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Abstract

Based on the results of the Phase I of the titled research, we staried Phase IT scheduled to reach conciusion

(develop basic methods necessary for FBR post-corisﬁuction code) in three years, As the second year, the

following results were obtained.

(D

@

3

Development of assessment procedure for multiple defects due to creep damage

We first confirmed that multible surface cracks in axial and circumferential direction inside a cylinder can be
evaluated independently by investigating multiplé flaws found in a cylinder due to cyclic thermal shock,
Then a method to evaluate the stress intensity factors of the multiple circumferential cracks in a finite length
cylinder under axisymmetric loads was developed.

Improving creep-fatigue crack growth (C-FCG) assessment procedure

We reviewed the French code A 16 for flaw assessment and compared it with the JNC proposal.
Crack propagation assessment under thermal stresses (fatigue crack growth (FCG) resistance for small load)

To improve accuracy of FCG assessment for components in FBR power plants (designed to minimize
thermal stresses) under thermal cycles, we started to obtain FCG data for near threshold, This year, we
obtained data for both carbon steels (855C, 2.25Cr1Mo) and stainless steel SUS316 by Kyac = constant test
method. The results showed that FCG curves in the JSME post construction code (which is an extrapolation
of the curves in ASME PVP code sec,  XI) are valid in general. However, precise review of carbon steel data
including 855C, 88400 (which we obtained last year) suggested that the JSME FCG evaluation curve may not
have enough safety margin for all the carbon steels and this safety margin is a candidate for future

examination.

1) Department of Mechanical Engineering, Faculty of Engineering, Fukui University
2) Plant Technology Development Group, International Cooperation and Technology Development

Center, Tsuruga Head Office, Japan Nuclear Cycle Development Institute

This work was performed by Fukui University under the collaborative contract with J apan Nuclear
Cycle Development Institute(JNC)
The contract number:1402A00631
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R % 1 ERERE(C=-0.7 mm?, 50 H)ICEHT 5 2 L 3B L e o, FRR 18 FEIX T DRE
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Konax DEETE A 0 & LT, SUS304, S55C, HT60, SS400 {233 5 ER EigE % & HERT —
FEWELE,
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8 (BLF, 855C-1 &3 3) 20V T Kaax B2 & BAK WIRASBHER TE 2O T, SFIIH
SOBREEBOLDICHESE R 250 v ME (BT, 865C-2 &1 %) 12X LEBREIT o7,
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4.3 HEREH - @R
4.3.1 BEFHE o o

AR WRBOAK RIS & FHERMRE ASTM E647 [ 18 i L, CT REBH 2B\ THT >
7= #ﬁ“ﬁ@ﬂ:%ﬁﬁ%n‘sMﬁ%#ﬂﬁﬁm%é’ch{fﬂ% 1, £ 21, #HBRUA —?A %_» 16 I,
CT BBV QAR - SHEER 17 17T, FAAECRWRER, BY & FERIERO LREICEY
% @ﬁﬁﬁéﬁmé =L B L K —ﬁ?ﬁ%ﬁa‘%éﬁm U, REEEIIE 1,' 2 H S550§; 2;25Cr1Mo,
SUS316 #ic >V TREBREST o /e, FRFSEM L7 856C-1 120V Th Kuax 3T & 5 A KM WiBES

PHERTE 0T, SERROTRILHER DI DICRESREBBIR v MICH LRRETT o1,

# 1 RSO/ FERS
C Si Mn P S Cu Ni Cr Nb B Fe

S55C-11 0.53 | 0.20 | 0.66 | 0.007|0.003 ) 0.01 | 0.02 | 0.02 - - Bal.
855C-2 | 0.56 | 0.20 | 0.84 | 0.015|0.010| 0.01 | 0.03 | 0.15 - - Bal.
HT60 | 0.12 | 0.25 | 1.45 10.008 | 0.003 | 0.01 | 0.02 | 0.03 | 0.02 |0.0001| Bal.
SUS304| 0.05 | 0.59 | 1.02 {0.028 | 0.008 | - 9.11 | 1835| - |0.0001| Bal.
SS400 | 0.12 | 022 | 0.58 | 0.021|0.017 | - - - - - Bal.

225Cr-1Mo; 0.15 | 0.28 | 0.5 [0.011 | 0.005| 0.07 | 0.14 | 2.38 | 0.005 |0.0002} Bal.
SUS316| 0.01 | 0.59 | 0.84 | 0.26 | 0.003 | 0.26 | 11.19 | 16.87 | 0.001 |0.0006| Bal.

® 2 R OBBREE

Yield Point | Tensile Strength | Elongation

MPa MPa %

S55C-1 375 724 -
S55C-2 481 308 28
HT60 520 631 28
SUS304 225 608 61
58400 275 438 36
2.25Cr-1Mo 430 615 30
SuUS316 263 566 63
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HERICHW-AK 2 OERIX ASTM E647 [ 13 ]b:ﬁél_n

AK= ARG oooeevvoesssaensensssesssssess s sssses s s s serae s sssranes (16)

L, TIIRARK IIIMEHES o= 15 + TEH 3 = 18 mmIiTHHISTHAK THY., CiX
(KARIda)/ AR & LTERENADAK BRBCTHVEEEORRERML C=-0.Tmm! & L7
[ 141 AR HATEHS & UF Ko 1T X 57 12 MPam® & U7z, 2SS < OB OA K 3131E 3
MPam'? & /2% = & #AFICHE, a= 20 mm iZ TAKn = 3 MPam_”é LRBEIICLELDTH

60

BB EBICEREO Ko T TREE2T TV, ZHIZOWTIL ASTM E647 [ 13 Jo/NEE
BREBICRIETAEB(Wa > WD (Koalovs)) DT CEBATELRER K LTELTHND, &
EEY 72 Kae OBERAZE 18 1273, KOS \B/MRERRIIIST 2502 R T
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W B a KmaxSSY Km CVN KCVN KIC Kr Tyg gy O o-eq L‘.
mm mm mm | MPam'? MPam'? 1 MPam'? MPam'? MPa MPa MPa MPa

855C-1 50 12,5 20.000 58 21 64.76 ~ 0.88% 375 724 550 236 0429
50 12,5 20,715 50 21 64.76 75.5 0.772 375 724 550 208 0.379
50 12.5 20,103 46 21 64,76 82.4 0.710 375 724 550 189 (.343
50 12,5 20,017 42 21 64,76 80.0 0.649 375 724 550 172 0.313
50 12,5 20.045 36 21 64.76 80.5 0.556 375 724 550 148 0.268
50 12,5 19,933 18 21 64,76 80.5 0.278 375 724 550 74 0.134
855C-2 50 12,5 20,000 74 214 7197 ~ 1.026 481 808 645 302 0.469
50 12,5 20.453 70 214 71.97 883 0.973 481 8§08 645 289 0.449
50 12,5 20.159 18 214 71.97 109.7 0.250 481 808 645 74 0115
HT60 30 12,5 20.000 80 281 304.40 ~ 0.262 520 631 576 327 0.568
50 12.5 20.577 80 281 304.40 ~ 0.263 520 631 576 332 0.576
50 12.5 20.385 70 281 304.40 ~ 0.230 520 631 576 289 0.502
50 12.5 20.634 50 281 30440 ~ 0.164 520 631 576 208 0.361
50 12.5 20.553 36 281 30440 ~ 0.099 520 631 576 124 0.216
88400 50 12.5 20.000 42 132 151.54 ~ 0,278 275 438 357 173 0485
50 12,5 20.162 42 132 151.54 ~ 0.277 275 438 357 173 0.484
50 125 20,116 32 132 15154 -~ 0.211 275 438 357 131 0.368
50 12,5 20,113 18 132 15154 ~ 0.119 275 438 357 74 0207
SUS304 50 12,5 20,000 35 ~ ~ 533 0.065 225 608 417 141 0.339
50 12,5 20,403 31 ~ ~ 533 0.058 225 608 417 128 0307
50 12,5 20.341 25 ~ -~ 533 0.047 225 608 417 103 0.248
50 12,5 20,139 18 ~ ~ 533 0.034 225 608 417 74 0.177
2.25Cr-1Mo | 50 12,5 20.000 66.02 278.5 276.06 ~ 0.239 | 430.22 615.44 523 270 0.517
50 12,5 20.594 50 2785 276.06 ~ 0.181 [ 43022 615.44 523 207 0.397
50 12.5 20.427 18 2785 276.06 102.5 0.065 | 430.22 61544 523 74 0.142
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4.4.1 BE
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