Deformation Behavior of Zircaloy—4 Cladding

during Loss of Coolant Accident
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Abstract

The high temperature ballooning properties of the Zircaloy-4 cladding were evaluated at
the environment simulated Loss Of Coolant Accident (LOCA) condition. Two types of
test were produced. The former is the isothermal ballooning test in which initially
pressurized Zircaloy—-4 cladding between 10MPa and 60MPa was ballooned in high
temperature steam environment. The latter is the transient ballooning in which initially
pressurized cladding was heated until rupture. Burst elongation and burst temperature
was measured after the test. The results showed that phase transformation between n
to i has an great influence on ballooning behavior in that a phase acts transgranular
slip and B phase does intergranular sliding. In case of Isothermal ballooning, oxidation
has a great effect on cladding deformation.
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Fig. 1 Schematic illustration of LOCA facility

(a) - (b) rupture —
/N N
ofai =] rupture

Temperature, °C

Heating rates
:1, 10, 100°C/s

Time, sec Time, sec

Fig. 2 Schematic illustration of test mode in high temperature burst test

(a) isothermal (b) transient heating test
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Fig. 3 High temperature burst property of Zircaloy-4 cladding under isothermal condition
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Fig. 4 Relationships between applied hoop stress and rupture time

in isothermal ballooning test



Fig. 5 High temperature burst property of Zircaloy—4 cladding under transient heating
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Fig. 6 relationship between initial pressure and burst temperature




(a) (b) (c)
Fig. 8 Fracture tip of bursted Zircaloy—-4 (a) 800°C (b) 900C (c) 1200C

i Micro line ; Micro line

i3 grain boundary
D sliding
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(a) (b)
Fig. 9 (a) localized wall thinning caused by oxide induced necking in isothermal
ballooning test. Test performed at 1200TC (b) Surface observation of Zircaloy-4 at
transient heating test. left : at 700C, right : at 1200C
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