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PRELTMINARY ANALYSIS OF GREEK ACCELEROGRAMS RECORDED AT STATIONS
OF HOA'S NETWORK: TIME PERIOD 1973-1990

Stavrakakis,G.N., Kalogeras,I. and Drakopoulos,J.

Mational Observatory of Athens, Seismological Institute 11810
Athens, Greece

ABSTRACT

In the present study, the results of the analysis of 45
strong motion records are presented. The accelerograms correspond
to he time period 1973-1990, recorded at stations of the network
of the National Observatory of Athens. The processing is based
mainly on the standard procedure developed at the Earthguake
Engineering Research Laboratory of the California Institute of
Technology. Except the +time histories of the corrected
acceleration, wvelocity and dispacement as well as the response
spectra, some important relationships are also deriwved.

NMPOKATAPETIKH AMAMAYEH TON ETTPASON TUN ENITAXYNIIOTPAPON
TOY AIEKTYOY TOY EONIKOY AZTEPOZKONEIOY ABHNON
I'TA TH XPONMIKH NEPIOAD 1973-1950.

Etaupawdung,T.N., Kalovepdsg,I.E. xar Apaxdmouviog,l.K.

OEPIAHYTH

Etnw epyacia aut TmapougLdfovral TO MOOMOTEPHT L MA
QUOTEAEOUATA Tng avdluonsg 45 em TtayuvdLorpappdtwy Touw Bixtdou Touw
Efvixol AoTepooxone(ou ABnvdv Tnc mepidbou 1973-1990. H péboboc
Tne avdiuvong Poacifetar wopua otn Siabiumaoia mou epoppdleTar oto
CALTECH pe pimpég tpomomoLifioeig oe Eidgopeg poutiveg. Ewtdg and
TLg ypovireEg efedilerlg Tng emuTdyuvong, TaEYdTNTAS UL HETATIMLONG
HivovTaL eniong SLaypdupata  mou ane Lxovi{ouw SLdpopeg
MOPAPETPOUS .

INTRODUCTION

The records are digitized on an unequal time basis picking
up all significant peaks, points of inflection, points crossing
zeros, etc. with as many intermediate points which are needed for
an accurate definition of shape.

The data contain long-period and high frequency errors. The
principal sources of long period errors can be divided into
several groups: (Ll) Errors caused by the transverse play of the
recording paper or film in the drive mechanism, (L2) errors due
to the warping of records, caused by aging, and errors introduced
by photographic processing of contact negatives, and translucent
copies, (L3) errors caused by optical enlargement of £ilm
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negatives, (L4) systematic errors due te imperfect mechanical
transverse mechanisms of the cross-hair system on the digitizing
table, (L5) random errors generated during digitization process.

On the other hand, the main sources of high frequency errors
are: (Hl1) Modification of harmonie amplitudes and shift of phases
caused by the finite, natural frequency of the accelerograph
transducer, (H2) errors resulting from the imperfections in
transducer design, (H3) random digitization errors, (H4) errors
caused by inadequate resoclution of digitizing equipment, and |[HS)
low-pass filtering effects in the optical-mechanical process.

Errors L1, L2 and L4 is a set of well defined errors. All
information necessary to correct them is available during the
digitization process. Corrections for the transverse play of
recording paper or film, warping of records and systematic errors
in the mechanical system of the digitization table can all be
performed during processing of reading points of accelerograms.

The seccond group of errors represented by Hl and H2Z is more
difficult to correct exactly. They require extensive
computational procedures. Errors resulting from excitation of
higher modes of transducer are usually neglected in the standard
processing.

The third group of errors represented by L5, H3 and HS is
the most complex. Typically, the nature of these errors is such
that they cannot be corrected, but have to be eliminated from the
accelerograms. The procedure which has been followed in this
study, is described in the following three chapters and is
illustrated in figure 1.

VOLUME I PROCESSING: SCALED UNCORRECTED DATA

The SMA-1 records (enlargements) are hand digitized with the
aid of the DIGIT program on an unequal time basis, except the
time mark trace which is digitized in equally time basis. Once
all traces have been digitized the first stage of acceleration
processing is to correct and smooth the data, to scale the data
into the proper units of time and acceleration, and to fix a
herizontal zero line for acceleration. In this way the raw
digitized data are written into a file ready for further
processing by the Strong Motion Data Analysis Software. To scale
an acceleration trace we used either a fixed trace as a reference
line and (or) a time mark trace for time scaling.

Morecver, the following scaling facteors are used; the
resolution of the digitizing tablet (SUMMAGRAPHICS, 10,000
counts/cm), the magnification factor (usual 2.0 or 4.0}, the
record sensitivity obtained from the calibration data in units
of cm/G, and the length, in seconds, of each time mark interwval.

For this purpose, the SCALE computer program (Kinemetrics,
1986) is used which processes one fixed (or time mark) trace and
one acceleration trace as follows:

(1) Converts the digitizer coordinates to film coordinates.
The acceleration trace data are corrected by caleculating the
angle of rotation between the fixed (or time mark) trace and the
digitizer horizontal axis and then rotating the acceleration
trace X, Y points by that anglae.

(2) Converts the film coordinates to trace coordinates. The
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acceleration trace Y data are further corrected by subtracting
the corrected fixed (or time mark) trace Y data (from step 1).

DIGITIZER

L

«DAT

VoLl L ke RESFONSE

- PAR

Fig.l. Flow chart showing the procedure followed in the present
study.
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{3) The corrected acceleration trace X data is scaled to
time in seconds.

{4) The zero line of the acceleration data is determined.
The corrected acceleration trace ¥ data are averaged and then the
average is subtracted from each Y point. These translated values
are finally scaled to give acceleration data in G/10.

The scaled acceleration data are written to a Volume I (.V1)
file. The V1PLOT program allows us to view the data graphically
and compare the plot with the original record. The resulting
Volume I file is now ready for further processing.

Instrument Correction

The acceleration traces are interpolated to equally spaced
points in time with an interval At=0.01 sec, low-pass filtered
to reduce digitization noise, and finally decimated. The
accelerograms are then corrected for the instrument response.

The existing CALTECH model assumes that the relative
displacement response y(t) of a single-of-freedom transducer is
approximately proportional to the ground acceleration a(t). Thus,
to derive estimates of the ground acceleration from the recorded
relative displacement response, the following correction is

applied:
a(t) = -y(t) - 2Ewny(t) - wn2y(t)

where, wn, is the transducer natural frequency, and E, is the
viscous damping ratio.

The basic problem in designing an instrument correction
filter is linked to the process of differentiation required to
obtain y(t) and y(t) from y(t). The CALTECH model uses a
second-order central difference approximation for this purpose.
However it has been shown by Sunder and Connor, (1982) that the
central difference filter differs considerably from the exact
relation, and the nature of the discrepancy is to suppress the
high-frequency components of the ground acceleration signal at
frequencies greater than approximately 1/4 the Nyquist frequency.

In order for the central difference instrument correction
filter to be acceptable, the data sampling pericod must correspond
to a MNyguist freguency that is approximately four times the
frequency up to which the correction needs to be performed.

In the present analysis, in most cases, the upper limit of
25 Hz is adopted. This value defines a Nyquist frequency of 100
Hz, and thus a sampling periocd T=0.005 sec is required. For this
reason, the corrected acceleration, wvelocity, and displacement
data are reinterpolated using T=0.005 sec. However, Sunder and
Connor (1982) have noted that the standard instrument-correction
algorithm inadequately corrects for the instrument response at
high fregquencies (15-25 Hz).

The problem is that the bridging-formula approximating the
derivative has an increasingly large error at freguencies
approaching the HNyguist frequency. This suggests the simple
expedient of performing the instrument-correction process using
that same simple algorithm but applying it prior to desampling
of the data from 100 down to 50 points/sec. This shifts the
inaccuracy of the bridging operator to freguencies higher than
the final 25 Hz Nyguist frequency. The relevant modifications
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have been proposed by Shakal and Ragsdale (1984) and have been
incorporated in the present analysis of the accelerograms.

The low-pass filtering using an Ormsby filter is expressed
by the discrete convolution sum:

n=1
y{n) =X(n)-h(n) =Y H(k) X(n-k)

k=1

where, ¥(n), is the eguispaced sequence of the time history to
be filtered, yv(n), is the filtered version of X(n)}, and h{n), is
the sequence of the filter weights of the Ormsby impulse response
function.

After the instrument correction has been performed a
straight-line fit by least-squares is subtracted from the
acceleration, and trial calculations for welocity and
displacement are made. More specifically a line (V=Vo + at,
V=velocity, WVo=initial wvelocity, o=slope, t=time) is least
squares’ fitted to the wvelocity and a« is subtracted from the
acceleration. The acceleration is high-passed filtered, and a new
velocity and displacement are calculated from the adjusted
aceeleration. Further high-pass filtering i= done on the velocity
and a new displacement is calculated from the adjusted velocity.
Finally, a high-pass filter is performed on the new displacement.
Alltogether, high-pass filtering is performed three times to
remove long-pericd errors that arise from the unknown inital
velocity and displacement.

However, Shakal (1982) has noted that the particular method
of long-period filtering used in the standard Caltech procedures
{Trifunac and Lee, 1973) can cause spurious long period results
for certain input frequencies.

Energy in the accelercogram near 5 Hz and its multiples is
erronecusly introduced through the aliasing associated with
decimation, at long perieds, i.e. 6 to 10 seconds and greater.
It has been shown that adequate filtering prier to decimation,
instead of simply applying the running-mean operator, removes the
problem. Some modifications in the standard code have been made
by Shakal and Ragsdale (1984) and have been alsoc adopted in the
present report. The accuracy of the filter is a function of the
difference Af=fLt-fL (fL, is the low cutoff frequenecy, fLT, is
the low cutoff transition width). The error is reduced by making
Af larger. The fL frequency is primarily selected on the basis
of 1/fL equal to one-quarter of the record length. The freguency
Af may wvaries from 0.1 up to 0.5 Hz. However , the Ormsby
high-pass filter introduces errors into the displacement and
careful consideration must be given to constructing a filter
response.

VOLUME II PROCESSING: CORRECTED ACCELERATION,
VELOCITY AND DISPLACEMENT

The scaled, uncorrected acceleration data cbtained from the
first stage of processing are now retrieved toc be corrected for
instrument frequency response and base-line adjustment as
described by Hudson and Brady (1971), Trifunac and Lee, {1973},
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Trifunac et al.,(1973), Hudson (1979), Trifunac and Lee, (1979).

At the same time, the accelerogram is integqgrated to cbtain
the wvelocity and displacement records. An input file called
FILTER.PAR is prepared which contains the Ormsby filter
parameters for the bandpass filter. We used the filters proposed
by Basili and Brady (1978) and have already been applied by other
researchers for analyzing strong motion in Greece (Carydis et
al., 1984; Margaris, 1986; Carydis et al.,1988; Anagnostopoulos
et al., 1986; Makropoulos et al., 1989; Lekidis et al., 1991).
These filters are a linear ramp of 0.05-0.125 Hz and 25-27 H=z.
For small earthquakes with small duration these filters have been
appropriately changed.

To obtain as much as possible high accuracy at higher
frequencies, a decimation factor 4:1 is used. However, this
factor requires long run time and large storage space, at the
Volume IT stage and at the next ocne.

The accelerograms corrected for instrument response are next
baseline corrected by high-pass filtering with an Ormsby bandpass
filter having a low cutoff corner f1, low cuteff transition width
f2, high cutoff corner f3, and high cutoff transition width f4.

To avoid long peried errors, for periods longer than 16 sec,
resulting from the uncertainties invelved in estimating the
initial velocity and displacement of ground motion (Hudson 1979,
Fletcher et al., 1980), the computed wvelocity and displacement
curves are high-pass filtered using the same Ormsby bandpass
filter as above.

The corrected acceleration, welocity and displacement for
each component of an earthquake record are plotted to appropriate
scales by the program VIZPLOT (Kinemetrics, 19B6). Details
concerning identification and peak wvalues of acceleration,
velocity, and displacement are given at the top of each plot.

Finally, the corrected acceleration, velocity and
‘displacement data are written in a filename with an extension .V2
ready for further processing.

VOLUME III PROCESSING: CALCULATION OF RESPONSE SPECTRA

The volume IIT stage of processing includes the calculation
of response spectra for up to five user specified wvalues of
damping, and up to 45 values of period. At the same time, the
Fourier amplitude spectra are also calculated, by means of the
Cooley-Tukey algorithm,

The spectra are computed based on the exact analytical
solution of the Duhamel integral as described by Nigam and
Jennings (1968).

Calling the program V3PLOT (Kinemetrics, 1986) a plot of the
Pseudo Velocity Response Spectrum, PSV, together with the
Relative Displacement Spectrum, SD, and the Pseudo Acceleration
Spectrum, P5A, in the tripartite logarithmic plot wversus period
is obtained. The units are inch./sec, inch., and q, respectively.
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ANALYSIS OF ACCELEROGRAMMS RECORDED AT NOA’S STATIONS
DURING THE TIME: 1973-1992

The Accelerographic Network of MNOA:

Figure 2 shows the locations of the accelerograph stations
of the Seismological Institute of the National Observatory of
Athens. The permanent stations are shown by solid triangles,
while the temporarily installed instruments are shown by solid
circles. These instruments have been installed at specific areas
for monitoring aftershock sequences (Kalamata 1986, Elia 1988).
Table 1 summarizes all information on the instruments and the

Fig.2. The strong motion network of the National Observatory of
Athens. Permanent stations are shown by solid triangles,
temporary stations by solid Circles.
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TARLE 1.

Summar | zed

information on the instruments

and the stations.

LIKiD o INSIFMENT'E COMNSTANIS
LA HITE GEOLONGY SERTAL DRIEMTAT I0M
p*M ME e Mal. Fredg. z) [Gensf iy, temfyg)
LOMG VERT TRANMJLOMG VERT TR
LErA L @wlean in.a:s 20,71 Fresenl doposits 11753 118.1 17.92 17.8]53.846 3.464 3.68 251
LEFS | mvkeas Jp.a3 20071 Mresent deposita 1193 j18.1 17.7 17.8]3.84 3,861 3.48 MZ5*W
'z Malra .75 21.73] Mre=zenl deposits 627 117.3 17.0 18.46]1.046 3.46 3.76 815*W
rain Fati a MN.25 21.73] Mresent deposits &27 J17.3 17.0 18.4|4.06 3.46 3.76 S15°W
NEL fihessalondk L0065 22.90)  Mresent deposits 2710 |10 17.9 10.46]%5.50 3,82 3,58 =
FIR2 | Fon dolhos (32,985 22,93 Present deposils 176 18,3 17.7 17.4]35.69 3.86 5.92 M3D*E
XLEZ | Xilolasblero |[ML00 0 22.47)  Presenl deposits &26 J17.5 18.3 17.5]1.10 3,40 4.00 -
nilkn nthina 370 3.7 Crystaline 1imestoi: 13 |29.% 25,1 25.5]1.%0 1,78 1.80 =
FORS | Foeintlws ([37.95 0 72,93 Presenl deposils LIFG J18.3 17.7 17.4)3.649 5.84 3.92 N30*E
REL INEER R HL.96 @0.753] Coastal deposils 4312 |25.6 26.0 F5.9)01.89 1.72 1.87 MN-5
LEFS Lzskan .nr 20,71 Mesenl deposits 1310 |24.3 26.10 25.2]2.03 1.80 1.91 N23"E
LEré, Levh as HiLn: o 20071 Mresenl. deposits AZ0 |21.3 26.4 25.2]2.03 1.80 1.71 NZ5°E
LEF7 | mvkas J.ps o 0.7 Priesent deposiLs 430 |24.3 26.1 25.2]|2.03 1.80 1.%1 NZS*E
LEA | pvkan 1 L M | Mt esent, deposi Le 4340 [24.35 26,4 25.2]2.05 1.00 1,91 NZ3'E
A RE Hewakllo [35.33 0 25.13] Recent deposits 4341 |25.2 26.0 26.3|1.688 1.HO 1.82 -
TER2 Thraklin 35,33 765.15]  Receol deposils A% |25.2 26.0 26.3(1.88 1.60 1.82 -
XL Xilokaslio 3000 2805 Present. deposils 626 726,10 25.48 25.201.68 1.77 1.90 MEO*E
el il fada N2 21351001 al luwvial deposite] 1199 |17.5 17.7 17.5)1.00 3.680 3.78 MEIO*E
M2 M eveza . 2075 Coastal deposits A32 |25.6 24,0 25.4)1.84 1.72 1.897 N-B
LEr2? Levkas .3 2o Present deposiLs 450 |29.3 26.4 25.2]12.03 1.680 1.71 MN25°E
| Ealamala  J372.08 0 22,17 Presenl teposlls 1177 J17.8 18.1 17.8]3.72 3.66 5.9 BH5%W
arnd Sy Li §7.000 0 220435 Reconk doposits G074 |26.0 2504 26.6]1.68 1.5 1,73 653"E
Fr Al Falamala 7,03 27017 Mesent. deposils L177 j17.8 18.1 17.8]3.72 3.6&6 3.9 5HS"W
[ I Falamala 5708 22,12 Mresont. deposits 1197 [17.8 18,1 17.8]15.72 3.66 .94 GH5"W
R Falamala LY St R R Mresanl, deposi Ls PI977 J07.8 1601 17.8) 3,72 3,66 3.94 BH5%W
LI'T'{."I Falamala Lr0% 212 Mresenl deposi s ey 117.0 9.1 17.8)3.72 3.66 3,946 S35
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LOCATHIM

INSTRUFENT'S DOMSTANTE

(BN )5 HRIE GELLONGY SERTNAL ORIENTATION
" AR Mo [Mat. Freq. U2) |Banaitiv. (om/g)
LOMG VERT TRAM|LOMSG VERT TRAM

) Falamata |3/.07 22,12 Fresent deposils 1197 |17.8 18.1 17.8]3.72 3.66 3.96 885°W
[ Y Malamata |37.08 22,12 Fresent deposils 1197 117.8 18.1 17.8)3.72 3.646 3.96 B85°W
7 Falamala | 37,07 232,12 Present depociLs 1177 |17.8 18.1 17.8)35.72 3.646 3.96 685°W
a3 Falamala 37,04 22,138 Present. deposl Ls G101 26,1 6.6 26.5)1.78 1,76 1,77 =
N2 fenal iadla .0 T35 |00 alluvial deposits] 1199 117.5 17,7 17.5]1.00 3.80 3.70 MOO®E
ROt Phrkos Jh.A% 20022 [0ld alhwwlal deposits] 4339 (25.5 2601 25.101.87 1.685 1.71 E-M
(AEET Mrchangelos] 36,20 280.13 Mar I amd sarul GOa0 [29.6 26.3 25.8)1.88 1.48 1.683 B35*W
LEFL L mvleas LS D071 Mesent deposits 4340 24,3 26.4 25.2(12.05 1.80 1.71 BE0°E
W51 YValzamala 3017 20060 |Crelaceous Limesbtone 4335 |25.1 26.1 25.3]1.91 1.83 1.681 =
WME2 | Valsamala |30.17 20,60 |Cretaceous Limestone | 4356 |25.1 26.1 25.5]1.91 1.83 1.081 =
PN | Fow foldwos [ 37,90 22,98 Mrecent deposits 1176 |18.3 17.7 17.1]35.64 3.86 3.92 MIO"E
N7 Mmaliaday [37.000 21053 [01d alluwdal deposits) 1199 ) 17.5 17.7 17.514.00 3.80 3.78 MEOE
(R EY Mmaliada  |37.80 21.35 jJ0ld alluvial deposits) 1199 |17.5 17.7 17.5]4.00 3.680 3.78 NEO"E
M Maliada  [37.680 21.35 (00 alluwial deposits) 1197 17,5 17.7 17.514.00 3.80 3,78 MEOTE
N, Mnaliar I T35 [0t alluvial deyposits] 199 |17.59 (7.7 17.514.00 3.80 3.78 MEO'E
A Matra HL7D 273 Present deposils 627 [17.3 17.0 18.6]4.06 3.66 3.76 S15*W
YOS Ve tholomio (37070 21,20 M esent deposl e 68 |25.7 24.0 253.5(1.72 1.92 1.82 M75*HW
Whd Vartlulomio [37.087  21.20 Presenl depusi Le 1698 |25.7 24.0 25.5]1.72 1.72 1.82 MN7S*W
s Mmal Larda P 2035 JULd alluvial deposits) 1199 |17.5 17.7 17.5114.00 3.80 .78 MO E
VL | Mavpaklos (M40 21.63% Prasent deposi ba 617 J25.0 26.0 26.0|1.82 1.87 1.80 [ S LR
Fvaa Malra HLTD 21,75 M esenl. deposi ls 27 117.3 17.0 180.6)1.06 3.66 3.76 S15°W
T Malra 325 21,73 Mresenl. deposils &E2F 173 17.0 186|006 .66 3.74 B15*W
mirz Patra .25 2A1.73 Mresent deposils G627 |17.5 17.0 10.6]4.06 3.66 5,746 H15°W
'nrs Malra ML 21,70 Mresent deposlls 627 117.5 17.0 10.6]9.08 34646 3.76 815w
Al Eygion .05 2208 Preasanl. deposlis SO |25.0 26,2 26.0]1.80 1.83 1.680 MN&OTE




TARLE 2., The parametors of Lhe garthquakes used, and Lhe strong motion
data as derived from the interpretation.

=

EARTHAUANKE DT A

STRONG HMOTIONM DATA

i ig. Eple.] Fliv. Neceleration Maw. VMelocity [Max. Displacement
NIE Time LOEATILN JOist. | Ma | Ma | Lew fy! {om.sec ') {cm)
'™ - AN (lm) LOMG VERT  TRAN LOMNG VERT  TRAM LOMG  WERT  TRAM

OA/LL/73) 15052 [30.90 20,500 20 3.8 5.8 VIl+ [Jo.514 0,118 0.257 |S5.17 7.27  26.33 |12.730 1.65 &6.0&
OV LS8 Thetl TR0 20,50 17 5.0 5.0 = 2,041 0,021 0.074 S3.17 1.92 4.81 1.O0& 1,09 1,00
29712/77] 1655 28050 22 30| 57 3.2 = W 0,010 0.011 0,014 o.84 0,81 | 1.32 0.13 0.10 0.15
1I8/05/70) oo 19 (.. & lag |39 (v 0.010 0.011 0.023 | 0.37 0.39 0.93 | 0.05 0.04 0.0
20/06/70) 20008 [ao.an 23.m0| w0 6.5 |1 IVITI 0,138 0,129 0,142 [12.39  6.07 16.28 J.87 1l.44 1,01
250201 20:50 30,20 2500|310 a7 |5.9 | IX 0235 0108 0.281 |23.846 9.90 32,20 6.02 3.66 .67
200281 Fona R 20| TS L7 15.9 |IX 0,280 0,104 0,116 |26.25 25.82 8.19 .42 B.07 2,479
21/02/81| 254 |38,20 2300 &7 le.7 |5.9 |ix 0.221 0.057 .0.096 |25.95 6.0l 11.78 | 5.88 3.39 4.29
BA0Z/AL] 236 L0 25 10) 53 A4 %8 IVITL {10,117 0,091 0,120 [12.21 S.11 13.11 4.14 1.B8 5.66
OO0 19504 | 39,30 20.60] 1w 9.8 1%9.8 VT JO, 190 0,085 0. 157 7.5 3.52 10.74 1.&% 1,03 2.74
W/OLAL] 1516 §37.30 2080 55 9.8 |5.8 (VIl+ 0,107 0.045 0,198 6.31 3.56 10,05 0.55 0.52 l.14
12/04/81 ] 0B: 38 |538.90 21.00] 34 1.7 14.5 VI+ .01 0.010 = 2.01 0.71 = 0,33 0011 -
23/0G/80 ) 2300 e 2o 25 a7 laus | - Q.10 0,039 - 4.01 0.9 = .87 0.0 -
27/03/80 1500 | .00 20, 50 3 5.5 |4.0 = 0,218 00088 0,190 B.97 2.12 £.53 0.70 0,22 0.44
19/03/83F 21:42 |35.35 25.252] 70 5.7 |9.7 v D077 0,061 0,172 .72 1.16 H.25 024 0.11 Q.30
OLAO%8) ofs08 | 75,95 25,500 o 4.7 1.5 - Gl 0,048 0,197 9.17 1.47 &.75 0.8 0.21 0.9
t7/oean] 2127 | waan 22,560 9 J4.7 las | - D087 0,025 0,022 | 1.08 0,49 1.32 | 0.12 Q.05 0.IlR
L3/A0B/05) 1347 | 37,70 21.06] 26 T 1.9 [V 0,093 0,033 0,057 | 1.94 2.45 .25 . 1.Z1 0.5
S1/08005)] Onioa Ao Zo.aa] 24 s T - VMETE || En B2 0,039 0,004 A.25 1.%71 508 0.77 1.23 1.14
1370906 17:25 J37.10 22.19] 1o a.0 5.0 | X DL 0327 0297 132,47 10.93 33.01 f.a2 2,39 7.07
137097800 8% (737,010 22.04] 13 %.0 = - O 0032 0,083 .19 1.354 1.42 O.12 0,07 0,13
VSR8 2200 57012 22014) 11 1.1 13.8 = LA 0,000 0,037 .44 0.6l .16 O 11 014 0,12
VARG ooy 57, 1. Zroa) 15 5.H - . OLOA0 D027 0,004 2,90 0,99 I.12 GulE Ol 0,1
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T e Lt

EARTHAUAKE DATA STRONG MOTION DATA
Orig. Epic. Max. Noceleration Max. Velocity Max. Displacement
DATE Tz LOCATION |Dist.| Ma M | Imme (gl {cm.sec”?) {cm)
PN = AN (kem) LOMNG VERT TRAN | LONG VERT TRAM |LONG WVERT TRAN

14/09/86| 22:49 |37.15 22.01] 1S 3.9 | - = C.0a7 0,025 0,024 2.71 0.87 0.85 | 0.16&6 0.20 0,19
15/09/86) 1l:41 [37.08 22.07 7 5.3 |4.9 VI . 327 0,172 01579 |25.38 7.53 b.9%6 4,13 0.83 0.77
15/09/846) 12:48 |37.09 Z2.04] 1O 4.1 - 0050 0,029 - 1.60 0.83 = 0.29 0.17 -
14/05/87| O&:29 |38.14 Z2.07] 12 4.4 - - 0.027 0.029 0.031 0.93 1.37 2.48 0.1 0.82 1.54
05710787 09:27 (1346.29 28.48| 27 [5.6 |S.0 |VI+ 0,005 0,021 0.052 2.20 0.71 2.583 0.18 0.13 0.24
05/10/87 | 07:27 |3&6.29 20.4&] 31 5.6 5.0 |VI+ 0,031 = 0.0M7 1.539 = 2.11 Q.19 - 0.21
2q/04/688] 10:11 |38.84 20.33] 33 |5.0 |a.2 |vI Jolll 0,051 - 7.86 1.89 = 0.4 0.33 -
18/05/88| 05:18 |38.35 20.47] 23 3.8 |5.4 |VI = 0.037 0,087 = 2.22 a4,29 = 0.42 0.89
Z2/05/80| 0Z:q4 |TB.35 20.54) 21 9.9 5.0 |VI 0,002 0,033 0.078 .69 1.53 2.41 0.13 0,19 0.28
05/07/788) 20:35 |348.10 22.85] 2 4.7 |5.0 |V 2,029 0,020 0,020 .48 0.35 0.84 0.11 0.04 0,09
22/07/88] 12:04 |37.99 21.11] 30 5.5 [S5.0 |VI 0,020 0,014 0,034 | 0.06 0,54 1.&67 0.14 0,08 0.18
J0A0/801 L1:04 [37.71 21.346] 10 4.5 4.4 = 0.022 0.013 0,07 | 0.38 0.45 0.42 | 0.04 0.02 0,04
30/09/88) 13:03 |37.469 21.33] 12 4.7 |46 | = 0.018 0.022 0.021 L.06 0.51 1.22 | 0.14 0.06 0.07
16/10/88) 12:34 | 57.90 20.946] 36 |6.0 (5.5 |VIIT [|0.082 0.040 0,154 4.07 1.78 2.04 0.40 0.16 0.93
12/10/88) Q0:27 |37.86 20,98 19 4.4 4.0 0.042 0.018 0.041 3.48 0.57 2,22 | 0,26 0.07 0.15
SL/10/88) 0Z:00 [37.83 21.01| 17 4.8 4.2 | - = - 0,034 - - 1.81 N - 0.14
13/12/88] 11:01 |57.75 21.24] 11 4.7 j4.7 | = 0.024 0.012 - 0.7 0.31 N 0.05 0,03 -
22/12/88) 09:57 |38.43 21.75] 10 |S.0 |4.&6 |VI 0.108 0.048 0.099 | B.40 3.55 5.83 | 0.90 0.22 0.74
22/12/88) 09:57 (38.43 21.73] 10 |5.0 |4.&6 |VI Q.032 0,017 0,028 2.0 0.72 1.05 | 0.28 0.10 0.13
07/06/787] 191946 [37.99 21.&65] IO |S5.3 |S5.0 |VII 2.021 0,014 0072 1.43 0.0f 1.82 | 0,17 0.12 0,20
31/08/87) 21:29 (38,14 21.87] 17 4.8 |4.49 |v+ U.08% 0,017 0,004 3.35 0.9 3.9 | 0.35 0.10 0.35
\7/05/90| 08:44 38,39 22.22] 20 |S.0 (4.8 Q.114 0,114 0.202 3.10 5.10 11.44 0.28 0.18 0,84
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Fig.3. An example of the corrected acceleration,
displacement and the spectra.

186

150

velocity,



(g)
&
&

¥ o.50 i
|_|J £
T |
L
e @
% (A
y :
I\]B':m o Gt
-
Zon]t :
.28 a o
I:a -] 4
a
v & o
L@ 18 q B
Ll “Enmu
" u'-‘afnnu é’n
@. 20 Frrrrrrrr v P rerieerrory ,
a.0a 29 'Eﬂ S0, 08 g8, 2@
DISTANCE C(km)
)
uﬂ.&a:
v ]
LI..J .
_....J .
L)
| B8 :
Zo.40] (B)
3 3 4
{ -
@] :
i— ]
f— 4
(v @.20 z
L i .
= ] .
3 - 1
¥4 1 & 2
FJ{J : - -3 . - =
n— If-*-*ﬂ. pa " =
e 20.00 TTielee  00.00
DISTANCE (km)

Fig.4. The peak horizontal acceleration (A) and the peak ver
acceleratien (B) versus distance.

187



stations.

Earthguake Data

All data summarized in table 2 are taken from the Monthly
Bulletins of the Seismological Institute of the MNational
Observatory of Athens. MS is the surface magnitude as it has been
obtained by the relationship M5 = ML + 0.5 (Kiratzi and
Papazachos 1984), while Mb is the body wave magnitude taken frem
the monthly bulletins of the I.5.C.

Interpretation of the Results

All available accelerograms recorded by the NOA’'s network
have been analysed following the procedure described in the above
sections. The obtained results are interpreted in the following
manner.

For each record is giwven: the uncorrected acceleration time
history, the corrected acceleration, velocity, and displacement
time histories as well as the response spectrum. The four digits
at the right top corner of the plot of the uncorrected
acceleration depicts the origin time (hour, minute) of the
earthquake.

The peak values for each trace are marked on the plots and
listed npumerically at the top of the figures showing the
corrected
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Fig.5. The ration of the horizontal velocity te horizontal
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acceleration, velocity and displacement. Due to space limitations
only an example of the analysis is presented in figure 3. Table
2 summarizes not only the parameters of the earthquakes analysed
in the present study, but the peak corrected values of the
acceleration, velocity and displacement as well. Figure 3
inecludes also the response spectra for the same as above record.

Figure 4 shows the peak horizental (A} and the peak vertiecal
accelerations (B), respectively, as a function of the distance.

Figure 5 shows the ratioc of the horizontal velocity to
horizontal acceleration versus distance and an attempt has been
made to correlate our results te those by Seed et al (1976).
However, the response of the building seems to play a gquite
significant role. For example, although figure 5 shows that ATH1
gives the highest value and this, according to Seed et al (19786),
means that the geoclogical conditions of the installation should
refer to deep cohesionless soil, this is not true. This high
value propably contains the response of the fifteen-stores
building in the twelfth of which the SMA-1 is installed.

Figure 6 shows the ratio of peak horizontal to peak vertical
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Fig.6. The ratio of peak horizontal (q,) to peak vertical
acceleration (q)- 8
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acceleration, which gives an average value of the order of 2.3,
although a widely accepted value is of the order of 1.5. This
could illustrate the extremely significant meaning of the
horizontal component for the area of Greece.
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