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INTERIM REPORT 

Stated Work Plan Tasks 

1) Quantify the key microscopic-scale parameters that govern flash weakening in granite 
allowing us to model friction behavior for any velocity path, and to displacements greater than 
we can test directly.   

2) Conduct experiments at normal stress between 2 to 40 MPa with IR imaging to document 
surface temperature distributions and local normal stress distributions, and importantly, the 
effect of normal stress magnitude on the true area of contact at the mm-and micrometer-
contact scale. 

3) Test the hypothesis that the polymineralic nature of the granite is the primary control on the 
development of mm-scale (hot spot) contacts as a consequence of different elastic properties 
and wear rates of the individual minerals in granite. An additional focus is to characterize the 
wear mechanism and wear production with slip so that we can better model contact evolution 
beyond the displacement limit of our high-speed apparatus, as well as search for onset of melt 
welt generation in experiments at the higher normal stress levels. Characterize the evolution of 
roughness during sliding in the lab and determine how this relates to weakening behavior.  

4) Use analytical solutions of elastic stress associated with displacement along a frictional 
sinusoidal interface (and a Fourier series representation of a self-affine, rough interface with 
Hurst exponent of 0.6 to match the roughness characteristics of natural faults. Modeled elastic 
stress evolution with slip will be used to define the macroscopic stress history for multiple 
discrete sections of a representative rough fault surface and thus generate a composite 
description of the macroscopic friction behavior.   

Accomplished Tasks 

1) We have largely completed our test of the conventional flash weakening models for 
describing observed behaviors in high-speed experiments in which absolute velocity and 
acceleration/deceleration are varied on samples with shaped surfaces to control mm-scale 
contact histories. We find that the conventional flash-weakening model, which assumes friction 
arises at microscopic contacts along a discrete sliding surface, captures the general behavior 
but cannot reproduce transient behaviors associated with velocity change and during rapid 
acceleration and decelerations. By treating flash-heating at the mm-scale contacts somewhat 
differently than the microscale contacts, and accounting for different contact strength and 
degree of localized shear, models can better reproduce observed behaviors (Fig. 1). Our 
approach of modeling the entire suite of experiments by finding a single, best-fit, set of 
material and geometric parameters tends to overpredict weakening at highest sliding velocity 
and underpredict weakening at the lowest sliding velocity. In addition, there remains 
discrepancy between the observed and modeled macroscopic friction behavior, particularly for 
rapid changes in sliding velocity. Some of this discrepancy may be associated with machine-
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sample dynamics. The work associated with this task is reported in a manuscript to be 
submitted to J. Geophys. Res - Solid Earth, SCEC contribution number 11819. 

 

 

Figure 1. Comparison of model fits (dashed lines) to measured response (solid lines) of a sliding 
friction experiment with a step increase in sliding velocity of 0.7 m/s followed by a gradual decrease in 
velocity to arrest. Note the spontaneous stick-slip event after arrest at 25 mm slip. Best fit material 
parameters for the flash-weakening models are determined from a suite of experiments imposing a 
variety of velocity paths and maximum velocity. The multiscale contact model result is represented by 
long-dashed red lines and displays an improved fit to the experiment data and the spontaneous stick-
slip event, whereas the conventional flash weakening model fails to display the stick-slip event.   

 

2) We have conducted high speed experiments covering the range of 2-20 MPa normal stress. 
Efforts to achieve higher normal stress and constant velocity tests to the full 30 mm 
displacements are being addressed via testing machine and sample design modifications. We 
are currently running test to acquire thermal images of two distinct shaped sliding surfaces. We 
are modifying the testing machine by adding auxiliary gas chambers to achieve greater sliding 
distances at higher normal stresses, and also at the lowest normal stresses. 

3) We have perfected techniques for carrying out the observational studies of the friction 
samples. We confirmed that the preparation of the sliding surfaces by grinding produce a 
uniform roughness regardless of variation in hardness and moduli of the minerals (biotite, 
feldspar and quartz) present in granite (Fig. 2). Mapping the distribution of different minerals 
on the sliding surfaces is accurately done via high-resolution XRF scanning for key elements and 
assigning mineralogy based on element concentrations (Fig. 3a).  Surface height distribution is 
determined using a laser profilometer (Fig. 3b). The mineralogy maps and surface height maps 
are used to investigate whether mineral distribution has any influence on the location of mm-
scale hot spots during high speed sliding. We have also designed a split sample geometry for 
rock friction tests that can provide and preserve sliding surface features for profilometry and 
Scanning Electron Microscopy (SEM). The comparison of surface height maps before and after 
sliding are used to characterize sliding surface shaping by wear, and the thickness and 
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distribution of wear product with slip. The split sample design also allows acquisition of samples 
that span the sliding surface and that can be held intact to facilitate preparation of petrographic 
sections. Intact samples are key to study wear products, gouge thickness, and localization 
features, as well as to investigate particle size distributions via optical, SEM and Transmission 
Electron Microscopy (TEM). The collection of a suite of samples and thermographs from 
dedicated samples and tests are being gathered now.  

 

Figure 2. Surface height distribution of 
the machined surface of the Westerly 
granite sliding blocks used for high-
speed sliding experiments. The sliding 
surfaces are prepared on a bench 
grinder using a 60 grit silicon carbide 
wheel to prepare the flat sliding 
surfaces, and the grooves are cut with 
an aluminum oxide cut-off wheel. 
Surface height measurements are made 
using a laser profilometer with spot size 
of ~50 µm and resolution of 1 µm. 
Height distributions for major minerals 
(quartz, feldspar and biotite) indicate 
uniform roughness. 

 

Figure 3. Maps of (a) 
mineral distribution 
and (b) surface 
heights of a ground 
surface prior to 
conducting high-speed 
sliding experiments. 
Mapping of the 
surface for height and 
mineral distribution 
after sliding tests the 
influence of mineral 
grains on flash heating 
and wear.  
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Timeline for Completion of Remaining Tasks 

1) Completed manuscript (SCEC contribution number 11819) to be submitted by April 15 

2) Complete suite of variable normal stress experiments and associated thermal imaging with 
analysis of mm-scale contact areas as a function of macroscopic normal stress, and document 
mechanical behavior as a function of normal stress by the time of the SCEC Annual Meeting 
(Sep. 2022). Complete a manuscript by the deadline of annual contract report (Mar. 2023). 

3) Profilometry and microscopy of representative samples and synthesis of all observational 
studies to be completed by June 2022, and submission of manuscript for publication by the 
time of the SCEC Annual Meeting (Sep. 2022).  
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