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Abstract

Strong motion data recorded during the 15-year operation of the CORinth Gulf Soft
Soil Array (CORSSA) in the highly seismic region of Aegion have been homogenized
and organized in a MySQL database. In the present work we describe the contents of
the database and the web portal through which these data are publicly accessible.
CORSSA comprises one surface and four downhole 3-D broadband accelerometric
stations. It was installed in 2002, in the framework of European project CORSEIS,
aiming at gathering data for studying site effects, liquefaction, and non-linear
behaviour of soils, as well as earthquake source properties. To date, the array has
recorded 549 local and regional events with magnitudes ranging from 1.1 to 6.5.
Although the vast majority of the recorded events caused weak ground motion at the
CORSSA site, the scientific value of the data set pertains to the sparsity of this kind of
infrastructure in most parts of the world.

Keywords: site effects, strong motion database, earthquake.

Iepianyn

O1 ypoivoioropies TG EJOPIKNG ETITAYVVONS TOV KATOYPAPNKAY KOTC. TH OLGPKELQ. THS
roAveroie Astrovpyiag e oaralne CORSSA (CORinth Soft Soil Array) oty vywniig
oeloukotnTag mwepioyn tov Aryiov, ouoyevomomnOnkayv koi opyovalnkav oe fdon
oedouévawv MySQL. Ztnv mapodoa epyacio mepiypapovue 10, mEPLEYOUEVA THS PAONS
OVTHG KO TOV EIOIKO O10OIKTDOKO TOTO TOV OYEOIGOTHKE TPOKEYLEVOD VA OLlEVKOLVVOEL
n odyvon TV mEpLEYouEvmy otnv emiotnuovikn kowomyro. H didraln CORSSA, 5
omoio. eykotaotalnke oto mloiclo tov Evpwmaixod epevovntikod mpoypouuotog
CORSEIS, zmepilaufaver mwévie emToyvVeIOypapovs POV CUVICTWODYV EVPEOS
POACUATOG, EVOY GTNY ETLPAVELD, TOVD EIGPOVS KO TETTEPIS 0€ OLapopeTikd, oy (14-180
) EVIOG E10IKG KOTOOKEDOAOUEVV YEWTPHOEWY. 2XTOYOS THG EYKATAOTOONS KOl
Aertovpyiag ¢ draralng vanple n ovlloyn VYNNG TOIOTHTAS JEOOUEVWY Yio. T UEAETH
THG OOUTEPLPOPOS TOV E0GPOVS KATC, T OLOPKEIQ TOD EOOPIKOD KPOOOOTUOD TOD
TPOKOLODY 01 OEIoUOT, OAAG KOl THG TELOLUKOTHTOS THS TEPLOYNS VEVIKOTEPQ. MEYp!
onuepo, n odraén CORSSA éyer karaypdwel mepioootepovs amd 549 tomikovg kou
TEPLPEPEIOKODS TELOLUOVS Ue ueyédn mov kopoivovror arno 1.1 éwg 6.5. Ilap’ 6,71 10
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O0VOAO TV UEYPL ONUEPA KOTOYPOPDV QVTIOTOLYOOV O XOUNANS ETITOYVVONG
xpovoioropieg, 1 allo ToV¢ EyKelTOl 0TO OTL TO WEIPOYUOTIKG TENLQ OTO. OTOLO. ExEl
ooy et TopOuOLO. EKTEVHG OEIGUOLOYVIKN KOL YEWTEYVIKY EPEVVO, OTLAVICODY aVA. TOV
KOGLO.

AéEeig KAg101d: edopinég ovVOnKeg, Poon dedoUEVY 16YDPNS KIVHONG, TEIOUOG.

1. Introduction

The major task in seismological research is the understanding of earthquake phenomena and their
consequences to the natural and anthropogenic environment, with the purpose of mitigating the latter
by providing valid and timely information to be used for effective earthquake planning and decision-
making processes. This requires reliable in situ observations combined with innovative analyses and
adequate interpretation. Given that data processing has presently become largely feasible through
open-access modern computer codes, the reliability of the results depends mostly on the availability,
quality and quantity of data obtained through direct observations. The accessibility of these data
from a wide range of experts including individual researchers and research institutions can
encourage diversity of analysis and promote new studies with societal benefits.

Site response crucially impacts the characteristics of strong ground motion, and hence its realistic
assessment is essential for earthquake design, especially in regions with a high seismic potential.
Site effects are increasingly documented through a growing number of sites instrumented with
vertical downhole seismic arrays globally. The CORinth Soft Soil Array (CORRSA) is such an
installation situated in Aegion (Figure 1), a city in the Gulf of Corinth - one of the most seismically
prone areas in Europe. The present work seeks to meet the demand for 3-D ground motion
observations of high quality and density, made available in formats that are compatible with end-
user needs. This paper describes the structure, capabilities and prospects of a web portal for the
accelerometric recordings at CORSSA. This work was developed by the Seismological Laboratory
of the University of Athens and the Department of Civil Engineering of the Aristotle University of
Thessaloniki.

The web application presented herein provides an advanced framework to access the raw and expert-
processed CORSSA recordings in formats compatible with end-user requirements for further
analysis, guidelines on the usage of the accessed data and definition of the nature of data files that
are released.

2. The CORSSA Array
2.1. History

The CORSSA vertical accelerometric array is located within the premises of the “Ladopoulos” old
paper factory, on the west coast of Aegion port (Figure 1). The broader region, i.e., the Gulf of
Corinth, is considered a young asymmetric Rift which is deforming by one of the highest rates in
the Euro-Mediterranean region, having a rich and long history of large and catastrophic earthquakes
throughout the historical and instrumental era (e.g., Papazachos and Papazachou, 2003). CORSSA
comprises an 18-channel digitizer equipped with 5 three-component broadband accelerometers;
namely one surface station sheltered inside an appropriately designed vault, and four stations
installed in boreholes at depths of 14, 25, 60, and 180 m (Figure 2). The array is complemented by
two pore-pressure sensors at 6 and 14 m depth and three permanent surface accelerometric stations
installed inside the city of Aegion, operated by the National Observatory of Athens
(http://accelnet.gein.noa.gr/), the Institute of Engineering Seismology and Earthquake Engineering
(EPPO-ITSAK; http://www.itsak.gr), and the Seismological Laboratory of the University of Athens
(http://dggsl.geol.uoa.gr). CORSSA was installed in 2002, in the framework of the European Project
CORSEIS (EVG1-CT-1999-00002H, funded after FP5-EESD; CORSEIS 2001, 2002) as a result of
the cooperation of several European Universities (the reader is referred to
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http://dggsl.geol.uoa.gr/proj/en_corseis.html for a brief description of the project). It was developed
to facilitate the study and modelling of the impact of the near-surface soil formations to the seismic
wave field. It involves an infrastructure that has already served several scientific projects
(http://crlab.eu) and motivated international publications (e.g., Pitilakis et al., 2004; Ktenidou et al.,
2011, 2013, 2015).

Housing
(Recorders)

Qutcrop bedro e
(Limestone)

(Conglomerate)
¥ Downhole accelerometer
Bl Surface accelerometer

@ Pore pressure sensors

Figure 2 - Layout of the sensors at CORSSA (adapted from CORSEIS, 2001 2002).

3. The Web Portal

The design and technical aspects adopted for the development of the CORSSA database and its web
portal (http://www.corssa.gr; Figure 3) were based on the pre-existing scheme used for a similar
database, that of the EUROSEISTEST strong motion array in northern Greece (Pitilakis et al., 2013).
All development tools used were Free/Open Source Software (F/OSS). The background
programming language is Ruby, combined with the Rails web application framework (the
combination often referred to as RubyonRails). Waveforms and metadata associated with the events
recorded by CORSSA have been stored in a MySQL v5.5 relational database through a Content
Management System (CMS). Prior to uploading to the MySQL database, data undergo routine
offline processing regarding insertion and modification of metadata and basic signal corrections,
mostly using the Seismic Analysis Code (SAC, Goldstein et al., 2003; Goldstein and Snoke, 2005).
An administrator web interface was introduced, specially adapted for the application, facilitating the
uploading procedure of data and metadata and minimizing the risk of mistyping and other user errors.
A regular update of the database with newly recorded events and pertinent metadata can be
performed promptly and easily. The application includes capabilities for quality graphics of velocity

1083



and displacement time histories, Fourier spectra, response spectra and spectrograms, computed and
registered in an automated way. Several of the above options will be activated in the near future.

e
=

THE CORSSA PROJECT DATABASE SEARC ANNOUNCEMENTS

-

This site constitutes the data dissemination potal of the COrinth R Soft Soil Array (CORSSA) database. CORSSA
is an amay of accelerographs, which includes both downhole and surface mstruments, located close to the port of the
town of Aighio in the southem coast of the Gulf of Corinth

A stong moton scords that have been recorded by the CORSSA amay sinc ks estabishmer. s avadatle for
wsualization and/or downloading (i sac, iittle-endian, or ascil format) through the “Database search™

fefative 10 the stations and metadata (Vs profiles, borohole data, dynamic properties of the sail llc) e 3050
distributed (in ascil format, wherever possible) thiough the “Database search - Stations” page

The database is updated each time a new event is being recorded. Check for "New Event Upload Notfications” in the.
“Announcements” section of this home page

Disclaimer:
Although data have been reiewed by highly specialized stafl, their correctness i to be appreciated by the end user

Reference:

If using data from this site in a publication, please refer to.

19° 200 217 227 23° 24" 25° 26° 277 28 29° 30°
Figure 4 - Map of the event epicenters included in the CORSSA database.

Since its installation in 2002, CORSSA has recorded more than 1,000 seismic events, despite the
fact that after the end of the CORSEIS project its operation was often disrupted either by technical
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problems or accidents. At present, the database includes 549 events out of the >1000 recordings
(1647 single component recordings) of local magnitude 1.1<M<6.5, at epicentral distances, R,
between 1-280 km (Figure 4). The distribution of recorded events with M, M. versus epicentral
distance (R) and PGA versus R plots are presented in Figure 5. About 500 events recordings are
under processing and they will be promptly included in the database.
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Figure 5 - Statistics on the contents of the CORSSA database. a) Number of recorded events
per local magnitude, M, b) Mv versus epicentral distance, and c) PGA versus R for the 549
records in the database.

At present, the CORSSA web portal provides access to raw and routinely processed “Unfiltered”
accelerometric data. “Raw data” correspond to the originally recorded waveforms without any
processing. Waveform headers include all available information on the station and event location,
component orientation (Ktenidou, 2010, 2015), absolute time, etc. “Unfiltered data” have been
processed for non-standard errors, i.e. baseline offset and trend, spikes etc., and have been
homogeneously oriented to the south-north and west-east directions by rotating the horizontal
components. No filtering has been applied, in order not to distort the original signal amplitudes. In
future, there will also be a “Filtered data” option, based on individual record processing and specific
signal-to-noise criteria.

The CORSSA “Home” page provides links to general information, such as a description of the array,
technical details, history information and scientific results available to date (Figure 3). Waveform
data can be accessed and browsed under the “Database Search” option listed in the “Home” page,
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through three different platforms, following the common practice for similar databases (Pacor et al.,
2011 and references therein) (Figure 6). The first platform contains search criteria related to the
waveform records (i.e., peak ground motion values, distance from the earthquake source), the second
one parameters related to the earthquake source (i.e., magnitude, location, type of faulting etc.), and
the third platform allows for search based on station-related criteria (i.e., location, housing, soil
category etc.). A combination of the three types of search criteria is feasible through the first
platform.

TRy
& A
e [ ORSS, CORSSA
® DATABASE
8

HOME THE CORSSA PROJECT DATABASE SEARCH ANNOUNCEMENTS

ciick to show/hide

Epicentral Distance [Kkm] from >=: to<:

Unfiltered PGA [cm/s?] from >=: to<:

Filtered PGA [cm/<?] from >=: to<:

Filtered PGV [cm/s] from >=: to<:

Filtered PGD [cm/s] from >=: o<z

cick to shavi/hide

Date (¥v¥Y-MM-DD) from >=: o<

Latitude (=g. 40329) from >=: to<:

Longitude (=.g. 23.521) from >=: to<:

Depth [km] from >=: to<:

FM Type [=1: —— Any value —— -

Local magnitude from >=: to<:

Moment magnitude from >=: to<:

ciick to show/hide

Station Code ([EE

EC8 Code [=: -- Any value —— -

Latitude (=.g. 40329 from >=: to<:

Longitude (=.g. 29.521) from >=: to<:

Housing [=]: -- Any value -- -

Date M, Mw Station Code Repi [Km] Unfiltered PGA [cm/s?] Record Details

2012-04-16 08:40:22 3.6 3.8 S5A 14 7.3 22.8946 #
2012-04-16 08:40:22 3.6 3.8 S5A 178 7.3 3.2746 7
2012-04-16 08:40:22 3.6 3.8 SSA 0 7.3 17.5305 i

Figure 6 - Online form provided for searching the database contents. Three types of criteria
(related to the acceleration record, the earthquake event or the recording station) can be
used either individually or in combination. Query results are presented in the bottom of the
page in the form of a table.

User queries result in a list of records that match the search criteria (Figure 6, see table at the bottom
of the page). Each line, i.e., each record in the list, leads to a certain number of pages, which combine
the requested waveforms and metadata in downloadable files and clickable screen plots, displaying
tabulated station and event metadata, maps with epicenter locations (Figure 7), and plots of
acceleration waveforms. Examples of such plots are shown in Figure 8. At the end of each search,
the user can download the requested “Raw” and/or “Unfiltered” waveform data in either ASCII or
SAC (PC-little endian) format, together with any associated graphic products.
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i~ Event information

Date 2012-04-16 08:40:22

Latitude 38.301300 Longitude 22.136500 Depth [Km] 17.3
Hypocenter
Refeference

Type Value Reference
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Kpivog Vv‘. 1
Cooule —= k\‘_ﬂ_{‘
: CHR Y ¥
Type NORMAL OBLIQUE SLIP Method MT Reference NOA-GI
Strike 103.0 Dip 35.0 Rake -69.0

Station Code Repi [Km] Unfiltered PGA [cm/s2] Record Details
SSA 0 [ 7.3 \ 17.5305 | »
B SSA 14 \ 7.3 22.8946 \ »
ssa 178 | 7.3 3.2746 | R
SSA 31 \ 7.3 8.8876 \ »
=] SSA 57 [ 7.3 \ 7.7047 | B

Export selected recordings (.zip)

Dataset: Processed, not filtered acceleration time histories -
Format: SAC ~

Figure 7 - Example of an event-dedicated web page. Apart from location and focal
mechanism information, a map is provided with the locations of the epicentre and the
recording station. At the bottom of the web page, a table summarizes parameters of the
actual records and provides links (‘Record Details’) to the corresponding waveforms. A form
for facilitating data download in SAC and ASCII format is also included (‘Export selected
recordings’).
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Figure 8 - Example plots of acceleration traces (M4.9, 04/02/08 in Northern Peloponnese) for
the NS component, at all five stations of the array.
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4. Discussion

The CORSSA downhole array has been operating for over a decade in the highly seismic area of
Aegion, Gulf of Corinth. It constitutes a significant infrastructure for seismological and geotechnical
studies. The operation of the array so far, although often interrupted due to funding and technical
problems has provided a significant data set of accelerometric data with a wide magnitude and
distance range. These records have now been organized and are disseminated through a user-friendly
web portal (http://www.corssa.gr). By creating and maintaining this portal, we aim to encourage
maximum possible exploitation of the overall investment in the CORSSA site. The future task of
the institutes currently responsible for this infrastructure (namely, the University of Athens and the
Aristotle University of Thessaloniki), is to maintain it operational. Given the good existing
knowledge in terms of seismotectonic and geotechnical background, this site will very likely provide
significant records in the future. To ensure the continuous operation of the array and the high quality
of future data, action has already been taken and CORSSA has been selected as part of the significant
scientific infrastructure included under the HEL lenic Plate Observing System (HELPOS), a project
funded in the framework of the national roadmap for Research Infrastructures (RI) for the period
2014-2020 (http://www.gsrt.gr). The contribution of this work is the web portal presentation and
data dissemination to scientific community. The online CORSSA database will be further enriched
with more recent data and recordings from the RASMON strong ground motion network
(Makropoulos et al., 1993).
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