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Abstract

Mpytilene is the capital of Lesvos, the eighth largest island in the Mediterranean Sea
and the largest in the North Aegean. The region of North Aegean is a geotectoni-
cally complex area, because its geodynamic status is directly affected by the North
Anatolian Fault Zone. In the present paper, microtremor data have been analyzed
for the city of Mytilene using Nakamura technique of Horizontal to Vertical Spectral
Ratio (HVSR) to ascertain the structure in terms of the predominant frequency. 100
microtremor measurements have been performed in the city of Mytilene. At each
point of microtremor measurement, the natural frequency and amplification factor
have been determined. The predominant frequency varies from 0.4 Hz to 6.6 Hz. The
amplification factor in 0.4-8.07 range has been obtained from the HVSR analysis.
The results are presented in terms of maps, including the spatial variability of the
predominant frequency and developed GIS database. The results of this study make
it clear that the characteristics of microtremors depend on the type of soil deposits.
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Hepilnyn

AVTIKEIEVO THG TOPODOOG EPEVVNTIKNG EPYATLAS EIVOL 1] EKTIUNGN THG ETIOPOONS TWV
TOTIKWV E0OPLKDOV TOVONKWOV OTH GELOUIKY KIVIO, 0TO 0GTIKO GOYKPOTHUO. THG TOANG
¢ Motidnvng. Tia 1o oxomo avto, Eyovv avaivbel dedouéva pikpobopvfov yia v
woAn g Motidivyg, ypnoiomordvias m MéBodo Poouotikod Aoyov Opi{ovtiog
rpog Karaxopopn Zoviotdoa. [poyuororoniOnroyv 100 uetproeis edapixod Gopvfov
oty woln s Motidnvig. Lo kale onueio uétpnons mpoodiopiotnre 1 Ocueicndns
OOYVOTHTO. TWV ETLPOVEIOKDOV TTIPOUCTOV KOl TO TAGTOS EVIOYVONS THS EOOPIKNG
xivnong. H tun) g Osuelicdvdonvg ovyvotnrag kouaiveror and 0.4 Hz éwg 6.6Hz, evo n
Tun Tov Topayovio. evioyvons kvuoivetor omo 0.4 éwg 8.07. To amoteAéouoro.
0100VTOL DTTO UOPPH YOPTAOV KO TEPILOUPAVOVY TN YWPIKN KOTOVOUR THS Osuelicddons
OUYVOTHTAG KO TOV TOopayovto. eviayvons. Anuiovpynbnxe foaon dedouévov GIS, n
omoio. Agrtodpynoe w¢ vmofabpo Yo THY TOAPOVOIACH TWV TOPAYOUEVV YOPTOV.
LOUTEPACUOTIKG, Ol TOTIKES EOOPIKES GUVONKES ETNPEGLOVY OCHUAVTIKG, TIG UETPHOELS
edagirxod GopvPov.

Aé&erg Kigrdra: MéBodog Nakamura, mapayovrog evioyvong, Oeuclicodns ovyvorya,
21

XLVII, No 3-1081




1. Introduction

The seismic action has considerably negative repercussions in the material and technical
infrastructure and by extension in the social and economic life. In the economic cost that involves
the alleviation of affected regions and the reset of damage should be added also the loss of markets
(products and services) in a continuously more competitive economic environment at international
level. This fact makes the need for mitigation of repercussions of seismic destructions imperative.

The distribution of earthquake damage is directly dependent on local site conditions. In the present
paper we have attempted to study the site effects and the site ground response in the case of an
earthquake in the urban area of Mytilene (Lesvos, Greece). This area is exposed to seismic hazard
because is a very active area with high seismicity. The Nakamura technique has been adopted for
the microtremor measurements analysis (HVSR) to determine the predominant frequency of the
soils in this area.

The Nakamura technique has gained much popularity over the past years because it is inexpensive
method and can be applied to regions of low seismicity. Also, it requires only a single station. One
drawback of the HVSR technique is the theory on which it is based. There is a disagreement
among various researchers on the nature of the microtremor as there is no established theory
concerning the kind of wave motions the microtremor survey provides (Bard, 1999).

Although the specific mechanism causing wave amplification can vary from site to site, several
studies suggest that ambient noise, or weak motions, can be used to identify areas that might
amplify earthquake ground motions in advance of earthquake occurrence (Nakamura 1989, 1997).
In this paper, we investigate the use of microtremors, or ambient noise, using horizontal-to-vertical
spectral ratios (HVSRs) to study potential site effects on seismic ground motions in the urban area
of the town of Mytilene. We determine predominant frequencies and relative amplification derived
from the microtremor measurements, and we interpret these results in the context of geotechnical
studies and geological maps. The spatial locations of all measurements and their analysis are
managed by a GIS data base which has been designed to accommodate this study.

2. Materials and Methods
2.1. Geological Characteristics and Seismicity of the Study Area

Lesvos is the eighth largest island in the Mediterranean Sea and the third largest island of the
Greek Islands, with 1.632 square kilometres in extent. It is located in the northeastern Aegean Sea.
The city of Mytilene is the capital of the island of Lesvos and of the Prefecture of Lesvos.

Several studies carried out by Hecht (1972, 1974a,b), Pe-Piper (1978), Katsikatsos et al. (1982,
1986), and Pe-Piper and Piper (1993) described the geology and provided the geological maps of
Lesvos Island (Figure 1). The geology can be summarized as a basement composed of Alpidic and
pre-Alpidic metamorphic rocks which were covered later by post-Alpine formations, mainly
Miocene volcanic rocks and Neogene marine and lacustrine deposits. (Soulakellis et al., 2006).

The North Aegean region is a geotectonically complex area. Its geodynamic status is directly
affected by the North Anatolian Fault Zone, is westward continuation in the Aegean Sea, known as
the North Aegean Trough and the West Anatolia Graben System in Asia Minor with significant
historical seismicity (Papazachos and Papazachou, 1997). The island belongs in the old volcanic
arc that acted at the Middle Miocene 15-19 million years ago. This area is characterized by high
seismicity hazard and it had been affected many times in the past by powerful devastating
earthquakes.

Instrumental records and historic sources clearly indicate the high seismicity of Lesvos Island.
Among the destructive earthquakes of the island, the most devastating was the 1867 event
(estimated intensity IX to X in Mercalli scale).
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Figure 1- Simplified Geological Map of Lesvos Island (from Hecht, 1971-1974).

Mpytilene is the capital of Lesvos and located at the eastern part of the island. The altitude
fluctuates from 0 to 100 m and it has a smooth relief.

2.2. Methodology

In the present paper microtremor measurements have been conducted in order to study the site
effects and the site ground response in case of an earthquake in the urban area of Mytilene. For this
reason the Horizontal-to-Vertical Spectral Ratio (HVSR) technique has been applied on ambient
noise measurements (Nakamura’s technique). This method is particularly widespread the last years
and several scientific studies that are referred to this have been published internationally.
(Bonnefoy - Claudet et al. 2006a, 2006b; Field and Jacob, 1993; Gosar, 2007).

Although the microtremor method is well established, its ability to predict wave amplification and
predominant frequency of strong motion has been debated. However, still a topic of debate, the use
of microtremor is very attractive because it is fast and low-cost technique. Because of its
sensitivity to spatial variations of near surface geology, the method is particularly attractive in
urban areas.

This method utilizes the microtremor data from digital highly sensitive wideband seismographs
with high dynamic range (24 bits). It aims to determine the fundamental frequency of local ground
resonance and the empirical transfer function. Moreover, this method can be used as a powerful
tool to estimate the thickness of soft-cover layers (Seht and Wohlenberg, 1999).

Microtremor measurements have been performed in the urban area of town of Mytilene. With the
term “microtremors” we define Earth’ s surface vibration caused by daily human activities such as
machinery movement in factories, motor cars, people walking and natural phenomena (flow of
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water in rivers, rain, wind, variation in atmospheric pressure and ocean waves). The microtremor
record, as each seismic record, is a signal that gives information related to: a) seismic source
mechanism, b) attenuation path and c) site conditions of the recording station.

Generally, microtremor data has been used to estimate fundamental frequency of a site in order to
identify the site’s response during an earthquake. This technique uses the spectral ratio between
horizontal and vertical components (H/V ratio) of microtremors (Nogoshi and Igarashi, 1971;
Nakamura, 1989). It is known as Nakamura’s technique or HVSR method and has been applied in
the present paper.

Afterwards, the microtremor records have been processed according to the steps proposed by
Mucciarelli (1998) and Duval et al. (2004). In this way, the experimental Horizontal-to-Vertical
Spectral Ratio and the fundamental frequency are calculated. Finally, a predominant frequency
map is generated which reflects the fundamental characteristics of possible site effects. (Yamanaka
et al., 1994; Duval et al., 1995; Field, 1996, Fah et al., 1997; Ibs-von Seht and Wohlenberg, 1999;
Jiménez et al., 2000; Delgado et al., 2000a; Delgado et al., 2000b; Alfaro et al., 2001; Navarro et
al., 2001; Duval et al., 2001a,b; Woolery and Street, 2002; Hloupis et al., 2005; Vallianatos and
Hloupis, 2008; Sarris et al., 2010; Moisidi et al., 2012; Moisidi et al., 2013).

2.3. Data Acquisition and Analysis

The acquisition of data has been performed using the CITYSHARK II recorder connected to the
Lennartz Le3D/5s velocimeter. The CITYSHARK system was developed by the French Institute
for Research and Development (IRD) and a local French company (LEAS) for specifically
ambient vibration measurements (Chatelain et al., 2000).

Ambient noise measurements have been performed in the city of Mytilene from May 2012 to
February 2013. 100 measurements of ambient noise have been conducted throughout the city. The
measurements have been carried out from Monday to Friday at hours 23:00-02:30. A global
Positioning System (GPS) module localizes the spatial position of each point of measurement
(Hatzopoulos, 2008). The sampling rate was set to 200 Hz and the duration of recording 30
minutes. These data are acquired according to guidelines proposed by Duval et al., 2004. The sites
of microtremor recordings were selected to cover all different geological formations of the area.
Though the HVSR technique is independent of the sources, there are certain criteria that were
taken into consideration. Sites very close to heavy traffics were avoided for nearby strong sources
that can distort the recordings for the proper recording of ambient noise. Some of these
measurements have been repeated to minimize artificial noises due to traffic human activities.
Figure 2 shows the locations of measured points in the urban area of town of Mytilene.

The H/V ratios are calculated using the GEOPSY software (www.geopsy.org), for the frequency
range 0.2 to 20 Hz, using 40s time windows and removing time windows contaminates by
transients. The interpretation of the H/V curve has been carried out conformably to international
consensus criteria (Duval et al., 2004). The Fourier amplitude spectra of each selected window are
computed. The HVSR relation of Nakamura (1989) is applied for each individual window and the
final predominant frequency is obtained.

3. Results and Discussion

Microtremor measurements have been performed in the urban area of the town of Mytilene for a
preliminary evaluation of site response. The signals recorded have been analyzed for horizontal to
the vertical (H/V) sprectral ratio. The scrutiny of H/V data set allows us to keep only reliable data
for mapping resonance frequencies in the city of Mytilene.

The Figure 3 shows the results obtained through the analysis of microtremor. The dotted curves
represent the upper and lower bound of 1 standard deviation around the mean spectral ratio,
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Figure 2 — Position map of microtremor measurements in the urban area of Mytilene.

respectively. Grey vertical bars show the selected H/V peak. The width of the vertical bars denotes
the range of the peak frequency.

In order to represent the spatial distribution of the predominant frequency over the urban area of
the town of Mytilene, interpolation between the microtremor positions has carried out using the
geostatistical technique of nearest neighbour. Figure 4 shows the map of predominant frequency
obtained from HVSR technique for the town of Mytilene. Moreover, using the same method of
interpolation, the maximum amplification has been determined. Figure 5 represents the
amplification factors of the predominant frequencies based on the H/V of the microtremors in
investigation sites. The generated maps are managed through a properly developed GIS database
(Hatzopoulos, 2008), and are elaborated in laboratory of Remote Sensing and GIS (Department of
Environmental Studies, University of the Aegean).
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Figure 3 — Responses in sites 2, 11, 40, 89 as presented in Figure 4, 5.

The predominant frequencies ranged from 0.4 to 6.6 Hz. The main reason for such a wide range of
results arises from the large differences in the near- surface geological conditions of the region. It
is worth noting that there were some of sharp peaks due to an industrial origin (power plant).
These peaks have been excluded from the results, and the second peak of natural origin has taken
instead. The amplification factor in investigation sites ranges from 0.4 to 8.07.

Consequently, the frequency and amplification distribution maps reflect the geology of the region.
The results obtained in the present study can be extended for the seismic hazard studies.
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Figure 4 — Map of predominant frequency Figure 5 — Map of the H/V amplitude at fun-
obtained from HVSR technique for the town damental frequencies for the town of
of Mytilene. Mytilene.

4. Conclusions

The microtremor records for the urban area of the town of Mytilene are analyzed for 100 positions.
An attempt has been made to interpret variations of microtremor H/V spectral ratios in terms of the
local site geology. The main conclusions can be summarized as follows:

The distribution of predominant frequency is relative uniform, ranging from 0.4 — 6.6 Hz, with the
frequency value associated with the topographic pattern. Local high observed values are due to the
ground surface geology. The amplification factor is ranging from 0.4 to 8.07. Amplification factor
values lower than 1.2 are associated with areas where the bedrock appears at the ground surface. In
these areas, ground shaking is not amplified. However, some high amplification factor values on
NE part located on the limestone owing to possible anthropogenic noise and should be checked.

According to the observations and analysis presented earlier, the characteristics of microtremors
are primarily dependent on the type of soils. As a further step, it would be recommendable to im-
prove the spatial distribution of predominant frequency and amplification factor in Quaternary
soils through a denser grid of microtremor measurements. Moreover, in the next stage of this re-
search, a comparison of microtremors with the respective earthquake characteristics can be very
beneficial and applicable in engineering.

The application of HVSR technique on microtremor measurements in the town of Mytilene
showed encouraging results with regard to method potential and applicability. This method is
proved very time and cost effective, and easy to implement.

The characteristics of microtremors are found to be mainly dependent on the type of soil deposits.
Therefore, the H/V microtremor spectral ratios technique may also represent valuable tool for soil
type evaluation in addition to providing a valuable input in urban seismic microzonation and in
seismic hazard mitigation.
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