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ABSTRACT

GIS-BASED MICROZONTION OF NIKSAR (TOKAT) SETTLEMENT AREA
FOR THE PURPOSE OF THE URBAN PLANNING

EROL, Gokhan

M.S. Department of Geological Engineering
Supervisor: Prof. Dr. Tamer TOPAL

December 2009, 135 pages

Niksar (Tokat), is an urban area located in a seismically active zone of Turkey.
The aim of this thesis is to prepare GIS-based microzonation map of Niksar
settlement area for the purpose of urban planning. Liquefaction, activity, slope,
aspect, fault proximity, ground amplification and lithology are considered during
the overlay analysis by using Multicriteria Decision Making Analysis (MCDA) of
Simple Additive Weighing (SAW) and Analytical Hierarchical Process (AHP)
methods. Based on the evaluations, the study area is divided into four different
zones, namely, (1) areas suitable for settlement; (2) provisional settlement areas;
(3) areas requiring detailed geotechnical investigation; (4) unsuitable areas. Two
microzonation maps obtained from analyses are compared. Maps prepared by
SAW and AHP methods are found to be consistent with each other. However, the
microzonation map prepared by AHP method is recommended for the purpose of
urban planning because it has the ability to check consistency itself.

Keywords: Engineering Geology, GIS, Microzonation, Analytical Hierarchical

Process, Simple Additive Weighing, Niksar
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NiKSAR (TOKAT) YERLESIM BIRIMININ SEHiR PLANLAMASI
AMACIYLA CBS TABANLI MiKROBOLGELEMESI

EROL, Gokhan

Yiiksek Lisans, Jeoloji Miihendisligi Bolimii

Tez Danigmani: Prof. Dr. Tamer TOPAL

Aralik 2009, 135 sayfa

Niksar (Tokat) ilgesi yerlesim merkezi, Tiirkiye’nin aktif sismik bdlgelerinden
birinde kuruludur. Bu tezin amaci Niksar yerlesim alaninin sehir planlamasina
esas olmak tlizere CBS tabanli mikrobolgeleme haritasini hazirlamaktir. Sivilagsma,
aktivite, egim, baki, faya uzaklik, zemin biiylitmesi ve litoloji faktorleri; Cok
Olgiitlii Karar Verme (MCDA) metotlar1 olan Basit Eklemeli Agirlik (SAW) ve
Analitik Hiyerarsi Yontemi (AHP) analizleri uygulanirken, g6z 6niine alinmigtir.
Yapilan degerlendirmelere gore c¢alisma alani dort bolgeye ayrilmistir; (1)
yerlesime uygun alanlar, (2) Onlemli Alanlar, (3) detayli jeoteknik inceleme
gerektiren alanlar, (4) yerlesime uygun olmayan alanlar. Bu iki yontemle elde
edilen mikrobodlgeleme haritalari, birbirleriyle karsilastirilmistir. SAW ve AHP ile
hazirlanan haritalar birbirleriyle tutarlidir. Ancak kendi kendini denetleme
imkanina sahip olan AHP yontemi ile hazirlanmig harita sehir planlamasina esas

olmak tlizere Onerilmektedir.

Anahtar Kelimeler: Miihendislik Jeolojisi, CBS, Mikrobdlgeleme, Analitik
Hiyerarsi Yontemi, Basit Eklemeli Agirlik, Niksar
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CHAPTER 1

INTRODUCTION

A city is an advent of the human kind. It has been developing since the first
appearance of the communities. It is the evidence of the civilization; meaning
that, whole civic activities are carried out, there. Indeed, the target of the city
development is not to improve civilization. Instead of this, improving civilization
creates a higher quality habitat for the human kind, giving rise to longer life
expectancy and more peace. In such a case, the city should satisfy requirements of
people, such as; the resident to flourish, the job to gain income, the security
against threads, the infrastructure for every utility, the safety toward every danger
and the health (Coch, 1995; Waltham, 1994). If the history is searched
superficially, it will easily be grasped that all cities and nomad’s cantonments
have been established to fulfill these needs. Nevertheless, past times show that the
nature is decisive for the survival of cities. Particularly, our country exhibits

ancient and recent evidences of the nature’s fatal defects (Altunel, 1997).

Harms caused by the nature occupy an important part of subjects of geological
engineering in the city planning concern. Engineering geology investigates the
relationship between the ground and all engineering projects. As a branch of
engineering science and application to some economic sectors, it seeks for early
events, prevailing conditions and cautions for predictable dangers, at/near the
Earth’s surface and the rest of the natural forces. Consequently, the city planning
must have the basis determined by geological studies including, geotechnics,
geophysics and natural hazard inspection (Coch, 1995; Maantay and Zieger,
2006).



The earthquake phenomenon is a specific subject. Especially, the public is aware
of this, but not consciously. One of the world’s most active tectonic systems,
which produce devastating earthquakes, jeopardizes today’s Turkish cities, which
show rapid growth rates in enlargement. However, Irtem et al (2004) stated that
the construction quality is suspicious. Therefore, the influence of seismicity on
cities appears with great importance with increasing rate of threat. Then, it is one
of the aspects in the field of geological engineering (Coch, 1995; Ciftci, 2005; De
Mulder, 1996).

Niksar city, which is an improving urbanization in the North Anatolian Fault
Zone, is the study area to investigate. It is required to define which part of the city
iIs more convenient for settlement. At the same time it is an ancient city and

community like to convey the heritage to next generations, without being lost.

1.1. Purpose and scope

The aim of this study is to prepare a microzonation map covering the municipality
service border of Niksar (Tokat). This map is planned to be composed of
geographical, geological, geotechnical and geophysical data, in a systematical
contribution to determine classified safe zones for settlement. The result will
certainly include a relative correlation among different locations of the study area.
It means that the microzonation classification will be peculiar to Niksar, only. On
the other hand, base data producing the output will be consistent with the general

laws of related branches of science.

The main problems faced within the city are the fault activity and the landslide.
The study area lies on one of the most active tectonic regions of world so called
the North Anatolian Fault Zone. Niksar witnessed two high magnitudes and two
medium magnitudes of ground shaking near the city, last century (ref.

koeri.boun.edu.tr, last visited on August 2009). Particularly, the ground rupture of



1942 Erbaa Earthquake reached the city. Other problems related with urbanization
are evaluated as a consequence of the earthquake investigation.

This thesis is a GIS (Geographical Information Systems) based study. Whole data,
including parts of surveys, maps, calculations, databases and representations are
stored digitally, in digital elevation models.

The classification of the lithology observed on the ground surface, such as soil,
rock, is derived from the geological map, including the stratigraphic section, of
the study area and related geotechnical data (Canik and Kayabali, 2000; Danakol
and Gedik, 2003). The study area is mainly divided into three zone with respect to
the ground material, which are young alluvium, volcanic material of Eocene
epoch and relatively older formations. Moreover, the same geological map defines
the positions of the fault, which are parts of the North Anatolian Fault Zone. This

information directs the precautions with existence of this fault.

Topographic relief of the study area is derived from the geographical data stored
in cartographic maps (source Niksar Municipality). These maps supply altitude
values at definite locations indicated with contour lines. Then, slope and aspect

maps are produced from these base maps.

Geotechnical data cover the plasticity variation and liquefaction susceptibility
depending on the borehole logs and in-situ tests within boreholes. Plasticity is
considered using the Unified Soil Classification System (Wagner, 1957).
Geophysical data are supplied from the microtremor measurements, which yield
the ground amplification map.



1.2 Geographical setting, accessibility and climate

The study area, Niksar settlement area, is located in the central northern Anatolia.
It is just behind the Black Sea Coastal Region. It is a small but important city
flourished in/near the long Kelkit Valley. There is a main road D-100 passes
through this valley. Lots of enclave and greater urbanizations, such as; Amasya
and Erbaa at west, Resadiye, Susehri, Erzincan and Erzurum at the north, are
found in / around the route of this main road. Niksar becomes easily accessible
via Amasya from Istanbul or Ankara (Figure 1.1). This road continues eastward
until Erzurum in northeastern Anatolia. The position of Niksar is convenient for
accessing neighboring cities such as; Amasya (at west), Tokat (at south), Sivas (at
east) and Black Sea coastal cities of Samsun and Ordu (at north). Nevertheless,
transit roads, especially new highway keeping the route parallel to the shoreline of
the Black Sea, are preferred for transportation, causing reduction in the economic

potential of Niksar.

\ ONDOKUZMAYIS

HAVZALE |
_ MERZIFON
n(} 12

— i

Figure 1.1. Location map of the study area (Source: State higway map, 2009).
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The North Anatolian Fault Zone controls the topography of the region adjacent to
Niksar. Whole Kelkit Valley is formed as a result of the movement along
numerous fault segments over the North Anatolian Fault Zone. It divides the long
mountain range system of central Black Sea region into two parallel mountain
range series. The Kelkit River flows between them (Figure 1.2). The Kelkit
Valley is deeply incised between the two adjacent highlands. For example, the
elevation is about 250m near the channel of Kelkit River in Niksar while it
approaches 1500 meters at the top of the mountains both at the north and the
south. This distinct altitude difference produces drastic changes in the annual
average temperatures of the valley and the adjacent highland. Moreover,
complexities of the fault system reshape the terrain with pull-apart basins and
pressure ridges. Pull-apart basins result in plain while pressure ridges separate
these (Blumnethal, 1945; Aktimur et al., 1992; Barka and Kadinsky-Cade, 1988).
Niksar has such a plain at the west and the southwest of the city center.

This special relief property of the terrain creates a huge and important watershed
area. Snow accumulated in both mountainous regions at the north and the south
melts in spring and high groundwater table levels are observed. Consequently,
there is a fluvial system consisting of numerous brooks feeding the Kelkit river.
At the same time, the relative humidity is high due to existence of the abundant

shallow groundwater and streams.

The terrain characteristic produces special climatic conditions, under the influence
of the relative humidity and temperature at any level of altitude. The annual mean
temperature ranges between 12.6 and 14.4 °C, and the annual average
precipitation between 541 and 691mm. The relative humidity is observed within
limits of %71-74 (Sensoy et al., 2009). It is a transitional climate property from
the northern coastal and southern inner land regions and very convenient for
agriculture. Especially, plains of Kelkit Valley, which have been formed by
NAFZ, provide ample space for cultivation.



Figure 1.2. Geographical location of Niksar (modified from earth.google.com,
last visited on August 2009).

Fortunately, in special climatic and geographic conditions with the existence of its
plain covered by alluvium, Niksar city has a great facility for many types of
agricultural activities. Many kinds of vegetables and fruits are produced with
considerable amount. Simply, the economy is dependent of agriculture.

Niksar has a potential to attract tourists. It is a historical city dated back to six
thousands years. Even its name originated from Latin phrase ‘Nicaseria’; meaning
‘New Citadel’, after the reconstruction by governors of Roman Empire (Akdamar,
2008).

The population of Niksar city is 34000. This number includes all villages and

small towns, having the area of 1072 square kilometers.



Today’s Niksar city has flourished around the old town. The city development has
been kept in the northwest-southeast direction. Old town is found in banks of the
Canakci Brook (Figure 1.3). It is still the city center, where the municipality
building is located. The city has an industrial district on the main roads of D-100
and D-850 crossing 2km southeast of the city center (Figure 1.1), near the Kelkit

River.

Rest of the land except from districts shown in Figure 1.3 is used for residential
purposes and small stock shops. There are also mills, farms and cultivation
gardens around the city center. Majority of the buildings lacks of efficient

geotechnical control before the construction.
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Figure 1.3. The study area and some definite locations of Niksar.

1.3. Methodology

The microzonation for the suitability of Niksar settlement is the major aim for this
thesis. The resultant microzonation map will be the guideline for the urban
planning of Niksar. There are seven different data to fulfill this aim. These are,

the liquefaction susceptibility and the activity of the soil, the ground amplification



from microtremor measurements, the slope and the aspect from cartographic
maps, the lithology and fault proximity derived from geological maps and field

SUrveys.

The second phase of the study is the decision making. Simple Additive Weighing
(SAW) and Analytical Hierarchical Process (AHP) methods of the Multi Criteria
Decision Making Analysis (MCDA) techniques are preferred. Contributions of all
seven parameters on the microzonation for the settlement are decided. At the
same time, some of them show reciprocal interactions. Except from the inversely
proportional liquefaction and plasticity with respect to the soil type, the others are
limited to the study area. The alluvium cannot form the high sloping angles.
Ilicaktepe formation (explained in the next chapter) exhibits slope instability on

north facing slopes of the study area.

At the GIS application phase, all these parameters are mapped throughout the
study. All of them have a base map with certain dimensions and unit cell size to
satisfy consistency. After that, the layer analysis is performed and the raw
microzonation map is produced from DEMs of seven parameters according to the

statistical model.

The last phase includes GIS application, too. Here, the raw microzonation maps
are classified to indicate convenience for settlement, which is the classification

proposed by the General Directorate of Disaster Affairs.

1.4. Previous studies

The study area has been investigated before to evaluate geological and
geotechnical properties of the ground. Nevertheless, there has not been any study
carried out to prepare a microzonation map. The previous studies, which are

included within this thesis, are tabulated in Table 1.1.



Table 1.1. Previous studies included in this thesis

Date Author Title Description
Niksar Glineyindeki Kelkit Dislokasyonu|Article: Geological Evidences
1945 Blumenthal, M. |ve Tektonikle flgisi for Tectonism around Niksar
Features and Main Earthquake Regions|Article: Detailed Properties off
1969 Ketin, I. of Turkey the Turkish Tectonism
Terlemezand  [Unye, Ordu, Koyulhisar ve Resadiye|Article: Geological Descrip-
1980 Yilmaz Arasinda Kalan Yorenin Stratigrafisi tion about the Kelkit Region
Niksar, Erbaa ve Destek Dolayilarnin|Article: Geological Evaluation
1992 Aktimur etal  |Jeolojisi of Study Area
Paleomagnetic Study of Block Rotations
in the Niksar Overlap Region of the
North Anatolian Fault Zone, Central|Article: Geological Evolution
1995 Tatar et al. Turkey just on the study area
Thrace Basin and the Tethys-Paratethys|Closure of the Ancient Tethys
1999 Sakincetal. |Relations at Thrace Ocean
Tagova, Erbaa pull-apart basins, North  |Article: Geological Evaluation
Anatolian Fault Zone: their significance |of Study Area related with the
2000 Barka et al. for the motion of the Anatolian block tectonism of whole NAFZ
Canik and Niksar (Tokat) Zeminlerinin Depremsel-|Report: a Geotechnical Inves-
2000 Kayabali lik Agisindan Degerlendirilmesi tigation Project in Niksar
Slab Detachment beneath the Eastern A-|Article: Geological History of
natolia: a Possible Casue for the Forma-|{the NAF zone Consequently of
2006 Faccene etal.  |tion of the North Anatolian Fault Niksar
Kuzey Anadolu Fay Zonu — 1942 Erbaa-|Proceeding: Recent  Obser-
Niksar Depremi Yizey Kirgi: Yenifvations on the tectonidm
2006 Tatar et al. Gozlemler around the study area
Intercontinental Quaternary Volcanism in|Article: Opinions about the
the Niksar Pull Apart Basin, North|Volcanic Lithologies exposed
2007 Tatar et al. Anatolian Fault Zone in the study Area

The oldest reference for the geology of the study area is Blumenthal (1945). This

is an earthquake investigation based on the geology of the Kelkit Valley after the
devastating ground shaking of 1942 Erbaa (Table 1.1).

Study of Ketin (1969) did not focus on Niksar, directly but; the paper evaluate the

tectonism in whole country and consequently the North Anatolian Fault Zone.

Moreover, tectonism induced topographical morphology were also defined. The

other similar study is Barka et al. (2000). This paper tried to evaluate the
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relationship between the strike slip faulting properties around the study area to
define the major tectonic activity of the northern Anatolia (Table 1.1).

Terlemez and Yilmaz (1980) carried a geological survey just north of the study
area, covering Ordu Province, Unye, Koyulhisar and Resadiye settlements. And,
the study of the Aktimur et al. (1992) is a geological investigation of the study
area. It puts the fundamental characteristics of stratigraphy and structural geology

of the study area.

There are some other references contributing the thesis to present the brief
geological history of the study area. These are turned to explain general
geological history of Anatolia and the North Anatolian Fault Zone. Sakinc et al.
(1999) dealt with the closure of Tethys Ocean. Facenna et al. (2006) put an idea
forward that the reason of the NAFZ and EAFZ (East Anatolian Fault Zone) is the

slab detachment around Eastern Anatolia.

Tatar et al. (1995), in addition to the geological investigation, the paleo-magnetic
data are used for evaluating the geological history of the study area. Tatar et al.
(2006) presented a field study tracing the exposure of the main fault, which
produced 1942 Erbaa earthquake, passing through the study area. Tatar et al.
(2007) is a study about the Niksar plain and its volcanic material after the young
Quaternary activities.

Canik and Kayabali (2000) have prepared a report evaluating the situation of
Niksar city toward earthquake hazard. It includes a precise geological map and 36
boreholes of which there are 26 with logs, in situ and laboratory tests results. The
text includes also natural periods of the ground whereby the seismic refraction

technique.

Another project, which is carried out in the study area, is the drains project of
Niksar Municipality carried by Danakol and Gedik (2003). This study focused on

11



the water head levels for the sewage system. Boreholes given with it is for the
level of the groundwater table. Additionally, there is a geological map, which is
used, for this thesis, to complete the lithological distribution at the southern parts

of the study area.
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CHAPTER 2

GEOLOGY

2.1. Regional Geology

The study area is located in the Northern Anatolia where activities of the North
Anatolian Fault Zone (NAF) are in progress (Blumenthal, 1945; Aktimur et al.,
1992; Barka et al., 2000). Similar to the rest of Anatolia, there is a complex
geological history giving the modern shape to the environment. Especially,
dextral (right lateral) displacing strike-slip faults and their complexities cause
highly involved boundary pattern in the distribution of geological formations
(Barka and Kadinsky-Cade, 1988).

Blumenthal (1945) performed the first study of Kelkit dislocation over the North
Anatolian Fault Zone. The geological characteristics of the whole Kelkit Valley
Region have the same origin and geological history. The study proved that, the
Kelkit Valley and division of the Northern Mountain Ridges of Anatolia into two
slices as northern and southern is the result of the tectonic activity along the North

Anatolian Fault Zone.

The regional geology (Figure 2.1) exhibits transition from the oceanic
environment to the continental environment. Ultimately, the tectonic activity
along the NAF has prevailed for almost 11 million years. The end of the oceanic
environment is related with the closure of the Tethys Sea. (Aktimur et al., 1992;
Blumenthal, 1945; Barka et al., 1992; Barka et al., 2000; Facenna et al., 2006).
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Figure 2.1. Regional geological map of the study area, taken from 1/500000 scale
of MTA public maps (www.mta.gov.tr, last visited on August 2009)

Aktimur et al. (1992) have carried a geological survey just around the study area
on the route of the North Anatolian Fault Zone. The basement is indicated to be
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Turhal Metamorphic Zone of Permian to Triassic age (which is not observed in
the study area). It has an unconformable boundary with younger units.

Figure 2.1 exhibits geological divisions of the study area and surroundings,
concisely with respect to the geological age. Metamorphic Turhal group, aged
Permo-Triassic, constitutes the basement rocks. Over this, carbonate dominant
oceanic rocks of Jurassic age take place. Especially, Late Jurassic-Early
Cretaceous exhibit continental sediment influx, which is concluded as uplifting of
Anatolian Plate, with existence of carbonates (limestone) including clay, turning
into claystone-limestone sequence. Upper Cretaceous rocks belong to active
continental margin, especially, near shore. Harmankaya and Tersakan Formations,
which are respectively turbiditic flysch and volcanogenic flysch, are indicators for
this (Aktimur et al., 1992). The basaltic volcanism continued until the end of
Eocene. A lacustrine sedimentation occurred during Pliocene. Quaternary period
until today has witnessed sediment transportation to the tectonical pull-apart
basins, which are formed due to the complexities of master faults of NAF
(Aktimur et al., 1992; Blumenthal, 1945; Barka et al., 2000; Barka, 1992; Kiratzi,
1993; Tatar and Park, 1992; Inan and Temiz, 1992; Rojay and Goncuoglu, 1998;
Facenna et al., 2006; Tatar et al., 2007).

2.2. Site Geology

Some of the previous geological surveys carried out in the study area include
Barka et al. (2000), Aktimur et al. (1992). In this thesis, however, the geological
map of Canik and Kayabali (2000) is adopted. This geological map covers the
study area completely except the southern part of the city. The geology of this
section is compiled with the geological map of Danakol and Gedik (2003). The
compiled geological map of the study area is given in Figure 2.2 and the
stratigraphic column is given in Figure 2.3.
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Figure 2.2 Geological map of the study area within boundaries only (modified
from Canik and Kayabali, 2000; Danakol and Gedik, 2003)
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2.2.1. Sogukcam formation

This formation exposes at the north and northwestern part of the study area. The
observable color is white to bright gray. It is a distinct micritic limestone body.
Upward direction exhibits clay inclusion. Then, claystone sequences occur. The
thickness reaches 300m in the study area. Because it is the oldest unit observable
in the study area, the lower boundary does not exist. However outside the study
area, there are older formations dating back to Permian (Aktimur et al., 1992). It
contacts with Deliktepe formation above, conformably. The age of the formation
is Late Jurassic-Early Cretaceous.

2.2.2. Deliktepe formation

Its exposures are observed at the southern part of the study area in addition to
some smaller exposures at the north. Yellowish gray color changes into greenish
gray from lower to upper levels. Clayey limestone, siltstone and sandstone are
dominant sedimentary rocks for the formation. Sequences of limestone disappear
in the same direction of the color change. It is generally thinly bedded. The
observed thickness is 150m, in the study area. It is diversified from upper levels
of the Sogukcam formation then its lower boundary is conformable. However, it
contacts with the overlying Sariboyun, unconformably. The age of the formation
is Cretaceous, Valanginian stage (Canik and Kayabali, 2000).

2.2.3. Sariboyun formation

Its exposures are rare and distributed among the northeastern rocky part of the
study area. Poorly sorted sandstone with the calcium carbonate cement constitutes
thick to medium bedding with intermediate thin siltstone beds. The thickness
ranges from 70 to 100m. Its color changes yellow to bright gray. It overlies
Deliktepe formation, unconformably. The boundary with Ayvaz formation above
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is conformable. Its age is Eocene-Early Lutetian as the lowest Cenozoic unit of
the study area (Canik and Kayabali, 2000).

2.2.4. Ayvaz formation

This formation exposes at the southeast of the city center and rarely eastern parts
of the study area. The common color is bright yellow to bright gray. It is observed
as frequent bedding of sandstone alternating with siltstone and shale layers. Upper
sections contain sediments of volcanic origin. Sandstone exhibits two types of
bedding. Thick beds are well cemented while thinner intermediate beds are weak
and ready to break down, easily. The thickness of the Ayvaz formation is around
300m. It bounds with Sariboyun formation below and Esekciyolu formation.
above, both conformably. The age of this unit is Eocen-Early Lutetian (Canik and
Kayabali, 2000).

2.2.5. Esekciyolu formation

It has the greatest exposures among other formations observed in the study area. It
differs from Ayvaz with beginning of volcanic sedimentation. It is sandstone
composed of both volcanic and other types of continental clastics. Upper levels of
the formation show andesite, tuff and agglomerate layers. The thickness is about
300m. It overlies the Ayvaz formation, conformably. Its boundary with overlying
Kargilidere formation is unconformable with exhibiting time gap until Pliocene.
This formation is aged Eocene-Middle to Late Lutetian (Canik and Kayabali,
2000).

2.2.7. llicaktepe formation

Its exposure is found at the southern banks of Canakci brook, at the eastern parts
of the study area. Although it is indicated as a unit of the Esekciyolu formation by

Canik and Kayabali (2000), it is observed as different formation from Esekciyolu
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formation (Eocene) in the field. Its relative age and lithology are consistent with
Tekkekoy formation of Aktimur et al. (1992). It contains basalt and andesitic tuff.
The observed thickness of the formation is 60 to 70m. The unit is aged Eocene-

Late Lutetian.

2.2.7. Kargilidere formation

It exhibits several large exposures distributed over eastern parts of the study area.
The formation is composed of brownish claystone, siltstone and mudstone, at the
bottom. Then it turns into claystone, siltstone, sandstone and silty clay matrix
conglomerate, to the top. The thickness ranges from 70 to 100m. Its contact with
underlying the Esekciyolu formation is unconformity. It exhibits conformable
boundary with llicaktepe fm., above. The age of the unit is Pliocene (Canik and
Kayabali, 2000).

2.2.8. Alluvium

The Quaternary alluvium overlies the older formations, unconformably. Western
part of the study area, which is on the Niksar pull-apart basin, is covered with
alluvium. There are four sources of the material defined in the field. Alluvial fan
deposits (1) are observed along foothills. Landslide deposits (2) are composed of
materials as fragments of the closest rocks at uphill direction. Braided river
deposits (3) are observable around the Channel of Kelkit River. The flood plain
deposits (4) are spread throughout the flat parts of the study area, which are

composed of fine-grained material (silt and clay) (Canik and Kayabali, 2000).
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2.3. Seismicity of the region

As it is mentioned in the previous section, the Anatolian peninsula is one of most
tectonically active regions. Devastating earthquakes occur frequently. According
to the data published in the website of Kandilli Research Center (last visited on
rded from 1900 to 2005.

Fault Zone, along which

August 2009), there are 90 important earthquakes reco
Most of them were produced by the North Anatolian

Niksar is settled. Table 2.1 tabulates these earthquakes and those occurred around

the study area are indicated with yellow brushing. These

Figure 2.4. These earthquakes produced considerable ground ruptures. The

Anatolian plate moves westward along fault segments having total length of

900km (Barka et al., 2000; Ketin, 1969).
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Figure 2.4. Earthquakes of large magnitudes around the study area from 1900 to

2000 (www.mta.gov.tr, last visited on August 2009)
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Table 2.1. Devastating earthquakes of last century recorded in Anatolia (ref.
Kandilli Research Center, Bosphorus University website, last visited on March

2009). Ones occurred around the study area are shaded.

Date Epicenter Mw Date Epicenter Mw
1 | 29.04.1903 Malazgirt, MUS 6,7 |46 | 30.01.1964 Tefenni, BURDUR 5,7
2 09.08.1912 Miirefte, TEKIRDAG 7,3 47 | 14.06.1964 MALATAYA 6,0
3 04.10.1914 BURDUR 6,9 48 | 06.10.1964 Manyas, BALIKESIR 7,0
4 13.09.1924 Horasan, ERZURUM 6,8 49 | 13.06.1965 DENIZLI 57
5 | 07.08.1925 Dinar, AFYON 59 |50 | 07.03.1966 Varto, MUS 5,6
6 22.10.1926 KARS 6,0 51 | 19.08.1966 Varto, MUS 6,9
7 31.03.1928 Torbal1, IZMIR 6,5 52 | 22.07.1967 Mudurnu, ADAPAZARI 6,8
8 | 18.05.1929 Sugehri, SIVAS 6,1 |53 | 26.07.1967 Piiliimiir, TUNCELI 5,9
9 | 07.05.1930 fran Sinirt 7,2 |54 | 03.09.1968 BARTIN 6,5
10 | 19.07.1933 Civril, DENIZLI 5,7 55 | 23.03.1969 Demirci, MANISA 5,9
11 | 04.01.1935 Erdek, BALIKESIR 6,4 56 | 06.04.1969 Karaburun, iZMIR 5,9
12 | 19.04.1938 KIRSEHIR 66 |57 | 28.03.1970 Alaschir, MANISA 6,5
13 | 22.09.1939 Dikili, IZMIR 6,6 |58 | 28.03.1970 Gediz, KUTAHYA 7,2
14 | 21.11.1939 Tercan, ERZINCAN 5,9 59 | 19.04.1970 Gediz, KUTAHYA 5,8
15 | 27.12.1939 ERZINCAN 7,9 60 | 23.04.1970 Demirci, MANISA 5,6
16 | 13.04.1940 YOZGAT-KAYSERI 5,6 61 | 12.05.1971 BURDUR 5,9
17 | 23.05.1941 MUGLA 6,0 [62 | 22.05.1971 BINGOL 6,8
18 | 10.09.1941 Ercig, VAN 5,9 63 | 06.09.1975 Lice, DIYARBAKIR 6,6
19 | 12.11.1941 ERZINCAN 5,9 64 | 24.11.1976 Muradiye, VAN 7,5
20 | 15.11.1942 Bigadig, BALIKESIR 6,1 |65 | 05.07.1983 Biga, CANAKKALE 6,1
21 | 21.11.1942 Osmancik, CORUM 55 |66 | 30.10.1983 ERZURUM-KARS 6,9
22 | 20.12.1942 Erbaa, TOKAT 7,0 67 | 18.09.1984 Balkaya, ERZURUM 6,4
23 | 20.06.1943 Hendek, ADAPAZARI 6,6 68 | 05.05.1986 Dogangehir, MALATYA 5,9
24 | 27.11.1943 Ladik, SAMSUN 7,2 69 | 06.06.1986 Dogangehir, MALATYA 5,6
25 | 01.02.1944 Gerede, BOLU 72 |70 | 07.12.1988 KARS 6,9
26 | 25.06.1944 Gediz, USAK 6,0 71 | 13.03.1992 ERZINCAN 6,8
27 | 06.10.1944 Ayvalik, BALIKESIR 6,8 72 | 15.03.1992 Piiliimiir, TUNCELI 5,8
28 | 20.03.1945 Ceyhan, ADANA 6,0 |73 | 06.11.1992 Doganbey, IZMIE 6,0
29 | 21.02.1946 Ilgin, KONYA 55 |74 | 28.01.1994 MANISA 51
30 | 31.05.1946 Varto, MUS 5,9 75 | 01.10.1995 Dinar, AFYON 6,1
31 | 23.07.1949 Karaburun, IZMiR 6,6 |76 | 05.12.1995 Kig1, TUNCELI 5,7
32 | 17.08.1949 Karliova, BINGOL 6,7 77 | 14.08.1996 Mecitozi, AMASYA 5,6
33 | 08.04.1951 fskenderun, ANTAKYA 5,8 78 | 22.01.1997 ANTAKYA 5,4
34 | 13.08.1951 Kursunlu, CANKIRI 69 |79 ] 13.04.1998 Karliova, BINGOL 5,0
35 | 03.01.1952 Hasankale, ERZURUM 5,8 80 | 27.06.1998 Ceyhan, ADANA 6,2
36 | 22.10.1952 Ceyhan, ADANA 5,6 81 | 17.08.1999 Golciik, KOCAELI 7,8
37 | 18.03.1953 Yenice, CANAKKALE 72 |82 12.11.1999 DUZCE 7,5
38 | 07.09.1953 Kursunlu, CANKIRI 6,0 83 | 06.06.2000 Orta, CANKIRI 6,1
39 | 16.07.1955 Soke, AYDIN 6,8 84 | 15.12.2000 Sultandagi, AFYON 5,8
40 | 20.02.1956 ESKISEHIR 6,4 |85 | 25.06.2001 OSMANIYE 55
41 | 25.04.1957 Fethiye-Rodos Hatt;, MUGLA 7,1 86 | 03.02.2002 Cay - Sultandagi, AFYON 6,4
42 | 26.05.1957 Abant, BOLU 7,1 87 | 27.01.2003 Piiliimiir, TUNCELI 6,2
43 | 25.04.1959 Koycegiz, MUGLA 59 |88 | 01.05.2003 BINGOL 6,4
44 | 23.05.1961 | Fethiye-Rodos Hatti, MUGLA 6,3 |89 | 25.03.2004 | Kandilli - Askale, ERZURUM 5,6
45 18.09.1963 Cinarcik, ISTANBUL 6,3 90 [ 02.07.2004 Dogubeyazit, AGRI 51

The area around the city of Niksar witnessed 57 earthquakes of magnitudes
greater than 4 (Figure 2.5). It proves that earthquake activity is the main thread for

the city. Particularly, Erbaa Earthquake of 1942 wiped out the city located at the
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epicenter. It was also strongly felt in Niksar. A future earthquake will be very
hazardous for the city. The list of earthquakes, which are shown in Figure 2.5,

around Niksar is given in Table 2.2.

There are two proximal and important ground rupture observed in both Figure 2.5
and Table 2.2. These are westward 1942 Erbaa and 1917 Almus earthquakes. In
addition to these, 1923 Artova and 1929 Koyulhisar cannot be excluded. These
were powerful earthquakes and their reoccurrence are probable depending on the
information that the activity of NAF has continued for 11 million years (Facenna
et al., 2006).

BLACK SEA

Figure 2.5. The map showing the earthquakes (M, > 4) around Niksar recorded

last century. (http://koeri.boun.edu.tr, last visited on March 2009).
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Table 2.2. Details of the earthquakes exhibited in Figure 2.3. (data from Kandilli
Research Center, University of Bosphorus website, last visited on March 2009)

No Date Latitude |Longitude Location My, UTM N UTME | ZN.
1 |Jun 21,1908 40,60 35,90 |[Sazkdy, Amasya 5,2 |4498397,50(745379,30( 36T
2 |Feb9, 1909 39,98 38,00 |Kumoglu, Zara, Sivas 6,3 |4426016,00|414614,62| 37S
3 [Sep9, 1909 40,00 38,00 |Kumoglu, Zara, Sivas 5,8 |4428236,00|414639,53| 37T
4 |Feb 9, 1909 40,05 38,00 |Kumoglu, Zara, Sivas 5,7 |4433785,50(414701,84| 37T
5 |May 28, 1914 39,84 35,80 |Akdagmadeni, Yozgat 54 |4413751,00(739581,25| 36S
6 [Jan 24,1916 40,27 36,83  |Almus, Tokat 7,1 |4459984,50|315493,88| 37T
7 |Apr 29, 1923 40,07 36,43 |Cubuklu, Artova, Tokat 6,9 |4438692,00|280837,03| 37T
8 |May 18, 1929 40,21 37,92  |Akseki, Koyulhisar, Sivas 6,1 |4451624,50(408093,47| 37T
9 |19 May 1929 40,19 37,88 |Giinigik, Koyulhisar, Sivas 4,5 | 4449447,00|404661,70 37T
10 |Jun 28, 1929 40,20 37,91 |Giinigik, Sugehri, Sivas 4,5 |4450525,50|407229,00| 37T
11 |Feb 25,1934 40,31 36,56 |Tokat Merkez 4,5 |4465022,50|292657,03| 37T
12 |Dec 27, 1939 39,99 38,14 |Kumoglu, Zara, Sivas 55 4427001,50| 426579,40| 37S
13 |Dec 27, 1939 40,80 36,80 |Alankdy, Akkus, Ordu 4,5 |4518884,00|314411,66| 37T
14 |Dec 27, 1939 40,83 36,80 |Alankdy, Akkus, Ordu 4,9 |4522215,00|314495,28 | 37T
15 |Dec 28, 1939 41,05 37,01 |ikizce, Ordu 4,5 |4546215,00|332759,66| 37T
16 |Dec 28, 1939 40,47 37,00 [Muhtardizi, Niksar, Tokat 5,7 |4481846,00(330451,34( 37T
17 |Feb 2, 1940 39,60 38,10 |Asagimescit, Zara, Sivas 4,5 |4383749,50|422729,16 | 37S
18 |Jun 7, 1940 40,06 37,82 |Blyiikginey, Zara, Sivas 4,6 |4435084,00|399362,50| 37T
19 |[Dec 20, 1942 40,87 36,47 |Narhdere, Erbaa, Tokat 7,0 |4527407,00(286795,62| 37T
20 |Aug 19, 1954 41,21 36,41 |Kutlukent, Tekkekdy, Samsun 4,8 | 4565304,00|282859,94 | 37T
21 |Jul 26, 1960 40,56 37,25 |Hatipli, Basciftlik, Tokat 4,6 |4491386,50|351844,34| 37T
22 |Apr1, 1962 40,80 36,10 |Durucasu, Tagova, Amasya 4,7 4520603,00  255354,23 | 37T
23 |Sep 21, 1964 41,10 37,60 |Yalikdy, Fatsa, Ordu (Deniz) 4,2 |4550802,50|382434,25| 37T
24 |Jul 10, 1970 40,99 35,91 [Cadirkaya, Ladik, Samsun 4,5 | 4541726,50|744787,30| 36T
25 |Oct 17, 1970 40,61 35,79 |ipekkoy, Amasya 4,3 |4499207,00| 736035,40 | 36T
26 |Apr 17,1971 41,24 37,08 [Sivaslilar, Terme, Samsun (Deni 4,7 4567177,50| 339108,38| 37T
27 |Jul 15, 1975 40,93 36,08 |Hizarbasi, Ladik, Samsun 4,6 |4535092,50|254148,80| 37T
28 |Jul 15, 1975 40,91 36,06 |Hizarbasi, Ladik, Samsun 4,7 |4532928,50|252389,92 | 37T
29 |Jun 23, 1981 40,02 38,05 |Kumoglu, Zara, Sivas 4,3 |4430409,50|418931,22 | 37T
30 |Dec7,1981 40,66 36,00 |Yassigal, Amasya 4,3 |4505343,00|246385,66 | 37T
31 |Apr 6, 1984 40,52 36,63 [Saritarla - Sehitler, Tokat 42 4488173,50|299231,47| 37T
32 |Jun 10, 1985 40,60 35,80 |ipekkoy, Amasya 4,5 |4498123,50|736916,70| 36T
33 |Jun 10, 1985 40,56 35,81 |Dadikdy, Amasya 4,2 |4493710,00|737904,90 | 36T
34 |Feb 12,1992 40,59 35,83 |ipekkdy, Amasya 4,0 |4497095,00|739491,30| 36T
35 |Feb 12,1992 40,55 35,90 |ilyas, Amasya 4,8 | 4492846,50| 745562,20 | 36T
36 |May 12, 1992 40,83 35,91 |Egribiik, Suluova, Amasya 4,2 | 4523962,00|745378,70 | 36T
37 |Jun 3, 1993 40,92 35,98 |Tatlicak, Ladik, Samsun 4,3 |4534152,50| 750941,56 | 36T
38 |Jun 12,1993 40,58 35,88 |ilyas, Amasya 4,2 |4496122,00|743759,44 | 36T
39 |Jul 29, 1996 40,85 36,24  |Sepetli, Tagova, Amasya 4,2 | 4525772,50|267341,30| 37T
40 |Sep 12, 1996 41,40 35,90 |[Dereler, Bafra, Samsun 4,0 |4587221,50|742427,25| 36T
41 |[Dec 1, 1996 40,48 37,22  |Saraykigla, Resadiye, Tokat 4,2 4482556,50|349125,20| 37T
42 |Dec 28, 1999 39,70 38,10 |[Dipsizgol, Zara, Sivas 4,2 |4394848,00|422840,40| 37S
43 |Dec 28, 1999 39,70 38,00 |Dipsizgdl, Zara, Sivas 4,2 |4394939,00|414267,12| 37S
44 |Apr 7, 2001 40,06 35,72 |Yavihasan, Kadigehri, Yozgat 42 4437962,50|731990,25| 36T
45 |May 3, 2001 40,58 36,66 |Benli, Erbaa, Tokat 4,3 |4494766,50|301949,94 | 37T
46 |Feb 4, 2002 40,23 35,75 |Kiglkkarayin, Zile, Tokat 4,1 | 4456913,50|733964,75| 36T
47 |Sep 24, 2003 39,62 38,16 |Asagimescit, Zara, Sivas 4,0 4385919,00|427901,47| 37S
48 |Sep 27, 2003 40,54 35,81 |Karakopri, Amasya 4,3 |4491489,50|737975,75| 36T
49 |Feb 3, 2004 40,65 36,52 |Kogak, Erbaa, Tokat 4,2 |4502862,50|290318,90 | 37T
50 |Dec 14, 2004 39,77 36,73  |Yildizeli, Sivas 4,0 |4404694,50|305575,56| 37S
51 |May 12, 2005 40,37 37,36 |Yesilyurt, Resadiye, Tokat 4,4 |4470115,50|360765,53| 37T
52 |May 12, 2005 40,34 37,36  |Yesilyurt, Resadiye, Tokat 4,9 |4466785,50|360703,80| 37T
53 |Jul 7, 2005 40,41 37,40 |Karliyayla, Resadiye, Tokat 4,2 | 4474494,00|364242,10| 37T
54 |Jul 7, 2005 40,49 37,36 |Toklar, Resadiye, Tokat 4,2 4483436,50|361012,88| 37T
55 |Aug 29, 2005 40,52 36,82 |Aripinar, Niksar, Tokat 4,0 |4487758,00|315328,00( 37T
56 |Sep 24, 2005 40,36 37,38 |Yuvacik, Resadiye, Tokat 4,0 |4468974,50|362443,30| 37T
57 |Oct 23, 2005 40,03 37,58 |Yenikdy, Imranli, Sivas 4,3 | 4432052,50|378840,28 | 37T
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There is a program called SMSIM which is a set of programs collected by David
Boore, which is shared in USGS web site, that supplies a practical method to
estimate artificial earthquake records, consequently, ground acceleration on rocks,
at definite proximity and with the definite magnitude. A driver of the program
called “a_ts drvr” calculated that the maximum ground accelerations must have

been 0.21g and 0.31g for Almus 1919 and Erbaa 1942 earthquakes, respectively.

Segments of the NAF are observable around the study area. There are long strike-
slip faults passing through the study area or the close vicinity from west to east.
At the same time there is another one just southwest of the study area which is the
fault ruptured during 1942 Erbaa earthquake (Tatar et al., 2007).

The ground rupture of Erbaa 1942 earthquake is observable in vicinity of the
study area at the west (Tatar et al., 2007). Consequently, the same magnitude of
this earthquake, which is M,, of 7.0 (Table 2.2), is expected for a possible ground
shaking of the future. This magnitude is also confirmed in studies of Ambraseys
(1970), Saroglu et al. (1992), Barka (1996) and Ozmen et al. (1997). The expected
peak ground acceleration is 0.45g on soil with respect to the attenuation
relationship of Abrahamson and Silva (1996).
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CHAPTER 3

DATA PREPARATION FOR THE STUDY AREA

This thesis focuses on preparation of a microzonation map of Niksar settlement
area for urban planning purposes. As a consequence, geographical, geotechnical
and geological information is obligatory. Contributing each type of data
determines favorable and unfavorable regions for urbanization within Niksar city.
Nevertheless, these are general factors related with urban planning. If it is
considered locally, it will be seen that each information belonging to each
discipline contributes the final output in different ways. The mission of the author
is to identify the situation about the factors and resultant microzonation. Note that
this study will supply a comprehensive background for further city planning

projects, instead being a planning activity itself.

In this thesis, all parameters of the resultant microzonation map are defined and
evaluated, individually. Each of them is the interest of different disciplines or

branches, such as, geology, geotechnics, geophysics and geography.

The phenomenon of the convenience for the urban settlement covers various data,
which are not usually related to each other. After they are all finished up with
respect to their own criteria and analyzed, the final microzonation map is

produced.
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3.1. Reference data and maps

Information about geography of the study area is essential for this microzonation
map for, at least, the positioning. At the same time, the relief distribution of the
study area, which gives the geometry of the land shapes, is derived from the
geographical information. Well-defined coordinates belonging to the Universal
Transverse Mercator Sytem supplies the consistency among maps of all

parameters.

3.1.1. Cartographic maps

Municipality of Niksar has supplied 46 cartographic maps having scale of 1/1000.
They were prepared for city planning utilities. These maps, totally, exhibit
properties in the city border and, somewhere, adjacent areas in the range of about
500m from the border. Each of the original map has the dimensions of 120cm x
100cm. Topographical map of the study area with coordinate system of UTM in
meters, in Zone 37T is shown in Figure 3.1. The datum is European 1950 mean.

The assigned coordinates of the available maps were not realistic. In the
beginning, existing UTM coordinates were not belonging to Niksar. True
coordinates are assigned again and they are verified with GPS devices in situ, on

the pre-defined measurement points.

It is not convenient to exhibit all 46 maps, here. Instead of these, a low-resolution
contour map is given in Figure 3.1. This map contains contours of only ten meters
altitude increment to just show conditions of the contour distribution with
borehole locations. Original maps have the altitude increment as 5m, 1m and

0.5m with respect to the rate of the elevation change.
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The map shown in Figure 3.1 contains locations of boreholes both drilled for this
project (logs are available in Appendix A) and presented by Canik and Kayabali
(2000). Coordinates, depths and other geotechnical information of new boreholes

are given in Appendix B.

4498000 —
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4496000
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Figure 3.1. Contour map of Niksar with borehole locations.

28



3.1.2. Geological maps

An adequate geological reference map is supplied for this project. Primarily, the
map has been prepared by Canik and Kayabali (2000). It is updated and extended
by using the map proposed by Danakol and Gedik (2003). Then, all of these are
checked in the field for the verification of the lithological boundaries. The reason
is that initial map covers mostly northern rock units and adjacent alluvium with
respect to the city border of that date. It did not approach to the Kelkit River. The
updated map (Figure 2.2) covers whole area of the city.

3.1.3. Groundwater conditions

The Kelkit Valley region on which Niksar city settles is one of the most important
water shaded area of Anatolia. Even in July and August, brooks do not dry out
and green plants cover everywhere. There is a depth to ground water map in
Figure 3.2. It is evaluated from the altitude values of stream channels having their
flowing water and some defined borehole measurements. The flat area at
southwest of the city center has shallow groundwater levels, especially in sections
proximal to stream channels and it is about 1m within alluvium-covered parts of
the study area. Nevertheless, the eastern part of the study area is not included in
Figure 3.2 because the ground is not alluvium and there is no borehole data.
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Figure 3.2. The depth to groundwater table map.

3.2. Geotechnical data

Because this microzonation study tries to evaluate the ground suitability for
urbanization purposes, the ground investigation has the great importance. In
addition to observations on the surface, the subsurface was investigated by means
of newly drilled 7 boreholes (with SPT tests and undisturbed sampling via Shelby
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tube) in addition to the available 35 boreholes opened by Canik and Kayabali
(2000).

The common soil type is SC (Unified Soil Classification System: Wagner, 1957;
Craig, 2001) observed as grayish brown medium dense, in the study area. The
cross section along the axis A-A’ shown in Figure 3.1 is in Figure 3.3 (see
Appendix B). The other common soil type is CL observed as grayish brown. The
third type is medium dense grayish brown GC. The last type is low plastic grayish
brown ML.

Disturbed and undisturbed samples test were tested in the laboratory. The
laboratory tests include particle size determination by sieve analysis, water

content determination, unit weight determination and Atterberg Limits tests.

Seven boreholes drilled for this thesis is not problematic (for logs please see
Appendix A). Nevertheless, the rest presented with the study of Canik and
Kayabali (2000) encountered with problems during drilling. Especially, the part of
the alluvium originated dominantly from landslide deposits has boulder size
sediments. When the drilling equipment came across such material, some of the
drills had had to be ceased.
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3.2.1. Plasticity of soil in the study area

Plasticity classification is necessary for fine-grained soils. The purpose for
inspecting the plasticity is to evaluate the activity, which classifies the expansive
behavior of the soil. The liquid limit, the plastic limit and the grain size
distribution are necessary to define the activity. Then the equation (3.1) of the

Plasticity is;

Pl=LL-PL (3.1)

where Pl , LL and PL are results of Atterberg Limits Test as the plasticity index,
the liquid limit and the plastic limit, respectively. The value of Pl determines the
water that the soil can hold until it passes to the liquid state. The plasticity chart is
given in Figure 3.4. The plasticity due to clayey material in the soil and the
portion of clay gives an idea how the soil behaves in the nature. It is called the

Activity in Equation 3.2:

ivity = PI
activity = %:Iay_Content (32)

The result of the Equation 3.2 is plotted on the activity chart of Unified Soil
Classification System. There is an example of it in Figure 3.5 containing results of
activity for this thesis. The low expansion is expected dominantly for the soils of
the study area. The rest is the rocky ground at the east. Nevertheless, there is a
section exhibiting medium plasticity around the borehole named D-24. The

medium expansion is expected at this location.
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Figure 3.4. Plasticity chart of disturbed borehole samples of the study area.
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Figure 3.5. Activity chart of disturbed borehole samples of the study area.
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3.2.2 Liquefaction susceptibility

Liquefaction event is a secondary effect of the earthquake causing saturated sandy
layers mobilized (Cetin et al., 2004). In general, if a soil layer is said to be
liquefiable; it must be low plastic (low fine content), it must contain pore spaces
filled with water (or below the groundwater table), its depth must not pass 20m
from the ground surface (relatively low pressure zone) and it must be thick
enough according to its potential (lwasaki et al., 1982; lwasaki et al., 1984;
Papathanassiou, 2008). Nevertheless, all of these conditions are operative for a
complete liquefaction. A soil layer, which does not fulfill these at all in
seismically active area, is called low potential liquefiable but it is still able to
defect engineering constructions above the ground surface (Toprak and Holzer,
2003).

The data for the liquefaction susceptibility map is evaluated through the
followings; the liquefaction factor of safety (Youd et al.,, 2001), the Chinese
Criteria for fines (Woang, 1974; Derekashandi et al., 2007), the liquefaction
potential index (LPI) (Ilwasaki et al., 1982; Iwasaki et al., 1984; Toprak and
Holzer, 2003) and the principle for the depth and thickness of the liquefiable
strata (Ishiara, 1985).

First of all, the liquefaction factor of safety is evaluated for soils of each borehole.
Then, the results are checked with Chinese criteria for fines. After that, LPI values
are determined from these safety factors. Finally, the safety condition with respect
to the liquefaction is decided by means of Ishiara (1985) method (please see
Appendix B).
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3.2.2.1. Factor of safety for liquefaction

Contemporarily, the factor of safety is calculated from Standard Penetration Test

result of the depth interval of the test using following in Equation 3.3;

P CRy (3.3.)
CRR

where CSR , CRR and K, are the cyclic stress ratio, the cyclic resistance ratio and
the effective overburden stress factor, respectively (Youd et al., 2001). The
Equation 3.4 for CSR is;

o, r
o .amax d (34)

v

CSR=0.65

where oy, oy’ , amax and rq are the vertical total stress, the vertical effective stress,
maximum ground acceleration and the stress reduction factor (Equation 3.5),

respectively.

~ 1-0.4113V7 +0.04052z +0.001753(+/2)° (3.5)
1-0.4177+/z +0.05729z —0.006205(~/2 )* +0.0012102°

d

where z is the depth of the SPT test starting point. Then the cyclic resistance ratio
(in Equation 3.6):

crro_ L (N, 50 1

34 - (N1)60 135 [1O(N1)60 + 45]2 - 200 (36)

where (N1)go is the corrected blow count from SPT test results (Equation 3.7).
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(N,)g = N.Cc.C,.C,.C.C,, (3.7)

where N, Cg, Cg, Cg, Cs and Cy are the blow count, the energy ratio correction
factor, the rod length correction factor, the borehole diameter correction factor

and the overburden correction factor, respectively.

The energy ratio correction factor (Cg) is taken as 1.17 because a safety hammer
was used for drilling. The rod length correction factor (Cg) is taken 0.75, 0.80,
0.85, 0.95 and 1.00 for rod lengths of shorter than 3m, 3 to 4m, 4 to 6m, 6 to 10m
and longer than 10m, respectively. The borehole diameter correction factor (Cg) is
taken as 1 because the diameters of all boreholes are 110mm. The sampling
method correction factor (Cs) is taken as 1 because a standard sampler was used.

The overburden correction factor (Cy) is calculated with respect to Equation 3.8:

_50 3.8
Cv="0+0, (39)

where o'y is effective overburden stress in psi (Liao and Whitman, 1986).

3.2.2.2. Chinese criteria for fines

Derakshandi et al. (2007) states that the void ratio and the plasticity due the fine
content are decisive on the liquefaction susceptibility. The void ratio is important
to hold water within the soil, which is pressurized during the earthquake. At the
same time test results presented in the paper show that increasing void ratio gives

rise to strength loss of the soil.

Prakash and Puri (2003) mentioned criteria for liquefaction. A soil, which has

clay content smaller than 20%, liquid limit (LL) between 21% and 35%, plasticity
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index (PI) between 4 and 14, saturated water content greater than 0.90 times of

the liquid limit and liquidity index greater than 0.75, is susceptible to liquefy.

In this thesis, the saturated water content, the plasticity of the soil and the liquidity
of the soil samples are considered for the use of Chinese criteria (Woang, 1974;
Tiangiang and Prakash, 1999).

3.2.2.3. Liquefaction potential index determination

The factor of safety implies the existence of the liquefaction and there are,
commonly, more than one, different liquefiable layers at one location. Therefore,
it is convenient to define liquefaction potential property of the ground and a
distribution of it, throughout the study area. Liquefaction Potential Index (LPI)
approach suggested by Iwasaki et al. (1982) is a logical solution to perform this,
because it stands for the complete soil column below the measurement point.
Then, a DEM of LPI values from multiple locations can be obtained. The
equation (3.9) of LPI is;

LPI = jF(z)w(z)dz (3.9)
where F(z) and w(z) are functions of the factor of safety and the depth factor,
respectively (Iwasaki et al., 1982). Actually, this approach is applicable with only
SPT results, so the depth difference controlled by dz operator is not a regular

increment. It keeps the levels of standard penetration resistance measurements.
The function (Equation 3.10) of the depth factor;

w(z) =10-0.5z (3.10)

where z is the depth from the ground surface (lwasaki et al., 1982).
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3.2.2.4. Depth and thickness of the liquefiable strata

The initialization of the liquefaction needs convenient stress distribution due to
the overburden composed of non-liquefiable material, if all other terms such as;
the sand proportion, the fine content and the existence of the groundwater, are
satisfied (Ishiara, 1985). In cases that, the depth of the liquefiable layer is more
than 10m, liquefaction induced ground manifestations will not occur. On the

contrary, shallow layers may produce ground deformations.

The method divides the envelope in two sections (Figure 3.6). At the right side of
the curve, conditions of the thickness of the liquefiable layer and its depth will
allow the liquefaction when objected to the peak ground acceleration of 0.4g,

under dynamic conditions.

Borehole data of the study area shows that some of measurement points do not
exhibit liquefiable material. Some of logs exhibit low liquefaction factor of safety
values below the depth of ten meters. The rest is plotted (Figure 3.6) and each of
them is tabulated in Appendix B. Based on Figure 3.6, it can be postulated that the
whole liquefaction prone sites of the study area need at least 0.4g of ground

acceleration to be liquefied.
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Figure 3.6. Proposed boundary curve by Ishiara (1985) relating thickness of non-
liquefiable zone as a function of 0.4g peak ground acceleration required to induce

ground deformations.

3.2.3. Slope instability problems in the study area

The alluvium covered western part of the study area is nearly flat. Nevertheless,
the eastern part exhibits more complex topography with increasing slope amounts.
In addition to these, the alluvium in foothills at some locations is originated from

landslide material.

Particularly, the material of the Ilicaktepe formation is poorly consolidated

volcanic sediments. An active landslide scarp is observed during the field study

40



(Figure 3.7) on the exposure of this formation. It is also observed that a large

ancient landslide exists above the active landslide (Figure 3.8).

Figure 3.7. The scarp of an active landslide. The photograph is taken from the
point having coordinates of UTM Zone 37T, 4495175N and 327627E.
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Figure 3.8. Main scarps of landslides from the landslide crown. The photograph
is taken from the point having coordinates of UTM Zone 37T, 4494901N and
327557E.

3.3. Geophysical evaluation

In seismically active areas, in addition to geotechnical studies, geophysical
investigations are also required to decide the suitability of the area for settlement.
There are two data to predict dynamic properties of the foundation, in the study
area. These are microtremor measurements carried out by Dikmen et al. (2009)

and seismic refraction results proposed by Canik and Kayabali (2000).

The application of the microtremor measurements is conducted by Dikmen et al.
(2009), in the study area. There are 496 points recorded as the measurement
stations within the city (Figure 3.9). In such a case, whole study area is covered
efficiently. The output of the test is practical to distribute as a digital elevation
model.

Dikmen et al. (2009) presented both the natural period of the ground and the

ground amplification, while the study of Canik and Kayabali (2000) included only
the natural period of the ground. They are compared to check results of Dikmen et
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al. (2009) in Table 3.1. There are definite differences between the values of both
studies, and the results of Dikmen et al. (2009) are preferred in this thesis.

Amplification
& 100-200
& ZM.500
® n.0m

Figure 3.9. Niksar microtremor test measurement points (Dikmen et al., 2009)

Table 3.1. Comparison of natural period values, in seconds, belonging to seismic
refraction testing by Canik and Kayabali (2000) and microtermor measurements
by Dikmen et al. (2009)

Coordinate (UTM) Natural Period (sn)
Northing [ Easting Zone | Seismic Refraction Microtremor
4496472 | 324817 37T 0.10 0.50
4494588 | 323875 37T 0.50 0.65
4495373 | 323574 37T 0.5 0.96
4494405 [ 326190 37T 0.60 0.57
4492822 | 326779 37T 0.11 0.75
4491736 | 327433 37T 0.26 0.63

43



3.4. Properties of the city planning

Niksar is an ancient settlement. All new constructions have replaced the older
ones or they are found together. Consequently, there is no systematic planning in
city because older communities dwelled upon protection to fulfill security rather
than the geological solicitudes. They searched for hindering topography toward
enemies and easy access to water sources. In such a situation, buildings are found

around several stream channels and steep slope faces (Akdamar, 2008).

Moreover, the city has lots of historical and cultural features. They are not
convenient for settlement and related investigations. On the other hand, additional
projects are obligatory to maintain them in the good condition. Therefore, such

areas having historical importance are not handled in this study.
In addition to these, new constructions exist for different purposes and some of

them are not open to the settlement. Some recreational areas and the park around

the lake can be counted as the social facilities. They should be protected.
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CHAPTER 4

IMPLEMENTATION OF GEOGRAPHIC INFORMATION SYSTEMS

In this chapter, all factors are distributed throughout the study area in digital
elevation models. Every parameter is separately evaluated and classified into
ranking groups with respect to their effects over the resultant microzonation map.
The microzonation study needs a definite unit cell, which is a unit area of
minimum scale of investigation. The size of the unit area is 100 m? as a square
having side length of 10 meters. It is the half of the smallest distance between two
contour lines with respect to Hengl (2006). All digital elevation models keep this

size whether they are used directly for the output or they are temporal.

4.1. Topography of the study area

The topography of the study area is in three sections. The first is the digital terrain
model of the study area, which is the base map for the layer analysis. The second
is the slope map and the third is the aspect map. Slope and aspect maps are factors

of the microzonation.

4.1.1 Digital terrain model of the study area

The digital elevation model of the topography (or digital terrain model) of the
study area is produced by surface fitting technique of minimum curvature from

contour lines. The curvature is preferred as linear scale because the altitude range
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is not very large. The initialization keeps the profiles procedure, because most of
the neighboring contour lines have three or four pixels between them. The search
area is circular and the search distance is 30 cells. This value is sufficient for
fitting because it is the longest distance between two contour lines,
approximately. The result is in Figure 4.1, which is the base map for the layer

analysis producing resultant microzonation map.
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Figure 4.1. Digital terrain model of the study area.
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There are other surface fitting techniques tried to fit the surface, such as; the
Inverse Distance (the search area is circular, the search distance is 30 cells and the
weighing power is 4), the Profiles (the search distance is 30 cells) and the
Triangulation. According to digital elevation model standards of the United States
Geological Surveys (USGS), the accuracy of a DEM is defined by calculating the
root mean square error (RMSE) in Equation 4.1:

i) (4.1)

where z;, z; and n are elevation of DEM, true elevation at the same position and
number of observation points, respectively. If difference between true elevation
and the digital elevation is low, the RMSE will be small. The surface fitting
technique, which will present the smallest RMSE, will be used for further
processes. Table 4.1 shows RMSE values of four different surface fitting
techniques mentioned in the previous paragraph. Note that digital elevation

models have not been produced from point data due to lack of continuity and

accuracy.
Table 4.1. RMSE chart of different surface fitting techniques
Point Point Coordinates True Minumum Inverse Triangulation
ID Northing Easting Elevation| Curvature Distance Profiles by contours
pl |[4498064,161 | 322933,060 | 316,72 316,85900 316,78100 316,78100 316,85657
p7 | 4496249,304 | 324756,395 | 311,74 311,45000 311,84400 312,02800 312,28425
pll | 4494067,609 [ 324252,940 | 272,69 272,76200 273,02000 273,08600 273,66017
pl5 | 4495866,162 | 327093,216 | 399,23 399,42800 399,56449 398,80648 399,91889
pl9 | 4494990,227 | 327556,287 | 441,72 441,65300 442,04306 442,29166 440,90282
p21 | 4495695,128 | 326294,200 | 423,57 423,46000 423,38278 423,00045 422,57454
p24 | 4493081,572 | 326480,866 | 303,13 302,98800 302,99982 303,07615 303,80333
p25 | 4492624,353 [ 327187,954 | 342,84 342,96500 343,82120 342,22711 343,50869
p28 | 4491809,089 [ 325499,061 | 276,37 276,35200 2717,24257 277,26458 276,19342
p29 | 4495625,643 | 327722,865 | 435,78 435,89100 436,56134 436,40298 436,70970
RMSE = 0,26687 0,54833 0,41457 0,59128
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Elevation change lies in the range of 250 to 530 meters, relative to the sea level.
Western and southwestern parts of the study area are almost large flat areas. They
are in part of the Niksar Plain. However, in the city border, the flat area gets
narrower toward both north and south. Flourishing of the city keeps the eastward
direction starting from the Channel of Kelkit River. It is the same as the direction

of increasing elevation. Consequently, highest points are observed eastward.

4.1.2 Slope map

The slope map of the study area is produced from the DTM of the study area.
Majority of the city is on the nearly flat plains of Niksar pull-apart basin. Rest of
the city has steeper slope amounts but they do not reach 50° except the walls of
the stone mine. In this study, it is preferred to divide observed topographical

inclinations in 5 classes to obtain the resultant microzonation map.
The slope map in Figure 4.2 has one more division as slope angles more than 50°.

This division is also included in Table 4.2. Nevertheless, this and the division of

slope angles between 30° and 50° are classified together in the layer analysis.

Table 4.2. Classification of slope parameter

Value - Range | 0°-5° | 5°-10° | 10°-20° | 20°-30° | 30°-50°| >50° | Total
Pixel Count 54251 | 25998 | 23330 | 10710 2033 60 116382
Share 46.61% | 22.34% | 20.01% | 9.20% | 1.79% | 0.05% | 100%
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Figure 4.2. Slope map of Niksar.
4.1.3 Aspect map

The aspect map is produced from the DTM of the study area. It is in Figure 4.3

with legend of 12 divisions, which has =/6 radian slices. The details of the legend

are tabulated in Table 4.3, but categories for the layer analysis depend on facing

toward north, then the actual classification is given in Table 4.4.
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Figure 4.3. Aspect map of Niksar.
Table 4.3. Classification of the aspect parameter in the legend of Figure 4.3
Aspect Class |345° - 15°| 15°-45° | 45°- 75° | 75° - 105°[105° - 135135° - 165°
Pixel Count 5045 2784 1242 1583 2436 4346 +
Share 4.34% | 2.24% | 1.07% | 1.36% | 2.09% | 3.73% +
Aspect Class [165° - 195195° - 2259225° - 2559255° - 2859285° - 315Y315° - 345 Total
Pixel Count 12421 | 21740 | 28321 | 21345 9445 5674 | 116382
Share 10.67% | 18.68% | 24.34% | 1834 | 811% | 5.03% | 100%
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Table 4.4. Classification of the aspect parameter

Aspect Class N NW - NE WNW W -E SW-S-SE

345° - 360°, | 315° - 345°, | 285° - 315°,| 225° - 285°,
Description 0°-15° 15°-45° | 45°-75° | 75°-135° | 135°-225° | Total
Pixel Count 5045 8458 10687 53685 38507 116382
Share 4.34% 7.27% 9.18% 46.13% 33.08 100%

4.2. Data variation throughout the study area

This part of the prevailing chapter contains implementing rest of the data.
Applications within the methods of the geographic information systems depend
on the interpolation of the vector point data. These are borehole locations and
microtremor measurement locations. Borehole samples and related laboratory
tests produced geotechnical information. But the ground lithologies are derived
from the polygon vector data, which divide whole study area into subdivisions of

the lithology.

The liquefaction and the activity parameters of the microzonation are point data
initially. Each point is the location of the borehole. The ground amplification has
the similar situation, but this time, the number of points is much more and they

are measurement points instead of boreholes.

4.2.1. Interpolation technique

Distribution of geotechnical and geophysical data, different from the topography
of the study area, is derived from point data. Measurements are made at definite
locations and the continuity cannot be tracked among the city, physically.
Therefore, the necessity of the interpolation arises to estimate the value hold by

the data at other unit cells. The Inverse Distance method is preferred in this study.
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Interpolation choices of the point data are limited; such as triangulation, inverse
distance, kriging and minimum curvature. Except from the kriging, other three
gives almost same results. The kriging exhibits exaggerated anomalies in
distribution, for all its techniques including different variogram models. The
triangulation method has a disadvantage for this study that it covers the area
inside of the linear links between outermost measurement points. It would not be
a shortcoming if some of boreholes were at the margins of the study area to hold it
completely. And, the minimum curvature method is more convenient for contour
lines (Watson, 1992).

In the Inverse Distance Weighing method, the interpolation depends on the
assumption that the definite area around the measurement point has the same
value with the measurement point at the center. This area is chosen as circular for
this thesis. The diameter of that circle is user-defined with respect to the distance
between measurement points. It should intersect more than one of others. If this
condition is satisfied, the midpoint between two measurement points has the value
as the approximation of both. Then, the intermediate values are distributed
exponentially (Watson, 1992). For the factors of the liquefaction and the activity,
the eastern rocky ground is not included in the investigation because no borehole
was drilled at this section. The search distances are chosen large because
convenient boreholes to produce factor maps are sparse, far from each other and

consequently there are many cells between them up to 70.

4.2.2. Ground lithology map

The ground type map is derived from the geological map of Niksar (Figure 2.2)
with respect to general engineering properties of lithologies exposed at the study
area. These properties are limited with observations rather than testing. Here, their
joints, slope instability events, and material properties obtained from Canik and
Kayabali (2000) are classified.
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The main division begins with the difference between the rocky and soil ground.
After that, the general properties of rocks are categorized with respect to their
conditions in the study area and their types such as Limestone, Sandstone and
Claystone. The final lithology map is given in Figure 4.4. This map shown in

Figure 4.4 does not require any type of interpolation.
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Figure 4.4. Lithology map of Niksar.
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The classification shows a distinct separation between weak and strong material.
Naturally, the young alluvium (Quaternary aged) is the most unsuitable material
for the urban settlement. It is not found on steep slopes. In addition to this,
Ilicaktepe formation is unstable in terms of the slope instability. It exhibits
landslides around its exposures and also some features of scarp. The author of this
thesis witnessed a landslide event at the north bank of the Canakci Brook in the

Ilicaktepe formation.

On the contrary, other lithologies are convenient for settlement. Evidences of
ancient slope movements or landslide deposits are not present in other lithologies.
Existing constructions is not affected by any problem related with lithology.
Nevertheless, joint conditions and rock type need a further subdivision. As
explained in Section 2.2, older formations of Sogukcam, Deliktepe and Sariboyun
with their limestone character and calcium carbonate cement of the sandstone
should be counted as much stronger than Ayvaz, Esekciyolu and Kargilidere
formations (Table 4.5).

Table 4.5. Classification of lithology parameter

Limestone Siltstone Fragmented
Lithology Sandstone Claystone Basalt Alluvium

Sariboyun, Ayvaz,

Sogukgam, Esekciyolu, Quaternary
Formations Deliktepe Kargilidere Iicaktepe Alluvium Total
Pixel Count 5354 31531 7049 72448 116382
Share 4.60% 27.09% 6.06% 62,25% 100%

The study area can be described as the area that the municipality service border of

Niksar is responsible for the all-civil activities. Quaternary alluvium covers the

major portion.
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4.2.3. Liquefaction map

Expression of the liquefaction event throughout the study area has been
completed by means of four methods as explained in Section 3.2.1. The base for
the liquefaction analysis is the liquefaction factor of safety, which is the ratio of
the soil’s resistance to liquefy and the cyclic stress. Obtained results are checked
with Chinese criteria of liquefaction for fines. After that, LPI (Liquefaction
Potential Index) for each measurement point, which is borehole locations in this

thesis, is calculated.

Nevertheless, the LPI is not enough to express the evaluation interacted with the
soil liquefaction. The depth and the thickness of the liquefiable layer have rather
importance to witness surface manifestation due to the deformation within the
ground. Therefore, the method of Ishiara (1985) is applied. The resultant

liquefaction susceptibility map is a combination of these.

Not all of boreholes are used to determine the liquefaction susceptibility. Some of
them are ceased due to the blocky material coincided during drilling. All
necessary information is available in Appendix B as for boreholes drilled for this

thesis.

4.2.3.1 Distribution of liquefaction potential index

Some of boreholes could not be used for the distribution of the LPI parameter.
The used boreholes are tabulated in Table 4.6. Same boreholes are added to the
LPI map (Figure 4.5). The surface fitting technique is the inverse distance
weighing method as it is explained in Section 4.2.1. Figure 4.5 exhibits the digital
image of the LPI conditions and Table 4.7 summarizes it. According to results
and the LPI method of Iwasaki et al. (1982) and Papathanassiou (2008),

liquefaction induced ground deformations will probably occur during an
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earthquake of future. These are surface manifestations of bearing capacity loss
and partial settlement when the liquefaction potential index values are greater
than 3. Especially, the ground of the industrial district on the eastern bank of
Kelkit River is very susceptible to liquefaction during dynamic conditions of an

earthquake.

Table 4.6. LPI values in the measurement points (used boreholes)

Boreholet# LPI Boreholet# LPI Boreholet# LPI Borehole# LPI
D 01 0,24 D 08 0,00 D 26 1,68 D 37 6,88
D 02 6,00 D12 0,00 D 27 0,00 D 39 0,00
D 03 3,63 D 13 3,13 D 28 6,17 D 40 0,00
D 04 2,23 D 16 0,00 D 29 13,83 D 41 0,00
D 05 0,00 D 18 8,95 D 30 3,18 D42 0,00
D 06 0,00 D21 4,35 D 32 0,00
D 07 0,01 D 25 2,47 D 35 0,04

Table 4.7. Classification of the liquefaction potential index values

LPI Class >3 1-3 02-1 <0.2 rocky ground Total
Pixel Count 35249 8320 10459 18417 43937 116382
Share 30.29% 7.15% 8.99% 15.82% 37,75 100%
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Figure 4.5. Liquefaction potential index (LPI1) map of Niksar.

4.2.3.2 Distribution of liquefaction effect on the ground surface

Not all of the boreholes are used in the distribution of the variation of the
liquefaction effect on the ground surface with respect to the thickness and depth
of the liquefiable strata (Ishiara, 1985). Used boreholes are tabulated in Table 4.8

and they are also exhibited in Figure 4.6. In this figure, there are three divisions.
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The first is liquefiable sites under the peak ground acceleration up to 0.4g on
alluvium. The second is non-liquefiable sites on alluvium and third is rocky
ground where the liquefaction investigation has not been carried out. This
classification is tabulated in Table 4.9. The surface fitting technique is the inverse

distance weighing method as explained in Section 4.2.1.

Table 4.8. Ishiara (1985) classification of liquefaction effect on the ground
surface in the measurement points (used boreholes), (L1Q. = liquefaction)

Boreholet#| Ish. Zone|Borehole#| Ish. Zone |Borehole#| Ish. Zone|Borehole#| Ish. Zone
D 01 SAFE D 08 SAFE D 26 SAFE D 37 LIQ.
D 02 LIQ. D12 SAFE D 27 SAFE D 39 SAFE
D 03 SAFE D 13 SAFE D 28 SAFE D 40 SAFE
D 04 SAFE D 16 SAFE D 29 LIQ. D 41 SAFE
D 05 SAFE D 18 LIQ. D 30 LIQ. D42 SAFE
D 06 SAFE D21 LIQ. D32 SAFE
D 07 LIQ. D 25 SAFE D 35 LIQ.

Table 4.9. Classification of liquefaction effects with respect to the depth and the
thickness of the liquefiable layer (after Ishiara, 1985)

Ishiara Lique. Class Liquefiable |non-liquefiable| rocky ground Total
Pixel Count 24791 47664 43937 116382
Share 21.30% 40.95% 37.75% 100%
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Figure 4.6. The map of liquefaction effect on the ground surface with respect to

the depth and thickness of the liquefiable strata based on Ishiara (1985) method.

4.2.3.3 Map of liquefaction parameter

Because the map of the liquefaction parameter (Figure 4.7) is the combination of
the two approaches of previous sections, there have to be an algorithm to

constitute the output. First of all each case of two different data must be handled.
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Classifications of the Liquefaction Potential Index in Table 4.6 is assigned
numbers from 1 to 5 representing from the worst to the best conditions. In the
Ishiara (1985) classification (Table 4.8), the unit cell takes 5 if the liquefaction is
not expected, otherwise, the value will be 1. Table 4.10 explains logical

relationship.
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Figure 4.7. Liquefaction susceptibility map of Niksar.
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A simple algorithm is applied to obtain the liquefaction susceptibility map for this
thesis. Then, the map of the liquefaction induced ground deformation distribution

is derived and, results are tabulated in Table 4.11.

Table 4.10 Calculation of values of the liquefaction classification

Ishiara

LPI
GIEN AN
GIENIAINIE
a|afo|a|a|o

Table 4.11. Classification of the liquefaction parameter

Liquefaction Class | Nonliquefiable| Low Deform. Medium High Deform. |Very High Def.| Total
Pixel Count 91775 4152 714 2496 17245 116382
Share 78.05% 3.57% 0.61% 2.15% 14.82% 100%

Each class defined for the liquefaction parameter stands for the maximum
expected deformation. Non-liquefiable class is assigned to the rocky ground and
there will be no observable liquefaction related event. The class named as Very
High Deformation indicates possible loss of soil strength and, liquefaction
induced damage is likely. According to results, more than half of the study area is
not affected from liquefaction. However, the western most part of the study area,
where the industrial district is found, has coarse-grained soil ground and very
shallow groundwater table (around 1m deep). Then, the classified LPI map shown

in Figure 4.5 is found to be more reliable when used single.
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4.2.4. Map of soil activity

The activity values are derived from laboratory tests on borehole samples. It is not
an occasional case for rocky parts of the study area. Boreholes are distributed
among the soil part of the Niksar city and they have somehow several meters of
depth at least. It helps to classify the plastic nature of the soil originated from the

clay content.

Although the clay content and the overall plasticity of the soil sample are decisive
on the activity, it has no direct formula to obtain a value for the activity levels of
ordinal values ranging from low active to very high active. It is read from the
chart shown in Figure 3.5, in the previous chapter. Database for borehole data for
boreholes drilled for this thesis are available in Appendix B. The result map of
activity is shown in Figure 4.8. Table 4.12 summarizes this map. The

interpolation technique is the inverse distance weighing method.

Table 4.12. Classification of activity parameter

Activity Class Medium Ex. | Low Expans. | Rocky Ground| Total
Pixel Count 1274 71171 43937 116382
Share 1.09% 61,16% 37,75 100%
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Figure 4.8. Activity map of Niksar.

Within the defined resolution of the whole project, there is no evidence of the
very high or high active regions of the soil. On the other hand, the low plastic
zone occupies the 64.46% of the study area. Other than that this is the general
classification, therefore, all classes are included in this thesis although they are

not observable in the study area.

63



4.2.5. Ground amplification map

The geophysical survey is done by Dikmen et al. (2009). DEM of the ground
amplification map is produced (Figure 4.9). Table 4.13 summarizes the situation
exhibited. The expected ground amplification is in the range of 2.0-2.5. Others are
observed less comparing to this range. The greater amplifications more than 3.0

are very rare at some definite points in Figure 4.9.

The ground amplification is the function of technical parameter of the
stratigraphic section including soil column above the bedrock. Therefore it is not
unusual to face unexpected ground amplification values on unexpected areas. The
interpolation technique is again the inverse distance weighing method, but this
time the search distance is not large as much as borehole data because there are
496 measurement points, which are close to each other.

Table 4.13. Classification of ground amplification parameter

Amplification 15-20 20-25 25.-3.0 3.0-3.5 35-43 Total
Pixel Count 8439 77336 25507 4243 757 116382
Share 7.25% 66.45% 21.92% 3.65% 0.76% 100%
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Figure 4.9. Ground amplification map of Niksar.

4.2.6. Fault proximity map

The main idea of this map is the proximity to the fault passing through the study
area shown in Figure 2.2. Locations, which are far from the fault line, are safer
than closer ones relatively, in the scope of urban settlement. The study area is

separated into five divisions with respect to the proximity to the fault, increasing
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after 1000m. This map is exhibited in Figure 4.10 and the results are tabulated in
Table 4.14. Buffer zone is considered for each distance level and they are

converted into raster data having fault distance classification values.
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Figure 4.10. Fault proximity map of Niksar
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Table 4.14. Classification of fault proximity parameter.

Fault Distance Class| < 1000m 1000-2000m | 2000-3000m | 3000-4000m > 4000m Total
Pixel Count 73925 17665 17577 7116 99 116382
Share 63.60% 15.18% 15.10% 6.11% 0.01% 100%

4.3 Exceptions of the study area

Niksar city has the ancient origins. It has flourished randomly or in true spelling,
since times before a scientific planning. In such a situation some unrequited zones
appear in the city for the purpose of urbanization. Some of them are threats
toward safety such as previous landslide areas, stream channels and stone mine.
Others are cultural and historical sites. In this section, they are divided into two
groups with respect to method closing and excluding them from the
microzonation. Some of them are coincides; especially zones of fault vicinity.
Therefore, total portion of the excluded areas will be 12.67% as the union of two

types; fault buffer and closed zones, which are explained next.

4.3.1. Adjacent areas to the fault passing through the study area

The study area lays on the North Anatolian Fault Zone and therefore, some of the
probable main faults show their traces within the city border (Figure 2.2). In
addition to these, local thrust faults, which are formed after the stress generation
along major faults, are observable. Waltham (1994) states precisely that if the
location of the fault is known definitely, the area having the thickness of 15m
from both sides should be closed to the settlement. If the fault location is not
known definitely but evidences and traces are available from faulted contacts of
young lithologies, this zone should be raised up to 35m. Buffer zones surrounding
the faults of the study area are shown in Figure 4.11 and the map is summarized
in Table 4.15.
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Figure 4.11. Fault buffer zone map of Niksar
Table 4.15. Proportions of fault buffer zones
Fault Buffer Inside Outside Total
Pixel Count 4078 112304 116382
Share 3.50% 96.50% 100%
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4.3.2. Closed areas

There are four types of areas, which are not allowed for settlement. These are
cultural sites, stream channel, stone mine and the warning zone of a previous
landslide. They are masked to separate them from other areas. All of the
classification are exhibited in Figure 4.12 and tabulated in Table 4.16. Please note
that, the map of masked areas is only for visual purposes. Masked zones will have

the value of zero without a color for the overlay analysis.

Table 4.16. Proportions of masked zones

Masked Zone Pixel Count | Areakm? Share
Cultural 2799 0.28 2.14%
Stream Channel 6190 0.62 4.74%
Lake 0 0 -
Stone Mine 436 0.04 -
Landslide 954 0.096 0.82%
Unmasked 106003 12.07 92.06%
Total 116382 11,64 100%
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Figure 4.12. Niksar map of masked zones.

Totally, 7.94% of the study area is closed for the settlement. The microzonation is
carried out among the rest. This portion does not contain the fault buffer areas,

which are drawn with respect to the proximity to possible ground rupturing.
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CHAPTER 5

APPLICATION OF THE MICROZONATION

In this chapter, the study area is evaluated for settlement suitability with all
factors by means of both Simple Additive Weighing and Analytical Hierarchical
Process. They are derived and classified with respect to both their internal
particularities and cases observed. All of them are distributed among the study
area as digital elevation models exhibiting classifications determining
convenience for settlement. In this chapter all of them are processed again and

unified as the resultant microzonation map.

All parameters are factors determining the properties of the ground, which are
directly related with the urbanization quality and the safety. As it is expected,
their effects are different on the result. In addition to these, some places are not
included in the analysis because they are fault zones, cultural sites, previous
landslide zones and stream channels. Whole is handled, in this chapter and two

decision-making techniques are applied.
The suitability for the urban settlement is then categorized with respect to the
classification of the General Directorate of Disaster Affairs and Topal et al.

(2003) which are suitability standards for urban settlement that:

Suitable areas: This category represents areas, where normal residential

developments can be planned without further precautions.
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Provisional areas: This category represents probable problems of shallow

groundwater table, soil expansion and partial settlement, which can be eliminated

by means of proper precautions.

Areas requiring detailed geotechnical investigation: This category indicates high

deformations due to the liquefaction, the ground amplification, considerable soil
expansion or certain partial settlement problems. If an area exists with these
conditions, a comprehensive geotechnical investigation contributed with drillings

and testing will be obligatory in scale of parcels.

Unsuitable Areas: This category represents inconvenient areas for settlement. It

directly refers to intense damage due to seismic activity or any other natural
hazard. Areas of this category must be abstained and such zones must be allocated
for recreational purposes.

5.1 Factors determining the suitability for urban settlement

Influences of seven factors constitute this microzonation. They are the
liquefaction, the activity, the slope, the amplification, the lithology, the fault
proximity and the aspect. Each of these covers five different classes affecting the
convenience for settlement. Table 5.1 summarizes these and they are also

explained next:

The Liquefaction: It is the expected ground deformation related with the

liquefaction event under the dynamic conditions during the earthquake. This
factor is derived from geotechnical data as in-situ SPT (Standard Penetration
Test) and laboratory tests of samples obtained during drillings. Especially, LPI

(Liquefaction Potential Index) results are decisive on this parameter.
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The Activity: It is the activity with respect to the plasticity of the soil. Soil
expansion and local excess ground amplification are expected. There is no
evidence of high and very high expansion in the study area, but there is a small
zone having medium plasticity and rest of the alluvium-covered part is low
plastic. This factor is derived from geotechnical data as laboratory testing of the
borehole samples.

Table 5.1. Factors determining suitability for urbanization of Niksar

Parameter Description Data Type [Target
Surface deformation due Stregth loss of the ground
Liquefaction to the liquefaction Geotechnical |during an earthquake
Activty of soil due to Expansion and local excess
Activity plastic characterisitcs Geotechnical |amplifications
Slope Slope of the surface Geographical |Slope instability problems
Ground amplification of Ground accelerations on
Amplification seismic waves Geophysical |buildings
Type of the ground Seperating competent
Lithology material Geological [nature of various materials
Most of landslide problems
Facing direction of the occurs in north facing
Aspect surface Geographical |slopes in the study area
Distance to the fault Sites that are far from the
passing through the Geographical |fault are considered to be
Fault Proximity [study area / Geological |safer
Definite zones excluded |Site Uncovered places due to
Excluded Zones [in microzonation map  |information |some restrictions

The Slope: It is the estimation of possible slope failures with respect to the idea
that steep inclinations give rise to landslides easier than gentle ones. This factor is
derived from geographical data as cartographic maps of the study area.

Furthermore steep slopes also create difficulties for urban planning.
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The Amplification: It is the expected ground amplification and comparative

condition between different locations. High ground amplification values will
produce greater ground acceleration, consequently, greater shear forces to
engineering constructions on the ground surface (Theodorakopoulos, 2003). This

factor is derived from geophysical data of microtremor measurements.

The Lithology: It is the subdivision of the ground with respect to the material
observed on the ground surface. Competent and unweathered rocks are preferred.
The classification is prepared based on the field investigation of the stratigraphy.
This factor is derived from geological data given in the geological map of the

study area.

The Fault Proximity: This parameter divides the study area with respect to the

distance to the fault passing through the study area. Proximal sites are considered

to be unsuitable.

The Aspect: It is the facing of the sloping ground. The north facing is the most
unfavorable condition for the study area, because majority of the landslide area,
mentioned in previous chapter, is totally north facing and the buildings on this
category get little sunshine. This factor is produced from geographical data as

cartographic maps of the study area.
In addition to these, some of the definite sections of the study area are excluded
and automatically assigned to the category of ‘unsuitable areas’ with respect to

factors that:

The Fault Buffer: It is the proximity to possible ground rupturing with respect to

the information about the location of the fault line. If it is well defined, the buffer
radius will be 15m or if it is slightly known after the logical evidences, the 35m
are more reliable distance (Waltham, 1994). This factor is derived from both

geological data in geological and cartographic maps of the study area.
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The Masked Zones: It is the excluded area due to the existence of the cultural and

historical or danger zones. This factor is derived from geographical data and field

investigations.

5.1.1 Relationships of factors

The reciprocal relationships of the factors should be searched for a logical output.
To perform this, all factors are considered again in both its own cases and with

respect to the cases of other factors (Table 5.2).

Table 5.2. Reciprocal relationships between factors (prop: proportional, in prop:

inversely proportional, independ: independent of the other)

C
=
. B
Reciprocal g
Relation S > c
- - i=) = 2
Liquefaction J 2 = -
Activity in prop < = = - I=
Slope inprop | in prop » E— 8 =
Amplification in prop prop |independ < g o
Lithology inprop | inprop | inprop | in prop — = -
Fault Proximity |independ|independ |independ|independ|independ Vi E’é_
Aspect independ |independ |independ [independ |independ |independ <

The liquefaction is mainly the characteristic of the sandy soils (SW, SP, SM and
SC). On the contrary, the activity is the characteristic of the plastic soils (MH,
CH, OH). In such a situation, they cannot occur at the same location. They share
only the ground type because both are found in alluvium material instead of rocky
topography eastward in the study area (Craig, 2001; Mitchell and Soga, 2005;
Derakshandi et al., 2007).
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The ground amplification is affected from the soil plasticity. Nevertheless, it is a
function of geophysical properties of the soil column, even including weak rocks,
down to the bedrock (Heuze et al., 1997). If the thick alluvium is the case, the
plasticity is considered, but there is no sufficient borehole data for the study area.
Therefore, only microtremor measurement results are applied to the output
ignoring any relationship with other factors.

The slope of the ground cannot be independent from the ground material. The
alluvium, especially, alluvium of Niksar city, which is young and comes from
different sources, is unconsolidated. It cannot be seen on steep slopes.
Consequently, effects of the activity and the liquefaction are not observed in steep

slopes in the study area.

The aspect of sloping ground surface is not dependent of any other factor. It is
included in this thesis because very unstable material of the Ilicaktepe formation
exhibits slope instability in the southern bank of the channel of Canakci Brook,
where the aspect is almost north facing. This material and this part of the study
area are separated. A similar situation is observable at the excluded area of the
ancient landslide. The fault proximity parameter is not related to any other

parameter, either. The distance to the fault is effective, solitarily.

5.1.2 Setting up the problem

The aim of the microzonation is to evaluate suitable areas in the municipality
service border, which is the study area, for the urban settlement. It does not cover
any architectural and constructional parameter other than cases of the ground.
These are the sum of the properties coming from disciplines of the geology, the

geotechnics, the geography and the geophysics.
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If the suitability for the urbanization is considered as a mathematical function,
parameters of the liquefaction, the activity, the amplification, the lithology, the
fault proximity, the slope and the aspect will be variables of this function. Then,
the worst cases of all these parameters will give the most unsuitable area at the

point of the unit cell. In this thesis, it is required best cases of all factors.

Setting up the problem has begun from the start of this thesis. In Chapter 4, all
parameters, except from the fault buffer and the masked zones, are classified in
five groups, certainly. Consequently, the consistency is kept and the application of
the microzonation becomes practical. Then, the suitability will be observed with
highest safety for the urban settlement if the liquefaction induced ground damage
IS minimum, the activity of the soil is low, the ground peak ground acceleration
on the bedrock is not amplified much, the slope is gentle or nearly flat, the fault is
far, the surface does not face toward north and the ground is competent rock.

Except masked zone and fault buffer zone, there is not any other of factors giving

rise to emerge definite conditions of ‘unsuitable areas’ category.

5.2 Decision making with SAW

The microzonation is the mathematical expression of the engineering judgment on
the factors determining the suitability. Saaty (2004) mentions that the multicriteria
decision making analysis (MCDA) is logical way to deal with different conditions
of definite factor. A general model for the suitability is constituted and it is
applied to all unit cells, which carries the value belonging to each factor.

The principle of the Simple Additive Weighing Method (SAW) depends on
selecting the most important factor and a weight is assigned to it. Then, sequence
of others is determined according to the importance and they are assigned weights

with respect to the most important.
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The second phase is the normalizing the weights. The total of weights of all
factors is divided by 10, 100 or 1000. The result of this division is a constant for

normalizing. Weights of parameters are divided by this constant.

The third phase is the standardizing ranks. Ranks are values assigned to groups of
classified factor cases. This thesis for example uses 5 groups and each takes rank
from 1 to 5. The standardization is the division of all rank values by the greatest
rank, of 5. It will not differ, if the normalized weight is divided by 5, instead of

the rank.

The fourth and the last phase is the constitution of the model. The suitability is the
function of the factors. Each factor is a variable taking ranks as limited values and
normalized weight is its coefficient. Whole process is summarized in the Table
5.3.

Table 5.3. Summary of SAW (Simple Additive Weighing) method

Normalizing | Normalizing | Normalized Standardizing | Standardized
Factors Weights | Constant [ Weights Weights [ Ranks Ranks Ranks

Liquefaction LQw 3 LQw / Cy LOwn

Amplification AP | 2 APy /Cy | APun .
Activity ACw | g % ACy/Cy | ACun ; <
Lithology LTw +; 0:; o LTy / Cy LTwn q: rank / 5 ")
Fault Proximity | FPy o0 x [ FPw I Cy FPuwn 2 3
Slope Stw | ¥ L4 | Stw/Cyv | Sl o S
Aspect ASy | G9 L [ASyiCy | ASun N

The output of the model should have five groups according to the explanation in
Table 5.3 to keep consistency. The only exception is the masked or buffered

Zones.
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5.2.1 Ranking and weighing the factors

Weights of factors are assigned according to both their influence on the result and
local effects on the study area. The most important factor in this study is the
liquefaction because it is directly related with the surface deformation during the
earthquake. The second level of the importance belongs to the lithology. There are
different lithologies among the study area and their properties are decisive for the
safety of the buildings. The slope has the third degree in the case of the slope
instability or landslide possibility under dynamic conditions as increasing slope

amount.

The other parameters are considered to have minor importance. The
Amplification and the activity share the fourth degree. Such an area, which is very
close to the active main faults of the North Anatolian Fault Zone, does not exhibit
drastic changes in the ground acceleration. Therefore, the ground amplification
differentiates at only some definite localities. The activity, at the same time, does
not show very high levels so it is not risky. The last parameter, the aspect, is
explained in previous section and has the least importance. The weighing and
standardizing is tabulated in Table 5.4.

Table 5.4. Weighing, ranking and normalizing factors for SAW

Normal. Rank \ Standardized Rank
Parameter | Weight| Weight 110.2 2104 310.6 4108 5\1.0
Liquefaction 5 0.25 Very High Def. | High Deformation | Medium Def. | Low Deformation Rocky
Activity 2 0.10 ! Not Exist ! ! Not Exist ! Medium Exp.. | Low Expansion Rocky
Fragmented Siltstone, Limestone,
Lithology 4 0.20 Alluvium Basalt and Tuff ! Not Exist ! Claystone Sandstone
Amplification 2 0.10 35-43 35-30 25-3.0 2.0-25 15-2.0
Fault Proximity 2 0.10 < 1000m 1000-2000m 2000-3000m 3000-4000m > 4000m
Slope 4 0.20 > 30° 20 - 30° 10- 20° 5-10° 0-5°
North N.west-N.east WNW-ENE West-East SW-South-SE
Aspect 1 005 | 345-360°, 0-15° | 315-345°, 15-45° | 285-315°, 45-75° | 225-285°, 75-135° 135-225°
TOTAL 20 1.00 (Very Bad) (Bad) (Moderate) (Good) (Very Good)
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The total of weights is 100 so there is no need to an extra normalization.
Nevertheless, it is preferred to divide the weights instead of ranks. It will give the
same output. The result range starts from 0 and end at 100. The general model is

given in the Equation 5.1.:

Suitability = 0.25x LQu +0.1x ACyg +0.2x GLyg +0.1x APy (5.1)
+0.2x SLog +0.1x FP+0.05x ASy

where LQ, AC, GL, AP, SL, FP and AS are symbols of factors. The suffix RS
refers to standardized ranks of this factor. This model is not enough to produce
the microzonation because excluded zones are absent in the model of Equation

5.1. Then Equation 5.2 gives the output:

Suiatabilty = Suitabilty-qsuua 4, x FaultBuffer x MaskedZones (5.2)

In DEM’s of the fault buffer and masked zones, unit cells, which are inside of the
buffer or masked zones, take the value of 0. Values of others are constantly 1.
Actually, Formula 5.1 cannot produce a suitability value smaller than 0.20,

mathematically. The Formula 5.2 can add 0 values to mask the excluded areas.

5.2.2 Output of SAW

After applying Formula 1 on totally 116382 unit cells (pixels) by means of layer
analysis, microzonation values are obtained. Figure 5.1 shows the output of the
statistical model throughout the study area and frequencies of microzonation

values are plotted in Figure 5.2.
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Figure 5.1. SAW microzonation map of Niksar without classification.
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Figure 5.2 Frequencies of microzonation values without classification and

histogram showing the classification for the microzonation using SAW method.

5.2.3. Microzonation of the study area with SAW

The microzonation map, which is obtained after applying the statistical model
expressed in Formula 1, is not sufficient to exhibit convenience for the urban
settlement in well-defined zones. To eliminate this shortcoming, these raw

microzonation values are classified into distinct zones representing their safety
situation.

Bottom most row of the Table 5.4 indicate the meaning of each ranking from 1 to
5. According to this naming, suitability situations of “Very Bad”, “Bad”,
“Moderate”, “Good” and “Very Good” are placed in value intervals of 0-0.20,
0.21-0.40, 0.41-0.60, 0.61-0.80 and 0.81-1.00, respectively. Nevertheless, some of
the factors must be 0.2 to be in “Bad” situation, while others take 0.4 ranking.
Then, it is not applicable to use ranking intervals to classify the safety situation,

properly. Therefore, limits for classification ranges are changed. In addition to
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these, the graphic in Figure 5.2 shows accumulation of close microzonation
values around peak points. Then, new categories of the convenience for urban
settlement, with excluded zones of masked and buffer, are tabulated in Table 5.5.
The classified microzonation map of Niksar with SAW method is given in Figure
5.3 and details are tabulated in Table 5.6.

Table 5.5. Ranges of suitability classification for SAW without excluded zones

Range Name as Areas of Pixel Count Share
0.30-0.67 [Detailed Geotechnical Investigation 70528 60.60%
0.68-0.84 [Provisional 39891 34.28%
0.85-0.98 [Suitable 5963 05.12%

Total: 116382 100%

Table 5.6. Classification of microzonation with SAW

Areas Requiring
Suitable |Provisional| Detailed Geotechnical | Unsuitable

Microzonation Class Areas Areas Investigations Areas

Class Value I Il 11 \Y Total

Pixel Count 5828 35701 60107 14746 116382
Share 05.01% 30.68% 51.64% 12.67% 100%
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Figure 5.3. Classified microzonation map of Niksar with SAW method.

5.3. Decision making with AHP

The Analytical Hierarchy Process (AHP) is distinguished from the Simple
Additive Weighing Method mainly with its three properties. Firstly, it has definite
standard weights and ranks starting from 1 and ending at 9. Secondly, weights are

normalized and/or ranks are standardized based on the reciprocal relationships.
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Thirdly, controlling vectors check normalized weights and/or standardized ranks.
If they are inefficient, normalization and/or standardization are iterated until
efficiency is fulfilled (Saaty, 2004).

Parameters of the microzonation are factors for the decision making, here. Then,
weight of the parameter is assigned a number with respect to intensity of the
relationship (Table 5.7) with each of other factors, separately. The rank
assignment has the similar operation except from that relative importance between

different conditions of the factor considered in the decision-making.

Table 5.7. Comparison judgments from a fundamental scale of absolute numbers

for assigning weight/rank (Saaty, 2004)

Weight / Rank Intensities

1 Equal

3 Moderately Dominant

5 Strongly Dominant

7 Very Strongly Dominant

9 Extremely Dominant

2,4,6,8 Intermediate Values

Reicprocals; 1/2, 1/3, 1/4, ..., 1/9 For Inverse Judgements

5.3.1. Ranking and weighing the factors

A pairwise comparison matrix of all seven factors is given in Table 5.8. In this
table, rows belong to factors indicated at the starting column exhibiting names.
Column of a factor shows the relation, which is required to be defined as intensity
(Table 5.7). Sum of all intensities among a single row belonging to one factor
gives the weight of this factor in the decision-making. After that, all these weights

of factors are normalized.
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Table 5.8. Pairwise comparison matrix of factors

AHP Category Lique. Activity [ Lithology [ Amplifi. F. Prox. Slope Aspect
Liquefaction 1 5 2 5 3 2 9
Activity 1/5 1 1/3 1/2 1/2 1/3 3
Lithology 1/2 3 1 3 4 1/2 7
Amplification 1/5 2 1/3 1 1/3 1/5 5
Fault Distance 1/3 2 1/4 3 1 1/3 4
Slope 1/2 3 2 5 3 1 7
Aspect 1/9 1/3 1/7 1/5 1/4 1/7 1

Except from the lithology, all factors have certain five classes. The classification,
which is applied to all factors, focuses on the suitability conditions for urban
settlement and it is the same for the liquefaction, the amplification, the fault
proximity, the slope and the aspect. Then, all of them have the same pairwise
comparison matrices, which are equivalent of Table 5.9. Nevertheless, the
lithology factor contains four conditions (Table 4.5) and the activity has three
conditions (Table 4.12), then, both have different pairwise comparison matrices in
Table 5.10 and Table 5.11, respectively.

Table 5.9. Pairwise comparison matrix of ranks for liquefaction, amplification,

fault proximity, slope and aspect factors.

RANK Very Good Good Moderate Bad Very Bad
Very Good 1 3 5 7 9
Good 1/3 1 3 5 7
Moderate 1/5 1/3 1 3 5
Bad 1/7 1/5 1/3 3
Very Bad 1/9 1/7 1/5 1/3 1
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Table 5.10. Pairwise comparison matrix of ranks for lithology factor

RANK Very Good Good Bad Very Bad
Very Good 1 3 7 9
Good 1/3 1 3 7
Bad 1/7 1/3 3
Very Bad 1/9 1/7 1/3 1

Table 5.11. Pairwise comparison matrix of ranks for activity factor

RANK Very Good Good Moderate
Very Good 1 3 5
Good 1/3 1 3
Moderate 1/5 1/3 1

The iteration phase starts with obtaining initial weights for factors or ranks for
five different (it is four for the lithology factor and three for the activity factor)
conditions of factors. A second pairwise comparison vector is prepared with
respect to the existing weights. This process is repeated until the difference
between the last normalized weight and the previous one approaching to zero.

AHP requires a controlling operation by means of Consistency Ratio (Cg). It must
be smaller than 0.1 (Malczewski, 1999). Cx is the ratio (Equation 5.3):
C,=C//R, (5.3)

where C, and R, are the consistency index (Table 5.12) and random inconsistency
index, respectively. The C, is derived from Equation 5.4:

Ci=(4-n)/(n-1) (5.4)
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where A is consistency vector, which is the ratio of the weighed sum with respect

to the most dominant criterion and weights of all factors (Figure 5.4).

Table 5.12. Random inconsistency indices (Saaty, 1980)

n R, n R, n R,
1 0.00 6 1.24 11 1.51
2 0.00 7 1.32 12 1.48
3 0.58 8 1.41 13 1.56
4 0.90 9 1.45 14 1.57
5 1.12 10 1.49 15 1.59
ighted
consifency weighted sum (w, x, y, 2)
vector o .
criterion weights (a, b, c, d)
7\
A|B|C|D a W=+ w=Aa+Bb+ Cc+Dd
b X
c Y
d E

Figure 5.4. Calculation of consistency ratio (Kolat, 2004)

The result of the AHP weighing and ranking is tabulated in Table 5.13. The
Lithology factor is in different condition as it is indicated before. Each factor has
its own C, and A for its conditions and overall C, and A is 0.0894 and 7.71
respectively. In this thesis, all the C, values are smaller than the required upper
limit of 0.10 suggested by Malczewski (1999).
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Table 5.13. Weighing Factors with AHP

normal. Rank rank class \ ranking
Parameter weigh. | A CR 110.0311 310.0815 510.1663 710.2849 910.4362
Liquefaction 0.2587 | 5.37 | 0.0824 | Very High Def. | High Deformation| Medium Def. | Low Deformation Rocky
Amplification 0.0901 | 5.37 | 0.0824 35-4.3 35-3.0 25-3.0 20-25 15-2.0
Fault Proximity | 0.1090 | 5.37 | 0.0824 < 1000m 1000-2000m 2000-3000m 3000-4000m > 4000m
Slope 0.2149 | 5.37 | 0.0824 >30° 20 - 30° 10 - 20° 5-10° 0-5°
North N.west-N.east WNW-ENE West-East SW-South-SE
Aspect 0.0230 | 5.37 | 0.0824 | 345-360°, 0-15° | 315-345°, 15-45° | 285-315°, 45-75° [225-285°, 75-135°|  135-225°
110.0424 310.1196 7/0.3031 910.5349
Fragmented Siltstone, Limestone,
Lithology 0.2090 | 4.15| 0.0571 Alluvium Basalt and Tuff Claystone Sandstone
510.0909 710.2568 910.6523
Activity 0.0975 | 3.05| 0.0418 | Medium Exp.. Low Expansion Rocky

5.3.2. Output of AHP

After using weights and ranks shown in Table 5.13 for the Equation 5.1, the

mathematical model of the layer analysis is done using AHP (Equation 5.5). The

unclassified result is exhibited in Figure 5.5. There are different unclassified

microzonation values and their frequencies are plotted in Figure 5.6.

Suitability = 0.2768x LQu +0.00982x AC, +0.1948x Gl
+0.0724x APy +0.2204x SLyg +0.1119x FP+0.05x AS,

(5.5)

where LQ, AC, GL, AP, SL, FP and AS are symbols of factors. The suffix RS

refers to standardized ranks of this factor. The equation lacks of excluded zones.

Then, Equation 5.2 is also applied to obtain classified microzonation map with
AHP method.
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Figure 5.5. AHP microzonation map of Niksar without classification.
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Figure 5.6 Frequencies of microzonation values without classification and

histogram showing the classification for the microzonation using AHP method.

5.3.3. Microzonation of the study area with AHP

The division for the classified AHP microzonation is shown in Figure 5.6. Then,
classified zones are determined and tabulated in Table 5.14. The resultant
microzonation map with AHP is in Figure 5.7. The final proportions of suitability

zones for the urban settlement are given in Table 5.15.

Table 5.14. Ranges of suitability classification without excluded zones

Range Names as Areas of Pixel Count Share
0.06-0.26 |Detailed Geothechnical Investigation 71468 61.41%
0.26-0.38 [Provisional 40103 34.46%
0.38-0.46 [Suitable 4811 04.13%

Total: 116382 100%
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Figure 5.7. Classified microzonation map of Niksar with AHP method
Table 5.15. Classification of the microzonation with AHP
Areas Requiring
Suitable |Provisional| Detailed Geotechnical | Unsuitable

Microzonation Class Areas Areas Investigations Areas
Class Value I Il I v Total
Pixel Count 4581 35185 61870 14746 116382
Share 03.94% 30.23% 53.16% 12.67% 100%
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5.4. Comparison SAW and AHP results

Both of the methods produced almost consistent results. Totally, 94.20% of the
study area reflects the same results with two methods. On the other hand, the
deviation between two microzonation maps (Figure 5.1 and Figure 5.5) occurs
only in marginal values between different suitability classes. Areas of the

deviation are shown in Figure 5.8.

Both Figure 5.1 and Figure 5.5 has the same classification. The differentiation is
tabulated in Table 5.16. This table contains class values of SAW at rows and AHP
at columns. There is no occasion of the drastic changes between areas requiring

detailed geotechnical investigations (3) to suitable areas (1).

The portion of the deviation is only 5.80%, meaning that both techniques output
almost the same results. If it is necessary to select one of them, the microzonation
with AHP method is recommended because it has self-control process to check

consistency.

Table 5.16. Differentiation between two microzonation maps

AHP

1 2 3

> [1[593] - -
< [ 2 | 2657 [ 30464 6770
3| - [ 4744 | 65784
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Figure 5.8. Comparison map of two decision-making methods
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CHAPTER 6

DISCUSSION

The study area lies on the North Anatolian Fault zone where earthquakes having
M,, of 7.0 to 7.2 are expected (Abraseys, 1970; Saroglu et al., 1992; Barka, 1996;
Ozmen et al., 1997). In addition to this, a segment of NAFZ passes through the
study area. Under this condition, the earthquake hazard is a problem for Niksar

and the city planning must depend on the information about the ground.

The decisive property of the ground on the suitability of the settlement is the type
of the ground material. This property is covered in factors of the activity, the
liquefaction and the lithology. All three put a separation between the alluvium and
rocky eastern part of the study area. Then, the eastern part at which all formations
expose except from the llicaktepe formation is proposed as more favorable for the
urbanization. This formation has poorly consolidated material giving rise to slope

instability problem with increasing inclination of the ground surface.

Values of the factor of safety for the liquefaction are marginal ranging from 0.90
to 1.15, in some parts of the alluvium. Moreover, depths of some detected
liquefiable layer are down to 8m or the groundwater table is at this depth in the
vicinity of the city center. This situation might arise the idea that the liquefaction
is not expected to cause noticeable damage on the ground surface using the
method of Ishiara (1985). Nevertheless, the dominant soil type of the study area is
SC, which is clayey sand with low plasticity. Therefore, liquefaction evaluation
by LPI method gives better results when the distribution of the liquefaction

related zones are considered. On the other hand, the non-liquefiable soil, which is
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defined after geotechnical investigation, cannot be considered as favorable as
rocky ground observed at the east.

Depths of available boreholes are not enough to calculate actual ground
amplification by using technical properties of the materials below the ground
surface. If there were such data, the distribution of the ground amplification
parameter would be derived. On the other hand, this data would supply the shear
wave velocity values and the shear modulus degradation condition at the required
depths.

To summarize all properties of the microzonation it can be said that the ground
material supplies the main division between the alluvium and the rest. Then,
slope, aspect and lithologies categorize the rocky ground, while the liquefaction
and activity classify the soil. The fault proximity and the ground amplification are

added to improve the result.

The category of ‘areas requiring detailed geotechnical investigation’ covers
mainly areas having liquefaction susceptibility for the alluvium-covered part of
the study area. The same category covers the ground material of fragmented
basalt and tuff (material of llicaktepe formation.) on sloping ground (around
4494500N, 327000E). In steep slopes with this material, slope failures are
observed and these zones of the study area are closed in the category of

‘unsuitable areas’.

In the decision-making phase of the thesis, all factors are ranked consistent with
each other. All of factors are categorized into five cases as ‘very good’, ‘good’,
‘moderate’, ‘bad’ and ‘very bad’, initially. Nevertheless, the ground lithology and
the activity are exceptional because the ground lithology does not have
‘moderate’ case and high or very high expansion of the soil is not observed in the
study area for the factor of the activity. This situation is not a problem for SAW

method because all cases are assigned rank values as 1, 2, 3, 4 and 5, for very bad
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to very good. And, they are normalized as 0.2, 0.4, 0.6, 0.8 to 1.0, respectively.
Then, the activity does not have ranks of 1 and 2 while the ground lithology is
lack of 3. Nevertheless, this is problem for AHP method. The activity and the
ground lithology factors require their own comparison table while other five
factors of the liquefaction, the ground amplification, the fault proximity, the slope
and the aspect have similar comparison tables.
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CHAPTER 7

CONCLUSION AND RECOMMENDATIONS

In this thesis, the study area, which is the municipality service border of Niksar
(Tokat), is investigated and a microzonation map is prepared for the purpose of
urban settlement. This microzonation divides the study area into four categories
with respect to factors of liquefaction, activity, lithology, ground amplification,
fault proximity, slope and aspect. Moreover, some parts of the study area are
closed previously due to cultural use, mining and some other dangers such as
expected rupturing on the fault, landslide.

The liquefaction is a highly probable event for alluvium-covered parts of the
study area. The medium expansion of the soil is expected southwest of the city
center. The ground amplification is, commonly, in the range of 2.0 to 2.5. The
slope instability is the problem for the study area around the southern bank of
Canakci brook with high inclinations more than 30° and in ground material of
fragmented basalt and tuff (llicaktepe formation.), in north facing slopes,

particularly.

The microzonation of the study area is produced by means of MCDA methods of
SAW and AHP, separately. Both of them are used to obtain classified
microzonation maps. Nevertheless, the map prepared with AHP method is

preferable because it has the methodology to check its own consistency.

According to the suitability condition exhibited in the microzonation map, it is

recommended that the rocky parts of the study area composed of siltstone,
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claystone are more convenient for urban settlement in the study area than
alluvium if the slope instability problem does not exist. Moreover, sandstone and
limestone are recommended, decisively. Then, this will be more reliable if new

settlement areas are shifted to these zones.
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Tarih / Date: 08/03/2008

Sondaj Yeri / Boring Location: Niksar/Tokat

Sondaj Kuyu Ho / Borelog Ho: SK-01

Sondaj Derinli

YASS / Water Table Depth: -
Kuyu Capi / BH diameter (mm): 110 mm

Borehole Depth: 30.00m
Delgi Yontemi / Drilling Method: Sulu dénel delgi Sondaj Eki

Proje Adi / Project Hame: Niksar
GPS Koordinati / GPS Coordinate: D 323245 - K 4497435

Miihendis / Engineer: Jeo. Mih. Ender ONDER

Sondor

Erding Alibabaogullan
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Figure A.1. Borehole drilled for the thesis: D02 (1/3)
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Figure A.2. Boreholes drilled for the thesis: D02 (2/3)
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Figure A.3. Boreholes drilled for the thesis: D02 - 3/3
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Sondaj Yeri / Boring Location: MNiksar/Tokat
Sondaj Kuyu Ho /Borelog Ho: SK-02
Sondaj Derinligi / Borehole Depth: 30.00m
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Miihendis / Engineer: Jeo. Mih. Ender ONDER

Sondar / Driller:
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F SPT-2 |16 16 10 26 25cm Greyish brown, m-dense, 183(146 (31,7 (171 (500 [250|GC
L clayey GRAVEL.
I3 up-1 15cm Grimsi kahve, siki, kill 26111221312 (190 |70 [485|SC
[ KUM.
F SPT-3 |14 |10 12 22 | 26cm 16,3[136 (288 |152 (21,5 |34,0(SC
4
| Greyish brown, dense,
clayey SAND.
F SPT-4 |12 22 24 46 30cm 156(115 (26,7 (152 (26,7 [321|SC
5
+ SPT-5 |35 24 36 50+ | 33cm 123(164 [316 (152 (92 [31,2|SC
-6
r Grimsi kahve, sert, diglk
+ SPT-6 |22 |26 20 |46 [31cm plastisiteli, inorganik, sittli 134[151 [31,7 |166 [36 [523]|CL
L KIL.
-7
L Greyish brown, hard, low
plasticity, inorganic, sitty
I CLAY.
+ SPT-7 |3 22 16 43 38cm 151(188 363 [17,5 (22 |565|CL
&
I Grimsi kahve, gok sik,
s SPT-8 |25 [18 |19 [37 |3dem il KUM. 154|175 |31,4 |139 200 |39,5|sC
-9
| Greyishbrown, verydense,
clavey SAND.

KIVAKM DURURU / STIFFNES S

SIKILIK ! DENSITY

DAVANIMLILIK ! STRENGTH

STANDART/ STANDARD

AVRIGMA I WEATHERING

H=0-2Cok yumugak/ V. Sott N
N=3-4vumugak/ Sott N
H=3-8Crta Kah/ M. stift ]
N=3-15 Kah ! Stifr H
N =16 -30 Cok Kah /. stift H
N 30 Sert/ Hard

=0-4Cok Gevgek V. Loose
=5-10Gevgek/ Loowe

= 11-30 Crta Siki / M. Cense
=31-50 Siki/ Dense

=50 Cok Sik /. Dense

ICok dayanimh / Very strong
Il Cayanim i / Strong
W Crta / Madium

IV Zagt 'Weak

W Qok 2t/ Very weak

0-10 % Pk az(Seyrak )/ Trace

10 -20 % Az/ LIthe

20 -35 Sifat/ Adjsctive (Or some )
35-350% Ve /and

ITaze [ Frash

Nazamgmig / slightly weatherad

I COrta ayngmig / Mod. weathersd

1V Gok ayngmiy 7 Highly weathersd
 Tamam én ajngmig / Comp. weathersd

UD: Crselenmemly Numune / Undlsturbed Sample

SPT :standart Penetrasyon Deneyl / standart Penetration Test

Page 1 of 3

Figure A.4. Boreholes drilled for the thesis: D01 (1/3)
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= Standart Penetrasyon Deneyi [ — — =
E"‘ EE E E Beoa Standard Penetration ‘Test 5 5 °:,§5_ s na? ggQggg
< E gé i UFE Euéﬁ. Zemin Tammlamasy gg;ﬂ.& oy 51355 &
H 5|~ 8|5 4E 3 gﬂ EE Soil Description & S|E Bl g | ] &-gn 4
|55 |8 5§ 4 - ,5022,5. EZE(=8|% &
Af%énnasn, E| B | E K PIER ERlE5|0 k| & 8
a ] E o o 5] g R 22885~ g% 8o &
af|de s 65lg & - = - zZ Al = § ] 2IR 2T g g
g a “ - Lrd N E A RZER%] ) o ﬂ 5' Sle=x|8 g
- 1 & A 2 E PR ol Mz o|e s
a Z 5 GG Z (2 3
F SPT-9 |38 (40 49 50+ | 20cm 1441135 |27,7 (142 |160 |315(SC
10
F SPT-10 | 41 50M0 |- 50+ |15cm 136|144 |31,7 (173 |250|385(SC
1 — =
L Grimsi kahve, sert, digik
plastisteli, inorganik, sittl
i KIL.
F SPT-11 (42 805 |- 50+ |10cm Greyish brown, hard, low 159143 |32,7 (184 (41 |535|CL
3 plasticity, inorganic, sitty
12 LAY
| Grimsi kahve, gok siki,
i Killi KU,
L SPT12 (33 |- - 50+ |15cm 83 122|286 (164 |135 |445|5C
-_1 3 Greyishbrown, verydense,
clayey SAND.
F SPT-13 | 5044 |- - 50+ |3cm 67 |143|290 (147 |21,5|380(SC
14 = =
| Acik gri, cok siki, iri
Gakil, killi KUM.
F 14.50 |SPT-14 | 501 |- - 50+ | 2cm
15 4
L Light grey, very dense,
coarse gravelly, clayey
r i SAND.
3 ] 15.50 |SPT-15 5062 |- - 50+ |2cm
16
F 116.50 |SPT-16 [50i2 |- - 50+ |2cm
F17
+ 17.50 |SPT-17 | 5013 |- - 50+ |3cm
18
r 11850 |SPT-18 501 |- - 50+ |1cm
19
F 19.50 |SPT-19 [50M1 |- - 50+ |1cm
20
KIVAN DURURU / STIFFNES S SIKILIK / DENSITY DAVANIMLILIK ! STRENGTH STANDART ! STANDARD AYRIGMA ! WEATHERING
H=0-2Cok yumugak V. Soft N=0-4CoKk Gevyek/V. Loose ICok dayammii / Very strong 1Taz ! Frash

-4 vumugak / Sott
Crta Kah /M. st
- 15 Kah 7 stitr

-30 Cok Kah /. stifr
N = 30 Sert/ Hard

H = 50 Cok Sik /. Dense

- 10 Gavgeh [ Loose
1-30 Orta Siki 7 M. Dense
1-50 Sik / Dense

Il Cayanim i / Strong)

 Medlum

Zapt ! Weak
W Gok Zpt ! Very weak

0 -10 % Peki az(Seyrek )/ Trace

10 -20 % Az/ Little

20 -35 Sitat/ Adjsctive (Cr some )
35 -50 % Ve / And

Nazagngmig / Sightly weathersd
Crta amgmig / Mod. weathersd
IV ok ayngmig [ Highly weathersd
 Tamamen angmig / Comp. weathered

UD : Craslenmemly Numuns / Undlsturbad Sample

SPT :standart Penetrasyon Deneyl / Standart Penstration Test

Page 2 of 3

Figure A.5. Boreholes drilled for the thesis: D01 (2/3)
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o Standart Penetrasyon Deneyi | = — QH
E = é E’ E Bow Standard Penetration Test E E E’éuq s HQ g ;?Qf,-? ;?;?
< B 3%% vﬁE Eué'ﬁ« Zemin Tanmlarmasy g;:ﬂ.&é‘;’;—_‘:’&::"’
45|~ & |5 4 g ogﬁgg Soil Description & SLE Bl E ;g“‘u-gn g
FACERRE IR S ale o '5321-5' 2138 =
ERlda|8 X Ed s8¢ 2 300 2525|552 8184| 48
daldals5|2E|a || 5| =82k =28 8lg 5|k Blvdlz e
FE=A 333 BB AEIRRIGR|E 5138
= = 2 &5 I ol ==
a z 8 GG Z |z 5
F SPT-20 (5043 |- - 50+ |2cm
F21 -
L Acik gri, cok siki, kumlu,
killi, iri GAKIL.
F 2150 [SPT-21 |5002 |- - 50+ [1cm
22 .
| Light grey, very dense,
sandy, clayey, coarse
i ] GRAVEL.
F 2250 |SPT-22 |50i2 |- - 50+ (1cm
23
F £ ;23.50 SPT-23 (5042 |- - 50+ (7
|24
+ | 2450 |SPT-24 (50i4 |- - 50+ |7
25
+ | 2550 |SPT-25 |5012 |- - 50+ |7
26
+ | 2650 |SPT-26 |5063 |- - 50+ (7
27
L o 2750 |SPT-27 |5002 |- - 50+ |7
28
r | 28.50 | SPT-28 | 501 |- - 50+ (7
29
F 2950 |SPT-29 | 5043 |- - 50+ (7
30 :
| 30.00 |SPT-30 |50/ |- - 50+ (7 Kuyu sonu-End of borehole
=31
KIVAM DURUMU ! STIFFHESS SIKILIK ! DENSITY DAYANIMLILIK ! STRENGTH STANDART! STANDARD AVRIGMA! WEATHERING
W=0-2Gok vumugak /v, Soft | N=0-4Gok Gevgek 1V, Loose | IGok dayanimii [ very strong - EPPU Taz [
=34 Tumuak / Sott H=5- 10 Gevgeh | Looss Wl Caganimii / $trong. S48 % PACHZL Bayrwke) CTiRGe i n,,,:,';’, Sightty weathersd
N=35-5 Orta Kati/ M. stirt N= 11-30 Crta Stk / M. Dense I Crta ! Medium 10 -20'% Az] Littls WGt aynging / Mod. weathersd
N=9-15 Kah ! stifr N=31-50 Siki / Cense IV Zapt i Weak 20 -35 Sitat/ Adjective (Cr soms ) I Gok 3§n,m.| ? Highly weathersd
N =16 -30 Gok Kat /. Stifr M= 50 Cok Siki /. Dense Vgok 2t Very weak 35-50% Ve /And W Tamaman ayngmig / Comp. weathersd
N = 30 Sert/ Hard
UD: Srselenmemly Numune / Undisturbad Sam ple SPT :Standart Penetrasyon Deneyt / Standart Panetration Test Page 3 of 3

Figure A.6. Boreholes drilled for the thesis: D01 (3/3)
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Tarih / Date: 04/03/2008
Sondaj Yeri / Boring Location: Niksar/Tokat
Borelog Ho: SK-03
! Borehole Depth: 30.00m
Delgi Yontemi / Drilling Method: Sulu dinel delgi S

Sondaj Kuyu N
Sondaj Derinl

YASS /Water Table Depth: -
Kuyu Capi / BH diameter (mm): 110 mm

Proje Adi / Project Hame: Niksar
GPS Koordinati / GPS Coordinate: D 324181 - K 4497202

Miihendis / Engineer: Geo. Eng. Ender ONDER

Sondér / Driller:
laj EKij

Erding Alibabaodullan
I Drilling Equip

Atlas Copco, Craelius D750

SPT Yontemi / SPT Method: Halat, makara, kedibagi yontemi, BV tij.

$ahmerdan Tipi / Hammer Type: Standart emniyet gahmerdan

= Standart Penetrasyon Deneyi | — ~— = 2 s eps
£ ~|d & 7| & o | suniapenstmsionest |5 & ol IO B ey gy IR
— B Sé i ‘-’i’:r%: Euéﬁ. Zemin Tarmmlamasy Falg R TSRS
H 5|~ 8| & 3 gﬂ E K Soil Description & G|8E|g 8 E g B8 g 7
RS gl B 2 IR ﬁﬂbsg 3858 8 2
ERlfa|s ElEs|e | e s ki HEGE FEI5E & 3
B £ E gl @ 8 8 g B L ZEEE|s 2|2 8 Bls &
affde s s6lg | a = " = Y 2E|RBIER[R RTMIE
g g =12 |53 | R “-£5§§m5°*«53
o - a2 5] IR 20 =R o
a Z 3 GG Z (2 =
~0 S—
| z Grimsi kahve, orta siki,
¥ Killi kUM,
-1 .
| up-1 35cm Greyish brown, m.dense,
| clayey SAND.
F SPT-1 |6 8 9 17 |32cm 98 116|271 |155 |135[38,0|SC
2
L SPT-2 |13 |8 11 |19 |25cm — 11,0[(103 |266 |16,3 |35,0 |300(SC
| Grimsi kahve, ok kati,
digiik plastisite, inorganik,
3 i 3
up-2 36cm KIS rown, very stiff, |41.8[87 [323 |236 31 |s66|ML
: lowy plasticity, inorganic,
F SPT-3 |11 14 13 27 | 28cm Grimsi kahve, orta siki, 123|156 | 29,7 (141 [19,5|405(SC
3 Killi kUM,
4 up-3 40cm Greyish brown, mdense, |84 [104 (239 |135 [130[280(sC
i clayey SAND.
F SPT-4 |9 12 10 22 |23cm 112|144 |289 |145 |227 [37,2|SC
5
L SPT-5 |15 |35 |18 |50+ [20cm 120(84 |255 |171 |145|37.0(SC
L Grimsi kahve, sert, diglk
Lg plastisite, sitth KIL.
UD-4 30cm 84 (186|327 |14 |36 |51.2|cCL
r Greyish brown, hard, low
3 plasticity, sitty CLAY.
+ SPT-6 |18 14 16 30 | 23cm Grimsi kahve, orta siki, 98 |10,7 |288 (181 (27,0 |340(SC
3 Killi KU,
L7 Greyish brown, m.dense,
clayey SAND.
L Grimsi kahve, cok siki,
L SPT7 [13 |28 |30 |50+ |25cm e rydenss, |64 [144 308 [164 |405 |205]cc
+ sandy, clayey GRAVEL.
:3 up-5 32cm Grimsi kahve, gok kat, 86 (89 (328 (239 (22 |520(|ML
digiik plastisite, inorganik,
I kumilu, killi SILT.
L SPT-8 |11 |25 |15 |40 [28cm Grimsi kahve, gok kati, 87 (107|260 |153 |27.3|326(SC
£ digik plastisite, inorganik,
La kumlu, killi SILT
KIVAM DURURY { STIFFHESS SIKILIK { DENSITY DAVANIMLILIK { STRENGTH STANDART / STANDARD AVRIMA ! WEATHERING

N=0-2Cok yumugak V. Soft

N=3-8Crta Kah /M. stirt
N=9-15 Kah !/ stirr

N =16 -30 Cok Kath /. stift
N > 30 Sert/ Hard

N
N
N
H
]

=0-4Gok Gevgek V. Looe

=31-350 Siki / Dense
= 50 Cok Siki /. Cense

- 10 Gevgek [ Loows
1-30 Crta ik / M. Cense

1ok dayanim ! Very strong
Il Cayamim i / Strong
Crta / Madium

I Zajit s Weak
VGok gt very weak

10-20 % Az/ Little

35-30% Ve /and

0-10 % Pek az(Seyrek )/ Trace

20 -35 Sitat/ adjective (Cr soms)

1Taze [ Frash

NAzawgmig ! slightly weathersd
ICrta angmig 2 Mod. weathered
IV Cok ayngmig [ Highly weathered

WV Tamamsn ayngmig / Comp. weatherad

UD: Crselenmemly Humune / Undisturbed Sample

SPT :Standart Penetrasyon Deneyl / Standart Penetration Test

Page 1 of 3

Figure A.7. Boreholes drilled for the thesis: D03 (1/3)
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= Standart Penetrasyon Deneyi | — — =
IE"‘ ﬂ 5 IE Boa Standard Penetration Test E E ‘E’é..‘ s ,\Q g;@g ;?;2
< E géoé uf_“.s E"é.& Zemin Tanmlamas: gg-ﬂgé\:,—;”u;;""
gal2&|% & B °g”l§ﬁ Soil Description 248.55-‘555;%&5 9 3
-D'Ez'ww -g‘ E E E mﬂoo '§u§?§ Q},g:m.ﬂ
@ oQQEE 2 8 ° g I Y 22‘.3,3,-6%.3 3 a- o
AaAR|lg“ | & ~ n o " -4 Al B sgmm"ﬂ"‘m‘f_ ==
N R I i - I E B4« n_g_sg'.ﬁ_!ov'ag
- <] oS 4 2 E P R 5 Mz sle S
a Z 8 GG Z|z 5
3 ‘|9.50 [SPT-9 (15 (30 40 50+ |18cm Agik ari, gok sk, az 53 |138 (288 (150 (398|231 (GC
+ kumlu, killi GAKIL
F10
| Light grey, very dense, little
L o sandy, clayey GRAVEL.
3 91050 |SPT-10 |25 |40 5012 |50+ |22cm 81 |158 (310 (152 (425 |275(GC
F11
| Aclk gri, ok sik, az
| kumlu, sittli, Killi iri GAKIL.
3 1150 [SPT-11 45 [s055 |- 50+ |5cm
12
| Light grey, very dense,
sitty, clayey coarse
I : GRAVEL little few sand.
3 11250 |SPT-12 (508 |- - 50+ |5cm
F13
3 113.50 |SPT-13 |50M0]- - 50+ |4cm
14
3 ;14.50 SPT-14 (50i2 |- - 50+ |7
15
3 115.50 SPT-15|50i3 |- - 50+ |2cm
16
+ 116.50 |SPT-16 |5043 |- - 50+ |1cm
F17
3 11750 |SPT-7 | 500 |- - 50+ |2cm
18
3 ;18.50 SPT-18 [50i2 |- - 50+ |2cm
19
3 =01 19.50 |SPT-19 (502 |- - 50+ |2cm
20

KIVAM DURURMU ! STIFFNESS

SIKILIK ! DENSITY

DAVANIMLILIK ! STRENGTH

STANDART/ STANDARD

AVRIGMA ! WEATHERING

N=3-4vumugak/ Sott
H=35-8Crta Kah / W, stift
N=39-15 Kah/ sttt

N =16 -30 Cok Kat /v, sHfr
N = 30 Sert! Hard

H=0-2Cok yumugak V. Sott

N=0-4Cok Gavgek V. Loose
N=5-10Gevyek/ Loowe
H=11-30 Crta Sike / M. DCense
H=31-50 Siki / Cense

H =50 Cok Siki /. Dense

ICok daganimii /ey strong
Il Caganim i / strong
W Crta 7 Medium

I Zapt ! Waak

W Gok zapt ! ery weak

10-20 %
20 -35 S
35-350 % Ve /And

e

0-10 % Pok az(Seyrsh )/ Trace

Jective (Or soms )

ITaze [ Frash

NAazamgmig / slightly weathersd

W Crta agngmig ! Mod. weatherad

IV Cok agngmig 7 Hghly weathersd

V Tamamen ayngmig / Comp. weathersd

UD : Crselenmemiy Humune / Undisturbed Sampls

SPT :S$tandart Penetrasyon Cenejl / Standart Penetration Test

Page 2 of 3

Figure A.8. Boreholes drilled for the thesis: D03 (2/3)
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= Standart Penetrasyon Deneyi [ — — o
Eolaall 8l s g | samareemionren |§ 2y . |.zlegzzkE
< B géo i VFE Eué’i Zemin Taumlamasy ?gﬂ%e’i:’r;”u::"’
dg|=&|8 & g Og"uz Soil Description 38.55<’E§§§§g,§ 'R
BRldals & | E g g S 3leo ﬁu.&.é*ﬁ' SEl5E| & 3
@ @ oQQEE 5 S o g )20 ) gs,aa_uﬁ,a 3 = o
AaA[3@ = ¢ =2 = e z EIR R g R|ER|R B[T%g e
L3} E,,Zm - ] I En.mrn mﬁ_gé 8 Rlew (g
i s | 2| g E CLESR e A2 3T
a 28 iG] Z |2z
F 2050 |SPT-20 | 5042 |- - 50+ (7
21
F 2150 |SPT-21 |50M |- - 50+ (7
22
F 42250 [SPT-22 |5013 |- - 50+ (7
23
L 12350 [spT-23 |50 |- |- |50+ |2
24
3 | 2450 |SPT-24 |50/3 |- - 50+ (7
l-25 )
L Acik gri, cok sk, az
kumlu, sittli, kil iri GAKIL.
F 3| 25.50 | SPT-25 (501 |- - 50+ (7
o5 5
| Light grey, very dense,
sitty, clayey coarse
[ GRAVEL with some sand.
F 2650 |SPT-26 |50/4 |- - 50+ (7
27
+ 127.50 |SPT-27 |50/3 |- - 50+ (7
25
r 2850 |SPT-28 |50/3 |- - 50+ (7
29
F J{29.50 |SPT-29 |50/2 |- - 50+ (7
30 :
| 3000 [SPT-30 (5002 |- - 50+ (7 Kuyu sonu-End of borehole
31

KIVAM DURURMU ! STIFFNESS

SIKILIK { DENSITY

DAVANIMLILIK ! STRENGTH

STANDART/ STANDARD

AYRIGMANWEATHERING

N=0-2Cok vumujak/ V. Soft
N=3-4vumugak / Sott
N=3-8Orta Kah / M. stifr
N=35-15 Kat / Stir

N =16 -30 Cok Kat /. Stiff

N = 30 Sert/ Hard

N=0-4Gok Gevieh V. Loote
N=35-10Gaveh [ Looss
H=11-30 Crta Sil / M. Dense
H=31-50 Sk / Dense

H= 50 Cok Siki /. Cense

11 Ca

norta
I/ Zagt/'Weak
V Gok zapt ! Very weak

IGok dayaniml / Very strong

yaniml / $trong
edium

0-10% Pek az(Seyrek )/ Trace

10 -20 % Az/ Little

20 -35 Sitat/ AdJective (Or some)
35-30% Ve ! and

ITaze [ Frash

Iazamgmig / Sghtly wsathersd

Crta angmig / Mod. weathersd

IV Gok ajngmig ! Highly weathersd
VTamamen ajngmig / Comp. weatherad

UD: Craelenmemly Numune / Undisturbed sample

SPT :Standart Penetrasyon Deney / Standart Penetration Test

Page 3 of 3

Figure A.9. Boreholes drilled for the thesis: D03 (3/3)
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Tarih / Date: 29/02/2008 Proje Adi / Project Hame: MNiksar
AR
ﬁ“‘h‘*z Sondaj Yeri / Boring Location: Niksar/Tokat GPS Koordinati / GPS Coordinate: D 324510 - K 4496801
X Sondaj Kuyu Ho / Borelog Ho: SK-04 Miihendis / Engineer: Geo. Eng. Ender ONDER

Sondaj Derinligi / Borehole Depth: 30.00m Sondor / Driller:  Erding Alibabaodullan

g N&' Delgi Yontemi / Drilling Method: Sulu dinel delgi Sondaj Ekip I Drilling Equiy Atlas Copco, Craelius D750
N . YASS /Water Table Depth: - SPT Yontemi / SPT Method: Halat, makara, kedibag yontemi, By tij.

Kuyu Capi / BH diameter (mm): 110 mm $ahmerdan Tipi / Hammer Type: Standart emniyet gahmerdani
H E‘ any Standart Penetrasyon Deneyi E E\ gg I P P s
E~|& = E| B o | StndardPenetation'Test |2 2 . a3 58 iles B 1 ééé
< B Séo)' \_ai:lg z & A Zemin Tanumlamasy g‘éﬁ%bu_-'_uvﬁg,
FC|= 8|85 & g 3 gﬂ E K Soil Description 23 EElg 5 E | g g &8 ]
Sl52|6 5 B a4 a gle o Ehlz & _:5: :5', 213 2 =
B E = | B E E i -] golo gl d
B & 2la al B g|E g 8 g P E GG D |E gRl & ol
afld? s s|ls 8| o = o = Y 2ERBIER[(R RTME g
¥ 3 a5 b3 ¥ EE|lw“ “_s.qﬁ S X|lgx|3 ]
5 F ] a 3 E & G R B g o8 AN K
a %3 KK Z |2z
ro
Grimsi kahve, orta siki, |,
r Killi KUM.
1 .
up-1 25cm Greyish brown, m.dense,,
r clayey SAND.
L SPT4 |20 10 |11 |21 |30cm 113114286 (17,2 |285 [33.0]5¢C
r2 up-2 35cm 120(145 | 306 (161 220 [34,5|s¢C
L SPT-2 |20 |9 8 17 |25cm 136|685 |264 (179 |215[335|5¢C
3 up-3 36cm 122|113 | 266 (153 |31.9 |31.4|s¢
L sPT-3 18 [15 |9 24 |25cm 119108 |31.4 |208 290 |265(sC
I . Grimsi kahve, gok kat,
r ¥ digik plastisite, inorganik
I UD-4 41cm eraelsns i, 10776 |306 [230 (21 [57.0(mML
I Greyish brown, very stiff,
L SPT4 |10 |9 7 |16 |23cm low plasticity, inorganic, 136(96 |27,3 |17.7 |140 |530|CL
clayey SILT and sitty
i CLAY.
= up-5 35cm Grimsi kahve, orta sik, 10 11,2308 (19,7 |150 [350|SC
r Killi KUM.
L SPT-5 |9 7 9 16 | 28cm Greyish brown, m.dense, 135|129 (312 |183 (17,0 [460|SC
| clayey SAND.
-6
I Acik gri, siki, az kumlu,
r killi ince GAKIL.
L SPT-6 |18 |15 17 32 [26cm Light grey, dense, clayey 92 |151 |304 |153 360 (320|GC
fine GRAVEL. with little
r g sand.
e
KIVAW DURUMU/ STIFFNESS SIKILIK { DENSITY DAVANIMLILIK ! STRENGTH STANDART ! STANDARD AVRIGMA! WEATHERING
N=0-2Gok yumugak i v. Soft | N=0-4Gok Gevieh/V. Loote | 1ok dayanimii/ very stron; PO, w7
Samuyah ot > lo%'35"19":? l°°v'° |rt°3“n':"" ! 5"‘?";‘9J A el e e :Irzs:'nml‘?.' slightly weathersd
N=35-8Crta Kah /0. Stift 1-30 Orta Sika ! M. Cense Crta f Medium 10-20 % Az Littte WCrta iy ! Mod. weathersd
N=3-15 Kah / stift N=31-50 i/ Dense IV Zapt  Weak 20 -35 Sitat/ Adjective (Or soms) 'V'(;»OV3;“]""!f"'ﬂ““}'“"‘""‘“
N= 16 -30 Cok Kati /. sttt N 50 Cok Siki [ V. Dense V Gok zagt i very weak 35-30% Vel And ' Tamam én ayngmig / Com p. weathersd
N = 30 Sert/ Hard
UD: Crselenmemly Numune / Undlsturbed Sample SPT :$tandart Penetrasyon Denejl 7 Standart Penetration Test F'age1 of 4

Figure A.10. Boreholes drilled for the thesis: D04 (1/4)
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g Standart Penetrasyon Deneyi [ — — o I O )
E —~ @ = E\ Bow Standard Penetration ‘Test \5_, \E_, :’é--‘ B r—\g g REER R
\_/5 Séo i o Fg g & 5 Zemin Tanumlamasy §E;a'3 5:,:;::5
;’gﬁ aElE 8 g ngg“ KK Soil Description 3855“555;& 24 ‘g )
ERlE=|2 |62 |8 |58|¢ 3¢ ¢ IR R bR Rl I
2alda o E 2 3 o Ealpr =R R Bl - -1 L e
=} o B oalg & n = - -4 B B = g i) gl 8 BT g g

¥ g & |2 2 T E &6 @ n,g,gﬁg'mnov..a

- = & a5 2 E P R MZ g2 s

a z 3 a3 =z
7
¥ Grimsi kahve, katl, digik
L sPT-7 (11 |6 |9 |15 |40cm plastisiteli, inorganik, siti ~ |15,6(151 (304 [153 |18 |B18]cL

KIL.
s uD-6 30cm Greyish brown, stiff, low 125121 |264 (143 |37 [556(CL
r plasticity, inorganic, sitty
| CLAY.
L SPT-8 |7 g 9 17 [ 26cm 1589|160 (323 [163 |16 ([612(CL
[ up-7 28cm Grimsi kahve, orta siki, 12,2193 (274 [181 |185 |40,5|SC
r Killi KUIM.
L SPT-9 |9 7 10 17 [42cm 146193 (284 (191 |165 |38,0|SC
1o UD-8 45em|] Greyish brown, mdense, | 12:8[195 368 [173 |52 |419]sc
r clayey SAND.
L SPT-10 |8 " 12 23 (28cm 128|135 (301 (166 |305 |33,5|SC
11
L SPT-11 |18 13 15 28 [25cm 130|145 (301 [153 |82 |39,3|SC
F12
5 SPT-12 |7 12 9 2 23cm 99 |132 (314 (182 |305 |275|SC
F13
L SPT-13 |22 20 18 38 |19cm 88 (103 ]29,2 |189 (36,0 |260|SC
14
L SPT-14 | 30 19 22 # 22cm 96 |10,7 (31,3 [206 |31,0|300|SC
F15 Hss
SIKILIK | DENSITY DAVANIMLILIK { STRENGTH STANDART/ STANDARD AVRIGMA! WESTHERING

N = 30 Sert/ Hard

H=0-4Cok Gevgek V. Looss
N=5-10Gavgek/ Loowe
N=11-30 Crta Sk / N, Censs
H=31-350 Sk / Dense

N = 50 Cok Sik /. Dense

1Cok dagammi / Very strong
Il Cayanim i / Strong

NOrta : Madium

W Zay ek

V ok zZant i very weak

0 -10 % Pek az(Seyrak )/ Trace
10 -20 % A,
20 -35 Sitat/ 2djsctive (Cr soms )
35-350% Ve /And

I1Tazs [ Frash

Hazagmgmig/ Sightly weathersa

I1Crta ayngmig / Mod. weathersd

IV Cok ayngmis [ Highly weathersd
VTamamen ajngmig / Comp. weathered

UD : Crsslenmemly Numuns / Undisturbad Sample

SPT :standart Penetrasyon Deneyl / Standart Penstration Test

Page 2 of 4

Figure A.11. Boreholes drilled for the thesis: D04 (2/4)
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Y Standart Penetrasyon Deneyi | = — Qﬂ
E\’" é E’ E\ B Standard Penetration Test E 5 E’éw s ,-\Q @:;Q?gg
uE &éo B upE EUE,& Zemin Tanmlamasy EE%,@ é‘:’«-:’f_,:;’u
%5“‘& B dlen ‘gg"uu Soil Description sg.£5§§§§§_§§.§E "
BRlEF(A Z|Ed|s |8 ¢ a2 Ealggdd|55e8l8 &4 8
alsd e« |z = E Zg.ﬂl-'l-' 4 8|% m'ﬁv?éoo
[=] 51 Bl = o o o BB =§ a8 BIR T 3
L 9@ @ 7 2 i EBle @ Lol I 5‘ Sl T8 §
BB = A 2 E & | Mz sl
a s GG Z|z2 5
3 Acik gri, cok siki, az
kumlu, killi GAKIL.
| 11550 [sPT5 (29 [30 |21 |50+ |21em Light grey, v.dense, clayey |68 |93 [2441 [143 [450 240|6C
fine GRAVEL. with little
I sand.
16
I {1650 |spT16 |32 |41 [s0 |50+ |14cm L Kvagriosin 125|858 |274 |186 |260 |345|sc
I Greyish brown, v.dense,
F17 clayey SAND.
I T ik ori, cok sik
I P1750 |seTa7 |41 |50 |- |50+ |13em kit kil i CAKIL. 84 115|296 |180 |415 |30 |cc
18
Light grey, v.dense, little
r sandy, clayey coarse
| GRAVEL.
L 11850 |sPT-18 |48 5013 |- 50+ [15cm 53 (106|266 (160 |49,0)|205(GC
19
Ack ari, ok siki, az
r kumlu, sittli, killi iri GAKIL.
L 119.50 | SPT-19 (5063 |- - 50+ |2cm
20
Light grey, v.dense, litle
r sandy, sitty, clayey coarse
| : GRAVEL.
L 2050 [SPT-20 | 5045 |- - 50+ |2cm
21
L ;2150 |SPT-21 (5045 |- - 50+ |3cm
22
L 2250 (SPT-22 |50/4 |- - 50+ |2cm
23

KIVAN DURURMU / STIFFNESS

SIKILIK ! DENSITY

DAVANIMLILIE ! STRENGTH

STANDART/ STANDARD

AVRIGMA I WEATHERING

H=0-2Cok Yumugak V. Soft
N=3-4vumugak/ Sott
H=3-8Crta Kat /M. stift
N=9-15 Kah/stift

H =16 -30 Cok Kah /. stift

N = 30 Sert/ Hard

N=10-4Gok Geviehiv. Loose
H=35-10 Gavyeh / Looss
H=11-30 Crta Sike /M. Dense
H=31-350 Siki / Dense

N = 50 Cok Siki /. Dense

IGok dayanimh / Very strong
Il Cayamimhi / $trong
orta / Medium

IV Zapt I 'Weak

V ok 2t very weak

10-20 % Ittle

35 -30 % Ve / And

0= 10 % Pekiaz(Seyrsk )/ Trace

20 -35 Sitat/ 2d)ective (Or some)

1Taze [ Frash

Nazamgmig / Slightly weathersd

WCrta ayngmig / Mod. weathsersd

IV Cok ajngmi 7 Highly weathersd
 Tamamen ayngmig / Comp. weathersd

U0 : Crselenmemly Numune / Undisturbed Sample

SPT :standart Penetrasyon Deneyl 7 Standart Penetration Test

Page 3 of 4

Figure A.12. Boreholes drilled for the thesis: D04 (3/4)
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= Standart Penetrasyon Deneyi | — — [
@ EE 3 p——— Y glegzzles
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BelEd| 3| Ed e |8 ¢ S[2ue éﬂ’l‘i‘svégé"ofﬁm@
Aal82|% 5| 2E|S |2 2] =|8alkE =E|8 8|55k Blzdlg s
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L 12350 |SPT-23 |50 |- - 50+ [3cm
124
L {2450 |SPT-24 |50/5 |- - 50+ |7
25 E
Acik ari, cok siki, az
r kumnlu, sittl, killi iri CAKIL .
L |2550 |spTo2s [s02 [ |- |50+ [
26 . §
Light grey, v.dense, little
r sandy, sitty, clayey coarse
| GRAVEL.
L 12650 |SPT-26 |50/3 |- - 50+ |7
27
L 2| 27.50 |SPT-27 (5074 |- - 50+ |7
25
L | 2850 |SPT-28 |50 |- - 50+ |7
29
L 129.50 | SPT-29 |50 |- - 50+ |7
a0 d
3000 |SPT-30 |S043 |- - 50+ |7 Kuyu sonu-End of borehole
=31
KIVAM DURURU  STIFENESS SIKILIK  DENSITY DAVANIMLILIK ! STRENGTH STANDART/ STANDARD AVRIGMA I WEATHERING
N=0-2Gok vumugak (V. Soft | H=0-4Gok Gevgeh/v. Loose | 1Gok dayanimii/ very strong - Tazm  Femh
N=3-4 umugak / Sott N=5-10Gov ek [ Loose I Cayanimii  $trong E0 M WAz gy Slighty wsathersa
N=35-8Crta Kah ! W stirt N=11-30 Crta Siki / M. Cense Crta f Medium 10:20% WG aynyints ! Mod. weathersd
N=3-15 Kah/ sHir N=31-50 Sil 7 Dense 1/ Zapt ! Weak 20 -35 Sitat/ djective (Or soms) wr',,..ajn,m.,;mgn.;mmmq
N =16 -30 Gok Kat /. Stiff M= 50 Gok Sk /. Dense V Gok zant ! very weak 35 -50 % Ve / And  Tamam en ayngmiy / Comp. weathersd
N = 30 Sart! Hard

UD : Crselenmemly Humuns / Undisturbed Sample

SPT :standart Penetrasyon Ceneyl / Standart Penstration Test

Page 4 of 4

Figure A.13. Boreholes drilled for the thesis: D04 (4/4)
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Tarih / Date: 02/03/2008 Proje Adi / Project Hame: Niksar
Sondaj Yeri / Boring Location: Niksar/Tokat GPS Koordinati / GPS Coordinate: D 324275 - K 4496659

Borelog Ho: SK-05 Miihendis / Engineer:in§. Mih.Tunay Cetin

Borehole Depth: 30.00m Sondor / Driller:  Erding Alibabaodullan
Delgi Yontemi / Drilling Method: Sulu donel delgi Sondaj Eki I Drilling Equiy Atlas Copco, Craelius D750
YASS /Water Table Depth: - SPT Yontemi / SPT Method: Halat, makara, kedibagi yontemi, B tij.
Kuyu Capi1 / BH diameter (mm): 110 mm gal dan Tipi /H Type: Standart emniyet gahmerdani

o Standart Penetrasyon Deneyi | — — o ez
E~|d £ E| B w | Stndara Pensmation'Test § 8 E’ém wlualE ggg\g #
EElE | o £k T5la s Zemin Taumlaras: ggﬂsaa,ﬂ:;;‘;é
e R -] g og“r,l: Soil Description 28,,5,5,-.“55;%&',. "E 7
gE |5 |5 5B a &6 o 5Ll 2*5 E 2l 8 =
=EA|A A e | E E E 3 &5 5 g =8 8@ & a8
5 EEE EE| 2| 8| 8 galr e Siag|z =g aeals s
aA|lde|s 2|5 E - P o -4 Al a B 2 &% 5 BlE BT S8
) a7 % 3 g B|w @ ABI% 2|5 Sle (e s
5 R & A = E oo B E Mz ele s
a L & GG Z |2z
r0
Grimsi kahve, gok siki,
r Killi KUM.
L Greyishhrown, verydense,
1 clayey SAND.
i Up-1 40cm
L SPT-1 |7 15 |18 |50+ |35cm 132|127 [309 [182 [225 |330(scC
3 [ crimsi kahve, gok kati,
Lo duglk plastisiteli, sittli KIL.
uD-2 35cm 97 (126|344 (218 3,2 [556|CL
L Greyish brown, very stiff,
lowy plasticity, sity CLAY.
L SPT-2 |9 13 17 30 [28cm Acik gri, orta sik, kill 130(96 |276 (180 [30,0|285|SC
KUM.
a Up-3 350m Light grey, m.dense, clayey |13.5[17.4 [311 |137 |79 [444(sC
r SAND.
L SPT-3 (10 10 13 23 | 24cm 121(142 326 [184 [32,0[320(SC
L4
L SPT-4 (12 8 14 22 | 26cm 108|889 |282 [193 [30,0 |305|SC
I Grimsi kahve, sert, stk
= UD-4 4em plastisteli, siti KIL. 17|88 |316 [228 |22 |609|cL
3 Greyish brovwn, hard, low
plasticity, sitty CLAY .
L SPT-5 |16 (18 |19 |37 |24em Acik gri, orta siki, kil 123|176 [334 158 245 |#10[scC
KUM.
6 -
Light grey, m.dense, clayey
r SAND.
L SPT-6 |9 16 20 36 [30cm 133|103 |305 |20,2 (255 |325|SC
KIVAM DURURMY { STIFFNESS SIKILIK | DENSITY DAVANIMLILIK / STRENGTH STANDART/ STANDARD AVRIGMA! WEATHERING
H=0-2Cok yumugak V. Soft H=0-4Cok Gavek/V. Looss 1Cok dayamim i / Very strong ~ TREERN T »/
11=3-4 Tumuyak ! Soft N=5-10Gavek! Loose W Eajanimi/ Strong. 810 % Pek a2 Sayrsk) Trace I'I‘:;“:n‘:"‘: sightywabhored
N=35-5Orta Kah / M. St N=11-30 Crta St £ M. Cense 1 Crta ! Madium 10-20 % AziLithe . et angmis / Mod, weathered
N=35-15 kah ! stifr N=31-50 Siki / Donse IV Zagt ! Weak 20 -35 Sitat/ Adjective (Or soms) 1 Gok animi} / Highly weathersd
N =16 -30 Cok Kah /v, sttt N 50 Cok Stk / V. Dense W Gok Zant ] very weak 35-30 % Ve And W Tamamen ayngmig / Com p. weathersd
N = 30 Sert! Hard

UD: Erselenmemly Numuna / Undlsturbed Sample SPT :Standart Penstrasyon Denejt / Standart Penatration Test Page 1 of 4

Figure A.14. Boreholes drilled for the thesis: D05 (1/4)
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= Standart Penetrasyon Deneyi [ & — =
EH é E’ E o Standard Penetration Test E E f;’é_ s Hg @?Qggg
EElSd|m & & "'“'é.:: Zemin Tarmlamasy fe|REle |5 5155 F =
5 —|& g 5 £ oa"gn & Soil Descripti & S B HERIERE %
.;é_ié:‘oﬁ'gﬂ 2 5 . msgg 0il Description 52;3§§5§3£EE
§ 5|3 |a a|E | & & & talew 333§E~“§-3£§0°‘m0
aAlde = &6ls & - =4 o~ -4 Al B B =§mw"5"'m"‘. g2
ril=zd|l2|3| % EE 5 E & 55§5-A5°v.8.3
5 R S a 2 E A R MoalE o sls G
a Z 8 A Z|2
[ up-5 35cm Grimsi kahve, sert, digiik | 13,9147 | 311 [164 |31 |582|CL
r plastisiteli, sittli KIL.
L SPT-7 |14 17 21 36 | 29cm Grimsi kahve, hard, low 161(136 (284 |148 |16 |615|CL
| plasticity, sitty CLAY.
-8
| SPT-8 (19 (11 [18 |20 [37em gk gri, orta ik, kill 15|91 [292 [201 |265 [355]s¢C
KUM.
-9 Light grey, m.dense, clayey
SAND.
+ Acik gri,_q_ok _s_lkl, az
I spT-a [18 |35 [s0:2 |50+ [13cm Kl sikf, ill GAKIL. 35 |95 [268 [173 |s65 |199|cC
F10
Light grey, very dense,
r sitty, clayey GRAVEL with
| little sand.
L SPT-10 25 8065 |- 50+ |16cm 115111 (304 |193 |40,5|280|GC
11
L SPT-11 |16 26 40 50+ |36cm Grimsi kahve, sert, digik 155(16,7 |334 |167 [31 [545(CL
plastisiteli, sitli KiL.
F12
Greyish brown, hard, low
r ] plasticity, sitty CLAY.
L SPT-12 (35 (40 43 |50+ |35cm
F13
L o Aglk gri, ok siki, az
| 8 1350 |sPT13 | 503 |- ~ 50+ |3cm kumlu, sittli, killi iri GAKIL.
| o
-3
14 [
-3 Light grey, very dense,
r I sitty, clayey coarse
| % GRAVEL with few sand.
L % 21 14.50 |SPT-14 |35 50 - 50+ |15cm
F15

KIVAM DURURMU I STIFFNESS

SIKILIK ! DENSITY

DAYANIMLILIK ! STRENGTH

STANDART/ STANDARD

AVRIGMA ! WEATHERING

N=3-4vumugak/ sott
H=3-8Crta Kah /M. stirr
N=9-15 Kah/ stift

H= 16 -30 Cok Kat /. stift
N> 30 Sert/ Hard

N=0-2Cok yumugak / V. Sott

N=0-4Gok Gevyek /. Loote
N=35-10Gevgek/Looss
H=11-30 Crta ik / M. Cense
H=31-50 Sik1/ Dense

N 50 Cok Siki /. Dense

IV Za;

s Weak

1Gok dayanim ! Very strong)
Il Cayarim i / Strong
Ceta ¢ Medium

V Gok zapt / Very weak

10 -20 % Az/ Litte

35 -30% Ve /and

0-10% Pek az(Seyrak }/ Trace

20 -35 Sitat/ Adjective (Cr some)

1Taz [ Frash

NAzamgmiy ! Slightty weathersa

W Crta angmig ! Mod. weathersd

IV Gok ayngmig [ Highly weathersd

W Tamamen aygmig  Comp. weathersd

UD: Crselenmemly Humune / Undisturbed Sample

SPT :standart

Test

Ceneyl / Standart

Page 2 of 4

Figure A.15. Boreholes drilled for the thesis: D05 (2/4)
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o Standart Penetrasyon Deneyi [ & — =
oz (B0 EE £ cleslzslEs
E 7 d a | E| B« o | StndardPenemation'Test |2 2, & Zemin i ;‘:53 gBIELIrEELT
& g b I ‘Tarumlamas 3 pod Bl F
AVEC"&FE g a|@ g : iy 55==§7"'"~="’5§° "
-] &8 BB 3 (-] Soil Description 25182 E | 'E': S 'g "
.Q‘Emw,, 2| e E E 2 gle o ﬁ.‘_s_bi‘ ZE|S & =
a @ oQQEE‘ o o o § B K 2‘""55 Uﬁg b3 = il
aR|g% | 6 & a o - -1 IR :gmm"'ﬂ"'m‘t 2o
N a2 & - L] T Rz @ = ﬁ s 3 = IR b =1
.;g, =l & - o E E s 5 Mol sle G
- - =3 a8 - o
a 25 GG Z |z 2
L 15.50 | SPT-15 | 504 |- - 50+ |2cm
16
L d 16.50 [SPT-16 |50/2 |- - 50+ |2cm
17 .
Aclk gri, cok siki, az
r kumnlu, sittl, killi iri GAKIL.
L 117.50 [SPT-17 |50/3 |- - |50+ |2em
18 : :
Light grey, slightly clayey,
r sitty, coarse GRAVEL
L 5[ 18.50 | SPT-18 [50A1 |- - 50+ (7
19
L 119.50 | SPT-19 (5063 |- - 50+ |7
20
L 2050 (SPT-20 |50i2 |- - 50+ (7
21
L 2150 [SPT-21 (5002 |- - 50+ (7
22
L 2250 (SPT-22 |50/4 |- - 50+ (7
23

KIVAR DURURMU I STIFFNESS

SIKILIK ! DENSITY

DAVANIMLILIK ! STRENGTH

STANDART/ STANDARD

AVRIGMA I WEATHERING

H=0-2Cok Yumugak / V. Sott
H=3-4vumugak i sott
H=35-8Crta Kah /M. stirt
N=9-15 Kah/stift

N =16 -30 Cok Kah /v, stifr

H = 30 Sert/ Hard

H=0-4Cok Gavgek/V. Looss
H=5-10Gevgeh/ Loose
H=11-30 Crta Siki / M. Cense
H=31-50 Siki / Dense

N = 50 Cok Siki /v, Dense

1Cok dayamimhi ! Very strong
I Cayanim / $trong
Crta / Medium

IV Zapt !/ 'Weak

V Gk Zapt ! ery weak

0-10 % Pok ayrek )/ Trace
10-20 % Ittle

20 -35 Sitat/ adJective (Cr soms)
35-350% Ve /and

ITaze [ Frash

NAzamgmig / Slightly weathersd

I Crta angmi  Mod. weathersd

1V Gok ajngmig ! Highly weathersd

WV Tamamen ayngmig / Comp. weathered

UD: Crselenmeml; Humune / Undlsturbed Sample

SPT :standart Penetrasyon Censyl / Standart Penetration Test

Page 3 of 4

Figure A.16. Boreholes drilled for the thesis: D05 (3/4)
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7 Standart Penetrasyon Deneyi ey ‘?Q P IS BN J
IE ~|d iy E Boa Standard Penetration Test 2, 2, . it PR 23 éégééé
wiaé’, uj:E\ z & & Zemin Tanumlamasy ?a‘la%b:’.‘"u,sn
I B ’i g ogngg Soil Description 38.55"' 55;&&? E n
CR-RE 5 9 £ @ [CINC] -E..ﬂz-;g' Ala a8 =
Erldg|dd|Ee|B |5 ¢ g3lon EEEHEE R R R
afldd|pglz8|la || 2| =|BalkEs ZEB8lE 5|k Bludlz e
gop I I I T | mﬁsﬁﬁ‘m'ﬁc"-ﬁ
] = a 2 - M2 S |e s
a Z 8 GG Z |2z
3 12350 [SPT-23 | 5043 |- - 50+ (7
24
L 2450 |SPT-24 |50i5 |- - 50+ |7
25 ;
Ak gri, cok siki, az
r kumlu, sitl, kil iri GAKIL.
L 2550 |SPT-25 |50i4 |- - 50+ |7
26 ; .
Light grey, slightly clayey,
r silty, coarse GRAVEL
L 12650 |SPT-26 |50/ |- - 50+ |7
27
L 27.50 |SPT-27 |50i3 |- - 50+ |7
28
L )| 28.50 | SPT-28 | 5042 |- - 50+ |7
29
L 429.50 |SPT-29 |502 |- - 50+ |7
30 re;
30.00 |SPT-30 |50/4 |- - 50+ |7 Kuyu sonu-End of borehole
=31
KIVAM DURUMU ! STIFFHES S SIKILIK { DENSITY DAYANIMLILIK ! STRENGTH STANDART/ STANDARD AYRIGMA | WEATHERING
N=0-2Cok yumugak / V. Soft H=0-4Cok G 1ok dayanim i ! Very strong) 1Taz ! Frash
N=3-4'umugak / Sott N=5-10G6 11 Cayanim i / Strong WAzagngmiy  Slightty weathersd
N=5-8Crta Kat ! 0. stifr N=11-30 Crta ! Medium X )
N=5-15 Kah ! sttt N=31-350 Siki / Dense I Zapt ! Weak 20 -35 Sitat/ AdJective (Cr some) l;!,lg :ﬂm:: ' :;Z,f{, A:m;?:a
N= 15 -30 Cok Kah /. st = 50 Gok Stk /. Dense V Gok 2T/ Very weak 35-50 % Ve / And \Tamamén ayn gmiy / Com p. weatnersd
N = 30 Sert/ Hard
UD: Srselenmemis Numune / Undisturbed Sample SPT :Standart Penetrasyon Deneyt / Standart Penetration Te st Page 4 of 4

Figure A.17. Boreholes drilled for the thesis: D05 (4/4)
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Proje Adh / Project Hame: Niksar

GPS Koordinati / GPS Coordinate: D 324934 - K 4495175
Miihendis / Engineer: in§. Miih.Tunay Cetin

Sondaj Derinl 'Borehole Depth: 3000 m Sondor / Driller:  Erding Alibabaodullar

Delgi Yontemi / Drilling Method: Sulu dinel delgi Sondaj Ekij I Drilling Equi Atlas Copco, Craelius D750
YASS /Water Table Depth: - SPT Yontemi / SPT Method: Halat, makara, kedibag yontemi, BV tij.

Tarih / Date: 27/02/2008
Sondaj Yeri / Boring Location: Niksar/Toksat
Sondaj Kuyu Ho / Borelog Ho: SK-06

Kuyu Capi / BH diameter (mm): 110 mm Sak dan Tipi /H Type: Standart emniyet gahmerdani
E Standart Penetrasyon Deneyi | — ~— gg o T P
|8 & = E| B w | SundaraPencvation Test 5 E, . ;’2’:.. ile® O [
~E|g@ | UFE P R Zemin Tanmlamasy 55%§?:’-“v=g°
= i ; ogngu Soil Description 2o= S E §§§g$m E i
BRl|Ea|s 2 | e | B | B S 3|loo 5-«&.&"5- SE|6 R k|
@ °QQ§E [ o o g = KH 23'3'3" ﬁs & gl <R
aAa|d@e = 4 -~ = o -4 R = g 5 E|e B g e
N R IR - 2 T Eﬂcmm nﬁsﬁg.ﬂgovgﬁ
g F 3 & iy E R R il Y AR K
a o Z 3 GG Z (2 =
r0
Grimsi kahve, orta siki,
L Killi GAKIL
L Greyish brown, m.dense,
clayey GRAVEL.
-1
up-1 15cm
L SPT-1 |14 |14 15 |29 [19cm 83 (106|233 (12,7 (445 |19,5(GC
[+2 uD-2 20cm Grimsi kahve, siki, sittli, 52 |70 (201 [131 [115|20,5(SC-SM
| illi KUM.
Greyishbrown, dense, sitty,
r clayey SAND.
| SPT-2 |9 18 16 34 [33cm Grimsi kahve, siki, killi 88 [115|234 (119 (344 [222|SC
KUM.
r Greyish brown, dense,
clayey SAND.
[+ up-3 30cm Grimsi kahve, sert, diisik 214]128 (265 [137 (05 [555|CL
A plastisite, inorganik, sittli
KIL.
Greyish brown, hard, low
r platicity, sitty CLAY.
| SPT-3 |19 (30 50/3 |50+ [10cm Grimsi kahve, siki, kill 60 |132 (288 [156 [19.7 |221|SC
KUM.
_4 N
Greyish brown, dense,
L clayey SAND.
| SPT-4 |9 10 12 |22 |28cm 97 |113 (263 [150 (220 |205|SC
B uD-4 40cm Grimsi kahve, orta kat, 237|199 (267 (168 |25 |[563(CL
- s RS s
plasticity, sity CLAY.

KIVAR DURURMU ! STIFFNESS

SIKILIK  DENSITY DAVANIMLILIK ! STRENGTH STANDART/ STANDARD AVRIGMA ! WEATHERING

H=0-2Cok yumugak/ V. Sott
H=3-4vumugak i sott
H=35-8Crta Kah/ M. Stift
N=39-15 Kah/ stifr

N =16 -30 Cok Kat /v, stifT

N = 30 Sert/ Hard

ICok daganimii / Very strong
Il Caganim i / strong

1 Crta 7 Medium

| ) SR

V Gk zapt ! ery weak

ITaze [ Frash

NAazamgmig / slightly weatherad

W Crta agngmi ! Mod. weathersd

IV Gok ajngmig ! Highly weathersd

WV Tamamen ayngmig / Comp. weathersd

H=0-4Cok Gavgek/V. Loose
H=5-10Gevgek/Loowe
H=11-30 Crta ik / M. Dense
H=31-50 Siki / Dense

N = 50 Cok Siki V. Dense

0-10% Pk aziSeyrek)/ Trace
10-20 % Az/ Little

20 -35 Sifat/ 2djective (O soms )
35-350% Ve /and

UD: Crselenmemly Numune / Undlsturbed Sample

Page 1 of 5

SPT :$tandart Penstrasyon Deneyl / Standart Penetration Test

Figure A.18. Boreholes drilled for the thesis: D21 (1/5)
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= Standart Penetrasyon Deneyi [ — — =~
Eo|d £ E| B o | StndardPenetration Test § 8 a:'a-- Wl @QQQ?Q
< B 3%0 i \_/;E: E"éﬁ' Zemin Tanmlamasy ga‘;ﬂ.ﬁé‘;'.-—_\:’t,:;"’
=R N og" E K Soil Description & S|E El5 E Gg&gn 7
Hlg ™ B B @ Ic) 59 & E ] S 5|50 Ei
Q&E%ggﬁg‘ E E E ESFI- Eﬁﬁg cﬁ,ﬁguog"’o
aAld“e s 65|z & o = o 1 Al e B =§Iﬂ‘m'~'gmm‘t§oo
] 2 & = o I E Ea 2 Lol I ﬁ 5‘ ﬂ LR S
2 = 2 1 B R alz ole 9
a Z & GG Z |2 3
| 550 |[SPT-5 (9 10 15 25 | 30cm Agik gri, orta siki, az 85 |84 |271 (187 |475|145(GC
kumlu, killi GAKIL.
L6 " "
Light grey, m.dense, little
| sandy, clayey GRAVEL.
| 1650 |[spT6 |20 [16 |9 25 |35cm 95 151|301 [150 |450 |180|GC
7
3 Grimsi kahve, orta sik,
Killi KUM.
| SPT-7 |18  [15 13 28 | 28cm Greyish brown, m.dense, 10,5131 | 284 (153 |40,5 |17,0(SC
clayey SAND.
[ up-5 35cm Grimsi kahve, siki, sitli, 66 |54 (199 (145 (00 |315(SC-SM
L killi KUM.
Greyishbrown, dense, sitty,
r clayey SAND.
| SPT-8 |7 30 30 50+ |15cm Agik gri, gok siki, az 73 NP 430|166 |GM
kumlu, sittli GAKIL.
r Light grey, very dense, little
sandy, sitty GRAVEL
8
Acik gri, cok siki, az
L kumlu, kil GAKIL.
| SPT-9 |8 9 15 24 | 20cm Light grey, very dense, lttle |75 118|236 |11,8 |545|11,5|GC
sandy, clayey GRAVEL.
F10
L SPT-10 |8 10 13 23 | 23cm 71 1120|240 (120 |480 |115(GC
11
I Grimsi kahve, orta sk,
L siltl, killi KUM.
| SPT-11 |16 [15 9 24 | 25cm 75 (135|273 (138 |#410|155(SC
KIVAN DURURU / STIFFNESS SIKILIK / DENSITY CAVANIMLILIK ! STRENGTH STANDART ! STANDARD AVRIGMA ! WEATHERING
N=10-2Cok yumugak V. Soft H=0-4CokGeviek V. Looss I1Cok dayanim i/ Vary stron; R 20
n=3 --‘Sumt‘uah Sort n=s- IOCGov)el‘: {Looss n\gr,zminn Istrong. s L iotsl bt et L ,',:a;“m,';“- Sightly weathersa
N=35-8Crta Kat /M. Sttt 30 Crta Sika / M. Cénse orta { Medium 10-20 % Az/ Little ICra aynymiy ! Mod, weathersd
N=35-15 Kah i stirt 50 $i 7 Dense 1/ Zapt ! Weak 20 -35 Sifat/ AdJactive (Or soms ) 1 Gok aingmi3 7 Highly weathersd
N= 16 -30 Cok Kah /. stift N> 50 Gok Siki /. Dense W Qok Zant i very weak 35-350 % Ve /and W Tamamen ayngmig / Comp. weatherad
N > 30 Sert/ Hard

UD: Craslenmemly Humuns / Undisturbed sample

SPT :Standart

Test

Ceney / Standart

Page 2 of 5

Figure A.19. Boreholes drilled for the thesis: D21 (2/5)
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= Standart Penetrasyon Deneyi [ — — ==
Eo|d £ E| B » | StndardPenetration Test § 8 SEL L LFEEpEEE
< B aéo B chg Euéﬁ. Zemin Taumlamasy §E;§.& 5:4—:2:‘;”
=58 4 g ogﬁ EE Soil Description 2 S|E El5 Eggg&g‘ "g [
EElEE|E FlEa A KO £902 25! 4|3 E
5 & %QQEE‘ E E E g'slqp Eﬁﬁﬁ’g -c’ﬁ.gguog"’o
aAlde s g|lz & | o = o 2 Ala =§m‘m"‘-gwmt§°0
Y a3 = 3 Bpw . wngﬁgaac'vﬁa
a =l L1} =3 R ol == K
a Z 8 GG Z |z 5
I Greyish brown, m.dense,
12 I sitty, clayey SAND.
| SPT-12 |10 |14 16 30 [19cm 63 (124|260 |136 |383 |184|SC
F13
| SPT-13 |15 |7 13 20 | 30cm 69 |94 [228 |134 |400[155|SC
F14
UD-6 40cm Grimsi kahve, ok kat, 24411241301 177 |22 [6B33|CL
L diiglk plastiste, inorganik,
ittl KL
al'té;glh brovwn, very stiff,
r lqw plasticity, inorganic,
| SPT-14 |16 |7 11 18 | 33cm ﬂ}‘;{k Gri, orta sik, kill 70 (84 [211 |127 |515(120|GC
GAKIL.
[ Light grey, m.dense, clayey
GRAVEL.
8 up-7 23cm Grimsi kahve, orta siki, 154(88 [295 |206 |25 |455|SC
L sittli, killi KUM.
Greyish browwn, m.dense,
r silty, clayey SAND.
| SPT-15 |28 |30 25 50+ [10cm Acik gri, gok siki, kumlu, 43 (134 (307 |17,3 |555 [145|GC
killi GAKIL.
16 .
Light grey, very dense,
L sandy, clayey GRAVEL.
I Grimsi kahve, orta sk,
| SPT-16 |10 10 15 25 15cm Killi KUM. 126|114 (249 [135 |210|355|SC
F17 . ]
Greyish browwn, medium
L dense, clayey SAND.
L SPT-17 |9 10 1 21 | 25cm 234117 (287 |17,0 |40 |480|SC
KIVAM DURUMU  STIFFNESS SIKILIK { DENSITY DAVANIMLILIK ! STRENGTH STANDART/ STANDARD AVRIGMA ! WEATHERING
N=10-2Cok yumugak V. Soft N=0-4Cok Gevek V. Looss IGok dayanim i / Very stron; e T 210
B arts "40239"!@:?'-00“ "}°3‘n':"|"'s”°n9, ’ o-w’s.\Poka:na,reh.mce ;:a:::'n’)?nrl‘lhlsllgl\ﬂ"mamerea
N=11-30 Crta Stk / 0. Conse ot ! Medium % Azi Little WGt ayngmiy ¢ Mod. weathered
N=31-50 Sik/ Cense 1V Zapt ! Weak 20 -35 Sitat/ dective (Cr soms) 1 Cok animij  Highly weathered
N> 50 Cok Stk / V. Dense V Gok zagt ! very weak 35-30% Ve /And ' Tamam én ajngmig / Comp. weathersd
N> 30 Sert/ Hard

UD: Craslenmemly Humune / Undisturbed sample

SPT :$tandart Penetrasyon Deneyl / Standart Penstration Test

Page 3 of 5

Figure A.20. Boreholes drilled for the thesis: D21 (3/5)
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= Standart Penetrasyon Deneyi [ — — =
E’“ EE E E Bow Standard Penetration 'Test 5 5 °:,§5_ s n;? ggQggg
< B géi UFE Evéﬁ. Zemin Tanmlamasy gg:ﬂ.&é:’r:f_/::“
%;mg i ﬁ,g °§"l:l: Soil Description 3355"555;3&?2“
BRlEalg FlEédle || & a5l ‘§~.§.§‘E SE|SEl & 3
a E 2 EE 3] 5] 5] g R Eﬂ_a_al._:ufﬁ_g gle =
af|de s 65lg & a = - zZ Al sgmm 2IR 2T g g
L 9 & - 2 I E"—hhw W.!Aéﬁ'n‘.ﬂc""..s
[ 3] S A o E P R =z o|e G
a Lt Z 5 GG Z (2 3
18
| 1850 |SPT-18 |7 9 12 21 | 29cm 18,1]10,8 |258 (150 |17,0|325(SC
19
L Aclk gri, orta siki, az
g kumlu, killi GAKIL.
L 19.50 |SPT-19 |25 (12 14 26 |19cm 83 |137 |31 (174 |580 |13,5(GC
I Light grey, m.dense, little
20 sandy, clayey GRAVEL.
I Grimsi kahve, orta sk,
L Killi KUM.
| 20.50 |SPT-20 |9 10 12 22 | 21cm 153|10,7 |256 (149 |85 |21,5(SC
L Greyish brovwn, m.dense,
clayey SAND.
21 —— —
™ Grimsi kahve, siki, sittli,
L L killi KUM.
[T
b
L ™
™
=
| : 2150 |SPT-21 |14 9 1 20 |(31cm
L Greyishbrown,dense, sitty,
L o clayey SAND.
[
™
Loz [
™
™
+ [
™
[T
- [
[T
| : 2250 |SPT-22 |16 16 17 33 [33cm
i
[
L b
[
™
23
e
[ [
[
[
- [
[
L A 2350 |SPT-23 |9 18 16 34 | 35cm
[
™
[ [
[
[T
F24 =
™
el
- LB
KIVAN DURUMU / STIFFNES S SIKILIK / DENSITY DAVANIMLILIK ! STRENGTH STANDART ! STANDARD AYRIGMA ! WEATHERING
H=0-2Cok yumugak V. Soft N=0-4CoKk Gevyek/V. Loose ICok dayammii / Very strong | T R = ! A
-4 v\mu:m i sortv N 10 Gavgek [ Loovuo I I:u;,"am:nll 1 s'ro;g’ Lixin ‘\’ i ,’“s”“‘" Trace |I|T:::"|,:,‘;‘; siightly weathersd
Orta Kati /0. stift 1 30 Crta Sika / M. Dense Crta  Medium 10-20 % Az/ Littlo WG aynymiy ! Mod. weathered
5 Kat sttt [l -50 Siki / Cenee IV Zagt ! Weak 20 -35 Sitat/ Adjective (Or soms) ,‘,vf;om;“,m., I Highly weathared
-30 Cok Kat /v stifr N = 50 Gok Stk /. Dense V Gok 2t i vary weak 35-50 % Ve /and  Tamamen angmig / Comp. weathersd
N = 30 Sert/ Hard )

UD : Craslenmemly Numuns / Undlsturbad Sample

SPT :standart Penetrasyon Deneyl / Standart Penstration Test

Page 4 of 5

Figure A.21. Boreholes drilled for the thesis: D21 (4/5)
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= Standart Penetrasyon Deneyi [ — — &
Eo|d £ E| & o | StndudPenetation Test § 8 S L LFEEpEEE
3 ] = i @ 1 2| TR e
CEEE|R L E £gd 5 owmmmes (g2t olzaltileE
=] SE|E R § 2 E K Soil Description a 5|8 5 g E.:gu__m 'a "
"‘"E"’"ww 2| e E E ] EE ﬁuggé‘ SRS 2 =
5@ 2 |la A E 2 o ° I = 2 R k-l & @O
2Ala8|% & g = B |k b B85398 8lve|za
N il 2 =] 2 T Rz a é LA N Rlow (]
S 0 ? 5 g 55 gla g AR}
o ] o 3 E I o AR
fa) Z 8 GG 2|2 5
2 2450 |SPT-24 |28 29 13 42 (40cm
25
| 2550 |SPT-25 |10 20 14 34 | 30cm Grimsi kahve, siki, sitli 158 NP |65 |230|SM
KUM.
I Greyish brown, dense, silty
126 SAND.
| 26.50 |SPT-26 |33 30 15 45 42cm
27
L | 27.50 [SPT-27 |25 5013 |- 50+ |9cm Acik gri, gok siki, kumlu,
sittli iri GAKIL.
28
Light grey, very dense,
| sandy, sitty coarse
GRAVEL
L ) 26.50 |SPT-28 |21 s003 |- 50+ |GBcm
29
L | 29.50 |SPT-29 | 5045 |- - 50+ |2cm
30 :
3000 |SPT-30 |50i2 |- - 50+ |2cm Kuyu sonu-End of horehole

KIVAR DURURMU [ STIFFNESS SIKILIK ! DENSITY

DAVANIMLILIK ! STRENGTH

STANDART/ STANDARD

AVRIGMA T WEATHERING

H=10-2Cok vumugak / V. Soft
N=3-4vumugak/ Sott
H=3-8Crta Kah / W, stifr
N=9-15 Kah/ stift

H =16 -30 Cok Kat /. stift

N = 30 Sert/ Hard

N=0-4GokGevgek V. Looe
H=5-10Geveh/Loowe
H=11-30 Orta Siki / M. Cense
H=31-50 Siki / Dense

H =50 Cok Sik /. Dense

ICok dayanimh / Very strong
Il Cayanim i / Strong

Ceta 2 Medium
IV Zapt i Weak
W Gok zant ! Very weak

10 -20 % Az
20 -35 Sitat/
35-30% Ve /and

Ittle

0-10 % Pok az(Seyrsk )/ Tracs

Jective (O soms )

1Taz ! Fresh

Iazagngmig / Sghtly weathersd

Crta angmig 2 Mod. weathersd

IV Gok ayngmiy / Highly weathersd

W Tamamen ayngmig / Comp. weatherad

UD: Crsslenmemiy Numuns / Undisturbed Sample SPT :$tandart

Test

3

Ceney / Standart

Page 5 of 5

Figure A.22. Boreholes drilled for the thesis: D21 (5/5)
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Tarih / Date: 24/02/2005 Proje Adi / Project Hame: Niksar

Sondaj Yeri / Boring Location: Niksar/Tokat GPS Koordinati / GPS Coordinate: D 325406 - K 4495454
i Borelog Ho: SK-07 Miihendis / Engineer: Geo. Eng. Ender ONDER

orehole Depth: 30.00m Sondor / er:  Erding Alibabaodullan

Delgi Yontemi / Drilling Method: Sulu dinel delgi Sondaj I Drilling Equi : Atlas Copco, Craelius D750
YASS /Water Table Depth: 1.50m SPT Yontemi / SPT Method: Halat, makara, kedibag yontemi, B tij.
Kuyu Capi / BH diameter (mm): 110 mm $ahmerdan Tipi / Hammer Type: Standart emniyet gahmerdan
E‘ o Standart Penetrasyon Deneyi /E /E 2 ;_; T e
EH d = E| B o | StndardPenemtation'Test |2 2 ; E"-’w- % Qs? éégééé
< B 3%" upg z &g Zemin Taumlamasy 5‘5;3.39_,\_,_-.,\_,”;?
4| Rl & 5 gﬂ EE Soil Description 258 8(5 5 E =4 g &, n
Sl55 |8 BB a @ o) ﬁusbgg '5'"*"53
BR|Ea | E | E| E 3 PR S8|6R| &
selEF|AAlEe| 8| 8| 8 galeE IR -
aR|ge|s g5 R e = - -1 El Y zgmm‘-gﬁmv. g8
g g o ey 2 ¥ Eg|l““ “,.5,':5 Sl %N
. = & A o E PR Eo ._3; Moz ele s
a = Z 3 RG] Z|% =
0
Grimsi kahve, gok kati,
r diisiik plastisiteli, kil
| SILT.
3 Greyish brown, very stiff,
" lowy plasticity, clayey SILT.
L SPT1 |8 15 14 29 | 30cm 159(114 |368 |254 (1,9 [616|ML
L2 T
Grimsi kahve, gok kati,
r digik plastisiteli,
| inorganik, sitli KIL.
! sPT-2 15 [14  [14 |28 [23cm 144/119|330 |211 [31 |s45]|cCL
Greyish brown, very stiff,
r lowy plasticity, inorganic,
L3 sitty CLAY.
3 A_-;[k gl_'i! orta sk, az
L sPT-3 |18 [13 [15 |28 |3sem i, kil KUM. 116[150 334 [184 [175 [330]5C
I Light grey, medium dense,
4 little: fewv sitty, clayey SAND
I Grimsi kahve, gok kati,
r diigik plastisiteli,
L SPT-4 |12 [16  [10 |26 |28cm inorganik, siti KIL. 157|687 |206 208 [31 |e08|CL
- Greyish hi stiff
. UD-1 300m o plasticty. organe, | | 18884 [31.2 |228 [37 |s45|cL
F sitty CLAY .
L SPT-5 |13 |18 21 39 [32cm 1421144 |364 |220 |34 |558|CL
-6
L Acik gri, siki, Killi KUM.
L SPT-6 |15 15 12 27 40cm 156114 |330 |216 |225 [38,0(|SC
Light grey, dense, clayey
r SAND.
KIVAM DURUMU  STIFFNESS SIKILIK { DENSITY DAVANIMLILIK ! STRENGTH STANDART/ STANDARD AVRIGMA ! WEATHERING
N=0-2Goh rumugak/ V. Soft | N=0-4Gok Gevieh/V. Loose | 1ok dayanimii/ Very strong - I Tazs ! Fredl
© =5-10Gevgeh ! '-0‘;‘@ I f"iv‘-'n':" I SVD‘;‘QI L% Dzl anig e 1 Aa:::'n)rrfl‘;f Slightly weathersd
N=11-30 Crta Stk / 0. Conse ot ! Medium % Azi Little WGt ayngmiy ¢ Mod. weathered
N=31-50 Sik/ Cense 1V Zapt ! Weak 20 -35 Sitat/ dective (Cr soms) 1 Cok animij  Highly weathered
N> 50 Cok Stk / V. Dense V Gok zagt ! very weak 35-50 % Ve /and ' Tamam én ajngmig / Comp. weathersd
N> 30 Sert/ Hard
UD: Craslenmemiy Numuns / Undisturbed Sample SPT :Standart Penetrasyon Deneyl / Standart Penstration Test F'age1 of 4

Figure A.23. Boreholes drilled for the thesis: D18 (1/4)
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= Standart Penetrasyon Deneyi [ — — ==
Eo|d £ E| B » | StndardPenetration Test § 8 SEL L LFEEpEEE
< B aéo B chg Euéﬁ. Zemin Taumlamasy §E;§.& 5:4—:2:‘;”
?;n‘&: " g Hiva 33’55 Soil Description g@iigggg;g :"i"g EE
] 4 3 W | a
“&E%QQEE‘ E E E g'slqp Eﬁﬁﬁ:g,v’ﬁ.ﬁggogmo
aAlde s g|lz & | o = o 2 Ala :émm"ggmt go
PEZS 13337 |ER% AL IER LRI e
a = 7 Z g GG =4 =
7
L 750 |SPT-7 |16 |13 17 30 |20cm Agik gri, siki, killi KUM. 133[113 (312 |198 |195[350|SC
s :
Light grey, dense, clayey
r SAND.
L 850 |SPT-3 |40 |50:2 |- 50+ |15cm 113|108 |304 |196 |91 [360|SC
9
L 950 |[sSPT9 (20 [18 |17 |33 |[31cm 140|155 |322 [167 |61 |348|sC
10
L 11050 |sPT10 |16 |20 10 30 [29cm 156(11,8 (354 |236 |59 [316|SC
11
3 Grimsi kahve, gok kati,
digik plastisiteli,
[ inorganik, sitl KIL.
L SPT-11 |15 |13 1 24 | 23cm 151]109 |304 |195 |36 |515|CL
Greyish brown, very stiff,
r low plasticity, inorganic,
sitty CLAY .
F12
I Acik gri, gok siki, kumlu,
r Killi iy GAKIL.
L SPT-12 (25 |30 |5065 |50+ |20cm Light grey, very dense, 1,0[155 |366 |21 [365 |375|GC
sandy, clayey fine
i GRAVEL.
F13 =
Acik gri, cok siki, kumlu,
L sittli GAKIL.
L SPT-13 |45  [5043 |- 50+ [10cm Light grey, very dense, 47 NP |750(65 [GM
sandy, sitty GRAVEL.
14 -
Acik gri, gok siki, kumlu,
r killi GAKIL.
L SPT-14 |40 [5045 |- 50+ |8cm Light grey, very dense, 73 107|276 |168 |470(230|GC
sandy, clayey GRAVEL.
_15 LIRS R P P Py A
KIVAM DURUMU  STIFFNESS SIKILIK { DENSITY DAVANIMLILIK ! STRENGTH STANDART/ STANDARD AVRIGMA ! WEATHERING
N=0-2Goh umugak/ V. Soft | N=0-4Gok Gevieh/V. Loose | 1ok dayanimii/ Very strong Taz ! Feh

= 30 Sert/ Hard

H=31-50 Siki/ Dense
H = 50 Cok Sik /. Dense

=10 Gevyehk / Loose
1-30 Orta Siki / M. Cense

Il Cayanim i / $trong
Crta 2 Medium

W Zapt i Weak

v Gok zagt ! very weak

0 =10 % Pk az(Seyrak )/ Trace

% AzZ/ LItHe
20 -35 Sitat/ Ad)ective (Or some )
35-30% Ve /And

Iazagngmig / Sghtly weathersd
ICrta angmig 2 Mod. weathersd
IV Gok ayngmiy / Highly weathersd

V Tamamén ayngmig / Comp. weathersd

UD: Craslenmemly Humune / Undisturbed sample

SPT :$tandart Penetrasyon Deneyl / Standart Penstration Test

Page 2 of 4

Figure A.24. Boreholes drilled for the thesis: D18 (2/4)
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= Standart Penetrasyon Deneyi [ — — ==
Eo|d £ E| B » | StndardPenetration Test § 8 SEL L LFEEpEEE
< B aéoi chg Euéﬁ. Zemin Taumlamasy §E:§.&§‘;’4—:’L:‘;"’
- i; ogﬂgﬁ Soil Description 88-55’;%55;%3-'??*
.Q.E,nwa 2| e E E ] KEC ﬁuggé‘ SRS 2 =
5 e oQQEE 2 ° ° g R 2333,6%.3&&“0
aAlde s g|lz & | o = o 2 Ala :émm"g"'mt S 2
T8 a3 = 3 R R AE[RR|FE|Z RECR ]
3 K ] a 2 E o o B R Flmalz 358
a2 2 ]
a Z 8 GG Z |z 5
L Acik gri, cok siki, kumlu,
sittl, iri GAKIL.
L SPT-15 | 5010 - - 50+ |6cm Light grey, very dense,
sandy, sitty coarse
L GRAVEL
16
L 16.50 |SPT-16 |50i3 |- - 50+ |7
F17
L 117.50 |SPT17 |50/5 |- - 50+ (7
18
L j{18.50 [SPT-18 (5043 |- - 50+ |7
19
L 19.50 |SPT-19 |50i2 |- - 50+ |7
20
L 12050 |SPT-20 |502 |- - 50+ |7
21
L 421.50 [SPT-21 (S0i4 |- - 50+ (7
22
L | 2250 | SPT-22 | 5043 |- - 50+ |7
23
KIVAM DUR UMY/ STIFENESS SIKILIK { DENSITY DAVANIMLILIK { STRENGTH STANDART/ STANDARD AVRIGMA ! WEATHERING
W=0-2Gok vumugak V. Soft | 1=0-4Gok Gevgek/Vv. Loose | IGok dajanimii/ very strong AP Tam 1 Freal
-4 1umugak Sott N=5-10Gevek ! Looss WDaganmit/ strong L iopsld bt e “::f.",,:,'ll,s.,g“.,...,_m,,,ea
-8 Crta Kat /M. St N=11-30 Crta Sika / 0. Conse ot ! Medium % Azi Little WOt aynymis ¢ Mod, weathered
- 15 Kat / stirr N=31-50 S/ Cense 1V Zapt ! Weak 20 -35 Sitat/ dective (Cr soms) I Gok ajn;m.:} Highly weathered
=t -ssgt ;?‘n r;u:v. st N 50 Gok Sika /. Dense  Gok 2t Very wak 35-50 % Ve ! Andl v Tamamen ayymiy  Comp. weatrirsd
> eIt/ Hare

UD: Craslenmemly Humune / Undisturbed sample

SPT :$tandart Penetrasyon Deneyl / Standart Penstration Test

Page 3 of 4

Figure A.25. Boreholes drilled for the thesis: D18 (3/4)
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= Standart Penetrasyon Deneyi [ — — =
2|8 o b el ot et (B 3] sleslzsEs
—_ ¢ 22 . ol Eles|elELleT
E/E gé‘, UE‘]% s Suaration Tet z & a Zemin Tanomlamas gg;ﬂ.&é:’y_‘_iﬂﬂ
F ;mg "4 g ogngg Soil Description 3355"555;3&?? g
BRlgalg X | E g E A KIS ﬁ»-.&.é‘g' SE|SE 3
EE|EZ|aa|lEE|E| BE|E el E Si|id|zz|gaialgsl” Y
af|de s 65lg & a = - zZ Al sgmm"ﬂ"'mv_ S o
. a7 % 3 E&lu @ AE(RRIE RS EEESE
- =1 & A o E ool m Fla &z 5|3 S
- - Z
a & GG Z |2z
L SPT-23 | 50i5 |- - 50+ |7
24
L SPT-24 | 506 |- - 50+ |7
Log .
Acik gri, gok siki, kumlu,
r sittl, iri GAKIL.
L SPT-25 | 50i4 |- - 50+ (7
26 )
Light grey, very dense,
r sandy, sitty coarse
L GRAVEL.
L SPT-26 | 50i4 |- - 50+ (7
27
L SPT-27 | 5003 |- - 50+ (7
28
L SPT-28 | 5002 |- - 50+ (7
29
L SPT-29 | 5002 |- - 50+ |7
30 :
3000 |SPT-30 504 |- = 50+ |7 Kuyu sonu-End of borehole
=31
KIVAW DURURMU ! STIFFNES§ SIKILIK  DENSITY DAVANIMLILIK | STRENGTH STANDART/ STANDARD AVRIGMA WEATHERING
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Figure A.26. Boreholes drilled for the thesis: D18 (4/4)
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