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Research on a Super-Long-Term Test of Overpack Materials
in Geological Disposal Environment

(Document Prepared by other Institute, Based on the Trust Contract)

Ryutaro Wada*, Kenji Yamaguchi®*, Tsutomu Nishimura*,
Yoshitaka Kurimoto*, Tomoaki Nakanishi*, Yasunori Takeuchi?*,

Kazuo Fujiwara**, Tsuyoshi Tateishi**

ABSTRACT

The overpack is expected to have long-term soundness, and corrosion behavior models of
the overpack have been constructed.
To verify validity and maintainability of the models, this study conducted a research on

a super-long-term test of overpack materials for several decades.

(1) We designed a testing device that would allow long-term monitoring of the corrosion
behavior of carbon steel, an overpack candidate material, and the condition in the buffer
material in an environment corresponding to the environment immediately after
disposal.

(2) We examined and prototyped a test container that would allow long-term immersion tests
of carbon steel without maintenance operations such as solution exchange.

{3) We proposed super-long-term tests (about 20 years) that would contribute to future
geological disposal projects and safety rules.

(4) We investigated a method for managing and preserving the records of the

super-long-term test for the test period (20 years).

This work was performed by Kobe Steel, Ltd. under contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison: Barrier Performance Group, Waste Isolation Research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works
* : Kobe Steel, Litd.
**: KOBELCO Research Institute, Inc.
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Thb, LEFoT, FIAERIH A VI LTTHERE LTERL, &

FABBMOMNEN ELEHDLVIIEEROLIICHAH L b, KETEHOMEN—
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ETHNT—ENBUEVFBLNLEILILE S,

BBEFFEHERBILHNE, FIAEBOMEBICEDL) 2, 7uX VEHERE
T LERDP OB B SEELETTYHARY Vs VHREBET H 2 LDT
Eho AUANEBDI ) volaifiEid, BENORE KCl B L HREEHZ >
HEREYFOBREOBMICETIHBEET Vv VLl b eHMEh TS, &
DZrph, BEEESAGHE L OBAIE, —RIEBA A+ Y OBBRFEA +
YOBBHINE, TORKE, YU NVEBERBRBICETLE, A2 0B
BOBVICE o THT A NVEEOMLBICEEEF > v ADFAEL, Hu X VEE
KT EA T ABEBRDBEMNFREPIT LG 220RPESTD, AU ANVERZILE
FICHWALLZLEZICETEpHOBTE, SOL) 2BBICIADTH D 2,

BEBRICBI2 pHAETR. ZHEB WERE L 2B ORELSZ T2 v
) EREMINBET AL )FATLIILNLETHLHF, RRBARTEIEEE
EHMEN/RY T4 PFRALTVWERETHY), BHERISFELLZW L OER
BEFEOEHEH IRV I A VORBEL2ZFTALDCTERLACIIEE L %
ZbME, TIT, FEBROpHEIBIK B 2Ly b F A4 bOBEEFER
BB 234 2V TEETL ALY P F M M PEOEFHEHTTWEI L
WE Y, MEBTEANA Y EBAFTVOBEEENDE KR BEHTL) T
Bizdh, N FFA PRCHFASNLEETEAO KCLBEREANV I FA P EDOH
CHEBET Y Yy VPRECREMORTDTEMENRET S, TOKER, R»T L
FEBBOBMUNELY, pH EBL FEEBOEMENKEC L L20, pH D
HREFEROBELY NS 2BEEILNS,

o T, RY bHA P BTRLEL MOEPOHFETRY A rROXFTEY >
TV UpHBIERERTAILHFELILNLY, BEREFE 1.6g/cm? DBEKFRE
REETDHERGHERYPFA P 2ORABLTLI2BEBESLTHY, 2NED
VIV F AL RBERNCRATREEDNE, 22T, AEYI— LR EEN
VA PCEMEE, EFNICAEEYT VIRV BLpHZBEE Vo 2FHEOR
BULBELELD, 72, COTFEFTRTHANEREY - LKEITALH Y T
KEKTHRLAA 70~ b TEFEOHEOTREL %5,
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HEEE |_-Hg/HeGl
_

BB E

l RbFAhhagBA

o!
©,
O,
O}

©o!
O
()

TAFRADBRER Ul b MNo USSR i AT
LEHEL, TORBRENOREICERENRET D,

X234 pHEZFEIBTA8MLIXY A POEE

(v) X_ZFFAdofieEsl _
ZHROVRATZIVNEBRCRERLERNY P A PEREEE AN EBERTAKE
HEREK ST 4500 BRI MBRICANY P+ A4 PEREFE AT A AL, 20OWIE
DpH 5 pHEITRIEL T2, REBERERE L LTHE., BT ANES LESERY
DARREM P - RELTBE T2 0HMOBRTE. XV M F 1 VEEHFAETS
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pHELVETL, REFLEMTLIBOTRETOpHB 6 FEE 2L LTS,
T, AFAABO pHME XL ODWTEEHLZERORBII & v,

(o) BMEMPOBRRGEE
(i) WEoLEH
BEMORBIZEVBEEAFT VFEMT S L TCERBREENFET S L
TFREINLLD, BEMPRBLAPE) 2OHNHE L LTERCEEZHE
T5,
(ii) W=EEHR
 EBEYRRCHEALBERPT, 20LE20BRERAET ALY ERE
WELBLI LN TED, BUEEL P L AR CTERIBE LEREL 2
BAYDHL 0, BYZFEHOTRTHELT)
(i) A>¥FFvACHETIHRE _
—BFICBRZYEREICE, BEEREHACTBRERTOLENS b, F77.
BREEOFNEEMNICELTA VT FVRADOLEFS L7120, Bt =¥ —
TR ERNZREL TS,
(iv) ABREBCEHATLIEEBEORSE
thermo orion # ¢ Model61-75pHture Pentrode™ Probe T, BRIZEEHIE
FARETH 5,
(v} XYM PHOBEICHTHHE
By H-FFALTHLARY M A FEBRFES L, HET S IC+5 % BBk
B2 CORBICHEAPETAILIEEIN, COBME Y — 3 HRTI0E
FERFREZRETEHIEFBETHY, L3 F— Ay hF A FOBBECHL
5 B RMBBELEREND, |
Fro, b Y- DBABBYOCRERLERSALETRASD L -0, SESE
LB T — OB AREB L CRERLE2TI ZEHFZE Ly,

(d) RFE#B LUBEHEHMPORE
(i) WEDLEE
REMRBFLPRERERD., BARE, EERECEETLI L0, BETE=

.14-



JNC TJ8400 2002-001

S LTBLILPERETHD, EHFEIHRENTE= -T2,
(i) WEER
REOCEBHROMBZEAMICERL T, TRICRTHRBEEY . O
WIREZEES5 256, TOREZCELALERFBRBICELL, C0BR% ¥ —
Ny FRHREGV, AEHOWERBRE LTV, CORETIERLAETN
EIFU, MBENOKREER, RAOEBHOMEAIWETINIELBEOEH
M OBREZEZTTRESL, EEBORIRRIDBE ., FRICHBHUAICS L
CNLZBEEBEELZVOT, —MOBEXBRMO—FRE(ER L LT TR
SRRETHEENOREEZHETHE, ) —HOBEFS 5,

X 2.3-5 MBSO

(i) A FFYRICHET BHE
BREMNDOATTF Y RAIBIIAET, VBN d, IEEEDICLE
HHOERE= Y — DL ELOND,
(iv) SBREBICHEHTIERBOEE
WETHREHEFER~10CEETHLI L0, —BHICEHEIATY
HRKUEBBHEMATAI O Lz, 127 L, 20EB0E=8 ) v 7% %
BLT, REFEBIETES L BREERE L L, RESEOHTITRREEHN
HERMULELT, 770va—F4 YR ELEF5 Va4 T5,
(v) ¥ bFA FofilEicad 2 iiE
NYPFA MOBBEICHERL D 2EMNEBENLETH AP, RESHELET 2
LWL DMIBTERTS 5,
iz, EVH-OBARBE L CRERBCEASEATERLYDS 520, EEA%
L ZRETE Y~ OB AREB L UVRERLEZTI L FEE L, &
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F-OFFEIREEMTH ) TRCHTLIBBETRE ORI 2 LBRbhb,

(e) REHOBHEEN

(i) BEOLEN

BEMARBELTCELRBERIAREZRICIET I LEDUBEERALITGE
D, BEBNIFREET S, COBEENOELIRREZHABELE, BEEENE
b2 RBT 200, EERT—FVTHb,
(i) WERHE

BEHEMELZOTBEBIZCBITARNKCLIZBHIANVF DRI AG LORHIC

— AG=nEF OBEFRE ) Lok, 2 OEBFTHATEIF IR 6 R VAT,
EHMOTMBERICERFELNEFNRILS o TERZTOMOEL DERPREI o TR
BRTEN TR kb7, EONERBREAE 2V LD FbrI R b2,
Shid., BEEFRAVABMEESFBYRITIV, 42, BAESAL B RENOE
BRIGZETILADDTHoT, BMOBEEICLEbDFA-TETIEVT RV,

CIT, BUNEFEIEMNEFERBRORSICERLA-BEESIC, chifmtz
iz LB ORENFHAEGDLETHEOKE SHFFE LITRITREF PR E
(BB EEFELAZEME (null method) %V 3,
(ii) ¥ bFA FROPEICIHT HHRE

EERLBAEHEEOWERFKE AL TFHEIRL YD, WERNWEFLE
% b, S

BEEHEERNY M4 bhizEDAD L, BRAORBRBM P CTCOX Y FF A
BHFEL, TRV A MEBEECOBREFELSEING, ZOBE, BIETRAY
THREBERENRY FF A P VAEBICEET 2. 2B, ZOHATHRIERKHEN
FETH S,
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(iv) Bl AFLHOHERM

- |
AZvbk

2.3-6 BEEMAEBEN

O BEM P OLEERE
(i) HEDLEHE

BEHFEET L b, BENRSOBRI BT L, ZO/F ViREE, A
Y RIREETEETE 5,

BAF AT EA4 VBREEFREFE IR TS, BlEdg1+ L
LTEFrITA, AT oL, B4 B8 TohE, WThb, FR#ER
BEERTHEENLBECTHL7-0, EHNLNESE &5,

(i) BEHE
pHHlELEBREIRABETHY., F MY YL, ANVT T ABIUEEBOTAEFRIZ
BRI AT B A F VEIREEE B (44 B FRCEI LI,
SRR BRI FRET 2 2 & AT L TSRO LY o 4
F o RIRPE R R L AR AR S, ERERA T RS EEESTFED
HECRB S0 THY BEER AT M ERE0HEHIER Y pH BB L F
BOT S AEHEDL, NI VIEREOHBEREEYHVTHECE2EBLL
TH. Cl, Br, I, CN, Cd#, Cu?, Agt, S, F&#b5b,

(i) RREBENLERTLIEBOEE

EBEBBA—N—PHINLDLF YBREHBPREENTE D . HHk - R
BIAEZRTEOORZVEITH S, —KIC. ANT T LEBEHERRED LR
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PWAOC~b0CRETH 240, REFRRFOEETCORFEACIZIEEL % 2
bid, =& LT, thermoorion #t D& A 4 VY BIRNEBO P EREEHH, &
E@#HBETLTIcT e,

@ FrITLALFVER: 0.02ppm~EFIEE, 0~100T

@ BN Y LLFBERE:0.02~40,100ppm, 0~40C

® WAt YEE  :1.8~35 ,500ppm, 0~80C
(v) N¥bFA PhOHERTTSHE

VY —FFALTHRLNY M A FEABAFEB L, WET 5+ 5% BBK
BL22ETORMRBEB*ETAZLFEESN, ZOHBE 4 — 3E Ik
EESNLREZRTHBIEFLETHD, 2y HF—RKRY M A VOBBEEICHEL
D AHEMBEMELER SIS,

BEAREOBEREZ AVABETRMEO BSOS Y, EWHEEY
BALZKREBTRHEZT) ATV OEEPEEICEVRY P F A PP TCIRBERA
FUIIXLBETELLZTREND L, 72, THROBBETCHIEEBEIT T 2
HTHhYVBHECHAOA 2V, THEMAEEOFIHEATIZLIEREBETH L,

U —DEARB L FRERIERELETEASD L0, FHAETHEL
TRETE V-0 AFEBIUVREREZZITIEFET Ly,

(@ WRFEHOKFEEAR
(i) HEOLEH
BREHXFTCTORFABAI DI RE T I2BREENCERET S
B, BREBEOWEERL LD CARREROREICELT 2, ARRTHEZ OKE
REROBERRZE mm%mmmLLﬁk;%m$%ﬂLmﬁgf% 5 —
T3,
(i) @Eks
BERUFHXFEEBEORELTHICR T, AV — FAEBICL o THKO—2 D
MrokFTHIET 2. tLT MHOEZ, MPTEMRLTELKELIF V1L
1% (H-Hte) C+5%7 /- FEMICERT 2L, 7/ - FEMTTORES
FULERE, BPOREEERE LT A LICL b, B KEELERICE -
WEhe, 7/ - FATHEFREOEBBROBRENLMBEIELN, TD MK
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& Pick DF 2 EM»6H6P LORELERRREORER2S, BP0 kZEOH
AFRHD EHER(RDIILPTEL, ERRETOAEERER (J.) %R
THEINS,

Co=kJ L/ (FDS)

CIT, Co. HRMPORATHAER, LI HOES, F1 779 F—%H8, S:
i, k: HOBECHETIEHTH 5,

HoPLOROTBEVZ D L J.0EPS, EREFAVT Co, ThLLEEBAAE
HOKRKRREZBTLIENTE L, ®

T\ 7 /—K 51

H"*+e"—H H\ /
/ H—H"+e”

A —F 57315

(B A (5l=HR=40)

¢, !
i i

Al E kAR
% IE'%i
% :
0 |
0 L

PR

X 2.3-7 BRALZERKEZEEBEDOEHE
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KREFEFRFHABRAIC, ABRBEE INKBEF P 728 ELZER
bZEENVERAMA, KEEAL VLT HORTH%T /- FEMICREE RS
LT, BEENBKRFEAN L VLBR (KEEZRER) B2 RKFRELHRET 5,

COFETRAFRBETORZHOBEHRZHML, 2 oRHBRELEHD L
ONiDoEETILEFDZ720, MORREE L IMYL LA-EHEBFLE
L% B, |

AREBEEWICE., NAOERLERBRAORTF Y aRyy P THEFTRT
H%,

(i) N b4 rHOREIIHTIHE

AKEZBEVIFREEOHEEL, REFOEEICRET A LIZEDHA, &2
ZiIdMmERH e — % —BREEINDHD, vV EFI N7 PIREITTALEND B,
7z, RIS VISR MU Y ARV 575, REUREE AT 100CHE W4
BTIRZEREBUEBCKBFEELAEICXEPELL P EILNE, HE
EOFETREMEZHAVAZEVERES LTV LY, BIZEARBICB W TIZER
ErHWSILRREFETEECFEETH L, REEHIFIELL EREREED
B b7, 80~100CRECEMHICHEATRELZEVORFIPLETH S,

(iv) #IEy A7 20BHE~

RFia
Rk

T Lo

ERLEHBRENL

{1N-NaOH) SEEE

M 2.3-8 EBAFHEBERE
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(h)  RFEH O I A

(i) WEOLEM
ARHTRIEEEHEFTVERBTIILFENTD Y, REFOEHEAE
BREF YV /T ELERBOTEETH L,
(ii) WEREHE
REMOTHTWRABE T, SBERE, KA v E-FV AFEOBRILZHEB
ETHFMT 5,
QO HEERE
SEEREL, BERZEAIZVWERICHMASE L & & 0BE (SHEER)
2, BN —EREBZHETAILICLVRD . BELEEL2HETLHFETH S,
ZORBENTOE) Thb,
BERICYEMBBHEEOES (ER//AKBHAE TCOEWNBEHENRIGY S
ERPOWFFEE CHBEL TEVWES), ABENECBTAAE7 / — FEH ia
BLUARAEAY - FER I BORXBITRQRXTEENS,

ia = fcorrlexp{e a F (E—Ecorr)/RT}] (1

fc = ~icorrlexp{— @ ¢F (E—Ecorr)/RT} (2)
fcorr : EEEW  Beorr ! EEEN
F:7797—%# R:RAGEH T . HE0EE
aa, ac. 7/ —FRIEBLUFD V- FRIEOBEFEHK

LicFo T BRICBEShABER ( L ELEOBRRIE.QOATELLAhS,

1= fatic

= icorl‘{exp{ aalF (E—Ecorr)/RT }]_ icorr[exp{; ackF (E—Ecorr)/RT }] (3)

rTRaBlHOEXEER 2.3-9 IR T,
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-

R 1 . ' v
W E

X 2.3-9 HEMHEOENE

HREREREBIIDLEBIIHMANAEEAB MBS B I A2EREN AL,
HEVAFLAVHATREOROKMEEBHLERELERT 522102 ) @)
RHBBHNE,

A1 = fcorr(aaF/ "RT— acF/RT)AE (4)

WRIZBVT oo ac REBRICEFORETH ) BEFHRITNTERL 2D,
WRE—REBE T Do + b, EREEN OB — % 0B EREEC
HEZLERBELTV D, ZOERDOEE Ro(= AR/ 41)% MEER L IEE (
2.3-9 ZH),

ZZTEA=RT/ {aa—ac)F (FBH) LB L, fcor L Rp DERIZTARAD LS

2% 5,
icorr = f(/ Rp (5)

(5)3\1X, Stern-Geary O3 2L EITh, BEEI L SHBIER OB E LG F
WKWHBHIEZBRT S, ADERNEEHELLSBHEDOSY — 7 = VHEBR L Y EF
L7 kord AP VIREEZERPEI VRO o L BHELSEIEFHREL Y G5 H
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LRED,

WeFEL LCid, AR, oFE, BeERz B3 EEE, BReBEEe v
v 2 BEEFHY, ChOOHEEANEZHE 2.3-10 IZRYT, 3 BEEL 2 BR
ELHBLUBRIENOEEF 2 FIEROXZI2ERT TR 3 BEREOH

EHEV,
t s
B -d
SRR
LipEe
— g aich
-
£ '
- 1 - }e%{
3 ERmE 2BE®mEE

K 2.3-10 SEBEHEOHEERXE

@ XA vE—F Ak

RHAVE—FVABEL IO HOBEREOHERZRBZLTOEITH S,
REEERBEBERTIE. BR, 3070~ 2/ VE0BROBZETFOAE
H (FMEE) CLVRTILEHTEL,

B4 =¥ AEICELMBIF TR, ERBICE, AEER/KEEREB
JUZCTCRIAEARLPTRTCERNOBLEEIRZITER L, ROYEMALER
ZOEMAKEIFHEIBI Ry LER_EREFE Ca OEF| DK ICE RIS Rs 27 H
Flic#a LM (K2.311) i hEENS,

M 2.3-11 OFMEKIC L Y FESNHHBAER/EBRFEICHNMEE (BE<
10mV) OEEERKEE (K 2.3-12) FEME L&, FEICGIY T4 —
(EX_ER) FHEET S0, AMLAEEOBRKICE ) RE HRIES L O
UAzE (FMNBELICEEBROMMEOE, K 2.3-12 B8) 2 0FBRLDEFES
Nab, RiAVYE-FyAETH, IBREB4ORRBOZTREELS AL
EOf - T/ AOMMEIZ] (=4V/41) LHBEGZHNET 5. H2.3-11
DEMEMBOA Y E—F X ZREOFTEIOND,

Z=Rs+Rp/ (1+jwRpCa) (6)

LT, o BARER (o=2xf f: BEH) THi,
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QL
/ Ko | N
s
' >
\" )
h Ca

P
X 2.3-11 EEAEWERE O % ME 5%

Rp ! HEBEF, Rs: BHERM, Ca: B EBEE

. .
v M
[ 4

4K o€ , i
L/ ANNEIANN
Vv E\Qyé/ \é;ﬁ—

B BE O

(2312 EMMLZ-XHEBECHTLIERILDE
AE (EIMEEDIRIE, ALl BEEHOIERE, ¢ © (=

REEE (o) TR, IV FUH—DA Y E-F 2 2id 1/wCa—0 &% 5
CEPLEHIE Cal Rs @L TN (02.3-11 88), #EE L TERIER Rs
PHEENS, —F., BREEK (0—0) TRIVFUVH—-—DAL Y E—F v A4
RAELZ2B-DEHRIE Rp & Rs xBLTHiN, (Rp+Rs) DHIEE NS, LS
2T, BEEBEOA VE-F VAL BRBEHDOA Y -5 A0EDI L SBER
Rp 2 ROHIEDPTE L, Rp REESBHBIC BT 2ER-EMMEOMNEE
FEEE (S10mV) KB AEECHETLII LSS, XESI VE—F Y AECS
WTHEL, 020 DLEDA VE—F VAL LTEETHAIENTEL, BFESESE
Th B HEEREE R b AR EENEWET 5 LA TEAC EThD, &
WA YE=F Y AFKICL D Rp 0BT, B2, BRREROBETHEYHTH 2,

AYE-F Ly ADFEREL LTIE, Bode #H ¢ Nyquist ISHVLERT WD 2
WG BIERA Y E— Y A0 E | 2] EHEE 0 2 ABRKOBEKE LT
RRTLIDT REFA V-V UV AOEETHERT Cole-Cole 7T v b & b
IRIEN B0 RICH 2.3-11 OFMEEEHIZE ), %D Bode #H B X UF Nyquist
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EOFEMNZRT,

Rp=1k0l, Rs=100. C1=10uF DL ED A Y ¥ —
BWHRERL-OFH 2.3-13 ThH bH, A&

5 ARTHEIER % Bode
ELd ), BRAKEHEED S Rs, KA

WS> S Rp (EREWIZI Rp+HRs TH LA, ZDHFA Rp) RsTHAH720, RBs

TEMATE ) 15

LMD LW bArsd, ¥2.3143 Rp=1k0., Rs=10002, Cal

=10 F ® & & D Nyquist ITH 5, Zhid, (O)R % EHIE RelZ] & BHEH Im[Z]
Aty ERERTOERZThAOEELFEL /0y PLAEDDTHE, 20D
=2 0EH (CaRp) IFLT—20XB{HFHEITH, WEETRs, ERAKT
(Rp+Rs) &2 D EMANEESLSL Rp . FFHOELADOEEI » (= 1 /RpCal)
25 CaTRETE bo

R a7 W VA N ()]

fZ3H7E § (deg.)

(i :
1 Emmﬂnﬂummm Kot Ks
lﬂ" L I&’p-— kO
0L ‘E:\;j—;;\'\fﬁ}ﬂ Ry — “'-C-unam:
5 Ca= H u?
Iﬂu PRI A RT TN | anad _ooccisast 4 oaaazmal. o2 caaml P
() FEGROHEEROOTE
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Y
%
- 45 F
g
9“ 2 asckad o aadand oa speand, a0 snal o oasned .,. caaaul ._. aaxazd. P
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Bl 2.3-14 EHPEMEKRDA > ¥ — 5 > 28~ Nyquit
BEZROAYE—-F Y IFTBILBWT, IBEECIEEIZ 1I0mV BF., B

HEEZET kHz~10mHz BEXFHVOR L, lEFRIE, ERkEFEICIER
B 2 BEBENS DL, 2315 CHEEBERO -#I%2RT,

o JWF iy Ry

i WO
frbi R e

2k A
Bl 2.3-15 A Vv E—FVAMED-DHO2BBE RV ERSEEOH

(ii) AV FFrAET IR

EERKL LTI RFEFAREN FRR), B8, ReE8OM, WRe LT
BENFCALEEYNESCILENS L0, FHRARETTER R
HELWMLEEEINETHHLELOND, T/, WHEEREFEOHEETHER
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L EMZMEFEBEIC RS0, EHNCRENEORA VTV APLELR
Bo L7cH o TEMBICEET %,

(iv) N b4 PROBEIIHT SHE

ERERTHV 2 0EIERECBWTE, 29BBEOF LT HBEERICL S
IR FR Y 7A Ao T 28, BHREAIKELS 2LEFRENRLANY M FA bR
DRFETRBEEHFKE Y, WERBESLEICE 5, #4510, 2EBICBVTR
BREROREEFKI v,

—F., RREREHVAIREREA Y E—F Uy ABEICBVWTR, RERES 2 SEHY
o4 v E—FrApboHTEENT, HERBEILEL Shiw,

(v) WY AT L0OBEH

HFia B
ARk RER

B

!

m"_“iﬁ@
.

2.3-16 %A v ¥— ¥ ABEERE

(vi) ¥ b+d A4+ oflEHF

BO6 N, EERBETHEEZNEL THBEEERYEEK L., A v -
FUABRICIVEEEEZHML T b, AEIELT 5 pH &4, ARENICBITS
WFAEHE»BEBEILMERLERZL, BBV M A PHOREROFY
BEEEDRDTWD,

T, F#G F, XY P MR EBREBELLA-A BT g
BOBEBLTA Y E—F Y APELT, EBNY P FA MIBWTIS v E—F ¥
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AEETEBL TS, FEARXY A MBI BEAL Y E—FV ARETIE, 4
VEEVBIUF IRV REVTRBYPERLTE), RBEESRLoT VA S
b, FEI BV DA - ABEREFSE L ABECOVWTRESVLEE L
T,

G BEMOBEE

(i) WEDLEME
BEIABOBEZH LT =S VI T5)LT, BEMITBEBAML VL 20%2
BIACELIBEETHS, 22T, BHEMOBEEZE= Y 7L, BEEN
—ELRABIEINVBEEMORMEERT 2, BEHEORZE IR O~ FLLE
EAHRL. ERMICEEEOEREEE=F ) V57T 5,

(i) FREBECEATIEEVEE
BECE—BROEREYOEFRBFICHYOATWE T FELVEBEF L.
ERFERREHOBELE L BRI S 50kN LRE L.

G FREM P OKGE
(i) WEOLEMN
BREIBOBEZHEET =V VI T5I2T, BEMHPLCEOBERENE
HLTVWE2HRTLIILREETHL, 20720, BEMTOXSTELTHE
UBEZE & OB ERET 5,
(ii) HEFRE
R ORBERACEENICEZ Y —F 56400, LEKGE V) —TRE MNP
OXGEREWUET S, WA E LT, BEERFHX, FEELHF K. TDR (Time
Domain Refrectrometry) A3, RI AREFH 5,
O #fZEEHFR
MEEEFTERTCL o TEBEZUL L2 EHLLIRTH L, ¥
—DEFIvIHOFLIEEDATIRZAT VY VAF 2 -TORICHEN L -
F=EORAINTEY, b -5 — 2 RASETEORILEIRN = BB TEHl
TAHIEWNIDKRGFEERHUET %,

-28-



JNC TJ8400 2002-001

@ FEERFX
BELZTETHET S, 2200BBHROANCREICI Y, 20MOEEIEL
L. TORMLZARGEBELELTRTBY, FEFOKFHRL T2 o00ER L RIE
WEHELTW A,
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M 2.3-17 FEFRFAOEE
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1. 1Eued
1145 4HE
(1) A&
REESp BHEES . 2MPa=0.2kgf/mm?
BEMBBEUES | 20MPa=2.04kgf/mm?

REHRE T :120C
B L F ¥ AL Ti-6Al-4V
MEGREE (120CIKBITHHE)  FI5RY B E 6o=90kgf/mm? (882.6N/mm?)
it o y=8bkgf/mm? (833.6N/mm?)
AT AENED . 150mm
(2) RE
am/hAE

NE*Z2ERAEORAR P o LERELRD 5,
REt kA re5 1605 '
t=D-p/(2-ca)- - - - - (1)
ZZTD 7 AAEFE=150mm
p: AMIERTAAE
I TIEREM ORBIEN R AT 5 & p=2.04kgf/mm?
ca ! FEFIERYIGH
T HREeEE 5 LT 5 ¢ g a=18kgf/mm?
Sot=D-p/ (2- sa) =150X2.04+-(2X18)=8.5mm
b ERRNE
EROARRIIEBELENT VY AREB LT, /AE 85mm LI EOREL L
Tt=15mm 2 FHATE D LT3,
(3) MIfE5pE
(WP S H T LIERTAFI R Y IBHIRRTRDOONS,
ct=D - p/ (2-t) =150X2.04+(2X15)=10.2kgf/mm? (100N/mm?)
I DEEME O, SRV EIEZ TG THLETH S,
1.2 77T
HELFENG VAL VRELIRAELEOWT 7S IJIEBRT AT E KD 5,
(FFHEYE '
RETESp BEBRED : 2MPa=0.2kgf/mm?
FRENREE T . 120T
o e . F ¥ Y E4E Ti-6AI4V
HEHE (120CICBIT55E)  FIRDEE 01=90kgf/mm? (882.6N/mm?)
it o y=8b5kgf/mm? (833.6N/mm?)
77U WEL 1 25mm
Y HEEa : 110mm
WEFED . 65mm
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TEIRAE MR, BB R. FOREITE
Q)R AT
WAMITEET 7 7 PRl o ROGEREREME F Tloss LT, F0oiars
TE2bNM3,
emax=pf, - P/h2- - -+ -« ... (2) (BWISEEE A4-55)
ZIZTP 79 Y IILEHT5HE=0.785X 1502 X 0.2=3532.5kgf
h .79 VHE=25mm
B 7 L IETIFRE | _
Z CTHRYE a=110mm, WEPLEDb =65mm, £ b/a=0.59
DEER,=045 BN TEEE A4-58, X382
S omax= f , - P/h?=0.45X3532.5+252=2 54kg/mm? (24.9N/mm?)
ZDERFEOWI. FIRDRS EZ-FSTHZETH 3,
1.3 Tz Y
BELEENT VAL VREELLARILOWT 7S » JIEAT 2 BITEHERD 3,
(DERET4H
RETESD p BEES . 2MPa=0.2kgf/mm?

BEHRE T 1 120C ,
RS D F 5 A& Ti-6A4V
PIEGEEE (120CICBIT55B) 53RV RS 6p=90kgf/mm? (882.6N/mm?)
[iEpa] o y=85kgf/mm? (833.6N/mm?2)
77 vU5%E AER . 25mm
XHAE a . 110mm
WELED : 57.5mm
WEIRE FEM, MR B NEICHRME
@ &KHITIES
BRABITIONEZ 7 7 > VHBEBREREMNBICREEL, FOMEIARNTEZOND,
omax= g4 P/h%2- + - -+« « . (8) (M ITEMEE A4-55)

ZITP 79y VIERT AWE=0.786X 1502X 0.2=3532.5kgf
h 77 VRE=25mm
B 7 L ISTIREL
I CTHAFE a=110mm, FEFED =57.5mm, FEH b/a=0.52
DEE Bo=1.5 (M THEE A4-58, €84
J.omax= B9+ P/h2=1.5X3532.5+252=8.5kg/mm? (83.4N/mm?)
ZOEEZHBEOWA, FIRVES 2T TRSETH %,

1.4 jREFEMABRR
(DERFTEH
- BETESIp BHEED | 2MPa=0.2kgf/mm?
AXEHEBE T . 120C
O L S R FRABN SFVC 1
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MHEBRE (120CICBIT H58E)

BRI S FEAMHOMBETICN LTt [BREMERERDOREES 6.2.1
H, #3 ] (BABEHHMRS) IR THRENRE IS 5 MERTREy 28
THLDETH, MIRGHIRTHERTRERRD LB,

BEtiRBE e C — R FH, KEEM, BHEH
—50< § <50 1
50< 6 =150 1—(8 —50)/1000
150< 6 =300 0.9

AR REABMG SFVC 1 OEREEEIDTOEBY
BIEE N 58 & 5 py=41.8kgf/mm2(410N/mm?)
ipal o y=20.9kgfmm2(205N/mm?
B TERENRRE 120CICBIT BB THEE
BIEED B S o ne=41.8%X0.93=238.8kgf/mm*380N/mm?)
fit 71 o 7w =20.9%0.93=19.4kgf/mm?(190N/mm2)
75U HEMEMUERC [ 20mm
Y REEa . 70mm
FEIREE MR, B LM, S9HTE
@K EITFIR A
BEARBITISIRRABA I BICEEL, TOERRRNTSA6NM5,
omax=124pa2h? - « + + + - - - - (49 (BWITEEE A4-53)
 IZTp RBEICERT2%5 W E=BEES 2MPa=0.2kgf/mm?
h : RBFAE=20mm
.. smax=1.24pa2/h?=1.24X 0.2 X 702+ 202=3.01kgf/mm2(29.5N/mm?)
COMERMEOM I, FIRVMEE T4 TRIETH S,
1.5 BEAE AR ¥ —GBRE

(DEEEH
FETED p BHEET : 2MPa=0.2kgf/mm?
FEHRET 1 120C
M CF Y U AE T-6AlM4V
MERE (120C 2B 2E)  5IERDHE 6 v=90kgfmm? (882.6N/mm?)
[GpAl o y=85kgf/mm? (833.6N/mm?2)
FN¥ -~k KAEh * 30mm
THYEa . 75mm
fif AR TE MR, EAEMER., FOMTE
QmABRITIEH
BAMITIE RN S —hRfirBlcigE L, FOERRATEZLONS,
cmax=124pa2/hz: + -« + - - - (4  (BWTZEE A4-53)

ZZTp | BREBRFIMERT2%9 6 E=FHELE) 2MPa=0.2kgf/mm?
h : FEEF RE=20mm
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.. o max=1.24pa%h?=1.24 X 0.2 X 752--302=1.65kgf/mm2(15.2N/mm?)
COEEMEOMA., SRV RS2 +STEZETD 5,

1LeXHERY

(DRET &M

RETES p  WAEIES : 2MPa0.2kgf/mm?

RENRET D EIR

s . SUS304

BB 51RNIE S o,=>53kgf/mm? (520N/mm?2)

[ Al o y=20.9kgfmm? (205N/mm?)

SAERE PN

A TTESR : M20

WERE  FE7S U PIERTAWE R sk
(2) % UBhEE

a. EREE Pm

AVOBMEE AR TS L0,
Pm=Q - Ax/4 (d2—D:®)-Z}- - - - - - (5)

(ELEEF® (918 12 X 2 AL RETENE] p151)
ZICTQ I AVIERT A EMTE=1/4X0.785 X 1502X 0.2=883.1 kgf
d . BhLAE=20mm
D:: R LCAE=17.294mm
Z =1 ABVES=18mm)+p( Y vy F=2.5mm)
S Pm=Q  Ax/d-(d2—D:® - Z{=Q - pAx/4 - (@2—D:?) - L}
=883.1X2.5--{0.785 X (202—17.2942) X 18} = 1 55kgf/mm2(15.2N/mm?)
ZOEEHBOMA, BBV RS2 +S THAETS B, |
b. BT b
MREI L2 A VIR T2 BIFE— 2 ¥ MERkATEL R D,
cb=6Q - x/7n d1Z(0.8p)2 - - - - - - (8)
(BTREW [JIS 12 X 2 £ HFERGE] p151)
ZZT Q DA VIMER T A BT E =1/4X0.785X 1502 X 0.2=883.1 kgf
 BRUAE=17.294mm
Z =L AAEVRE=18mm) pt Y F=2. 5mm)
X ARREBUYAWERETOES=0.8326p(A — F VA Y)
ob=6Q + ¥/{x 1Z(0.8p)3=6Q - x - p/{x &1 L(0.8p)%
=6X883.1X0.325X2.52/(3.14 X 17.294 X 18 X 0.82X 2.52)
= 2.75kgf/mm2(27N/mm?)
COEEMHOWN., 5ERVESE TS TRAETH S,
c. EHREARTICT ¢ s _
A VINDOFHEAMIE IR TS L5615,
rs=QNx d:ZO08p} - - -+ - - - - (7)
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(BETRE [JIS 10 & 2 ERANLHRETEENE] p153)
ZITQ AVIERT AW E=1/4X0.785X1502X0.2=883.1 kgf
di : BRALAE=17.294mm
7 =L PAEVEE=18mm) +p(E v F=25mm)
Cors= QA x diZ€0.8p)1=Q - pH{x 11(0.8p)} =883.1X2.5-(3.14X17.294 X 18
X 0.8 X 2.5)=1.13kgf/mm2(11.1N/mm?)
ZOERMEOMS., FIEEVESETATELETH S,
(Q5IRIE ST ot
B EIC X AEICERT A5 RN BRUAEBICREL, RATEAOME,
P t=Q/(:r 4-d2) - - - e e - (8)
TITQ I FAVILERT AT E=1/4X0.785X1502X0.2=883.1 kef
di . BRUAE=17.294mm
s t=Qf( 7 /4 - 4;2)=883.1+(0.785 X 17.2942) =3.76kgfmm?*(36.9N/mm?)
ZOfEMEON T, BIRVEEE A THEAETDH S,

2. KEEBBFAE=45Y) 7B, PTHEBAEEE=F) Y 7R, RERSE=F I 7H
HEREE OEAEIEERICA U0, BREFEIRERzZR (7128w,

3. BEEE=F)7H
BREEEoR, REH 75 P2 B BRI ERNICEESEERICFLZZSH, 22T
BRLER7S IO TOABENE2ITI . ZOMOEMITOVTITEER 2208 C

7280,
3.1mLE TS T
(DERET &M
@wEEN P BEED : 2MPa=0.2kgf/mm?
REHRE T L ER
e : SUS304
MHEBE  BIERDHS s,=>53kgfmm? (520N/mm?)

[iwa) 6 y=20.9kgf/mm? (206N/mm?)
79Itk WER ! 25mm
FTHEFEEa  110mm
WEFED . 65mm
TR MK, BLBHEAER., POICEPHE
(2 KEiTIE
BRI HE Ty VR MIBIREEL T, FOMEITRATELLNS,
s max= P/h2[8A2 = )+ (14 v }0.485In(a/h) +0.52}] - + - - (9)
(M T EE Ad4-54)
SZTP 79y VIERT AW E=0.785 X 1502 X 0.2=3532.5kgf
h 79 YAE=30mm
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a . ¥HEPEE =110mm,
y R RTV I =03
. o max= P /h2[3/(2 x )+ (14 » }{0.485In(a/h) +0.52}]
=3532.5+302X[3+(2X3.14)+(1-0.3) X{0.485X1n(110+30)+0.52}]
=3532.5+802 X [3+(2X3.14)+(140.3) X {0.485 X 1.2993+0.52}
=3532.5+302X[3+(2X3.149+(1+0.3) X 1.1502]
=7.74kgfmm?2(75.9N/mm?)
COEEIHEOWMHIH LT 274501, BIEEVEIILT 6.8 5D 1 OfE
ThHN+HEReRETH 5,

15N o
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1. #EH

BREARKEIC

2. ETE&EH
- AR
SV REIRE
- B AL A
- B IR

HAwah—1r)yPe—9—-0BEHEIGEBT S,

BEMH#E (4 180X320mmL)

1 100
L K&
1 20C

3. REBEEEILLORBEBONE

3.1 HEBEE

ORIE > 5 O E

HAHROBE*RETLZ/ISAFRTIHIITRTERENS,
Gr=gp (Tw—T.) 18/ v?

Z T,

g ENMEE (9.807 m/s?)
g ISR (1/203 1K)
Tw : BEHiRE (373K)

T : FEMRAERE (293 K)

1 fRA%kEE (0.32m)

v L EEEERE (m¥s)

Pr : 75

FvE ()

A BAFEE (0.029W,/ (m-K))

REBERARN TS 20N, CORBEIVYHEEEL KD S,

Tr=Tw— 0.38

(Tw—Ts)

=873—0.38X (373—293)

=342.6 K

RERBEL D .

EOWEEIL » =1.988X 100

THAHEDT, B TH %,

- fi-4(116) -
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SEMECBI2BROBMMEERIARNTERIONS,
(Nux) o (Nux) p=1+K (x/ro/ (Nux) ,)

ST, B-BRELHFTHZOT
K=0.43 |
(Nux) p CEHEFEREOX NV P
727EL, SREFRO X v b
(Nux) p =Ci (v & vw) 0.21Raxl
C1=3/4 (Pr” (2.4+4.9Prt5+5Pr)) 14
TEZbh3,

T, BIZEROERLY

hx= 2 Nux/x
=&6§;;11ﬁ//032
=1.06 W/ (m2-X)

TR ARER

h= (4/3) Xhx
=142 W,/ {(m2-K)

FAUREEROEE L D ATE o 13
g=hX (Ts—T)
=113.4 W,/ m?2

RBRBEET (1 X ¢ 180X320mmL X ), EEH 0.18m2 TH 20T, HHEI L OMBE

Q1L
Q1=204 W

- f-4(117) -



JNC TJ8400 2002-001

3.2 HEBREELE»SOHRRE
SIBERBICHET S, AFERE1=0.09m & LT Gr-Pr=4.94X106TH 5 DT, B
Tdh b, '

BRFEROX LN FRIARRTELZONG,
Nux': Cl ( Y m/ v w) 0.21Rax”4
Ci1=3/4 (Pr/ (2.4+4.9Pr05+5Pr)) V4

Lo T, BFHREERR
h:;=A Nux,/x

=383 W,/ (m®K)
FHEAmEER
h= (4/3) Xhy

=5.11 W,/ (m2-K)

Db X h#uiE q i
¢=h X (Tw—Tw.)
=408.7 W,/ m?2

ABREE L WK ¢ 180mm L 1) 0.025m2 THHOT, LHEPLOWHKE Q2
Q2=10.2 W |

3.3 RAREBE,ILDHHBE
DrostaE Ly, RBEELEORSE
Q=Q1+Q2

=20.4+10.2=30.6 W

fan
o
e
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2N . $280%X40 mmL

- B L FY VAR

- W . 4420 kg,/ m?

- gk 10.522 kJ kg K

DEIVEEEALR
Al=7 /4X0.282X0.04X4420X0.522% (100—20)

=455 kd

(2) 47 LM

- B : 0.D.180mm. 1.D.150mm, 270mmL
R CF Y vEE

- WRE : 4420 kg, m3

- JhEk 1 0.522k kg K

DEXhBEEE A2 D
A2=x /74X (0.182—0.152) X(0.27X4420X0.522%X (100—20)

=387 kJ

(3 TH7I¥

- R ! $280X30mmL
- HHE CFEVEE

- T : 4420 kg,/ m3

- e 1 0.522k J kg K

X h&EE A3 I

A3=rx /4X0.282X0.083X4420X0.522X (100—20)

=341 kJ
(4) KEH
2N . $ 140X 30mmL
- MH D RFEH
- FEE . 7850 kg, m?

- fi-4(119) -



JNC TJ8400 2002-001

- W 1 0.47kJ kg K
DEXh#EE A4
Ad=r /4X0.142X0.03 X 7850X0.47X (100—20)
=136 kJ

(5) RBEBOREE
PEoRBEL Y RBEBORAE AR
A'=A1+A2+A3+A4

=455+ 387+ 341+136

=1319 kJ

42 BREHOBREE

BT D ¢ 150X 100 mmL

- RBREE : 1.6 g/ cm3

CREHEHE 104kI kg K (RY FFA D T0%, VR 30%. B3RS
PLEX Y @EHOREE A5 iT

Ab=z /4X0.152X0.1X1.6X0.4X (100—20)

=0.09 kJ

43 BEMEEAVRABREBORSE
41IHL 42 HDFERR LY, BEWEEALEAREBOAFE AR
A=1319+0.09

=1320 kJ=367 Wh

5, B—¥—HEOHEH

BSEHOREHRLN, ABREBEOMAEI IOWRELDTITH Y, HRBPEZR LT
L= S - FRERETILRBEEIL V. o T BRENZEAFPRBEBOREE DL, £k
RLELZEMPO -9 -BFEBR2RET 5,
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Fl b—F—HELABREEARRHORMR

[ A <5 -1t B 7R
w o
100 228
200 114
300 76
400 57
500 46

DEDERELD, REFHME IRKHLRET AL —F ~BHRIZWOWTHLH, 24
DR AT —F —HEE 800W LT %,
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