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Abstract

The present study aims mainly at investigating the site effect at the new Luxor
city, Egypt, using microtremor measurements. Accordingly, 41 ambient noise
recordings were implemented covering the investigated area in a reasonable
manner with spacing nearly 1 km between each measurement station. The
data were analyzed using Nakamura’s technique. The results show that; the
investigated area exhibits low fundamental frequency values ranging between
0.28 - 0.47 Hz and its corresponding amplification factor values vary between
2.3 and 6.8. Consequently, the studied site is characterized by the presence of
thick soft sediments overlying a hard bed rock. The seismic vulnerability in-
dex (Kg) was estimated, relying on the estimated fundamental frequency (%)
and amplification factor (4,), through the range between 11 and 95 across the
mapped area. The obtained Kg values were noticed to be compatible with
amplification level results. The central part of the investigated area reflects the
higher Kgand A, values.

Keywords
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Factor, Seismic Vulnerability Index (SIV)

1. Introduction

The fast growing in the population density, especially its concentration around
the river Nile banks, induced the Egyptian government to construct many new

cities and urban communities in the new desert areas all over the country. Ac-

*Microtremor measurements at New Luxor city.
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cording to the sustainable development plan of the Upper Egypt, the new Luxor
city “study area” is one of the promising projects in south Egypt. The current
studied area is existed at the eastern portion of the Nile Valley, 7.5 km southeast
old Luxor city located between latitude 25°34'12"N and 25°3824"N and longi-
tudes 32°37'12"E and 32°40'00"E covering a surface area of about 28 km?* The
study area can be considered as the natural expansion of Luxor city (Figure 1).

Unplanned urban development is one of the causes which increase the poten-
tial hazards of earthquakes in active seismic areas specially in developing coun-
tries like Egypt. The most important factor to mitigate the earthquake hazard is
the land use planning of urban areas which are located on or near the active
seismic zone such as the proposed site of the new Luxor city.

The new proposed sites for construction need a detailed study of the nature of
sediments as being a foundation soil. Many researchers have authenticated that
soft sediments can notably magnify seismic waves resulting in detrimental level
during an earthquake release (e.g., Singh et al., 1988; Borcherdt et al., 1989). Re-
cent destructive earthquakes (e.g, Michoacan, Mexico in 1985, Kalamata, Greece
1989, Lomaprieta, California, USA 1989, Roodbar-Manjil, Iran 1990, Kocaeli
and Duzce Turkey 1999, Chi-Chi, Taiwan area 1999, Bam, Iran 2003, and Wen-
chuan, China, 2008) have distinctly shown that the local geology conditions have
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Figure 1. Location map of the investigated area.
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a great effect on magnification of ground motion created by dynamic excitation
of earthquake (Ansal et al., 2004). This effect is known as site effect. Bard (2000)
concluded that; every location has a particular resonance frequency at which soft
deposits can amplify ground motion caused by seismic events. Mukhopadhyay &
Bormann (2004) reported that the man-made infrastructures have a fundamen-
tal resonance frequency that coincides with that of a site, then a possibility of
damage is expected. So, site effect estimation becomes a major challenge for as-
sessment and mitigation of earthquake hazard in earthquake engineering strate-
gy (Reiter, 1990; Meunier et al., 2008; Panzera et al., 2013).

The horizontal to vertical spectral ratio method, known as Nakamura’s tech-
nique, is considered a relatively easy, economically attractive, and quick imple-
mentation procedure for site response estimation using microtremors measure-
ments. Many researchers implemented Nakamura method to determine the site
effect in different parts of Egypt (e.g., Abdel-Rahman et al., 2012; El-Eraki et al.,
2012; Abudeif et al., 2019; Fat-Helbary et al., 2019; Mohamed et al., 2013, 2015,
2020; Meneisy et al., 2020). This method was also used in the current study to
investigate the potentiality of amplification level of soft sediments and assess the

impact of soil conditions at the studied area.

2. Geological Setting

The geologic setting of Luxor district was discussed by many authors (Said, 1962,
1981, 1990; Abd El-Rahman, 1980; El Hossary et al., 1994; Kamel, 2004). The
stratigraphic units at Luxor area consist mainly of sedimentary origin ranging in
age from Upper Cretaceous to Recent (Figure 2). El Hossary et al. (1994) de-
scribe the subsurface stratigraphic units of Luxor area (Figure 3). The surface of
the investigated area is covered mainly by Quaternary and Pliocene deposits.
Quaternary deposits are mainly composed of unconsolidated deposits in the
form of sand, gravel, silt, and recent wadi deposits. Pliocene deposits are
represented by Madamoud Formation composed of red brown clay, marl, and
fine sand and silt lamina.

The geomorphological features in the mapped area include hills, pediment
(alluvial) and large wadis. The location of the investigated area is characterized
by moderate topography with average ground elevation varies from about 165 m
in the southern part to about 105 m above sea level at the northern part, as illu-

strated in Figure 4.

3. H/V Method (Nakamura’s Technique)

H/V method was introduced firstly by Nogoshi and Igarashi (1971) and then
modified by Nakamura (1989). This method is called also Nakamura method. It
depends mainly on using three components’ sensors at one single station to
record microtremors; one of them is the vertical component and the others are
the orthogonal horizontal components. By estimation of the Fourier spectral
amplitude ratio between the horizontal and vertical components, then the site
response parameters can be obtained (Molnar et al., 2018).
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Figure 2. Geologic map of Luxor area included within the investigated area (modified after
Ministry of industry and Mineral Resources previously EGSMA, 2006).

The conception principles of Nakamura’s method can be illustrated in an ea-
siest case, in 1D loose sedimentary layer (soil) overlies hard rock (bed rock).
Figure 5 shows a typical sedimentary basin, where H/V spectral ratio can be
calculated from ambient noise based on Nakamura’s technique. In this case, site
effects (transfer function) due to surface geology can be given by the spectral ra-
tio between recording signal on the surface and the ones at bedrock.

The transfer function of the surface layers is Sris defining as:

S, =—= (1)

where Hsand Hjp are the horizontal amplitude spectrum at the surface layer and
bedrock respectively.

The Nakamura’s technique is based on the following assumption: 1) a hori-
zontal less rigidity sedimentary layer overlying a more rigidity bed rock 2) sever-
al waves comprise microtremors, but Rayleigh waves propagation in loose sur-
face layer is the predominately; 3) The effect of Raleigh waves Es on noise
movement is limited to the vertical spectrum of the surface layer V; only and

does not include the vertical spectrum at the bedrock V3 4) Vertical waves are
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Figure 3. Stratigraphic succession of Luxor area (after El Hossary et al., 1994).
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Figure 4. Topographic map of the investigated area.
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Figure 5. A typical sedimentary basin, where H/V spectral ratio can be calculated from
microtremors (after Nakamura, 2000).

not amplified by soft deposits; hence, the effect of Rayleigh waves on the vertical

tremor on the vertical motion at the surface and bedrock is;

\Y
Es =% ()
VB
Follow these assumptions the transfer function of the surface layer S, after

elimination of the effect of Rayleigh waves can be expressed as:

S
S, =— 3
v (3)
Substituting (1) and (2) in Equation (3) we get:
H./H
VS /VB
where
He 4 (5)
VB
The site effect function can be written as:
H
Sy =—> 6
i (6)

The last equation emphases that, the transfer function of the surface layer
(H/V spectral ratio) can be estimated from tremor recorded at the surface only.
This method effectively can be used for estimation of site response parameters
(peak frequency F, and corresponding amplification factor Ap) (Nakamura,
1989; Milana et al., 2011).

4. Microtremor Data Acquisition and Processing

Microtremors survey of single station ambient oscillation recordings were ex-
ecuted during December 2020 at the proposed New Luxor city location. A total
of 41 Microtremors measurements sites covered the study area with spacing nearly
1 km between stations. The locations of the measured sites are shown in Figure 6.
Microtremors data were acquired during the day time using three component

Trillium compact 120 s seismometers and Taurus digitizer recorder (Figure 7).

DOI: 10.4236/gep.2021.99008

136 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.99008

A. Mohamed et al.

The seismometer discloses ground motion and outputs a signal representing
ground velocity. A 12-volt marine battery was used to power the seismometer. At
each measurement site, seismometer was vertically levelled with good coupling
with ground and oriented to the north direction. Levelling and orienting the seis-
mometer is required to achieve accurate recordings for each component, horizon-
tal (north-south and east-west) and vertical. A GPS receiver was used to identify
the latitude-longitude of each site and to establish the timing and duration of each
recording. Recordings were made at 100 samples per second. A duration ranging
between 90 min to 2 hours were spent on each site for continues noise signal re-
cording. For dependable experimental conditions, the guidelines proposed in the
SESAME project (SESAME, 2004) were accurately followed.
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Figure 6. Locations of H/V measurement stations at the investigated area.
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Figure 7. The Trillium 120 s seismometer with Taurus seismograph
used during data acquisition.
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Geopsy software initiated by SESAME project (SESAME, 2004)
(http://www.geopsy.org) were used for data analysis by applying H/V spectral

ratio Nakamura’s technique (Nakamura, 1989). In the present study the data
analysis is focused on the frequency range between 0.2 and 20 Hz.

Ambient noise record signal was subdivided into time windows with 70
second duration (for each site, at least 15 windows were used). Each time win-
dow was choosen using the automatic window selection option of the Geopsy
software depends on STA/LTA ratio anti-triggering algorithm for discarding any
transient signal (e.g. close traffic, footsteps, etc), then the selected signal contain
only real seismic ambient vibration (SESAME, 2004; Wathelet, 2010). An exam-
ple of Windows selection in Geopsy software illustrated in Figure 8. The time
series was tapered with a 8% cosine taper, and the fast Fourier transform (FFT)
was used for computed the amplitude spectrum for all three component. The
algorithm of Konno and Ohmachi (1998) was used for smoothing of these FFT
spectra with a band width coefficient value equal to 40.The advantages of the
smoothing option of the spectra as illustrated by several researchers (e.g., Bindi
et al., 2000; Picozzi et al., 2005), are stabilizing of H/V curves as well as avoiding
the presence of superior peaks due to interference of external transient noise.

Finally, merging and averaging of the two horizontal components were made
using geometric mean option to get the outcome A components as the following

equation:
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Figure 8. Windows selection in Geopsy software for the recorded microtremor data at site No. 23.
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=) "

where: (H) is the geometric mean for the two horizontal components, (xy) is the
spectral modulus of the North-South components and (y7) is the spectral mod-
ulus of East-West component. The horizontal components spectra were merged
then divided by the vertical component spectra, then the horizontal spectral ra-
tios can be calculated. The amplitude spectra for the three components was es-
timated (Figure 9). For each site, H/V spectra ratio curves were calculated,
which enables determination of the most critical site response parameters (f
and Ay). Finally, all peaks of HVSR curves were neatly inspected and tested for
identify their origin (natural or industrial) through performed these testes.

Application of the random decrement technique on the microtremors re-
cording data is intended mainly to infer the impulse response around the fre-
quency of concern: in the case of industrial origin, the damping (Z) will be very
low (less than 1%), such peaks excluded from the results (Dunand et al., 2002).

Applying the spectrum rotation for the horizontal components. The direction
of energy release can be checked by this test.

The whole recorded data were subjected to the above-mentioned tests and all
peaks were of natural origin. Examples of application of these tests are illustrated

in Figure 10 & Figure 11).

5. Results and Discussion

Nakamura’s technique is established on the presence of a soft sediments layer
overlying another hard bedrock layer. In this case, the H/V spectral ratio usually
shows a peak, which matches the fundamental frequency (%) of the site and the
corresponding peak amplitude (A4,). The present work involves estimating the
site response parameters viz (F and A,) for about 41 measuring points distri-

buted across the mapped area and the obtained results are recorded in Table 1.

3000

200 —_—E
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0 \?‘h
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Figure 9. Representative example of amplitude
spectrum of the three components at site No. 23.
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Figure 11. Example H/V rotation with azimuth
test at site No. 8.
Table 1. The obtained results from HVSR survey at the study area.
Site. No Long. Lat. R Ao Kg h (m) Abdel-aal (2018)
1 32.64964 25.57481 0.46 3.28 23.38783 277.4
2 32.64614 25.57928 0.42 3.42 27.84857 316.6
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Continued
3 32.64261 25.58325 0.39 4.68 56.16 352.5
4 32.63825 25.58908 0.35 4.19 50.16029 412.4
5 32.63375 25.59562 0.33 3.26 32.20485 449.1
6 32.63183 25.60289 0.29 3.88 5191172 541.7
7 32.65461 25.57883 0.47 2.28 11.06043 268.9
8 32.65111 25.58328 0.37 4.72 60.21189 380.4
9 32.64761 25.59 0.37 4.31 50.20568 380.4
10 32.6425 25.59544 0.33 4.47 60.54818 449.1
11 32.63628 25.60244 0.32 4.33 58.59031 469.6
12 32.63183 25.60831 0.28 3.65 47.58036 569.9
13 32.62781 25.61258 0.28 3.87 53.48893 569.9
14 32.63955 25.60299 0.29 4 55.17241 541.7
15 32.65792 25.58289 0.38 4.9 63.18421 366.1
16 32.66702 25.58372 0.42 3.62 31.20095 316.6
17 32.66013 25.59204 0.35 3.79 41.04029 412.4
18 32.67019 25.58689 0.4 3.84 36.864 339.8
19 32.66539 25.5924 0.41 3.26 25.92098 327.8
20 32.66252 25.59715 0.32 4.15 53.82031 469.6
21 32.65906 25.60044 0.3 3.9 50.7 515.7
22 32.67497 25.58936 0.42 3.9 36.21429 316.6
23 32.67011 25.5931 0.33 5.6 95.0303 449.1
24 32.66796 25.5985 0.31 4.26 58.54065 491.7
25 32.66333 25.60334 0.3 6.81 154.587 515.7
26 32.68169 25.59325 0.42 3.37 27.04024 316.6
27 32.67539 25.59828 0.38 3.12 25.61684 366.1
28 32.67017 25.60427 0.33 3.97 47.7603 449.1
29 32.67481 25.60562 0.31 3.88 48.56258 491.7
30 32.68595 25.60204 0.47 2.34 11.65021 268.9
31 32.68139 25.60161 0.42 3 21.42857 316.6
32 32.6828 25.605 0.47 2.86 17.4034 268.9
33 32.6801 25.60883 0.32 4.14 53.56125 469.6
34 32.67536 25.61399 0.35 3.12 27.81257 412.4
35 32.66015 25.60602 0.32 3.6 40.5 469.5
36 32.64706 25.59935 0.31 4.44 63.59226 491.7
37 32.63808 25.60914 0.28 2.94 30.87 569.9
38 32.68009 25.58086 0.44 2.69 16.44568 295.9
39 32.67036 25.57845 0.38 3.94 40.85158 366.1
40 32.63672 25.57528 0.43 4.23 41.6114 305.9
41 32.63558 25.58296 0.38 3.6 34.10526 366.1
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The obtained HVSR curves mostly reflect a single peak (Figure 12) while few
sites show two peaks (Figure 13). The corresponding frequency of HVSR curves
was considered to be the dominant frequency (/%) within a single peak case.
Moreover, HVSR curves which show two various frequency peaks, in this case

the peak of maximum amplitude is considered to be F and the other peak

probably attributed to the presence of a shallow depth impedance contrast.
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Figure 12. Example of H/V curves with Single clear peak.
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Figure 13. H/V curves shows two peaks at diverse frequencies at study area.

Through performing spatial interpolation between the estimated resonance
frequency F and amplification level A, values at each measurement site, a map
for resonance frequency (Figure 14) and another map for the maximum ampli-
fication (Figure 15) were created. Most of the studied area exhibit low resonance
frequency values < 0.5 Hz ranging between 0.28 and 0.47 Hz with slight gradual
decrease from southeast to northwest in the direction of the Nile valley (Figure
14). Generally, the low fundamental frequencies (F < 0.5 Hz) of the study area
can be attributed to the measured sites which are located in an alluvial plain
zone occupied by thick cover of the soft Quaternary and Pliocene sediments
(gravel, sand, silt, and clay). The thickness of such deposits was estimated (Table
1), using the formula A = 90F — 1.45 + (0.02) derived by Abdel-aal (2018),
through the range between 269 and 570 m. The zonation map of H/V spectral
ration amplitude A, (Figure 15) illustrates that; the amplifications factor is gen-
erally varies between 2.3 and 6.8 with a higher values observed at the central part
of the area. Ground amplification level of the site has been governed by imped-
ance disparity between loose sediments cover overlying a rigid bedrock, where
the areas having large impedance disparity value reflects the higher values of
amplification (SESAME, 2004; Gosar, 2017; Molnar et al., 2018). The amplitude
level more than 2 indicates the presence of site amplification, whereas no ampli-
fication in the case of amplitude level less than 2 or flat HVSR curves (SESAME,
2004). Toward the foothill as reported in the southern part of the area, the HVSR
peak amplitudes are lower than those located in alluvial zone or wadis such as
the middle part area (Burjanek et al., 2014).

The seismic vulnerability index values (SIV) were estimated at each site
(Table 1) using the formula Kg = A)z / F, (Nakamura, 1996, 1997, 2000) for
assessing the liquefaction potential in the case of earthquake. The estimated
(SIV) values range from 11 to 95. These values were used to produce a 3D re-
presentation map shows the spatial distribution of Kg value at the investigated
area (Figure 16). This map showed that, the highest values were observed at the

middle part of the mapped area; while the lower values observed at the western,
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eastern, and southern parts of the area. These results are consistent with ampli-
fication level distribution, where the area of relatively high Kg values corres-
ponds to the area of high amplification level and vice versa. Nakamura (1997)
concluded that the earthquake damage affects the areas have seismic vulnerabil-
ity index in the range between 20 and 100 more than those have a vulnerability
index values less than 5. Accordingly, the investigated area is likely tended to
greatly amplify the movement of the earth in the event of an earthquake, due to
the presence of soft sediments (Herak et al., 2009).
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Figure 14. Spatial allocation map of the fundamental frequency (/) at the study area.
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When the resonance frequency (%) of the soil coinciding with the natural
frequency of the buildings and structures, in this case the seismic ground motion
will create resonance phenomenon of building and damaged of structures will
expected (Mukhopadhyay & Bormann, 2004; Gosar, 2007, 2010).

The zonation map of fundamental frequency could be explicated with consid-
eration of building rise and its fundamental frequency of oscillation to calculate
the numbers of stories at which the resonance phenomena may be occurred. A
simple approximation for potential building resonance is provided by (Gosar,

2009) as following:
F =10/Stories numbers (8)

For avoiding the soil-structure resonance, the soil frequency mustn’t match
building frequency. The fundamental frequency of soil at the study area exhibits
low values less than 0.5 Hz, at this point and by using equation 8, buildings
above 21 floors may be resonate and damaged in the case of possible earthquake.
Due to the very low soil frequency, the taller building expected to be the more

possibility of soil-structure resonance.

6. Conclusion

The present work includes implementation of 41 microtremors measurement
points using Nakamura’s technique for the purpose of estimating the site effect
at the new Luxor city site as well as assessment of the liquefaction potential by
calculating the seismic vulnerability index. H/V ratio results show a low reson-
ance frequency value at the investigated area, where it varies from 0.28 - 0.47 Hz.

Otherwise, the amplification factors have a value between 2.3 and 6.8. These re-
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sults indicate that, the site characterized by the presence of thick soft sediments
overlying a hard bed rock, with a high impedance contrast between them, con-
sequently these sediments expected to amplify the ground motion. The calcu-
lated (Kg) reflects a high value ranging from 11 to 95. These values comply with
the obtained amplification levels result, so a potential deformation is highly ex-
pected due to liquefaction during earthquake occurrence. H/V spectral ratio
method, proved its efficiency for assessing soil-resonance structure. In this
manner, the taller buildings 21 stories and more, the higher potential of
soil-resonance structures due to the low fundamental frequency of soil at the
study area. H/V spectral ratio results reflect low values of the frequency (%) and
higher values of the (Kg) and (Ao), indicating an expected damage or deforma-
tion due to ground motion amplification or liquefaction in case of earthquake
occurrence. Finally, we can say that, HVSR method proved its efficiency for site
effect estimation and determined the dynamic characteristics of the foundation
soil. The application of microtremors is a fast, non-invasive, and cost-efficient

method requiring minimal man-power, thus making it an appealing technique.
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