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SUMMARY:

The response exhibited by seaport structures theeakes has demonstrated their vulnerability ursgésmic
loading. The evaluation of damage and risk scesampresents the base for the development of ridiga
strategies, plans of intervention and post-eartkguamergency management. In Italy, the Departme@tiil
Protection has funded a research project on seigoiieerability and risk of national seaport struets This
paper shows the ongoing research, focusing onehtries of a Geographic Information System (GISchwh
collects data of the Italian major seaports, ovéhalty. A GIS-based procedure for seismic damaggessment
has been set up starting from the hazard defingmoounting for contribution of site effects. Pautar attention
has been paid on liquefaction susceptibility eviatura Damage to structures is assessed throughitiyagrves.
Applications of the procedure are illustrated wigierence to the seaports located in Calabriarabmn with
the largest seismic hazard of Italy.
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1. INTRODUCTION

Seaports play a pivotal role in the policies oftaumble mobility, as critical points of connectitivat
allow the transfer of goods and passengers, hetpimgcrease the functionality of the general syste
of transportation. With over 80% of world merchaaditrade by volume being carried by sea,
maritime transport remains the backbone supportirigrnational trade and globalisation. The
importance of the sea and of the ship transpontasievident especially for those countries, sueh a
Italy, with a particular geographical location aad extensive coastline. As a matter of fact, Italy
stretches out into the Mediterranean Sea with atabdevelopment of more than 8000 km without
comparison with the rest of continental Europe.

Worldwide, a large number of important maritime tpcaire located in active seismic regions, as for
instance the Mediterranean area (e.g., Italy, Gre€arkey, Algeria, etc.) or the circum-Pacific tbel
(the so-called “Ring of Fire”, e.g., California, adka, Peru, Chile, Japan, New Zealand, etc.).
Historical earthquakes such as the Loma Prieta (U®89), the Hyogoken-Nanbu (Japan, 1995),
Tokachi-Oki (Japan, 2003) and the most recent svehPort-au-Prince (Haiti, 2010), Maule (Chile,
2010) and Tohoku (Japan, 2011) highlighted thengeisulnerability of many existing port facilities,
which suffered significant damage caused by grahaking. Severe damage has been observed not
only inside the epicentral area, but also at ladggtances where soil liquefaction and significant
ground deformations occurred (Rathje et al., 2@r@y and Frost, 2010). Offshore earthquakes can
generate a further hazard, a seaquake, which gadiyraand violently inundate coastlines, causing
damage and human losses, as during the Tohokun(J2(hl) earthquake.

In Italy, many of the major maritime ports, such@igia Tauro, Salerno, Catania, Ancona, just to
name a few, are located in areas characterizeddaderate to high seismicity. Therefore, the Italian
Department of Civil Protection has funded a redegmmject on seismic vulnerability and risk of



national seaport structures. Although the projechulti-disciplinary (EUCENTRE-PE d5, 2012), this
paper focuses on the characteristics of the Gebgalpinformation System (GIS), which represents
the tool used to merge all available technical rimiation of existing port structures. The data,
acquired thanks to the collaboration of the Italidigh Council of Public Works (Ministry of
Infrastructures), are inserted into a GIS databdsieh is continuously updated and improved. The
GIS database includes thirty ports which correspdndhe most important Italian harbors located in
areas of moderate to high seismicity. The colleeted processed technical data of each seaport are
shared with the Italian Department of Civil Protewct through a complex WebGIS system
architecture. The system is a robust and dynanmgmercapable of processing basic information and
compute newly-generated data such as seismic dasoagarios of seaport structures.

A GIS-based procedure for damage assessment ajrearhs been set up starting from the definition
of the hazard and accounting for contribution té siffects. A state-of-the-art methodology has been
implemented to evaluate the liquefaction suscdjtiband induced soil displacements. Damage to
structures is assessed through the concept ofifyagirves and expressed in terms of potentiatllev
of damage. Applications of the developed proceduedllustrated with reference to the port located
the area with the largest seismic hazard of Ity Calabria Region, involved by the lItalian
Department of Civil Protection in an emergencyrirgg program named “Calabria 2011” (program
details at http://www.protezionecivile.gov.it/jcris/iew_dossier.wp?contentld=D0S29163).

2. USE OF GIS TECHNOLOGY AND TOOLS FOR SEISMIC RISK ASSESSMENT

Management of disasters such as earthquakes irsvtiivee major phases: pre-disaster, co-disaster
and post-disaster. During the pre-disaster phasle,monitoring and forecasting use geographical
information systems to store, analyze and dispkegreferenced information and potential damage
scenarios. GIS remains a key instrument also irethergency phase due of its dynamic character that
allows to readily update the available informatend its ability to produce new processed data in a
short amount of time. Especially, when natural évédike earthquakes occur and time to respond is
crucial, GIS tools can provide answers to vitalsfisms, such as where the most affected areas are
and how they can be reached. Despite these disaatimct many regions of the world and the
problems faced are different, they find in GIS @aill tool of treatment.

2.1. GIS technology to manage port facilities data

The GIS database includes all the major Italiarpeea located in medium to high seismicity areas.
An additional adopted selection criterion is thepariance of the port for the purpose of civil
protection in the emergency planning and managiases in case of an earthquake. Thirty is the total
number of ports under investigation (see Fig. 2.1 Amcona, Augusta, Bari, Barletta, Carrara,
Castellammare di Stabia, Catania, Catanzaro, @&dtzhia, Corigliano, Crotone, Formia, Gaeta,
Gela, Gioia Tauro, Livorno, Manfredonia, Messinaijld#zo, Napoli, Palermo, Pozzallo, Reggio
Calabria, Riposto, Salerno, Siracusa, Torre Anratazi Trapani, Vibo Valentia and Villa San
Giovanni. The GIS database is continuously upd&benhclude all available technical information
regarding the selected seaports. The technical afatae port structures are acquired in purposely
devised and calibrated questionnaires that theguihiorities are asked to fill in. The questiomtles

are organized as check lists, in order to crediasic and standard database that can be integrated
different time steps with the introduction of fugthdata. The questionnaires are organized in three
parts. The first general part of the technical daadudes indicators which define the strategierol
played by the port at national level. The secomtl @lathe questionnaires concerns relevant strattur
and geotechnical features affecting the seismimenability of wharf structures. Recently, the
gquestionnaire has been integrated to obtain inféomabout port security management according to
Italian legislation (Bozzoni et al., 2010).

The GIS platform is the key instrument used to reargjllected data such as property surveys, facility
base maps, soil-boring data, buildings plans aaiitiaas built-drawings, referenced and tied tdget
using a georeferenced spatial context thus creatiggographic port data framework (Wright and



Yoon, 2007). The spatial georeferencing of thermiktion permits the link among various datasets.
The overlay of data provides a powerful tool fag #inalysis and integration of datasets from differe
sources. GIS tools allow also the creation of datadels and maps, specifically providing the
opportunity of:

« updating the available information by changing/addihemes within a set of data through the
use of advanced editing tools. For example, infoionaregarding new port facilities, added in
the new regulatory plan for the expansion and rahowm of the port area, can be easily included
within the database;

» associating multi-category, multi-layered, dynamiaepn-spatial information with spatial
information; files of various typologies (e.g., teal documents, images, etc.) can be linked to a
georeferenced object and may be visualized threpglific querying functions, which allows to
jointly assess the various factors that contribotéhe seismic risk in the port area;

- performing sophisticated queries (on attributes amhtial features) to the represented
georeferenced objects with the purpose to locaiements of interest and circumscribe areas of
influence for various typologies of phenomena (egne with high soil liquefaction potential);

» processing the information to derive new originatiadthrough tools of compaosition;

« computing evolution and queries scenarios (“whatifalysis) in order to identify in the short
term anomalies and situations that require urgetitres to mitigate the seismic risk in port areas.

The adopted GIS software is ESRI ArcGIS 9.1. Thattiapinformation is encoded in the geographic
information system through two main types of datactor data and raster. The vector mapping is
particularly suited to the representation of datgt vary discretely, such as the location of soiiiig

or the representation of transport infrastructuviekin the port system (power lines, water lings,)e
The adopted vector data format is the shapefileeldped and regulated by ESRI and issued
substantially as open source in order to increateeaperability among ESRI and other GIS systems.
The raster map is more suited to the representafidata which vary continuously, such as the maps
that represent the settlements induced by soikefagtion in the port area. Raster and vector data
coexist and complement each other increasing thiersycapabilities.

2.2. The WebGIS platform of the Calabrian seaports

Data, information and results of calculations camiade available and searchable online through the
development of specific functionalities with appriape WebGIS applications. The GIS platform of
seaports is integrated and harmonized with alls#vices that EUCENTRE is developing for the
Italian Department of Civil Protection as GIS datsds useful to asses seismic risk of Italian giate
buildings (e.g., schools, hospitals), lifelines atains. The complex WebGIS Architecture, whose
creation is currently underway, allows a homogenand composite flow of information to the
Department of Civil Protection.

Specifically, the WebGIS platform provides for theven ports under investigation of the Calabria
Region a database with geological, geotechnical batthymetric data and information on the
structural and infrastructural elements of the sdapystem. Thanks to the support of the Italian
Department of Civil Protection and the Italian Higbouncil of Public Works (Ministry of
Infrastructures), reconnaissance surveys wereechout in order to acquire technical data concernin
the ports of Gioia Tauro, Reggio Calabria, Vibo &fdla, Crotone, Corigliano, Villa San Giovanni
and Catanzaro. The visit at each port allowed aldirect view of the strategic port elements, whose
technical data have been kindly provided by the agothorities.

The collected data concerning the Calabrian seaparttures have been processed and organized in
the WebGIS platform, where the following piecesifiormation are now available: digital and
georeferenced general plan view of the port andbathiymetry; technical data related to the wharf
structures (e.g., structural typology, state ofamepconstitutive materials); data from geotechhica
investigation performed in the port area; avaiigbibf backup areas suitable for civil protection
purposes in case of an earthquake (e.g., existeineenergency zones to be allocated to host tent
camps for displaced persons); port accessibility. (énlet, access ways linking the port area s



and railways, helicopter landing pads); port féiei and infrastructures of strategic importancg.(e
bunkering facilities, storage sites of dangerousdgd tsunami hazard maps developed by the
University of Bologna (EUCENTRE-PE d5, 2012). Figl b shows an extract of the WebGIS
platform for the port of Gioia Tauro.

Figure 2.1.Extracts of the WebGIS platform: a) Italian seaponder investigation (overall thirty ports); the
port of Gioia Tauro with in evidence the generalpView of the port, the bathymetry, the accesatpdo the
port area, port facilities and infrastructurestodtegic importance for civil protection purposes

The WebGIS platform of the maritime ports allowsdaonsider and evaluate jointly the different
factors that contribute to seismic risk in the pamta, providing also the possibility to identifyet
vulnerable structural and infrastructural elemenftshe harbour system. Thus, this platform is the
ideal tool to assess the seismic risk of maritiroe facilities.

3. GIS-BASED PROCEDURE FOR THE SEISMIC DAMAGE ASSESSMENT OF SEAPORT

Damage assessment of seaports under seismic loadiofy fundamental importance due to their
strategic role: any disruption in the activitiespafrt infrastructures may lead to significant eqoiw
losses and can hamper the response and recoverisdiillowing a natural disaster. In the present
paper, a GIS-based procedure for the evaluatiseigic damage which includes the assessment of
the seismic hazard, vulnerability and exposure edpsrt structures will be outlined. Fig. 3.1
schematically shows the flow-chart of the procedlirés important to point out that all the steds o
the procedure can be carried out at various leeélsomplexity, applying more sophisticated
algorithms and approaches depending on the av#yadind quality of the data. Damage scenarios is
computed in the GIS environment integrating the paeld procedure through the coupling with
external programs purposely developed. Furtherntbee possibility to share the GIS platform with
the DPC through the WebGIS Architecture constitiaekey instrument for the development of
seismic risk mitigation and prevention strategies.

3.1. Seismic hazard assessment

Seismic damages observed at seaports are duefécediftypes of hazard namely ground shaking,
liquefaction, soil settlements and, for strong leguiakes, surface fault rupture. Thus, the developed
procedure involves: seismic hazard assessmenttdodard site conditions; local ground response
analyses; evaluation of liquefaction susceptibgibyd induced displacements.
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Figure 3.1.Flow chart of the procedure for damage assessofiseaport structures

3.1.1. Severity of seismic ground motion

Concerning the severity of ground shaking, bottbpbilistic and deterministic approaches have been
considered. In lItaly, the probabilistic seismic draz was assessed by the National Institute of
Geophysics and Volcanology (http://essel.mi.infviit terms of both uniform hazard acceleration
and displacement spectra. This study was useckicuhrent Italian technical norms for construction
(NTC, 2008; Circolare NTC, 2009) to prescribe thmsmic action. A fundamental step in the
application of the probabilistic approach is thdéirdgon of the return periods to be used for seapo
structures. For port facilities, limit states to densidered according to the technical norms age th
Damage Limit State (SLD) and the Life Saving LirSiiate (SLV), characterized by probabilities of
exceedance respectively of 63% and 10% in a referpariod given by the product of the service life
of the structure by an importance factor. Sincthéncurrent Italian legislation seaports are carsid
strategic structures, they are attributed with faremce period of 100 years. Hence, the computed
return periods for the above two limit states taum to be 100 and 950 years. To have a comparison
with international recommendations, an investigatitas been carried out by consulting relevant
documents available in the literature on this stthje.g., Werner, 1998; PIANC, 2001; Pitilakis kt a
2006, POLA, 2007). Werner (1998), PIANC (2001) d&@LA (2007) indicates substantially two
reference return periods for the seismic actionad® 475 years. Pitilakis et al. (2006) suggedtitha
case of strategic structures such as seaportsetbmis hazard assessment should be performed for
return periods of 100, 475, and 950 years. In lmghthis, three return periods has been considered:
100, 475 and 950 years. Thus, the definition ofsttiemic action is consistent with the requirements
contained in the current Italian legislation andhie most important international references.



As an alternative to the probabilistic approacle #eismic action has been also defined using a
deterministic approach based on Ground Motion Etiedi Equations (GMPES) accurately selected
for the sites under consideration. Following thistinod, the parameters required to use the adopted
GMPEs can be defined using the Italian Databadedi¥idual Seismogenic Sources (DISS v.3.1.1,
2010, http://legacy.ingv.it/DISS), integrated iretiVebGIS platform. Alternatively, the earthquake
scenario was defined by the magnitude-distancecpamputed from deaggregation of the probabilistic
seismic hazard study (Spallarossa and Barani, 200Te framework of “Calabria 2011” program, a
simplified procedure has been implemented usingstlected GMPEs in order to develop, “real
time”, seismic damage scenarios for wharf strustureith minimal data requirement. The
methodology, fully automated and integrated in\WebGIS, requires, as input data from the user, the
major seismological characteristics of the eveailable in the immediate aftermath of the earthguak
(further details in EUCENTRE-PE d5, 2012).

3.1.2. Steresponse analysis

While the deterministic approach, through the GMPBmvides an estimate of peak ground
acceleration for either rock or soil conditions,tie probabilistic approach the ground motion was
predicted for stiff ground and level surface toggairic conditions.

For the evaluation of site effects, the NTC (208)ws the use of a simplified approach by applying
the provided amplification factors {$or the litho-stratigraphic effects) which modiflye shape and
the amplitudes of the ordinate of the elastic raspaspectrum. Alternatively, it is possible to eadé

the litho-stratigraphic effects by specific sitespense analysis, that require spectrum-compatible
acceleration time histories recorded on rocky sstdected from accredited strong motion databases.
This type of analysis is based on an adequate leumel of the geotechnical soil properties, from in
situ and laboratory tests, that allows the debnitiof a suitable soil geotechnical model. If the
hypothesis of vertically propagating seismic wavbsugh horizontally layered soil deposits is
verified, a one-dimensional (1D) model can be assurfor the evaluation of litho-stratigraphic
amplification. Several codes are available to perfthis kind of analyses (e.g., SHAKE2000, EERA,
STRATA, ProShake, DEEPSOIL, etc.). The quality anthpleteness of the data used to construct the
soil model strongly affect the reliability of thesults. The implemented procedure includes the
opportunity to perform 1D fully stochastic site pease analysis that allow to assess the sensio¥ity
results to both epistemic and aleatory uncertaifitsoil model parameters as well as the variabdity
seismic input (see the application carried outhaproject, for the port of Salerno in EUCENTRE-PE
d5, 2012). In case of more complex soil configwrmtifor which a 1D model is not appropriate, more
sophisticated and refined models (i.e., two-dimamel or three-dimensional) are to be used.

3.1.3. Evaluation of liquefaction susceptibility

Liquefaction risk has been recognised as one ofribgt significant seismic geotechnical hazards for
an harbor area (Rathje et al., 2010; Bray and F284t0). Therefore, particular attention has besd p
on the assessment of seismic soil liquefactionrpiate The evaluation of liquefaction susceptilili
performed in several stages that include: prelinyirgeological/geotechnical assessment of the site;
guantitative estimate of liquefaction potentialyelepment of mitigation programs, if required.

Concerning site assessment, a detailed summarnyadable methods that can be used to characterize
shallow marine sediments at seaports is illustrateBozzoni et al. (2010). Data of seaports under
investigation, acquired and collected in the GlSadase, are the basis for the geological and
geotechnical characterization at the harbor sites.

The assessment of liquefaction potential was ahreet using empirical correlations linking
liquefaction capacity to field-measured penetratiesistance or low-strain stiffness. The field gest
upon which the method of empirical correlationdb&sed, have now reached a sufficient level of
maturity as to represent a reliable tool (Youdlet2901). For sites in Italy, they include thenstard
penetration test (SPT), the cone penetration @BT] and direct measurement of in situ shear wave
velocity Vs(Lai et al., 2009). SPT and CPT are generally pretedue to the extensive databases and
experience. The oldest, and still the most widedgduof these, is the SPT. In general, the methods



based on empirical correlations should be used tv#éhawareness that the obtained predictions can be
considered valid only in first approximation. THere, an in-deep study has been undertaken to
identify the most suitable approaches to evalugtefaction potential taking into account advansage
and disadvantages of each adopted method.

An ad hoc procedure has been implemented in GlSra@maent using the selected liquefaction
triggering methodologies based on STP data. Twderéifit approaches has been applied: the
deterministic approach, based on the concept tbfat safety (k) and the probabilistic approach, for
which the liquefaction potential of a soil is débed in terms of probability of liquefaction (P
Furthermore, the implemented methods allow bothuacfual assessment of susceptibility to
liquefaction at different depths, through the diifom of Fs and R profiles with depth, and a global
estimate of the incidence of the phenomenon byltheefaction Potential Index LPI, proposed by
Iwasaki et al. (1978), and the Liquefaction Seyetitdex LSI, introduced by Yilmaz (2004).
Simplified approaches have been adopted for thtuatian of liquefaction-induced soil settlements
and lateral displacements.

Three computation methodologies, named Methodakggylethodology B and Methodology C, have
been implemented basing especially on Lai et 8092, Idriss and Boulanger (2008) and Seed (2010)
recommendations. Each methodology permits to comghé following parameters: factor of safety,
probability of liquefaction, LPI, LSI, vertical sktments and lateral spreading. The Methodology A
includes the widely employed methods (e.g., Youdlet2001). The recent monographs of Idriss and
Boulanger (2008) and Seed (2010) highlighted thatnhost negative aspect of such methods consists
in using databases which are not updated with tetaa. Seed (2010) criticized also several formal
aspects contained in the monograph of Idriss andaBger (2008). In particular, he argued that the
results obtained by applying the methods developeddriss and Boulanger (2008) are highly
unconservative and suggested the use of the prazsdtup by Cetin et al. (2009), who proposed a
probabilistic approach based on advanced Bayesiathaus for the evaluation of liquefaction
potential and soil settlements.

LPI and LSI with the values of vertical settlemeatsl lateral displacements are used for the creatio
of liquefaction hazard maps in GIS environment. ugfaction continuous maps (raster) are
particularly useful for the decision makers durihg phases of emergency response planning and
mitigation prioritization. Mitigation strategies toe proposed when required, are those described in
Idriss and Boulanger (2008) and Lai et al. (2009).

The assessment of the susceptibility to liquefactar the port areas of Vibo Valentia, Crotone and
Reggio Calabria was carried out by applying ale¢hmethodologies described above. Fig. 3.2 shows
digital and georeferenced maps, obtained in Gl$remwment, which represent the values of LPI (Fig.
3.2 a) and LSI (Fig. 3.2 b), computed at the pbWibo Valentia for the return period of 950 years,
applying the Methodology C. Maximum values of LRidaLSI are reached in a limited area of the
port, at “Banchina Buccarelli”. The LPI values dess than 6, therefore, on the basis of the
correlations proposed in the literature between &id ground failure levels (Lai et al., 2009), the
liquefaction failure potential can be considered.l&ig. 3.2 b shows that the LSI parameter is less
than 1.35 in the largest part of the port areas ttne liquefaction failure potential is low (Yilmaz
2004). The use of liquefaction digital and georefeed maps not only provides a representation of
the geographical variability of the phenomena witttie harbour area under invesigation, but also
allows to extrapolate the input data necessargtimate the damage to the port structures.

3.2. Vulnerability and damage of port facilities

Harbours represent complex systems of elementsdiffiégrent features and vulnerability and during
an earthquake various facilities can be damagemm fwharves with their supporting systems to
superstructures and utilities. Port facilities ¢enclassified into three main categories (see Fib).
waterfront structures (i.e. wharves, seawalls)nesa cargo handling and storage facilities; port
infrastructures, such as transportation systemsugiig systems.
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Figure 3.2.Digital and georeferenced GIS maps which repretbentalues of LPI (a) and LSI (b) computed at
the port of Vibo Valentia applying the Methodolo@yfor the return period of 950 years.

Damage to harbour components is classified inte fewels: slight/minor, moderate, extensive and
complete. Damage to each component is estimatedulmgrability curves defined as (cumulative)
lognormal distribution functions, which provide thpeobability of exceeding different levels of
damage as a function of a specific ground motiamarpater. Vulnerability of seaport structures has
been calculated by using empirical fragility cunfeiowing the standard procedure proposed in
HAZUS (NIBS, 2004) which is supported by data aeduits collected and revised in the European
projects RISK (Pitilakis et al., 2006) and LESSLO&®&ccioli, 2008). Although the procedures for
damage assessment implemented in HAZUS are basédnenican and Japanese data, a study by
Kakderi et al. (2006) showed that these databamese reasonably used, to a first approximation,
also in the European context. Different ground moparameters are used depending on the typology
of the structure: permanent ground displacementvatterfront structures, railways, storage and fuel
facilities; peak ground acceleration for craneskpground velocity or peak ground strain for buried
pipelines; other ground motion parameters for déifé specific components (NIBS, 2004, Pitilakis. et
al., 2006). In HAZUS no distinction is made betweskfierent kinds of waterfront structures (i.e.
wharves, piers, seawalls) and types of ground aigphent. Research projects are currently underway
to define ad hoc fragility curves; for instance, tine European framework, REAKT project
(http://www.reaktproject.eu/) has, among others, @bjective of developing time-dependent fragility
functions for critical structures and infrastruesirsuch the ones located in the port system.

Damage state is expressed in terms of percentagemfunctionality which is estimated as the
probability of a structure to reach at least a matelevel of damage (Pachakis and Kiremidjian,
2004). This parameter is of relevant importanceesithe consequences of seismic damages are not
only related to life safety and repair costs of tteuctures, but also to interruption of port
serviceability in the immediate aftermath of antlegmake. On the other hand, the time required for
restoration of damaged structures constitutesdles o estimate economic and social losses.

Fig. 3.3 b shows an example of seismic damage Hoefoa wharf structures computed at the port of

Reggio Calabria for the return period of 950 yedrse damage levels for wharves have been
evaluated using HAZUS fragility curves, which reguias input data the ground permanent
displacement, assumed equal to the estimated alesgttlements, represented in the GIS map of Fig.
3.3 b. From the GIS map, it is possible to extthetvalues of the settlements for the points atkvhi



the port structures of interest are located. Tharfvhtructures are represented as linear elements,
purposely discretized in segments of some tenseténs in order to take into account the geographica
variability of the input parameter to fragility a@s. On the basis of the results obtained applifiag
three methodologies implemented for the liquefacpotential assessment, higher values of vertical
settlements are reached in the eastern part gfdhiearea, specially at “Banchina Nuova di Levante”
where the maximum settlements are 35 cm. Thisdsréason why the expected damage level at
wharves located in the eastern part of the Regglalia port is minor (see Fig. 3.3 b).
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Figure 3.3.Digital and georeferenced GIS maps which repretbentalues of vertical settlements (a) and the
damage level estimated for the wharf structures{ithe port of Reggio Calabria for 950 years.

4. CONCLUDING REMARKS

The paper illustrates the ongoing research préyected by the Italian Department of Civil Proteatio
on seaport seismic vulnerability and risk assessm&rpivotal aim consists in the creation of a
georeferenced WebGIS database of the major Itaéaports located in moderate to high seismic
zones. This article focuses on the main features capabilities of this tool able to transform the
multitude of heterogeneous datasets concerning fpoifities into interactive and intelligent map-
based visuals. The WebGIS platform representsid sapport to decision makers for the purpose of
civil protection, being the corner stone of a mdlciplined approach to mitigate the seismic fisk
port areas. A GIS-based procedure for seismic daraagessment of seaports has been set up starting
from the definition of the hazard and accountingdontributions of both site effects and liquefanti
susceptibility. Some applications of the set uphmdology have been illustrated with reference & th
seaports located in Calabria.
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