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Physics-based numerical simulation (PBS) of
earthquake ground motion: SPEED@PoliMI
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Workflow to compute broadband seismic

motions from 3D PBS by SPEED

(code SPEED)
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Construction of BB-SPEEDset (v1.0 —» v2.3)
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BB-SPEEDset (v2.3): a dataset of near-source
accelerograms from PBS

M.~ Rjp and Vg5, distribution of BB-SPEEDset
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IN A BROAD FREQUENCY RANGE

Multi-level validation framework for the
engineering utilization of simulated motions

LEVEL 1: VALIDATION FOR HISTORICAL EARTHQUAKES

I = Visual inspection of waveforms and Fourier
spectra

= Evaluation of quantitative Goodness-of-Fit (GoF)
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Validation on historical earthquakes
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IN A BROAD FREQUENCY RANGE

Multi-level validation framework for the
engineering utilization of simulated motions

LEVEL 1: VALIDATION FOR HISTORICAL EARTHQUAKES

= Visual inspection of waveforms and Fourier
spectra

= Evaluation of quantitative Goodness-of-Fit (GoF)
scores on various ground-motion IMs
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Validation of datasets of scenario earthquakes

For a given (M, R) range, when compared to recorded datasets:

0 Are the ground motion Intensity Measures (IMs) collectively
unbiased?

0 Do the ground motions reproduce a realistic aleatory
variability?
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Validation tests on the distribution of IMs
against a recorded near-source dataset (NESS)

Fault Normal (FN) SA(0.1s)- Cumulative Distribution Function Pulse-like waveforms:
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Checks on the components of ground motion
variability with respect to NESS

Between- and within-event residuals and corresponding variability of BB-SPEEDset and NESS
with respect to the ITA18 GMM (Lanzano et al. 2019, adjusted by near-source effects)
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Multi-level validation framework for the
engineering utilization of simulated motions

IN A BROAD FREQUENCY RANGE

LEVEL 1: VALIDATION FOR HISTORICAL EARTHQUAKES
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Engineering validation of BB-SPEEDset for
structural non-linear dynamic analyses
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Select&Match: a software tool for ground
motion selection enhanced by PBS
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Selection of spectrally-consistent sets of
recorded and simulated input signals

Consistent selection criteria:
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Statistical distribution of selected EDPs from
recorded and simulated signals
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Engineering validation of BB-SPEEDset:
results for more complex structures
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Conclusions

0 A key step to broaden the engineering utilization of PBS is the
availability and dissemination of simulated ground motion datasets (e.q.
PEER, CyberShake, BB-SPEEDset, SIGMOID-TR). Access through ground
motion search and selection tools is preferable.

0 Such datasets shall pass a validation process, from both a seismological
and engineering perspective, and in a broad frequency range. However,

there is still no consensus on the validation procedures and acceptance
criteria.

0 BB-SPEEDset is an example of validated dataset of broadband near-
source ground motions from the PBS of several earthquakes in a
relatively broad range of magnitude (M,,4.9-7.4), faulting styles and
geological contexts. It is under continuous development and validation.
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