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6-Slip propagation measured experimentally

7-Conclusions and perspectives

A new laboratory earthquake experiment is designed, composed of an 
analogue fault surrounded by elastic media.

Deforming the analog rock increases the shear stress at the interface, thus 
allowing instabilities to take place.

The slip measured using particle tracking velocimetry propagates at a speed 
between        and            , as expected. 

The design is based on scaling rules used to downscale 
instabilities of earthquakes from natural faults (prototypes) to 
laboratory (models). 

Constraints:

Scenario 1: Scenario 2:

Reference parameters:

A

Gel

Frictional interface

Initial state

Before deformaton After deformaton

Assuming the gel is incompressible, the system has a single degree 
of freedom, which is choosen to be the position of point A. 

Top PlateAnalog fault

Shear stress and mobilized friction at
the analogue fault16 patches

Geometric profile of 1 patch and its
corresponding frictional evolution with slip

Kelvin-Voigt model:
Force

Linearity 0% to 300% strain

High strain rate Low viscosity

Next step: adjust the effective stress over the analogue fault using control 
theory [1-4], to avoid instabilities and achieve controlled slip rates.

Rupture speed vr = 4.4 m/s

Particle tracking velocimetry

Slip propagation

Far field tectonic 
displacement

Far field tectonic 
displacement

https://www.geonet.org.nz/news/3G1zOkLuWbwLdrDF6Klq5x

Human activities can induce seismicity by injecting 
fluids into the Earth's crust, as observed in geothermal 
operations. Recently, it has been demonstrated that 
controlling the pressure of the injected fluids can 
mitigate earthquakes. These mitigation strategies are 
designed using the mathematical theory of control [1-4].

In this study, we present a new experimental setup 
designed to test the mathematical theory of control. It 
consists of an analog fault surrounded by an elastic 
material, enabling us to study slip propagation.

Fault interface

Physical quantities Non-dimensional
ratio

Typical shear modulus 
for rocks

Typical shear stress drop 
for an earthquake

Desired fault length in 
the laboratory

Minimum time required to sample data 
and control instabilities, tsample>10 ms

Minimum slip to be measured with 
sensors 

Maximum 
earthquake 
magnitude

Minimum
Earthquake 
magnitude

Using empirical equations, Lp 
for Mw=4 is:

Using empirical equations, Lp 
for Mw=2 is:

Maximum slip time estimation: Minimum slip time estimation:

Experimental 
range of the 

fault

Experimental 
range of the 

fault
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Theoretical [5] and 
experimental [6] range for

 vr:

maximum friction 
coefficient

Pantograph imposing 
uniform deformation 

over the lateral 
boundaries.
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At the 
interface

properties of the material 
selected to reduce the 

time scale

Shear stress drop needed 
at the analogue fault
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