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ABSTRACT

The towns of Dimona and Arad are located in earthquake prone area, in the
vicinity to the Dead Sea Transform, where several ddsteuearthquakes have been
occurred in the past. They are recently developed towns and might be the place for future,
heavily damaging events, due to the combination of site effects and urban development.

In order to estimate site response functions egllyi 275 and 110 sites were
instrumented in the towns of Dimona and Arad respectively. We used the H/V spectral
ratio from ambient vibration technique to estimate site response. Additionally, weak
ground motion amplifications were determined using H/VcBpeé ratio for Swaves
generated by explosions at three sites. Similar response functions obtained from two
source facilitated extrapolation of ambient vibration measurements for site response
estimation. Distributions of resonance frequency and correg§mpn maximum
amplification factor are depicted in the maps. The site resganstonsexhibit peaks of
amplification factors ranging from 2 to 7 in the frequency rasfgeto 9 Hz forDimona;
andafactorof 2 to 4 in the frequency rangé 2 to 7 Hz fa Arad.

In the Arad areawe used borehole and seismic refraction data@dostruct the
subsurface modelswhile in the Dimona area where borehole informationis not
availablewe utilized only results of theseismicsurves.

The analytical models were idgmented into Stochastic Estimation of the
Earthquake Hazard (SEEH) procedure to predict acceleration response spectra using
ground motion simulations. In order to facilitate estimations of earthquake loss scenarios,
we divided the Dimonaand Arad are& into zones;each one is characterized by
fundamental frequency and amplification. For each zone we adjusted the overall soll
column model for calculation of the response spectrum throughout the whole zone. In
some zonesyniform hazard sitspecific acceletson spectraobtained are significantly
different from he ones prescribed by-i8.3.

Six buildings ofthree and four stagsin Dimona were temporarily instrumented
with two horizontal component stations for various periods of time. The fundamental
frequencies of the translational motions in the NS and EW directions and the frequency
of first torsional mode were determined using ambient excitation. The vibration tests

show that for threstorey-buildings the fundamental translational modal frequencies for



either orthogonal axis 6.57.5Hz while for fourstorey-buildings the first mode motion

Is 4.3-5.3 Hz. Empirical formula was proposed for calculating the fundamental frequency
of three and four stories buildings. The estimated-firatle damping valuegary from

2.2% to 3.46 for different buildings. We observed that the response of the soil is strongly
influenced by the proximity of structurder distance roughly proportional to their
heighs. Owing to financial restrictions, we were unable to insentbuildings in Arad.
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1 OVERVIEW

1.1 Introduction

Earthquake hazard zonation for urban areas, mostly referred to as seismic
microzonation, is the first and most important step towards a seismic risk analysis and
mitigation strategy in densely populated regions with a high concentration of developed
infrastructure.The objective of seismic microzonation is to quantify the spatiaghtia@n
of the subsurface response that can be expected in thibasetypical earthquakd he
expected ground motiorave to be determined takingo accounthe influence of local
soil conditions i.e., sec al | ed 1 sNetarly allerdcdnte diictive earthquakes
(Spitak, Armenia 1988, Northridge 1994, Kobe 1995, Columbia 1898it, Turkey
1999 and many more) have provided additional evidence of the dramatic significance of
site effectsDuring the last 20 years, a large number of obsenaltstmdieshave striven
to evaluate the importance of the different factors involved in site response of soft soils,
concentrated in the determination of the amplitude of the transfer function relating input
motion to ground motion on top of the soft soils

A project to map site effects across Israel undertaken by the Seismology Division
of the Geophysical Institute of Israel in 2001 included micration in the townsof
Lod-Ramla, Kiryat ShemonandKefar Sava, as well as n@tense grid measurements in
the Coastal PlaimndHa-Shefela region

We used altreestep approach to evaluate the local site conditibtmshe first
step, anbient vibration measurements were carried out in order to predict fundamental
frequency and amplification facwof the uncosolidated sediments. In the second step,
geological and geotechnical das@ailable in the investigated aresere collectedand
interpreted Finally, analytical estimation of site effects were made Hpdnumerical
modek were constructed

This approach adwed us to map fundamental frequency and amplification;
deducethe sheafvave structures for different sedimendgtermine morphologies of the
hardrock basementreconstruct subsurface geological structuaed predict a site

dependenseismicgroundmotion hazard map in terms of ground motion parameters used
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for engineering purposeddore details on these studies and results can be found in
Zaslavsky at al. (2001, 2002abc, 2003ab).

The periencegainedand results obtained from these investigationsewsed in the
next stage of the general project ainadn evaluation of sitspecific ground motions in
the townsof Dimona and AradThese areas were chosen for the following reasons:

- Several destructive earthquakes have occurred in the Dead Sea tregast.
Due to the proximity to the Dead Sea Transform and taking into account the
historical seismicitythe town of Dimonaand its surroundings are considered a
high seismic risk zone;

- Dimona is one of thé s r a@evélopisg urban areas;

- In Dimona ara we havea geological structurén which soft sedimentslirectly
overlay hard carbonates. Such conditions may cause significant amplifications
owing tothehigh impedance contrast between soft soilstaefirm basement.

To better characterize the locsite response of investigated areas, two main tasks
were performed under this project. The first one consistdle execution of ambient
vibration survey, giving the fundamental frequency and amplification of ground motion
for thetownsof Dimona and Aad. The second task consistefithe theoretical modeling

in order to estimate seismic response during the occurrence of a strong earthquake.

1.2 Geology of the investigated areas

1.2.1 Dimona

The town of Dimona is situated in the northeastern part @fDimonaYeroham
syncline on asedimentary fill thaunconformably overlies Judea grobard carbonates
of TuronianCenomanian age. Thgpersedimentary sectiooonsists oftlasticdeposits
of the HazevaFormation of Miocene age. The geological units espd in the
investigated area are shown in the geological map (Fig. 1), which is a part of the
geological map of Dimona (1:5000R0ded, 1996).

The Judea Gr. Sequenc@50m to 400nthick, has been divideth this studyinto

three parts:



1 A lower part(unit ¢, .) consising of massive dolomites and limestones of the Albian
Hevyon Fm, exposed in outcrops only in the Hatira anticline.
1 A middle part (unit,, En Yorgeam, Zafit and Avnon Fms.; and wnjtTamar Fm.)
consisting ofwell bedded dolomites anlimestones with interbedded marls. This
sequenceufcrops in the northwestern and western part of the Dimona area.
1 An upper part (unit, Derorim, Shivta and Nezer FmggQnsisting ofimestones and
dolomites of Turonian age. This unit is found in oops in the eastern part of the
town of Dimona.
The HazevaFormationis composed of terrigenous and rilacustrine sediments.
Calvo and Bartov (2001) subdivideinto three parts, based on the definition of two
regional unconformitiesThis division hast ect oni ¢ i mpl i cati ons, Th
and Gidron Fms.) was deposited during a relatively teabnguiet period. The middle
part (Zefa Fm.) shows some evidence of tectonic subsidence along the Arava graben and
along the Nege®binai Shear Zone f#ts. The uppempart(Rotem and Karkom Fms.) was
parly syntectonically deposited.
In order to estimate the lithology of the sediments of the Hazeva Group in greater
det ai l and its thickness in the Dimona area,
0 1hkorehole, located 2 km southeast of the area investigated. This is a unique borehole,
which penetrates the clastic deposits. A descriptiorthef lithologicalstratigraphic
columnar section near the town of Yeroham made by Harash (1967) was also integrated
into the investigation. According to Harash, this section consists of d&andstone and
conglomerate in the lower part of the Shualim mendfé¢he Zefa Fm., according to the
classification of Calvo and Bartov (2001). The upper part (Mingar, Yerohaoer And
Ashalon members) of 15m thick is characterized mainly by numerous conglomerate
sandsandstonssilt-clay sequences of fluvial environments with an oybesaring
horizon. It corresponds to the Rotem Fm. in accordance with the classification of Calv
and Bartov (2001).
According to ourinterpretation the lower pariof the columnar section of Wadi Fai
SHO01 wel | is correlated with the Mashaqg meml
represented by alternations of marl and clay, and massive laeustrestone 60m thick.

The middle part (the Zefa Fm.) consists of a S8k layer of coarse sandstom@d
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conglomerate with a carbonate lager carbonate cemented clastic beds in its uppermost
part. The upper part, Rotem Fm., having a thickness ofi8Qmainly characterized by

sandsandston@andconglomeratesilt-clay sequences.

The paleogeographical reconstruction byrfGiakel and Horowitz (1966) shows that
several tectonically conditioned inland basins were connected by a river system
originatedin TransJordan, flowed through the Arava, passed over the Mahmal anticlinal
range and reached the sea through the northern Negev. The river running across the
Avedat plateau followed a synclinal trend which enabled it to cross this elevated area.

Tributaries came from the YerohaBimona basin and Arad region.

The quaternary sectias composed of Holocene alluvium depositsapped only in
the western and northern part of the Dimoina area in the upper basin of Nahal Dimona
and Nahal Aroer. Theyonsist 6 soil, loess, clay, loam and gravel and are a few meters
thick.
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Alluvium (Holocene)

E Sand and gravel (Neogene)

- Chalk with chert (Campanian) - Dolomite (Turonian)

| Dolomite (Cenomanian)

- Chalk with marl (Santonian)
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|ﬂ Boundaries of the investigated area
RL-1  Refraction line

Figurel. Geological map of the Dimona area

1.2.2 Arad

The town of Arad is sit ebasiewhichformstahe east
syrclinorium between the Kiod, Zohar and Dimona anticlines in the southeast and Ira
Kohal anticline in the west (Zohar, 1987). The geological map shown in Fig. 2 is a part
of the 1:200 000 geological map (Sneh, 1998; SheeD&a from hree structural
boreholess available withinthe borders of the town of Arad (for location see Fig. 2).
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Limestone of Cenomanian age found ata depth of 150mn the Kidodl borehole,

while limestone ofTuronian agas found at a depth of 65m ihe Kidod3 borehole .

The Zohar West boreholelocated in the soutivestern part of the argpenetrates the
limestone of the Top Judea group at a depth of 88 meters. From a depth of 43 to 88m
yellowish marl with fragments of chalk and chert of the Menuha iBnfound The
interval 2743 metersconsists b massive chert and is overlain by marl and charthe
Mishash Fm. The upper layer, from O to 22 omnsists ofalternating marl and chalk of
Ghareb Fm.

In general, the geological pattemn the Arad areais characterized by three
lithological sections limestone and dolomites of the Judea group constituting the
basement, chalk and chert of the Mount Scopus group and clastic sediments of the
Hazeva group. A detailed description of the Judea and Hazeva groups is given above
(see Geology of the Dimona Aae Here we shall concentrate on the Mount Scopus
group which unconformably overgs the Judea group almost everywhere within the
Arad area. The total thickness of this group varies from 30 to 100 meters towards the

northeast.
Three sections may be disguished in the Mount Scopus Gr. sequence:

- a lower section (ungc Menuha Fm. of Santonian age) consisting mainly of chalk
and marl .Some phosphorite and chert layers are identified towards the top of the
formation.

- a middle section (unita Mishash Fm. of Campanian age) is subdivided into two
members. A lower memberof massive, brecciated and laminelmert and anupper
member (Phosphorite series) with phosphoritic chalk, marl, chert and porcellanite.

- an upper section (unia, Ghareb Fmof Maastrichtian age.) is composed of
marly oil shale in the lower part and chalk in the upper part. The Hatrurim Fm. is
composed of higilemperature minerathatare the metamorphic product of the Mishash
and Ghareb Fms.The Mishash Fm. (unita) appears werywhere in the town of Arad
and is overlain byheHazeva Fm.

The Hazeva Fm. near the town of Af8Hahaj1973)s divided into three
members (from bottom to top): Shahag Conglomerate, up to 2m thagley marl, up to
4 m thick and sandstone with colognerate horizons containing Maastrichtian or Middle
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Eocene chalk, up to 15m thick. Some 0.3m of the sand, from the surface down, has limey

cement and locally, a finely laminated hard, white gray limestone occurs.
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Figure 2. Geological map of the Arad area



1.3 Methods used to determine site amplification

The site response functions are best determined from recorded ground motion
during an actual strong event by comparison with recordings ety reference site
located on rock (Jarpe et al., 1989). In most cases, mainly in regions where the seismic
activity is relatively low as in Israel, this type of analysis is usually impractical. Many
investigators evaluated site response functions froodemate to weak earthquakes
motion (for example, Field and Jacob, 1992; Carver and Hartzell, 1996, Zaslaesky et
2000). Nakamura (1989) hypothesized that site response could be estimated by dividing
horizontal component noise spectra by vertical corapbnoise spectra. Results obtained
by implementing the Nakamura technique (Field and Jacob, 1995; Mucciarelli, 1998;
Zaslavsky and Shapira, 2000) support such use of microtremor measurements to estimate

the site response for surface deposits.

In this stug, we focus on two previously cited approaches.

Horizontakto-Vertical Noise Spectral Ratio

Nakamura (1989) proposed the hypothesis that the site response function under
low strain can be determined as the spectral ratio of the horizontal versus tbal verti
component of motion observed at the same site. He hypothesized that the vertical
component ombient vibrationss relatively unaffected by the softer nesarface layers.
Hence, the site response is the spectral ratio between the horizontal comgionent
microseisms (K and vertical component of microseism,(Hecorded at the same

location:

_[H. ()
R, (w)= )
H, (W)
In other words, the vertical component of #wbient vibrationon the surface
retains the characteristics of horizortdamponenhat the bedrock (reference site).

Horizontaktto-Vertical SWave Spectral Ratio (Receiver Function)

This technique i s basedwave(leiaétal.m9I3pds hypot

o509
Rs( ) ‘S (W)‘ (2)

SV
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where §, and S,, respectively, denotéhorizontal and vertical amplitude spectra
computed at the same investigated site, frowaSes.

Receiver function was introduced by Langston (1979) to determine the velocity
structure of the crust and upper mantle from teleseismically recorde/és. Lagston
made the assumption that the vertical component of motion is not influenced by local
structure, whereas the horizontal components, owing to the geological layering, contain
the P to S conversion. In the spectral domain this corresponds to a sivgtendf the
horizontal spectrum by the vertical (equationMast studies show that the H/V ratio
obtained from ambient vibrations coincides with response functions of near surface
structures to incident shear waves (Ohmachi et al., 1991; Lermo aake£lbarcia,
1994; Zaslavsky et al., 1995; Seekins et al., 1996; Gitterman et al., 1996; Konno and
Ohmachi 1998; Mucciarelli and Monachesi, 1998; Chasarcia and Cuenca, 1998;
Toshinava et. al., 1997; Shapira et al., 2001, Zaslavsky et al., 2002b22083,

1.4 Data acquisition and procedure

Ambient vibration measurements were carried out during the period from
Marchto August2004 in Dimona\(V-199250; E204725; $551250 and N65525(Q and
from July to September, 200 Arad (W-2180®; E-22300Q S-572000and N57600D).
The work aresareapproximately19 km? and 11 km for Dimona and Aragrespectively
The distributios of measurement pointsver the two townsareshown in Figure3 and
4. The measurements points were selectegrtavide good coverage othe various
sediments and sediment thicknessé& planned the grid of measurement points of
250m*250m for both towns, increasing a density in #reas with higHrequency
responseGround motion (velocity time history) was recorded using the rhtnrel
digital seismic data acquisition system designed for site response field investigations (see
Shapira and Avirav, 1995). The system includes: a rohdinnelamplifier with band
pass filters 0.25 Hz, GPS (for timing) and a laptop computer with anddedigital
(A/D) conversion cardThe seismometers (L4C) use@re sensitive velocity transducers
with a natural frequency of 1MWz and damping at 70% of critical. The ambient
vibrations motions were digitized at the ratio of Hanples per second by a-4é A/D

converter.
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Figure3. Map showing location of the measurement points and refraction lines in the
Dimona area.

Prior to and during the measurements we checked and determined the transfer
function of theround motion data, i.e., particle velocity. One vertical and two horizontal
seismometers (oriented nobuth and eastest) were installed at each site. These
seismometers can also work at a reasonable range below the fundamental frequency, as
demonstreed in Zaslavsky et al. (2003b). In that report the analysis of the horizontal
vertical spectral ratio shows that, for the instrumentation used, it is possible to obtain
successful measurements up tol9z4 The seismometers were installed on levelethine
ground plates and connected to the data acquisition system by édltles.equipment
sensors, power supply, amplifier, personal computer and connéetere installed on a

vehicle, which also served as a recording center.
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Figure4. Map showing location of the measurement points and refraction lines in the
Arad area

At each site, the ambient vibration was recorded continuously foni@es,
creating data files of Binutes each of ambient vibration data.Figures5 and 6 we
present examples of the locations of the seismic stations during the site investigation in
the towns of Dimona and AradPrior to performing measurements we checked and
determined the transfer function of the instrumentation in orderfamlitate
transformation of the record signals into true particle velocity system. These
measurements also provide relative calibrations between the different channels of the
entire monitoring system. Figure 7a presents seismograms and correspondirag afpect
horizontal and vertical components for two sets of Hwm@aponent seismometers
recorded at Point 112AIl horizontal seismometers were placed at the same location and
in the same orientation. The amplitude spectra (Figipeshow that the measured

motions are practically identical.
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Figure5. Locations of the seismometers during various sets of the site investigations in
the Dimona area.
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Figure6. Locatons of the seismometers during various sets of the site investigations
the Arad area.
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