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Abstract

During accidental power transient conditions wigil€ Cladding Interaction (PCI), the synergistifeet of the
stress and strain imposed on the cladding by tHesrpmnsion of the fuel, and corrosion by iodineased as a
fission product, may lead to cladding failure byeSt Corrosion Cracking (SCC). In this study, imépressure
tests were conducted on unirradiated cold-workegksstrelieved Zircaloy-4 cladding tubes in an iedimpor
environment. The goal was to investigate the imfage of loading type (constant pressure tests, anhst
circumferential strain rate tests, or constantwirterential strain tests) and test temperature ,(350, or
380°C) on iodine-induced stress corrosion cracKlhR§CC). The experimental results obtained witHfeddnt
loading types were consistent with each other. dgarent threshold hoop stress for I-SCC was fdanie
independent of the test temperature. SEM microgratihe tested samples showed many pits distdbover
the inner surface, which tended to coalesce imgelpits in which a microcrack could initiate. A d for the
time-to-failure of a cladding tube was developemgdinite element simulations of the viscoplastiechanical
behavior of the material and a modified Kachandaimage growth model. The times-to-failure predidigdhis
model are consistent with the experimental data.

1. Introduction

The fuel rods of a pressurized water nuclear reamaosist of fuel pellets stacked inside claddinigets, which
act as the first of several barriers that containfuel and prevent the dissemination of fissiomdpcts. During
the fabrication of the rods, there is initiallyraall radial gap between the pellet and the claddimghe reactor,
the gap closes as the result of cladding diamegeredise due to irradiation creep and pellet dianieteease
due to swelling. This phenomenon leads to the P€ledding Interaction (PCI). Once this occurs, the
synergistic effect of the tensile hoop stress armirsimposed on the cladding by the thermal exigensf the
fuel during accidental power transient conditiond aorrosion by released fission products may teadadding
failure by Stress Corrosion Cracking (SCC) [1], [&] and [4]. lodine, one of the fission produdssknown to
be a causative agent of SCC, referred to as I-S[,@5] and [6]. A number of researchers have itigased |-
SCC of zirconium-alloy cladding, notably with cretgsts in an iodine vapor environment [7], [8],,[f10],
[11], [12], [13] and [14].

During a power transient, the loading path on telding is quite complex and consists of two pha8asthe

pellet expands due to its temperature increasestthes and strain in the cladding increase rapadig once the
temperature and pellet diameter have stabilizegl,sthess in the cladding relaxes as its total retramains
constant [5], [15] and [16]. In that context, thénmary goal of the present work was to study ttepomse of the
cladding in an iodine vapor environment with selefifferent loading modes, including constant intdr
pressure tests (creep), constant hoop strain eats,tand constant hoop strain tests (relaxatibedts were
performed with an experimental device that mondoa@d measured the strain and stress in the sariféz.

the tests, specimens were examined by SEM to dfuelyinner surface of the tube, and to charactdtfiee
fracture mode on the crack faces. A model for diagidailure via I-SCC was computed based on thaltesf

the creep and relaxation tests using a viscoplasdierial behavior law and a progressive damage law

2. Material and experimental procedure

The material used in this study was cold-workedesstirelieved (CWSR) Zircaloy-4 cladding. It was
commercially produced and supplied by AREVA NP. Thiges had an outer diameter of 9.52 mm and am inne
diameter of 8.36 mm. The chemical composition V&giin Table 1.
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