Statistical failure analysis of crystallographically isotropic

brittle porous materials
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Problem: The effect of porosity on reliability and
brittle fracture is unclear.
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Theoretical framework: Classical fracture
mechanics approach was modified by adding a stress
interaction factor, 0,.
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Stress interaction factor, 0,:
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a a— Crack length
R R = Pore radius

Assumptions: 1. Crack length is fixed and is equal to
the average grain size of alumina, 8.8 yum |[3|.

2. A crack is present at the maximum stress point.

3. Material fails without any toughening at a fixed Kj..

Numerical setup: Finite element simulations of 2-D
microstructures were done by OOF2 [5| program;

1. Forty different microstructures

with fixed number and size of

non-overlapping pores were

generated. A total of 840

microstructures were simulated.
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2. Mechanical response
5 simulations were done under
k uniaxial and biaxial loading

conditions.
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3. Maximum tangential stress,
Ogp. max 11 €aCh microstructure
were found. Stress interaction
factor, 0,, was defined by the
ratio of 6gq ., 1O the top
boundary stress, o
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Model validation: The hypothesis that the failure
of porous alumina is controlled by the local stress
interactions between pores was tested.
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 Mean failure stress fits for experimental and

numerical values of 48 and 60 ym diameter pores
resulted in K;, = 3.6 MPaym.

* The decrease in mean o, with increasing porosity is

due to the increasing stress interactions.

* The decrease in <o> with increasing pores size is
due to the larger stress field on the crack of fixed size.

Fracture statistics: Minimum failure stresses for
each set of microstructures were fitted to the two-
parameter Weibull distribution function.
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High reliability is limited by the spatial
randomness of the pores.

Increasing minimum pore-pore distance or/and
patterning spatial distribution of pores decrease
0, scattering; hence, increases reliability.

Future work: Statistics of microcracking and crack

bridging.

* No shielding is
present under 1
biaxial loading.
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* The scattering
at high stresses
is wider.
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