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ABSTRACT:

Given the continuous development and availabilitystbong-motion databases containing real accetarog,
the consideration of such information in nonlinsactural analysis becomes increasingly attracti@vever,
the selection of records to adopt in structuralyaisirequires not only the consideration of camsisselection
criteria but also the availability of computatiortabls that allow for fast and efficient searchésarthquake
records within such databases. In this context,falhawing the recent advances in internet-basetirielogies,
the present paper introduces SelEQ, a web-basditatym for the search and selection of earthquakerds.
This tool incorporates a number of filtering progesbs allowing for the search of seismic recordsstasn
geophysical data but also on more advanced crigeich as spectral shape matching. Furthermore (Ballgws
also the selection of earthquake records accotdirgirrent seismic design code requirements, sachase of
Eurocode 8, which demand for record suites comleatifth a given response spectrum.

Keywords: Record selection, Strong-motion databases, nonlinear dynamic analysis

1. INTRODUCTION

The application of performance-based earthquakeneegng principles in both structural assessment
and design requires better predictions of struttleenands. This is achieved through the use of more
advanced analysis methods such as nonlinear atatitime-history analyses. A reliable applicatién o
the latter requires the consistent definition & sleismic input in the form of earthquake records.

In general, two different criteria for record se¢lec can be employed. One consists of choosing the
records according to strong-motion parameters, #ed other is based on geophysical criteria
(Bommer and Acevedo, 2004). The decision betweentwo criteria is based on the amount of
information available to the engineer at the analgtage. In reality, for structures of low to medi
complexity, detailed site-specific seismologicaldits are not normally available and the desigmer i
therefore bounded by limited code guidance. In tiise, record selection is fundamentally based on
strong-motion parameters. In other words, the $eaomsists of finding records that have similar
shape to the design spectrum provided by the codetl@at were obtained for a site with similar
characteristics. Although, the two criteria foraat selection have limitations, it seems more retio

to combine both. On the one hand, a selection jma@$ed on strong-motion parameters is unrealistic
because it does not consider any earthquake sosr{aragnitudes, fault distances, durations). On the
other hand, a selection primarily based on geophygiarameters may result in records that do not
have reasonable correspondence with the desigtrgpeproposed by the seismic hazard assessment.
It seems therefore sensible to base the recordte#leon geophysical and strong-motion parameters,
but to also couple this with spectral mismatchihgaks to ensure suitability for the analysis.

Currently, there are several available online girootion databases such as the PEER NGA (PEER,
2010), the COSMOS Virtual Data Center (COSMOS, 20108e NERIES Seismic Data Portal
(NERIES, 2010) and the Italian Accelerometric Akehi(ITACA, 2009). However, these databases



were developed for searches mainly based on gemphysiteria. Recently, a new selection software,
REXEL (lervolino et al., 2010), was developed fode-based real record selection. This tool allows
the search of sets of 7, 14 or 21 records compaiith the response spectra prescribed in Euro8ode
(CEN, 2004), in the Italian seismic code (CS.LL,P®08) or with a user-defined spectrum. In spite
of the clear advantages of REXEL, this tool caryds# run on MS Windowsbased systems and
requires the installation of the MATLAB Componentiriime. Moreover, the update of the strong-
motion database requires the installation of nevgigas of the application. These limitations were
recently overcome with the release of REXELite (O& 2009), which runs in the web platform of
the ITACA strong-motion database. Still, REXEL does allow searches solely based on geophysical
criteria nor the search of individual records otssef records with sizes other than the previously
referred.

This paper introduces SelEtip://seleq.fe.up.pt a web-based application for the search and
selection of earthquake records developed at tleelfyaof Engineering of the University of Porto,
Portugal. This tool incorporates a number of fittgrprocedures allowing for the search of seismic
records based on geophysical data but also on attwanced criteria such as spectral shape matching.
Furthermore, SelEQ allows also the selection ofhgalmke records according to current seismic
design code requirements, such as those of Eurdgoddich demand for record suites compatible
with a given response spectrum.

2. DESCRIPTION OF THE WEB-BASED APPLICATION SelEQ
2.1. Main Features

SelEQ has been developed with the objective ofavatig for a wide range of search options as well as
to facilitate its scalability in the future. Curtgn the application enables the search of eartkeua
accelerograms as well as for single records (FigUravailable in the NGA database. An additional
option, which is under development, is the seafale@ord sets according to several selection ¢aiter
An accelerogram is herein considered to be a gofupcords of an earthquake recorded by a given
station in two or three orthogonal directions. \Whih the search for accelerograms only filters dase
on general (earthquake name, recording station nato and geophysical parameters (magnitude,
epicentral distance, soil type, etc) are availgbligure 2), the search for records comprises §ilter
based on general, geophysical and strong-motioanpeters (peak ground acceleration, duration
according to different definitions, etc) (Figure 2)dditionally, the record search options of SelEQ
include advanced filtering criteria based on sdatompatibility checks. The user can define upper
and lower limits for the acceptable mismatches betwthe record and the reference spectra. This
reference spectrum can be user-defined or setdiogaio the expressions given in Eurocode 8.

SELEQC

Type of Search

Figure 1. Main menu of SelEQ



A useful feature of SelEQ is the possibility of theer to customize the output parameters of the
search independently of the parameters selectetthddfiltering criteria. Moreover, the search résul
can be sorted according to any of the output paennieWhen spectral compatibility checks are
considered in the search for records, additionapwduparameters become available such as the
maximum and minimum mismatches between spectra, sttaing factor that minimizes the
differences between spectra, among other parameters

In addition to the above features, the applicailows the user to browse the search results and to
visualize plots of the acceleration, velocity aridpthcement time series. The response spectra for
various damping levels are also available for Vigadon. This data is available to the user thioug
several downloading options.
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Figure 2. Menu for the search for accelerograms

Type of Search: Records
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Figure 3. Menu for the search for records

2.2. Implementation Details

SelEQ is a web-based querying application builhwiee and accessible technology. SelEQ was
developed in a way that allows for its improvemant evolution, given the modular structure that



was implemented. The back-end of the applicatios wraated in PHP 5.3, which is a reliable and
well established scripting language, and JavaScrTipe MVC architecture pattern was followed, to
isolate the business rules from the applicatiorerfate, allowing for more maintainability by
modularity. The most CPU demanding calculations eaeied out with a specially developed
executable file, coded in C language, contributinoga considerable increase in the application’s
performance. The front-end of the application waitt kvith XHTML and CSS. Given this fact, a PHP
server, version compliant, is necessary to runaghygication on the server side. This specificity is
transparent to the end-user whose only requirenaetsn Internet connection and a generic browser
to access the application. Because SelEQ was ingplierd in a client-server, three-tier architecture,
the application is located in only one place, apospd to desktop applications, which need to be
installed on the users’ computer. This means thHE@ is easily extensible and that the businessrul
can be changed with no effort from the users toatgpdo a newer version, thus promoting the
application’s transparent scalability.

The entire system runs over a database which isnthe core of the application. This database was
designed in MySQL, which is free and fast, thus tinggwo of the base requirements. The database's
data model and the interaction with the databage designed to enable the possibility, in the fitur

to add different databases to the system. The rapodelsign of the application and the capacity @ ad
new filtering criteria and databases considerattydases the application’s scalability.

3. APPLICATION EXAMPLE

Two examples will be presented in the followingteets with the aim of illustrating the potential of
SelEQ. The first example consists of a searchdoelarograms while the second example focuses the
search for records and incorporates spectral cobiligitchecks.

3.1. Accelerograms Search Example

Two filters based on geophysical parameters arsidered in this example, namely magnitude range
and epicentral distance. As shown in Figure 4,d@rch is conducted for accelerograms recorded
from earthquakes with a magnitude ranging betweéna@d 6.1, and with an epicentral distance
ranging between 20km and 25km.

SELEQC
%]

Type of Search: Accelerograms

GCeneral Parameters Geophysical Parameters
- Createfiter | Epicentral Distance (km) ~ [ Createfiter |

| Magnitude 6 <x< 61 Remove filter |

| Epicentral Distance (km) 20 <x< 25 | Remove fitter |

Figure 4. Filters considered in the search for accelerograms

The results of the search are shown in Figure 5Silléstrated in the figure, the application found 4
accelerograms complying with the searching critefia can be seen from the table of results, the
customised output parameters include the ID ofateelerogram in addition to the earthquake and



recording station names, the date of the earthgashkeell as the magnitude. The results can beyeasil
sorted according to different criteria by clickiimgthe table headers. If needed, the user is abte-t
organize the columns sequence by clicking and dnggbem with the mouse. Additional information
concerning the accelerogram, earthquake and rexpistation can be obtained by clicking on the
relevant table outputs. For example, by clickingaagiven earthquake name, a new pop-up window is
launched where the available geophysical informmaigopresented along with a representation of the
epicentre in Google Maps (Figure 6). Furthermolestaf the stations that recorded that earthquske
also provided. If the user clicks the name of ohthese stations, another pop-up window is launched
with relevant information about the station whiclcludes a list of the earthquakes recorded by that
station (Figure 7). Therefore, all the data avddadb the database is linked and hence easily aedes
Additionally, by clicking the ID number of one tlaecelerograms, a new pop-up window is launched
with a menu where the user can view plots of theel@cogram components and of the response
spectrum for different damping values. To illustr#tis feature, Figure 8 presents examples of these
plots for one of the accelerograms in Figure 5.
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Figure 5. Results of the search for accelerograms
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Station Information

Station Name: El Centro Array #9
Station Sequence Number: 75
Station Latitude: 32.79
Station Longitude: -115.55
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Figure 7. Pop-up window showing information relative to #ethquake recording station
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Figure 8. Pop-up window showing information relative to dhe accelerogram components

3.2. Records Search Example

In this example, the search comprises filters baseldoth geophysical and strong-motion parameters
(Figure 9). Two filters based on geophysical patanseare considered: an earthquake magnitude
ranging between 5.5 and 6.0 and an epicentralmtisteanging between 20km and 25km. In relation



to the strong-motion filters, only spectral compéity criteria are defined. As shown in Figure&,
target acceleration response spectrum is definear@iog to Eurocode 8. The parameters defining the

response spectrum assume

a seismic action of Tygpedil of type B and a damping value of 5%. For

the compatibility check between the target spectamah the record spectra, maximum and minimum

values of 15% are defined

for the acceptable spleatismatches over a period range specified

between 1.5 and 2.0 secs. The selected output pteesfor this search are the earthquake name, the
recording station the year of the earthquake, #rthguake magnitude, the peak ground acceleration,

the maximum and minimum
between the spectra.

spectral mismatches andd¢hkng factor that minimizes the differences

i
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Figure 9. Results of the search for accelerograms

The results of the search ar

e shown in Figure HfoAthe results of the search for accelerograms,

additional information and result arrangement apioan be accessed by clicking on the table header
and on some of the results of the table. Nametypthtput results can be sorted by ascending values
the scaling factor in order to choose the recoedsling acceptable values of this parameter while
complying with the selected mismatch limits.
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Figure 10.Results of the search for accelerograms



4. FINAL REMARKS

The performance-based philosophy that is inherenturrent seismic assessment provisions and
design codes, increasingly relies on the use ofimear dynamic analysis. Simultaneously, the
increasing availability of strong-motion databasestaining real accelerograms also enables the
development of such trend. However, the selectiorecords to adopt in structural analysis is still
difficult task in most cases. The available codelgjines for this purpose are clearly scarce andtmu
be complemented by adequate selection criterith. t88 selection of adequate ground motion records
for structural analysis requires not only the cdagition of consistent selection criteria but dls®
availability of computational tools that allow féast and efficient searches of earthquake records
within the existing databases. Therefore, the agreént of applications such as SelEQ represents a
step forward in the development of adequate pedone-based earthquake engineering methods.

In this paper, SelEQ, an application for the seatlearthquake accelerograms and records, was
described. SelEQ is a web-based application anturfea simple and more advanced searching
capabilities. Both geophysical and strong-motidatesl parameters can be defined as filtering ¢aiter
Moreover, spectral compatibility checks can berd&fiso that searching based on code criteria can be
easily performed. The modular design of SelEQ m®es the application’s scalability, namely by
permitting to easily include new filtering criteria

The current version of SelEQ relies on records fthm NGA database. However, the inclusion of
other strong-motion databases can be readily imgi¢ed. The potential of the application was
illustrated with two application examples. Ongoingrk is being carried out with the aim of
implementing the search for record sets accordirggveral selection criteria.
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