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Abstract

To define the causes of cladding degradation which can take place during the operation of nuclear
power plants, it is required to develop the new fracture toughness test of spent fuel cladding. The
fracture toughness of Zircaloy-4 cladding was estimated using the recently developed KAERI embedded
Charpy (KEC) specimen. Axially notched KEC specimens cut directly from unirradiated fuel claddings,
were tested in a way similar to the standard toughness test method of a Single Edge Bending (SEB)
specimen. The results of KEC fracture toughness test at room temperatures were discussed and
compared with those of the previous other studies. In conclusions, even though the KEC fracture
toughness test of nuclear fuel claddings was easier and more reliable than those developed earlier, the
results from the cladding fracture tests were not the material characteristics but the specific fracture
parameters which were deeply related to the specification of claddings. In addition, the phenomenon of
a thickness yielding was not observed from the fracture surface. It was closely related to the fact that
the plane strain condition of the KEC specimen was changed to the plane stress condition during crack
advancing. It was also supported by the fractographic evidence that the formation of ductile dimples at
the crack initiation became the similar appearance such as a quasi-cleavage after the sufficient crack
advancing.

2AL 17 AFY AR EHE LA 9
IAEEPH)EH T2 Jit JdsE M
Y3l BEYFE 5 H(cladding)d] A
AL 6% shEsAn Aot
YAds FHAEAL oA "}%5]‘3
7 WAl e FAEA F5 dHol Fxn

1. M B

[

BN HrSL’

1990 ] ZuHRE 9AERA e A4

F7HM717] A%

éwﬂﬂé

B A77t olFolA fivh 1o d@Foz ddsw
o) A2FE F7MNTIZ AR BAFladx:
d, daES P77 A 1 AEAH

T AYAA, Y, dEdTa

E-mail : djoh@andong.ac.kr

TEL : (054)820-6016 FAX : (054)823-1766
* AR AAHE AT 4 A A E A A (IMEF)

B UAE Y S49 AN HAZ A8 2%
¢ 72 A88n doh AT 0@ z¥FL
2 @ 998 A5Pe] @ AN Y3
AFE §3 zrgF ¢PBold BASolw
3 gol okd7x FR3 oFojAA we A
ot B AAAE WS SBB ALE 3
BHA Fol 3R 29 AYVL o8 7]



824 0%z

AX Algrte] 2 A g). AT, Ads
HEHAL g gk FAS F2 FAA9 AUy
g T2AH PR A Hds HHF? A5
Bes FHd g vz JAEY FHS
o] wigs BA gu o2 sy AFAA
AHE Holgtd Husid dds HER AsES
o]-88toq &=l A5 7|AY SHX} o
A oS By dda HER N5 EXNZ
BFs7 e B ZAAS JESA E ¢ @
of Aot wetA, o)A HYdg FAHFY HA ¢
4AY FEEt & HAsAE mEE 29
F4E AT g AFHE AHgste AR
Ag HHAE Ao PaAol HA Frisln
A AAoigh ™

2 d7dA T d4xg dAdie] oAdg 2
W g7t "H4AHQ dds gE5fe JAA
T24 #n EA4E g w4ty s
¢E A2FAFAE o)Ll IFARFAFL
ZAA A@ A Md(Iradiated Material Examination
Facility, IMEF) ¢l =3 AgE 84 ¢
B £ JA MZol AN AFEHE pEst
A HAJch 2ol sidd Al@o] oF syl
4 AdAFE J1E 92 zrgE A5 A9
A Ao} vu AES A gEAdE 3
3R oy, T3 Zircaloy-4 JIE5 BB AEG
A A5 S 7Yk

s

21 M2 ¥ AIEH

2 A3E 95t WH(Westinghouse) 16x 16
A AT AlRHE 91730l 95 mm, FA
0.57 mm¢$! Zircaloy-4 H|ZA1A] ddg HEDR A
EE A1889d. Zircaloy-42] AT g <l
Z EAL Table 17} 29} &} @

AF7A g diAel g8 AgE dIds
HEHe AN AFHL Grigorievo] 2%
W3tFPL) P Edsinger®] Vallecitos Embedded
Charpy(VEC) o2 F88 4 9ot a3y
Grigorive] AP HE ZALA AlE2 st F4d(hot
cell) ol A] AJgHe] A2 33, AJgH A
A AAHE F e 749 o], agla HE2
duigde] BAZ A% Ay F7t 59
Avt ZARE TFst ok wide] VEC A E

ARE - FUR

H2 GrigorievA| @9 ©@Hg Bgstn 3o
Hud zhdste] A FA AFEd g
g Ao, ANERE 1A A A
(acken)®] Atg-o2 Qlgt 3tFMA = Ajig)el 7]
T4 A7} oJYE o] U

Wk B dFdMe old @dg Res)
Ast] AEAHE nAHA7E A Al 229
Gl YAIRHE 7hEstd AlgHE nA =
£ 7§41 % KAERI Embedded Charpy(KEC) A @ ¥
£ AHgEgith

KEC Alg¥HE 3 79 Fdzd9e 47 4
3 HAxHe F F BES AAT VECAEHA
AR FE24, 2o dds AB5AL
FgozZ 10 mm HolZ HAd Fo x7] FEv]
@w)7} 047F AT V-=X30° )E 9olo] #
Bog 71gs%cl. Fig. 12 KECAE#H Y 93
B v-e3 A4S RAgFn Yo

KEC Alg#He X1 ASTM EI1820-99 749
SEB(single edge bend) Al@HA #AAF 7]F
o8 EW)L 10 mm, 2W(ES)2> 40 mm, 18R
AA dolE 55 mmE FAEA A2 AR
< A3dg AlREgorn, AgdHel AUHE
FE2e oojojA" o3 HFHATL. Fig. 28
}X & 709} SEB AEAEL 258 FEY A
2 AFY KECAHEHE HYg Fo A=
AN AL BAFT Q) dHdg 3B
A% A¥EH FAE 057 mm Yol HA 2o
v2, F& e GA £2A4WY JteAel
Rorvz wlAg 2o g WPl 7R &
=5 AAg Fog sof gt

o

Table 1 Compositions of Zircaloy-4 (wt. %)

Sn Fe Cr N o Zr

1.3 0.22 0.10 0.01 0.13 | balance

Table 2 Transverse Tensile Properties of Zircaloy-4

Poisson's
YS (MPa) |UTS (MPa)| & tww (%) .
ratio, v
705.5 785.5 16.8 0.33
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(a) Appearance of KEC cladding specimen

(b) V-notch shape of KEC specimen

Fig. 1 KEC cladding specimen
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Fig. 3 Alignment of KEC Specimen
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