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ABSTRACT:
Understanding the destructive power of earthquakes and estimating their seismic hazard for engineering structures 
is a major challenge across disciplines. At the core of every earthquake lies a dynamic rupture event propagating at 
high speeds on a fault (frictional interface) in the earth’s crust, whose vast range of length and time scales involved 
poses a tremendous challenge to modelers and experimentalists alike. Friction plays a central role in determining 
how such ruptures propagate along faults and how they release waves that cause the destructive shaking threatening 
our infrastructure and endangering our lives. The detailed nature of the underlying dynamic friction is one of the 
biggest uncertainties in earthquake mechanics, a fact which limits our ability to model earthquakes accurately and to 
mitigate their effect to the built environment. 

To better understand the dynamic frictional laws at play, we have developed a unique experimental method 
combining high-speed full-field imaging with digital, ultra-high-speed photography. Together with a laboratory-
scale replication of seismic events, this technique allows us to follow individual ruptures at high resolution and in 
real time in vitro – i.e., on the laboratory scale under conditions mimicking real earthquakes. With this method, we 
can measure the evolving on-fault friction as well as the associated ground shaking, and we demonstrate that friction 
does in fact not follow the classical assumptions routinely used in earthquake physics. Our findings provide guidance 
to theoretical seismology by furnishing the necessary on-fault physics needed for the numerical simulation of the 
rupture process. Such simulations, in turn, are crucial to estimate the seismic hazard for engineering structures 
situated at various distances away from known active faults as well as the associated tsunami Hazards – in Southern 
California and across the world.
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