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ABSTRACT

On July 14, 1993 a magnitude M,:5.4 earthquake occurred close to Patras, Western Greece, Strong-ground
motions recorded at two nearby stations B and C (with the maximum acceleration of O.ag ini o.Zg
respectively) were analysed. The source and crustal propagation were modelled by the ray and discrete-
wavenumber methods. For modelling the site effects, the finite-difference and matrix methods were used. The
radially rupturing circular source of radius 3000 m explained not only the observed strong-motion duration,
but also its composition of sepaxate body wave arrivals, followed by surface waves. The peak velocity and
acceleration pulses were identified as probably due to the rupture stopping. Although the oalculated peak
values are in an order-of-magnitude agreement with reality, the peaks at station B were twice as large as
compared to those at station C. This could not be explained by the source and path effects, nor by thE site
effect, Strategy for resolving this discrepancy, and recommendations for praciical implementation of the
modelling in the prepared'seismic scenario' of the patras city were drawn.
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INTRODUCTION AND DATA

On July 14,1993 a magnitude M,:5.4 (ISC) earthquake occurred a few kilometres from the city of patras,
Western Greece (Tselentis eI al., 1994). Damages in the city, and availability of strong-motion records
(maxirnum recorded acceleration 0.4g) have called for detailed studies, with the intention to identi$ relative
roles of the source, crustal structure, and the local site structure during the strong ground motions. The
studies represent a part of the prepared'seismic scenario'(Tselentis et at., 1993), aimedto reduoe losses due
to future earthquakes. Considering the very high seismic potential of Western Greece (papazachos , l99Z), a
great societal importance and an urgent need ofsuch an undertaking are evident.

The focal pararneters of the event (location and magnitudes) were determined from teleseismic and regional
observations by ISC, NEIS, Nationa! Observatory of Athens, and PATNET:PATras seismic NETwork-, The
epicentre locations by these agencies agree well, and we use latitude38.l9"I,'{, and tongitude2l.76.E. As
regards the focal depth featuring e iarger scatter, we prefer the local determination by pATNET, i.e. h:5
km. According to the Harvard calculation, the scalar seismic moment is M":3.2.10r?Nm. Assuming a stress
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drop of 5MPa (reasonable for the Western-Greece events of this size, Melis et al., 1995), we estimate the
source radius to be R=3km. The Harvard double-couple focal mechanism solution of strike=Z38o, dip:73o
and rake:-163o is assumed, because it is acceptable from the geological point of view. Together wiin tne
location, the focal mechanism suggests thai the event was a manifestation of the recent activity of the
Saravali fault (Tselentis et al., 1994), shown in Fig. 1,

Fig. 1. The epicentre location of the studied event with respect to the causative fault, the coast, and
the city of Patras (after Tselentis el al.,1994). The borehole sites A B, C, and D are also
shown. The accelerographic stations were at B and C.

The crustal structure in Western Greece has been known from geophysical (Makris,1g77) and seismological
studies @anagiotopoulos and Papazachos, 1985; Pedotti, 1988; Melis e/ al., 1989; Tselentis et aI 1994\. It is
represented by a model consisting of 3 layers overlying a homogeneous halfspace, hereafter denoted as model
Ml (Table 1). Details of the top Skm-thick layer have not been known so fbr, but sublayers of lower velocity,
and/or velocity gradients in the upper part of the cnrst are geologically acceptable @outsos et al., l98E).
Therefore, two additional tentative models, progressively more complicated in the upper part, have been
designed in this study; see MNI and MN2 models in l'able l.

Table l. Crustal models Ml, MNl, and MN2, used in this study (Depth=depth of interface, Vo and
V,=the P and S-wave velocities, p=density, Qp and Qs=quality factors).

MODEL Ml
V,(krn/s V"ftm/s
5.7 3.20 2840
6.0 3 .37 2900

18 6.4 3.60 2980
7.939 4.44 300

MODEL MNl
2.67 l . s0 2500 300
4.45 2.s0 2500 300

3005.7 3.20
3006.0 J . )  I 29AA
30029806.4l 8 3.60

I - y 4.44 3280
MCDEL MN2

2500L . + Z 0.80
0.5 2.67 I  . 5 0

4.45 2.50 300
3005 . 7 3.2A 2840

6.0 3.37
l 6

7,9 A i ^
a - T a 3280 300
J -OU6.4
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The local structure at and around the acc€lerographic recording sites has been compiled from four boreholes,
A,B,C,D of Fig, 1 and two cross-hole soisrnic measursments. The gross structure is represented by a 2d
cross-section in Fig. 2, while nrore detailed lD S-velocity models immediately below the strong-6s1ien
recording sites (B and C) are in Table 2. It is to stress that the site model has been rather uncertain io far. In
particular, the cross-hole measurements indicated very large P/S velocity ratios, with a big scatter (from 3 to
10), The quality factors have not been measured at all.
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Fig.2. The geological cross-section along a profile connecting the boreholes A B, C, and D,

The strong'motion data analysed in this paper consist basically of two three-component accelerograms at
sites B and C (Lekidis et al., 1994), The accelerograms come from SMA-I instruments, have been-sampled
at 0.005 g and represent the corrected ground acceleration from 0.3 to25Hz. We shall concentrate on the
EW and NS components. As shown in Fig, 3, the accelerograms at sites B and C have similar shapes, but the
peak value at site B (close to O,4g) is twice as large as that at site C. The velocity time histories are depicted
in Fig.4. The main difFerence between the velocity records at sites B and C is again their peak values. To
further facilitate their modelling the velocigrams were tow-pass filtered, using a window flat from 0 to I Hz,
and cosine tapered between I and?Hz (Fig. aa).

Between 3 and 6 seconds, i.e., within the hereafter called main wave group (i.e. the group dominating also
the acceleration record), the B and C filtered velocity records are highly synchronois. This is contrftting
with the following part of the record, a more low-frequency one, where the B and C records are out of phasi
likely due to dispersion. This reason, and an additional one given below, suggest the interpretation bf the
main wave group as predominantly shear body waves, while the rest as predorninantly surface and/or coda
waves, hereafter denoted L. In this paper we concentrate just on the main (bodyj wave group. In the
unfiltered records this group consists ofthree distinct arrivals, sl, s2, and 53.
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Fig. 3. The acceleration time histories recorded at sites B and C.
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Fig. a (a) The velocity-tirne histories CNS oomponents) at sites B and C: nonfilrered (thin), and tow-
pass filtered up to 2 Hz (thick). Three distinct arrivals S1, 52, and 53 form themain wave
group, which is then followed by L waves.

(b) The C/B spectral ratio (NS component) corresponding to the main wave group ofthe
observed velocity time histories. Thin = before smoothing, thick = after srnoothing.

Fig.4b depicts the amplitude spectra ratio of the ground velocities at station C with respect to that of station
B. The ratio shows that amplification at station C with respect to B appears in the frequency band of l-ZHz
and 4-6 FIz. On the contrary, beyond 6 Hz, the ground motion at station B is amplifieA. fne htter behaviour
is reflected in the time domain by the higher peak-motion values at station B.
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Fig. 5. Comparison between the ray synthetic for site C (the pseudoimpulse response) and the real
record. The prominent arrivals of a known crustal path in modelMNl are identified.

Assuming a source radius of R=3 km, the expected corner frequency is at about 0.3 Hz. It is just at the lower
edge of the frequency band of the recording instruments, Therefore, we are working in the band where all
wavelengths are comparable or smaller than the characteristic source length, It means that the finite-source
effects are inevitable. No filtration can move us into the band free of the frnite-extent sourc€ effect. Also the
epicentral distance is comparable to the fauk length, thus enhancing the importance of the finite extent of the
source.

MODELLTNG SOI.JRCE A}.ID CRUSTAL PROPAGATION

Based on the crustal models Mtr, MN1, anci MN2 (Table l), and assuming the Harvard focal mechanisrn, and
variable source depths of 5,7, and 10 km, the point-source synthetics were catculated bythe ray rnethod
(Zednik et al.,1993), No site effects were considered at this stage. An artificiat, short source duration was
used to enhance the individual arrivals, preventing their overlap. The intention was to see the pseudoimpulse

(velocity, NS component, 0€ sec.)


