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Administration and in strict cooperation with Rimini Provincial
Administration and Rimini Municipality,  an extensive passive seismic
survey was developed in the whole Rimini urbanized area. The joint
interpretation of ambient vibration measurements, geological
reconstructions and borehole data, allowed the development of a "level 2"
seismic microzoning map of the Town, where different seismic domains
are clearly identified and characterized quantitatively in terms of and
integral amplification parameters (FA factor). The most critical aspects of
this experience will be discussed along with possible limitations and
advantages of the adopted procedures and protocols.
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In 1989 a joint work was developed in co-operation with the University
"Sapienza"of Rome and Servizio Geologico d'Italia (SGI) (today ISPRA). A
gravity research started in the Aquila area aimed to realize a gravity
network for high precise gravity measurements to detect gravity changes
due to mass redistribution in the underground inferred by the geodynamic
activity.
The gravity network has been designed so as to incorporate 17 stations,
settled in 1989 and periodically reoccupied in  1990, 1992, 1995, 2005
and 2011. The local gravity network coincides with some benchmarkes of
the local leveling networks (L126, L197, L124 and L9) [Giuliani & Mattone,
2010] in order to remove the effect of the vertical ground movements and
taking into account the spatial distribution of seismic events. High
precision gravity combined with levelling benchmarks offers increasing
potentialities for the study of time variations of the earth gravity field and
crustal deformations related with geodynamic or tectonic processes.
Presently, the network consists of 17 relative stations which are not
destroyed during the earthquake. Gravity readings were made using two
LaCoste & Romberg  D model gravimeters (D-60 and D-138) at the same
time. Presently, and similar to previous studies the new gravity data set
has been referred to the Absolute gravity station established in 1977 at
the Osservatorio Astronomico di Monte Porzio Catone [Cannizzo et al.,
1978].
The gravity readings, for both gravimeters, are corrected for tidal effects,
atmospheric loading and instrument drift. Later, as regard the gravity
survey, the corrected and weighted gravity differences between each pair
of stations are organized on joined loops and then adjusted according to
the least square method; finally the gravity value at any station is
computed relative to the local reference station (Fonte Cerreto-Assergi (4)
station) and linked to the absolute gravity station.
During the time period covered by this study, six precise relative gravity
surveys were also carried out at all stations of the network. Long-term
spatial distribution of gravity changes performed before and repeated after
earthquake is represented. Gravity changes have been observed on the
whole area, before and after the earthquake period.
The gravity distribution shows different patterns in the eastern, central
and western part of the seismic area. The gravity variation field is
smoother in the central part of L'Aquila city and it shows a gravity
decrease from the stations located in the northen part of the city.
Qualitative gravity results are not totally in agreement with vertical
changes measured by local leveling networks. It is possible to suppose
that the observed gravity changes should indicate a mass variation in the
underground, not in the shallow part but in depth.
Moreover, the results obtained from high precision gravity measurements
show that, the most significant long-term observed gravity changes on
Aquila area, were recorded not in the area corrisponding to the
seismogenic belt but in a largest zone. However gravity changes were
observed in the same magnitude before and after the earthquake.
CANNIZZO L., C. CERRUTTI & I. MARSON  (1978): Absolute-Gravity
measurements in Europe. In : Measurement of Gravity acceleration in
Europe, America, Asia: 1976-1981 an example of international scientific
cooperation. Istituto di Metrologia "G. Colonnetti". (Ed.) Istituto Poligrafico
e Zecca dello Stato, 1C, 1, 79.
GIULIANI R. E MATTONE M. (2010): Attività geodetiche satellitare (GPS) e
livellazione di alta precisione per la definizione della deformazione
cosismica associata al terremoto di L'Aquila  del 6.04.2009. Parte I -
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According to Italian seismic regulations (NTC, 2008) there are two ways to
define local seismic response, based on two different methods:
- "specific analyses" (Local Seismic Response in chapter 7.11.3) that takes
into account the specific earthquake that could occur in the site, the
specific characterization of a subsoil model in terms of geotechnical and
geophysical peculiarity, and the use of targeted calculation codes;
- "simplified approach" (chapter 3.2.2) to use only in case on non
applicability or non practicability of specific analyses, through the choice of
a pre-defined class of subsoil (subsoil category), that enable the definition
of an elastic spectra for engineering purposes.
Unfortunately, the specification of subsoil categories defined in "simplified
approach" of NTC (2008) doesn't take into account a series of subsoil
condition commonly found in nature (Vannucchi, 2009). For example there
are no cases where softer strata of soil are contained by stiffer strata of

soil (and vice versa).
This subsoil condition is known in geotechnics as "velocity inversion" and
is verified when the velocity of shear waves Vs doesn't increase
monotonically with depth but soil strata with higher (of lower) velocity in
respect of underlying or overlying soil strata are found.
This work, as general purpose, aims to provide ready-to-use information
to professionals, about local seismic response of a site where a velocity
inversion is present.
In particular we wanted to evaluate trough 1D calculation codes and
parametric analyses the effect (in terms of an amplification factor) of a
stiffer strata between softer and vice versa, varying both seismic inputs
applied to each model and every parameter of subsoil taken into account
in the analyses (thickness and depth of stiffer/softer strata, depth of
seismic bedrock, seismic impedance contrast). In previous works the
problem was handled considering only a simpler situation based on a
two-strata soil model (softer on a stiffer and vice versa) overlying a
seismic bedrock (Aubeny et alii, 1986; Ding et alii, 2008, Sanò et
alii,2010).
Results will be provided through a comparison between amplification
factors and, for most topic case, a comparison between elastic spectra will
be shown.
Conclusion and comments will be addressed to define suggestions useful
for seismic design and will be more specific when the presence of a
velocity inversion cause remarkable differences in respect to an
"homogeneous case" (where homogeneous means a model with the same
thickness of soil overlying bedrock of the "inversion case", but with mean
characteristic in terms of stiffness). Therefore, worse case in terms of
safety will be highlighted.
Finally, to validate and verify results achieved, case based on models
based on real situations extracted from Italian (ITACA) and foreign
(KikNet) accelerometric database will be compared.
References
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After the 6th April 2010 earthquake in a few Municipalities of L'Aquila
Region, seismic microzonation (SM) maps have been produced, following
Seismic Microzonation Guidelines (SMG,
http://www.urbisit.it/indirizzi-e-criteri-per-la-microzonazione-sismica).<b
r>A specific task group was formed to analyse the impact of SM on
planning and to identify a methodology for risk mitigation GIS mapping.
SMG, applied for the first time in a real case study, have been issued by
Italian Civil Protection Department and Regions and Autonomous
Provinces' Conference.
In this context, the application of SMG stands out because of complexity
and richness of urban planning conditions.
These conditions concern the urban and environmental structure of
L'Aquila Region, composed of a big urban centre included within a network
of small and medium size centres, each one with its own morphological
and functional characteristics and different accomplishment level of urban
planning.
On one hand the research has been supported by a system of standards
defined in SMG, included those for cartography and data base. On the
other hand there has been several negative elements, such as very short
working time, emergency condition given by post-earthquake
reconstruction and not much financial and human resources.
Firstly, the methodology has provided for a starting analysis of
Municipality urban plans, identifying their structure and strategies, their
main characteristics and aims, and therefore their different previsions and
planning zones.
Secondly, urban plans have been standardized, georeferenced and
geocoded. Then MS maps and urban plans have been overlaid and a few
quantitative analyses have been processed.
Data comparing has lead to a first, rough description of several
case-studies, outlining distinctive characteristics for each locality .
A first set of observations and critical issues have been pointed out,
tracing back to three, typologies: a) conditions needing further
investigations; b) conditions giving operative instructions or rules; c)
conditions involving choices in planning and, consequently, different
methodological procedures.
This research can be considered the initial step to propose rules and
guidelines in planning for the seismic risk mitigation.
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SIGE is a specific software developed and used by the Italian Civil
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