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Physicochemical Interpretation of Time-dependent Healing of Frictional
Strength: A Quantitative Analysis with Absolute Rate Theory

Masao NAKATANI U

Abstract

O O A quantitative interpretation was made on the observational parameters in an equation of
time-dependent healing of frictional strength of faults. The interpretation is based on a
physical model that explains the time-dependent growth curve of frictional strength as an
increase of the real contact area of the fault surface due to asperity creep driven by the stress
normal to the contacts. The creep is assumed to be rate-limited by some stress-assisted
thermally activated process. The model thus predicts temperature and normal contact-stress
dependences of the observational parameters of the time-dependent healing of frictional
strength. The predictions are more or less consistent with available experimental data, which
include different healing mechanisms associated with different types of elementary contact
deformation mechanism, such as stress corrosion and pressure solution.
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Fig. 10 A physical model of time-dependent
healing of frictional strengthl schematicll
Due to the high stress acting on the contacting
portions of the interface, asperities deform to
increase the real contact area.0 The interface
state changes with time from that drawn with
dotted lines to that drawn with solid lines.J
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Fig. 20 Shape of the function eq.00 11 a0 Time axis is logarithmic, b0 Time axis is linear.
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Fig. 30 Asperity creep due to pressure solution
0 schematicll

Because the real contacts at the tips of asperities
are subject to high normal stress, the solid
material is dissolved into water, resulting in a
shortening of the asperities in the direction
normal to contact. Thus removed material
precipitates on the parts of the solid surface that
are subject to lower normal stress, which are
outside the real contacts. As a whole, creep
deformation of the asperity occurs; it shortens in
the direction normal to contact and fattens
laterally. This deformation mechanism, which
utilizes local differences in solubility, proceeds
even at the equilibrium concentration, where net
dissolution cannot occur.
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Fig. 40 Transition of dominant healing mecha-
nisms.

A high-stress type mechanism, which would have

small t. dominates in the earlier stage, but a low

stress-type healing machanism would dominate

in the later stage because of a larger b.
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