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A recent collaboration between Lawrence Berkeley National Laboratory and the Pacific
Earthquake Engineering Research Center generated 50 high-fidelity physics-based earthquake
realizations of an M7 Hayward fault scenario over an 80 by 120 km domain in the San Francisco
Bay Area. We leverage this simulated ground motion database, or SGMD, to study the regional
and site-specific distribution of infrastructure risk. To this end, nearly 1 million nonlinear response
history analyses are performed on archetypal steel moment frame buildings of 3, 9, 20, and 40
stories, designed specifically for high seismic hazard.

The investigation evaluates risk in terms of peak interstory drift ratio distributions at both regional
and site-specific scales. A key contribution of this work is the presentation of structural demand
and risk measures alongside their associated confidence intervals, which quantify the uncertainty
stemming from the utilized number of realizations. The results demonstrate that these physics-
based ground motions provide critical insights into demand distributions that are heavily
influenced by local geological features and rupture-to-rupture variability. These factors lead to
highly variable and often amplified risk in near field and basin edge regions. The confidence
intervals on site specific median demands are bounded enough to justify conclusions regarding
high damage potential, yet they also indicate that additional realizations would be valuable to
further refine uncertainty ranges and isolate the influence of specific input parameters such as
hypocenter location.

While the study advocates for the use of the SGMD in structural assessments, it also recognizes
the practical challenges of performing hundreds of nonlinear analyses for structural assessments.
To address this, the merit of proxy surrogate models for obtaining rapid and reliable response
estimates is emphasized. We identify informative intensity measures from the SGMD and confirm
that their correlation with structural damage is consistent with findings from recorded data. These
measures are used as inputs to regression equations that are developed in this study to serve as
ready-to-use structural demand proxies. These proxies can efficiently reproduce the results
presented here and generalize to estimate structural responses for any new earthquake realization
without the need for repetitive computations.



