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Physics-based earthquake simulations have gained recognition as a powerful means of generating 
ensembles of ground motions that are spatially and temporally consistent across a range of 
scenarios. When used at scale, simulations can serve multiple purposes in fields where data 
augmentation for rare events is needed. This presentation will describe how large suites of 
simulated ground motions are being leveraged to advance multiple aspects of earthquake 
engineering, from informing design methods and models to supporting post-event decision-
making. 
The first topic will illustrate how suites of site-specific simulated motions can advance current 
design methods by addressing a longstanding problem related to the explicit incorporation of 
ground-motion directionality into design procedures. A recently developed methodology that 
allows targeting site- and component-specific spectral amplitude and variability in ASCE7-
compliant designs will be presented. With the intent to provide a broader perspective on this topic, 
early results demonstrating how ground motion simulations for extreme events can be used to 
develop the new generation of data-driven probabilistic demand models and seismic risk 
methodologies will be illustrated. Finally, the last part of the presentation will focus on the role of 
simulated ground motions in enhancing post-earthquake reconnaissance of transportation 
networks through the development of structural response emulators. It will be shown how 
simulations can be used to curate datasets for machine learning applications, with a demonstration 
employing a large portfolio of existing bridges with features sampled from statistics of the U.S. 
inventory.  
 
 


