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Objective 

To investigate failure-bearing 
capability of the cladding 
during thermal shock taking 
into account of the whole 
LOCA sequence I

including rod-burst, 
and reflooding.
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and oxidation
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Thermal shock test
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Sample and oxidation condition

Parameters 

Cladding 

(Wall thickness, pre
oxidation, pre
hydriding, irradiation)

K1

Oxidation 
temperature 

Oxidation time

Present test condition1 Plan 

Unirradiated 

............... ....... ....... , Irradiated cladding 

Zircaloy-4 PWR cladding, T i Thinned cladding 

0.57mm thick 
"As-received i BWR cladding 

'Pre-hydrided :400-600wtppmj

1050K- 550K

lO0s- 7500s

Oxidation amountL 5--65% ECR* I 

* ECR : Equivalent Cladding Reacted (Proportion of oxide layer thickness assuming that all of 

absorbed oxygen forms stoichiometric ZrO2) 5 
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Post-test examination

-- NW 

S• For metallogra 
analysis

phic Hydrogen analysis 

Hydrogen concentration 
Hydride morphology

ZrO2 
a -Zr(O)phase

Prior- R8 phase

Circumferential length, Thickness of 

Cross sectional area each layer 

0 Evaluate oxidation amount, radial expansion, axial profile 

of hydrogen concentration.

Post-test appearance 

I As-received
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Type (a) 
Failure position .-110ý 

Burst opening 

Indicating large influence of 

significant hydrided by inner 
surface oxidation 

Type I3) Burst opening 
j 1 Failure position 

Suggesting influence of reduction 

of cladding wall thickness and 

double side oxidation
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Failure map(l/2) -No restraint condition-
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ECR was calculated with the Baker-Just equation taking account of double 

sided oxidation after rupture and increase of circumference by ballooning.
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Cladding temperature and load at fracture 

under Restraint condition
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Failure map(2/2) -Restraint condition-
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ECR was calculated with the Baker-Just equation taking account of double 

sided oxidation after rupture and increase of circumference by ballooning. 11
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Failure position
80 00 A : A-received A A: Pre-hydrided 
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Failure position 
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Indicating large influence of 

significant hydrided by inner surface 
oxidation
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Influence of axial restraint on failure boundary
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restraint condition as a function of Zr02 
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1273 1373 1473 1573 

Oxidation Temperature (K) 

14

2500 

2000 

z S1500 

S1000 

0 
-j

500 

0

1173



JAERI 

Summary 

* Integral thermal shock tests have been performed with 

as-received and pre-hydrided (400-600 wtppm) 

Zircaloy-4 claddings, simulating rod-burst, double-side 

oxidation and quench by reflooding.  

* Following information was obtained on thermal shock 

failure behavior including 

- Position of rod failure on quench 

- Axial hydrogen profile 

- Load at fracture under full restraint condition 

- Oxidation condition of thermal shock failure 

Influence of axial restraint during quench became larger 

in pre-hydride cladding.
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