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ABSTRACT

The results of the Leukas earthquake which occured on November 4,
19873, are discussed and the recorded strong motion accelerograms are ana-
lysed for the main shock and the aftershock.

The main characteristics of the ground motion are calculated giving
information about the nature of the earthquake and the influence of the ma-
ximum peak acceleration 0,53g to the damage distribution.

A microzoning map of the city of Leukas is compiled by the use of
microtremor measurements and the soil of the city is classified according
to Kanai's proposals.

The influence of the subsoil condition and the water elevation is
one of the main characteristics arising from the comparison.of the micro-
zoning map, the hydrological map and the damage distribution of the city
of Leukas and the soil amplification factors are derived from the calculated
predominant periods of the microtremors.

~ Trom the comparison of the strong motion records and the microtre~
mors measurements some period correlations are observed but we cannot con-=
clude from this case that microtremors can predict earthquake wotions.

In the city of Thessaloniki several microzoning methods using micro-
tremors were applied and microzoning maps were compiled which were compared
to each other, From the results obtained and the comparisons, we may con-
clude a) that there is a general agreement between the microzoning maps com-
piled by Kobayashi (Japan) and the Greek team, and b) from an engineering
point of view Sherif's (U.S.A.) microzoning map is not very practical and
the evaiuation of his results gave seismic coefficients for Thessaloniki
which are considered as overestimated.

Finally as a concluding remark we may point out that from the 24
hours measurements in the city of Leukas and in Thessaloniki, microtremors
~are almost stationary in time and that for unfavourable soil conditions
microtremor measurements are recommended for the compilation of micro-

zoning maps.



INTRODUCTION

It has long been recognized that the intensity of ground shaking
during earthquakes and the associated damage to buildings are seriously
influenced by local geologic and soil conditions. This means that macro-
seismic data alone are inadequate to determine the effects of earthquakes
on shaken areas, as they are not sufficient to describe the exact motion
at each site with different geologic and soil conditions. Studies of the
distribution of damage caused by earthquakes indicate that large differences
in the extent of damage often occur over relatively short distances. This
means that local geological and soil conditions influence greatly the trans-
mission of seismic waves causing different damping effects, and magnifica-
tion in the layered soil, resulting in foundation failures and differential
settlements of structures.

Because of the fundamental importance of soil foundation problens
to all aspects of earthquake resistant design, much attention should be
given to soil conditions and local geology during earthguake ground shaking.
Even at the same distance from the epicenter or fault, the magnitudes of
the ground motion associated with a particular earthquake may vary signi-
ficantly because of the influence of local inhomogeneities in geological
structure or soil and subsoil conditions. On the other hand, both theoreti-
cal analyses and results of field measurements indicate that the characte-
ristics of the motion at the surface of a soft, deep deposit may be different
from those at the underlying bedrock or on neighbouring firm ground. The
effects of such a layer are usually to lengthen the period of the dominant

waves in the acceleration diagram and to increase the intensity, duration



and degree of periodicity of the motion.

The investigation of soil and subsoil conditions in relation with
earthquake damage is therefore very important and useful for design pur-
poses. From observations of some recent earthquakes the amount of damage
is drastically changing over extremely short distances (Skobje, Poceski,
1969). It is evident therefore that these large variations of structural
damage are due to local soil and foundation problems. The relation between
soil type and earthquake damage can be investigated by considering a)the
influence of soil type on the intensity and wavéform of earthquake motion,
b) the influence of soil type on the vibration damping properties of
structures, and c) the decrease in the strength of soil when subjected
tcrvibration.

From observations and detailed investigations of past strong
earthquakes and their damage effects, two main categories of structural
damage can be distinguished having a close relationship botﬂ with the
type of soil and the type of structure : 1) Damage arising from foundation
failures caused by settlement, liquefaction or failure of soil. This type
of damage mainly concérns the structure as a whole and many observations
and investigations were made after some characteristic earthquakes (Niigata
1964, Chili 1960). 2) Damage occuring by crasksion the main part of the
body of the structure or by dislocations atrthe part connected with the
ground. The first type of earthquake damage occurs mainly in flexible
structures with large weight, on soft ground, while the second type occurs
with rigid but brittle structures which are located on hard ground.

The development of instrumentation techniques enable today seismo-
logists and engineers to record and study seismic parameters which are of

primary importance for the determiration of coefficients depending on the



local geologic and soil conditions. Grow.d accelerations, velocities and
displacements provide the basis for more accurate calculations in determi-
ning the effect of the seismic waves travelling through the bedrock and
the soil layers to the ground surface.

Strong motion records provide today the main characteristics of the
ground motion during a strong earthquake. The most significant characteris-
tics of the motion are : a) the peak values of accelerations, velocity,
and displacement diagrams; b) the duration of the metion; c) the degree
of regularity or periédicity of the dominant pulées; and d) the mean
period of these pulses. The study and the analysis of these characteristics
is considered as one of the fundamental steps in facing ;arthquake risk.

Ground acceleration, velocity and displacement form the basic data
for spectral calculation which, as maximum response values, can be expresssd
in terms of acceleration, velocity and displacement for different dampings.
The calculation of spectral values is very important for engineering
purposes. .

Modern computer methods facilitate immensely the use of the recorded
data, their classification and the calculation of all the seismic parameters.

The nature of the ground movements at a site will depend on many
factors such as the proximity of the site to the focal volume, the magnitude
of the shock, the mechanism of the earthquake and the superficial geology
of the site. More specifically, in addition to recording the motion of the
ground at some point in the epicentral region of the earthauake, it is
also of great engineering importance to record the motion on a variety of

foundation materials, such as rock, firm alluvium of various depths, and



soft ground. narthquake ground motions sl .ulu be recorded on the.
ditferent foundation conditions on wnicn structures are builf.

Seismic waves generated after the release of energy caused
by an earthquake, propagate from the seismic source through the
earth crust to the bedrock and then through the soil layers to the
ground surface.

The behaviour of the materials through which the waves propa-
gate is very important, but what is really very significant is the
behaviour of the foundations materials due to the bedrock motion and
the layer response to this motion.

In the alluvium ground, impedance is small in comparison to
that in rock and diluvial ground; and moreover, since there are pre-
dominant periods, there is a possibility of particularly large vibra-
tions occuring at the time of an earthquake. Maximum values of acce-
leration, velocity, and displacement are important characteristic va-
Jues of earthquake motion, aﬁd it is necessary to know to what extent
these are amplified by the existence of the surface layer. However,
circumstances differ according to the case and it is difficult to
state the mafter in general terms (Ambraseys, 1370).

From various observations and results obtained, it is con-
cluded that displacements in alluvial areas are considerably greater
than those in rocky area . However, as the magnification ratio cannot
be determined generally, the method of obtaining the surest results
is to carry out individual geological surveys and to make detailled

calculations.



If we consider seismic zoning on a general or global basis
there would probably be a rough general agreement on the shape and
size of three basic zones : a) a relatively high risk area, in which
definite provisions should be made for protection from destructive

.earthquakes, b) a moderate risk area, in which destructive earthquakes
may occur so rarely that the economic consequences caﬁ be easily ab-
sorbed by society with_only min§r<protective measures, c) an almost
aseismic region whefe practically no measures are taken.

However, this zoning classification is inadeguate for engi-
neering purposes since structural design requires seismic parameters
which are related with local geology and soil and subsoil conditions
at each specific site.

A first approach towards more detailed seismic zones 1s done
with the seismic zoning maps which are usually prepared by seismolo-
gists following a major earthquake. These so called intensity maps
are made on a basis of observatioq of damage, reactions of inhabi-
tants, moving of objects and so forth. The region is divided into

imtemcity experiemced

various zones of expected intensity. More detailed maps would show
how the expected intensity of ground shaking varies within a zone,
taking into account proximity of faults, local geclogy and so on. In
this most detailed form, the map would provide intensity evaluations
for specific sites. However, even these maps are not always sufficient
-for engineering purposes, since they are not based on recorded ground
motion. The engineering value of such earthquake intensity maps would
be greatly enhanced if they could be based on a more meaningful defi-

nition of intensity than subjective assesements of building damage



and the like. On the other hand damage to c¢iructures is caused not
only by seismic intensity bgt also by damage of soil and quality of
structures, |

Today, the limited number of sitrong motion accelerographs
'makes the exact knowledge of earthquake ground motion very difficult
and consequently the compilation of a seismic map has to be based
on other parameters.

The production of maps of seismic zoning, requires the
depth of the earthquake foci, the relationship between energy at
the focus and epicentral intensity, the correlation between magni-
tude and intensity, information concerning attenuation of intensity
with distance and other data.

More detailed studies in earthquake engineering problems are
necessary for seismic maps, which should indicate the relative dan-
ger from earthquake at any given locality. Such maps should consider:
a) The general seismicity of the area occuring from the investigation
of the geographical distribution of hypocenters of past earthquakes.
b) The influence of the local geological conditions on ground motions
associated with earthquakes. c¢) The details of local soil and subsoil
foundation conditions.

Urban planning and industrial development of a region which
is often subjected to strong earthquakes, requires a detailed investi-
gation of the soil and the subsoil conditions before construction. In
order to protect the national economy of a country which suffers from
strong earthquakes, it is necessary to introduce technical criteria

which will enable society to face dangerous earthquakés. If seismic



zoning considers distribution of earthquake hazard for the entire
country or larger regions, seismic microzoning considers a more de-
tailed distribution of earthquake hazard within each of the zomes
defined by the seismic zoning.

Among the various existing definitions, microzoning can be
defined as the study of small land areas under loecal geology condi-
tions and.earthquake characteristics, serving as guide for safer

land use and safer construction, according to the specified local

differences in earthquake attack on structures.

Various microzoning techniques are used for the compilation of
microzoning maps. These techniques applying microtremor measurements
(Kanai) or measuring the ratio of earthquake damage; expressed in seismic
intensity, and the rigidity of the su;face soil layefs (Medvedev) are
used for the detefmination and evaluation of ground motion chéracteristics.

The installation of more strong motion instruments at seismic
active regions and the application of the microzoning methods, will

enable engineers and seismologists to get more accurate information and

data for the compilation and evaluation of microzoning maps.



CHAPTER I

STRONG MOTION RECORDINGS
IN LEUKAS ISLAND (GREECE)

I.1 General considerations

The region of the Ionian islands in Greece, is considered
as one of the most seismic active regions of the Mediterranean
area. étrong and severe earthquakes have shaken this region in the
past with many human losses and heavy damages.

One of the most characteristic earthquakes which have
. shaken thg Ibnian islands was the earthquake which occured in Au-
gust 1953, during which many people were killed and many buildings
were destroyed. Namely the islands of Zakynthos, Cephalonia and
Ithaca were almost completely destroyed, and the island of Leukas
was seriously damaged. The shocks during that time were_not re-
.corded by strong motion seismographs and consequently ground acce-
lerations were not obtained. However the observed maximum intensi-
ties for the zone including the islands Leukas, Zakynthos, Cepha-
lonia are I > IX. The concentration of earthquake activity in
this area has been attributed by A.Galanopoulos (1965a) to the
intersection of the Ionian fault zone with the assumed prolonga—
tion of the North Anatolian shear fault zone.

Recently a étrong motion network has been installed to
these islands and the recorded accelerograms provided useful in-

formation for this area.



1.2 Levkas earthquake of November 4, 1973

On November 4, 1973 in 15:52(h:min) the island of Leukas
was shaken by a strong earthquake of magnitude M = 6.0 with epi-
central distance 18 km. The iscseismal map of the Leukas earth-
quake is shown in figure I.1.

This earthquake was recorded by éhe strong motion instru-
ment type SMA-1 which was installed in the city of Leukas and the
original accelerogram is shown in Fig. I.2a. The duration of this
earthquake was 24 sec and it was recorded in two horizontal (N25W,
N65E) and one vertical component. The maximum aeceleration obtained
was for the N25W component and was found equal to 0,53g, which
is the highest acceleration ever recorded in Greece by a strong mo-
tion accelerograph.

After a while in 16:11 (h:min) another earthquake of magni-
tude M = 5,0 has shaken Leukas with maximum recorded acceleration
0,08g (N25W component). The duration of this earthquake was 12,5

sec, and the original record is shown in Fig.I.2b .

I.3 Digitization of the accelerograms

It was found that the accelerogram trace could be approxi-
mated quite closely by a series of straight line segments.

The digitizing process is carried out on a device which
consists of a mechanical cross-head and cross-hair system which
can be manually set to successive x - y coordinates on the record

trace. By means of a magnetic read out head these x - y coordi-
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nates are converted to digital position signals by an electronic
counter and are stored in an accumulator system from which they
can automatically read out to an electric typewriter.

Since there is no zero axis on the accelerogram, a tempo-~
rary base line is drawn on the record and the coordinates of the
intersection points of successive line segments are measured from
this temporary base line and recorded.

If we enlarge the accelerogram which is shown in Fig.I.3
along with a plot of the same portion taken from the punched
cards after digitizing, we can observe that the punched card trace
follows the instrumental trace reaéonably well, but it is clear
that there is a circle of uncertainty about each intersection
point. It is apparent that the width of the trace is large enough
to leave an uncertainty as to the exact coordinates of any parti-
cular point. So different persons approximating the same accelero-
gram by broken line diagrams would use different numbers of line
segments. Even if the same broken line diagrams were used by all,
there would still be differences in reading the time and accelera-
tion coordiqates.

The original accelercgrams of the Leukas earthquakes were

enlarged three times and digitized.

I.u Integration procedure

The integration procedure is based on the assumption that
the accelerogram is a series of straight lines connecting the
peaks. So the values of velocities and displacements can be deter-~

mined by two successive integrations of the digitized accelerogram.



Symbols i, i, u denote acceleration, velocity and dis-
'placement respectively.

Considering just the peaks we can write for the interval

. <t < t, d = a.(t-t.
t,,<t<t, , d=a(t-t

1)+bi

where a; bi are constants for the i'th segment of the record.

Integrating once, we have

a,
i = — (t- 2 -
G o= o (et )%+ bt ) 4o
at t = ti—l , U = U, q
a; ,
o= (et ) 4 bi(t_ti_l) 0 L

a, b,
= == (t- 3 2 (- 2 -
u= = (et ()7 o+ 5 (et )7 e hy (et ) bug

Thus, starting from the beginning of the record with initial con-
ditions at rest, i.e. at t=0, u=0=0, the record can be integrated
step by step to obtain the ground velocity and ground displacement
at any required instant and also at the end of the event.

These éalculations were carried out by the use of digital
computers,

In principle it should be immaterial whether the displace-
ments, velocities or accelerations of the ground are meashred,

since there is a simple mathematical relationship between them.

(1.1)

(1.2)



To obtain diqplacemént from acceleratior requires twc integrations,
whereas to obtain the acceleration from the displacement reqﬁires
two differentiations. In practice, however, integrations can be
carried out much more accurately than differentiations, since it
is easier to determine the way in which the area under a complicated
curve varies with time than it would be to measure the slope of the
curve with the required accuracy. This can be seen clearly for any
typical earthquake which gives the ground acceleration, velocity
and displacement curves. To start from the displacement curve and
then to repeat the process to obtain the very complicated acceleration
curve would be a practically impossible undertaking. The inevitable
loss of accuracy in the differentiation process cannot be avoided
no matter how the process is carried out. We can thus reach the con-
clusion, that the basic measurement for earthquake engineering appli-
cations must be of the ground acceleration versus time. Once an accu-
rate ground acceleration curve is available, the velocity and dis-
placement curves can be obtained with a satisfactory accuracy, taking
into consideration that the original accelerogram has no base line-
and that a base line correction is_required for the determination of
these values.

Figures I.4 to I.9 show the values of velocities befcre the
basé line correction for all the components of the main shock and
the aftershock of the Leukas earthquakes.

I.5 Base line correction

One of the most important stages in the analysis of strong mo-
tion records is the base line correction. The procedure is described

in details in Appendix A.
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Introducing the mean square velocity technique for the base
line correction we get the corrected values of acceleration, velocity
and displacement.

A computer program has been prepared and the computer work
was carried out at the CDC 6600 computer unit of Imperial College
(See Appendix D).

The recorded accelerograms of the mgin shock and of the
aftershock were analysed and the values of acceleration, velocity
and displacement were obtained in the two horizontal components and
the vertical component,

The results are shown in the following table I,1

TABLE I.1

MAIN SHOCK AND AFTERSHOCK OF NOV.4,1973 IN LEUKAS

Compo-| Duration | Max acce-| Max velo- | Permanent
nent of earth| leration | city in displace-
quake in| in g. cm/sec ment in
sec cm
N25W 24 0,53 55 3,8
» | N65E 24 0,27 26,8 1,1
=] .
H :% Verti-
= | cal 24 0,11 8 1,3
. N25W 12,5 > 0,08 5 0,40
55 N65E 12,5 0,05 3 0,40
=9 Verti-
< | cal 12,5 0,03 1,8 0,40

The plots of the three components of the main shock and
the aftershock for the values, corrected acceleration, corrected

velocity, corrected displacement, are shown in figures I.IQ to I.27.
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I.6 ‘Response spectra

The mathematical soluticn of response spectra is given in
Appendix-B. However, since the acceleration records can be approxi-
mated to a series of triangula? pulses we can apply numerical cal-
culations to the end of evaluating the integrals of the equatioms.
The complete solution of the equation of motion for a linear, vis-
cously damped, singlé degree of freedom oscillator, using numerical
calculation is given in Appendix C.

A complete analysis of the three recorded components of both
the main shock and the aftershock was accomplished and the correspon-
ding results were plotted. The spectral values were calculated for
different dampings, i.e. A, = 0 , A =.6,0l s A, = 0,02 , A = 0,05,

1 2 3 m

AS = 0,10 , As = 0,20 . The time interval used was 0,02 sec.
The plots of the three components of the main shock and the
aftershock of Leukas, for the values acceleration spectra, velocity

spectra and displacement spectra are shown in figures I.28 to I.45.

I.7. Observations - conclusions on Leukas earthquake

1. The epicenter was located in the sea at a distance of 18 km
northwest of the island.

2. The earthquake had shaken ail the island with maximum inten-
sity observed into the é¢ity of Leukas (Fig.I.l1)

3. Cracks along the coast were observed and in some regions
there were landslides.

b, Some houses were damaged including buildings o § reinforced

It

concrete.



5. As shown in figure I.10 the maximum acceleration of 0,53g
was instantaneous and the following values of acceleration during
the shock ranged from 0,13g to 0,06g. This explains the limited
destruction which occured since the instantaneous duration of 0,53g
was out of the range of the periods of the buildings.

6. It must be mentioned that the water level of the city of Leu-
kas is very high. A possible result of this was a limited 1i-
quefaction of the soil which caused greater periods after the oc-
curence of the peak acceleration.

7. Another interesting characteristic is the beginning of the
main shock which as shown in the recorded accelerograms of the
vertical component (Fig.I.iB),the ground started moving vertically,
This was confirmed by the inhabitants. A possible reason may be
the small epicentral distance.

8. From the various buildings which were examined after the
earthquake, it was observed that damages were comnsiderably heavy
in new buildings made of reinforced concrete. On the other hand .
old and simple flexible houses which were constructed 150-200
years ago, were slightly damaged or even undamaged. This is due
to the method of construction with the characteristic wooden
elements distributed to the vertical, horizontal and diagonal
directicns among the main body of the house and to the instan-

taneous peak acceleration.

I6



CHAPTER 1II

MICROZONING OF THE CITY OF LEUKAS

I1.1 Microtremor measurements

Two main reasons lead us to experience microzoning techniques
in the city of Leukas island. The first, because the earthquake of
November U4, 1973 was recorded by the strong motion accelerograph and
the analysis of the records gave much information about the characte-
ristics of the ground motion. Consequently it was possible to compare
-some results obtained from the strong motion records and microtremor
measurements., The second; because the soil conditions of the city of
Leukas consist of deep alluvial deposits with high water level, and
such conditions have to be studied very carefully.

The microzoning technique which was used in the city of Leu-
kas was developed by Kanai who introduced microtremor measurements.
Microtremors represent continuous vibrations of the ground having
small amplitudes ranéing from 0.1 +to 1 micron. These vibrations are
resulting from uncontrolled natural or artificial eXitations such
as wind, sea waves, traffic, industrial noise and similar causes.
Kanai has recorded microtremors and earth shaking at a number of si-
tes, Generally his results have been published in terms of period
distribution curves in which the frequency of occuren(ce was plotted

against period.-

17



fhe instrumentation system used in th2 city of Leukas
consisted of three seismometers, one vertical and two horizontal,
a three-channel amplifier, a four-channel, open reel ﬁagnetic
tape recorder and a six-channel oscillograph which was recording
the microtremor measurements on a photographic paper.

In the city of Leukas (Fig. II.1) 30 points were selected
for microtremor measurements. The duration of each measurement
was about 90 sec and the analysis of the recorded microtremors was
extended up to 30 sec.

Kanai's microzoning technique which was used in the city
of Leukas is based on two proposals.

The first uses the '"mean" period and the "largest" period
(that is the period of the largest amplitude wave), while the se-
coﬁd method uses the largest amplitud; of the recorded motion and
the predominant period at the site. By this way subsoils are clasgsi-
fied using the characteristics of the observed microtremors with the
aid of the microzoning charts as shown in Fig.II.2 and II.3. The
symbols I,II1,III1,IV represent the kinds of soil as they are used in
the Building Code of Japan with the following standafds for the
designation:

Kind I : Ground consisting of rock, hard sand gravel etc.,

classified as tertiary or older strata over a considerable area around

the structure.

Kind IT : Ground consisting of sandy gravel, sandy hard clay
etc., classified as diluvial, or gravelly.alluvium, about 5 meters
or more in thickness, over a considerable area around the structure.

Kind III : Ground consisting of alluvium 5 meters or more

in thickness, which car be distinguished from the ground of Kind II

I8
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by bluff.formation.

Kind IV : Alluvium consisting of soft delta deposits, topsoil,
mud etc., exceeding 30 m. in depth. Land obtained by reclamation of
marsh where more than 30 years have elapsed since time of reclamation.

The application of the above mentioned two proposals depends
on the largest period, mean périod, predominant periéd and largest
amplitude of microtremors, and the evaluation of these ground para-
meters is achieved with the use of frequency-period distribution cur-
ves. The whole procedure is described in details in Chapter III.

In Fig. II.4 to II.11 the plotted period distribution curves
are shown and in Table II.l the soil is classified according to Ka-
nai's two proposals.

A microzoning map of the city of Leukas is compiled indicating
the soil classification (Fig.II.12).

Also a map of the city showing the water level was compiled
(Fig.I1.13).

Finally a 24 hour microtremor measurements were carried out at
the place where the strong motion record was installed with the follo-
wing results -

In the amplitude versus time curvé A=f(t) a maximum amplitude
of 0,30p appeared at14,00h and é minimum of O,lGﬁ ato4,00 h . Fig.II.1lka.

The corresponding predominant period during.the 24 hour measu-
rement showed very small variations from its constant value 0,25 sec.

Fig.II.1ub.

II.2 Discussion on Microzoning results of the city of Leukas

One of the main problems of microzoning using microtremors is

the validity of them as compared to strong motion measurements. Accor-



TASLE TT .4
CITY OF LEUV'S
MICROTREMOR MEASUREMENTS

Point Predominant Larnest Mean Largest Kind King . SOIL
No Period (TG) Pem’od(TL) Per.(TM) Pmnlit(A) of soil of soil

sec sec  sec o T Te
0,200 1,000 0,40 0,38 2 -3 2 11
0,200 0,675 0,24 0,40 2 2 - 11
3 0,200 0,675 0,27 0,33 2 2 -3 11
" 0,200 0,550 0,33 0,26 2 2 11
5 0,360 00,675 0,36 0,58 2 -3 3 111
6 0,295 © 0,825 0,28 0,31 2 2 -3 111
7 0,200 © 0,825 0,28 9,50 2 -3 II
8 0,150 0,825 0,40 0,68- 2 -3 3 ITI
9 0,295 0,825 0,28 0,40 2 2 -3 11
10 0,295 " 0,825 0,38 0,33 2-3 2-3 II-ITI
11 0,200 * 0,825 0,28 0,54 2 2 -3 1
12 0,295 1,000 0,25 0,30. 2-3 2-3 II-ITI
13 00,200 0,825 0,25 0,33 2 2-3 II
14 0,200 - 0,825 0,35 0,45 2 2 -3 IT
15 0,200 - .0,825 0,33 0,35 2 2 I
16 0,350 1,000 0,22 0,80 2 -3 3 IIT
17 0,450 0,825 0,40 0,63 2 -3 3 © Im
18 ¢, 450 1,000 0,38 0,50 2 -3 3 TII
19 0,200 1,000 0,u5 0,25 2 -3 2 Ir
20 0,200 10,825 0,140 0,25 2 -3 2 - 11
21 0,290 1,000 0,37 0,52 2-3 2-3 -1
22 0,245 0,825 0,36 0,71 2 -3 3 111
23 0,200 0,675 0,30 0,50 2 2 -3 I
24 0,450 . 0,675 0,37 0,52 2 -3 - II-II%
25 0,200 0,675 0,30 0,25 2 2 I
26 0,200 0,675 0,25 0,23 2 2 il
27 0,200 0,825 0,38 0,32 2 -3 2 I
28 0,245 0,825 0,36 0,37 2-3 2-3 1I-1II
29 0,450 0,825 0,13 0,5 2 -3 I
30 0,450 0,825 0,38 0,75 2 -3 IiT



ding to F. Udwadia who studied this problem using the accelerograms
of the E1 Centro earthquakes, little or no correlation could be esta-
blished between the ground response to strong earthquakes and microtre-
mor excitation, ﬁe reported that the analysis of accélerograms in the
El Centro area indicates that ground motion caused by close-in earth-
quakes is dependent on many factors such as the source mechanism and
geologic path along which the energy travels, and which often oversha-
dow any effects of local site conditions.

According to the qapanese investigators (Kanai, Tanaka etc)
there is a considerable correlation between strong motion reccrds
and microtremor measurements. More specifically, according to Kanai
for earthquakes of magnitude greater than 6, the predominant period of
earthquake motion is particular to each locality and the value coin-
éides with that of the predominant period of microtremors.

From the above mentioned we may say that there is a disagree-
ment about the validity of microtremors after investigations and mea-
surements in U.S.A. and Japan. Therefore it is interesting and impor-
tant to find which could be the causes of these differences, since
microzoning techniques are very widely applied and recommended by ma-
ny investigators especially for sites where important structures
are expected to be built and for sites of industrial and urban planning.

The city of Leukas island provides a good case for comparison
of strong motion records and microtremor measurements.

I1.3 Microtrémors

According to the soil classification of the city of Leukas
using microtremor measurements, the city was divided in three zones,

II, II-III, III (Fig.II.12).



One of the most important parameters of ground motion is the
predominant period of the ground. According to the microtremor measu-
rements at different points of the city of Leukas and from Table I.1,

the average values of predominant periods T, corresponding to the

G

soil classification in zomes IT, II-IITI, ITI, were found as follows:

SOIL IT TG = 0,2 sec
SOIL II-ITI ) Tq = 0,8 sec
SOIL IIT Tg = 0,4 sec

In alluvial surface layers vibrations are amplified due to
multi reflection phenomena. By combining the results of actual measu-
rements and theoretical calculations, Kanai derived the following

formula for the amplification factor:

EERET

where TG is the predominant period and T is the period of vibration.

6(T) =

For T = TG the corresponding amplification factor for each of the

kinds of soil are shown in Table II.2

TABLE II.2
Kind of soil TG G(T
II 0,2 2,3
II-IIT 0,3 2,7
IIT 0,4 3,1

From the points measured in the city of Leukas, point 21(Fig.II

22

.12)
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shows the location of ti.e strong motion instrument which recorded
the earthquake of November 4, 1973 and its aftershock. According to
the soil classification the étrong motion accelerograph is installed
on soil kind II-III.

The -predeminant period of the ground at that point was found

according to the period distribution curve T, = 0,245 sec.

G

IT.4 ‘Comparison of microtremors and strong motion records

The Fourier analysis of the microtremor at point 21, place
where the strong motion accelerograph was.installed, gave predominant
period 0,25 sec. This value coincides with that obtained from the
feriod distribution curve,

From the Fourier analysis of the strong motion record, of the
main shock (N25W) we obtained predominant period 0,32 sec.

The results are shown in Fig., II.15.

These results show that there are some but not marked period

correlations between microtremors at Leukas and strong motion records.

II1.5 Comparison of microzoning map and damage distribution from -

the earthquake

The heaviest damages which occured from the earthquake were
observed in zones III and II-III. In zone II damages were considerably
lighter than the other zones. This evidence shows the influence of
subsoil conditions during this strong earthquake since the way of con-
struction and the construction materials are the same in the whole

city. This last observation does not include a small section of the
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city where so.e new houses were recently built (Fig,II.12,section N).

‘of the city of Leukas

If we compare the microzoning map of the city of Leukas
(Fig.1.12) and the map showing the water elevation (Fig.II.13), we
observe many similarities existing between these two maps. This is
an indication showing the influence of ‘the water lével in a microzo-
ning study of an area.

The seismic rigidity method developed for seismic microzoning
is based on the ratio of earthquake damages expressed in seismic
intensity and the rigidity of the surface soil layers. It was found in
general that if the soil figidity decreases, the earthquake damage
increases. Using the results from observa.ions of earthquake damage
and geophysical explorations of the longitudinal wave velocities of
the surface layers, Medvedev proposed an empirical formula for evalu-
ation of the increment of the seismic intensity :

PoVo -0.04h?
+ e 1

P.v.
i'i

AT = 1,67 log

where Po’ Vo and Pi’ Vi are density and longitudinal wave velocity
for standard and considered soil respectively. The second term

-0. ovh}
e ' 1 is the increment depending on the water table elevation
(h; is the corresponding depth under the surface).

On the basis of the above equation and empirical observations,

Medvedev offers the following relationship showing increases in seismic
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intensity with decreasing distance of water table from ground surface

level for loams, loams and fine-grained sands :

TABLE 1I1I.3
Distance to water table Intensity increment :
(meters) (units)
0 -1 1
L : 0,5

10 0

Fig. II.16 shows the relation between intensity increment AT

and_water depth hi after Steinberg. i —_

AL —>
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Although the above figure does not necessarily apply in all

cases, it does provide preliminary guidelines in assessing the earth-
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quake damage potential of an area with respect to high water table levels.

Therefore for the city of Leukas and for zones III and II-III
(Fig.II.12) the intensity increment due to water elevation was found

to be AT = 1.

II.8 Conclusions

The main results from Leukas microzonation reported in thé pre-
vious section may be summarized in the following way .:

1. The comparison of the microzoning map and the damage diséri~
bufion showed that damages were extended mainly in the regions inclu-
¢ad in zones III and II-III according to the soil classification.Taking
into consideration that the same construction techniques and building
materials cover the whole city of Leukas, this evidence shows the in-
fluence of sub-soil conditions to the behaviour of the structures.

2. If to the above mentioned comparison we add the hydrolo-
gical map of the city of Leukas, we obéerve many similaritieé between
these maps. Namely there is a general agreement between zones III and

II-III obtained from the soil classification and the zone of the hydro-

logical map whose water depth is 0,20-0,50 m. and 0,50-1,00 m. respectively.

Following Medvedev's formula the influence of water elevation is con-
siderable for the region, giving an intensity increment AT = 1,Although
liquefaction characteristics were not observed at the region shaken,

much attention must be paid since liquefaction potential is high.
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3. Taking into consideration the results obtained by Uwadia
concerning the comparison of microtremors and strong motion records for
the El Centro region, and the results obtained from our investigation
using microtremors and the strong motion records in the city of Leukas
we may conclude the following :

a) Microtremors for the city of Leukas are almost stationary

in time. This is in disagreement with Uwadia's conclusions for

the E1 Centro region where he found that microtremors.are not

stationalry in time.

b) The differeﬁce of the excitation level between microtremors

and strong earthquakes is an important parameter which must be

- taken into consideration, when period correlations are compared.

c) . According to Uwadia and for close-in earthquakes, ground

motion is dependant on factors such as the source mechanism

and the geological path which the energy travels, and which over-

shadow any effects of local site condition. The results obtained

from the strong motion record in Leukas showing peak acceleration
for the main sheck 0,53g with earthguake magnitude M=6 show
tﬁgﬁinfluence of the local site conditions which have amplified
the ground motion. It must be mentioned also - here the case

of the Skopje earthquake of 1963 which having a magnitude of

M=6 destroyed the whole city. After studying the ground effects

of this earthquake, Poceski (1969) concluded that the damage

distribution was not significantly affected by the location of
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the apicenter but was mainly due to the différent amplification
of the seismic motion to the surface.
d) Different site conditions seem to influen ce the results
obtained from microtremors. According to the geological and
geophysical invesfigations the E1 Cen*ro region is consisted
of hard rock. This is proved from the geological sections of
the region (Uwadia 1972) and the high velocities measured at
the upper ground layers.
soif
The city of Leukas having deep alluvial with high water lewel

. is consisted of soft soil.

4, The recorded peak ground acceleration 0,53g cannot be consi-
dered as the effective acceleration. Its very short pericd of duration
ﬁhich in general puts it out of the range of the periocd of the buildings,
and the amélification of the grounq motion due to the site conditions
are the main characteristics of the peak acceleration. Additionally to the
analysis of fhe accelerogram the resulting value of response spectrum
velocify is very high reaching up to 190 cm/sec (Fig. I29). Such a high
response spectrum velocity from a low magnitude earthquake can only be
the result of great amplification and energy release on a small area
in & short-time period.

5. From the above mentioned we may say that for unfavourable
soil conditions microtremors is a good technique for soil classification
and the effect of water elevation according to Medvedev's formula plays

an importapt role to the damage distribution in such soils. However,

microtremor techniques are inadequate for the prediction of earthquake



spectra with ground motions of different excitation levels. Because
of the small amplitude and short duration of the microtremors the
amplification results cannot represent the amplification factors for
strong ground motion. Quantitatively they are diffefent from those
found by Kanai's formula. However, qualitatively they would be in

agreement.
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CHAPTER IIl

MICROZONING STUDIES IN THESSALONIKI

IIT.1 General considerations

(1) Introduction

The seismotectonic and geological condition in Thessaloniki, its
local seismic activity, the.engineering, geological and hydrological cha-
racteristics of the town, the subsoil conditioﬁs with materials of diffe-
rent dynamic, physical and mechanical properties, made it possible for
Thessaloniki to represent a good seismologiczl model for microzoning investi-
. gations where different'microzoning techniques could be applied.

So Thessaloniki has been chosen as a site of a pilet microzoning
study according to the plan of operation of the UNDP/UNESCO project
"Seismicity of the Balkan Region".

Some preliminary studies and investigations were carried out
for the concentration of the necessary data of the region which could
make possible the microzoning study of Thessaloniki.

The microzoning investigations were carried out by different teams
of experts who used various instruments and techniques. These techniques,
the results and the comparison of the microzoning methods are discussed
in this Chapter. .-

(2) Seismotectonics and ceo’ogical characteristics of the region

The urban area of Thessaloniki is not aseismic. Many strong earth-



quakes have shaken the region with destructive results in the past.
The most destructive earthquake for the city of Thessaloniki seems to
have been the shock of July 5, 1902 with maximum intensity VIII-X

of the Mercalli-Siebefg scale. The maximum intensity observed in the
area of Thessaloniki over the period 1900-1972 is according to the
existing map of isolines of maximum intensities of the region, IX
degrees of the Mercalli scale (Fig.III.1). |

Thessaloniki is near the center of the area bounded by parallels
30°N - 41°N and the meridians 22.5°E - 23.5°E. The nearest foci around
Thessaloniki which generated large earthquakes are at distances 15-30
km, but the strongestvnear destructive earthquakes are from 60 km
epicentral distances. The return periods for shallow shocks which occu-
red in the region of Thessaloniki are 18-23 years for M=5,5 , 45-55
years for M=6, 110-135 years for M=6,5 and 273-335 years for M=7
(Drakopoulos, 1971).

From the Seismotectonic Map of Greece (Fig.III.2) note that the
city of Thessaloniki is surrounded by major fault lines along which se-
veral shallow focussed earthquakes ranging from magnitudes of 5 to 7
have occured during the last 170 years.,

' A geological map showing surficial soil deposits was compiled
for the area of Thessaloniki (Pig.III.S’. Symbol (L) denotes littoral
deposits (sands, éggregates, clays) alluviem They extend from the docks
of the harbour to the region of Kalohori. They also extend along the
eastern coast of the city reaching a part of the cape where Kalamaria is

located. Finally they extend to a smaller area behind the cape.
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(Q13 denotes red clays with carbonate concretions conglomerates
which prevail near their base. They extend from the region above Ka-
lohori, South-East to the center of the city along the harbour. They
also extend East and South-East of the cape of Kalamaria.

(P2) denotes sandy marls yellow alternating to microconglcmerates
and saégtone, marls s;metimes compact within the sands. They occupy the
main area of the region under investigation in the center of the city
and a small part is extended South-East of the cape of Kalamaria.

(Pl) denotes'red to tile coloured silty and nearly clays with
carbonate concretions. They occupy the region north of Kalohori at the
surrounding area of the city and east of the cape.

(S) denotes the basement individed of schists, marbles, phylltes
aid metamorpliosed and (@ruptive stones in general. They occupy the sur-
rounding area of the city and %hey extend South-East.

Finally a hydrological map of Thessaloniki was compiled sho-

wing the regions with different water elevations (Fig.III.4).

III.2 Microzoning methods used in Thessaloniki

A. The Sherif-Bostrom method.

(1) Instrumentation

The Sherif-Bostrom (U.S.A.) microzoning method used in Thessalo-
niki, involved the operation of two three-component seismic stations
with their associated power supplies, amplifiers and recorders. One of
these stations was keﬁt pérmanent on the bedrock and designated as the
Base Station. The other portable seismic station was mobileand covered

the whole area of the city of Thessaloniki.
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The “ase station equipménts included the following :
3 Ranger-type seismometers '
2 Batteries connected in series to supply D.C. power
1 Topaz static invertor for converting D.C. power to
A.C. signal. |
3 Newport 60 amplifiers

1 Six~channel Ampex 1/2 inch tape recorder.

To preserve instrumental compatibility, the portable station con-
sisted of exactly the same types of instruments as those at the base
station except that an additiénal scope was used at the portable station
to make sure, prior to recording, that all the equipments were operational
every time they were moved from one place to the other.

. The measurements took place at 69 locations of Thessaloniki., The
data were acquired at all hours of the day. After dnsuring that the base
station was fully operational, the portable station equipments were placed
in a station wagon and transported to predesigned locations for reccrding.
To minimize non-stationarity, the signals at the base and at the portable
station were recorded at exactly the same time for three minutés at

30-minutes intervals,

(2) Analysis and results

According to the measurements, the data were analysed by Fast
Fourier Transform Power Spectra (Sherif 1973). The distribution of pre-
dominant frequencies at the various portable station sites was evaluated,

and a map showing the predominant frequency distribution was plotted,
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which divided the whole measured area into “hree different domains

CHY)
(D), with predominant frequencies'ranging as follows : (Fig.III.S5).

D’l : 0,5 f <2,5
D, : 2,5<f<5,5
D, : 5,5<f<8,0

From the calculation of power spectra, the amplification ratio
curves were plotted, which represent the ratio of the resultant cf the
power spectra obtained at various portable stations to that obtained at
the base station, and in connection with the above frequency distribu-
tion the three domains were subdivided according to their amplification
factors into zones I, I I 11

o» I IT, II,, II,, III, III, (Fig. I1I1.6). The

final division into eight zones corresponds to the average resultant
amplification curves from which the relationships between the average
design acceleration and the approximate number of building stories are
calculated according to the specifications gi&en by the American aseis-
mic building code of California where T 2 0,1 N . T is the natural pe-
riod of the building and N the number of stories.

Assuming an average ground acceleration for the city of Thessa-
loniki 0,12g on uniform geologic conditions and no site amplification,
and based on the calculated amplification factors, Sherif derived a re-
lationship between the design acceleration:levels and the corresponding
number of building stories N for each zone within the city of Thessalo-
niki ghich can be summarized in Table III.1.

Finally the problem of liquefaction and densification for the

city of Thessaloniki was faced. From the data available and the water
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"~ A SUMMARY OF REZOMMENDED AVERAGE DESIGN ACCELEPATION LEVLLS WITH RESPSCT TO
- THE NUMBER OF Z_.ILDING STORIES M, IN VARIOUS SEISHIC ZONLS INH THESSALONIKI
| DETERMINCZ BY THC SHERIF-BOSTROM (U.S.A.) MICROZGMATION MCTHOD

Zone No.

Recommended
Frerage Design

No. of Building

- Acczleration Values Stories’ N Pemarks
g
I] 0.12g for a1l N
0.12g for N2I6 Buildings with
: SwN>T . ’
I, 0.17g for 43N, I5yNy2| could be subjected to
. accelecration as high
0.25g for [{I3N35 as 0.3g
Buildings with
0.2g for N2I6 122N>»86 :
13 . _ could be subject to
0.35g for NLIB acceleration as high
' as 0.45g
11, 0.15g " for all N
11, 0.28g for all N
0.15g for N 211
. Buildings with N= 3
0.20g for IO3N>5 or N=4 stories
II3 - could bte stbjected to
, -0.25g for 2 >N acceleration as high
as 0.45¢g
0. 35g for S53N2>2
0.12g for N = |
I, 0.2g for 1O2N>|
0.15g for NI -
© 0.25g for N= | )
III2 :
0.15g for N22

. {After M.A. Sherif)




elevation a map was compiled showing the liquiriable and densifiable

regions (Fig.I1II.7).

B. Japanese microtremor measurements (Kabayashi)

(1) Instrumentation

The microtremor seismograph system which was used by Kabayashi

in Thessaloniki consisted of three seismographs, cassette type magnetic

tape recorder and pen-writing oscillograph.

a)

b)

c)

Seismograph : Two horizontal components and one vertical. The
piék—up has a pendulum with natural period },D sec. and
critical damping. The amplifier has an integrater in it and so
its output, displécement of ground motion, is obtained.

Tape recorder : Four signals can be recorded by the magnetic
tape recorder simultaneously. These signals are recorded in
cassette type magnetic tape.

Pen-writing Osci-lograph : The output signal of the magnetic

tape recorder is recorded by the pen-writing oscillograf.

The measurenents covered the populated area and the outer part

. of the city, up to 9 km westwards and 12 km southwards of the center

of Thessaloniki. In this area 187 points were chosen for microtremor

measurements.

(2) Analysis and results

Kobayashi carried out a trial of a rapid analysis without

computer. The analysis was carried out on 10 seconds records where

mean periods of 10 seconds records presented the mean periods of Ka-



nai's method and largest amplitudes of 10 second records presented
the largest amplitudes of Kanai's method. He called these values mean

period Tl0 and maximum amplitude A He defined also mean period

A

T1OB which is the mean period of a .10 seconds record with short pe-~

10’

riods excluded, just like the Ishimoto's zero-crossing method.

According to Kanai's method soil classification is based on
his two provposals resulting from the estimation of largest periods, mean
periods, predominant periods and largest amplitudés (Fig.II.2, II.3).

Instead of the first proposal of Kanai he assumed as follows:

Kind I Mean period TlOA = 0n 0,22 sec
Kind IT " " TlOA = 0,12v 0,45 sec
Kind IIT " " TlOA = 0,35V 0,75 sec
Kind IV " " T1OA = 0,55V sec

This classification corresponds to the case of Kanai's method
with the assumption that largest period is not so large. Instead of

the second préposal he assumed that the mean period T corresponds

10B

to the predominant period and the maximum amplitude A 0 corresponds to

1
Kanai's largest amplitude.
Using the above mentionad modified Kanai's proposals, Kobayashi

compiled finally a microzoning map of Thessaloniki where the soil clas-

sification of the region is shown (Fig. III.8).

C. Greek microtremor measurements

(1) Instrumentation

The following seismograph system was used for the microtremor

measurements
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a)

b)

c)

d)

3 velncity type seismometers with natural period of 1 sec.,
sensitivity 3 Vp-p cm/sec and damping factor approximatelsy
0,7. One seismometer is used for vertical and two for hori-
zontal motions.

A three-channel IC's solid-state amplifier which offers four
measuring modes by the built-in differentiator, %he direct
amplifier, the integrator and the double integrator. By this
amplifier and the above mentioned seismometers it is possible
to measure the acceleration, the velocity or displacement of
the ground motion. The frequency range covers from 0,5 to

30 Hz with frequency response within 0,5 dB. Its gain is

approximately 70 dB and has a 7 ranges attemmator.

N

A six-channel electromagnetic oscillograph using tungsten
light as light source and records on photo-sensitive paper
with speeds 1.5 , 10 and 50 cm/sec,

A portable magnetic tape recorder with three channels for the
registration of signals and a fourth one for recording infor-

mation and remarks from microphone.

The block diagram of the above mentioned instruments is shown

in Fig. III.9

Vert ‘ [ visigragh
setsmometer | s v
| 117
horiz | —————r—} Amplifier > O O
seismoreter > tape recorder

seismomeler

horiz

L"T

microphohe

Fig. 11}, 9
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In the urban area of Thessalonik. 100 points were selected for
microtremor measurements,

The microtremor measurements were carried out on the ground
surface and the duration of each record was 90 seconds.

A 24 hour measurement took place at the coastal area of Thessa-

loniki in order to check the stationarity of microtremors.

(2) Analysis and results

The records obtained have been analysed by Kanai's methed and
the analysis was extended up to 30 seconds.

A frequency period distribution curve was plotted for each of
the points measured. Taking the 30 seconds portion of the record the
interval of the wave crossing the Zero line till its coming to zero
line again is measured. Thus, the reading of time is doubled and con-
sidered as the period. Taking the period and the number of the waves
for each period, and plotting them as abcissa and ordinate in that
order, the frequency-period distribution curve of the tremor is plotted
for each point. These curves give predominant periods and largest pericds.

In order to find the mean period of the microtremors we use the

formula T, = t where T,, is the mean period of tremors in sec., t is

M 5 H

the total énalysi; ﬁimé of the record énd L is the sum of number of waves.
Largest amplitudes of microtremors are measured from the analysed
Arecords. .
The first proposal of Kanai's method for ground classification
depends on the relation between the largest and the mean pericd of micro-

tremors.
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TABLE [I1.2
THESSALONIKI
MICROTREMOR MEASUREMENTS

Point Predominant Largest Mean Largest Kind Kind SOIL
No Period(TG) Period(TL) Per.(TM) Amplit(A) of soil of soil

sec sec sec u TL~T“ TG-A
(1) (2) (3) () (5) (6) (7) (8)
“x 0,200 0,550 0,312 0,20 2 2-3 II
2 0,055 0,450 0,210 0,042 1-2 1 I
3 0,360 0,675 0,280 0,099 2 11
4 0,450 1,000 0,39 0,60 3 2-3 III
5 50,135 0,450 0,22 0,07 1 1 1
6 0,450 - 1,000 0,40 0,80 - 3 111
7 0,450 1,000 0,395 1,00 - 3 II1
8 0,450 1,200 0,35 0,30 3 -3 ITI
-9 0,675 1,000 0,66 6,32 3 -3 III
10 0,450 0,825 0,21 0,183 2 2 TII
11 0,080 0,450 0,16 0,82 1-2 2 II
12 0,200 : 0,550 0,29 6,173 2 2 II
13 0,030 0,450 0,12 0,047 1 1 I
14 0,135 0,556 0,25 0,15 2 - I
15 104200 t0,550 0,32 0,148 2 - II
16 10,360 0,675  Q,20 0,117 1-2 2 1T
17 0,450 0,825 0,23 0,11 2 2 II
18 0,135 0,450 0,27 0,080 1 - 1 I
19 0,200 1,200 0,298 0,40 2 - '3 III
20 0,360 0,825 0,25 0,13 1-2 2-3 II
21 0,245 0,675 0,22 0,19 2 2 II
22 0,200 0,675 0,23 0,21 2 2 II
23 0,200 0,675 0,18 0,133 2 2 II
24 0,675 © 1,000 0,34 0,21 2-3 2-3 IT-IIT
25 0,245 0,825 0,18 0,263 2 2 I
26 0,055 1,000 0,265 0,12 2-3 2 iI
27 0,295 1,000 0,327 0,17 2-3 2-3 I1I-
28 0,200 0,675 0,26 0,10 2 2 II
29 0,675 1,000 0,377 0,25 2-3 2-3 II-III

30 . 0,825 © 1,80 - 0,50 0,20 3~y 111
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-] — (2) (€)) (%) (A N )
31 0,450 03825 0,375 065 2-'3  § I
32 0,450 - 1,000 0,40 8,60 2 - 3 . III
33 10,450 0,695 0,350 0,40 2 2- II
3y 0,135 0,295 0,132 0,23 1-2 2 11
35 0,295 0,550 ¢,322 0317 2 2 II
36 0,200 0,675 0,240 0,16 2 2 II
37 0,450 0,675 0,30 0,20 2 -3 II
38 0,450 0,675 0,260 0,40 2-3 2- II-II1
39 0,450 1,000 0,30 0,50 2-3 3 III
40 10,360 0,550 0,50 },10 2-3 3 II1
41 0,360° " 0,825 0,380 0,70 2-3 3 111
42 0,135 0,360 0,153 0,30 1-2 2 I
43 0,135 0,450 0,17 0,045 1 17 1
uy 0,360 0,825 0,303 0,25 2 2 11
“us 0,055 0,675 0,238 0,10 1-2 1 1
u6 0,055 0,450 0,14 0,12 1 1-2 1.
47 0,200 0,675 0,26 0,098 1-2 2 11
48 0,135 0,675 0,29 0,053 2 2 i
49 0,200 0,825 0,204 . 0,16 2 2 1
50 0,550 - 0,825 - 0,12 0,157 2 2 11
51 0,550 0,675 0,20 0,23 2 2 II
52 0,295 0,825 0,258 0,42 2 2.3 II
53 0,550 0,825 0,30 0,35 2 3 II
5t 0,295 0,875 0,26 0,44 2 -3 11
55 0,295 0,875 0,25 0,30 2 2 11
56 0,135 0,550 0,18 0,15 1-2 1-2 I-II
57 0,090 0,450 0,19 0,08 1-2 1 1
58 0,055 0,450 0,26 0,027 1 1 I
59 0,450 0,675 0,31 6,0504 1-2 31-2 I-11
60 0,550 0,825 0,25 3,15 122 2 11
61 0,550 0,825 0,27 0,105 122 2 II
62 0,200 0,450 0,217 0,20 1-2 2 11
63 0,200 0,450 0,25 0,25 1-2 2 I
64 0,200 0,450 0,20 0,22 122 2 I7
65 0,135 0,360 0,153 0,20 122 2 II
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(1) (2) (3) (4) {5) (6) (7) (8)
66. 0,200 0,550 0,25 0,32 1-2 12: II
67 0,450 0,675 0,298 0,32 c2 223  II
68 0,450 0,675 0,21 0,12 1- -2  I-II
69 0,450 0,675 0,20 0,15 1- 2 IT
70 0,450 0,825 0,21 0,18 1- 2 II
71 0,055 0,360 0,103~ 0,050 1 1 I
72 0,055 0,450 0,28 0,10 2 1-2 II
73 0,135 0,550 ¢,26 0,035 1 1 1
74 0,135 0,550 0,28 " 0,05 1 1

75 0,200 0,550 0,20 0,05 1 - 1 I
76 0,245 0,825 - 0,274 0,37 2 2-3 1II
77 0,090 0,550 0,188 0,30 1- 2 I1
78 10,200 0,675 0,259 - 0,25 2 2 II
79 0,450 1,000 0,29 0,98 3 3 III
80 . 0,450 1,000 0,38 0,87 g - 3 IIT
81 0,450 0,825 0,50 2,00 3 2-3 III
82 0,450 1,000 0,46 2,61 3 4 . III
83 0,450 1,000 0,45 0,32 3 2-3 III
8l 20,450 1,000 0,50 0,40 3 2-3 11
85 0,450 1,000 0,48 0,38 3 2-~3 III
86 0,450 0,875 0,48 0,32 3 2-3 111
87 0,450 1,200 0,361 0,40 3 2 -3 111
88 0,450 0,875 0,422 0,200 3 2-3 III
89 0,675 1,200 0,483 0,66 3 3 III
90 0,450 1,200 0,313 0,28 3-4% 2-3 III
01 0,200 0,825 0,25 0,377 2 2-3 II
92 9,450 0,675 - 0,294  0,u5 T2 2-3 II
a3 0,135 0,450 0,15 0,15 1 1-2

gy 0,135 0,450 0,19 0,04 - 1

a5 0,135 0,450 0,20 0,038 1 - 1

96 9,055 0,360 0,163 0,06 1 - 1

a7 0,450 0,875 0,320 0,35 2 2-3 II
98 0,450 0,675 0,35 0,30 2 -3 11
99 0,200 0,550 0,42 9,25 2 - 2 II



The second proposal of Kanai's m.thod depends on the relation
between the predominant period and the largest amplitude of microtremors.

Iﬁ Fig, III.10 to III.34 are shown the plotted frequency-period
distribution curves of the measured points. Each curve represents a point.

In Table III.2 are presented for each point the corresponding
values of predominant period, mean period, largest period and largest
,amplitude according to the above mentioned calculations and measurements.

With the application of Kanai's.two proposals we finally get the
classification of soil (Table III.2). According to these two proposals,
Thessaloniki was divided into various zones with different kind of soil.
This.classification is based on the depth of diluvium or alluvium surface
layers which cover the rocky or hard ground basements;

From an engineering point of view, the predominant pericds of
microtremors are of primary importance since it seems that there is
a close relationship between them and the pfedominant periods of the
.sites during earthquakes. Consequently, this gives a direct relation
between soil deposits and structures built upon them during an earthquake.

Based on this remakk and in relation to Kanai's two proposalé,
a map of Thessaloniki was finally compiled ancd the soil was classified
into three kinds I,II,III (Fig. III35).

From the 24-hour microtremor measurements which tocok place at
the coastal area of Thessaloniki, we obtained the following results

In the amplitude versus time curve A = f(t) a maximum amplitude
of 0,82 u. appears at 12 h., and a minimum of 0,33 j. between 02-04 h.

(Fig.III.36a).



However the corresponding predominant period during the 24 hour
measurement is not varying significantly from its constant value 0,45

sec. (Fig. III.36b).

(3) Amplification factor

As mentioned before from an engineering point of view predomi-
nant periods of microtremor measurements are very important. The average
value of predominant periods corresponding to the classification of

soil in Thessaloniki in zones I,II,III were found as follows

Soil I ' TG = 0,2 sec.
Soil II TG = 0,4 sec.
Soil III TG = 0,6 sec,

Applying Kanai's formula :

G(T) = 1

’ T 2 2 092 -T 2
Vﬁl—(?g) l -+|;ﬁg'(TE)I

and for T = TC the corresponding amplification factor for each of the

kinds of soil fecunded I,II,III, are shown in Table III.3.

TABLE III.3

‘Kind of soil : TG G(T)
I f 0,2 2,4

II : 0,4 ' 3,1

IIT 0,6 .. . . 3,6

These amplification factors provide the basis for the choice of

the coefficient which is depending on the effect of soil conditions in

44
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order to chose the design value of a seismic load.

In any case the values of the soil condition coefficient must
be specified in national codes according to the methods of considering
the effect of geological and hydrogeological conditions on the para-

meters of design seismic loadings.

ITI.3 Comparison of results

(1) Comparison between soil classification by microtremors and

Geological map of Thessaloniki

After the classification of the soil of the urban area of
Thessaloniki into kinds I,IT,I111 was completed, a compariscn with the
éebiogical map was possible (Fig. III.37).

Littoral deposits composed from sands, aggregates and clays
(L) extend from the docks of the harbour to the region of Kalohecri. They
also extend along the eastern coast of the city réaching a part of the
cape where Kalamaria is located. Finally they extend to a smaller area
behind the cape.

The soft geological structure of that region correlates well
with kind of soil III,

Red clays with carbonate concretions (Ql), sandy marls, and
sandstone marls (P2) occupy the main area of the region under investi-
gation. They occupy the center of the city and they extend to the north
and to the east. The geological structure of that region and soil kind

IT are similar.



finally, silty and marly days with carbonate concretions (P1),
and the undivided basement in general composed of schistes, marbles,
phylites and metamorphosed and @ruptive stones (S), occupy the surroun-
ding area of the city extending to North-West, to North, North-East
and to the East,

The geological structure of that region and soil kind I are

similar.

(2) “Comparison between microtremor medsurements of the Greek working

sgraup ‘and Koyabashi's measurements (Japan).

The microtremor measurements of Koyabashi and of the Greek wor-
king group were taken in approximately the same area.

The instrumentation techniques were almost the same with some
differences in recording. Koyabashil used a pen-writing oscillograph
while the Greek working group used photographic paper, six-channel oscillo-~
graph.

Using a modified application. of Kanai's method, Koyabashi carried
out & rapid analysis of 10 seconds records,

The Greek working group carried out manually the analysis of the
records, applying the zero-crossing method, and obtained the period dis-
tribution curves from these récords.

The classification of soil was done by Kanai's method and there is
a general agreement between Koyabashi’'s results and the Greek working
group'’s results.

The soil of the urban area of Thessaloniki wés classified into

kinds I,II,III by both teams, and the main differences were limited in two



small regions (Fig.III138), The first difference was at the area of the
railroad station where soil kind IIT accordiﬁg to Koyabashi's results
was soil kind II according to Greek working group's results and the
second at some regions of the coasts of the cape where soil kind III
for Koyabashi was soil kind II for the Greek workiﬁg group and soil

kind I for Koyabashi was soil IITI for the Greek working group.

(3) Comparison between microtremor measuréments by the Greek working

““group ‘and measurements by the Sherif-Bestrom method (U.S.A.)

The measured area of Thessaloniki was divided according to the
Sherif-Bostrom method into three different domains according tolthé pre-
dominant frequency distribution. These domains weré subdivided according
to their amplification factors (Ratio of amplification obtained at the
various portable stations to that obtained at the base station).(Sherif;
Microzonation of Thessaloniki, 1973), |

The region of Kalohori was not measured by the Sherif's team,

In zéne I, at the center of the city (after Sherif) the amplifi;
cation factor A = 3,0 seems to have been influenced by traffic noise
- (Pig.II1.39).

Also in the region of Kalamaria (at the cape), zonés IS’ IIQ,

12 are not inlaccordance with soil kinds II, and I obtained by the Creek
working group (Fig, III.39),

Accordiné tc the existing bore hole data Sherif compiled a map
delineating areés that are susceptible to liquefaction during strong
‘earthquakes, As it is shown there, the whole coastal area of Thessaloniki

extending from Kalohori to the cape and continuing to the East, is

susceptible to liquefaction (Fig.III,7). However, the possibilities of

4
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liquefaction are limited in some regions wherc the water level is not very

high as is shown by the hydrological map of Thessaleniki (Fig. IIT.u4).

IIT.4 ‘Measureément of weéak earthquakes in Thessaloniki

Three portable vertical components, seismographs model MEQ 801
with characteristics almost equivalent to those of the microtremor measu-
rements seismograph had been installed on three different kinds of soil
in the urban area of Thessaloniki during Fébruary 1974, The locations
1,2,3'of these seismometers are sﬁown in Fig.II1.35,

Seismometers were put on top soil and ncise of the city did not
alléw magnification larger than 3,500 (minimum), which already was high
during daytime since recorded amplitude of noise sometimes exceeded the
digtance between two successive lines of the record, The latter was small
in order to obtain 24 hour records,

Some earthquakes, clearly recorded by-all seismograph stations
weré analyzed. Predominant periods corresponding to the first P3P with
largest amplitude , S and S with largest amplitude wave groups have been

‘caiculated for each seismogram. The results from 3 earthquakes are shown
in Tables~III.4, I11.5, II1.6., For the earthquakes of 12.2,1974 and
14.2.1974 with epicentral distances of 50 km and 100 km respectively

and of magnitude less than 3, there is a systematic tendency of strong
correlation between kinds of soil and predominant periods of all phases,

The softer the soil conditions, the larger the corresponding
predominant periods for the above mentioned waves.

Predominant periods of microtremors at tﬁe points 1,2 and 3

where the portable seismographs were in operation are calculated for the
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Z component as well as for fhe N-S componeus and their values are :
T = 0, 110 sec. for point 1, T = 0, 450 sec. for point 2 and T = 0,675
sec. for point 3, |

It must be mentioned that for the earthquake with epicentral
distance of 340 km and magnitude M = 4,0 , station No.3 recorded very
short periods compared to those of stations existing on harder soils. It
must be also mentioned that there is some degree of stability in the pre-
dominant periods of the three earthquakes for zone III, Predominant
period of microtremors for this zone coincides with that of S waves

corresponding to the largest amplitude,

"TABLE "'III.4

12.2.1974  H=20"28"  D=50 km
Kind
- First P ..P Larg.Amp. - S.. . S Larg.Amp, of soil’ Station:
P . '\
[=] :
8 | o.18 0.25 0.20 0.25 1 1.
o~ U . :
E o , B ,
38 | o0.20 0.25 0,60 0.60 S IT 2 .
5 :
e 0.25 0.40 0.60 0.65 111 3
"T'ABLE ‘III.5
h_.m ’
- 14,2,1974 H=08 01 D=100 km Kind
_First P P Larg.Amp. S S Larg.Amp,. of soil Station

o .

g 0.15 0.19 0.40  0.30 1 1.
g% 5
§6 |o0.25 0.30 0.40 © 0.60 11 2
e ' o
&t 0.25.......0.25 0.45 0.65 .  IIT 3




TABLE = III.6

17.2.197%  H=05"08"  D=340 km

Kind
First PP Larg.Amp. S S Larg.Amp g g5y Station

+

. 0,22 0.40 0.45 0.70 I 1

£%3

EQ C.u46 0.55 0.7-0.8  0.85 II 2

i

& 0.29........ o.40.. ... .. 0.50. .. ... 0.55.. ... .. IIr = .. 3
IIT.S ‘Discussion on éngineéering aspeécts of microzoning

. The analysils and comparison of the microtremor measurements
in the area of Thessaloniki provided mveh useful information concerning
the kind of soil and ground characteristics,

However, it must be pointed out that for the determination of
seismic coefficients, the seismic parameters involved'have to be very
reliable and carefully checked before their application,

Sherif estimated the ground acceleration 0,12g for the city of
Thessaloniki, assuming earthquake magnitude M=7 and hypocentral distance
20 km. According to the se¢ismic activity of the region it seems that
the assumed value of magnitude 7 is overestimated for epicentral distance

20 km., This is why the values of the design accelerations (Table III.I)

50

for the different kinds of soil, based on the calculated soil amplification

factors are considered very high for the region. For kinds of soil Ii’

II1 and IIIl the recommended average design acceleration values range

from 0,12g to 0,2g. For kinds of soil I,, II,, III, the design accele-

2° 2? 2



5L

ration values range from 0,12g to 0,28g. For kinds of soil IB,Ils,III3
the design acceleration values range from 0,2g to 0,35g. Thé'variations
of these values depends on the number of building stories N. For some
special cases the design acceleration can reach the value of 0,45g.

On the other hand Sherif used the empirical formula T=0,1N
for the calculation of the natural periods of buildings. Some countries
have derived their own empirical formulaes relating natural period of
buildings and building stories. For example T.Tan%g!chi showed that the
natural periods of reinforced concrete structures for Japanese office
buildings range from 0,07N to 0,0SN; and for high-rise buildings with
steel frames Japanese use the empirical formula T=0,1N,

The above mentioned indicate that the empirical formulaes re-
lating natural periods of building and stories, differ from country to
country according to their structural systems and structural materials.

According to the Greek regulations for aseismic constructions
for the area of Thessaloniki, and considering three kinds of soil, the
seismic design coefficients are 0.06, 0.08 and 0.12 respectively. Up to
now buildings of . reinforced concrete designed with the seis mic coeffi

cients —C—O?'ié—j“FO'ha/f%g fo the soil cowdditions have resisted i "Sdt‘f‘sﬁ-
Cﬂmy way to earthquakes.

Comparing thus the design coefficlents derived from Sherif and
those used in the Greek regulations, it seems that Sherif's values are
overestimated.

Another point which should be discussed is the division of
Thessalsniki into 8 different zones according to Sherif classification.
We think that for design purposes the division of the city into fewer

zones of different but broader characteristics, is more practical,
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CHAPTER IV

FINAL CONCLUSIONS AND RECOMMENDATIONS

O . g O O o o e e o S e o S e e A O S A B A At e A P e s e i e

Some conclusions concerning the analysis of the strong motion
records of Leukas earthquaske of November 4, 1973 and the microzoning study
of the city of Léukas have been already reported.

' Adding to these the results obtained from the pilot microzoning
study of Thessaloniki with the methods, already discussed some final con-

clusions and recommendations can be derived.

1) From the analysis of the strong moticn accelerograms and the
microzoning study in the ecity of Leukas it is concluded that the peak
acceleration 0,53g which was recorded from an earthquake of magnitude

M=6 was mainly due to the ground amplification. More strong motion re-
cordings of the Leukas area are necessary in order to evaluate the effecti-
ve design acceleration values and to compare them with the seismic design
coefficients used according to the Greek aseismic regulations, and which

have for three kinds of soil the values 0,08 , 0,12 , 0,16 respectively.

2) Microtremor measurements were proved to be a useful technique
for soil classification, but not for the predietion of future earthquake
motions, Microtremor measurements should be extended to areas of Greece
where strong motion recordings are available and to areas which have
experienced destructive earthquakes in the past. The comparison of damage

distribution maps and microzoning maps is recommended,

3) Microtremor measurements provided very useful information for
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the influence of subsoil conditions especially for the city of Leukas, The

important role of the water elevation is pointed out,

4) According to the 24 hours measurements in Thessaloniki and Leukas
and the results obtained, microtremors are almost stationary in time at
these regions, However, since excitation levels differ from place to place,

more measurements are required to check the stationarity of microtremors,

\

5) Medvedev's microzoning method is recommended for the comparison
of results between different microzoning techniques and especially for

regions with high water elevation.

6) The derivation of seismic design accelerations depends on the
bedrock motion, and the amplification of the ground motion reaching the
surface through the various layers. In this sense 1) much attention must
be paid to the empirical formulaes felating the earthquake parameters
such as magni?ude; hypocentral and epicentral distances with bedrock
accelerations, a nd 2) the application of different.microzoning me-
thods at the same sites is recommended for comparison of the results and

for the checking of the amplification characteristics of layered soils.

7) FTinally from an eﬁgineering point of view, soil and subsoii cha-

racteristics can be as mentioned before, some of the causes for damages

to structures. However; we must point out here that structural materials,

design methods, construction techniqueé, design standards and regulations,and
the dbﬂifyk‘quitructural engineer, are some very important parameters which

have to be taken into consideration for the compilation of a microzoning
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map, In this sense, these maps could provide useful information for the
causes of damages since isoseismal maps which are widely used today,
can only summarize the results of damages on structures without any

analysis on theilr causes.
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APPENDIX .A
BASE LINE CORRECTION

It is obvious that we can calculate ground velodities and
‘ground displaccments by integrating the accelqration data with
respect to time. The many computer faéilities available can
simplify this effort. Usually, however, the vclocity énd
displacenient time histories resultiﬁg from such integrations
drift with increasing time, and end with unreclistically high
~end-tine velocitics and displacementé. This occurs when other
informdtion, as well as comnon sense, indicgte that end-tine
velocity and displacement are either sero, or at least much less
or different from that obtained by integration.

~Errors in the acceleration data, introduced either when %he
data is recorded or in subscqucnt manipulation, apparently are
responsible for the veloclty agd displacement discrepancies.
Seye;al investigators have reported concerning various sources
of error and what techniques are available to preclude, correct,
or compensate for then. It ic generally agreed that the chief
sqﬁrce of crror is introduced Qﬁon a base line (zecro acceleration)
is first inserted into the accelcration cata. It can be demonstrated
that a base line only slightly shifted from the true zecro value -
nosligiblé vempared with the acccleration peaks - is sufficient
to cause the irregularitics descrived. It is also generally
agreed that the true base line cannot be determincd exactly and
some compensating basce-line correction must be formulated and
applied. The difficulties in deternmining the base line of an

accelerogram ave a) the iniiial part of the shock is not recorded

.

1) the final accoleration ar velocity' cannot be assumed to be zero,



due to the presence of baciground noise c¢) the net displacement is not
“known.

Initial Condition Uncertainty

It was noted before that the initial part of the shock is not
recorded. The triggering sensitivity and the start up time after trig-
gering détermines how much of the shock is lost. The adjustment of the
trigger sensitivity poses a difficult choice. Since significant accele-
ration peaks can occur eafly in the record, it is desirable to have the
‘'seismograph triggered as soon as possible. Howevef, if triggering seﬁsi—
tivity is too high, background noise or insignificant foreshocks may ex-
haust the seismograph paper supply so that a majpr shock is not recorded.

ﬁhile the triggering service can be simply and accurately reﬁresen—
ted mathematically, the analysis of‘starting times reduces to the first
passage time problem, which presents formidable difficulties. Also, a
realistic representation éf the triggering excitation encounters problems,

since no record of this part of the shock has been made. Some results

published in Hudson (1963) for the U.S.C.G.S. pendulum starter give an in-

dication of the possible initial velocities and displacements. These re-
sults consist of a plot which gives the peak acceleration versus half-
sine pulse duration required to trigger the seismograph.

.Least - Mean - Square - Velocity Technique

This technique was introduced by Berg and Houcner. It adds a time-

dependent second order polynomial (CO+C t+C2t2) to the acceleration,

1

which has the desired effect of producing reasonable velocity and displa-

54

cement time histories by integration of the-acceleration data,rather than the
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unrealistic time histories. that would occur if the correction
were not incorporated. By adding thesecond order polynonmial
(CO+C1t+CZt2) the acceleration base line has the shape of a

second degrec parabola.

The technique which‘is uscd for this procecdure makes the
mean square value of the ground velccity a minimum. This is
justified mainly by the foeling that most earthquake ground
motions of significant tine duration correspond to. groumd
velocities which oscillate approximately symmetrically about
a zero axis and afproach ZQro velocity at the end of the
earthquake. A similar condition coul@ not be applied to the
ground displaccment since permancnt érbund displacements gt-
the end of the carthquake could occuf.- This imposition of
fhe mean_squarelsround velocity minimization does not
‘correspond directly to any physical requirement, but
ﬁroﬁides a reasonable technique. However,details on this

point will be discussed later on.

The practical effect of the parabelic acceleration base
iine, combined with a mean square ground velocity minimization
is to caﬁse the ground displacenment curve to be more closely
COﬁfined to the vicinity of the zero axis, i.e. longer foriods )
of motion of. the order of twice the fécord length, tend to be -

suppressed from the displacement picture.

If_uc is the corrected acceleration and # the uncarnected
"zcceleration by introducing the time dependent second order

polynomial we have:



I56

- . 2 :
ﬁc = U - (Q1 + cht 1 303t ) cee (A.1)
hence '
- o ' P 3 ‘
. =0 - (C b+ Ct7 4 03t4) cee (A.2)
_ ' 1 2 1 3 L. L
u = w -(ECt7 + 5 07 2]-,C3t ) oo (A.3)

vhere ﬁc s 0 are the corrected and uncorrected velocitics

and u and ¥ are the corrected and uncorrected displacements.

The ‘minimization of the mcan square ground velocity

requires the quantity R = jﬁu dt to be mininmum.
" So from equation (A.2) we have:

T . T
" 2 -332 .
= tl— (c1_t + C,t° + Cut dt = min
(o]

oo (A.W)

In accordance with the rules of partial differentiation
= ?

DR - DR DR ;
L= =0 -~ =0 = =0 eee (A.S)
'@C,1 ()02 '-3(1:5
’ :-g—lg-:—zf[u—(CtaLCtz—CtB]tdt
1
%I—{ =—2f(;-(0t rCt .—CtB_-’t it = 0
s

+

2{

30,3 o,
CBtﬂt at = 0.

R =-2JE’1—(Ct+Ct2
5 1 >

Thesc three Lquﬁtlons glvc

f(Ct+ct2+ct3)tdt— Gt dk
s 2 > o

. o
f (b + Czt?‘ + C3t3)t2dt - f aslat
(o]
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i o T
J-(c,lt N cat2 - 03t3)t3c1t - fﬁtz‘ dt
(o}

(o]

and finally we get,

3 L o~ :
T T o .
-3- C1 ! I;Ca 4-5'03 = ut at PP (A,B)

_ 4‘
s 6 T
-E—c,l . -g-sca -:--g«c3 - jﬁtzdt oo (A7)
o)
A T
"5‘ C1 + K 02 1- ',7'03 = ut dt oc (A.a)
5 .

In these equations 1 is the unporrécted velocity time history
obtained by integrating the original AQCeleration without the

correction added, and T is the duration of the acceleration.

Initiél conditions of zero velocity and displacement.are A

assumed. Hence the C's values can be evaluated.

Brady (1966) details three methods for calculating the

. integrals and recomnends one on the basis of miniﬁizing
calculation error. After that the coefficients are readily

- eva’iated and the correction polynomiai mey be added to the
accelerogram.. While this technique employs a second-ofder
polynomial,.aﬁy order polynomial is possible. When the. square

of the vclocify wnich incorporates the égrrcctioﬁ is ﬁinimized with
respect to C's, as many equations as coefficismts would evolve

by differentiation, and the coefficients could consequenﬁly

be evaluaéed. There is a practical limit, however, becaﬁse it

such a serics were carricd to higher and higher orders, the series



58

~would.bcgin to approxdimatc the negative of the accelcrdgram and
the eventual result would be zero acceleration, velbcity and
displacement at all times. This interesting situation
dramatizes the minimizihg, non~conscfvatiVC characte;istic of

this technique.

The least-mean-square velocity technique is fhc more widely
used method of base-line correction. There are several possible
reasons for this. First, a constant or linear correction-less
than sccond order - scems inadequate, in tha® the drifting from
the base line that usually occurs in the uncorrected velocity
secns to be of higher than quadratié curvaturc. The need for
a ﬁolynomiallgf at least sccond order to add to the acceleration
is therefere indicated, and the least-square vclécity tecﬁnique is
the only one with such a polynomial that has been advaﬁced.
_ﬁecondiy, on seismic data - and most baée;line formulations
have been based on seismic data - it is usually very difficult
to spot the end time. Thercfore the ieast—mean—square velocity
technique, which is not scnsitive to end conditions is desirable.
Also this techniquec seems té ge a%tfactive to staéisticians
because it is a least-mean-square ménipukﬁion. Incidentally,
the squared velocity is rglated to kinetic cnergy, but it'is
not avparent that an earth tremor wouid have such a'ﬁinimum—

energy characteristic, although there may be some truth in it

since in general patural processes involve animum work.



APPENDIX B

RESPONSYE SPElTRA

N
The response spectra of earthquake gfound.mﬁtioﬁ is
defined as fhe plot of the maximum response of a s;fies

" of 51nble cegrec of freedom, linear, vwscovsly d:aned ou0111apor
to a prescribed .ground notion, versus-the natural vericd of
the osciliator for various fractlons of crltlcal dkmplng.

- The response spectra can be expressed in terms of relative
displacemcnt, relative velocity and relﬁtive or obrolute
acceleration.. These curves provide a description of the
frequency characteristics eof the groundAmation and give the’
masxdamuri »esponse of simple structures to the eérthéﬁake.

By supermesition of different modes pf rasponst, srectrum:
technigues can be appliel to the design and analvsis of
coﬁplex structures éuch as buildings and dams. Uscd in
thlu menner the spectium techuique renrasints an approach
intermediate between a design based on static loads and a
compiete integration of th: equations of wotion nf fhe

comples: structures.

Mathenmatical solution of resvonse svectra

The response of a single degree of frecdom, linear. viscously
damped system, at any instant t, to an arbitrary tine dependent
ground displacement go is given by

m__( g)‘!‘cdu+Ku :'1‘0 ! -o->(Bc1)

dt dt

vhere m = mass

I

9



¢ = viscous damping coefficient

K coefficient of stiffness of the system.

u

1

relative displacement of the mass
gé£)= displacement of the base from the position of rest.

We can simplify eguation (B.1) to

mi + Ku + Cd = -mg(t) " wes (B.2)
2 ) ’
where g(t) = g‘-(g ) is the ground accecleration.
dt2 o} _

If we-asswie that the motion starts from rest, i.e.

u=1=0att =0, the solution of the equation is given by:
t

-2 , (t-1) :
. W
u=-lg@e” T sin v (6 - 1t eee (B3)
’ o
where
v =\J§-= undamped natural frequency of vibration of the
oscillator.
f] = S - fraction of critical damping.
Zm_wo
/' ?- .} ] ) . :
Wy = w°\1 —;%) = damped natural frequency of vibration of
the systen.

From equation (B.3) wve can calculate the relative velocity.

t

' -2 (t-1) |
4= - 5\3(1)0 Yo cost:d(t - 1)ds

(o)

B t . :
w _ﬂw (t-'[) . .
+2L:T§‘JNG(T)Q ° Sintwd(t~t)d1 eoe (B.kt)
p .

In0
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The rcelative acceleration is given by

2 2 2 t

Vg =g ¥ cvod ()
g= -2 Ao Ig(x)e %o/l siny (t -1)d =
w . d
d
0
b ) ‘
+ 2\\10,’.}j gl)e .coswd(t--m)d's - g(t)
0
eoco (865)
and the absolute acceleration ﬂa
2 2 2 t.
w," - Av ~w A7) e yeo
4 o=t elt) = d " A% js('r)e o sn.m.d(t 1)1
a W
d
o
At —ﬂwo(t—t)
+ ?T‘woa,f gltle coswd(t - 7)dx
5"
L) (896)

For a given undarmed frequency (wo) and critical damping

(A) the spectrum values are by definition.

‘tn
1

a Relative displacerient spectrum value = ;/.u‘ﬂax"
. (%)

S = Relative velocity specctrum value = iﬁ .
v rax

= A celeration spectrum value = }'ﬁ l .
Sa bsolute acceleration spectr alue ol max

. iy 2\3 .
For small ﬂ we can sec that the quantity (1- ;‘-‘ )° is
closc to one and the above equations, (B.3)®.4){B.0), may

be sinanlificd to:

y t -2 wo(t-—'c) .
U, = - ;}: g(1le Slll\\'o(t~"t)d" eoe B.7)
t .
ip = -~ rG(T)C ﬂko(t .)coswo(i; - o1)dr cos B..3)
freoe T ety
) t o ..awo(’c—-'x‘) '. : v , (B.9)
ap” wof z(1)e siny (t - 7)ér eea (B.

0



If we replace in equation (4.8) the cosine. term by sine,
the maximun value of the velocity response is not affected.

So we can write

Sdp = Lll)' max X R (B’n 10)
U YA —
Svp == uplmax = wosdp coe (B.T’I'l)
S = /ﬁ J = 1 2S eoe (B 912)
ap apimax o dp

o qu represent the "pscudospzctra of the
[

ground movement. For A= 0 we have

where Sdp’ Sv

Sdzsdp
S =28
a~ “ap
S #£58

v’ Tvp
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APPEMNDIX C
NUMERICAL CALCULATION OF SPECTRUM.
We can write the equation of motion for a linear,

viscously damped, single Cegrec of frecdom oscillator

as follows:~

d2u du
mr—— + ¢ == + Ku = - ng(t) ees (€.1)
d‘b2 dt

By getting the ground acceleration g(t) in a digitised form

) + Y., we cun write equation (c.1) as

g(t) = a,(t - t,

a%u ., au 2

N 2_7{'.-10 FE T Vo WS T ai(t - ti;1> + bi

dt :

. .... (602)
where

c

2 _Kamad 24w ==

W= o m
o o

"We <an obtain the complementary function by solving

2 _
au Qw2 )
dt v 22\‘\0 dt v Jo u = o L (Co}.
. - g(t-t )
put u = Ae % -1
)

QZ—ZHWQQ rw - =0
/ Y .

2 2 21

SO .
- a wo( t-ti__ )

T , s 1
E\.ulnwd(t - ti—']) =~ B cos ud(t ti_,]]c
. o ae (C¢l+>

<
1



o4

X
2

2
vhere v, = w3(1 —H.) .

To find the particular integral, we put u = c1(t - ti-'l) g

2 e 2 = n — -~
2du e, rw e (bt ) 4w Ta = - ot - 8 ) - by

1 1

and by cquating the constants

a.
C. = - e
i° 2
w
o
. ; a. = -
and 2 ) RICH W& bl
a.
or d, =|:ib. -2 —= J~2
i i 1y u
. o o

. .

So we get the complete solution of the equ .“ion of motion for

t, . £ t £ t, vhich is:
~1-1 i

.- wo(t—ti-1)
u=-c - [E s1nwd(t " tiuq) + B cos wd(t - ti_;é]

a 1 2na, :
- '-"‘_2"' (t bl ti—-']) = “-Z-(bi bt —_"‘;‘—"F.) ®0o0 (005)
\'l Wo o

where the constants A and B can be determined from the

initial conditions of the step.
t: t. u = u, ﬁ:ﬁ. 200 CoG)

From (C.5) (C.6}, we have

t] -_-A—l:-
w,_, =3 - _'E(bi -2 v
WO



A %4
B - ‘li—'l > 2(bi - 2 . ) euv (Ca?)
\‘\Vo (o]

Differentiating (C.5) for t

- ﬂ\‘.'o(t—t.__,])— ' —
a = —awoe lﬁ sin wd(t-ti_,]) + B cos wd(t"ti"'])

———

- awo(t_ti—']) :
PR | 5 + - - C- o -
Fwae A cos Wd(u ti~1) B plnwd(t ti,:%
o
- mz_ . eso (Cog)
W
o

From (C.6) (C.8) we get

i -— R L A - ..2'_-
_ui__,] = Bawo : A’wd >
: W
o)
2 %3
A = ’J" ui-'] + Bﬂ\:o + ""‘—2' cse (009) <
d wo

-

The absolute acceleration is given by

' . 2 ‘
ua = ﬁ I g(t) = = (Za\'loll " V;’O u) e'c e (0010)

Thus having the solutions of the equations for u, 1, Ua
and with the initial conditions known, i.c. t = 0, u = @ = 0,
we can calculate the displacament, velocity and 2boolute
éccelez‘aﬁion of the oscillator by a step-by-step process
at any required instant.

So we can plot the maxdima values of displacement,
veloci’.cy and acceleration versus the corresponding.

.Periods of-the oscillators involved.
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COMPUTER PROGRAM



(umelga-J12.c.4030u.7300 MTLY - ROUSSCPQULLS SLipci Cdo7
(s) ' :
ACH (CALCONMP 1 CALCOMNP)

ECT(DL=CALCOMP)

URN(CALCOYP)

JEST(TARE279HIS)Y IC cALcowp TAp—.p RMIToe
(LC=11610) . , . .

PRCOGRAM SPECI ({ INPUT 1 QUTRUT s TARES= INPUT s TARZ6=0UTPUT s TARE27)
FTC ROUSSO . .
DIMZINSION V(5C0) +DIATI) s TIECO)sAC(600) s VCIH60D) +ECIHO0) o
1Dc(5¢03-TT(gaDO;.AA(ZqOO)cam(qoo).VM(aoo);DM(aoo)vNUMté)wﬁO(aOO)'T
86(400) « T7(4CT ‘
COMNMON AtViDs Tt ACINYASCALEyTSCALE v JyVCsECIDCINUUNATTrAA AN« Vi DM
COMMON P\s<‘CGoCXeCYqMoTOqaDvauNT . S b
J=2 : '
. V(1)Y=060
D(1)=0.0 ' ' o o .
RECORDS OF ACCELERATICNsTIME+ AND VELOCITIES CALCULATION'
CALL READEN : R
N=1 . . T e
10 TIMI=T(N) g o o : ‘ '
ACC1=ACI(N)
N=N+1 . _ . .
TIV2=T(N) - . o T
ACC2=AC{N) S ' ' : : :
TG=TIM2=T I o ‘ o :
Vi) —((Acc2+ﬂccx)%0 BY*(TG)+VIiu—1) ’ ;
D(J)=(LACC2+(2. w*AuCI))/6.g)m(TGWTG)+(V(J 1)*TG)+D(J 1)
=J+1 . -
IF (JLE«JN) GO TO 10 = ' :
CALL WRITE (1) - '
CALL BASECO ) )
CALL INTERP oL T b o ~ . .
KOUNT=C : - o , , D
.CALL SPECTR’ o S - B : o
DO 99 Ju=1aJIN : )
VIJJ) =V (JJ) 2SS R C "
VC(JJ)=VC (JJ) %C8] ,
DC(JJ)=DC{JJ)*981
bo CONT INUE
CALL START _ : .
NUM{ 1) =UN ' : .
CALL GRAF (TochNU”1110112HTINE SECONDS s 12+ 21HCCRRE “CTED ACCEL IN
56121:8¢0154C)
CALL SYNBCL(3.01-,5104144265N S PCRTHUNENE EQS 18/3/57‘0.0‘26)
CALL GRAF(T VUM 110 J2HT[HE SECONDS + 12+ 27HUNCCRRECTED VELOCITY C
SM/SECI2718¢C1560)
CALL SYMBOL(S4C1—-¢310414+426HN S PORTHUNIME ECGIZ 187/
CALL GRAF (T VCINUMY 1 434+ 12HT IS SECONDS 12+ 25HCORRE
S/75CEC425+¢8.Cs5e2)
CALL SYM3CLI(2,01-,3510.14126HEN S PORTHUNIVE EGE 18/73/5710, Gv?é)
CALL GRAF(T DCTINUM 1 +0412HT 1S SECONDS 121 20HCCRFICTED DISPLAC Cls
S2048.0:5.,2)
CALL SY™SO0L(3eD1-¢S+0e14126HN S v“Q*HU“EME EGE 18/3/57+0.0126)
DO 2 1=1+86
WOy =0 -
DO 97 K=1 s<KCUNT
VANIK)=VMIK) %98 .

3/57+ 0, O~26)
CTED VELOCITY CM




DM (K)=DM(K) %2814 . E : : : . _
97 CONTINUE . o
DO 9 [=11KOUNT _ : .
T6(1)=TOC(]) ' : ] - : S ‘ ..
9 T7(1)=TO(1) ; o )
CALL GRAF(TOsAMINUM 16405 14HPERIOD SECONDS s 149 20HACCEL SPECTRUM IN
5 G120¢8.015,0) -
CALL SYNBCLI{IZ4D1=¢510.14126HN S PORTHUNEME EQF 18/3/5710,0:¢25)
CALL GRAF(Taon \l‘h\lu\n6|01 l(ﬂ-{Pg—Q;OD SECONDS Y 14124HVELOCITY SPECTRUM
CN/QEC!ZQQSQL;“:) 0) _
CALL SYMBCL(3.0+-,510,14¢26HN S PORTHUNEME EQE 18/3/571040+26)
. CALL GRAF(T71DMaNUM 16101 14HPERIOD SEEONDS 14 91SGHDISPLAC SPECTRUM C
5M11918401560) )
CALL SYMBOLI(3.01-,5+0.14126HN S PORTHUNEME EQE 18/3/57C,C  26)
CALL ENPLOT(22) . . : _
.STCP
END

-
‘.
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SUBROUT INE  REZADSEN
THIS ROUTINE READ DATA FOR GRCUND ACCELERATION OF

.DINENSI1ON VIGCT ) 1D (E&TC)ys T(6OC8 ).Ac(euo)vVC(000)~cc(6OO)

"1o9

A

]DC(GCO)cTT(EaOO)\AA(gapO)ihM(aCO)wVM(&OU)!DL‘&v»)sNUM‘é)1TO(QOO)|T

B6(40U0)«T7(4C0)
DIMENSION NAT'E (12)

. COMMON A1VeDaTH ACH’"‘ASCALE'TSCALE'J1VC'E".C'DC'NU'JN1TT‘AA'A.\NVN'

COMMON PNsK1CG«CXLCY

‘READ (S514) NAME
WRITE (644) NAME
4 FORMAT (12A€)
) READ (5+5) TSCA_EWASCALE
5 FORMAT (2F10.4)
URITE (6:5) TSCALE s ASCALE
SIMULTANEOUS REZADING OF TIME-ACCELE DATD UD:
PN IS THZ TIME INCRIMENT
NU 1S THE TOTAL NUMBSIZIR CF A(N)Y READING
JN IS NU/2 TOTAL NuV¥RER OF TIME-ACCELE CCUPRPLE
READ (5¢1000) NUsJINIPN .

A]OOQ FORMAT (213sF6ed)

WRITE (641300 INUsUNAIPN
READ (5,1020) (TLIYAACKIY Yy I=14UND)
1020 FORMAT (12F6.3) .
TIME DATA CHECK
DO 30 I=2.JN
TIME ERROR MESSAGE - T
IF(TOI) (LT.T(I=-1)) WRITE (6+1012) T(I)sl
1012 FORMAT (14K ILLEGAL TIME214X1F6e3+10:¢13)
' 3C CONTINUE .
DO 300 N=24UN S L e e
D TUINY = (TUM)=T(1))*TSCALE T
AC(N) =(AC(N)=AC(1))*ASCALE ) ' .
300 CONTINUE . S
T(1) =0.0 e S
AC(1)=0.0 ’ :
RETURN : S _
END _ o ' , -

THE NAME -

‘new

THIS ROUTI\F READ DATA FOR GRCQUND ACC‘_L‘:QATION OF EARTHOUA‘<E

OF A(N)

L

DN



$IBFTC *»RITDK ‘ - _ : ' - 170
SUSROUTINE wRITE (L) ' :
DIMENSION Vig0U)aD( UO)OT(GOO)'AC(C)OO)QVC(C)OO)!L’C(()CG) .
10C(6u0)QTTteaCu).AA(paoo)nAu(AuO)'thauO)sDV(qoo)aNU‘(6);.o(anﬂ).7
86 (400) s T7(400)
COMMON AtV eDaTs Aqu\![\qCALEqT‘;LAL_‘:nJvVC;r_C‘DCiNUsJNsITQAI\QA‘ sV D
COMMON PN CGeCXaCY e TOWTD «<KOUNT _
70 FORMAT (1Y «I1SHCROER MNINBER J=¢a%a 121G T ’
71 FORIMAT (11X« 16ATIME o [N SEC.|3X~1?F°.4) ’
72 FORMAT (1% 18HACCLE. [INeCHM/SEC24 XV 12FTe4)
73 FORMAT (1Xe17HVELOC. IMNsCM/SEC12X312F944) :
74 FORMAT (IX a13HDISPLe IMoeCMesEX012FFe4) .
IF(LelLTol eCReLeGTe20) GO TO 99 '
GO TO (7:8494+10 )L '
7 M=1 :
WRITE (64+3) NU 4UN . : , ‘
3. FORMAT (I1Xs13HNU=,I3:3HJIN=413) - o el
785 K=M+l] A )
IF (Ko GE o N K=JN S : o7
WRITE (6+70) ( J vu=MsK ) : :
LT WRITE (64710 (T(J)s JUSMaK )
WRITE (61v72) (AC(UY «U=MyK )
WRITE (647230 V(J)Y + J= MK ) . -
WRITE (6+474) (DU} v J=MaK)

IS P E T ‘-

IF(KLTeIN) GO TO 785 T

RETURN o ) .
-8 M=1 . . - S .
786 K=M+11 : ' SR S -

IF (KeGE«JN) K=JIN
WRITE (647C)  (JsU=MK)
WRITE (6+71) (T(J)s JU=MaK) . - S
WRITE (6+72) (EC(J)vu=MaK) _ e

WRITE (6+73) (v Uy e U=tk s
WRITE {64 74) (DC(U) s JI=MIK) . , S -
M=M+12 . - - "

IF(K.LTsUNY GO TO 786
IF(MeLTouUN) GO TO 786

RETURN o ' -
9 WRITE (6+313) (TT(l)«2a0])r I=)14K) ) e
313 FORMAT (6(3X1FBe412X17F8e4)) _ - . S A
RETURN I

10 WRIIE(6!53)TO(<OUNT)sTosAﬂ(KOUMT)sVM(KOJNT)ODH(KOUMT)nw
53 FORMAT (6X15(F9.5+¢1CX)¢15)
RETURN
99 WRITE (6+1C13)
. 1013 FORMAT (33RERROR IN COMPUTED GO TO IN +ERRR4)
RETURN ' ' - :
END



sIBFTC BASECO

<y

120

SUDROUTINE BASECO

DIMENSICN ' VIGCOYI+DIBCTIyTIECO) +ACIGRO0)Y « VCIGTOYYECIA00Y o

L7

1DC(6TD ) o TT(EQOJ)vAA(200v)sAM(aCO)qVM(aoo)vDM(ﬂOO)'NUM(é)oTO(aoOy’T
T B86(400)sT7(a00)
COMMCN A VtDstt\f‘qN'-‘\.JCAL‘:'TQC’\[__F' Jo VCqCC'DC'NUv\JNOTT AATAM VM DM

COV- tOf\ P\h}\cC |C>’
THIS 1S THE BASE~LINE CORRECTICN
J=1 )
WRITE (6+¢3) NU 4JUN
FORMAT CIXe3HNU= 4 [ 39y 3HJIN= 13}
B81=0. . .
B2=0e ot
B3=0.
TP=T(J)
TS=T(J+1)
TK=TS-TP ) o .
AKX =ACU{JU+1)~-AC(J) .
P=AK/TK o
IF (TKeLT«0.02001) GO TO 121

TTS2=TS®TS

121

TS3=TS2%TS
TS4=TS2%¥TS2 : . -
TSS=TS4a*TS ‘ B
TS6=TSGXTS

CTP2=TPXTP N .
TP3=TP2*TP L '
TP4=TP2xTP2 e
TP5=TP4%*TP . - .
TP6=TPS*TP : - -
TK2=T52-TP2
TK3=TS3-TP3 Co-
TK4=TS4~TP4
TK5=TSS-TP5

T TK6=TS6-TPS

CO2 =T(U)y3T()

SUBRUOTINE

% -

G=(C.5% PY%®(0,23%TKa~2,/3, Or:(J)«T<3+G.3~C02’T’2)+1./ e FAC(JY%TK3

1=0S*¥AC(UI*T(J)*FTK2+04 5%V (J)XTK?

X (U.‘SKP)“(O ?V"TKE) Ug__,h-]l<[5'\£T(J)+l./30

1o XTK3IFAC (NN XTI (UI ] e/ 3 FTKIEV(D)

cTK3% C02 ) +Oe 25%

Y=(0,S%P )% (| 4/6,02TKE-044#TKS%T(J)+0, ?Sm K4 g02)+0.

lS*TKA“QC(J)‘T(J)+uo25 2T 4%V (D)
B1=8B1+G .

B2=B2+X o :
B3=83+Y

J =J+1]

I1F (Je LT o JNY GO TO 120

Z=T(JIN)

22 ={(Z%Z)

Z3=22%Z

24=23%2

25=24%2

E3=81/Z3

Ea=RB2/24 L.

£S5 =83/Z5

PA1=14.0/7

PA2=1.0/Z2
CG=(2300,0%E3)—-(SH0.CHE4 Y+ (630, 0%E5)

CX=( (—900.0*E3)+(EEGC.O*EQ)-(EIO0.0*ES

Y)Y RPAI

CTKAFAC{I)I~1 73

*TKS# AC(J)-'O 2

Ny

R s



85

. 592

J=1

CCR2=T (N %T(D)

CO3=Co25%T(J) -

C0a=Cc02%C02
EC(J)I=AC(I) = (CG+2,03xCX*T(U)+3.0%CY*CC2)

Ve = VIJ) —(CGxT(JUi1+ CX=xC02 +CYXCO3)

DCLUI=D{J)= (U SXCGXCO2+0333%CX2CO24+0,2S%CY*CCa)
J=J+1] ’

“IF (JLEJIN)Y GO TO 85

WRITE (6+502) B11B2:B3+CG1CXCY

FORMAT (/776(5XsE15.6)/7/)
CALL WRITE (2)
RETURN ' _ ;
END ' : _ : -
o y - 4
.; - 3
) - S

. I7.



SIBFTC INTER ) . . ‘ . . ] '
SJUSROUTINE  INTERP ' 175
DIMENSICN VIECO)YsD(00)+ TIES0Y+ACIHOC)YVCIH6Q0)YEC(H00)
IDC(6uU)'TT(?a”‘)’AA(ZaCO)~AH(¢OO).VM(QQO)~Dm(aGO)aNumfé).To(aoo,.T

86 (400)T7(4£C0)

COMMON A«ViDs T'AC‘N‘A\CALE1TSLiLcaJ!VCuECvDC'NU!JVsT:9AA s AN E VAN« DM
C COMMON PN «CGCX:sCY
.oJ=1 0

- . K:l

. S( =140

TT(1) =T(1)

AA(1)Y=ECI(1) . .

12 TP =T((J) . ) . - v

TS=T(J+1) ’ ’
AAC1 =EC(J}
AAC2 =EC(J+1)

I

TK =T7S~TP Ny

AB =AAC2 -AAC] '

‘PP =AB/TK ) : ‘ o
13 K=K+1 ] ’ : . K )

TTUIK) =TP+PN*X , .
AA(K)I=AACI+PP¥PNxX : EE . .. |
X=X+1.0 L o .
IF (TT(K)«LT.TS) GO TO 13 : ) .
TT(K) =TS . | .
AA(K) =AAC2 ' S . |
X =1e0 ) - . . P .
J =J+1 .

IF (JeLTeJN ) GO TO 12
CALL WRITE (3)

RE TURN
END

-



SIBFTC SPEC ' : : 174
SUBROUT INE  SPECTR : .

C THIS PROG IS CALCULATIN OF SPECTRUM IN ELASTIC RANGE :
DIMENSION VIECOI 1060011 TI6UD) 1ACIECTI 1 VCIB00)1EC(H00) ¢
1Dc(600).TT(gaOO).AA(pqOQ)qam(aoo)-vm(aco)aom(aoo).NUN(&).TO(QOO)»T
86(&00) v T7(400) ) :

CONMON AtV eD T 1AC N ASCALE s TSCALE Y I VCIECIDCMNUTINITT s AL s AM eV ¢ DM
CONMMON PN LGeCX i CY sMaTOYTD+KCUNT
VRITE (64+1) K
1" FORMAT (6X«¢156)
21 READ(S+30)NCHECK DA
30 FORMAT (16+F6ea) . .
T WRITE (6433)DA B ’
35 FORMAT (10X+FHe4) : ‘
IF (NCHECKGT.0) RETURM , .
WRITE (6+51) - '

51 FORMAT (SX» 12HNATUR PERIQD«SXs 10HDAMP PEIQOD+SX 0 14HSPECT ACCELERA:
25Xy 14HSPECT VELOCITY 16X118HSPECT DISPLACENMENT)

WRITE (6452) : .

52 FORMAT (8X s GHSECCND ' 10X 16HSECCND 1 12X 1 SHPER G 12X 1QHCM/SEC(G) v+ 12X s
T6HCM (G))

KOUNT=KOUNT+1
TO(KOUNT)=0.05
M=1
31 WO =2.C%3614159/TOIKOUNT)
' DA2=DA¥DA
" WD=WOXSQRT(1.0-DAR)
TD=2+0%3.14159/VD
J=1
SA=0,0
5V=Oo
SD=0.,0 . i
SAMAX=0,0 T - -
SVMAX:O 00 N . . . ——
SpMAX=0,0 :
32 TP=TT(-J) - . ‘ . -
TS=TT(J+1) ’
AACI=AA(J)
AAC2=AA(J+1)
TT1=TS=TP .
PRP=(AAC2-AACL1)I/TTI1 ' .
X =SIN(WD#TT1) :
Y =COS{WD*TT1)
R=1.,0/(W0O%WO)
EX=EXP{~DA*WO%TT1)

B=5D +RE(AACTI—-20%NDARPD/WO)
. C=].0/WD%{5Y +3#DAXWOHRPP*R)
C
. SVV = DAZWOSEXS(CH¥X+BFY ) FUDFEAXACHY-53X)-FPP#*R
SDD S {CEX+BZY ) REXN—(PPH*RETTI+RZX (AAC I —2 Q%DAZFPP/¥0) )
SAA == (2. 0%DA% OISV +300/RY
I1IFLASS(SCD ) oGT W« ABS(EDAXY) SDMAX=50D
IF(A3S(3VV 1oGT e ADS(SVIAK) )  SVMAX =5VV
IF(aBS(SAA ) #OT . ARSISAMAK])) SAMAX =5AA
Sv=5vv
SA=5AA
S$D=5DD -

J=J+1



IF(JeLToK ) GO 7O 32 . o 17
VMIKOUNT ) =ASS (SVAX) : ' ' ' . 175
DMI{KOQUNT ) =A3S(SDMAX) . ‘

AM (KOUNT ) =ASS (SAVAX) ' -
CALL WRITE (a) . ‘
1F (KXOUNT 4 £0+ 60+ OR e KOUNT ¢ EQ« 120 ¢ CR¢ KOUNT «EQ» 18C + OR « KOUNT s EQ+ 2404 OR

"AKOUNT +EC.3CJ.0R.KOUNTEQ260) GO TO 21 ' .

" KOUNT=KCUNT+1 . .
TO(KOUNT) =TO(KCUNT=1)+0.05 ' , .
Mz=M+ 1 ' . . . :
IF(M.LE.60) GO TO 31 .

GO .TO 21 . :

- END :



ALFORD, J.L.,

AMBRASEYS,

AMBRASEYS,

AMBRASEYS,

AMBRASEYS,

AMIN & ANG

BENIOFF, H.

BIGGS, J.M.

REFERENCES

HOUSNER, G.W. & MARTEL, R.R. Spectrum Analyses of
Strong-Motion Earthquakes, Pasadena: California
Institute of Technology, Earthquake Research Laboratory,
1951,

Maximum intensity of ground movements caused by faulting.
World Conf. Earthquake Eng. 4th, Santiago, Chile,

pPp. 154-171.

(1963) The Buyin-Zara (Iran) Earthquake of Sept. 1962.
Bull, Seism. Soc. Am. 53(4).

(1970) Factors controlling the Earthquake Response of
Fourdation materials: Proceedings of the 3rd European
Symposium on Earthquake Engineering, Sofia, pp. 309-317.
(1973) Dynamic and Response of Foundation Materials in
Epicentral regions of Strong Earthquakes. 5th W.Confe-
rence on Earthquake Engineering, Rome (Invited Paper).
(1966) A non-stationary stochastic model for strong
motion earthquakes., Civil Eng. Stud., Structural Research
Series No. 306, University of Illinois, Urbana.

The physical evaluation of seismic destructiveness,
Bull. of Seismol. Soc. cf America, 1934, pp.39 -403
Introduction to the Structural Dynamics. McGraw-Hill

Book Co., 1964,

BERG & HOUSNER (1961) Integrated velocity and displacement of strong

BERG, G.

earthquake ground motion. B.S.S.A. Vol.51 no.2,

pp. 175-189,

(1963) A study of error in response spectrum analysis,
Primeras Jornados Chilenas de Sismologia e Ingeniera

Antisisma. Vol.1l, 1963, Santiago, Chile.

BERG & HOUSNER (1961) Integrated velocity and displacement cf strong

BORNOVAS

earth ground motion. Bulletin of Seismological Society
of America, Vol. 51,

(1964) Geoclogical Study of Leukas island, Athens.

BOSTROM, R.C. & SHERIF, M.A. (1972) United States Microzonation Proce-

dures. Proceedings of the International Conference on

Microzonation, Seattle, Vol. I, pp. 183-190.



P

I77

BRADY, A.G. (1966) Studies of Respor-o to Earthaouzke ground motion.
California Institute of Technology, Pasadena, California,

_ 1966.

CLOUD, W.I.K. & HUDSON, D.E. A Simplified Instrument for Recording
Strong Motion Earthquakes. Bulletin Seism.Society of
America., Vol.51, No.2, April, 1961,

CLOUD, W.K. (1967) Intensity Map and Structural Damage, Parkfield,

' California, Earthquake of June 27, 1966,

Bull. Seismol. Soc. Am., 57(8).

GALANOPOULOS The large conjugate fault system and the associated
earthquake activity of Greece. Ann. Géol. des Pays

Helleniques, 18, 119-134, 1965a.

HUDSON (1956) Response spectrum technique in engineering séismology.

Proc., 1st W.C.E.E. Berkeley, California.

HOUSNER, G.W,,R.R., MARTEL & J.L.ALFORD Svectrum Analysis of Strong-Motion
Earthquakes. Bulletin of the Seismological Society of Ame-
rica, Vol.43, No.2, April 1953.

HUDSON, D.E., WIGAN, N.C. & TRIFUNAC Analysis of Strong-motion Accelero-
graph Records. California Institute of Technology, Pasadena,
California, 1969. _

HUDSON, D.E. (1962) Some problems in the application of spectrum techniques
to strong motion earthquake analysis. )
B.S.S.A. Vol. 52, No.2.

HALVERSON, H.T. Modern Trends in Strong Movement (Strong-Motion)
Instrumentation. San Gabriel, California, U.S.A.

HALVERSON, H.T. The strong motion accelerograph. Proceedings of the Third
World Conference on Earthquake Engineering,
Vol, I, New Zealand, 1965.

HUDSON, D.E. (1963) The measurement of ground motion of destructive earth-
quakes. Bulletin of Seismological Society of America.,Vol.53.

HOUSNER, G.W. Characteristics of Strong-Motion Earthquakes. Bulletin

"~ of the Seismological Society of America, Vol.37, No.1,

Jan. 1947, 19-31,

HOUSNER, G.W. Properties of Strong Ground Motion Earthquakes. Bulletin
of the Seismological Scciety of America, Vol.u45, No.3, July
1955, 197-218.

JACOBSEN & AYRE, R. Engineering Vibrations. McGraw-Hill Book Co. Inc.
New York, 1958.



JENNINGS, t.C.(1968) Equivalent Viscc .3 Damping for yielding
Structures. J.Eng.Mech.Div,ASCE, 94 (EM1),

JENSCHKE, V.A., CLOUGH, R.W. & PENZIEN, J. Characteristics of Strodng
Ground motions. Proceedings of the Third World Con-
ference on Earthquake Engineering, Vol.I, New Zealand,
1965.

KOBAYASHI, H. (1974) Microtremor measurements in the Balkan Region.
Report on the Seminar on Microzoning, Ankara,

MEDVEDEV, S.V.(1965) Engineering Seismology; Israel Program for Scientific
Translations, Jerusalem.

NIGAM, N.C. (1967) TInelastic Interactions in the Dynamic Response of
Structures, Pasadena, California: Report of Earthquake
Engineering Laboratory, California Institute of Techno-
logy.

NIGAM, N.C. & JENNINGS, P, Calculation of Response Spectra from Strong-
Motion Earthquake Records. Bulletin of the Seismological
Society of America, Vol. 59, No.2, pp.909-922,April 1969.

OHSAKI, Y. (1972) Japanese Microzonation Methods. Proceedings of
the International Conference on Microzonationm, Seattle,
Washington,

OKAMOTO, S. (1973) Introduction to Earthquake Engineering. University

’

of Tokyo Press, Tokyo,
POCESKI, A, The ground effects of the Skopje July 26, 1963 earthquake

B.S.S.A., Vol.59, No.l, pp. 1-22, February, 1969,

POPPITZ Velocity and Displaceﬁent of Explosion-Induced Earth tremors
derived from acceleration. Bull, Seismol. Society of Ame-
rica, Vol.58, No.5, pp.1573-1582, QOct,19568,

RICHTER, C. Elementary Seismology. Freeman and Company. San Francisco,1958.

ROSENBLUETH,E. & BUSTAMANTE. Distribution of Structural Response to
Earthquakes. Proceedings ASCE, Vol.88, No. EM3 (June 1962),
pp. 75-106, i

RAVARA, A. Spectral Analysis of Seismic Actions. Proceedings of the
Third World Conference of Earthquake Engineering, Auckland
and Vellington, New Zealand, 1965.

SARMA, S.K. Energy flux of Strong Earthquakes. Tectonophysics.

L Elsevier Publishing Company, Amsterdam (1970).
SARMA, S.K. Response characteristics and stability of earth dams during

strong earthquakes. Ph.D.Thesis, University of London, 1968.



SCHIFTF, A. & BOGNDANOFF, J. (1967) Analysis of current methods of inter-
preting strong-motion accelerograms. B.S.S.A.. Vol. 57, No. 5.

SEED, B. & IDRISS, M. (1969) Influence of Soil Conditions on ground

. ' motions during earthquakes. Proceedings of the American Sc-
ciety of Civil Eng., Soil Mechanics and Foundation Division;
SM 1, pp. 99-137.

SEED, B. & SCHNABEL (1972) Soil and Geologic effects in site response during
earthquakes. Proceedings of the International Conference
on Microzonation, Seattle, Washington.

SHERIF, M.A. (1973) Microzonation of Thessaloniki using the Sherif-Bostrom
(U.S.A.) Method, Seattle, Washington.

THOMSON, W.T. Spectral Aspects of Earthquakes. Bulletin of the Seism. Scc.
of America, Vol.49, Jan 1959, pp. 91-98.

TAKAHASI, R. The SMAC strong motion accelerograph and other latest Instru-
ments for measuring Earthquakes and Building Vibrations. Proc.
World Conference on Earthquake Engineering. Earthquake Enginee-
ring Research Institute and the-University of California,
Berkeley (1956).

UDWADIA, F.E. (1972) Investigation of Earthquakes and Microtremor Ground
Motions, Ph.D. Thesis, California Institute of Technology.

ZATOPEK, A. Sur le movement du seismograph sous l'influence de deux

formes du choc, Union Geodesique et Geophysique Internatio-

nale Association de Seismologie. Serie A. Travaux Scienti-

fiques Fascicule 17. Communications presentées & la Confé-

rence d'Oslo, Aolit, 19u8,





