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ABSTRACT

Seismic wave propagation in subsurface media endures from absorption, which can be evaluated
by the seismic quality factor Q (Q-factor). Absorption is frequency-dependent. Lower frequencies
are absorbed less, while higher frequencies are absorbed more. Therefore, the Q Factor should be
determined in the frequency domain. Q-factor is determined by the slope of the natural logarithm of
the output-input signals ratio. Surface waves (Rayleigh and Love waves) are particularly important,
as they are the more destructive phases of an earthquake. This study was focused on the Q-factor
computation of the surface waves and demonstrated that the determination of the Q-factor is not
affected from the dispersive properties of the surface waves. Data were obtained from surface wave
signals of earthquake recorded at Eskigehir Technical University Seismic Network - EstuNet. The
obtained Q-factor values represent the average values of the rocks that the waves cross between the
input and output stations. Finally, the Q-factor map to the Peak Ground Acceleration (PGA) map
using the M=4.3, 17.01.2015 Eskisehir earthquake data was compared. These records, show the
arrival time of the earthquake from the epicenter to the stations of the seismic waves, and the peak
ground acceleration values. In this study, local site effects of EstuNet accelerometric stations have
been calculated by using the Standard Spectral Ratio (SSR) method. It is concluded that an inverse
relationship exists between the computed Q-factor and measured PGA values. Therefore, the sites
where the Q factor is very low should be analyzed in more detail in ground-based earthquake risk
assessments.

1. Introduction

usually measured by the inverse of the dimensionless
Q. Amplitude is affected by energy loss due to anelastic

Seismic quality factor (Q-factor) studies date back
to the early 1940s (Ricker, 1940). Since then, many
researchers have studied the attenuation properties
of earth substance (Johnston et al., 1979; Jongmans,
1990; Moya and Irikura, 2003; Raghukanth and Nadh
Somala, 2009; Naresh et al., 2019) both in the field
and in the laboratory. In-situ Q measurements are
of interest in engineering geophysics. Absorption is

processes or internal friction during wave propagation.
This intrinsic attenuation may be distinguished
from scattering attenuation. The strength of intrinsic
attenuation is given by Q in terms of the fractional
energy loss per cycle. Q is sometimes called the
quality factor (Shearer, 2009; Stein and Wysession,
2009) and is inversely related to the strength of
attenuation; low-Q regions are more attenuating than
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high-Q regions. Seismic wave/soil (subsurface layers)
interactions and responses are caused reflectors,
refractors, or diffractors. Spherical divergence or
absorption always exist as seismic waves propagate.
These effects concurrently affect seismic waves as
they travel. In this study, continuous factors that affect
seismic waves were considered.

Attention of seismic waves has been measured
for many years (Anderson and Archambeau, 1964;
Anderson and Hart, 1978; Anderson and Kovach,
1964; Jackson and Anderson, 1970). The resultant
distribution of attenuation versus depth (usually
expressed by the dimensionless quality factor Q) is an
important source of information in the earth’s interior
(Press, 1964). Accurate estimation of the Q factor is
of great importance for the resolution enhancement
of seismic data. Estimates of the quality, Q, factor
are commonly obtained from vertical seismic data
or stacked surface seismic data (Zhang and Ulrych,
2002; Li et al., 2016). This paper describes a method
that Q-factor can be measured from the recording of
strong ground motion.

The Q-factor provides valuable information
on the physical properties of soil. A low Q-factor
indicates the presence of an absorptive medium;
absorption is frequency-dependent. Moreover, the
effect of absorption becomes more prominent at higher
frequencies (Gurevich and Pevzner, 2015). Some of
the mechanical energy of a seismic wave is transferred
to an irreversible dislocation and deformation within
the rocks, producing friction and heat. Rock types,
formation of fissures, cracks within the rocks, fault
zones, liquefaction (migration of fluids in cracks and
pores), landslides, and a change in water table level
are the major indicators of absorption with low Q
values. In the case of elastic behavior, after the passage
of seismic waves, vibrating particles assume their
original position. Elastic behavior causes minimum
earthquake damage. In the case of anelastic, or plastic
behavior, after the passage of seismic waves, vibrating
particles cannot assume their original equilibrium
position. Anelastic behavior causes
earthquake damage (Luzi et al., 2019; Mayoral et al.,
2019; Miyakoshi et al., 2019).

maximum

The frequency dependent attenuation (Q) value
which gives Quality factor (Q,) of S-waves of the
Punjab basin and this study is important to develop
the ground motion model and simulations for seismic
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hazard studies (Naresh et al., 2019). Quality factor
and site amplification are derived from the strong-
motion data. The Quality factor represents a part of
the total attenuation of Fourier spectral amplitudes
reaching the ground surface (Raghukanth and Nadh
Somala, 2009). Two strong motion networks, K-NET
and KiKnet, recorded the aftershocks of the 2000
Tottori, Japan, earthquake. The results suggest that
the study area presents a low Q value and that there is
also amplification at borehole sites (Moya and Irikura,
2003).

The earthquake data from years 1900-2019 were
downloaded from the KOERI (Kandilli Observatory
and Earthquake Research Institute) web portal
(http://www.koeri.boun.edu.tr/sismo/zeqdb/). During
downloading, all the parameters were selected as
accurately as possible with coordinated boundaries
to cover Eskisehir Province for earthquakes with
magnitudes greater than 3. The downloaded data was
in .txt format, so it was first organized in Excel and then
reformatted to .xls format so that it could be opened
in ArcGIS. There were 161 earthquakes in total with
magnitudes of greater than 3 that occurred within the
study area within the selected date range. The result
of the analysis shows that most of the earthquakes
with magnitudes between 3 and 6.4 occurred in the
southern part of Tepebasi District and the northern part
of Odunpazan District. The earthquake occurrence is
attributed to faults, because most of the earthquake
epicenters are distributed between active faults. The
3499 houses, 10 schools, 15 mosques, and 3 official
buildings were demolished, along with 1303 barns
and haystacks in that earthquake in Eskigehir city
center in the 20 February 1956 (Ms 6.4) Eskisehir
earthquake. One person died (Ersoy, 1956). In the 17
August 1999 Kocaeli earthquake (Mw 7.4), which
was approximately 250 km from Eskigehir city center,
86 people lost their lives in the city of Eskisehir, and
95 people were injured. Also, 70 houses/workplaces
suffered severe damage, one building collapsed during
the earthquake, and four buildings collapsed after the
earthquake (Ozmen, 2000).

The aim of this study is to show that the Q-factor
can be measured from the recording of strong ground
motion and to examine the relationship between
Seismic Quality Factor (Q) and Peak Ground
Acceleration (PGA). Q measurements were performed
from EstuNet Seismic Network data that it is composed
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of 18 strong-motion and 8 weak-motion stations mainly
distributed in Quaternary- and Neogene-aged units in
the Eskigehir Basin. The spectral ratio technique was
used for calculating the absorption Q-factor.

2. Theory and Methods

The site response is a function accounting for
attenuation that includes the effect of geometrical
spreading and the intrinsic and scattering quality
factor. Q(f) is the quality factor which includes both
anelastic absorption and scattering (Parolai, 2012).

2.1. Spectral Ratio Method

The Standard Spectral Ratio technique (SSR) of
earthquake recording involves comparing records at
nearby sites using one site as the bedrock reference
site (Figure 1) (Parolai, 2012). SSR, a reference site
technique, involves considering the spectral ratio
of the same component of strong ground motions
recorded at two nearby stations. The SSR technique
was initiated by (Borcherdt, 1970). In Borcherdt
(1970)’s study, ground motion generated by nuclear
explosions in Nevada were measured at 37 locations
near San Francisco Bay, California. These results were
compared with those of the San Francisco earthquake
of 1906. This technique has previously been used in
many geological environments (Borcherdt, 1989;
Field et al., 1992; Gok et al., 2014; Mittal et al., 2015;
Ozer, 2019).

The assumption of this technique is that the two
sites have a similar source and path effects. If the
separation between the stations’ input and output
is much less than their hypocentral distances from
the source, it is probably a good assumption that the
path terms will cancel. The critical assumption in
these methods is that the surface- rock-site record

Input Station

)

Output Station

€0

IHypocenter R .
Sediments

Bedrock

Figure 1- Typical geological structure of sedimentary basin and
input-output station spectral-ratio method.

(reference) is equivalent to the input motion at the
base of the soil layers (Steidl et al., 1996).

f Frequency
H (f) Earthquake source function

E()

G(f) Output station function—the spectral
amplitude of the ground motion observed at
a recording site for an event.

Input station function

R(f) Path function between hypocenter and input
station

DR(f) Path function between input and output

stations
F())=H(f) RS (1)
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where H(f), R(f), AR(f) represent the spectral
contribution of the source, the wavepath and local
geology, respectively. At the two observation sites,
with amplitude G(f) on sediment and amplitude F(f)
on bedrock, the source function H(f) is the same (as the
same signal is compared), and the wavepath function
R(f) is also the same (with good approximation for
closely located sites); whereas the local-geology
function AR(f) is different (Borcherdt, 1970; Bath,
1974). Equations 1 and 2 denote input and output
station functions, respectively. The path function
between input and output stations is given by Equation
3 and holds if the path function between hypocenter
and input station is identical to the initial part of the
path function between hypocenter and output station
functions. In this case, the terms H(f) and R(f) are
eliminated in Equation 3.

2.2. Earthquake Wave
Measurements

Phases and Seismic-Q

The absorption phenomenon affects all earthquake
wave phases. To measure the absorption of body
waves (P- and S-waves), the analysis window should
be carefully placed on the body wave arrivals. There
is a problem of frequency dependence for all the
component velocities of P- and S-waves, but in fact the
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problem lies the more accurate interpretation (Barton,
2007). A quality factor Q-seismic was popularized
by Knopoff, 1964 with the briefest possible title: Q.
Generally, Q measurement methods can be classified
into two main categories. In one category Q is
extracted in the time domain (Engelhard, 1996). The
other category comprises frequency-domain methods
(Quan and Harris, 1997; Sams and Goldberg, 1990;
Zhang and Ulrych, 2002). Besides, Q analysis based
on amplitude attenuation and compensation functions
(Wang, 2004). Estimations of the quality, Q, factor
are commonly obtained from vertical seismic data
or stacked surface seismic data and many techniques
for estimating Q have been proposed (Bano, 1996;
Dasgupta and Clark, 1998; De Castro Nunes et al.,
2011; Blias, 2012; Yang et al., 2014)

In this study, the absorption measurements of
surface waves were only considered (Rayleigh and
Love waves); therefore, the analysis windows can
cover all the seismic wave phases, including the initial
body waves. By their nature, low frequency/high
amplitude surface waves occupy the low frequency
band of the amplitude spectrum. Conversely, low
amplitude/high frequency body waves occupy the high
frequency band of the amplitude spectrum. This natural
discrimination of surface waves and body waves
allows us to measure the absorption of surface waves
in the low frequency band of the amplitude spectrum.
The time domain analysis window can embrace all
phases of a seismic event, therefore there is no need
to position the analysis window over only the surface
waves.

2.3. Computation of Q-factor

Seismic wave attenuation expressed by the quality
factor Q is another field where spectral analysis is the
natural approach. Attenuation methods are naturally
applicable to both body waves and surface waves
(Bath, 1974). The quality factor Q is often assumed
to be frequency-independent and is regarded as a
constant within the seismic frequency band. Several
Q models have been proposed to describe attenuation
mathematically (Futterman, 1962; Kjartansson, 1979;
Wang and Guo, 2004). According to Q model of
Futterman (1962), if one only consider the attenuation
of the amplitude spectrum of the seismic wave, the
attenuation mechanism can be depicted as
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ot f
G(f)=F(f)e ¢ =F(f)e )

t Travel time (s); the travelling time difference
between the received waveform and the source

wavelet.
0 Q-factor
a Slope (s)

f Frequency (Hz)
F(f) Input station function

G(f) Output station function

Based on the above attenuation mechanism,
proposed to obtain Q using the spectral ratios. The
spectral-ratio technique has been applied to real
data but is unstable and not very reliable (Sams and
Goldberg, 1990). The logarithmic spectral ratio (LSR)
is frequency domain methods. This method is based
on the change of spectral properties of seismic waves
as they propagate through anelastic medium (Dasios
et al., 2001). The LSR method uses a selected band of
the Fourier frequency spectra. This phenomenon was
investigated by using real data.

The slope is given as:

__
a5 6)

From Equation 3, the natural logarithm of output
to input functions ratio:

G(f) _ =t

InADR(f)=In—— =-
PRI ) T g

f=-af (6)

The Q-factor is then given as:

Tt rtf
Q='a—:'m (7
F(f)

According to the third term of Equation 7, Q-factor
can be computed for each value of the frequency f.
However, real data values scatter around the slope
segment (Figure 2), yielding to different Q-factor
values. If the real data values fall on the slope
segment, the same Q-factor values should be obtained.
Therefore, based on the distribution of the real data,
a slope segment should first be selected and then
the slope value determined. The second term in the
Equation 7 may be used for Q-factor computations
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Figure 2- Measurement of slope.

eliminating the undesired effects of data scattering.
The travel time ¢ is a monotonically increasing variable
as the seismic waves travel in space. The slope a in the
denominator of Equation 7 is the most effective term
in the determination of Q-factor. Along the travel path,
inclusion and exclusion of low or high Q-value rocks
severely influence the value of slope a. Therefore, the
slope a should be carefully determined.

2.4. Computation of Surface Waves Q-factor from
P-Waves Travel Time

Although it is easy to observe the onset times of
P-waves in seismograms, the onset times of surface
waves cannot be clearly determined due to the
crowdedness caused by body waves prior to surface
wave arrivals.

) P
G mn—F =i ®)
a avly
VR=O.9ZVS (9)
Vs [05-0
N (10)
Vp -0
0-- Tx _ _ @wx Tx
aVe @092V o, [05-0 11)
1-o
O~ 7Tx S e
an0-92\/0'5_0'26 av, a (12)
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In Equation 8, tR denotes the travel time of surface
waves, a is the slope, x is the travel distance, and VR
is velocity of the fastest phase of the surface waves.
Equation 9 gives the relation between surface waves
and S- waves. Equation 10 represents Poisson’s ratio.
Equation 11 is obtained from the substitution of
Equations 8, 9 and 10.

In dry rocks, Poison’s ratio may be taken as ¢ =
0.26 (Christensen, 1996). In such a case, the overall
multiplier assumes the value of 6. Hence, Equation
12 can be used to obtain surface waves Q-factor from
P-wave travel times tP.

2.5. Surface  Waves
Computation

Dispersion and Q-factor

Insertion of dispersive velocity function to
Equation 4 yields:

L2TTX
f

G() = F(F) e &7 (13)

In Equation 13, output G(f) and input F(f) are
complex functions where i denotes the imaginary
term and V(f) is the dispersive velocity function. The
computation of Q-factor is performed on the real
function exp(-ztf/Q) only. Therefore, computation of
Q-factor is not affected by the imaginary function
exp(-i2zxf/V(f)). When positioning the time analysis
window over the seismogram, all wave trains related to
surface waves should be included in the computations.

3. EstuNet Seismic Network and Geological
Structure

The establishment of the EstuNet Seismic Network
and operation studies first began in 2005 with the
creation of 5 stations, which subsequently increased
to 21 with the support of two Anadolu University
Research Projects (Figure 3). Thirteen of the stations
are strong motion; eight are weak motion.

All stations were free-field and equipped with the
CMG-5TD, three-axis strong-motion accelerometer,
a 24-bit digitizer, and a flexible data acquisition and
storage unit packaged together in a single sealed case.
The systems contain two supply boxes with ADSL,
GPRS, a satellite modem for communication, and
uninterruptible power (Figure 4). Since 2015, EstuNet
Seismic Network comprises 13 accelerometers
spatially distributed in Eskisehir basin to represent the
behaviors of different sediment thickness and different
geologic formations of the half-graben structured basin
(Figure 5). Stations are also located near active fault
segments. The location of the accelerometer stations
was chosen according to faults, local soil conditions,
and settlement density. The parameters of the stations
were given in Table 1.
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Figure 3- Regional map showing the active faults in Western Anatolia, Turkey (modified from Saroglu et al., 1992; Emre et al., 2013) and the
location of EstuNet Seismic Network stations. NAFZ-North Anatolian Fault Zone, NAFMS-middle strand of North Anatolian Fault,
NAFSS- southern branch of the North Anatolian Fault, EFZ- Eskisehir Fault Zone, EAFZ-East Anatolian Fault Zone, EG-Eskisehir

Graben.

4. Implementation: M= 4.3 Eskisehir 17.01.2015
Earthquake

The dataset considered in this study includes
the strong ground motion data of the 2015 Alinca,
Eskisehir earthquake. The Alinca, Eskisehir earthquake
of January 17, 2015, magnitude 4.3, was thought
to have taken place in the Alinca segment, located
northwest of the Eskisehir basin at a depth of 5.5 km
(from KOERTI). Identified as having a normal fault, the
earthquake was recorded by 11 strong motion stations
of the EstuNet Seismic Network. Table 2 reports these
records, which show the arrival time of the earthquake
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from the epicenter to the stations, and the peak ground
acceleration values. Distance values reported in Table
2 refer to the distance between the accelerometer
station and the epicenter of the earthquake. The first
row in Table 2 (bold typeface) reports records from
the nearest station. The other rows report records from
further stations.

In Figure 6, the components for each station are
arranged with the vertical component at the top in
red and the two horizontal components below. The
N-S component is shown in blue and E-W component
in green (Figure 6a). Fourier transformations were
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Figure 4- Typical installation of EstuNet strong/weak-motion network; a) recording stations are cabined in the standardized small galvanized
hut as shown at ANA09, OSGS5 locations, b) infrastructure of strong-motion stations is built according to the schema, c) pictures of
the stages of construction, inner view of a container with a typical installation of free-field station, Guralp CMG-5TCDE built-in

system mounted on a concrete base (modified from Tiin et al., 2020).

calculated for each of the records, taking the frequency
upper limit into consideration; amplitude spectrum
curves were drawn (Figure 6b). The amplitude
spectrum curves provide information on which station
to use as the reference (the station in denominator of
the ratio). ANAO3 station (curves with a light color) is
the best candidate to use as the reference, as it is the
closest to the focus of the earthquake (data that are
rich in terms of frequency content) and it contains no
alluvial deposit (data that have no resonance effects).
The amplitude spectrum curves of the reference
station should be as straight as possible (ie, should
contain few peaks) and have a large frequency band

in order to detect anomalies such as site fundamental
periods in the other stations with which it is compared
(the station in the numerator of the ratio). Because data
are from the same earthquake, the source functions
are the same. Thus, the ratios can serve as indicators
of ground differences between the two stations. The
analysis windows cover all seismic wave phases,
including the initial body waves. Their spectra were
then computed (Figure 6).

Subsequently, all the stations were divided by
the reference station, ANAO3. Because the curve
obtained was a noisy one, it had to be smoothed before
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Table 1- Stations parameters AnaNet strong motion network.

No SEA(’)[II);)N Lat. Deg N | Lon. DegE 12:3] Location Ins'tlt';:;ent Inst;:ll:letion Cox;l;;c:ion
1 2601 ANAO1 39.8135 30.5284 787 Iki Eyliil Campus Guralp STCDE 07.12.2005 Nt::;ilrk
2 2602 ANA02 | 39.7893 30.4972 815 Yesiltepe Guralp STD 14.03.2005 Local

Network

3 2603 ANAO3 39.8801 30.4534 930 Alinca Guralp 5TD 09.03.2005 Satellite
4 2604 ANA0O4 39.7732 30.5101 770 Kirmizitoprak Guralp STCDE 09.12.2005 3G/EDGE
5 2606 ANAOS 39.7488 30.4956 833 Biiytikdere Guralp 5TD 10.12.2005 ADSL
6 2610 ANAO6 39.8245 30.4243 837 Yukarisogiitonii. Guralp 5TD 14.06.2010 ADSL
7 2611 ANAO7 39.7900 30.4453 813 Batikent Guralp STCDE 30.09.2014 3G/EDGE
8 2612 ANAO8 39.7669 30.4049 833 Karabayir Guralp 5TD 15.09.2012 ADSL
9 2613 ANA09 39.7736 30.5533 788 Seker Guralp 5TD 07.09.2012 ADSL
10 2614 ANAILO 39.7529 30.5521 860 Erenkdy Guralp 5TD 08.09.2012 ADSL
11| 261SANAIL | 39.7443 30.6503 814 C;;gdﬁtzr‘;d Guralp STD | 14.06.2010 | 3G/EDGE
12 2616 ANAI12 39.6974 30.6346 916 Sultandere Guralp 5TD 15.06.2010 ADSL
13 2617 ANA13 39.7211 30.5326 936 Asr1 Cemetery Guralp STCDE 11.09.2012 3G/EDGE

Lat.: latitude, Deg: degree, Long.:longitude, Elev.: elevation.

Table 2- The recording of Eskisehir earthquake, M:4.3-17.01.2015 at accelerometer stations at the AnaNet seismic network.
Station Arrival time Travel time 7P(s) Distance (km) PGA (gal)
ANAO03 02:42:36:90 2.90 4.98 80.9
ANAO1 02:42:38:40 4.40 13.86 11.8
ANAO2 02:42:38:55 4.55 13.72 15.7
ANAOS5 02:42:39:25 5.25 17.36 13.8
ANAO06 02:42:37:40 3.40 7.14 49.7
ANAO7 02:42:38:35 4.35 11.36 27.9
ANAO8 02:42:38:70 4.70 13.11 7.80
ANA09 02:42:39:20 5.20 18.30 12.9
ANAI10 02:42:39:60 5.60 19.86 2.10
ANAL1 02:42:40:70 6.70 26.83 11.6
ANA12 02:42:31:15 7.15 29.19 1.90

Earthquake: 2015.01.17, ML:4.3, Depth:5.5 km.

Lat (Deg N): 39.8848, Lon (Deg E): 30.3955, Karacobanpinari (Alinca)-Tepebasi-Eskisehir,

Time: 02:42:34:00 (koeri.boun.edu.tr)

continuing with the analysis. The filtering effect of the
moving average window lengths applied to the ratio
curves of ANAI12 and ANAO3 stations on moving
average window length.

MAWL (1, 10 and 20), E, N and Z components,
is shown in Figure 7. This operation was also carried
out for the other distant station records. In logarithmic
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ratio graphs, where the frequency upper limit is 10 Hz,
fundamental frequencies of the sites are indicated by

the peaks on the curves.

ANA12/ANAO3 was shown in Figure 8a. The
difficulty in the measurement of the Q-factor results
from the need to make the calculations in a frequency
environment. The calculation method requires having
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2007; Emre et al., 2013; Seyitoglu et al., 2015) and the location of EstuNet seismicnNetwork stations.

the natural logarithm of the amplitude spectrum
ratios of earthquake data collected from both close
and distant stations. The Q-factor is calculated using
the slope of a line segment (Figure 8b) located on the
obtained curve. In this study, Q- factor was calculated
using Equation 12. In this equation, ¢ refers to the travel
time for P-waves to travel between close and distant
stations, and a refers to the slope value obtained in the
spectral environment. Figure 9 displays close/distant
and In(close/distant) station data recorded by ANAO3
and ANA12 stations for the M4.3 Alinca earthquake.
Q values from these data were calculated by solving
Equation 12 using the slopes of the line segments
placed on In(close/distant) curves and the differences

in travel times between close and distant stations, as
shown in Table 2.

5. Findings and Discussion

For each accelerometer station, PGA values
reported in Table 2 and Q values, calculated by using
ANAO3 as the reference station, were compared
(Figure 9). The figure shows the peak acceleration
values calculated for each station on the left vertical
axis and the quality factor values calculated on the
right vertical axis. The first issue to note in this graph
is the inverse relationship between Q values and PGA
values, depending on the distance between the source
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and the station. Peak ground acceleration values are
known to decrease depending on the attenuation
of the earthquake waves and vary by local ground
conditions. High PGA values observed may be
attributed to proximity to the source of the earthquake
or to low quality factors. In addition, the observation

that stations with high quality factors had lower peak
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acceleration values can be attributed to high Q values
decreasing surface tremor.

For the Q-factor on the seismic wave route to remain
constant, the #/a ratio must remain constant. Assuming
that this ratio remains constant, an increase in ¢ causes
a proportional increase in a, which is the slope of the
Ln|Y(f)/U(f)| curve. Equation 12 shows that a varies
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as the seismic quality of the rocks on the seismic wave
route changes. When the seismic quality of the rocks
on this route decreases (when average Q decreases),
a is observed to increase. When the seismic quality of
the rocks increases (when average Q increases), a is
observed to decrease. As the seismic wave proceeds,
t constantly increases, but a is observed to increase
or decrease, depending on the seismic quality of the
rocks on the route.

As can be seen in Figure 10, for the Q value
calculated as 9.0 for the route between ANAO3 (close)
and ANAO1 (distant) stations to remain the same
on the route between ANAO3 (close) and ANA12
(distant) stations, the slope at ANA12 station would
have to be a=-6xt/Q=-6x4.25/9.0=-2.83 s. The actual
slope measured at ANA12 station, however, is a=-
0.57 s. This decrease in the slope shows that there are
rocks with higher seismic quality on the route between
ANAO3 and ANAI12 stations (Q=44.8). If there were
rocks with a lower seismic quality on this route, the
slope would have been 'a<-2.83 s' (Q<9.0).

The geological and tectonic model through the
A-A' cross-section shown in Figure 5 was built using
previous studies. To this end, horizontal-to-vertical
spectral ratio (HVSR) measurements previously
conducted in the region were used and bedrock depth
through the A-A' cross-section was estimated. The
HVSR method calculates the spectral ratio of the
horizontal component to the vertical component (Kanai
et al., 1954). These studies show that peaks in the
HVSR curves result from a large impedance contrast
between the soft sediments and the bedrock. The
relationship between the top sediment thickness and
the fundamental resonance frequency (fr) values was
studied (Tiin, 2013). The relationship of fundamental
frequency and bedrock depth is a simplified
representation without considering the complexities
of shallow subsurface structure. A section of the basin
was taken along a NW-SE diagonal in order to be able
to see the half-graben structure and the compatibility
of the graben geometry with the existing faults (Figure
11). As Figure 12b shows, the Q value calculated for
ANA12 station, located on limestone, is 44.8. Peak
acceleration value which was measured as 80.9 gal at
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ANAO3, the closest station to the source, decreased to
1.9 gal at ANA12 station, which is located on a bedrock
segment with a high seismic quality factor. On the
other hand, the peak acceleration value measured at
the ANAO]1 station, which has a seismic quality factor
of 9, was 11.6 gal.

5.1. Removal of Absorption: Q-Compensation

A Q-factor compensation process to the In (output/
input) curve was added to remove the absorption effect
so that the transfer function of the earthquake waves
and soil interaction can be independently analyzed.

The absorption of the seismic waves and their
interaction with subsurface layers are both frequency-
dependent phenomena. Both events simultaneously
influence seismic waves. It was demonstrated in this
study that it is possible to discern the absorption
process from an interaction with layers (Figure 12).

6. Results

The contributions of this study are as follows: (1)
the relationship between the computed Q-factor and
measured Peak Ground Acceleration values was
established; (2) an empirical formula to relate surface
waves travel time tR to P-waves travel time tP was
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derived; (3) an analytical expression to prove that
Q-factor computation is not affected by surface wave
dispersion was derived; (4) the Q compensation step
to improve the earthquake waves and soil response
curves was proposed.

In this study, the quality factor in sediments was
derived from the recordings of strong ground motion
for frequencies ranging mainly from 1 to 5 Hz. The
measured quality factor ranges between 5 and 45 in the
Eskisehir Basin. The comparisons between Q values
and PGA values also show good agreement. When
Q-factor values are high, PGA values are low and
vice-versa. Therefore, the sites where the Q factor is
very low should be analyzed in more detail in ground-
based earthquake risk assessments.

These basin effects, identified in the cross-section
A in Figure 12, should be complemented with findings
from further studies on the amplification effects
of current sediment deposits, sediment thickness,
velocity, and three dimensional geometry of the
bedrock depth in the region.
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