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Reliability Evaluation of Ceramic Structures Under Thermal Shocks
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ABSTRACT

An analysis method for the reliability of ceramic structures subjected to thermal shocks is presented. Flaws with the

size of given probability distribution function are assumed to be distributed at random with a certain density per
unit volume in the structures. Criterions for crack instability are derived for brittle solids under general thermal
stresses. A probabilistic failure model is presented to study the probability of crack instability for brittle solids
containing cracks with uncertain crack size. The reliabilities of brittle structures are evaluated based on the
weakest-link hypothesis, which states that a structure fails when the cracks in any differential volume become
unstable. A numerical example is given to demonstrate the application of the proposed method.

Key Words : Ceramic Structure (4]8}=]F2), Weakest Link Hypothesis (Hek &3 714),
Weibull Distribution (0]% £ X), Thermal Shock (€% 2), Reliability (A3 %)
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Fig. 1 Critical temperature difference via crack
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Fig. 2 Differential volume of a small sphere
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Table 1. Material properties

Young's modulus E = 3.7x10" kg/cm?

Poission's ratio v=10.25

Surface fracture energy G=1.2N/cm

Coefficient of thermal 6
a=T7.7x10

expansion

Table 2. Geometrical data

circular cylinder

k; (height) | b;(outer radius) | a ;(inner radius)
20 cm 12 cm 10 cm
solid beam
h; (height) b; (radius)
20 ¢cm 20 cm




Table 3. Crack size distribution
L=23x10"cm
Var, = 1.8x107% em?®

mean value

variance
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Fig. 4 Distribution of random crack
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Fig. 6 Reliability of circular cylinder
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