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ABSTRACT

GENERATION OF AN EARLY WARNING SYSTEM FOR LANDSLIDE
AND SLOPE INSTABILITY BY OPTICAL FIBER TECHNOLOGY

Arslan, Arzu
M.S., Department of Geological Engineering
Supervisor: Prof. Dr. Haluk Akgiin

August 2015, 134 pages

The purpose of this study is to develop an early warning system for all kinds of mass
movements regardless of the failure mechanism and lithology type. For this purpose,
an optical fiber system was preferred due to its superiority in field conditions and

continuous data measurement capability.

Two different optical fiber systems, namely, the Optical Time Domain Reflectometer
(OTDR) and the Brillouin Optical Time Domain Analyzer (BOTDA) were
experimented with alternative fiber cables and their competency was investigated for
a real case landslide located in a hazard prone region in Bahgecik Settlement Area in
Kocaeli Province. Before the field experiment, the systems were tested first in
laboratory scale. For the laboratory studies, a landslide simulation model having an
inclination mechanism designed to represent a slope was used. After these
experiments, their applicability in the field or for a real case was conducted.
Experiments revealed that the OTDR allows sensitive measurement in laboratory
scale but is not suitable for field application due to its energy loss based
measurement nature. Therefore, the BOTDA system capable of measuring strain

without power loss but detecting frequency shift was preferred for the field studies.

Once the measurements from the optical fiber system were gathered, it was
necessary to compare these results with the displacements that occurred on the
studied mass. The displacements that take place in a small scale laboratory landslide
simulator are rather obvious; however this is not the case for field application.
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Therefore, slope stability analyses were conducted in order to compare the strain
results collected from fiber cables with displacements on the moved mass. In order to
accomplish this objective, a back analysis study was implemented to reach the
mobilized shear strength parameters of the moved mass by utilizing three profiles.
Then, the landslide was modeled based on deformation analysis via the finite
element method to compute the displacements of the critical region within circular
failure. The main purpose of the finite element analysis was to determine the most
critical part of the failure region and to examine the sensitivity of the study by
locating the optical fiber system at this region. Thus, the reliability of field results
can be better understood. In conclusion, finite element modelling results showed that
the displacement values calculated by modelling were in good agreement with those
obtained through field monitoring with BOTDA.

Keywords: Optical Fiber System, Landslide Monitoring, Early Warning System,
Slope Stability, Bahgecik Landslide, Kocaeli.
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HEYELAN VE SEV DURAYSIZLIGI ERKEN UYARI SISTEMININ
OLUSTURULMASINDA FiBER OPTiK TEKNOLOJISININ KULLANIMI

Arslan, Arzu
Yiiksek Lisans, Jeoloji Miihendisligi Bolimii
Tez Yoneticisi: Prof. Dr. Haluk Akgiin

Agustos 2015, 134 sayfa

Bu calismanin amaci, kayma tipi ve litolojik birimden bagimsiz bir sekilde tiim kiitle
hareketleri i¢in bir erken uyar1 sistemi olusturmaktir. Bu amagla, erken uyar1 sistemi
icin fiber optik sistemler arazi kosullarinda kullanim kolaylig1 ve stirekli veri alma

ozellikleri sebebiyle tercih edilmistir.

Calismalar sirasinda, iki farkli fiber optik sistem, Optik Zaman Alan1 Yansima Olger
(OTDR-Optical Time Domain Reflectometer) ve Brillouin Optik Zaman Alan
Coziimleyici (BOTDA-Brillouin Optical Time Domain Analyzer) kullanilarak
alternatif fiber kablolarin ve 6l¢iim sistemlerinin Kocaeli ili Bahgecik Mevkii’nde
bulunan ve afete maruz bolge ilan edilmis ¢alisma sahasi i¢in uygulanabilirligi
smanmustir.  Saha calismasi  Oncesinde sistemler ile laboratuvar ortaminda
calisilmistir. Laboratuvar calismalar1 sirasinda tasarlanan ve arazi kosullarindaki
duraysiz bir sevi temsil edebilecek sekilde bir egim mekanizmasmma sahip olan
heyelan simulasyon modeli kullanilmistir. Sistemlerin arazi kosullarma uygunlugu
tespit edildikten sonra sistemin heyelan sahasina uygulanmasi i¢in c¢aligmalara
baslanmigtir. Calismalar laboratuvar Olceginde OTDR ile hassas Olgiimler
alinabilecegini gOstermistir, fakat sistem enerji kayb1 prensibi ile calistig1 i¢in saha
uygulamasi i¢in yeterli olmadig: tesbit edilmistir. Bundan dolayi, gerinimi enerji
kayb1 degil, frekans kaymasi ile belirleyen BOTDA sistemi arazi uygulamalar1 i¢in

tercih edilmistir.
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Fiber optik sistem ile dl¢iimler yapildiktan sonra elde edilen sonuglarin s6z konusu
kiitle hareketi sonucunda olusan deplasman degerleriyle karsilagtirilmasi
gerekmektedir. Laboratuvar 6l¢eginde yapilan calismalar sonucu olusan deplasman
degerleri agik bir sekilde belirlenebilmektedir, fakat durum gergek bir heyelan sahasi
icin boyle agik degildir. Bu sebeple, fiber optik sistemden elde edilen gerinim
degerleri ile meydana gelen deplasmanlarin karsilastirilmasi sev stabilitesi analizleri
ile miimkiin olmustur. Bunun i¢in, heyelan boyunca cizilmis ti¢ profilden geriye
doniik ¢oziimleme yapilarak kayma aninda malzemenin sahip oldugu kesme
dayanimi parametrelerine ulagilmigtir. Daha sonra sonra heyelan, sonlu eleman
yontemi ile modellenerek dairesel kaymanm oldugu kritik bolgelerdeki deplasman
degerleri hesaplanmistir. Sonlu eleman yontemi uygulanmasinda esas amag alanda
en ¢ok deplasmanin beklendigi kritik olan bolgelerin belirlenmesi ve fiber optik
sistemin belirlenen bu bolgelere yerlestirilerek ¢alismalarin  hasassiyetinin
arastirtlmasidir. Bu sayede arazide yapilacak ¢alismalardan elde edilecek sonuglarin
giivenilirligi daha iyi anlasilacaktir. Sonug olarak, heyelan alaninda modelleme
caligmalari ile elde edilen deformasyon sonuglar1 arazide fiber optik yontemlerle elde
edilen izleme/gozlemleme sonuglariyla Kkarsilastirildiginda uyumlu olduklari

anlasilmaktadir.

Anahtar Kelimeler: Fiber Optik Sistemi, Heyelan izleme, Erken Uyar1 Sistemi, Sev

Stabilitesi, Bahcecik Heyelani, Kocaeli.

viii



To My Beloved Family






ACKNOWLEDGEMENTS

I wish to express my sincere thanks to Professor Haluk Akgiin, my supervisor for his
great support, guidance and valuable advice he gave during my study. | would like to
also thank Dr. Mustafa K. Kogkar as he was the one I bore when I had a problem
whether scientific or personal, he always solved them. | am grateful to Mert Eker as
he was with me all the time with his advices and helpfulness.

| owe to Dr. Murat Nurlu a debt of gratitude as he understood the potential of the
subject and encouraged us to write a project proposal to Republic of Turkey Prime
Ministry Disaster and Emergency Management Authority (AFAD). | also would
like to thank Mr. Ahmet Temiz, Cenk Erkmen, M. Maruf Yaman and Ceren Deveci
from Planning and Mitigation Department of AFAD. | am grateful to AFAD’s
National Earthquake Research Program (UDAP) for the financial support they

provide, without this support getting these results would be impossible.

Mustafa Yurtsever from Geolab Geotechnics and Haydar Merdin and Mehmet
Abdullah Kelam from HAMA Engineering, | thank you gentlemen for everything. |
would like to point out that I am sure | could not find such an interesting topic if |

had not met you and | could not complete this study without your support.

| would like to thank Selim Cambazoglu, Karim Youesifibavil, Mustafa Kaplan,
Kadir Yertutanol and Damla Gaye Oral for their endless support and valuable
friendship during this study. I also would like to thank Aydm Cigek from General

Directorate of Mineral Research and Exploration.

Xi



I have to thank Dr. Lufan Zou from OZ Optics for his support about the theory and
device usage and | would like to thank Prof. Dr. Kazuhiro Watanabe for sending

sample fiber cables from Japan.

| place on record, my sincere thank to my love, for his continuous encouragement,

support and great thoughtfulness.

At last but not the least | am extremely thankful to my family for their great support,

patience and encouragement, especially to my brother, Ali.

| would like to thank everybody who directly or indirectly contributed and | also

wish to ask for forgiveness if I miss to mention anyone undesirably.

Xii



TABLE OF CONTENTS

ABSTRACT ettt e e eas \
07/ RO vii
ACKNOWLEDGEMENTS ...ttt XI
TABLE OF CONTENTS ..ottt X1il
LIST OF TABLES. ...ttt e e XV
LIST OF FIGURES ...ttt XVi
CHAPTERS
1. INTRODUCTION ..ot 1
1.1 PUIPOSE QN0 SCOPE.....vvieiiieeeiieeesiiee e st e e st e e st e e st e e st aeesreaeesraeeesnnaeeaneeeas 1
1.2 The STUAY ATCa......ceiiiie e ettt e e e e e et e e eeaeae e 3
1.3 PRYSIOQrapNY ...cccvieeiiiie ettt 10
1.3.1  CHMALE ....iieiieeeee s 10
2. GEOLOGICAL SETTING AND ENGINEERING GEOLOGICAL
ASSESSMENT OF THE STUDY AREA ... ..o 15
2.1 INEFOTUCTION ... 15
2.2 General Geology and SeismotectoniCS ..........covvvveeviveeeiiie e, 16
2.2.1  LOCAl QEOIOQY ...eeiviieeciiee et 20
2.3 Engineering Geological Assessment of the Study Area .............cccceveeene. 22
2.3.1  Engineering geological investigation ..............cccccovveeviieeiiiec e, 24
3. SLOPE STABILITY .ottt 33
3.1 INEFOAUCTION ... 33
3.2 Modes Of FailUre........c.oooiiiiiiiiice e 34
3.3 Methods of Slope Stability Analysis ...........ccoovvveeiiiiiiic e, 35



34 BaCK ANAIYSIS ...ooiiiiiie i
3.5  Mechanism of the Landslide in the Study Area...........cccccovviviiiiineninnne.
4. LANDSLIDE AND SLOPE MONITORING SYSTEM.......cooooiiiiiiiiieee,
4.1 INEFOTUCTION ..ottt
4.2 OPUCAI FIDEIS ...
4.2.1  Classification of optical fIDErs..........ccooveiiiiiiiii,
4.2.2  Advantages of optical fIDers..........cccocoviiiiiiiiiii

4.3  The Utilized Optical Fiber System .........cccooiiiiiiiiiniiiece e
4.3.1  Optical fiber system utilized with OTDR .........ccceiiiiiiiiiiiiiieen,
4.3.2  Optical fiber system utilized with BOTDA.........ccccooiiiiiiiieiieeien,

5. METHODOLOGY ..oooiiiiiiieiiiiiie ettt ettt entbea e ennaeaas
5.1 INEOTUCTION ..ot
5.2  The OTDR MONItOring SYSEM .....vvveiiiieiiiee e
5.3 The BOTDA MoNitoring SYSEM ......cccveiiireiiiie e siee e
5.4  Field Application of the Monitoring System..........ccccoceveeviieeviie e,
6. DISCUSSION AND CONCLUSIONS........oooiiiiieeeeeeecee e
7. RECOMMENDATIONS ...
REFERENCGES ... ..ot

B. BOREHOLE LOGS ...

C. EARTHQUAKE CATALOGUE OF STUDY AREA AND ITS
SURROUNDINGS FOR 2010 .....ccviiiiiiieiiiiciieiciiie e

D. UNIFIED SOIL CLASSIFICATION SYSTEM.....cccooiiiiiiiiiice,
E. DATASHEET OF THE CABLE USED IN FIELD APPLICATION................

Xiv



LIST OF TABLES

TABLES

Table 1: Hazards occurred in Turkey between 1950-2008 and their results (Gokge et
A, 2008)....eee et et e nra e nre e aaenrae s 2

Table 2: List of the landslides occurred in Kocaeli between 1960-2006 gathered from
AFAD database (Gokge et al., 2008) ......cccoiiriiiiiiiiiieeiee e 7

Table 3: Average values of temperature, sunshine duration, and precipitation data in

Kocaeli forthe 1950-2014 period (Turkish State Meteorological Service, 2014)..... 11
Table 4: The coordinates, depth and groundwater level of the boreholes ................ 25
Table 5: Engineering geological characteristics gathered from borehole data ......... 28

Table 6: Geomechanical rock mass paramaters from the RocLab software
(ROCSCIENCE INC., 2014) ...ttt e e e e nraeeanes 30

Table 7: Modes of slope failure (Varnes, 1978).........ccccevviveiviie e 35

Table 8: c¢’- ¢’ pairs satisfying FS=1.0 limit equilibrium condition for the three

LT 0] 0 T TP U PP P PPTPPPURVRPPROOS 45
Table 9: Losses of different cable pairs based on displacement ...............cccceevneenn 68
Table 10: Sieve analysis data ..........cccovveiiiieiiiie e 72
Table 11: Displacement and strain relation............cccccovveiiie e 77

Table 12: Microstrain results gathered from field monitoring and corresponding

AISPIACEMENES ...t 86

XV



LIST OF FIGURES

FIGURES
Figure 1: Location map of the study area (Google Inc., 2015).........ccccvevvviiiininieninen. 4

Figure 2: Distribution and types of landslides that have occurred and faults around
the study area (Modified from Landslide intensity map of Disaster and Emergency
Management Authority (AFAD) and landslide inventory map of General directorate
of Mineral Research and EXploration (MTA) .....cccooiiiiiiiieiiiee e 6

Figure 3: General geometry of the landslide and the house affected.......................... 8

Figure 4: Appearance of the study area dated on a) 11.04.2009 (before), b)
05.08.2011 (after), ¢) 07.05.2015 (AFtEr). ...ccvvveiiieeeiiee e 9

Figure 5: Monthly average precipitation and temperature values of Kocaeli between
the years 1950-2014 (Turkish State Meteorological Service, 2014) .........c...cccvee...e. 12

Figure 6: The annual areal precipitation of Kocaeli (Turkish State Meteorological
SEIVICE, 2014) ..ottt a e pa e e nns 13

Figure 7: Regional geology map of study area (Modified from Gedik et. al., 2005) 17

Figure 8: Map showing seismic zonation for Kocaeli (Earthquake Research Center,

Figure 9: Major earthquakes and focal mechanism analysis within and around the

study area along the NAFS (Cambazoglu, 2012). .....c.coeeiiiiiiiiiiiiiieeeee e 20
Figure 10: Three-dimensional stratigraphic model of the study area ...................... 22
Figure 11: A close-up view of the Incebel formation .............ccccevevvevivieceverenennan, 23

Figure 12: Folded structures and small scale non-persistent scattered discontinuities

Present iN the STUAY Area ..........ccoiiiiiiie i eabee e 24

Figure 13: Disintegrated lithology and firm blocks of Incebel Formation ............... 26

XVi


file:///C:/Users/201411/Desktop/jüri%20sonrası/thesis%20draft_after_jury_mk_aa_mk_aa.docx%23_Toc429680324
file:///C:/Users/201411/Desktop/jüri%20sonrası/thesis%20draft_after_jury_mk_aa_mk_aa.docx%23_Toc429680324
file:///C:/Users/201411/Desktop/jüri%20sonrası/thesis%20draft_after_jury_mk_aa_mk_aa.docx%23_Toc429680324
file:///C:/Users/201411/Desktop/jüri%20sonrası/thesis%20draft_after_jury_mk_aa_mk_aa.docx%23_Toc429680324

Figure 14: Pole plot of scattered discontinuities in the landslide area..................... 27

Figure 15: GSI table for heterogenous rock masses giving surface condition of

discontinuities and composition and structure (Rocscience Inc., 2014) ................... 29
Figure 16: Analysis of rock strength from RocLab software. .............ccccovveiiennn, 31
Figure 17: Earthquake catalogue of 2010 (KOERI
http://www.koeri.boun.edu.tr/SISMO/2/EN/) .......cooviiiiiiiiiie 39
Figure 18: Digital elevation model of the study area and its surrounding ................ 40
Figure 19: Locations and orientations of the cross sections of landslide.................. 41
Figure 20: Profile along A A’ .........ooiiiiiiiieie et 42
Figure 21: Profile along BB’ .......oooiii e 42
Figure 22: Profile along CC’ .......oiiiiiieeee e 43
Figure 23: ¢’- ¢’ pair satisfying FS=1.0 for the profile AA’..........cccoiiiiiiiiiiiiinen, 44
Figure 24: ¢’- ¢’ pair satisfying FS=1.0 for the profile BB’ ...........cccoocviiiiiiiiinnnn, 44
Figure 25: ¢’- ¢’ pair satisfying FS=1.0 for the profile CC’ ..o, 45
Figure 26: c’- ¢’ pairs obtained by back analysis..........cccccccceiiiiiiiiiiiiiiiie, 46
Figure 27: Displacement contours of the landslide for present situation.................. 47

Figure 28: Displacement contours of the landslide for partially saturated condition 48
Figure 29: Displacement contours of the landslide for the worst case scenerio ....... 48

Figure 30: Basic structure of fiber cable; a) core, b) cladding, c) coating (Modified
from Hayes, 2006). ......ccoiureeiiiee et 50

Figure 31: Light travel path possibilities between two medias (retrieved from
http://farside.ph.utexas.edu/teaching/302l/lectures/node129.html) .......................... 51

Figure 32: Measurement procedure of BOTDA taken from one of the experiments.
The figure at the right hand corner is taken from Ohno et al. (2001)....................... 57

Figure 33: Brillouin frequency shift due to strain (Ohno et al., 2001) ..................... 60

XVii



Figure 34: Optical Time Domain Reflectometer (OTDR) .......ccccovviveiviieeiieeeiiienns 64
Figure 35: Basic structure of the heterecore...........ccovvviiieiiiicc e 65

Figure 36: The utilized fusion splicer (Fujikura FSM 60S) to fuse two cables without
SIGNAT 0SS ... s 66

Figure 37: Cleaver used to cut the fiber cables properly.........cccccvviiiiiiiiinnne, 67

Figure 38: Energy loss and displacement relation for the cable pair of 62.5 and

Figure 41: Representative sketch of laboratory experimental set-up. a) soil barrier
having a height of 20 mm, b) soil-model interface, c) optical fiber cable holes, d)
chain hoist to lift the model up and down in a controlled fashion, e) model feet for

balancing, f) stopper to control mass MOVEMENL ..........ccccveviiveiiieeciiie e 71
Figure 42: Sieve analysis result for the sand USed ............ccccveevive e, 72

Figure 43: OTDR sytem measurement in landslide simulator before a movement

DASEA ON INCHNATION ... et 74

Figure 44: OTDR sytem measurement in landslide simulator after a small movement

DASEA ON INCINALION. ......tieiiieiie ettt 74
Figure 45: Strain changing with respect to displacement ..............cccccooeiiiiieeiinnnnn 77

Figure 46: Initial state of the BOTDA system on the laboratory simulator before
] [0 T o PSR PPSRPPPR 78

Figure 47: Appearance of the BOTDA system after given inclination after sliding . 78

Figure 48: Microstrains formed due to changing inclination of the landslide
simulator (red line represents the measurement taken at 10° inclination, green

represents 20° and yellow represents 30° inclination). ..........ccceveeiiiiiieeiniiieeenninnne. 79

XViil



Figure 49: Close up view showing fixing of the cable on a wooden pole ................ 80
Figure 50: A view of opening stage of guidance channels ............ccccovvvieninennn, 81

Figure 51: Layout of the deployed fiber cables and fixing points (from toe to scarp)

Figure 53: The monitoring unit of the field set up in the container.............c.cccc..... 83

Figure 54: Landslide geometry shown together with deformation contours and cable
FIXING POINES. ..ttt ettt ettt ettt na e 84

Figure 55: Baseline measurement of the whole cable .............c.cccooiiiieen, 85

Figure 56: A close up view of the related portion of the cable along with the

representative daily measurements taken during three days ..........ccccceeevivveiineennnnn. 85
Figure A 1: Precipitation graph of December 5, 2010.........ccccevvveeviieeciie e, 103
Figure A 2: Precipitation graph of December 10, 2010...........cccccveeviveeviineesiineenne, 104
Figure A 3: Precipitation graph of December 11, 2010...........cccccveeviveeiieeeciieee, 104
Figure A 4: Precipitation graph of December 12, 2010...........cccccveeviveeiieeesiineene, 105
Figure A 5: Precipitation graph of December 13, 2010...........cccccveeviveeviieeciineene, 105
Figure A 6: Precipitation graph of December 14, 2010...........cccccveeviveeviieeciineene, 106
Figure A 7: Precipitation graph of December 16, 2010............cccceeviveeiiveecinneene, 106
Figure A 8: Precipitation graph of December 17, 2010...........cccooveeviveeiiieeciineee, 107
Figure A 9: Precipitation graph of December 19, 2010...........cccooveeviveeveeeciieee, 107
Figure A 10: Precipitation graph of December 26, 2010..........ccccceeviveeiiiieecineene, 108
Figure A 11: Precipitation graph of December 27, 2010..........cccceeviieeiiieecineen, 108
Figure A 12: Precipitation graph of December 28, 2010..........ccccceeviieeiiiieecineenne, 109
Figure A 13: Precipitation graph of December 29, 2010...........ccccceveevicvinee i, 109

XiX






CHAPTER1

INTRODUCTION

1.1 Purpose and Scope

Landslides are one of the most destructive natural hazards in the world and in
Turkey. They are without a doubt a major natural hazard as important as earthquakes
or floods (Akgiin & Bulut, 2007; Gokece et al., 2008). Republic of Turkey Prime
Ministry Disaster and Emergency Management Authority (AFAD) have conducted a
study in terms of the number of affected settlements, number of occurrences, number
of events that caused evacuation, and the number of people evacuated for several
hazards between the years of 1950 and 2008 for Turkey (Table 1). The study shows
that landslides are the primary type of disaster when the number of the affected
settlements, occurrences and evacuation events are considered. In most cases,
landslides are perceived as disasters triggered due to earthquake, flood, volcanic
eruption or typhoon. However, they generally have greater socioeconomic impacts
than recognized as they are the element of multiple hazard disasters. Landslides
cause great economic loss in many countries around the world and this loss seems to
grow with the increase in population and the utilization of unstable hillside areas to
overcome the increasing demand for settlement areas. Moreover, landslides not only
result in loss of lives but they also cause damage to residential areas, industrial
complexes, agricultural lands, forests, and affect water quality of streams resulting in

substantial economic losses (Schuster, 1996).



Table 1: Hazards occurred in Turkey between 1950-2008 and their results (Gokee et al., 2008)

Number of Number of Events | Number of
Number of
Hazards Affected That Have Led to People
Occurrence ]
Settlements Evacuation Evacuated
) 63969
Landslide 4161 (%34.18) 12794 (%42.63) 6347
(%25.40)
20836
Rock Fall 899 (%7.38) 2769 (%9.23) 1367
(%68.26)
26081
Flood 1861 (%15.23) 3873 (%12.91) 2249
(9%10.36)
106838
Earthquake 2952 (%24.25) 5267 (%17.55) 4807
(%42.42)
8200
Others 665 (%5.46) 1076 (%3.59) 658
(%3.25)
Snow 4112
207 (%1.7) 670 (%2.23) 292
Avalanches (9%1.63)
Multiple 19102
2967 (%6.89) 1058
Hazards (%7.57)
1427 (%11.73)
Unclassified 1491 (%4.97) 704 2723 (%1.1)
Total 12172 30007 17482 251861

Studies regarding landslides have become more important with the realization of the

correlation between the number of landslides and adversely affected structures. Due

to these reasons, awareness about landslides and importance given to the concept of

risk assessment have been increasing, and correspondingly, early warning systems
have started to gain more attention (Li et al., 2012; Liu et al., 2010; Pei et al., 2011).

Today, there are many techniques to monitor landslides and/or potential slope
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instabilities and they have their advantages and disadvantages. Inclinometers,
tiltmeters, extensometers, ground based LIDAR, satellite images, and air
photography are examples of techniques used for landslide monitoring (Savvaidis,
2003; Pei et al., 2011). Rather than early warning, these methods are used to detect
subsequent deformation. Among these, optical fiber systems have superiority over
aforementioned systems in terms of their easy and fast data transfer, smaller
dimensions, light weight, sensitivity to strain and temperature change, wide band
range, resistance to environmental and electromagnetic effects, low cost and real
time monitoring properties (Wang et al., 2008; Gupta, 2012; Measures, 2001).
Optical fibers have been used since 1800s but their usage in early warning systems

of landslides is a fairly new concept (Al-Azzawi, 2007).

The purpose of this thesis is to develop an early warning system for landslides that is
related to neither failure mechanism nor lithology type by combining the strain
results collected from fiber cables with displacements on moved masses. For this
purpose, optical fiber systems are preferred due to their superiority in field
conditions and continuous data measurement capabilities. In this study two different
optical fiber systems were experimented with alternative fiber cables and their
competency for a real case landslide area was investigated. Before the field
experiment, systems were tested first in laboratory scale and then in the field. For the
laboratory studies, a landslide simulation model having an inclination mechanism
designed to represent a slope was used. Field application of the system was
performed in a landslide hazard prone region in the Bahgecik Settlement Area in the
Kocaeli Province. The region is located in the south of the city where the topography

iS mountainous.

1.2 The Study Area

The study area is located within the borders of Kocaeli Province, Bagiskele District,

Bahgecik Settlement Area. The location map of the region is given in Figure 1.



Kocaeli is located within the Eastern Marmara Region of Turkey and it has an
economic importance due to its industrial capacity. Kocaeli is an industrial city with
factories pertaining to especially the chemical industry along with the metal,
automotive, and machine industries. Kocaeli is bounded by the Black Sea and
Istanbul from the north, Sakarya from the east, Bursa from the south and Istanbul

and Yalova from the west.

Figure 1: Location map of the study area (Google Inc., 2015)

Kocaeli is one of the important cities of Turkey due to its high rank in the country
economy, geographical position and population. According to Gdkge et al. (2008)
Kocaeli does not rank first in terms of the number of the landslides that have
occurred to date. Although that is expected to affect landslide hazard analysis
positively, risk is higher than expected as Kocaeli is important in terms of economy,
location, and population. As a result, Kocaeli is determined as one of the priority

areas in terms of landslide hazard and risk.

North Anatolian Fault System (NAFS) is a right lateral strike slip fault that has a
length of 1500 km and separates Anatolian Plate located at South from Eurasia Plate
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located at North.Kocaeli is one of the cities that affected from this fault system.
Therefore, earthquakes should be considered as a major triggering mechanism for
landslides occurred in Kocaeli. Distribution of landslides occurred around the study
area and faults present can be seen in the Figure 2. According to Duman et al. (2006)
landslides reactivated after 1999 Izmit earthquake has an effect on hazard
distribution together with shallow landslides formed.

According to the Republic of Turkey Prime Ministry Disaster and Emergency
Management Authority (AFAD) database, the reported landslides that have occurred
between the years 1960 and 2006 in Kocaeli is given in Table 2 on a district basis.
The numbers given may be uncertain since the table was prepared according to the
reported events (Gokge et al., 2008).
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Table 2: List of the landslides occurred in Kocaeli between 1960-2006 gathered from AFAD
database (Gokge et al., 2008)

Province District Number of Landslides
Gebze 12
Merkez 37
Golciik 12
Kocaeli Kandira 1
Karamiirsel 28
Korfez 2
Yarimca 4
Total Number of Landslides 96

The study area is located at the border of the Basiskele district. Basiskele is not
present in Table 2 since it was founded in 2008, but it lies within the borders of

Merkez where most of the landslides have occurred.

Landslides can be triggered by the intense precipitation, snow melt, earthquakes and
human activities.. The climate and precipitation regime has an effect on landslides.
Also, human activities that include construction of engineering structures like roads
and tunnels have a remarkable impact in Kocaeli. In addition, seismic activity should

be considered due to its proximity to the NAFS.

Apart from the economic importance of Kocaeli, the study area was selected due to
its critical location in terms of landslide risk. In 2010, a landslide occurred and the
region was announced as a hazard prone area by the AFAD in 19.02.2013 because

the landslide was threatening a house that was located in its crown area (Figure 3).



Figure 3: General geometry of the landslide and the house affected

Figure 4a through 4c give Google Earth images of the study area before and after the
landslide as well as the house affected for the years 2009, 2011, and 2015,
respectively. Field observations and measurements showed that the mass movement

located at the study area has a width of 120 m and height of 40 m.



Googleearth

c

Google earth

Figure 4: Appearance of the study area dated on a) 11.04.2009 (before), b) 05.08.2011 (after), c)
07.05.2015 (after).



1.3 Physiography

The catchment basin of the study area trapped by the Gulf of Izmit, iznik Lake and
Sakarya River is formed by the plateaus with varying topographic heights. This area
iIs geomorphologically differentiated from the Kocaeli Peninsula by the important
topographic heights such as Naldoken (1125 m), Dikmen (702 m), Karlik (892 m)
and especially Kartepe Mountain with an elevation of 1601 meters. Southern parts of
Kocaeli have steeper slopes compared to the northern parts.

On the southern region, volcanic formations are abundant and these volcanic units
composed of andesites and dacites are located within the catchment basin which is
formed by the high mountains and plateaus, and extends through the NE and E
direction until they reach Goélciik and Masukiye. The regions where volcanic units

located are the areas where events such as landslides and rock falls are expected.

On the southern part, the region between Hersek Delta and the western part of
Golciik is generally observed as a typical high cliff beach. Some low coasts are also
present around Karamiirsel, Eregli and Yalidegirmendere. On the other side of the
bay, on the east and west of this cliffed region, low coasts are observed in larger
areas. On the eastern part, the coast between the Golciik region and the end of the
gulf of izmit forms an alignment of transported sediments due to numerous streams.
On the western part, the alluvial sedimentation that forms the Hersek and Laledere
deltas penetrate towards the sea, thus forming the low coast at that region (Kocaeli

Environment and Urbanization Directorate, 2011).

1.3.1 Climate

Kocaeli has a mild climate along the coasts of Black Sea and Gulf of izmit, and
harsh climate at mountainous regions. It can be said that Kocaeli has a transition

climate between Mediterranean climate and Black Sea climate. Winters are not warm
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as Mediterranean climate and summers are not as wet as Black Sea climate.

According to the Turkish State Meteorological Service (2014), the annual average

temperature of the last 64 years is 15.0°C. January is the coldest month with an

average temperature of 6.3°C and July is the warmest month with an average

temperature of 23.7°C. The average values of temperature, sunshine duration, rainy

days and precipitation is given in Table 3 on a monthly basis. In addition, the

average monthly temperature and precipitation are presented in Figure 5.

Table 3: Average values of temperature, sunshine duration, and precipitation data in Kocaeli

forthe 1950-2014 period (Turkish State Meteorological Service, 2014).
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January 6.3 9.7 3.3 2.3 17.6 93.2
February 6.7 10.7 3.5 3 15.6 73.3
March 8.6 13.2 4.9 4.6 14.1 73.4
April 13.1 18.5 8.9 5.3 11.9 52.3
May 17.5 23.2 12.9 7.2 9.9 45.4
June 21.7 27.5 16.8 8.6 8.3 52.8
July 23.7 29.5 19.1 9.3 5.8 37.6
August 23.7 29.6 19.2 9.6 5.3 43.6
September 20.4 26.2 16.1 7.1 7.1 52
October 16 20.8 12.5 4.5 11.8 89.9
November 11.9 16.2 8.6 3.4 12.7 81.5
December 8.5 11.9 5.6 2.3 16.4 108
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Monthly Average Precipitation and Temperature
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Figure 5: Monthly average precipitation and temperature values of Kocaeli between the years
1950-2014 (Turkish State Meteorological Service, 2014)

The annual precipitation distribution of Kocaeli for the years between 1981 and 2010
is shown in Figure 6. Accordingly, the average annual precipitation is 799.5 mm.
The annual precipitation data shows that Kocaeli has received precipitation far over
the average in the years 1981, 1997, and 2010 since 1981 with a nearly 14 years of
recurrence period.
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Annual Areal Precipitation

1100 +

Precipitation (mm)

s=a Precipitation = Average (1981-2010): 799.5 mm

Figure 6: The annual areal precipitation of Kocaeli (Turkish State Meteorological Service,
2014)

From the data of Figure 6, it can be seen that the amount of precipitation in 2010 is
higher than that of the preceding and following years. In addition, the average
monthly precipitation values show that December has the highest amount followed
by January. In 2010, the December precipitation of Kocaeli was measured as 124.5
mm which was drastically more than the average value of 108 mm. The daily
precipitation data obtained from the Turkish State Meteorological Service database
shows that thirteen days of December were rainy. The precipitation in this period
varied from 0.6 mm to 28.4 mm and reached the peak value on December 10, 2010.

The precipitation graphics of the related days are presented in Appendix A.
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CHAPTER 2

GEOLOGICAL SETTING AND ENGINEERING
GEOLOGICAL ASSESSMENT OF THE STUDY
AREA

2.1 Introduction

Kocaeli is surrounded by the topographic heights of the Kocaeli Peninsula on the
north, Armutlu Peninsula on the south and divided into two with the North Anatolian
Fault System (NAFS) by the gulf of izmit which is an extension of the Marmara Sea
and also the sedimentary basin. This is the main reason why Kocaeli is examined in
three different geomorphological regions which are the Kocaeli peninsula to the
north, Armutlu peninsula to the south and the gulf of izmit at the center (Kocaeli

Environment and Urbanization Directorate, 2011).

Kocaeli has two geologically important tectonic and structural assemblies. One of
them is the Kocaeli Peninsula containing the Istanbul Paleozoic and the Kocaeli
Triassic units that are located at the north of the gulf of Izmit. According to Sengdr
and Goriir (1983) the Kocaeli Peninsula was detached from the Moesia platform.
The other assembly is the Armutlu Peninsula which is a part of the Sakarya Zone.
Kocaeli is located on the tectonic assembly called the Istanbul Zone together with
the Istanbul and Kocaeli Peninsulas which are natural extensions of each other. Also,
the gulf of Izmit is located on the east west directional active graben where the North

Anatolian Fault System and the Marmara Graben System are interacted.
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The Sapanca Lake is located at the eastern part of Kocaeli while Kocaeli and
Armutlu Peninsula are located at the north and south, respectively. The ages of the
formations found in the Kocaeli Peninsula vary between Ordovician and Quaternary
(Gedik et al., 2005) and the units of the Armutlu Peninsula are found in the age
interval of Triassic to Quaternary and dominated by ophiolites and metamorphic
units (Gonctioglu et al., 1986). There is no chance to observe a continuity,
concordance or correlation since these two units are separated by the North
Anatolian Fault System.

2.2 General Geology and Seismotectonics

The units that outcrop in the Kocaeli Peninsula are composed of Paleozoic and
Permian-Triassic aged allochthonous units, Late Cretaceous-Eocene aged semi-
autochthonous units, and Oligocene-Miocene and Pliocene-Quaternary aged
autochthonous units (Gedik et. al., 2005). There are two Paleozoic aged sequences
and three Permian-Triassic sequences in the Kocaeli Peninsula. The units of these
different aged sequences have originally deposited at various locations and later have
come together as tectonic slices. The Paleozoic units were subjected to tectonic
movements during terrestrial sedimentation and have located in their place as
tectonic slices with transgressive Permian-Triassic units on them. At the Western
Pontides, the age of this placement should be older than Late Jurassic as there are
Late Jurassic-Middle Eocene aged units that rest unconformably on this unit. As the
result of tectonism, faults rather than folded structures were formed in Kocaeli
(Gedik et. al., 2005).

Armutlu Peninsula is situated in NW-Anatolia and composes the western part of the
Pontides. The peninsula is bordered with two main branches of NAFS and it is
approximately located on Mesozoic aged Intra-Pontide Suture. There are several
different units representing the formations starting from Paleozoic outcropped within

the borders of Armutlu Peninsula. Precambrian-Early Paleozoic aged Pamukova

16



Metamorphics compose the basement of the region. Sedimentary and volcano-
sedimentary units that cover the basement are Early Triassic Taskoprii Formation,
Late Paloecene-Middle Eocene aged Incebel Formation, and Eocene aged Sarisu
Formation. Fistikli Granodiorite settled during Eocene. At the upper parts, Late
Miocene aged Kilig Formation, Late Miocene-Early Pliocene aged Yalakdere
Formation, Pleistocene aged marine platform sediments and Quaternary alluviums
(Akartuna, 1968; Gonciioglu, 1990). These formations can be classified as two main
geological units. One of them is pre-Cenomanian metamorphic basement that made
up of Pamukova Metamorphics and Iznik Metamorphics. Other geologic unit is a
non-metamorphic cover with a discontinuous Cenomanian-Pliocene stratigraphic
column. (Gonciioglu et. al., 1992). Figure 7 shows a generalized regional geological
map of the study area and its surroundings.
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Figure 7: Regional geology map of study area (Modified from Gedik et. al., 2005)
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Kocaeli is located in a region that is tectonically active and according to the study
made by the Earthquake Research Center study of the Ministry of Public Works and
Settlement in 1996, the study area is located in a first degree earthquake zone where
the expected peak horizontal ground acceleration is greater than 0.40g (Figure 8).
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Figure 8: Map showing seismic zonation for Kocaeli (Earthquake Research Center, 1996).

The NAFS is one of the major tectonic structures of Turkey that disconnect the
Eurasia Plate that is located at the north from the Anatolian Plate that is located at
the south and has a length of 1500 km. The NAFS is a right lateral strike-slip fault
system. Kocaeli and thereby the study area is located in the NAFS. This fault system
has created a 125-145 km surface rupture as the result of the August 17, 1999
Kocaeli earthquake with a moment magnitude of 7.4 (Lettis et al., 2002; Barka et al.,
2002). This surface rupture continues into the Marmara Sea (Emre et al., 1998;
Barka et al., 2002; MTA, 2003; Harris et al., 2002; Duman et al., 2005, Emre et al.,
2011). Another seismic source around Kocaeli is the fault zone created on November
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12, 1999, namely, the Diizce earthquake with moment magnitude of 7.2. This fault
zone has a length of 30 to 45 km (Duman et al., 2005). In addition, there is another
seismic source created by the Abant (May 26, 1957, Ms=7.0) and in Mudurnu (June
22, 1967, Ms=7.1) earthquakes (Ambraseys and Zatopek, 1969). The Mudurnu
earthquake has a 55 km long fault zone that overlaps 25 km of the Abant earthquake
fault zone (Ambraseys and Zatopek, 1969). The 1957 Abant earthquake has a surface
rupture with a length between 30 km (Barka, 1996) and 40 km (Ambraseys and
Zatopek, 1969) that extends between the Abant Lake and Dokurcun. The surface
rupture of the Bolu earthquake (February 1, 1944, Mw=6.8) that occurred near the
study area continues between the Abant Lake and Bayraméren (Ketin, 1969; Oztiirk
et al., 1985). Major earthquakes around the study region and their focal mechanism
analysis are given by Figure 9.
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Figure 9: Major earthquakes and focal mechanism analysis within and around the study area
along the NAFS (Cambazoglu, 2012).

2.2.1 Local geology

The units that outcrop in and around the study area belong to the Sarisu and incebel
formations. As a consequence, only the details of the characteristics of these

formations will be explained.

The Sarisu formation is a volcano-sedimentary sequence that is commonly observed
in the middle part of the Armutlu Peninsula. It is composed of andesitic lava and
agglomerate. The sequence is found most typically around the Sarisu Village and
outcrops as a northeast-southwest oriented line that divides the peninsula into two
pieces. The sequence contains different lithological order in different places due to
development process of the volcanism. The formation generally starts with a 5-10 m

thick sedimentary level onto metamorphic rocks. This level is composed of
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conglomerate, mudstone, sandstone and limestone. Conglomerate is made up
ofquartz fragments and is grain supported. Mudstone contains quartz and limestone
fragments. Limestone has the characteristics of packstone with lithoclastic,
bioclastic, nummulite and quartz grains in it. This sedimentation is the 1000 meters
thick part located on top of the basement sequence and is generally composed of
pyroclastic and epiclastic rocks. Pyroclastics have normal, reverse or symmetrical
grading while fine or coarse grained tuff has andesitic tuff and rock fragments in
different sizes. Pyroclastic flow deposits are found in alternation with symmetrical
graded or ungraded lahar deposits. Some levels of the sequence contain huge
andesite blocks and pebbles of epiclastic deposits that probably have the
characteristics of beach conglomerate. Lava flows within the sequence that are found
at the upper levels and have a thickness of 5 meters show an alternation with
pyroclastic rocks. Lava flows are composed of andesitic volcanic rocks with
plagioclase, pyroxene and hornblende phenocrysts. Tuffs contain plagioclase, glass
and fluidal textured volcanic fragments within a glass matrix. Lahar deposits which
formed as a result of pyroclastic flow having normal or symmetrical grading have
developed irregular unconformity planes by scratching the flow surfaces. All this
sequence is cut by basalt dykes that are observed especially in the upper levels.

Basalts have augite and plagioclase and appear to be much fresher than andesite.

The Sarisu formation is located on metamorphic rocks with a thin level of basal
conglomerate, and has a tuff and sandstone alternation at its contact with the Incebel
flysch. Limestone and sandstone specimens located at the lowest level of the
volcanic sequence and metamorphic unconformity shows that the sequence

developed starting from Lutetian (Erendil et. al., 1991).

The Incebel Formation is a Paleocene-Eocene aged formation seen generally at the
south of Karamiirsel. The formation unconformably covers the metamorphic units
and forms a 3000 m thick sequence in the Incebel Village and dips towards

northwest. The Incebel formation starts with a basal conglomerate layer composed of
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pebbles of the units that overlay and its color is observed to be purple, gray or yellow
according to underlying unit. The Incebel formation is generally composed of a
flysch sequence of sandstone, mudstone, marl, and conglomerate. However, it can
contain volcanic lithologies, namely light colored tuffs and andesitic agglomerate in
the upper parts of the sequence. Due to the presence of this volcanic level, the
Incebel formation is interpreted to occur in alternation with the Sarisu formation

(Gonciioglu et al., 1992).

2.3 Engineering Geological Assessment of the Study Area

The study area is located within a valley that lies within the stream bed of the Sarilik
Stream. A three-dimensional stratigraphic model of the region prepared by the
Rockworks v.16 (Rockware, 2013) is given in Figure 10.

Stratigraphy

INI\Mum
I Sansu Formation
llncebel Formation

Figure 10: Three-dimensional stratigraphic model of the study area
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A field study conducted in order to understand the general geological and
engineering geological properties of the region revealed that the lithology in the
study area consists of an alternation of sandstone and marl. Figure 11 shows a close-
up view of the lithology. According to the field observations, this unit is correlates
with the Paleocene-Eocene aged incebel formation.

Figure 11: A close-up view of the Incebel formation

The sandstone marl alternation sequence contains scattered and non-persistent
discontinuity sets. Small scale folds are observed in the field. As explained in
Section 2.2, the study area is located within a tectonically active region, or in other

words, in a shear zone. Figure 12 shows a view of the folded and sheared structures
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and discontinuities that are present within the sandstone-mar| alternation sequence in

the study area.

Figure 12: Folded structures and small scale non-persistent scattered discontinuities present in
the study area

2.3.1 Engineering geological investigation

Several boreholes have been driven in the vicinity of the study area in previous
geotechnical studies conducted by private companies. Table 4 gives the coordinates,
depth and groundwater level of the boreholes located in the vicinity of the landslide

region. The engineering geological borehole logs are given in Appendix-B.
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Table 4: The coordinates, depth and groundwater level of the boreholes

Borehole Depth Groundwater
Number X Y z m Depth from
Surface (m)

SK5 492103.631 | 4503627.344 | 209.585 | 12.00 -

SK9 491609.017 | 4503564.437 | 136.944 | 12.00 3.00
SK10 491623.3 | 4503456.893 | 155.678 | 12.00 -
SK11 491624.15 4503416.77 | 159.929 | 12.00 -
SK12 491484.971 | 4503483.266 | 118.705 | 18.00 3.00
SK13 491402.697 | 4503446.256 | 119.547 | 18.00 3.00
SK14 491336.562 | 4503354.646 | 122.674 | 18.00 3.00
SK15 491287.681 | 4503189.871 | 145.695 | 10.00 3.00
SK16 491295.539 | 4503084.843 | 158.755 | 12.00 -
SK17 491313.861 | 4503264.014 | 138.109 | 21.00 4.00
SK18 491404.1 | 4503277.226 | 138.26 | 21.00 4.00
SK19 491256.442 | 4503243.465 | 133.987 | 10.00 4.00
SK21 492362.247 | 4503265.973 | 209.223 | 13.00 -
SK22 492295.662 | 4503154.601 | 192.723 | 12.00 9.00

The engineering geological characterization of the studied region was accomplished
with 201 m of boring data resulting from a total of 14 boreholes. Note that these
boring data were obtained from adjacent to the landslide location. According to the
boring results, there is a 1-2 m thick soil cover on the upper levels of the incebel
formation and this soil cover is underlain by a sandstone siltstone marl sequence.
The groundwater was encountered on nine of the fourteen boreholes at a depth

generally varying from 3 to 4 m from the ground surface.
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A sequence made up of sandstone and siltstone alternation occurs within the
boundaries of the landslide. The sequence is generally tectonically deformed and
disintegrated although in several locations of the landslide it outcrops as detached
blocks (Figure 13). The sandstone has a yellowish brown color while the siltstone is
greenish grey. They possess weak to very weak strength and are moderately to
highly weathered (ISRM, 1981). The siltstone is weaker and more weathered than
the sandstone layers. Scattered discontinuity sets are present in the area.
Discontinuity surfaces are slickensided with clay infilling and possess small
persistence according to ISRM (1981).

Figure 13: Disintegrated lithology and firm blocks of incebel Formation

A discontinuity survey was utilized by collecting only local level of discontinuity
data from detached blocks. The collected discontinuity data was plotted by using the
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DIPS v.6 (Rocscience Inc., 2012) to understand whether there is any identifiable
structural pattern of the pole concentration or not (Figure 14). The obtained scattered
plot of discontinuities implies that discontinuities present in the region do not
represent any identifiable structural pattern. Therefore, a circular type of slope
failure is likely in the region (Hoek and Bray, 1981).

Color Density Concentrations
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440 - 550
550 - 660

770 - 880
880 - 9950
990 - 11.00
Maximum Density | 10.54%
Contour Data | Pole Vectors
Contour Distribution | Fisher
Counting Circle Size | 1.0%

Plot Mode | Pole Vectors
Vector Count | 13 (12 Entries)

Hemisphere | Lower

W E Projection | Equzl Angle

Figure 14: Pole plot of scattered discontinuities in the landslide area

From the boring data, the solid core recovery (SCR), rock quality designation (RQD)
and point load strength values of the borehole cores along with the depth,
groundwater depth from the surface and weathering condition is given in Table 5.
Thereby, the SCR value ranges between 13% and 40% while the RQD is between
0% and 10% that classifies the unit as very poor rock (disintegrated/decomposed

rock). The units are moderately to highly weathered (ISRM, 1981).
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Table 5: Engineering geological characteristics gathered from borehole data

Ground Water Point Load
Depth Strength SCR Weathering
Borehole RQD (%)
(m) Depth From (%) Degree
Index (MPa)
Surface (m)
SK5 12 - - 13 0 Moderate to
high
SK9 12 3 5.13 20 0 Moderate to
high
SK10 12 - 0.27 21 3 Moderate to
high
SK11 12 - 0.32 25 10 Moderate
SK12 18 3 2.81 40 10 Moderate
SK13 18 3 0.45 24 1 Moderate to
high
SK14 | 18 3 4.98 22 3 Moderate
SK15 10 3 244 15 5 Moderate to
high
SK16 12 - - 17 0 Moderate to
high
SK17 21 4 271 17 0 Moderate to
high
SK18 21 4 431 18 0 Moderate to
high
SK19 10 4 3.54 18 2 Moderate to
high
SK21 13 - 0.1 20 4 Moderate to
high
SK22 12 9 . 1 0 Modqrate to
high

Since the project site is located in a tectonically deformed zone and since the pole

plot distribution shows scattering, the rock mass could be treated as an irregularly

jointed, highly foliated and very deformable soil-like material, from an engineering

geology point of view.

The Geological Strength Index (GSI) is a system of a rock mass characterization

developed with the Hoek-Brown failure criterion to meet the need for a reliable input

data into numerical analyses and analytic solutions for designing tunnels, slopes or
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foundations in rocks (Marinos et al., 2005). The GSI enables users to interrelate
intact rock properties with in-situ rock mass values with respect to visual assessment
of the rock mass, appreciating influence of geology on its mechanical properties
(Marinos & Hoek, 2000). In the study area, the GSI value was selected as 20 (very

poor category) according to field condition of the rock mass (Figure 15).

SURFACE CONDITIONS OF DISCONTINUITIES
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Figure 15: GSI table for heterogenous rock masses giving surface condition of discontinuities
and composition and structure (Rocscience Inc., 2014)

Table 6 gives the results obtained from the RocLab v.1 (Rocscience Inc., 2014.). At
the table sigt, sigc, sigcm, Erm, are the rock mass parameters representing rock mass
tensile strength, uniaxial rock mass compressive strength, global rock mass
compressive strength, and rock mass deformation modulus, respectively. Also, sigci,
mi, GSI, D, and MR stand for unconfined compressive strength of intact rock, the

intact rock parameter, the geological strength index, the disturbance factor and
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modulus ratio. In addition, my is a reduced value of material constant m;, and s, and a

are Hoek Brown constants.

Table 6: Geomechanical rock mass paramaters from the RocLab software (Rocscience Inc.,

2014)

Rock Mass Parameters Hoek Brown Classification

sigt -0.001 MPa sigci 9 MPa
sigc 0.027 MPa GSI 20
sigcm 0.410 MPa mi 9
Em 100.78 MPa D 0.5
Failure Envelope Range MR 375
Application Slopes Hoek Brown Criterion

Mohr-Coulomb Fit mb 0.199
c 0.022 MPa S 2.33e-5
) 33.88° a 0.544

GSI system applied by using field study observations and measurements was

resulted with a cohesion (c) value of 22 kPa and internal friction angle (¢) value of

34 degrees. Figure 16 shows the rock strength analysis results of the GSI system

from RocLab software.
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Figure 16: Analysis of rock strength from RocLab software.
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CHAPTER3

SLOPE STABILITY

3.1 Introduction

Cruden (1991) defines landslide as "the movement of a mass of rock, debris or earth

down a slope.”

The purpose of slope stability analysis is to reach safe and economic design of any
related structure such as excavations, embankments, earth dams, and landfills. Slope
stability analysis contains both identification of geological, material, environmental

and economic parameters and understanding of nature, magnitude and frequency.

Slope stability analysis aims to:

e Understand development and form of a mass movement

e Analyze short-term and long-term stability

e Assess landslide possibility

e Find failure mechanism and effect of environmental factors

e Redesign with back analysis for planning, design and remediation

e Examine seismic loading effect.

Slope stability analysis takes into account factors such as topography, geology,
material properties, and neutrality. A slope can be either a natural slope or a man-
made engineered slope. Natural slopes are those formed as a result of landscapes and

these could be triggered by changes in topography, groundwater level, stress,
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strength as well as seismicity and weathering. Engineering slopes originates from
man-made structures like embankments, cut slopes and retaining walls (Abramson et
al., 2002).

Slope movement occurs as a result of increase in shear stress or decrease in shear
strength of the rock mass. Shear stress of a slope increases due to removal of
support, overloading, transitory effects, removal of material from toe of the slope,
and increase in lateral pressure. Reduction of shear strength is related to change in
material properties, due to changes of weathering, pore pressure, and structural
changes. In addition, preexisting discontinuities found in a slope region such as
faults, bedding planes, foliations, cleavages, sheared zones, and dikes weaken the
residual soil and the weathered bedrock (Abramson et al., 2002).

3.2 Modes of Failure

Varnes (1978) classifies landslides according to type of movement and type of
material. Simplified version of Varnes classification is given in Table 7. Based on
this table any landslide could be identified with two criteria: the first one describes

the material and the second one describes the type of movement.
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Table 7: Modes of slope failure (Varnes, 1978).

Type of Material
Type of Movement Engineering Soils
Bedrock Predominantly Predominantly
Coarse Fine

Fall Rock Fall Debris Fall Earth Fall

Topple Rock Topple Debris Topple Earth Topple
Rotational
Slide Rock Slide Debris Slide Earth Slide
Translational

Spread Rock Spread Debris Spread Earth Spread

Flow Rock Flow Debris Flow Earth Flow
Complex Combination of two or more principal types of movement

According to Varnes’ classification, material composing a landslide can be rock or
soil. Soil is further divided into two groups as debris and earth. Rock corresponds to
a firm mass that was intact before the movement while soil could be described as an
aggregate of solid materials like minerals and rocks that formed in situ due to the
weathering of rock or that are allochthonous (i.e., transported from somewhere else).
Soil has two subgroups based on particle size. 1) soil mass is called earth if 80% or
more of the particles are smaller than sand-size particles (2mm) and 2) called debris
if 20% to 80% of material are larger than 2mm. (Cruden and Varnes, 1996).

3.3 Methods of Slope Stability Analysis

Gathering information about engineering properties of material present at landslide
area is a basic step of slope design. There are numerous analyses methods but none

of them are applicable for all slope failures as the internal stress state of the region
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and the stress strain relation before and after a mass movement could not be defined
with certainty. Today most of the methods use limit equilibrium analysis in which
failure is assumed to be incipient with a safety factor of one. There are other
complex methods such as finite element method (FEM) and boundary element
method (BEM) which require a complete model of subsoils and extensive laboratory
tests to determine soil’s constitutive parameters. Due to its easy implementation limit
equilibrium methods are preferred although they neglect stress-deformation
increments or decrements of slope masses. Conventional slope stability analysis is
based on the limit equilibrium concept and it gives a factor of safety which is a
unitless measure of stability. Limit equilibrium formulation gives statistically
indeterminate solution, so it is not possible to compare it with a closed form solution
directly. However, factor of safeties obtained from different methods could be
compared (Abramson et al., 2002).

Moment equilibrium is not satisfied by Janbu’s simplified method while Bishop’s
simplified method does not satisfy horizontal force equilibrium. FS calculated by
these two methods are 15% percent different than Spencer’s and the Morgenstern-
Price method which consider complete force and moment equilibrium. Bishop’s
simplified method for circular failure surface gives more or less the same result
(difference is less than 5%) with more rigorous methods. But, Janbu’s simplified
method is used for noncircular failures and it underestimates the factor of safety as
much as 30% compared to more rigorous methods. The methods which satisfy
complete equilibrium such as Janbu’s rigorous, Spencer or Morgenstern-Price
methods are more complex (Abramson et al., 2002). Morgenstern-Price method is
preferred as the method is applicable to both circular and noncircular failures and it
satisfies force equilibrium in x and y and moment equilibrium to determine more
realistic results. In this study, the limit equilibrium analysis was established by using
this method.
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One of the main purposes of this thesis study was to assess the deformation analysis
by using finite element method and compare these data with the field monitoring
results. In order to implement a finite element model rock mass strength parameters
are needed (i.e., shear strength and elastic parameters). Additionally, geotechnical
laboratory test results that were mentioned previously provide the index parameters
of the intact rock, but the case dealt in the field is related to rock mass properties.
GIS was used to overcome the data need and then, back analysis was conducted to
determine shear strength parameters of the material. After mobilized shear strength
parameters are determined by back analysis, it is important to reach deformation

results that will be the correlative parameter with monitoring results.

3.4 Back Analysis

Stability analysis is performed to reach a factor of safety for slopes with known
parameters in general, but they can be used to find shear strength values of a failed
slope. In order to establish a back analysis, the slope stability analysis needs to be
performed in a reverse order by a known factor of safety value; assumed 1 at the

time of failure. This reverse order analysis is called back analysis (Bromhead, 1992).

Back analysis procedure develops an analytical model of a slope failed or about to

fail and the model contains five components.

1. Landslide geometry with ground surface, slip surface, and material
boundaries

2. Pore water pressures on the sliding surface at the time of failure (required for
effective stress analysis)

3. External loads acting on the slope at the time of failure

4. Unit weights of the materials involved in the landslide

5. Strength of materials along the failure surface.
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In general, the first four parameters could be evaluated by field and laboratory
studies with certain accuracy and the fifth component could be obtained by back
analysis by assuming that the factor of safety equals 1. Back analysis provides
information about the shear strength parameters of a slope for future design that
could not be reached by conventional laboratory tests (Abramson et al., 2002).

3.5 Mechanism of the Landslide in the Study Area

The data gathered showed that the units forming the landslide are classified as poor
and very deformable soil-like lithology. It is known that the landslide occurred on
December 10, 2010. There was heavy precipitation before and during the day the
landslide occurred and the water level of the Sarilik stream increased with the

precipitation that led to flooding.

Also, there was no sign of a seismic activity within a 100 km circle around the study
area during the period of 01.01.2010 and 31.01.2011 according to the Kandilli
Observatory and Earthquake Research Institute (KOERI) database (Figure 17). The
data regarding the earthquakes that occurred in a 100 km circumference of the region
is given in Appendix C. Hence, it could be concluded that the landslide was triggered
by intense precipitation due heavy rainfall that caused the deformable soil-like
landslide material to saturate and the increase of water flow at the toe of the slope

leading to a landslide phenomenon.
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Figure 17: Earthquake catalogue of 2010 (KOERI http://www.koeri.boun.edu.tr/sismo/2/en/)

Deformational characteristics are important for characterizing the landslide and real
case rock mass parameters are required to calculate the deformations. Hence the
landslide has been modeled by finite element analysis that requires rock mass
parameters (i.e., shear strength and elastic parameters) and these parameters could be
calculated by back analysis along with the GSI results. Therefore, at first a back
analysis was implemented to calculate the mobilized shear strength parameters of the
landslide, and then the area was modelled through finite element analysis. To
determine the landslide geometry prior to failure, a digital elevation model of the

area was created from the topographical contours (Figure 18).
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Figure 18: Digital elevation model of the study area and its surrounding

From the digital elevation model three cross sections (AA’, BB’, CC”) were created
along the landslide that were parallel to the slope movement direction and the
cohesion-internal friction angle pairs at the time of failure (i.e., satisfying a factor of
safety value of 1.0) were computed. Figure 19 gives the location and orientation of

the cross sections of the landslide.
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Figure 19: Locations and orientations of the cross sections of landslide.

Figure 20, Figure 21 and Figure 22 shows the profiles obtained by cross sections
AA’, BB’ and CC’, respectively.
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Figure 20: Profile along AA’
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Figure 22: Profile along CC’

Once the cross sections were created, the back analysis was performed through limit
equilibrium solution by the Morgenstern-Price method using the Slide v.6 software
(Rocscience Inc., 2010). A fully saturated mass (representing heavy rainfall and
flooding conditions) together with a 30 kPa of surcharge to represent the surcharge
of the houses that are located in and behind the crown area (two-storey residential
buildings). Figure 23, Figure 24 and Figure 25 represent the back calculated results

of the limit equilibrium analyses of the cross-sections AA’, BB’ and CC”.
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Figure 23: ¢’- ¢’ pair satisfying FS=1.0 for the profile AA’
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Figure 24: ¢’- ¢’ pair satisfying FS=1.0 for the profile BB’
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Figure 25: ¢’- ¢’ pair satisfying FS=1.0 for the profile CC’

The ¢’- ¢’ pairs calculated as the result of back analysis are tabulated in Table 8. In

addition, a graphical representation of these pairs can be seen in Figure 26.

Table 8: ¢’- ¢’ pairs satisfying FS=1.0 limit equilibrium condition for the three sections

AA' BB’ ccC’

c' (kPa) o' (°) c' (kPa) o' (°) c' (kPa) ¢' (%)
36 18.0 38 20.0 29 19.80
17 28.0 25 25.0 18 28.60
10 32.5 11 31.0 9 35.10

8 33.9 5 33.4 6 37.20
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Figure 26: ¢’- ¢’ pairs obtained by back analysis

The center of gravity of the intersection triangle was selected to determine ¢ and ¢
values from the back analysis graph where the ¢ and ¢ values were determined as 19
kPa and 27°, respectively. The back analysis results provide the result of shear
strength parameters at the time of failure and these results are relatively consistent
with the values obtained from the rock mass calculation of GSI (c=22 kPa and ¢ =
34°).

In order to locate possible critical failure surface and to define the most critical part
of the slope, deformation characteristic of the real case conditions of landslide was
evaluated by using finite element method by the aid of Phase2 v.8 software package
(RocScience Inc., 2011). For the landslide, deformable soil-like rock mass lithology
without any preferred failure planes were modeled to be isotropic in the finite

element analysis.
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In order to understand the effect of groundwater in the landslide area, sensitivity
analyses were performed with different scenario levels of groundwater. Figure 27
shows the deformation contours obtained by the finite element solution for the
present case groundwater situation. Figure 28 displays the deformation contours for a
partly saturated groundwater condition can be possible during a heavy rainfall
precipitation. Lastly, Figure 29 gives the deformation contours for fully saturated

condition that can be represented the worst case scenerio.
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Figure 27: Displacement contours of the landslide for present situation

These different scenarios show that the larger deformations generally locate at the
middle and toe part of the slope and deformation value near the surface of the
landslide ranges from 7.20 mm to 9.90 mm (top to bottom) in the present case while
it is in between 7.20 mm and 10.5 mm (top to bottom) for partially saturated and
between 7.80 mm and 10.8 mm (top to bottom) for fully saturated model. Although
these analyses performed to determine critical failure surface in terms of
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deformation, the results will be compared with the field monitoring

following chapters.
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Figure 28: Displacement contours of the landslide for partially saturated condition
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Figure 29: Displacement contours of the landslide for the worst case scenerio
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CHAPTER4

LANDSLIDE AND SLOPE MONITORING
SYSTEM

4.1 Introduction

Although the history of optical fiber dates back to the 1700s with the invention of
optical telegraph, it is being used in communication systems since 1977 (Al-Azzawi,
2007). Today optical fiber systems have many different areas of usage ranging from
telecommunication to structural health monitoring, from monitoring of petroleum
and natural gas pipelines to early warning systems of engineering structures. Some
examples of these are telecommunication services such as cable television, high-
speed internet, wireless transition, remote monitoring, surveillance; military
application such as communication, command and control of ships and aircrafts,
links for satellite ground stations; monitoring and sensing of engineering structures,
gas and DNA sensors; lighting systems. Having such a large area of applications,
requirements for fiber cables can be coated according to different requirements
(temperature, chemicals or radiation resistant) to make them resistant to application

environment.

4.2 Optical Fibers

An optical fiber is a transmission medium that conducts the light from cable’s one
end to another in order to transfer it along a long distance. Optical fibers are thin
cables composed of core and cladding, and their material is generally plastic or glass
(silica). Fiber optic cables are made up of two main parts as core and cladding that
covers the core. In addition to these two layers, a coating is coiled to protect the core

and the cladding. Figure 30 shows the basic structure of an optical fiber cable.
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Figure 30: Basic structure of fiber cable; a) core, b) cladding, ¢) coating (Modified from Hayes,
2006).

Light’s transmission through a fiber is based on the Snell’s law (Snellius, 1621).
Snell’s equation explaining the relation between index of refraction and incidence
angle of light is given by Equation 1. Also, critical angle calculation is given by
Equation 2. Critical angle is a parameter related to total internal reflection. As the
index of refraction of the core is slightly higher than that of the cladding, light
launched through the cable travels within the core. This phenomenon is called total
internal reflection (TIR). Figure 31 represents the light traveling between two

mediums and shows the structure of the total internal reflection.

. ny .
sin 8, = —sin 6, Q)
n;
ing. = ny
sinf, = n1 (2)
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Figure 31: Light travel path possibilities between two medias (retrieved from
http://farside.ph.utexas.edu/teaching/302l/lectures/node129.html)

In order to obtain data through a fiber optic system, the fiber cable itself can be used
or sensitive regions, namely sensors can be deployed within the cable with a certain
interval for the desired application. Optical fiber sensors can be classified into three
groups as point, distributed, and quasi-distributed sensors. Point sensors measure
changes from certain points on fiber cable. Conversely, distributed sensors make
measurements along the cable, so they are capable of representing distribution of
spatial changes. These types of sensors use Raman and Brillouin scattering
principles. Quasi-distributed sensors are somewhere between point and distributed
sensors; in such a way that information comes from certain points on the cable but
data acquisition occurs along the cable (Grattan et al., 2000). Selection of sensors
depends on the parameter to be measured (deformation, temperature, moisture, etc.),

utilized device, and desired measurement sensitivity.
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4.2.1 Classification of optical fibers

Although optical fibers are classified generally into two main groups as multimode
and single mode cables they can be classified according to their production material,

structure, function and performance.

According to the manufacturing materials, optical fibers can be classified generally
as; silica fiber, compound glass fiber, plastic optical fiber, infrared fiber and crystal
fiber. The most common materials used for fiber cable manufacturing are silica
(Si0O,) and composite glass fiber composed of silicate, phosphate and fluorite.
According to their structure, fibers are divided into step-index fibers, graded index
fibers (GRIN), double cladding fibers (DCF), photonic crystal fibers (PCF),
polarization maintaining fibers (PMF) and large aperture fibers. According to the
function and performance, fibers are grouped into two categories as single mode
fiber (SMF) and multimode fiber (MMF) (Fang et al., 2012). A single mode fiber has
a core diameter ranging from 4 pm to 10 pm and this core diameter is small when
compared to the wavelength of light. Due to the small core diameter, light could
travel only in a single path or mode within a single mode fiber. On the other hand,
multimode fibers have larger core diameter ranging from 25 pm to 150 pm allowing

light to travel in many paths or modes (Iten, 2011).

4.2.2 Advantages of optical fibers

Optical fibers have superiority over conventional methods in terms of several
characteristics, namely easy and fast data transfer, small diameter, light weight,
sensitivity to strain and temperature change, wide band range, resistance to
environmental and electromagnetic effects, and low cost (Wang et al., 2008; Gupta,
2012; Measures, 2001).
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Powers (1997) gives the advantages of fiber optic as wide bandwidth, light weight
and small size, immunity to electromagnetic interference, lack of electromagnetic
interference crosstalk between channels, lack of sparking, compatibility with solid

state sources, and low cost.

Bandwidth is the measure of the frequency range width of a medium that depends on
carrier frequency. Optical fibers have higher frequencies than other methods which
make them superior. Bandwidth of a fiber cable can be of several THz and this
allows transfer of data from many different sources, so that they are applicable to a
wide range of fields. Fiber optics have small dimensions and low density that allow
them to be light and small in size. This property is an advantage in field application
especially when the considered length is long. These physical characteristics result in
an ease of the transportation of the cable since it is possible to install the cable in
smaller areas. Electromagnetic interference is a problem for data transfer and it is
almost impossible to avoid in electric related features and applications. Optical fiber
technology is immune to electromagnetic interference which is why they can be
implemented anywhere without being affected from electromagnetism. Furthermore,
optical fiber cables are applicable to hazardous areas as they do not spark. Due to
this characteristic, they can be safely used for any application without changing the
application route. This property of optical fiber cables allows them to be utilized in
flammable and toxic gas environments. Optical fibers are compatible with modern

electronic components as a result of their material and dimensions (Powers, 1997).

The main superiority of the optical fibers are their capability to transport more data
to in longer distances faster than any other medium (Hayes, 2006). Electromagnetic
radiation does not affect optical fibers, thus allowing data transfer with smaller noise
and error. Furthermore, unlike metallic conductors, utilization of fiber optics in the
fields of sensor applications, medical applications, industrial applications, subject

illumination, and image transport is possible (Hayes, 2006).
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4.3 The Utilized Optical Fiber System

Today, optical fiber systems are being used to monitor buildings, bridges, tunnels,
dams, slopes, pipelines, gas tanks, and ships for detection of changes in acceleration,
chemicals/gases, color, distance, force, humidity, magnetic/electric field,
movement/displacement, linear and angular position, pressure, and radiation (Altug,
2007). It is possible to detect these changes as chemical and physical properties
affecting the intensity, scattering and polarization of light traveling within the fiber.
These measurements are achieved by analyzing the amplitude, frequency, phase and
polarization of the backscattered light.

Scattering is the dispersion and loss of incident light due to hitting any unexpected
material such as irregularities caused from fiber production. There are three major
scatter types concerning optical fibers; Rayleigh, Brillouin, and Raman. Rayleigh
scattering is a linear scattering while Brillouin and Raman scatterings are nonlinear
(Yicel et al.,, 2014). Rayleigh scattering is the result of very small irregularities
within the fiber that have smaller dimensions than the wavelength of transmitted
light. These irregularities show their effect in the refractive index as fluctuations. As
a consequence, Rayleigh scattering occurs in almost all directions. Brillouin
scattering could be identified as an interaction between acoustic wave and pumped
wave. It is revealed as a result of the interaction of pumped light moving within the
fiber and acoustic waves formed thermally and spontaneously. Raman scattering is
the product of interaction between the light launched to fiber and molecular vibration
modes of the medium. It could be described as scattering of light from phonons
(Mafang, 2011).

An optical fiber system is not composed of only fiber cables but it also contains a
device that launches light into the cable and collects backscattered light and in some

cases sensitive regions called sensors. There are several different types of devices
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used with an optical fiber system. During this study, time domain reflectometry was

used as a source and receiver.

4.3.1 Optical fiber system utilized with OTDR

Time domain reflectometry is a phenomenon based on a deformation on a cable due
to any effect, and ground motion in the case of a landslide. The motion is determined
by monitoring the pulsed light’s backscattering time (Yan et al., 2010). An Optical
Time Domain Reflectometer (OTDR) is one of these devices that is invented by
Barnoski & Jensen (1976). Its purpose is to detect, locate and measure events at any
location on a fiber array. An OTDR sends the light to cable and collects
backscattered light. By using amplitude, the return time of backscattered light can be
determined (Fang et al., 2012). An OTDR gives the location of reflection that

corresponds to a change in a cable due to any effect in terms of decibel (dB).

Decibel is a logarithmic unit and is used for the expression of the ratio of physical
quantities. In the earlier years, power was measured in terms of milliwatts and loss
was measured in decibels (dB). Over the years, dB started to be used for all
measurements for convenience (Hayes, 2006). A decibel is a unit used for the
comparison of power units and could be defined as the ratio of the input optical
power to the output optical power (measured) for a certain wavelength. The number
of decibels is defined with Equation 3 (Mohammed et al., 2013).

dB = 10logy o — 3)
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As the equation implies, dB is a logarithmic scale and everyl0 dB represents 10
times ratio. Therefore, 10 dB means a ratio of 10 times, 20 dB means a ratio of 100

times, 30 dB means a ratio of 1000 times and so on (Hayes, 2006).

4.3.2 Optical fiber system utilized with BOTDA

A Brillouin Optical Time Domain Analyzer (BOTDA) was the second device used in
this study. It is again a distributed optical fiber sensor but it works with the Brillouin
scattering principle. These systems are named as time domain systems as they use
time interval between launched and backscattered light similar to the Optical Time
Domain Reflectometer (OTDR) (Ohno et al., 2001). The main difference between
the OTDR and the BOTDA is the adopted scattering principle, such that while the
OTDR uses Rayleigh scattering the BOTDA uses Brillouin scattering. Brillouin
scattering is a measure of a frequency shift caused from the difference between the
launched and the backscattered light (Halley, 1987). The OTDR detects changes on
the cable in terms of an energy loss (decibel loss), on the other hand, the BOTDA
detects changes in terms of frequency (Thyagarajan and Ghatak, 2007).

Brillouin Optical Time Domain Analyzer (BOTDA) requires two laser beams having
opposite directions in a fiber cable layout. One of them is the light launched to the
cable and the other is the backscattered light. When the frequency difference
between these two laser beams equals the Brillouin frequency of the fiber, a peak
forms on the result graph (Xiaofei et al., 2011). The working principle of the

Brillouin based time domain analysis can be seen in Figure 32.
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Figure 32: Measurement procedure of BOTDA taken from one of the experiments. The figure
at the right hand corner is taken from Ohno et al. (2001)

Different from the OTDR, the BOTDA detects changes occurred within fiber array
as a frequency shift and this difference is an advantage that will be explored and
explained in the following sections. The BOTDA has advantages such as high
precision, easy layout setting, strong anti-interference, and distributed mode (Shiging
and Qian, 2011). The BOTDA technology is preferred due to its high measurement
precision, high measurement range and high spatial resolution in temperature and

strain measurements.

There are two types of Brillouin sensors: Brillouin optical time domain analyzer
(BOTDA) and Brillouin optical time domain reflectometer (BOTDR). In BOTDA, a
pulsed pump light is launched from one end of the fiber cable while a probe light is
launched from the other end (Horiguchi et al., 1989). In BOTDR, on the other hand,

a pulsed light is launched from one end and Brillouin backscattered light is observed
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at the same end (Horiguchi et al., 1995). The device used during thesis study was a
BOTDA which requires both ends of the cable for measurements.

As mentioned before, the Brillouin frequency shift is related to the launched light
and the acoustic wave. Equation 4 shows the Brillouin frequency shift calculation.

vg = 2nl, /A 4)

where, n=refractive index
Va= velocity of acoustic wave
A= wavelength of light

and velocity of acoustic wave is formulated as given in Equation 5.

V., =JEA—k)/(1+ k)(1 —2k)p ()

where, E=Young’s modulus
p= density of fiber

k=Poisson’s ratio
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The Brillouin frequency is affected from temperature and strain as acoustic wave
velocity is related to the material density, and this effect is the result of the material
density that is dependent on temperature (thermal expansion) and deformation
(strain) (Iten, 2011).

As the equations imply, the acoustic wave velocity, thereby Brillouin frequency is
dependent on strain (Figure 33). If longitudinal strain, €, occurs in an optical fiber so

does Brillouin frequency shift. This relation can be represented by Equation 6.

dUB (S) (6)
de ¢

vp(e) = vp(0) +

Therefore, the Brillouin frequency shift can be used to determine the change in strain
(Ohno et al., 2001).

59



Strain () Strain €

(Tension free) (Tension)

—_ O )<]3/ \I‘::>)Optica| fiber

Incident light
- - - - < 4 - -
Brillouin backscattered light

. ~ N —
v v

Strain €

Scattered light power

\

: i
ve(0)  vy(e)
Brillouin frequency shift

Figure 33: Brillouin frequency shift due to strain (Ohno et al., 2001)

The BOTDA operates in a similar manner to the OTDR method, i.e., the BOTDA
uses time domain analysis by observing backscattered light. As a result, any Z
distance where scattered light is generated can be determined by the relation given in

Equation 7.

T ()
2n

where, c=light velocity
T=time elapsed between launching and backscatter

By using this equation, BOTDA detects the location of strain change. In addition,

there is another important concept for accurate determination of location of change:
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spatial resolution. Spatial resolution is a measure of accuracy of the location and can
be formulized by Equation 8.

Az = (8)

where, 1=pulse width. As can be seen from the equation, higher spatial resolution
ensures higher accuracy (Ohno et al., 2001).
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CHAPTERS

METHODOLOGY

5.1 Introduction

This study was initiated with the Techno-Initiative Capital Support Program of the
Ministry of Science, Industry and Technology (Geolab Geotechnics, 2012) and
continued with the Research and Development, Innovation and Industrial
Application Support Program of the Republic of Turkey Small and Medium
Enterprises Development Organization with the title of Risk Assessment, Monitoring
and Early Warning System of Landslide and Slope Stability (HAMA Engineering,
2014). During these experiments a fiber optic system using an Optical Time Domain
Reflectometer that is based on energy loss was used. The OTDR system was very
sensitive as a point sensor and it was sufficient for laboratory studies, however its
field application was not satisfying due to several reasons. In order to overcome the
limitations of the OTDR, a new system based on Brillouin frequency shift was used
owing to the support of the National Earthquake Research Program (UDAP) of the
Republic of Turkey, Prime Ministry Disaster and Emergency Management Authority
(AFAD) (Project No: UDAP-C-14-02).

Consequently, as two different procedures were followed to establish the monitoring
system, studies performed during this thesis are explained below under two main
headings; as studies with the OTDR (Section 5.2) and studies with the BOTDA
(Section 5.3).
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5.2 The OTDR Monitoring System

The Optical fiber system used during the initial stage of this study was composed of
optical fiber cables, sensor embedded to the cable and the OTDR. As previously
explained, an OTDR is a device that sends a laser into the cable and collects
backscattered light (Fang et al,, 2012). The OTDR detects the location of reflection
(decibel loss) by using the amplitude and the backscattered light’s arrival time. A
JDSU MTS 6000 model OTDR was used in this study (Figure 34).

Figure 34: Optical Time Domain Reflectometer (OTDR)

As mentioned before, there are two cable types according to their function and
performance, namely 1) single mode fiber (SMF) and 2) multimode fiber (MMF).
Their core sizes differ and multimode cables have larger core diameters than single
mode ones. Larger core enables transfer of light arriving with different angles while
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single mode cables could only transfer light coming with a right angle. To compose
the optical fiber system using OTDR, these two cable types were used together to
form sensors. The sensors are the sensitive regions generated by splicing cables
having different sizes and characteristics. Several combinations were tested and the
optimum arrangement was found as placing a single mode fiber between two
multimode fiber cables (Kelam et al., 2013). Figure 35 explains the structure of the

Sensor.

Figure 35: Basic structure of the heterecore

The logic behind the sensors is the mode difference in fiber cables where multimode
cables have larger modes and higher core diameters than single mode fibers
(Watanabe et al., 2000). Multimode cables can accommodate light coming with
different angles as a result of their larger mode diameter while single mode cables
transfer light with a right angle. Due to this diameter change, the light launched from
the source (i.e., OTDR) travels through the multimode cable and some of the light is
lost when it arrives to a sensor point as the fiber mode changes. This loss enables

sensitive regions to be formed.
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Figure 36: The utilized fusion splicer (Fujikura FSM 60S) to fuse two cables without signal loss

During the fusion process, a Fujikura FSM 60S model fusion splicer (Figure 36) was
used to splice the cables and also the Fujikura CT-30 model high precision cleaver
(Figure 37) was used to cut the cables at a right angle in order to minimize extra

losses which may originate from the sensor itself.
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Figure 37: Cleaver used to cut the fiber cables properly

During this study, several cable pairs were spliced and their sensitivities were
analyzed in order to decide the most suitable cable pair. The OTDR shows changes
in cable as decibel losses. Table 9 gives the decibel loss values of different cable
pairs for certain displacements. In addition, graphs of given displacement values can

be seen as Figure 38, Figure 39 and Figure 40.
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Table 9: Losses of different cable pairs based on displacement

Displacement Loss of Loss of Loss of
62.5-G652D-62.5 62.5-DSF-62.5 62.5-NZDSF-62.5
Initial 3,329 3,143 4,011
1cm 3,866 3,980 4,827
2cm 4,612 4,238 5,408
3cm 5,622 4,620 5,780
4cm 6,390 5,175 5,544
5cm 7,127 5,315 6,084
6cm 7,330 5,434 6,351
7cm 7,623 5,336 6,481
8cm 8,367 5,400 6,487
9cm 7,789 5,377 6,516

Energy Loss With Changing Displacement
62.5-G652D-62.5
9,000
8,000 * i
7,000

2 00 y = -68.99% + 1224.9x + 2574.3
= s R? = 0.9831
2 5,000 P> 2
-
2 4,000 -
$ 3,000
L
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1,000

0
0 2 4 6 8 10
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Figure 38: Energy loss and displacement relation for the cable pair of 62.5 and G652D
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Figure 39: Energy loss and displacement relation for the cable pair of 62.5 and DSF
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Figure 40: Energy loss and displacement relation for the cable pair of 62.5 and NZDSF
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As Table.9 and Figure 38, Figure 39 and Figure 40 indicate the 62.5 and G652D
fiber cable pair was the most sensitive one due to its higher loss that resulted from

the same effect.

After the cable pairs were selected, the system with heterecores was first tried in a
laboratory scale prior to the field application. The aim was to check the system by
implementing it into a small scale area. In addition, this step gave an opportunity to
understand unexpected situations that could be encountered in the field. Laboratory
studies conducted on a laboratory scale experimental set-up called landslide
simulator has been designed for this study to represent an ordinary soil slope in order
to observe the performance and reliability of the optical fiber sensors, to test their
sensitivities and to calibrate the collected OTDR data by performing deformation
measurements. A landslide simulator is basically a large container composed of two
identical trays each having a length of 2 m and width of 3 m. The depth of the tray
changes linearly between 0.2 to 0.4 m representing the toe and the scarp of a slope.
Both of the trays had an inclination mechanism that gave an opportunity to study
with either single or both trays. Figure 41 presents a sketch of one of these trays. The
inclination mechanism of the trays is operated with a manual pulley hoist. The trays
can be moved vertically to create an inclination of a desired angle up to 45° to
represent ideal mass movement conditions for the material used. The trays have a
foot that holds the simulator 25 cm above the ground level. The base of the trays has
three integrated barriers with a height of 20 mm to prevent any unexpected failure
caused by material and tray interface. In addition, the side panels were designed with
small holes on them to facilitate deployment of the optical fiber cables and their

connections to the measurement device.
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Figure 41: Representative sketch of laboratory experimental set-up. a) soil barrier having a

height of 20 mm, b) soil-model interface, c) optical fiber cable holes, d) chain hoist to lift the

model up and down in a controlled fashion, ) model feet for balancing, f) stopper to control
mass movement

In order to study with laboratory landslide simulator the tray was filled with sand
material and the sieve analysis results of the sand used are presented by Table 10 and
Figure 42.
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Table 10: Sieve analysis data

Test sieve Mass Cumulative
ASTM Sieve Size retained mass retained | Cumulative | Cumulative
Sieves (mm) (9) (9) % retained | % passing
No.4 4.750 23 23 4.637096774 | 95.36290323
No.10 2.000 175 198 39.91935484 | 60.08064516
No.20 0.850 138 336 67.74193548 | 32.25806452
No.40 0.425 73 409 82.45967742 | 17.54032258
No0.60 0.250 46 455 91.73387097 | 8.266129032
No0.140 0.106 34 489 98.58870968 | 1.411290323
No0.200 0.075 4 493 99.39516129 | 0.60483871
Pan 3 496 100 0
Sieve Analysis Graph of Sand
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Figure 42: Sieve analysis result for the sand used
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From the sieve analysis, Dgo, D30, and Do values were calculated as 1.871, 0.750,
and 0.269, respectively. By using these data, the coefficient of uniformity and the

coefficient of curvature were calculated by using Equation 9 and Equation 10.

_ Dy 1871 _ )
U= D, 0260 090

Dag)? 0.75)2 10

CZ_(30) __ (075 =1.118 (10)

" DgoDio  (1.871)(0.269)

As a consequence, the sand is classified according to unified soil classification
system (USCS) as well graded sand, gravelly sands with little or no fines (SW). The
USCS table is given in Appendix D.

Figure 43 and Figure 44 show the landslide simulator before and after movement

based on inclination, respectively.
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Figure 43: OTDR sytem measurement in landslide simulator before a movement based on
inclination

Figure 44: OTDR sytem measurement in landslide simulator after a small movement based on
incination
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Laboratory tests showed that the OTDR system is a sensitive and useful system for
laboratory scale measurements. After the laboratory experiments were completed the
aim was to implement the system to a landslide area. However, this aim could not be
accomplished with the OTDR and this fiber optic setup due to the fragile structure of
heterecores and the limited number of usable heterocores as a result of high energy
loss. The laboratory test with the OTDR, on the other hand, allows finding a relation

between the energy loss and displacement (Equation 11).

y = —68.99x2 + 1224.9x + 2574.3 (11)

Since the system constructed with the OTDR efficiently responses to the
displacements occurred in a short distance that can be scanned by using three
heterocore sensors, it is obvious that application of this monitoring system in large
scale landslides is not that suitable because as shown in the table, even a single
heterocore sensor reacts to a 1 cm displacement with a 3dB loss which indicates a
power loss around 50%. It means that after the system senses a 3" displacement, the
maximum remaining power is around 10% of the initial one. That is why the device
has had problems in taking measurements after the 3" point and sensed the fourth
point as the cable end (Arslan et al., 2014). This problem could be resolved by
combining optical amplifiers to the sensors but that wouldn’t be a cost effective

solution.

Because of this problem it was realized that to monitor a large scale area, the system
utilized should be loss-independent which means that it should use a different
parameter than the intensity of the light. All these facts directed the project to

construct a new system by using BOTDA which enables to detect absolute and
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relative strains along an entire cable free of power loss by observing frequency shifts
which will be given in detail in the following titles.

5.3 The BOTDA Monitoring System

It is possible to reach displacement results by using the OTDR by the correlation of
the decibel losses recorded in a laboratory environment by the aid of a sensitivity
analysis (Kelam et al., 2013). Unfortunately, the dB loss logic behind the OTDR
makes its usage difficult in field applications as the power of light decreases with
every loss. These disadvantages make calibration of the OTDR results complicated
and less accurate. To overcome such negative effects and to increase efficiency and
accuracy, Brillouin-OTDR (BOTDA) systems that detect strain and temperature
changes have started to be used as an alternative (Wu et al., 2002).

The BOTDA requires two laser beams having opposite directions in a fiber cable
layout. One of them is light launched to the cable and the other is backscattered light.
A peak point manifests itself on the resulting measurement graph when the
frequency difference between these two lasers coincides to the Brillouin frequency
of a fiber (Xiaofei et al., 2011).

The strain and temperature changes cause the peak point to form in a different
position than that of its former position. This change is observed as a frequency shift
of the peak point. The BOTDA system is capable of acquiring measurements along a
long fiber layout with a high accuracy. Due to this advantage, in addition to strain
measurement, BOTDA can be used for monitoring of deformation in engineering
structures (Xiaofei et al., 2011; Yin et al., 2010).

Studies were conducted with a Distributed Strain and Temperature Sensor (DSTS)
device manufactured by OZ Optics, Ltd. Similar to the OTDR system studies, the
BOTDA experiments were initiated in a laboratory environment with sensitivity

measurements. As a result of these initial experiments, the relationship between
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displacement and strain that is presented in Table 11. Based on the relation given in
the table third order polynomial equation is proposed in Figure 45.

Table 11: Displacement and strain relation

Displacement (cm) Microstrain
6 78.27
8 219.49
10 219.50
12 282.77
14 282.73
17 379.69
20 628.43
22 843.44

Microstrain Displacement Relation

850 7

y =0.4705x3 - 17.003x2 + 217.11x - 700.79 /
700 R%2=0.9937

0 T T T T T T T T T 1
4 6 8 10 12 14 16 18 20 22 24

Displacement (cm)

Figure 45: Strain changing with respect to displacement
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After acquiring this calibration relationship, studies on the landslide simulator were
initiated. Figure 46 and Figure 47 show before and after condition of the experiment,

respectively.

Figure 46: Initial state of the BOTDA system on the laboratory simulator before sliding

Figure 47: Appearance of the BOTDA system after given inclination after sliding
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As can be observed from the figures, mass movement occurred and the resultant

strain was recorded by the BOTDA. Figure 48 shows the results acquired at the end

of the experiment where the graph gives the strain resulting from slopes with varying

inclination. Blue line represents initial strain present on fiber cable and red, green

and yellow lines represents the strain conditions when the landslide simulator

inclined to 10°, 20° and 30°.

m Strain ChangeSun Jul 19 18:41:29 2015

Cable ends
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11151
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76163 236737
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Figure 48: Microstrains formed due to changing inclination of the landslide simulator (red line
represents the measurement taken at 10° inclination, green represents 20° and yellow represents

30° inclination).

5.4 Field Application of the Monitoring System

Field application of the system was implemented at the landslide region that is

located in the Bahgecik Settlement Area of Basiskele District, Kocaeli Province,
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Turkey. The landslide in question is in a valley created by the Sarilik Stream and in
its crown area there exists a two storey house which was evacuated. To monitor this
slope, a fiber cable system starting from a point behind the crown was used. The
cable system encircles the landslide, and then comes back to the starting point. In
order to monitor shallow movements occurring on the slope, wooden stakes with a
length of 2 m are used. Initially, the wooden stakes were driven 1 m on and around
the failure surface. After that, the optical fiber cables were coiled around these
anchored wooden stakes. During the construction of network between the stakes the
optical fiber cable was deployed below 10 cm of the ground surface (Figure 49).

Figure 49: Close up view showing fixing of the cable on a wooden pole
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Figure 50: A view of opening stage of guidance channels

Figure 50 shows the implementation procedure of the fiber cable between the two
wooden poles. The cables were installed by opening guidance channels. Figure 51
and Figure 52 show the final configuration of the deployed system in the field.
Figure 53 gives the appearance of the read out unit of the system in the container

cabin.
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Figure 51: Layout of the deployed fiber cables and fixing points (from toe to scarp)

Figure 52: Layout of the deployed fiber cables and fixing points (from scarp to toe)
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A total of 15 stakes were used and the cable fixed to these poles covers the cable
length between 2005 and 2056 meters. The stakes were tried to be deployed as
equally spaced as possible. These stake locations were decided based on the
deformation analysis explained and given in slope stability chapter (Chapter 3.5) in

order to find the most critical region where the largest mass movement can occur
(Figure 54).

Figure 53: The monitoring unit of the field set up in the container
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Figure 54: Landslide geometry shown together with deformation contours and cable fixing
points

After the system was deployed, a base measurement was taken and the system was
initialized to monitor the slope. Figure 55 gives the measurement of the entire cable
length while Figure 56 shows the region where the cable was deployed into the
landslide. In Figure 55 and Figure 56 letters A and B are the markers representing
the borders of the deployed length. The optical fiber cable used for field application

can be seen in Appendix E.
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Figure 56: A close up view of the related portion of the cable along with the representative daily
measurements taken during three days
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Table 12 gives the microstrain results reached by the measurements performed in the
field. The corresponding part of the cable is between the markers A and B as shown
in the graph and the displacement results were obtained by the end of a three day
monitoring in the field.

Table 12: Microstrain results gathered from field monitoring and corresponding displacements

Measurement Displacement | | ,. .
L ocation (cm) Microstrain
0.84 -530.42
2020.51 m 0.83 -532.3
0.59 -580.21
0.90 -519.16
2042.57m 0.68 -561.017
0.62 -572.72
0.87 -524.77
2046-2053 m 0.85 -526.651
0.71 -555.21

According to the deformation measurements obtained at the initial stage of the
monitoring in Bahgecik Landslide, it is difficult to reach a concrete result such a
short period of time. When the results of the numerical analysis and recorded strains
are compared, it can be said that the field test results are relatively consistent with
the numerical analysis results. However, it should be noted that the main reason of
the deformation analysis is to detect the most critical failure surface area of the slope
to determine the field monitoring boundaries and to test different groundwater level
conditions that can be encountered during the field applications. As natural, the
strain measurement obtained by BOTDA gives relatively lower strain than the
deformation analysis. This may be a result of the emplacement time required for the

cable to settle after the system was deployed. Therefore, in order to come up with
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firm results, sensitivity analysis should be continued in the field and the monitoring
should be implemented for a longer period such as 3 or 5 months.
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CHAPTER®G

DISCUSSION AND CONCLUSIONS

The main aim of the thesis study is to construct an early warning system by using
optical fiber technology. Optical fiber systems were preferred because of their
advantages over other methods like small size, wide bandwidth, immunity to
electromagnetic interference, resistance to environmental conditions, easy data
transfer, low cost, and real time monitoring. Although, the adopted technology has
not been used as an early warning system yet, the conducted laboratory and field

experiments show that it is capable of determining any type of mass movement.

At the initial stages of the study which had started with the Techno-Initiative Capital
Support Program of Ministry of Science, Industry and Technology and continued
with Research and Development, Innovation and Industrial Application Support
Program of Republic of Turkey Small and Medium Enterprises Development
Organization supports, an optical fiber system using the OTDR as a measurement
device was used with bare fibers. The experiment with the OTDR system led to
determine the sensor generation stage, test stage of its usefulness in the laboratory
and the field implementation stage. The sensors were generated and the system was
tested in laboratory scale by using a landslide simulation model having an inclination

mechanism designed to represent a slope.

The system utilized with the OTDR was very sensitive as a point sensor and it was
capable of measuring the strain in terms of centimeters. Although the system was

sufficient for laboratory studies, it was not applicable to the field as power loss based
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measurement caused only three sensors to be used. In order to overcome the
limitations of the OTDR, a new system based on the Brillouin frequency shift was
used by the support of the National Earthquake Research Program (UDAP) of
Republic of Turkey, Prime Ministry Disaster and Emergency Management Authority
(AFAD). By the BOTDA system, the same procedure was followed. First, the
system was tested in the laboratory simulator and then applied to field study.
Laboratory studies performed led to a conclusion that the system was suitable for a
landslide monitoring study and measurements resulted with a nonlinear relation
between the strain and displacement. Following the laboratory scale studies, the
system was applied to a landslide region in the Kocaeli Province, Basiskele District,
Bahgecik Settlement Area. This area was selected, because of its critical situation in
terms of landslide risk. In 2010, a landslide occurred and the region was announced
as a hazard prone area by the Republic of Turkey Prime Ministry Disaster and
Emergency Management Authority (AFAD) as the landslide was threatening a house
that was located in the crown area. The BOTDA monitoring system was
implemented to the landslide by deploying optical fiber cables with the help of fixing

points and measurements were collected for few days.

The study area is located in a valley that lies within the stream bed of the Sarilik
stream that is situated in a shear zone and the field observations showed that the
units present in the area is the Paleocene-Eocene aged incebel formation composed
of sandstone-siltstone-marl alternation. The engineering geological assessment of the
region was made by a field discontinuity scan-line survey and engineering geological
boring logs. According to obtained field data, the formation is classified as very poor
rock mass having soil-like lithology characteristics and it was highly weathered. The
GSI rock mass classification system was used to reach the rock mass parameters

required for the deformation analysis.

In order to understand the triggering mechanism of the landslide, initially, the
seismic activity around the study area was examined and it was concluded that there

has not been any important seismic activity that was capable of triggering the
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landslide. After this information, the Turkish State Meteorological Service database
revealed that in December, 2010 there was a drastic increase in the rainfall
precipitation values at Kocaeli. The average precipitation was 124.5 mm for
December, 2010 while the average of the December precipitation was 108 mm. In
addition, the precipitation reached a peak value with a daily precipitation of 28.4 mm
on December 10, 2010 which might have been the triggering mechanism of the

landslide.

The displacements take place in a small scale laboratory landslide simulator is rather
obvious; however this is not the case for field application. Therefore, slope stability
analyses were conducted.For this particular objective, a back analysis was
implemented to reach the mobilized shear strength parameters of the moved mass by
using three profiles. The back analysis was implemented by considering saturated
condition at the time of failure and the surcharge of the houses that are located at the
crown of the landslide. Then, the landslide was modeled based on deformation
analysis via the finite element method to compute the displacements. The main
purpose of applying finite element solution was to understand deformation
characteristics of the field and to locate the place where the most deformation might
occur. Accordinly, the monitoring system was deployed to the region to monitor the
slope movement determined by deformation analysis. Another aim of the finite
element solution was to evaluate the effect of grounwater level that can possibly be

changed the stability results during the field monitoring study.

These results showed that the displacement values calculated were in fairly well
agreement with those obtained through field monitoring within a small period of
time. Although the field measurements performed was the preliminary study and the
area should be monitored for a longer time period to reach the conclusive
deformation results, the limited data measured in the study area was quite

reasonable. The optical fiber monitoring system detected a displacement interval of
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0.59-0.90 cm and the deformation analysis gave displacement values between 0.72-
0.99 cm.
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CHAPTERY

RECOMMENDATIONS

This thesis study demonstrated that the optical fiber system is a reasonable tool as a
landslide monitoring. At the end of the thesis, the monitoring result that is suitably
compare with the deformation analysis was obtained. Also, calculated deformation
results will be useful to understand anticipated excessive precipitation conditions in
the future for the monitoring study. As mentioned previously, this study will
continue to characterize slope movement through monitoring for a prolonged period

of time as needed.

During the study period, preliminary results were gathered from the monitoring.
Besides, deformation analysis conducted to locate the most critical failure surface in
the study area. Results obtained from the both analysis present similar results but
may not be representative as cables require an emplacement time to settle after the
system was deployed. Therefore, in order to come up with firm results, sensitivity
analysis should be continued in the field and the monitoring results should be
implemented for a longer period of time. In addition, groundwater level on the
region should be monitored as the landslided has triggered by precipitation of
rainfall. For this purpose, a few piozometers might be deployed in the study area to
control the results. In this period, deformation analysis will be detailed and
monitoring system will be converted to an early warning system by asigning treshold
displacement values to the system and controlling it with a GPRS system for

remotely access monitoring or any other system that can replace it.
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APPENDIX A

DAILY PRECIPITATION GRAPHS OF KOCAELI
FOR DECEMBER, 2010
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Figure A 1: Precipitation graph of December 5, 2010
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Figure A 3: Precipitation graph of December 11, 2010
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Figure A 4: Precipitation graph of December 12, 2010
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Figure A 5: Precipitation graph of December 13, 2010
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Figure A 7: Precipitation graph of December 16, 2010
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Figure A 8: Precipitation graph of December 17, 2010
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Figure A 9: Precipitation graph of December 19, 2010
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Figure A 10: Precipitation graph of December 26, 2010
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Figure A 11: Precipitation graph of December 27, 2010
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Figure A 12: Precipitation graph of December 28, 2010
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Figure A 13: Precipitation graph of December 29, 2010

109



110



APPENDIX B

BOREHOLE LOGS

BOLGE Mo KOCAELIFBASEKELE
OZGULMUHENDISLIK Ll
SONDAJ LOGU ! BORING LOG P o BKS
SOMDOR
i :Yavuz TEZCAN
PROJE ADIY Project Mame o] DELIK GAP|f Hole Diameter 135"
SONDAJ YERI Boring Locatien Bagiikeke YERALTISUYU S Al
KILOMETRE { Chainage H MUHBORDER / Gasing Depth i
SONDAJ DER./ Boring Depth 21200 metre BAS BIT TAR f Start Fi Date 18102014 /18102014
EONDAI KOTU / Elevation KOORDINAT / Coordinate [N-8)
SONDA MAKSTONT /D RK & biat Raotarykuru Sistem 10 OROINAT Y Coordinats (E-W) x
E BTANDART PENETRASYON DEMEY]
o) H] Standart Penetration Test z
2= 8 JEOTEKNIK TANIMLAMA | © ¢ &
25| 52| 8 | sLowcount GRAPH oton | £ E x| 2
Shec) E A
2 ol 7| ] 5] & x 2| @ 2| & #®
EIEHEANHE R 2 HEARIEAE]
pa| 23] 2 i I 10 20 3 40 50 %0] i &
» T T
I ] SANDY CLAYEY SILT
|- 1 18 |5ou) 50 [ gLl 100 m
KO xR w k%
% % % %
2 KoK K K K K KX
X X X %X X X X
X X %X X X X X X
H X X ® X X X
|- ® x % x % = =
s x ok x
X %X X % X XK X X
L. )R x x® x
% % % % % x %
xx ok K x 3
X% X % X ® X X
| s X X X X % X ZE e | _
XX X X X X X X o= |z
X % X %X X X X [ ——— M - 3| o
e )% % x % x P e — < | 3
X % X %X X X X B i
R i= ©
K X X X X X X - e
| et 3L B L S B CLAYSTONE: 'S
x x % % % g
XK oK X K K K X SANDSTONE SE= == === ==
N X X X X X X X 17 [ ————
NN ALTERNATION T
x x % x x X I e ————
| . %% % % ] 2 .
% % % x % % %X %
X w x
o %k % x % % % x
| wox w % x
X% X % X X X X
X X X X X X X
X X X X X X X X
F o e 3% % X X XX
X %X % X X X X X
% x % x
.. %% % x x % x % —
1200
o
Borehole Base
=14
s
o
|- 17
I~ 5
L
- 20
=
=
)
| 2
DAYAMIMLILIK / Strength AYRISMA | INCE DANELI/Fine Grained IRI DANEL i/Coarse Grained
| DAYANIMU Stong | ThZE Freah ¢ ¥ N o4 COKGEVEEK W Loomm
1o ortaoaEnmMU st | azavrisms  Sianiyw. o e e N 510 VS ER Loas
I ORTA ZAYIF Whasak " ORTA D AYR. Wealh N 15 KAT! i N 110 ORTA SIKL M Derae
c_f ég:;Avln 3‘:\/“& N COKAYR Siighity uy N GOKKATI vt N A8 Kl Dence
e v TOMOYLEA,  Comp.Wwest e o N =50 QOKSKI V. Demae
KAYA KALITES| TANIMI - RQD KIRIKLAR - 30 o [ Fractures ORANLAR -Proportions
KE C W Poar SEYREK Uk () %G PEKAZ  Signt % & z
Wz A P vz ORTA mowa o e e o pEaz Sty
% BOTE  ORTA Fair X Cheae (G 5 AGBECOK very W mow o e
% TEH0 i o 00 COKSIK Intemae (1} a5 A o ey
% 0100 COK vl Exgolint 70 PARCAL  Crusted [Ci
SONDAJ MUHENDIS! KAGE - IMZA TARIH

Ozgl| GAKIR
Jealo]i Milhendisi

111




BOLGE Mo : KOCAELIBASISKELE
0zGULMUHENDISLIK Disnct
SONDAJ LOGU/ BORING LOG Rarshols ta . BK-9
SONDOR
Dilkr Yavuz TEZGAN
PROJE ADIY Project Mame DELiK GAPI/ Hele Diameter i35
SOMDA YERI Bering Lecation : Bagishele SERALTI SUYL J Groundwater
KILOMETRE / Ghainage : MUH.BOR DER. / Casing Depth )
SONDAJDER f Boring Depth 212,00 metre BAS BIT TAR. ¢ Start Finish Date  : 22.10.2014 /22102014
SONDAN KOTU f Elevation : EOORDINAT { Soordinate (M-8l y -
SONDAN WA K SYONT/D Rig & Met  * Rotaryduru Sistem KOORDINAT § Scordinate (E-W) x
é STANDART PENETRASYON DENEY]
o] _ =] Standart Penatration Test >
22| 2,.] 3 JEOTEKNIK TANIMLAMA | © x g
Eﬁ‘ Sa E BLOW COUNT GRAPH Geatechnical Description 2 3] « «| 2
sE 25l £ el e ¢ 2 2| & =l 5 3
gz 22 © | 3| 21 3 x z| g N I 2
HEHEAHE BRI 2 HEE I AR
EHEH IEER R E 19 20 30 40 58 eqf N N =
[ ¢ solL
- 1 100 m
up 1
1 SANDY CLAYEY SILT
| - 208
T F FF o FT "
++ + + + + + 4 cw_zom
+ + + + + + + + L
-3 T +
++ ++ + + + +
+ + + + + + + A
| + + + + + + + +
4 ++ + + + + +
+ + + + + + + +
+ 4+ + + + + + A
- s + + + + + + + +
+ + + + + + + A
++ ++ + + + +
+ + + + + + + A g
- + 4+ .+ + + + + + = I
PRttt I g 2] =
: [
. EAIIECIEE z 8 % va200 0
=
TR PRI L I SANDSTONE- o 3 =
++ + + + + + + MARL =
- 2 + + + + + + + A 2
R PN PN e ALTERNATION 8
| - + + + + + + + + &
++ + + + + + A
+_*_++++++-»‘-++_*_+++_+
|- w0 ++ + + + + + +
+ + + + + + + A
+ + + + + + + +
+ 4+ + + + + + A
sl + + + + + + + +
++ + + + + + A
+_*_++++++-»‘-++_*_+++_+
-1z + + + + + 4 1200
12 Borehole Base
14
[~ 15
- 15
- 1T
G
- 19
[~ 20
[~ 21
22
- 23
- 24
L 25
DAYAMIMLILIK f Strangth AYRISMA f Weathering iNCE DAMELI f Fine Grained IRi DANELifCoarse Grained
! DAYANIML Stang 1 TAZE Frash : ii m\g\:ﬁw ;osf'l M o4 COKGEVYSEK . Leoge
I DRTA DATANIMLI M.Strorg u AZATRISMIS  Slighthyw N BB ORTAKATL  MSUT W 510 BEVSEK Loose
W ORTA ZAYIF M leak n DRTAD AYR. Mod Westh N am e o W 1120 ORTA SIKI M Derae
W ZANIF wesk " COK AR Slighthy v Nt 15-30COK KATI  \SUff W AN-50 SIK1 Derae
W COKZAYIF Weak W TUMITYLE A, S, et W - 30 SERT el M e e] COKSIK W Darse
KAYA KALITESI TANIM| - RQD KIRIKLAR - 30 cm f Fractures ORANLAR -Proportions
% 026 GORZAMIF W Poor 0 SEYRER  Wide [0} % &  PEEAZ  Sigh N
% ZEED  ZAXIF Foor 12 ORTA Moderaie (M) \;515 Az L“\lgL v :" £ PEK A2 Shahtye
% S075  ORTA Fair 21 SIK Tlose [Tl 24 1525 GOK ery qi gozg gf)x '\'r"”e
% 7880 Il Good W20 COKSIK Interse (1} % VE i ¥ =
% 80100 GOK il Excelient >20 PARCALL  Crushed €]
SOMDAJ MOHENDISI KASE - IMZA TARIH
Ozgiul GAKIR
Jeoloji Mihendisi

112




BOLGE ho : KOCAELIYBAS ISKELE
0ZGULMUHENDISLIK Dt
SONDAJ LOGU / BORING LOG Porahole na: BK- 10
SONDOR
Duiler :Yavuz TEZCAN
PRCUE ADIf Project Mame DELIK GAPI# Hole Diameter 35"
SONDAS YERI Boring Location Bagiskele YERALTI SUYL F Groundwatar . o
KILOMETRE / Ghainage MUH.BOR DER. f Gasing Dapth -
SONDAJ DER. 4 Bering Depth 112.00 metre BAS BIT TAR. / Start Finish Date  : 24.10.2014 4 24.10.2014
SONDAJ KOTL / Elevaticn ! KOORDIMNAT § Cocrdinate [H-S) v
SONDAJ MAK BYONT./D.Rig & Met. ' Rotary-kuru Sistem KOORDINAT § Coordinate [E-I) x
é STAMDART PEMETRASYOM DEMEYI
G = Standart Penateation Test >
=1z | & i 2
ERE 5 JEOTEKNIK TANIMLAMA | © « 7
sl GRAPH 15
ﬁﬁ -3 g BLOW COUNT Geatechnical Description 2 g « | €
w =
281 25 2 [ ] ] ¢ z 2 laz) 28] =
gzl 28| = | 2| 3| 2| Q B slelels)| g
R EERR K 19 20 30 40 50 60 = I =
- a SOIL
0.5 m.
-1 SANDY CLAYEY SILT
1.5% m.
S B
= X X X X X X X
x X X X X X X
* ® X
- ERE Mo ox oM
ciial X X X x x X%
kY
. el e e e e e
X X X X X X X
Ko%K X K X X X
- s & £ z
X X X X X X SANDSTONE- =]
=]
. EE S MARL g e _
» B S
3 e GINE S ALTERNATION & =R N PP P
EE EE = £ £
-7 x *® 3] o
EE EE =)
% o)
S R S e e S
L = o Z
EE EE
- 2 A E
X X X X X
x X X X x X X
1 ® X ® %
B S S S
*
X oK X X K X X X
B X X X M X x X
n X X X X X X X
L x X
X OH X R K X X X
12 12880
- 13 Borehole Base
[~ 14
- 15
- 15
- 17
18
- 19
[~ 20
- 21
- 22
23
- 24
o]
DAYAMIMLILIK / Strength AYRISMA { Weathering iMCE DAMELI / Fine Grained iRi DANEL i/Coarse Grained
OB oot TUM DS W Soll
| DAYANIMLI Stang | TAZE Fresn NoaaqomUSAR  Sen nu 04 GOKGEVSEK  W.loose
I ORTA DAYAMIML M.Strong m A7 AYRISMIS  Slighlly W EE ORTAKATL  MSUT N 510 BEVSEK Locse
I ORTAZATIF M sl m ORTA D AYR. Mod Wasth LA KATI i e 1120 ORTA SIKI M Derse
\I\: (ZIADT:FZAYIF llr\':fa;k n COK AR Slighhy N 1eMOOK KATI St n 34-50 SIK| Derae
s W TOMOYLEA.  Somp.ifieat W i von Senr e 'E =50 COKSIKI .Derae
KAYA KALTES TAMIMI - ROD KIRIKLAR - 30 om f Fractures ORAMLAR -Proportions
% 0Z6  COK ZATIF " Poar A SEYREK Wikl (W) w5  PEKAZ Slight .
% PEED  ZAYIF Poor NE ORTA Maoderaie M) %515 Az g uﬁ 5520 zs'("‘z fﬁ“"”
% EX7E  ORTA Fair 21 SIK Thae [0 % 1535 COK ey . ms . e
% TEEO Yl Good A0E0 COKSIKL terse (1) w35 WE e ” el
% SO0 GOK Y] Excelien #B0  PARGALI  Crusted [Cr)
SOMDAJ MUHENDISI KASE - IMZA TARIH
Bzgill CAKIR
Jeoloji Miahendisi

113




BOLGE o - KOCAELIPBASISKELE
0ZGOLMUHENDISLIK Disinc
SONDAJ LOGU/ BORING LOG Borshole o s BK- 1
SONDOR
Driler :Yavuz TEZCAM
PRCJE ADLS Project Mame DELIK CAP S Hole Diameter L35
SONDAJYERI Boring Location ! Bagiskele YERALTI SUYL J Groundwater M
KILOMETRE / Ghainag : MUH BOR DER. 7 Casing Depth M
SOMDAJDER / Boring Dapth 11200 metre BAS BIT TAR. ¢ Start Finish Date - 25.10.2014 f25.10.2014
SONDAJ KOTU § Eleation : KODRDINAT § Soordinate (M-8 v
SOKDAN W& K SYONT /D Rig & Met.  * Rotanydcuru Sistem KO DRDIMAT § Coordinate [E-h) x
é STANDART PEMETRASYON DENEYI
= Standart Penatraticn Tast =
| 2 z BLOW COUNT GRAPH JEOTEKNIK TANIMLAMA | O x x
= = =2
55 (=3 4 Geatechnical Description 2 3 x o
2el wr| 2 s z| 2 =
20 2= = | ¢ ] = z 3 - S| B 9
ge| 22| 22| 5] « & Eleldlele
2E1 32| 2| ¢ 5| 4| Q é>§§d
IR EER R 19 28 26 40 50 e o= ¥ “
— 0 SOIL
058 m
— 1 SANDY CLAYEY SILT
B m.
X M M X X M OX X
- 7
x ¥ X X X X
x x
| X H X X X X X X
Be
X K X X X X X X
- 4 X X X H K K - .- | .
E
X X X ¥ oK K — | —
x x DD
5 o Xx H X Xx S ==
X M X XK M X M X SANDSTONE- 4 | n =
- & x =} = =
X oK X X K X X X MARL B e - g
% < S | & |was|%10
x % % ® X % ALTERNATION B i
L - ® ® % — | — &
X X X X X X X X 4
o = |oEmE
X X X X X X X X m
- 2 2 m e
X W K X X K X X 3
X X Zz
- 3 O 4 L -
X X
X H X X X X X %
i £
B X X X X X X X X
X
X X X X X X X X
N X %
M % W % ® X X X
x X
® oM X M M K X X
Lz 12.00
| 12 Borehole Base
14
15
[~ 15
- 1T
[~ 3
- 12
[~ 20
21
- 22
[~ 23
- 24
- 25
DAYAMIMLILIK f Strangth AYRISMA [ Weathering IMCE DAMELf Fine Grainad iRi DAMEL ifCoarse Grained
| DAYANIML Staing | TazE Fresh E :gi m*uus":\':(w \S”jf“ ' 04 GOKGEVSEK  Wloose
I ORTADAYAMIMLL M Stang I AZANRISMIS  Slighthy s [P i A N 510 BEUSEK Lacee
W ORTA ZaYIF Meak I ORTAD. ATR. Mod. Weslh. bR air ' 110 ORTA SIKI MOerse
W ZAIR weak It Slighthy W Nt 16-20COK KATI V.St W 3160 SIKI Derse
W DOKZAYIF Wk v Comp.esl, W on SeRT fd 'H =50 COKSKI W.Derse
KAYA KALITES! TANIMI - RQD KIRIKLAR - 30 cm / Fractures ORAMLAR -Proportions
% 0FB  GOKZATIF  W.Poor 0 SETREK Wik (W) W&  FEKAZ  Slight N
% ZEED  ZAYIF Posr W2 ORTA Maderate (M) B AZ Friad "’Z 5520 :?‘ z i'l'ﬁ“"y
% E075  ORTA Fair 21 SIK Thae (Ol 9 1595 COK ety w  ooe o it
% 7580 i Bood A0ED COKSIKIL  Interse 1) was  WE P © 4
% 80100 GOK Yl sttt 280 PARGALL  Crushed [On
SOMDAJ MUHENDISI WASE - IMZA TARIH
Ozgiil GAKIR
Jeoloji Miihendisi

114



BOLGE o - KOCAELIMBAS ISKELE

OzGULMUHENDISLIK Disinct

SONDAI
SONDAJ LOGU/ BORING LOG Sorehole na: BK-12
SONDOR:
Diilr :Yavuz TEZCAM
PRECVE ADIS Project Mame. : DELitt CAPIY Hole Diameter S 3.5
SONDAN YERIF Boring Location ! Bagiskele HERALTI SUYL [ Groundwater
KILOMETRE / Chainag : MUH.BOR DER. / Casing Depth i
SCNDAJDER [ Boring Diapth (1800 metre BAS BIT TAR. J Start Finish Date - 26102014 § 26.10.2014
SONDAIKOTU [ Elevation : KOORDINAT ! Scordinate [H-8)
SONDA) MAK YONT D Rig & Mt Rotary-curu Sistem KOORDINAT f Coordinate [E-N) x
é STAMDART PENETRASYON DENEYI
im = Standart Penetratien Tast =
2= B 5 GRAPH JEOTEKNIK TANIMLAMA | © X x
i -_a =2
Eﬁu [=N=3 g BLOW COUNT Geatechnical Description 2 g < x 2
=
24 ¥ E = el gl ¢ E = z =1 E "
g=| 2= | 3] 3] 3 N 2l o]z
b I | 2l =) g~ o £ g 2
=] 25| = | 2| =] 3 = 3l = Els| 2
gal 23] =] =] "7 18 26 3% 40 50 e ol = =
-0 - o : - o™ o el
SOIL e ) S o
- 1 188 m T
SPT-1 t
| . s ls] 1] K 5 I
GWL 3om > |
oy v 3
-3 s >
bRl R [ R |+so <
BLOCK, SANDY GRAVEL .
- 4
- 5 E00 m
X OoX X X X X X X
X X X X
- X K X X XK ® | |
E ®
X X X X X X X X 0 0
- X X = *x — =
-7 elia x X X X X X [ [ [
MM X X M X ‘ ‘ |
X X x == ==
8 EE L e e | .
X x XN £
X X X X X X X X el [—T—
- = X X * *® -] ERE
x X X X X X
x 2 [FI=T—=1—1—
1 K X X K K ® =]
o x X X x = ‘ ‘l
xxxxxxxxxxxxxxx SANDSTONE- <EI _| — | _|_
B XX X X X X X X MARL % R HERE £ =1
n X X X X M X X e I=1= == ; = w a0 10
X M OH K K K K K ALTERNATION ) B - Bl B
E O A A 4 =N e | B IS =
12 K X X E 2 o
MoK K M x il Nt [ ==
L Ea Z Go 5o ‘ e | -
X X X 26 =
13 X X X K M X X X = ==
Hxox XX X OO0 ERE
X %X X X X X
- X X %
4 Howm w ERE | | |
XK X X ® s i I
EA E | | |
- s X X X 3¢
X X X X X X X X 0
XK woX Y |
X %X X X X X
[~ 15 ® .
®o® R R X
X X x [
L 17 E E .-
X K K X 44
X X X X K KR X X |
E E-
L = L 18.80 m, -
12 Borehole Base
[~ 20
=1
- 22
B
- 24
- 25
DAYAMIMLILIK f Strength AYRISMA [ Weathering IMCE DAMELI f Fine Grained IRi DANELfCoarse Grained
| DAYANIMU Stng | TazE Fresh : :;5 mﬁ"s";';w ;SM W 04 COKGEVSEK  Wloose
S ol
I ORTADAYAMIMLL  M.Shang I AZEVRISMIS  Slighthy s N ee ORI KA su 'H 510 BEVSEK Lacee
Wl ORTAZAYIF Moeak I ORTAD.ATR. Mod. Wesl. e e sir 'E 1120 ORTA SIKI M.Derse
Mo ZarF wresk I COK AR Slighthy W Wt 15-30COK KATI VSt M 2960 SIK1 Dense
W DOKZeMIF Wk v TUMIMLEA.  Comp.wesl. I e 'E =80 COKSKI W.Derse
KAYA KALITESI TAMIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR -Proportions
% 0TE | GOKZAYIF W Poor 0 SETREK Wik (W) %E&  PERAZ  Slght S
% 2550 ZAYIF Poor W2 ORTA Moderaie (M) WEAE AT il eﬁ 55-20 ;’5""‘2 ‘3'3”"3’
% 076 ORTA Fair 21 SIK Thae (Ol %4 1505 GOK very % ot ok it
o TR0 Yl Good I COKSIK Intense ()] w35 VE i i e
Z D000 COK i Escelient X0 PARGALL  Crushed [On
SONDAJ MOHENDIS KASE - imM2A TARIH
Ozgiil GAKIR
Jeoloji Miihendisi

115



BOLGE

Mo ; KOCAELIVBASISKELE

0zGOLMUHENDISLIK Ditnat
SONDAJ LOGU /! BORING LOG orehole o BK-13
SONDOR
Crilker Yavuz TEZCAN
PROJE ADIF Project Mame DELIK GAPI{ Hele Diametar 3.5
SONDASYERIF Boring Location ! EBagiskels ERALTI SUYU # Groundwater
KILOMETRE / Chainag: MUH.BOR DER. f Gasing Dapth -
SONDAJ DER, ¢ Boring Depth 18.00 metre BAS BT TAR f Start Finish Date  : 26.10.2014 /27.10.2014
SONDAJ KOTU / Elevation ! KOORDIMAT f Cocrdinate (M-8 v
SOMD A b &Y ONTID Rig & hiet Rotary-kury Sistem KODRDINAT Y Coordinate (E-W) x
é STANDART PEMETRASYON DEMEYI
o} 5 Standart Penetration Test >
2z| 2 z JEOTEKNIK TANIMLAMA | © « g
ZE|l 24| @ ‘ o 2
G| © =3 BLOW COUNT GRAPH Geotechnical Description < b=} " ® <2
OBl W é =} 2 = v} E
28 22| 2| 5| 5] ¢ z izl 2)e| =
d=| 22| L 5 " o £ e =l = a1
2E[ 22| 2|4 3] 4 e HE B R
A EE] EER K 10 20 38 40 50 4 B X i
— 0 SOIL
45 m
4 =
2
N
|, 141 22 s k BLOCK, SANDY GRAVEL 3
-
¥ -
GWI_, 30om <
- = ¥
= 35 m
- EE T L T
X X X X X X X X
X ® X
HOX X X X X X X
- 5 X X
X K X X X X X X
X X X X X X X
- = X ® % R ® ¥
EIE X X X
Y
- - X X X X X X
X X X X X X
X K K X K H X
- 8 H X X Xx X X
X X X X X X
- s =
X ® X X X X
4 '3
® XK x ® ® K =
|10 =] =
LNENE N SANDSTONE- =) B
ERE T g 8 & los2a] 4
x X X MARL = =
- E 1 S - * - E % o
e e e e X ALTERNATION Q
X X =
1o X X X x x x a
£ =
E EO ~
Z
13 X X X X X X
x
X K X X X K X X
[~ 14 H R X X X X
E x oxX X
[ X X X X X X
B3
®oOX X X X X X X
[~ 15 X X X X
E S E S
EAE
| - EE] R ® ¥
X X X X
X K X X X X X X
X oW X XK X
= 1800 m
19 Borehole Base
- 20
Bl
- 22
B
- 2
|- 25
DAYANIMLILIK / Strength AYRISMA f Weathering iMCE DAMEL f Fine Grained iRi DAMEL iCoarse Grained
| DAYANIMLI Strang | TAZE Fresh : gf mﬁi"ﬂ(w ;Sml M 0 GOKGEVSEK W Leaas
ofl
I ORTADAYANIML  M.Stovng M AZATRISMIS  Slighth s W BB DRTA AT M S 'R 510 BEWSEK Lacse
I ORTA ZAYIF M reak m ORTA DL AYR.  Mod. Weslh W18 kAT sur o 80 ORTA SIKI M.Dense
W ZAYIF Wreak I COKATR Slighthyw . W e noR kAT st 'H 2160 SIKI Derse
Vo COKZAYIF W W TUMIYLE A, Comp.ieal W :>30 SERT Hard M =50 COKSIK W Derae
KAYA KALITESI TAMIMI - RQD KIRIKLAR - 30 cm / Fractures ORANLAR -Proportions
% 026 DOKZAMIF v Poar q SEYRER Wk (W) %6  FEKAZ  Slghl B
% 2550 ZAYIF Foor 12 ORTA Mocerate (M) WS AT L woE PEK A2 Stightty
% 5075 DRTA Fair 24 SIK Thse (Ol % BAELOK ety ‘7: 2502:; g‘éK \Lr""s
% TEO0 v Soaxd 0D COKSIK Interse ()] w35 WE Al - e
S 90100 DOK i sl =20 PARCALL  Crushed [Cn
SONDAJ MUHENDISI KASE - iMZA TARIH
Ozgiil GAKIR
Jeoloji Mihendisi

116




Jeoloji Miihendisi

BOLGE Mo - KOCAELVBASISKELE
0zGULMUHENDISLIK Distnct
SONDAJ LOGU/ BORING LOG Farshole ta - BK- 14
SONDOR
Dule! Yavuz TEZGAN
PROJE DI/ Project Mame DELiK GAPI/ Hole Diameter 35
SONDAJ YERI Boring Lecation | Bagiskele SFERALTI SUYU S Groundwater N
KILOMETRE / Chainag . MUH.BOR DER. / Casing Depth -
SOMHDAJ DER, { Boring Depth 1800 metre BAS BIT TAR. ¢ Start Finish Date  + 27.10.2014 £ 28.10.2014
SOMDAJ KOTU J Elevation EOORDINAT / Geordinate (M-8 v
SOMDAJ MAK EYONTD Rig & et ' Rotany-curu Sistem KOORDINAT f Scordinata (E-h) x
é STANDART PEMETRASYON DENEY]
b = Standart Penetraticn Tast =z
EER § JEOTEKNIK TANIMLAMA | © x &
£-| 5% F BLOW COUNT GRAPH Geotechnical Description | % =l «| 2
=
24 g E = el el ¢ E = Z 241 £ "
dp| 2w L i B I o B g | 2 Fa)
el 22l 2| % 3] ™ e | & o
ga|l 24 2| =[7] 7 10 28 30 40 58 oo = X -
a soIL
- 45 m s =
15| 21] 25| 48 T 2= f,;: e
. SPT-1 Y BLOCK, SANDY GRAVEL EX (IR QD ) (S QO
2 e S s RN
G 30m
s z ci 0‘3, . l:i PRe) S
-5 s R| RO+ - °°o°e{—}'° cq
X X M 350 m T T T
| M M X X X X X X - | B . | B
4 R ® %
H oM M K M M M M _— —
- s H X X X X X R |-
B E ... | " . . | "
- ° X K X X X X X — = p—
XX x
X M K X M XK X X 5 ooo] e
7 ERE X X X =] |_ |_
B X X X — ‘ p— | p— | p—
- s
H oM M M E E | R | -
XX * — T
| o X M K X K K X X ‘ [ [
H X X H X X % -] | | |- ; -
| 10 x® % X x % X SANDSTONE- El | 2 ;“3. u 22| % 3
o
M oM % ¥ % X MARL S[=1—]—1— & e
X % 3 %
- ® K M N M M M M ALTERNATION ol - | . | o
| — — — | —
H X X H X X 3] |
- al ||
O R [ p—— _| p—
z
X X X X X X X il | I
— Mo x
B — ‘ — —
X X % X X X -] HE
- 14 = —
E EO . e | N | N
| X X X X X X X == —
15 ® 3 - [
X X X X X X X X e DK
- 15 ERE X X X —_— |_ |_| T
B X O® K p— p— —T—
- X X X X X X D IERE
H o
X X X X X X X X — | ==
[~ 18 18.00 m L I I
- 19 Borehole Base
[~ 20
[~ 21
22
23
[ 24
L o5
DAYAMIML ILIK f Strength AYRIGMA [ Weathering iNCE DAMELI f Fine Grained iRI DAMEL iCoarse Grained
| DAYANIML Strang | TAZE Freah : fii m{g\:(w ;'SM 'H o4 GOKGEVSEK  V.loose
5 ol
Il ORTA DATANIML M. Strorg n AZATRISMIS  Slighlhe s N BB ORTAKATI M SR M 540 SEVSEK Locse
Il ORTA Z&YIF M.\heak I ORTAD. AMFR. Mo Wiesth N ey i ' 110 DRTA 1K MDerae
W ZaIE wask I COK ATR Slighthy vy N 1830 COK KATI v St H 2050 SK1 Derse
Mo COR ZAYIF sk W TOMOYLE A, T sl W - =30 SERT Hard o ES) COKSIKI . Derae
KAYA KALITESI TAMIMI -RQD KIRIKLAR - 30 cm f Fractures ORANLAR - Proportions
% OEb | DORZATIE W Foor ] SETRER  Wide (W) % & PEEAZ  Sighl N
%% ZEED  IAYIF Foar 2 ORTA Mocderaie [M) % 515 AT ngle i :i’ M PEK AZ Staihtye
% BOTE  ORTA Fair =1 SIK Those (2 % 1505 GOK ery uf: gozg {’;‘éK \ng
% 7690 i Good 020 COKSIK  hnterse (1) %2 VE il ¥
T 0100 COK [l Escellent =20 PARCALL  Crushed [Cr)
SONDAJ MUHENDISI KASE - IMZA TARIH
Ozgill GAKIR

117




BOLGE Ma - KOCAELIVBASISKELE

OZGULMUHENDISLIK Disinct

SOMCA
SONDAJ LOGU ! BORING LOG foehale o : SK- 15
SOMDOR
Driler Yavuz TEZCAN
PROJE ADIS Project Mame H DELik GAPI/ Hole Diamater S35
SOMDAS YERIF Boring Location - Bagiskele SFERALTI SUYL S Greundwatar g
KILOMETRE fChainage : MUH BORDER. f Casing Dapth -
SOMDAJ DER F Boring Dapth 1 10.00 metre BAS BIT TAR. / StartFinish Date  : 28.10.2014 /28.10.2014
SOMDAJ KCTU / Elewation : EOORDIMAT  Goordinats (N-81 v -
SCDAS ALK SYONT /D Rig & st ° Rotary-kuru Sistem 0 ORDINAT § Goordinate [EA0) x
é STANDART PEMETRASYON DEMEYI
ia = Standart Penatraticn Tast =
2= 2 5 JEOTEKNIK TANIMLALA [} Y T
ZE|l 24] 2 | sLowcount GRAPH . o = 3 g
ms | Y s < Geotechnical Description < =] « = <
o8| we s o z | £ =
28| Za = El & 5 4 Ta = o 2 5 2
Szl 2= L | a S g - 1 E| &
ZE % £ = ® E g0 N s & 2 < = [ K3 3
B ] IR R 10 20 30 40 50 eqf oo o = -
- o ROAD EMBANKMENT ""
058 m o
_ o5
- 2
EMBANKMENT
-3
- 4 408 m
| X X X x
H O X X X X
- x x »x
%X % R oK X
- X o X
5 o X X X X X X z
B K X X X X X X _ o
o e e e M SANDSTONE- = €
i X X K X X X X < X =1
X X X X X X X X MARL = o EY EXE R
[’ &3 53 B B g3 BB ALTERNATION 4 -
3 MM M ¥ oH oM W M E & &
® kY =
L = X X K X X X X X n]
CR-1 X X =
B X X X E o}
9 * Z
- X X X X K X 4
| X X X X X X X
X X X X X X X X
- " 18.00 m.
L Borehole Base
12
15
14
- 15
- 18
- 17
[~ 18
- 19
[~ 20
[~ 21
- 22
23
- 24
L 25
DAYANIMLILIK f Strength AYRISMA { Weatharing iNCE DAMEL f Fine Grained iRi DANEL ifCoarse Grained
| DAYANIMU Sty | TaZE Fresh E ::i ?OU':"L”S";‘:(W ;;M W 04 COKGEVSEK W Loose
I DRTA DAYANIMLI M. Strarg 1] AZAYRISMIS  Slighthy w W BE DRTAKAT  M.SUR o 510 OEUSER Locse
I ORTA Z8YIF M Aimak ] DORTA D AYR. Mo Wealh W b 88 kAT v M 1130 DORTA SIKI M.Darse
fe ZAvIF Weak I COKATR Slighilty 0 W : 1550 00K KATI Sttt M 271-50 SIKI Derse
W DR ZATIF VWeak w TUMOYLEA, Comp.irest. 'R }(;0 SERT Harel (13 =50 COKSIKI W Derse
KAYA KALITESI TANIMI - RGD KIRIKLAR - 30 cm f Fractures ORANLAR -Proportions
W 06 COKZAYIE W Poor 0 SEYRER  Wide (W0} W& PEEAZ | Slantly B
W ZEED  ZAYIF Paar 2 ORTA Macierate (M} 9% 645 AT Littke woE PEK A2 Sty
% 6075 ORTA Fan =1 SIK Close [T a4, 1535 00K ey ; 20250 z'ék b’me
w TR i Bood W0E0 COKSIKL Intense (1) w35 WE A ¢ 4
o 90100 COK i Exgalient =20 PaRCALl  Crushed (O
SONDAJ MOIHENDISI KASE - iM2ZA TARH
Ozgiil GAKIR
Jeoloji Mihendisi

118



BOLGE

ha - KOCAELIVBASISKELE

zGULMUHENDISLIK Dlsinct
SONDAJ LOGUf BORING LOG i Mo : SK- 16
SONDOR
Driler Yavuz TEZCAN
PROJE ADI i Project Mame: DELIK CAPI f Hole Diameter 135
SONDAN YERI Boring Lecation ! Bagishele YERALTI SUYLU J Creundwater o
KiLOMETRE.’CI‘Iainaje : MUH BORDER. [ Casing Depth -
SonDAJ DER. [ Bering Depth 112.00 metre EAS BIT.TAR. { Start Finish Date 02112014 7 02.11.2014
SONDAIKOTU ! Elevation : KOORDINAT # Cocrdinate fH-S) v
SONDA) MAK SYONTD Rig & et Rotaryduru Sistem KO ORDIMAT f Coordinate [E-) x
é STANDART PENETRASYOM DEMEYI
o] _ = Standart Panatration Tast =
2z 2 3 JECTEKMIK TAMIMLAMA | O x &
EC| G A @ BLOW COUNT GRAPH G - = = @
ws = aotechnical Description < pur} w @
a8l | # s _ = 2 i =
22| 2| = el ef ¢ = Ta Z| & = o
el 22| 2| 2] 5] ¢ o g% slg]l gl 3
28z = | 2| 3] %] e cF |51 eEls| g
28| 23] 2| <[ *] 3 10 20 30 40 53 s B I -
1T T o
- ° = I I SoIL y
IR}
- ¥ ¥ ¥ T 100 m
R L L T
+ + + + + + +
3 + + + + + + + +
+ o+ + o+ + +
+ + + + + + + +
DG G I RS e R N
-3 + 4+ + + + + + +
+ + + + + + + 4
AP AF AP AR, AP A A AT
- + + + + + + + 4
+ + + + + + + +
+ 4+ + + + + +
+ 4+ + + + 4+ + +
-5 Al =
: = =
] SANDSTONE: z x cH O I
- B P MARL =) N
FRERFR g e
o
[P S S ALTERNATION z
- + 4+ + + + + + + S
G L L L L =
+ + + + + + + + 2
+ + + + + + + 4 =)
~ 3 U W A L T =
+ + + + + + + S
+ + + + + + + + &
| - + o+ + o+ +
+ + + + + + + +
+ + + + + + 4
- + 4+ + + + + + +
B + + + + + + 4
R L L T
i + + + + + +
+ + + + + + + +
- + 4+ + + + + +
+ 4+ + + + 4+ + +
+ 4+ + + + + +
o + + + + + 4+ 1288 m
13 Borehole Base
14
15
15
-
[~ 1z
- 19
[~ 20
Bl
- 22
[~ 23
- 2
L 25
DAYANIMLILIK f Strength AYRIGMA f Weathering INCE DANELI / Fine Grained IRi DANELi/Coarse Grained
1 CAAMIMLL Strong | TAZE Fresh : if m{g‘;fm ;osﬂml [ 04 GOKGEVSEK W Lemas
I ORTADAYAWMLL  M.Stong I AZETRISMIS  Slighthy o LR DRTA AL S [ 510 GEVSEK Locge
I DRTA ZAYIF M. ek n ORTA D.AYR. Mod. Wesalh W15 EATL oy o 1130 ORTA SIKI M.Dense
f ZAMIFE Wieak [ COK AR Sligghthy v M 60000k KATI W ST M 2180 EIK| Derse
W COKZAMIF Wk w TUMITTLE A, Comp.uieat. W ->:;o SERT Hard (13 =ED COKSIKI W Derse
KAYS KALITESI TAMIMI - RAD KIRIKLAR - 30 o f Fractures ORAMLAR -Proportions
W 0ZE  COKZAYIF  v.Poar 0 SEYREK  Wkie (W) w6  FEKAZ  Slight N
% ZEED  ZAYIF Posr 42 DRTA Merderate M) v,tsﬂs z e wooE PEK AZ Sliohty
% S0TE  ORTA Fair 21 SIK Thae [ o, 1EAELOK ey W Az Lie
% TEE0 Yl Bood 1020 COKSIKL  Interse (1) was  WE Ao oo w0 GOk e
Mo 90900 COK Yl sl »20 PARCALL  Crushed (1)
SONDAJ MUHEMDIS] WAZE - IMZA TARIH
Ozyiil GAKIR
Jeoloji Mihendisi

119




BOLBE Mo : KOCAELIBASISKELE
zGULMOHENDISLIK Diinet
SONDAJ LOGU/ BORING LOG sohole na: BK- 1T
SONDAOR:
Diilr :¥avuz TEZCAN
PROJE ADIS Project Mame DELiK CAP|f Hole Diameter 25"
SONDALYERIS Boring Location ishele ERALTI SUYU f Broundwater [
KILOMETRE { Chainag. MUH BOR DER. [ Casing Depth -
SCNDAJ DER. [ Boring Dapth 1 21.00 metre BAS BIT.TAR. / StartFinish Date  : 03.11.2014 £ 03.11.2014
SOMDAJ KOTU / Elevation KO ORDIMAT ¢ Cosrdinate [M-S) v
SONDAS hAK SYONT /D Rig & Mat_° Rotany-kuru Sistem KOORDIMAT ¢ Coordinate (E-hx
§ STAMDART PEMETRASYOR DEMEY]
i 5 Standart Penstration Test =
=P I = ‘ 5 =
ZE é 4 g BLOW COUNT GRAPH JECTEKMIK TAMNIMLARMA 2 5 &
wE =3 Geatechnical Description < =) w 2
dgl uXl 8 s | 2 =N
2 g9l & | 5| 5| s & zle| 28| =
g=| 22| | 3 IS | g 2l 2| 2
ZE %E <z( - i 4 H e % > = 3 =]
EHEE] AR 19 20 30 40 50 6 S I =
- o
- 1
SILTY SANDY GRAVEL
]
-3 300 m
TR-1 qF AP 9F AR AF AF AF AF
+ + + + + + + A GwL ao0m
+ + + + + + + +
- 4 + + + + + + +
+ + + + +
+ + + + + + + A
| - + 4+ + + + + ++
+ 4+ + + + + +
+ + + + + + + +
+ + + + + + + 4
-5 I ENE NI ERE LN
+ + + + + + +
qFAr, ar,ar, A ar, o ar
+ + + + + + + 4
- + + + + + + + +
+ + + + + + + 4
+ + + + + + + +
L = + + + + + 4+ + 4
+ 4+ 4+ + + + ++
+ o+ + + + 4+
+ + + + + + + +
- + + + + + + + A
+ + + + + + + +
T T B T T
| 10 + + + + + + + +
+ + + + + + + A
+ + + + + + + + 4
+ + + + + + + 4 o
_ +++++++++++++++_‘ g .
EEIEEICAEEE SANDSTONE- 2 £l
: 5
-1z o MARL 2 s|gxr e
PRI PRI A ALTERNATION = g S
| s + o+ + + + 4+ a
R S G 9}
+ + + + + + + 4 Z
+++++++++++++++_‘
14
+ + + + + + + +
+ + + + + + + 4
+ + + + + + + +
[~ 15 + + + + + + + 4
GFAr o, ar A ar o o
+ + + + + + + A
- 5 + + + + + + + +
+ 4+ + + + + A
+ + + + + + + +
+ 4+ + + + + + A
17 + + + + + + + +
A, SR AP AR AR, AR AR, A
AR, A A,
B + o+ o+ o+
a8 + + + + + + + +
ArAF AR A ar + +
+ + + + + + +
- 13 + + + + + + +
+ + + + + + + +
+ + + + + + + 4
+ + + + +
- 20 + + + + + + + A
R
LT T e P
o 4— 2188 m
Fal
- Borehole Base
[~ 23
[~ 24
- 25
DAYAMIMLILIK f Strength AYRISMA { Weathering iNCE DAMELI { Fine Grained iRi DANEL i/Coarse Grained
W 102 goe VOISR W Sofl
| DAYAMIMUI Strang | TazE Fresh s 7 N a4 GOKGEVSEK  W.loose
I ORTA DAVANIMLI M. Strong n AZAYRISMIS  Slighthe s :_z; ;'&'?ﬁ;’;l ao;w N 510 BEVSEK Lacse
W ORTAZANIF M eak I ORTAD. ATR.  Mod, West. bR Els air n 110 DRTA SIKI M.Derse
W 2arIF weak Y COR &R Sligihhy W/ N+ 1630COK KATI .St N 3450 SIKI Derae
W COK ZAMIF Wtk W TOM LE A T sl W - »30 SERT Hardl N =g COKSIKI W.Derge
KAYA KALITESI TANIMI - RAD KIRIKLAR - 30 cm / Fractures ORANLAR -Propaortions
% 026 CORZATIF W Foor A SEVRER Wik (07} w6  FEKAZ  Sighl N
% ZEED  ZAYIF Poar 12 ORTA Medersie (M} ::5,5 az i wooE PEKAZ Sty
% Y6 ORTA Fair 24 SIK Clse (2l o ABAELOK ery ,f: 2‘502_2 g'éK ;""e
% 7590 vl Bood 020 COKSIKI  Interse (1) 035 VE ol & s
% 90100 COK Y Exceliernt >20  PARCALI  Crushed (D7)
SOMDAJ MIHENDISI KASE - ImZA TARIH
Ozgiil GAKIR
Jeolji Mihendisi

120




Jeoloji Mihendisi

BOLGE Mo : KOCAELIBASISKELE
0zGULMOHENDISLIK Disinet
SONDAJ LOGU f BORING LOG J— Mo : BK-18
SONDOR
Driler Yavuz TEZCAN
PROJE ADI/ Project Mame: DELIK GAPIf Hole Diameter 35"
SONDAS YERI Boring Losation HERALTI SUYU J Greundwatar
KILOMETRE fChainage MUH BOR.DER. ¥ Casing Depth -
SCONDAJDER f Bering Depth 121.00 metre BAS BIT.TAR. ¢ Start Finish Date @ 02.11.2014 7 04.11.2014
SOKDAN KOTU f Elewation : KOORDINAT # Cocrdinate jH-S) v
SOMDAS MAK BYONTJD.Rig & Met  * Rotarydaury Sistem KO ORDIMNAT f Coordinate [E-A) x -
é STANDART PENETRASYON DENEYI
b = Standart Penetration Tast P
= = " g _
Ze| 2, 2 BLOW COUNT GRAPH JEOTEKN!K TAN\MII_A.MA 2 5 [
ws (=3 Geatechnical Description < 3 a o,
sgl | & s = | = =
222 a | gl 5] s x 21 & 2|6 =
zgl 22l 2| 2| 3] 9™ 2 LBl el g
A EF IERE K 19 20 30 40 50 60f ER I =
- o
- 1
SILTY SANDY GRAVEL
- 2
- LEra— T 200 m
3 T+ T "
+ + + + + + + GWL_:4.00m
+ + + + + + + + ¥
o + + + + + + +
+ + + + + + + +
- + 4+ + + + + +
- 5 + + + + + + + +
+ + + + + + + o
+ + + + + + + +
+ + + + + + +
-5 + 4+ + + + + ++
+ + + + + + +
+ + + + + + + +
+ 4+ + + + + +
-7 + + + + + + + +
+ 4+ 4+ + +
+ + + + + + + +
| - + + + + + + +
+ 4+ + + + + ++
+ 4+ + + + + +
+ 4+ + 4+ + + ++
- @ + 4+ + + + + +
+ 4+ + + + o+ F
+ + + + + + +
| 10 + + + + + + + +
+ + + + + + +
AR AR AR AR AR A
+ + + + + + + A
- 1 R L LN
+++++++++++ ++++ g £
+ 4+ + + + + + 4 SANDSTONE- 5 : 2 lwis| o
1z + + ++ ++ + + s = S
+ + + + + + + MARL = I £
+ + + + + + + + o [s]
| 15 + 4+ + + + + + A ALTERNATION 4
+ + + + + + + + 2
+ + + + + + + o
R 8
14
+ + + + + + + + 2
+ 4+ + + + + +
+ 4+ + + + + ++
- 15 + 4+ + + + + +
+ 4+ + 4+ + + ++
+ 4+ + + + + + A
L + 4+ + + + + +F
+ 4+, + + + +
+ 4+ + + ++ ++
+ + + + + + +
17 + + + + + + + +
+ + + + + + + A
R L LN
| + 4+ A
2 + + + + + + + +
+ + + + + + + o
+ + + + + + + +
- 19 + + + + + + +
+ + + + + + + +
+ + + + + + + A
+ + + + + + + +
el + 4+ + + + + + A
+ + + + + + + +
+ + + + + + +
- o = " + L 2140 m.
- = Borehole Base
[~ 23
[~z
L o5
DAYANIMLILIK / Strangth AYRISMA / Weathering INCE DANELI / Fine Grained iRI DAMEL ifCoarse Grained
Mo 02 GOl YUMUSA W Sofl
! DAYAN ML Stong | TAZE Fresh . y M 04 GOKGEVSEK Vo Loog
Il DRTA DATANIMLI M Starg n AZ EARISMIE  Slightly v ::f:; ;;Mr:s;;; f‘o;ﬁﬁ M 10 GEVSEK Logse
- DRTA ZATIF LRl m ORTAD. AYR. Mod Weslh W15 KA o bl 1480 ORTA SIKI M Dense
W ZAYIF Wesk e COK AR Sigghty v W - 15.500O0K KATI % Stiff I 2150 SIK1 Demse
Vo GOKZAYIF VWeak W TUMIYLE A, Comp.uieat. N->éo§ERT Hard Ll =B COKSIKI . Derae
KAYA KALITEST TANIMI - ROD KIRIKLAR - 30 chn f Fractures ORANLAR -Proportions
% 028 COKZATIF W Paar A SEYREK Wi (W) o N
% BEED  ZAYIF Poar A2 DRTA Merderate M) ;‘:‘;15 EEKAZ f,‘{?,;”y o PEF. A2 Slianty
% EO76  ORTA Fair 21 SIK Thae (O o 1EAECOK very %o w0 oyl Lite
% 7580 i Bood 1020 COKSIKL Interse 1) was  WE Al %o oK ey
% SO0 COK I Exaliet >20 PARCALI Crushesd (1)
SONDAJ MOHEMDISI KASE - iM2A TARIH
Ozgiil GAKIR

121




BOLGE ho : KOCAELIBASISKELE.
0ZGULMUHENDISLIK Ditnct
SONDAJ LOGU /! BORING LOG Farshole na - BK-19
SONDOR:
Driler ¥avuz TEZCAN
PROUE ADI/ Projest Mame ! s i i DELIK GAPI { Hole Diameter S
SONDAJ YERI Boring Losation Bagishel HERALTI SUYU § Groundwater -
KiLOMETRE ¢ Chainag : MUH.BOR.DER. / Casing Depth  : -
SONDAJ DER. / Boring Depth 10.00 metre BAS BIT TAR. / Start Finish Date  : 04112014 J04.11.2014
SONDA OTU ! Elevation KOORDINAT f Coordinate (M- v
SONDAJ MAKAYONTO. R & Met. ' Rotarydcuru Sistem KOORDINAT / Goordinate [E-A1 x
é STANDART PENETRASYON DEMEY]
i 5 Standart Penetration Test =
2z | 8 5 JECTEKNIK TANIMLAMA | © ¥ &
ZE| 24| 2 | BLowcount GRAPH ) - = 2 3
we | 9 § Geotechnical Description < b= « ® @
o8| we S = 2 = i E
22| Z=] = el e ¢ = Ta Z| a 31 5 -
S=| 2a) © | 3] 2| 3 I} 5= | B =l 2| £
25| 2] = 2 ﬁ - i ) % £ T 3 <
EFIEE] BEE K 10 20 30 40 50 6 oo e -
s [ I
|| ] EMBANKMENT
- L] L] 108 m
+ + + + + + + 4
+ 4+
L + + + + + + + 4
+ + + + + + + +
+ + + + + + + 4
+++++++ +++++++_‘
-3
+ 4+ + + + + + +
+ + + 4+ + + + 4 OWL_d0m
T T L T v Z
s + + + + o+ + g
+ 4+ F > :
PR 5 £ |z
o + 4+ + o+ + 4+ 2 5| & |w1sf%2
+oht ++++++++++ SANDSTONE- S £ £
- & Hok b ] MARL g S
il + 4+ + + + + + ALTERNATION 8
+ + + + + + + A z
-7 + 4+ 4+ + L
+ o+ +
+ 4+ ++ + + + +
| - + 4+ + + +
+ 4+
+ + + + + + + 4
+ + + + + + + +
- o + + + + + + + 4
+ + + + + + + +
+ + + + + + + 4
| 1w + + + + + + + 1800
_— Borehole Base
-1z
13
=14
[~ 15
- 5
- 17
18
- 1
- 20
[~ 21
22
[ 23
- 24
|- o5
DAYANIMLILIK J Strength AYRISMA [ Weathering INCE DAMELI{ Fine Grained iRi DAMEL/Coarse Grained
! DAYANIMLE Strang 1 TAZE Fiash : :gj mﬁg";&w ;jl"“ M 0 COKGEVSEK . Leoge
Il DRTA DAYANIMLI M. Stramg ] AZAYRISMIS  Slighthy o M BB ORTAKATL  M.SUTF M 510 BEVSEK Loose
Il ORTA ZAYIF M sk I ORTA D A7R. Mod reath W B as ATt s 'H 10 DRTA SIK| M Derse
T ZANIF Weak I COK AR Sligihity W N C18.50COK KATI W SUIT N 2950 SIKI Deras
W GOKZAYIF Wk W TOMOY LE A, Comp. et W . >33 SERT Harg 1 =50 COKSIK . Derae
KAYA KALITESI TANIMI - RQD KIRIKLAR - 30 om / Fractures ORAMLAR -Proportions
T 0Z5  GOR ZBMIF W Poor 0 SETREK  Wide (i} %6  FEEAZ  Shohl N
% ZEED  ZAYIF Paar 2 ORTA Maderate (M) % 616 A7 il oS PEK A2 Slightye
% 5075 ORTA Fair 21 SIK Thse (Ch % ABAELOK iery uﬁ gozg gf)x '\'r“”e
% TESD i Geod WI0 COKSIK  Inierse (1) %35 VE At e =
% S0-I00COK i Excelient »20_ PARGALL  Crushed [Crh
SONDAJ MOHENDISI KASE - IMZA& TARIH
Ozgiil GAKIR
Jeoloji Mahendisi

122



BOLGE ho : KOCAELIBAS ISKELE
ZGULMUHENDISLIK Siinct
SONDAJ LOGU/ BORING LOG Earshole na: BK- 21
SONDOR
Drie1 Yavuz TEZCAN
PRCUE ADIS Preject Mame DELik GAPI{ Hole Diameater o35
SOMDA YERI Boring Looation FERALTI SUMYU £ Groundwater o )
KILOMETRE fGhainage MUH.BOR DER. ¥ Casing Dapih -
SONDAJDER { Boring Depth 113.00 metre BAS BT TAR / StartFinish Date  : 05.11.2014 £ 05.11.2014
SONDAJ KOTU / Elevation : KOORDINAT ¢ Coordinate [M-8) v
SONDA hiAK BYONT./DLRIG & bet * Retary-lkuru Sistem KOORDIMNAT ¢ Coordinate (E-W)x
é STANDART PEMETRASYOHN DEMEY]
i@ 3 Standart Penetration Test z
2zl 2 2 JEOTEKNIK TANIMLAMA 8 w &
e=| 58 a BLOW COUNT GRAPH . < = =2
riFs) =3 Geaotechnical Description ) a 2
HEl ol 2 = =| £ S| =
2| 2o = | g] ] & z EN =1 )
dm| 25 w 5 5 5 o = & 4 &J S
zcl 2] 21 %] 3] %1 = | gl = 1
REl 28] =[] *] = 13 20 30 40 50 & CH =
- o
SOIL
— 1 1.00 m.
L 15 28] 12| 28 {,
X SANDY CLAYEY SILT
-3 b
SPT-1
sl R | R[50 i 350 m
+ 4+ 4+
-+ + +
+ 4+ + + + + +
ar,ar
- 5 + + + + + + + 4
+
+ + + + + + + 4
+ + + + z
-5 + + + + + + + 4 5
R 1F 4R AF AR AF + + =)
+ 4+ + + + + + 2
. + 4+ + + + + ++ S .
PR g £ |z
+ o+ = s | & [%2o|%a
L - +++++++++++++++4 CONGLOMERATE E]] E E
@
+++++++++++++++_' WITH ANDEZITE g 5
- o e FRAGMENTS £
A, 9F 9F, AP A, AF, A7, 9]
+ + + + + + + +
| 10 + + + + + + + 4
+ + + + + + + +
+ 4+ + + + + + 4
+ + + + + + + +
_ + + + + + + + 4
+ 4+ + + + + ++
A, 9F, 9F, AP AF,AF, A7, 9]
T, AP AR AP AR, A AR A
12 T L B N ]
+ + + + + + + +
+ + + + + + + 4
| .5 + + + + + + + 1200 m
- 14 Borehole Base
15
- 15
1T
[~ 18
- 19
[~ 2
21
- 22
[~ 23
- 24
L 25
DAYANIMLILIK / Strength AYRISMA { Weathering iNCE DAMELi / Fine Grained iRI DANELi/Coarse Grained
| DavANIMU Stang | TAZE Fresh : :gi mﬁ"s";iw ;i‘ﬂ" W o4 GOKGEVSEK W.Loose
I ORTADAYAWMLL  M.Shang I AZENRISMIS  Slighthe s Wb GRrARALL  wstl 'H 510 BEVSEK Lodss
I ORTA ZAYIF M.weak n ORTA D AYR.  Mod Waalh W8 KATI sir M 110 DORTA SIKI M Derse
W 2arIF weak I COK YR Slighthy N :15.30C0K KATI WSt W 2050 SIKI Derse
W CORZAMIF W ek W TUMIYLE A S sl M ->:;o SERT ard M 2EO COKSIKI W Darse
KAYA KALTESI TAMIMI - RAD KIRIKLAR - 30 cm / Fractures ORANLAR -Proportions
% 0z CORZATIF W Foor 0 SETRER  Wikde [}y %6  PEKAZ  Slght N
% PEED  ZAYIF Post 2 ORTA Mockerate M) w515 A7 fteind woos PEK AZ Sy
% SOFE  ORTA Fair 21 SIK Ckae (o % 1525 COK very W a2 Lite
% TEEO i Goad D0 COK SIKL Internse[l) w35 WE Al i e HOK ety
S S0-A00_ COR [l Escelient 220 PaRCAL Crushed [On
SOMDAJ MUHEMDISI KASE - iMZA TARIH
Ozgiil GAKIR
Jeoloji Mihandisi

123




BOLGE Ma - KOCAELIBASISKELE
6zGOLMUHENDISLIK Disinc
SONDAJ LOGU/ BORING LOG [ Mo - BK-22
SONDOR
Dier Yavuz TEZCAN
PROUJE ADI/ Project Mame DELIK GAPIJ Hole Diameter 135"
SOMDAJ YERI Baoring Location YERALTI SUYL J Greundwater
KILOMETRE / Ghainag : MUH.BORDER f Casing Depth -
SONDAJ DER, / Boring Dapth 112,00 metre BAS BT TAR. J StartFinish Date  : 06.11.2014 £ 08.11.2014
SOMNDAJ KOTU / Elevation : KOORDINAT § Coordinate (M-S v
SONDAS hiAk SYONT.IDL R & et * Retarydouru Sistem KOORDIMNAT J Coordinate [E-W) x
n:|C £TANDART PEMETRASYON DEMEY]
i@ 3 Standart Penetration Test =
2z B > JEGTERKNIK TANI MLAMA ] X &
= =@ =
ce-| c&l £ BLOW COUNT GRAPH Geatechnical Description 2 =N = 2
o B e & s = E = 3 &
2o g2 & | E| £l E x La gl ) 21z ¢
HE | EAHFHE e gz ilelzls]z
38| 23] 2| ] *] ® 19 20 30 40 50 & oo R =
' YR
o O c DO C) i) E'JD
L SANDY CLAYEY SILT
| - e 15 | R |52 26t m -
XXXXXXXXX L ‘po u#dﬂs‘p”%udaﬁ
- X X X X X X X = o n‘= e ?
e £ B3 B3 8 68, “ér:a ARG T
3 e T 2
. RN N SV I E: =
- = =
‘79”90995%‘;@0995 =1z
H e WEATHEREED 2 28R 2 | gl |
- 5 L E S =] !) n° @J 32 D° % =
e BB CONGLOMERATE - q) (th.o > (J,Q.
=} o
o . I 2 |enteSe et N
ERA X X X X X X X ; Paﬂ(jﬁc?“%"cja@°
X X X X ¥ X | Cem Svor o coeT Svor o
= PP &
|+ x x =0 2 2,
X X X X X X X g_ﬂnngl Qmﬁnfngﬁ
x xxxx = Xx X X d <j Q—ij(!:(h@
m
- 5 % % m 888 m. a
¥ X K ¥ X X GWL 900m 2
| o EEIE X X X ¥
X X £
X X X I 2 .
" XX X K X X X % CONGLOMERATE 8 | & fues |wte
LA A s 8
X X X X X X WITH ANDEZITE 5
- ® X X ® X X FRAGMENTS
X x £
T X X X
12 1280 m
13 Borehole Base
14
[~ 15
15
- 1T
[~ 18
- 19
[~ 20
[~ 21
- 22
[~ 23
24
L 25
DAYAMIMLILIK / Strength AYRIGMA [ Weathering iMCE DAMELIf Fine Grained IRi DANEL UCoarse Grained
| DAYANIMUI Strang | TaZE Fresh n ‘gi m&"ﬂw ;jf" 'H 04 GOKGEVSEK  W.lcome
I ORTADAYANML  M.Stavg I AZATRIEMIS  Sliahihoor. W EB ETA AT WS N 510 GEUSEK Lacse
I ORTA ZaYIF M. sk i ORTA D ATR.  Mod Wiealh W58 kAT o N -3 DRTA SIKI M. Dense
ho ZAYIF Weal i COK AYR Sligihthe 1 N 150 00K KATT A SHiF N 2180 SIKI Dense
W COKZANIF Ve k W TUMOYLE A, Comp.uieat. 'R >3'0 SERT Hard Ll =50 COKSIKI . Derse
KAYA KALITESI TANIMI -RAD KIRIKLAR 30 cm [ Fractures ORANLAR -Propaortions
W 0ZE | COKZATIF W Faar SEYREK WKk (W) %6  PEKAZ  Shahih N
% ZEE0 ZAMIF Poait 1 -z ORTA Mocisrats [M) % 515 AT ngle Y f’ M PEK A2 Stichtyy
W ST5 ORTA Fair 21 SIK Clse ([Tl 34 ABBE COK iery uf: ﬁ f:f:x '\',“"e
w TEED i Bood W0 COKSIKI Interse () %36 VE A ¥ =
90100 COK i Excelient S>30 PaRCALL Crushed [
SONDAJ MIHENDIS KASE - imMZa TARIH
Ozgiil GAKIR
Jeoloji Mihendisi

124




APPENDIX C

EARTHQUAKE CATALOGUE OF STUDY AREA
AND ITS SURROUNDINGS FOR 2010

Table C 1: Earthquakes happened in 2010 with a moment magnitude equal and greater than 3.0

Origin Depth

Date Time Lat. |Long| (km) [xM| MD | ML | Type Location
HACIAHMETOGLU-SIMAV

26.01. | 16:58:16. | 39.13 | 28.99 (KUTAHYA) [South West 1.3

2011 85 4 93 5 3 3 0 Ke | km]

23.01. | 22:01:11. | 40.47 | 30.16 CARDAK-PAMUKOVA

2011 13 32 72 5 31] 31 0 Ke | (SAKARYA) [East 0.8 km]

20.01. | 02:09:37. | 40.70 | 29.76 ORCUN-GOLCUK (KOCAELI)

2011 04 42 28 11.7 |41 0 4.1 Ke [West 2.7 km]
DARIYERIHASANBEY -

15.01. | 16:00:22. | 40.79 | 31.36 KAYNASLI (DUZCE) [North

2011 25 92 77 3.3 32| 32 0 Ke East 3.4 km]

12.01. | 10:31:34. | 40.14 | 31.73 CANTIRLI-BEYPAZARI

2011 36 12 85 5 33| 33 0 Ke | (ANKARA) [West 4.3 km]

16.12. | 01:07:55. | 40.72 | 29.89

2010 53 58 75 5.3 3 3 0 Ke KOCAELI [South West 4.1 km]

12.12. | 12:20:38. | 39.80 TEPEBASI (ESKISEHIR) [North

2010 39 82 | 305 5 31| 31 0 Ke East 2.7 km]

11.12. | 20:16:20. | 39.12 | 29.06 SOGUT-SIMAV (KUTAHYA)

2010 89 5 58 5.4 3 3 0 Ke [West 1.3 km]

08.12. | 20:04:00. | 39.11 | 29.10 SENKOY-SIMAV (KUTAHYA)

2010 55 67 95 5.4 32| 32 0 Ke [North West 1.9 km]
CAYIRHAN-NALLIHAN

02.12. | 23:01:46. | 40.08 | 31.65 (ANKARA) [South West 2.7

2010 29 53 12 9.3 3 3 0 Ke | km]
KAPIKAYA-SIMAV

23.11. | 22:16:51. | 39.12 | 29.04 (KUTAHYA) [South East 0.8

2010 14 58 37 5.4 3 3 0 Ke | km]

20.11. | 17:23:03. | 40.10 | 31.67 CAYIRHAN-NALLIHAN

2010 40 38 92 5 3 3 0 Ke | (ANKARA) [North 0.8 km]

19.11. | 11:33:54. | 40.95 | 29.22 SULTANBEYLI (ISTANBUL)

2010 54 03 58 7.8 3 3 3 Ke [South West 3.6 km]
CINARCIK ACIKLARI-

12.11. | 04:00:30. | 40.72 | 28.98 YALOVA (MARMARA

2010 18 58 93 8.5 3 3 0 Ke DENIZI)
DAVUTOGLAN-NALLIHAN

11.11. | 23:03:26. | 40.09 | 31.59 (ANKARA) [South West 4.0

2010 58 07 48 8.7 3 3 0 Ke | km]

31.10. | 03:44:37. | 40.37 | 30.01 SELCIK-OSMANELI

2010 62 98 82 3.6 31| 31 0 Ke | (BILECIK) [East 1.2 km]

26.10. | 22:09:40. | 40.80 | 27.68

2010 55 23 08 10.2 | 35| 3.2 3.5 Ke MARMARA DENIZI
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BUGDAYLI-AKYAZI

25.10. | 23:20:02. | 40.69 | 30.56 (SAKARYA) [North East 2.0

2010 85 55 | 25 5 |32]32] 0 Ke |km]
ORENKOY-HISARCIK

22.10. | 03:15:26. | 39.15 | 29.30 (KUTAHYA) [South East 1.3

2010 44 08 | 88 5 |32 0 | 32| Ke |km]
DUMREKHUSEYINPASA-

18.10. | 06:07:15. | 39.54 | 29.09 TAVSANLI (KITAHYA) [South

2010 65 67 | 85 | 52 | 3| 3 0 Ke |West 2.7 km]
DARIYERIYORUKLER-

16.10. | 21:02:11. | 40.82 | 31.32 KAYNASLI (DUZCE) [North

2010 11 33 | 4 5 |31] 0 | 31 | Ke |East4.2km]

14.10. | 03:25:48. | 39.13 | 29.05 KAPIKAYA-SIMAV

2010 32 12 | 6 54 | 3| 3 0 Ke | (KUTAHYA) [East 1.4 km]
BEDILTAHIRBEY-AKYAZI

13.10. | 11:31:30. | 40.72 | 30.58 (SAKARYA) [South East 2.6

2010 40 93 | 27 | 62 | 3] 3 0 Ke |km]

03.10. | 17:49:03. | 40.84 | 28.12

2010 05 02 | 48 | 118 |43| 0 | 43 | Ke |MARMARADENIZI
KETENCILER-KARTEPE

29.09. | 20:00:28. | 40.73 | 30.12 (KOCAELLI) [South West 3.6

2010 21 38 | 03 5 3] 0 3 Ke | km]

21.09. | 10:11:10. | 39.90 | 29.20 BIYIKLIALANI-KELES

2010 96 52 | 63 | 77 | 3] 3 0 Ke | (BURSA) [South East 1.7 km]

19.09. | 15:05:04. | 40.75 | 29.16 YALOVA ACIKLARI

2010 69 03 | 65 | 94 [31]31] 0 Ke | (MARMARA DENIZI)
MARMARA EREGLISI

18.09. | 17:17:15. | 40.83 | 27.99 ACIKLARI-TEKIRDAG

2010 11 02 | 02 | 178 [31] 31| 0 Ke | (MARMARA DENIZI)
GOKCELER-SIMAV

14.09. | 14:13:47. | 39.10 | 29.03 (KUTAHYA) [North East 1.2

2010 24 88 | 95 | 54 | 3| 3 0 Ke |km]

14.09. | 14:05:27. | 39.13 | 29.07 SOGUT-SIMAV (KUTAHYA)

2010 66 5 8 25 |37| 0 | 37 | Ke |[NorthWest 1.0 km]

08.09. | 20:51:54. | 40.19 | 29.28 CATALTEPE-KESTEL

2010 50 95 | 2 5 3| 3 0 Ke | (BURSA) [East 2.0 km]

05.09. | 00:44:17. | 40.46 | 28.94 KAPAKLI-ARMUTLU

2010 95 63 | 28 | 51 | 3| 3 0 Ke | (YALOVA) [West 2.3 km]

28.08. | 18:15:05. | 40.07 | 31.69 CAYIRHAN-NALLIHAN

2010 93 87 | 8 5 3| 3 0 Ke | (ANKARA) [South East 2.6 km]

28.08. | 17:35:54. | 39.91 | 29.16 HARMANALANI-KELES

2010 52 88 | 05 | 52 | 3| 3 0 Ke | (BURSA) [West 1.7 km]
CAKILOBA-BEYPAZARI

28.08. |01:03:19. | 40.19 | 31.83 (ANKARA) [South West 1.4

2010 52 47 | 03 5 |32]32] 0 Ke |km]

26.08. | 16:44:42. | 39.96 | 29.16 DELICE-KELES (BURSA)

2010 88 17 | 62 5 3| 3 0 Ke | [South West 0.9 km]

26.08. | 08:20:41. | 40.76 | 30.98 TASLIK-GOLYAKA (DUZCE)

2010 71 88 | 37 | 39 | 3] 3 0 Ke |[North 1.2 km]

17.08. | 00:27:14. | 40.85 | 31.63 CUKUROREN- (BOLU) [North

2010 50 77 | 53 5 |31]31] 0 Ke |[5.2km]

16.08. | 03:09:01. | 40.84 | 31.58 KOZLU- (BOLU) [North West

2010 43 1 | 38 5 |39 0 | 39 | Ke [48km]

06.08. | 02:43:14. | 40.60 | 29.20 YENIMAHALLE-TERMAL

2010 56 73 | 97 | 37 | 3] 3 0 Ke | (YALOVA) [South East 0.3 km]

30.07. | 13:34:43. | 39.44 | 31.34 BAHCECIK-SIVRIHISAR

2010 49 48 | 62 | 73 |31] 31| o0 Ke | (ESKISEHIR) [North 1.6 km]
YESILYURT-ALTINTAS

18.07. | 02:54:58. | 38.95 | 29.97 (KUTAHYA) [South East 2.2

2010 27 2 | 1 46 | 3| 3 0 Ke |km]
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17.07. | 19:39:50. | 40.71 | 29.19 YALOVA ACIKLARI

2010 44 15 97 5 31| 31 0 Ke (MARMARA DENIZI)
YESILYURT-ALTINTAS

09.07. | 12:09:45. | 38.96 | 29.96 (KUTAHYA) [North East 2.1

2010 85 62 95 2 3 3 0 Ke | km]

07.07. | 10:24:49. | 40.80 | 30.88 YESILYAYLA-GUMUSOVA

2010 31 88 17 92 33| 0 33 Ke | (DUZCE) [North East 1.6 km]
KARACAOREN-SIMAV

07.07. | 04:02:07. | 39.16 | 29.03 (KUTAHYA) [South East 1.1

2010 35 03 48 5.2 3 3 0 Ke | km]

06.07. | 16:01:33. | 40.42 | 28.42 BAYRAMDERE-KARACABEY

2010 27 5 8 2.3 3 3 0 Ke | (BURSA) [North East 5.6 km]
TOKAT-HISARCIK

13.06. | 02:13:25. | 39.19 | 29.12 (KUTAHYA) [South West 1.9

2010 17 42 12 5 31| 31 0 Ke km]

11.06. | 23:45:42. | 39.11 | 29.13 SENKOQOY-SIMAV (KUTAHYA)

2010 16 55 72 5 3 3 0 Ke | [North East 2.0 km]
KABAKLAR-EMET

09.06. | 16:06:56. | 39.29 | 29.08 (KUTAHYA) [North West 2.5

2010 05 2 38 54 33| 0 33 Ke | km]
MAHMUTCA-DURSUNBEY

02.06. | 19:09:32. | 39.49 | 28.85 (BALIKESIR) [South West 0.2

2010 85 92 88 6.9 3 0 3 Ke | km]

31.05. | 16:08:20. | 39.02 | 29.73 CUKUROREN-GEDIZ

2010 25 32 52 5.3 3 3 0 Ke | (KUTAHYA) [North 3.1 km]

29.05. | 22:36:04. | 40.94 | 31.73 YAYLATEPE-YIGILCA

2010 04 6 38 7.1 3 3 0 Ke | (DUZCE) [South East 6.0 km]
DEMIRCILER-DURSUNBEY

29.05. | 00:17:43. | 39.50 | 28.88 (BALIKESIR) [North West 1.3

2010 86 07 17 85 |31] 31 0 Ke | km]
YUKARIGOCEK-BIGADIC

27.05. | 23:38:22. | 39.41 | 28.49 (BALIKESIR) [North East 3.2

2010 99 2 05 5.4 3 3 0 Ke | km]

26.05. | 08:07:32. | 39.28 | 29.30 KIRGIL-EMET (KUTAHYA)

2010 11 45 03 5 31| 31 0 Ke | [North East 2.0 km]
BAHATLAR-EMET

25.05. | 21:28:44. | 39.31 | 29.32 (KUTAHYA) [South East 0.7

2010 89 58 72 31 |32] 32 0 Ke | km]
GOKCELER-SIMAV

21.05. | 07:41:06. | 39.09 | 29.03 (KUTAHYA) [South East 0.5

2010 49 53 53 52 |31 O 3.1 Ke | km]
KEFKEN-KANDIRA

15.05. | 14:08:22. | 41.19 | 30.13 (KOCAELI) [North West 8.5

2010 17 85 32 5 42| 0 4.2 Ke | km]

11.05. | 22:07:00. | 40.70 | 29.21 YALOVA ACIKLARI

2010 17 35 15 5 3.1 0 3.1 Ke (MARMARA DENIZI)

07.05. | 00:24:58. | 40.70 | 29.21 YALOVA ACIKLARI

2010 94 42 32 5.3 31| 31 0 Ke (MARMARA DENIZI)
YESILKOY-SIMAV

04.05. | 03:17:00. | 39.08 | 29.03 (KUTAHYA) [North East 1.7

2010 15 35 02 5.3 3 3 0 Ke | km]
AYVACIK-DURSUNBEY

02.05. | 18:37:36. | 39.55 | 28.84 (BALIKESIR) [South East 2.7

2010 87 82 72 5.3 3 3 0 Ke | km]

29.04. | 09:14:13. | 39.42 | 28.30 HISARKOY-BIGADIC

2010 03 97 | 15 | 101 |33]| 33 0 Ke | (BALIKESIR) [East 1.2 km]

26.04. | 14:06:27. | 39.14 | 29.11 SOGUT-SIMAV (KUTAHYA)

2010 86 3 08 5 31| 31 0 Ke | [North East 3.1 km]
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DUZYAZI-AKYAZI

24.04. | 15:29:13. | 40.73 | 30.63 (SAKARYA) [North West 1.5
2010 61 82 93 4.4 3.2 0 3.2 Ke km]
20.04. | 23:26:06. | 40.93 | 31.57 CUKUROREN-YIGILCA
2010 51 4 08 51 |31] 31 0 Ke | (DUZCE) [South East 3.7 km]
20.04. | 05:00:18. | 39.04 | 29.44 ALIAGA-GEDIZ (KUTAHYA)
2010 79 07 3 5 31| 31 0 Ke | [West2.3km]
KAPAKLI-ARMUTLU
09.04. | 11:27:10. | 40.44 | 28.93 (YALOVA) [South West 3.9
2010 85 03 53 54 |33]| 0 33 Ke | km]
BEDIRLER-SIMAV
04.04. | 03:54:05. | 39.46 | 28.96 (KUTAHYA) [South East 1.4
2010 24 82 2 5 3 3 0 Ke km]
SARISIPAHILER-
04.04. | 03:12:31. | 39.54 | 28.85 DURSUNBEY (BALIKESIR)
2010 98 47 65 5 3 3 3 Ke | [North East 2.7 km]
YUNUSLAR-DURSUNBEY
04.04. | 03:04:51. | 39.51 | 28.91 (BALIKESIR) [South West 0.6
2010 01 77 13 5 31| 31 0 Ke km]
21.03. | 07:11:38. | 39.23 | 29.29 KIRGIL-EMET (KUTAHYA)
2010 50 9 02 6.6 3 3 0 Ke |[South 3.5 km]
21.03. | 03:50:49. | 39.11 | 29.07 SOGUT-SIMAYV (KUTAHYA)
2010 83 78 45 5 3 3 0 Ke | [South West 1.2 km]
18.03. | 08:03:47. | 39.27 | 29.11 KABAKLAR-EMET
2010 80 85 85 5 3 3 0 Ke | (KUTAHYA) [East 0.9 km]
SUDOSEGI-SIMAV
14.03. | 19:55:55. | 39.34 | 29.08 (KUTAHYA) [South East 6.0
2010 95 48 72 5 3 3 0 Ke |km]
08.03. | 16:07:11. | 40.44 | 29.13 GEMLIK (BURSA) [North West
2010 79 82 12 28 |35| 0 35 Ke |2.7km]
KURSU-BIGADIC
06.03. | 23:28:58. | 39.49 | 28.40 (BALIKESIR) [North East 1.2
2010 90 6 9 44 134 34 0 Ke |km]
MARMARA EREGLISI
05.03. | 17:31:53. | 40.86 | 27.99 ACIKLARI-TEKIRDAG
2010 74 03 78 62 |33]| 33 0 Ke | (MARMARA DENIZI)
04.03. | 19:08:09. | 39.52 | 28.82 POYRACIK-DURSUNBEY
2010 73 13 22 84 |32]| 32 0 Ke | (BALIKESIR) [East 1.0 km]
SARISIPAHILER-
04.03. | 02:42:39. DURSUNBEY (BALIKESIR)
2010 70 39.52 | 28.84 5 341 0 3.4 Ke | [South West 0.4 km]
03.03. | 22:42:57. | 39.50 | 28.87 HINDIKLER-DURSUNBEY
2010 19 58 9 54 |32 32 0 Ke |(BALIKESIR) [South 1.1 km]
03.03. | 04:16:41. | 39.52 | 28.87 HINDIKLER-DURSUNBEY
2010 15 38 78 38 |33]| 33 0 Ke | (BALIKESIR) [North 0.9 km]
BOYALICA-DURSUNBEY
03.03. | 03:42:20. | 39.49 | 28.81 (BALIKESIR) [South East 1.0
2010 00 68 92 51 |32 32 0 Ke |km]
02.03. | 18:28:16. | 39.10 | 29.09 SENKOY-SIMAV (KUTAHYA)
2010 10 03 23 5 33| 33 0 Ke | [West2.5km]
MECIDIYE-KARAPURCEK
02.03. | 15:43:24. | 40.63 | 30.54 (SAKARYA) [North East 0.9
2010 65 32 65 118 [31] 31 0 Ke |km]
02.03. | 05:08:43. | 39.02 | 29.23 SAPHANE (KUTAHYA) [South
2010 10 13 48 5.4 3 3 0 Ke |East 1.3km]
02.03. | 02:56:48. | 39.11 | 29.12 SENKOY-SIMAV (KUTAHYA)
2010 77 75 72 5.2 3 3 0 Ke | [North East 1.7 km]
KARACAOREN-GEYVE
02.03. | 02:47:29. | 40.39 | 30.25 (SAKARYA) [North East 1.3
2010 49 45 02 10.7 3 3 0 Ke |km]
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BASKONAK-SIMAV

02.03. | 01:48:31. 29.17 (KUTAHYA) [South West 2.6
2010 12 39.09| 58 5 31| 31 0 Ke | km]
02.03. | 01:37:41. | 39.11 | 29.10 SENKOY-SIMAV (KUTAHYA)
2010 80 85 77 51 [33] 33 0 Ke [ [North West 2.1 km]
BASKONAK-SIMAV
02.03. | 01:26:57. | 39.08 | 29.17 (KUTAHYA) [South West 3.0
2010 46 75 1 54 [31] 31 0 Ke | km]
02.03. | 01:21:36. | 39.09 | 29.12 SENKOY-SIMAV (KUTAHYA)
2010 57 67 02 51 [33] 33 0 Ke | [South 0.7 km]
02.03. | 00:59:43. | 39.13 | 29.09 SOGUT-SIMAYV (KUTAHYA)
2010 08 47 4 64 [43] 0 4.3 Ke |[[North East 1.4 km]
GOKCELER-SIMAV
02.03. | 00:47:01. | 39.10 | 29.05 (KUTAHYA) [North East 2.0
2010 08 37 47 5 31| 31 | 31 Ke | km]
02.03. | 00:36:10. 29.07 SOGUT-SIMAYV (KUTAHYA)
2010 90 39.11] 3 2 33| 33 0 Ke | [South West 2.0 km]
18.02. | 17:48:09. | 39.03 | 29.62 GOYNUK-GEDIZ (KUTAHYA)
2010 06 2 1 4 31| 31 0 Ke [North West 2.6 km]
14.02. | 20:25:04. | 39.73 | 30.54 ODUNPAZARI (ESKISEHIR)
2010 77 7 73 2.9 3 3 0 Ke | [South East 3.8 km]
14.02. | 18:44:57. | 40.83 | 27.82
2010 61 83 38 49 31| 31 0 Ke | MARMARA DENIZI
FINDICAK-DOMANIC
11.02. | 10:21:01. | 39.70 | 29.62 (KUTAHYA) [North West 2.3
2010 58 88 2 25.1 3 3 0 Ke | km]
ALLIOREN-DUMLUPINAR
10.02. | 17:26:13. | 38.95 | 29.97 (KUTAHYA) [North West 1.9
2010 83 7 92 5.4 3 3 0 Ke | km]
08.02. | 02:46:05. | 40.43 | 29.87 KARATEKIN-IZNIK (BURSA)
2010 96 52 35 5 32| 32 0 Ke | [South West 0.7 km]
SULTANDERE-ODUNPAZARI
07.02. | 17:21:32. | 39.76 | 30.58 (ESKISEHIR) [North West 4.9
2010 15 95 7 5 371 0 3.7 Ke | km]
04.02. | 16:05:59. | 40.42 | 28.85 GEMLIK KORFEZI
2010 19 4 28 6 3 3 0 Ke | (MARMARA DENIZI)
03.02. | 21:57:55. KUMYAKA-MUDANYA
2010 00 40.4 |28.85 9 351 0 3.5 Ke | (BURSA) [North East 2.6 km]
30.01. | 12:28:10. 28.91 GUNEY-SIMAV (KUTAHYA)
2010 40 39.18| 02 9.8 3 3 0 Ke | [South West 0.8 km]
DEMIRCILER-DURSUNBEY
29.01. | 16:38:08. | 39.49 | 28.90 (BALIKESIR) [North East 1.1
2010 77 68 2 5 31| 31 0 Ke | km]
OMERALTI-
23.01. | 07:15:04. | 39.96 | 28.78 MUSTAFAKEMALPASA
2010 04 12 15 42 32| 32 0 Ke | (BURSA) [South East 2.9 km]
BASKONAK-SIMAV
20.01. | 20:53:09. | 39.07 | 29.18 (KUTAHYA) [South West 3.0
2010 00 65 27 49 (32| 32 0 Ke | km]
14.01. | 04:11:40. | 40.76 | 31.63 YENIKOY- (BOLU) [South
2010 05 5 6 5 32| 32 0 Ke | West 1.2 km]
ARMUTLU ACIKLARI-
13.01. | 03:54:51. | 40.63 | 28.76 YALOVA (MARMARA
2010 54 78 9 106 | 34| 0 3.4 Ke | DENIZI)
12.01. | 22:46:11. | 40.62 | 29.01 SENKOY-CINARCIK
2010 19 58 25 6.7 [32] 32 0 Ke | (YALOVA) [South East 0.8 km]
BANDIRMA ACIKLARI-
12.01. | 05:31:39. | 40.47 | 28.14 BALIKESIR (MARMARA
2010 23 97 9 7.6 3 3 0 Ke | DENIZI)
02.01. | 04:14:34. | 40.85 | 29.28 9 3 3 0 Ke | TUZLA (ISTANBUL) [North
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2010 66 3B | 6 West 4.3 km]
01.01. | 21:01:21. 28.29 YOLAGZI-KARACABEY
2010 13 |4015| 28 | 47 0 Ke | (BURSA) [North West 1.9 km]
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APPENDIX D

UNIFIED SOIL CLASSIFICATION SYSTEM

Table D 1: Unified Soil Classification System (based on Wagner, A.A. 1957) from Craig soil

mechanics
Laboratory Criteria
Group
Name .
Symbols Fines . -
(%) Grading Plasticity Notes
Well graded
= gravels, C o
>
T | ° Salndy . GW 0-5 ’
N S gravels, with 1<C,<3
o = little or no
> — -
2 > fines
- 6
wn
2 § Poorly
< 8 graded
2 b gravels, Not satisfying
5 2 sandy GP 0-5 GW
n 8 gravels, with requirements
E 5 little or no
:}L § fines
o c
g o Silty gravels, Below A-
= © silty sandy GM >12 line or
O o
g} £ gravels l,<4
X ° Clayey
2 & gravels Be_l oW A-
= o ‘ GC >12 line or
S clayey sandy |7
° gravels p
%5
E
g Well graded
g |82 sands,
s | g8 | ogravelly C.,>6
B | 28y ds. with SW 0-5
g 1) :_3 7 sgn S, Wi 1<C,<3
5 S a3z little or no
S |EEg fines
g 8
e Poorly Sp 0-5 Not satisfying
graded sands, SW
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gravelly requirements
sands, with
little or no
fines
Below A-
Silty sands SM >12 line or
<4
Below A-
Clayey sands SC >12 line or
1,>7
Inorganic
B = 5|I|ts, 5|I?_/ or
@ ro) clayey fine -
% cc% sands, with ML Use plasticity chart
@ - slight
4 3 plasticity
= | £
o = Inorganic
z 2 clays, silty
° g clays, sandy CL Use plasticity chart
&3 o clays of low
g 5 plasticity
8 2
g © Organic silts
< = and organic -
5 D silty clays of oL Use plasticity chart
Tés low plasticity
S _ Inorganic
‘g = silts of high MH Use plasticity chart
= = - plasticity
z | £8
g =5 Inorganic
= Q ﬁ clays of high CH Use plasticity chart
2 S 8 plasticity
s T2
(@]
aZ)D 2 Organic
i 7 clays of high OH Use plasticity chart
plasticity
Highly organic Peat and
ghly org other higgly Pt
soils LY
organic soils
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APPENDIX E

DATASHEET OF THE CABLE USED IN FIELD
APPLICATION

iNFOKS KABLO

SIMPLEX CABLES 1x1

250 mic Acrylic Fibre

900 mic LSZH Tight

Aramide Yarn

Sub-unit Simplex LSZH

Cable type I-H(ZN)H 1x1
Applications Indoor interconnect and patch-cord installations
ARTS

IEC 61034 (fow Smoke, zero halogen), |EC 60 332-3 (fiame retardant), 1IEC 60754-2 (FRNC), DIN VDE0472 part 813 (FRNC)
ITU-T G.651 (Multi Mode Fiber), ITU-T G.652; ITU-T G.657 (Single Mode Fiber), ITU-T G.655 & G.656 (NZDS Fiber)
EN 187000:|EC 60794- 1&2, EN 188000:IEC 60793- 182 (Generic cable specifications)

FEATURES

Tight buffered fibre of 9300 um diameter (Easy to strip)
Non-metallic strenght members (Aramide yarn)
Completely dry core design

Small diameter 2.4 [mm]

Halogen Free Flame Retardant / Flame Retardant Non-Corrosive / Low Smoke Zero Halogen

All dielectric non-metallic construction, hence no ground loop problems

Optical Chararacteristics (ITU-T G.657 A2/B2 Band-Bright XS )

1310nm 1550nm 1625nm

Attenuation max 0,35 dB/km 0,21 dB/km 0,24 dB/km
IMode Field Diameter 8,8+0,4 um

PMD psvkm =01

Clading Diameter 125+ 0,7um

Coating Diameter 242 +7

Core/Clading concentricity < 0,5 um

Attenuation with bending 7,5 mm mandrel radius <0,5 dB (@1550nm)

Diameter (mm) 2,40+0,2 mm

Fiber (um) 24247

Tight (um) 900+£100

Weight (kg/km) 7.7£0,2

ic.LTo.§Ti
KartallSTANBUL TURKEY

Yah mah
Tel: 490 216 389 76 65
Fax: +90 216 387 39 95
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iNFOKS KABLO

CABLE CHARACTERISTICS
Number of fibers (n) 1
Tensile strength (N) installation 300/500 IEC 60794-1-2-E1
operation 150/300
Crush resistance (N/cm) installation 300/500 IEC 60794-1-2-E3
operation 250/300
Impact resistance
Wp=0,74J r=25 mm impact 3 IEC 60794-1-2-E4
Torsion
+360° 1000 mt SN cycles 3 |IEC 60794-1-2-E7
[Temperature (°C) Storage -10°C to +60°C IEC 60794-1-2-F1
operation -10°C to +60°C
itional technical information
Standard continuous length 2000 mt
Standard cable color
Single Mode 9/125 (G.657 A/B) White RAL 8002
Single Mode 9/125 (G.652-D) Yellow RAL 1021
Multi Mode 50/125 (OM2) Orange RAL 2011
Multi Mode 50/125 (OM3) Aqua RAL 68027
Multi Mode 62 5/125 (OM1) Blue RAL 5015
Marking

INFOKS OPTICAL CABLE ITU-T G657 A2/B2 1x1 LSZH RoHS productionno meter (m)
(Other colors are available upon request)

PACKING

2000mt £100 mt per drum
28 cm x 27 cm drum size
ply-wood drum

INFOKS KABLO SANAYI ve TiC.LTD.STI www.infoks.com.tr
Yal mah . Baglar caddesi No:84 KartalASTANBUL TURKEY info@infoks.com.tr

Tel: +90 216 388 76 65
Fax: +80 216 387 39 95
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