










(consistent with Figure 6, which indicates their somewhat
weak motion). On the other hand, the ductility demand at
MRN was significant for both events. 

6. Forward directivity check 
The recorded ground motion of  the stations within 50

km from the epicenters was investigated with respect to pos-
sible directivity effects. The records were searched for pre-
dominant pulses in the velocity time history [e.g., Chioccarelli
and Iervolino 2010]. Given that the rupture was unknown,

for each station, the time histories were rotated in all of  the
possible horizontal directions and analyzed. No evidence of
forward directivity effects of  structural relevance was found;
see Chioccarelli et al. [2012a, 2012b] for details.

7. Conclusions
A preliminary analysis of  the records of  the two

strongest events in the 2012 Emilia sequence has been pre-
sented. The analyses were carried out to determine whether
the engineering seismic demand might be considered ordi-
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Figure 8. Geometric means of  the horizontal elastic and inelastic displacements (first two columns), and equivalent number of  cycles spectra (third col-
umn) evaluated separately for the two events (May 20 and 29, 2012) and for the sequence (20th + 29th), compared with the GMPEs by De Luca [2011] and
De Luca et al. [2012], evaluated for magnitude and distance of  the May 20 event. Horizontal axis: always T (s).
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nary; i.e., somewhat expected for events of  this kind. This
was carried out mainly for the stations closer to the source,
by comparing the recorded responses with the recent pre-
diction models based on Italian datasets. Analyses were car-
ried out in terms of: (1) peak and cyclic ground-motion
intensity measures; (2) elastic spectral ordinates; and (3) in-
elastic peak and cyclic SDoF demands. In the last case, the
effects of  the seismic sequence were also considered.

The results indicate that generally the recorded ground
motions cannot be considered atypical, in terms of  elastic and
inelastic, and peak and cyclic, demands. It was also shown
that, as expected, the seismic series had a significant cyclic and
ductility damage potential, when compared to the two events
individually. This is especially meaningful considering that the
short inter-event time did not allow for the repair of  several
damaged structures after the first earthquake. 

The comparison with design spectra show that the
ground motion was comparable, with high return period
predictions only at the epicenter. It was also briefly discussed
why this is not a sufficient argument to question the proba-
bilistic hazard studies.

Finally, the records were searched for near-source for-
ward directivity effects. The velocity time histories appar-
ently do not show any full velocity cycles of  structural
engineering interest.

8. Data and sharing resources
Records used in this study were made available by the

Italian Civil Protection Department (Dipartimento della Pro-
tezione Civile Nazionale); the interested reader should refer
to Mirandola Earthquake Working Group [2012] for details,
at http://www.protezionecivile.gov.it. The soil conditions
for some of  the recording stations were retrieved from
ITACA (http://itaca.mi.ingv.it/). Damage reports for the
Emilia sequence are available at http://www.reluis.it/.
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