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Physics-based earthquake simulations have undergone significant advances over the past decade,
creating new opportunities for engineering assessments of the consequences of large and rare
earthquake events. Designing representative earthquake scenario realizations is generally
determined by expert judgement, and does not directly consider the estimation of engineering risk
measures and associated uncertainties. We address this issue by using the concepts of design of
computer experiments to maximize the information gain from budget-constrained sets of physics-
based fault-rupture simulations. We propose to guide the design of the earthquake simulations
using a sequential Bayesian experimental design technique, which optimizes the allocation of
computational resources by sequentially identifying the most informative simulations to conduct.
The sequential design method is driven by quantities of interest relevant for seismic risk
assessment, such that the selected earthquake simulations directly reduce the uncertainty
associated with those quantities. The proposed technique is used to analyze the seismic demands
on building structures across the San Francisco Bay Area in California imposed by the full suite
of 50 Hayward fault-rupture realizations of the Simulated Ground Motion Database. The results
suggest that our approach may reduce the computational costs associated with site-specific
regional seismic risk assessment, and improve the quantification of uncertainties associated with
physics-based fault-rupture simulations. Users of the database may leverage the proposed method
to guide the selection of the smallest number of simulated ground motions from the database that
offer the largest knowledge gain in their target engineering quantities of interest.



