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(Investigation of Special Capsule Technologies for Material
In—pile Irradiation Test and Development Plan in HANARO)
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SMART®} & AAgdA=z 2 Agdraze Az FRAE o] &5 A5
¥ ¥, 2"HdE s 7, Cr-NiZdk B E}J& 2AE dig =udAe] S4AELS o
A2 AEALE 9 54 Ame S A& Bod Aol v, /9 2 o
Byl oo A4y Ao Az gdk ded 2AA Y 2o 543 =AS T}
2 A4S in-situz =ulodlA S5 98 g SFEHE fAEES NEsa
ATk AAY AT ANEE EFEAE AE2e dAdfe] U dAvts HdY W
& 2 7t~ (gas sweep) =4, temperature ramping 2 BOCA #& o] gJom A&
o EFEAE AES d8AE Zr, 2EHQEAE E g dolE A A digk Ay A
He, EZAIY, ﬁ"é*é%} =4, ZALF Aol HE ol Jdor olE fd oA A
g MEsta ot st E dEAA FAY/ AL AsHE, AT AZHES
Wale] AR ol fAE ZHAMAFEC FE&EHI Qo EFEAHE PEEE gd A"
F2g AP Eo] MEFo A PSS AP g 7] Al sy Re A Ae
A EFEAE PEEE B4 FAE AHAY, AEAW AN 24 S 9 Hes
H|&35lo] o] @x @ o uwbg}l 3 D(crack propagation) =74 ojut ¢l g ol EHLP Y Ea¥ald
(gas sweep) =4 A& 5 UIe 71& MEs dAFoz FHIGA 5554 &9 &

=9 71ES s 2 Aol

Abstract

In—pile test for several materials such as Zr alloy, stainless steel, Cr—Ni steel etc.,
which are used as structural material of the advanced reactor and KNGR(Korea Next
Generation Reactor) like SMART, is necessary to produce the design data for



developing new reactor materials. Advanced countries like USA, Europe and Japan etc.
are not only performing the simple irradiation test for materials, but developing many
kinds of special capsules to perform in-pile test having special purpose. For the special
test items of fuel rod, fission products, total heat generation, swelling, deformation,
sweep gas, temperature ramping and BOCA etc. are being actively concerned. There
are capsules measuring creep, fatigue, crack growth, and controlling fluence etc. for
special irradiation test of materials. In addition, the advanced countries are developing
several instrument technologies suitable for the special capsules. In HANARO,
non-instrumented, instrumented material capsules and non-instrumented fuel capsule
have been developed and they have been utilized in the irradiation test for users, and
creep capsule loading single specimen was made and is planned to test in the reactor
soon. For some forthcoming years, special capsules not only measuring creep
deformation with multi-specimens, fatigue, controlling fluence but crack propagation and
gas sweep considering the requirements of users will be developed in HANARO.

SMART® #& AAda=e AFda=ze] =879 22 A= :ILZXHE"ﬂ
el Z, Cr-NiZt & v%dd &x
MEE g 54 Az A4S ¢
2 A" Ao e= Az o
< =AM in-situz FPst7] Y STFEAE Ase
53], 949 AdFAAE 2459 A% 2 E
g, 1EFHE AR, 1722 Qs 2 dAdE, NEE As % 7 P
steel ZAFA S, graphited] -2 &4 Alg, 44t F2E/958 33 A5t agtuolE A
g in-pile ¥ 5o ZAMAE Fdd dad A4F Al E-l 7#]%7]%%% %74]@
Aslr] fgk A5l APHa vt SFPeS IS & ke o] Ab
o, oyl dEL AV WE AT, @ %k(heat generatlon) Q
(elongation), = H W& (creep deformation), 7}~ =9 (gas sweep) 5= =4 3}7|
<3 ¥+ % (boiling water), 3 Zi]ritﬁi(saturated temperature), @A °]FH, »
Ay 2 A3 Add 22 553 FEH o] fAEEol Ak o9 Zo] &
Aol A S TRt A= AT A X“L?& M, rig =2 loopt
TR BAAA Vs At gle AS7] 2 25, dEdAAE
stk o] wEo] ATRE BHF8 7 ol o] E&AE Y] J‘l—_r“’ﬂ upe} ket
AR ES A% e 2 57 A% ’\1 of et A7 s P sfE F
t}h[1~6]
=S 7Hg B ojfll% AAZE HAr
sbil e HIER iy
N AFRE o 5
7] Pu A2EAEE 93k Wo s Ay FulEa A [1&2] E#2o A= CEN-Saclay
o 9l& OSIRIS ¥AZ 9} Grenobled] A+ SILOE ¥YAZE SolA AHe IASCC A&
At He, =2 A A4S A% A Az A E 2 Mol el Y S
e g EtATh[3&4] EA = JAERIE $AH 22 JMTR/JRR-3M reactors &8 3}o]
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FRA AL SR olgstel WA BANA AA4E Az T AR ST
24437 915t ARAES MEF e AEe A Ase] B ATE £
stol goh melvh 7bE F9 AARe wAA AR JAY EASE 2ARE 54
@ 2AL 4 HPe AATANE Bol £BH] FAW stz AE T3 Avrw
FYAARLT FFAAL AT 2NN E FARAAZE W EF AFAAR] e 5]
=]
A 2 3}
g0

LA =AEES ST Ao o] e stz AAM A7 FAAFe]

st ZAF APAE S FAsy] A dAY =AEE gER A2 E 8]
7] @Al stumelA A 55548 AE
2AEE fas vEste] ol&A el weh W
§& e 55 JE7HED Feste] HES

HU
Ir
FI
\

FAH FHAE :Lal?ug il
=48 HAeolvt 7F=~9Y(gas

sweep) =4

2. Al Al 2t w9 SEfa A% %
v =rol A= INEEL(Idaho National Engineering & Environment Laboratory)ol] A S4%
g Me A7 2ol 3= A INEELS dAA7-A] Azt dA=27F 52702 AFdo] &
om TMI Atal #Hdd oA bl =4 tellA dds AFo ts A% ®Bf PBF
(Power Burst Facility) & ©]-&3le] F3dle= 5 B AL 7IAa It AHA Axd
Az Al 2 MTR(Material Test Reactor)< 19523 28 19704714 7HsE¢lon, A&
2 AA A Hag AAAE FHE fde] =42 B AR AAS 9 =AAE
S T2 FYstan. AE AgEe Ald F3F % flexibilityE Hebslo] AA Axgh
ETR(Engineering Test Reactor)< 1957d%-E 1982\d71A] 482 =7 dtollA A=,
Z}4= moderatore] SA4H7IE 93 AFESA Y. 19673 715 A2AHE ATR(Advanced Test
Reactor)> 1% %9 A8 & A&ste Al ¥ 250MWo| A= EA w=o] A=
T 7P Z AERoH, A& loopE ol&ste] v As F AAdmo e =AEI
ATE Fyse=d FE ol &3ar Jrk[9] E3], F T+ weapon grade Pu A &EH{S
gk Ao JFeka Ak w=mE A A A 71 “Lﬁ AF+E AAREE BFT F7bo] AT
e RS AR EH?E Alg o] 7] wio] A72E ol &gk AwkAQl AFF AT
Aoz oidet
AN A7 2de] A AL Y w7 ZE oM s BE RARAR] FElEAL
ot 57 5244 Hed g d+++= CEN-Saclay iZH«] OSIRIS ALzl A Ho] 43
HAok o] dARAA d@MAdRm AN EE&EHE AEE+ boillerd 9 BOSS,
CADENCE, PEPITA 7%, NaKE dulAl2 3lo] addze] FAAde 2 Aol gl A<
ZAFSA arHed €85 += CAMERA #e€ T Utk A= Am =AANEE fAeas
IASCC ¢9+= 93 CORALLINE <, inert ¥9%7] A} tensile creep, PCI 44=
IRMA rig, dynamic stress—loading, creep 2 ZAF3 Oﬂﬁlé 93 COLIBRI, =2
A= (high fluence) A7t 713 COCCINELLE #<€ 5ol A4 =3 PWR, BWR
st A Az deAldS & 5 = OPERA, ISABELLE 1, ISABELLE4 loop
Aol A4, 10&11]
Ao M= JAERIE F422 JMTR/JRR-3M reactors &&3te] FBR//N#EHZ A=,
AAZAAE, 2928, 712 2 A+ & AZ/FAS 7§A7H s B8 & —rsg
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€22 JMTR-2 196530 Aol Zg=xo] 1970 A4 715 E A
&ote 15 FAE AR, AEFE A5 2 7S FHAY vessel

steel ZAFA)E, in-pile creepA|dl, graphite A8 59 ZAMAE S8 HQsk ZFE A

Eess @A R TRkl AbEstan vk @A JMTRAIA = 609 7ie] AEes §4
o o]&& F dow olF WF 209 M= S5 AFS sl S Folnh dElA
1990t 245 ZARAIG O]l gl ARSI o] Ho] ZAREALe M A= a3E AAH
2 248t olol wel AN A Atz EH st BAglo] A AR
= 4AsH & e dARAE AoTIeE HEste] dx =

A
< AE3sta Ak IMTROIAM = gS3t £/ 545
Y3 9, #RA QAYstae wE A%, wdZ(heat rate), A
W& (creep deformation), 7} 29 (gas sweep) & =H37] 93 Hesd v S
(boiling water), ¥3}25% 3 (saturated temperature), vl o538, A& 3 2
Az AayH 2e 55 ] AE T oY 549 EFfES fust
Atk 5FAIEE AR FAAE z@% #1381 fluence monitor, SPD, =% &
A, &2 AgA, 2% monitor o] AHEEY. HPZHLS 9% 74]783
277 el He vlolzZ=zwEl, FA# 3 o] A5
A= zEdd A BR-=E o Az AA L dme=
A ol ANELEAT. AlAe §¥ES Fstal WS SA5H] ¢
=8 &9 BVl UYFA V& sol My AREE A 9k
83 Ve AAA o2 Adste] &gstal 9lal, 53], 1985 FH oF 1049
Az E2 AL 7] Y%t A A (re-instrumentation) FH| 9} 7]ES e
i e AA ot [5&6]
wELololE wAZ FES T AMAE AT
NEA #tste] HRP(Halden Reactor Project)oll A sidds H ZH Z:/\}/\] o &
AR A o2 fEate] 200 Aol gk IAFTEATFA EEstar vk A MW
UE FR& AT HEor2E dakd e qds FHLE B g4 SWs, 9 4 &
2 mode, Aakd WE FGR 71%&, 2A 2 7|4 HEI8A=] o3 A= swelling,
gas sweepS 9 gas ©]% 2 gap A3 A2 AR TAFEA 2 IASCC So] Ut}
3
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oje} & AFAdE AR AT AU A HS53 kA A o] &H L 9

olgg A= #dl HRPoIAM 7HEd AR7le=2= LVDTE 7183AR 8to] mull2A
Al A FZ Aol A (fuel stack elongation), ¥ &3 A& (cladding elongation), &3 U] -
)7 W3} (cladding profilometry guage), HAE FA2%(fuel center temperature), A
2% 49 (fuel rod pressure) 5 WHFTES on-linel® A3 o} T3 AFEE =

Al AFREEF O E= gamma thermometers, subcooling margin indicators, water level

indicator, % % 7|¥FZ(void) =A A=A, XHE"J\] 8 A AFAREEoT  double

cantilever beam specimens, IASCC #A+& 93 #EA4 &7 A (crack growth monitoring)
7=, A —‘?"ﬂ.(corrosmn) S471a, 2AF ddE %«] A= 87l 918 "lvkE Risool A
et 7lws EdE A s AAS vsda gas &8ska drk[12]

= 3 9]

= = PA

Z15kel ‘ﬂi‘oﬂﬁ% DIDO class®| high flux reactor 70%3} Waste] = Aqd F2A)

A FHAS FaL g FA 970 7]74] A 54 W T AT 2AMIEE
q

F38kg Tk 196039 = Aol creep rupture @S s L, 1966 7 7o A7)



s/MEE Fokel s FAASFAME AR 9l transducerE JHEEHIE SS9
t}.[13]

UE &=+ Pettenol| A 9332 91+ HFR(High Flux Reactor)ol]l 4] reloadable standard
in-core capsule$¢! REFA, TRIO, QUATTRO, TETRA <& /sl AR Fo 9lar
HTR dds FAAES €3 BESTY HTRQ graphite A8 ¢3F 5%79 AAdF
graphite creep /\]54*— A 3FFo Aol vt mEla, LWR fresh HAEZ,
pre-irradiated A H59 BWR A5 ZAMAE S ¢33 &, LWR dd2¢ LOCA Ad
= A3 e, Axm APES AT e Sol o FBR A58 Ars 2AAATS
Ue A, AFFE ARE ZANET F e AEdF AXAE AT Ve 2 AES
HR38kar drh[14] @ 7)o & Belgonnucleaire, BR2/BR3 reactors 283 A8 /13249
J2/a8AY T2 FPsRem[15], 59 FRM-IL, 2=49% R-2, 7ivtt NRU, NRX&
of dARANE A2 Au/Ads ZAAE A7 &= v

3. E}\7]])\-’] &E

1) Standard Reloadable A& &

°] 7“}:53:% Uld = Petten fAZAA HdE o] AMEH = AEEA AlH e AA
EHE 483lE channelo] B2 FEEo vk o 2}% channel®] <o uw}e}
REFA(channel 171), TRIO(channel 370), Quattro(channel 47}) 2 Tetra(channel 571)2] 4
T Aok A LS Ag Ar)sH e FEREA Fon Als Zv ¢ channel Abo] ]
e A5 He, Ne 2 No 7F2EFE o8] %7 Alojgrh, AJA9 2% =& 4
He= A¥oly ARV M E9S 2dsy] fs By & FEEHe FAolwEA
(vertical displacement unit)E A HEZU HAANA Az EUE ol 92 3
t}.[14]

d

2) In-pile 2 ¥ A& (Zr, SUS %)
AYPAHL 2o A AEAHo| geho] dojuA] = xS Fste] Alte] w
2 MEALEE gostr] Qs AldoR dARe FRARR AE2IF e, STS304 4

316 A% Sl wate] nedAq BV &4 Ao Ane] AAYL J"‘ﬂo}
o+ F71A "ol o]&FHTH AAE= AE o 9
olvhe _@am ARl 2AAE FEE A, e

95 Aol
Ao 2

1
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e =g & B el A of 2] 7} 9] /\144011/‘1 5*101] WL 7F dojrt=d],
o] A% W= dAS 717LP°1 A e A FA% F thA] =ulo FHste] 2AME Wb
gt A8 JMTROIA = Ao s 2HAdd 27 a9 S o] &stdlon, T4
g melE AEe =2 €9 sFH A2 dE7}

o ol

H

& 4 4o Mgt =2
1252% ol e 47 £z ST AWl dxe Pud] w4 An e
of geol AAT Aol WA AAA G Fxolth HF L AFIzel dd shaA
Mzexg Fo Add AgdEd 2gaRe Agvlo|azr ey LVDTA od 341
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3) Graphite in-pile creep A&

a2 iAol £ agtgolE A AL HTR(MHigh Temperature Reactor)e] o] %A
52 AMEEY. $8E A e OggolE A5 XAl standard reloadable A E 7 &
= o]-&sto] FALETH[14] :LE}JJrO]E Aol AfA o= F7HA WRjo] &8 E=d &
7HA = Gl AlEo] ARG SES W FHOA Y WYo] AHH R SAHET e
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o Zge 24 ¥ AAZ delq SHAG.
A Age] FAHE A& Aol A& Ul B -
Ag A0l gEe wA g AMe g Fu | Tl
sho SElg Wi AWe] WYL LS WA @ I
Mkl balas L Wy g y
= oA Wae Mud 5+ QA 2ALe 9 Rk ==L
o w e A sbzdA on Auy - R
o] 9o FTAo] W& 17 13 o] Fo| ¢ 31_ (S i
i A2EE Ao AWEel rrw wasz | e || [TUEE NS L
o o gHEe WLE MAHCG Ay 2Ei b | o
A718e ] 4 s 2R Pettensl 3% | | [F
o o FA AES B Awshe] Agst ‘
AT B JMTRANA = A2 AE7HS 7t

sto] Abg-atm W9 =40 LVDTl o8 24 ;@

o= HE Aol Petten®] HFAH A A ) "'r'

<5 3 =2 A

AEt v gelrhle] Schamatic Loading Mechanksm

AE MTRe <HSlH A~ 7 2 aggte]E Al |

‘»?‘o] @.ﬂﬂ]aﬂ/\o %/\4%}}‘_1—7 71 .

]EH HHEE o J’]’Eﬂ' 1%1513}-‘7—]-0]5_‘4%3%7@%

%1 Z2948<E S4MTR)

. e VEER t st E

° (SUS316/Zr-2.5%Nb) AYPNE

e 97 40 40

Al e st F 10~ 120kg 10~120kg

Al 2% 750°C 850~950C

AR 3 7

W9 A4

1) bufferd He micrometer | 0~0.25mm 0~0.25mm

2) needle® He micrometer | 0~10mm 0~15mm

3) LVDT 0~10mm 0~ 15mm

TS 14 14

(05~1.0)x10 (1.0~15)x10

(n/cm2 sec)(>1.0MeV)

4) 7t~ 29 (Gas sweep) W&

HTR 9989 2ANFL 28dds Ze olFad Ee42 Jold 2

ZAF 5= 1600Ceo o2, 122 o]FH Aol Q= e AFEE FHsle] =

=TS A st doAdY. 12 H38& AU E+E tungsten-rhenium €A 7} o]

S an=

HTR #A 52 ZAIAY oo HEHE AE Y7 (fission gas)d HAE S &4

371 9 Ae el HRAEE ewsE Mue FARD 1 RH T 7

2EA7E YAAY. dEIS FFHRE HEE HASe ZAE HAFREE sweep

AA TFEEATE SHAA BAS o 49 b wld AH9 charcoal 2 H

2 A dE JMTR 7t #AEe EAL ¥ 2 % 128 29 Zot[6])



— . s =
[ — Chorsoal filter ¥ 2 Gas sweep & 54
5} &= Specification
3
F— Profecting tube
N2 |
— Helium gus zuppling 1ube ne 94 3 65mm
ANAT 97 24mm
Inner capsul T Tute ¢ trol HoMZolA] A
o Sapsule ube for vosuum contro YEAEA A A 20
Tuba for carrying F.P Yﬂ _%] EH 7&01 mm
i— Alninem thermal bond o
( FA 2= 1000~1600C

= Ther mocounle

[ Compacted comted porlicle fusi (specimen)
Specimen holder e U]
[ Grophite c¢ylinder
Double walled knmer copsule {N9-1%4Zr)

:{rner wpsule

BAE T ol 3

-Nb-1% Zr

- STS316

max 2.5x10"(<0.625eV)
max 1.5x10"(>1MeV)

[~ Outer tube [55-304)

inner copsule
{iower]

"
|
|
0

19 2 Gas sweep &

5) Temperature ramping &
HAF ol T2o 2 transient AES FAFS7] $18] temperature ramping &2
AF-&3kth. Temperature ramping €9 F+x+= 19 33 2o drjAel agvolE

o U AEe AR AHA tie-roddl 93 99A7F AA ok gyl E

7t dujA 2 283 Ao Az %71 1000~1600C A & o]t}
ProTecling tube . o =
Tvbe for wavaum contral ¥ 3 Temperature Ramping #& 4
b —— Presarizing jube
Upger plug of inner capsule ‘0]'% Specification
T Pressurized chamber
) [T Bellows (55— 30405 7@% 9] 76] 40mm
M LW¥OQT
T lmner tube ot capsule 155~ 316
{—— Ourar tube of capsule [S5-304) =
Drivieg lube -]‘J oli'“‘ Q/] 76] 12mm
[ Guide tube [55- 304}
== lie-red tMb- 14520 1000& 1600°C (ranping ;ﬂ)
Large gos gap }_}\]' '\Q:E o . =
t1~ Grophite thermal band & max 2200C (ranping %)
1. Thermocoupke
|~ Compacied coated porticle fuel o
:_/ Graphite holder Hé]i—?—z_ %E max 500 C
| |— Graphile fhermgl bond B 7
= 2 max 2.5x10(<0.625eV)
T BAE 14
o © \\ Norrow gos gop max 1.5x10 (>1MGV)
-] -3
3 :_______‘_‘_h Spring

19 3 Temprerature ramping <



Temperature rampinge 3}7] §la] 4ol B2 g-=5 7igtsto] djA & &%
2 gAold WAz Q= oA AFAo] AN LEZ 2200C7HA & &
At} [6&14) DB JMTRY 7% temperature ramping €9 EA4 & 3% 33 o},
6) NaK bhonded %} &
Al A AAFED NaKE AR Aol oA dujAe] %7 #98 A% =
How A8 AAY Ane e ZHd A ZAANY o] A Atk AR
316 Z=HJHA =4S AFE3tE PuO:-UO: ddx Aoyt @ 1FAIFE 316 &
B2 A=Y in-pile A FO] 9ol wel NaKS oAl = A& &M
Ak UFrHe] dvldZE NaKE AFEsHA T Ui Alole drAzs 4F
AES A9 SR JEpe Lrk Ay A JRAE Aole] a7
o o) A3} [6&14] ¥ JMTR NaK bonded #&2l B4 # 49 2t}
|- Proteciing fube ¥ 4 NaK bonded & 54
——= Tube for vocuum conlro! . . .
K . Specification
|—— OQuter jube of le {55~
- uter jube of copsule {58-304) MeE 974 |65mm
[=]
a &l | Thermal insulator talumina} X 3ol g
S = A 24mm
. o Fuel ¢ladding 7-":1‘01
= ) et : o
[ Fuel pellel [Pulz-Uy} Mg B (iaddmg 7 180mm
| K i Thermocouple f1}01 g
[ \! T -7 [1000~1600T
— f:’:,f Trnar tube of copsude [55- 316 ZX) A} 4 A 3
[ | | _H—— Co-extrided aluminum thermal bon
- G N 97 -Nb-1% Zr
=
— / " ® |- sTS316
L ] / Thermal insulator {alumina] AR
A9 47 29mm
D Non-fissile N
FUES| A 2ol 600mm
NaK 2% |max 800C
max 2.5x10"(<0.625eV)
. 4744
19 4 NaK bonded #< max 1.5x10"(>1MeV)

7) Boiling water 7} &

AdE JMTRoIA ¢ BOCA # & (Boiling water capsule 74 %)2 LWR Z 79l A
29 ZAMAES Y3 AEEHAT. APEE Az B2 QA9 7&1‘ <o
Ak, B2 o) fo] ¥9l pressurizero] €8] LWR ZH o2 7[gEt. A5 A4
He 92 189 A g o AA"H. HAs IH‘F\— -T—’OJ—’FO] H] &

A FLdsHA A ]UE Anvle ZHEE Ao dASA €. dds

HE&s A7l g e ol gl Fo] maEHo did AHES A
WeE 2 RBeE 3?‘9] —’Fé% FA38t7] 98] HEFHu. Pressurizer, &4

A7), o] 237 F9 out-pile AAGAES HoE AHEHIL PATEAS A




7] $138] glove box Wl AR} & oA FFHo] Wojxw JAZ EHE "o
AA As=Ho] Ak [6&14]

e Yo AFANEZE FAAELA 7] FE micro-fission chambers, A5 A&7+
A5 93 LVDT7F #aEt. 543 BOCA A& Aldo ALY dzade Fxs
T Adved o] A dne] FHdE s stk BOCA <2 dA =9 F71
(power ramp)tt &3 9 ¢3A & (power cycling test)S $13] He-3 =8 Ao A&

ggatal o dE JMTRe BOCA 7€ 5S4 & 59 #Zr.

# 5 BOCA & 54

B Specification

AA8s A= 590W/cm

2.8% for BWIR size fuel

N 5B enrichment
i 45% for PWR size fuel

AAET HAE/HY ZHo 9~12.5mm/400mm
Coolant ¥ 73kg/cm’G

g5 2= °F 295C

e Ul Wl 1CC/s

AR
AA= lem/s~05ecm/hre] Hre F& Ee Aoz F4d 5 o 53

)= 7 ] (stroke)= 500mme] ©}.[6]

ZAE Ao e AT &= ‘Jr 7}%’%0 Z2437] ¢8] in-pile FE FAA AF
Nes 49 5 IA & Asolth. A& A= in-pile FHO FHo AAd F
A o] WEknk RElO] o3 FEFAIF Hdetd MEe= B9 FERE
FAAAA s AT IMTRY A5 A+ ZHolv &9 in-pile FEOAA F
=HA ®2ol7] 98 HAAL 32mm Aol 270mm= A FE ok A& flexibleFH
2 Atgste] FEAA dAHEY I flexible FE Eoll Ao Eof k. A&
9 o
> 9

9)

TEAE AE 9d LOCA =34 Azl 7As H AEd &

o] /3t AAFS xAst7] 918 LOCA &S Ml E3ste] o] &AE] a7 n

gt Azl A & (crack growth) F4, TdF =4, AR swelling ¥d 2=
B

g = A= Aes0] A

Gzl hE ol F TN 4G AW BollAE 4G AREL A AL
2 A AmAE AR I FALAALAES ALHLL dAdn AGAE A
2 A9 AR5 e TEAAY. 54U BoklAE B Ade] ARAES A
of wlleld APde Ful Fol vk FAAA ALE SFAE Bokd 8xvE F
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