.00614 |0.00561 |0.00512 |0.00467 |0.00425 | 00388 |0.00354
2x10? 10.0142 10.00571 |0.00527 |0.00486 |0.00448 |0.00412 |0.00379 |[0.00348 [0.00320 |o0.00295
4x10? ]0.0113 |0.00467 |0.00434 [0.00402 |0.00373 |0.00345 |0.00320 |0.00296 |0.00273 | 0.00251
10* 0.00838 |0.00377 |0.00350 |0.00325 |0.00302 |0.00280 [0.00259 |0.00240 |0.00221 |O0.00203
2x10° |0.00685 |0.00321 |0.00298 |0.00277 |0.00257 |0.00238 |0.00221 |0.00204 |0.00188 |0.00173
4X10° 10.00571 |0.00273 [0.00254 [0.00236 |0.00219 |0.00203 |0.00188 |0.00174 |0.00160 | 0.00147
104 [0.00454 ]0.00220 0.00205 | 0.00191 |0.00177 |0.00164 |0.00152 |0.00141 |0.00131 |O0.00122
2x10¢ 10.00392 |0.00188 | 0.00176 |0.00165 |0.00154 |0.00144 |0.00134 |0.00125 |0.00117 |0.00109
4x10¢ 10.00342 |0.00165 |0.00155 |0.00146 |0.00137 |0.00128 |0.00120 |0.00113 |0.00105 | 0.000987
10° |0.00288 |0.00143 [0.00135 |0.00127 |0.00120 {0.00113 [0.00106 |0.00100 | 0.000942 | 0. 000887
2x10° 10.00254 |0.00130 |0.00123 |0.00117 |0.00110 |0.00104 [0.000985 | 0.000930 | 0. 000877 | 0.000828
4x10° 0.00277 |0.00120 | 0.00114 |0.00108 {0.00103 |0.000972 | 0.000920 | 0. 000871 | 0.000823 | 0. 000779

10° }0.00200 |0.00110 [0.00105 | 0.000994 | 0.000944 | 0. 000897 | 0. 000851 | 0. 000807 | 0. 000765 | 0. 000726
650°C & THY AR a8 & F—.

(14 FBBIERICAH

#14 HKBEIGRIEA S (kg/mn? )

&E C 316FR $H
-30 ~40 13.2
75 13.2
100 13.2
150 12.9
200 . 129
225 12.7
250 12.7
275 12.5
300 12. 1
325 1.9
350 1.7
375 1.4
400 11.3
425 11.2
450 10.6
475 10. 4
500 10.1
525 9.8
550 9.6
575 9.3
600 9.0
625 8.6
650 8.0

W% : 550°CE TERER—,
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19 1 REKV2REHIZET IO U —TRIBFE D*

| RELV 2EIEINY BB Y ~ SRIBIFKD,." HLUD . LUTFIc & hiEhsc EMNTH
%o

Dy=Ir
D, REET (°C) \ WMt *(h)BLT' 7 ) — THRBFEMD ey 1okt LT, B3I 3 (i,

10 E-2KHICRAT &M U - JIEIERHED
K= 7 IMBIT 30807 ) - THRIBEED " 1. KON O L DEH S EANTE 3,
(OMERIHESH D B0 TS e RAEMET BHARD " =0 £F 4,

€< max[3§m/E, ZS,/E)]
< . T,

85, 7V -TRIERIEB B 2125 VEMTEH T, MERIEHIED B E C Bl k5,
S, :7Y-7RBDoEEDBEHKETS T, MERIHEHCED B E C Bic & 5.
E B8 IE B RMER,

@EN LR B S LWVRER. RICEDEDH S,

BET. Mt , BV Y ~ SRGERD e, kot LTEIIED 3 il

C‘:T\

T : ZATOAREROGBERERIEICESEEHHBE ('C) TH-T. MARIHESHIED
5EIAHILLS,

t* : FRRGERIEER (hr) TH T, MEREIHEHICED B L ALK B,

Dey 79— 7HRIBHRETH > T, WMEREHEHTED B L 2 A1tk B,

(0 #&&F b U O LEEEROBNA

Wbk b U O LIRS BEHCH - TR I ROHERICL D ESBENR 2 ()2 E 3
boLgs,

n
a=NRo+ 5. grer B
N : msn)
Rp : RFEMERBERIEC ook & VBB RIS L TE 3 R (n/yr)

n; BET, KBV TCor2 A BMMMIE Co i T HIRNED LIS (hr)
R, BHRAECo BLUERET 1o L TED AL (wn/yr)

Rp BLUR, BJROHHERICLDED B,

3.9%x103

lOng =0.85+ 1.5103'1000 —m

R : RS (mn/yr)
Co : B X5 (ppm)
T &K (C)

LROBRGHEERET 5, BATRETE 540 L TR, FTRIECE DBOUREEET 3,

Co : 5 ppm~25 ppm
T : 400°C~ 650°C
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(18 ERETICTIBRESt, BEHD U — THBIEMRES: . & & UEREHERM &S O/MEE

15 BEGHMES, BEtS U~ THEHUG M ESey 36 X CRMBRIM & ST AR

SHME | B B h M o& Bt 7 ) - THIE Hm & & M O& fo oW X
St (kg/om?) Sz (kg/mm?) Sr  (kg/mm?)
BEE § 1000000 | 3000000 | 10000000 | 1000000 | 3000000 | 10000000 | 1000000 | 3000000 10000000
(hr) (hr) (hr) (hr) (hr) Chr) Chr) (hr) Chr)

425 °C 15.2 16.2 15.2 42.7 39.9 37.0 16.5 16.3 16.0
450 14.9 14.9 14.9 36.0 33.5 30.8 15.4 14.9 14.5
475 14.5 14.6 14.5 30.1 27.8 25. 4 13.5 13.0 12,3
500 14.3 14.1 13.8 25.0 22.9 20.7 11.4 10.6 9.3
525 13.5 12.4 11.1 20.5 18.6 16.6 8.7 1.6 6.4
550 11.0 9.9 8.7 16.5 14.8 13.1 6.1 50 3.9
575 8.7 1.7 6.7 13.1 11.6 10. 1 3.7

600 6.8 5.9 5.0 10.2 8.8 7.5

625 4.9 4.1 3.3 1.7 6.5 5.3

650 5.5 4.5 3.4
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19 KEIIMSEDIRIES AR 49 kg/mm? ROFEIEE LA
BRIE 130mb) EDBMG S L UBIML T, RI6-1~RIG-AIIEME W B WA T 3 2 EHTE 5,

#&16-1 ARUBMRORUES SRS #16-2 KEUBMS OBIUES RS #16-3 KEUBMROHUET 3R
49 kg/mn? $BROBAFEGHMS 49 kg/mn?® KRODIETIG NS 49 kg/nm® KROS5 &
So ( ke/me® ) Sa ( kg/mn* ) Su ( kg/mm* )
@WHE °C| 3I6FR @B °C| 316FR BEE °C| 3I6FR

-30 ~40 12.3 =30 ~40 14.0 =30 ~40 | 49.0
75 11.5 75 14.0 75 46. 1
100 11.2 100 14.0 100 44.8
150 10.4 150 14.0 150 41.7
200 10.4 200 13.5 200 41.5
225 10.3 225 13.2 225 41.1
250 10.2 250 12.8 250 40.8
275 10. 1 275 12.4 275 40.5
300 10.0 300 12. 1 300 40.2
325 10.0 325 11.9 325 40.2
350 10.0 350 11.6 350 40.2
375 10.0 375 11.4 315 40.2
400 10.0 400 11.2 400 40.2
425 10.0 425 1.1 425 40.2
450 9.8 450 10.9 450 39.3
475 9.6 475 10.7 475 38.3
500 9.4 500 10.6 500 37.4
525 9.1 525 10.4 525 36. 3
550 8.8 550 10.3 550 35.4
575 8.6 575 10.2 575 34.4
600 8.3 600 10.0 600 33.1
625 1.9 625 9.8 625 31.6

B 650 6.3 650 9.6 650 29.7
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#16-4 KM ORUET RS9 ke/m? ROBE 7 ) — THBIGHME S ( kg/m? )

Bhdhe
1 10 30 100 300 1,000 {3,000 |10,000] 30,000 100,000 300,000
BIEC
425 40. 2 40.2 40,2 40. 2 40.2 40. 2 40.2 40.2 40.2 40.2 40. 2

450 3.3 | 39.3 | 39.3 | 39.3 | 39.3 | 39.3 | 30.3 | 39.3 | 39.3 39.3 39.0

475 38.3 | 38.3 | 383 | 383 | 383 | 383 | 383 | 383 | 383 35.5 32.9

500 31.4 | 37.4 | 374 | 37.4 | 37.4 | 37.4 | 3.4 | 35.3 | 32.6 29.8 27.4
525 36.3 | 36.3 | 36.3 | 36.3 | 36.3 | 355 | 32.7 | 20.8 | 27.4 24.9 22.7
550 35.4 | 35.4 | 354 | 354 | 33.2 | 30.2 | 2.6 | 25.0 | 22.8 20.5 18.5
575 34.4 | 34.4 | 34.0 | 30.9 | 28.2 | 255 | 23.1 | 20.8 | 18.7 16.7 14.9
600 3311320 | 281 | 26.2 | 23.8 | 21.3 | 19.2 | 17.0 | 15.2 13.3 11.8
625 3.6 | 21.3 | 24.7 | 221 | 19.9 | 17.6 | 157 | 13.7 | 121 10.4 9.0
650 28.8 | 23.2 | 20.8 | 184 | 16.4 | 14.3 | 12.6 | 10.9 9.4 7.9 6.7

W% : AR hr) 2D BNELHE (ke/mn?) ASIEBE () 1K1 2RBDEAML D bASVBL IR,
RISERBVWTHEHIE NI 2 ED B LA T 3,
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Scanning electron micrographs on sodium exposed surface of 318FR and SUS316 at

550°C and 600°C for 5000 hours.
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Photo. 2 Cross-sectional microstructures of 316FR and SUS316 exposed in flowing sodium
550°C and 600°C for 5000 hours.

¢vL-€6 OLY6NL ONd




PNC TN9410 93-142

10l [ T T T | T T 7
i Exposure time :5000h | -
i OXygen content: Sppm 1
5 FR y
i 304 A
316
/: B A
«
o
>’ -
E MONJU design curve (MA2)
3
)
ey 0
s 10 ’_- 7
1 3% B o
o . A
o i .
s st ‘
1
1) I~ .
o
O _ é _
10-1 ! 1 L | 1 | 1
1.0 1. 1 1. 2 1. 8 1. 4

1000/T ( K )

Fig. 1 Corrosion rare of 316FR compared with SUS304 snd SUS316 in flowing sodium.
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Fig. 6 Creep rupture properties of 316FR in sodium and air.
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Fig. 7 Creep rupture elongation of 316FR in sodium and air.
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Fig. 8 Creep rupture properties of 316FR heat transfer tube in sodium and air.
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Fig.- 9 Creep rupture elongation of 316FR heat transfer tubein sodium and air.

¢vL-€6 OLY6NL ONd



PNC TN9410 93-142

n
o ! | K T T T T o
- ]
o} .H R
e oy ) -
o o) 1
e (@] ‘ _— ed
17 1 2 ]
"~ - | %
n 51 oo — . mu
= ¢ | © A4 3
b [ ¢« e c | _..l - m .m
o (7 i - o4
X I - | o ] a
- o, TT M __ N N (=1
. L1 w W 2 { ] i
L | o || dd4 N ! ) &
-t e aa - * 1 m
L | o0 “ ! @
A s 1 -t
\ =}
) ot
[~ ! 30 nnum
C ! 1 = ~ o
b .I. oy "
. ) Z 15)
= ( d
E O
- &
. /7] m.
. @ 7]
4 s [«b]
o !
(4]
o 2 80
o 4 © O p=
5 1~ e
[ - 7))
4 17}
L. ]
L —
o )
E 17}
. . Q
sy
. —4
l 5
- ]~ %
1 1 { 00
-

o o o o}
10 <t ™

((WWw,/8Y ) °8uBYy SS8173g

70
6



~ VT -

)

STRAIN RANGE

TOTAL

0
10

10

NUMBER OF CYCLES TO FAILURE (cycles)

Fig. 11 Comparison of low-cycle fatigue life for 316FR in sodium and air at 600°C.

AL T— T T 1110 T T T TTTTT] T T TTTT0 T T T TTTTT] T T TTTTT] T llllulO:AIR
- Material 316FR|{ Jo: NA
R Temperature 600C | 4 — . 500, MSS”
5L
2 -
§ -
2 b

oy r el 11 tapand o+ bl Lt tpyenf ro1 vy I 1y vyl gt o1

2 3 S

10 10 10 10 10 10 10 10

¢vL-€6 OLY6NL ONd



PNC TN9410 93-142

X Z 400 316FRo fili ) S 4t

1. Ui

SIGFROD B A EAIZ DT

JI6FR £ D bOO MBI IC B 2 WAFMILE VA, FTRELUTRICRT &5 I23I6FR & & < 7:
BR5YEFTT B3I6LIN) (BRMNEE—DERR, 7 5 v RiCH51 BEFRIEII6L SPH) A -8~ 7 229 & 242
BOWTHERshTVSY,

2. fER%ELL

(1) 316L(N) R —=/%— ¢ T2y 7 ADEEMEMKTH D, FILB LU | REVHKEN B TAR.
IS . RARERAEFICAVONTED | 316LIN) ICREAT A RS EHEI LTV

WY,

(2) 316FR DEMAFICH BEMEHELVD, KT E LY -DF MY YL« V—THSn 72
DHMELTHVONTNZ1EH, FRPEFORELI~NIRBRKL LTH MY v AhTEHASN

Vs,
#z1 {bFRS ( i@/ S—t )
¥ oM C Si Mn p S Ni Cr Mo N
1,60 0.005 | 12.00 |17.00 | 236 10.080
2) ~ ~ ~ ~ ~ ~
SIBLIN) # 1 =0.03 ) =0.50 | =50 | = 0.025 | =00 1 o%0 1 ise | 20 Lo, o6
0. 015 10.00 |16.00 | 2.00 | 0.06
3167 | =0.02| 5100 | s2.00| (i3 | < 0,000 | (0 | 1800 | 280 006
1) A : BAFRMETMR & ZO/FE, FFH2FICET 28O & S « TR I

THEA Y RO LREE, BiEGEFEI2E Y AU L(1992)113-154
2) Aubert,M.: EFR Structural Materials - Highlight and Progress, FR 91(1991)7.1-1/7.1-11
3) Villeneuve,J. et al.:The Superphénix Nuclear Steam Supply System, Nuclear Europe, Vol.V
No. 11(1985)24-34

EFEE (Wt%)

316FR
Fl
0.10 HEITEEE
316L(N)
HEZ R
0.05 \
- | SRR AERSUS316
REELER
1 ! 1 ! 1 1 !
OO 0.05

RFEE (wt%)

= 115 —



PNC TN9410 93-142

RZ&MiF1) 316L(N) &316FR

MBIEF ICOWTREERER—-THD, 7Y - TEHIC->WTHLEGERbNL,

7 ) =~ 7THBIZOWTR, 7- 7 OB5NTNS 3 FISMIEE E TId. 316FR (X316LN @ 3 %, SUS304D10

{SEIED 7 ) ~ TEH WM EHE T 2,

MEALRBEMIC>WTRHIROBEHAYICH 5, SUSII6& SUSI04 DB SR, —F. 3I6LN &316FR (24

REAFEE R —TH » T BPh.

40
£ af
LN
S fE . BB .
a2 : f“. 0=°C "’0,; .
200 | BRIt K54 \\
- I ERERT | L1 gl 1 lljllll‘\\\l IR RIET
10 100 1000 10000 100000
70 -7 (h)
ik
316L(N) o N osw
3 Krupp' Cast 4 Alrodw
IA No. 528 4 Ha 04w
~ 5 N 550 oC
= 10
moodde T al_.
% 103 . O :316FR 0.4 % “"45..06“
A 316FR 0.6 %
102 | 1 1 l

0 1 10

100 1000

F # & B (nin)

316L(N) DHBRKERIITIXHRICK 2,

Huthman, H. et al. :Comparison of creep rupture properties of Type316L(N) steel in air and flowing

sodium, Liquid Metal Systems I (1993)

- 116 —



