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Traditional earthquake hazard assessments have typically been empirically-based and 
rely upon recorded ground motions from historical earthquakes to develop a probabilistic 
estimation of ground motions for future earthquakes. While empirical approaches can 
provide important statistical information on future ground motions, empirical models 
typically do not have the benefit of extensive historical earthquake data from the region 
nor at the site of interest and must rely on measured earthquake data from other locations 
in different geologic settings. Such models can be challenged in terms of accurate 
representation of site-to-site variability resulting from local regional and site conditions. In 
recent years, interest has been growing in an alternative approach based on the 
development of large-scale, physics-based simulations that can be used to numerically 
model and estimate ground motions and infrastructure response for future earthquakes.  
As simulation technologies mature, the overarching objective is to develop computational 
models that can accurately represent the existing geophysical characteristics of the 
region of interest, provide new knowledge on the site-specific variation of ground motions 
and infrastructure response, and enhance understanding of the complex interactions 
between incident seismic waves and superstructure/foundation systems. 
In this presentation, recent U.S. Department of Energy (DOE) developments in advancing 
physics-based simulations applicable to earthquake hazard and risk assessments will be 
described. This work is being executed in a U.S. DOE Exascale Computing Project (ECP) 
application development, and is preparing software tailored to exploiting the first of DOE's 
exaflop computers coming on line in 2022. The EarthQuake SIMulation (EQSIM) 
application development is creating a high-performance computing framework that will 
perform fault-to-structure, coupled geophysics and engineering simulations of ground 
motions and infrastructure response. The overall computational objectives are to 
overcome existing computational limitations to advance the frequency resolution of 
ground motion simulations to the higher frequencies of interest for engineering 
evaluations of infrastructure, and to rigorously couple geophysics and engineering models 
to fully represent the interaction between incident seismic waves and infrastructure 
systems. Recent improvements in computational algorithms, fault-to-structure workflow 
and massively parallel implementation strategies on GPU-based leadership computers 
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will be summarized. Application examples of regional-scale simulations in the San 
Francisco Bay area will be provided to illustrate the major progress in high-frequency 
regional-scale simulations.  Finally, comparative examples of traditional 1D site response 
versus fully 3D site response will provide insight into how these advanced models can be 
employed to address the uncertainties in traditional engineering simplifying idealizations 
of earthquake response. 


