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Earthquake is a natural disaster type that deeply affects life. Although it differs according to the
geotechnical properties of the ground, it can cause serious loss of life and property in some cases
depending on the intensity of the earthquake. The vibration waves that occur with sudden breaks
in the earth’ s crust create an earthquake. The fact that the earthquake time and severity are not
known in advance, the stratified and unknown structure of the ground makes the situation more
complicated. For this reason, it is necessary to determine the earthquake properties correctly and
take necessary measures in advance. Therefore, it is deemed appropriate to determine the dynamic
behavior of the soil in case of an earthquake, by determining it with field and laboratory studies
and making the necessary analyzes. For this purpose, many software programs have been
developed. In the developed software programs, the required data can be entered into the system
and the dynamic behavior of the ground can be analyzed seismically. In the light of this
information, for the study of Aksaray Dogantarla, Turkey Building Seismic Code also suggested
the equivalent dynamic behavior of the soil using linear analysis methods were investigated. Using
the soundings and seismic studies in the region, the possible behavior of the soil at the time of the
earthquake was interpreted.

https://dx.doi.org/10.30855/gmbd.2020.02.08

Esdeger Dogrusal Analiz Yontemi Kullanilarak Zemin Dinamik
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Deprem canli yasamini derinden etkileyen dogal bir afet tiiriidiir. Zeminin geoteknik 6zelliklerine
gore farklilik gostermekle birlikte, bazi durumlarda deprem siddetine bagh olarak, ciddi can ve
mal kayiplarina neden olabilmektedir. Yerkabugunda olugan ani kirilmalar ile ortaya ¢ikan titresim
dalgalar1 depremi meydana getirmektedir. Deprem zamanmin ve siddetinin Onceden
bilinememesi, zeminin tabakali ve bilinmez yapisi, durumu daha karmagik bir hale getirmektedir.
Bu nedenle de zemin deprem 6zelliklerinin dogru tayin edilmesi ve gerekli tedbirlerin 6nceden
alinmasi gerekir. Dolayist ile ilgili zeminin herhangi bir deprem aninda nasil bir dinamik davranis
sergileyecegi, arazi ve laboratuvar c¢aligmalar ile tahmin edilerek, gerekli analizlerin yapilmast
gerekmektedir. Bu amagla birgok bilgisayar programi da gelistirilmistir. Gelistirilen bilgisayar
programlarinda gerekli veriler programa girilerek zeminin dinamik davranisi sismik olarak
irdelenebilmektedir. Bu bilgiler 1s18inda, bu ¢alisma da Aksaray ili Dogantarla bolgesi igin,
Tiirkiye Bina Deprem Yonetmeligi’ nde Onerilen, esdeger dogrusal analiz yontemi kullanilarak
bolge zemininin dinamik davranigi incelenmistir. Bolgede yapilan sondajlar ve sismik ¢aligmalar
kullanilarak, zeminin deprem anindaki olasi davranigt yorumlanmistir.

https://dx.doi.org/10.30855/gmbd.2020.02.08
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1. GIRIS (INTRODUCTION)

The behavior of the earth under earthquake effect is
of great importance in terms of life and property
safety. For this reason, the ground should be subjected
to necessary field and laboratory experiments and an
idea should be obtained about behavior. Otherwise,
loss of life and property may occur. Turkey
Earthquake Building Regulations [1] based on
dynamic analysis should be done on the ground
against the effects of earthquakes. Shear wave
velocity (Vs) is the most important parameter for
dynamic analysis.

Earthquake effect is evaluated by using the data
obtained from the analysis. Therefore, in this study,
the parameters obtained using Dogantarla region,
drilling data and seismic study results within Aksaray
province boundaries were analyzed by equivalent
linear analysis method. Seismicity of the region was
interpreted with results. DeepSoil program was used
to make equivalent linear analysis. Acceleration-time
plots obtained in the analyzed were evaluated.

Figure 1. Satellite view of the investigation area
(Inceleme alaninin uydu goriiniimii)

2. GENERAL FEATURES OF THE

EXAMINATION AREA (INCELEME ALANININ
GENEL OZELLIKLERI)

It is located in the Middle Kizilirmak section of the
Central Anatolia region of Aksaray province,
southeast of Tuz Lake. It consists of the volcanic
mountains and plateaus and plains formed by lava
coming from the mountains. Aksaray province and
Dogantarla region covers an area of approximately
530.18 hectares. The region was established on a
rocky and hill terrain. The region is surrounded by
agricultural land and the area has a sloping structure
towards the east.

Figure 2. Location map of the study area and

representation of sounding locations (inceleme alamn yer
bulduru haritas: ve sondaj yerlerinin gésterimi)

Figure 3. Investigation area scaled map (inceleme alam
olgeksiz haritasi)

2.1. General Geology of The Investigation Area (inceleme

Alanimin Genel Jeolojisi)

Many studies have been carried out in Aksaray
province in order to determine the geological features.
The ground profile maps were prepared by
interpreting the data obtained from the studies.

The units on the maps are from old to young, light
gray and white colored Bozgaldag Formation (Pb),
Mezas Formation (Tm) containing Mamasin
Ophiolitic (Ko), conglomerate, red sandstone and fine
claystone, green volcanic origin. Uzunkaya Formation
consisting of sandstone and claystone, Melendiz
Volcanites (Tmv), Selime Tuffs (Ts), gray-colored
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Kizilkaya Ignimbrite (Tk), Demonstrated Volcanics,
hard and homogeneous Sarimadentepe Member
(Tmiisa), Insuyu Formation (Tmi) seen around Tuz
Lake, Travertine (Qtr) can be listed as Alluvium
(Qal). The fault structure in the region is in NW-SE
and NE-SW direction.

Geotechnical Field Studies (Geoteknik Arazi Calismalarr)

A total of 30 basic wells were drilled in the study
area at depths of 7.5 m, 10 m and [2]. As a result of
the studies, it was aimed to determine the geology,
engineering properties, groundwater condition and
geotechnical parameters of the study area. In addition,
10 Seismic Refractions were carried out in the study
area, which gave the dynamic-elastic engineering
parameters of the ground, layer thicknesses, ground
classes, ground vibration periods and ground
magnifications. There is no landslide danger in the
region.

Laboratory Experiments for Geotechnical
Pu IrPOSES (Geoteknik Amagh Laboratuvar Deneyleri)

Physical Properties of the Ground (Zeminin Fiziksel
Ozellikleri)

A large part of the study area consists of rocky
ground. There is silty sandy ground on a rocky ground
only in one part of the study area. UD sample was
taken from this ground. However, it does not have a
significant effect since it is a very thin layer during
construction.

Mechanical Properties of Soil (Zeminin Mekanik
Ozellikleri)

Since most of the ground consists of rock layers, no
study has been done to determine mechanical
properties of the soils.

Permeability (Permeabilite)

Depending on the nature of the ground, the
condition of holding groundwater differs. The ability
of a fluid to pass through a void environment is called
permeability. The movement of the fluid in the soil
depends on the pore structure of the soil. Since the
basic unit of the study area consists of tuff-borne
rocks, permeability has been investigated.

Rock Mechanics Experiments (Kaya Mekanigi
Deneyleri)

The point loading strength index (Is) was
determined from the results of the point loading test
performed on 49 core samples of 30 drillings
performed in the study area in order to classify
according to the rock resistance.

There is a correlation between Is and point loading
compression strength as oc= C*Is. As a result of the
studies the Is values of rock soils representing tuffs
vary between 2.09 kg/cm? and 38.5 kg/cm?. TCR and
RQD values of core samples were calculated.

TCR= (Total length of core pieces in the
federate)x100/Feed length

RQD= (Core length of 10 cm and larger in
advance)*x100/Feed length

TCR: Total Core Yield

RQD: Rock Quality Indicator

In the relevant region, rock soil; The RQD value
ranges from 0 to 23.33% and TCR values range from
12.12 to 94.00%.

Geophysical Studies (Jeofizik Calismalar)

In the scope of Geological-Geophysical-
Geotechnical studies in the Dogantarla region, seismic
refraction studies were carried out in order to
determine the dynamic-elastic engineering parameters
of the soil, layer thicknesses and ground classes
according to earthquake regulations. 10 seismic
refraction results were obtained. In seismic refraction,
the aim is to naturally define the elastic parameters of
the ground between the layer by artificially shaking
the ground. The longitudinal (P) waves transmitted
through the layers are small amplitude and high
frequency and fast propagating waves. Transverse (S)
waves are large amplitude and low frequency waves
propagating at low speeds. Parameters such as the
density of the environment, water content and the
degree of cementing are factors affecting the wave
velocity. As a result of seismic studies, stratification,
dynamic-elastic engineering properties, ground
classes, vibration periods, shear wave velocities,
ground magnifications and discontinuities can be
determined. P and S wave velocities were measured in
10 profiles. Approximate inspection depth is 20 m.
The figure below is an image of profiles.
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Figure 4. Satellite image of seismic studies (Yapilan
sismik ¢alismalarin wydu goriintiisii)

Table 1. V,, Vsand V3 values of the study area

(Inceleme alaninin Vo, Vs Ve V50 hiz degerleri)

Nl\?rlrﬁger NIIJ?:ELr Ve Vs Vsao
Sis K1 ; 136813;1 11(?830 748
Sis k-2 ; 1367087 222 657
SSK3 e T o] T
Sis K4 ; f72025 11(?472 708
SISKS ; 2522248 1226280 900
Sl R
SisK7 g0 o5 O
SSK8 e o0 | T2
Sis K-9 ; 1582605 1225609 860
Sis K-10 ; 1474752 121539 833

Classification of Soil Types (Zemin Tiirlerinin
Swniflandiriimasy)

As a result of the studies carried out in the study
area, the units located across the ground are SC and
GC group silty sands and silty pebbles. The soil
group B for the ground units located is the local soil
class Z2. Separated tuffs with fractured cracks were
observed in the study area. It has a massive
appearance and is decomposed near the surface. The
tuffs found constitute the engineering zones and
ground profile.

Dynamic-Elastic Parameters of Soil (zeminin
Dinamik-Elastik Parametreleri)

The parameters that control the volume and unit
change of the soil are called dynamic-elastic
parameters. Dynamic-elastic parameters are the
parameters that most affect the deformations of rocks
and soils. These parameters controlling the elastic
properties of the medium can be listed as follows;
density (p), maximum shear modulus (Gmax), dynamic
elasticity modulus (Eqg), bulk modulus (K) and poisson
ratio (v) [3].

G, =325N%®
D

Gmax: Maximum shear modulus
Neo : SPT N value

Eq value is found by knowing P and S wave
velocities and intensity values. It is a sign of the
hardness and robustness of geotechnical sciences.

E, =[ 3V, —4V,)/ (v, -V,) V.,
)

Eq: Dynamic elasticity modulus
Vs: S wave velocity
Vp: P wave velocity

K is a measure of the resistance of a material to
compressibility. The results obtained are given in the
table below.

Kot

K: Bulk modulus, E: Elasticity modulus, v:
Poisson ratio

Table 2. Dynamic-elastic engineering parameters of
the study area (inceleme alammn dinamik-elastik

miihendislik parametreleri)

Size Layer
Number Nurr)llber Grmax Eq K
Sis-1 1 510 1357 1329
2 22883 50096 | 20596
Sis-2 1 916 1936 729
2 13566 35730 | 32522
Sis-3 1 543 1335 823
2 19584 51662 | 47573
Sis-4 1 509 1222 681
2 21595 51912 | 29026
Sis-5 1 1064 2814 2648
2 31652 81400 | 63359
Sis-6 1 939 2554 3045
2 9561 22363 | 11277
Sis-7 1 322 863 892
2 16541 42404 | 32388
Sis-8 1 872 1505 394
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Vs,30 Speed (Vszo Hizy)

In addition to the general physical properties of the
soil, shear wave velocities should be determined in
order to know its seismic behavior during
earthquake. The complex structure of the soil affects
its properties [4]. Vs30 shear wave velocity of the soil
at a depth of 30 m has been accepted as the main
parameter properties [5]. Soil classification can be
made by using V3o shear wave velocity [6].

Table 3. Soil classification according to NEHRP
(NEHRP'’ ye gore zemin siniflandirilmasi)

Ground Definition Specifications
Class
A Hard Rock V>1500
B Rock 760<V,<1500
Very Firm/Hard Ground

€ or Soft Rock 360<V<760
D Hard/Firm Ground 180<V,<360
E Weak Ground V<180

V,: 30 m Average shear wave velocity in depth — V3, (m/sn)

Table 4. Soil classification according to TS EN 1998-
1 (Eurocode 8) (TS EN 1998-1’e (Eurocode 8) gore zemin
simiflandirmast) [7]

Ground Definition Specifications
Class
A Rock or other rock-like V5800
formations
Too Tight Sand Gravel or
B Too Hard Clays 360<V,<800
Tight or Medium Tight Sand,
C Gravel or Hard Clay 180<V,<360
Cohesionless Floor from Loose
D to Medium Tight or Cohesive V<180
Ground from Soft to Hard
V;: 30 m Average shear wave velocity in depth — Vg (m/sn)

Table 5. Soil group according to NEHRP-UBC and TS
EN 1998-1 design codes (NEHRP-UBC ve TS EN 1998-1

tasarim kodlarina gore zemin siniflandirmasi)

Size VS3 NEHRP-UBC TS EN 1998-1
Number (m/sn)
Sis-1 748 C B
Sis2 657 C B
Sis-3 701 c B
Sis-4 708 c B
Sis-5 900 B A
Sis-6 587 C B
Sis-7 631 c B
Sis-8 725 c B

2 16310 43268 | 41552 Sis-9 860 B A
Sis. 1 924 2494 | 2765 Sis-10 833 B A
2 32756 70027 | 27075
. 1 954 2372 | 1544 As a result of the studies carried out in the relevant
Sis-10 2 25146 58760 | 29530 : :
region, the general soil class has been accepted as B.

Local soil class has been determined as Z2.
Groundwater Status (Yerals Suyu Durumu)

Groundwater was determined that the groundwater
level started at 50 meters.

3. ANALYSIS of SOIL DYNAMIC BEHAVIOR of
THE EXAMINATION AREA  (INCELEME
ALANININ ZEMIN DINAMIK DAVRANISININ ANALIZI)

The region is located in the 5th degree earthquake
zone. As it is known, building safety is extremely
important under the effect of earthquake. Seismicity
of the region was investigated by using the results of
the field and laboratory studies conducted within the
scope of this study. DeepSoil is under development at
the University of Illinois at Urbana-Champaign [8].
Using the DeepSoil program, Dogantarla region was
analyzed using the equivalent linear analysis method,
the spectral acceleration and soil magnification values
of the soil were calculated, graphically defined and the
soil dynamic behavior was interpreted.

3.1. DeepSoil Program and Equivalent Linear
Analysis (DeepSoil Programi ve Esdeger Dogrusal Analiz)

DeepSoil program, which can perform linear and
nonlinear ground behavior analyzes in the time
domain, together with one-dimensional linear and
equivalent linear analysis in the frequency domain,
gives the spectral acceleration-time values of the
ground using parameters [9]. It is also a program that
enables liquefaction analysis. DeepSoil program is a
multi-stage and one-dimensional ground response
analysis program. In the analysis part, earthquake
records, which were observed in previous years and
caused great damage, are used.

In this study, using the sounding data of
Dogantarla region, thicknesses of the layers, soil class,
unit volume weight of the soil and shar wave velocity
of the soil were recorded in the program. Then, taking
into consideration the material properties of the soil, a
selection was made from the empirical formulas
registered. In addition, the damping ratio must be
entered in order to calculate the response spectrum in
the frequency domain.
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The damping ratio value was chosen as 5%. In the
study, it was analyzed at the bedrock level using 1999
Kocaeli earthquake record data.

3.1.1. Equivalent Linear Analysis Results and
Discussion (Esdeger Dogrusal Analiz Sonuglari ve Tartisma)

In many studies, equivalent linear analysis method
is recommended to investigate the seismicity of the
region. [10]. The force acting on the ground must be
damped by the ground to prevent deformations after
the earthquake. However, this situation is complicated
to understand. Because ground behavior cannot be
determined exactly. The ground can absorb the effect
of the earthquake force that it affects, but it cannot
meet and transmit it to different layer by enlarging the
effect.

This situation has an increasing effect on earthquake
intensity. Using the shear wave velocity (Vs) values
obtained as a result of seismic studies, analyzes were
made in the DeepSoil program and as a result, the
ground magnification values were examined.
Acceleration-time  graphs,  amplification-period,
spectrum-period  graphs were obtained with
equivalent linear analysis using the previously
mentioned 10 seismic study data and ground general
properties. The graphics reflect ground dynamic
behavior.
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Figure 6. Spectrum-Period, Amplification-Period and
PSA-Period plots of Dogantarla region Sis-2 data
using Kocaeli earthquake records (Dogantaria béigesi Sis-
2’ye ait verilerin, Kocaeli deprem kayitlar: kullamlarak elde edilen
Spektrum-Periyot, ~ Amplifikasyon-Periyot ve  PSA-Periyot
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using Kocaeli earhquake records (Dogantaria bélgesi Sis-
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using Kocaeli earthquake records (Dogantarla bélgesi Sis
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Figure 12. Spectrum-Period, Amplification-Period
and PSA-Period plots of Dogantarla region Sis-8 data

using Kocaeli earthquake records (Dogantaria béigesi Sis-
8’e ait verilerin, Kocaeli deprem kayitlari kullanilarak elde edilen
Spektrum-Periyot,  Amplifikasyon-Periyot ~ve  PSA-Periyot
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Figure 13. Spectrum-Period, Amplification-Period
and PSA-Period plots of Dogantarla region Sis-9 data

using Kocaeli earthquake records (Dogantaria béligesi Sis-
9’a ait verilerin, Kocaeli deprem kayitlar: kullanilarak elde edilen
Spektrum-Periyot,  Amplifikasyon-Periyot ~ve  PSA-Periyot
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Figure 14. Spectrum-Period, Amplification-Period
and PSA-Period plots of Dogantarla region Sis-10

data using Kocaeli earthquake records (Dogantaria
bolgesi Sis-10’a ait verilerin, Kocaeli deprem kayitlart kullanilarak
elde edilen Spektrum-Periyot, Amplifikasyon-Periyot ve PSA-
Periyot grafikleri)

The soundings and seismic study data made in the
Dogantarla region of Aksaray province were used and
earthquake behavior analyzes were carried out using
the DeepSoil program. As a result of these analyzes, it
was learned about the possible behavior of the region.

The results obtained in seismic studies were similar
throughout the region, causing the results of the
analysis to be close. This can be shown as evidence of
the correctness of the analysis. As can be seen in the
graphics, PSA value is one of the main parameters
representing soil dynamic properties in earthquake
resistant building design.

PSA is the highest response corresponding to the
earthquake acceleration acting. If soil magnification
values are evaluated according to the graphics; 0.2
seconds of Sis-1, 0.3 seconds in Sis-2, Sis-3, Sis-4,
Sis-6, Sis-7, Sis-8, Sis-9 and Sis-10 and Sis-5 it was
observed that PSA reached maximum peak values in
0.4 second. The results of the analysis vary between
0.25 g with 0.7 g in Sis-1, 0.2 g with 0.82 g in Sis-2,
0.2 g with 0.76 g in Sis-3, 0.2 g with 0.76 g in Sis-4,
0.2 g with 0.7 in Sis-5, 0.2 g with 0.82 g in Sis-6, 0.2

g with 0.81 in Sis-7, 0.2 g with 0.8 g in Sis-8, 0.2 g
with 0.72 g with Sis-9 and 0.2 g with 0.75 g in Sis-10.
According to the results of the analysis, soil
enlargement rates vary between 0.5 g and 0.6 g
according to the seismic study results. When the
analyzes are examined, sounding and seismic study
data belonging to the same region gave similar results
close to each other. This situation is in parallel with
the similarity of shear wave velocities and reflects the
reliability of the analyzes.

4. CONCLUSIONS (sONUCLAR)

Land and laboratory studies have been carried out
on an area of approximately 530.18 hectares in the
Dogantarla region of Aksaray province. In this study,
the results obtained were analyzed and the seismicity
of the region was investigated in the event of a
possible earthquake. Within the scope of the study, the
engineering properties of the soil, groundwater
condition, geotechnical parameters were evaluated
using 30 drilling data and 10 seismic working data.

According to the NEHRP-UBC definition, the
ground class of the relevant region is “B-C; Rock /
Very Firm Hard Ground or Soft Rock” class,
according to TS EN 1998-1 (Eurocode 8), “A-B; Rock
/ Very Tight Sand Gravel / Very Hard Clays”.

Due to the rock floors consisting of tuffs in the study
area, there are no problems with swelling and seating
engineering. Seismicity of the region was investigated
by taking into account Vs shear wave velocities, depth
and unit volume weight values obtained in the studies.

The earthquake effect can be absorbed by the
ground layers, and on the contrary, the magnitude of
the earthquake can be increased by increasing the
amplitude. Ground magnification values should be
determined in order to detect this situation. For this
purpose, in the DeepSoil program, as suggested in
TBDY (2018), the “Equivalent Linear Analysis”
method was chosen based on the earthquake records
occurred in 1999 by selecting a 5% damping ratio and
the results were interpreted.

Similar results were found between the analysis
results. The analysis results obtained confirm that the
region is a 5th degree earthquake zone. As a result of
the study, it was seen that the DeepSoil program gave
reliable results.
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