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BRIEF OUTLINE OF RESEARCH FINDINGS

This program was devoted to the study of the thermal fatigue
behavior and failure prediction of structural ceramics under
thermal stress. The materials investigated include soda-lime-
silica glass, silicon nitride, silicon carbide and alumina. In
general, the agreement between the semi-analytical prediction,
making use of the slow crack growth data and the experimental
data were good. The uncertainty comes largely from estimating
the proper initial flaw depth by using the Weibull theory. To
this end, a study to eliminate the statistical effect was con-
ducted on soda-lime-silica glass. Artificial surface flaws
were introduced to the specimen by diamond indentation before it
was subjected to repeated water quenching. Good agreement
between calculated and observed fatigue behavior was obtained
without the need of statistical theory of brittle fracture.

Another phase of the program dealt with the self-fatigue in
surface compression strengthened glass plates. The strength of
glass plates can be improved by introducing residual stresses
into the material is well known. However, brittle glass
strengthened in this manner appear to be susceptible to spontaneous
fragmentation even during the complete absence of applied loads.
The problem was analyzed from the fracture mechanics point of
view. The results indicated that slow crack growth from static
fatigue is indeed a possible mode of failure in surface com-
pression strengthened glasses. Ways of reducing the static
fatigue damage in glass plates were suggested.

Analytical studies on the elastodynamic behavior of brittle
solids subjected to rapidly applied loads were carried out in
this program. Various crack geometry and material configuration
were considered. It was found that the interaction between
dynamic loads and reflected waves from the finite boundaries
and/or material interfaces can increase the load transfer to
the crack tip and consequently, the allowable load in impact is
considerably less than its static counterpart. This type of
analysis is essential for the design of components made of
brittle materials.


