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F4Z 3= CANDU €3 Ajs 9l
SAZRE FA7HE 43t SPAR gt A

=@, AT, FEAT, AT
* P AAHIA7 &Y FHAAT
wk 28l 7] A A A5

s A BTN SHL D7) A) 3

2 o2 B 479 5AHE AF/AA AEHA e F2YANGRE o4 £FHA(small punch: SPIA|
Y} o] 33 A U (non-destructive test: NDT)2.2 €217 &% E(acoustic emission: AE)AIEe o3
Fa33td 4EB AR 2 ANPE Prhgoe s SPAEY H§ 7MEdE 2AEEY v AEE
7, 300ppm-H7AA &) FaFRAAM, FasEe] 4 Espol A7t R0 -196THY Z$7 F3ed, &
AFSA T WE Zr-25%Nb dF# AR HHRE Frie AL -196TY AL st e Hrtot
e 2988 & 5 3t B3 FAFEY Fld we Ase gHaAgei] BAstE AENZY Hio
W29 peaks}t ¥4 HuolWA Zeln &9 57193 W& S(equivalent fracture strain: eg)d F23 BT
WA 9 grel A st aElx dF-89A%E, Ese A%, AAF, A8 SEM #2 181 AE A ¥
AREZHE v2NFTHE o83 SPAIR S 4339 CANDU 43 A5 M2 #3735 F7H
o2 fr8Aol deg & o UAh

1. MB Hol glow, A%4 FA 254mme PWREH A

reactor vesselo] 38l g T3 242A &

CANDU(Canadian Deuterium Uranium) 7bt3  #A Aot =3 4 904 2 o 48 A

TZ(PHWR : pressurized heavy water reactor) d FAES HE5E9 Yds9 FH FEFI 3

At dse dds ¢ A48TV, 7MEE a8l o ddg ¢EHPAS e o REROE AAA
7HeE WAE AVl 9 SHAAA dxy vt o] ZA 87=H Urh

7197 4538 8BS VI E(PWR: pressurized 3 oj2g CANDU ¢HBA o|H= 8
water reactor) f9AtHwAAs} vlms] B 3 EFAPES  AHERHE,  HHEIWAAM  FadE

o, FUl9 9=y a4gdlA CANDU-PHWRe] 2} (hydride)d &9l 9% 443 3 hydrogen embritt-
At wEe A Fd9E A9 ol lement)9 =1 HE 213 tube] RoldrEre @
CANDU-PHWRY 938 @A A = ddax) A(elongation), <¥LFWae WE gz AR

4 FEAA FA 4mm, WA 103mm 21 Zeo] (sagging) ¥ oo @& Y2 7tEF TFFE T
7b 6mgl E F(pressure tube)S o 3304 FFA 0 2 = 5 YEd’Y ol F A HEF FFH

(H4:19%. 8 8
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EEEEREEE

Zd| og RANgow WASE F4d 9% ¢
g Are F2AT MF 2 AR diFHx
AP wAA FA8E AT Zr-#F F423
gAF U Be JdFE=Tol HuHzm 9o,
ol ATULL HRE Zr-FFA85Y TN
AMAFY vlA = hydridedl 2719 Fa%%E 28
I FgeEo] g ¥ F3E Y47 T B
& A2 hydrided] FHARE WE Zr-3
FAEY #IAZE Frld dF dFHRIE AY
Zolry) 3E Aol

@9, A2 942 WY ZAkGradiation)ol ¢
& 1A A4 A3E Hre) sk 9B
AHAFAJAERDAA AMEE 2PHX|(small punch
(SPAERYe A HggEe] A e me
A8RE BVl AgsT ot agn SLE
(acoustic emission: AE) Al@L& Az Wiy
EE RZEYH JEAE $¥o2 Qo ARy
A wtAEE v JHelastic wave)E A48t A
29 mAIHQ ¥HAFYH 7499 24 2 AnA
L ANE & dE WS 788 AgEYes
44 Uk

oA B AT e olHd AT iR s A
ASFAA 4EHA R F2YNYAES o] 4F SP
Alg 3 w33 A @Y (non-destructive test : NDT)
o2 47 AEAR 98 Zr-25%Nb 43w A
59 #4238 Az wE FHNENES ZAFL
A, #2338 48d AR A2e FYPx
HyridozA SPAEY AL 7154 E RAEEH
£ A7 53] gt

2. AEEY 8 Uy

2.1. A EH

£ A7 AHgE A=l PHWRY d8#L 3
g ¥ dasAde AFAQJY 2L 4WMRW Fig. 1
3 g 9714 dd8 FAJ/L 27% W3 AHEE
Zr-25%NbRFA2A 19 3eH 24L& Table 1
o uellidct. a@la SPAERY AFL XM
tubeZ HE WAYFOCZ 10mmX10mme VHE
Zte 4 BoZ JANES & F, 03mme] 9olo
AR g AMEE AlgHe F471 0.8~09mm7}t =

=58, 3%, FEA, A

Table 1. Chemical composition Zr-2.5% wt% Nb
Pressure Tube.

H N O Nb | Fe | Ta C
> 6 |456~52|1080~1200| 25 | 950 {> 250 80

HAEE JAZFEgT. ddd AEHE #3000~
#1500 2] AL¥(emery paper)S AHE3SIY AT
B 73R dojuiAl EEF BEE FUIH
A AMIEE F 5, AFHoR SPAYHEY 74
9l 10mmX10mmX05mme] =712 AFago”.
ol APH FA JHEeAE +0GmmE 3
. 283 SPAEHEY 4 FEYHE A9RY,
WA AzE §F SPAEHAES o A% F =8
A3 3l =9 258 0CTHSEEF 7
C/min)7tA 7FE3kel. 2 o8 o 05 Torre]
d3 MdAgd FAFYADRFY F2E FUT F
FYAE s e ol &stHnh. T AlEHE
799 Fa¥Ed 33 ¥ ARV FAFE
24718 ol 43t ppmeiE A,

CALANDRIA

FEEDERS TUBE FEEDERS

N

4

J L [
/ I

BELLOWS

END FUEL SPACER PRESSURE
FITTING BUNDLES TUBE
12)

Fig. 1. Simplified diagram fuel channel.

2.2 A 4y

2.2.1. 2% |X(SP) 438 ¥4

Fig. 2¢] SP N#3X ¢ 7=t @29 4
A=E JehAT SPAE Aax ZA A-tiol
(upper die)®} dEriol(lower die) 22T HX](pun-
ch)¢} 2T (steel bal)Z T Jon, APH
Heup)d V¥ FE 243 JAANA AR 244
ol a8 A7 A JFE & =S 1)
o] MAEERZ AHrielsl dithojrlold] APHA
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422359 CANDU ¢el# 429 37745 B718 98 SPAgd Bg 47

€ E93 MAE AHE3Y 50kg - mm & AAsY
% SPAIEL &% 10tond] W5AFNE Alg3Ho
HAAxdd HRCE2~679) HEEZ ZE p24mm9
TE ¥ o8 E8td ANEHe AHY &S
7¥atet. ol Al@#Hol 7hEiXle WYLEEE 02mm
/min. 2 ST APF 9 81532 load celldl A 1}

T WARLAE FE7N FEAZ F, AE
% 3m)¢) parametric input@atell YFAA =3}
Rem, HYge WAL= RE AMstgn. A
deee 423 dAd2(iquid nitrogen) &%
-196T 2 Bsich ojdf & AdeE9 HdAgLe 4y
25 ¥zt w2 A5 IAPAs BHS T
Al HAg Aotk

N

s

Load

Cross head ~—1—*
Load cell

Puncher

Ll;)aarding E 196 =+ Upper die
tiquid 4} AR
n;r:.gji:n == ‘b] Steel ball
‘ o :r‘ Lower die
Fig. 2. The schematic diagram of SP test
equipment.

2.2.2. €9E(AE) 23y

Aol A8 AE vl Physical Acoustic
Corporation(PAC)AFS] SPARTAN AT #AH| & AM&
39T AE Al&E Fig. 39 R AE A=

. AE signal

iy
Ringdown

counts

Pre-amplifier
40/60dB

Bandpass filte}
100~1200kH,

Energy

Duration
Amplitude
Rise time

Main-amplifier
40/60dB

Threshold!
level
detector

Fig. 3. Block diagram of the AE signals process.
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system®& Fdto] A5t oH, A8 E AHEE
AE We Hee FHLE0~1000kHz) HHE
228 £ e FH9dH(wide band type) FAY
A X (piezoelectric sensor)E AFESIF T - AX oA
AR NZE AXNFTE7|AM 40dB FZFH H
noise AAZ 998 100~1200kHz9] bandpass filter-
ing& ¥ F AE AS7|l 4E=HAT 4¥€€E AE
AzE Al 20dB FFAVIR AEZAHE 9
A/D ¥E7A YR gstE o] EAHUT. AE A
4 F919 H&(backround noise)d] o3 433
g Fg W] wEo €Y (threshold voltage
Vthygte] 2AA e FH49 o8 FS(mechanical
noise, electromagnetic noise, liquid nitrogen boil-
ing noise %) level® 1H3} Vagt & AAI Fof
ofgt it} B A7 AE AT EX6) Yo Vagta
75dB(355mV)E AAE A 223 AE AA Y #
2 W aAEHY A7), QA AL 28 AA e &
23t o] 5AFE WAE] YA wave guided ©]
£3le) RAslgrt, oln) wave guider SP dHEtio]
of dAdNeH, AN AeldlE  high vacuum
greaseE BIE ¥, clamp ¥ ELAAUXNE AHEEHA
65kg - mm ¢ UA ELIT JAIET. AP
A" AE A3 AR AEAIS S envelop HH L
2 AR AE-WRAF o8-t a2 282
7ol mFAH AHE" SPAEY SS9 H¥EE
(equivalent fracture strain: &g oty o 2R
A2 Q. olmf g SP AJFEA] A1PAL WY
AARE wH7R] dojus AlEH FrHHYEE
vebd ol

s

tlo

= It/ £) = B8/ 1)>"*

71N o AR ZIFA, ¢ SHA] AEE
o A5, B: APEF(=015), 5: Hfolth

3. &Y 2y 3 g

3.1. a|&AIgHo| el8t 7r-25%Nb M Ze! ity
ZE

MEAA AFIATC] Zr-25%Nbe ¢AAAE

T FAIE g A8 F23A%0 PF 2 EA
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H} 5} 2] 7 A} 8} 3] %]

2 dFHI Yt wdA oA Zr-25%Nb ¥
2AgHY AP HXE FiFES TS
AHB7) 98 F2FUE P & FLFET
Z+2t 17, 108, 270, 1020 28] 1128ppm-He] A&
AE ez SPAYES Pqich Fig 45 &4 A
PR AL SF-AAAT AAEEA, 29
A BE ulgl Ze] ZA (b), ()9 108ppm-HA <+
20ppm-HA 8] A %= A9 22 Azt Wy
£ Bolx gov AFAY 2=Vt S/ w
2 Holsted ¥Ye FA @2 Sl 4T
= F7te mE e grgze A4S #3238 F
dok. =R IFH@S  17ppm-HI  F4(e)9)
1128ppm-He| Z$& v 3] B P ©15F9 3
HAFL A48 JHAFTANAN AANH AFAAF
o2 HoHALES ¢ + Uvh Fig 5 FaxHs
Al Aelxe HAGRE EH4E dotrry] H3
Fig. 49] 54 F4559 AEHE oz of
AR 2x -196TH NPT sF-AHMxzY
Aoty WA F2¥E7 7P @& 17ppm-H
9 FA (@9 A%, Poax®t ®HG)7F 22 1.75kN
I 112mm#E& 29 o8 AdAF Mg E
st HHAE, oo w8 FiA¥ES M =
< FA(e)9 1128ppm-HE ZH$E EY, Pux® b
7} 24z} 083N 0.62mm#tS 2o m$- 2
3tE Hes Helxm gl AXFoz Eo 4
2%%7F F7tge wel Zr-25%Nbe] 4@ AR
= 2 85 v Heln &g FH3I
#ZE 4 ok HE, oI ML A Y HHA
& Fig. 49 L9 #59 vas 29 of$ 2
Zol7h IES Y & Ed, ¥4 FH@9
17ppm-He] 7S, ¥ = & Aol& Holx gl
A AT Pux® AL A2 A4 &
1.31kNE, A& 196°c-4 ZA9E o 1L75kNS B,
xiiolw B} ¥ Prud Eolm gUth 01%}—
< -T—Z::%Eq]’ﬂt Zr-25%Nb A g9 ¢
‘?l °Vb°ﬂ 8 22 AAHAEE Holr oz A}
29 284 F42%%=7 108ppm-Hol el 73¢9
de 429 I}F-wAREYG BT e 937}
E W ¥EAE Holu glo] FAFs] 93 3
AT Wtg WYs ¢ 4 v} Fig- 62 Fig. 4
¢ Fig. 59 423 -196C9 o8 s5-B9A%2

=58, 3T, FEA, A

Hit Duration
- %::eg Volt l
Time
| Envelop
Energy
Ampli
- = b — PR BRSPS, e e s e ‘Threshold
| !‘j erv— = ’
Ringdown Counts(7)
AE Hit(1)

Fig. 4. The waveform of AE signal.

(@) 17 ppm-H
(b) 108 ppm-H
(¢) 270 ppm-H
(d) 1020 ppm-H
(e) 1128 ppm-H
z .l
4 1.5
a L ~ (b)
B oL
St .0 -~ (©
[C)]
0' 5 —
G
o- o 1 L 1

0.0 0.3 0.6 0.9 1.2 1.5

Displacement, & (mm)

Fig. 5. The behaviors of load vs  displacement
with various hydrogen con;:entration for
Zr-25% Nb pressure tube at room
temperature.
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4£33¢ CANDU ¢8# A5¢) HI4E H71g 98 SPAR 28 A7

E5E 4& SP-FAAUA(Ep AsE AFA
o) ¢a%¥E wet FAY Arolth oY Ept o
F-A9FAe oty WHomRE AHF Folth

2.5 E

L | (@) 17 ppm-H

(b) 108 ppm-H

2.0 (c) 270 ppm-H

: (d) 1020 ppm-H

(e) 1128 ppm-H

Load, P (KN)

0.0
0.0 0.3 06 09 1.2 1.5
Displacement, 3 (mm)

Fig. 6. The behaviors of load vs displacement
with various hydrogen concentration for
Zr-2.5% Nb pressure tube at-196TC.

aFAM 42 2 -196TY A% nE 2
F7te| ©E Egpel A4S Holm ot I AR
E AgeEst 459 ¥=d me 27 des
&S 4 vk WA dLo F$E BY, 300ppm
A o) FhF R A Epd WEZ Ax go
u}, 1000ppm-Hol F2] FEAME ozt %e Es
T Holxw ULE & & gk oo wha), -196T
9] AXBHAAME 300ppm-H 714 Fa%
= Ewel 801 9 23, 1 ole Famd
E AY 22 v Fgduyzx A5L & é%‘ 5
Utk wEkA olite] AlFBANEZREH £
=] wg Zr-25%Nb ¢E# 89 uM 1% 9
7t A ml Al EH 23 SPAER e A& A
& ﬂo]g z[: 9,;10‘11 AL_Q_Q,] 73°_t;1_1:} oﬂﬂ};ﬂ}\g
2xQl -1967Ce] ALBAT A Bt I8 S
FHE % F vk ol An= Amdel EAle
E R2AAHY Fa2e BY FaEEANA 9d33A

X
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$71 ALHT 48 -196TAAM BY 8 F249
A 287 Wi FiFH3 WE e
HA7E7y e JeldEe 3o AlRdd. B3 o
2o NdARE Zr-FF9 4ET A= g F
@ NYAAY = AFAFH S, 20~400ppm
FaFEd wE F2dAM¢Y q‘?‘;-ﬁ‘———f—%(reducnon
of area)o] o 45~48% AEZ Ael fAIR AAA
AL Holxz ANEATS} viusd BH, viAHA
& o4 SPAEHC] FAFE HE JJrT»Vo‘E
Bl glol Faje Agude wE B ¢

Aguylid e ¢ 4 ok 283l CANDU %}‘34&
Az A FaFste ofd HHAFe e} F3t
2 A4 (delayed hydride cracking) A¥] 9
A L2252 HA97 4 300ppm-He o3}
dete dg s Bd, AL SPAEL AM2e
A FAAE FrPEYPer 1 HE Jbs
¢ ¥3S AT = dvh ole o] SPA
darylel o3 Bl AgEA FAHAFAE B
G2 EE JUE £ AT RE vDAFERY A
Bl e o A@Hd ALt SHGE)

ox —r of afo m{n
b Ho

o
it}

o

1.5

®  Room Temp.
® .196°%C

SP Fracture Energy , Esp (kN'mm)

a
0.3
I ! 3
0.0——~L— : : -
0 300 600 900 1200 1500

Hydrogen concentration ,"Hc(ppm)

Fig. 7. The behaviors of SP-fracture energy with
various hydrogen
Zr-25% Nb pressure tube at
temperature and —~196C:

concentration for

room
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B 5} 7] 7 A} 8 3] =) k5@, S, FEA, BAY

(a) 17 ppm-H

(b) 270 ppm-H

600 #m
(c) 1128 ppm-H

(a) Room Temp. (b) ~196TC

Fig. 8. SEM macrofractographs with several hydrogen concentration at room temperature and -196C.
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(b) 270 ppm-H

10um
(c) 1128 ppm-H

(a) Room Temp. (b) -196C

Fig. 9. SEM microfractographs with several hydrogen concentration at room temperature and -196C.
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H) 331 7 A} 8} 2] A

2122 (membrane stress)@Elo]7] WEojgla A8
Hy, ojzg2 &L Fd JAFANYHE o]83d
AlgHe rhate SEHAHIT dFEYFEAA o
Z3HAHZ Z54E £4FY 2 g2 g9
9 w7)W ¥ E(fracture strain:e)s] HIF= F
7tste] F2HATE B} F&eA FrEE gl
40 AHds Bdsq A4 4 U

3.2. AMA, o|AMH o zE

Fig. 7, 8 £ 9= A2 £ -196ToA ANEF o
2 ANFAFE F$42FE7 17, 270 282 1128ppm
-He AEAE gdez AxAd|Fd & #FF
AAA, AlAE s @golnt, WA AAZF sHA
e vy, A9 F$E 178 2M0ppm-He E$
' & 24453x9 TN gy dold
Bojox ixugorw £ Fdo] PAH G447
AAAFE BF T F Ytk olol W FaFET}
£ 1128ppm-He A @A 173 270ppm-HY A $
Bt #HE 24759 Ed£3Y 79y ¥4
#ZE & glo] FaHZ g ANIAY A

< BEE & dv. AW, -196CY ¥ 2F
Ao ZAeRYg 24FEREES S #FT &
glom, E3] Fig. 59 F-df4AFTFTAAN W
38 8.9 2707 1128ppm-He) A& A9 7
$E 7R A F9d4 Fadol Ax, AAHUS
TFE 5 Jo FHE HAHA Ad9AFE Y
g & it} @9, Fig. 8M ol A|gAe mAH
W AgE AHEY, AL AE FiAEET F7)
@55 dimpled] Z717F A ZAaxsie RS 43
g F geH, B3 $4%E7 ¥ 1128ppm-HS
AEAY ALe BA B YA voide #Ed
+ Jded olEg vi voide F43E(hydride)®
die) 7|13t ARz Alg €. 283 -19%6T 9
A$E€ RY, 17ppm-HY RL& FA2EEdHE F
A% dAH mARHE AR S Qe v, 270
ppm-He} 1128ppm-Hel A4+ FRE A44 3
dg BEY 5 o] £2F30 A8 FynIe
g% 4 9tk 281 17% 20ppm-HY 3%l
Me #4254 &L wi voidst 1128ppm-He 7

 BEdd gol gA4EY e A F 9
o, o]zre & voidd HAL Fig. 99 AAAQ

o

=58, 49, FEA, ZAS
FAWGo e NYH sEBAAA Hoh FHI
g 4 Utk kA o)de AAFH, wAH
SEM ## ZA}EZREE W2AYAE o] 8d
SPAEEE 23 Axd WE ¢¥F A=
BGHZE Hrtd HE sbed AFHEUE & F
et

3.3 oAl o BFol wE AE M5 §4

Fig. 103} Fig. 112 4&3% -196CAM o=
7t 77l e AEAS wA AA(AT dRND
(2200msec)5¢t A&E AEAES HAAAY A

Fe HF-APAES P Ul Afolth WA

A9 A48 A¥Ed, 17ppm-He) A@AS 4+
£ ¥y x71(3=0.15mm)el o 10J9] AE YA TR
g Ho|x RANAA 2 AE ANUAATE Hola
At olel w3l 270ppm-He| A-¢-€ HA 2WFEG
=003mm)el e ¢ 20], 2 WY FPRE=
0.45mm)ol M= o 90J¢] peakA $& 2o, 17ppm-H

o A9un 5L AE duA AFS B 5 o

a8lm 3 ()Y F42%% 1128ppm-HY 3%, AE
NiA] peak HAES WY 2R (3=0.12mm) %} Poax
F2(3=068mm)A A ZHZr oF 150]% 200]¢] e
Bolx o] Fa¥FE9 F7td we AR #A7f
FolA A= AEAESY oA peakgto] ZA
Z718e ¢ + gt} 4, -196TAH FIAEA
2 4oz 4L AE HFdUA BEE 29, AL
s E FRE 944 AT E 211 17ppm-H
o] A4 AF2URGE=006mm)NA ¢ 20] 28z
Prax. 2904 2 150J8} & AE AUAZE B,
Prax. 52 ©)A7A & Fig. 109 422 399 4}
# 22 AE AUARETE #3233 § g oy 3
44 AFAEE 2 270ppm-He} 1128ppm-He
79 Pmax. 204 Z+Z+ o 300J3% 7001 @&
Bo] £2HSART F71gd] wel Adold AE oy
7 peak#tS FEH3A HAY + Arh 53 FES
ng yge 13 @ SP-#iduAE el
1128ppm-H) 2% AENSEEZF 713 £& AE 9
YA peakX&-& YeEL gloe Apdelth o2
AL iR ME 73 P ExA
%2 Jed Fig. 1204 % gQlst = o) ¥

A FAERTE FHE - wE AgEd E3d
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233" CANDU 483 AR H2% = HUtE 9T SPARY 28 47

100 £ m

Fig. 10. SEM microfractograhp through thickness
of 1128 ppm-H speciment at -196C.

s0 - ; - 2.5
aol b ao
= : i

] : | _
u:; 30 |~ U SO e 1.8 é
g ‘ : >
vl 20 [— — 1.0 §
Ed L ]

10~ —os

i ; 1
o i i { 0.0
0.0 0.3 0.6 0.9 1.2 1.5
Displacement, 3 (mm)

(a) 17ppm-H

200 2s

160 [~ i 2.0
= ;

W i —_—
wi™ 120 } Hvs €
= 3 : i -
2 sol— /A _ d1.0 §
w . i

40 r_ : — 0.5
I l : 1
o P i I L 0.0
0.0 0.3 0.6 o.e 1.2 1.5
Displacement, & (mm)
(b) 270 ppm-H
250 - - - 2.5
I ]
200 |-~ -l 2.0
= L— 4
] ;
wi™ 1s0 [ b I _115 g
g‘ 3 ! Lo 1 a_
S 100 fet [UREE B - e 1.0 §
- I / T
s0 / B ; e 0.8
o H l L 0.0

1
0.0 0.3 .6 o.e 1.2 1.5
Displacement, & (mm)
{(c) 1128 ppm-H

Fig. 11: AE energy distribution with several
hydrogen  concentration =~ at  room
temperature.
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500 [ - 2.5
__ 400 ; e - - 2.0
= i |
4 i b —
o oaoc0 ) i . [ /\ — 1.5 §
g | i ! 1 s
=
W 200 P —H 1.0 8
—
2 L ]
100 - -os
° PR B H 0.0
0.0 0.3 0.6 0.9 1.2 1.6

Displacement, & (mm)
(a) 17 ppm-H

500 - 2.5
400 |- . I e b 2.0
= : ; ;
L] : i H H
w™ 300 |- . ef o L. . _145§
g —— 3
S 200 | ! - 1.0 §
E-J
100 —Hos
i i i o
%.c 0.3 o6 0.9 1.2 1.8
Displacement, & (mm)
(b) 270 ppm-H
1000 - - 2.5
E
800 — . 2.0
= ]
w® sool. . ; . i e 1.8 &
Py a
g o
& 400 - —10 &
Ed \ 1
200 |- —{ o5
! 1
o | I i I 0.0
0.0 0.3 0.6 0.9 1.2 1.5

Displacement, 8 (mm)
(c) 1128 ppm-H

Fig. 12. AE energy distribution with several
hydrogen concentration at-196°C.

}Oll
o
4
2
ot

@Azt SHEE & 5 e

o, B3 A9 A$HtEs -196T9 A7t v
A g e BEAEE B, HAgd o
2 %2 AENZE #3F 4 vh Fig. 132 @9
5 7}3} 3 ¥ & §(equivalent fracture strain : €)% 7
HPFdize EXE veld AFHEN 429
SHhs -196TY 47t FAEdsEd we ¥
AR el A7k oS F& HIE F Yo, vk

NGB 9% F2ARYEE sl AL
BT Ao #7Q -196TS) B97t ok 393
A 7 bsse & 4 Utk 53 0ppm-HY 5
% ol Ae] g AR oA BAAP He
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u] 53] 7 A} 8} 3] 2]

1000
800
= F
"# i //.)’
w ) )/
§ 600 |
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< ool N
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n //
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L ® Room Temp.
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¥ | T
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Fig. 13. Relationship between hydrogen concen-
tration and XAvg. AE energy at room
temperature and -196%.

5000 - ;
I ® Room Temp.
B .196°C
= 4000
)
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< 30001 —
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W 2000
' I
g
w [ »
1000 = ad
o/% . . N
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Fig. 14. Relationship between hydrogen concen-
-tration and ZXAvg. AE energy per
equivalent fracture
temperature and ~196TC.

strain at room

=58, 3%, FEA, B4
2 AE B oA #9 XA F& ¢ F A
o, AENY ¥ FaHSAEY BE 4¥E A=
o HASRAAF Frlel AHE7EEHE & 5 AT

wEtA ol e AgEA &F, FF-HHAAE, Esp
A%E, AXNA, AAlAH SEM#EF I2ln AE Bl
UA AFd @9 /AP ET v FTY
A X 59 ZAFH2RE HaAgHE oj8E SP

ANEEL F2EEd B2 Hgd FI9ZE Pt
g MEd NEWEeE 1 fE4e 2A 7
g

4. 48
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Abstract The purpose of this study is to investigate the usefulness of small punch(SP) test using
miniaturized specimens as a method for fracture strength evaluation of CANDU pressure tube embrittled
by hydrogen. According to the test results, the fracture strength evaluation as a function of hydrogen
concentration at ~196'C was much better than that at room temperature, as the difference of SP fracture
energy(Esp) with hydrogen concentration was more significant at -196C than at room temperature for
the hydrogen concentration up to 300ppm-H. It was also observed that the peak of average AE energy,
the cumulative average AE energy and the cumulative average AE energy per equivalent fracture‘ strain
increased with the increase of hydrogen concentration. From the results of load-displacement behaviors,
Esp behaviors, macro- and micro-SEM fractographs and AE test, it has been concluded that the SP test
method using miniaturized specimen(10mm X 10mm X0.5mm) will be a useful test method to evaluate the
fracture strength for CANDU pressure tube embrittled by hydrogen.
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