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RESUME Pour dériver et tester des modéles de mouvenismigsie et pour toutes les applications d'aléa sigm et
d’'ingénierie parasismique, disposer d’'une base denges de mouvements sismiques de haute qualiténesiEment
essentiel. C'est dans cette optique qu’'une baseodeédks accélérométrique a I'échelle pan-européenge développée.
RESORCE (REference databaSe fOR seismiC ground niotiEurope) a été développée dans le cadre du jprogre de
recherche & développement SIGMA avec les caratiguiss suivantes :

- Traitement homogéne des enregistrements

- Uniformité de format des informations disponikdssociées aux enregistrements (méta-parametres)

- Estimation des incertitudes associées aux pan@asgirincipaux (magnitude, distance, vs30)

- Portail internet d’acces aux données permettas abquétes en fonction de différents paramétres (v@swrce-portal.eu),
- Qualité: la base de données contient seulementidenées et informations vérifiées et validées

- Base de données issue par versions successivedold publiée, chaque version reste « figée aceessible

ABSTRACT With the aim of improving seismic groundtoo models and reducing associated uncerigsnt the
compilation of a high-quality database of seismigtion recordings and associated meta-parametgref primary
importance. SIGMA research and development proglmtoted to the improvement of seismic hazard astsnmethods and
data for France and nearby regions, has been fundire implementation of RESORCE (Reference datatiSeseismiC
round-motion in Europe. RESORCE is meant to be atogate, homogeneous, integrated European seismtinn
database for developing and testing ground-moti@dets used in engineering seismology and for eadkeg engineering
purposes. It only contains validated data and itakeased through successive versions. Each vedicRESORCE keeps
frozen over time and at any time it is possiblgddack to a given version using the internet gquavw.resorce-portal.eu).
Uncertainties associated to main meta-data (magieitalistance, vs30) are provided as well.

MOTS-CLES base de données, mouvements sismiques, accétéemmliéa sismique, paramétres sismologiques.
KEYwWORDSdatabase, ground motion, accelerograms, seismmatd, seismic metadata.

1. Introduction

The idea of implementing RESORCE (REference datall@® seismiC ground-motion in Europe), devoted
to the development and testing of ground-motion ef®do be used for seismic hazard studies and other
engineering seismology and earthquake engineerurgoges, emerged from the need of having a single
integrated database for Europe, constructed wigh ktandards and containing only verified dataeéwithe
quality, completeness and level of information agsed to data are highly heterogeneous amongitfezeht
seismological networks and agencies in Europe.oprof this, ground motion developers use their oata and
meta-data processing procedures, which increaseseplistemic uncertainties associated to groundemoti
models.

In the past, the most successful attempt to gatneng-motion data in and around Europe was leoy.
Ambraseys and the Engineering Seismology andh&aake Engineering section of Imperial College
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London, through FP4 and FP5 (and earlierjepte. The group collected, compiled and essed the
accelerometric data through collaborations wiseismic agencies since 1971. The productstto$
endeavor are a CD-ROM released in 2004 (Andysaset al., 2004b) and the ISESD website efimt
Site for European Strong-motion Data, Ambraselysale 2004a), which disseminates the available- pan
European strong-motion recordings assembled up thati date. The metadata information, as wellhesdata
processing of strong-motion recordings disseminaethese sources was roughly uniform. Several mgeu
motions models (e.g. Ambraseys et al., 2005, B@&igerry et al., 2003) benefited from this databaBeis
attempt became silent after 2004 because of Idckinancial support, inadequate manpower adl vas the
limited involvement of seismic agencies prongldata to this initiative.

After this initiative, the European Commission feddvarious projects within the context of the 6Gitid &th
Framework Programs (FP6 and FP7, projects NERIEISNEERA). None of these projects aimed to deliver an
up-dated version of the pan-European strong-motlatebase. During the past decade, seismicallyeactiv
countries like Turkey and Italy improved their stgemotion databases through national projects. & pesjects
implemented their own procedures while assembliegdatabases, which may result in a lack of unifigrm
metadata compilation and record processing wheagtiated in a single strong-motion databank. Thente
closed SHARE (Woessner et al.,, 2015) project gethafata from recent strong-motion databanks but no
attempt was made to homogenize the data processitige accelerograms nor to improve the earthquake
station metadata. The recordings from recent eaatkes of engineering significance in the broadepjpean
region (e.g., 2009 L’Aquila Earthquake Mw 6.3; 20ddn Earthquake Mw 7.1; 2011 Van-Edremit Earthquake
Mw 5.6; 2011 Kutahya-Simav Earthquake Mw 5.9; 2@l@zig Kovancilar Earthquake Mw 6.1) are either
entirely or mostly disregarded in the SHARE strangtion databank.

In this context, the primary motivation behind RESCE is to be a single integrated accelerometriattbatk
for the broader European area. The uniform prongssi accelerometric records, as well as the imgmoent of
meta-data estimates (particularly magnitudes asthmites) are other key points of RESORCE. Indewea, t
information collected by recent projects and predidn literature are used to provide the best mfiion
available. A peculiarity of RESORCE is to be imptarted through successive versions. Each versifrnzen
over time and keeps accessible at any time thrabghinternet portal. This guarantees transparemzyy a
traceability of ground-motion models developed framgiven version of RESORCE.

2. RESORCE - 2013 : content and improvements

The starting point of RESORCE is the pan-Europesmset of the SHARE strong-motion databank (Yenier
et al., 2010). The initial version of RESORCE wasblshed in 2012 (Akkar et al., 2014). This versioainly
includes ISESD database records, as well as ItalmhTurkish data collected by national databaSesGA,
Luzi et al.,, 2010 and T-NSMP, Akkar et al., 201@n8&ikkaya et al., 2010). Recordings from other aft
Europe and the Middle East were quite limited.

A new version of RESORCE was released in 2013. Vaision upgrades the data content by including
accelerograms from Greece, Switzerland and Frartte.additional Greek accelerograms were retrieveoh f
the HEAD (HEllenic Accelerometric Data; http://wwitgsak.gr/en/db/data) database. The French accetersg
were incorporated from RAP (French Acceleremot&atwork; http://www-rap.obs.ujf-grenoble.fr) whesea
the Swiss data were compiled from the Swiss Seiswaitvork (SED; www.seismo.ethz.ch). The latter two
national datasets mainly consist of low-to-moderatagnitude accelerograms increasing the magnitude
coverage of RESORCE towards lower magnitude evéditional data from France and Switzerland enable
better representation of low-seismicity regionsBorope by RESORCE. Figure 1 shows the RESORCE
earthquake locations map.
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Figure 1. RESORCE earthquakes location map (fMp//wwwresorgéportalem

A third version of RESORCE (planned for the end265) will include the continuous improvement of
meta-data associated to records (as the site ¢beration of some French stations), as well agsiimate of
uncertainties associated to metadata, in particukgnitude, distances and vs30. On the other Haind2015
version will not update the data content throughittiegration of new data.

2.1. Overall procedure for the integration of acceleromnie data

The general procedure to integrate accelerome#tia th RESORCE — 2012 was described by Akkar et al.
(2014). In the 2013 version, a new strategy of datgration in five steps is implemented.

1. Identification of duplicated recordings, statiomslaarthquakes. The existence of duplicated events
studied by considering RESORCE - 2012. For dugita@vents, the earthquake metadata information
of RESORCE - 2012 is preferred to other sourcewv@agiave a careful consideration to the event
information during its compilation. To this end, waly update the station and site information of
duplicated entries for the newly added data.

2. Event metadata compilation of non-duplicated eartthgs. The event metadata of new data is gathered
from peer-reviewed literature as well as globajjoral and local seismological agencies.

3. Compilation of station and site information. Théommation that is directly gathered from the Greek,
Swiss and French databases is used while comgliagstation information. Not all the new entries
contain the complete site and station informatiem.( instrument shelter and VS30). Thus, additiona
site-specific studies are necessary to completentfssing station metadata for the newly added
databases.

4. Calculation of source-to-site distance metrics. iRéphyp, RIJB and Rrup are calculated. The
calculations of extended-source distance metrid8(@&nd Rrup) are limited for the newly added data a
most of the events do not have fault-plane solsgtidne to their small sizes. The extended-source
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distances are computed when fault-plane solutionst.eThe extended source metrics are calculated
using the procedure described in Kaklamanos ¢2al.1).

5. Ground-motion data processing. The data processihgme implemented is described in Akkar et al.
(2014). It is based on visual screening and bars3-fiiering of raw accelerograms aimed to detect a
remove non-standard errors (Douglas, 2003; Bomnmek Rouglas, 2004). Band-pass filtering is
implemented either on records free of non-standardrs or on corrected records. Very low quality
recordings are removed from the database. The passl-filter cut-off frequencies are selected by
studying the Fourier acceleration spectrum (FASeath raw accelerogram to detect the physically
unjustifiable frequency content at high- and loegfuency components of the ground motion. 4-pole
Butterworth a-causal filtering is applied in theduency domain and the post processing procedure
described in Boore et al. (2012) is used to rentbeeadditionally introduced zero pads during band-
pass filtering. The entire Band-pass filtering gust-processing scheme is described in Boore et al.
2012 and Akkar et al., 2014).

2.2. Removal of low quality data from RESORCE

The total number of multi-component accelerogram&ESORCE is 7622. The quality of some of these
accelerograms is low due to sensor limitationsapgd source-to-site distances. Their use for enging and
seismological studies is, hence, limited. Such tpality waveforms are removed from RESORCE by apgly
two criteria:

- Remove unprocessed strong-motion recordings alubetr low quality (see Akkar et al., 2014 for som
exemples), and

- Remove distant (very small amplitude) recordibgsed on a set of magnitude-dependent filterirgsrikat
are illustrated in figure 2.

Implementation of these criteria resulted in filbgr out 1985 multi-component accelerograms. The W#w
Repi scatter of the removed data is shown in Figur@he solid line represents the distance limfpliad.
Records that are on the right side of the solid lne removed as they do not conform to the applistnce
limits. In other words, neither their amplitudes tieeir quality are sufficient for research or msdional use.

2.1. Overall features of RESORCE — 2013 version
The databank consists of 5637 accelerograms frd8d $trong-motion stations and 1713 earthquakesr; aft

removing the low-quality data as discussed in tfevipus section. A total of 5571 accelerogramstaraxial
recordings whereas the rest are missing eithepbtie horizontal components or the vertical congrdn



9éme Colloque National AFPS 2015 - IFSTTAR 5

Magnitude
(9]

oo O

1000

(km)

em

Figure 2. Distribution of magnitude vs. distance of recording RESORCE. The red curve indicates the filter
limit over which recordings are excluded from ttegabase.

Figure 3 shows the yearly distribution of the equiikes and accelerograms in RESORCE. The strong
motions archived in the databank date back to €#R0s. 60% of the earthquakes and approximatedy @D
accelerograms in the databank are from earthquhlké¢ccurred in the last 15 years (1998-2012). figher
concentration of events and records within the 1&syear time span can be attributed to the inekasimber
of strong-motion stations all around the pan-Euaopesgion. Most of the accelerograms collectedhénlast 15
years are recordings from digital sensors. As aenaif fact the analog and digital waveform perages in
RESORCE are 22% and 74%, respectively and almbsligital data were collected in the last decadee T
remaining accelerograms do not have any sensamiafion.
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Figure 3. Annual distribution of accelerograms and earthquakeRESORCE (modified from Akkar et al.,
2014)
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The geographical distribution and the country-basezhkdown of earthquakes and stations in RESORCE
(figure 1 and table 1). Almost all recorded eveats shallow active crustal earthquakes and moshef
accelerograms are from Turkey, Italy and Greecethen Mediterranean coast as well as from France and
Switzerland in central Europe. This information dmgizes the importance of updates and expansion of
metadata as well as accelerometric waveform coffitemt these countries.

Table 1.Country based contributions to RESORCE

Country Name Number | Number of Numt_)er of | RepiRange | Focal Depth M,, Range
of Events | Records Stations (km) Range (km) W
Albania 3 4 2 7-35 12-25 5.9
Algeria 1 3 3 29-59 10 5.9
Armenia 11 34 10 3-78 3-28 5.5-6.8
Austria 3 7 7 12-33 7-8 3.3
Bosnia and 5 11 9 7-19 10-15 5.7
Herzegovina
Bulgaria 3 3 2 6-12 3-10 5.7
Croatia 5 10 7 4-168 0-39 5.5
Egypt 3 6 35-412 12-18 4572
France 151 674 86 1-160 0-18 2.8-4.8
Georgia 11 30 9 4-181 6-19.7 4.8-7
Germany 12 65 18 4-142 4-22 3.1-5.2
Greece 297 576 123 1-370 0-127 3.1-6.9
Hungary 1 0 0
Iceland 44 177 31 3-154 1.4-17 4.3-6.5
Iran 40 356 294 1-362 0-33 4.6-7.3
Israel 3 6 11 18-81 9-18 5.1-5.3
Italy 299 1403 350 1-279 0-255.3 3.2-6.9
Lebanon 1 1 0 75 5 5.1
Liechtenstein 1 3 1 2-5 11 3.7
Macedonia 3 9 12 12-80 15-20 5.9
Montenegro 21 58 13 1-342 5-40 5.4-6.9
Netherlands 1 3 0 58-103 14.6 5.3
Norway 2 2 1 26-78 15 5.3
Portugal 45 78 23 5-332 0-77 4.7-7.8
Romania 4 31 14 6-208 86-135.9 6.3-7.5
Serbia 7 7 1 8-21 3-10 6.3-7.5
Serbia 1 1 2 237 10 5.5
Slovenia 14 30 14 1-152 4-16 4.3-5.7
Spain 38 127 12 1-145 1.6-28 3.9-5.3
Switzerland 40 184 95 1-100 1-30 3-3.9
Syria 1 1 1 55 29 5.5
Turkey 628 1705 315 2-404 0.2-95 2.8-7.6
United Kingdom 2 2 2 35-76 8-13 2.8-7.6
Uzbekistan 13 30 12 1-53 0-45 6.8

Figure 4 shows the earthquake (left column) andelacometric (right column) data distributions in
RESORCE for moment magnitude, depth and SoF. A @it&@25 events have reported moment magnitudes
from international and local seismological agen@sswell as earthquake-specific literature studiest row
plots). When moment magnitudes that are estimaitad €mpirical magnitude conversion relations acéuided,
the number of events with Mw information increate$234. The moment magnitudes are concentrateetbat
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3.5 and 5.5. The total number of accelerogramsnigaklw information is 4430 (3486 measured and 944
converted) out of 5637.

The event and record based distributions of momaagnitude suggest the dominancy of moderate-size
events (& Mw < 6) in RESORCE (61% of earthquakes and 58% of aomgtams). The fraction of events that
can be considered as large earthquakes (i.e.zM\8) is only 2% of the entire population. Focaptlhes are less
than 30km for about 92% of the events. The cornedipg percentage in terms of strong-motion recasliis
98%, indicating that RESORCE is dominated by shaloustal events. The events of depths ranging doetw
50 km and 140 km are mainly from the Hellenic aryghi@s Arc subduction zones, the Vrancea regiontugat
and southern Turkey.

The distribution of event and accelerometric datéerms of SoF is given in the last row of FigureThe
majority of events and accelerograms are fromestsiip, SS, (29% of events and 30% of records)rarchal,
N, (22% of events and 28% of records) faults. Theloer of reverse, R, events and accelerogramsnzaé s
when compared to the other SoF classes but tHegatistitute 9% of the events and 14% of the girorotion
records. The depth and SoF distributions also atdicthat information is still missing (designates a
“Unknown” on each histogram) for a significant pont of earthquakes in RESORCE. This lack mainly
concerns the small magnitude range (M8). The major reason behind this deficiency isldwk of double-
couple fault-plane solutions for small magnitudertteguakes that provide direct information for the
identification of SoF and depths.

Figure 5 describes the distributions of strong-omwistations (left panel) and accelerograms (rigintef) in
terms of Eurocode 8 (CEN, 2004) site classificatibhe statistics are based on measured VS30 valugs
inferred site classes from local site geology. $he information of RESORCE contains a total of 4i®ng-
motion stations with known VS30 values thanks te sharacterization studies. The corresponding rurob
accelerograms recorded at these stations is 26f8nidimber of strong-motion sites and accelerograithssite
classes inferred from the local geological condaits 632 and 2321, respectively. Of the entireel@cometric
data 698 records (12% of strong-motion records ESQRCE) do not have any site characterization. The
majority of accelerometric data (35%) is recordedit class B (stiff soil) strong-motion statio@nly 2% of
the accelerograms in RESORCE fall into site clagydy soft soil). The accelerograms in site clasgock)
and C (soft soil) constitute 26% and 23% of thedank, respectively.

3. Database and portal

Within the Sigma project an Internet Portal is deped to show, query and deliver Strong Motion
Waveform from the database. This portal can behehathttp://www.resorce-portal.elRESORCE back end
uses the PostgreSQL open source Database to esidded¢hrough a Web User Interface.

RESORCE information is frozen for each version iidew to let the user retrieve the same informatiem
selected in its previous analysis. Therefore, fifferént versions of RESORCE are and will remaimikable
online. Download of the full database in .csv fotisaalso provided for each version.

The portal allows users to query the database aqpfifters through the “query tab”. The user ifit@e is
based on the JQuery Mobile javascript library.effitcan be set upon 21 parameters:

- Event : datetime, depth, geolocalisation, magiatumagnitude type, name, country and Fault meshani
- Station : name, country, geolocalisation, VS308Metwork and Site type
- Record : PGA,PGV, Distance Epi, Hyp, Jb and Rup
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Figure 4. Distributions of events (first column) and accefgams (second column) in RESORCE in terms of
moment magnitude (first row), depth (second rovg) 8oF (third row). The vertical bars labeled as
“Unknown” refer to the events or accelerograms tikahnot be classified within any one of these elashie to
missing event information.

The result of the request is displayed both, onap rmnd in the “result tab”, containing details dwe t
metadata along with waveforms and response spéidteauser can select which records should be atided
downloadable compressed file including metadaterected and raw data. He can click on the diredt &nd
see the corresponding waveforms for this evenherrésult page. The user can also go to the rgsafs to see
all the records available for his query and seldtth records should be included in his selectmddwnload.
Through the RESORCE portal, external earthqualaindtion is available on the result page by usimgUnid.
It includes ISC and EMSC location information foetevents available in RESORCE.
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Figure 5. Distributions of strong-motion stations (left panahd accelerograms (right panel) in RESORCE in
terms of Eurocode 8 (CEN, 2004) site classes. Xpkeation about the labels designated as “Unknoum”
similar to the one given in the caption of Figure 4

4. RESORCE review process

The reviewers of RESORCE consist of members ostientific advisory board for this task (John Dagl
Bruno Hernandez, Lucia Luzi and Gabriele Amerijvadl as the two RESORCE project leaders (Paoladrsav
and Fabrice Cotton). In addition, an internal chetkhe data format and consistency between evstatpns
and records was conducted by EMSC (Stéphanie Gadeyaurent Frobert). Each version of RESORCE has
undertaken a review process before being released.

It has been shown (e.g. Strasser et al., 2009)wngability of ground-motion is well characterizéy a
lognormal distribution, at least up to three stadd#eviations. This means that derivations of nthen three
standard deviations from the median expected gronwoiibn (e.g. PGA) predicted using an appropriataigd
motion prediction equation (GMPE) for a given sgemahould only be seen about once or twice in yver
thousand records. This provides a way of quicklyoging for large errors in the metadata (e.g. dydasorrect
magnitude), data (e.g. incorrect scale conversigiof) or in assignments of a record to a certaithgquake or
station. Such an approach is able to detect largesen the data or metadata. However, it canimot érrors that
do not lead to large residuals. The detection isftilpe of error was therefore carried out manually

Other feedbacks of RESORCE were provided by fiis s& developers, who produced ground-motion
models using RESORCE — 2012. The results of thésaise were published in the February 2014 spéessak
of Bulletin of Earthquake Engineering.

5. Conclusions

This article summarizes the general features of RESE pan-european strong motion database. RESORCE
is an up-to-date, homogeneous, integrated Europeiamic-motion database for developing and tegfiognd-
motion models used in engineering seismology ardefrthquake engineering purposes. It only contains
validated data and it is released through successiksions.

The various peer reviews of RESORCE undertaken tdwerpast three years have led to a high-quality
strong-motion database that will be invaluabletf@r assessment of seismic hazard in Europe andledse.
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The current content of RESORCE includes 5637 nmaltitponent and uniformly processed accelerograms
from 1481 events and 1481 strong-motion statiohg. Moment magnitude range covered by RESORCE is 2.8
Mw < 7.8.
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