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Failure probability calculations of silicon carbide composite claddings

under loss-of-coolant accidents
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Abstract  [Background] Silicon carbide (SiC) composite claddings are candidate solutions for accident resistant
fuel claddings in light water reactors. [Purpose] This study aims to estimate the failure probability of a double-layer
structured SiC cladding under a loss-of-coolant accident (LOCA). [Methods] Based on a failure probability
calculation method for SiC composite cladding, a quasi-steady state method was used to simulate and calculate the
SiC composite cladding failure probability under transient conditions. Sensitivity analysis of the two characteristic
parameters of Weibull distribution was performed by analyzing the proportion of various stresses under accident
conditions. The effects of different burn-up conditions on the failure probability were investigated, and the failure
probability of the cladding under different layer thickness ratios was simulated. [Results & Conclusions] Simulation
results indicate that the transient failure probability of SiC composite claddings is significantly affected by changes in
the proportion of the composite layer and Weibull parameter, as well as the occurrence of LOCAs under different
burn-up conditions. This study makes contribution to the development and design of accident resistant fuel claddings,

providing reference for further investigations on the failure probability of SiC composite claddings.
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Fig.1 Block diagram of the failure probability calculation of
SiC claddings under transient accidents
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Table 1 Physical property parameters of SiC cladding materials

f17¢ 2% Cladding parameter mSiC CMC

1A AR Circumferential modulus of elasticity / GPa 460 101.7
Hily [ FPE R R Axial modulus of elasticity / GPa 460 101.7
12 ] ¥A#A L Radial Poisson's ratio 0.21 0.13

Hh ] ¥FRA LE Axial Poisson's ratio 0.21 0.13

S A% Thermal conductivity / W+ (m-K)™ 9.5 1.5
FSEIIK 2230 Coefficient of thermal expansion / K™ 4.6x10° 4.0x10°

FEFCRR3 IR EE , 5 145 T CMC A1 SiC #
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Table 2 Distribution types and parameters of related properties

4 57 Property 73425 Distribution types 24 Parameter

Op Weibull 73 4fi Weibull distribution 0,=171 MPa; m=10.5
Oy-p Weibull 73 4fi Weibull distribution 0,211 MPa; m=4.1
ey_p XTHIEZS /34 Lognormal distribution 0,0.287; u=—5.49
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Fig.4 Changes in the fuel cladding parameters after a LOCA
(a) Cladding surface temperature, (b) Cladding external pressure, (c) Cladding internal pressure
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Fig.5 Failure probability of SiC claddings under a LOCA
(layer thickness ratio of 5:5)
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Fig.6 Transient variation in the ratio of mechanical and
thermal stresses to the total stress in annular and radial
directions
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Fig.7 Variation in the transient failure probability of bilayer
SiC claddings with different layer thickness ratios under a
LOCA
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