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With the advancement of high-performance computing, physics-based numerical simulations
(PBS) of three-dimensional seismic wave propagation have emerged as one of the most promising
approaches for generating, once validated, realistic ground-motion time histories that capture the
specific features of the seismotectonic and geological contexts, as well as specific source-to-site
scenarios under investigation.

The use of PBS can be particularly valuable for constraining the seismic input in fragility studies,
allowing researchers and practitioners to generate a sufficient number of ground motions to
overcome limitations in current strong-motion databases, or to perform structural analyses solely
with simulated ground motions specifically for the building site under consideration.

This work aims to explore and validate the use of simulated ground motions for deriving seismic
fragility curves for a suite of Reinforced Concrete (RC) building types representative of the
existing Italian building stock, based on non-linear dynamic numerical analyses. Fragility curves
are computed and compared for various building types with fundamental vibration periods ranging
between approximately 0.1 s and 1.0 s, using two alternative sets of input signals derived from
either recorded or simulated datasets. The latter dataset, named BB-SPEEDset, consists of
broadband earthquake ground motions obtained from three-dimensional physics-based numerical
simulations of seismic wave propagation for several earthquakes worldwide in realistic geological
contexts (Paolucci et al., 2021; Smerzini et al., 2024).

The results indicate that the inelastic structural response is well captured by the simulated signals,
compared with recorded ones, across different levels of ground-shaking intensity and
corresponding damage states. Interestingly, the use of efficient intensity measures, such as Peak
Ground Velocity, average Spectral Acceleration, or Housner Intensity, in fragility analyses
significantly reduces the differences between the fragility curves obtained from simulated signals
and those derived from recorded ground motions.
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