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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 Earthquake
Engineering Research Laboratory of the California Institute of
Technology. Except the time histories of the corrected
acceleration, velocity and dispacement as well as the response
spectra, some important relationships are also derived.

MPOKATAPKTIKH ANAAYXH TQN EITPASQN TQN ENITAXYNZIOTPAPQN
TOY AIKTYOY TOY EGNIKOY AZTEPOZKOIEIOY AOHNQN
TIA TH XPONIKH NEPIOAO 1973-1990.

Ztavpandnng,l.N., Kaloyepds,Il.Z. nar DApaxndmovrog,I.K.

OEPIAMHYH

ZTnv epyacia auth TAPOVTLACOVTaL TO TPOUATAPHT L U
AMOTEAECUATA TNG AVAALONG 45 ETLTAXVVILOYPARUATWY TOU BLUTVOL ToU
EBvixod Aotepoomomeiou ABnvdv Tng meptddou 1973-1990. H p€bodog
NG avdivong Baoifstal #nOpLa otn SLadiuaola Tov e@aAPUSTETUL TTO
CALTECH pe pLup€c TpomMomoLfigeLg ot BLdgpopeg poutives. Emtdc and
TLG xpovinég efedifeLc TG emMLTA)YLVVONG, TAXVTNTAG HAL HETATSTMLONG
SivovTtaL emiang SLayp@uuaT oL ame Lnovigouv didgpapecg
TUPARETPOUVG .

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 exrrors. The
principal sources of long period errors can be divided into
several groups: (L1} 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 film

175
WYnoeiakA BiBAI0BAKN OgdppaoTog - TuAua MewAoyiag. A.MN.O.



negatives, (L4) systematic errors due to 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: (H1) Modification of harmonic amplitudes and shift of phases
caused by the finite, natural frequency of the accelerograph
transducer, (H2) errdérs resulting from the imperfections in
transducer design, (H3) random digitization errors, (H4) errors
caused by inadequate resolution of digitizing equipment, and (H5)
low-pass filtering effects in the optical-mechanical process.

Errors Ll, 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 second group of errors represented by Hl and H2 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 H5 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, 1s 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
horizontal 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 Bnalysis 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.

Moreover, the following scaling factors 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 interval.

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 calculating 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 angle.

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

SMA-1

DIGITIZER

voL2 | <———=m= " FILTER

. PAR

VOL3 | L RESPONSE

| . 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 Y 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 §, 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 period must correspond
to a Nyquist frequency 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 period T=0.005 sec is required. For this
reason, the corrected acceleration, velocity, 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 frequencies (15-25 Hz).

The problem is that the bridging-formula approximating the
derivative has an increasingly large error at frequencies
approaching the Nyquist 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 frequencies higher than
the final 25 Hz Nyquist 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, X(n), is the equispaced sequence of the time history to
be filtered, y(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 1is subtracted from the
acceleration, and trial calculations for wvelocity and
displacement are made. More specifically a line (V=Vo + at,
V=velocity, Vo=initial velocity, a=slope, t=time) is least
squares’ fitted to the velocity and a is subtracted from the
acceleration. The acceleration is high-passed filtered, and a new
velocity and displacement are calculated from the adjusted
acceleration. Further high-pass filtering is 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-period 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 freguencies.

Energy 1n the accelerogram near 5 Hz and its multiples is
erroneously introduced through the aliasing associated with
decimation, at long periods, i.e. 6 to 10 seconds and greater.
It has been shown that adequate filtering prior 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 also adopted in the
present report. The accuracy of the filter is a function of the
difference Af=fLt-fL (fL, is the low cutoff frequency, 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 frequency
Af may varies 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 obtained from the
first stage of processing are now retrieved to 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, (1879).

At the same time, the accelerogram is integrated to obtain
the velocity and displacement records. An input file called
FILTER.PAR 1is 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 Hz.
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 II stage and at the next one.

The accelerograms corrected for instrument response are next
baseline corrected by high-pass filtering with an Ormsby bandpass
filter having a low cutoff corner fl, low cutoff transition width
£2, high cutoff corner £3, and high cutoff transition width f4.

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

The corrected acceleration, velocity and displacement for
each component of an earthquake record are plotted to appropriate
scales by the program V2PLOT (Kinemetrics, 1986). 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 IITI PROCESSING: CALCULATION OF RESPONSE SPECTRA

The volume III stage of processing includes the calculation
of response spectra for up to five user specified values 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, PSA, in the tripartite logarithmic plot versus period
is obtained. The units are inch./sec, inch., and g, respectively.
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ANATYSIS OF ACCELEROGRAMMS RECORDED AT NOA’S STATIONS
DURING THE TIME: 1973-1992

The Accelerographic Network of NOA:

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

181

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



par p3uan -

M. GHS 96" 9 ZLCIBTLY 1781 B LI| L4711 s} 1sadap quasa i) 20 ot e eyeinaes TR VR
Ms-58S 9675 99 ZLTT a1 1781 821 a1l _syisoden quasa iy A A Y PRPE S I TS N O P v
M. GBS Q&Y 997 ZLTIBTLY 18 GLi| 46T By feodap Juusn gy ZETES w0ty e e bV
M.G83 96°C 99°C ZL°T|B7 LT 1781 871} LLTT s sodep uasa iy 21722 <otss] epewere g |yl
3.68 L7 0671 8971|9792 v-sZ 8792) bL0S syisalop quoney  |yvtzz Bosy 1 wdg V43 10
M. GBS 96°C 99°¢ ZLUC|874Y 1781 8721 a1 gyisadan qesa gy |e1zz g0t weaee 1w C
3.6ZN 161 081 c0°zlz sz 9z ¢ vz| ousw syisodap yesadl  |i/°02 B8y sesaan e <
8-N (8°% ZL°1 VB 1|b Sz 0792 96z Zuvsb syisodap [eyseny  |G002 94TEY wzana 1| ZAN o
3.06N B4°C 08°C 00" V|G LI £°41 S 41| &611 |s1isadep jeraniie piglog-iz optzi|  eperjeuy YRV g
3.08N 06"l &L71 BR°V|2°CSZ 9°6Z 1°92| 929 syysodap Yuasady |92z potes| o fsedorix | ronx 2
- Z8°1 08°1 88°1|£'92 0°92 z-sz| iwew syisodap queday  |C1°62 §LUGL| 01 ey Z3a 3
- Z8°1 081 8871|892 0792 Z'GZ| WSy siygsodep Juanay  [1°Cz oyter| Opge @ 150 Y e
3.G2ZN 1671 0B"1 €0°¢|2°G b 92 §°we| ovgp syjsodap qussa gy 12707 sutue SEYAG | HER =]
3.67N 161 0871 £0°2|2°SZ 1°92 £7vz| Oviv syrsodap quasasy  f1/°07 §0°6ef SEAE LA S
3.G2ZN 16°1 0871 £0°2)2°G2 v°9Z §'vz| obsk syisodap juesady (14702 C0TOR S0 1407 9491 [
3.G2ZN 16°T 04°1 £0°Z|2°CSZ b'9Z §°vZ| ovbsp sytsodepn quasasy 12702 s07EC BCANT G- n
S-N (BT ZL7T vBTT|L°SZ 0792 9°CZ| zZueh sjrsodap [ese0]  [G/°02 9670 v2ara iy 1344 o
3.08N Zb*'S 98°¢ v C|prLT 241 £ a1 96l syisodap yuasa g [g6TEl s sonuy o | cuny 2
- 08°T BL'1 O4°1|S°GZ 1°GZ &°bZ| £19 aUONSAWET BUTTENSA NG 27C7 06748 CUTIY ENY; =
- 00"b 09°C O1I'V|S°41 £°BI 41| 929 syisodep quasasy  |g9tzz  gotul| oasesorrx | Zo0x Q
2. 0N Z6'E 98°C v VLT £7L1 €181 9611 syysadep uass.y  |getze  seci| sanurog | Zand I
- BS°C Z8°C 057|981 &°41 0°O1] 012 sqisodan quesaly 194702 9ol poessog | c
M.SIS QL' 99°E 0°v9°BT O°41 £ 41| (29 syysodep quesa iy /12 SZUUf U ijey B1Vd g
M.SI8 L 99°C 070|981 0T LT © LT 429 syfsodap quasady g2t 1z wltos ey L1V o
Mo GZN B7°C ¥9°F 9B C[B7 LT &°41 1'B1| Sall syIsodapy juasany  [1£°07  $8°8L SEANY | 4T =
M. SZN B?°C v9°C 98°C[B7LT &°L1 1°81| Gall sypsodop uasaday  [1£°02  £A°8S 88)|Aa 7 v @
e
N 1N3A ONOTTINUNE 1934 SN0 S
(Byuoy “Arysuag]| (zip “baag ey oy qoY - Nt o
NOT LUINITI0 WIS A0 BB LS X0 >
SINVISNDD 5. INFA W 1SN MO IV

TSUOTI3IBYS 8} PUBR SJUIUNIJZSUT SYJ U0 UOTFJBWIOIUT PIZTICWWNG [ 4'THVL



3.0 0871 £8°1 887110792 2792 b G2 (606 87 1sodap jupss 4 80702 Ol uoyby 181y
M.G15 FLE 99TE R0TG{TBT OT/LT £7L1] £29 syysodap uasa | PV PO VA § N wae FRAVN|
M.GI16 QL 99°C RO L9701 O7LL €L £29 8 1s0dap uesa 4y | WA AN WTig 2 Y LA Z10d
M.G18 QLT 99TC 0°v 9781 OTLY & L) L29 s 1s0dap pasa 4y £471e SoTf LERLs [V
M.GIS QL F9°C Q0T |192°BY 0L £7LT) LZ9 sy1800ap uesa §°12 S278% RN IRV
Ma bEN 08T 4B°T ZB°1|0°92 0°9C O'GZ| 419 87 1s0dap JUase i 37T VY THE soYsednen 1AUN
3. 08N B82°C 0B 0O'VIG L1 £741 ST LI| 6611 |S31s0dap jepangje pio| i1z ogt/y BOEY [y U
MoSLN 281 267V 2LV |S°82 gt LS| B8b9T 83 Isodop quasa iy 0L 1 ZB7/3 ) Quuologyrenl pHun
MeS/N 281 Z6°1 241|662 87wz L°G2| BL9l sy sodap quasa 4 O 1 L8370 ] DIWOTOYICAE 9 UN
M.G16 QLC 99°C Q0 L|2°BT 0L €7 LT L&9 s}isodap Juasaig A A R Eayey (SVAVE |
3. 0N 8¢ 08°¢ 00| G 21 2741 Grzt] 61T [syrsorleny yepangle pinf o1l ogt/8 Hie| peuy AN
308N B4 0B8°C 00 PG 21 £°£1 S 21 4611 |svisodap jupanjie po) 49°1¢ 087 /¢ EREY LRy G
3. 08N B2°C 0B°C 00 V|G 2T £741 G L1 611 |sa71s0den yejaniie pIo| 612 O8°/E LRI R AL V) VAN
F.0BN BL°C 0B°C 00°t|G 4T 2741 G 21| 6611 |syisodap jepangie pro| oo 09748 Lper ey LU
3.0¢N Z6HTE 9B8°¢ KT b LY L7L1 €781 9611 51 ysodan juasa iy ybEE LbLT/Y SARI g 1240 (
= IB°1 €871 167 T|¢°CZ 1°92 1°G2| 98¢b auoysaw}n saanejadl)] 02 02  L178t lRRS[eA | 257N
~— 1871 €877 16°1|£°62 192 1°GZ| 9Lty |UOSSUT T SND3DWAHN] 02702 /178L ejrwes [en Isn
3,088 67T 081 €O°Z|2°62 b 92 £ uZ| Ovel sy 1sodap Juasa iy 12702 $878% StHAe P31
M. 563 S8l 8971 80°1|8°62 £°92 9°GZ| 0BOS pues e 1484 21782 Ozres |sarshuaay TSR
N-8 1671 €8°1 6B8°1|1°6Z 1792 GGz &£5b {s11sxlep jejantie pio| zz 82 §v-9y SO 1A0d
3.08N BL'C 08°C OO V|G 4T L4V G LT &b611 [S31sadepn jeyan)ie pro| ue iz o /s et g [dV RV
= LT QLT BL V|G 92 2792 1°9Z] 101G s jsadap juasaay 1742 woTLE Brpeun e 3 A
M. 585 Q67C G Z2L°¢|B874LT 1781 B8741)] Lb1L s 1500d8p Juasady cl ed QT LL veue e 4 LA
M.SB3 Q6L 9L 24T |74 1781 BTLT] L6T] sqisodep Juassiy Z172¢ $07LL e [Ey PN
M.SBS Q6 T F9°C TLL|87LT 181 B7L1] L&T1 sy 1soddap Juasa iy 21722 L0778 LR L | S
NOL LHIA SNOTNYE L 1dE3A SNG)
(Byumy apyBUBG| (2]) "haag yeN N Y No®
NOTIYINATUO LLES AZXY K39 SR ES) XX
SINJIEN] 3 INFIRILSNI NOT IV

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



\\\\\\\\1|IIII!IIIIIIIIIIIIIIIIIIIIIIIIIIIJHIllllllllllllIIIII-ﬂIIlllII-III------------

(Par 100

117°0 110 83170 F AR 6670 072 LZO0 (4070 OO = = a°¢ S W1 es 9148 | 62500 [98/60/1Y
210 110 $i1°0 P11 18°0 '} &50°0 LZOT0 LLOT0O = gyl T°bL TV 91782 ST/ Origg [98/60/51
CT°0 6070 2170 oyl 9Ll B $5070 ZL0T0 LTOTO = = 8% eV Il el 11728 08 :3Y |98/60/90
20 bYC WL 10°¢Y 86 W 21728 XA ORIV AN O N V2 P X| o9 0°9 O |6l g2 0773 QZizy |90/60/51
P11 €2°1 6470 Q0°¢ 1671 G2y OO L0070 £BLTOY 411N = IR |8 TOZ 10Tas | KO0 | GE/B0O/ TS
G0 1Z2°1 ObTO PN Q2 9671 } LGOT0 £5070 £6G°0 vInl &7 1S QL |GOTTZ BLLS| Gy G8/80/¢1
81°0 GO0 Z1°0 5 S | &0 BO'I 2200 2070 L2000 - Sl 21 b QG 1178 a1 |bvs/80/41
O5"0 12°0 BLTO GL 9 (7T 61°C L6170 BLOTO 901 .O—_ i Syl L7 O JOSTGZ GG | BO60 |48/80/10
0C~0 110 12’0 £z "9 9Ll TLE CLT0 V00 4070 any LG LS 83y |88 CELC| 2k 1Z |eB/sosbd
QU0 22°0 0L70 §65°83 Z1°c (678 0610 8800 BIZ O = 81 G°G 3 007 0087 | KOIGT |18/G0/L8

= 600 /870 & W60 107k e 65070 ¥O1°0 = S| LTV GE OO TLS 007 ) vovd | 18/80/82
— It*o $¢°0 = 1£°0 1078 = g1o"0o 1K 0 +In] G 40 L JOOT1Z G678 ¢£9:80 [18/1,0/01

11 260 &€5°0 GO01T Gy g9 B61°0 KOO /0T O +11n] B'G| B8°C 8 OB 0OZ 08" 6S | QI:GT [18/50/01
L2 €O°T 1971 FLOY LT 814 LET°0 C€BO°0 OLT O 4 11IA| 874G 8°C by |OBT0OZ O &8 | DG | 18/50/01
G BB'T wi'b IT°CT IT°G 14721 OZT°0 vhQ*0 LIT Q| 11in] 2°G| 19 LTS 02TRE | 9L | 18/20/88
&b 6L BATG BL°TT 1079 L6°CZ| 260°0 (800 1220 XI| &°G| 279 LT |O0°SZ 02 B 11502 | 18/20/L2
62 L£0°B Zb°b &1°8 28'GZ G292 F11°0 #8710 892 0 XI| &°G| £°9 G |00 s& oz 8y | vSiuz [18/20/02
626 99°¢ 20°9 O 2 0676 98°¢Z| 18270 80170 €920 XH| &°G| £°9 1€ |00°e2 0 as | 1S:02 | 18/80/12
10 tvir'1T 4L9°'% B2 9T /(09 vE"Z1) k170 &Z1°0 BET 0| rI1Inl T°9| G°9 02 0272 0B 0| LGOI |BL/F0/02
{0°0 OO GO'O 670 680 LLT0 200 1100 0100 N &Y &7k 2 04712 02785 61:00 |BL/S80/81
S1°0 o0 ¢1°0 25T i8°0 1LB°O FI0O"0 [10"0 OI0"Q +N = Z° S FATIN I N o 0 SO s Pl IS SEL) B VW08 14
001 60T Q071 18 co6t1 L1 V00 12070 11070 - 0G| 0°G T OST0Z 08782 T1:91 |$4/T1/V0
PO GR°'T 0L'Z1| €£'92 (Z°¢ L1765 £LS2°0 B11°0 LIG Q) +11Aa| B8°'G| B8°C O [OG702 06°BL] 25381 |9/ /TV /L0

NoYL  Ld3an 9N NOML 1438 9NOTDY NUYL 1dan anNan WAy | NeX = N

(W) { p..085°W0) (B) el [ P YW TIETa NOTIVOM AWy | 311

quawsoeidsyg *xep AJTDOTBA " %BYL UOT3eAB[8I0D\) .x5Z= . o133 B0
__ v 1lwa NOTL1LOW 9N Y18 viluvud I3AVYNOILT MY 3

‘uorjelsadisiul 8yj WoUI PSALJIIP SB BIRD
uoijou HueI3s 8y} pue ‘pasn sayenbyj.uaee oyq 3o suaeyoweaud oyl 7 UYL



1 |£0°CC #1°8E| 62:90 |£8/50/%1
Ol |0 22 607 LL| BH:ZT |98/60/G1
7 L0022 BOTLE] TIRTT [98/60/51
GY |02 SY L bb:2Z |98B/60/11

£670 12070 &LZ0°0 L7070 = =

L0
PS'l ZBO 2170 | 8v°C ¢l
870 0971 - 62070 05070 E
G L
870

h

= 10 6270 = &
LL70 €8O €17 967 <
610 0Z2°0 <9170 €80 L

B2 EG1°0 L1700 L0 Iin] 671
T4°E yZ0 0 GZO0 LyO"0Q = =

720 BL°O BZTO Ft17T 011G QIG ZOZ0 $IT°0 wIT 0 B3| 0'C Z |2eTal bLB8LY 80 |06/G0/LT
C&"0 QOI'0 S£°0 657 V60 LT 070 LTO0O 6070 A b 87 L1 |/871C v17°BE] &712 |68/80/1%
020 Z1°0 /170 PAE | 8O0 Gk OO vIQT0 12070 TIn] 0G| £°6 0 |G T2 b6 L] Q6T |6B/90/40
<10 0O1°0 820 GO 1 ZLT0 0972 RZO0 L1070 25070 In| 2717 O°G O |G T e8| /G260 |BB/Z21/22
w0 2270 0670 ¢§8s &Gty Ov'B L6070 BIOTO 80170 N @79 O°G O1 |S271C S By | 45:60 |B8/C1/ZZ
=  £0'0 SO0 = 1€°0 6970 = 21070 vZ0°0 = Ly L7 TT w212 GL°LT| TOTT |B8/21/41
170 = — 1871 ~ - L0 0 = = = 2| 871 LT 1O T2 €848 00:¢0 |88/01/1%
FT°0 LO'O0 QZ°0 Vi &G0 B9°C TROG B10°0 200 - (VIS RN 61 186702 9B87LL| LEFQO0 |8B/OT/6T
£6°0 9I1°0 O¥'O 06 BT L0 FST°0 OKO™0 2BO°O|| 11IA] G'S| 079 9¢ |96°02 067 LE| WL:Ll |88/01/91
&0°0 0°0 K10 221 F2°0 P0°1 12070 200 810°0 — Q| L7H 21 |£2°12 &97LL| LO*E B88/&60/0%
700 200 #0700 2y 0 Srt0 8GO HOO0 CTOT0 2070 # il Sk O |92°1E 14748 #0171 (B8/60/0¢
810 80°0 #1'0 £ G0 9370 QLOT0 1PTOQ G070 In] 0G| ©°S O [TV I 66725 Q02T |BB/60/8L
&O0'0 KwOTO 1170 80 G0 BYTI OZ0°0 OZ0T0 64070 N O°GY LT OZ 188z 0185 STl |88/L0/G0
BZ°0 &170 <170 w2 ST 6971 BZOT0O €200 28070 In] O°GY) 576 12 (1502 6L 8L | #vii0 (88/80/42
680 2O = oY Z&"E = LBOT0 L5070 - InN] #°G| 8°G SC 4L T0r Setee| 81360 |88/80/81
= cS"0 #9970 - H8°T 98°L = ICO°0 T1T°C In] 2717 0°G 5 1eST0z ¥8 8| 1101 188/v0/6Z
12°0 - 6170 11°c = 6571 L0 Q = 12070 +IA| O°G| 9°G 1€ 19087 62794 L2260 1£48/01/50
WZ"0 £1°0 BI'O £ 12° A 2800 12070 QLOT0 +In] 0°Gl 2°G LS |08 62798 L2360 148/01/80

7y

v

£°C

6T

NOML  1H3A  oNOD NodL  1d3A ONDTT | NGl 1d3n 8NOT (WA) | NoX - No®
(W) (¢ D8STLD) 6y A A o4 [ TISTQO| NOILWIOM S} 313
Juawade [dstg Xeu| AIID0[8A CxEl UDTIRAD[EIDY " HEL) el “B1.90

9 LYya NOT 1OMW I9NDOd 1S viluva JAVNBDH LYY 3




CHMIASELCZSEC

CMySEC

CM

J

tIN/7SEC.

40.
20.
.00
-20.
-40.

00
no -

00
00

.00

.00

.00

« 20

CRETE EARTHQUAKE: MAR Ol. 1984

REC. STATION:3S. 33N-25. 13E: HEHRKL[UN COMP VERT HMER2V. V2
BRNOPANSS FILTEA LIMITS: . 400- 00 25.00-27.00

PEAK VALUES: ACC= -4B.24 VEL- -1.67 D1SP=

ACCELERNT I ON
AWVW&NWVbﬂﬂﬁﬂJVfﬂfRWMfWvanfvv»nnﬂmMMWAw/

VELOCITY

O1SPLACEMENT

.0 4.0 8.0 12.0 16.0
TIME (SEC.)

RESPONSE SPECTRUM

T

CRETE EARTHOUAKE: HKAR 01. 1984

COMP -VERT

HER2Y. ¥3

DAHPING YALUES:
.bp
.02
.05
.10
. 2D

| S e T

T

[t
T

10! L
PERIOD (SEC.)

b
UL Y T

Fig.3. An example of the corrected acceleration, velocity,

displacement and the spectra.
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stations.

Earthquake Data

All data summarized in table 2 are taken from the Monthly
Bulletins of the Seismological Institute of the National
Observatory of Athens. MS is the surface magnitude as it has been
obtained by the relationship MS = ML + 0.5 (Kiratzi and
Papazachos 1984), while Mb is the body wave magnitude taken from
the monthly bulletins of the I.S.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 given: 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 numerically at the top of the figures showing the
corrected
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Fig.5. The ration of the horizontal velocity to horizontal
acceleration versus distance.
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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
includes also the response spectra for the same as above record.

Figure 4 shows the peak horizontal (A) and the peak vertical
accelerations (B), respectively, as a function of the distance.

Figure 5 shows the ratio of the horizontal velocity to
horizontal acceleration versus distance and an attempt has been
made to correlate our results to 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 (1976),
means that the geological 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 (o) to peak vertical
acceleration (a ).
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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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