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ABSTRACT

Ground motion amplifications due to soft soils, common in urban areas, are a major
contributor to increasing damage and number of casualtighis study we present the next
stage of thewerallpr oj ect A Mi crozoni ng o faunthéden 2804Tios mi ¢
map site response characteristicsoss the study area280km? including the towns oHadera,
Pardes Hanna, Or Agiva, Binyamina, Atlit, Tirat Carmel and Ha#a5 ambier noise
measurementbBave beercarried outon different grid scales. Majority of measuring sites were
spatially distributed each 500 meters. High variations in the observations led us to increase the
density to a grid spacing of 250 m and in some sites 856 m.

Analysis of measurement results over the study area sstimt horizontalto-vertical
(H/V) spectral ratio®f ambient noisewhichyield two resonance peale majority of sitesare
categorized by shape consideribgth peaks and correledl with the geological features.
Frequencies of two peaks arelated to resonances of deep and shallow structures. Spatial
variations of the frequency @i-8 Hz for thefundamentalpeak and).7-10 Hz for the second
resonancgeak) and H/V amplitude level {®0 for both thefundamentabnd secondesonance
peals) reflecting the geological complexjtgre shown in four distribution maps.

In the first approximation thieindamentafrequency has general trend to increase toward
the easin agreement with depth ofie Judea Gr., which is fundamental reflediothe greater
part of the study aresom Haderato Binyaminaexcluding he southwestern padf the study
areawhere the Judea Gr. iBpping to a depth of more 8D0 meterandthe shallow reflector
(calcaeous sandstone of the Kurkar JGoroduceghe fundamental resonance peé& the north
of Binyamina, at the Carmel Coast, while the Turor@momanian complexes are mostly
eroded, the fundamental reflector is represented basically by dolomites of ¢tue Fan.
Different geological structure is clearly reflected in both fundamental frequency and
amplification mapsThe shallow reflector varies over the study ates calcareous sandstone of
the Kurkar Gr., claymarl of the Yafo Fm., Eocergenonian maschalk or Cenomanian chalk in
case of the Carmel coast.

Data from representative boreholes and two refraction profiles integrated with H/V
observations at corresponding locaticare used to develop models of the subsurface at the

measurements sitemd obtain Svelocity model.We note that for the first time, sheaave



velocities for Cenomanian chalk and dolomdtes obtained from the refraction survey in the
Carmel Coast. After testingt manywells, we concluded that-®ave velocity ranges used inet
previous studies in Hashefela region are appropriate to the present study area.

A fair agreement between depths of the top JudeaaGording to the structural magnd
fundamental reflector isbservedat borehole locations. Away from borehole in teatral part of
the study area and especially in the Carmel Cddfgrence in thedepth estimationsis very
considerableResults of subsurface modeling are illustrated by geoloicedcross sections.

By comparison of the Uniform Hazard AcceleratiSpectra calculated for 200 selected
sites and considering the subsurface models constructed across the investigated area, we divided
the area inta23 zones. Each zone is characterized by a generalized seismic hazard function
representative the sites wiith that zone. For many zones the Israel Standard418
underestimates the acceleration in the period r@rigyé sec.



INTRODUCTION
Examples of destructive earthquakes have clearly shown that local site conditions are an

important factor in determininghe seismic hazard specific to a given sitee fundamental
phenomenon responsible for amplification of motion over soft sediments is the trapping of
seismic waves due to the impedance contrast between sediments and the underlying bedrock.
When the struecire is horizontal layered (usually is referred to in the following-Bssiructures),

this trapping effects only body waves travelling up and down to in the surface layers. When the
surface sediments form al2or 3-D structure, i.e.when lateral hetegeneities such as thickness
variations are present, this trapping also affects the surface waves which develop on these
heterogeneities, and thus reverberate back and forth. The interference between these trapped
waves leads to resonance patterns, the estaaqa the frequency of which related with the
geometrical and mechanical characteristics of the structure.

Since 2001 the seismic hazard assessment (or seismic microzoning) studies have been
carried outin the towns of Lod, Ramle, Qiryat Shemona, Kefar awetah Tiqwa, Hod
HasharonRosh Haayin, Dimona, Arad, Bet Shean, Haiféberiasand other (see Zaslavsky et
al., 20012009. In these studies we successfully applied the procedure developed by Shapira and
van Eck (1993) to assess the site specificannmifhazard acceleration response. That procedure
which we term SEEH (Stochastic Estimation of the Earthquake Hazard) is based on the stochastic
method developed and used by Boore (1983), Boore and Atkinson (1987), Boore and Joyner
(1991) among others.

The process of hazard assessment involves: detailed mapping of the fundamental and
other natural frequencies and amplitudes of H/V spectral ratios; compiling geological,
geophysical and borehole data and integrating it with H/V observations to develop modets f
subsurface of many sites across the study area. The subsurface model serves as input for
computing the expected Uniform Hazard Shgecific Acceleration Response Spectra (Shapira
and van Eck, 1993) at the investigated sit@gking sufficient numér of locally recorded strong
ground motions, site specific hazard estimatiarebased on stochastic simulations. We applied
the SEEH procedure (Stochastic Estimation of the Earthquake Hazard) developed by Shapira and
van Eck (1993). This procedure pre#s a number of synthetic earthquake catalogues that
represent the possible future seismic activity within 150 km of the investigated site. For each of

the earthquake in a catalogue, SEEH implements the stochastic simulation method to generate



synthetic gound motions (accelerograms) expected to occur on the free surface of the studies
site. The SEEH also incorporates the uncertainties associated with almost every parameter needed
in the computations.

At the final stage of the simulations, the syntheticdZuntal accelerations propagate to
the surface of the site thr oug-burfateh EBhe SEEH | | ay
procedure uses a soil column model of the subsurface to compute the convolved effect of the
specific site. The subsurface maslefor those sitesare derived by integrating available
geological, geophysical and borehole information relevant to the site and by conducting
seismological surveys where we appledpirical techniques for site response estimatirte
assembly of theseysthetic accelerograms is used to predict spectral accelerations and the unified

probability response spectB0% exceedance in 50 ye&rfor structures with 5% damping.

Empirical approaches implemented in the analysis of site effect

Site response funams are, by definition, equivalent to the spectral ratio with respect to a
reference site, located on rock, when the data are strong ground motions. In regions where the
seismic activity is relatively low, as in Israel, this type of analysis is usuallyastipal. The
critical point of the reference site technique is that the choice of reference motion represents the
true input motion to the soil site. According to Steidl (1993) when possible, the reference ground
motion should be calculated by averagiegezal rock sitesSteidl et al., (1966andZaslavsky et
al., (2002a) show that the assumption of flat response rock sites is often false, mainly due to
weathering. Use these surfawek sites with flat response as reference sites often lead to
underestnation of the amplification by factor of 2 to 4 in frequency range 2 to 7 Hz.
Furthermore,attempts to derive site response estimations from simultaneous recordings on
sediments and on hard rock in an urban area may not be possible.

Lermo and Ghavegarca (1993) drew significant results from a rnaference
technique, which is the receiver function technique, i.e., using the horitomaidtical spectral
ratios of sheawaves. Many studies report that the frequency dependence of site response can,
thus,be obtained from measurements made at only one station at the analyzed site (Lermo and
ChavezGarcia 1994; Theodulidis et al., 1996; Seekins, et al., 1996; Malagnini et al., 1996,
Zaslavsky et al., 1995 and many others). The implementation of this apptuagever, still
requires the rather frequent occurrence of earthquakes.



Spectral analysis of ambient vibrations is an alternative tool to quantify site effbets.
idea of evaluating site characteristics frambient noiseecords originated from theigneer
work of Kanai and Tanaka (1961). They pointed out that the predominant frequency of horizontal
spectra ofambient noisas related to shallow, local geological conditions. Since then it has been
reported that this technique has proved to be effedtivesimating fundamental frequencies.
However, in most cases, due to the influence of artificial sources from dense population, heavy
traffic and industrial activities, resonance frequency cannot be directly identified amthient
noisespectra (Zaslvsky et al., 2001).

Kagami et al., (1982) proposed that the ratio of the horizontal components of the velocity
spectra at the sediment site to those at the rock site could be used as a measure of microseism
ground motion amplification. This techniquenglely used for site response estimations (Rovelli
et al., 1991, Field et al., 1990, 1992; Hough et al., 1990; Malagnini et al., 1996; Gutierrez and
Singh, 1992; Dravinski et al 1995; Gaul et al., 1995; Zaslavsky et al., 1995, 2000; Shapira et al.,
2001). Our experiments (Zaslavsky at al., 2002a) show that bedrock ground motion can be
considered a good reference site with distances as smalla®&®m from the soil site.

Nakamura (1989) proposed the hypothesis that site response function under foeastrai
be determined as the spectral ratio of the horizontal versus the vertical component (H/V) of
motion observed at the same site. He hypothesized that the vertical component of ambient noise
is relatively unaffected by the unconsolidated reaface |gers. Hence, the site response is the
spectral ratio between the horizontal component of microseisms and vertical component of
microseisms recorded at the same locationanalogy to the other approaches, the vertical
component of the surface motions mnesathe characteristics of horizontal components of ambient
noise at depth on the bedrock (reference sifny authors, among them Lermo and Chavez
Garcia (1994), Seekins et 61996), Toshinawa et al. (1997), Ch&®arcia and Cuenca (1998),
Enomoto etal. (2000), Shapira et al. (2001), Mucciarelli and Gallipoli (2004), Murphy and Eaton
(2005), Maresca, (2006), show that the H/V spectral ratio technique can be a useful tool for the
assessment of ground motion characteristics on soft sediments. The uxakapproach has
gained great interest, primarily due to the simplicity in its implementation.

In this study, in order to evaluaempirically potential enhanced ground motion and

assess seismic hazardHadera, Pardes HanBinyaminaand neighboring sééimentswe apply

spectral ratio fromambient noiséechnique.
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In particular, the study focuses on the following objectives:

q Improvement othe Nakamur@& gchnique

1  Empirical evaluation ofthe fundamental and other resonance frequencies and their
associagd amplitude levelobtained fromambient noisemeasurements by dividing of
horizontal components by the vertical components of the Fourier spectra.

Producing maps of the distribution of freques@andamplitudes.

1  Evaluation of the geotechnical charagicds (sheawave velocity and thickness of
sediments) for ondimensional analysis of site effects by detailed comparison between the
analytical and experimental site response functions (stochastic optimization algorithm).

1  Constructing geological crosedions andocating faults.

Extrapolating the derived theoretical models over the study area and integrating them into
computing the uniform hazard site specific acceleration response spectra for 10%
probability during an exposure time of 50 years andpdagiratio of 5%;

1  Dividing the study area into zones based on the comparative analysis of the acceleration

spectra.

GEOLOGICAL OUTLINE

The investigated area is situated along the Coastal Plain extending from Hadera to Haifa,
about 47 km long and almost-1@ km wide in the south and4km alongthe Carmel Mount
(see Fig.1).The geological data of the regi@ame collected from Gvirtzman (1965, 1969, 1970
and 1984), Fleisher and Gafsou (1993, 2000 and 2003) and the geological map of Israel to a scale
of 1:200,000 (Sneh et al., 1998). Geothechnical information is gathered from 66 structural and oil
wells from the database of the Geophysical Institute of Israel Appe A) and about 200
boreholes from thétlas of geological crossections (Ecker, 1999). Tiseibject of the geological
investigation are the hard carbonates of the Judea group (Cretaceous age), constituting the
fundamental reflector in the study area, and the sediment cover rock overlying the carbonates

(Tertiary and Quaternary ages).
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Quaternary sediments

The Quaternary sediments outcropping in the investigated area are represented by alluvium,
dune sands, hamra and kurkar:

1  Sand dunes of Holocene age are exposed along the coastline as a strip up to 5km wide in
Pardes Hanna, conrg 2540% of this area. Sand dunes usually overlay some sandstone
and sometimes alluvium or loam. The thickness of these sediments varies from 2 to 15m.

| Alluvium sediments of Holocene age are composed of sand, soil, gravel, clay and loess and
developedalong river beds ( Nahal Hadera, Bargan, Taninim and sea shore along Carmel)
with thickness varies from 5m to30m, sometimes reaching 1MmyaminaPardes
Hanna).

1  Kurkar Group of Pleistocene age consists of marine and eolian calcareous sandstones
namekdurifk ar o0, s o neel aryeedyd i fishha nerialot,y si | t s, cl ay
conglomerates. The thickness of the Kurkar Gr decreases from abe@0@®0near the
shoreline to Om in the eastern part of area. These rocks crop out along the coastline as a
narrow strip up to 5 km wide, covering the Coastal Plain and the Israel Continental Shelf
representing &% of the area investigated. Two different representative provinces the west
and east can be recognized in the Kurkar Gr. The western province isergpte by
calcareous sandstones ( A k u-silky ssandsjonesnv(mobstly i nt e
Ahamrao) and finer grained sedi ments. Thi s
Shelf. The eastern province is subdivided into threeusuts includng the Rehovot Fm.

(hamras, sands eolianes and some shales); Ahuzam Fm. (conglomerates); and Pleshet Fm.

(marine calcareous sandstones). The Kurkar group unconformably overlays the clays of the

Yafo Fm. of Pliocene age (in the west) or the Judea, Mt. S¢opeedat groups (in the

east).

The geological structure in the area between Binyamina and Haifa (the Carmel Coast) is
considerably different. Here, the Kurkar Gr. directly overlies the Ture@GmmomaniarAlbian
carbonates of the Judea Gr. Here it is @tlyn thick near the coastline, wedging out eastward at

the foot of the Carmel, where the Judea crops out.



Tertiary rocks

The Saqiye Gr. overlies unconformably the Avedat and Mt.Scopus groups and consists of
deep marine marls of the Bet Guvrin Fm. and §itoae of the Lakhish Fm. (Oligocene age). The
sedimentary rocks of Pliocene age are represented by homogenous clay and marly clay of the
transgressional Yafo formation. The sedimentation of the Yafo Fm. was dominated by a
westward tilting of about two dege, which produced an increase in thickness from a few meters
in the eastern area to more than 586m in the HadRaienot Menashe syncline (well SES-2).

1 The Avedat Gr. of Eocene age consists of massive soft silicified chalky limestone and
marl from Om g to 387m thick (Haderawell) related to the Adulam Fm. In the Coastal

Plain area, the Avedat Gr. occasionally overlies the Albian Talme Yafe Fm., the Judea

Group and Senonian Mt. Scopus rocks.

1 Mount Scopus Gr. is represented by ndndlky faciesofthé En Zet i m and Ghal
and the limonitic shale of the Taqgiye Fm. The thickness of the Mt. Scopus Gr. varies from

0 to 250m. It outcrops in the northeastern part of the study area, at the upper Hadera river.

Cretaceous rocks

The Judea group sequence Hzeen divided into three parts consisting of massive
dolomites and limestones of the Yagur Fm. (Alb@@nomanian age); dolomites with
interbedded marls of the Negba Fm. (Cenomanian age) and limestone, dolomites and marls of the
Bina and Dalya Fms. (Turcam age) At the Carmel coast the Carmel chalk complex was
deposited in an outher shelf environment. A hiatus, probably spanning the Upper Cenomanian to
Lower Turonian, terminates the Cenomanian Carmel chalk complex.

The upper part of Judea Gr. represemederally by the Bina Fm., consists of hard white
to gray limestone and dolomite; containing rudist and coral fragments with a thickness varying
from 20 to 160 m. It crops out along the foothills. The total thickness of Judea Gr. reaches 1092
m in the well Caesared. The upper contact of the Bina Fm. is unconformably overlain almost

everywhere by the O6En Zetim Fm.

Structural position of the Top Judea Group

The study area, which occupies the Coastal Plain, Sharon and Carmel Mnt. regions,

includes two majoanticlinal trends: the Caesar®mt. Carmel and Umm El Fahm ranges. The
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Carmel anticline is the most westerly located structure in the northern Coastal Plain. The
subordinate structures of the Carmel anticlines trend in-&WEdirection with an asymmetal,

steep flexure on the southeastern flank. These are separated by the deep asymmetrical syncline of
the Haderd Ramot Menashe area. It descends to the area of the Hhadeth to an estimated

depth of 1300 m below sea level. A pronounced sésnted faulted monocline is observed in

the southern area. The Or Agiva graben is situated between the Caesarea and Carmel structures.
The graben of Neogene age is actively faulted. The vertical displacement of the Benymina fault is
500m. Thetop Judea structal map of the area depicts a complex structural configuration
generated by a compressional regime of the Syrian Arc System, later superimposed by-Neogene

Recent tectonic movements (Fleischer and Gafsou, 2003).

DATA ACQUISITION AND PROCESSING

To obtain infrumental observations of the areal distribution of ground motion
characteristics within the study are&,5 ambient noise measurements were carried out during
the period from Januatp Septembe?00. The work are@af about 28km2 includes the towns
of Hadera (77000 inhabitants),Pardes Hangabout 30000), Binyamina (more than 10000
inhabitants)and adjoining settlements, and alse Carmel Coas{from Byniamina to Haifa).
Normally spatial distribution of measuring sites about 5@mabls enough resolion in the
spectral ratios to identify correlation with geological features in a basin to depth of several
hundred meters. In case of significant lateral variations of the results, density of the grid point
spacing is increased to 250 m. Many measurenveerts made either at or close to the borehole
sites.Site effect measurementshich werecarried out during the Coastal plain and Hashefela
projects (Zaslavsky et al., 2002 and 2Q0&)e taken into account in both stagplanning
measuring sites arahalsis of resultgfor locations see Fig. 9)

Ambient noise measurements are conducted using portable instruments (Shapira and
Avirav, 1995) consisting of a multi channel amplifier, Global Positioning System (GPS) for
timing and a laptop computer with -bét analogueo-digital conversion card to digitize and store
the data. In our experimental agi, each seismograph station consists of three (one vertical and
two horizontal) L4C velocity transducers (Mark Products) with a natural frequency of 1.0 Hz and
damping ratio 70% of critical. The recorded signals are sampled at 100 samples per second and

bandpass filtered between 0.2 Hz and 25 Hz. All the equipment. sensors, power supply,
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amplifiers, personal computer and connectors are carried in a vehictd) aleb serves as a
recording centre. The seismometers are fixed on levelled metal plate placed directly on the
ground. Prior to performing measurements, the individual seismometer constants (natural
frequency, damping and motor constant) are determined sge and step calibration signals,

and then the frequency response functions of all channels are computed. This procedure allows
evaluating change of natural frequency and motor constant (voltage sensitivity) during long time
of measurements in harstormitions in the free field. In the final instrumental test, all
seismometers are placed at the same location and in the same orientation to record the same
waves. It so happens that the differences between the seismic channels are marginal even without
Acrrectingo for the instrumentation response.
of the seismometers, correcting for the instrument response may increase variability and
scattering. It is necessary to remind that all channels (horizomtaleatical) have practically the

same frequency response function and amplifiers are set to the same gain level. Hence, spectral
ratio may be calculated on the recorded signals. Moreover, it is possible to assess the
predominant frequencies in the H/V spacalso at frequencies much lower than the natural
frequency of the seismometer.

To provide a good coverage of the study arem,designthe measurement sites with a
grid spacing of 500 m. Different surface sedimentary deposits, thickness of sedimesheand
wave velocity contrast between sediments and bedrock are also considered in the design stage.
High variation in the observations can lead us to increase the spatial density to a grid spacing of
250 m and in some locations 2300 m. This dense netwoof monitored sites reflects (a) the
high variability of the subsurface properties in the urban areas we study and (b) the relatively
high sensitivity of H/V spectra to variations at depth.

To study the characteristics of spectra of the ambient noisalsjgve compute Fourier
spectra and spectral ratios. The record length (time window) used for spectral calculations
depends on the fundamental frequency. The basic criterion is to choose the minimal time window
which yields spectra that practically do olga when increasing the record length. We have
concluded that at sites with fundamental frequencies of 1 Hz (or more) we should use a record of
at least 30 sec. At sites with lower frequencies, the time window should be increased to 60 sec.
The selected mie windows are Fourier transformed, using cosapering (1 sec at each end)

before transformation and then smoothed with a triangular moving Hanning window. More



1¢

precisely, we apply fAwindow c¢closingodo procedu

smoohing of spectral estimates so that any significant spectral peaks are not distorted.
The H/V spectral ratios are obtained by dividing the individual spectrum of each of the
horizontal components|f) andSw(f)] by the spectrum of the vertical componEsi(f)]:

_ Sws(f)

_ Seu(f)
s/ (f)

s (f)

As(f) Auy(f) 1)

The average spectral ratio for each of two horizontal components is computed, if the
curves of average spectral ratios of the two components are similar then the average of the two

horizontatto-vertical ratios is defined as:
2
+ 43 ———U (2
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u

From comparison between the average H/V curves obtained from ambient noise
recordings of different durations we conclude that recording for ab2utdurs provides reliable
calculdion of the H/V function.

A set of 25- 50 selected time windows, for each site provide an H/V spectral function.
Computations are made using program SEISPECT (Perelman and Zaslavsky, 2001), which was
specially developed for routine analysis and site itigasons. The SEISPECT is a MATLAB
based application for spectral analysis and processing of ground motion recorded by a variety of
seismic instruments. The main modules realized in the program are visualizing and editing the
input data, selecting time mdow and computing Fourier spectra and H/V spectral ratios, saving

and displaying results.



Figure2. Topographical map of the study area and locations of the observation sites.
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