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ABSTRACT

In July, 1991, a strong motion network (RASMON} consisting
of 8 SSA-1 and 7 SMA-1 stations was installed around the western
part of the Gulf of Corinth (W. Greece), in order to assist the
investigation of the complex seismotectonic regime of the area
and provide the basis for strong ground motion attenuation and
site effect studies. The first phase of operation lasted until
September 1992 and during this period 453 3-component
accelerograms from 100 events with epicentral distances from 1
to 100 km and magnitudes ranging from 2.5 to 5.0 R were recorded,
providing more than 1200 recordings. The examination of the
corrected accelerograms and corresponding response spectra
obtained for the October 25, 1991 M =4.5 event at different
stations indicated that the available data provide important
information on the effects of the local geological conditions on
the frequency content, amplification and energy distribution of
the signals recorded at different sites.

TO AIKTYO ENITAXYNEIOTPA®ON (RASMON) ETHN NEPIOXH
AYTIKOY KOPINOIAKOY KOAIIOY. APXIKA AINOTEAEIMATA
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NIEPIAMHVYH

Tov TIobAiLo tov 18991, €va Tomiud dimtuvo amoTeioVuevo and §
ETLTAXVVOLOYPAPoLG TUTou SSA-1 uat 7 TOmMou SMA-1 eyuaTtaoTdBnmue
oto duTiud Tujpa Tou Kopivliaxod AHSATOU, TPOHELHEVOU  vd
dLevmoAiVvel Tn dLepedvnon Tov OVVOEETOL TEUTOVIKHOU HABETTWTOS TG
TEPLOXG Map€xovTag TauTtdxpova Sedopugva YL Tn HEAETR Tou TPSTouL
anéoBeong TNg OELOPLHAG EVEPYELAG HAL TN aOYHPLON @QAORATWVY
aATSHP LONG LOXLPWY eda@ iV KL Voewy de dLapopeTLnolg YEWAOYLHOUG
OXNUaTLOpOUS. H TpdTn @don Aettouvpyiag Tou duntvou dinipreoce HEXPL
To ZemTEuPpLo Tov 1992. Ta TMPWTH aUOTeAEOUATA QTS TNV avdAvon Twv
Sebopévav €derLfav STL matd Tnv meplodo authi mataypdenuav 453
ETLTAXVVOLOYPAHHATY TPLWY OUVIOTWOWY, TOU TPogpyovtal and 100
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oeLopoVg He HeYEDBN 2.5 €wg 5 R maL eMimevIpLuEg anootdoelg and
1 €gwg 100 km mepimov. Emiong n ef€tacn Twv OdiopbBuwpévwy
ETL TAYVVOLOYPOHUATWY MAL TwWV AVTLOTO( WV QUOUATWY anéupiong Tou
ogLopol TnNg 25 OntwPpiov 1991, M=4.5 and Bidpopous ocTabuolg
€deLfe STL To BEBOUEVA QUTA TPOCPEPOULY ONUAVTLHEG TANPoYoplieg YL
TNV enidpaon TwWV TOMLHEV TYEWAOYLHWY OLVONUWY OCTO OCLYVOTLHS
TEPLEXSHEVO, TN HEYEBLVON HUL TNV HOATOVOHUR TNG EVEPYELAG TwV
gEtOR LMY HATaYpoYLV Ot dLdgopeg BEoELG.

INTRODUCTION

Within the framework of the co-operation between the
Geophysics-Geothermy Department of the Athens University, the
Bureaux of Seismic Risk Evaluation for the Safety of Nuclear
Installations of CEA in Paris and the Laboratory of
Tectonophysics and Geophysics of the Interior of the Joseph
Fourier University of Grenoble, a strong motion network of 8
digital SSA-1 and 7 analog SMA-1 3-component instruments was
installed in the western Corinthiakos Gulf area in Greece (figure
l). The installation was concluded in July 1991 and the first
phase of the network’s operation lasted until the end of
September 1992.
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Fig.l. Location map of SSA-1 accelerograph stations of RASMON
network.

The first one of this experiment’s main objectives was to
contribute to the study of the complex seismotectonic regime of
the area in combination with a microseismicity study in the same
area during the period of July - August 1991. The second
objective was the collection of acceleration data in order to
provide the basis for strong ground motion attenuation studies
and the calculation of the corresponding laws. This target is
of great importance since the number of strong motion records
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available from earthquakes in the area of Greece is limited, a
fact that is especially pronounced for the case of near field
records. In addition, in order to obtain unavailable up to now
strong motion records for events of small magnitude, which may
permit the extension of attenuation laws at lower acceleration
values, the trigger level of the instruments was set at a very
low level.

RASMON RECORDED EVENTS

JULY 1991 - SEPTEMBER 1992
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Fig.2. Diagram showing the total number of triggered recordings
and actual seismic recordings at each station of RASMON
accelerograph network.

The compilation of a waveform data base from weak ground
motions which can provide the empirical Green’s functions
necessary for the calculation of synthetic expected strong ground
motions in the area, was the third objective of this effort (see
Diagourtas et al, 1993). Finally, in order to obtain valuable
information about the effects of the site local geological
conditions on the amplification of strong ground motion the
instruments were installed on different geological formations.

It is evident that these objectives are of especially great
importance to engineering seismology since the obtained results
can assist seismic hazard assessment studies, improve the
capability of calculating synthetic strong ground motion at
specified sites of major constructions and improve our knowledge
about the effects of local site conditions on strong ground
motion.
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The scope of this paper is to present and evaluate the
preliminary results obtained from the initial processing and the
interpretation of the data recorded during the first phase of
this experiment.

STATISTICS

During the 15 month period of the network’s first phase of
operation a total of 721 signals were obtained from the 8 SSA-1
digital stations. Initial examination of the recorded data
revealed that 453 of these signals correspond to 100 seismic
events. The analysis of the recorded events at each station is
presented in the bar chart of figure 2, while in the bar chart
of figure 3 the number of seismic events per month and the
corresponding number of recorded signals in all stations are
depicted.

The number of 3-component records obtained by all stations
in relation to the number of actual seismic events is next
presented in the diagram of figure 4. Finally in the bar chart
of figure 5 the number of records classified in five categories
on the basis of the maximum peak to peak horizontal acceleration
values obtained, is depicted.
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Fig.3. Diagram showing the total number of seismic events and
actual seismic recordings at all stations for every month
of network operation.
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Fig.4. Diagram showing the number of seismic events in relation
to the corresponding number of records.
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Fig.5. Diagram showing the number of seismic records in relation
to the corresponding maximum horizontal acceleration
values.

In order to determine the hypocenter location of the
recorded events the records of the National Observatory of Athens
were initially examined. This examination revealed that during
the period of interest a total of 91 events were recorded in the
area by the National Seismological Network the epicentres of
which are presented in figure 6.
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Fig.6. Epicentre location map of events recorded by the
seismological network of the National Observatory of Athens
during the period July 91-September 92.

Next, from the results obtained during the microseismicity
experiment in the area (A. Rigo et al, 1992) for the period
July-August 1991 the epicentre locations of the events recorded
by RASMON during the same period, were selected. Using this focal
parameter data and by re-location of the events recorded by the
NOA network the epicentre map of figure 7 was compiled. However,
it must be noted that this relocation procedure for the
determination of the epicentres of the remaining events is still
in progress.

ANALYSIS - DISCUSSION

The recorded events were processed using the PC-based
package incorporating the three stages corresponding to the
standard processing scheme developed at the Earthquake Research
Laboratory of the California Institute of Technology (Trifunac
and Lee, 1979). First, the digital data files recorded at 200
samples per second and collected in the field were scaled and
converted to acceleration values using the sensitivity and
damping of each instrument.

In the following step the scaled accelerograms were
corrected for instrument frequency response, and baseline
adjustment was performed. Initially, a low pass Ormsby (Ormsby,
1961) filter with a cut-off frequency of 47 Hz and a roll-off
frequency of 50 Hz was applied. Next, instrument correction was
effected using the instrument specific characteristics. For the
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baseline correction a high-pass Ormsby filter was used with a
cut-off and roll-off frequency of 0.25 and 0.5 Hz respectively.
Finally, in order to obtain the corresponding velocity and
displacement time histories the corrected accelerograms were
integrated once and twice respectively. The application of an
Ormsby high-pass filter with the same roll-off and cut-off
frequencies as before at every integration step, was performed
in order to avoid 1long period errors resulting from the
uncertainties involved in the estimation of the initial velocity

38 Eventls

Fig.7. Epicentre location map of the events recorded by the
microseismicity network during the period July-August 1991
and the relocated events of the NOA network. Epicentre
location of the October 25, 1991 M=4.5 event, (shaded
rectangular).

and displacement values (Hudson, 1979). From the obtained
corrected accelerograms the response spectra were calculated, for
different periods and damping values, using the approach based
on the exact analytical solution of the Duhamel integral for
successive linear segments of excitation.Next, the earthquake of
October 25, 1991, 21:24 M =4.5 which occurred almost in the
centre of the network (figure 7), was selected in order to
present the good quality of the recorded data and the different
prospects and capabilities provided by the installation and
operation of such a local accelerograph network. In figure 8 an
example of the corrected acceleration, velocity and displacement
time histories of this event, obtained after the previously
mentioned processing steps for the case of the longitudinal (N-S)
component of the Sergoula station is presented, since a peak to
peak maximum acceleration of 360 cm/sec? was recorded on that
component, while the corrected longitudinal acceleration
components of all stations and the corresponding response spectra
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are presented in figures 9 and 11 respectively.

As it was shown by Scherbaum (1987a,b) and Hutching and Wu
(1990), the records obtained from small and average magnitude
near field events are not significantly influenced by source
characteristics and hence they can provide useful information for
site effect studies. Within this concept, the data recorded by
RASMON network allow the examination of variations in frequency
content, amplification and energy distribution, in relation to
the different geological formations upon which the network was
installed, a fact which is verified by the analysis of the
October 25, 1991 event.

If we examine the corrected acceleration waveforms of the
north-south components obtained at different sites (figure 9),
we will observe the differences between the first three records
of the south stations located on Plio-quaternary sediments and
the remaining four stations installed on alpine formations. The
larger peak acceleration values in the recordings of the north
stations are evident, while more frequency variations can also
be observed in the records of the south stations. Furthermore,
as it can be seen in figure 10 where an example of the Fourier
spectra for the characteristic stations of Lakka and Sergoula is
shown, in the south site the released seismic energy is dispersed
across a wider frequency band, whereas the spectra of the north
station show an energy concentration in a limited and bhetter
defined frequency range, resulting larger peak acceleration
values.,

Similar features can be observed in the response spectra of
all stations presented in figure 11. Thus, in the case of the
response spectra of the south stations (Rodini, Argira, Lakka,
figqure 1lla,b,c) we can notice once again, that the seismic
energy is distributed across a wider period band with a variety
of peaks, especially in the lower limit of the band, most likely
caused by the energy scattering in the relatively poorly
consolidated Plio-quaternary sediments. On the other hand, in the
response spectra of the north stations (Xallithea, Sotena,
Sergoula, Paleopirgos, figure 1l1d,e,f,q) located on the older
better consolidated alpine formations, the seismic energy release
in low periods (less than 0.1 sec) is limited and the energy
appears to be concentrated in a narrower band (0.1-0.5 sec). This
is more pronounced in the case of the Sergoula station located
on Cretaceous limestone which yielded the maximum observed
acceleration value of 181.5 cm/sec? where the released seismic
energy is concentrated in the limited period band of 0.1-0.3 sec
peaking at 0.2 sec (figure 11f).

The response spectra of Sotena and Kallithea, located at
almost the same epicentral distance as the previous one, indicate
that seismic energy is less concentrated a fact that can be
attributed to the relative heterogeneity characterising the
flysch formation upon which these stations were installed.
Finally, the greater dispersion of seismic energy observed in the
response spectra of Paleopirgos which was also installed on
Cretaceous limestone, like Sergoula station, can be attributed
to the effects of the ray path due to the relatively greater
distance of this station from the epicentre (=45km).
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Fig.8. Corrected acceleration, velocity and displacement of the

October 25, 1991 earthquake M=4.5

recorded on

longitudinal component of Sergoula station.
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Fig.1l0. Fourier amplitude spectra derived from the ongitudinal
components of the October 25, 1991 earthquake M=4.5
recorded by Lakka (a) and Sergoula (b) stations.

CONCLUSIONS

The preliminary analysis of the data obtained during the
15-month first phase of operation of the RASMON accelerograph
network in the western Corinthian Gulf, revealed that from the
453 3-component records , 313 corresponding to 100 seismic events
with magnitudes (M) ranging from 2.8 to 5.0 and epicentral
distances from 1 to more than a 100 km, are exploitable. The
maximum horizontal acceleration peak to peak values obtained from
the analysis of these records range from 2 cm/sec? to 360
cm/sec?.

The obtained data set satisfies our expectations while
designing such a network and proves its necessity for more
detailed earthquake engineering and seismic hazard assessment
studies. This 1is even more important when dealing with a
seismotectonically complex area like the one covered by RASMON
network. Furthermore the preliminary analysis of the October 25,
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1991 event shows relatively large variations in peak acceleration
values as well as in frequency content at different sites with
comparable epicentral distances, underlining the importance of
considering the role of site conditions in aseismic design
studies. However, it is well understood that realistic aseismic
design requires a multidisciplinary approach involving not only
the above mentioned site effect but also local and regional
attenuation laws, high guality local event recordings to be used
as empirical Green’s functions in order to synthesise expected
strong ground motion etc. The above data set can be used as a
basis for such detailed studies towards which further work is
oriented.
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