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Motivation for kinetic model of static fatigue threshold2



Three regimes of subcritical crack growth in glass

Regime I: Reaction limited, water assisted

Regime II: Transport limited, water assisted

Regime III: Reaction limited, not water assisted
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Thermally activated crack growth model
We model a crack as a system with crack length as a single degree of freedom. Assume a crack at 
rest is in a local energy minimum with energy barriers to forward (propagation) and backward 
(healing) events.

Assume regimes I and II are both water-assisted but have competing limiting behavior, I+II and III 
act independently.
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Cook, R. F. (2019). Thermal activation 
effects in crack propagation and reliability 
of fused silica. Journal of the American 
Ceramic Society, 102(12), 7575-7583.



Model fit to data and interpretation
As a demonstration we fit to data from 3 Wiederhorn 
papers for SLS glass at different temperature and 
humidity.

NOTE: We assume that regime III is the same as subcritical 
propagation in vacuum

• Both regime III and vacuum are unassisted by water

• We assume both are thermally activated processes but 
different mechanisms so activation energy and 
characteristic length are different

• Water acts as a catalyst for propagation in regime I

For comparison, Si-O bond energy is around 1.5・10-19 J
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Threshold via viscoelasticity6



Thermally activated stress relaxation model

Model a system with strain as a single degree of freedom. Assume an underlying 
quadratic elastic potential superposed with local variations.
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Frequency for left (relaxation) and right (anti-relaxation) events

Net strain rate

Linearized relaxation time scale



The big assumption (also some definitions)8
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Threshold measurement with residually stressed bibeams10
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Comparison of measured and predicted threshold11

RH 0.1 0.35 1.0
Measured (MPa m1/2 ) 0.38 0.35 0.31-0.33, 0.34
Predicted (MPa m1/2 ) 0.40 0.36 0.34



Concluding comments12



Questions?

Watch for our upcoming paper!

Please contact me at:
 Scott Grutzik
 sjgrutz@sandia.gov
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See also:

“Investigation of Slow Crack Growth of Sodium Silicates with AFM”, Kevin Strong

”Atomistic Fracture Mechanisms in Sodium Silicates”, Jessica Rimsza


