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The August 24th 2016 Mw 6.0 Amatrice earthquake struck Central Italy (http://cnt.
rm.ingv.it/event/7073641; Chiaraluce et al. 2017), causing 298 casualties, hundreds of
injured and almost complete destruction of the historical villages of Amatrice, Accumoli,
Arquata del Tronto and Montegallo (Graziani et al. 2019; Sorrentino et al. 2018).

Unfortunately, the Amatrice earthquake was the beginning of a long-lasting seismic
sequence of more than 50,000 events that culminated in the October 30th Mw 6.5 2016
Norcia earthquake, located about 20 km NW of the Amatrice epicentre (http://cnt.rm.ingv.
it/event/8863681). Moreover, the sequence included two Mw 5.4 and 5.9 earthquakes
occurred on October 26th 2016 close to the Norcia epicentre (Valensise et al. 2017) and
four earthquakes of Mw in the range 5.0-5.5 on January 18th 2017, about 20 km SE of the
Amatrice earthquake epicentre. This sequence left behind a widespread damage across the
territory of 138 municipalities hosting about 582,000 inhabitants distributed over 10 Prov-
inces in 4 Regions in Central Italy (https://sisma2016data.it/report-page/).

Soon after the emergency period, the Italian Government sponsored and funded struc-
tural and non-structural actions for the reconstruction of the territory struck by the seis-
mic sequence (Dolce and Di Bucci 2018; Law of the 15th December 2016, n. 229 and
Law of the 7th April 2017, n. 45). In particular, the Italian Government Commissioner for
the reconstruction allocated about 5,6 million euros to an ambitious project for the Seismic
Microzonation of the 138 municipalities (hereinafter, SM project).

In such a difficult circumstance, Seismic Microzonation was considered as an important
tool for the reconstruction as it allows for the calculation of detailed seismic hazard esti-
mates accounting for modifications of the expected ground shaking due to local geological
conditions.
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The SM project was ambitious because it involved the coordination of several local
authorities at different levels, more than 100 researchers and 114 groups of local practition-
ers with the aim to complete the activities within 6 months from the beginning of the pro-
ject (July 2017; Ordinance of the Italian Government Commissioner for the reconstruction
of the 12th May 2017, n. 24).

The scientific coordination of the SM project was entrusted to the Centre for Seismic
Microzonation and its Applications (CentroMS), an association of 25 Italian research
Institutions and University departments, founded under the aegis of the National Research
Council (CNR), which provides expertise in a wide spectrum: engineering seismology,
applied geophysics, engineering geology and geotechnical earthquake engineering.

The goals of the SM project were:

e grounding post-earthquake urban plans on detailed seismic hazard estimates account-
ing for local geological/geotechnical conditions;

e providing site-dependent constraints for the design of new settlements and for interven-
tions of retrofit and reconstruction.

Additional efforts were devoted to those municipalities that suffered almost complete
destruction, namely Amatrice, Accumoli, Arquata del Tronto and Montegallo. These
municipalities benefited of supplementary research activities carried out in the framework
of the EmerTer project (EmerTer Project Working Group 2018), which was commissioned
by the Italian Department of Civil Protection (Ordinance OCDPC of the 19th September
2016, n. 394 art. 14) to research Institutions and started in September 2016, before the
widening of the seismic sequence. Data and results from EmerTer project, provided at the
beginning of 2017, were merged with those of the SM project.

In order to maximize the impact of the SM project and ensure public accessibility to the
maps and data storages, all the activities were carried out following the Italian Guidelines
for Seismic Microzonation (SM-WG 2008); all the products (available at the link: https
://sisma2016data.it/microzonazione/) were realized according to specific Italian Standards
(Technical Commission for Seismic Microzonation 2016) and by using dedicated software
tools (https://github.com/CNR-IGAG/mzs-tools/wiki/MzS-Tools; last accessed 9th July
2018). The aforementioned Guidelines include shared procedures related to collection,
archiving and processing of different types of data, whereas the Standards ensure homo-
geneous codifications and cartographic representation of results. Guidelines and standards
are the results of the close cooperation between the Italian Department of Civil Protection
and the Italian scientific community.

The current Italian regulations establish a gradual multi-level approach, with 3 levels of
increasing detail and, in turn, increasing commitment and cost of Seismic Microzonation
studies from the preliminary (SM1) to the advanced (SM3) levels (these studies of the Ital-
ian territory are available at the link: www.webms.it). According to the current approach,
Seismic Microzonation studies with the maximum degree of detail (SM3) were carried
out for the 138 municipalities. They focused on the estimation of seismic ground-motion
amplification and evaluation of representative seismic loads for each homogeneous area
identified in map. Seismically-induced ground instabilities (ground surface faulting, lique-
faction and, excepting for few test areas, landslides) were only considered for identification
and mapping: no geotechnical characterization of these conditions has been provided.

The experience gained during the SM project was extremely useful for both the sci-
entific community and the practitioners in charge of the studies. In fact, during the pro-
ject, the participants had the opportunity to address a broad range of topics of scientific
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interest, ranging from seismic ground-motion observations to ground-motion simula-
tion. In addition, the SM project promoted knowledge transfer from CentroMS experts
to the practitioner community through the organization of dedicated courses aimed at
presenting the specific protocols for geophysical acquisition and processing, numerical
modelling and seismic microzonation mapping at the beginning of the project. SM pro-
ject also contributed to participants’ skills training and raising seismic hazard awareness
among the population who was informed of the on going activities.

Furthermore, procedures and protocols adopted in the project may contribute to the
definition of best practices and standards for Seismic Microzonation at the Euro-Med-
iterranean scale. Sharing the experience gained within the project may also contribute
to the implementation of the EU’s international commitments towards disaster reduc-
tion and preparedness, such as those individuated by the Sendai Framework for Disaster
Risk Reduction 2015-2030 (https://www.undrr.org/publication/sendai-framework-disas
ter-risk-reduction-2015-2030).

This Special Issue of the Bulletin of Earthquake Engineering is a compilation of 12
papers that aims at the description of the activities carried out for this project, which
provides further contribution to the improvement of earthquake engineering knowledge:
in the first 8 papers, general approaches common to the whole SM project are described,
whereas the last 4 papers provide insights on specific case-studies.

Seismic Microzonation has a relatively long history in Italy that dates back to the
1976 Friuli earthquake (Brambati et al. 1980). The current approach to Seismic Micro-
zonation originated in 2009, when the Italian Government funded the Italian Program
for Seismic Prevention (Dolce 2012). The paper by Moscatelli et al. (2020) describes
in detail this Program as well as the current Italian Seismic Microzonation approach,
which is gradual and multi-level to promote its extensive application. The authors
depicted goals, methods and products and provided a clear description of the organiza-
tion of the project devoted to the Seismic Microzonation activities supporting recon-
struction in Central Italy after the 2016-2017 seismic sequence.

SM3 analysis requires as basic information layer the definition of the local engi-
neering-geological model, which summarizes the site-specific information on the dis-
tribution of the engineering-geological units (thereinafter gt-units) distinguished in the
subsurface on the basis of their geological, geotechnical and geophysical properties.
Starting from a brief description of the geological-geomorphological setting of Central
Italy, the paper by Amanti et al. (2020a) provides the methodological framework by
which the engineering-geological model is retrieved from standard geological informa-
tion. The authors provided an archive of gt-units in Central Italy and developed a statis-
tical analysis of the shear wave velocity (Vs) distribution among the identified gt-units.
They found that Vs estimations well differentiate among such units if burial depth and
unit location in the different geological and morphostructural domains of the region are
accounted for.

Vs is a well-known key parameter controlling ground-motion amplification and its
variability (e.g. Semblat and Pecker 2009, among many others). Another important site
parameter related to both stiffness distribution in the subsurface and depth of the seismic
bedrock is the fundamental resonance frequency (f0). The paper by Caielli et al. (2020)
describes how a large number of geophysical data were acquired in a short time during
the project to evaluate the Vs and fO distributions in the investigated municipalities. The
authors provided description of the guidelines implemented for geophysical surveys and
reported about the encountered problems and the identified weak points in data acquisition
and result interpretations that required improvements or cautions.
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Final SM3 map is built based on the results of numerical simulations of seismic wave
propagation within engineering-geological models of the subsoil. Such simulations require
to associate suitable nonlinear soil behaviour to the identified gt-units and to select ade-
quate forcing seismic actions (seismic input) at their base. The paper by Ciancimino et al.
(2019) presents the results of almost 80 cyclic and dynamic laboratory tests carried out
by several Italian universities for the above-mentioned Seismic Microzonation studies.
The authors presented in-depth data interpretation, also in comparison with field measure-
ments. In particular, the huge dataset was used to develop a predictive model for soil non-
linear curves according to plasticity index, mean effective confining stress, and loading fre-
quency. The calibrated model represents a useful reference to model nonlinear stress—strain
behaviour of Central Italy fine-grained soils, necessary to perform site-specific ground
response analyses.

A key role in seismic input selection has been played by integrated infrastructures, such
as temporary seismic networks and data repositories. Luzi et al. (2019) fully exploited the
dataset stored in the European Strong Motion Database (ESM, http://esm.mi.ingv.it; Luzi
et al. 2016) and its Italian node (Italian Accelerometric Archive, ITACA, http://itaca.mi.
ingv.it; Luzi et al. 2008). Among thousands of waveforms, the authors performed the selec-
tion of 39 records that can be combined to build the 138 suites of 7 accelerograms, one
for each municipality subjected to SM3, to be used for numerical simulations. Selection
was based on specific criteria and records, which were compatible with the chosen refer-
ence seismic hazard level (peak ground acceleration with 10% exceedance probability in
50 years). Notably, waveforms acquired by the temporary seismic networks deployed in the
epicentral region of the 24th August 2016 Central Italy Earthquake constituted a significant
number of the selected records.

Seismological data are undoubtedly a fundamental resource of information about
ground-motion level distribution. In SM3 studies, ground-motion records can be used to
perform empirical ground response analysis and calibrate numerical models of seismic
wave propagation. The paper by Priolo et al. (2019) describes the results of a systematic
analysis of data recorded in about 15 years at about 180 seismic monitoring stations, both
temporary and permanent installations, located in or close the 138 municipalities subjected
to SM3 studies in Central Italy. The authors used a uniform methodological approach to
analyse earthquake and noise recordings for deriving site response parameters, such as
spectral amplification curves, fundamental resonance frequencies, site-specific response
spectra, and average amplification factors. The results, collected and homogeneously sum-
marized in site-specific forms, showed that the urbanized territory in Central Italy is gener-
ally prone to seismic amplification.

According to the Italian approach, the results of all information gathered in the studies
are summarized in a Seismic Microzonation map, which is drawn based on the spatial dis-
tribution of estimated ground-motion amplification effects. Pergalani et al. (2019) provided
an overview of the main results and critical issues of the Seismic Microzonation procedure
applied to the 138 municipalities of Central Italy. A procedure to obtain SM3 maps with
the selection of suitable amplification factors to be used in the identification of areas seis-
mically homogeneous was proposed starting from 1D/2D ground response analyses. The
paper also remarks some uses of Seismic Microzonation products in supporting seismic
design, provided that the Italian building code prescriptions and the SM project studies
refer to different scales.

A new proposal on the use of Seismic Microzonation results is included in the paper
by Mori et al. (2019). The authors proposed an operational definition of seismic hazard
in which results from the Seismic Microzonation activities in Italy are embedded. The
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paper also shows how the inclusion of a damage constrained parameter, named Hg,,, in
urban planning and seismic design may help reaching different outcomes. In particular, the
authors discussed the effective contribution of Hgy, at: (i) helping decision makers to high-
light priority intervention areas; (ii) defining best practices for existing structures, such as
specific response studies, where higher overall seismic hazard values are expected.

The paper by Martino et al. (2019) introduces the section of the Special Issue devoted to
the discussion of specific case studies. In this paper, the authors presented the application
of the PARSIFAL (Probabilistic Approach to pRovide Scenarios of earthquake-Induced
slope FAiLures, Esposito et al. 2016) method to the Accumoli area. This method allows
for obtaining probabilistic slope failure scenarios depending on seismic input and satura-
tion conditions. It handles both rock- and earth-slides with different failure mechanism,
distinguishing among first-induced and reactivated landslides by earthquakes. Consider-
ing a seismic action with return period of 475 years and a critical displacement threshold
of 10 cm for earth-slides and 5 cm for rock-slides, the authors found that up to 2% of the
entire municipal territory correspond to already unstable or landslide-prone areas. How-
ever, their in-depth analysis led to a reduction of 22% of the previously distinguished insta-
bility areas mapped on the basis of simplified methods.

The paper by Amanti et al. (2020b) focuses on the Seismic Microzonation activities
conducted during the emergency and post-emergency phases in Pescara del Tronto, which
suffered almost complete destruction after the Amatrice earthquake. The authors gath-
ered all geological, geotechnical and geophysical data useful for outlining a sound sub-
surface model in the area and combined a rapid assessment of the landslide susceptibility
and ground response analysis to locate areas for provisional settlements. In particular, the
authors found that a significant ground-motion amplification may have characterized the
area of the old Pescara del Tronto settlement.

Milana et al. (2019) illustrate the results of seismological and geophysical investiga-
tions performed in Amatrice village, in the emergency phases following the Mw 6.0 event
of August 24th 2016. Data from weak- and strong-motions and from ambient vibrations
have been used to better understand the distribution of amplification factors in the inves-
tigated area. The data analyses revealed a diffused amplification effect, which reaches its
maximum values in downtown area with a resonant frequency of about 2 Hz, in agreement
with the distribution of earthquake damages. The presented seismological and geophysical
dataset allowed for better constraining the models used in the numerical simulations for
Seismic Microzonation studies.

Finally, Pagliaroli et al. (2019) present the results of the ground response analyses per-
formed for 5 complex geological and morphological conditions, selected within the SM
project. Implications are then deduced for Seismic Microzonation studies in similar geo-
logical and morphological conditions: (1) for slope configurations, 1D analyses could be
enough to provide reliable estimation of amplification factors, despite the presence of an
inclined bedrock; (2) for ridge configurations, 2D ridge resonance governs the seismic
response for periods corresponding to wavelengths comparable with the base size of the
relief, exceeding the simplified topographic amplification factors proposed by technical
codes; (3) for valley configurations, 2D analyses result mandatory to properly quantify
amplification factors at the edge of a large valley, while in the centre of a large valley 2D
effects can be neglected.

The 12 papers collected in this Special Issue of the Bulletin cover a broad range of sci-
entific fields and address methodological and practical issues related to Seismic Micro-
zonation activities. These papers by no means exhaust the research on the field, but they
certainly represent the State of the Art at the Italian level.
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All the work presented in this volume would have not been possible without the finan-
cial support of the Italian Government Commissioner for the reconstruction to whom we
would like to extend our thanks.

As Guest Editors of this Special Issue, we would like to thank the authors for their
interesting contributions and the international panel of reviewers for their careful com-
ments which helped improving the original submissions. Most importantly, we would like
to express our sincere gratitude to the Editor of the Bulletin of Earthquake Engineering,
Prof. Atilla Ansal, for its fundamental guidance in producing this Issue and to Petra Van
Steenbergen and the Technical Staff of Springer for the continuous assistance throughout
the editorial process. We would also like to thank Prof. Gabriele Scarascia Mugnozza,
Prof. Dario Albarello and Dr. Massimiliano Moscatelli for providing useful comments that
improved the initial version of this Guest Editorial.

This Special Issue is dedicated to the memory of Prof. Marco Mucciarelli, who was a
passionate researcher and leading figure within the scientific community working in the
seismic risk assessment field. This Issue is also a tribute to the memory of Tiziana Lo
Presti, Civil Protection Official who passed away in Amatrice the night of 24th August
2016, and all the other victims of the 2016-2017 Central Italy sequence.
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