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Abstract

As a preparation for developing a code for FBR post construction code, (a) JSME Code NA1-2000 was reviewed on
the standpoint of applying it to FBR power plants and the necessary methodologies for defect assessment for FBR plants
were pointed out (b) large capacity-high speed fatigue crack propagation (FCP) testing system was developed and some
data were acquired to evaluate the FCP characteristics under thermal stresses. Results showed that the extended research

on the following items are necessary for developing FBR pdst construction code.

(1) Development of assessment for multiple defects due to creep damage

Multiple defects due to creep damage are not considered in the existing code, which is established for nuclear
power plants in service under negligible-creep temperature. Therefore method to assess the integrity of these

multiple defects due to creep damage is necessary.
(2) FCP resistance for small load

Since components of FBR power plants are designed to minimize thermal stresses, the accuracy of FCP resistance
for small load is important to estimate the crack propagation under thermal stresses accurately. However, there is not
a sufficient necessary FCP data for small loads, maybe because the data is time consuming. Therefore we devel‘oped
a large capacity-high speed FCP testiﬁg system, made a guideline for accelerated test and acquired some data to

meet the needs. Continuous efforts to accumulate small load FCP data for various materials are necessary.

1) Department of Mechanical Engineering, Faculty Engineering, Fukui University
2) Plant Technology Development Group, Tsuruga Head office, INC
3) Structural Mechanics Research Group, Advanced Technology Division, O-arai Engineering Center, INC

This work was performed under the collaborative contract between Fukui University and INC.
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K6 BN—TRTOFEKR— FHEKEERF - FHRE
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324 £&

RWAEE S0 kN, MEREEE S0 Hz OEFRBBERAF L2, SHS Ol 0N
TOCHEBRRZITILESFDDLEZONDEN, ThECICERL-RBEAET TR
EMEMZBEL TVA I L 2R L. TRICK ) AK EEDGHEREY S BERT
— Y HRONIELRBERITEE 2o/, SBRUIERERZzSUEL O LY
T 2HBELTWFETH 5.
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3.3 AK BB (C) DRTEEICET 285
3.3.1 AK Ei = (C)
AK BT (C=(dKida)/K) X, 1978 4EiZ Saxena 5[ 9 12 & o T R —FEAK #mHERIC
WM LRESNLNTA-FTHE. fhdid €= —FLTAHI LIzt FRFHRPUE
(R % SHESHS (o) 18 L—EORATHI TS (RQ) BR, 58
DBIES LB TE S LE 7 (Paris BIIE 2 HEREEAIHEBEOLEL T2
FICEATRETS D).

2
1{ K, ‘
et e O O OO OO S R (1)
7 27:( o,
1 dry
—a_—=const. ..................................................................................................................... (2)
r, da

LU, Saxena H[9HITEV: C DHIRBOEEFEEZRT. THRFAEEDAK & E5 X BE

BREE (da/dN) DEFRE (B 7), AROBHBENCL IV FEIhD LT3,

da
m ALK ) et sesae s ne s n e e s e s as e s e ae s bs RSO ba b e s b ema et ne ee e denamea e tmerens 3
T (3)

log(da/dN)
@

log(AK) MPan:‘"2

|
]
1
I
:
]
|
]
I
I
|
}
]
]
I
I
1
|
|
I
I
I
1
I
1

AKth ch log(AK)

7 daldN - AK D%
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REE 12 ~OTLEE L, REOEAVKRE L, 20k L ), K2R,

da da
— — | =  eeveesareresseeserasessserssesesssssnsnteseeesananarasbbsn e arerantan b batobarenan et 4

ASTM TlX, AKy BB dafdN = 107~10° mmicycle NEED 75 AV 50T,
(daldN), = 10° mm/cycle, (daldNy, = 107 mm/cycle & BE T 5 EXN@HELIE 10 L2 5.

TITHRE 12 MOSEESY d mm HICHET A LITT A, ASTM TIHRE 1
P BB 5 MO FAREE LTBY, TITh 5 MET AT LT B LR
AK P HAK, T THOXBRSIES da i3,

B = Al X5 =5 Gl ITITL eeeeeeereereereeeeaesssesrserseeessasasnasasassonesstsssssssneessrrnssnrssssesessssstatnsansorsinenss (5)
EAh. LEELY
. 1
C= L d(AK)= L |AK, -1 =—1- FO 7 =1 [eooeeeeeeeeierrereeceesrne e neesssesessesesessssasasssssrsess (6)
AK da 5di| AK, 5dl

Saxena 59113, n=25, dI=025mm & LT C=-0.08 mm” &V} HIREEEFE TS, %
BASTM Tl dl=025mm 22V TS SIZAELLTEIVEL TR DD, d %&
HHEDOSMEED 10D EETHIIED TS,

T Tn=25 REIEBRICTHEIPTIREVEVIERTH S (AKn T T oL
BoThbBh L vy LEETLE, COMEEETIEEL, SRESORHREIC
TEILETHBIEIWERE LAV, LT, K RBETI} Kpo PEFEIL—ETD
BER FQODELELECHESRLOTHE L0 C DHEIZR —ERRFAREIERSD
I L o THREL T WEELLNS., |

IClEREL TR EICXAEREDFIAIL, HERERATKIBICER SN (7oL R,
SRERFEE MK 10 Hz, VHBAK ; AKo =12 MPam'?, Kpex= 18 MPam'? B¥, C=-0.08 mm™ @ #

100 H>C=-12mm” . &5 8), HELOF— B TiEL b THA.



3.3.2 Komax RERE 7 ERLERMER

MEUXT L RBE FEREEIIN 80AK FIHEFESRERSBRI AT A2EHL
7z, CTHREEF OWMR - TEZE 0, B (SS400) DIbERS B L URERIER %
TRENE L, K2 IR

LSS
seo valve control program 7
hydraulic = AR
pu _
C)E@ 0 clip gauge load F—éxi\
cc% P —
2 0 @ @ I'-—_-‘f"'_——-l a
el | o3 |2 H D/A |1 [cracklength|
P
load cell = | —=@ —
oad ce ‘ - | f{l_)__d
* oil tank @

LSS S S S S S S

$12.5

W=30

62.5

o HERRFER
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F 3 HEM DILFER D (wt.%, SS400)

C Si

Mn P

S

Fe

0.12 0.23

0.57 0.014

0.015

Bal.

% 4 HEMOFREE (SS400)

. .

Yield Point | Tensile Strength | Elongation
MPa MPa %
274 36

AK Hl#H D 7= D 2 BE ST EE 'Asm[ 8 I HEHL Loy 7y —=VEe Ay, B
BiE (SELE SEHIEE S 0005 mm) X3 XRESOERLFo7. SHORBICAL
7rAK—a/W BB EE 10108 T, Ko PREICOWTE, RBEIZELTAWTES
FETER L GRELER, Knn=18MPam'? & L7z (AK @?JJ,EJ%AKO; 12 MPam'? T
B, Kmn-al WERDE 10X VEE2). ZOMORRSMFL LT, HBREE | FiR, &

435

BRIETH—9y Mid 6 LT AMICIRILARZT - 2.

ST SR AICE L TIL ASTMI 8 JICEERL L ay/W = 0.36 12T Knax=18 MPam"? %22
alW = 0.30 12T Kpux=15 MPam'? &£ %2 5 X 512 Koy 25 /W I3 LIEARENZEL TS L9

BELY. ZOBAK=12MPam* =— ¢ %2519 K 2 BEL. BREBREIDRE

BIEHEDS 18 mm (ayW =036)i07% o 2B S CARBRERZ BMG L 7o,
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A pre-cmckingl K< test K
max
18 / 1
1
1
i
S 15 .
= .
= !
E 12 \ € mm!
1
< i\ . 1.2
¥ 9 A A — o
E A S EE -0.195
Y : \ v///
- -4
6 N ¥ .
1 . el
t ~ 1c--...
3 : :
! 1
' 1
' 1
0 0.36 0383
0.30 0.35 0.40 0.45 0.50

alW

10 Ko SRERDSTEAK-a/W

COBEE BEDOISANIAr70Ra—7 (AR EME) Ot 001 mm T
oY, SE|ICIEKRE (T 5720 FHIEE 0005 mm D P TRV ORI —-TEH
ALZ (BEEATVNE bOOBTREOS M 26). 1 = 25 & LT C oML
di=10x BHEfEE LTRE LARERE SIORT, o

£5 b 7&11&%4'7 T 2 —TD5EEE L C (n=25)

Precision (mm) Reading period | C (mm!)
0.01 .1 (.18
0.005 0.05 -0.35

n=25tFhE, COLINEBEDOFNIANTA DRI —TEEALLLLTD

C=-035mm™ 2 &, Hertzberg 5 0)%?%75% P [71C=-12mm" DREEEITH T & FH
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EhWEEIZRS, L L, EBIC Hertzberg 57°C = -1.2 mm™ I THEBEZIT > T b
&R EL (Hertzberg b OFHABBROSEHAH), FHIE C=-12mm" IZTREREIT
Az Eicliz (810, #F:C=-0195mmM IZERETH5).
ERER SEfFo7 KunREE (C=-12mm") OAKFHEEEEREZHBEL2MAZ
1142, REBHRZE 1212777,

B 1155025 X ) IZAFRICHVARBEY A7 5128 5AK IEHEIE & DEI B
THS54%LTDEHREFIFBONTNS,

12T ASTM IZ#E38 LAK,, % 107 mm/cycle M DAK & L THRE L72RR, C=-1.2
mm™ 23 B ARy DEIEF NN 29,3.1, 3.2 MPam? SR b T b, Thid, F—0
v MIH LAT 272 € =-0.195 mm™ DFER (5 120 ; Ak = 3.1 MPam'™®) & |212F LA
THHLEVZ, COPAKGIRIZTREVP/NIVE N B,

14
12
o Measured

~ 10
g —  Planned
s 8
=
;:1: 6

4

2

0

0.360 0.365 0.370 0.375 0.380 0.385

alW

B 11 AK #H#EHE (C=-1.2mm", Test #2)
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10°9], ' ! 1
| & e @C = -0.195 ¥
@ ® —®C=-1..2 ,’:/
g | A ---—- ®C=-12
% & - @C=-12 '
g
=
3
'ﬁ ]
107 329 (033
1 D@51 10
AK MPam!”?
B 12 Ko ANBHER
3.33 & ==

3.3.2 2BV Tt Saxena b LAk, n=25 & LT C OHIBRIEZ SEHE 0.005 mm (&
BaRL LTIENAL) ORA 7 0A3—7(FH T &ICLT035 mm” #ELNIz, —
FEBDEERTIL, Hertzberg b NER/ZSEILINEKEBIZLEDL S C=-12mm" TD
FHillzEZRATE TS, LTIOEREET 5.

EBRER (M 12) 2& 5 L daldN = 107~10° mm/cycle DHHTH->Td, n=250
GERIFEshL . LI SS5EDT— ¥ Tl dofdN = 107~10° mm/cycle DFEFRLZ log
daldN—log AK BAfRZ ZEMHEB L7z FEVF L wEBEbRA, 2 CIOHED 5 5B &
PZED) B daldNHBNEV2BDT—Ipo&KAn2RKD, TLTREE D CZFMEL
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PERYE 6I2F LD, d=0005x10mm & LT3,

#6 HBERICLEnL d=005mm IIHIETS C

Test No. ® AQ ¢
n (from all 5 da/dN 5.04 3.832 4.658
data)
C mm! | -1.47 -1.80 -1.56
n (from date for least
2 daldN data) 5.97 6.69 6.83
C mm’! _-1.28 -1.16 -1.15

% 6k ) SEOEHTIE da/dN = 107~10° mm/eycle DEEFAPNIC TH@ICTIRE L
A HTIZDD L, n At Saxena bOFEEIZL L AEh o722 LA C = -1.2 mm”
DEF TR L= £ 2 bNb. 10Hz CRERETH & LTAKo = 12 MPam'?, AKy =3

MPam!? & LCRET 2 EE TOLIBA Yy b - FRYy M EEZbNS,

& 7 Ko SRERESR] - 2 R b ILEN(AK, = 12 MPam'?, AKy, = 3 MPam'?, 10 Hz, n=5)

C (mm™) -1.2 -0.7 -0.08
days/data 5 7 100
Req. Precision 0.01 0.01
(mm) 0.005 : .
initial cost +¥400 K +0 base

C=-07mm' BETRREFTIEFIAMT7 4~V AWIERTHELEI LN

4
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%,

EZHTAB C=-12mm OFHUE TR TR 2mIBHEEORFN IV
Ar7URA3—-FFERLTERLL. LALZOTA 7072wl LTH,
MOMETIERAIHIETE a5 25 BELRY 3B LT LR C=-1.2 mm™ OFHH
BEHRTERWI LIRS, Z056 [RROTHEL] L WIHIBERPLTELR 5OC
CREIEELZ ARV, CRIESBMBEBAELX TP T da/dN = 107 ~10°
mm/cycle DEEFT log daldN—log AK MDE EHEDLLZLHH N ) 6D 2R LT
Ww{Ztih.

¥ 72 Z DEEBEHFEL BHERIL da/dN =107 mm/cycle HEDAK X ARy & T 5 2 EBFUT
LABUTRWIEZRBLTWEEERZD, 27 L, ZOBETHAK, &/ S (FH
FTEHIEWZADT, EFAMEHMEIIRLRVWEEZLONRS.

334 F &Y

A Kpex RERF C=-12mm” DM TIT - 28R, C=-0.195 mm" DFE & IZITFRE
DA DEDFB LN/, TNICE o T K RERIZBITS C 70K, B L MEREBOK
FERERIFECRIZTREN NSV EFHERTEL.
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4. ¥
FBR 75 v MEBEETEN—TE LT, (a) ISME#H4#% FBR 77 ¥ MIBALL

BAABUEL & b SBERTMEM ML - SHIE 0 BN TERY SRERS

BOEBIIET U ABFESEEY S RERRRY AT 2 2HS, TOBRT— I,

o, Z0R, 4% FBR 77 ¥ FOMEEREIRICAETEFNRRA TS,

DTFToEBICETA2HEILETHSL LOBRERI.

(1) BEIRR RO BEFMFEDORHT

2 ) - T CHEE S NABFRRFAIIEROREFEE L TROFRICEELT

BRRFBHL-DTH S, 7 U —FRIEBVCE—RICRBAFEBTRET
B AT MEL ¢, THISHIE LRk O R GFET & T3 RRRRRIT
LEDLE I ZREF— V2 PBTEREMIOVTHLTLIBELPTIE RV, &
7RO RIREIFE T IREOR BB ON R BB ERE LTETMET S
S L A O TEBEIRARRIE LB 2 Ml TE 08 HIZ2WTOHRED
%ELTW%.%:T%ﬁﬁkmééﬂtbf%?wm?%¥ﬁ,£$6%?wm
BOBEMFMFELHETLILEFH 5.

) AT EIEIE Y & RERSH DO

BMIEHMES TSN/ FBR 77 ¥ F 2 2BICB W BIE N TEYS S HER

REEMEL CGEET L0103, BICERNEROEYN SRUERFE (B
RPHOPICTALENS S, L IAHVEFERERISHET L ELRTVEHH
AR, (FRRRIGHIABEER) H 0RGEBROEF SRERT— 5 R T
BITE—RICERBAET 2 (5 WESAE S He, FEHWRE C D ASTMIRE =-0.08
mm 42 TH0 200 B) . EITER L 2 EEICATRBEEY & RERRRE A
L, I-HEoESSBEERERICEELRIZE R C IZDWTIRET LR
BEEEZH3AME (C=-07mm’,50Hz) IZEMET DI EHFWEEE Loz,

Tt
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SHRIDBEMEFEAL, BERERIIBWTEY SRERKIRICEELZRIZTLEDN
TWVEBEREIIERBE Knax OHETFME 2 0L LT, BEMBIITT 5 M EIIR 7
SHEERT—SEPRL, FoIN-AHETH. NI LD HEFRRIIB Y A
FRRFEEEDERT — 7 2R L VWAL 2 5.

Bk
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