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Direct measurements of subcritical crack
growth in soda-lime glass revealed a compli-
cated relationship between the crack velocity,
applied stress, and water vapor concentration
-in the environment. Experimental studies are
discussed with reference to theories of delayed
failure. [The SCI® indicates that this paper has
been cited in over 190 publications.]
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My studies on the effect of environment on
glass fracture started with the well-known ar-
ticle by Jack Gilman,! who suggested that
surface energies of solids could be determined
by fracture experiments. By fracturing single
crystals in a controlled manner, Gilman dem-
onstrated that the surface energy could in fact
be determined quantitatively by this tech-
nique. Being newly employed at the National
Bureau of Standards (NBS), | was searching for
an experiment on the mechanical behavior of
solids that would fit into a program on ceramic
science recently started at NBS. This method
of characterizing fracture behavior of single
crystals appealed to me, as it was new and
dealt with a fundamental property of materi-
als. Therefore, | designed equipment to dupli-
cate Gilman’s experimental technigue. The
equipment was built but never used, for while
awaiting its construction, | had the idea that
launched me into my investigations on the
fracture of glass.

I realized that glass fracture could be studied
if a method were devised to. guide a crack
along the midplane of a glass plate, so that
double cantilever beam specimens of the type

used by Gilman could be made. If a scratch
along the midplane of the slide would guide
the crack, then the experiment was feasible.
In my first experiment | scratched the mid-
plane of a microscope slide with a diamond
scribe and found to my delight that the scratch
could be used both to introduce a crack and
to guide it once introduced. initial experiments
on precracked microscope slides indicated
that, at about one-half the load for immediate
failure, cracks in glass moved in a slow and
controllable manner. This observation was in
apparent contradiction to the Griffith criterion
for fracture, which predicted a critical stress
for spontaneous failure.

After reviewing the literature on the strength
and fracture of glass, | discovered the writings
of R.). Charles and W.B. Hillig23 and realized
that glass fracture was a kinetic process,
wherein the reaction rate was controlled by
the force applied to the glass and the amount
of water vapor in the atmosphere. Crack
growth could be described by reaction rate
theory. Quantification of these ideas with ex-
perimental data on the growth of cracks in
glass took about two years. My first two papers
on this subject were published in the proceed-
ings of two materials-science conferences.4>
The third and by far the more complete paper
is the subject of this commentary.

“The value of this study is based on its role
in demonstrating the power of fracture-me-
chanics techniques for understanding crack
growth in ceramic materials. The paper pro-
vided evidence for crack growth as an expla-
nation of delayed failure in glass and estab-
lished a natural bridge between earlier work
on the strength of glass and subsequent work
relating lifetime to crack growth behavior in
ceramic materials. Since that time, a number
of articles have been published on the subject
of crack growth in glass® and the effects of
environment on such growth. Many of these
were either directly or indirectly influenced
by this Classic paper.
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