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SYNOPSIS

The data concerning ground motion and response of structures during
strong earthquakes are necessary for definition of design criteriaof structur-
es to be constructed in extremely active seismic zones. The only procedure for
obtaining such data is installation of strong motion instruments.

Yugoslavia is a country which during the past ages was often subjected to
disastrous earthquakes. Many of its regions were subjected to their destruct-
ive effect several times. Having in mind both the general need for ground
motion data,to improve earthquake resistant design and to reduce earthqusake
hazards on a world wide basis, as well as the study of the intense seismicity
in Yugoslavia, the realisation of the project "Installation of Strong Motion
Instrument Network on the Territory of Yugoslavia" was undertaken at the begin-
ning of 1972. The project has been realised by the Institute of Earthquake Eng-
ineering and Engineering Seismology,Skopje in cooperation with the California
Institute of Technology,Pasadena.

INTRODUCTION

Earthquakes,as natural phenomena,are characterised among themselves by
their frequency and amplitude content depending on the geological and the tec-—
tonic structure of a certain seismic region,its magnitude,focal depth and the
epicentral distance. Due to this, the earthquake records obtained #n one area
are more or less different from those obtained for some others,even in cases
when earthquakes of the same intensities are in question.

The strong motion phenomenon involves almost always numerous questions
which cannot be answered exactly due to the lack of instrumentsrcapable to
record earthquake intensities and response of structures. Without such a
record, the damage and behaviour of structures during strong earthquakes can—
not be compared to the aseismic design criteria nor proper decisions concern=
ing rational repair and reconstruction could be made.

In order to obtain data for study of earthquake phenomens in a wider
region as Yugoslavia a long-term study is required. The only way to provide
proper data collection is the establishment of a strong motion network cover-—
ing the most intensive seismic regions on the whole territory of the country.
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BASIC CONCEPT OF THE NETWORK

One of the largest strong motion instrument network in Europe is the
strong-motion accelerograph and selsmoscope network installed in Yugoslavia.
This network of instruments will provide the basic information required for
predicting the dynamic resporse of various types of structures, building codes
improvement ,ground amplification effects understanding, as well as for better
investigation and perceiving of the consequencies caused by earthquakes.

The distribution of strong-motion instrument network on the territory
of Yugoslavia is based on previous studies of geological-tectonic structure
and the seismicity of the country.

Seismicity of Yugoslavia

Yugoslavia, in the sense of geological-tectonic structure, is one of the
most complicated area in the Mediterranean region. In the structure of the
terrain various rocks of three basic systems are represented, from the most
ancient( ‘Pre~Cambrian) to the youngest (Cenozoic). On the other hand, the ter-
rains are characterized by very complicated morpho-structural elements:mount-
ain massifs, hilly terrain,lake and sea basins,etc.

The tectonic structure of Yugoslavia is particularly complicated,which,
in the tectonic sense, is located in the middle part of Europe in the Alpine
orogenic belt which ofshoots into two orogenic branches with characteristic
features of their own: The first branch consists of the Alpine megaanticlinor-
ium with an approximate direction of extension east-west. To +the east the
Carpathian mountains are connected with it.

The secorid branch offshoots in the territory of SR Slovenia, taking a
direction of extension to the south—east. The transition zone in the southern
parts of the Karnean Alps and the Karavanki is considered as its beginning.
From here the Dinaric megsanticlinorium develops, to which the Hellenides in
Greece are connected.

During neotectonic stage these structures were subjected to intense
differential,vertical movements to which the present relief consisted of
horsts and grabens and accompanied by earthquake occurrence,is related with.

In several studies are noticeable attempts to divide the territory of
Yugoslavia into separate seismic regions. Thus, from that period there are
mainly six regions such as:the Carpathian-Balkan, the Dinaric, the Rhodopean,
the Sava,the Shar-Pindus and the Alpine. However, the unity of the seksmic
structures has to be sought outside the fromtiers of Yugoslavia, in a wider
scope of the Balkans and beyond.

Today we can speak with certainty about several fixed seismic regions
in Yugoslavia which are only parts of great seismogene lineaments of a much
Iarger scale in comparison with Yugoslavia. Those lines extend along the
Adriatic coast,Save river,then the Vardar zone (along the Vardar river to the
south and the Morava valley to the north), the Drim zone (along the Drim
river to the Albanian frontier), the Struma zone (along the Struma river to
the Bulgarian frontier). Of course, this scheme is too global and there are
some more phenomena to group the earthquake foci in Yugoslavia in primary
and secondary lines. -
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Besides the linear character of some seismogene zones in Yugoslavig
there are indications of the existence of some more complicated systems.in
the seismclogical and tectonic sense. Such are the seismic foei in particular,
in which the branching and inter-crossing of seismotec’onic elements is evid-
ent.

The distribution of the earthquakes in Yugoslavia is presented in general
lines on the attached map of seismic zones in Yugoslavia (Fig.l) which includ-
es the earthquakes with a magnitude M = 5, for the period up to 1970Q.

The distribution of the instruments

According to existing data about the seismicity (Fig.l) and the geological-
tectonic struchure of Yugoslavia, it has been concluded that, in the first stage
of the realization of this project, the network of instruments for recording
strong earthquakes should contain 136 accelerograrhs,150 seismoscopes and a
certain number of accelerographs for recording maximum acceleration.

The selection of detailed locations (Fig.2) for the establishment of
these instruments makes it possible to obtain records on 1) bedrock, 2) on
a surface of a characteristic soils (alluvial and deluvial sediments), 3) on
structures (multistorey buildings,dams,.bridges,etc.).

In this way, the designed network enables obtaining of data of the fol-
lowing type by measuring the radiation pattern of seismic waves,by measuring
the effect of the soil condition, and response of structures.

Measurement of the radiation pattern of seismic waves

It is known that the mechanism of the seismic waves propagation varies
from one zone to another due to the local composition of the Earth's crust.
According to the type and distribution of the structural damage, an area of
the seismic energy distribution can be obtained. However, it cannot provide
quantitative data concerning the time of the development. of the process,
energy absorption and structure of spectrum of seismic waves. These data can
be obtained by instrumental measurements only. For this purpose, the st«[
motion instruments should be placed on a bedrock. Having this in mind, i
been foreseen installment of 32 accelerographs and 30 selsmnscopes ,
ku1th1n.the»ha31c network. The records obtained from these instruments w:
servé'fbr>the investigation of the problem of the seismic wave radlatlon.¢

Mbasurement of the soil condition influence

One of the main problems which can be solved by seismic zoning is the
determination of the basic intensity changes due to the local geological
factors of the ground (lithological structure,ground water level,thickness
and position of strata,density of materisl,etc.). In order to achieve this,
paraliel recording with the same 1nstruments on different geologically typical
soils is necessary. .From the records obtained the influence of the soil cond-
itiohs on the earthquake intensity can be observed. One strong-motion accel-
erograph is always placed on a selected ground,in most cases on a bedrock,
serving as a reference point. According to the record obtained from this ingt~
rument, comparison can be made with the records from different types of ground:
at the same seismic region in respect to their englneerlng—geologlcal properh
ies. For the purpose of investigation of this problem, having in mind the seis
mic conditions in a great number of towns and otherurban areas in Yugoslavla :
53 accelerographs and 104 seismoscopes have been installed.
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Response of structures

For recording the response of structures under strong earthquake effects,
it has been planned the establishment of L6 accelerographs and 16 seismoscop-
es on multistorey buildings,dams,etc. The records obtained from these instrum—
ents would enable getting basic information about the dynamic behaviour of
various types of structures. Data about complete verification of the seismic
stability of the structures would be obtained and,what is of particular import-
ance,conditions would be provided for precise evaluation of the conditions of
the building structures and the possibility of their application immediately
after an earthquake.

Strong-motion instruments

In 2ddition to the standard seismological instruments such as seismographs
and others installed in seismological stations enabling recording of earth-
quakes all over the world, some other strong-motion instruments are installed
in active seismic zones for recording the earthquakes of the nearest foci.
Thier recording is of local character. :

The Yugoslav instrument network mainly contains two types of instruments:
accelerographs SMA-1,produced by Kinemetrics,USA, and seismoscopes,type WM-1,
produced by the Astronomic—Geophysical Observatory in Ljubljana,Yugoslavia.

THE RESULTS OBTAINED BY EARTHQUAKE ACCELERATION
RECORDING

Since 1973 several earthquakes of moderate intensity have occurred on the
territory of Yugoslavia,recorded by the network instruments. The general char-
acteristics of these earthquakes are shown in Table I. Of special interest
are to be mentioned the records of the Rijeka earthquakes of 18 Jan.,1973 and
Herceg Novi of 16 June,1973 asfirst records on a bedrock in Europe, as well as
the records on the Banja Luka earthquakes of 12 April.,197h4,2k April,.l9Tk and
17 Feb.1973 on three interconnected instruments,installed on a multistorey
building of prefabricated structural system, which also are the first records
obtained from instrumented structures. Of special interest is alsoc the accel-
eration record of tha Imotski earthquake of 23 May,197L4.The accelerographs on
the bedrock (limestone)on a distance of 5 km from the epicentre, recorded
maximum acceleratlon = 0.178g, which is of special interest from engineer-
ing viewpoint.Special a%%entlon should be pald to the records of the strong
earthquake of 6 May,1976 (M = 6.4) occurred in Furlandia (Italy) obtained by
accelerographs and seismoscopes installed in Ljubljana (D = 140 km from the
epicentre) and Tolmin (D= 40 km). A number of aftershocks occurred in this
region are also recorded. All records were digitalized and analysed using
the procedure described in the paper by D.Petrovski and V.Mihailov.
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Fig.1

Fig.2
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