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Development of a Remote Controlled Fatigue Testing Apparatus

at Elevated Temperature in Controlled Environment

Masao OHMI, Hideaki MIMURA, Toshimitsu ISHIIY' , Kivoshi FUKAYA™
Minoru YONEKAWA Ichiro GOTO, Yoshiaki KATO, Junichi SAITO
Motokuni ETO™ and Haruyuki SAKAI

Department of JMTR
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Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received January 24, 1996)

The fatigue characteristics of reactor structural materials at high temperature
are necessary to be evaluated for ensuring the safety of the High Temperature
engineering Test Reactor {HTTR). Especially, the high temperature test data on
safety research such as low cycle fatigue property and crack propagation property
for reactor pressure vessel material are important for the development of the
HTTR. Responding to these needs, a remote controlléd type fatigue testing machine
has been developed and installed in a hot cell of JMIR Hot Laboratory to get the
fatigue data of irradiated materials.

The machine was developed modifying a commercially available electro-hydraulic
servo type fatigue testing machine to withstand radiation and be remotely
operated, and mainly consists of a testing machine frame, enviromment chamber,
extensometer, actuator and vacuum exhaust system.

Tt has been confirmed that the machine has good performance to obtain low cycle
fatigue data through many demonstration tests on unirradiated and irradiated

specimens.

Keywords : Hot Laboratory, Fatigue Test, Apparatus, Remote Controlled System,
Elevated Temperature, HTTR Materials, Demonstration Test
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Y, £, HIRRBIIEEROEATOEEEENTEAL5C, EROEREBL
BYffitie, Table5 ICKBOBBHA v F—a v 7 RERT,

3.7 FOMOER _
EH A 7 NVEFRBROM, BARRBHERBRRUEEPIHAROOOMBERIEE LT, B
ToEBEFER L.

DER - ZHERER

BREBHFHERRICBVWT, ARRSOBRLEZENZEC LI VRO LD OANER L
LT, ZfERVCEREOARFEIROER,. RCHABELRIET 272D~ 7 afl
MA—ZZE{H LT, Fig. 14 KRKREFREBEREBONEZRT,

QR FEREERRCHETFAMTER

BHESOELBZBNEERCL VRO -DORBRA ERGBFIR Y HTABEE LT,
WTEREOLD OBEEEEFER L, T, BENHRBRARBRA CEEAY 2EHL
THFEERTDOORBT 2T I EEHB I XNOEBE NI VEEFE L, Zhbol
BRE—O X-Y-Z A7 —VICRY T 5 TW5b, Fig. 15 (i FREHER U HIT
BEoNBlzR~T,

QENLEHER D T 4B

BENERBRAROEMRAER 2 Vv 75—V %, RABA T v VE~EBIOEREBET
Y ) 5 7= OB R T B BMm U7, Fig. 16 BAERY i EBONE %
AT,

OMBEB R CHEEBRH L 2T &

IMBEBERCHMELBOBHNL., MEARBENBEESROBHRMEL LTEALT
W5, FARBOAGHERICRATIIE>TITH T EE L, KVRF AL, KHE: 3kg o,
B 150¢, /mn T, BEREVERIZTES, £, BFMoEFERLREL 2 &
o, BHKOKEETREEZTILERD Y, EERANCKRB LT A AT — LA F L KH
BEZEALTREMETAZLCIVEERTILE LE. ARBB T, AVATLDE
Hk %, MBEEOBHANBTFRCRESHETORIIC2 ¢ /min , HEEBOA(
AOEHDTHIZ1 0~20 ¢/ min OFETHEA LK,

4. RBRILEOVEREMESE

AEERFET TH®, WONE, WEFHRE, PUHRERVCHEABREZITV., EESHOMN
AR L, BEHFAREZITIHGIC, R v FRURBA F v v 7 OBLEESRRT
— ¥ DREICRE RPBERIET I LRAOI TR Y, HIREREASTM—E606—80
Standard Recommended practice for CONSTANT -AMPLITUDE LOW CYCLE FATIGUE
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RRBRRBITRA D L O ICREF SN TWB, Fig 13 KEBRBEBOBHRHHI A 775 4
R, £, EERBRRICIIESBOBEATOERERENTEA L1, SHOEHREEL
Y {Fi)7, Table5 ICBHEOBERE A v F—u v 7 HE2RT,

3.7 FOMOREE |

B A 7 VEFRBROM, REUEESERRERESURBOEDORBRE L LT, B

ToORBEZERL -,

O - RHRBREE
BIEBSEHERBRIZEVT, BRE SOBLABNEEC I VRDI-DORTER L
LT, RRERPEHEOANEROBRH, RUHABESXRET b0~ 7 afir
R A—# & 8% LT, Fig. 14 KARKEREREEONMEERT,

QU FH BB R T REITEE
BIHESOBLEBEFRIC L VRO EDORBA BES TR A ABLE LT,
BT EROTDOURERTER L, £, BENERBRARRAICHEEAY LV 2EEL
THF T B0 ORET 2T EERHFAOBE NV ALEMRLE, Zhbok
BIXF—D X-Y-Z AT —VIZB YT b TW5, Fig. 15 2 AR ER BT
BoSNBETT,

QEALRER 0 £+ 368
MESERBRABREMAERZ Vv 775 —U%, RBAT v VE~ESICERBIET
B Y AT 5 7 OBAFHER AT B AR L7, Fig 16 ZMAHRY AT RBOMNMER
i

OMBAEBE R URMEEBRHIY ZT A
MBEBER CHEEBOBHIIR, MERBRITEMBEBSBOBHRBEL LTEALT
W5, FARIBOABE AT AL oTITH>Z e L, KR F AL, AKHE: 3kg o,
#E: 150 ¢, /mn T, BREREMEFICTED, £, REROEEERLE 252 L
Pt WHAOKBEEEETILERDD . BERNICRBLET (A F— A F R
RIS EEALUCORRT D D LIC VR T52L & Lin, ARBEBTIX, AVATADS
Hk%., WHEBEOEBRANRFROCERKEREORIIC2 ¢ /min . HEEBOAA
DEBEDT-HIZ10~20 ¢ min DFWETHEALE,

4. ABRILEOVEERES

AEERMTE TR, MORE, WEIHRE, MUSHERTCFERARZ TV, EEATONE
EEME L, BAFRBRZITIRRIC. AR e v FRUERA F ¥ v 7 Ol LRESHEBRT
— X OREIREREELRIETILIIAON TR Y, #HREBRIEASTM—-E606—80
Standard Recommended practice for CONSTANT -AMPLITUDE LOW CYCLE FATIGUE
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TESTING)? Tk, HLOBRERE L %LAN L SR TW5S, FIKFIRE—EMRIC L DEY A 7 Vi
FRRTIE, MOORBREETH S, WEHHNIERBOLZEN L AHEHORKFETH 2 EF
B CTORENBETHS, WO, BV 7ARBRIC150~300pmTEt 1%DHF
EEHETHIO>RbOTRITERLRN,

4.1 WLLAE
AREBOEHLIEIZBO T, 4RDOKRAARESF—VERY ST ERBRA ZEACRY
ffir, BIRLIEMHWEZ 3O NETCANL T, TORNODES VORI ZRE L, ZOF
ETESOIRNEMBLEL THR LA, Table6 IKELBET —# &1, BEFRIL, k&
OREEARBREETHCHRTEDI LD TH T,

4.2 TrERE

AEBIEH Lo — FEd, 518 - EREACBHERIOOKNTI 201 YD
ELUIRBNTHE0. 5%OMELRIENTEDH DL L, Thbb, BMEMMSHVR
BATHLO— FEAORBELEL LN HLOE LEZEIZLY, #LEORBERLZAC T
EMTEBZLDE LI, Table 7 X EREHREZTYT, WERERLRIL, 2L VBV
+0. 5%LUATHY., +RIHENTH S,

43 HUEHRE

UL, BFRBRE2ToTVHH,. HERSHBRADBUTEZEH L TWRITAIERZLRW,
SO, HMUNOKER., BEE~A 7 A —F (1 x m)EREALERERRICL Y TG
DHREEANTHETD & L BT, EBIZ, EARICBWTEBEKMICER Y 177 RIBTRIE
AEARGEEEE L, T L W EFRRRRONBICHMTHOMERBE AR TES L)
iZhr o, Table8 ICHMUHOBREREELRT, MERERIZ, £L Yt T £ 1%8AN
DBRETHY., TAHENTH D,

44 BEHZE
—RCRBTORBRABEONER, RBATTEHICAES 2 EMSEEY 250, X
BERITo THELERT 2 FERDH S, BFRBORS, RRARKEHIKENRETSH
. EEETRESERY T 75RE. BERCARNNAZBIYNL S DT —RICIZATE
Br5, L, BEFREC L ZEERBR CRAEMLORY 47 SEER2DIZ, FH—HRO
FEHRA BB I VB AR X HHE Y ). REBRA OEBICR T B e — & HIEHBRES L O
BB R RS D HECRBARE & HIHRE L OREMRERET 52 L L
BERTEX, RBAESLICHD 1) RBRA OFATEHIZ SAORE A Z]| 0 1, RBA
SRR - E R OB — ¥ 2HE L CEEL T OREE THEL, JORFOIRE
EEHRLI-E., BRERREITVEERELHER L, Figl? CHRRABRT—461L LT,
HEHABREXNOBRERELXS8 08K E L, 72 3KE THELRBRN FEITE OB —iHEF
-




JAERI-Tech 95-005

v— MR, BRERBOSE, FHEREGED 67 3K»5b1 17 3KIW\WT, B
BELX2KZ2+RICRETAILOTCH -T2,

5. {&YA 7 VEFRER

ERMBOBRRIEY 1 2 VERRERIT, A HRAEBTITOh TS, UL, TORERE
B L TiE, RKEHPASTM, AAJSMS., JWE SDO#¥H 5\ X Hanford, Thomas D
R ¥NH Y (Table 9), EEEHREERRENHHDITTII2L., ZhbORBREOCHFTL—
BHERTHIE-DICRBA TR ZihD & LR, SSBEREOFETERELTY
HOBBIRTH D,

ARBRIZ. ASTM-E 6 0 6-8 0 DHIEERIETIT o7, Table 9 iCHRREDOLBREZ R
kD - :

FRBRERE T AV T, FBFFEENBEH 2 VACr- IMo OBV A 7 VEFHR ZRIEL
7=, RERIL, FEBEMECREHCOVWTITY, BHREFRRT —FEBDI LR TEL,
LTI, ZHab ORBRFBRITOVTERS,

5.1 FEMEH AR

HT T RETFIFENFSH 2 14Cr-1Mo ROFERNH & VBT A 7 VESRBRIX, =—
L RREBE GOBFER. Rk ¥—HRE) L RERFERREBE OBEZRER T,
Fl—uo v Mis, A—BRORBH 2BV TIT o/, 2—A FREBEII, RBAZMRT 51
DICEERE AV, MUEHT, S ERRFR LSRR EEE SRR L RARICEM I XD
ETDHHLDOTHB,

HEiX, BE: 723K, OFTARBE: 0. 1%/sec . RBRHER: 0. 75%, 1. 0%,
1. 5 %D 3&RHETEHE L. RBREEKIIEZS (1X10°Pa) &Lk, 28, #BRA
FERIL, EATERICEE X LEELOLOF R LI, Tablel0 [ZRBRICER LI BORT %
R, ¥£i=. Fig 18 KRBRAMRETRT, SR, HEMSETHTZRIET 2D
IZHERLE=HOTHD,

REERIT, HBOMHERBER L SbETFig 19108 Y, RBRAOTARLEG VA
7 NVEOBRRN D, 3—b PR L BRBIEARBMOMICEZEOEV T AR EINT,

5.2 MRGHRER

REH(RER (1 X 1 0 ym)YDIES A 2 VEFRRIE, FRHEMRR L RROERA 2 H

W, REBRIEE7 2 3KIZBWT, RBERFZERMN0. 75%, 1. 5%D=ZAKEKRTL. 5%

TABEM 1 0 RIS OB, EHEEEO0. 1 %/sec TEML 7, Fig19 ITHRFM X

A ORBRFEREZRT, Fig20 KRRIEE : 723K, EHEE : 0. 1%/ksec RTER

1. 5%MRBREMTEE LY 7 VEFRRICKIT IR & B O5RMRE—
_g—
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v— MRT, BRERBOSE. FREEAEDG6 7 3K,5 117 3KIZBW\WT, HEK
BELX2K2+RICHBETAILOTH -,

5. &1 7 VERFARR

ERMBIORIRIEY 1 7 VEHRBRIT, B HRBPETITbh TS, LirL, TORERE
BLTiX, KEDASTM, BAJSMS, JWE S O##H 5V it Hanford, Thomas DI
R ENH 0 (Table 9), EEEALAEERARENH I DI TII 2. ZhbORBRECHTL—
RBFER TH B D ICHBRABR &40 & LLRBREMHIL, SEEMAOHETRREI LT
LZOBHRTH D,

AT, ASTM-E 6 0 6-8 0 DHIRERETIT o7, Table 9 iICHRREDOLLBZ T
T - -

ARBREBSHWT, FTFEEAFSH2 14C- 1Mo SADEY A 7 VEFRBR Y 2L
7=, RERIZ, FBEMECREMICOVTITY, AHREFRRT 285 LRTE,
ELFIZ, ZhboORERBERICOVTIERD,

5.1 FERETH AR
HTTREFFEEHESE 2 1/4Cr- 1Mo DFERFH & AV BY 4 7 VRITERRIZ, =—
L FRBE CUEFERE. R R —HRE) LRFRRENRRRE OBEZRERTLILD,
A—o v M, B—RORBF 2BV TITof, 2—/ FREBEIZ, RBA2NHT51
DICEEEEAV., BURHT, SEER LSRR SRS L FRICEMAIC IV
ETBHLDTHB, |

REIT, BE:T23K, OTABE: 0. 1%/fsec . RBRHZER: 0. 75%, 1. 0%,
1. 5 %O 35BTEELE, RREFEZIZIEZYT (1X10%Pa) &Lk 2B, BARA
FoRiE, FATERICEST X LEREL O L O LY L7, Tablel0 IZHRBRIZMER LA OpD %
Y. ¥/, Fig 18 mRBAFRETT, SAERBRAL, FRMAETHRUTZRET 1D
CHEHLEZLDOTH D,

REBERIY, BROBEERBRER L SPE TFig 191277, BRRAFOTAHARLES T A
7 NEOBBR—ND, a— FREE L BRBREARBESOMICEBZEOE N T LR I,

5.2 MREHRER

B ERER (1 X 1 0 ym)DIES A 7 VEFHRRIE, FERHNMRR L RAROREBRA 2 A

WTC, REBRIBE7 23KIZBWT, RBRAFZEEMN0. 75%. 1. 5%D=ZAFEKRTL. 5%

CAIEM 1 0 RSO AHE, EHEEXO0. 1 %/sec THEML 7, Fig.19 ICFHRFM K

R ORBER LRI, Fig20 ICRRBRERE : 723K, EFE 0. 1%/sec RUER :

1. 5%0REBREMETER LIEY 1 7 VRS RBRICK T DR & A O5 RN E—
_g_
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WEYA 7 VEOBER, RO Fig 21 ITRARNBREFHERZTT.

MBI, ARBOBNRICBVT, S48 URBRA TR & BEH ORFEMICE
BV E, B, BERBA CRETRBUMORK T, BREANOENBRONS 2D,
B OELESMNERNM OELEEMCE_TEPCEY LTWD I EBERINE,

6. £&¥

BREBRECL Y BREZF COEFRRVTELEBEYHREL, FHOBREERTOLL
biz, LTOX I RmRER LB TEL,

1. BELY ¥ — L RBAZFEACERBRAEARZRBE LI 2ICLY, BHITY=
FL—ZBETRBA OBERN AR L Rl RV A 7 VEHRBRO L HIZ515&—E
MEEOPIIRBAOBEICIXADRFETH D,

2. HUTREICREWT, BREEZTHCHTRIENTE 5 boiR<, MR NET
X B LD ol, ZOD, HERCERTE X —Y A7 — U L Sl ER S
EFHRRLE-LICLY ., EERBRICBVWCERBETHUTHEN TR L R T,

3. WMES—RRE SRR CIBHERICHLTT 7 Fa— 2 RREETBRETILD
. BYA ZAVERRBO LS RN ECORRS CEARE, REEEZTIIHLTH
T I Fax—ZREEETERE L, RBA OB LENRD pRv. FlE, RRAE
FEICHBURHEEy F LTERECORR ST, HURICHRYBECEBE. RBRACTE
AOBRE->TLE S, BEERBICESWIRBAKIVONIEERE (BBH& @ 35,
pmame | 3ARE) THEED, IOLRILEHETILENDHY, IOT 7 Fax
— 2 LETHNLDEENRELRY, REGEESNRELLBAICEMEREY Yy M5
FEEARALE, Thicky, HOEoRY, /4 XS L2RHEBCL-TERA &
BT L LBl iEol,

4. BERBRCOSBIEAOBGEL PR THEDIC, EFHTEFI v 748 (B
— V) BEERALAY, €T3 v 7, —RCERNEIIIHRETH LA, SIRIICH
LT 0, R4 R THAAL - 2L V3 BEHEAN CORRIEREOER LR L
L.

. JEEAETORUHEERL. SEEEFHRKTFRCEBRIECSOTRADLRTETD
%5, ZOFEIZOWTIE, SBLEEZHEL TWIBEXLTH D,
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EBEYA 7 ABOB&, B Fig 21 KARRNBEFEEEZTT,

REEE R, ARBOBRNEICEWVT, S8 LURBRN TR & BEM ORGFMIE
BV L, B, S RBA CIHEFRBIMOERR T, BERSAOBMBR NS 12D,
R OE L EMNIERFM OEEFEMIERTEMIEL LTS I EHER Sh.

6. £&B

ERREC LY BREEF CORSRBATELEELRREL, FHOBREERTI L L
biz, LTO LS RMRAEZBLI LI TEL,

1. BMESY »F— L RBEZSTEAVERABRAEAEERAR LI EITLY, BRICv=
7 L— R BVECRBRE OERB AR L 2 ofr, FIEF A 7 VEFRBRO LS IT51R—F
MW BEO» P IRBAE OBEEBICIXED2FETH D,

2. HURIEICEVT, BREZP TCHUORIESTE S bOREL, EEMFEEZAET
X B LD RhoT, ZORD, BEERTHEATE B X— Y AT — L BT EER A
BRI LEC LT, EERBIIBVOERMECHUCIIEN AR E 227,

3. HE—BRELRBE CREEESCH LT 7 Faz—2RREE TEET LD
2. BV A I AERRBROL S ABNHECORRN TEXAXE, REEFFIIHLTL
FHFaT—ARGHETEREL, RBHOBBEICLERY hhain, FIE, REAF
FERicCE 22y F LTER@COREB R, HUHIZRY BELEBE, RRACTE
ADEBRR-TLE D, BRERRBICEISWARBAEIIBONTEE (B1& : 35F,
gRaE | 3ARE) ThHED, TOLH R LEBLETIARERHY, ZOT I Fax
— 2 LBUE D LOIEEORELRY, BEESERELLBACRIBEREY Yy b5
FEAEA LR, Zhicky, BUEHOBY., /4 XS I3REBECL>TRRI %
BET5 T Lnkllot,

4. BEABRCOEBEAOBREL IR THEDIC, MEFBICET I v 78 G5 b
—\) BEBGALATR, €T I vy 7. —RICESHECIEENTH LA, FIRCH
LTIV ES, B oAl Z 2 L U 3EMEAN CORBRIGROMEHEAIEL
L.

5. FEEAE COMURAIERR. HEEERREPRVERBECEWTREIRFETD
B, ZOHFEKDOWTIE, SHOLBEREMEL TWBRATH D,
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A

ARBEBOMIRICYE 0 . ARREE BV RO TR R BIFERE . /L A
MR RBFINECE BHELE T, $7r. AGEBE T LDB IS ->TiE. BETHR
HEIBREUR Yy FFRBROBRIIEL OBELRERZWER W, ZIRELBEFHOEY
HLET,

BEIIK

(i &Fn - i ES: £ BEEY AFGEMLEUANY U L @R 5 MR E OB
JAERI-M82—-082 (1-982)

(2) ASTM E606-80, Standard Recommended Practice for Constant-Amplitude Low-Cycle
Fatigue Testing

(3) Sehwan Chi, Masahide Suzuki, et.al : The Effect of Hold Time on Low Cycle Fatigue
Behavior of 2 1/4 Cr-1Mo Steel, ISIJ International, Vol 32(1992), No4, pp. 545

-552.

(4) G.B.Thomas and C.Amazallag : Constant-Amplitude Low Cycle Fatigue Testing,

Guidelines for a Comparative Programme (Revised April 1985)
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ARBEEOHMBICUL Y. HREHE VRV EFRAEM N RBIESE. /MUEAR
M RBIF IR BB LE T, $7r. ABREBEELOBICY T, RIETHER
HE1RERUEy b T RBEORRICS ORERME L VARV, - IR BHOEE
HLET,

SE K

(Ui &Fn - i EE: £ BOREY AFGEHECA~Y ¥ 5 EiER 5 REREEE OB #
JAERI-M82—-082 (1-982)

(2) ASTM E606-80, Standard Recommended Practice for Constant-Amplitude Low-Cycle

Fatigue Testing
{3) Sehwan Chi, Masahide Suzuki, et.al : The Effect of Hold Time on Low Cycle Fatigue
Behavior of 2 1/4 Cr-1Mo Steel, I1SIJ International, Vol. 32(1992), Nod4, pp. 545

-552

(4) G.B.Thomas and C.Amzallag : Constant-Amplitude Low Cycle Fatigue Testing,

Guidelines for a Comparative Programme (Revised April 1985)
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Table 2 HEHRBEOE LT

OHBREEX %i%&%—ﬁﬁﬁ%ﬁﬁ%
@7 /7Far—45R 100KN
@BIEEN 28MPa
O EIFFE h Bey+100KN

T#mw+ 8 0KN

OHERE F. S*0. 5%

® B K 100HzET
@A bta—-7 +50mm
®HABEE max. 1173K
QREWRE iz K
ORHEBER HzEdh g R REE A R

OFEFEZEE 1X107°Pa
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Table 3 L —¥2A sy — U ORERET -4
Hif *®
V—##, BERE 10,10, L
A
L ]
425 T (B om)
OKEXRES 2 0mm =15 zm ¢  OKIERRS 2 5m *1.5 un ¢
ETF/ #i#% | #710om | Bl | #10mm ETF/ A% | il0mm | 0 | #%10m
1k 15 20.002 | 20.001 | 20. 001 E 15 25.002 | 25. 001 | 25. 001
10 20.003 | 20.003 | 20. 003 10 25. 003 | 25. 002 | 25. 002
E o5 20.002 | 20. 001 | 20. 002 5 24.997 | 24.997 | 24. 997
Fdul | 19.998 | 19.998 | 19.999 FEBL | 24.997 | 24.997 | 24. 998
T 5 19.999 { 20. 000 | 20. 000 T 5 24,999 | 25.000 | 25. 001
T 10 19.999 | 19.999 | 20. 000 T 10 24.998 | 24.999 | 25. 000
T 15 19.997 | 19.998 [ 20.000 | | F 15 24.999 | 25. 001 | 25. 002
ORWEEBBES 3 0mm 1.5 un ¢ @KIEIEE ¢ ¢ Omm +2 um ¢
EF/ B | #il0mm ! B0 | $210mm ETF/ #i4 | 8710mn | 0 | $210mm
t 15 E 5 139.999 | 39.999 | 39.998
+ 10 30. 003 | 30.002 | 30.000 E&AUL | 39.999 | 40. 000 | 40. 001
+ 5 30. 000 | 30. 000 | 30. 000 T 5 39.998 | 40. 000 | 40. 001
£&BS | 20,998 | 20.999 | 29.998 | OKEXESS5 Omm 2 um ¢
T 5 30. 000 | 30. 000 | 30. 001
T 10 30. 001 | 30.000 | 30. 004 EAGLL | 49.999 | 49,999 | 50. 000
T 15

-13—
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Table 4 ) ERRBIAEE

EES EHABRBBEENSE
BE BHR HEREE HEEEHE FREEH K&
=
% | iR 7 SP-6 1200 2 /sec |5 X107 "Torr | 1¢ 200V, [kW 3 ¢
A /min
W owEEESR o7 D-650K 507 £ /min| 2 X107*Torr i 3¢ 200V, 1.1kW
Z B’ 17°C wmEE T.2 X107 %Torr £ /s | BEEE | ¢450
g2 B 44% BLEEA 2.7 X107 %Torr HNER | T4 £
BEZEMOIREE | 600 °C, 30min A-#r7i%, MEEHES  1lhr
101
[ L o= = 1
| u .
|
N
< s "
— [ ]
- n
F— n
S
m
107°
vl
(s
—
2 i
C/) [ ]
(17
!
o,
10°" .
0 5 10 15
AT (min)
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Table 6 #EHEIZKS8.0HF

dir. | Strain gauge No (A) (B) (B)
load of : Gl1+G2+GI+GL | G max — 0 min (&)
kN Load G 1 G 2 G 3 G4 4 2 %
5 Ten. 302 327 319 305 1253/4=313 25/2=12.5 3. 99
19 Ten. 35| 6521 658 | 645 | 2590/4=648 23/2=11.5 1.77
15 Ten. 948 938 949 929 3764/4=941 20/2=10 1.06
20 Ten. | 1229 | 1242 | 1255 | 1223 4949/4=1237 32/2=16 1. 29
25 Ten. | 1561 | 1587 | 1594 | 1562 | 6304/4=1576 33/2=16.5 1. 04
30 Ten. | 2585 | 2600 | 2663 | 2606 | 10454/4=2614 78/2=39 1. 49
5 Com. 313 295 288 303 1199/4=300 25/2=12.5 4.16
i 10 Com. 626 601 625 630 2482/4-621 20/2=14.5 2.33
15 Com. 898 | 876 901 | B892 | 3567/4=892 25/2=12.5 1. 40
20 Com. | 1212 | 1154 | 1201 | 1175 4742/4=1186 58/2=29 2. 44
25 Com. | 1534 | 1500 | 1548 | 1542 | 6124/4=1531 48/2=24 1.56
30 Com. | 2265 | 2209 | 2355 1 2312 8141/4=2285 146/2=73 3.18
—~ 15
& Q
S
<
= o ° o °
S 0
—
]
a O
8o
= O =]
= o
=
o o
m
-5 A 1
0 25 50
Load ( kN )




JAERI-Tech 96-005

Table 7

HELYY 2 (0~%5tD)

RAERERLD

R

COHfOI=H  THOICN=HD
OO OOOOOD

WLy Wb-Ded=
OOOOO —rtN N

.......... ~tH L
I | cocoooooooe || D o cocoocoooooo
+++++ FEHT g It +++ ++4+++
+

o ! || =Heo~100>  LOE—<om=
2| cvoncommee oMM | © | 2 | oo —i—ieacacy
| comome omooo [V | ooocos coooo
k| cooome onooo | o 16 | oob—o=tea eI=HpooS

38 — |

[Tobo JaNlplanlae Lan Lo lap bs JT S

Pl

..........

OOOOOOOOOO

[Tel = JanTaNEpda-oolat [Anbs JTel

L1110

HELY
HHERE (1)

COOQLO=HCN OI=HDeOD

—OOOOOOOOC ™

TR SR ARG

1 (0~=%x10tf)

HMELY
BEHERTE (L)

"RE

et O IO
OO OQOOoOOoOO

.....

OOOOOOOOOOO

=

=i
10T

IO ——D ALOOOO
—— OO OO0

.....

OOOOOOOOOO0D

..........

[awle sldelaplglanial [apldel puler)

— 110t

e
a

H

+4+4+++ + 1+ 11 +4++++ ++++
— o OO O
| ot Iy —o0=H 2| cvcnooy— s—te—i=on
| coome omooo g cooome coooo
G| oocome oo |5 | Wt OO O
Am
e

..........

O e A DO OO0

N

[anTe aldalo Jak [anlak bosgN wle s lan)

— LT

|

FELYY 5 (0~%2tf)

HHERTE (L)

COMQO=H ~<HOOMNOOD

.....

IR AR A

ﬁ

o

Table 8

(£0. 5mm/ =10V >

X2Lwy

=T — W= ——<f

e I L e =N O

N N
¥ | ngmn—e —ooco— | - | X | conme —no—o—
g g
.......... = e e e e e e e
| cocooocoooos | o || cococoocoooo
e Fl— | 3 !
-+ :
| = o | N | A | SO e
B | Ingei—e —ooow ] B | | conmne oo
~ | sooooe coocom || Y| omooe oocooo
| coowroaomuioood | © | or—woreaomono
G| — RN R A
S~
ym i .
™
W LOHOICI— —eded=n || N | S | 0w =ed oNDo0 o
EL L. A E| nooooe cocoo—
kY | coooococooooo | © [
- T~ 8] cococoonoos
b X | i NI

(tlmm/ %10V )

X1bwy

MmE %)

[Tol sl eddelo R S Loy IV e A s s
[ T [t BT S - T S [ |

Bz

CO~PLOICILD =00
v O OOM]

.......... N o s a - a x w e m

coocoooooood | COOOOOOCOOD

[ I B = [ I

~—

et st | 4 ] | eOIDoND o0t
B | it co—mn [N | > | ;oo o—aor-
| cmoas cocoos || § Y| comoo ocomom
[wx [ (O B 1L <<
i | or-nm—omipoos || i | or-wosreaocisiocod
|4 L1l I—=j=|ik]|— [
3 NERE:
D | CoW=I  CIHO0O N Bl cowmoow oot
EY oL . AN E oo OO
R e e e R -
- LT fw || coocoocoooo-
b X | H§ N




JAERI-Tech 96-005

53 ..bq

‘duca HO W‘m NW

X(@B0 10 /S IOV RS TP OUBUM 924D
Uiy Busipy B OYCE NS 10 uo1jRIEdaS aInyie] JO UOL}IUT}ag
Spoyjau [eIaAdS HaUM 31249 UBUM 3[04 DYy usym a134) 2]91dwo)
Butyeey adeuiny
JoJ Surpuip 3utjeay adeuIn}
Butyeay uoranpul Jo] Burpuim Buryjes ardnorouwaay]
Japinoys uo | 3Jurjesy ucrionput Burpuim
pla j0dg JoJ proa j0dg ples jodg Io pias jodg
3.8 F0.0001~ 008 potiad Aulfocd pue
O.F FD, 008~ 009 3u1jesy Burinp -3, ¢F 3 [011U09
2.8 FD, 009~ LY 1 D,0TF Uey) 8597 JanjeJeduwa]
SSaI}s $88J18 §8aJ)8 ERY
[elNe JO 9% GS [BIXe )0 95 GS Bu11)as uswIdads | [eIX® JO 95 G LIE JO 9 GS Buryjes autyoru
$89118 Burpuag $884318 JUlpuag { 1® PRO[ UOISI0) ON §8a118 Hulpuag uresis sutpuay T RETY Bui3sa]
wrr Z°p> 1elayey W7 9°05)
BAT}ISUBS 13139q Jo 13}}eq Jo un oS w7y oS ssSauyadnos
ssauyanoy 00% "ON AJaug 00F "ON Alamg aoRjINg
z> P/ 2P/ Y PE~P¥ § sSnIpel Jap[noyg
PY~P2 2P/ pPé~p Pr~p2 p= 19 yi8usy 98ney
PY~P2 P+TD2 L PE~Pg T Yi3ua] [9]]eied uawoadg
i Zi~9 g 2 e | UnGE °g = P Jajatei)
SeuwoyL SHM! SHSI piojuey 9098 RISY

WHOREY LR ¢ ) 4TBE 6 219eL

] et b I b




JAERI-Tech 96-005

Table 10 2 1/4Cr-1Mo # ERF D{LER 7
(in wt %)

¢ Si Mn P s lculmi! o | Mo v

0. 10 0.13 0.55 0.005 [ 0.004 | — | — | 2.44 | 1.05 —
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10
[ Specimen :2%4Cr-1Mo steel (Fluence :1x10%*°n/m?)
Strain rate 0.1 %./s
Test temperature :723K
5.0 1 Emvironment :Vacuum

O:Unirradiation (Pure fatigue)
[(J:Unirradiation (10min. T-hold)

X
(=)
A:Unirradiation (Rib type specimen)
@:Irradiation (Pure fatigue)

c M:Irradiation (10min. T-hold)

©

| -

4

s

w N~ U A:Irradiation (Rib type specimen)
. \\ -

0.5 t WO\/S i 10min 4 0.1 %6/s

MPure fatigue (Trianguler wave) @T-hold (Trapezoidal wave)

e

0.1 . .
10° 10¢

Number of cycles = N

Fig. 19 2 1/4Cr-1Mo SO RS M R OREHM OE S 4 7 L EITRBRE R
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