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ABSTRACT

In this study, shallow seismic surveys, including seismic refraction, Multichannel Analysis of Surface Waves (MASW),
Refraction Microtremor (ReMi), and Microtremor measurements were conducted to estimate site characterization at
26 strong-motion stations of AFAD (Disaster and Emergency Management Presidency) in the province of Hatay,
situated in one of the most seismically active regions in southern Turkey. The Horizontal to vertical spectral ratio
(HVSR) technique was applied, using smoothed Fourier spectra derived from a long duration series to determine
dominant frequency values at different amplification levels. Shear wave velocity up to 30 m of the ground was detected
with MASW analysis. In the ReMi analysis, up to 80 m was reached with a corresponding average of 650 m/s shear
wave velocity. The shear wave velocities estimated by the MASW method up to 30 m were compared with those found
by the ReMi method, and they were observed to be very compatible. The province of Hatay was classified according
to Vs30 based NEHRP Provisions, Eurocode-8, the Turkish Building Earthquake Regulation (TBDY-2018), and
Rodriguez-Marek et al. (2001). The shear-wave velocity (Vs30), Horizontal to Vertical ratio’s (H/V) peak amplitude,
dominant period, and site class of each site were determined. The H/V peak amplitudes range between 1.9 and 7.6
while the predominant periods vary from 0.23 sec to 2.94sec in the study area. These results are investigated in order
to explain the consistency of site classification schemes.

Keywords: Soil investigation;, MASW; ReMi;
HVSR technique; Site Classification.

Caracterizacion del suelo en la provincia de Hatay, Turquia, a través de los métodos Refraccion sismica,

Analisis Multicanal de Ondas Superficiales y Microtemblores

RESUMEN

En este trabajo se realizaron sondeos sismicos superficiales como la refraccion sismica, el Analisis Multicanal de
Ondas Superficiales (MASW, del inglés Multichannel Analysis of Surface Waves), la refraccion de microtemblores
(ReMi, del inglés Refraction Microtremor), y la medicion de microtemblores para una caracterizacion en 26 estaciones
de registros sismicos de la AFAD (Autoridad para la Administracién de Desastres y Emergencias) en la provincia de
Hatay, que esta situada en una de las regiones sismicamente mas activas del sur de Turquia. Se aplico la técnica
de Relacion Espectral Horizontal a Vertical con un espectro Fourier regular derivado de una serie de larga duracion
para determinar los valores de frecuencia dominante a diferentes niveles de amplificacion. La velocidad de la onda
de corte por encima de los 30 metros de profundidad se detect6 a través de la técnica MASW. El analisis ReMi por
encima de los 80 metros se logré con una media correspondiente de 650 m/s en la velocidad de la onda de corte. Las
velocidades en las ondas de corte alcanzadas por el método MASW se compararon con aquellas de la técnica ReMi, y
se observo que son muy compatibles. La provincia de Hatay fue clasificada de acuerdo con la norma NEHRP con base
en Vs30, Eurocode-8, la entidad de regulacion sismica de Turquia (TBDY-2018), y Rodriguez-Marek et al. (2001).
Se determino la velocidad de la onda de corte (VS30), la amplitud del pico de la relacion Horizontal a Vertical (H/V),
el periodo dominante, y el tipo de cada sitio analizado. Las amplitudes del pico en las relaciones H/V estan entre 1.9 y
7.6, mientras que los periodos predominantes varian entre 0.23 segundos y 2.94 segundos en el area de estudio. Estos
resultados se investigaron para explicar la consistencia de los esquemas de clasificacion de sitios.

Palabras clave: Investigacion del suelo; MASW;
ReMi; Técnica de Relacion Espectral Horizontal a
Vertical; clasificacion de sitio.
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Introduction

The Hatay area is located in a seismically active region at the western end
of the 1000-km long border formed by Arabic and Turkish plates. The tectonic
activity of the region shows a complex tectonic behavior under the influence
of faults extending to the Dead Sea, Eastern Anatolia, and Cyprus (Beyen et
al., 2003). More than ten of the most disastrous earthquakes during the past
century (1937-2015) occurred in this area, indicating that local site conditions
have a major effect on ground shaking. It was reported that the tsunamis that
occurred during thel1822 and 1872 earthquakes in Hatay caused the death of
20 thousand people (Tart et al., 2013). These devastating earthquakes from the
past have shown that local ground condition is a major influence on ground
amplification which can be calculated by a S-wave velocity structure and
microtremor studies. There have been several site effect studies in the forms of a
microtremor survey, earthquake observations, a surface-wave survey, and bore-
hole data for various regions in Turkey such as Bayiilke (1982), Erdik (1984),
Ambraseys et al. (1993), Inan et al. (1996), Aydan & Hasgor (1997), Durukal
etal. (1998), Zaré & Bard (2002), Ozalaybey et al. (2002), Rathje et al. (2003),
Ergin et al. (2004), Kalafat et al. (2007), Sandikkaya (2008), Sandikkaya et
al. (2010), Kalkan & Giirkan (2004), Ulusay et al. (2004), and Yilmaz et al.
(2008). Zar¢ & Bard (2002) used a (H/V) spectral ratio to estimate Turkey’s
strong motion site conditions, and Rathje et al. (2003) and Giilkan et al. (2007)
used geophysical and geotechnical studies to determine the site classification
of Turkish strong-motion sites. Many local site investigations have been
conducted by many researchers in Turkey (Kurtulus et al., 2016; Ongun, 2010;
Algik et al., 1995; Dikmen & Mirzaoglu, 2005). However, only a few studies
about site effect were performed in the Hatay region. Biiyiiksarag et al. (2014)
conducted a site response analysis, compiling data such as density, seismic
wave velocity, and soil cross-sections from previous seismic microzonation
studies and acceleration data from four free-field strong-motion stations of the
SERAMAR project. They determined three different layers for the ranges 0-5
m, 5-15 m, and 15-25 m. The seismic velocities of these layers vary between
380 and 470 m/s for 0-5 m, 320 and 480 m/s for 5-15m, and 470 and 750m/s
for 15-25m. Over et al. (2011) analyzed the microtremor data for Antakya and
proposed a preliminary microzonation map for the province of Antakya based
on dominant periods ranging from 0.2 to 0.8 sec and shear wave velocities of the
sediments covering the area. Korkmaz (2006) studied the relationship between
ground conditions and earthquake effect in Antakya. Horoz (2008) studied the
seismicity of the region between Adana-Antakya-Kahramanmarag with
the parameter “b” and risk analysis. Ceken & Polat, (2014) tried to investigate
local site effects with MATNet installed near the Hatay-Kahramanmaras
areas, consisting of 55 triaxial force-balance accelerometers and capable
of recording explosions and evaluating them as a part of an early warning
and preliminary damage estimate system. Ozmen et al., (2017) conducted a
microtremor array exploration of shallow S-wave velocity profiles at 28 sites
in the provinces of Hatay and Kahramanmaras. They determined fundamental
frequencies from 0.8 to 10 Hz in Hatay and peak amplitude values of more
than 5 in Kahramanmaras. There is also site predominant based seismic site
classifications regarding sediment thickness carried out by researchers which
promising reliable preliminary results (Livaoglu H., & Irmak T.S., 2017;
Livaoglu, H., & F. Sertcelik, 2017). They have used the strong ground motion
data and evaluated the site predominant periods of the installed stations via
response spectra of H/V.

In this study of seismic refraction, Multichannel Analysis of Surface
Waves (MASW), a refraction microtremor (ReMi) and single station
microtremor studies were conducted at 26 strong-motion stations of AFAD
located in the province of Hatay to investigate S-wave velocity distribution in
shallow soil which is important in the design of seismic hazards.

Geology and tectonics of the region

Hatay and its surrounding are located to the south of the Antakya-
Kahramanmaras graben, which developed under the influence of the Dead Sea
and Eastern Anatolian Faults and the Cyprus Spring. The south of the graben
is shaped by the Dead Sea Fault. However, Arabian and African plates move
northward under the influence of convective currents in the mantle over the
weakly resistant (fluid) upper asthenosphere. The slip vectors of earthquakes in
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the region, the fault systems, the global kinematic models based on the oceanic
spread, indicate that the Arabian plate moves north-northwest to Eurasia at an
average speed of 25 mm per year. The African plate is moving northward at
about 10 mm per year in relation to Eurasia (Reilinger, et al.1997). Although
many destructive depressions have been exposed in the historical period, there
has not been an earthquake in the area for 135 years. This situation increases
the risk of destructive earthquakes every day (Fig. 1). The Otokton Arabian
platform rocks with the main lines of the geology of the Amanos Mountains
covering the vast majority of the region; Ophiolite nappes; Neo-autoclaved
sediments covering nappes and autochthonous units are defined. The Amanos
Mountains located at the southern tip of the Eastern Taurus Mountains and the
Kizildag ophiolite massif in the vicinity of them also have an important place in
the geology of the region (Fig. 2).

Data acquisition and analysis

Seismic refraction, MASW, REMI, and single station microtremor data
were collected at AFAD’s 26 strong motion stations in the province of Hatay
in southern Turkey. The seismic refraction data were recorded for 2.0 sec with
a sampling rate of 1.0 msec using a 50 kg weight-dropping energy source
with a hydraulic weight-lifting unit operated by a battery powered electric
motor. Number of 48 P- wave geophones with 4.5 Hz were fixed in line form
at 2.0 m intervals (Fig. 3).

Data were collected from forward, midpoint, and reverse shootings
with two m offsets; transferred to 48 channels GEODE recording units; and
converted from analog to digital form. The midpoint of the geophone spread
was placed as close as possible to the strong motion station on a flat area so
that the static corrections of the shot and geophone points were neglected. An
example of the shot records obtained at Station 3112 is shown in Figure 4a. The
first arrival times of the refracted P-waves were picked from the field record,
and the corresponding travel time-distance curves of the profile were determined
(Figure 4b). The initial P-wave velocity-depth model was then obtained from the
first arrival times. Then, this initial model was processed iteratively by nonlinear
travel time tomography (Zhang & Toksoz, 1998) to obtain the final P-wave
velocity-depth model. Iteration was stopped when the differences between the
first arrival times and the modeled were reduced to an acceptable minimum
value as 8. The P-wave velocity—depth cross-section of the site was determined
laterally averaging the P-wave velocity-depth model (Fig. 4c).

Shot records on both sides were used in the analysis of Multichannel
Analysis of Surface Waves (MASW) to estimate the Vs profiles of the top 30
m. It was observed that layers varying in thickness from 5m to 18m up to 30m.
The shot record was isolated from the refracted by muting before and after.
Low and high frequency noises were filtered through a bandpass filter with
frequencies (2, 4, 36, 48) Hz (Figure 5a). Thereafter, plane wave decomposition
was applied to convert the data from the offset time to the phase velocity versus
the frequency domain (Park et al., 1999; Xia et al., 1999). The dispersive curve
related to a fundamental mode of surface waves was picked from this domain.
The S-wave velocity was determined as a function of depth by inverting the
dispersion curve. It has been observed that each frequency component of
Rayleigh waves propagates at different phase velocities; in other words, these
waves have scattering properties on the ground. The greatest share of the energy
of the Rayleigh waves belongs to the fundamental mode, although not for every
case. For this mode, dispersion curve representing the change of the phase
velocity relative to the frequency is determined. This dispersion curve was
used to determine the S-wave velocity-depth profile of the stationary region by
inversion method (Fig. 5b). The dispersion curve for the basic mode showing
the change of the frequency and the phase velocity is shown in Figure Sc.

A ReMi study was performed to check the velocity-depth profile obtained
by the MASW method ata depth of up to 30 m as well as to find the velocity-depth
profile at the lower half of 30m. The ReMi data were recorded for 32 sec with
2.0 msec sampling rate in the same field layout using ambient noise from
wind and traffic as a seismic source. 24-25 records were stacked in each ReMi
installation to remove the cultured noise from the microtremor data at each site.
Rayleigh waves are distinguished from other waves by using two-dimensional
slowness frequencies (p-f) transformations of noise records spreading in both
directions. The Rayleigh wave dispersion is selected along the minimum
velocity envelope of energy in the spectral image of the slowness frequency.
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Figure 1. Tectonics of the study area, location of stations and epicenter of the earthquakes that have taken place in the last 10 years. Thick black dash arrows shows
the plate’s movements. Red triangles shows the stations. The colored circle points shows the earthquakes according to their magnitudes and depths
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Figure 2. The geology map of the study area (Emre et al., 2013; Akbas et al.,2002a).
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Figure 3. MASW acquisition data scheme with a 48-channel linear receiving array

94

Tt

il
Ly
it

i

!

Ul -

{
{
:
{
|
|
|
|
1
I
!
|

{
|
|
|

T ‘,f 98 m
£
F 100 , 7 s
T %, 4 E
B AN\ =
N W | f =
d k1K s a
5 .
‘;’ : ‘”‘-;
432
fJ "% ; 5, -2 18 38 58 78 98 m/s
” SEI ] Distance (m)
0 50 100

Distance (m)

Figure 4. Sample seismic refraction record taken at the station coded 3112. (a) seismic refraction records with picked first arrival times showing as a red line,
(b) observed and calculated travel time curves, (c) P-wave velocity-depth model along the profile



Investigation of soil characterization in Hatay Province in Turkey by using Seismic Refraction, Multichannel Analysis of Surface Waves and Microtremor

Ottset (M) a8 78 68 58
Trace 5 10 15 20

477

48 38 28 18 8

LD
""" 323 3 g“’-“fﬁ‘% ==

g EET ST

%‘ﬁi&}}}ﬁl’?}}}}??

2

%i%%ﬁ%ﬁi&b%

3133 hEe
Py St

o
% ! ‘
o S SR SR IO
o
(=]
~N

& L]

Phase Velocity (m/sec)

0 10
Frequency (Hz)

C 0 20 40
550
=
8 s
O i e
250
7.5 55 35

Frequency (Hz)
final-Current Meadured FM

Figure 5. (a) The shot record separated from the refraction and reflected waves at the station coded 3112, (b) Phase velocity-frequency and picking dispersion curve ,
(c) Vs-depth profile and modeled dispersion curve. The S-wave-depth profile (blue) and the modeled dispersion curve (black).

The spectrum is normalized as the ratio of the power spectrum at certain
frequency slowness over the mean slowness values of that frequency. The best
way to obtain accurate phase velocities is to choose the fundamental mode
phase rate of the Rayleigh wave dispersion along the minimum edge of the
vertical steep slopes of the dispersion curves (Louie, 2001). These Rayleigh
wave dispersion picks are modeled using the experiment and error settings of
the velocity-depth model to determine the shear wave velocity-depth profile.
The time-distance data are shown in Fig. 6a. The dispersive curve for the
fundamental mode of surface waves are transformed to frequency- phase
velocity domain to pick fundamental dispersion curve (Fig 6b) and is inverted
to obtain the S-wave velocity depth profile (Fig. 6¢).

A velocity based broad-band sensor (flat response between 0.03-50 Hz)
was used for ambient noise recording. Whole data were acquired with the
same sensor. (Figs. 7a and 7b). The estimated spectra of the three components
microtremor data are given in Fig. 8c. The H/V amplitude spectrum of dominant
frequency and amplification of the 3112 coded station are given in Fig. 7c. As
seen from Fig.7c, the dominant frequency of the ground is 5 Hz (period is 0.2
sec.) and H/V ratio or peak amplitude at this frequency is 6.6.

The theoretical H/V amplitude spectra of the stations were also calculated
to check the validity of the observed values. The theoretical amplification
functions of stratified soil layers (Table 1) were calculated according to the
recursive algorithm proposed by Tsai (1970) and modified for calculations
(see also Tsai and Housner, 1970, Herak, 2008). The theoretical amplification
functions of stratified soil layers (Table 1) were calculated according to
the recursive algorithm proposed by Tsai (1970) and modified for code (see
also Tsai & Housner, 1970, Herak, 2008). The H/V transfer functions were

synthetically derived for the station 3112 as shown in Fig. 8. Observed H/V
curve were also estimated from the microtremor measurements for the 3112
coded station.

The values from the table 1 are in-situ measurements and results from the
field near the stations. It can be clearly seen from the figure that the fundamental
peak frequency corresponding to the H/V amplitudes are in step with each other
which indicate 2.55 and 3.17 Hz respectively which are in the similar site class
for predominant based site classifications. The significant difference between the
fundamental frequencies and H/V amplitudes of the site could be originated from
lateral irregularities. Besides, the fundamental peak frequency corresponding to
the H/V amplitudes are compatible. The shear wave velocities, Vs, , soil classes,
H/V peak amplitudes, and dominant soil periods are given in Table 2.

Where Vp and Vs are respectively the P and S- wave velocities, Qp and
Qs are the quality factors related with P-and S-velocities, @ is density, and h
indicates the layer thickness.

Sites utilizing the information obtained from shallow field tests are classified
according to BSSC (2003), CEN (2003), TBDY (2018), and Rodriguez-Marek
et al. (2001), all of which recommend criteria based on the average shear wave

velocity Vs, of the top 30 m soil/rock profile. The mean shear wave velocity of the
uppermost 30 m at a site is calculated by

where di and Vs are respctively the thickness, shear wave velocity of the
i®layer , and n is the number of layers in the top 30 m. The Vs profile obtained
from the MASW measurements is used to compute the Vs, for each strong
motion station. Velocity-depth values obtained by MASW up to 30m depth are
in good agreement with the values found by the ReMi method.
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Site classification according to NEHRP provisions

The NEHRP recommends six field classes (A, B, C, D, E, and F) for
identifying site-specific design spectra, shown in Table 3.

Based on Vs, cight of the 26 sites are classified as Class D, 16 as Class
C and two as Class B. In other words, 30.7% of the total places correspond to
Class D, 61.5% to Class C, and 7.69% to Class B.

Site classification according to Eurocode-8

The field classification scheme proposed by Eurocode-8 is quite similar
to the NEHRP provisions (Table 4). The difference between the two is that the
A and B classes of the NEHRP provisions are included in Eurocode-8 as Class
A. In addition, the limit of 760 m/s between the A and B classes in the NEHRP
provisions is set to 800 m/s in Eurocode-8.

According to Eurocode-8, eight sites correspond to Class C (30.77%),
17 to Class B (65.38%), and one to Class A (3.84%). As can be seen, Classes
D, C, and B in in the NEHRP provisions correspond to Classes C, B, and A in
Eurocode-8.

Site classification according to TBDY (2018)

The TBDY (2018) involves six site classes (ZA, Z B, Z C, ZD, ZE, and
ZF) to identify the site-specific design spectra shown in Table 5.

As can be seen in Table 2, eight sites are classified as class ZD (30.77%),
16 as ZC (61.54%), and two as classified as ZB (7.69%), according to the Vs,
criterion.

Site classification according to Rodriguez-Marek et al. (2001)

Rodriguez-Marek et al. (2001) proposed a geotechnical classification
scheme based on results from the ground motion data analysis shown in Tables
5and 6.

As seen in Table 2, 11 sites are classified as class D1 (42.3%), three as
D-2 (11.54%), eight as D-3 (30.77%), one as C-1(3.85), one as C-2 (3.85), and
two as C-3 (7.69%), according to the site period.

Site amplification of Hatay Province

Experimental amplification ratios (H/V) and predominant periods were
obtained at 26 locations using the GURALP CMG 6TD with a three-component
broadband velocity meter and a 12-volt power supply. The sensitivity of the
seismometer sensor to ground motion varied in a wide frequency band from
0.033 to 50 Hz. Microtremor data were obtained in GCF (Guralp Compressed
File) format. The three recorded components were viewed and edited with
noise data SCREAM (Figure 9). The records were evaluated according to the
single station method (H/V) by using Geopsy (SESAME Europe Project, 2004)
software. Firstly, a trend analysis was applied to data for removing base-line
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trend and then a 5% rounded Cosine window was applied on the edges of the
raw data to simulate sudden changes at both ends of the timeline. The amplitude
of the side-oscillations that can be seen on the resultant spectra was reduced,
and the data was filtered with a band-pass Butterworth filter between 1-20 Hz.
Thus, the noises of very low and high frequencies are removed from the signals,
and the frequency content of the microtremors is left behind. In evaluation of
microtremor data, the number of windows is taken into consideration such that
the number of distinct cycles in the entire record is greater than 200, the case

where the f (dominant frequency) value is greater than or less than 0.5 Hz,
(Table 2)._In the evaluation of microtremor data; criteria such as number of
windows, and the standard deviation values of the H/V curves were considered
according to SESAME Project (Site. Effects Assessment Using Ambient
Excitations, Contract No. EVG1-CT-2000-00026) The H/V peak amplitudes
and predominant periods were interpreted according to SESAME (2004)
criteria. The top 30 m site conditions were characterized in accordance with the
NEHRP Provisions (BSSC 2003), Eurocode-8 (CEN2003), TBDY (2018) and
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Table 1. Observed soil model of the 3112 station for theoretical H/'V

calculation
Compressional Shear- | Quality Quality . .
Wave Velocity, Wa\fe factor‘s factors‘ Density | Thickness
Vp (mis) Velocity, | P-velocity | reletad with | o(kg/m’) |  H(m)
Vs (m/s) Qp S-velocity Qs
431 217 5 1 1.8 0-1.43
431 219 15 5 1.9 1.43-3.21
431 216 20 10 2.1 3.21-5.44
431 207 25 20 22 5.44-8.23
431 203 30 30 2.5 8.23-11.72
431 217 100 70 2.6 11.72-16.07
440 243 16.07-21.52
440 270 21.52-28.33
515 304 28.33-36.83
e8] 0

Rodriguez-Marek et al. (2001), as shown in Table 2. The peak amplitudes of the
stations (H/V) vary between 1.3-7.6 (Fig. 9a) and their dominant periods range
from 0.23 to 3.3 s (Fig.9b).

Discussion

This article uses site responses, site amplification variations using
microtremor data of 26 strong motion stations of AFAD in Hatay region.
The shear wave velocities, Vs, , up to 30 m of depth vary between 221 and
597m/s at the 3112, 3113, 3114, 3115, 3116, 3117, 3119, 3120, and 3121coded
stations. These velocity values are almost the same as those determined by
Ozmen et al. (2017) at the same stations. The difference between these two
sets of velocity ranges between 0.07% and 2.95%. Biiyiiksarag et al. (2014)
have determined the velocity model of the underground in four stations. They
determined the seismic velocities ranging between 380 and 470 m/s at a depth
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4 364
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Figure 8. Synthetic and observed H/V curves at the 3112 station.

of 0-5m, between 320-480 m/s at a depth of 5-15 m, and between 470-750 m
at a depth of 15-25 m. This data are in good agreement with the velocity data
obtained in this study (Figs. 5c and 6¢). In addition, the soil amplification was
calculated as 1.5 in periods of 0.4sec and 0.5sec and 2.0 in the other two stations
in 0.25sec and 0.4sec periods, which approximately correspond to the values

358 36.0

Figure 9. (a) H/V peak amplitudes, (b) pre-dominant periods
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Table 2. Combined data set of study in Hatay province

No | Station Code | Lat. | Lon. | Vs, (m/s) | H/V Peak Amplitudes | T, (s) | NEHRP | E-Code-8 | TBDY | RM-2001 Lithology

1 3112 36.59 | 36.15 233 13 0.7 D C 7D c.3 | Unidentified Quaternary
Alluvium

2 3113 3658 | 3616 | 221 438 1.85 D c 7D D3 |Basalt

3 3114 3657 | 3615 | 215 4.1 25 D c 7D p3 | Unidentified Quaternary
Alluvium

4 3115 3655 | 36.16 | 424 25 1.1 C B 7C p. | Unidentified Quaternary
Alluvium

5 3116 36.62 | 3621 781 1.6 0.23 B B 7B p.g | Unidentified Quaternary
Alluvium

6 3117|3656 3617 | 597 267 024 | C B 7 c.g | Clasticand Carbonates
Rocks

7 3119 36.58 | 36.17 374 3.9 1.51 C B 7C p.g |Clasticand Carbonates
Rocks

8 3120 36.59 | 3621 455 2.87 1.9 C B 7C p. |Clasticand Carbonates
Rocks

9 3121|3666 | 3622 | 271 55 055| D C 7D c.3 |Clasticand Carbonates
Rocks

10 3122|3603 3611 | 1011 3.1 145 | B A 7B cp |Clasticand Carbonates
Rocks

1 3124 3624 | 3617 | 283 4.1 0.81 D c 7D p. |Clasticand Carbonates
Rocks

12 3125|3624 3613 | 448 76 138 | B 7 p. | Clasticand Carbonates
Rocks

13 3126|3622 3614 | 350 3.1 28 D C 7D p3 |Clasticand Carbonates
Rocks

14 3127 3621 | 36.14 | 404 29 1.96 c B 7C p3 |Clasticand Carbonates
Rocks

15 3128 3621 | 36.15 329 236 1.96 D C 7D p3 |Clasticand Carbonates
Rocks

16 3129|3619 3613 | 447 27 33 C B 7 p3 |Clasticand Carbonates
Rocks

17 3130 36.18 | 36.15 447 42 1.4 c B 7C p.g |Clasticand Carbonates
Rocks

18 3131 36.19 | 36.16 567 42 13 C B 7C p. |Clasticand Carbonates
Rocks

19 3132|3621 3617 | 377 32 204 | C B 7 p3 |Clasticand Carbonates
Rocks

20 3133 3624 | 3657 | 471 46 1.19 c B 7C pp |Clasticand Carbonates
Rocks

21 3134 36.83 | 3620 374 4.1 0.87 c B 7C pp |Clasticand Carbonates
Rocks

2| 3135|3641 3588 | 460 25 29 C B 7c p3 | Clasticand Carbonates
Rocks

23 3142 36.50 | 36.37 191 16 1.06 D C 7D pp |Clasticand Carbonates
Rocks

24 3143 36.85 | 36.56 | 444 22 1.42 c B 7C D-1 | Alluvium Fan

25 3144 3676 | 3649 | 485 22 1.1 c B 7C D-1 | Basalt

26 3145 36.65 | 3641 533 22 1.66 C B 7C D-1 | Alluvium Fan

that we determined. Over et al. (2001) found the average Vs velocities from the
REMI studies 413m/s at 0-13m of depth, 420m/s at 13-33m, 560m/s at 33-62m,
and 537m/s at about 100 m. These values are very close to the values that we
determined by applying the MASW and REMI methods. They also calculated
the dominant soil periods between 0.2sec and 0.8sec and site amplification

values between 1.1 and 1.8, which correspond to what we found. The sites were
classified in accordance with NEHRP Provisions (BSSC, 2003), Eurocode 8
(CEN. 2003), TBDY (Turkish Building Earthquake Regulations, 2018), and
Rodriguez-Marek et al. (2001), and tabulated in Table 2. The site classes were
found at the stations located to the west of the Amanos Mountains as C and D
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Table 3. Site class definitions in NEHRP provisions (BSSC 2003)

Ibrahim Sertgelik, Cengiz Kurtulus, Fadime Sertgelik, Hamdullah Livaoglu, Cuneyt Sas

Table 6. Site classes proposed by Rodriguez-Marek et al. (2001)

according to NEHRP and B and C according to Eurocade-8. In both systems, the
ground class was calculated as B at Station 3116. Soil classes were the same in
the NEHRP and TBDY-2018 systems. Soil classifications obtained in NEHRP
and TBDY systems were similar. H/V peak amplitude values were calculated as
2.2 at Stations 3143, 3144, and 3145. The H/V values of the stations coded 3123
and 3125 are 3.9 and 4.6, respectively. The H/V value was calculated between
3.9 and 4.6 for Stations 3113, 3114, 3119, 3124, 3130, 3131, 3133, and 3134
and between 1.3 and 3.3 for other stations. The dominant periods (T) of the
stations were between 0.23sec (at Station 3112) and 3.3sec (at Station 3129).

i Sit
Site Class Vs 10m (M/5) Site Description 1.e Comments
Period
A VSJO n> 1,500 Hard, strong, intact rock
A Hard Rock <0.1s
B 760 <V, <1500 (V,= 1500 m/s)
C 360 <V <760 Most “unweathered”
S30m = B Rock <0.2s California rock cases
D 180 <V, <360 (V,=760 m/s or <6 m of soil)
E A% <180 > <
S30m Weathered/Soft Weathered zone 6. m and. 30m
. . C-1 <0.4s (Vs> 360 m/s increasing
Any profile with more than 3 m of soft clay defined as soil Rock
with PI>20 fo > 700 m/s)
> 0,
W240%and 8, <25 kPa C-2 | Shallow Stiff Soil | <0.5s | Soil depth >6 m and <30 m
Table 4. Site class definitions in Eurocode-8 (CEN 2003) .
Int te Depth .
C-3 | Intermediate Depth | o ¢ 1 il depth >30 m and < 60 m
Site Class V. (/) Stiff Soil
A vV >800 Soil depth >60 m and < 200 m.
5,30m
: . Sand has low fines content (< 15%)
B 360<V_, <800 De.ep StlffHolocene or nonplastic fines
- D-1 | Soil, either S (Sand) | <1.4s .
C 180<V <360 (PI <5). Clay has high fines content
SViomS or C (Clay) o .
(> 15%) and plastic fines
D Vom <180 (P1>5).
i isti i i Deep Stiff .
A soil profile c.0n513t1ng.of a surface alluvium %ayer.wnh V, . eep Sti . Soil depth >60 m and < 200 m. See
E in the range given for sites of types C or D, with thickness D-2 | Pleistocene Soil, S | <1.4's D1 for S or C sub- categorization
varying between 5 and 20 m and which is underlain by (Sand) or C (Clay) € '
tiffe terial with V_> 800 m/
Sttier Maferta’ with ¥, s D-3 | Very Deep Stiff Soil | <2.0s Soil depth >200 m
Deposits containing a layer of soft clays/silts with a high B 3
C . . Medium Depth Thickness of soft clay layer 3 m
S1 plasticity index (PI > 40) and high water content with V_< E-1 Soft C1. <0.7s to0 12
100 m/s or 10 < S, <20 kPa and at least 10 m thick b olem
$ Deposits of liquefiable soils, of sensitive clays, or any other E-2 | Deep soft clay level | <1.4s | Thickness of soft clay layer >12 m
soil profile not included in types A-E or S1 Special, e.g. o
. Holocene loose sand with high
o . Potentially
Table 5. Turkey Earthquake Building Regulations (TBDY-2018) F Liquefiable =1.0s water table (zw < 6 m)
Local Soil . Vs Sand or Peat or organic peat
Soil Type 30
Classes [m/s]
ZA Strong, hard rocks > 1500 Conclusion
ZB Weak altered, medium strong rocks 760-1500 In this study, the subsurface soil condition and experimental site
. lification ratios at the strong motion stations of AFAD in the province
Very stiff sand, | and hard clay 1 amp g p
zC ery stil sand, gravel and harc clay fayers of | 364 760 of Hatay were investigated through geophysical methods including seismic
latered, very cracked weak rocks . . .
i refraction, MASW, REMI, and microtremor surveying. The studies were carried
Medium-hard sand, gravel or very hard clay out at 26 strong motion stations to evaluate the site effects and seismic hazard
ZD layers 180-360 of the Hatay region. The shear-wave velocity profiles of the upper 30m of the
sites were determined with MASW and ReMi techniques. Transfer functions
Soft sand, gravel or soft-hard clay layers or (maximum H/V amplitude ratios) and predominant periods were obtained at
profiles containing a soft clay layer the same locations by applying microtremor studies. The shear-wave velocities
ZE (c <25 kPa) of a total thickness of 3 meters <180 determined with the MASW technique were compared with those obtained
providing conditions of employing the ReMi technique. The site class and soil amplification ratio as
PI>20 and w > 40% well as the dominant period of each site are tabulated in Table 2.
The peak frequency of the H / V ratio in a field can be used to create

a standard H / V response spectrum, which is a good diagnosis of the field
condition. The peak amplitude of the H/V function varies between 1.3 and 5.5.
The shape of the standard H / V ratio curve is very similar across regions. Vs,
values (191-1011m/s) corresponding to these peaks show scattering because the
studied environments are in a very complex structure.

Two types of regions are recognized based on their dominant period, To,
characteristics: (1) To value, respectively, in Hatay region is generally higher
than 0.87sec and (2) in Iskenderun region generally lower than 2.5sec.

The database supported by the precise descriptions of site conditions
presented here will provide valuable information and will contribute to further
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development of methods to assess the relationship between site conditions and
strong motion parameters.
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