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ABSTRACT:

A new accelerogram distributed database has besated recently (Roca et al., 2010), in the framé&wafr
NERIES Project (2006). The seven following Europddetworks, IGC, IST Azores, IST S. Portugal,
LGIT/RAP, KOERI, ITSAK and ETHZ, have contributedtlwpreliminary data to the database. Data are ¢pen
the scientific and engineering community through Buropean Earthquake Data Portalv(v.seismicportal.€u
Several parameters with engineering importance wengputed in a homogeneous way, for a total ofcd850
three-components records.

In this work we use the collection of PGA and PGrameters from accelerometric records at sevegains to
generate an estimate of the “observed hazard”.duie “ergodic assumption” we were able to estinatern
periods (RP) with 30% uncertainty for “average Sitepresentative of the region covered by eacivardt We
obtained results for RP=10 yrs in the 7 networld fan RP=100 yrs in 3 of them.
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1. INTRODUCTION

In the absence of a general strong motion archoverdcent European data, the NERIES project
(2006) included the initiative to create a disttdmidatabase for accelerometric waveforms in caler
provide them to the scientific and engineering camities.

To achieve this goal several tasks were develogdtidagencies (IGC, IST, LGIT, KOERI, ITSAK,
ETHZ and EMSC-CSEM) participating in the Project:datailed characterization of recording
instruments and sites of the accelerometric statitine development of a computer software to
determine in a homogenized way a collection of matar of engineering interest; and the
development of a web-portal to manage the acceassefs to retrieve the parameter values and
waveform data (Roca et al., 2010).

Earthquake Engineering usually, besides of acoglanss and response spectra, uses a set of
significant parameters which are important for tidsecharacterisation of ground motion and may be
important to analyse structural behaviour includiiagnage assessment for risk mitigation.



In this paper we have proceeded with a first amalykthe ground motion parameters from a large set
of digital accelerograms assembled in the data Bagectober 2009, recorded since 1995, belonging
to the seven different European Networks. The ¥alhg parameters with engineering importance,
computed in a homogeneous way with a standard guoee were selected for the analysis: PGA
(cm/S); PGV (cm/s); Al (cm/s); TD (s); CAV (cm/s); andl Kcm), together with PSV(f) for 28
frequencies. A total of circa 8350 three-componegtords from 424 stations associated to 1379
events characterized by magnitude (M1-7) and hypogkelocation (0-863 km) were assembled in
this work.

Certainly not complete, this set comprises a nuntdfedifferent situations related to event sizes,
hypocenters, recording stations and distancestradcan be considered a representative sample of
the Euro-Mediterranean Region.

A statistical analysis of each one of the aboverretl parameters as well as the correlation streictu
among different pairs is under progress. In thiskwee performed a statistical analysis of PGA and
PGV for different geographical zones covered byhesletwork, in order to compare their values
through an "observed hazard indicator”.

2. DATA SETS CONTRIBUTING TO THE PRESENT STUDY

The seven following European Networks, participgiimabove mentioned NERIES project: IGC, IST
Azores, IST S. Portugal, LGIT/RAP, KOERI, ITSAK aB@HZ, have contributed with preliminary
data to the new distributed European databaserd-igiia shows a map with the location of the
stations providing data and Figure 2.1b presemt®tients recorded by the stations.
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Figure 2.1a.European station distribution providing Figure 2.1b.Epicenters of recorded events.
preliminary data.

Table 2.1 shows the number of records (compong@ntx)essed by each Network, with reference to
the time interval of events and range of magnitude®stal of 25040 records were processed and their
parameters are analysed after a detailed evaluatidata quality.

Table 2.1.- Number of accelerometric records (componentsgmabled in database of NERIES project (as
December 2009) by Network, Stations, Dates, Magrittange and Epicentral distance (from Roca e2@l.0).

NETWORK Sta?ions Dates # Events Magnitude Epic. Distance (km) # records
IST 46 199¢€-200¢ 23¢ 2.1-5.¢ 1 - 49 115¢
IGC 11 199¢€-200¢ 71 1.0-5.2 3 - 24C 34t

LGIT/RAP 10z 1995-2007 37¢ 3.0- 6.8 1 - 862 525:

KOERI 38 Izmit-Eq.1999 7 5.2-74 13 - 27:¢ 36¢
ETHZ 11z 200z-200¢ 28¢€ 2.5-5¢E 0 - 49t 1553¢
ITSAK 123 200z-200¢ 39¢ 2.8-6.¢ 2 - 697 237¢
Total 424 199¢£-200¢ 137¢ 1.0-74 0 - 86¢ 2504(




Data analyzed in this work, certainly not complet@nprises a number of different situations related
to event sizes, hypocenters, recording stations distances, though they can be considered a
representative sample of the Euro-Mediterraneandred\ first observation can be made on the
rather different number of stations per Networkowing a clear separation of networks into two
groups: LGIT/RAP, ETHZ and ITSAK are the networkghathe larger number of stations and IST
(divided into Azores and South Portugal), IGC ar@BRI having a much less number (10-30%).

The selection process of data was made in two ségueteps: (i) by visual analysis of plotting
different parameters as a function of magnitude disthnces and also from analysis of correlations
between pairs of parameters, it was possible tatifgeoutliers from the general trends. This applie
distances from wrong event locations, records witdor signal/noise ratios, and records with
erroneous units (egm/$ instead of tenth of); (i) we retained events with M>3 for statistical
analysis, and we have separated Azores Islands3auth Portugal in the IST records.

Table 2.2 shows the number of events and recoedpectively, by classes of magnitude for each
Network and Figure 2.2 presents the distributiorremfords per Network corresponding to different
Magnitudes and Distances, after the selection gece

Table 2.2. Number of events and records, respectively, bgsela of magnitude for each Network after the
selection process.

3<M<4 4<M<5 5<M<6 M > 6 TOTAL

# # # # # # # # # #
NETWORK events records| events records| events records| events records| events records
IST Azores 140 621 31 168 5 39 0 0 176 828
IST S. Portugal 11 51 8 72 4 57 0 0 23 180
IGC 18 111 3 12 2 24 0 0 23 147
LGIT 325 4071 51 840 14 300 1 21 391 5232
KOERI 0 0 0 0 4 264 2 111 6 375
ETHZ 71 1648 7 227 2 27 0 0 80 1902
ITSAK 150 693 195 807 46 258 7 113 398 1871
All networks 564 6523 | 256 1886 68 873 10 245 | 1097 10535

This selection process have reduced the total nurabeecords (components) to less than half,
essentially due to the elimination of events witk3v
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3. DATA ANALYSIS

In addition to the acceleration time series, eardth@ engineers usually use various simplified
waveform parameterisations. These can allow siropdacterisation of the complex ground motion
for use in analysing expected structural responsthé ground motion. Therefore, the distributed
database provides not only the raw, complete amggiams, but also the response spectra and several
engineering parameters computed in a homogeneoysfawaeach record (component). For more
details on the standard processing procedurefRaeg et al., 2010.

Figure 2.3 shows the distribution of PGA valuesaxfords on a magnitude-distance plot. Colours of
dots are different for different bins of PGA valuliss very clear that the data are not homogesigou
distributed with larger amount referring to smahaagnitude events exhibiting a trend enforced By th
attenuation. Similar trend is observed in plotshefother computed parameters.

3.1 Histograms of observed parameters (horizontalaenponents)

In this section we first analyze PGA and PGV iristigal way, Network by Network. We have taken
as measure of each parameter the average of thkedramntal componentdlote in this analysis we
did not include KOERI because the records corredpodtiusively to few events of the 1zmit 1999
earthquake sequence.

Figure 3.1 shows, as an example, the histograr®&ét and PGV by bins, in a logarithmic base (two
per decade). The different histograms show thah#teiorks have very different sensitivities. Intfac

ITSAK and IST recorded essentially strong groundioms, i.e. ground motions with PGA<1 cf/s

are not well recorded. In the other extreme, ETHhd &GIT/RAP recorded a lot of very weak

motions.

If we concentrate only in the records with PGA igthan 10 cm/5(0.01g which approximates to felt
motions, the curves show a common pattern whichbeaseen as a “hazard” indicator. In fact, this
pattern follows a trend similar to the typical hakaurve for a site (Oliveira and Campos-Costa,
2006).

The value of 10 cm?90.01g) has been reached less than 10 times byatf@QdST S. Portugal; more
than 20 times by ETHZ; near 50 times by LGIT/RARI48T Azores and more than 100 times by
ITSAK stations. The value of 100 cri/®.1g) has been only reached 2 times by LGIT/RA& 20
times by ITSAK.

PGV distribution (Figure 3.1b) shows for valueshaigthan 0.03 cm/s a common pattern which can
be seen as a “hazard” indicator, as it was refeiwedPGA, but in this case with higher resolution,
suggesting that this parameter should be a betdé&ator of “hazard” than PGA.

The value of 0.1 cm/s was reached 10 times by I@Gre than 20 times by ETHZ and IST S.
Portugal; more than 70 times by LGIT and IST Azaaad more than 200 times by ITSAK network.
The value of 1 cm/s was reached only 3 times by ZThore than 10 times by LGIT and IST Azores
and more than 60 times by ITSAK. The value of 1@scwas only reached by ITSAK, more than 10
times.

In Figure 3.2a) and b) we plot the number of resartdserved by all aetworks organized by PGA
and PGV bins, respectively, for different magnitidén both Figures we can see that smaller
magnitudes decrease faster towards larger value&afand PGV.

PGA values less than 6 crh/f0.006g) are more represented by the lowest madgst (M3-4);
between 6 cmfsand 50 cm/s(0.05g) earthquakes with M4-5 are contributingwatlarge number of



records; between 50 cri/and 180 cmfs M5-6 are the most represented; for higher vabfeBGA
(>180 cm/$) only earthquakes with M>6 have contributed.
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Figure 3.1a Histogram of PGA values per networks.Figure 3.1b.Histogram of PGV values per networks.

In relation to PGV the tendency it is more regulfe see that as we can expect the decrease of the
number of records is organized by magnitude valioeszalues lesser than 0.1 cm/s the larger number
of records are obtained from earthquakes with M®#4;values between 0.1 cm/s and 1 cm/s, the
dominating number of records come from earthquakéis M4-5; from 1 cm/s to 20 cm/s records
come mainly from M5-6; greater values, up to 50 ssnflave only been observed once for an
earthquake with M>6.
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3.2 Cumulated mean frequency of records as a “obsexd hazard” indicator

We propose to use the PGA and PGV observationgifjgdnn the previous section in a way that can
be used as an observed hazard indicator for thimnegepresented by the networks. In fact,
discrepancies often encountered on the resultgalfaBilistic Seismic Hazard Assessments (PSHA)
(Ordaz and Reyes, 1999, Ward, 1995 and Beauval 20@7) have highlighted the necessity to try to
use available observations to constrain hazarchasss.

Considering that the number of stations operateeédnh network and the periods of operation are
different, to perform a homogenised comparison amogtes estimated from data recorded by
different networks it is necessary to normalize tiienber of records of each bin by a factor which



considers the number of stations and the periodpefration of each station for which data was
gathered.

In this way we can obtain mean frequency of recdodach above mentioned bin per year, for an
“average” site of the area covered by the statofresach network.

The above mentioned normalizing factor can be @¢h damputed for each station of each network. An
average value of this factor, named “Equivalent bermof years of observation” (ENYQO) for each
network is shown in Table 3.1, together with thenber of stations and a mean number of years of
operation.

Table 3.1.Total number of stations, mean value of yearspafration and “equivalent number of years of
observation (ENYQ)” per each network.

NETWORK Total # of | Mean # of Years o Equivalent # of years
stations | Operation of operation (ENYO

IST Azores 26 9 229

IST South Portugal 23 8 179

IGC 11 10 107

LGIT 103 7 756

ETHZ 113 7 744

ITSAK 113 5 613

This mean frequency for each bin can be cumulatedrder to obtain an equivalent annual
exceedence probability of different values of thesen parameter for an “average site” among the
recording stations. We are using the named “ergaslsumption” as it was proposed for example by
(Ward, 1995), that permits to make an equivaleraterdsen counting a large series of records in a site
and counting a shorter series of records in diffesies, with homogeneous level of hazard. Of seur
this average site is a better representation afdidi if the zone covered by the network is smaller
and more homogeneous.

In Figure 3.3 we present the same data shown ior&i§.1, corrected now by the factor ENYO
obtaining the mean frequency for each bin, whictuisiulated in order to obtain an equivalent annual
exceedence probability of different values of thesen parameter. Thus, these values correspond to
the lower value of the bin.
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We summarize all the results obtained for the dbffie parameters in Tables 3.2 and 3.3, in terms of
Return Periods (RP) in years, which can be defaedhe inverse of cumulated mean frequency of
observed horizontal values per year.

In a recent study based on the properties of Poigssacesses, Beauval et al., 2007 have evaluated th
minimum time windows insuring reliable rate estiggtt a site. For example, for a ground-motion
with a 10-years RP at a site 100 years observétima window is required; or for a value with 100-
years RP a minimum of 1000 years observation tinmelew is required for estimating the rate with
30% uncertainty (Figure 3 in Beauval et al., 2007).

In the Tables 3.2 and 3.3 we show in shaded dekdsRP calculated with a minimum time window
leading to 30% uncertainty. Blank cells have highecertainties. Due to the larger uncertainties of
these last values, they will not be consideredifecussion.

Table 3.2.0bserved PGA (cnfsassociated to different Return Period (RP) péwvoek. Shaded cells
correspond to estimations having 30% uncertainignBcells are associated to higher uncertainties.

NETWORK | IST South ETHZ IGC LGIT/RAP IST ITSAK
Portugal Azores
Return 10 4 2 35 5 11 24
Period 50 8 13 18 23 29 a0
(RP - 100 10 20 45 130
years) 200 30 100 180
500 260

Table 3.3.0bserved PGV (cm/s) associated to different ReRamiod (RP) per agency. Shaded cells correspond
to estimations having 30% uncertainty. Blank cafls associated to higher uncertainties.

NETWORK | IST South ETHZ IGC LGIT/RAP IST ITSAK
Portugal Azores
Return 10 0.15 0.04 0.09 0.12 0.5 2
Period 50 0.3 0.22 0.30 1.8 6.5
(RP - 100 0.4 1 3 9
years) 200 0.6 6.5 17
500 0.9 28

Only RP of 10 years have been estimated with d Ev@&0% of uncertainty for all the networks. The
results show the lower value of PGA of 2 chite ETHZ data; a factor of near 2 appear for IST S
Portugal, LGIT/RAP and IGC; a factor of 5 for ISEdes and a factor of 12 for ITSAK values. For a
RP of 100 years - the longest reliable estimatioh&P - the lowest value is obtained for ETHZ
records: 20 cmfs(0.02 g); a factor of 2 is observed for LGIT/RARtal and a factor of more than 6,
for ITSAK. An estimation for a RP of 500 years istained only for ITSAK data (260 cri/er 0.26
g), but this value is associated with large unaoaga

Analogous results are obtained for PGV, but witlyda differences between networks. For a RP of 10
years, ETHZ shows the lowest values: 0.04 cm/s; &3@ctor of 2; LGIT/RAP a factor of 3; IST S.
Portugal: a factor of 4; IST Azores a factor 12 4h8AK a factor of 50. For a RP of 100 years:
ETHZ show the lowest value: 0.04 cm/s; LGIT/RAPaatér of 3 and ITSAK a factor of more than
20.

4. CONCLUSIONS

In this work we use the collection of PGA and PG¥gmeters from accelerometric records at regions
of the seven European Networks, IGC, IST (Azorabs South Portugal), LGIT/RAP, KOERI, ITSAK
and ETHZ, contributing with preliminary data to thEuropean-Mediterranean distributed
accelerometric database (Roca et al., 2010), tergeman estimate of the “observed hazard”.



Using the “ergodic assumption” we were able toneste the cumulated mean frequency of PGA and
PGV values organized by bins, per year for “aversitgs” representative of the region covered by
each network. From them we estimated return per{&#® and uncertainties. In fact, following a
recent study based on the properties of Poissocepses, Beauval et al. (2007) have evaluated the
minimum time windows insuring reliable rate estiggtt a site. For example, for a ground-motion
with a 10-years RP at a site 100 years observéitioa window is required; or for a value with 100-
years RP a minimum of 1000 years observation tinmelew is required for estimating the rate with
30% uncertainty.

With these considerations we obtained estimatiéf®3A and PGV for RP=10 yrs in the 7 networks:
PGA varies from 2 cm?g([ETHZ) to 24 cm/$(ITSAK); PGV varies from 0.04 cm/s (ETHZ) to 2.0
cm/s(ITSAK). For RP=100 yrs only estimations for ETHZIT/RAP and ITSAK are reliable with
30% uncertainty: PGA varies from 20 cifETHZ) to 130 cm/(ITSAK); PGV varies from 0.4 cm/s
(ETHZ) to 9.0 cm/¢ITSAK).

This is a first tentative to use strong motion dataa regional basis (European-Mediterranean Area)
contribute to PSHA studies. The approach presenésd should be extended to more regions and
covering longer RP of engineering interest. It reepithe availability of more data which come from
the installation of more instrumentation enlarging time window of observations.
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