Characteristics of strong ground motions recorded during
the April 2009 L’'Aquila (central Italy) seismic sequence
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ABSTRACT
StI‘O n g -motion d ata set The 6 April 2009 L’Aquila MW 6.3 earthquake and its aftershocks yielded the most extensive set of strong-motion data in the near-source region yet obtained in Italy. The mainshock was
N . recorded by 56 strong-motion stations belonging to the RAN, with 19 of these located within 50 km of the surface projection of the fault. The available data set is composed of more than
The data set consists of about 300 strong motion data, | 300 three-components strong-motion records from Mw = 4 events recorded by RAN and INGV MI-PV stations, with about 90 records within 50 km of the corresponding epicenters. The
recorded by the RAN and by the INGV MI-PV temporary strong ground motions from the mainshock show a clear dependence on azimuth, that can be attributed both to source effects (i.e., directivity effects) and to different attenuation
network ( http://rais.mi.ingv.it/ ). properties of seismic waves at crustal scale (as suggested by the peak acceleration maps from the two strongest aftershocks). These records contribute to fill important gaps in the

magnitude-distance-style of faulting distributions of global and regional data sets used to derive ground motion prediction equations. The near-fault ground motions (R,,=0) are generally
The data can be downloaded from ITACA database | ynderestimated by GMPEs, while at larger distances the opposite trend is observed, especially for high-frequency ground motion parameters (i.e., PGA). The residuals calculated for the

(http://itaca.mi.ingv.it/) whole sequence respect to different GMPEs show a negative bias indicating that the recorded ground motions are on average smaller than the ones predicted the empirical models.
Preliminary analysis of near-fault records from the mainshock shows that peak motion varies significantly for stations within 5 km from the epicenter. The PGA ranges from 327 to 646
i G GRnE OGS OinE ouna R cm/s? (not considering the AQM saturated station). A specific baseline correction procedure was applied to these records in order to recover permanent displacements, that were found to

be consistent with results based on GPS measurements. A comparison of the observed acceleration response spectra with recently proposed design spectra for the town of L’Aquila shows

! A 76 that the near-fault motion generally exceeded the no-collapse limit state design spectra both for horizontal and vertical components.
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The residual distribution in Fig.4 shows a clear trend with azimuth: at long periods (T=2.0 s), observations in the northeast and southeast quadrants (stations with azimuths from about 50° to 180°) are
underestimated by the ITAO8 model (positive residuals) while those in the western quadrants (from 200° to 330°) are overestimated (negative residuals). Because the fault strike and up-dip directions
(147° and 57°, respectively, shown by vertical lines in Fig.4 lower panel) point towards the southeast and northeast quadrants, the positive residuals for long-period motions can be explained as
directivity-induced amplification effects due to both up-dip and along-strike rupture propagation (e.g., Aagaard et al., 2004). The negative residuals obtained at short and long periods in the northwest
and southwest quadrants (200°-to-330° azimuth range) can be both ascribed to backward directivity effects and to different seismic wave attenuation with respect to the eastern sector. This latter
explanation seems supported by Fig.5 where the faster decay of ground motion amplitude toward W-SW is visible in the PGA maps of the two largest aftershocks. Moreover the residual distributions
show that the observed spectral values are overestimated by the ITAO8 model at both short and long periods for sites located W-SW of the relative epicenters.

Comparison with Ground Motion Prediction Equations Near-fault records
We compare the attenuation with distance of the peak ground motion parameters, (PGA and PGV), observed during the The stations of the Aterno Valley array are located within the surface
mainshock, with predictions from global and regional models: Bindi et al. (2009, ITA08), developed for Italy, Akkar and Bommer projection of the L'Aquila mainshock fault and are at distances less than
(2007a,b; AkBO7), based on the European and Middle East data, and Boore and Atkinson (2008, BATO08), calibrated with 5 km from the mainshock epicenter (Fig. 1). This array, together with
worldwide data set. the AQK station located close to L'Aquila downtown, provided a near-
fault strong-motion data set, never recorded in Italy for any event with
M>5
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