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Abstract
The town of Al-Aluja is one of the important Palestinian towns. The spatial
distribution of the natural periods over a map is presented. It shows the
important characteristics of soil deposit that will effect significantly the
mitigation of the seismic risk impacts. The microtremors are very important
and useful measurements in site response which could compensate the
shortage and deficiency of the seismic recorded data, especially when there
are missing seismic stations.
The aim of this study is to prepare a GIS-based microzonation map of AlAluja area for the purposes of urban planning theme. The predominant
natural frequency at each site within Al-Aluja area was determined using the
Horizontal to Vertical Noise Ratio (HVNR) of the microtremor records. It
was applied to about 80 points which covered the whole studied area. AlAluja area was divided into cells by a grid system of 300 m x 300 m to
estimate the effects of site conditions. The impedance contrast of soil deposit
of sediments shows distribution of frequencies and by using the outputs of
these results, Al Aluja area is classified into four frequencies zones from 0.8
- 1.4, 1.4 - 2, 2 - 2.5 and 2.5 - 3.8 Hz. The results shows that the lower bound
estimate of amplification factor for a soil site is from 2 up to 18 times using
microtremor peak values.
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CHAPTER ONE
INTRODUCTION

2

1.1 Background
Natural disasters are caused by environmental and natural factors that take
away the lives of thousands of people each year and damage large properties.
They strike anywhere on earth, often without any warning. Risk maps of
natural disaster are very useful to identify the places that might be adversely
affected in the event of natural disaster. Earthquakes are one of natural
disaster that have the greatest hazards and will cause loss of life and
properties due to damaging the structures of building, dams, bridges, roads,
etc. Earthquake hazards are usually affected by local geology and soil
conditions. The site effects play an important role in earthquake risk map
because of its amplification or damping simulation.
Palestine region has been suffering earthquake hazards because of the
geographical location and geological conditions of this region. Palestinian
region has about 13 major active faults. The most important one is the Dead
Sea Transform (DST) fault. The DST fault has accommodated left-lateral
transform motion of 105 km between the African and Arabian plates since
early Miocene, creating during this process also the prime example of a pullapart basin, the Dead Sea Basin,(Mohsen et al.,2005, Mohsen et al.,2006).
The DST strikes in a north-northeast direction and extends over some 1000
km from the active spreading centre of the Red Sea, along the Wadi Araba,
Dead Sea, Jordan Valley, Lake Tiberias and central Lebanon to the
continental collision zone in the Taurus-Zagros mountain belt (Quennell
1958, Garfunkel 1981, El-Isa 1990). The second most important fault is
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Wadi Araba fault which extends from the Gulf of Aqaba up to the Dead Sea.
Other faults are the Northern Red Sea faults, the Wadi Sirhan Basalt fault,
Wadi Faraa-Al karmel, Al Jaleel fault, the south East Mediterranean fault
and the Cyprus Zone fault (Jardaneh, 2004).
The largest earthquake magnitude had been occurred along the DST fault
which was about 7.8 at 748 A.C. The most famous recorded earthquake had
a magnitude of about 6.25, and occurred in 1927, and the consequences of
this earthquake was that more than 300 people were killed and more than
1000 buildings were damage in Palestine-Jordan area in most cities, such as
Jerusalem, Nablus, Jericho, Tiberias, Ramallah, Ajlun and As-Salt
(Jardaneh, 2004 and Al-Qaryouti, 2002).
Seismic microzonation can be considered as understanding the procedure
regarding the response of soils under earthquake ground motion using
geological, geotechnical, and geophysical data. Additionally, geological and
geotechnical data are crucial to identify, control, and prevent geological
natural hazards (Bell et al. 1987; Legget 1987; Hake 1987; Rau 1994; Dai et
al. 1994, 2001; GDDA 1996, 2000; Van Rooy and Stiff 2001; Ansal et al.
2001, 2004; Topal et al. 2003; Akin 2009).
A seismic microzonation study consists of three stages: (1) estimation of the
seismic hazard, (2) assessment of local geological and geotechnical site
conditions, (3) assessment of expected seismic response on the ground
surface (Ansal et al., 2004). The seismic hazard for West Bank was
quantified in a study conducted by the UNDP project for the Earth Science
and Seismic Engineering Center (EESEC). The scope of the Stage 1 study
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included compilation of the earthquake catalogue, definition of the seismic
tectonic setting and seismic sources distribution, and estimation of seismic
hazard using adopted ground motion attenuation relationships as input to the
Probabilistic Seismic Hazard Analysis (PSHA) for the Levant region.
Microzonation has generally been recognized as the most accepted tool in
seismic hazard assessment and risk evaluation and the definition of the
zonation of the ground motion characteristics taking into account source and
site conditions (TC4-ISSMGE, 1999). Geographical Information System
(GIS) is an inevitable and very useful tool to prepare the geotechnical maps
and plans related to engineering problems and for proper handling of large
volumes of information related to geotechnical data (Shishay, 2009).
The significance of the study of site soil effect in the case of seismic
amplification lies on not only in the land classification issue but also it has
great importance in the development of building code adopted and used in
the region, as well as, in the development and consolidation of the laws and
regulations associated with each development, residential and construction
activities in region.
The Local surface soil effects importance broke through the famous
earthquakes of Mixico City in 1906 followed by another in 1989. The
sequences of these earthquakes caused an extensive damage in some areas
and little damage in another. Many researchers such as Aki, Topal, Slob
Kanai, Tranaka and Bard related that the main reason of that selective
damage was the deposit soft clay basement, so there is a significant
relationship between local soil conditions and damaging ground motions.
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The recent examples of the highly destructive earthquakes due to the site
amplification effects as Northridge in 1994, Kobe in 1995, and Armenia,
Turkey, Colombia in1999.
This thesis is intended to prepare a GIS-based microzonation map of the
Aluja area which provides the spatial distribution of the predominant natural
frequency and amplification factor at each point within Al-Aluja site, by
using the Horizontal to Vertical Noise Ratio (HVNR) or H/V method of the
microtremors records. Many researchers, like, Ohmanchi et al., 1991; Lermo
et al., 1992; Field and Jacob, 1993, show that H/V method were used to
identify the fundamental resonant frequency and amplification factor of
sediments. (NAKAMURA, 2000). Microtermors are very important and
useful measurements in site response that will compensate the shortage and
deficiency of the seismic record data. This map is considered as the most
essential element for land use policy and seismic risks reduction programs
for the purposes of urban planning theme.
Many studies of H/V method to check and evaluate the consistency of the
technique with the analysis of strong motion records such as, Ch`avezGarc`1a& Cuenca, 1996 Teves-Costa et., 1996, Bour et al., 1998, Jensen,
2000, Ch`avez-Garc`1a and Tejeda-J`acome, 2010; Surve & Mohan, 2010).
Nakamura H/V is a method introduced by Nakamura, which uses the single
station for the evaluation of site response based on non-reference approach.
Briefly, this method is the ratio between the horizontal and the vertical
components using the background of ambient noise. According to this
approach, where in high impedance contrast (more than value of 4) sites, the
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H/V ratio for the wavefield should always exhibit a peak around the
fundamental period (frequency). Hence the Nakamura ratio of background
ambient noise, being often related to the ellipticity of surface waves, can be
used to identify a peak which is very close to the natural frequency (fo) of
the site. The H/V method requires a single 3 component sensor, with the
ability to record low-frequencies, especially if the expected geologic setting
is a deep bedrock, which coincides with a low-frequency H/V peak.
This study will be carried out to Al-Aluja town in Jericho District which is
one of the important Palestinian districts. Jericho is an ancient city locates
on west bank of Jordan River at the north of Dead Sea and it is the center of
Jordan Valley and the food basket to all Palestine. Jericho is famous in
history, tourism, sports, military camps, and best place in winter. In addition
to that, it has unique geological and geotechnical conditions and the only
outlet of Palestinian state to the world. For this reason this district is under
sustainability development programs.
In the context of regional and urban planning, the microzonation integrates
the core of the ledge components that determine the seismic risk and provide
some selection criteria aimed prevention and reduction of the risk. According
to a phased approach to planning and various scales and at various levels of
planning. In urban scale, the identification of the local seismic hazard
associated with the knowledge of the different levels of vulnerability of the
elements and systems exposed, is decisive for the assessment of risk areas
and, therefore to introduce elements of risk as key factors for development
and for the choice of location. This study will provide a two microzonation
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maps for Al-Auja district, one of fundamental frequency and the other of the
amplification factors which will represent as isomap using GIS software.

1.2 Justification of the Study
In general, seismic microzonation and site effect response studies are
missing in our region and in planning in particular. In addition to that such
studies help competent authorities and decision-makers to take appropriate
steps for the development of land use policy in our region.
The main important points of this study may be summarized as follows:
1) The lack of studies that deal with linking disaster risk reduction and
planning with organizational policies which focused on the effect of
site soil in the seismic hazard.
2) The urgent needs to promote and develop laws and regulations for the
planning and organization sector on the theme of land use policy.
3) The enhancement of institutions and governmental and nongovernmental sectors on disaster risk reduction policy.
4) The need for the promoting of institutions and the official and nonofficial Palestinian sectors on use of the seismic building code.

1.3 Goals and Objections
The Jordan Valley area is currently under intensive development projects.
This is due to geopolitical conflict on the ground as the fact that this region
constitutes an economical and geographical outlet of Palestine in general and
to the district of Jericho in particular.
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This study will be the keystone study that will form the essential study to
develop many similar studies in the entire region. It will lead to the
development seismic hazard map and land use policy in the region, which
depends on the seismic evaluation maps.
Other objectives that this study will provide, including:
 Construct seismic microzonation map on the potential amplification
of seismic response of the soil deposit.
 Recognizing the reality of the current spatial distribution of the
buildings and facilities, as well as identifying areas of development in
the region.
 Highlight the importance of nature risk assessment maps in disaster
risk reduction.
 Produce maps to determine the nature and characteristics of buildings
that can be developed through a policy of land use and associated with
National Spatial Plan in the region.
 Identifying the topographical and geological features in the study area.
 Identifying and zoning areas that have the largest seismic soil
amplification as possible.
 Evaluate the foundation soil characteristics of existing important
building, such as schools, civil defense.
 The development of special standards and specifications for future
construction projects according the development region plans.
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1.4 Research Questions
 Does Al-Aluja soil deposits amplify the seismic wave response?
 To what extend the assessment of the geological and geotechnical
parameters play in urban planning & engineering aspect?
 Is the microzonation approaches have major contribution on land use
pattern and physical development?

1.5 Methodology
The preparation of the seismic microzonation maps is valuable solutions for
evaluating the effects of natural hazards in urban planning and earthquakeresistant design of constructions.
Two main approaches: the first one is the field survey which include the data
acquisition and analysis to produce the site response amplification and
natural frequency maps. The second approaches, are cartographic survey
which obtained from existing maps and aerial photographs, besides direct
observations and data collection from the study area.
The chart of Figure 1.1 depicts the overall methodology utilized in this
research for developing a GIS amplification and natural frequency maps.
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Figure 1.1: Flowchart of the research Methodological approaches.

Gathering Information Framework
This framework includes gathering and investigation of the existent
geological, geotechnical and geophysical data of the study area, as well as
field observations, sampling and aerial photo studies. In addition to that it
will include the distributional of buildings and population density. The above
information were collected from institutions and official bodies such as the
Ministry of Planning, the Ministry of Palestinian Housing and the Palestinian
Central Bureau of Statistics (PCBS), as well as informal institutions like
NGO’s, such as, Applied Research Institute-Jerusalem (ARIJ,2010).
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Theoretical Framework
This framework includes access to sources, references, studies, researches,
theories and concepts related to H/V (Nakamura) technique which is based
on the original method proposed by Kanai, Tanaka and Nakamura (1971).
This technique is based on the passive recording of background noise of
ambient vibration and also called microtremors which refer to the technique
that uses the spectral ratio of horizontal-to-vertical (H/V) components of
ambient noise at the ground surface. The main use of this method is to
estimate the site fundamental frequency.
The H/V noise is the ratio between the Fourier spectra of the horizontal and
vertical components of ambient vibration and also called microtremors, was
introduced in the early seventies by several Japanese scientists (Nogoshi and
Igarashi, 1971; Shiono et al., 1979; Kobayashi, 1980; Nakamura, 1989). The
measured value of H/V spectral ratio of microtremor was used to estimate
the predominant frequency and the amplification factor (Nakamura, 1989).
The H/V spectral ratio method is an experimental technique that helps define
some dynamic characteristics of consolidation deposits, mainly the natural
frequency (Sesame 2004b, 2005). Due to the low cost and a good estimation
of the natural frequency of soil deposits, the H/V technique has been adopted
in seismic microzonation investigation.
H/V technique provides many advantages over alternative methods
including (Turnbull, 2008):
 Low cost.
 Rapid field phase.
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 Low and flexible instrumentation requirements (a single
seismometer and data logger of almost any type is required).
 Field data can be collected at any time during the day or night (the
results are insensitive to ambient social noise).
 No basement rock reference site is required (thus eliminating
trigger synchronization between reference and multiple test site
seismographs).
 Rapid software aided analysis.
 Insensitivity to ground-shaking resonance peaks.
 Ability to compare results obtained from non-contiguous survey
fields.

Analytical and Evaluation Framework
This framework has been divided into two parts; the first one is data
acquisition that associated with gathering data from the field by using
geophysical survey instruments, which consists of Seismograph and
Seismometer. The seismograph type is Summit X STREAM Pro 24 bit is a
robust 24 channel seismograph specially designed for several engineering
applications, such as, H/V and MASW (Multichannel Analysis of Surface
Waves). The available seismograph is all in one that includes: integrated PC,
high resolution color display, ingress trigger and data download cable and
acquisition software. Furthermore, the available seismometer is Geospace
Seismometer Station 1 Hz (sensors HS-1) provided with connector for
Summit (weight 13 kg-dimension 50×50×50 cm). Geospace Seismometer
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measures the ambient noise with 1 Hz corner frequency. It is considered
appropriate for estimating natural frequencies of the sediments as in our
study (Operation Manual of Geospace, 2010).
The microzonation will start 300 meters grid spacing and due to field
obstruction and limited accessibility the grid spacing will go to the largest
spacing acceptable which is 500 meters. The recording parameters of passive
survey of data collection will be 4ms and 8ms (millisecond) of sampling
interval with a 30 minutes of total recording time, using low frequency three
components receiver geophone.
The second part is linked to the data processing that has been collected from
the field using specialized programs. This includes the analysis of the data
using GEOPSY which use the Fourier spectral ratio of the two horizontal
components to the vertical component of the ambient noise frequency
(Nakumura Technique). Through this technique one can determine the
natural frequency of the soil, which in turn gives a clear vision of how the
potential seismic amplification of the region is associated with frequency of
land in the same location.Geopsy is open source software for geophysical
research and applications. It is commonly used software in European
Projects. It has provided tools for processing ambient vibrations with site
characterization. (www.geopsy.org, 2005).
As the results of analysis of collected data from the field, maps of waves
amplifications associated with the effect of soil deposits will be produced
using GIS applications. Moreover, guidelines maps will be produced for new
construction projects based on land use policy.
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Another important output of this project is the significant in the National
Spatial Plan. The existing plan is based only on land classifications according
to topographic and geological aspects, as well as, agricultural uses. However,
introducing site effect from this study will enhance the national spatial
planning and becomes more realistic, especially for new construction
projects. In other words this study will assist in land use policy.
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CHAPTER TWO
LITERATURE REVIEW
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2.1 General Background
Research Studies have shown that seismic risk caused by earthquakes is
closely linked to the geographical conditions of the site and geology of the
local soils (Bard, 1994 and Bard, 2000, Bard, 1995, Rezaei et al., 2012 and
Nogoshi, & Igarashi, 1970, 1971). These studies have proven that the risk
associated with the effect of amplifying seismic waves which associated with
the impact of the site is devastating and heartbreaking. For example local
amplifications over unconsolidated soil have been shown high intensity scale
as in San Francisco earthquake in 1906. Another example as in Mexico City
in 1985 which has left enormous devastation in sites with poor, soft soils,
while at the same time the destruction and damage were few and limited in
sites with solid and relatively strong soils.
The classification of the sites is the most important aspect in planning
requirements which are directly based on geological and topographical
classification, in order to develop land use policy, as well as, disaster risk
reduction. The effect of soil amplification constitutes an important challenge
in land use policy and is reflected by two main aspects. The first one is
closely linked to sustainable development, which are in dire need to meet the
current and future social needs. The most important elements of this aspect
are the classification and sorting territory which are effectively
rationalization of areas associated with the natural increase of population.
The second aspect is the difficult geopolitical situation that experienced by
the Palestinian people and this is an element of particular importance because
of the presence of the occupation on the ground.
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The conventional soil exploration that includes drilling of boreholes is very
expensive and time consuming in order to estimate the effect soil deposit
response. Nowadays, the trend has become looking for ways and techniques
that give good, acceptable results and less expensive. For this reason the
measurements based on seismic noise or ambient background noise has been
appeared. These methods have become very common in studies of the site
effect, due to the simple way of getting results, very fast, and less expensive.
There are several ways that based on the ambient noise to find out soil effect
due to earthquakes. The famous method is a technique that proposed by
Nakamura 1989 and equivalent to the empirical method H/V spectral ratios
on ambient vibrations.
An important requirement for the implementation of the H/V method is a
good knowledge of engineering seismology combined with background
information on local geological conditions supported by geophysical and
geotechnical data. The method has wide spread use is typically
microzonation studies and in the investigation of the local response of
specific sites (SESAME, 2004).
Such studies were carried out in different regions worldwide. For example,
in the eastern part of Kingdom of Saudi Arabia studied were carried to
Dammam and Al Khabar cities to determine seismic microzonation and site
effect response (Enais et el., 2012). Shasha, 2009 studied site specific
responses and its relationship with the geological formations in Kochi city
of Kerala State, India. Microtremor measurements in Yanbu city of Western
Saudi Arabia: A tool for seismic microzonation (Fnais et al., 2010). Local
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site characterization and seismic zonation study by utilizing active and
passive surface wave methods: A case study for the northern side of Ankara,
Turkey (Eker et al., 2010). Local site effect microzonation of Lorca town
(SE Spain) (Navarro et al.2014). Seismic Microzonation of the Urban Area
Using Microtremor Measurement (Case study: Kermanshah City) (Sharafi et
al., 2009). Site response studies in Mumbai using (H/V) Nakamura technique
(Surve and Mohan, 2010). A study of local amplification effect of soil layers
on ground motion in the Kathmandu Valley using microtremor analysis
(Paudyal et al., 2012). The Use of Ambient Seismic Noise Measurements
for the Estimation of Surface Soil Effects: The Motril City Case (Southern
Spain) (Yuncha et al., 2004). Spatial zonations for regional assessment of
seismic site effects in the Seoul metropolitan area (Sun et al., 2014). Urban
microzonation study for Esenler district, Istanbul, Turkey (Kurnat et al.,
2011).

2.2 Site Response Analysis
The evaluation of the dynamic stresses and strains for the evaluation of the
site effect hazards is achieved by using ground response analysis in order to
study the ground surface motions. In reality the understanding of the energy
nature and the propagated waves from the source which transfer through the
earth to the top of the bedrock beneath a particular site, is so complicated and
uncertainty.
The local soils effects are influenced by the depth of soft soil above the
bedrock layer. Seismologists and geotechnical engineers have worked to
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develop quantitative methods for predicting the influence of local soil
conditions using strong and weak ground motion vibrations.

2.2.1 Soft Soil Deposit
Many cities were located on soft surface deposits, such as San Francisco,
Kobe, Lima, Tokyo, Izmir, Lisbon, Osaka and Mexico City, so that the
studying of the effects of soft surface layers is essential to minimize the
earthquake damages affected by the local site effects.
The site effect amplification results from seismic wave trapping
phenomenon, due to the impendence contrast between the Bedrock and Soft
soil as shown in Figure 2.1.

Figure 2.1: Urban area in different response site effect.

The one dimensional (1D) structure is horizontally layered, it has simple
pattern since, only the body waves are reverberating up and down in the
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surface layers. But when two dimensional (2D) structures are formed in
combined with body wave the surface waves are travelling back and forth
since their thickness variations due to lateral heterogeneities. So 2D patterns
are more complex than 1D.

2.2.2 Topographic Effects
The site effect does not only affect by soft soil deposit but also by the ground
geometry. For example, buildings located on hilltops usually have high
destruction.
Several studies such as Geli et al. 1988; Faccioli and Finn, 1991 gave an
additional results ensured that topography is affecting ground motion
parameters such as frequency and the amplitude of the signals. There is
insufficient number of instrumental studies dealing with the topographic site
effects in comparison with many instrumental studies handing the soft soil
effects.
Additional evidence that local site is affected by the topographic features, is
the theoretical and numerical models that illustrated the amplification of
seismic wave over convex topographies such as ridge crests and cliffs. On
the contrary the concave topography showed de-amplification effects on
valleys and base hills. (Lacave et al., 2004 and Pedersen et al., 1994).
In Al-Aluja study area most of the area is flat plain and a small part is steep
cliffs in the western part of it. This leads that most of the site effects
considerations must concentrate on the soft soil amplification effects rather
than the topographic one.
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2.2.3 Amplification
Where the actual field is not an ideal case and the amplification functions are
not smooth, so the ideal assumptions consideration will simplify the analysis
of the ground response function. For the amplification of one-dimensional
structure of the surface and subsurface layers and assuming homogenous
materials, horizontal layering and vertically propagating of S-waves, the
amplification-smoothed function is (Aki and Richards, 1980):

𝐴𝑂 = 1
𝐶

2
+0.5𝜋𝜉𝚤

𝜌2 𝑉𝑆2
𝐶=
𝜌1 𝑉𝑆1
Where:
C is the impendence contrast
𝜉𝚤 : The material damping of the surface layers
According to the above formula, the amplification is related to the
impedance contrast between the firm layers (bedrock) and the soft layers
(sediment) see Figure 2.2. While the surface amplification according to
Kanai, 1962 is:
1

𝐴 (𝑇) =

2

1+𝐾
𝑇 2
0.3
𝑇
√[
−
+ [
×
]
1 − 𝐾 {1 (𝑇𝑆𝑜𝑖𝑙 ) }]
𝑇
𝑆𝑜𝑖𝑙
√𝑇𝑆𝑜𝑖𝑙
Where:
T: period of seismic waves.
𝑇𝑆𝑜𝑖𝑙 : Predominant Period of the soil.
K: The impendence contrast.

2
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𝜌𝑆𝑜𝑖𝑙 𝑉𝑆𝑜𝑖𝑙
𝐾=
𝜌𝑅𝑜𝑐𝑘 𝑉𝑅𝑜𝑐𝑘
According to the above equations, the amplification of soft soil is higher
than that of bedrock and this is shown in Figure 2.3.

Figure 2.2: Conceptual profile earth model.

Figure 2.3: Amplification spectral ratio with respect to Bedrock site.
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2.2.4 Theoretical Fundamental Frequency
The fundamental frequency which occurs at maximum amplification for
the frequencies and usually occurs at the surface sediment layers. This
frequency is named as resonance frequencies. (Bard, 2007; Carniel et al.
2006, 2007). The sediment deposit layer filters the frequencies, it may
amplify some and attenuate others.
The resonance frequencies depend on the thickness and velocities of
surface deposit layer, the formula of resonance frequency were derived
based on the hypothesis that the soil material has homogeneous properties
and linear elastic behavior under small deformations and considering two
layers, soft sediment layer over the bedrock firm layer see Figure 2.4.
The formula is:

𝐹𝑆ℎ𝑒𝑎𝑟,𝐾 = (2𝐾 + 1)

𝑉𝑠
4𝐻

𝐹𝐿𝑜𝑛𝑔,𝐾 = (2𝐾 + 1)

𝑉𝑃
4𝐻

Where:
𝑉𝑆 : The propagation of shear wave velocity.
𝑉𝑃 : The propagation of P wave velocity.
𝐻: The surface layer thickness.
𝐾: A corresponding Eigenmode to each frequency.
𝐹𝑆ℎ𝑒𝑎𝑟,𝐾 is more important than 𝐹𝐿𝑜𝑛𝑔,𝐾 for engineering design, because
the primary design of the building for vertical loads are mostly controlled
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by deal load and live load, whereas the structures are less resistant to the
horizontal loads as long as they are considered as mysterious.
According to that the resonance frequency 𝐹𝑂 which obtained from
equation above at fundamental mode K=0:
𝐹0 = 𝐹𝑆ℎ𝑒𝑎𝑟,0 =

𝑉𝑆
4𝐻

Where, the angular natural frequency
𝜔0 =

𝜋𝑉𝑆
2𝐻

Whereas, the characteristic site period is:

𝑇𝑆 =

2𝜋 4𝐻
=
𝜔0
𝑉𝑆

The estimation of an average 𝑉𝑆 if H is known:
𝑉𝑆 = 4𝐻𝐹𝑆ℎ𝑒𝑎𝑟,0
The estimation of a minimum sediment thickness if 𝑉𝑆 is known at surface
layer:
𝐻=

𝑉𝑆
4𝐹0

Noted that 𝐹0 is related to resonance frequency within the entire sediment
column under the assumption 1D locally structure.
According to the resonance frequencies phenomena, and the damages of the
structures due to the site effect amplification, most of scientists try to avoid
the matching of fundamental periods (frequencies) of structures and the
fundamental frequencies of the engineering surface layer.
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Figure 2.4: Profile elastic layer on half space.

2.3

Site Response Estimation Techniques

Seismologists and Engineers are always seeking to find effective and low
cost methods to evaluate local site effects. Site effects can be estimated by
several techniques, the most common are:
 Experimental techniques
 Numerical techniques
 Empirical techniques
 Hybrid Techniques
This section discusses the above techniques for evaluation of site response
effect.

2.3.1 Experimental Techniques
Experimental techniques based on estimating the motion characteristics of
the ground using the background ambient, noise or shaking ground motion
records. These techniques may be reference or non-reference techniques.
Most common of reference techniques are Standard Spectra Ratio Technique
(SSR), Generalized Inversion Technique (GIT) and Coda Wave Technique
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(CWT). While most common non-reference techniques are H/V Spectral
Ration of Weak Motion and Horizontal to Vertical Spectral Ratio Technique
(HVSR).

2.3.1.1 Standard Spectral Ratio Technique (SSR)
SSR is one of the most importance reference techniques for site response
evaluation. It is the spectrum ratio that obtained from dividing two spectrum
amplitudes in order to detect the two parameters of the amplification effects
which are resonance frequency and amplified value. This technique
estimates the site amplification by using site reference, which is vacant from
any site effects besides the elimination of the path and source effects. It will
be considered as identical to the targeted (interested) sites as close as to the
reference sites to be sure that the source and path effects are excluded.
Figure 2.5 shows the principle description of the SSR technique.

Figure 2.5: General description of the Spectral Ratio Technique (SSR).

27

Borcherdt, the scientist who developed the SSR technique considered that
the reference site is the outcrop bedrock. Burckhardt extracted and presented
results from earthquakes records which happened in 1906 and 1957 and
compared these results with the nuclear explosions measurements which
held in San Francisco (Borcherdt, 1970).
Field et al, 1990 used this technique to calculate spectral ratios of
microtremors in a glacially cut valley filled with Holocene sediments. They
concluded that the necessity of making simultaneous recordings on a firm
ground added valuable uses of this technique. They included the spectral
ratios measurements between two sites which are firm bedrock as a reference
site and target site in Holocene sediments in the valley (Field et al., 1990 and
Lutro, 2011).
The primary requirements of the application of SSR technique are:
a) Earthquake data records for both reference and surface soil sites at the
same time.
b) Sites effects such as amplification soil deposits and topography should
be entirely excluded in the reference site.
c) The target soil site should be nearly close to the reference site in order
to minimize the path and source effects of the wave propagation.
The local soil amplification is the ratio of the Fourier amplitude spectra of
the soil deposit site Α (Ϝ)𝑆𝑜𝑖𝑙 and the bedrock reference siteΑ (𝐹)𝑅𝑜𝑐𝑘 . The
spectral ratio is:
𝑆 (𝐹)𝐴𝑚𝑝𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 =

𝐴 (𝐹)𝑆𝑜𝑖𝑙
𝐴 (𝐹)𝑅𝑜𝑐𝑘
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Where the main spectral amplitude ratio is:
𝑆
𝑆
𝑆
𝐴 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒
. 𝐴 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛
. 𝐴 (𝐹)𝑆𝑖𝑡𝑒
𝐴 (𝐹)𝑆𝑜𝑖𝑙
𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒
=
𝑅
𝑅
𝑅
𝐴 (𝐹)𝑅𝑜𝑐𝑘 𝐴 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒 . 𝐴 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 . 𝐴 (𝐹)𝑆𝑖𝑡𝑒 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒

Where:
𝑆
𝐴 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒
: The Spectral Source amplitude effect.
𝑆
𝐴 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛
: The Spectral of the Path propagation effect.
𝑆
𝐴 (𝐹)𝑆𝑖𝑡𝑒
𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 : The amplitude spectral of the soil.

𝐴 (𝐹)𝑅𝑆𝑖𝑡𝑒 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 : The amplitude spectral of the outcrop bedrock.
As mentioned above, this technique requires two seismic setting stations in
both firm and soft soils. These stations are not available in our country;
hence, this technique cannot be used locally.

2.3.1.2 Generalized Inversion Technique (GIT)
GIT is another reference technique that was presented by Andrews in 1986
to reform the spectral ratio method. The decomposition of the spectral of the
body wave is consisted of three components which are site, source and path.
The GTI technique required strong motion record, if the input data is mainly
of weak motion record, then the nonlinear response analysis of the deposit
will not be accurately predicted (October, 2010). The primary spectral
amplitude formula of this method for describing ith sites having jth earthquake
record is:

Α𝑖𝑗 (𝐹) = 𝐴𝑗 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒 . 𝐴𝑖𝑗 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 . 𝐴𝑖 (𝐹)𝐿𝑜𝑐𝑎𝑙 𝑆𝑖𝑡𝑒
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Where:
Α𝑖𝑗 (𝐹): 𝑇ℎ𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑜𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝑎𝑡 𝑠𝑖𝑡𝑒 𝑖
𝑑𝑢𝑟𝑖𝑛𝑔 𝑗 𝑒𝑎𝑟𝑡ℎ𝑞𝑢𝑎𝑘𝑒
𝐴𝑗 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒 : Source function effect.
𝐴𝑖𝑗 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 : Path propagation function effect.
𝐴𝑖 (𝐹)𝐿𝑜𝑐𝑎𝑙 𝑆𝑖𝑡𝑒 : Local Site function.
To simplify the formula we can rewrite the equation into logarithmic way as:
Ι𝑛𝐴𝑖𝑗 (𝐹) = 𝐼𝑛𝐴𝑗 (𝐹)𝑆𝑜𝑢𝑟𝑐𝑒 + 𝐼𝑛𝐴𝑖𝑗 (𝐹)𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 + 𝐼𝑛𝐴𝑖 (𝐹)𝐿𝑜𝑐𝑎𝑙 𝑆𝑖𝑡𝑒
Andrews, 1986 and Bonamassa and Mueller, 1988 stated that there is no
significant contribution from GIT method over the SSR method because the
source and path response are still uncertainty.

2.3.1.3 Coda Wave Technique (CWT)
According to the seismogram record, the coda waves come after the body
waves and surface waves. It refers to the tail or the end of the signal of the
earthquake event. The waveforms Coda can be written as a function of lapse
time and frequency, this is because spectral of wave form of the Coda portion
are characterized by independent of source receiver and orientation.
The Spectral power function of the waveform Code 𝑃 (𝑓, 𝑡)𝐶𝑜𝑑𝑎 is:
𝑃 (𝑓, 𝑡)𝐶𝑜𝑑𝑎 = |𝑆 (𝐹)|2 𝐶 (𝑓, 𝑡)
Where:
S (F): is a function of site conditions and earthquake source.
𝐶 (𝑓, 𝑡): is a function of frequency and lapse time. The lapse time is the
measurement time between the source origin time and the coda portion
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Many scientists, such as, Aki, Tsujiura, Raution, and Khaltarin, show the
simplicity of utilizing this technique and this is due to enhancement of the
stability of the Coda shape. As a significant conclusion from many studies
(Aki, 1969, 1980; Rautian and Khalturin, 1978; Chouet et al., 1978, Tsujiura,
1978), shear waves predominant were comprised from the back scattered
coda wave. This technique can be used locally (Al-Auja Site) if many local
earthquake records for the waveform are available.

2.3.1.4 H/V Spectral Ratio of Weak Motion
Longston, 1979 proposed the H/V spectral ratio of the weak earthquake
records to determine the velocity structure of the crust in combined with the
receiver function method.
The first use of this technique was in 1993 by Lermo and Chavez-Garica at
three different sites in Mexico City. Based on several studies of weak and
strong motion analysis (Chavez-Garcia el al., 1996; Bonilla et al., 1997;
Riepl et al., 1998; Zare et al., 1999 and many others scientists), they
concluded several results regarding H/V spectral ratio of weak motion as
follows:
1- Experimentally, the shape of H/V ratio has good stability.
2- The H/V ratio is less affected by source and path effects and correlated
with local soil deposit.
3- The H/V ratio relates to the type of incident waves, and the
amplification factors could not be straight forward estimation.
4- The overall frequency depends on H/V ratio of S-waves signals.
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5- It is worth mentioned that this technique is only applied on soft soil
deposit.

2.3.1.5 Horizontal to Vertical (H/V) Spectral Ratio Technique (HVSR)
In many cases, the reference sites are not always available due to difficult to
find very close hard rock reference station, which consider as ideal reference.
The alternative approach in this case is the non-reference one. Nogoshi and
Igarashi were the first who introduced the H/V ratio in 1971, then Shiono et
al., 1979, Kobayashi, 1980 and this method was widely spread by the
scientist Nakamura in 1989. Many authors describe this technique by various
terms, such as microtremors, background ambient noise, H/V ratio and
Horizontal to Vertical Spectral Ratio (HVSR).
The main assumption of this technique is that the amplification can be
estimated by finding the ratio between the horizontal component and vertical
one regarding that the vertical component does not be affected by site
condition. Figure 2.6 shows the general description of the Nakamura
Technique (H/V).

32

Figure 2.6: General description of the Nakamura Technique (H/V).

The stability of the H/V ratios is more than that of raw noise spectra based
on many of experiment studies such as Ohmachi et al., 1991; Lermo, 1992;
Duval et al., 1995; Seekins et al., 1996; Riepl et al., 1998, and others who
also confirm this stability ratio.
The horizontal and vertical polarization of the ellipticity of Rayleigh waves
caused good interpretation to the fundamental frequency that illustrated by
lachet and Bard in 1995 as shown in Figure 2.7. According to Nakamura
1989, 2000, the Spectral Fourier ratio between the horizontal and vertical
components can be presented in equation as:
2
2
𝐻𝑆 (𝐹)
𝐻𝑁−𝑆
+ 𝐻𝐸−𝑊
√
𝐻 ⁄𝑉 =
=
𝑉𝑆 (𝐹)
2𝑉 2
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Where:
𝐻𝐸−𝑊 : The Amplitude of spectral Fourier in Horizontal East-West direction.
𝐻𝑁−𝑆 : The Amplitude of spectral Fourier in Horizontal North-South
direction.
V: The Amplitude of spectral Fourier in Vertical direction.

Figure82.7 The simple model of Nakamura technique.

2.3.2 Numerical Approach
The site effects responses are evaluated by analytical and numerical models
using different soil behavioral relationships under many different conditions.
These methods could be facilitated with high performance by using computer
to build up very complex relationships models for seismic site response. This
approach has many techniques; the two most common techniques are
described and discussed in the following sections.
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2.3.2.1

Geotechnical Parameters-Amplification Relationship

In the existence of the geotechnical data, for instance Standard Penetration
Test (SPT) and the shear wave velocity, as well as the geological Information
maps, one can estimate the amplification factor based on several formulas.
Such formulas were presented by Joyner and Fumal, 1984; Midorikawa,
1987; and Borcherdt et al., 1991. El-Shahat, 2003 showed the contingency
of the Midorikawa relationship applied on the Gulf of Suez (Fnais et al.,
2012). Table 2.1 shows the shear wave velocity and amplification
relationship.
Table 2.1: Correlations between Average Shear Wave Velocity and
Relative Amplification (TC4- ISSMGE, 1999)
1

Author

Proposed Equation

Joyner and Fumal (1984)

RA = 23 𝑉𝑆−0.54
−0.6
RA = 68 V𝑆30
(𝑉𝑆30 < 1100 m/s)

Midorikawa (1987)

RA = 1.0

(𝑉𝑆30 > 1100 m/s)

AHSA = 700/𝑉𝑆30 (for Weak Motion)
Borchedt et al. (1991)

AHSA = 600/𝑉𝑆30 (for Strong Motion)

Where:
RA: The relative amplification
AHSA: The average horizontal spectral amplification in the frequency
range of 0.25 to 5 Hz
𝑉𝑆30 : The average shear wave velocity over a depth of 30 m (m/s)
𝑉𝑆 : The average shear wave velocity over a depth of one quarter wave
length for a 1 sec period wave (m/s)
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2.3.2.2

One-Dimensional Response of Soil Columns (1D)

According to soil column theory which refers to the multiple reflection of Swaves in the horizontally deposit layer, the incoming S-waves excited as a
vertical incident with a surface bedrock motion corresponding.
Geophysical and geotechnical data such as material damping factor, shear
wave velocity and the layer thickness are required for the analysis. This
analytical methods can be used either for linear or non-linear soil behavior.
The widely spread software that used in this calculations is the SHAKE
program (Schnabel et al., 1973).

2.3.3 Empirical Approach
Empirical approach is used to evaluate the site response that mainly derived
from many earthquake parameters motion, which correlated with site
geology classification. These methods could evaluate the site response for
specific location in absence of the earthquake observations using empirical
formula.
Many empirical relationships are derived from the various records of
earthquake motion and the surface geology Information. These empirical
relations could conceptually estimate the effects of soft sediments based on
only the surface geology information. The following sections describe the
most common empirical technique.
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2.3.3.1

Geology Amplification Relationship

Relationships between the amplification factors and the surface geology are
presented by Borcherdt and Gibbs 1976, Shima 1978 and Midorikawa 1987.
These relationships are presented as shows is Table 2.2.
Table 2.2: Correlations between Surface Geology and Relative
Amplification (TC4- ISSMGE, 1999)
Geological Unit

Relative Amplification

Borchedt and Gibbs (1976)
Bay mud

11.2

Alluvium

3.9

Santa Clara formation

2.7

Great Valley Sequence

2.3

Franciscan Formation

1.6

Granite

1

Shima (1978)
Peat

1.6

Humus soil

1.4

Clay

1.3

Loam

1

Sand

0.9

Midorikawa (1987)
Holocene

3

Pleistocene

2.1

Quaternary volcanic rocks

1.6

Miocene

1.5

Pre –Tertiary

1
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2.3.3.2

Geology-Intensity Increment Relationship

Many researchers such as, Medvedev, 1962; Evernden and Thomsom, 1985;
Kagami et al, 1988 and Astroza and Monage 1991 presented the relationship
between the seismic intensity increments and the surface geology
information based on the seismic observations in different regions. Tables
2.3, 2.4, 2.5 and 2.6 below show the empirical correlations between the
surface geology and seismic intensity were given by Medvedev in Asia,
Evernden and Thomson in California, Kagami et al., in Japan and Astroza
and Monge in Chile.
Table 2.3: Intensity Increment for each geological unit (Medvedev’s,
1962)
Lithology

MSK Scale

Granites

0

Lime stone sand stone shale

0.2-1.3

Gypsum,Marl

0.6-1.4

Coarse material ground

1.0-1.6

Sandy ground

1.2-1.8

Clayey ground

1.2-2.1

Fill

2.3-3.0

Moist ground (gravel , sand , clay

1.7-2.8

Moist fill and soil ground

3.3-3.9
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Table 2.4: Intensity Increment for each geological unit (Everden and
Thomson, 1985)
Lithology

MM Scale

Granitic and metamorphic rock

0.0

Paleozoic rocks

0.4

Early Mesozoic rocks

0.8

Cretaceous to Eocene rocks

1.2

Undivided tertiary rocks

1.3

Oligocene to middle Pliocene rocks

1.5

Pliocene Pleistocene rocks

2.0

Lithology

MM Scale

Tertiary Volcanic Rocks

0.3

Quaternary volcanic rocks

0.3

Alluvium (water table (<30 ft)

3.0

30 ft < water table <100 ft

2.0

100 ft < water table

1.5
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Table 2.5: Intensity Increment for each geological unit
(Kagami et al. 1988)
Lithology

MM scale

Talus

0.0

Andesite

0.0

Gravel

0.2

River deposits

0.4

Volcanic ash

0.5

Sandy silt

0.7

Clayey silt

0.8

Silt

1.0

Peat

0.9

Table 2.6: Intensity Increment for each geological unit
(Astroza and Monge, 1991)
Lithology
Granitic rock

MM scale
0

Volcanic pumicite ashes

1.5 ~ 2.5

Gravel

0.5 ~ 1.0

Colluvium
Lacustrine deposits

1.0-2.0
2.5
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2.3.3.3

Empirical Green’s Functions Technique (EGF)

EGf is well known in seismological community more than engineering
community. Records from the main shock and after shock are used to analyze
the past large earthquakes source process.
The main features the EGF technique is that it can synthesize physically
realistic, time history and specific acceleration of the site. However, this
technique cannot predict the expected strong ground rupture during large
events (Mueller, 1985; Courboulex et al. 2000).

2.3.4 Hybrid Approach
Hybrid approach is based on coupling of two or more techniques of analysis
to evaluate the site effects, such as the evaluation of site response analysis
depends on the numerical earthquake models and the seismic motions
observations. Such approach needs high technology in step with advanced
expertise.

2.4 H\V Spectral Ratio Technique (Nakamura Method)
The site amplification effects are mainly expressed by two parameters; the
fundamental period and the amplification amplitude factors of the local soft
deposit, which overlays above the firm deposit (bedrock).
The Nakamura technique, or the microtremor measurements, mainly
depends on the ambient background noise. This made the geophysicists
reconsider the man-made and natural noise from “enemy” to “friend”. (Chen
et al., 2008). The first who described the microseism vibration is Beno
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Richard Gutenberg in 1911. He gave a comprehensive review about the
nature and origin of the seismic noise. He stated in his article that was issued
in 193 that the earth’s crust is always vibrating and shaking because of many
different causes such as industry, wind, rain, waterfalls, traffics and … etc.
According to this article, which was about “Microseisms in North America”:
“Our most sensitive seismographs are never at rest. They show that there are
always small movements of the earth’s crust which are called microseisms.
“(Gutenberg, 1931).
When the ground is vibrated below 1 Hz, corresponding to long period range
the sources are natural effects such as, oceanic and large scale meteorological
conditions. This is referred to as microseism trembles (long period). While
if the ground is vibrated above 1 Hz, corresponding to a short period T<1
sec, the sources are mostly caused by background noise such as winds,
traffic, industry, factory, sea wave, storm, and machinery activities. Such
vibrations are called microtremor trembles (short period). The range of the
ground vibrations of ambient noise (for both) is from o.1 Hz to 10 Hz, which
corresponds to periods of 10 sec to 0.1 sec.
The distinction between microtremor and microseism is not clearly discussed
in many publications. In 1978, Asten, the first scientist distinguish between
these two terms by assigning limiting values for each type to vibrations as
shown in Table 2.7. Adopted by Asten and Henstridge in 1984. It is quite
obvious that the boundary between the two types (long & short periods) is
not exactly fixed or precise value. However, and for the sake of simplicity
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many researchers assumed a value of 1 Hz as the dividing frequency between
the two types.
Table 2.7: Summary of Asten (1978) and Asten and Henstridges (1948)
work on variation in frequency content of seismic noise sources.
Asten (1978)
Asten
and
Henstridge (1948)
Oceanic waves striking 0.5-1.2 Hz
0.05-0.66 Hz
along the coasts
Monsoon/large scale
0.05-0.02 Hz
meteorological
perturbations
Cyclones/storms over 0.6-2 Hz
0.2-2 Hz
the oceans
Urban
>1.2 Hz
>1 Hz
It is commonly accepted that for the vibration in the long period range the
noise spectra is directly linked to resonance frequency. However for short
period the impedance contrast has direct effect on the relation between noise
spectra and resonance frequency. The resonance peaks are much obvious for
cases of long period vibrations due to the big amount of energy stored in
body or surface waves. However, in case of short periods and when
impedance contrast is low, the resonance peaks are not as obvious. (Zhao et
al., 1998 and Caserta et al., 2008).
Analysis technique microtremor aimed at determining the natural vibration
frequency of a given sedimentary structure. It is based on the estimate of the
relationship between the spectral ratio of the microtremor measured in the
horizontal direction and that measured in the vertical direction. For this
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Therefore, the technique Nakamura also takes the name from the acronym
of HVSR Horizontal to Vertical Spectral Ratio or H/V ratio.
The technique is based on three fundamental assumptions:
 The microtremors originated from local sources surface.
 The amplification is due to the propagation of the waves within a
single soft layer surface located on a rigid half-space.
 The vertical component of the motion is not subject to phenomena
of amplification effect.
Figure 2.8 showing the maximum response of the background noise
measurements. The spectra of response may show the beginning of variation
between the two subsequent layers. The maximum response refer to soft
layer while the beginning of the minimum response is referred to stiff layer.
The response in the right part of the curve is referred to higher mode
frequencies, which not interested by most of engineer.
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Figure 2.8: Urban area in different response site effect.

The site response for two sites, B which represents the outcrop bedrock (firm
layer) and S which represents the surface sediment deposit (soft layer) as
shown in Figure 2.9 below.

Figure 2.9: Schematic description of the Horizontal to Vertical Spectral Ratio H/V.

𝑅𝐻 (𝐹) =

𝐻𝑆 (𝐹)
𝐻𝐵 (𝐹)
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𝑅𝑉 (𝐹) =

𝑉𝑆 (𝐹)
𝑉𝐵 (𝐹)

Where:
𝑅𝐻 (F): The spectral transfer function on Horizontal direction.
𝐻𝑆 (𝐹): The spectral transfer function of the horizontal motion at surface
layer.
𝐻𝐵 (𝐹): The spectral transfer function of the horizontal motion at Bedrock
layer.
𝑅𝑉 (𝐹):The spectral transfer function on vertical direction.
𝑉𝑆 (𝐹): The spectral transfer function of the vertical motion at surface layer.
𝑉𝐵 (𝐹): The spectral transfer function of the vertical motion of bedrock layer.
According to Nakamura who considered that 𝐻𝐵 (F) and 𝑉𝐵 (F) are
approximately equal on the outcrop bedrock. This is not strictly true because
magnitudes of 𝐻𝑂𝑅 (F) and 𝑉𝑂𝑅 (R) are lower than 𝐻𝐵 (F) and 𝑉𝐵 (F) despite
of the peaks of the spectra approximately the same.
The ratio of H/V according to Nakamura is:
𝑅𝐻 (𝐹)
𝑅𝑉 (𝐹)
And by the

𝐻 ⁄𝑉 =

𝑅𝐻 (𝐹) 𝐻𝑆 (𝐹) × 𝑉𝐵 (𝐹)
=
𝑅𝑉 (𝐹) 𝐻𝐵 (𝐹) × 𝑉𝑆 (𝐹)
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According to Nakamura, the basic assumptions of H/R technique are:
1. The vertical and horizontal motions are approximately equal on the
outcrop bedrock.
2. The vertical motions remain the same on surface layer.
3. The ambient background noise is generated by the local surface
sources such as traffic and indusial trail…
4. The vertical motions amplified due to the depth of Rayleigh surface
waves.
5. Mainly the soft surface layer is composed the proportion of the
Rayleigh waves.
Where:
𝐻𝐵 (𝐹) = 𝑉𝐵 (𝐹)
𝑉𝐵 (𝐹) = 𝑉𝑠 (𝐹)
𝑉𝐵 (𝐹)
= 1.0
𝐻𝐵 (𝐹)

𝐻 ⁄𝑉 =

𝑅𝐻 (𝐹) 𝐻𝑆 (𝐹). 𝑉𝐵 (𝐹)
=
𝑅𝑉 (𝐹) 𝐻𝐵 (𝐹). 𝑉𝑆 (𝐹)

𝐻 ⁄𝑉 =

𝑅𝐻 (𝐹) 𝐻𝑆 (𝐹)
=
𝑅𝑉 (𝐹) 𝑉𝑆 (𝐹)

Why we used H/V technique?
The advantages of H/V technique can be summarized as follows:
1. Little equipment required.
2. Only one station is needed.
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3. Less expensive rather than other techniques.
4. Conducting the measurements in spite of absence of seismic events.
5. Obtaining quick data collection because it is performed in easy way.

2.5 Case Studies
Picozzi carries out the fundamental resonance frequencies and the site
amplification effect in 2009 in Istanbul, Turkey. The results of 192
measurements show different distributions of fundamental resonance
frequency. The outcome results show the conversely relationship between
the fundamental resonance frequency and the thickness of deposit layer
(Picozzi et al., 2009).
In Acapulco, Mexico many microtremor measurements are conducted in
corresponding to The Standard Spectral Ratio (SSR). The different
distributions of the amplification factors at range of frequencies are affected
by the thickness of site deposits. In Acapulco, The microtremor
measurements show rough estimation for the site response in Compare with
the standard spectral technique results. Also the microtremor measurements
remain dialectical. If measurement of microtremor are extended, it will be
less dialectical that the illustrated by Gutierrez and singh in 1992.
The microtremor measurements comparing with spectral rations of weak and
strong earthquakes are more correlated and more reliable to determine the
fundamental resonance frequencies within range from 0.3 to 5 Hz for the
sediments deposits; this was illustrated in Lermo and Chaves-Garica article,
which issued in 1994.
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By applying synthetic Calculation and noise measurements for 15 soil
profiles, it was concluded by Lachet and Bard that spectral ratio frequency
had single, clear, peak and is closer to shear wave resonance frequency, they
specified H/V-technique as a reliable good indicator for resonance frequency
rather than the amplification factor.
There are many useful researches support the H/V technique such as
Nakamura, 1989, 2000, 2008, Field and Jacob in 1993, 1995, Gitterman et
al., 1996, Lachet et al., 1996, Teves-Costa and Matias 1996.
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CHAPTER THREE
THE STUDY AREA
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3.1 Introduction
This chapter presents the main features of the study area which is Al-Auja
Site. It talks about history and location, demography and population,
topography, climate, including temperature, wind, humidity and rainfall,
land use, geopolitical aspects, geological setting, soils of Al-Auja site and
tectonics setting and seismicity, including tectonics of Palestine, seismicity,
historical earthquake and instrumental seismicity .

3.2 Geography
Al-Auja is one of the Palestinian Jordan Valley villages, known as the
‘Alghor’ region, dating back to the reign of Herod the Great in the Roman
era. During this period it was part of the Archillas city, built by the
predecessor of Great Herod in the south of Palestine, and was known as Ein
Ghazaleh. It is also said the town was named after the river which passes
through it, “Auja Spring”, named after the twists and turns of the rivers route.
Al-Auja administratively belongs to the province of Jericho governorate that
is the center of the province. Al-Auja is governed by a local council, is
administrated by 8 members appointed by the Palestine State. Al-Auja is
located at north-east of the city of Jericho on the east regional road which
connects between Bisan and the Dead Sea along the Jordan River, bordered
of the Jordan River valley to the east, from the north Fasayil village, the
villages of Kafr Malik and Deir Jarir from the west and the town of Nu'ayma
from the south of the town. See below the map (Figure 3.1) of Al-Auja town
with its surrounding.
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Figure 3.1: A map showing the Al-Auja location and borders (ARIJ-GIS unit 2011).

Table2

Al-Auja town is located 12 km north of Jericho in the Jordan Valley as shown
in Figure 3.2. The town has a total area of 10640 Hectare, its built up area
comprises 88 Hectare. The central town coordination is located on the
latitude 150675 and longitude 194165 according to the Palestinian
coordination system (Al-Auja Physical Plan, 2010). According to Palestinian
Central Bureau of Statistic (PCBS), the population in 2013 is 4,808
inhabitants (PCBS, 2013).
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Figure 3.2: A general location map of Al-Auja town.
.

In addition to the indigenous people of ancient Al-Auja, the town was also a
meeting point for nomads (Bedouins), with some of them settling in the area
and others moving to other places in the West Bank area of Palestine. Most
of people living in Al-Aluja are descendent from the southern part of
Palestine from the Naqab desert “Arabs of Al-Kaabneh”.
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Al-Auja town is surrounded by a traditional water channels, which are
abundant around the town, which in turn significantly contributes to the
agricultural and tourism in the region. The photo below shows the Al-Auja
town perspective (Figure 3.3).

Figure 3.3: General Landscape of Al-Auja Town.

Al-Auja is divided into four geographical areas:
 Khirbet al-Fauqa: contains remains of irrigation water that dates back
to the Roman Era and is located at the western part of Road 90.
 Khirbet al-Tahta: Lies halfway between Jericho and Fasayil and is
located at the eastern part of Road 60.
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 Khirbet el-Beiyudat: To the north of Khirbet al-Tahta, this ancient area
lies on the ruins of the ancient village of Majdal Sana that dates to the
Roman era.
 Spring and its vicinity: It is separated from Khirbet al-Fauqa by hills
and covers an area of 300 dunums. Nowadays it is a closed military
area on the orders of the Israeli Occupation.

3.3 Population
In 1931 the population was around 253 people, rising to 290 people in 1945.
In 1967 the population was estimated at 267 people, rising substantially to
958 by1987.
Based on the statistics provided by Palestinian Central Bureau of Statistics
(PCBS) in 2007, the number of residents of the town Al-Auja was (3934).
The number of males is 1965 and females is 1969. The number of males
accounted for (49.9%) of the population and females, about (51.1%) while
the average number of family members is 5.79 persons family, while the
number of households is about (870) family distributed over more than 924
housing units. The age distribution in Al-Auja town was 44.2 % less than 15
years, 51% fell between 15-64 years, whilst 2.5% fell in the 65 years and
older category.

3.4 Topography
Topography is an important factor for the site effect microzonation of the
area. We will use the Digital Elevation Model (DEM) created by GIS unit at
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the Ministry of Planning (MoP), in order to obtain the elevation map. The
variation of the Al-Auja topography lies between about 350 above Sea level
and 370 below sea level.
The topography of Al-Auja is mostly a flat where the ground surface elevated
ranges between (350) and (150) b.m.s.l. Moreover, the some northwest parts
of the area is a mountains one with ground surface elevation of about 350
a.m.s.l. Figure 3.4 shows the topographic map of Al-Auja.

Figure 3.4: Topographical map of Al-Auja town.
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Al-Auja downtown is located below sea level. However, the lower end of the
town is located at an altitude of 250 meters above sea level, and the town’s
urban sprawl expands to the west, where the contour heights increase slightly
to reach sea level. The town’s expansion is currently extending to the east,
where elevations continue to rise, but at a steadier rate, reaching for up to
350 meters above sea level.
A digital terrain model (DTM) of the study area was used to produce the
slope map (Figure 3.5). As seen from the map, most of the city is on the
nearly flat plains of the Al-Aluja pull-apart basin. The rest of the city has
steeper slopes but they do not reach more than 5%. In this study, it was
decided to divide the topographical inclinations or slopes into 5 classes, as
shown in Figure 3.5.

Figure 3.5: The map shows Al-Auja’s deviations and slopes.
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3.5 Climate
Al-Auja town belongs to the governorate of Jericho. They are affected by the
desert and the tropical climate. Generally, the weather of Jordan Valley area
is characterized by dry hot summers and warm winters with little rain in the
lower area which is protected from the cold northwest wind coming from the
Mediterranean Sea.
In 2014 a meteorological station was installed in the vicinity of Al-Auja
Council by An-Najah National University. The metrological data and
information used in this study are mostly extracted from the monitoring
station of Jericho, about 9 km from Al-Auja, as well as from neighboring
stations in the region.
Al-Auja is considered a protected wetland, with rich agricultural and pastoral
lands on eastern bank of the Jordan River. The area is classified as of a semitropical climate from the Arab deserts. High temperatures prevail most of the
year, creating a scarcity of water, and a lack of frost or snow in the winter
months (Amiran et al 1970). Al-Auja’s warm winter climate makes it an
important spot for visitors who come to enjoy the beautiful natural
landscapes, especially the Al-Auja River, escaping the harsher winter
weather that characterizes the neighboring Governorates to its West.

Temperature
The estimated of the average monthly temperature within Al-Auja area
during the summer months is 29° C while the monthly average temperature
during the winter is 14.5° C (Department of Meteorology 2014). It is worth
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mentioning here that the maximum monthly average temperature goes up to
37° C and the minimum rate to 8.8° C. whereas the absolute maximum
temperature reached 42.6° C in 2015 (Mot, 2014 ).

Humidity
For the area under study "Al-Auja district ", the mean annual relative
humidity is around 48%. The maximum rates are in winter, with 70% during
the day time and nearly 85% during the night. (MoT, 2014).

Rainfall
The rainy season starts in Al-Auja area at the end of October, reaching a
maximum in January, with a short-duration and lack of the amount of
rainfall. The average annual precipitation is estimated around 200 mm based
on the metrological station in the area. Figure 3.6 shows the rainfall
distribution in the Al-Auja area.

Wind
The area of study is exposed to wind fronts that start from the Dead Sea in
the morning hours to gradually veer to the north-west direction (ARIJ, 1995).
According to the meteorological station in Jericho, the average monthly wind
speed ranges from 0.94 m/s in November to 2.31 m/s in May and June in the
Al-Auja area. The main trend of wind direction in Al-Auja is from North and
North West. Minor trends of southern winds occur in the early mornings.
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The wind directions and wind speed in Al-Aluja district is shown in Figure
3.7 according to the Ministry of Transportation.

Figure 3.6: The rainfall distribution within the Al-Auja study area.

Figure 3.7: Wind speed and direction in Al-Aluja district.
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3.6 Land Use
The town has a total land area of 106,397 dunums, which is mostly private
properties. State lands only amount to 6 dunums. Most of the residential area
is considered endowment lands under the control of the Islamic Waqf. This
has allowed the land to be converted to the benefit of the population,
allowing them to build without the need for transfer of ownership. In the
desolate Fauqa, located to the west of Road 90, an area of 880 dunums is
endowment land. Khirbet al-Tahta, east of Road 90, is also situated on 33
dunums of endowment land. This is in addition to the wider territory, which
comprises of up 10 thousand dunums of endowment lands.
The land use and land cover map of the town of Al-Auja is shown below in
Figure 3.8 based on ARIJ-GIS unit. There are five main classes of landuse,
Palestinian built up areas, irrigated farming, rough grazing and closed area
(Israeli Settlements).
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Figure 3.8: Land use/Land cover in Al-Auja Town (ARIJ-GIS unit, 2011).

The total area of built up area is about 1,126 dunum, the arable land is 26032
dunums and the 4,409 dunums are registered as close military and
settlements area, and this use will take in details description in the section of
geopolitical aspects.( ARIJ, 2012).

3.7 Geopolitical Aspects
Following the Oslo II interim Agreement that was signed in 1995 the West
Bank, including the Jordan Valley, was divided to three areas. Area A where
the Palestinian Authority has full administrative and security control, Area
B where Palestinians have administrative control and Israel governs the
security and Area C, where the administrative and security control is fully
under Israeli enforcement. Al-Auja land was divided into areas A and C. the
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area A is approximately 16,519 dunums which makes up 15.5% of the total
land. The rest of the town constitutes 84.5 % of the total area, (89,879
dunums) and is classified as area C. in this area there is a lot of restriction on
construction and land management. Table 3.1 shows the geopolitical
divisions of the land according to the Oslo II interim agreement. The spatial
distribution of the geopolitical classes are shown in Figure 3.9.

Figure 3.9: Al-Aluja geopolitical classes based on Oslo agreement.

63

Table 3.1: The geopolitical divisions of Al-Auja according to the Oslo
II Interim Agreement in 1995 (Source: ARIJ-GIS Unit, 2011)
Area
Area in dunums
Percent of Total town
Area
Area A & B
16,519
15.5
Area C
89,879
84.5
Nature Reserve
0
0
Total
106,398
100
Thousands of dunums have been confiscated in Al-Aluja town by Israeli
enforcement for constructing many settlements, roads, bypass roads Israeli
military base, farms and outposts. According to ARIJ report in 2012 a two
separate regions each of area 226 ha and 215 ha has been confiscated by the
Israelis for construction of new settlements in the area.
There are five farm settlements in the area of Al-Auja town: Gilal, Niran,
Nativ HaGdud and Yitav, established from 1971 -1980, are currently
populated by more than 600 Israeli settlers. The Table 3.2 shows these Israeli
settlements constructed over Al-Auja lands.
Table 3.2: Israeli Settlements constructed over Al-Auja lands (Source:
ARIJ-GIS, 2011)
Settlement
Year
of Area confiscated Population
of
Name
construction
(dunums)
settlers
Gilgal
1970
286
172
Niran
1981
497
54
Nativ HaGdud
1975
993
175
Yativ
1970
499
227
Total
2,257
628
It is worth mentioning that in order to connect the settlements together by
bypass roads 90 and 449 the Israeli government confiscated more lands from
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Al-Auja lands. The Israeli Army issued a number of military orders for
confiscating lands in Al-Auja town. The most important of these are:
 Israeli Military Order No. (142/05/T): (16th of August 2005).
Confiscating an area of 10 dunums for establishing a Israeli military
checkpoint.
 Israeli Military Order No. (205/05/T): (22nd of November 2005).
Confiscating 3.2 dunums for the construction of an Israeli military
tower.
 Order considering state property 'Judea & Samaria' (No. 594) 57271967: 29th of December 2005: this order confiscate 1.194 dunums of
assuming it as 'State Lands'.

3.8 Geological Setting
Geological Formations of the West Bank
The geological map of West Bank is shown in Figure 3.10. While the
column of the West Band is presented in Table 3.3 which (modified after
Braun & Hirsch, 1994; Millennium Engineering Group et al., 2000;
Guttman, 2000; Guttman & Zuckerman, 1995; Bartov et al., 1988; and
Qannam, 2000), will give a clear picture about its stratigraphy and lithology.
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Table 3.3: Stratigraphic and lithological column chart of the West Bank area
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Figure 3.10: Geological Map of West Bank (source, PGH).

The following summarizes the main geological formations of Jericho
District. (Wishahi, 2012).
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 Alluvium and Lisan Formation of Plio-Pleistocene Formations:
Geologically, the Jericho area is mostly covered by Lisan Formation rocks
that related to Pleistocene age. Lisan formation in the area is mainly
composed of thin laminated marls, and gypsum beds. Structurally, the marls
are very simple, having some slight north-south trending folds and towards
the Jordan river, the center of the basin a slight depositional dip which may
have been accentuated by subsidence. Marginally the lithology is gravels and
poorly sorted pebble beds, occasionally calcareous with little or no
evaporites, sometimes siliceous adjacent to present of former outcrops of
chert, and limestone adjacent to older rocks. In addition, Alluvium deposits
occur alongside the Jordan River a tributaries. These deposits are mainly
unconsolidated, laminated marls, and mud with some siliceous sand.

 Senonian Formations (Khan Al Ahmar, Al Qilt, and Abu Deis
Formations)
Senonian rocks mostly are composed of chalk, marl, chalky and marly
limestone, phosphate and chert. In general, and due to its nature the three
formations act as a strong aquiclude in the area separating the pliostocene
aquifer from the upper aquifer system.

 Turonian-Upper Cenomanian
This formation system regarding the Palestinian nomenclatures is comprised
of Jerusalem, Bethlehem, and Hebron formations. Jerusalem formation rocks
belongs on its age to Turonian, and mainly composed of dark grey – brown
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weathered massive limestone, locally cliff forming, finely grained
lithographic pink and buff in the lower part, cream recrystallized dolomitic
and occasionally silicified in the upper part. Thickness of Jerusalem
formation is ranging between 170 and 200 meters.
Bethlehem Formation (Upper Cenomanian) consists mainly of cream-grey
bedded chalky limestone; frequently completely recrystallized to cream or
pink pro-cellaneous limestone, with softer marl chalky limestone and marl.
Thickness of Bethlehem formation ranges from 100 to 150 meters.
Hebron Formation (Upper Cenomanian) is composed of grey weathered
dolomitic limestones, and dolomite. The rock is hard, massive, and poorly
bedded. It shows sugary texture, by this a high secondary porosity and well
developed karsts in many parts of the formation. Thickness of Hebron
formation is ranging between 160 to 250 meters.

 Cenomanian
This system is composed of middle and lower Yatta, Upper Beit Kahil, and
Lower Beit Kahil formations (Palestinian Terminology). Yatta Formation
consists mainly of marl, clay, and marl limestone. Upper Beit Kahil
Formation is composed of regularly interbedded chalky limestone and
dolomite. The formation becomes more massive and karstified upwards,
while retaining the thin-bedded alternative. While Lower Beit Kahil
Formation is composed of dolomite and limestone inter-bedded with marl.
Although the dolomitic limestone are well-fractured and have good aquifer
potential, the chalky units contain clay which inhibits groundwater
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movement across the strata. Lower Aquifer System is separated from the
upper aquifer by the brown-grey weathered marls and chalky limestone
(Upper Yatta Formation) that act as a confining beds in the area. Like the
other aquifer systems, groundwater is directed towards the east, while the
depth of the water level is situated between 320 and 340 meters below the
ground surface in the area.

Geology Map of the Study Area
The geology of Al-Auja district is characterized by the Jordan rift valley
deposits which are mainly composed of Marl and Alluvial formations (ARIJ,
2010). Alluvium formation covers the area adjacent to the Jordan Valley with
about 1 km width. It is of the Pleistocene to recent in age. The greatest part
of the Al-Auja district covers from Lisan and Samra formation which it is
mainly composed from Marl, Chalk and Conglomerates. The third type of
formation which is found on the western part of the Al-Auja district is Chalk
and Senonian Chert deposits. The rest which are small portions of the North
West part of the Al-Auja district, it is composed mainly from Limestone,
Dolomite and Marl. It is Cenomanian-Turonian in age. The areal extent of
the units reveals that Quaternary covers the most portion of Al-Aluja district
as shown in the Figure 3.11.
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Figure 3.11: Geology map of Al-Aluja town.

3.9 Soils of Al-Auja Site
The formation of types of soils are characterized by the difference in the
original material which makes up the mix and the various climatic conditions
prevailing in different regions in the country. Hence, the soil of Al-Auja site
consist of varying types. Vegetation cover differs in density due to the
variance in the climatic zone and the topography of the region, along with
the process of erosion and abrasion.
Soil types can be broadly categorized into two groups, which are, soil of the
Mediterranean region; and soil of the desert region. Furthermore, each of
these two groups can be divided into two further sub-types: soil of highlands
and soil of plains and valleys.
The Algor region extends from the Jordan River to the Dead Sea, covering a
narrow area of about 400,000 dunums (Arab Fund, 1975). The area is
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considered as part of the Great Continental decline due to a number of
environmental and social factors. The area is between 200 – 300 meters
below sea level and most of the soils in the area are limestone in composition
and also known as Al Sierozem. The region is also categorized by minimal
rainfall, with the average annual at 150 mm. Therefore, crops depend on
irrigation water from groundwater wells, springs and the Jordan River. The
common plants are early winter vegetables, bananas and citrus fruits.
In the southern part of the Jordan Valley soils have formed from different
original sediments. The soils vary in colors, with brown being the
predominant color, although soil types range from sandy to clayey. In most
cases the soil displays levels of limestone between 5% - 50% and organic
contents ranging between 0.3% - 0.5%. In addition, the majority of these
types are saline soil and with a PH range of 7.4 – 8.1 (ARIJ, 2012).
The desert alluvial soil can be used for the cultivation of various irrigated
crops and most of the time it is require to get rid of the excess salt (Palestine
soil). There are four soil types of Al-Auja district which are characterized by
the Jordan Valley sediment (ARIJ, 1997, 2012). These types are:
 Brown Lithosols and Loessial Serozems
 Loessial Serozems
 Regosols
 Brown Lithosols and Loessial arid Brown Soils
Figure 3.12 shows the four soil types Al-Auja district.
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Figure 3.12: Four soil types of Al-Auja district.

1- Brown Lithosols and Loessial Serozems
This soil is originally formed from dolomite limestone, chalk and flint. The
soil structure is subangular blocky or prismatic, with many lime nodules.
Usually many outcrops are found at the surface. The current use of land is
restricted to planting winter crops, which are grown by Bedouins in some
Wadi’s (valley areas). Lithosols are found on steep hill slopes. Brown
lithosols are typically also found in the pocket among the rocks.
The Loessial Serozems are found in broad valleys, terraces and on large
plateaus. The major vegetation types found in this area are Auasetea
Articulate and Zygophyllum . The soil is also exposed to extensive erosions
due to water runoff, especially in areas of steep slopes. It also suffers from
salt accumulation due to the limited salt leaching capabilities. The American
soil classifications that represent this type is Haplargids.
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2- Regosol
This type of soil is originally formed from sand, clay and loess. The soils
vary in color and texture. This is a low quality soil and extends along the
terrace escarpments in the Jordan Valley and particularly found to the eastern
border of Jericho district.
The dominant vegetation types in this region are Anabasis Articulata,
Salsola, Vermiculata and Salsola Tetrandra. This type of soil is used
primarily for grazing. The American soil classifications that represent this
type are Xerochrepts, Calciorthids and Gypsiorthids.

3- Brown Lithosols and Loessial Arid Brown Soils
The soil parent materials are chalk, marl, limestone and conglomerates.
These components range from pale brown to yellowish brown, loamy and
calcareous. Brown Lithosols are found in the enclaves of the rocks, while
Loessial arid brown soils are found on flat hilltops, plateaus and foot-slopes.
Field crops in this region are planted in areas where surface soil is deep
enough and sloping is moderate. However, in shallow, steep areas this kind
of soil is used primarily for grazing and its major vegetation cover is
Artemisia Herba–Alba. The American soil classifications that represent this
type are Xerochrepts and Haploxeralfs.

4- Loessial Serozems
This type of soils prevail in the area of an-Nuwei’ma, north of Al-Auja and
south of Aqabat Jabber Refugee camp. This soil covers the high plains,
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highlands and moderately steep slopes. These soils are generally formed
from highly calcareous loamy sediments, gravel Loessial sediments, a
mixture of mud and sand and organic matter. This makes them particularly
rich soils.
Plants have various natural and agricultural uses where rain feed grown crops
in addition to irrigating some tree orchards. The major vegetation cover is of
the Hammada Scoparia variety and used for grazing and partly dry-farming.
The American soil classifications that represent this type is Haplargids.
Table 3.4 summarizes the main characteristics of above mentioned soil types
of Al-Auja district.
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Table 3.4 Soil classification in the Al-Auja district (ARIJ, 1995)

3.10 Tectonic Setting and Seismicity
3.10.1 Tectonics of Palestine
The tectonics of Palestine are connected to the regional tectonics of the
Middle East and the Mediterranean region, where the tectonics of the Eastern
Mediterranean region can be divided into three principle plates, namely
Africa Plate, Eurasian plate and Arabian plate, as shown the Figure 3.13.
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Figure 3.13: Distribution and configuration of the geological settings in the Middle East,
(After: Johnson, 1998).

The movement of the Arabian plate is northward and collision with the
Eurasian plate in Northeast, This movement built up the Zagros and
Caucasus folded belt and the transgressive fault system in the southern part
of Turkey.
According to McKenzie et al. 1970, the motion between the Arabian plate
and the African plate mainly occur along the Dead Sea Transform (DST)
fault system and the Red Sea which began to open (20-15) million years ago.
The tectonics of Palestine and the surrounding areas are controlled by the
main major fault of the Dead Sea transform fault system, which is
responsible for most recent of earthquakes in the region (DESIRE,2006).
According to Quenell, 1958, 1959 and Freund 1965. This fault system is
responsible for most geological structures of the region.
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The DST is about 1100 km long, strikes from N15°E to N20°E from the Red
Sea northward, where crustal spreading occurs, along the Wadi Araba, Dead
Sea and Tiberia and to central Lebanon to the continental collision region in
the Taurus Zagros mountain belt (Mohsen, 2004). Figure 3.14 shows the
summary of major fault zones.
Quennell (1959), first recognized the 110 km left-Lateral displacement along
the DST fault. Abu-karaki (1994), state that the DST is a left lateral
continental plate boundary of the transform type, connecting the active
center of sea floor spreading of the Red Sea in the South to the Taurus Zagros
zone of the plate convergence in the north.
In 1977 the Deep Seismic Sounding experiment has been conducted beneath
the western flank of the DST. It shows that the crustal thickness of about 35
km in the Gulf of Aqaba area increases in northward and decreases in
southward to about 27 km.
While the maximum Sedimentary layer of thickness is about 5.5 km beneath
transform. Ginzberg et al., 1979 recognized the Mediterranean Oceanic Crust
have thickness of Sediments as a Pre-Jurassic Crustal deformation. In 1948,
the results of experiment shows that the thickness of crust not less than 32
km in the Gulf of Aqaba, where increasing to about 35 km northward
(Mohsen, 2004).
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Figure 3.14: Summary of major fault zones of the northern Arabian plate (redrawn from
Garfunkel et al., 1981; Barazangi et al., 1993).

Palestine and the surrounding area have suffered three major phases of
deformation, as follows:

1- Syrian Arc Fold System
Krankle, 1924 noted that a system of folds extends from Sinai passing
Palestine, Jordan and Syria, he called it the Syrian Arc because it exists
within Greater Syria (the Levant), despite the fact that these folds are found
and extended to the west of Delta of Egypt. This Arc is shaped as Latin (S)
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alphabetic and made up of three parts the southern, the central and the
northern parts.

Reasons of Syrian Arc Incidence
In past that the folding process may have occurred since the ends of the
second era until Oligocsene period of the third era. This age is compatible
with the lifting process that formed the Alps Mountain in Europe because of
the closure of Tethys Sea (Ocean that was acting as the current
Mediterranean) which was larger than before.
This closure process occurred because of the movement of the African plate
towards the north during the second and third era, the Arabian Peninsula and
the Levant were part of this plate that is moving northward, the Levant has
been at the forefront of the plate so it was affected with this movement which
led to the folding process.

2- Erythrean Fault System
This system includes a set of fault extends towards the North-West - SouthEast as well as on the transverse faults which extends East-West.
Most of these faults are normal, but there is a proportion of this system faults
which is related to the horizontal type (strike slip) where the amount of
horizontal movement reaches several kilometers, this system is characterized
by its age which is Miocene to Pliocene (i.e., the ends of the third era). Thus,
it is more modern than Folding system in the Syrian Arc despite the presence
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of some synchronization between them. This fault system was the reasons of
producing wide rectangular rifts, but with shallow depth.

3- Dead Sea Transform Fault
There is no doubt that this faults system is the most important tectonic system
in the region, which is still active because it forms plate boundaries or
separates the Arabian plate in east and Palestine - Sinai plate in the West.
This system is considered as a part of the Syrian African rift which stretches
from East Africa passing the Red Sea to the transform Dead Sea fault that
ends in southern Turkey. The length of this rift is about 6,000 km. Whereas,
DST fault is about 1100 km extending from the beginning of the southern
Gulf of Aqaba to the Anatolia fault in South Turkey as shown in Figure 3.15.
This fault has been called by many names, such as Jordan fault, Wadi ArabaDead Sea fault, and Dead Sea rift, but the transform Dead Sea fault is the
name that has become most common.
The features of the DST are formed from several basins, where the
interpretations of Dead Sea Basin is pull-apart basins. These basins are the
Dead Sea, Hula, Ghab, Sea of Galilee and Gulf of Aqaba basins. The
geometrical features of this basins are from 15-150 km in length and 5-20
km in width and the depth from 5 km to 15 km.The pull-apart basins formed
between strike slip faults and bordered by marginal normal faults (Garfunkel
and Ben-Avraham, 2000; Ben-Avraham and lyakhovsky, 1900) the
transform left-lateral, strike slip that are connect between the spreading
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center of the red sea and the continental collision of the Taurus-Zagros
mountain (Hötzl et al., 2009).
The Cumulative left-lateral displacement has been estimated 105 km where
it was formed during the Oligocene – Miocene boundary as since mid –
Miocene (Bayer et al., 1988 Quennell 1959, 1996; Freund et al., 1970).

Figure 3.15: Location and tectonic setting of the Dead Sea transform fault (Horowitz et al.,
2001 and Hötzl et al., 2009).

Displacement and Movement of DST Fault (DESIRE, 2006)
DST extends from the northern tip of the Taurus Mountains, a distance of
some 1100 km. It forms the boundary between the Arabian and the African
plate, and is one of several plate boundaries which formed since mid-
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Cenozoic times as a result of the breakup of Pangaea (e.g. Quennell 1958,
1959; Freund et al. 1970; Ben-Avraham et al. 1979; Neev and Hall 1979;
Garfunkel 1981; Grafunkel e al. 1981; Ben-Avraham 1985; Joffe and
Garfunkel 1988; Garfunkel and en-Avraham1997, Klinger 2000a, b).
Continuing activity of the DST is documented by its seismicity, and has been
treated in several studies (e.g. van Eck and Hofstetter 1989, 1990; Hofstetter
et al. 1996).
The DST accommodates a total left lateral motion of about 105 km. This is
determined by matching several structures and many rock bodies across the
transform south of Lebanon. The lateral motion along the DST is younger
than ca. 20 Ma (Eyal et al. 1981) and may have begun 18-16 Myr ago. This
age is compatible with the opening history of the Red Sea, most of which
was taken up by the DST. In the last 5 Myr the lateral motion along the DST
did not exceed 30-35 km, implying a long-term average slip rate of about 5
mm/y (Klinger 2000 a,b). The current release of seismic moment along the
southern half of the DST accounts, however, for a much slower slip rate
(Salamon et al., 2002).

3.10.2 Seismicity
Studies of historical earthquakes of the past few thousand years,
paleoseismic studies and instrumental earthquake studies of the last 100
years demonstrate that a number of damaging earthquakes have occurred
along the Dead Sea Transform (DST), the large shear zone running from the
Gulf of Aqaba through the Dead Sea into the Lake of Galilee. Seismicity
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shows a clustering in the Dead Sea Basin (DSB) as shown in Figure 3.16,
which is close to the population centers on both sides of the Basin.
The distance from the last big event in the Dead Sea (1927, M L = 6.3) to
Jericho, Jerusalem, Amman and Nablus is 25 km, 25 km, 60 km and70 km
respectively. Recent estimates suggest Mw 7 earthquakes along the DST
about every 200 years (Klinger et al. 2000b) and/or ML=6 earthquakes every
100 years. Earthquakes along the DST and in the Dead Sea Basin therefore
pose a considerable seismic hazard to Palestine, Jordan and surrounding
areas. (DESIRE, 2006).

Figure 3.16: The major faults and seismicity of the Dead Sea area
(DESERT, 2000).
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3.10.3 Historical Earthquakes
The catalogues of historical seismicity in the Middle East region cover in a
long time of centuries. Islamic and Arabic manuscripts and writing had the
major contribution of documentation of description of damage and featuring
deformation due to earthquakes.
Between seventh and eighteenth century, Al-saadani (1971) was the first
who documents the historical earthquakes in the Middle East. Recently,
many researchers devoted efforts to establish reliable historical seismicity
catalogues. (Al-Tarazi , 1992 ; Abo Karaki 1987; Piorrier and Taher. 1980;
Amerin et al ., 1994; Ambraseys et al., 1994). Just before one hundred years
many historical earthquakes are documented by reports and catalogs which
stated that destruction earthquakes have occurred in this region during the
last 4500 years and some of these earthquakes have a direct impact on human
and property (Abo Karaki 1987; Piorrier and Taher. 1980; Amerin et al.,
1994; Ambraseys et al., 1994).
Abo Karaki, 1994 mentioned that the Arabian plate and Sinai-Palestine plate
both are moving in the north direction within the general context of the active
African-Eurasian convergence. However the Arabian plate moves faster than
the Sinai-Palestine plate. This is because Arabian plate integrates a
component of motion that result from the oblique opening of the Red Sea.
The Evidences of earthquake activities have been documented over tens of
centuries. Catalogues of historical seismicity have been established using
Islamic and Arabic manuscripts that contain detailed description of damage
and deformation due to earthquakes. The famous and pioneer scientist is ''Al
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Soyouti'' in his book ''Kashf As-Salsala A'n Wasf Az-Zalzala''. Historical
record of earthquakes in the Middle East for two centuries (seventh and
eighteenth) was first collected by Al-Sa'adani, in 1971. In view of the lack
of sufficient instrumental seismicity, the historical seismicity has received
much attention recently, a number of lists and catalogues of historical
seismicity were established.
The historical seismicity catalogues of this region in particular, are
contaminated by chronological errors resulting in false earthquakes and
duplicated events. Abo Karaki, (1992) proposed an error detecting algorithm
for the historical seismicity data of the Arab region, this resulted in the
systematic elimination of most duplicated events.
The most ancient one is the 1293 A.D earthquakes occurred in Gaza,
affecting Ramlel, Lead and Al-Karkar (Ambraseys, 1994), then 1212 A.D
earthquakes occurred in south Palestine, affecting Egypt, Al-Shaubak and
Al-Karkar. (Abo karaki , 1987, Ambraseys, et. al., 1994).
The major earthquake occurred in 1068 A.D was reported to have killed
many peoples and completely destruction of the ancient city of Aila .The
strongest one occurred in 748 A.D with Ms of 7.8; the largest and famous
instrumentally earthquakes occurred on July 11, 1927 with Ms =6.5 while the
DST fault is characterized by strike – slip mechanism and the activity seems
to be in the crust, which is about 35 km thick as described before.
In 1983 there is a swarm of earthquakes where located in the Gulf of Aqaba,
more than 500 shocks were recorded, according to El-Isa et al., 1984. In

86

1990, there are smaller earthquake swarm occurred in the southern part of
Aqaba with peak magnitude of M = 4.2.
The largest earthquake occurred after the 1927 earthquake was in the Gulf
of Aqaba in November 22nd, 1995 with peak magnitude of Mw = 7.2
according to the JSO determination. Figure 3.17 shows the major historical
earthquakes that occurred along the Dead Sea Transform fault in the time
periods from 1900 to 2004 (DESERT,2000, DESIRE,2006).

Figure 3.17: The major historical earthquakes from 1900 to 2004, source (DESERT,
2000).
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3.10.4 Instrumental Seismicity
In 1899, the Instrumental monitoring of earthquakes was installed in Egypt
(Helwan) as the first one in the Middle East Region. Then, there was Kasara
Station in Lebanon in 1910 and in Istanbul in 1035 (EL-Isa, 1981). In the
DST area, the local instrument monitoring of earthquakes was started in 1954
when two seismological stations were installed, the first one was in
Jerusalem and the second station was in Elat. Later, more seismological
stations were installed in other localities (Arieh et al., 1985).
In Jordan, the first seismological was installed in the University of Jordan in
1981. The Natural Resources Authority (NRA) of Jordan started a national
program through which eight seismic stations started operating in the
northern Central Jordan in 1983, later the number of the stations were
increased to reach 26 stations.
By the end of 1994, the general Establishment of Geology and Mineralogy
Resources in Syria was started to monitoring in the northern part of the DST
area. The Syria National Seismic Network (SNSN) monitoring consists of
twenty seismic stations covered northern and southern part of Syria.
In Saudi Arabia, the Seismological Seismic Network consists of thirty
stations distributed 12 Stations within the Gulf of Aqaba region and 8
stations in the southwest of Saudi Arabia. By the end of 1998, the KACST
Seismic Network consists 32 stations (Al-Qaryouti, 2002).
In Palestine a strong motivation for our research is the lack of reliable multi
parameter ground based on geophysical information on earthquakes in the
DSB. The proposed step up of a number of observatories with on-line data
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access will enable to derive the present day seismicity and deformation
pattern in the DSB. The first one was installed in Al-Auja area in 2001,
followed by a new station in Salfit in 2015. Figure 3.18 shows the
components and the location for each station. These stations were funded by
German institutes like the GFZ-Potsdam, Germany.

Figure 3.18: Geo/ Hydro/Atmospheres geosphere six multi parameter stations
(DESRVE, 2006).

Three of telemetry Seismic Station are received by An Najah National
University in 2015, which proposed by MERC project. The site are ready
and the installation process might start by end of 2015 or at begging of 2016.
Figure 3.19 shows the earthquakes that occurred along the DST fault in the
time periods of 1900 to 2009 which obtained from the Jordan Seismological
Observatory Network (JSO).

89

The instrumental seismicity of the (DST) dated back to 1903. The largest
instrumental earthquake of the region occurred in July 11 th, 1927 and its
magnitude was recorded as 6.25 on the Richter scale. Its epicenter was some
25 km north of the Dead Sea as stated by the International Seismological
Summary (ISS). Ben-Menahem et al., 1976 tried to explain this earthquake
using a left lateral strike slip mechanism in harmonic with geological,
geophysical and plate tectonic evaluations and considerations. The dominant
Sinistral strike slip motion accommodates most of the relative motion
between the Arabian and Sinai-Palestine plates (Al-Dabbeek et al., 2000,
2003, 2005).
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Figure 3.19: Seismicity map of the Dead Sea transform region for the period 1900-2009.
Data from JSO (1984-2009) and Al-Tarazi, 1992 and AL-Qaryouti, 2002.
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CHAPTER FOUR
FIELD DATA ACQUISITION
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4.1 Introduction
Al-Auja belongs to the Jericho province (governorate), an archaeologic city
in the Southeastern part of Palestine. It is the oldest city in the word. It is also
considered the food basket in Palestine. Seismic tectonically, it belongs to
the Great Rift that extends from the Gulf of Aden in the South through the
Red Sea until the Gulf of Aqaba and then continue in Wadi Araba and Dead
Sea to the Sea of Galilee, even up to Ankara in Turkey. Palestine is located
on the boundary region between the Arabian and African plates.
As a result, it is a seismically active region, with historical exposure to severe
levels of ground shaking, such as the 1766 earthquake (M>6), which caused
complete destruction of masonry buildings and of the economy in Trinidad
and an unknown number of casualties. To reduce the impact of future
earthquakes, it is necessary to accurately assess the seismic hazard in order
to guide city planning and land use. Earthquake damage depends on three
main factors: earthquake source and path characteristics, local site
conditions, and structural design. Seismic microzonation addresses the first
two factors and is defined as the subdivision of a region into zones that have
relatively similar exposure to various earthquake effects the Figure 4.1
shows the Areal map for Al-Auja town updated in 2014.
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Figure 4.1: Areal view of Al Auja showing the location of town. Google earth was used as a
georeferenced feature map (PAU).

It is known that earthquake damage is generally larger over soft sediments
than on firm bedrock outcrops (Lacave et al., 2003). The primary mechanism
responsible for site amplification in soft sediments is the trapping of seismic
waves due to the impedance contrast between sediments and the underlying
bedrock (Lacave et al., 2003). For 3D structures (i.e. when lateral
heterogeneity is present) trapping affects both body waves and surface
waves. In addition, the interference between the trapped waves leads to
resonance patterns dependent on the geometrical and mechanical
characteristics of the subsurface (Lacave et al., 2003).
The fundamental frequency of the site is most valuable, as it shows the
frequency at which the ground motion will be amplified due to local site
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conditions. Moreover, with knowledge of the fundamental frequency of the
site, and an average shear-wave velocity of the soil, the approximate depth
to bedrock can be determined (Kramer, 1996). Applied seismology provides
relatively low-cost, time-efficient and accurate methods for assessing the
shear-wave velocity profile. In addition, it can provide information for the
fundamental frequency of the site. Further, surface methods, which are
suggested for this study, are non-invasive, which makes them an especially
appealing experimental method for applications of urban seismic
microzonation.
For data acquisition, the aforementioned field equipment and methods will
be used. On average and in a relatively 'good' field day, a 4-person team can
perform the measurements. H/V measurements are less time-consuming as
they involve a single recording unit and < 1 hour of data per location. Once
the H/V fundamental frequency results are analyzed, then, the aim is to
divide the city areas into 300 m x 300 m cells using a grid system. This
selection of the grid scale, which corresponds to a ‘Level II’ study, is
correlated to the funding and time availability for this project, however, it is
also comparable to the grid scale selected in other such studies for seismic
microzonation at a city level. This collaboration will run for two years,
during which the goal is to cover about ~10 km2 area of Al-Auja which is
just around 10 percent of the town area that represents the Area A and B
according to the political classification.
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Risk and Mitigation Strategies
The only potential risk is the security of equipment and field crew during the
experiments from occupation forces. To ensure that there are no security
issues, field crew will be working in groups and will supervise equipment at
all times. In general, areas for study will be selected from those known to be
safe; risk area will be avoided in this study. There are no further technical
risks other than that the equipment has to be handled according to its
instructions.

4.2 Equipment
In this project one type of seismograph and two types of seismometers were
used. The first one was broad band sensor and the other was short period
sensor. The name of seismograph is" Summit X Stream Pro" .The name of
two types are Trillium Compact and Geospace 1 Hz sensors, respectively.

The" Summit X Stream Pro" Seismograph
The Summit X Stream Pro (XStream) seismograph, consists of the 24
channel acquisition box system with built-in computer with all its auxiliary
peripherals such as keyboard, mouse controls, USB inlets and outlets, and a
high resolution screen for seismic data previews, as shown in the Figure 4.2.
The built-up computer operates using Windows XP.
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Figure 4.2: The Summit X Stream Pro (XStream) seismograph

The box instrument can be connected with the 24 geophones through either
spread cables or the seismic land streamers through a standardized
connector. In addition to that, a tri-axial seismometer can be connected to
this box. Instrument as shown in Figure 4.3.

Figure 4.3: Right side view of the XStream with connector for geophones.
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The XStream instrument designed for specific engineering applications such
as Reflection, Refraction , MASW, Rami and H/V measurements, besides
many others applications for seismic and geotechnical aspects.
For purpose of convenience use of the" Summit X Stream Pro" products, was
designed for mobile data acquisition and could be operated by a standard car
battery or any other power supply in the range of 9 to 18 volts, D.C.
In addition to that there is no need to carry external data storage devices
during the field measurements. The computer system in the box instrument
already includes a USB connection for retrieving the data that are already
stored in the device. In addition to that the system includes the online and
offline help which describe all settings and operational options of the system.
With regard to power supply the" Summit X Stream Pro" instrument includes
two separate battery connectors which can be used to supply with the device
power from an external battery on the left side of the instrument as shown in
the Figure 4.4.

Figure 4.4: Left side view of the XStream with power supply and external
USB.
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The "Summit X Stream Pro" instrument also includes an internal data storage
system in the form of a solid state disc" SSD". The total memory is divided
between the data acquisition software and the data storage. This is to ensure
that in case of sudden power failures or any others external influences on this
partition of the operational system, the stored data will not be lost. You can
easily use a standardized USB connector transfer or copy your field data
collection from the device to any other computer or flash memory.
The measurements and input/output parameters of the seismic data
acquisitions are controlled by a specific software, namely" Summit
Acquisitions Tool.NET". The "summit Acquisition Tool .NET " software
has been developed by DMT GmbH & Co.KG Exploration & Geosurvey
Geoinstruments. Figure 4.5, Shows below the screen of the "summit
Acquisition Tool.NET" software.

Figure 4.5: Main Screen of the “summit Acquisition Tool .NET” software.
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It shows all detailed information about the instrument parameters besides
also all parameters required for the seismic data acquisition. The main screen
is separated into five different main parts as shown in the Figure 4.5 above.
The technical and environmental specifications of the" Summit X Stream
Pro" are listed in Table 4.1 as the company operational Manual declared.
Table 4.1: The technical and environmental specifications of the
XStream instrument.
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Seismometers
Al Najah National University (NNU), currently, owns one seismograph and
three brand-new 3-component Trillium Compact sensors and one short
period Geospace (1Hz) sensor. These sensors can record in the frequency
band from 10sec to 100 Hz, and are each equipped with their own GPS.
Hence, all of the sensors can be used to the Nakamura H/V technique.

 Trillium Compact Sensor
It is a stainless steel enclosure and waterproof connector which is available
in both 120s and 20s variants because of its small size it reduces time and
effort needed for preparation and installation of site. There is no need for
requirement for further intervention since good quality data are available
within minutes of deployment. It is 100mm (3.93") height with a diameter of
90mm (3.54") and immersion rating of IP67 as shown in Figure 4.6.
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Figure 4.6: The Nanometrics Trillium Compact 120 s Seismometer.

The trillium compact has an industry-leading tilt tolerance of 10° that make
deployments very fast and efficient, its sensitivity is 750 or 1500 V ̱ s/m
nominal, its lower corner poles within ± 1% of nominal provided, highfrequency poles within ± 5% of nominal provided, it is important to know
that there isn’t a peak in response at high frequency.
It clip level is 26mm/s from 0.1 Hz to 10 Hz, there isn’t parasitic resonances
below 200 Hz. Also it is insensitive to natural variations of the magnetic field
of the earth. There is a surface resistant to corrosion, scratches and chips.
Asymmetric triaxle force feedback sensor is incorporated with a response
flat to velocity from 120 seconds to 100 Hz by this instrument. Figure 4.7
show the transfer function which flat from 120s to 100 Hz and typical
trillium self-noise.
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Figure 4.7: The Trillium Compact 120 s Seismometer cutoff frequency and self-noise
curves.

 Geospace 1 Hz Sensor
The Geospace seismometer of 1 Hz corner frequency (GS-1 Hz
seismometer) is a high sensitivity, self-generating velocity with low natural
frequencies. The GS-1 Hz seismometer is used for many detecting seismic
activities for structural application and geological hazards. The Geospace
seismometer station provided as 1 Hz sensors GS-1 13kg weighted. The
seismometer dimension is 50X50X50 cm as shown in Figure 4.8.
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Figure 4.8: The Geospace seismometer station 1 Hz (sensor HS -1, 13
kg Wight, dimension 50 * 50 * 50 cm).

The GS seismometer are available in different range of frequencies from 0.2
to 2 Hz. The sensitivities of this device lies in range of 3 to 15 V/in/se. The
cut frequency curve for the GS-1 seismometer is shown in Figure 4.9. This
curve will give us to what limit the device can measure.
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Figure 4.9: The Geospace seismometer of 1 Hz cutoff frequency and self-noise curves.

4.3 Field Data Acquisition
Prior to data acquisition, it is importance to investigate the site's features to
identify the study area and expected obstacles. The preliminary investigation
of the site facilitates data collection process from the field in the future and
allows identification of topographic and geological characteristics of the
region.The process of site investigation or examination is very important in
the seismic microzonation studies, and is heavily depended on the object and
purpose of the study.
So the investigation of the site can be divided into various phases, depending
on the subject of the study. The main phases of investigation are as follows:
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1- Preliminary Field Visit
It is important to visit the field before doing anything in the study area
in order to identify the site and the surrounding area before starting to
collect the data and the information about the area.

2- Data Collection
The step that follows visiting the field is to start collecting all the data
available from the area, which can be obtained from the official and
nonofficial institutions, such as municipalities, local government
(authorities), ministry of energy, the ministry of transportation and the
PBCS in addition to NGO’S. It is favorable to refer to local projects
in the region in order to collect the largest possible amount of data
about the study area.
Depending on the subject of the study and the purpose of the research,
the information and data that should be considered by the researcher
must include:
 Updated aerial maps of the area
 Geological maps of the region obtained from the geological
survey centers and other related institutions.
 All available maps about land use and soil types in the region
in addition to the geographical maps
 The land use categorization of the region according to the
approved structural master plan.
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 Collecting information about the seismicity of the area and
determining the location and types of the faults system.
 Collecting all the information about the artesian wells in the
region and the ability to obtain its lithology.
 Collecting and inventorying all the previous studies that are
associated with the study area.

3- Topographic Feature
One of the important steps of the site investigation is to identify the
topography of the region and to form an initial idea about the land
slopes and the terrain feature of the study area. It is also important to
know the accessibility and ease of movement within the terrains in the
target area based on the road network and the topography. The
importance here is to determine the size of the effort needed in order
to conduct the study.

4- Site Reconnaissance
In order to have a good management and appropriate planning for the
seismic microzonation surveying, in addition to collecting available
information in the area about geology, weather, population, etc. The
investigation must be done in the field for the elements that are related
to the subject of study, which is the survey of the amplification of the
soil.
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Therefore, when conducting site reconnaissance we must focus on the
following:
 Investigation of the topsoil in the region to get an idea about the region
geology.
 Examination of the existing projects with soil cut and fill in the region,
and this can enables the identification of soil layers especially if there
are projects under construction and the excavation work still going on.
 Contacting the local engineers and contractors besides local
community in order to get information about the region, especially that
related to local soil conditions as well as the possibility of collecting
information about wells drilled in the area, which may have no
documentation.
 Collecting information about the times of peak hour activities in the
region, because it may interfere with the data quality.
 Identifying and collecting information about security and political
conditions in the region and the possibility/impossibility of movement
and presence during day and night times without affecting security of
the crew and devices.

4.3.1 Guidelines of Field Data Acquisition
The information of the guidelines and criteria for the implementation of the
H/V spectral ratio technique on ambient noise vibrations measurements,
processing and interpretation, is currently available at the following website
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address:http://sesame-fpsiobs.ujf-grenoble.fr/papers/HVUser
Guidelines.pdf.
These guidelines must be followed on an informed basis, without relying
blindly on parameters that regulate only some aspects of the investigation.
This is because for any such software any rubbish information in leads to
rubbish information out.
As mentioned earlier, when the guidelines do not meet the circumstances of
the survey, it does not mean that the investigation should be rejected. In any
case, the verification of compliance with these guidelines is necessary to
determine if the survey is relevant or if there is a need for any further
investigation from the geophysical point of view.
It is worth adding a short but a crucial note; despite of the fact that H/V
technique is simple and easy, either in acquisition or analysis of the data, it
is essential to understand the field circumstances in order to obtain reliable
results of the analysis.

Constraints of Data Acquisition in the Field
Field data acquisition may be subjected to the following constraints:
1. High temperatures; especially in summer because the area located within
the warm dry climate region.
2. Constraints associated with the difficult political situations especially the
Israeli closure and difficulties imposed by the Israeli occupation on the
access to the area.
3. Traffic conditions near the field especially with high traffic rates.
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4. Agricultural field work such as plowing machinery movement produced
by some equipment such as tractors.
5. Continuous water pumping from agricultural wells in the area.
6. Some industrial activities in the local area which have effects on certain
times of data acquisition.
7. Some issues that are associated with especially closed agricultural areas
such issues make it hard to follow up the points according to the supposed
divisions of the study.
8. Technical problems associated with the use of seismograph and
seismometer in the field.
9. Construction and drilling works in the surrounding area.
10. The presence of infrastructure underground pipelines.
11. Difficulty in choosing the quiet peak times such as dawn and night
because of security conditions (security circumstances).

Precautionary Measures in the Field
These are some of the main points of precautionary measures for data
acquisition from the field gathered from many experiences and the guidelines
of SESME project:
1. Avoiding high–voltage underground lines.
2. Avoiding rainy and windy days, extreme temperatures, low pressures to
minimize the unstable distortions of frequencies.
3. Avoid using long cables wiring to minimize the electronic and mechanical
interferences.
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4. Avoiding some noise of short period local sources during measurement,
such as footsteps, cars, tractors, engines,… etc.
5. Avoiding working times of factory and heavy activities.
6. Staying away from the operation times of water pumps in the agricultural
wells in the surrounding areas.
7. keeping away a sufficient distance from infrastructure such as water pipes
and electricity lines.
8. Keeping away from buildings and big structures.
9. Keeping away from trees and high plantation areas.
10. Avoiding waterlogged (suramps) and highly water saturation areas.
Base on the SESAME program, the guidelines for the field data survey that
are reported in the official manual, are listed in Table 4.2.
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Table 4.2: The guidelines for the field data survey based on SESAME
program.
Type
parameter

of Main recommendations
Minimum expected f0 [Hz]

Recording
duration

Measurement
spacing

Recording
parameters

0.2

Recommended minimum recording
duration [min]
30'

20'
0.5
10'
1
5'
2
3'
5
2'
10
 Microzonation: start with a large spacing (for example a 500 m grid) and, in
case of lateral variation of the results, densify the grid point spacing, down to 250
m, for example.
 Single site response: never use a single measurement point to derive an f0
value, make at least three measurement points.
 Level the sensor as recommended by the manufacturer.
 Fix the gain level at the maximum possible without signal saturation.

 set the sensor down directly on the ground, whenever possible.
In situ soil-  Avoid setting the sensor on "soft grounds" (mud, ploughed soil, tall grass,
sensor coupling etc.), or soil saturated after rain.
 Avoid plates from "soft" materials such as foam rubber, cardboard, etc.
 On steep slopes that do not allow correct sensor levelling, install the sensor in
Artificial soil- a sand pile or in a container filled with sand.
sensor coupling  On snow or ice, install a metallic or wooden plate or a container filled with
sand to avoid sensor tilting due to local melting.
 Avoid recording near structures such as buildings, trees, etc. in case of wind
blowing (faster than approx. 5 m/s). It may strongly influence H/V results by
Nearby
introducing some low frequencies in the curves
structures
 Avoid measuring above underground structures such as car parks, pipes,
sewer lids, etc.
 Wind: Protect the sensor from the wind (faster than approx. 5 m/s). This only
helps if there are no nearby structures.
 Rain: avoid measurements under heavy rain. Slight rain has no noticeable
Weather
influence.
conditions
 Temperature: check sensor and recorder manufacturer's instructions.
 Meteorological perturbations: indicate on the field sheet whether the
measurements are performed during a low-pressure meteorological event.
 Monochromatic sources: avoid measurements near construction machines,
industrial machines, pumps, generators, etc.
 Transients: In case of transients (steps, cars,...), increase the recording
Disturbances
duration to allow for enough windows for the analysis, after transient removal.

The field sheet provedes the detailed information about the circumastances
and descriptions of the site. Such sheet is important to keep all the needed
information about the site survey during the analysis and interpertation of
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the results. as an example, Table 4.3 shows the detailed information about
the S40 site (Al-Aluja site survey on 5 May, 2014).
Table 4.3: Sheet details information about S40 site survey.
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4.3.2 Data Acquisition of Seismic Noise in Al-Auja District
Before collection of data, some preparation is required, as follows:
 Checking the equipment and making sure that it work efficiently
before going to the field.
 Ensure the safety of the battery. It is preferred to take a backup battery
to the field.
 Having a mobile high-precision GPS in order to determine the
coordinates of measured points.
 Obtaining a recently updated aerial image for the region with high
accuracy.
 Preparing grid maps of divisions 500mX 500m and also 300mX 300m
for the study area in order to collect field readings.
 Forming a team and selecting a vehicle appropriate to the field in order
to conduct the study.

Field Survey Process
After determining the starting point for the data acquisition and before
installing the devices, it is preferred to follow the recommended guidelines
as outlined in section 4.3.1 in order to get a clear, good and appropriate data
for reliable results.
 Setting up the equipment in the field. The equipment is divided into
two parts; seismograph or dataloggor, and seismometer. The
seismograph records and collects data. The seismometer is a signal or
noise receiver.
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 Starting up the seismograph and setting all the suitable "Shooting and
Recoding" parameters based on the requirements of data acquisitions
and based on techniques of the survey.
 The seismometer should be placed in a position such that it is
completely level and straight resting on the ground in order to avoid
any form of distortion of signals. The seismometer must be oriented
according to the indication on its top to the North direction as shown
in Figure 4.10.

Figure 4.10: The Geospace seismometer of 1 Hz (GS_1 Hz
seismometer) with orientation arrows.

Seismograph Settings
In order to start data acquisition from the field, the first stage is the
appropriate connection of all the cables. It important to insure that all
connections are well connected, especially the cable of seismometer. The last

115

cable to be connected is the power supply (battery). The built-in computer
will start up immediately once the battery is connected.
For data collection, the "Summit X Stream Pro" seismograph use the
“Summit Acquisition Tool.Net” software to start acquiring the data.
In order to start the processing of the field measurement and to set up the
instrument parameters for the purpose of measurement, the following steps
must be followed: First, you must create a new survey in order to identify
your project. Second, follow up the procedure for the acquisition mode.
Figure 4.11 shows the startup software with all main toolbar.

Figure 4.11: Startup window of the "Summit X Stream Pro" software with main toolbars

Before starting the acquisition we have to set the "Shooting" and
"Recording" parameters according to the purpose of our project. Figure 4.12
below shows the main parameters that are very important for conducting the
data acquisition in the field. These parameters include two types: "Recording
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and Shooting" parameters. Table 4.4, 4.5 give a quick summary of definition
for each parameters of each type.

Figure 4.12: Recording and Shooting Parameters windows
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Table 4.4: Basic "Recording Parameters"
Name
Description
Stacks
Sets the amount of stacks you want to use during the
acquisition. It is also possible to manipulate this
number during a running acquisition.
Sampling
Defines the sampling interval in ms.
Interval
Please note: Sampling Interval of 1/96 and 1/192 ms
are only available with special hardware (not with the
summit X Stream Pro)
Recording
Sets the total recording time which is used during
Time
acquisition and which will be stored into the SEG2
File.
Gain
Defines the gain of the pre-amplifier inside the unit. It
is possible to define three gain setting (0dB (x1), 20dB
(x10) and 40dB (x100))
Pre-Trigger
Defines the pre-trigger length in ms. This time will be
recorded into the SEG2 File in advance before the
trigger event occurs.

Table 4.5: Basic "Shooting Parameters"
Name
Description
Receiver
These four settings define the stations in the spread
Location
view. In other words these four settings form the layout
of your seismic channels in the field. A basic setting
for a 3 channel Unit are the following settings:
First Line: 1, Number of Lines: 1,
First Station: 1, Number of Stations: 3
Data Output
These settings define your Data Output options. In case
of the summit X Stream Pro Unit the data output
directory should always be set to the Data partition of
the internal storage (drive D:\).
The file name prefix, Auto Save and Auto Print options
can be set according to your in-field needs.
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The parameters of the data acquisitions used in the study are:
Recording Parameters:
1- Sampling Rate
The "Summit X Stream Pro" device uses a range of sampling interval
between 48000 Hz (1/48 ms) and 125 Hz (8ms). The sampling interval of
1/96 to 1/192 ms are not available in the "Summit X Stream Pro" but only
with a special hardware.
In this study we will use two sample rate (8 ms and 4 ms) in order to record
the appropriate noise measures and to acquire suitable recording time
according to SESAME recommendation, see figure and table (SESAME
guidelines). The results that will be shown in Table 6.1 is obtained using
these sampling rates for each measured points at Al-Auja district according
to data acquired from the field.

2- Recoding Time
According to SESAME recommendation for recording time based on
sampling rate and the total number of samples, the recommended time
duration is 20 minutes in the light of expected natural frequency and for more
information refer to section 2.2. The reserved space in the seismograph is
based on the 120000 bits (seismograph technical properties) see Figure 4.13.
According to that we can drive the recording time based on sample rate and
total number of sample.
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Figure 4.13: The maximum recording length based on sampling rate.

𝑅. 𝐿 = 𝑇. 𝑁. 𝑆𝑋𝑆. 𝑅
Where:
𝑅. 𝐿 : Recording Time
𝑇. 𝑁. 𝑆 : Total Number of Sample
𝑆. 𝑅 : Sampling Rate
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For total number of samples equal to 120000 bits and a sampling rate 𝑆. 𝑅
(ms), the recording time is:
𝑅. 𝐿(𝑚𝑖𝑛) =

120000
60𝑥1000

𝑋𝑆. 𝑅(𝑚𝑠)

𝑅. 𝐿(𝑚𝑖𝑛) = 2𝑋𝑆. 𝑅(𝑚𝑠)
Therefore, for sampling 4 ms and 8 ms the recording times are:
𝑅. 𝐿(𝑚𝑖𝑛) = 2𝑋4 = 8 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
𝑅. 𝐿(𝑚𝑖𝑛) = 2𝑋8 = 16 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
The Figure 4.14 show the relationship between the length of acquired
recording and the sampling rate.
In this project more than one file for each point were collected. Based on the
capacity reserved in the device and according to the recommended time
length of recording (20mintues) based on SESAME guidelines as shown in
Table 4.6; we have to collect three files for a sample rate of 4 ms, and two
files for a sample rate of 8 ms. These files are separately saved in the
seismograph. Before the analysis we have to compile all files in one file
using the "Geopsy" software. Also we will list all the data collected in Table
6.1 for the area under study.
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Recording Length (Min)

16
14
12
10
8
6

𝑅. 𝐿 = 2𝑋𝑆. 𝑅(𝑚𝑠) 𝑖𝑛 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

4

𝑅. 𝐿 = 120𝑋𝑆. 𝑅(𝑚𝑠) 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑

2

𝑅. 𝐿 = 120000𝑋𝑆. 𝑅(𝑚𝑠) 𝑖𝑛 𝑚𝑖𝑙𝑠𝑒𝑐𝑜𝑛𝑑
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Figure 4.14: The relationship between the length of recording time in minutes and the
sampling rate in millisecond.

Table 4.6: Recommended recording duration.
Recommende
Minimum
Minimum Minimum useful d minimum
f0
Minimum
number of
number of signal duration
record
[Hz] value for lw [s] significant cycles
windows
[s]
duration
(nc)
[min]
0.2

50

200

10

1000

30'

0.5

20

200

10

400

20'

1

10

200

10

200

10'

2

5

200

10

100

5'

5

5

200

10

40

3'

10

5

200

10

20

2'

3- Pre Trigger
The pre trigger is measured in ms, for the microtremor or passive
measurements no need and we can set is 0.0. See Table 4.4 and Table 4.5
shows summary of the main parameters of recording time of data acquisition.
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Shooting Parameters:
The two important parameters for the microtremor measurements in the
“shooting window” are: First, the number of station, and in our case it is
three because we used Nakamura technique with single seismometer of three
components. Second, the output directory for the stored files, see Figure
4.12.

Starting the Data Acquisition
To start the data acquisition, first set up the instruments in the acquisition
mode by pressing the "Trigger Enable" button. After that, and for the passive
measurements, press on the "Trigger Force" button to start up the recording
noise. Figure 4.15 shows the window of recording status.

Figure 4.15: Using "Trigger Enable" button in the main window.
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In the end of this operation we will have a file of noise signal data stored into
the SEG 2 file format with a duration of recording time equals 16 minutes or
8 minutes based on a sampling interval of 8 ms and 4 ms, respectively. Table
4.7 shows a summary of the acquisition setting parameters for active and
passive methods (Surfseis Manual, 20008 and Gosar et, al., 2008). The active
measurements, such as MASW, depend on the trigger sources. However, the
passive measurements, such as ReMi and H/V methods, depend on the
background noise (no triggering), similar to our case of Al-Auja study area.
Table 4.7: A summary of the acquisition setting parameters for active
and passive methods (Surfseis Manual, 2005 and Gosar et, al., 2008).
Survey Type

Active MASW

Passive ReMi

Microtremor HVSR

Folder

“…/Active/”

“…/Passive/”

“…/Passive/”

Survey Purpose
Data Format

2-D Vs Profiling
SEG-2

1-D Vs Profiling
SEG-2

Site Response
SEG-2

Acquisition
Source

24 channel
8-kg
sledgehammer
4.5-Hz
(spike coupling)

24 channel
Noise

24 channel
Noise

4.5 -Hz
(spike coupling)

Linear
(roll along)
115m
5m
5m
1 dx (5 m)
1 ms (1000 Hz)
2 sec
Required

Cross (x-y)

1-Hz Three
component
Seismometer
Point

115 m
5m
N/A
0
2 ms (500 Hz)
20 min
Required

N/A
N/A
N/A
0
8 ms (128 Hz)
20 min
Required

Receivers
(Geophones)
Receiver Array
Array Dimension (D)
Receiver Spacing (dx)
Source Offset (𝑥1 )
Receiver Array Move
Sampling Interval (dt)
Recording Time
Record Numbers
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CHAPTER FIVE
DATA ANALYSIS AND
PROCESSING
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5.1 Introduction
Data processing will be performed using the open software GEOPSY
(Whatelet, 2005, http://www.geopsy.org/). This software can be installed in
a variety of platforms (ex. Windows, Linux) and can be used to identify the
peak of H/V spectra, in order to evaluate the natural frequency and the
amplification factors. Hence, it is a software that covers the data processing
needs for the entire project, and it is both well-known, and well-documented.

5.2 Data Analysis
After the collection of data using the acquisition software with
recommendations, precautions and any other requirements from SESAME
guidelines and from other experts, we can compile the data for each point
from different files in order to analyze them using Geopsy software. This
program uses Nakamura technique based on SESEME criteria as previously
mentioned.
Geopsy is a software used to analyze many different geophysical
applications such as the active methods like MASW and passive methods
like ReMi and Microtremor H/V methods. The Geopsy software was
developed by the SESAME European project. In my thesis I will use the
Geopsy software version 2.9.0 as downloaded on the 28 th of August 2012
from the web site www.geosy/download (Reference UTL on data).
Analysis procedure of the H/V methods will be illustrated using Geopsy
software in order to evaluate two soil parameters, namely; the natural
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frequency, and amplification factor for each site. Table 6.1 shows all the
resulting data for each point in Al-Auja district.
In section 4.1.7 and for the sake of demonstration one example will be taken
from all collected points to be explained in detail as a representative case for
all data. The point number 40 (S40), which was measured on 05th May 2014
is randomly selected. All H/V steps will be demonstrated for this point, and
as it is mentioned earlier, list of all results for each point is reported in Table
6.1 including the rejected measured points.

5.3 Geopsy Software
About the Software:
Geopsy Software has been developed by the European Commission within
the original software under project SESAME [Site Effects Assessment using
AMbient Excitations]. Which was initiated aiming to test the effectiveness
of the background noise and the site effect response which was developed
by Nakamura in 1989. Basically, the Nakamura technique depends on
producing site effects response based on the microtremors horizontal to
vertical spectral ratio which will be covered in details later in this study.
Before we talk about Geopsy Software, we will take a glance over SESAME
software. The SESAME software focuses on the analysis of ambient noise
data based on the H/V spectral ratio technique and the program is developed
using Java Language to illustrate the platform of the data analysis.
The main modules of the software are the data browsing, the window
selection, the data processing and the data display module. The SESAME
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software is supports many file format such as, GSE and the ASCII formats.
(ATAKAN et al., 2004)
The main difference between the Geopsy Software and the SESAME
software is that the first one is more expanded in Geophysical analysis
besides the H/V (Nakamura technique) that is and used in SESAME project
and software in 2004.
The Geopsy Software was design as a graphical user interface (GUI) and this
provides a user-friendly environment and extensive functionality. The
Software is available at www.geopsy.org for download free of charge and
for non-commercial use. The software can runs using either Linux, Mac
OSX, or Windows operational systems. In this research Windows 8.1
operating system will be used.

General Purpose of the Software
The Geopsy software can solve inversion problems using Neighborhood
Algorithm or Monte-Carlo sampling. Various plugins are proposed for
solving common problems in the program can be installed. Inversion of
dispersion curves (using Rayleigh, Love, Phase and Group Velocities, and
Higher Modes), autocorrelation curves, ellipticity Curves, ellipticity peak
and refraction travel times, and joint inversion are also possible.
Once you input a dispersion Curve, you will get a collection of good models
without making any difficult choices about the parametrization. Thus this
tool might look as a black box but, a good knowledge of the inversion process
is absolutely required in order to be sure of properly using the software &
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interpreting the data. (Installation manual). The Geopsy program is provided
with the analytical tools for HVSR, MASW, ReMi, Refraction Geophysical
techniques.
As a brief description of the HVSR method, it is originally proposed by
Nogoshi and Igarashi (1971), and widespread by Nakamura (1989). The
method consists of the estimation of the ratio between the amplitude spectra
of the horizontal components and the vertical component of the seismic
microtremors environmental recorded from a signal station. This method is
the one we will use in this study because it is easiest and least expensive
method.
The evaluation of stationarity and the directionality of the H/V ratio. It is
more useful to get information about the stationary and directionality of H/V
to help you to get an idea of the goodness of your survey.
The stationarity means the stability of the H/V ratio throughout the duration
of the investigation, the individual H/V reports related to a time window that
should be as similar as possible, especially with regard to the frequency at
which the peak occurs, it is not possible for Geopsy to generate a graph that
summarizes this information.
The directionality of the H/V ratio is the information about the direction from
which the signal on the horizontal half-plane comes, this can help to detect
any undesirable situation in which there is the polarization of the signal along
a certain director. In Geopsy it is possible to obtain the graph of
directionality of the H/V ratio using the tool H/V rotate, accessible from the
special icon in the toolbar at the top.
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The processing takes place in a way which is almost identical to that for the
H/V ratio. The final result is a graph which obtained from the production of
H/V ratio for every 10º of rotation as shown in the Figure 5.1 below.

Figure 5.1: Rotation Angle directions for H/V ratio.

Using the Program
When the Geopsy software first starts, the main screen shows the setup
dialog box and preferences. The main screen is as shown in the Figure 5.2
below.
The buttons in the tool bar at the top are used to perform different types of
processing with different techniques, as already mentioned, above.
The result of processing is a curve, known as the elasticity, which is precisely
the spectral ratio between the signal of the two horizontal and vertical
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components (H/V ratio). The Curve allows the direct assessment of the
resonance frequencies of the site investigated.

Figure 5.2: General main tool bar screen of the Geopsy software.

In Geopsy software, the minimum frequency which can be specified is 0.01
Hz, and the maximum frequency is virtually unlimited. If you enter the
maximum frequency higher than the Nyqust frequency, the H/V ratio versus
the frequency will be flat, and if you enter the minimum frequency
corresponding to one tenth of the length of the time windows used. the
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software will highlight the area by red color indicating that, the relationship
is not reliable.
As an example, we will use the H/V method to show how to do the analysis
for the interpretation of measured data from a single station by the method
of the spectral ratios.
We can summarized the main steps of the H/V analysis as following:
1- Recording the field data as three components; two horizontal and one
vertical.
2- Decomposition of the signal in time windows, aiming to isolate the
part of the recording in which the signal is more stationary and to
eliminate transient noise.
3- Calculation and smoothing of the amplitude spectrum obtained by the
Fourier Transform for each of the selected windows on all three
components.
4- Combination with an average of the two horizontal components for
each of the selected windows.
5- Calculation of the ratio between amplitudes of each horizontal signal
to the vertical signal (H/V) for each windows.
6- Calculation of the average of the two ratios H/V of all windows which
is represented as the final H/V curve.
Geopsy can effectively assist the user to select phase of the widows and
automatically perform all the other steps from three to six mentioned above,
allowing the user to obtain simple and fast H/V Curve. The data processing
must be carefully conducted to ensure the quality and reliability of the H/V
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curve. The SESAME framework project is based on certain criteria, which
will be discussed later in this study.

5.4 Criteria of the Microtremor Analysis
The criteria and recommendation to help in the result interpretation of H/V
ratio analysis for different cases based on SESAME guidelines. As what we
mentioned earlier the guidelines is free download http://sesame-fpsiobs.ufjgrenoble.fr/papers/HV User Guidelines.pdf website.
There are many preliminary steps to choose the frequency that verifies
compliance with the criteria, which will be identified as Fo, which is the
highest point of the H/V curve that is usually referred to the peak frequency:
1- The criteria for reliability of the Results.
The reliability of the H/V curve results can be characterized by following
three parts:

A- Recording Duration
The requirements for each time window of the signal component at the peak
frequency must cover at least 10 cycles of the corresponding sought
frequency.
For instance, if the sought frequency F0 is 1.0Hz , corresponding to a period
of 1 second per cycle, the time window must be at least 10 seconds, and if
the windows length is 20 seconds, it will have 20 cycles.
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The specified formula assumes that all windows have the same length. If the
windows have different lengths then the criterion should be verified for each
window. Each window must have 10 cycle at least, according to the formula:
F0 >

10
𝐼𝑤

Whereas
𝑓0 : The peak frequency (interested).
𝐼 𝑤 : The window length (in seconds).
There is another formula to enhance the reliability of the peak frequency,
which is 𝑓0 >

20
𝐼𝑤

this mean that half of the peak frequency meet at least

ten significant cycles.

B- Number of Significant Cycles
According to this, the sum of cycle’s number of all windows must be greater
than 200. This formula assumes that all windows have the same length, if the
windows have different lengths, then the sum of cycles number can be found
by the sum of the multiplication of the peak frequency multiple and each
window length, 𝑓0 ∗ 𝐼𝑤 where 𝐼𝑤 is the length in seconds for each window.
The total number of significant cycles is 𝑛𝑐 = 𝐼𝑤 𝑛𝑤 𝑓0 , must be greater than
200.For example, for a peak frequency of 1 Hz the recording length at least
10 seconds, 𝐼𝑤 = 10/𝑓0 and the number of windows is at least 20 windows:
Where: 𝑛𝑐 ∶ 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑐𝑦𝑐𝑙𝑒𝑠 .
𝑛𝑤 : 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒
𝑖𝑤 : 𝑤𝑖𝑛𝑑𝑜𝑤 𝑙𝑒𝑛𝑔𝑡ℎ .
𝑓0 : 𝐻⁄𝑉 𝑝𝑒𝑎𝑘 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝐻
𝑐𝑢𝑟𝑣𝑒 .
𝑉
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Where, for 𝑓0 = 1𝐻𝑧

10
= 10 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
𝑓0
200
200
𝑛𝑐 =
=
= 20 𝑤𝑖𝑛𝑑𝑜𝑤𝑠
𝐼𝑤 𝑓0 10 ∗ 1
𝐼𝑊 =

For, 𝑓0 =0.5 HZ
𝐼𝑤 =

10
= 20 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
0.5

And the windows length is 25 seconds.
200
200
𝑛𝑐 =
=
= 16 𝑤𝑖𝑛𝑑𝑜𝑤𝑠
𝐼𝑤 𝑓0 25 ∗ 0.5

C- The Standard Deviation 𝜹(𝒇) of the Peak Amplitude 𝑨𝟎
The standard deviation of frequencies range lies between half and double
peak frequency (𝑓0 ) and it must be less than 2 or 3 (times) according to the
peak value (𝑓0 ). The curves standard deviation can be derived by multiplying
and dividing the amplitude of the H/V curve for its standard deviation that
you can obtain from the table which produced by Geopsy software as a result
of processing of H/V method.
The recommended standard deviation 𝛿𝐴 (f) are:
𝛿𝐴 (𝑓) < 2 𝑓𝑜𝑟 0.5 𝑓0 < 𝑓 < 2𝑓0
And 𝛿𝐴 (𝑓) < 3 𝑓𝑜𝑟 0.5 𝑓0 < 𝑓 < 2𝑓0

𝑖𝑓 𝑓0 > 0.5 𝐻𝑧
𝑖𝑓 𝑓0 < 0.5 𝐻𝑧

The acceptable low level of scattering between all windows as required.
𝛿𝐴 (𝑓) < 2 → 0.5 𝑓0 < 𝑓 < 2𝑓0
𝛿𝐴 (𝑓) < 3 → 0.5 𝑓0 < 𝑓 < 2𝑓0

𝑖𝑓 𝑓0 > 0.5 𝐻𝑧
𝑖𝑓 𝑓0 < 0.5 𝐻𝑧
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2) The Clarity of the Peak
Based on the SESAME guidelines, at least 5 out of 6 criteria must be
fulfilled. The following six criteria are:

Amplitude Conditions
1

A- between 𝑓0 𝑎𝑛𝑑 0.25 𝑓0 ( 𝑓0 ) , There is at least one frequency (f-)
4
lies for which the amplitude value of the H/V curve is less than half of
the amplitude at frequency 𝑓0 .

−𝑓 ∈ [

𝑓0
, 𝑓 ] 𝐴ℎ
4 0
𝑣

(−𝑓) < 𝐴0 /2

B- With respect to the previous one, the criteria of symmetry is required
at least one frequency f+ lies between𝑓0 and 4𝑓0 which the amplitude
value of the H/V curve less than half of it.
𝑓0

𝑓+ ∈ [𝑓0 , 4𝑓0 ] 𝐴𝐻 (𝐹 +) < 𝐴0
𝑉

2

C- According to this criterion, the amplitude (𝐴0 ) of the H/V ratio at
frequency 𝑓0 must be greater than 2. 𝐴0 > 2

Stability Conditions
D- The curves of confidence level based on the statistical issue, usually
have a peak that should be appeared within a percentage ∓5% of the
H/V ratio corresponding to mean 1 ∓ standard deviation around the
mean.
𝑓𝑝𝑒𝑎𝑘 [𝐴𝐻 (𝐹) ∓ 𝛿𝐴 (𝐹)] = 𝐹0 ∓ 5% -E
𝑉
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F- It is required that the standard deviation of the peak frequency in the
individual windows is maintained below a thresholds values are
indicated in the table below. 𝛿𝑓 < 𝜀(𝑓0 )
G- The standard deviation of the H/V amplitude of the average single
point at the peak frequency 𝑓0 is maintained below a threshold
indicated in the table above.
𝛿𝐴 (𝑓0 ) < 𝜃(𝑓0 )
Geopsy does not allow to directly verify the SESAME criteria, but you can
do it quite easily by examining the contents of the files produced after
processing of the H/V ratio, with files of "𝐻𝑣 " and "Log" format. Some of
the data required for the verification of the criteria can be viewed via dinver.
“𝐻𝑣 ” in dinver can be displayed in tabular form, for each frequency, the
average of the H/V values and standard deviation. Table 5.1 below shows
the summary criteria of the reliability and clarity of H/V results, in additional
to threshold values for the stability conditions of H/V peaks.
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Table 5.1: Summary of the criteria and definitions of the reliability of
the results.
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Unclear of Signals:
1- Industrial signals
In some cases we have an industrial region or factory nearby the site, the
recorded signal may become dominated by the noise from the industrial
sources. This will show sharp peaks in the Fourier Transform of the recorded
signal. Therefore, and as a recommendation, any signal containing sharp
peaks can be discarded because it is 95 % probability that it is coming from
an industrial source. For more details refer to the SESAME manual.

2- Fuzzy Low frequency peaks
Due to various conditions, the recorded signal may exhibit a low frequency
an unclear peak. Such conditions include cases with meteorological
interference, such as wind blowing or cases with soil impedance contrast or
cases with low sensitivity of the soil sensor.

3- Broad or multiple peaks
For this case we can either change the parameters related to the smoothing
band in order to transform the signal into a "clear" H/V ratio curve. Or if it
could have been caused by an industrial signal, therefore we must go back
and check for industrial signals.
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4- Two peaks
It can happen due to two soil layers impedance contrasts in the form of two
layers one is thick and the other is shallow. Therefore we have to check the
geological condition of the site.
5.5 H/V Analysis Using Geopsy Software
The steps of the data analysis using Geopsy software by applying H/V
method are summarized as follows:

1- Loading the Files
Geopsy can read a variety of file types, Including SEG2, SEGY, SAF
(Sesame), GSE, SAC, and minSeed. The most common format for the data
of surveys HVSR is the SEG2, which is the default format of our acquisition
program "Software.Summit.Net ".
The first step is loading the file containing the recorded signal as
seismograms into Geopsy software to be analyzed.

2- Window Selection
There are two ways for the selection of windows in order to do the H/V
processing. The first way is to directly select a window on the main screen
(manual method), the second way is using automatic selection available in
Geopsy software. In the automatic selection option, we can use a filter or not
depending on filters requirements in order to eliminate some transients or
spike signals. The window length according to SESAME guidelines is based
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on the formula of 𝐼𝑊 = 10⁄𝑓𝑜 , where the 𝐼𝑊 is the minimum window length
and 𝑓𝑜

is the expected natural frequency.

The default value of the window length in Geopsy is 25 second. Meanwhile,
if we set the window length to be just more than 10 second it could be enough
if we expected about 1 Hz natural frequency based on the above formula.
For instance if we have the total recording length of the measured
background noise from the field acquisition 16 minutes, then the total
number of windows is the 16 minutes (960 seconds) divided by the windows
length (fixed length) 25 seconds (default value).
𝑁. 𝑊 =

960
25

= 38.4 (̋Windows)

This number of windows may be enough to provide statistical confidence for
the evaluation of the resonance frequency. For more statistical confidence,
we can use a length of window of 20 seconds (and this gives 48 windows) to
increase the statistical calculation for the natural frequency. However, at the
same time the ratio of (10⁄𝑤𝑖𝑛𝑑𝑜𝑤 𝑙𝑒𝑛𝑔ℎ𝑡) cannot be lower than the
natural frequency of the seismometer (10⁄𝑊. 𝐿 > 𝑓𝑆𝑒𝑖𝑠𝑚𝑜𝑚𝑒𝑡𝑒𝑟 ). Figure
5.3 below shows the relationship between the windows length and the
number of windows.
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Figure 5.3: The relationship between the windows length in seconds and the number of
windows.

𝑁. 𝑊 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑖𝑛𝑑𝑜𝑤𝑠
𝑅. 𝐿 = 𝑅𝑒𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝐿𝑒𝑛𝑔𝑡ℎ
𝑊. 𝐿 = 𝑊𝑖𝑛𝑑𝑜𝑤 𝐿𝑒𝑛𝑔𝑡ℎ
𝑁. 𝑊 =

𝑅.𝐿
𝑊.𝐿

The window length time should be large enough to ensure a good resolution
at low frequency. In addition to that, the number of windows should be large
enough to ensure significant statistical results.
Another way to increase the statistical significance to evaluate the resonance
frequency is to overlap the selected windows. In order to see the difference
or the effect of the overlapping on the calculation of natural frequency, we
can use different overlap values over the recorded signal. This way is useful,
especially if you have a short time recording.

3- Filter Assignment
Before running the H/V process over the recorded signal, it is necessary to
remove any bad signal (spike noise) from the overall waveform that is
generated by near source effects such as footsteps, manual or mechanical
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digging, tractors, …, etc. In Geopsy software we can remove the transient or
spike noise or any other undesirable signal by using different type of filters
as shown in Figure 5.4 below.

Figure 5.4: The main screen of filters type in Geopsy software.

According to Figure 5.4 the available type of filters in the Geopsy software
are:
1. Bad sample tolerance
2. Bad sample threshold
3. Anti-triggering on raw signal
4. Anti-triggering on filtered signal
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The first two filters are used to eliminate clipped parts of distorted records,
or to define some tolerance regarding for severe selection criteria. For "Bad
sample tolerance" filter the default value of inactive cumulative number of
seconds is 0.0 sec, and for the Bad sample threshold filter, the default
inactive value is 99% for eliminating all clipped parts of the records refer to
(Geopsy manual).
Anti-triggering on raw signal is the most used filter among the analysts,
because they know exactly the principles of how this filter works and also
because of the capability of this filter to catch the impulsive energy and thus
kill any spike or transient noise. The anti-trigger filter is the way to detect
the spike or transient signals by the comparison of two averages signal
amplitude as a reference in order to eliminate all undesirable records.
This filter operates as follow: It first calculates two averages from the signal;
then it computes the ratio of these two averages, then it compares this ratio
to two fixed extreme boundaries in order to decide keep whether do or reject
the signal.
The two averages are called "Short Term Average" (STA) and the other is
"Long Term Average" (LTA). The typical value of STA ranges from 0.5 to
2.0 seconds named by TSTA and for LTA, the typical value is more than
tens of seconds named by TLTA according to SESAME guidelines.
Thresholds for the extreme boundaries for the maximum and minimum
amplitudes (Smax and Smin) are used to compare the ratio of STA/LTA
averages in order to eliminate or keep signals using the “anti-trigger”
algorithm filter. According to SESAME guideline the Smax is between 1.5
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and 2.0 and for Smin is generally taken as one fifth of STA. This is to ensure
killing all extremely low amplitudes. If the ratio of STA/LTA is very high
this means that it is a spike signal at short time average. If the ratio is greater
than Smax then it kill all the spike signal above this ratio. When the ratio is
less than one fifth of STA (Smin) this means that the signal is too quiet, upon
which the filter kills this quiet signal (very low amplitude).
Another type of filter is "Anti-triggering filtered signal". This is another
method to clean up the data and it always kills many windows. This filter has
low pass, high pass, band pass and band reject filters.
In Low pass filter, low frequencies are passed and high frequencies are
killed. For instance, if we are interest in a very low natural frequency, such
as 1 Hz, we can use low pass filter with 5Hz and keep all frequencies below
this value. This Figure 5.5 shows the low pass filter diagram.

Figure 5.5: Low pass filter diagram.

Table4
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In High-pass filter, high frequencies are passed and low frequencies are
killed. For instance 0.5 Hz high pass filter means kill all data below this
value, it can be used when for some specific type of seismometer, such as 1Hz seismometer. This seismometer cannot detect the signal below the cutoff
frequency of the seismometer because this seismometer cannot hear below
this frequency (cutoff). Figure 5.6 shows the high pass filter diagram.

Figure 5.6: High pass filter diagram.

In Band pass filter, only frequencies in a frequency range are passed and all
frequencies outside the range are rejected. For instance, (1-10) Hz Band filter
means kill all frequencies out of this range. Figure 5.7 shows the band pass
filter.
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Figure 5.7: Band pass filter diagram.

In band reject filter, only frequencies in a frequency range are rejected and
all frequencies outside it are passed. This means to kill the frequencies in
range of two values. This may be used for some phenomena such as to kill
wind noise. Figure 5.8 shows the band reject filter diagram.

Figure 5.8: Band reject filter diagram.

147

In addition to that, there are two criteria which are introduced in
SESAME guidelines; the first is related to the saturation of the signal,
which may affect the Fourier Transform Spectrum. The other is related to
the long transient signal such as moving trains, heavy traffic continuous
machine, etc. The two criteria are mentioned in this section.
For more details about the transient signals or spike noise and the type of
filters suitable for each condition, refer back to the SESAME guidelines
published, 2005 (Reference, URL).

4- Smoothing option of the H/V ratio
In order to remove a very spiky or sharp spectrum of H/V ratio produced
over the range of frequencies, we can use smoothing option. The smoothing
option has different types, namely; Konno & Ohmach, Constant and
Proportional filters. In our data processing we examined the impact of the
smoothing using the SESAME recommended filter (Kanno & Ohmachi
filter) with default smoothing constant is equal 40 (Geopsy software). The
influence of using the smoothing option on the signal can be seen in Section
5.9 later in this chapter

5.6 Damping Analysis Tool
The interpretation of H/V curves requires that ambient vibrations are
naturally occurring (ie not of industrial origin). However, ground ambient
vibration records could be polluted by noise such as machines, trees, winds,
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etc. which leads to false interpretation. To check against industrial noise, an
effective tool is the damping computation.
The damping computation consists of band-pass filtering the time series and
extracting time windows with the same initial conditions and stacking the
extracted time windows. The consequent damping (ζ) is estimated by fitting
the function of the form:
Damping (SDOF; x t) = Asin(ωοt)e-ωοζτ)

The random decrement technique is used to derive the impulse response
around the frequency of interest. Ground ambient vibration records could be
polluted by noise such as machines, trees, winds, etc, and this could lead to
false interpretation. With regard to the damping tool, when the damping ratio
(Z) is very low (below 1%, ξ <<1%), a self–entertaining source, generally an
anthropic origin, may be assumed and the frequency should not be
considered in the signal interpretation. On the contrary, when the damping
ratio (Z) is more than 1% the checked frequency is considered as "not
sustained" and can be assumed as natural origin.
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Figure 5.9: Sustained and not-sustained frequency.

Figure 5.9, shows the detection of H/V spectral ratio peaks of industrial
origin using damping test, the left side of industrial origin while right side of
natural origin.
Should the damping coefficient be greater than 1%, the frequency in question
can be considered natural, and hence the H/V peak around that frequency
can be trusted. On the other hand, a smaller damping coefficient implies that
the frequency in question is industrial, which should lead to false H/V
interpretation results.

5.7 Spectrum Rotation Tool
This tool is used to compute the Fourier amplitude spectra horizontal
component spanning in different azimuths. The function of the azimuth can
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be used to analyze the repartition of the energy in the horizontal plane, in
order to check whether the site can be considered 1D (or 3D).
The H/V amplitude for each frequency is computed azimuthally clockwise
from north which calculated from 0 to 180 (showing information for North,
East, and South) and from 180 to 360 (showing information for South, West,
and North). The H/V rotation plot is presented by the frequency (Hz) in the
horizontal axis and azimuth (degree) in vertical axis. In principle a 1D site
will have a consistent H/V amplitude across azimuth.
Generally we have two horizontal and one vertical components we would
expect that the resonance frequency is coming from the horizontal direction.
Therefore, we compute the rotation ratio assuming data is good, the
resonance frequency would be coming only from the horizontal direction.
The H/V rotate tool has the similar parameters to the H/V spectral ratio
computation.

5.8 The processing of H/V in practice using Geopsy software
The default Geopsy values for the main parameters that were used for the
data processing are summarized in Table 5.2. These parameter values are
used as starting point for the analysis and then slightly modified as needed.
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Table 5.2: Default parameter values as used in data processing
Parameter

Value

Window Length (Sec)

25

Overlap Window(% Window Length )

5

Window Length for STA(Sec)

1

Window Length for LTA(Sec)

30

Minimum Level for STA/LTA (Smin)

0.2

Maximum Level for STA/LTA (Smax)

2.5

Smoothing Option (Type)

Konno&Ohmachi

1- Importing the file in SEG2-format.
Import the file which was recorded in the field in SEG2-format. Here,
the data will be viewed both tabular and in a waveform signal. Figure
5.10 shows the tabulated data and the waveform signal of the S40
point with a total duration of 16 minutes before the compilation of the
two files. The table contains the three components of signals that are
listed as Vertical, East and North. This arrangements of the data
depends on the type of the seismometer used.
2- A window will show up displaying the tabulated data and its graphs
for each components. In addition to the characteristics of the
acquisition for each channel, as shown in Figure 5.10.
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Figure 5.10: Three components of tabulated and waveform data of S40.

3- To proceed with the calculation of the spectral ratios, you can click on
the H/V bottom, at the top of the toolbar as seen in Figure 5.11.
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Figure 5.11: Toolbar option of H/V processing and other significant options.

4- When you start H/V process, Geopsy Software opens another graph
of the signal in the time domain, which will be used to graphically
display the selection of time windows
5- The window for the processing of the H/V ratio contains three
sections, as shown Figures 5.12. These sections are:
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Figure 5.12: Toolbar window of H/V ratio main parameters.

A- The time tab: It allows specifying the parameters for the windows. This
includes the minimum and maximum recording lengths, window selection
parameters and the operation parameters of the algorithm of anti-triggering
filter for the identification and exclusion of the transient factors (noise
cancelation) as shown in Figure 5.13.
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Figure 5.13: Time tab in H/V toolbox window of the Geopsy software.

B- The processing tab: Contains parameters that govern the calculation and
smoothening of the spectra and the mode of combination of the horizontal
spectra as shown in Figure 5.14.
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Figure 5.14: Processing tab in H/V toolbox window of the Geopsy software.

C- The output tab: Allows specifying the frequency range under our interest
and the appearance of output results as shown in Figure 5.15.
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Figure 5.15: Output tab in H/V toolbox of the Geopsy software.

6- At the end of the selection, whether automatic or manual, the program
will show a graph in which transient factors “noise data” are detected
as shown in Figure 5.16.
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Figure 5.16: Windows selection using automatic way in Geopsy softwar.

7- The output result, as shown in Figure 5.17, show many things. First,
the H/V ratio for different frequencies is the black continuous curve
and it lies between the upper and lower standard deviation curves
(dashed curve). Also, the graph show the range of frequency where in
the H/V amplification is maximum. This range of frequency contains
the resonance frequency (F0) of the site. The peak value in the H/V
solid curve represents the average value for the wave amplification
ratio at that site.
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Figure 5.17: Result H/V ratio for the site of S40.

8- In addition to identifying the main frequency 𝑓𝑜 band width, we can
change the graphical display of the resulting H/V ratio, such as the
chart size, colors, scale, appearance and spacing of the grid and show
or hide some of the curves.

5.9 Sensitivity Study of the processing parameters on the results
In this section we will demonstrate the effect of many different parameters
over the acquired data from Al-Auja district area. The H/V technique is used
for processing the data but with the variation of each of the following
parameters:
1. The window length
2. The percentage of overlap between windows
3. Modification of the TSTA
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4. Modification of the TLTA
5. Maximum of STA/ LTA
6. Minimum of STA/ LTA
7. Smoothing options
8. Damping test
9. Rotation test

1. The window length (WL)
In this section the effect of variation of the window length on the results of
H/V ratio will be explained. We will conduct two runs, one with a window
length (WL) of 10 seconds and another with a window length of 40 seconds.
Figures 5.18 and 5.19 show the results which were obtained with WL= 10
sec and WL= 40 sec.

Figure 5.18: Spectral ratio of H/V for site S40 with WL=10 seconds
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Figure 5.19: Spectral ratio of H/V for site S40 with WL=40 seconds.

Comparing the two Figures of 5.18 and 5.19, decreasing the window length
produce a slight shift of the peak frequency to the right with small decreasing
in amplification factor. Therefore, it can be concluded that changing the
length of the window does not have a marked difference; however, it is
recommend using the value set by Geopsy default.

2. The percentage of overlap between windows(OW)
Two values of overlap windows were used in order to analyze the effect of
overlapping in the results, one with 10% OW length, and the other with a
50% OW length. Figures 5.20 and 5.21 show he results which were obtained
from these two overlapping percentages.
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Figure 5.20: Spectral ratio of H/V for site S40 with OW=10 %.

Figure 5.21: Spectral ratio of H/V for site S40 with OW=50 %.
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A variation in the overlapping windows does not cause any significant
change in the peak frequency value. It is recommend to use a certain
percentage of overlapping to obtain a better average of peak frequency across
all windows.

3. Modification of the TSTA
The default values of Geopsy software of TSTA are between 05 and 2
seconds. Two extreme values were used for the data processing and the
results obtained are shown in Figure 5.22 and 5.23.
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Figure 5.22: Spectral ratio of H/V for site S40 with TSTA=0.5 Sec.
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Figure 5.23: Spectral ratio of H/V for site S40 with TSTA=2.0 Sec.

Varying the value of TSTA does not produce a significant difference on the
results of peak frequency and amplification factor. However, it advisable to
use the default value of Geopsy software.

4. Modification of the TLTA
The SESAME program recommends to use several tens of seconds as a value
for TLTA. Figure 5.24 and 5.25 show the peak values of H/V ratio using
TLTA equals to 10s and 50s, respectively. There is no important change in
the value of the peak frequency except slightly changes on the value of
amplification factor. The default value of the TLTA is thus recommended.
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Figure 5.24: Spectral ratio of H/V for site S40 with TLTA=10.0 Sec.

Figure 5.25: Spectral ratio of H/V for site S40 with TLTA=50.0 Sec.
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5. Maximum of STA/ LTA
Figures 5.26 and 5.27 show the results of peak frequency of H/V ratio which
obtained from Smax =1.5 and 10, respectively. The figures above show
significant changes on the value and shape of the H/V spectral ratio,
especially at low Smax value (1.5). There is no significant changes at Smax
above the recommended value of SESAME program (Smax=2). The change
in the shape of the spectral ratio using Smax below 2 is because of the
decrease the number of windows that are needed for the selection based on
Smax and Smin requirement. In our study we will follow the values of Smax
as recommended SESAME program.
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Figure 5.26: Spectral ratio of H/V for site S40 with Smax=1.5.
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Figure 5.27: Spectral ratio of H/V for site S40 with Smax=10.

6. Minimum of STA/ LTA
The effect of changing the values of the Smin (STA/LTA) on the results of
predominant frequency (F0) will be demonstrate using Smin = 0.1 and 0.5,
respectively. Figures 5.28 and 5.29 show the spectral ratios of H/V value
which were obtained from the variation of Smin. In Figure 5.29, it is
observed that for Smin equal to 0.5 there is a significant change in the shape
of the H/V spectral ratios, mainly at the low frequencies. In our study we will
follow the values of Smin as recommended SESAME program.
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Figure 5.28: Spectral ratio of H/V for site S40 with Smin=0.1

Figure 5.29: Spectral ratio of H/V for site S40 with Smin=0.5
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7. Smoothing options
Using different smoothing types, will affect in a significant way the shape
and the value of the H/V spectral ratio. Figure 5.30 and 5.31 show two types
of smoothing function that affect the results of the peck frequency shape and
value, using Constant and Proportional smoothing function respectively. It
is advisable to use the smoothing type as recommended by SESAME
program i.e. "konno & Ohmachi " smoothing function.

Figure 5.30: Spectral ratio of H/V for site S40 with
Constant Smoothing function.
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Figure 5.31: Spectral ratio of H/V for site S40 with
Proportional Smoothing function.

8. Damping test
Damping tool is used to check the interested frequency whether
anthropogenic or non-anthropogenic origin based on damping Z value.
Figures 5.32 shows the value of Z for the three components of the spectra is
above 1 % around the natural frequency of 2 Hz. This mean the frequency
should not be considered as industrial origin for the interpretation purposes.
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Figure 5.32: Z value test for North, East and vertical components.

9. Rotation test
According to the rotation tool, it is clear that most of energy of the signals
are coming from North-South direction. Figure 5.33 shows a significant
frequency is around 2 Hz. This support the results of H/V ratio analysis.
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Figure 5.33: Rotation test for interested natural frequency.
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CHAPTER SIX
RESULTS AND DISCUSSIONS
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6.1 Introduction
In order to perform the microzonation study in the Al-Auja town, the ambient
background noise (microtremor) measurement was conducted. That resulted
in an isoperiod maps that covered the whole study area using the GIS
software. The ambient noise measurements were acquired during the period
from August, 2013 until January, 2015.
This study is a pilot project which was conducted by a team from An Najah
National University and funded by an international group by USAD-MERC
project M31-017 (Local Monitoring of Microseismicity and Active Fault
Mapping for Hazard Mitigation and Land-Use Planning in the Jericho Basin.
The area of study has been divided into a grid of 300x300 m, and because of
the difficulties in the field, the area has been bisected into 500x500 m in
some parts. The overall study includes about 80 observation points which
were conducted under different circumstances. Most of the points are within
area "A" which is under Palestinian control. Figure 6.1 shows the spatial
distribution of the microtremor measurements over the study area of Al-Auja
town.
Finally, maps for Isoperiod and Isoamplifiaction factors for the study area of
Al-Aluja are generated.
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Figure 6.1: Spatial distribution of the microtremor points.

6.2 Results Obtained from the Field Measurements
The measurements consisted of a total of 80 ambient measurements over a
period of thirty minutes for each set. Because of variable quality of the
measurements we considered only 62 of these 80 points to determine the site
fundamental period and amplification factor. Table 6.1 shows the
geographic coordinates (Palestinian coordination system) for the 80 sites and
the fundamental and amplification factor for the 62 sites. It was not possible
to determine the fundamental frequency in some sites because we could not
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obtain any amplifications at any frequency for 18 sites, so it was not possible
to find the dominant frequency for these sites.
Table 6.1: Set of ambient measurements results in the Al-Aluja district
Site Code

Date

S01
S02
S03
S04
S05
S06
S07
S08
S09
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36

17-Feb-14
17-Feb-14
17-Feb-14
17-Feb-14
17-Feb-14
17-Feb-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
1-Mar-14
14-Apr-14
14-Apr-14
14-Apr-14
14-Apr-14
14-Apr-14
14-Apr-14
14-Apr-14
14-Apr-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14
5-May-14

Latitude
(N)

Longitude
(E)

Fo(Hz)

150070
149848
150352
150739
150949
151144
151269
151536
151784
151816
152503
152192
152753
152820
152407
152133
152192
150223
150477
150699
150894
151576
151888
152134
152366
150076
150465
150546
150806
150816
151223
151256
151715
150242
151897
150991

194419
194356
194381
194387
194372
194066
195001
194966
195001
195204
195118
195013
195620
195237
195437
195461
195888
196267
196405
196409
196305
196207
196269
196313
196175
196834
196930
197505
197163
196755
196854
197269
197246
193315
196844
194052

1.3
1.6
1.4
1.0
1.5
1.8
1.2
0.8
0.9
1.2
1.4
1.2
1.2
1.6
0.9
1.3
1.3
1.1
1.0
1.1
1.0
2.0
2.2
2.3
2.4
2.4
2.3
2.2
2.4
2.4
2.3
2.2
2.4
3.2
2.1
2.6

To(Sec)
0.8
0.63
0.71
1.0
0.67
0.55
0.83
1.25
1.11
0.83
0.71
0.83
0.83
0.63
1.11
0.77
0.77
0.91
1.0
0.91
1.0
0.5
0.4
0.43
0.42
0.42
0.43
0.4
0.42
0.42
0.43
0.4
0.42
0.31
0.48
0.38

Ao
4
3
4
5
2.2
2
2.8
2.6
3
2.5
3
2.5
6.8
3.6
1.6
2.8
3
6
2.7
2.5
3
6
3.5
2.8
2.2
5
5.3
3.5
4
11
7.2
3
4.5
18
3.5
4

Site Code

Date

S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
S48
S49
S50
S51
S52
S53
S54
S55
S56
S57
S58
S59
S60
S61
S62

5-May-14
5-May-14
5-May-14
5-May-14
9-Jun-14
9-Jun-14
9-Jun-14
13-Aug-14
13-Aug-14
13-Aug-14
13-Aug-14
13-Aug-14
26-Mar-14
26-Mar-14
26-Mar-14
26-Mar-14
26-Mar-14
26-Mar-14
26-Mar-14
8-Sep-14
8-Sep-14
8-Sep-14
8-Sep-14
8-Sep-14
8-Sep-14
8-Sep-14

Latitude
(N)
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Longitude
(E)

Fo(Hz)

151788
151524
150248
151671
150059
150525
150717
152444
152656
152655
152978
153173
150127
150160
150566
151541
151952
152161
152165
150913
150607
149167
148532
147536
148917
148091

194243
194457
193725
196774
192478
192550
193280
196813
196448
196190
196230
195887
195119
195487
195635
195661
195761
196793
196683
195440
194911
192360
192159
191857
193048
192762

1.8
2.6
2.4
2.2
2.0
2.4
2.8
3.6
1.8
1.5
1.4
3.0
1.3
1.1
1.9
1.2
1.5
2.4
1.0
1.2
1.3
1.5
1.2
1.1
1.3
1.2

To(Sec)
0.55
0.38
0.42
0.4
0.5
0.42
0.35
0.28
0.55
0.67
0.71
0.33
0.77
0.91
0.53
0.83
0.67
0.42
1.0
0.83
0.77
0.67
0.83
0.91
0.77
0.83

Ao
3.5
1.7
3.6
6.4
7.5
4.2
15
7.3
2.3
3.2
5.7
4.7
3.4
2.5
4.2
2.2
2.5
18
4.5
3.5
2.8
5
4.5
7
3.5
6

A site classification was performed using the natural periods, fundamental
frequency and amplification factors that were obtained from the 62 sites as
indicated in Table 6.1. These results are built into maps using ArcMap 10.2
program. Site fundamental periods are presented in a circle as seen in Figure
6.2, and the site amplification factors in Figure 6.3.
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Figure 6.2: Spatial distribution of the Natural Frequency.
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Figure 6.3: Spatial distribution of the Amplification factors.

6.3 Site Isomaps for the Study Area
From the results obtained in this research and summarized in Table 6.1,
using ArcMap 10.2 software (http:/www.esri.com/). These results will be
used to produce Isomaps for the study area in Al-Auja district. Figure 6.4
shows the distribution of the data points within the study area.
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Figure 6.4: Spatial distribution of the measured points within the study area.

Figure 6.5, 6.6 and 6.7 show the resulting distribution of the fundamental
periods (T0), the fundamental frequency (F0), and the amplification factor
(A0) in the study area, respectively. The purpose of this map is to observe the
distribution of the measured site frequencies and amplification factors and
can be used to determine the values in other new sites within study area.
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Figure 6.5: Spatial distribution of the fundamental periods (T0) through Al-Auja District.
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Figure 6.6: Spatial distribution of the natural frequency (F0) in Hertz through Al-Auja
District.
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Figure 6.7: Spatial distribution of the microtremor amplification (A0) through Al-Auja
District.
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CHAPTER SEVEN
CONCLUSIONS AND
RECOMMENDATION
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7.1 Conclusions
An appropriate housing planning for the urban areas, especially in the close
proximity to seismic zones, requires detailed microzonation studies.
Regarding the scope of this research, it is aimed to propose a newly
developed seismic microzonation model that can help in deciding on the
suitability of the land for residential areas in Al-Aluja (Jericho, Palestine),
which is a seismically active region.
The results of analysis of collected data from the field are maps of waves
amplifications associated with the fundamental periods in the site. These
maps can be used as guidelines for land use policies for new construction
projects. Another important output of this project is its significance in the
National Spatial Plan (NSP). The existing NSP is based only on land
classifications according to topographical and geological aspects, as well as,
agricultural uses. However, introducing site effect parameter from this study
will enhance the national spatial planning to be more realistic, especially for
new construction projects. In other words, this study will assist in land use
policy.
The most significant conclusions in this study are:
 The study area is located within the seismically active zone DST fault.
 Seismic microzonation and site effect response studies are missing in
our region and in planning in particular.
 Site response analyses revealed, part of the alluvium soil regions was
found to be susceptible to high amplification.
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 The geology of Al-Auja district is characterized by the Jordan rift
valley deposits which are mainly composed of Marl and Alluvial
formations.
 The range of the amplification ratio extended from 1.2 to 8 in some
parts of study area. .
 The natural fundament period of the site response of study area are
variable based on the depth of Alluvial layers.
 The range of the natural periods extended from 0.25 to 1.25 seconds
distributed on the study area. .
 Producing a maps for Al-Auja district of the natural periods &
frequency and amplification ratio.
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7.2 Recommendations
In general, seismic microzonation and site effect response studies are
missing in our region and in planning in particular. In addition to that, such
studies help competent authorities and decision-makers to take appropriate
steps for the development of land use policies in our region.
The main important points may be summarized as follows:
 It is recommended to involve the site effect in the laws and regulations
for the urban planning of land use and policies.
 Consider the site seismic characteristics, including site effects, in any
future disaster management plans.
 The need for the promoting the institutions and the official and nonofficial Palestinian sectors on use of the seismic building code.
 The areas with high amplification factor should be assigned to be open
space or green areas.
 Produce maps to determine the nature and characteristics of buildings
that can be developed through of a land use policy.
 Developed land use map based on the seismic evaluation maps.
 The active fault zones and area with high amplification should be
avoided for the purpose of urbanization.
 Reevaluate the foundation soil characteristics of existing important
building, such as schools, civil defense.
 The rocky parts are more convenient for developing urban areas than
the alluvium parts.
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الملخص
تعتبر بلدة العوجا من أهم البلدات الفلسطينة حيث أنها تتميز بموقعها الجغرافي وكذلك بسبب المكانة
االقتصادية التي تحتلها والتي تعتبر من المناطق االكثر حظا لمساهمتها في السلة الغذائية الفلسطينية.
رسالة الماجستير هذه هي عبارة عن دارسة ونمذجة العالقة بين تأثير تربة الموقع على التضخيم
الزلزالي مع التردد الطبيعي للموقع ،حيث تبلغ مساحة منطقة الدراسة حوالي  10كم 2والتي تشكل
حوالي ما يقارب  % 15من المساحة الكلية لمنطقة العوجا ،حيث ان المساحة المتبقية تشكل %85
من المساحة الكلية والتي تخضع للسيطرة اإلسرائيلية والتي تصنف بمنطقة سي حسب اتفاقية أوسلو.
مع االشارة هنا الى وجود صعوبات جمة في العمل والوصول الى المنطقة المصنفة سي و الخاضعة
للسيطرة اإلسرائيلية.
في هذه الدراسة تم عمل تحليل لتأثير تربة الموقع بإستخدام ترددات المحيط
الفعالة في ظل غياب التسجيالت
) (Ambient Background Noiseوالتي تعتبر من الطرق ً

القوية )  )Strong Motionمن أجل إنتاج خرائط زلزالية تفصيلية لتضخيم تربة الموقع وكذلك التردد
الطبيعي للموقع لمنطقة الدراسة في العوجا من اجل اغراض التخطيط العمراني في المنطقة .لقد تم
أستخدام تقنية نكامو ار لتحديد قيمة التردد الطبيعي للمنطقة وكذلك قيمة معامل التضخيم الزلزالي

للموقع .لقد تم تقسيم المنطقة الى خاليا بأبعاد  300 X300متر من أجل تقييم ظروف تربة الموقع
( ،)Site Effect Conditionsحيث انه تم تصنيف وانتاج خرائط لترددات الطبيعية ومعامل
التضخيم الزلزالي لمنطقة الدراسة باستخدام مخرجات هذه الرسالة .لقد تم ايضا تقسيم المنطقة تحت
الدراسة الى أربعة تصنيفات ( )Zonesلترددات المنطقة هي من 2.5-2 ، 2-1.4 ، 1.4-0.8

ت

و  3.8- 2.5هيرتز .وكذلك تراوحت قيمة التقديرات الدنيا لمعامالت تضخيم تربة الموقع من 2
ولغاية  18والتي أظهرتها ذروة األستجابة لقياسات ترددات إزعاج المحيط ( Peak amplitude
.) of microtremor measurements
من ناحية أخرى لقد تم تمثيل كل من الترددات الطبيعية ومعامالت التضخيم الزلزلي لمنطقة الدراسة
بأستخدام برنامج تحليل النظم المكانية (  )GISمن أجل الحصول على قيم جغرافية مكانية لكل من
التردد والتضخيم لنفس النقطة.

