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Organization of Mini-symposium in ECCOMAS-MSF 2021 conference
and presentation of the project results

UNIST and UNIFE organized a mini-symposium “Risk assessment and resilience estimation of
civil engineering structures and systems”, focusing on the PMO-GATE topics in the framework
of an international conference ECCOMAS-MSF 2021 held in Split in the period June 30" - July
02" 2021.

Researchers of eight international universities and research institutes with 43 participants (20
at the site and 23 on-line) have participated and presented their investigations.

Methodologies developed in PMO-GATE project and achieved results have been presented by
UNIFE and UNIST-FGAG researchers in four papers:

1. Seismic assessment of historical stone masonry buildings [1] - keynote lecture (Fig. 1);

2. Coastal flood exposure assessment due to sea level rise and extreme wave events (Fig.
2);

3. A Promethee multiple-criteria methodology for combined seismic and hydraulic risk
assessment: the case study of Ferrara (Italy)

4. A machine learning approach to the seismic fragility assessment of buildings

All papers have been published in the conference proceedings “5th International Conference
on Multi-scale Computational Methods for Solids and Fluids” which is available at the web-site
http://gf.unsa.ba/eccomas-msf-2021/Eccomas_MSF 2021.pdf.

, o =
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SESMIC ASSESSMENT OF HISTORICAL STONE MASONRY BUILDINGS
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Grozdanic’, Elena Benvenuti®
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Many counties of moderate to high seismic risk, including Croatia, have old city cores with

generstions. Strong eartiquakes cawe significant dumage and demolition of such buildings and
mumnerous casualties. Rehabilitation requires significant financial resources that cannot be secured at
once. Therefore, systematic care and planning & necessary in order to detect the vulnerability of
building: to earthquakes, to defermine priorifies in rehabilitation nd contimuously provide funds for

the reconstruction of such buildings. Between different Wr«haﬂmofmﬂ
ility, static non-linear ized 25 relizble tool for analysis of capacity
of structure and failure mechanism.

Tn this work, seismic vulnerability index method and static non-linear (pushover) analysis are used
for setsnuc vulnerability assessment of stone masonry buildings mn the historic city center of Kajtel
Kambelovac (Fig1). The mvestigation represents one of the activities of the PMO-GATE project,
focusing on the preventing, managing and overcoming natural-hazards risks like setsmic, floods and
‘extreme sea wave risks.

Dot P

Fig 1. Historical center of Katel Kambelovac with analysed buildings

The evalution of the global structural capacity is parformed according to Ewrocods § [1] and
corresponding Croatizn stendard [2, 3]. It is shown for 5 masonry buildings, built berween the 15t
and I9¢h cenfuries. The buildings are mde of stone blocks with mortar joints with 2 thickness of the
el et 45 75 am and il wooden flors

considered by the assumption of an eccentricity of the lateral losds equal to 25% of the mudmum
floor dimension at each level Three lateral load dismbutions (wmiform, hnear and modal distribution)
mﬂ:dmwamafaomawmwm\emdmpmednmgumwﬂw
Each pushover anzhysis results with the MDOF capactty curve. After the tremsformation of the
MDOF curve in the SDOF one, bilinear curve is sbtzined. Then, capacity of the struchure expressed in
peak ground accelerstion corresponding to the end of bilinear curve is caleulated.
Sersmmie vulnerability assessment 15 performed by TREMURI software [4]. Complete 3D models of

and
rocking mechaniss, with toe crushing effect, modelled by means of phenamenological non linear
o with stiffess

The seismic demand i defined by elastic acceleration response spectmn. Type 1 response
spectium [2] and soil clacs A [5] are used for HR fest site Kastel Kambelovac. The dasier. ground
acesleration dafined by saizmic bazard map for the retum period of 475 years is equal to 3,=0.20g. The
seismic capacity of the buildings will be defined by checking if the seismic demand represents with

375 yoare & abefied
Numesical predictions of the collapse accelerstion by non-linear stafic analyses show that zo
uilding meets the seismic requirement equal fo 2,~0.22g in either directions. Namely, the peak
svourd accaleration cormesponding to the collzpse of the buldings are in the range of 0.07¢ and 0.10g.
The failwre occurs due to different collapse modes such as shear, bending, tension and compression
faifures. The analyses shows that pushover analysis of stone masonry buildings can provide an insight
into both global seismic resistance and the mechanioms that lead to the stmctina] fahve. The seizmic

and obtained v indexes for chosen bullding: are discussed.
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Many coastal areas around the world are faced with an increase m flood risk due to sea level
rise and other extreme events. Sea level rise, mostly induced by climate change, presents one of the
bigzest challenges that countries and regions with coastal lowlands will face in the medium term [1].
Sea level nise 15 2 natural phenomenon that cannot be prevented and it wall most likely contirue to nse
well beyond year 2100 [2].

In this research. 2 flood exposure analysis for the coastal area of Kaitel Kambelovac in Croatia
(Fig. 1) is performed considermg sea level rise impact of extreme waves on the coastline The selected
area could be faced with 2 siznificant flood risk in the fiuture due to its low-lying topography and large
mumber of cultwal and household objects near the coastline. This research represents particular
activities of the PMO-GATE Interreg CBC project, focused on preventing, managing and overcoming
natwral-hazard risks.

Fig. 1. Coastal area of Kaitel Kambelovac [3]

The EU Floods Directive 2007/60/EC on the assessment and management of flood rizks [4]
obliged each member state to carry out activities for identification of areas with 2 significant flood risk
due to climate change. For such areas, Mnakmpsxwtﬂxﬁwdnimmﬂm.mbe
developed. focwing on prevention. protection, and preparedness. Republic of Croatia developed a
National Strategy for climate change adsptation [5], which recognized sea level rice 2 one of the most

significant climate-related factors. Furthermore, diffrent sea level rise scenarios are presented in this
Serategy for the period up to vear 2100

An analysis of different coastal flooding scenarics for the Kaitel Kambelovac area is
performed following the FU Flood Directive raquirements. Flooding scenarios are defermined based
on the combnation of three different natural factors; tidal effect, stmosphenic pressure and extrame
coastal waves. Furthermore, coastal flooding scenarios are adapted to climate change mmpact and sea
level nize projections for the Adnatic Sea

Tiddeﬁedﬁaﬂuﬂ&mghhmﬁcm&yﬁsofﬁemsnﬁmhmldﬁhﬁm:m
gauging station. resulting with a frequency and period of tide events. By extracting the tidal effect
from the measured sea level data, the impact of atmospheric pressure and ofher related effects is
determined and saparately evamated Climate change effect is implamanted through a3 leval rise
projections, reflecting through change of the mean sea level m comparison with the measured data.

Different wind and wave scenarios are independently evahuated for the analyzed area, and
‘based on the measured data abowut wind direction and velocity critical wind divections are recogmized.
For the selected eritical wind direction, different scenarios considering wind velocity are evaluated
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Fig. 2. The paper “Coastal flood exposure assessment due to sea level rise and extreme wave events”
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A PROMETHEE MULTIPLE-CRITERIA METHODOLOGY FOR COMBINED SEISMIC AND
HYDRAULIC RISK ASSESSMENT: THE CASE STUDY OF FERRARA (ITALY)
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Many regions worldwide are threatened by multiple natual and technological hazards, the munber of fhis
disasters significantly increase during the last decades. These disasters acted as mdicators of a greater exposure
to multi-risk situations and showed an increased vulnerability of our societies to more complex risks.
ﬁemsdm“mghmdhsmdhmdhmmmkmmlm
mwduwheab]em:ddtssﬂmewdﬂmmdlmdm sk

mitigation, crisis management and recovery) [1]. Considering a j umanalyssofmﬂhpﬂ.ehamdsmmws
challenges and difficulties arise that’s why the development of the modelling of nulti risks analysis scheme is
still in the early stages [2].

The first difficulty is lirked to the comparability of hazardous events: the risk associsted with different types
of natural kazards are often estimsted wsing different procedires leading to the results not o be comparsble,
when the events themselves could be highly correlsted [3]. The second difficulty concems the compartson of
the vulnerabilities of the exposed elements.

Moreover, another 1ssue is related to the weighting of the relevance of certain bazards of exposed clements for
the temitory: stakeholders may have different perceptions on the mpartance of each smgle rek. Lastly it is
alzo necessary to take into sccount the difficulty to collect data and information.

The pwpose of this work is to deseribe the methodology used for the evaluation of the combmed seismic and
hydraulic rick of the temritory of Fenrara.

‘The Visual PROMETHEE software, based on outranking methods (PROMETHEE methods), was wed a5 a
twlﬁxdalam]mmm:m

isual PROMETHEE, known for its simplicity and an important mmber of applications in different fields, it
umdmmmmpmmmdmmadmmmkumﬁumkaﬁmmsanfMerm
evaluated over a set of eritevia. The mformation related to each criterion is agzvegated through the definition
of preference fimctions, each criterion also have 2 weight expressed by 2 non-negative musber that represents
the importance of the different criteria: the bigher the weight the more important the criterion. The weights
reflect 2 major part of the “bram’” of the decision maker. [4]

In this application the hydraulic and seismic risk have been broken down into their conponents: probability of
ocewrence of the flood, seismic hazard (PGA), exposmre (land use, strategic bulldings, population density)
and vulnerability (age of buildings); they have been inchuded m Visual PROMETHEE as "criteria”, while the
mmmicipalities of the Ferrara temitory as "altematives”. These data were collected from both the Consorzio &
Bonifica Piamra di Ferrara and the Mumnicipality of Ferrara websites.

The result of the analysis made it possible to hishlight the areas most affacted by the hydraulic-seismic risk
(Fig. 1) but also the crstenia that most posifrvely vely influence the fFerara (Fig. 2).

Mmﬂb@mﬂmdﬂmﬂdﬂmﬁo{hm&\ﬂﬁlmﬁmhmhmdm
(weights v do not
often induce important modifications.

mmmmwwumm “Preventing, Managing and Overcoming natwral-hazards risks to
mitiGATE  economic inpact” (PMO-GATE), funded by the Ewopean Union

mhmmdk!nmeghﬂ)mmmgnm
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Fig.3.  The paper “A Promethee multiple-criteria methodology for combined seismic and hydraulic risk assessment:

the case study of Ferrara (ltaly)”
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A MACHINE LEARNING APPROACH TO THE SHSMIC FRAGILTY ASSESSMENT OF BUILDINGS
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The right pazel in Fig. | shows the way in which these real structures can be simplified into single degree of
reedom (SDOF) systems, characterized by their comesponding period of vibration (T), Lsteral strength (Fy),
and damspme retio (2). The lsteral strenzth of each system was chosen such that the proportion of collapses of
each SDOF s amound 5%

We will focus on these sinplified systems with T=0.1s, 0.5z, 105 while £ will be kept aqual o 5% 2
wsually done in practice. The force-displacement belaviar of the simplified models was based on
structural enginesring parameters, baving 3 bilinear form with a post-yield stiffness ratio of -2%.
The dataset iz built fiom the outcomes of nonlinear dynamic aalyses on the tvee oscillators for n wbizsed
st of 274 different input sround motions.

Using the app MATLAR Classification Leamer, we creste an amlytic model to classify the various samples
(uildings) in two categories, respectively representatives of a state of collapse or non-collapse.

We evaluste the precision of the modsl by analyzing the confision mafrix and caleulating three different
‘parsmeters for each of the two classes. Using the collected parameters, we determine the predictive reliability
of the salected IV (Fizs. 2-4).

* University of Femrars, elena benvenntiiiunife i

Suatusting the kstbood of demnge in iling: wnderging exthqule acton i 3 &t and e N == o
consuming task. In the context of| (FBEE).am meaamre g ~— 5
mmm.mmmm.mmwmm&emmmmm i n i

amalysis [1-2]. The pupose of this study is to develop 3 structwrs] damage classifier and improve cuent e
‘ediction om the basis of a given infensity measure and different supervised mackine learning alzoriths [3]: B .
Suppert-Vector Macheme (SVM), Logistic Regression (LR) and Random Forsst (RE). f—

Tn particular, the eficiency of four different IM: for estimating the seismic resporse of thyes different kind

Figure 2. SVM. Accuracy vs Fundamental Period. O the le:, elastic ascillator. On the righs, elastic-plastic oscillator.

of buldings 15 evaluated, namely peak mound acceleration (PGA), zpectral acceleration evaluated af the
‘principal period T, (S.(T)), average spectral acceleration S, v, Sltered mcremental velocity (FIV3) [4]. The TREE TREE
classifier will be able to predict the post-sarthquake damaze state, ziven the geometry of the bulding and the PP ——) S

mtesity of the ground motion input. In pasticular, the ppose of this classifier i to accelerate post-eathquake
damage evaluation of eritical brildings. This will allow faster recovery time and decrease fmncial losses
A focus is made on thres different buildings typologies that can be wed to reprasent the mjority of the i
tuilding stock in the city of Ferrara (Fay). & schematic representation of the chosen building typologies is
depicted in Fig. 1: one and two-story bouses, low-rise buildings (3-6 stories), medium-rise buildings (3-15

stories). ‘ S —
Figure 3 Tree Accuracy vs Fundamental Period. On the lefi. slastic oscillator. On the risht. slastic-plastic oscillator
LOGISTIC LOGISTIC
Medium-fise T=10s dr —ata) sty i) N —
casogoass A .
oooogpasn : .
Low-rise cacageacs o g
bosompass i : -
coepgoono vooopuoce g a
ceangmnmn|  [omaapeama|  — N
YT naooppasn =018 ~ -
Houses  |0000CnDoD oooogeass - : 1 E
uws |ogoocoons| - |oaonnuacs ) . i .
Bea ©ogeC0000 pooopoacs .
e czacqonns sosaqeace 5 Figure 4. Logistic Regression. Accuracy vs Fundamenta] Period O the left, elastic oscillatar ommgxu slastic-
plastic oscillator

Figure 1. Types of buildings. On the left, real buildings. On the right, reduction inro SDOF-systems
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Fig. 4.  The paper “A machine learning approach to the seismic fragility assessment of buildings”
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Organization of Special Issue "Natural-Hazards Risk Assessment for
Disaster Mitigation" in the scientific journal “Applied Sciences”

UNIFE and UNIST staff have jointly organized Special Issue "Natural-Hazards Risk Assessment
for Disaster Mitigation" in the scientific journal “Applied Sciences”.

This Special Issue addresses concepts, methods and techniques for the natural hazards risk
assessment including, but not limited to, floods, earthquakes and meteotsunamis.

Information about the Special Issue is available at the following web-site:

https://www.mdpi.com/journal/applsci/special issues/nhra_disaster mitigation

So far, 12 scientific papers have been published in the Special issue. Among them are 5 papers
dealing with the topics of the PMO-GATE project:

1. AMachine Learning Framework for Multi-Hazard Risk Assessment at the Regional Scale
in Earthquake and Flood-Prone Areas (https://www.mdpi.com/2076-3417/12/2/583)
[5], Fig. 5

2. A PROMETHEE Multiple-Criteria Approach to Combined Seismic and Flood Risk
Assessment at the Regional Scale (https://www.mdpi.com/2076-3417/12/3/1527) [6],
Fig. 6.

3. Seismic Risk Assessment of Urban Areas by a Hybrid Empirical-Analytical Procedure
Based on Peak Ground Acceleration (https://www.mdpi.com/2076-3417/12/7/3585)
[7], Fig. 7.

4. Analysis of the Seismic Properties for Engineering Purposes of the Shallow Subsurface:
Two Case Studies from Italy and Croatia (https://www.mdpi.com/2076-
3417/12/9/4535) [8], Fig. 8.

5. A Database for Tsunamis and Meteotsunamis in the Adriatic Sea
(https://www.mdpi.com/2076-3417/12/11/5577) [9], Fig. 9.

Four project partners (UNIFE, UNIST-FGAG, OGS and INGV) participated in the published
papers.

European Regional Development Fund www.italy-croatia.eu/pmo-gate 8
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Abstract Commumnities ape confronted with the rapid.ly gmwin[l; hnpa-ctold.i:ulzr:, chae fo mamy
factors that cause an inorease in the vulnerability of sodety combined with an increass in hazardous
events such as earthquakes and flopds. The possible impacts of such events are large, also in
dzue]o]:ed countries, and Fovernments and stakeholders must adupt risk reduction ;'mmqs:ig: at
different levels of management stages of the communities. This study is aimed at proposing a sound
qualitative multi-hazard risk anabysis methodology for the asssssment of combined seismic and
hoydraulic risk at the egional scale, which can assist governmenis and stakeholders in decision
making and prioritezation of interventions. The method is based on the uwse of machine kearning
techniques to aggregate large datasets made of many variables different in nature each of which
carries information relaied to specific risk components and clusterize observations. The framework is
applisd to the cass stud.)roil:tu Emilia Romagna reEinn. for which the diffe rent muni.cipa.'lilis ars
grouped into four homoge neows clusters ranked in terms of relative kevels of combined risk The
proposed approach proves to be robust and delivers a veny useful tool for hazard management and

disaster mﬁg.!t\ml, Parl:icululy for mult-hagard uu:u:blinﬁ at the rqsim.:] scale.
Keywords: risk assessmment; mult hazard; seismic :i:k;hyd.mu]i:ri:lc; machine In:rn.ing; pr.in:ipal
component analysis

L Introduction

The frequency of natural extreme events is increasing worldwide [1-9], and human
activities often inkeract with dbvastating efects, affecting people and natural environments,
and producing great ecomomic losses, especially in developing countries. On the other
hand, in scme developed countries, disasters have been decreasing since the beginning
of the 20th century [3,4]. Understanding risk involving vast inhabited areas is, thesefore,
paramount, particularly when assessing potential losses produced by a combination of
multiple hazards, which are defined as the probability of eccurnence in a specified period of
a potentially damaging event of a given magnitude on a given aea [5]. In fact, total risk is a
measune of the expected human (casualties and injuries) and economic (damage to property
and activaty disruption) losses due o a particular adverse natural phenomenon. Such a
Measure is mmph-alt_v assumed as the pmduct of hazard, Vulnerah-i]it_v_ and e posude
imstances [6]. Expesumne of people to the consequences of extreme natural phenomena

Al 5d 2022, 12, 563 hitpe/ /ooy 103390 appl20n05ea

bittgec e wewe snd pi com fjournal) appleci

The paper “A Machine Learning Framework for Multi-Hazard Risk Assessment at the Regional Scale in Earthquake

and Flood-Prone Areas”

www.italy-croatia.eu/pmo-gate 9



Fig. 6.

interreg
Italy - Croatia

pMO'GATE EUROPEAN UNION
. applied ﬁ'\'{")
sciences
Article

A PROMETHEE Multiple-Criteria Approach to Combined
Seismic and Flood Risk Assessment at the Regional Scale

Arianna Soldati *, Andrea Chiozzi %, Zeljana Nikoli¢ *, Carmela Vaccaro * and Elena Benvenuti **

T {3 gy DO XN g€ 2011937
Academi Eitmr |gal M. Shebee

Bevrovwat ¥ Nowwenber 300
Accopmid I7 |asasery A0
Pultodwd 51 haseary 2023

Poblishar's Nusei MOP! sbars o
W R et e prsditiond
B N e L UL
e

Chpyright © 3523 by the mithens, Li
e ML Baad, Switasrhend
TS Arhle b a0 wpen svves aitiie
B e R
Hsare ot e Civative Comminm Ab
It U Y ) b (oo
R el LU

' Dwp of Eng . Lo ity of Fersara, #4122 Ferrara, ltaly; anansa soldatstedu unide it
* Dy of E i and Pr Scwmees, Unr y of Fersara, 44122 Ferrara, Raly;
sndrvn chinzzstunife it (A C. ) carmada vaccarosurste st (CV )

¥ Faculty of Civd Engineerimg, Archatectun snd Coudewy, Usiveraty of Split, 20000 Sple. Croatia;
awlpa mbolcPyrade b
¢ OGS, hatuto Nassonale di Ocesmografis « di Ceofaica Spersssntale, Borge Grotta Cagante 42/.C

mmiyum.hly
.G RPN PaPe
Abstract: Soctal vulswrability bs deeply affected by the | Ins hazasdous events such & earth-

qmwmmmuwuwmmmmwmmnu
! (& and stakeholders must adopt saitable risk reduction strategies.
muswnwnm.quum-u»mammymmmmm
of combined setsmic and Bood risk using PROMETHEE, a Multiple-Criteria Ductssan Analysks tech-
nique. The present case study s a multl hazand risk sssesament of the Ferrara province (ltaly). The
proposed approach & an orginal and Gexible methodology 1o qualitativily peloritiee urban centers
affectod by malti-hazard risks at the reglonal scake. i delivers a usetul tool to stakebaldens involved
ins the p of hazaed W and disaster mitigation.

Keywonds: rish assesament; multt hazard, setsmic rsk; flood risk, Multple- Criteria Docsion
Analysis, FROMETHEE algorithen

1. Introduction
Muvymn!umprwdmﬂdwidrm‘ ingly subjected to hi
mﬂmm y the of these lounlnmhmand

more vl abl mrmw‘kd risks [1-7] Globalization and climate
Wmlbmwlpahdﬁwmubm&dyumﬂd-h&mmm

countries closely linked and interd ities are not only vulnerable
ln:dnummbuuhobﬂm- % '-“M tional termitonies. Climate
change increases, others, the fr y and of e logical

ﬂmmhydmhpdwwmknwuumrn&dnm The awareness of this
worrying trend has determined the need for adequate tools 1o address and mitigate these

risks, as well as informati paigns to foster resill and coping capacity of com.
munities [5-7)

Understanding risks involving vast inhabited arcas is theref, P
larly when ing p jal losses produced by a combi stion of Itiple hazards.
Herealter, a hazard refers to the prob ‘imynt in a specifi ‘ptnadnhpnim

Myqumdapmmmnud-mammmm Total risk is 2 measure of
the expected human (casualbies, irguries) and economic (damage to property, activity dis-
ruption) losses due to adverse natural ph Sucha - d ta be the
product of hazard, valnerability, and exposure instances [9]. Many areas on Earth are
subjected to the effects of i Mtiple hazards, % which flcods [3.8] and
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Abstract: The sebsenic risk assessment of existing urban areas provides important informsation for
the peocess of ssesmic risk reduction in different phases of planning and REMCY ]
Batwaen different Lirge-scale i chies, & valnerability index meth ‘knl’hﬂnmﬁdh

the first sereening of the buildings and -.-ulmabulh- classification. However, this method canmot
fully predict the effects of a specific sesmic action on buildings. This paper fully exiends thi
scake of the settlement and properly upgrades a methodology previowsly proposed by authors o
predict setemic damage and the risk bo a restricted number of masonry buildings in the Croatian
selthement Katiel Kambelovac located along the Adriatic coasl. The peoposed approach ks based on a
hybrid empirical-analytical procedune that combines setsmic vulnerability indices with critical peak
ground aovcliFaticns for different lim# state computed throisgh a non-linear pushover analysis. The
provedurne’s outcames are the computation of a relatiorchip linking vulnerability indices io peak
ground aoceleration for a series of stales, cormesponding o damage lmitation, significant damage,
and near collapse. The described methodology k= used to eslimale seismic sk in terms of damage
and the Index of setsmic rsk for selected rehum pericds. The general methodology has alkswed a fall
setsmic vulnerability assessment of e whole Croatian seltlement of Katiel Kambelova:.

Keywonds: srismic pisk assstament; pushover analyels; valnerability inde; damags indo; indes of
setsmic Fisk; masonry buildings

1. Introduction
The main reason for excessive human besses and material damage during a seismic
event i the insufficient seismic resistance of buildings. The assessment of seismic per-
Formance of bui]d.'l'lﬁs inan ﬂ:i.sl:ing wurban area is a.dcuundhg task for civil mguu:em
especially in old cities that have been gradually growing and expanding over the course of
centuries. The hrtu:ns,um distribution ol"h'l.l.il.d'l'l.p with different architectural, material
and structural characteristics, a.mm'np.ani.nd 'hg. different ages ol"buil:li.ngs maberial degmda
ticm over Hime, various structural and non-structural interventions and, generally, the lack
of knowledge about the performance of the structure, lead to numerous uncertainties in the
analysis of such structures. Given the complexity of the problem, the assessment of seismic
vulnerability and the sk to large areas is usually performed by simplifisd methods.
The approaches for the evaluation of structural vulnerability can be generally classi-
Fied ﬂ:mpiri:l.'l. alulyti.n:al. or h:ﬂ:u'i.d. m them, cmpd:icalnmtl'nds are often used
for the first screening of buildings and vulnerability classification. The vulnerability in-
dex method [1,2] and 'Ihl.-d:mmﬁc probability index method 3] are the most common
ches ip assess a building's vulnerability at the urban scale. Different versions of
the vulnerability index method have been derived from the approach developed by the
[talian Defense Mabional Gmup zﬁ:u:u.t E:u'ﬂ'lquakn- (GNDT) for the seismic 1\.'|.|J.r||:|'al'.-|]|.t:|.I
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Abstract: We prosent two case studies of the application of setsmic surveys 1o estimato the elastic
properties of soll and rock in the shallow subsurlace. The two sites peesent very different geological
characteristics. The first tost site is a town on the Croatian coast, not far from the city of Split, badlt on
hard rock, where we acquired theee seismic lines. The second site is located in the outskirts of the
dwolkuua.mwy.ln-m alluvial plain, where two lines were acguired. In both sites, for detailed

we acquired surface-, comp al. and sh further distinguishing the
latter betwoen horizontally (SH) and vertically (SV) polarized wavefields. We p d the data by
performing a Multichanne! Analysis of Surface Waves to compute a preds y d
shear wave vedocty profile. Then, we perd d first-brvak wraphy to compute P-, SH- and

prided S\evelocity profiles. Such ) acay allowed us to compute not anly basic engineering
such as the equivakent she. velocity of the first 30 m of subsurface (Vi) from the
Ishem, G ; Meraghizd, T Asabys of sHpmnhﬁbuulfaolham-lulpum;uhnmvrlv,mdsmu!heammﬁcpydlho
o Setamic Propertios tor maedium thanks to the Vsy /Viae. Given the level of detadl of the results and their englreering value,

Dnghoeering Purposs of the Shallenw W conclude that the method of investigation we applied in the two test sites s 2 valuable tool for

Citatien: Da Cal 1 Accann, T

Subanrtace: Two Caw Staction froen chy g the shallow subsuet,
Ialy and Croatia. Ape. St 2022, 12,
4T33. Bespec /[ dodoeg / 10390/ Keywords: geophysical Ving, seismic wraphy, geotechnical char,
spplameE
Acadeeric Edtors: Andrea Chicaz,
Tema Bermvmast and Zefana Nl
1. Introduction
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- Geotechnical ch of the shalk L I str of a site is an es-
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chnical properties can be d by analyzing samples in a laboratory [1] or with
Pubitlabiny’s Mafe: OFL yio) in situ such as the core penetration test and the load-bearing test.
g , these have the main disadvantage that they only provide a punctual esti-
it smopy s hetiithoal sttt mmafhparm Foﬂhumsm geophysical surveys are becoming increasingly
—— in § thanks to their ability to accurately compute the main
m mendmemwwmmmmﬂvhmwnu

dalrm m H

over a relatively wide area [2). Specifically, the thod is able to eval the seis-

Fig. 8.
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mic velocities of the medium, which are a proxy for its elastic moduli [3]. Mare precisely,
the seismic velocities are related to the bulk and shear moduli of the terrain, which describe
the stiffness of the medium and therefore lls.thhtv to amplify seismic waves [4]. Based

Autrivamd wnder the e g ON this, in the past several decad T ists have established the vital i
comdiions of the Cmasve Commems Of NEar-surface shear-wave velocity charmubcnbothﬁnmaﬂummllﬂ] and ob-
Attribtion (LT 5Y) keenwe (hepe//  S€TVational point of view [6]. Legislation foll d these and ¢ y, the most

CovattvecosTmonong Boewen /by /
40/

commanly used geotechnical p.\nmctr is the equivalent shear-wave \'elnuly o{ the first
30 m of subsail (Vi) [7-9]. The most widely used geophysical methed to compute Vi is
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Absiract In the frame of the Interreg, Haly-Croatia program, the EL has funded the PRMOSGATE
project, Tovusing on the prevention and mibigation of the socioecomomis ispact of natural hazsrds
in the Adriatic region. The Database of Adriatic Tamamis and Meteolsuraeis {IAMT) i ome of
the deliverables of this project. DAMT s a collection of data documending both meteotsunami ard
tsunamd effects along the Easherm and Weslern Adriatic coasts, and it was realized by starting from
the available database and catalogues, with the irchasion of new data gained from recend studies,
mrwapapers and websiles. For cach urami and metoolsunamd, the database providis an overview
of th event and a detailed description of thwe effects cbeerved at each alffected location ard gives a
picture of the geographical distribution of the effects. The database can be accessed theough a GIS
Wb App, which allows the user to visualize the georeferenced indormation on a map. The DAMT
WebApp includes three layers: (1] Adriatic Tsunami Sources, (2) Adriatic Taunaei Observation
Poinis ard [3) Adriatic Melaosmnamis Observation Points. The databsese condaine 57 observations of
tsunami effects related o 27 sunamis along the Nalian, Croatian, Monbenegrin and Albanian cossis
and 102 observations of meleotsunami effects relaled o 33 metecbsunamis.

Keywornds: Adristic Sea; database; sunami; meteotsumami; ArcGis, WebApp

1. Introduction

Due to the increasing number of extreme events that are being experienced arund the
waoirld, the interest of the schentific commaunity in natural hazards has grown significanthy
m recent years, and one of the main tacrs,l:ll.:'u.ﬂt Pnz\rﬂllinnmd.md.wlinnnl’riﬂu related
to natural events. The Sendai Framework for Disaster Risk Reduction (2015-2000) outlines
the overall ohjectives to !.'u'l:s-‘.:l.nI:i::ll:|.I reduce dissster risk and losses of lives, Iivelihoods,
and health. It clearly states that in order to diminish the frequency and impact of disasters,
itis ired Bo better und d dsaster risk I:Expiuun.- to hazards, vulnerability and
capacity and the hazard's characteristics) and furthermaore to improve risk governance and
increase resilience.

Ini this regard, many international projects related to the reduction of risk have been
funded in the last decade, and the Eumpeu.n Union ha.:-s'l.lppu'hnd and fmanced some
projects as well. In particular, a wide-ranging cross-border cooperation program betwesn
Italy and Croatia called In hass been established, lncl.l.n'.n@nn the sea basin, coastal
landscapes, green areas and urban areas as well.

The Adriatic Sea is the core center of the Tkaly-Croatia cooperation anea, and it is a joint
economic and environmental asset and a natural platform for combined efforts. The coxstal
area, both in ltaly and in Croatia, kcxptmd toa mn@l.-o\fmh.lml hazards, parlicu.'lar]g,r
floods, stromg, winds, dl‘I:I.I_E"I'L carlhqu:ﬂms. tsunamis and meteotsunamis. Tal'.i.nE ity
account the coastal vulnerability, disaster risk reduction is a critical factor for the social and
economic development of the involved countries.

In the Frameework of the Inlcrrqs Iraly-Croatia program, PI'EV‘EI'I'-I'IS, Manapns and
Ohvercoming Natural-Hazards Risks to mitiGATE economic and social impact (FMO-GATE)

Appl. Sci 3083, 12, 5577, httgee/ {dviong,/ 103360 {app] 2115577
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