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ABSTRACT

The Horizontal-to-Vertical Spectral Ratio (HVSR) technique is one of the most suitable tools for
estimating the geological effect on ground motion. The main target of this study is to estimate
the site effect and the fragility index value at the new Tiba City proposed extension. To achieve
these targets, 21 ambient vibration recordings were conducted with 1 km grid to cover the
investigated area. The estimated predominant frequency (fy) distribution is a relative uniform
and occurs at low frequency, ranging from 0.35 to 0.75 Hz and its maximum corresponding
amplitude of seismic wave (Ao) starts from 3.1 up to 6.5. The qualitative interpretation of loose
sedimentary cover thickness is large (136 to 410 m with average ~270 m) that coincided with
occurrence of (fo) at low level. The fragility index for the ground (K,) at each measured site was
computed depending on the estimated H/V amplitude and corresponding (f,), and found to
range from 17 to 118 across the investigated area. The highest values of K; were obviously
found in the northeastern part of the proposed site, where the highest amplification factor and

KEYWORDS

Tiba City; HVSR method;
fundamental frequency;
amplification; fragility index

the lowest fundamental frequency are found.

1. Introduction

cConstruction of new urban areas in desert regions
became one of the main national targets for establish-
ment of new communities. Due to the rapid increasing
of the population, Egypt started to construct many
development projects including new urban areas to
face this increasing. Construction of such new urban
areas especially in south Egypt will add to the new
developed projects according to the Egyptian govern-
ment’s sustainable development plane. New Tiba City
is one of these innovative communities. The proposed
site of this city is placed east of the Nile River, 14 km
northeast of Luxor city, the gate of the ancient civilisa-
tion (Figure 1). New Tiba City was constructed
according to the government decision in 2000, and
according to the sustainable development plan to
complete all the development projects in this region,
Egypt decided to extend the area of the city. The
proposed extension site is located in an area surround-
ing by the main effective seismic regions in south
Egypt (e.g. Aswan, the epicentre of 1981 earthquake
with magnitude 5.6 and the Red Sea where Abu
Dabbab area the source of 1955 (M = 5.6) and 1984
(M = 5.1) earthquakes). As a consequence of the
importance of the area, it is become of prime interest
to perform such study in the planning stage. The area
is situated between latitude 25.71178° and 28.78008°N
and longitudes 32.79512° and 32.80089°E (Figure 1).

This area is connected with Aswan-Cairo highway by
asphaltic road at about 10 Km from Luxor and also is
connected with Luxor airport by another asphaltic
road parallel to Aswan—Cairo highway. The proposed
extension of new Tiba City covers a surface area of
about 17 Km>.

This work aims to estimate the site effect in terms of
(fo), the associated amplification (A,) and the liquefac-
tion potentiality by calculating the K, using the HVSR
technique. The most significant factor for the site effect is
the soil condition. The site amplification exists when the
seismic waves pass near the surface through soft soil layer
and their amplitude increase significantly due to the
impedance contrast between the soft and the bedrock
layers. This phenomenon is a main factor influencing the
extent of damage on structures (Safak 2001). The site
effect has become an important factor for seismic hazard
assessments and risk reduction programmes, so the out-
put of HVSR measurements should be taken into con-
sideration for building design and zoning purposes by
decision-makers. Many studies (e.g. Field and Jacob
1993; Ohmachi et al. 1994; Ibs-von Seht and
Wohlenberg 1999; Delgado et al. 2000; Parolai et al.
2002) demonstrated that the frequency at which the
maximum amplitude of the H/V occurs is a good esti-
mate for site resonance frequency, which can be attrib-
uted to the soft sediments thickness through an empirical
relationship. Many researches have been proved that K,-
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Figure 1. Location map of the study area.

value is high where the damage risk caused by earth-
quakes is high (Nakamura 1996, 1997, 2000). Since this
approach is possible to be performed before earthquake
occurrence, these measurements represent useful para-
meters for earthquake hazard assessment and damage
mitigation. Different studies have been conducted in
southern part of Egypt to estimate the site effect using

»;i i \ u*“""""*‘“-sr\“‘\\ \ :

the HVSR technique (e.g. Mohamed 2010; Mohamed
and Fat-Helbary 2010; Mohamed et al. 2013, 2015).

2. Geological setting

The proposed site is located east of the Nile in Luxor area.
The Quaternary deposits cover the surface of the area in
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Figure 2. Geological map of Luxor area (Ayman 2009).

the form of loose sediments composed mainly of alluvial
sands, gravel, clay or silt and Wadi deposits. Geologically,
Luxor area (Figure 2) represents by Upper Cretaceous,
Palaeocene-Focene, Pliocene, and Pleistocene—-Holocene
(Said 1981; Kamel 2004) as follows: The Pliocene unit
comprises the sediments of the Paleonile river system. In
the eastern side, it is represented by Madamud
Formation, which consists of interbedded red brown
clays with thin fine-grained sand and silt lamina.

The subsurface stratigraphic sequence of Luxor
area is shown in (Figures 3 & 4), where the data of
ten wells have been collected and sited herewith. Eight
wells from them are relatively deep down to more than
85 m (three wells were drilled in the eastern side, while
other five wells were drilled in the western bank of Nile
River, Luxor area). Three subsurface geochronologic
units arranged from the bottom to top were previously

recognised in the Luxor area (Said 1981), these are
Pliocene unit, Pleistocene unit and Holocene unit.
From correlation charts (Figures 3 & 4), the following
can be delineated:

West of the Nile River: The subsurface sediments
are essentially represented by silty clay, clay and clayey
silt sediments that represent the cultivated region
through the area. This unit is underlain by water-
bearing sand, pebbly and boulder gravel, which repre-
sents Pleistocene aquifer in this area.

In the east of Nile River: The subsurface sediments
are essentially represented by silty clay, clay, clayey silt
and fine sand that represent the cultivated land
through the area. This unit is underlain by water-
bearing unit that consists of medium to coarse grain
sand and gravel, which represents Pleistocene aquifer
in the area.
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Figure 6. Location map of the microtremor measurements at the study area (the red circles are the measured points).

3. Methodology
3.1. HVSR method (Nakamura technique)

The HVSR technique is used to estimate the
Fourier amplitude spectral ratio between the hor-
izontal and vertical components of microtremors.
This technique using microtremors recordings
from a three-component portable station is one
widely applicable technique for estimating local

site effects. Nogoshi and Igarashi (1970, 1971)
discussed the origin of the microtremor is derived
from body waves or surface waves (Nakamura
2019), so the root of the method does not come
from these studies, it comes from Nakamura
(1989) when he debated its capability to estimate
the resonance frequency of sedimentary cover. The
HVSR method is the most applicable technique for
estimation the soft sedimentary cover thickness
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Figure 7. The amplitude spectrum of the three components at site No. 20 as a representative example in this study.

(e.g. Ibs-von Seht and Wohlenberg 1999; Parolai
et al. 2002; Fah et al. 2003; Hinzen et al. 2004;
Toni et al. 2016a, 2016b; Trevisani et al. 2017;
Trevisani and Boaga 2018; Abd El-aal 2018). The
basic concept of Nakamura's technique can be
described in a simplest case (Figure 5), in a one-
dimensional soft sedimentary layer (soil: denoted
as subscript “s”) above bedrock (denoted as sub-
script “b”). In this case, the Fourier amplitude
spectrum of the horizontal components on the
surface layer is H; and at the bedrock layer is
Hy. The response of sediments can be given by
the spectral ratio of the recorded signal on the
surface to recorded signal on the bedrock.

The spectral ratio on the horizontal components as
Hy can be expressed as

Hf = Hs/Hy (1)
And for the wvertical components, V as
Vi = Vs/V (2)

where Vs and Vb are the spectra of the vertical com-
ponent as recorded on sediments surface and bedrock.
Nakamura (1989) proposed a “transfer function” S;
and expressed it as:

St = Hf/Vf (3)
Substituting (1) and (2) in Equation (3) we get:
Se = (HS/Hb)/(VS/Vb> = (HS/Hb)-(Vb/VS) (4)

St = (Hs/Vs).(Vy/Hp) (5)

And finally, by assuming that the ratio Hy/V}, is equal to
unity, the site effect function, corrected by the source
term, may be written as:

St = (HS/VS) (6)

3.2. Fragility (vulnerability) index for ground (Kgy)

One of the simplest physical parameter that could be
used to the site characteristics is the fragility index for
the ground (Ky). It can be considered as an indicator
which might be useful in selecting weak points of ground
along the studied area. By using the HVSR, the site
resonance frequency (f;) and peak amplitude (A,) were
estimated. According to Nakamura (2019), the K, value
was used for risk evaluation of soil liquefaction depend-
ing on the results of (Nakamura and Takizawa 1990b)
HVSR microtremors. Nakamura (1996, 1997) confirmed
the correlation of the (Ky) value with soil liquefaction and
also with damage to small buildings. The liquefaction of
soil is a process by which sediments below water table
tentatively lose shear strength and behave more like
a viscous liquid than as a solid.

The Kg-value for the ground is simply derived from
strains of ground (Nakamura 1996, 1997, 2000). It can be
defined as:

Ky = A% /Fy (7)

where Ay and F, are peak amplification factor and its
predominant frequency, respectively, estimated by the
HVSR technique. In this study, site characteristics at the
studied area were conducted based on the HVSR and the
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Figure 8. An example of the damping test for the peak amplitude at frequency 0.37 Hz of natural origin.

K,-values to predict the risk of soil liquefaction. The appli-
cation of this technique (ie. determination of K, from
microtremor HVSR) has been recently applied in Egypt
by Fergany and Omar (2017) and Meneisy et al. (2020) with
reasonable results.

4. Data acquisition and analysis
4.1. Field survey

To have a good coverage over a whole of the study
area, 21 microtremor measurements were planned
on selected and well-distributed sites in a roughly
about 1 km due to environmental constraints
(Figure 6). The data were collected during
the day time using three-component seismometer
(Trillium compact 120 s) and a Taurus portable
recorder. Continuous ambient vibration signals
were recorded for 120 to 180 minutes duration at
selected sites with a sample rate 100 sample/

second for all sites following the guidelines of
Nakamura (1996) and SESAME project (2004).

4.1. Data analysis

To describe the collected data and extract informa-
tion, an extensive work on processing is necessary.
The HVSR Nakamura’s technique (1989) was used
to analyse the microtremors recorded signals. The
analysis was accomplished using Geopsy software
(http://www.geopsy.org) that initiated with the
European project (SESAME 2004). Data analysis
was concentrated on frequency from 0.2 to 20 Hz
which interesting for engineering applications. Each
time window was selected using the automatic win-
dow selection option of the Geopsy software accord-
ing to the principle of STA/LTA antitriggering,
which detects transients with the goal of avoiding
them in order to the selected signal contain only real
seismic ambient vibrations (SESAME 2004; Wathelet
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Figure 9. An example of the H/V rotation for 0.37 Hz frequency of natural origin.

2010). The recorded signal was subdivided into time
windows with 75 second duration and at least 15
windows were used. Cosine tapering of the time
series with 8% and smoothing of the Fourier ampli-
tude spectra by the algorithm of Konno and
Ohmachi (1998) with smoothing constant value 40
applied in the current data processing. Figure 7
illustrates the amplitude spectrum of the three com-
ponents at site No. 20 as a representative example in
this study. The peak that’s may be have an industrial
origin was checked by applying these tests:

(1) The random decrement technique (Dunand
et al. 2002) was applied to the microtremors
data to conclude the “impulse response”
around the frequency of interest: if the corre-
sponding damping (z) is very low (<1%), an
industrial origin may be presented almost cer-
tainly, so the frequency should not be used in
the interpretation (Figure 8).

Applying the spectrum rotation for the hori-
zontal components. This tool is useful to check
the direction of energy release. Both rotated
spectra and H/V curves were carried for all
the measured sites (Figure 9).

)

After applying the required checks on all the
recorded data, all appeared peaks found to be of nat-
ural source with damping value above 1%.

5. Results and interpretations

The dominant frequency and corresponding peak ampli-
tude at 21 measured sites have been estimated over the
targeted area (Table 1). In the case of a single peak (Figure
10), the corresponding frequency was interpreted as the
resonance frequency (f;). Few sites showed two/multi
peaks at different frequencies (Figure 11), where the
first one was interpreted as fundamental frequency
and second peak can be attributed to shallow structure
or presence of shallow bedrock with small impedance

Table 1. The output results in the study area.

Site No. Fo(Hz) Ao Kq Thickness (m)
1 0.35 47 62.8 409.7
2 0.42 49 58.9 3216
3 0.51 4.1 339 241.7
4 0.40 5.5 75.4 343.6
5 0.43 5.5 69.8 302.0
6 0.75 39 19.9 136.1
7 0.51 4.2 345 236.5
8 0.70 41 23.7 150.5
9 0.70 6.4 58.5 151.0
10 0.60 41 274 187.9
11 0.59 39 26.0 195.3
12 0.59 3.1 16.8 194.0
13 0.57 3.8 25.2 205.6
14 0.60 35 19.9 187.7
15 0.57 36 22.7 2033
16 0.50 45 404 246.8
17 0.48 39 321 258.5
18 0.48 3.6 26.5 262.5
19 0.40 39 374 3423
20 0.36 6.5 117.8 398.2
21 0.35 49 67.6 405.9
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Figure 10. Examples of the H/V curves at the study area with a single clear peak at various frequencies, the output is a graph where
the frequency is represented along the x-axis in logarithmic scale, the H/V ratio is along the y-axis in linear scale, and the selected
coloured time windows are represented as corresponding coloured lines in the H/V plot from 0.2 to 20 Hz. The average H/V ratio
and standard deviations were shown as the solid black line and the dotted black lines, respectively, while the peak of fundamental

frequency was given by the grey column.

contrast between it and surface sediments. The zonation
maps for the resonance frequency and the H/V amplitude
were produced, as shown in Figures 12 and 13, respec-
tively. The frequency (f,) values for the proposed site
(Figure 12) are varying from 0.35 to 0.75 Hz. Most of
the lower frequencies (fy < 0.5 Hz) are found in the
northern and southern parts of the investigated area
where the alluvial plain zone mainly covered by a thick
layer of Quaternary and Pliocene unconsolidated

deposits area found, while the middle part area has fre-
quencies (f) from 0.5 to 0.74 Hz. The H/V peak ampli-
tude (Ay) has a value from 3.1 to 6.5 (Figure 13), where
the northern and the southern parts are amplifying the
ground motion more than the middle part. The site
amplification level has been controlled by impedance
contrast between the soft sedimentary cover and the bed-
rock layer, where the areas with higher amplification
value having sharp impedance contrasts in the soil. The
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Figure 12. The fundamental frequency (f,) distribution at the study area.

distribution of Kg-values in the proposed site is listed in
Table 1 and Figure 14 is varying from 17 to 118. In
general, the high values correspond to the high amplifica-
tion in the northeastern part, while the low (K,) locates in
the centre of the area. In general, the variation of the K,
obtained from this study correlates well with the peak
amplitude of the H/V curve, where the sites having large
peak amplitude, the (K,) is high and this is in a good
correlation with field survey and wells lithology where the
sedimentary cover in this area is mainly composed of silty

clay, fine sand and gravely sand. Many authors (e.g. Ibs-
von Seht and Wohlenberg 1999; Parolai et al. 2002; Abd
El-aal 2018) discussed the estimation of the sedimentary
thickness over the seismic bedrock based on seismic noise
data (Nakamura technique). In our study, the derived
equation of Abd El-aal (2018) was applied due to its
consistency with the geological successions for different
parts in Egypt. The calculated sedimentary thickness
(Table 1) is ranging from 136 to 410 metre over the
study area.
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6. Conclusion

The HVSR method (Nakamura’s technique) has become
one of the most easiest and inexpensive methods to
understand the characteristics of subsurface layers.
Twenty-one microtremor records were collected in the
area, and the frequency (fy), the peak amplitude (A,) and
the fragility index for the ground (K) were computed for
site effect estimation.

In this study, the majority of the HVSR have a clear
single peak; the interpretations for the HVSR results
are obvious because the spectral ratio which has only
one clear peak is interpreted to be the predominant
frequency. In other cases clear two peaks were

observed, the first one is the resonance frequency
and the second one is certainly associated with a very
shallow structure or due to the impedance contrast.
The distribution of predominant frequency is ranging
from 0.35 to 0.75 Hz; these low-frequency values
reflect to the soft sediments with large thickness. The
H/V peak amplitude has values between 3.1 and 6.5.
The fragility index for the ground (K,) was estimated
to identify the areas where degree of earthquake
hazards and damage may be expected using the
HVSR technique. The calculated K, is ranging from
17 to 118, the large values concentrated in northern
and southern parts of the area where the field observa-
tions indicated that areas have a water table less than



510 A. MOHAMED ET AL.

25.79
25.78
Kg

25.77 120
115
110
105

25.76 100
95
90
85

2575 80
75
70

25.74 | 65
60
55
50

25.73-F% 45
40
35
30

25.72 25
20
15

25.71

25.7 = ‘ - :
32707 32.78 32.79 32.8 32.81 32.82 32.83 32.84
Km
I
0 1 2 3 4
Figure 14. The seismic vulnerability index (Kg) distribution at the study area.
20 m depth. The high K, values indicate that the area ~ Acknowledgements

has high potential for damage and deformation due to
liquefaction during earthquake occurrence. Overall
results reflect low values of the frequency (f;) and
corresponding greater values of the K, thus indicating
a greater seismic risk elicited by soil amplification in
the area under investigation. By applying the HVSR
method in this study, the site effect (f, & A,) and the
K, were estimated in the study area. The output results
showed different zoning maps illustrated the high-risk
areas which will affect strongly during the earthquake
occurrence.
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