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1. INTRODUCTION

Nn September 13th, 1986, Kalamata and the surrounding area
ware struck by a very strong and destructive sarthquake.
Aeccording to the Seimmological Institute of Athens the
espicentear was located about 20 km north of the city and the
local magnitude was calculated ecual to 3.5 R, The sarthauake
was followsd by & large number of aftarshocksa, the strongest
of which cccurred on September 13th, 1988. The epicentar was
locatad about 15 km north of the city and the local magnituds
wam calculated squal to 4.8 R.

The city of Kalamata 1e located in SW Paloponease, Greasce,
and it i= the administrative and commercial center of the arsa
with a population of about 20000 psople. The soil is alluvium
and the city lavs along the banks of the Nedon dry river.
During ths last two centuried the surrounding area has been
struck by four sarthguakes, shosm in figure 1.

The sarthgquake of September the 13th caused the death of
Z1 pecple. the wounding of 300 peonle and the total
destruction of the 44% of the Kalamata buildings.

In this study we pressnt the results of the proceesing of
some of the accelerograms that wers obtained during the
aftershock seguence. More epecifically we: have calculated the
valuas of ground acceleration, valocity and displacement, and
the responss spactra of the recordings. Furtharmocrs a
correlation bstween the results and the cbserved damagsa
caused by the main shock was performed.

2. DATA ANMD METHOD

The pearmansnt strong ground motion network of thae
Seismological Institute of Athens st Kalamata and the
surrounding aresa consista of four accelerograchs. SMA 1 type.
which are installed in Kalamatsa, Sparti. Kiparisgia and Piloms
(figurs 1), the main shock of the seismic seguance triggered
the Kalamats and Sparti accelograrha. The Kalamata instrument
was triggered in addition by [iftesn aftershocks. Thae
Seismological Instituts of Athens installed twe more
instruments in the city of Kalamata at sites with different
observed damesges, but no reliable record was cbtained bacauss
of the small magnitude of the recorded shocks. The seven wall
recorded sarthquakes which have been used in the pressnt study
‘are shown in Table 1.
The strong ground motion instrument at Kalamata is inetalled
at the basement of the 3 storsy building of ths Telecomm—
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nication Company. Tha building iz & stiff structurs with a
rainforced concrats load - carrying system. The lonmitudinal
component of ths instrumant has en E ¥ orientaticon.

Tha wmsathedelegy that weaz followad for the procassing of
the records was ths ons that the Laborstory of Esrthguakas
Enginesring, Netional Technieal Univarsity of Athans, uses
and is basad an the methodologies by Trifunmec and Las {1973},
Patrovehi and Nemumoveki (1979}, Hudson (1979), Ba=ili and
Brady {1578) and Jannings and Nigss {1988). The main staps of
the method ares the follawing:

&) First the production of the contact copy of the
record iz mada, which = magnifisad thras aor four times In
order to ba digitized.

B! Tha digitizetion process is parformed sanually, with
tha ecrosshalr following tha middle of the lins of the copy,
The digitization is made on unegual time inlervals, picking
prominent peints on the reacords such na peak values and
points of inflection.

c) A computer plot of the digitized datn nt  the zame

s le an the arizinal record  in uzaed 1t chack  the
digitization arcuracy. By superimposineg the two sccelerocgrams
incorrect points are identified and correctad.
d} Cempulor processing of strong motien accelerograms.

Tha steps invalvad are these:

i} Stnrt with the wuncoarrected acceleroerom digitized
al unagual time intervals.

iil Interpelote oqumlly upacod  time data to

facilitate digitnl filterineg.

ii1) Extend nccelerogram at beginnineg nand end to
permit OAMSBY low pass filtering in order to remove high
freguency neltae .,

jv) Talculate dorivatives of X.

v} Substituta im treansducer oguation ta find true
ground acceleration,

¥il Remove linear trands in ‘aceelerntion  and
valocity by leasl squares Fit.

11} Extond rocord Tor digital filerineg

viii) Filter throuch ORMSBY low pa<s Filter by
unequal weight running nverage.

iz} Ilnterpolate points ot same  Lime ordineies oo
input arcolerogram nnd subtract from  inou?! to produce high
paus Tiltered avewlerogram, 1 performing hazolipe
ad justmont

x) Eliminate linenr trends wpeEsin hy lenut - quares
fit producing final! form of the corrected acceloragram.

: xi) Integrate sccelerogram, eliminate linear trends,

filter through low pass filter te produce final corrected
ground velocity. .

xii) Integrete mgain mnd Filter Lthrough low pass
Tiltey to produce final corrested ground dizplacement.

¢} For digital calculation of the responne upecira w0
use the Nigam and Jennings method [1978).

In the present case, because of the bod developing of
the film. it was impossibklie to obtain mn contact copy. 3o, the
digitization wos mads mtraight from the original many times
and by many usears. Then the bast one was selesctad,

The cut off frequency of the lew pass filter was
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detarmined by using the USGS and Basili and Brady (L1978)%
proceduras . - . i

3.~ RESULTS : .
Af ter the digitization and  ths  correction of
recordings done wa obtained the maximum ground valuss (Tabls
11}. Wo finally obtained the responce spscira af ths shochs
In fig. 2 and 3} the responce spectra of the malm shock
tha largest aftershock for 0% 2% 5%,10% and 20% . damping
for the three componsnts ‘are - shown. The 5% damping
mniddle line) generally  corresponds . te  buildings - made -
reinforcad concrete. ; r & i
For the main shock  the value "of - the spectral
acceleration for the Jlongitudinal cosponent varfies betw
0.4 and 0,6g for natural -periocds betwoen 0.15 .anp 0.7 se
The peak value _is sbout 0.8 -for period about 0.3 =zec.:
vartical component showo n peak valoe of the arder of 1.
corresponding - te a natural  period of 0,18 sec.
peceleration for the tronsverse component varies belwesn 0.8
pnd 1.0g for natural peripods .between 0.15 und 0.7
reaches o peah value of 1.0g for & neatural period
sec. The peak speciral velocitiss are considerably high £
the horizontal romponents (60 -cafsec: for - the - longitudins!
compeneni and N5 cm/sec for the transverse), while for the
vertical component - the peak value i 40 cmfsec. As for. t
displacemenis,. the two horizuntal components show peak valu
of ahoaut 15 cm. while the vertical-one iz about-T7.5 cm. 8
For the -major- aftershock--and -for. the longitudin
component the higher. zpecleal - accaleration -values - ya
betwoan 0.6 nnd 1.0 for notural periods beiwoen 0,15 and |
e, wilh o posk valuoe: of abaut . lg at..  0.32 sec,  For
vertieal  component and for-values -of natural ‘period betse
0.1 and 0.7 5ec the zpectral acceleration varies between -0
and 0.5 and shows o  poeak value of O0.51g -at 0.3 sec.
transvorse componcent shows sprectral accelerationt beatweon d
and 0.35g for -naturnl periods betlween 0.15 and 0.5 sec with:
peak value of 0.32g at 0. .25 -zcc: The paok spectral welocit
for 1Llhe longitudinal., vertical and lransverse componcntcs
6G7. 20.and 10 tlftir respeclively. and Lhe peahk 'purl
dizplavementis are 7. 2.8 and 2.5 cm rocpectively. ...
Table 111 shows lhu mnximum. spectrol acceeleration fur
damping, for each of the shocks analyzed -

4. CORRELATION OF THE RESULTS AND THE OBSERVFD DAMAGE

According ' te the relation connecting the.naturml par
with the number of storeys of the bullding after Carydis.
Mouzahis (190G6). almaszt all buildings in EKolomata hi
natural poerjods belween 0.1 and 0.7 see. that iz values th
coincide with the  area of . the peok spoctral lccl!nrntlr
coused br these carthguokes. .

-‘Im arder to calculate the scizmic :un!fi:iunt devalﬂ
to. the buildings ¢f HKalamata during the, earthquake, we
the following steps; We celect a.7.5% domping (the mean valu®
of 5% and 10%). For valueg. of natural periods betwean.0.} m
0.7 sec, the values of spectral sccealsrations obasrved; ¥



for the Lonmtudinal component (cast - west direction] betwoen
th,d and .%G, while tor the transverse component (north -
gnuth direction] vary betwean 0,.5% and 0 3%7. The relation
connacttng the seiamic coeflirvent with the dpactryl
acceleration in:

1.2 8h / 9

R AR T A L

1.5 g

where: & 13 the selsmic l:mthcinnt ;
1:2/1.78 =71.42 1a-the satety factor - L
SA 1a the apectral accelaration for 5% damping
@ is the guality Ffactor of the structure and varies
betwaan | and &.

In this particularity case we considered thres of
buildings, for which @ = 5 (good gQuality. ductile conatruc-
tion). G = 3 (medium quality, reinforced concrets buildings)
and @ = 1.5(common adobe mtructures or bad gquality buildings
from reinforced concreta). Table 2 shows the ssismic
cosfficients developed for sach of the two horizontal
components and for the thres guality coefficients confederated
From the point of view of asismicity the area of Kalamata iz
placed to zone II and the seismic coefficient according to the
soil category is 0.06 for soilm. 0.08 for soil & and 0.12 for
acil v.

We sstimate that buildings with a load bearing system of
reinforced concrete, constructed accoarding the Earthguake
Resistant Code of 1959, an correaponding to Q=3, suffered a
seismic coefficient considerably higher than the one they had
been studied for. for the north—-south orientation (transverse
component), while for the sast-west orientation (longitudinal
component) they suffered a seismic coefficient almost equal
to the one they had been studied for. But bacause of the fact
that the coefficient Q=3 assumes considerable inslastic
deformation. the damages to the sast-west direction wars also
extensive. The load bearing masonries, which are studied for
the same seismic coefficient that is in use for other
conatructiona,. suffered during the main shock guite higher
saismic coefficient than those used for their study. We also
have to take in account the vertical component for which the
apactral acceleration is quite high for thea low pariods,
characterizing the various parta of the buildings (recofs.
floors atc).

As far the above conclusions are concerned, we ars reserved
as to the fact that the results are extracted from the
recordinga of one single inatrument. while for more accurate
results more than one instruments are required.
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: PARAMETERS OF THE EARTHQUAKES. THE ACTELEROGRAMS OF
WHICH WERE USED IN THE PRESENT STUDY

ORIGIN,
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1T MAXIMUM SPECTRAL ACCELENATION

TABLE I
CODE DATE
NUMBER
51 .13 SEP
52 13 SEP
53 13 SEP
S4 . 14 SEP
s5 15 SEP
58 15 SEP
57 15 SEP
TABLE
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81

FOOR 5% DAMIMING

COMIONENT

et B R o R e e )

ACCELERATION (g}
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o 113
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Pigure 1. Map, that shows the destructive earthquakes areund Kalamat,

Greece, during the last twa eenturies and rhé permanent stprung
ground motion network of the Matlenal Observatary ol Athens

in the area.
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