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Development of Tensile Test Techniques
for Irradiated Fuel Cladding in Hot Cell
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The dogbone tube specimen for the

Abstract
To estimate the longitudinal and transverse tensile properties of fuel cladding in hot
cell, existing tensile test techniques are reviewed. The specimen geometries have been

optimized to determine the constitutive stress-strain properties of the cladding in both
longitudinal tensile test is designed to have a uniform strain distribution at the gage

the longitudinal and transverse directions.



section. The ring specimen design for the transverse tensile test is conducted to
maximize uniformity of strain distribution in the uniaxial ring specimen and to assure
plane strain conditions in the plane-strain ring specimen. Fuel pellets in the cladding
are removed by using the mechanical(grinding or drilling) or chemical(dissolution)
method. The specimens are machined by a traveling-wire electrical discharge machine
in hot cell. The pin-loaded grip is used for the longitudinal tensile test of an
irradiated specimen. The grip for the transverse tensile test is designed such that a
constant specimen curvature is maintained during deformation, and the interface was
lubricated to minimize the friction between the outer surface of the die insert and the
mner surface of the cladding specimen. In order to determine the constitutive
stress—strain response of the cladding specimens, the machine compliance should be
considered. The essential data for fuel damage criteria used in regulation and the

material properties used in safety analyses could be obtained.
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AARe I EA(cladding materia) = AFEH = I &HA AR} WA =52 A
wato] AAm et WA Apole A dojup= 53HA REES wol F= FAlC] E YA
o] AR FEHE e WAste 8% 7lsSs HAL v ddE dE#e 1
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sh #H zAbE I E5FAe] SAAY ol 1% X #H (doghone specimen)
[456]& A&3t= T 7HA FE AGAE ATH FWEF 7IAH 54
v B2 Yo <3S sete d3EA E(burst test)[35], MEDS Aol BREHS )
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10~18]5 4Fdste] "HA1HS AFA 7]+ H A (ring stretch test, RST)] F=2 A 71X

Al

=1

37kEa gl o 5 F %
[e)

a)
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= (o3 =X
BA
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21. % A% AlH
2.1.1. FEA] A (full-size tube specimen)

ASTM E8M-O01[2]el A= Fo] FE= FrO| 24 (D)e] 25 mm ©]akd] 4o FEA
H(full-size tube specimen)®] AF-8-S FH3tar vk AlAd A A2l & (elongation)S =
Ast7] A3 FH AT (gage length, L,)>b5DolojoF 3t} Garde S[3]& 1dAH
Zircaloy-4 &3] FWa A4 Ao vAE F423E(hydride) £ 9FS F7}
3t7] §3te] &= Zol(total length)=127 mm, 3 7 7 2](gage length)=76 mm?l FEA|H S
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(uniform elongation, U.E.) ¥ % <Al &(total elongation, T.E.)ol| "X+ F43tE 37
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2.1.2. =1% 53 A1 (dogbone tube specimen)
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=l

dstA 7] Y E ey 22 = FE A H(doghone tube specimen)©]

>,01|

g 12



|5 gt

Balourdet 5[45]& HZAF 2 ZAE (59 GWdA/tU4], ~64GWd/t[5]) Zircaloy-4 ¥ &3
of W3t 7} %A (furnace heating, transient heating), ¥ & &< = (strain rate=0.01, 0.2,
5/s) B £5X(400~1100 °C)oll W& T AGEAAS HESAH AFAIFAA= =1
B SBEAAS Ao, = Ao]l=60 mmo|x ZFHAYE 7FEZ70 Wt transient
heating(100 %=+ 500 K/s)¢] 2%+ 5 mm —1# 1l furnace heating(0.2 E+= 0.3 K/s)<
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Z(reactor transient condition, RIA % LOCA Z7)ste] 71414 EAS H71sr] s
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2.2. 3k A AlA
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2.2.1. @Al H(notched ring specimen)
199611 Studvik MaterialAt2] Jossefsson &[16] 4 - 3} wb-2 @}l Alg 5 Ao]X|
Hol #3S wrxEr] 93k -4 53’\14 TS Al (central piece)E AF&3 4 & 9l
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A P& H-AeHE & (hoop stress—hoop strain) FAS A+=d A 335 .
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& (hoop stress—hoop strain) =41& AFEsts WHES Jde k. Ackd AJFgHLS 5
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WY g 54 2 GUHAEE Foto], | A AojA oA ddd MPEs Fx7F TA
@5 (uniaxial) FAIAES et 7 % Bates S[12]2 Link o] 7Id
g e ssy F guaR AdE EWE 95 WP Ee dig dAE ¥
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of tigk 7|AA 545 H7tslr] flete] I AGAE S FASHATE HAIHS 19 3



2 AR Ak AFAE LS 19 49 7o =, & £ E
0.01, 0.2 ¥ 5/s 183 AP2%= 280~600 °Cel 7oA a4t 1 F JAERI
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3) 3 d . Vickers hardness indentation H o2 A ¥ Alo] A5 o] Wek(major) HE &
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o} Jossefsson®] AlFH[16]A 9 FHES 2T G5 JAFAA(H DS 4
RIA ZZAA H]ZA} Zircaloy-4 I&E-3#o] Ao wlx& 2%(26~400 °C) 2 W&
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(eddy-current), %+ FH(ultrasonic) %= laser-heat dissipation technique® #-2 H|3}7]
Aol W oz Zopdl 4= it} 9o Wow ol WEpI LA Alole] HEAE S

= AFstLA b= 1A dol A v, J&5a e AFAAE AAs] A%
A wel Bashth. ASTM E45319]1AE= 228 AA7 %0l a7 glx
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F F dEpe £4 WAL + dx JAA(LAA grinding E drilling) £

7}

shek A (A2 A 9] dissolution) 71Eo] AbEE T AFstAdn. 1 24 Goll 5[20]2 L
A2ax(549F 64 MWd/kgU) 3 dg v)inae] gt @71t 2 (creep) ¥ <A (rupture) A
As fste] FJE5F WFe AAAE A A FXE NS A= f@ 7
s 7kl =d7)er A9 T dAdEES s A= s G2 A9
= b T g5 e &4 B Wgo] BAEA] s, =] AAS 953
W ®Bok o 1 mm 2 AL AFEEFATE I oF S[13]S ARG v EHe] BF A
SAALAE JNEeA. $H Daum 562 1A Zircaloy-4 3 &E3#9] 7AA EA
< F7rskr]l gk AlE 9 AFAAE Adstd o, d5g Ui AAAE A A
A8kl 127 mm 4ol A8 EE 1~2¢9 & ZAAHHNOy o HolFe 334 ¥ys
AHEEFA T =3 Balourdet 5[5l & Zol7F 60mm¢<l T3 A AAE Ttesty] ¢
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[e]
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a9S Abgsta gtk Balourdet 5[4,512 <l
= H Daum S[6]& AH A . 554
Swagelock compression flttmg— A}g5te] ME d=Me pAI T 9

1l O
3fo] el A F & "@3}03‘3} st fittingF-7F W11 A A &3 dtes A

>
Do
ofo
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38
)
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At}
stAl oA Al G 2be]l 8o]d-& ¥ 3te] pin-loading
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42. 33 AGAE

Fohe R-ARE (" 10) Be T e v-Ady e S A" 1DE AHS
aAsta, WAy ge]  oJste] A asS AEAIZIY T e w-AdY
(half-cylinder) & AF&3st 1He X4 29 10914 He vkel 2ol Ay & Al Al
o] x| H-(gage section)®] =rEo|l AABEA FAEHESE AW WAHART ot A sl
o, Al AolAF= " A eE AAAAT F R AT e FGagA
(central piece)® TAAE 1% 119 1A AHL Aol g =2k

Hgom, -9 4o TSdnAA= A et AlolATe wIdS & s
Arak 3 (radial force)S 7}8tt) o] 19l G Ao X oA e FIRWMET} HAi
2 HEE o, A agAbole mpEs qu{} fretessidoriy AAHH
[13,17].
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e Ha F-cybrrdua ! T Sage
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a8 10 8 AFA Y ¥ 11 9 A7
[5,6,11,12,14,15] [6,13,15,16,17,18]

a9ge AEZA Link T[] T2 w3 AIFAHES 717 17-4  precipitation
hardenable stainless steelS AF83F31 o™, oF 5[13]2

T3 Wang (2112 917=9525 mm, F71=2.2 mm¢l HAH AFAdoA W H=
7} 33 HRC ©]9l ZH(steeD o2 A2 Hb-AdGE Abgslglon s5de ¥HA=
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7} 62 HRCQ! g+ (alloy steel) &= 7}3-3}
SHH A - 8F WA "] odte] A8 E = ‘3}73‘3&@: stgo] Aol A+ st
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Abgste] wpEE £ O FolAt =95kl
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Initial gauge length, Ly

Intial gauge length, Ly
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