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1 BACKGROUND OF THE DOCUMENT

1.1 RELATED WORKPACKAGE AND TASKS

This document describes the activities that took place in the framework of the
WP5 and is related to Task 5.4: Publications and Presentations (of project
research outputs).

1.2 SCOPE AND OBJECTIVES

This document presents the Publications and Presentations accomplished within
the EReS project. Early Scientific work during and in the framework of the
project has been mainly presented and published in National and International
Conferences. In addition, more mature scientific work is going to appear soon
(as delay is expected due to peer review process) in international peer-
reviewed Journals, promoting accordingly results of the EReS project.

2 PUBLICATIONS AND PRESENTATIONS

2.1 Introduction

In the framework of the EReS project, original scientific work has been initiated
with respect to seismic hazard and risk assessment in the Greek-Turkish Cross-
Border Area, to site effects in the accelerometers stations involved in the
project as well as in the training and education framework with respect to the
output of the EReS. In the following section, the titles of several
publications/presentations are given. In the ANNEX all corresponding Abstracts
arealso provided.

2.2 Titles of the pubications /presentations in the framework of the EreS

The following papers have been presented or/and are accepted for presentation in:

(A) The European Geophysical Union Conference, hold in Vienna, Austria, 28-30
April, 2025.

1. Kourou, A., Theodoulidis, N., Konstantinidou, K., Papanikolaou, V.,
Papatheodorou, C., Kirtas, E., Panagopoulos, G., Nurlu, M., Sezer, S., Kuterdem,
K., Zulfikar, C., Mert Tugsal, U., and Ergen, V. (2025). Earthquake Resilient Schools
in High Seismicity Areas of Europe: The case of Greece-Turkiye Cross Border
Area, EGU General Assembly 2025, Vienna, Austria, 27 Apr—2 May 2025, EGU25
- 15086, https://doi.org/10.5194/egusphere-egu25-15086, 2025.
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2. Chatzianagnostou, E. and Theodoulidis, N. (2025). 1D Site characterization of
National Accelerometer stations in Greece based on earthquake recordings and
the Diffuse Filed Concept (DFCe), EGU General Assembly 2025, Vienna, Austria,
27™ April to 2" May 2025, EGU25 - 8382, https://doi.org/10.5194/egusphere-
egu25-8382, 2025.

3. Theodoulidis N., Hollender F., Rischette P., Buscetti M., Doustebacque I.,
Grendas |. and Roumelioti Z. (2025). Characterization of selected “rock”
reference stations of the Hellenic Accelerometer Network (HAN).

(B) The Hellenic Conference of Earthquake Engineering and Engineering
Seismology (ETAM) to be hold in Athens, 30 Oct. — 1 Nov. 2025

1. Chatzianagnostou E., Theodoulidis N. (2025). Site characterization of
Accelerometer stations in Greece based on earthquake recordings and the
Diffuse Field Concept (DFCe).

2. ©e060UAidNneg N., Mpévdacg l. (2025) Ektipunon toxupng edadkng kivnong peyailwy
OElOPUWV otov EAANVIKO Xxwpo: H TePUMTWOon TOU KATAOTPENMTIKOU OELOUOU
(M7.2) tng Kedahoviag 1953 (in Greek)

3. ©egobouAidng N., NamavikoAdou B., lwavvng Mpévdag |., Kwvotavtwidou K.,
Kapakwotag X. (2025). Aiktuo Emtayuvoloypddwv evtog MoAsodopkou
Juykpotiuatog kat upBoAn otn Meilwon tng Zelopkng Atakwvduveuong. (in
Greek)

4. Xatlnavayvwotou E., OeodouAidne N., Fpévdag I., Shible H., Hollender F. (2025).
AfloAoynon Ttng Katnyoplomoinong twv edadlkwv ouvlOnkwv Kol Twv
TIapayoOvVIwy evioxuong tou Eupwkwdika 8. (in Greek).

(C) The Turkish National Conferences in February and April 2025, Ankara.

1. Nurlu, M., Tirkoglu, M., Kuterdem, K., Aksel, D., Kdksal, T.S. ve Tekin, B.M., 2025,
Okullarda Yerbilimlerine Olan ilgiyi Artirmak i¢in Ornek Bir Uygulama “Okul
Sismolojisi”, Uluslararasi Katilimh 77. Turkiye Jeoloji Kurultayi, 14 - 18 Nisan 2025,
Ankara (in Turkish).

2. Nurlu, M., Kuterdem, K., Sezer, S., Kéksal, T.S., Tiirkoglu, M., Tekin, B., Ozsarac,
V., Sentiirk, M.D., Aksel, D., Kilig, N., Ziilfikar, C. Ve Tugsal, U.M., 2025, Okullari
Depreme Direngli Hale Nasil Getiririz?, Tirkiye’'nin Afet Risk Yonetimi
Yirmiyedinci Yuvarlak Masa Toplantisi, ODTU, 23 Subat 2025, Ankara (in Turkish).

(D) In International Journals

1. Chatzianagnostou E., N. Theodoulidis, |. Grendas, E. Ito, H. Kawase (2025),
Estimation of Vertical Amplification Correction Function (VACF) in Greece based
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on the Generalized Inversion Technique of Strong Motion and Diffuse Field
Concept on Earthquakes, Bull. Seism. Soc. Am., (accepted for publication).
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EGU General Assembly 2025
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Earthquake Resilient Schools in High Seismicity Areas of Europe:
The case of Greece-Tiirkiye Cross Border Area

Asimina Kourous, Nikolaos Theodoulidisz, Kiriaki Konstantinidouz, Vassileios Papanikolaous,
Constantine Papatheodorous, Emmanouil Kirtass, George Panagopouloss, Murat Nurlus, Selim

Sezers, Kerem Kuterdems, Can Zulfikars, Ulgen Mert Tugsal7, and Volkan Ergenz

1Earthquake Planning and Protection Organizarion, Social Earthquake Defense Directorate, Athens, Greece
(kourou.asimina@gmail.com)

2nstitute of Engineering Seismology and Earthquake Engineering (ITSAK-EPPO), Thessaloniki, Greece
(nikostheodoulidis@gmail.com)

3Civil Engineering Department, Aristotle University of Thessaloniki (AUTH), Thessaloniki, Greece (billy@civil.auth.gr)
slnternational Hellenic University (IHU), Thessaloniki, Greece (conpap.2012@gmail.com)

sDisaster and Emergency Management Presidency (AFAD), Turkiye (murat.nurlu@afad.gov.tr)

slstanbul Technical University (ITU), Turkiye (can.zulfikar@gmail.com)

7Gebze Technical University (GTU), Turkiye (ulgentugsal@gmail.com)

In high seismicity regions, one of the greatest risks to population safety is the catastrophic impact
of earthquakes. Among the critical societal infrastructures at risk are school buildings, which
house both students and staff. In earthquake-prone countries, enhancing the preparedness of
schools to address seismic risks is essential. This effort raises two fundamental questions for
authorities: (a) what are the most effective measures to create earthquake-resilient schools? (b)
How can civil protection agencies contribute to achieving this goal?

To address question (a), building earthquake-resilient schools requires a multifaceted approach
combining structural, educational, and policy-driven measures. Key actions include implementing
structural and engineering reinforcements, developing robust policies and securing funding,
providing education and training programs, fostering community involvement, utilizing technology
for real-time monitoring and ensuring effective post-disaster recovery plans. For question (b), civil
protection agencies play a pivotal role in supporting earthquake-resilient schools by leveraging
their expertise, resources, and coordination capabilities to enhance prevention, preparedness,
response, and recovery efforts.

A joint effort, within the framework of the European project Earthquake Resilient Schools (EReS),
has been initiated to promote earthquake resilience in the Cross-Border Area (CBA) of Greece and
Tirkiye. The project focuses on harmonizing seismic hazard and risk assessments in the CBA and
implementing joint preventive and response measures against potential earthquake disasters.
Four pilot sites—two in Greece (Alexandroupolis and Samos) and two in Tirkiye (Izmir and
Canakkale)—have been selected for monitoring specific school buildings, using low cost-New Gen
instrumentation (accelerometers). School Seismology practices have been applied in Canakkale
and Alexandroupolis to contribute to awareness raising of school community as a pilot study.
Real-time seismic data from these schools are streamed to the Computer Centers of respective
institutions for analysis, for predicting rapid prediction of structural damage, such as inter-story
drift and stiffness degradation. These findings are expected to enhance seismic preparedness and
to provide tools for rapid post-earthquake assessments.

In parallel, educational and training activities were conducted for students and staff, along with
preparedness drills at the pilot sites. The benefits of this collaborative effort in the CBA are
discussed, highlighting its contribution to enhancing earthquake resilience in schools. Finally,
recommendations for further steps to strengthen school preparedness and safety against seismic
risks are proposed.
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1D Site characterization of National Accelerometer stations in
Greece based on earthquake recordings and the Diffuse Filed
Concept (DFCe)

Eirini Chatzianagnostou and Nikolaos Theodoulidis
Institute of Engineering Seismology and Earthquake Engineering, Engineering Seismology & Earthquake Engineering,
Greece (echatzian@gmail.com)

This study presents the site characterization of 133 selected stations in the National Accelerometer
Network of Greece. All available earthquake recordings for various distances, magnitudes and
azimuths around the station are compiled and processed to estimate a stable and reliable average
Horizontal -to-Vertical Spectral Ratio (eHVSR). The earthquake records used have magnitude range
4 < M < 6, with focal depth ranging from 0 to 40km and hypocentral distances 12 km < Rhyp <

300 km. Using the Diffuse Filed Concept for earthquakes (DFCe), and incorporating limited a priori
geological information, available for the area around the station, the estimated eHVSRs were
utilized in an inversion framework to estimate the best misfit velocity profiles down to
seismological bedrock (where Vs>=3km/sec). Comparisons of these estimated velocity profiles with
existing ones for the selected stations based on other geophysical or/and geotechnical methods,
revealed good agreement, encouraging broader application of this methodology for the rest of
stations.

In accordance with recommendations from the SERA project, seven key indicators were calculated
for each of the 133 stations and are presented as follows: (1) Resonance frequency (fo), (2) Shear
wave velocity of the uppermost 30 meters (Vsso), (3) Surface geology description, (4) Current EC8
site class, (5) Depth of the seismological bedrock (Hskm/s), (6) Depth of the engineering bedrock
(Ho.skm/s) and (7) Vszfull profiles where available. Such comprehensive site characterization of
accelerometer stations enhances regional and international strong-motion databases (e.g. ESM

db) and contributes to exploiting earthquake recordings to their full potential for engineering and
seismological applications.
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Characterization of selected “rock” reference stations of the
Hellenic Accelerometer Network (HAN)

Nikos Theodoulidisi, Fabrice Hollenderz, Pauline Rischette2, Margaux Buscettiz, Isabelle Doustebacques,

loannis Grendasi, and Zafeiria Roumeliotia

1Institute Engineering Seismology & Earthquake Engineering (ITSAK), Engineering Seismology, Thessaloniki, Greece
(ntheo@itsak.gr)

2CEA, Cadarache, France

3ISTERRE, University Grenolble-Alpes, France

4Department of Geology, University of Patras, Greece

In Greece, almost all accelerometer stations provided accelerometer recordings, more than 400 in
total, are characterized by inferred Vs30 values based on combination of surface geology and

slope proxy (Stewart et al. 2014). However, only about 15% of them have been characterized by insitu
geophysical and geotechnical methods (invasive or/and non-invasive) were performed at a
distance less than 100m from the station. In addition, regarding reference rock stations where
shear wave velocity Vs30 is equal or greater than 800m/sec (engineering bedrock), only five (5) of
them have been characterized todate, with respective values ranging between 800Vs301183m/s. It
is evident that measured site characterization parameters of accelerometer stations in Greece is
far from a desired goal, especially regarding those on rock reference sites. In this study
multiple/combined non-invasive passive and active seismic techniques are applied in six (6)
accelerometer stations throughout Greece, to improve earthquake site characterization metadat
of the national accelerometer network, focusing on stations placed on geologic rock conditions.
The Vsz (S-wave) and Vpz (P-wave) profiles and thereby Vs30 site class according to the Eurocode-8
are determined. In addition, to form a holistic picture of the site’s characterization, surface geology
and topographic properties are provided for the investigated stations. Results of this study aim at
contributing on improving site characterization parameters estimated by the Generalized

Inversion Technique (source, path, site), as well as in defining Ground Motion Models for rock site
conditions.
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Site characterization of Accelerometer stations in Greece based on
earthquakerecordings and the Diffuse Field Concept (DFCe)

Eirini Chatzianagnostou, Nikolaos Theodoulidis*

Institute of Engineering Seismology and Earthquake Engineering
Dasiliou Street 24-26 Pylaia, 55535 Thessaloniki
echatzian@gmail.com, ntheo@itsak.gr, grendasioannis@gmail.com

MNEPINHWH

The scope of the present study is to address recommendations of the SERA EU project for site
characterization, by providing seven key indicators for stations of the National Accelerometric
Network in Greece. These indicators include (1) fundamental resonance frequency (fo), (2)
shear wave velocity in the uppermost 30 meters (Vs3o), (3) surface geology description, (4)
Eurocode 8 site classification, (5) subsurface shear-wave velocity structures, (6) depth to
engineering bedrock (Ho.skm/s), and (7) depth to seismological bedrock (H3km/s). To achieve
this goal, all available earthquake recordings, triggered by shallow crustal earthquakes with
magnitudes ranging from four to six and event-to-station hypocentral

distances up to 300 km were compiled, for 133 stations. Then the Horizontal-to-Vertical
Spectral Ratios of earthquakes (eHVSRs) for each event and station were calculated.
Implementing the Diffuse Field Concept for earthquakes (DFCe) and incorporating limited a
priori geological information available for the area around each station and the estimated
averaged eHVSRs were used in an 1D inversion framework to determine the best-fit velocity
profiles down to the seismological bedrock. However, for certain stations where the inversion
process could not be satisfactorily completed, alternative methods such as Multichannel
Analysis of Surface Waves (MASW) and other geophysical measurements were utilized to
obtain shear wave velocity profiles. The reliability of these velocity models was assessed by
comparing them with existing profiles obtained from independent geophysical and
geotechnical prospecting. Through this characterization, strong-motion databases such as the
ESM db are enhanced in terms of metadata, allowing accelerometer recordings to be utilized
in their full potential for engineering and seismological applications. The proposed
methodology is demonstrated to be applicable in a broader
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EKTipnon LoXupng GELGHLKNG S0vNonG HeyaAwv oELowV otov EAAnVIKO xwpo:
H nepintwon Tou KAtaoTtpenTkou oelopovl (M7.2) tng KedpaAoviagl9s3

NikoAaog @eodouAidnci*, lwavvng Mpévdacg2

1lvotitouto Texvikng Zetopoloyiag kat Avtiosiuolkwy Kataokevwv (ITZAK) ©@sooahovikn
ntheo@itsak.gr

2lvotitoUto Texvikng Zetopoloyiog kat Avtioeipuolkwy Kataokevwy (ITXAK) Osooalovikn
grendasioannis@gmail.com

MEPINAHWH

Katd tov 200 alwva, PV TV avAantuén oelopoAoyLKWY SIKTUWV
(oelopoypadwy,emitayuvoloypadwy) otn xwpa, cuveéPnoav peyalol osopol (M>7.0) oL omoiot
o€ TMOAAEG TWV TIEPLITTWOEWVY TIPOKAAECAV HUeyAAeC PAABEC 0TO SopnpEVo epLBAAAoV Kat
anwAeleg avOpwnivwv {wwv. MeTaty TETOLWY YEYOVOTWV Elval Kol 0 HeyAAoG oelopog (M7.2)
otig 12/8/1953 otnv Kedpahovid, Katd Tov onoio Kataotpddnke 0OAOCKXEPWCE N TIAELOVOTNTA TWV
OLKLOLLWV TOU VNOLoU KaBwE Kal OKLOPWY TNG ZakuvOou Kkat 18dkng. BAABeg mapatnprndnkav kot
otnv HAela kot AttwAla, Evw 0 0ELOUOG €YLlve aloBnTog Kat

otn Notwa ItaAia (Mamalayog kat Namaldyou, 2002). Ot peyaAUTEPEG LOKPOOELCULKEG EVIAOELG
(IXX) mapatnprnBnkav oto ApyootoAl, Anfoupl, Aomipoyépaka kot Xapsddta. H tpwtdtnta Twv
KTlplwv Tou emMARynoav anod To 600 Tou 1953 KaTA YEVIKN opoloyia ATav eVvTEAWS
Sladopetikn (uPnAdTEPN) Ao AUTH TWV CNUEPLVWV KTIplwV KUplwg AOyw Tou yeyovoTtog OtL Sev
elyav oxeblaoBel pe AVTLOELOUIKO KAVOVIOUO. Q0TO00, N 0podpdTnTa TNG OELCULKNG SOVNOoNG Kat
n éktaon tng, 6ev adbrvouv apdLBolia OTL EMPOKELTO YLOL CELOUO O OTIOLOG OKOWN KoL orepa Ba
UIOpoUCE va TIPOKOAECEL LEYAAEG LAKPOOELOUIKEG EVTAOELG OTNV EVUPUTEPN TEPLOXI 0dNYWVTAC
o uPnAn osloutkn Slakwvduveuon Tou Sopnpévou TepBAAAOTOG Kal 0€ {WTIKEG UTTOSOUEC TNC
TEPLOXNG. ZTNV €pyOoia AUTH, ETLXELPELTOL NOLTIOKPATIKN TIPOCOUOLWON TNG LOXUPNG OELOULKNAG
dovnong evog oevapiou oelopol avaloyou pe ekeivov tou 1953 (M7.2) kol EKTLUATAL N
KOTAVON TNG ota vhold Ttng Kedalovidg, 16akng kat ZakivBou og 6poug LEYLOTNG e8adIKAG
erutayuvong (PGA), tayutntag (PGV) kat daopatikig emtayuvong (PSA) yla emheypéveg
Slomeplodouc. MpLv TNV MPocopoiwan, eMXEPEeLTaL TeEKUNPlwaon TS akoAouBolpevng
peBodoloylag e BAon TIC evOpyaveg KataypadEg EMLTaXUVoLOypadwV Tou MPoodATOU OELGUOU
oTLG 26/1/2014 otnv Kedpalovid (M6.1). Ta amoteAéopata TnG TeKunpiwong untnpéav
evBoppuVTIKA yLa TNV edpappoyn Tng peBodoloyiag kat oto oelopod Tou 1953. Ma To oKomo
QUTOV, OELOTIOLELTAL N YVWON TWV OELCUOTEKTOVLKWV XOPAKTNPLOTIKWY TWV TILBAVWV TUNUATWY
PNYHATWY TIoU £€5paoav KATA TO CELOUO KAL ELOAYOVTAL OL OXETIKEG ABERALOTNTEC OTLG EKTLLAOELS
(uéyeBOoC OELOULKAG POTING, YEWUETPLA priypHatoc, KTA.). Emiong, aflomolovvtal mpdadoata
povtéAa poPBAednC oxupng edadLkng Kivnong mou mpotadnkayv yla tTov EAANVIKO XWPO HE TLC
oBeBalOTNTEG TTOU EUMEPLEXOUV. TA ATMOTEAECUATO TWV TIPOCOMOLWOEWY YLaL OELOUO PeyEBoUC
OELOULKNC pomtng, Mw ~7.2, Sivouv unAEg TipéG PGA (>0.42g) os ouvBnkeg Bpoxwdoug
uroBaBpou (Vs30 = 800 m/s2) oxeb6v o oAdkAnpo to vnoi tng Kedpahovidg, to omnoio
KaAUTTETOL OXESOV €€ OAOKANPOU Ao TNV TPoPoAr TG eMdAVELAC TOU UTIO €€£TACN PrYUATOG.
OLTpEcg PGA oto Bopeto tunpa ¢ Keparovidag kabwg kot oto SUTIKS TG, Kupaivovtol petafy
0.24-0.42 g, yia Bpaxwdeg urtoPabpo. XapaKTNpLOTLKEC Elval oL TIHEG TNG PGA mou eKTLHWVTOL
oto ApyootoAl (~0.43 g) kat Angoupt (0.40 g).

OLTIHEC aUTEG TNG PGA, 0g cUVOUOOUO HE KAUMUAEG TPWTOTNTAC TWV UPLOTAUEVWYV KTIplwy
/Kot {WTIKWV UTTOSOUWV UIToPoUV va 08NYHOOUV OTNV EKTLNGN TNG CELOULIKAG_
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Aiktuo Ermttayuvoloypadwv evtog MoAeoSOULKOU ZUYKPOTHHOTOC KOl
ZuuBoAn otn Meilwon tn¢ ZeLOMKAG AlaKlvSUVEUONG

Nikog @eodouAibngi*, BaoiAng MamavikoAdouz, lwavvng MNpévdacgi, Kuplakn Kwvotaviwidoui,
Xprotog Kapakwotagi 1

Ivotitouto Texvikng Zelopoloyiag & Avtioslopikwy Kataokeuwv (ITXAK) Osooalovikn
ntheo@itsak.gr

2Tunua NoAtikwyv Mnxavikwy, AMNO Bsooalovikn

billy@civil.auth.gr

MEPINHWH

H taxela extipnon Tng ook 56vVNONG EVIOG TOAEOSOULKOU LOTOU LETA O LoXUPO
OELOUOAMOTEAEIKABOPLOTLKO TAPAYOVTA APECNG EKTLLNGCNG TWV QVAUEVOUEVWY BAaBWV OTO
SoUNUEVO TEPLBAANOV KOLTNG OPYAVWONG YLOL ATTOTEAEGLOTLKY ATIOKPLON TWV appodiwy
dopéwv(moALtiki mpootaocia, TexVikEGuNnpeoieg autodloiknong KTA.) e KATAAANAESG
TOPEUPACELG YLl LELWOT TWV CUVETELWV TOU OELOMOU .la To oKOTIO QUTOV amalteital
EYKATAOTAON TMUKVOU SIKTUOU emitayuvaoloypddwy o€ KatdAAnAa eriAeyuéveg B€0ELg TOU
TOA£0SOULKOU cUYKpoTHUatoc. To uPnAd KGOToC opyavwy Kal 0 acdpaing TpOmog Hetadoong
Twv dedopévwy armo tn BEon eykatdotacng o YIoOAoyLoTIKO KEvtpo, amoteAouy
TLEPLOPLOTIKOUC TIAPAYOVTEG YLO TNV AVATTUEN TETOLWYV SIKTUWV. AapuBdavovtag urmoyn Toug
TIOPATIAVW TIEPLOPLOPOUC, ETUAEXDNKE XaUNAOU KOOTOUG emitayuvaoloypadog (Low Cost
Accelerometer: LCA), eAAnvikoU oxedlacpol Kal KATaokeUNng (Seismobug,
www.seismobug.com), upnAng avaAuaong (20bits), pe xapunAo eninedo nAektpovikol Bopufou
(RMS<0.1mg). AkoAoUBnoe eykatdotaon evog LCA atnv iSta Bon pe emttayuvoloypddo
gupéwe paopartoc, uPpnAng avaiuong (Episensor, 24bits) kal epmopikd SLABEGLUOU e KOOTOG
~2 ta€elg peyéBoug akplBotepou armo to LCA, oto diktuo ARGONET otnv Kedpalovid.
AnuoupynBnke Baon kataypadwy emitayuvoloypddwy Twv 2 opydvwy héov Twv 100
OELOUWYV, N oLYKPLON TwV omolwv €8eLfe TV aflomiotia tou LCA yla tnv TepLOXr) CUXVOTHTWV
evOLOPEPOVTOG UNXAVIKOU. 2T CUVEXELD, WG BEOELG eyKaTAaoTaong eTAEXBNKav KTipla
OXOALKWY HOVASWY TIOU KATA TEKUAPLO KATAVEUOVTAL OHOoLOpopda EVIOG TOU TTOAEOSOLKOU
ouyKkpoTtnUatog kat Stabgtouv Stadiktuakn umtodoun ylo petadopd twv SeSouévwy oe
TIPAYHATIKO XPOVo. H uAoToinon Tng mopamdvw TPocEyyLlong Eyve o€ 3 TUAOTLKEG BEOELG TNG
XWPOAG. ZUYKEKPLUEVA, o€ 31 oxoAKEG Lovadeg otn Osooahovikn, og 5 otnv AAe€avSpoUToAn,
Kol 5 otn 2apo. Ta MpwTta amoTEAECUATO OO OELCUOUG ULKPOU HeyEBoUC mou Kateypaayv Ta
Siktua Twv LCA, avadelkviouv Tn cupBoAn Toug oTnv aglomioTn Kal TaXELO EKTIHNGN TNG
OELOMLKAC 6OVNOoNG, CUUBAAAOVTOC OUCLOOTLKA OTN AETITOUEPN EKTIUNON TWV XAPTWV
alodntotntag (Shakemaps), 6lwg o€ MEPIMTWOELG TTOAEOSOUIKWY GUYKPOTNUATWY TNG XWPOC.
H xprion AeMTOUEPWV XOPTWV ALOONTOTNTAG OE TIPOAYHOTLKO XpOVO, GE GUVOUAGUO UE TLG
KOUTTUAEG TPWTOTNTAC TOU Sounpévou meplfarlovtog, umopel vo cUUPBAAEL oTnV Taxeia
EKTLUNON KaTavoung BAaBwV eVTOC TOU CUYKPOTHUATOC, w¢ kKaBoploTikod epyadeio otn Andn
anoddcewv NapePBaong Tng MoALteiag yla pelwaon Twv GUVETELWY LOXUPOU GELOUOU.
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JNZAMTZ
B.4

ALoAdynon g Katnyoplomoinong twv edadilkwv cuvOnkwv Kot Twv
mopayovIwv evioxuong tov Eupwkwdika 8

Elprivn Xatlnavayvwotou1, NikoAaog Osoboulidngi, lwavvng MNpévdaci, Hussein Shiblez,
Fabrice Hollendes, 4

1lvoTtitouto Texvikng Zelopoloyiag kal AvTloeloUKwY Kataokeuwy
echatzian@gmail.com, ntheo@itsak.gr, grendasioannis@gmail.com
2SEISTER 92290 Chatenay-Malabry, France

hussein.shible@seister.fr

3French Alternative Energies and Atomic Energy Commission (CEA)
Cadarache, France

fabrice.hollender@cea.fr

4The Institute of Earth Sciences (ISTerre), Grenoble-Alpes University, France
fabrice.hollender@cea.fr

MEPINHWH

O mapayovteg paopatikig evioxuong (Site Amplification Factors: SAFs) Tn¢ 0elOULKAG
edadiknckivnong anoteAoUv KATAAUTIKO TTOPAYOVTA VLA TNV EKTLUNON TNG OELOULKNG
eTkLvéuvoOTNTAC 0€ HlaBéon, emnpeAalovTog TOOO TOV AVTLOELOULKO oXeSLAoUO OGO KOl TNV
aloAoynon TnG cuMePLPOPAC TWV KATOOKEUWY KOTA TN SLAPKELX EVOG OELoOU. O
EUPWTAIKOG AVTLOELOULKOG KavoVvIopog, Eupwkwdikag 8 (EC8), kaBopilel mapdyovteg
evioyuong pe Baon tnv katnyoplomoinon Twv edadlkwyv cuvonKwy, XpNoLLOTIOLWVTAG TNV
Loxouaoa €k800Tr) TOU TN HEON TOXUTNTA TWV EYKAPOLWV KUUATWY ota entdpavelakd 30 petpa
(Vs30), evw otnv emikatpomolnévn €kdoon tou 2024, Aappavovtat umtodn ermumAéov
VEWTEXVIKEC KAl YEWDUOLKEC TTOPAPETPOL. ITNV Imopouoa PeAETn, 151 BEoelg otabuwy
EMITO)UVOoLOypAadwV otnv EANGSa katnyoplomowtnkav cUudwva e Ta KPLTAPLA TOU
Eupwkwdika 8, T600 TNG LoYUoUOoag 00O KAl TNG ETUKALPOTIONMEVNC €KEOONC Tou, UE BAon TIg
avTioToLXeC TapapETpouC. Ma Ti iSleg B€oelg, ol SAFs umtoAoyioTnkav PECW TNG TEXVLKAC
levikeupévng Avtlotpodng (Generalized Inversion Technique: GIT), pe mpooappoyr] Twv
daopatwy Fourier (Fourier Amplitude Spectra: FAS) og 800 B£oelg avadopag, oL omoieg
avTiotolyoUv og cuvOnkec Bpaxwdoug urtofabpou (Vs = 800m/s). H mpooappoyn
TipayaTonoLOnKe pe BAON TIG KAUTTUAEG EVIOXUGONG TNG OELOWLKNG Kivhong armo to Ppoaxwseg
untoBabpo otnv emipavela Onwe mpotadnkav and Eupwnaikd dedopéva enitayuvoloypadwv
(Shible et al. 2025). Ztn cuvExela, oL SAFs LETATPATINKAV OE TIAPAYOVTEG GOCUATWY ATIOKPLONG
daopatikng erutayuvong (PSA, 5% damped), xpnotpomnowwvtog tov evioxuonc. MapdAAnia
UTLOSELKVUOUV TNV aVAYKN EVOWHATWONG YEWDUCIKWY SeS0UEVWV ETLTAEOV

B£oewv emLTayuvVoLloypAd WY O OPLOUEVEG KATNYOPLEG, LOLWE TNG EMLKALPOTIOLNUEVNC EKSOONC
tou EC8. Aoyo [PSA/FAS], tou mpoéku e amnod tnv Evpwmnaikn Bdaon dedopévwv. Epooov kabe
B£aon katnyoplomolnOnke o pa katnyopia tou Eupwkwdika 8, ot SAFs Tou mapdyovta
daopatikng anokplong tng PSA cuykpiBnkav LE TOUC MOPAYOVTEG EVIOXUONG TToU TtpoTelvovTal
amno tov Eupwkwdika 8 1600 NG LoxUouooag 000 Kal TNG ETLKALPOTIOLNUEVNG £kSOONG Tou. H
ouyKplon auth £6¢Lée LkavomolnTikA cupdwvia yla Tig katnyopieg A, B kat C, evw ONUOVTIKEG
anokAioelg mapatnpndnkav otic katnyopieg D, E kal F, yeyovog mou avTikotontpilel tnv
Umapén torikwv Stadopomnolnoswyv otnv edadikr anokplon. Ta eupApoTa TG LEAETNG
UTIoYpP AU U{oUV TNVIKAVOTIOLNTLKH cUdwVia aAAA KoL TOUG TTIEPLOPLOUOUG TWV UDLOTAUEVWY
KOTNYOPLOTIOLOEWV TWV TIAPAYOVTWVY GOOUATLKAC Evioyuong kotd Eupwkwdika 8 otnv
QIOTUTWON TWV TOTUKWY GALVOUEVWV.
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C.1

Okullarda Yerbilimlerine ilgiyi Artirmak igin Ornek Uygulama “Okul
Sismolojisi”

Murat NURLU, Kerem KUTERDEM, Meltem TURKOGLU, Derya AKSEL, Teoman Selguk KOKSAL ve Bekir
TEKIN

AFAD Bagkanligi, Deprem ve Risk Azaltma Genel Midirliigii, Ankara-TURKIYE

Bilindigi gibi tilkemizde yerbilimlerine olan ilgi 1999 Marmara depremlerinin yaratmis oldugu hasar ve can
kaybi sonucunda ilgili kamu kurumlari, yerel ydnetimler ve 6zel sektoriin eksikliklerini tamamlama gabalari
sonucunda gelismistir. Maalesef her bulylik deprem sonucunda yerbilimlerine ilgi artmis suskun
dénemlerde bu ilgi azalmistir. Gelecegimize yon verecek, sekillendirecek olan gengligimizin yerbilimlerine
olan ilgisini artirmak, afet ve acil durumlarla ilgili farkindahgini gelistirmek amaciyla yurtdisinda da
uygulanan “okul sismolojisi” konusu Tirk-Yunan ortakhginda baslatilan “Depreme Direngli Okullar-EReS”
projesi kapsaminda gerceklestirilmistir. EReS projesinin genel amaci afet yonetiminde 6nemli bir yeri olan
kritik tesislerden egitim kurumlarinin (okullarin) gerek fiziksel agidan (yapisal olarak) gerekse yasayanlar
(6gretmenler, Ogrenciler, idari personel) agisindan depreme direngli hale getirebilmektir. Proje
kapsaminda Canakkale ve izmir illerinde farkli jeolojik birimlerde segilen toplam 12 okula diisiik maliyetli
MEMS sensor olarak adlandirilan ivme olgerler yerlestirilmistir. Bu sensorlerden siirekli veriler alinmakta
ve degerlendirilmektedir.

Okul Sismolojisi kavraminin temel amaci 6zellikle orta 6gretim cagindaki 6grencilere yerbilimlerinin
deprem konusunda ilgili bilim dallari olana jeoloji ve jeofizik mihendisliklerini tanitmak, sevdirmek ve
meslek secimlerinde bu bilim dallarina tercih yapmalarini saglamaktir. Bu amaca ulasmak i¢in deprem ve
afet konusunda verilen temel bilgilerle farkindaliklarini artirmak, okullarinda kurulan deprem 6l¢iim
cihazlarindan gelen verilerin kabaca ne ifade ettigini, nasil degerlendirildigini ve sonuglariyla ne yapilmasi
gerektigi cok basitce anlatilarak hedefe varilmasi planlanmistir. Ayrica bu egitimi alan 6grencilerin
tlkemizde cesitli Ar-Ge destekli projelere, yarisma ve festivallere katilmasi icinde gerekli yonlendirmeler
yapilmistir. Bu amacla proje kapsaminda Canakkale ve izmir illerinde dncelikle afet farkindaligini artirmak
icin il AFAD Midiirliiklerinin destegiyle farkindalik egitimleri verilmis, sonra okul sismolojisi kapsaminda
ilgili uzmanlar tarafinda ozellikle cografya 6gretmenlerine ve secilen 6grencilere jeoloji ve jeofizik
muhendisligi tanitilmis, deprem konusunda temel kavramlar 6gretilmis ve okullarinda bulunan deprem
cihazlarindan gelen verilerin degerlendiriimesi gosterilmistir. Bir deprem aninda egitim alan bu
o6grencilerden deprem verisini degerlendirmeleri ve okullarindaki kriz yonetimi asamasinda s6z sahibi
olmalari beklenmektedir.

Sonug olarak “okul sismolojisi” yurtdisinda yayginlasan ancak Glkemizde ilk 6rnekleri heniliz yeni ortaya
¢ikan bir kavram olup meslek segiminde hedef kitle olan 6grencilerimizin yerbilimlerine olan ilgisini
artirmak agisindan énemli bir ¢alismadir. Okul binasinin deprem sonrasi yapisal agidan durumunu da
ortaya koyan bu sistem okullarimiza kurulacak bir veya iki adet deprem 6lglim cihazi ve standart egitim
dokiimanlariyla tlkemizde yayginlastiriimasi kolay ve diisiik maliyetli bir calisma olacaktir.
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C.2

Okullari Depreme Direngli Hale Nasil Getiririz?

Murat NURLU*, Kerem KUTERDEM*, Selim SEZER*, Teoman Selcuk KOKSAL*, Meltem
TURKOGLU*, Bekir TEKIN*, Vedat OZSARAGC*, Murat Doruk SENTURK?*, Derya AKSEL*, Nazan
KILIC*, Can ZULFIKAR** ve Ulgen Mert TUGSAL***

*AFAD Baskanhgi, Deprem ve Risk Azaltma Genel Midiirligii, Ankara-TURKIYE
**|stanbul Teknik Universitesi Afet Yonetimi Enstitiisi, istanbul-TURKIYE
***Gebze Teknik Universitesi, ingaat Mihendisligi Bélimi, Kocaeli-TURKIYE

AFAD Bagkanhdi deprem zararlarinin azaltiimasi kapsaminda 2023 yilinda Turk-Yunan
ortakliginda Earthquake Resilient Schools (EReS) — Depreme Direngli Okullar adli bir Avrupa
Birligi destekli proje baslatmistir. Projede iilkemiz sinirlari igcinde Canakkale ve izmir illeri,
Yunanistan tarafinda ise Dedeagacg ve Sisam adasi pilot olarak secilmistir.

EReS projesinin genel amaci afet yonetiminde 6nemli bir yeri olan kritik tesislerden egitim
kurumlarinin (okullarin) gerek fiziksel agidan (yapisal olarak) gerekse yasayanlar (6gretmenler,
ogrenciler, idari personel) agisindan depreme direngli hale getirebilmektir. Bilindigi gibi Glkemiz
bir deprem Ulkesi olup gegmisten giiniimiize kadar ¢ok sayida hasar ve can kaybina neden olan
bircok deprem olayiyla kargi karsiya kalinmistir. Sinir 6tesi komsularimizdan biri olan
Yunanistan’in da benzer sekilde Ege Denizi’'nde deprem Ureten faylardan dolayi deprem tehlikesi
vardir. Deprem zararlarinin azaltiimasi kapsaminda kritik tesisler arasinda en dnemlilerinden
birisi de okullardir. Afet dncesi egitim kurumlarinda faaliyet gosteren bireylerin depreme/afete
karsi egitimlerinin saglanmasi, farkindaliginin olusturulmasi, bu yapilarin deprem olayina karsi
daha guvenilir hale sokulmasi, kriz aninda da bu kritik tesislerin durumunun acilen ortaya
konmasi, kriz ydnetiminde kullanilabilirliginin belirlenmesi kurulacak sistemlerle strekli gozlem
altinda tutulmasi ve mudahale sistemlerinin ulusal ve uluslararasi modellerle arastiriimasi EReS
projesinin temel gerekgeleridir. Projenin hedef aldigi kesim oncelikle okullarda 6dretmenler,
ogrenciler, idari personel ile kriz yonetiminde rol alan afet ve acil durum yoneticileridir.

Proje kapsaminda giiniimiize kadar segilen pilot illerde farkli zemin kosullarinda olmak kosuluyla
12 adet okul belirlenmis ve bu okullarin giris veya bodrum kati ile en Ust katina uygun maliyetli
MEMS sensorler yerlestiriimis ve veriler alinmaya baglamigtir. Okullarimizda farkindaligi artirmak
ve “okul sismolojisi” konusunda llkemizde bir ilki ger¢eklestirmek amaciyla gerek Canakkale ve
izmir il AFAD Mudurliklerinin egitim subeleri gerekse baskanligimizdan konuyla ilgili uzmanlarin
katilimiyla egitimler dizenlenmistir. Ayrica her iki ilimizde de konuyla ilgili ¢alstaylar
planlanmistir. Sonug olarak lkemiz genelinde 100 binin Gzerinde okul oldugu varsayilirsa bu
okullarin énemli bir kisminin da yapisal olarak deprem dayaniklklarinin belirsizligini korudugu
disunulurse buralarda 6grenim gbéren genclerimizin ve 6égretmenlerimizin depreme karsi biling
seviyelerinin arttiriimasi, yapilarin bir deprem aninda durumunun ivedilikle ortaya konmasi, kriz
yonetimine net bilgilerin aktariimasi afet yonetiminin énemli bilesenlerindendir. Bu tarz proje
calismalari ve metotlarin tlkemizde yayginlastiriimasi gereklidir. Okullari depreme direngli hale
getirmek igin yapisal olarak deprem gézlem cihazlari ile 7/24 izlemeli, okuldaki bireylerin deprem
konusunda bilinglenmesini artirmali ve planlarimizi yaparak strekli tatbikatlarla deprem olayina
hazir olmalyiz.
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D.1

Estimation of Vertical Amplification Correction Function (VACF)
in Greece based on the Generalized Inversion Technique of Strong

Motion and Diffuse Field Concept on Earthquakes

E. Chatzianagnostou !, N. Theodoulidis!, I. Grendas!, E. Ito?, H. Kawase®

nstitute of Engineering Seismology and Earthquake Engineering (ITSAK), Thessaloniki, Creece
2Building Research Institute (BRI), Tsukuba, Japan

?General Building Research Cooperation (GBRC), Suita, Japan

Key Points:

* A method is presented and implemented to correct the horizontal-to-vertical spectral ratio of earth-

quakes (eHVSR) to obtain horizontal site amplification factors.

» The Vertical Amplification Correction Function is obtained using the generalized inversion technique
to correct the eHVSRs in Greece.

« Site amplification from the seismological bedrock to surface is provided within the 0.3-15 Hz frequency

Tange.
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Abstract

The main purpose of this study is the estimation of Site Amplification Factors (SAFs) of horizontal com-
ponent of the ground motion to improve seismic hazard assessment, as these factors play an important role
in seismic site response. Towards this effort, the subsurface structure and the related amplification effects
of two accelerometer stations in Greece were acquired, examining their use as reference stations. This was
achieved by computing the Vertical-to-Horizontal spectral ratio corresponding to the depth of the seismo-
logical bedrock and comparing it with the theoretical value of ~ 0.76 for seismological reference stations,
according to the Diffuse Field Concept for earthquakes, DFCe, in case of a Poisson solid. Thereafter, the
two selected reference stations were used to invert for horizontal and vertical SAFs for a total of 151 ac-
celerometer stations in Greece. The vertical SAFs for each site was used to estimate a mean representative
Vertical Amplification Correction Functions (VACFs) in Greece. These VACFs can be used for assessing
horizontal SAFs based on horizontal-to-vertical ratio of earthquake, where it is available, contributing thus
to site specific seismic hazard assessment in regions where there is lack of observed classical amplification
spectral ratios with an adjacent surface or borehole reference site. Simulated horizontal SAFs were calculated
for sites out of the examined dataset for the frequency range 0.3-15 Hz, in order to evaluate the effectiveness

of the proposed VACFs,|
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