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ABSTRACT

DETERMINATION OF THE ROCK MASS CHARACTERISTICS AND
SUPPORT SYSTEMS OF
THE NEW ULUS TUNNEL, ANKARA

Aksular, frem
M.Sc., Department of Geological Enginering
Supervisor: Prof. Dr. Vedat Doyuran

December 2008, 148 pages

The New Ulus Tunnel will be constructed within the andesitic terrain at
Hidirliktepe (Ankara). Excavation of the tunnel will be accomplished through blast
and drill method. Emprical methods will be consulted during the design of the
support systems as well as the slope of the portal rock face. Therefore it is essential

to perform detailed rock mass characterization studies.

In this thesis it is aimed to determine the rock mass characteristics in order
to design the rock slope of the portals and to assess the reliable support systems for
the tunnel. For this purpose laboratory tests and field investigations were conducted.
Field investigations involved detailed discontinuity measurements and borehole
drillings. In respect of laboratory tests; point load index, unit weight and uniaxial

compression strength tests were used.



The field and laboratory test results were utilized in the Rock Mass
Classification Systems (RMR, Q-system) in order to ascertain the rock mass
characteristics. By all accounts, necessary tunnel support systems were determined.
As for the portal areas, the rock face design was accomplished through kinematical

analyses. Consequently, no failure is expected at the portal rock slopes.

Keyword: Rock Mass Characterization, RMR, Q, slope design, Ulus Tunnel
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YENI ULUS TUNEL GUZERGAHININ (ANKARA)
KAYA KUTLESI OZELLIKLERININ VE
DESTEK SISTEMLERININ BELIRLENMESI

Aksular, frem
Yiiksek Lisans, Jeoloji Miithendisligi bolimii

Tez Yoneticisi: Prof. Dr. Vedat Doyuran

Aralik 2008, 148 sayfa

Altindag Hidirliktepe’de yapilacak olan Yeni Ulus Tiineli, andezitlerin
egemen oldugu bir sahada yer almaktadir. Tiinel kazis1 delme-patlatma yontemi ile
gerceklesecektir. Tiinel destek sistemlerinin ve portal sevlerinin tasarimi igin
ampirik yaklagimlardan yararlanilacaktir. Bu nedenle sahada ayrintili kaya kiitlesi

karekterizasyon ¢aligmalar1 yapilmasi gerekmektedir.

Bu tezin amaci tiinel giizergahinda kaya kiitlesi karakteristiklerini belirlemek,
tiinel portallarinda sev tasarimi yapmak ve tiinel igin giivenilir destek sistemlerini
belirlemektir. Bu sebeple gerek saha ve gerekse laboratuar verileri kullanilmustir.
Saha g¢alismalar sirasinda kayacglarin stireksizlik analizlerine agirlik verilmis olup

sondaj verilerinden de yaralanilmistir.

Vi



Laboratuvar verileri olarak nokta yiikleme, birim hacim agirlik ve tek eksenli
basma dayanmimi verileri kullamilmistir. Kayac¢ karakteristiklerini belirlemek
amactyla laboratuvar ve saha verileri siniflama sistemlerinde (RMR, Q sistemi)
kullamilmistir. Elde edilen veriler sonucu gerekli tiinel destek sistemleri
belirlenmistir. Portal sevleri kinematik analizlere gore tasarlanmistir. Sonug olarak

portal sevlerinde herhangi bir yenilme beklenmemektedir.

Anahtar Kelimeler: Kaya Kiitlesi Karakterizasyonu, RMR, Q, Sev Tasarimi, Ulus

Tunell.
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

Since ancient times human beeing has always been interested in challenges
between nature and himself. These challenges have mainly showed themselves in
engineering problems and mostly resulted in the victory of human intelligence in
the way of the creating magnificient engineering structures. The human capability
has been accelarated in such a way that searching the convenient footpaths for
transportation through mountains gave place to drillings into mountains for tunnel

constructions.

Nevertheless it hasn’t always been that much easy to construct structures
within mountains. When compared with the other engineering issues, dealing with
underground is obviously much more difficult and complex. The differentiations
and constitutions of geological units that host the tunnels generally cause varying
engineering problems. Therefore, making use of estimations has become the most
effective way of finding solutions. Some of these estimations are used to
accomplish the task of this study. There are two objectives of this study.The first
objective is to determine the rock mass characteristics of the units located at the
tunnel route and to decide the efficient support systems for “The New Ulus
Tunnel”. The second objective is to assess a reliable slope design for the tunnel

portals.



In this scope previous researches associated with the tunnel site and the near
vicinities were reviewed at first. Afterwards, detailed site investigations at the
tunnel route were carried out. Following this stage laboratory tests were

conducted on the specimens that were taken from the tunnel alignment.

By means of classification systems, the results gathered from both in-situ
surveys and laboratory tests manifested the geotechnical characterization of the
study area. According to the data derived from these studies, kinematic analyses
were applied. Consequently the main problems that might be faced during slope
construction were specified. The next step, generating the necessary support

system, was carried out by benefitting the analyses’ results.

1.2 Location and Accessibility of the Study Area

The study area is located between Hidirliktepe and Onciiler vicinities which
are connected with Altindag County in the North part of Ankara. According to the
data derived from the satallite images (GoogleEarth Software, 2008) the New
Ulus tunnel will take place between the longtitudes of N39°56°33 - N39°56°51
and the latitudes of E32°51'4 - E32°52'27. The location of the study area is

presented in Figure 1.1.



BLACK SEA

MEDITERRANEANM
SEA

*®&changazi
93.1 ,

it
W

Ahi Yakup

5 Rd. L i 1L i D rE
% HM::" AYSE S §-Yidiim Beyazit .| o i 2 N
g Cami{,  Hastanesi - Upgkel Sk | T Anadolu Lises: ol Plevne o S w =
s . :
> #Fazilet| o Altinc - Babir Cd 1=k Babar,Cd - =l
o oF 29 Rd .
o i - st " Gokgenefe .
I 41’3‘ S Rd. Yildinm 2 = 3 Gimen Sk
LA SR e ]
9 / ?\.o‘p A _I.Bifaz'l e, g ] 1- Sultan
\ ! P o N Murat
{ 658k > r- L
L = The stud __ Gokgenefe ] 5
Iskitier Kugok N 5075k 2 % e =T
Sanayi 3 @,; area 61784 'O Y o
! Akgar. oy &g 8 ke =
5 C8 &5 r. Sk Y = Sk @, _1-Sultan
ki - /7 & -'1:_.:'__'.-*_ G EI'IﬂL.IF'I.'I & o ! IJ'.;- Murat
=3 J_‘ / C U -~
- HRd, 786 o
o 5;,; . The New _
- Ozgrii
5t Ulus Tunnel v
By " e - Humyet

Sokullu

b .| X
cami & % = 135 ]
"\ & 1 RY  Hurriyet .
Ankara HaciBayam | % S & E
Vel Mo sque ‘_ = LR 51 1) -
Park ! prh e —.-'-"Ftd ke, < \l‘ 22/ = & A
M " = =l = pgpkdere® 7O A % 0y 8
= £ v 4
o ! 0 Tabakhane e et Sokullu % Akias
2 Mosque . ¥ (3
Y s & w s o e
5 o Hisar Park; =k 4
[ by ] ¥ Musafe A b n~ &  Axtag
[ it * T p  Ankara | Fatih Mosque = - o
= o 2 i
- :p % v % Ja_,ws Evi Park \ fj &W% :
ara Ly 5 LS i 5, x il Toa <5
las ll = =T B e . . ‘; ; Sy 5
e %‘* Etibani Ii—l'-'l_ Necatibey AT f 4 3‘;:' Z .lJ,-____+.
£ 2 - 0o il x o
HE e oF . ; Kale g .
B cr o ! in " Fazar g, Ulucaniar Sukriye
. g of / -_;-J:.» . Prison
: \_Anafartalar, % Gugpcd 2 oy
~t Atpaza! «_Ulucaniar Lo
2&1) m g o M | e Ankara
p—_— % e SRR -

Figure 1.1 Location map of the study area is quoted from Google Map (2008)



The hill which hosts the tunnel route is surrounded by four main
transportation roads which supply the connection between Ulus-Altindag and
Plevne-Fatih districts. The access to the study area is supplied by the road nets
that constitude the north branch of roadway system. This branch goes through
rough topography and passes at the south side of the Ankara Cidatel. The
transportation branch then goes to Hipodrom’s two sides and reaches to
Yenimahalle and Istanbul Highway. In the close vicinity of the investigated site
the roads surrounding the Citadel, Altindag and Yenidogan, intersect each other at

different points (Kasapoglu, 2000).

The New Ulus Tunnel’s location, Hidirliktepe, rises between two main
roads as a part of Yenidogan district. The road that passes among the south and
the west side of Hidirliktepe is Bentderesi Road which connects Altindag Road
with Cankir1 Road and irfan Bastug Road.

1.3 Tunnel Characteristics

The New Ulus Tunnel is planned to be constructed within the scope of the
renovation project of Hidirliktepe-Bentderesi vicinities. The project is carried out
by Greater Municipality of Ankara to organize a new way for Ulus-Altindag
transportation. For that purpose, starting from Sakalar place on Bentderesi road,
the new transporatation route is planned to be shifted to the north, into the New

Ulus Tunnel that will pass under the hill.

According to the plans, the tunnel allignment follows the topographical
structure and extends nearly parallel to Bentderesi road. The 780 m long tunnel
will advance in approximately 870 m elevation and end on Sehit Kaya Aldogan
Road. In consideration of the transportation route, the New Ulus Tunnel will
consist of double tubes each are 9 m height. Horseshoe shape with a width of 12
m is chosen for the tunnel design. The tubes will be positioned 24 m apart from

each other. Regarding to the construction method, blast and drill methods will be



applied at the construction stages. The main characteristics of the tunnel are given

in the Table 1.1.

Table 1.1. The physical properties of the New Ulus Tunnel

Type Transportation; Main Road

Location Onciiler - Hidirliktepe, Altindag in Ankara
Length 780 m

Height 8,15 m inner, 9 m outer

Width 10,6 m inner, 12 m outer

Maximum Span 12m

Elevation Approximately 870 m

Shape Horseshoe shape

Number of Tube Twin-tube tunnel with tubes 24 m apart
Construction Method Blast and drill

Strike of Tunnel 308°

1.4 Physiography

1.4.1 Topography

Ankara has an elevation of 960 m in average and the elevation difference
between the highest and the lowest places in the city is 260 m (Kasapoglu, 2000).
The tunnel construction will take place at the south slopes of Timurlenk Hill
which is formed by andesites and is one of the main rises at the close vicinity. The
main construction area, Hidirliktepe (888 m), is located on Timurlenk Hill which
has an elevation of 1003 m (Kasapoglu, 2000). At the south, on the opposite of
Hidirliktepe, rises another hill with an alevation of 986 m. That hill, so called
Castle Hill, hosts the most famous historical structure of Ankara; the Ankara
Citadel. Between Hidirliktepe and Citadel’s hill Bentderesi Valley exists. This
valley extends along East-West direction and generates a thin roadway called
Bentderesi Road. Unlike the andesites that formed steep hills, the alluvium of

Bentderesi stays at 850 - 870 m elevations and creates a plain.



1.4.2 Climate and Vegetation

Continental climate prevails in the study area and in its close vicinities. The
main charactistic of continental climate is hot and dry summers, cold and rainy
winter, and are barely dominant at the site. The highest temperatures are recorded
in August and the lowest ones in January. In general, the rainfall is received at

winter and spring. The mean annual rainfall for Ankara is 382,1 mm (Table 1.2).

Table 1.2. Average annual climatic characteristics of Ankara (Turkish State

Meteorological Service, 2008).

Annually Annually Annually Mean | Annually | Annually | Annually
Mean Mean Evaporization Mean Mean Mean
Precipitation | Temperature and its time Pressure | Frost Day Snow
(mm) °O) (mm-month) (mb) Covered
Day
382.1 11.7 229.7/ August 913.1 83.7 32.5

Conserning the vegetation, Ankara shows a transition character between
forested lands in the north and steppes in the south. Since the New Ulus Tunnel
will be constructed in an urbanized field, hints of vegatation among the project
area can not be easily acquired. Most of the study area is covered with artificial
and concrete structures which make it difficult to observe both vegatation and
geological structures that exposed on the site. At Hidirliktepe there are no well
distributed green areas other than bushes observed here and there. Thus, as far as

vegetation distribution is concerned it may be described as barren area.



1.5 Methodology

In order to achieve the purpose of this study, five stages have been carried
out. In the first stage previous works related to the study area were reviewed. A
database on the classification systems, tunnel support applications and slope

stability was established by making use of literature surveys.

Following the first stage, detailed field investigations were performed to
acquire the geological and hydrageological conditions of the study area. These
investigations involved the macroscobic observations and discontinuity
measurements of the exposed andesites. In respect of the discontinuity
measurements, scan-line survey method (I.S.R.M, 1981) was used. Besides, eight
boreholes along the tunnel route were drilled by Alkon Eng. Cons. (2008) to
identify to subsurface structure. The drillings were performed in January 2008.
Site investigations were accomplished by June 2008. In addition to the
macroscobic observations, petrographical analyses of andesites were conducted.
In order to obtain the thin sections, the core box specimens taken from the tunnel
depth were used. With the help of petrographical analyses, knowledge of the

mineral contents and alteration conditions were developed.

The third stage included the determination of geotechnical characterization
of the andesite. In this sense, the results of scan-line surveys and laboratory tests
which were applied by Efol Geotechnics Service Ltd. Co. (2008) were evaluated
in the rock mass classification systems (RMR and Q system). In the context of
laboratory tests, the dry unit weight, uniaxial compressive strength and point load
strength index of andesites were determined. The findings of classification
systems revealed the characterization of andesites that are exposed at the study

arca.



The fourth stage involved the assessment of portal slope stability by
kinematical method.The reliable slope angles for the portal rock slopes were

obtained with the help of software Dips 5.1.

In the last stage, the required support systems for the tunnel were identified.

In this sense, the classification system results were used.

1.6. Previous Studies

Having an opinion of the study area is advantageous when planning the site
investigations. The foreknowledge of the site provides more realistic perception
about the situation that is faced at the field investigations. Hence previous works
are essential. In the context of previous studies reconing and compilation stages
are involved. The relevant literatures, researches, case studies and maps of the site
were utilized in this thesis. Moreover literature about the classification systems
and their usages were reviewed. The sources that were resorted to are given in
four parts which are the relevant literature and researches about the site, the

literature about the classification systems, previous reports and maps.

1.6.1. The Relevant Literature and Researches about the Site and Its Close

Vicinities

There are many geological and geotechnical studies that are directly or
indirectly related to the invested site. Most of these studies were consulted among
this thesis to reveal a sufficient characterization of the rock mass located at the

study area.

Since a comprehensive knowledge of the discontinuities of andesites is
very significant, researches and bulletins including in-stu investigations and
discontinuity measurement were reviewed mostly. As published literature, the

study of Kasapoglu (2000) was used.



The researches of Ulusay (1975), Kasapoglu (1982) and Karacan et al.
(1986) were also benefitted. The geotechnical studies of Aksoy (2004),
Gokgeoglu et. al, (2000), and Ercanoglu (1997) were referred for the assessment

of slope stability and geomechanical parameters of the andesites.

In order to obtain a general information about Mamak andesite and its
weathering degree, the research of Kili¢ and Bilgehan (1999), Kayisoglu, Kocbay
and Kili¢ (1998), Kogbay and Kili¢ (2006) were reviewed. The study of Topal et.
al., (2006) on weathering effect on andesites geomechanical properties led this

thesis.

In addition to geotechnical literature, many reports of General Directorate
of Mineral Research and Exploration (M.T.A) were referred to assess the geology

of the study area.

1.6.2. The Literature about the Classification Systems

In this thesis the rock mass classification systems used to determine the
andesites’ geotechnical characterization are RMR (Bieinawski, 1989), Q System
(Barton et.al., 1974). The rearrangements and developments of these classification

systems are also reviewed in the context of literature surveys.

1.6.3. Previous Reports

Between December 2007 and May 2008, Alkon Eng. Lim. Comp.
performed detailed in-stu investigations for the project they have undertaken. The
company made a report containing the results of in-stu surveys and laboratory
tests which were applied by Efol Geotechnics. The results gathered from these

studies were used in this thesis.



1.6.4. Maps

The maps of the study area were taken from the researches and reports
mentioned above. Besides, the maps related with Hidirliktepe and Timurlenk Hill
were gathered from different resources such as satallite images (GoogleMap,
2008) and General Directorate of Mineral Research and Exploration’s (MTA,
1997) reports.
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CHAPTER 2

GEOLOGY AND HYDROGEOLOGY

This chapter includes two sections. In the first section, geology of the site
vicinity is mentioned by using existing literature. A general geological
information including the geological phases forming the site visinity is involved.
This section is followed by the second one under the name of “Geology of the Site
Area” in which the geological and hydrogeological conditions of the study area
are descibed in details. Both field observations and petrographical investigations
are represented in this section. The revealed geological conditions of the units
exposed at the site are used in the former stages of this thesis for the selection of

the required parameters of the rock mass that will host the tunneling applications.

2.1 Geology of the Site Vicinity

In the close vicinity of the study area, volcanic rocks (Miocene),
sedimentary sequence (Pliocene) and alluvium (Quaternery) are distinguished.
The Mamak formation and Tekke Volcanics constitute the Miocene aged units.
The younger unit of Pliocene is identified as Golbasi Formations (Akytirek et. al.,
1982, 1984). The map presenting the geological units in the close vicinity of the
study area is given in Figure 2.1. The geological map screen given in Figure 2.1.
is a part of MTA’s Geological Map of Ankara - F15 quadrangle which has a scale
of 1/100000. The area limited with red borderline shows the close vicinity of the

invested site.
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Figure 2.1 Geological map of the close vicinity of the study area (MTA, 1/100000

Scale Geological Map, Ankara Sheet)
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According to the report of MTA (1997), the gelological feature exposed at
the site is named as Mamak formation (Tma). The formation involves andesite,
agglomerate and tuff. Agglomerates are white, gray and partly red colored and
consist of andesite, dasite and basalt blocks which are embedded within a
tuffaceous matrix. Some distinct beddings are observed within agglomerates. The
tuffs intercalated with agglomerates are in various colors and thin bedded.
Yellowish-white volcanic breccias include various sized angular andesite pebbles.
A slight bedding generated by conglomerate-tuff intercalation is observed.
Altough there are white and highly weathered parts exposed in the vicinity,
andesites are generally gray-pink colored. In addition to the joints, flow structures
on the andesites are seen in the close vicinity. Mamak formation shows transition
to Kumartag Formation and positiones laterally to Tekke volcanics and Hangili
Formation. The formation is overlain by Bozdag Basalts. It is accepted as Late

Miocene aged as the units it positiones laterally. (Akyiirek et al., 1997)

As mentioned in the report (1997) of General Directorate of Mineral
Research and Exploration, Tekke Volcanics (Tt), first named by Akyiirek et al
(1982, 1984), consists of andesites, basalts, tuff, agglomerates and dasites. Pink,
red and black andesites often show flow structures. The tuffs are observed as
gray-white, fine grained interlayer structures between agglomerates and andesites.
The formation is mostly transitional with the Mamak formation and is seen as sills
in the Kumartas and Hangili formations. The formation is assumed to occur in
Upper Miocene. The unit is a product of volcanism in the continental conditions.
Basalt (B) is also observed as a sublayer of the formation. Black-dark brown
colored, vesiculed basalts show flow structures. They are considered as the first

products of volcanism.

The Golbas1 formation (Tg) was first named by Akyiirek et al. (1982, 1984)
and constitutes gray-red, slightly cemented, various sized and origined
conglomerates, sandstones and mudstones. Partly horizontal beddings are

observed within the units. Conglomerates consist of basalt, limestone and gabro
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pebbles. Calcite and clay constitute the cementation material. The Golbasi

formation (Pliocene) conformably overlies the Bozdag basalts and older units.

The youngest unit exposed in the close vicinity is of Quaternery age

alluvium which includes gravels and sands, silts and clays.

A generalized stratigraphical columnar section of Ankara and its close
vicinities was prepared by Kasapoglu (1980). In Figure 2.2, the modified

columnar section of Ankara is given.

SUB-ERA

ERA | "BERIOD Descriptions

EPOCH

Quaternary Alluvium; gravel, sand, silt

Conglomerate, red sandy-silty clay,red

Late & clay including limestone

Pink marl, intercalation of tuff and
lava gravels

™S o oo T

Eatty [e oo ta=e &

Clayey lacustrine limestone,marl,
claystone, conglomerate,
andesite,basalt,agglomerate and
tuff

Conglomerate, sandstone, marl,

| gypsum

S i o @D F

Miocene

O TONOS®DOD

Oligocene |

R i B T

Sandy limestone with fossils
and sandstone

Eocene

K O T W[

Flysh;Conglomerate, sandstone,
siltstone, limestone

Figure 2.2 Generalized stratigraphic columnar section of Ankara (modified after

Kasapoglu, 1980).
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2.2 Geology of the Study Area

The primary geological unit observed at the study area is the Mamak
formation andesites (Figure 2.3). In general, the exposed andesites of Miocene age
exhibit various colors and joint systems. In addition, the weathering degree of the
andesites ranges between slightly and moderate. Altough the observations are so
limited, the andesites showing flow structures can be identified even from a long
distance. At the upper parts of the hill, these flow structures are clearly visible. In
regarding to the joints, the existence of discontinuities is observable on almost all

andesite outrops.

Explanations

Qa Alluvium; Sand, Gravel, Silt

Gilbas! Formation;
Tg Conglomerate, Sandstone,
Mudstone

Mamak Fermation;
Tma Andesite, Agglomerate,
Tuff

Figure 2.3 Geological map of the study area (1:500.000 reconaissence map of
Turkey, Ankara-F-15 sheet, M.T.A, 1997)
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2.2.1 Mamak Formation Andesites

Despite the fact that the entire hill hosting the tunnel is composed of
andesites, there are very few outcrops that can be clearly observed. Most of the
hill is covered with houses and artificial structures. At that point the borehole data
gain significancy. In addition to the macroscobic observations, the findings of
drillings were used to confirm the surface explorations. Especially at the entrance
portal site there are scarcely any andesites that can be observed from the point of

discontinuity measurements or assessment of macroscobic rock properties.

Under those circumstances the microscobic analyses of the andesites are
consulted. For this purpose, the core boxes taken from tunnel elevation of each

borehole were analized. The results are presented in the following part.

2.2.1.1 Petrographical Analyses

In addtion to field investigations, microscobic survey such as thin section of
the rock material is an esset to define the rock mass conditions. Thin section is a
reliable method that determines the type of rock, its origin and occurence
conditions. It also reveals the external facts affecting the rock material such as
water or pressure. In this thesis, thin sections of andesite specimens gathered from
the cores were observed. The petrographical analyses were carried out at the
Mineralogical and Petrographical Laboratory of the Department of Geological
Engineering of METU (2008). In terms of petrography, excluding the core
specimen 1 and 3, the core samples taken from the tunnel level were analysed to
determine the geology of the tunnel allignment. The definition of the rock mass
based upon the site observations was confirmed according to the pethrographical
analyses. Below, the results of the analyses were presented with their
photomicrographs taken under Nikon branded optical microscope with 4X

magnification.
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Borehole 1

Since this borehole is located near the entrance portal, the borehole data
were used to identify the entrance portal’s geological structure. The sample
benefitted in this pethrographical analysis is a piece of the core taken from the

depth between 42.00 and 43.00 metres.

Despite the fact that BH-1 does not coinside the tunnel route, the depth
from which the core was taken represents the the tunnel elevation. The

photograph of the core specimen used for the analyses is given in Figure 2.4.

Additionally, the results of petrographical analysis of the speciemen are tabulated

in Table 2.1.

Figure 2.4 The photograph of the core sample taken from BH-1.
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Table 2.1 Petrographical analysis result of the core specimen (BH-1).

Borehole Number 1

Magnifying 4X

Texture Seriate

Matrix GlasstPlagioclase microlits+Clay
Major Minerals Biotite, Plagioclase, Hornblende
Minor Minerals Quartz

Biotite-hornblende (Figure 2.5, 2.6) and plagioclas
(Figure 2.7) phenocrysts are seen in highly clayey
matrix. Most of the plagioclase microliths
Observations composing the texture are altered. Baked biotite
and hornblende crystals shown in Figures 2.5 and

2.6 indicate typical andesite characteristics

Figure 2.5 The photomicrograph of the andesite sample taken from BH-1;
analyser out position under 4X Magnifying (Hb:Hornblende, B: biotite, Op:
opaque, Plg: plagioclase).
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Figure 2.6 The pseudomorf hornblende crystals in both analyser out (photograph
on the left) and in positions (photograph on the right). (Hb:Hornblende, Q:
quartz).

Figure 2.7 Plagioclase phenocryst (Plg) under analyser out and in positions.

Borehole 2

The second borehole was located on the left tube near the entrance portal.

The core sample shown in Figure 2.8 was obtained from the tunnel elevation;

between 36.60-36.76 m.
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Figure 2.8 The photograph of the core sample taken from BH-2.

As seen in the figure, the pink colored specimen has aphanitic porphyry
texture. The core has a length of 16 cm. The vesicules are clearly seen on the
surface of the specimen. The petrographical analysis results of the specimen are
given in Table 2.2. Moreover, the photomicrographs of the baked biotite crystal
(Figure 2.9), the plagioclase and biotite crystals (Figure 2.10) and baked
hornblende phenocryst (Figure 2.11) are illustrated below.

Table 2.2 The Petrographical analysis results of the core specimen (BH-2).

Borehole Number 2

Magnifying 4X

Texture Seriate

Matrix Plagioclase microlites+Clay

Major Minerals Biotite, Plagioclase, Hornblende

Minor Minerals Quartz
The matrix is grain supported (plagioclase

Observations microlites). Alteration prevails almost the whole
thin section. Few opaque minerals were observed.
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Figure 2.9. The baked biotite (B) crystal in grain supported matrix is seen under

analyser out and in positions at thin section.

Figure 2.10. Plagioclase and biotite crystals at analyser out and in positions.

(B:biotite, Plg: plagioclase, O: opaque).
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Figure 2.11 The photomicrographs showing quartz (Q) and baked hornblende(Hb)

phenocryst under analyser in and out conditions.

Borehole 3

The specimen was taken from the depth between 36.00 and 36.18 m at
BH-3. As seen from Figure 2.12, the 19 cm long core sample has surface staining.

The petrographical analysis results of the specimen are given in Table 2.3.

Figure 2.12 The photograph of the core sample taken from BH-3.
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Table 2.3 The petrographical analysis results of the specimen (BH-3).

Borehole Number 3

Magnifying 4X

Texture Seriate

Matrix Plagioclase microliths+Clay
Major Minerals Feldspar, Plagioclase
Minor Minerals Quartz, Hornblende

High ranges of opaque minerals and dense
Observations plagioclase microliths were observed. The
plagioclase phenocrystals show polysynthetic

twinning and zonation.

Furthermore, the photomicrographs of the baked hornblende phenocryst
(Figure 2.13) and the plagioclase phenocryst in microlit supported matrix (Figure

2.14) are given below.

Figure 2.13 Thin section screen showing baked hornblende (Hb) phenocryst and

opaque minerals (Op)under analyser in and out positions.
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~ .- Microliths

Figure 2.14 Thin section showing plagioclase phenocryst (Plg) in microlith

supported matrix under analyser in and out conditions.

Borehole 4

The specimen was obtained from the tunnel elevation, at the depths of
17,50-17,65 m within BH-4 (Figure 2.15). In table 2.4, the results of

petrographical analysis are given.

Figure 2.15 Photograph of altered core sample taken from BH-4.
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Table 2.4 Petrographical analysis results of the specimen (BH-4).

Borehole Number 4

Magnifying 4X

Texture Seriate

Matrix Plagioclase microlits+Clay

Major Minerals Feldspar, Plagioclase

Minor Minerals Quartz, Hornblende

Observations Highly altered (clay alteration) and oxidized

andesite with vesicular structure. Baked biotites
were observed. Grain supported matrix surrounds
the quartz phenocrystals. Quartz phenocrystals are

fissured.

Furthermore, the photomicrographs of the quartz phenocryst (Figure 2.16)
and thin section of core specimen taken from BH-4 (Figure 2.17) are illustrated
below. In Figure 2.17, apart from the alteration, the reddish-brown ironoxide is

clearly seen under analyser out position.

Figure 2.16 The photomicrographs of andesites showing quartz phenocryst and

iron oxidation under analyser in and out conditions.
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Figure 2.17 Thin section of the core specimen taken from BH-4.

Borehole 7

The specimen was obtained from the tunnel elevation, at the depths of
78,00-79,00 m within BH-7 (Figure 2.18). The results of petrographical analysis
of the specimen are tabulated in Table 2.5. Additionally, the flow texture (Figure
2.19), baked biotite (Figure 2.20) crystals and plagioclase phenocrysts with

pseudomorf quartz crystal are illustrated.

Figure 2.18 The photograph of the core sample taken from BH-7.
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Table 2.5 Petrographical analysis results of the specimen (BH-7).

Borehole Number 7

Magnifying 4X

Texture Glomeroporphyr+Flow Texture
Matrix Plagioclase microliths+Clay
Major Minerals Feldspar, Plagioclase
Minor Minerals Quartz, Biotite

Distinct flow structure generated by plagioclase
microliths was determined. In addition, baked
Observations biotites and pseudomorph crystals were observed.
Quartz and plagioclase phenocrysts are surrounded
by plagioclase microliths (grain supported matrix).
Polysynthetic twinning of plagioclase phenocrysts

were defined.

Figure 2.19 The thin section screen showing flow texture and baked biotite

crystals together under analyser in and out positions.
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Flow
texture

Figure 2.20. Thin section showing quartz (Q) and plagioclase phenocrysts (PIg)
with pseudomorf quartz crystal (The flow texture is seen under analyser in and out

positions).

Figure 2.21 Photomicrograph of the andesite, showing the zonation of plagioclase

phenocrystal (Plg) under analyser in position.

Borehole 8

The specimen was obtained from the tunnel elevation, at the depths of

34.60-34.80 m of BH- 8 (Figure 2.22).
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Figure 2.22 The photograph of the core sample taken from BH-8.

The petrographical analysis results of the specimen taken from BH-8 are
given in Table 2.6. In addition, the photomicrograph showing baked biotite crystal

in altered matrix is given in Figure 2.23.

Table 2.6 Petrographical analysis results of the specimen (BH-8).

Borehole Number 8

Magnifying 4X

Texture Seriate

Matrix Plagioclase microlits+Clay

Major Minerals Feldspar, Plagioclase

Minor Minerals Quartz, Biotite, Hornblende
Existence of alteration and baked biotite crystal in

Observations clayey matrix were defined. Pseudomorph
plagioclase crystals were seen.
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Figure 2.23 The thin section view of the baked biotite (B) crystal is seen in altered

matrix under analyser in position.

2.2.1.2. Lithology and Discontinuity Conditions

Considering the factors affecting the behaviour of the rock mass, lithology,
anisotropy, heterogenity and discontinuity factors come to the fore. In regard to
mechanical behaviour of the rock mass, the discontinuity conditions have far more
importance than lithology. The factors stated here were compiled at the field
investigations to enlighten the physical characterization of andesites that

constitute the hill in which the tunnel construction will take place.

The term lithology includes the type of rock mass, minerological
composition, grain size, texture, cementation conditions-degree of cementation
and weathering conditions. Lithology can be identified by macroscobic and
microscobic investigations. In this thesis, both methods were used to distinguish

the lithologies that are located at the study area.
The discontinuity conditions of the andesites and their usage in the rock

mass classification systems were mentioned in Chapter 3. For this reason the

results of discontinuity observations are not given in details within this chapter.
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In regard to survey methods, macroscobic surveys on geological units
cropped out at the study area were performed at first. In order to make a
correlation between borehole data and surface data, the investigations mostly
consantrated on the units exposed near the borehole locations. The result of the

observations including the discontinuity surveys are mentioned below.

Starting from the entrance portal’s close vicinities the observations were

achieved on the upper parts of the hill. The GoogleEarth view of the locations of
BH-1, BH-2 and BH-3 is given in Figure 2.24.

Figure 2.24 GoogleEarth screen (2008) showing the locations of BH-1, BH-2 and
BH-3.
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Since the lower elevation of the hill icluding the tunnel entrance portal is
completely covered by unplanned housings, most of the andesite outcrops lay
under these artificial structures. Therefore, large scaled investigations on the

andesites at this site couldn’t be performed.

The flow structure of andesites observed on the upper parts of the hill near
B-1 and BH-2 is presented in Figure 2.25. The discontinuity conditons are given
in the scan-line survey forms in Appendix A. In general, the discontinuity surfaces
are rough and the apertures are mostly filled with clay. Additionally, the surfaces
are moderately weathered. In Figure 2.26, another vision of the andesites at the

upper parts of the hill, near BH-1 and BH-2 is given.

Figure 2.25 The flow structures of andesites located on the upper parts of the hill
near B-1 and BH-2.
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Figure 2.26 The appearance of the andesites exposed at the upper parts of the hill,
near BH-1 and BH-2

The pink andesites exposed near BH-3 are jointed and the discontinuity
surfaces are moderately weathered. The spacings between the discontinuity
surfaces range between 20-80 cm. A general view of the andesites studied at the
site is presented in Figure 2.27. The properties of the discontinuities are defined in

the scan-line survey chart given in the Appendix A.
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Figure 2.27 A view of the andesites exposed near BH-3

At km: 0+840, the macroscobic observations for the andesites were carried
out near BH-5. The investigated andesites will host the tunnel’s right tube
between km: 0+840 — 0+850. The outcrops of the andesites take place on the right
side of Hoca Ahmet Yesevi Road. This easy access to the rock mass enables both

the macroscobic observations and the discontinuity surveys.

In Figure 2.28 a satallite image of the investigated area derived from
GoogleEarth software is given. This image is taken from Digital Globe in 2008.
The eye altitude is 1,18 km and the elevation of the study area is approximately
935 m. According to the software, the coordinates are 39°56°48.84”N and 32°
51'52.2”.
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The Invested
Area

Figure 2.28. The locations of BH- 4, BH-5, and BH-6. The orange dash lines

represent the tunnel alignment.

The photographes of the andesites studied at km: 0+840 are given in Figure 2.29.
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Figure 2.29 The studied andesites near BH-5.
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As seen in the photographs (Figure 2.29), the andesites are pink colored and
have vesicules covering the surfaces. The constituents composing the cementation
material could not be observed since they are not visiable. Big white minerals
seen both on the rock faces and in fresh parts are supported by small grain sized

minerals that can not be detected by macroscobic surveys. The texture is aphanitic

porphyry and the visible big white cystals are sodium riched plagioclases (Figure
2.30).

Figure 2.30 Aphanitic porphyry textured andesites (White crystals seen on the

surface are plagioclase crystals).

Depending on the exposed parts, the ansedites are slightly weathered and
most parts are fresh. Considering that both the rock mass and the discontinuity
surfaces were dry on the different days (March, May and July 2008) of the field
investigations and no ground water was detected in the BH-5 (January 2008), this
color change among the discontinuity surfaces appears to be the result of leakage
from houses that are located on the upper part of the studied andesites. No color
change was observed in the fresh parts of the rock mass which implies to the

external effect of water.
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The field investigation on the andesites held on at the drilling site of BH-6 (Figure
2.31). According to satallite images, the coordinates of the study area are E

32°51750.04” and N 39°56°48.12”.

Figure 2.31 The photograph of the andesites located at km: 0+880; near BH-6.
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The unit examined near BH-6 is the continuation of the andesites previously
studied at BH-5. The elevation of the studied andesites is 920 m. Altough the
geological unit is the same, the discontinuity oritentations and degree of
weathering differ than those of andesites observed at BH-5. Most of the exposed
parts of the pink andesites are fructured and moderately weathered. Big and
branchy type of joints covers the intact rock masses (Figure 2.32). Clay

constitutes the infilling material of these joints.

= e
P = s
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Figure 2.32. The andesites at km:0+840, near the BH-6.

The main difference of this unit is that the andesites are kaolinized mostly

at the upper elevations. In regard to texture, aphanitic texture was observed.

At lower elevations of the hill (860 m) more kaolinized andesites crop out
under the artificial structures. These andesites show up in dirty white color.
Moreover it is hard to differentiate them from the concrete at some places. In

Figure 2.33, photographs of the kaolinized andesites are given.
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Figure 2.33. The kaolinized andesites with clay infillings.

Any information about the grain size or texture of the andesites could not be
derieved. However, andesites can be generalized as moderately weathered. The
discontinuity surfaces are rough and apertures are filled with clay. As for the dirty
white color of the outcrops, kaolinization is considered. According to the research
of Seyhan (1971), kaolinization was generally determined on the andesites

exposed in the inner parts of West Anatolia.
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2.3 Hydrogeology of the Tunnel Route

Hidirliktepe is formed by andesites that can be considered as impervious
because of their low conduit capacities. At the in-stu investigations, andesites are
determined as dry. According to the borehole observations carried out by Alkon
Engineering Company (2008), the water table wasn’t observed at any of eight
boreholes. Neverthless, it would not be realistic to define the depths of 25-100 m

as dry. It is convenient to except damp condition for those depths of andesites.

There is no significant stream located at the close vicinity of the project site

except the arroyo of Bentderesi.
2.4 Structural Geology

Since the andesites are mostly covered with artificial structures, any effect
of regional tectonic activity can not be observed. Only the flow structures and
joints of andesites outcropped at the site were investigated.

2.4.1 Faults

No faults exist at Hidirliktepe and its close vicinities. Therefore, there are not any

risks for faults cutting/coinsiding the proposed tunnel route.
2.4.2 Seismicity

According to the General Directorate of Disaster Affairs Earthquake
Research Department, the New Ulus Tunnel and the study area take place in the

third degree of earthquake zone (Figure 2.34) which indicates a ground

accelaration of 0.3-0.2 g.
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I 1.Degree (>0.40g)

I 2 Degree (0.40g - 0.30g)

I 3. Degree (0.30g - 0.20g)
4. Degree (0.20g - 0.10g)
5. Degree (<0.10g)

Figure 2.34 Seismic zonation map of Turkey showing the locations of earthquake
epicenters which have been determined in the close vicinity of the study area.
(www.sayisalgrafik.com/deprem). In this figure, the colored circles indicate the

magnitudes of earthquakes that are recorded by Kandilli (2008).

The major earthquake occured in the close vicinity (Altindag) has an
instrumental magnitude of 4.2 and a depth of 33 km, and the date of its occurance
is 18.06.1968. In the close visinity another earthquake with a magnitude of 3.7
(Kandilli records) and a depth of 13 km was recorded in 1980.
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CHAPTER 3

GEOTECHNICAL CHARACTERIZATION OF
THE ANDESITE ROCK MASS

Tunneling projects are envisioned considering the conditions of
geologically controlled rock mass. This implies to the impossibility of a design
stage in which geomechanical parameters are not consulted. Therefore, detailed
researches related to geological situation of the site are performed. In the case of
deficient geological data availability, rock mass classification systems are

benefitted in both feasibility and preliminary design stages.

In this thesis, the geotechnical characterization of the andesites exposed on
the site was determined by using recently developed rock mass classification
systems and analytical approaches in which laboratory and in-stu test results are
evaluated. The classification systems were also used to define the support systems

of The New Ulus Tunnel.

3.1. Geotechnical Investigations

Site characterization tests are divided into two catergories which are field
testing and laboratory testing. Site assessment is accomplished when the

following informations are achieved (Bieniawski, 1989):

1. Types of rock invested at the study area
Overburden depth and character
Macroscobic scale discontinuities, such as faults

Conditions of groundwater

AN

Problematic features such as swelling rock, weak ground or landslides
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3.1.1 Field Studies

This stage includes observations of rock outcrops at the study area. At first
the physical properties such as color, texture, macroscobic definitions of minerals,
degree of weathering and wetness (in the case of water existence) were descibed.
Then detailed discontinuity surveys, the most important part of the field
investigation, were performed. In addition to surface surveys, eight boreholes

were drilled in the context of subsurface investigations.

3.1.1.1 The discontinuity surveys

The conditions of discontinuities are very significant for engineering
designs. Orientations, seperations, infillings, roughness and many of describing
properties of discontinuites direct the design stages of the engineering
applications. Hence ISRM (1981) developed a description system for the
discontinuity conditions. The properties of discontinuities observed in andesites
are mentioned within the explanations of the discontinuity attributes. In addition,
scan-line survey charts depending on the suggestions of ISRM (1981) were
prepared to reveal the discontinuity conditions of the andesites. The charts are

given in Appendix A.

Since the tunnel portals are crucial, investigations on joint systems were
consantrated on these areas. Indeed, among the tunnel alignment most of the
andesite outcrops are covered with houses which prevent the measurements. For
the places where no measurements are available, the previous studies of
Ercanoglu (1997) were used. Totally 175 discontinuity measurements were taken

from the study area.
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According to the descriptions of ISRM (1981), the discontinuities observed
at the site vicinity are defined as joints. In regard to the spacing, it ranges between
0,05-1,40 m. The site surveys on andesite outcrops indicate that the persistence of
the joints has an interval between 2-10 m. Besides, the outcrops that cannot be
reached but seen from a distance revealed that the persistance of the
discontinuities reaches more than 30 m. Also, a few toppling occurrences releated
with the high persistence of the discontinuities were observed near the location of
BH-5. The discontinuity surfaces of the andesites were described as rough. The
measurements on discontinuities showed that the aperture values range between
0,6 to 20 mm. Especially near the exit portal, the discontinuities exhibit closer
apertures contrary to the ones observed near the entrance portal. In respect of the
filling material, mostly clay infillings were defined within the joints of the
andesites. In addition, sand occurrence and sandy particles were also observed as
the infillings. At the upper parts of the andesites, surface staining of the
discontinuity surfaces was also ascertained. Altough there are slightly weathered
discontinuity surfaces, the prevailing degree of surface weathering is moderate.
The previous researches (Kilig et al., 2000) on Mamak formation andesites also

confirm that the dominant weathering degree is moderate.

3.1.1.2 Drillings

In order to determine the geomechanical parameters of the rock mass
exposed along the tunnel alignment, a total of 425 m of drilling was performed by
8 boreholes. All boreholes were drilled by Alkon Engineering Corp. (2008). For
the drillings two Cralious D-500 Rotary type of drilling machines were used. At
the machine NWG (single tube) and NWM (double tube) T-76 core tubes were
used. The second machine worked with wire-line and used HQ (63, 5 mm dia) and

NQ (47,6 mm dia) core tubes.
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Determination of lithological units was accomplished with the help of
borehole logs and tests applied on cores taken at drillings. In logging phase total
core recovery (TCR), rock quality designation (RQD), fracture frequency and
strength data were involved. Conditions of joints and weathering were also
assessed by core-box surveys. The borehole logs and the core box photographs are

given in Appendix C and D, respectively.

The drillings were aimed to cut the tunnel elevation to reveal the region
surrounding the tunnel. The software acquired satallite image showing locations

of boreholes is given in Figure 3.1.

Ankara
Citadel

‘. Bentderesi -f.uir' £

Figure 3.1 A satalite image acquired from Google Earth (2008). The red dash line

represents the planned road line as the blue line shows the tunnel.
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The attributes of boreholes such as location, elevation,

coordinates are indicated in Table 3.1.

Table 3.1. The borehole data

depth, altitude and

Borehole Place/Km Northing Easting Elevation | Depth
No (Latitude) (Longitude) (m) (m)
BH-1 0+156 39°56°33.09” 32°52°12.09” 870,264 20
Tunnel
BH-2 Entrance-Left 39°56°34.97” 32°5277.93” 868,884 50
tube /0+255
BH-3 0+500 39°56°38.58” 32°51'58.28” 866,124 40
BH-4 Left Tube/ 39°56°45.42” 32°5277.93” 862,200 100
0+772
BH-5 Right Tube/ 39°56°48.84” 32°51'52.2” 862,214 90
0+840
BH-6 Left Tube/ 39°56°48.12” 32°51'50.04” 861,524 50
0+900
BH-7 Tunnel Exit-
Right Tube/ 39°56°52.26” 32°51°47.88” 860,700 35
0+970
B.H. 8 | Tunnel Exit-Left
Tube/ 0+962 39°59'50.82” 32°51'50.82” 860,850 40

Based on the field surveys and drillings a cross-section and a plan view
through the tunnel route were prepared. The plan view of the New Ulus Tunnel

route and borehole locations appear in Figure 3.2.

At the beginning of the project BH-1 was located on the left tube at the
entrance portal. Now it falls behind the left tube of the entrance portal since the
tunnel was displaced approximately 35 m ahead. Of all the eight boreholes only
BH-1 and BH-3 are located off the tunnel route. Except these two, all boreholes
intersect the tunnel line. In Figure 3.3 the cross section of the tunnel line featuring

the borehole locations is presented.
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3.1.2 Laboratory Tests

The geomechanical parameters of the andesites are fundamental in the
designs and support systems of the tunnel. In order to achieve these parameters
rock mechanics tests were applied to 39 rock core samples taken from 8
boreholes. In the context of laboratory tests uniaxial compressive strength, point
load and unit weight tests were performed by EFOL Geotechnic Services Limited

Company (2008). The results of rock mechanic tests are given in Table 3.2.

Table 3.2 The results of uniaxial compressive strength, point load and unit weight

tests (after Efol. Geotechnic Services Limited Comp., 2008)

Borehole Dry Unit szlznlgzﬁd Uniaxial Comp.
Depth (m) Weight Strenght (c.)
No (1) KN m3 Index MPa
s IS(S()) (MPa)
BH-1 15.00-15.20 23,24 - 52,28
BH-2 6.50-6.70 23,34 - 53,5
“ 14.50-15.00 22,75 - 44,42
«“ 18.50-18.75 23,34 - 56,06
“ 23.70-24.00 23,24 - 46,11
« 32.00-32.30 23,04 - 29,60
BH-3 8.60-9.00 23,04 - 43,06
“ 9.00-19.00 - 1.82 40,04*
“ 15.50-16.00 - 3.17 69,74*
“ 18.00-18.30 22,75 - 45,94
« 25.10-25.30 22,85 - 35,19
BH-4 48.50-50.00 23,43 - 53,92
« 56.30-56.50 23,04 - 18,05
“ 63.00-63.20 - 1.03 22,66*
“ 67.00-69.00 - 2.26 49,72%*
“ 74.30-74.50 23,24 - 48,34
“ 80.60-80.90 23,24 - 23,92
BH-5 47.50-48.00 22,94 - 26,70
“ 51.80-52.00 22,55 - 33,45
« 60.30-60.70 22,75 - 21,80
“ 70.50-71.00 22,85 - 45,54
“ 71.00-79.00 - 0.61 13,42*
«“ 79.00-79.20 21,47 - 6,46
BH-6 14.50-14.48 22,85 - 38,98
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“ 22.00-22.50 23,14 - 47,11
“ 26.00-26.20 23,04 - 39,91
“ 32.40-32.60 23,04 - 21,36
“ 37.20-37.50 - 0.17 3,74*
BH-7 9.00-9.40 22,65 - 51,34
“ 9.50-20.00 - 2.08 45,76*
“ 11.80-12.00 22,85 - 44,30
“ 15.80-16.00 23,14 - 45,03
“ 22.50-22.70 22,16 - 32,88
BH-8 8.50-8.70 22,45 - 40,92
“ 12.00-12.26 22,16 - 40,48
“ 13.00-17.00 - 1.25 27,5*%
“ 15.50-15.80 22,65 - 27,22
“ 22.00-29.00 - 0.15 3,3*
“ 27.50-28.00 23,04 - 41,57

* According to the previous studies (ISRM,1985; Bieniawski 1975; Cavagnaro 1980) that are

mentioned by Topal (2000) the uniaxial compressive strength of igneous rocks is equal to 22-24
times the point load strength index. In this thesis the coefficient is selected as 22 in order to

convert the Issq values to o, values.(c.=22x Point load strength index)

3.2. Application of the Classification Systems to the Andesites

In this section application of the classification systems (RMR and Q) on the
geological units ascertained at the study area is under scope. In the context of
classification systems, the geomechanical parameters of rock mass are assessed
with the help of ratings which are built up depending on the conditions of
discontinuities. Since there is a quite difference between discontinuity properties,
the maximum and minimum conditions were assessed separately in the

classifications. For this reason, the classification results exhibit as intervals.

According to the site investigations, four main joints sets and random joints

were determined. The orientations of joint sets are given in Table 3.3
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Table 3.3. Orientations of major joint sets observed at the study area

Set No Dip Dip Directions
Set 1 67 203
Set 2 77 350
Set 3 37 043
Set 4 66 096

Using the software Dips 5.1, the dip and dip directions of the joints were plotted.
The direction of the tunnel drive is SE -N'W which is represented by the arrows in

the following plot (Figure 3.4).

N
Orientations
D Dip / Direction
Tunnel Exit
Set 1 {1 m} &7/ 203
Set2(2m) 77 /350
Set 2 (3m) 37 /043
Set4 (4 m) 66/ 03B
W E
Equal Area
Lower Hemisphere
Tunnel Entrance 175 Poles
175 Entries
S

Figure 3.4. The illustration of major discontinuity set orientations
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3.2.1 Application of the RMR System

In accordance with the site observations, the borehole data were used to
classify the andesites hosting the New Ulus Tunnel. In the RMR classifications
(Bieniawski, 1989), borehole depths coinciding the tunnel elevations were taken
into consideration to obtain reliable data for the selection of support systems.
Since BH-1 and BH-3 do not intersect the tunnel line, the data obtained from
these boreholes were benefitted in only classification of the rock mass. The
classified andesites were divided into groups which were represented by the

chainage of the planned route.

Km: 0+100-0+200 m (in accordance with BH-1)

In order to assess the RMR rating, RQD values obtained from BH-1 were
used. The rest of the classification parameters depend on the site investigations of
the exposed andesites located between Km:0+100-0+200 m. RMR application
results are given in Table 3.4. the orientations of discontinuity sets are given in

Table 3.5.
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Table 3.4. RMR application to andesites located between 0+100-0+200 m

0+100- 0+200 m (BH-1)

Parameters Value RMR Rating
RQD (%) 0-27 3-6
Between 0.00-20.00 m
Uniaxial Compressive Strength | 52,3 MPa 6
(9]

Condition of Discontinuities

Spacing 100-400 mm 7-10
Persistance 10-4 m 2
Aperture 15-7 mm 0
Roughness Rough 5
Infilling Soft filling > 5 mm 0
Weathering Moderately weathered 3
Ground water Damp 10
Basic RMR Rating 36-42
Rating adjustment | Very unfavourable -12
Total RMR Rating 24-30
Description Poor Rock

Rating adjustment for discontinuity orientations

Table. 3.5. Orientations of major joint sets at km:0+100-0+200

Discontinuity Set | Dip | Dip Direction

Set 1 73 207

Set 3 68 047
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) Orientations
Tunnel Exit D Dip / Direction
Set1{1m) 737207
Set3 (3m) B8/ 047

Equal Area
Lower Hemisphere

Tunnel Entrance 42 Poles
472 Entries

Figure 3.5. The orientations of major discontinuity sets at km:0+100-0+200

Altough there are two discontinuity sets (73/207, 68/47) the most critical set is
considered in the rating adjustments. Since Set 1 (73°/207°) strikes parallel to the
tunnel axis, it is defined as the critical set. According to RMR rating table
(Bieinawski, 1989) the orientation of discontinuity set is very unfavourable which

corresponds to -12 rating.
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Km: 0+200-0+300 (in accordance with BH-2)

In order to assess the RMR rating, RQD values obtained from BH-2 were
used. The rest of the classification parameters depend on the site investigations of
the exposed andesites. RMR application results are given in Table 3.6. The

discontinuity orienatations are given in Table 3.7 and illustrated in Figure 3.6.

Table 3.6 RMR application to the andesites located between km:0+200-0+300

Km: 0+200- 0+300 m (The Entrance Portal/ BH-2)
Parameters Value RMR Rating
RQD (%) 10-41 4-8
Between 25,00-36,00 m
Uniaxial Compressive Strength 29,60- 46,11 MPa 4-6
((29)
Condition of Discontinuities
Spacing 180-550 mm 7-11
Persistance 10-3 m 2
Aperture 15-5 mm 0
Roughness Rough 5
Infilling Soft filling > 5 mm 0
Weathering Moderately weathered 3
Ground water Damp 10
Basic RMR Rating 35-45
Rating adjustment | Very unfavourable -12
Total RMR Rating 23-33
Description Poor Rock

Rating adjustment for discontinuity orientations

Table 3.7 The discontinuity orientations at km:0+200-0+300

Discontinuity Set Dip Dip Direction
Set 1 73 207
Set 3 79 039
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) Crientations
Tunnel Exit D Dip / Direction
Set1{1m) 737207
Set3(3m) 79/038

W E
—-—— Direction of tunnel drive
Equal Area
Lower Hemisphere
Tunnel Entrance 30 Poles

30 Entries

Figure 3.6. Orientation of major discontinuity sets at km:0+200-0+300

The discontinuity sets (73°/207° and 79°/039°) strike parallel to the tunnel axis
and dip at greater degrees than 45°. According to the RMR rating table
(Bieniawski, 1989), the discontinuity orientations are very unfavourable. For this

reason the adjustment rating was taken as -12.
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Km: 0+300-0+400 (in accordance with BH- 3)

According to the data derieved from BH-3, the following rating table (Table
3.8) was prepared.

Table 3.8 RMR application to the andesites located between 0+300-0+400 m

Km: 0+300- 0+400 m (BH-3)
Parameters Value RMR Rating

RQD (%) 0-68 3-14
Between 5,00-24,00 m

Uniaxial Compressive Strength 40,04- 69,74 MPa 5-7

((29)

Condition of Discontinuities

Spacing 180-600 mm 8-12
Persistance 10-5m 2
Aperture 30-8 mm 0
Roughness Rough 5
Infilling Soft filling > 5 mm 0
Weathering Slightly weathered 5
Ground water Damp 10
Basic RMR Rating 38-55
Rating adjustment | Very unfavourable -12
Total RMR Rating 26-43
Descriptions Poor-Fair Rock

Rating adjustment for discontinuity orientations

The discontinuity orienatations are given in Table 3.9 and illustrated in Figure 3.7.

Table 3.9. The discontinuity orientations at km:0+300-0+400

Discontinuity Set Dip Dip Direction
Set 1 74 197
Set 3 79 039
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Orientations
Tunnel Exit Im} Dip / Directian
Set1 (1 m) 744¢197
Set3 (3m) 79 /039

Equal &rea
Lower Hemisphere
51 Poles

Tunnel Entrance £1 Entries

Figure 3.7. Dip and dip directions of discontinuity sets observed at km:0+300-
0+400

The rose and dip/dip direction plots of the discontinuity sets revealed that there is
a critical discontinuity set (79°/222°) which strikes parallel to the tunnel axis and
dip at 79°. This situation denotes very unfavourable tunneling condition with a

rating of -12 for the rating adjustments.
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Km:0+780-0+840 (in accordance with BH- 4)

Since there are not any andesite outcrops near BH-4, the closest andesite
exposures at km:0+840 were used to obtain the discontinuity conditions.
Nevertheless, the borehole data of BH-4 was benefitted in the RMR applications
given below. The orientations of the discontinuities are given in Table 3.10. The
plots of discontinuity sets are given in Table 3.11. The illustration of major

discontinuity sets is given in Figure 3.8.

Table 3.10. RMR application to the andesites located between 0+780-0+840 m

Km: 0+780- 0+840 m (BH-4)
Parameters Value RMR Rating
RQD (%) 0-55 3-11
Between 68,00-87,00 m
Uniaxial Compressive Strength | 23,92 -49,72 MPa 3-6
()
Condition of Discontinuities
Spacing 45-1400 mm 5-17
Persistance 14-2 m 1-4
Aperture 15-1 mm 0-4
Roughness Rough 5
Infilling Soft filling>5 - <5 mm 0-2
Weathering Moderately weathered 3
Ground water Damp 10
Basic RMR Rating 30-62
Rating adjustment | Very unfavourable -12
Total RMR Rating 18-50
Description Very Poor-
Fair Rock

Rating adjustment for discontinuity orientations

Table 3.11. The orientations of discontinuities at km:0+780-0+840

Discontinuity Set Dip Dip Direction
Set 1 59 212
Set 4 75 093
Random 76 150
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Crientations
I Dip / Direction

Setd (4 m) 757093
Set1{1m) 89 5212
Random (R m) 76 ¢ 150

Equal Area
Lawier Hemisphere
41 Poles
41 Entries

Figure 3.8. The illustration of major discontinuity sets near to BH-4.

The tunnel will be driven parallel to the strike of the discontinuity set 1(59°/212°).
Considering both strike and dip of the discontinuity set, the orientations are

defined as very unfavourable in the context of RMR rating adjustment

(Bieniawski, 1989).
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Km:0+800-0+850 (in accordance with BH-5)

In addition to the site investigations, the data obtained from BH-5 was used

in the classifications.The results are given in Table 3.12.

Table 3.12 RMR application to the andesites located between 0+800-0+850 m

Km: 0+800- 0+850 m (BH-5)

Parameters Value RMR Rating

RQD Max.(%) 0-69 3-14
Between 61,00-80,00 m

Uniaxial Compressive Strength 6,46-45,54 MPa 5-1

(o)

Condition of Discontinuities

Spacing 45-1400 mm 5-17
Persistance 14-2 m 1-4
Aperture 40-1 mm 0-4
Roughness Rough 5
Infilling Soft filling>5mm , <5 0-2
Weathering Slightly weathered 5
Ground water Damp 10
Basic RMR Rating 34-62
Rating adjustment | Very unfavourable -12
Total RMR Rating 22-50
Descriptions Poor-Fair Rock

Rating adjustment for discontinuity orientations

The discontinuity orientations (Table 3.13) and illustrations (Figure 3.9) are given

below.

Table 3.13.The orientations of discontinuities at km:0+800-0+850

Discontinuity Set Dip Dip Direction
Set 1 59 212
Set 4 75 093
Random 76 150
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Crientations
[m} Dip / Direction

Setd (4m) 757 093
Set1{1m) 59/ 212
Random (R m} 78 ¢ 150

Equal Area
Lower Hemisphere
41 Pales
41 Entries

Figure 3.9. Illustration of major discontinuity sets at km:0+800-0+850

The Set 1 (59°/212°) constitute the most critical discontinuity which strikes nearly
parallel to the tunnel axis. Under that circumstances the tunneling condition

appears to be very unfavourable with a rank of -12 for tunnel rating adjustment.
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Km:0+840-0+950 (in accordance with BH- 6)

For the classifications, the RQD values obtained from BH-6 was used. The
results aretabulated in Table 3.14. The discontinuity orientations (Table 3.15) and

major discontinuity set plot (Figure 3.10) is given below.

Table 3.14. RMR application to the andesites located between 0+840-0+950 m

Km: 0+840- 0+950 m (BH-6)

Parameters Value RMR Rating
RQD (%) 0-72 3-14
Between 31,00-50,00 m

Uniaxial Compressive Strength 3,74-21,36 MPa 1-3

((29)

Condition of Discontinuities

Spacing 150-600 mm 7-12

Persistance 7-12 m 2-1

Aperture 15-6 mm 0

Roughness Rough 5

Infilling Soft filling > 5 mm 0

Weathering Moderately weathered 3

Ground water Damp 10

Basic RMR Rating 31-48

Rating adjustment | Very unfavourable -12

Total RMR Rating 19-36

Descriptions Very Poor -

Poor Rock

Rating adjustment for discontinuity orientations

Table 3.15 The orientations of discontinuity sets at km:0+840-0+950

Discontinuity Set Dip Dip Direction
Set 1 68 205
Set3 66 036
Set 4 75 093
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Orientations
D Dip / Direction

Tunnel Ext

Set3{3m) B85/ 038

Set4 (4m) 757083
Set1{1m) 817210

Equal Area
Lower Hemisphere

67 Poles
Tunnel Entrance §7 Entries

Figure 3.10. The plot ot major discontinuity sets at km:0+900
The critical discontinuity set observed at the locations between 0+840-0+950 m

strikes parallel to the tunnel axis. Under that circumstances unstable tunneling

conditions are expected. For this reason the adjustment factor was taken as -12.
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Km:0+950-1+000 (in accordance with Borehole 7)

Since there are not any andesite outcrops at the close vicinities of tunnel
exit portal, the related previous studies of Ulusay, 1975; Kasapoglu, 1980 and
Ercanoglu, 1997 were used . In addition, core taken from BH-7 were also used.
The cores demonstrates smilar joint orientations with the cores taken from BH-6.
This can be explained by high joint persistancy of andesites. Under that
circumstances, joints of andesites that will be faced at the exit portal are excepted
as a continuum of the ones that are observed near BH-6. For this reason the results

of site investigations near BH-6 were used (Table 3.16).

Table 3.16 RMR application to the andesites located at 0+950-1+000 m

Km: 0+950-1+000 m (BH- 7)
Parameters Value RMR Rating

RQD (%) 0-63 3-12
Between 2,00-21,00 m

Uniaxial Compressive Strength 44,30-51,34 MPa 5-6

(o)

Condition of Discontinuities

Spacing 100-980 mm 7-14
Persistance 6-2 m 2-4
Aperture 15-5 mm 0
Roughness Rough 5
Infilling Soft filling > 5 mm 0
Weathering Moderately weathered 3
Ground water Damp 10
Basic RMR Rating 35-54
Rating adjustment | Very unfavourable -12
Total RMR Rating 23-42
Descriptions Poor-Fair Rock

Rating adjustment for discontinuity orientations
Depending on the situations mentioned above, the following discontinuity sets

(Table 3.17) were considered for the rating adjsutments. The illustrations of

discontinuity sets are given in Figure 3.11.
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Table 3.17.The orientations of major discontinuity sets at km:0+950-1+000

Discontinuity Set Dip Dip Direction
Set 1 68 205
Set 3 66 036

N

Orientations
IO Dip / Direction

Tunnel Exit

Set3(3m) 6B /038
Set 1(1m) @8/ 205

vy E
Equal Area
Lawer Hemisphere
Tunnel Entrance 26 Poles

26 Entries

Figure 3.11. The plot representing the major discontinuity set orientations

According to the rose diagram, the critical joint sets 1 (66/205) and Set 3(66/036)
strike parallel to the tunnel axis. And the dips of the sets fall within the interval

representing very unfavourable conditions. As a consequent, the rating adjustment

is—12.

67



Km:0+950-1+000 (in accordance with Borehole 8)

Since BH 8 was located on the opposite of BH 7 (within a close distance),
the discontinuity properties were excepted as more or less the same. For this
reason the same discontinuity conditions were consided in the RMR applications

(Table 3.18).

Table 3.18 RMR application to andesites located at km: 0+950-1+000

Km: 0+950 -1+000 m (BH-8)
Parameters Value RMR Rating
RQD (%) 0-67 3-14
Between 2,51-22,51 m
Uniaxial Compressive Strength 27,5-40,92 MPa 3-5
(cc)
Condition of Discontinuities
Spacing 100-980 mm 7-14
Persistance 6-2 m 2-4
Aperture 15-5 mm 0
Roughness Rough 5
Infilling Soft filling > 5 mm 0
Weathering Moderately Weathered 3
Ground water Damp 10
Basic RMR Rating 35-55
Rating adjustment | Very unfavourable -12
Total RMR Rating 21-43
Descriptions Poor-Fair Rock

Rating adjustment for discontinuity orientations
In Table 3.19. The orienatations of major discontinuity sets are given . In addition,

the illustration of these sets are represented in Figire 3.12.

Table 3.19.The discontinuity sets and their orienatations at km: 0+950 -1+000

Discontinuity Set Dip Dip Direction
Set 1 68 205
Set 3 66 036
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Crientations
[m} Dip / Direction

Tunnel Exit

Set3(3m] 66/ 036
Set1¢1m) B3/ 205

Equal Area
Lower Hemisphere

Tunnel Entrance 26 Poles
26 Entries

Figure 3.12. The illustration of major discontinuity sets at km:0+950-1+000
As shown in the figure, the discontinuity sets strike parallel to the tunnel axis and
dip between 45-90 degrees which generates very unfavourable conditions for

tunneling.

The results of RMR classification system in correlation with boreholes are

presented in Table 3.20.
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Table 3.20. Rock descriptions according to the RMR classification system

Description

Investigation Area/ | Total RMR of the

Borehole Number Rating Rock Mass
Km:0+00-0+100/ BH-1 24-30 Poor Rock
Km:0+100-0+200/ BH-2 23-33 Poor Rock
Km:0+300-0+400/BH-3 26-43 Poor - Fair Rock
Km:0+780-0+840 /BH-4 18-50 Very Poor - Fair Rock
Km:0+800-0+850/ BH-5 22-50 Poor - Fair Rock
Km:0+840-0+950/ BH-6 19-36 Very Poor - Poor Rock
Km:0+950-1+000/ BH-7 23-47 Poor - Fair Rock
Kn:0+950-1+000/ BH-8 21-43 Poor - Fair Rock

3.2.2 Q-System (NGI) Applications

In order to classify the individual parameters, the Q system rating tables
proposed by Barton et al.(1974) were used. The descriptions of the capital letters
used in the following table are also given in Appendix B. In the selection of SRF
parameters, the rose diagrams and dip/dip direction diagrams of discontinuities

which are shown under RMR applications were benefitted.

The classification results in correlation with each borehole are given in
Table 3.21, Table 3.22, Table 3.23. Table 3.24, Table 3.25, Table 3.26, Table
3.27, Table 3.28 and Table 3.29.
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Table 3.21 Q system classification for the andesites located at km:0+100-0+200

(in correlation with BH-1)

Q-System Parameters Description Value

RQD (%) Very Poor-Poor | 10*-27
BH 1 Joint Set Number (Jn ) 2 sets + random 18%*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,08-0,225
Description Extremely Poor-

Very Poor Rock

RMR (according to interrelations) 21,63-30,575

*:Appendix C, Section 1, note 1
**Appendix C, Section 2, note 1

Table. 3.22. Q System classification for the andesites located at km: 0+200-0+300
(in correlation with BH-2)

Entrance Q-System Parameters Description Value
Portal
RQD (%) Very Poor-Poor 10-41
Joint Set Number (Jn ) 2 sets grA*
BH 2 Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) F 4
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,09-0,38
Description Extremely Poor-
Very Poor Rock
RMR (according to interrelations) 22,69-35,39

*** Appendix C, Section 2, note 2
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Table 3.23. Q system Classification for the andesites located at km: 0+300-0+400

(in correlation with BH-3)

Q-System Parameters Description Value

RQD (%) Very poor- Fair | 10*-68
BH 3 Joint Set Number (Jn) 2 sets 12%*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,125-0,85
Description Very Poor Rock

RMR (according to interrelations) 25,28-42,53

*Appendix C, Section 1, note 1
**Appendix C, Section 2, note 1

Table 3.24. Q system Classification for the andesites located at 0+780-0+840 ( in

correlation with BH-4)

Q-System Parameters Description Value
RQD (%) Very Poor -Fair | 10*-55
BH 4 Joint Set Number ( Jn ) 2 sets + random | 18%*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) C 2,5
Rating 0,16-0,916
Description Very Poor Rock

RMR (according to interrelations) 27,87- 43,21

*Appendix C, Section 1, note 1
**Appendix C, Section 2, note 1
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Table 3.25. Q system classification for the andesites located at km: 0+800-0+850

(in correlation with BH-5)

Q-System Parameters Description Value
RQD (%) Very Poor -Fair | 10*-69
BH-5 Joint Set Number (Jn) 2 sets + random 18%*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) C 2,5
Rating 0,16-1,15
Description Very Poor-Poor Rock

RMR (according to interrelations) 27,87- 45,25

*Appendix C, Section 1, note 1
**Appendix C, Section 2, note 1

Table 3.26. Q system classification for the andesites located at km:0+840-0+950 (

in correlation with BH-6)

Q-System Parameters Description Value
RQD (%) Very Poor -Fair | 10*-72
BH-6 Joint Set Number ( Jn ) 3 sets 27H*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,05-0,4
Description Extremely Poor-
Very Poor Rock

RMR (according to interrelations) 17,98-35,75

**Appendix C, Section 2, note 1
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Table 3.27. Q system classification for the andesites located at km:0+950-1+000 (

in correlation with BH-7)

Exit Portal Q-System Parameters Description Value
RQD (%) Very Poor -Fair | 10*-63
BH-7 Joint Set Number (Jn) 2 sets gx*
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,18-1,18
Description Very Poor-Poor Rock
RMR (according to interrelations) 28,93-45,5

*:Appendix C, Section 1, note 1
**: Appendix C, Section 2, note 2

Table 3.28 Q system classification for for the andesites located at 0+950-1+000

(in correlation with BH-7)

Exit Portal Q-System Parameters Description Value
RQD (%) Very Poor -Fair | 10*-67
BH-8 Joint Set Number (Jn ) 2 sets g**
Joint Rougness Number (Jr) E 1,5
Joint Alteration number (Ja) C 2
Joint Water Reduction (Jw) A 1
Stress Reduction Factor (SRF) B 5
Rating 0,187-1,256
Description Very Poor-Poor Rock
RMR (according to interrelations) 29-46

*:Appendix C, Section 1, note 1
**: Appendix C, Section 2, note 2

Andesites are characterized as very poor rocks according to the Rock Mass
Qualification System. The Q index values and corresponding rock descriptions are

summarized in Table 3.29.
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Table 3.29. Descriptions of the andesites in accordance with Q system

Borehole Number Q-System Rating Description
BH-1 0,08-0,225 Extremely poor-
Very poor rock
BH-2 0,09-0,38 Extremely poor-
Very poor rock
BH-3 0,125-0,85 Very poor rock
BH-4 0,16-0,916 Very poor rock
BH-5 0,16-1,15 Very poor-poor rock
BH-6 0,05-0,4 Extremely poor-
Very poor rock
BH-7 0,187-1,18 Very poor- poor rock
BH-8 0,187-1,256 Very poor-poor rock

The RMR values, obtained from the inter-relation with Q indexes generally
corroborate the RMR classifications results. The correlation of the RMR and Q

system results are represented in Figure 3.13.
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Figure 3.13 The correlation of classification results of RMR and Q systems
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As seen in Figure 3.14, the excessive difference between maximum and
minimum RQD and uniaxial compressive strength values results in the variability
of rock mass classes. According to the figure above (Figure 3.13), the andesites
exhibit a wide range of rock quality which indicates a differantiation. This

differantiation is assumed to occur depending on hydrathermal alteration.
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CHAPTER 4

ASSESSMENT OF THE SLOPE STABILITY AT THE PORTALS BY
KINEMATICAL METHOD

Altough gravitation is the major effect triggering the rock mass to move,
other geological factors such as discontinuity conditions should not be
underestimated. Especially for the structurally controlled slopes, the joint sets and
their attitudes define the probability of failures. In addition to the naturely
triggered ones, the slope failures are also faced in engineering applications. At the
excavation stages the disturbance of rock mass may result in slope failures. The
design and the construction stages of the engineering structure are developed
depending on these failure conditions. Once the failure surface and the failure type
are detected, reliable support design and construction system are formed as done

in tunnel apllications.

This chapter covers the slope stability analyses for the entrance and exit

portals of the New Ulus Tunnel.

4.1 Kinematic Analyses

The kinematic analyses were performed by using the software Dips 5.1. In
order to obtain the required data, scan-line surveys depending on the procedures
of ISRM (1981) were conducted. Following the evaluation of survey findings,
rose and contour diagrams of the joints were plotted to feature the main situation
of the joint systems. The Equal Area Schmidt Projection with Lower Hemisphere
selection was choosen for the plots. As for the tunnel strike, 308° was used in the
analyses. Depending on the previous studies of Gokgeoglu et al., (2000) the
internal friction angle of the discontinuity surfaces was selected as 30° (Figure

4.1).
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Figure 4.1. Failure envelope based on Barton failure criterion (C. Gokgeoglu et

al., 2000)

4.1.1. Kinematic Analyses Applications

According to the scan-line survey results, random discontinuities and four
major discontinuity sets were determined by the software. In the context of
discontinuity set selections, the familiar discontinuity orientations were groupped
under individual sets (Table 4.1) and illustrated in Figure 4.2. In order to see the
general distrubution of the discontinuities, the contur diagrams (Figure 4.3), pole
consantrations (Figure 4.4) and rose diagrams (Figure 4.5) were plotted with the

help of the software Dips 5.1.

Table 4.1. The orienatations of the major discontinuity sets observed at the study

area
Set No Dip Dip Direction
1 67 203
2 77 350
3 67 043
4 66 096
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Schrmidt
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— 000 %
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Mo Bias Carrection
Wax. Conc. = 11.42868%

Equal Area
Laower Hermisphere

Tunnel Entrance 175 Poles
175 Entries

Figure 4.2. The contour diagram representing general distribution of the
discontinuities at the study area. The black arrow indicates the direction of tunnel

drive.

Mumber of Poles

Tunnel Exit
o 1 pole

" 2 poles

Equal Area
Lower Hemisphere

Tunnel Entrance 176 Paoles
175 Entries

Figure 4.3. The pole consantration diagram of the discontinuities at the study area
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Apparent Strike
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Tunnel Exit
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Figure 4.4 The Rosette diagram showing the trends of discontinuities

Crientations
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Tunnel Entrance 175 Poles
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Figure 4.5 The illustration of dip/dip direction of the discontinuity sets
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4.1.1.1. The New Ulus Tunnel Entrance Portal Kinematic Analyses

In the analyses, the dip angle for the portal rock slope was selected as 76°
which is one of the steepest applicable excavation angle used in recent slope
excavations. This angle denotes that the slope ratio is 1/4 (1 for horizontal and 4
for vertical). With the help of software (Dips 5.1), two major discontinuity sets
revealed. The orienatation of these sets are given in Table 4.2 and represented in
the dip/dip direction plot in Figure 4.9. Additionally, the plots of contour diagram
(Figure 4.6), pole distrubution (Figure 4.7) and rose diagram (Figure 4.8) are
given below. As for the appellation of set numbers, the familiar orientation of

discontinuities were considered under the same set number.

Table 4.2 The orientations of major discontinuity sets at the entrance portal

Set Number Dip Dip Direction

1 73 207

3 68 047

Schmidt
Concentrations
% of total per 1.0 % area

Tunnel Exit

e 0.00 %
= 250%

5.00%

750%

10.00 %

1250 %

15.00 %

E 1750 %
20.00 %

2250 %

Mo Bias Caorrection
Max. Conc. = 21 42868%

Equal Area
Lower Hermisphere

Tunnel Entrance 42 Poles
42 Entries

Figure 4.6 The contour plot of the discontinuities at km: 0+200-0+300
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Figure 4.7. The pole plot of the discontinuities at km: 0+200-0+300
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Within 45 and 80
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Figure 4.8. The rose diagram of the discontinuities at km: 0+200-0+300
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Crigntations
Tunnel Exit D Dip ¢ Direction
Set1(1m) 7as207
Set3(3m) B8 /047

Equal Area
Lower Hemisphere

Tunnel Entrance 42 Pales
42 Entries

Figure 4.9. The orientation of major joint sets at km: 0+200-0+300

According to the kinematical analyses, there is not any potential for plane (Figure
4.10) and wedge failure (Figure 4.11) occurence. In addition toppling (Figure
4.12) is not expected at the rock slope. In the following illustrations of

kinematical analyses, the yellow areas indicate the critical regions.

Crientations

Tunnel Exit 0] Dip / Direction
Slope 75/ 128

Set1({1m) 73 207
Set3(3m) B8 / 047

Equal Area
Laower Hemisphere

Tunnel Entrance 42 Poles
42 Entries

Figure 4.10 Plane failure analysis at the entrance portal rock slope
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Crientations

Tunnel Exit (] Dip / Direction
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Set 1 (1m) 73 /207
Set2(3m) &8/ 047

{1 Wedge

\failure
Slgpe

Equal Area
Lower Hemisphere

Tunnel Entrance 42 Poles
437 Entries

Figure 4.11 Wedge failure analysis at the entrance portal rock slope

COrientations

Tunnel Exit (] Dip / Direction

Slope1 76/ 128
2 45 /128

Set1{1mj 737207
Set3(3m) 68 7 047

L E
"~ Toppling
Zone Equal Area
Lower Hemisphere:
Tunnel Entrance 42 Poles
42 Entries

Figure 4.12 Toppling potential analysis at the entrance portal rock slope

As a result, the slope orientation 76/128 is safe for the entrance portal rock

slope excavations. The kinematic analyses results are given in Table 4.3.
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Table 4.3 Entrance portal slope kinematic analyses results

Dip/ Dip Internal Failure | Problem at Stable
Direction of Friction Type Rock Slope | Slope Angle
The Slope Angle (¢)
Plane No 76/128
76/128 0=30° Wedge No 76/128
Toppling No 76/128

4.1.1.2. The New Ulus Tunnel Exit Portal Kinematic Analyses

For the kinematic analyses of exit portal rock slope, the same tunnel strike(308°),
internal friction angle (30°) and slope angle (76°) were used. Since the exit portal
falls in the chainage between 0+900-14+000, the site investigations near 0+900
were benefitted. According to the scan-line surveys at km:0+900, two major

discontinuity sets were determined by the software. The orientations of these

major sets are given in Table 4.4. and illustrated in Figure 4.16.

Table. 4.4. The orienatations of major discontinuity sets at the exit portal

Set Number Dip Dip Direction
1 68 205
3 66 036

85




The plots of contour diagram (Figure 4.13), pole concentration (Figure 4.14) and

rose diagram (Figure 4.15) are given below.

Schridt
Concentrations
% of total per 1.0 % area

Tunnel Exit

R 000 %
_ 250 %

500 %

750 %
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15.00 %

E 17.50 %
2000 %

R 2250 %

Mo Bias Carrection
Max. Conc. = 23.0768%

Equal Area
Lower Hemisphere
Tunnel Entrance 26 Poles
26 Entries

Figure 4.13. The contour diagram of discontinuities at km:0+900
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Tunnel Exit
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W E
Equal Area
Lawer Hemisphere
Tunnel Entrance 26 Poles
26 Entries

Figure 4.14 Pole concetration of discontinuities at km:0+900
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Trend / Plunge of
Face Normal = 0, 80
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Figure 4.15. The rosette diagram of discontinuities at km:0+900

Qrientations

Tunnel Exit D Dip / Direction

Set3 (3m) &6+ 036
Set1(1m) 68/ 205

Equal Area
Lower Hemisphere
Tunnel Entrance 26 Poles
26 Entries

Figure 4.16 The orientations of major discontinuity sets at km:0+900

According to the kinematical analyses, any potential for the plane (Figure
4.17), wedge (Figure 4.18) failure and toppling (Figure 4.19) did not appear at the
exit portal rock slope. Consequently the safe slope oriantation for the rock slope
was determined as 76°/308°. The yellow areas shown in the figures indicate the

critical regions.
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Figure 4.17 Plane failure analysis for the exit portal slope face
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Figure 4.18 Wedge failure analysis for the exit portal rock slope face
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Figure 4.19 Toppling analysis for the exit portal rock slope face

The kinematical analyses revealed that the dip angle 76 is safe for the exit

portal slopes. The results of slope stability analyses for the exit portal is given in

table 4.5.

Table 4.5. Kinematical analyses results of rock slope at the exit portal

Dip/ Dip Internal Failure Problem at | Stable
Direction of Friction Type rock slope Slope
the Slope Angle (¢) Angle
Plane No
76°/308° 30° Wedge No 76°/308°
Toppling No
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The safe slope orientations obtained from the kinematical analyses are

given in Table 4.6. In the case of portal slopes been excavated with the following

orientations, any problem will not be encountered.

Table 4.6 The results of kinematical analyses applied on slopes at both entrance

and exit portals

Type Of Internal Problem Stable Slope Angle
Portal Slope Friction (Dip/Dip Direction)
Angle (®) Plane | Wedge [Toppling
The | Rock Face
Entrance| Slope 30° No No No 76/128
Portal
The Rock Face
Exit | Slope 30° No No No 76/308
Portal
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CHAPTER 5

SUPPORT SYSTEMS SUGGESTED FOR THE TUNNEL

Tunnel support systems are indispensable parts of the construction phase as
well as the construction of tunnel itself. Essentially, any failure potential caused
by stress distrubution around the tunnel is controlled by support systems. The only

way of redusing that potential is the right selection of support systems.

For the selection of an efficent support, the stand-up time for the tunnel’s
unsupported span should be defined carefully. The geological unit’s
geomechanical properties are the key factors that determine the stand-up time for
the tunnel span. In the case of tunnel drive into weak rock, a short stand - up time
is expected. Under that circumstances the rock mass -classifications gain

importance.

5.1 Support systems depending on the RMR Classification

The appropriate rock reinforcement method is determined by making use of

the guidelines that are mentioned below.

5.1.1 The Support Pressure

In the context of the excavation and support systems, guidelines in
accordance with RMR system were generated. In-stu stress, shape of the tunnel
and excavation method are the main factors effecting the guidelines of rock

reinforcement. The support guidelines represents the permanent and not the
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primary support. These guidelines presented in the Figure 5.1 are applicable to

tunnelings using conventional drilling blasting procedures (Bieniawski, 1989).

Table 5.1. Guidelines for excavation and support of 10 m span rock tunnels in

accordance with the RMR system (After Bieniawski 1989)*.

rock
BMR: 81-100

3 m advance

Rock mass Exzavation Rock balts Shoterste Steel sets
class 20 mm diametar, fully

grouted)
I -Very good Full face, Generally no support required except spot Bolting

IV - Poor rock
RMR: 21-40

1.5-3 m advance in top heading.

Commence support after each
Mast

Completa support 10 m fram

]

Top heading and bench
1.0-1.5 m advance in top
heading

Install support concurrantly with
excavation, 10 m from face,

in crown arel walls
with wire mash in
CIown.

Systematic bolts 4-5
mlong. spaced 1-1.5
min crown and walks
with wire mesh

30 mmiin
sides.

100-150 mm
ry cromwr

100 mm in
sldes.

Il - Good rock Full face Locally, bolts in crown | 50 mmin MNona
BME: B1-80 e P 2 3m long, spaced 25 CITWN Where
1-1.5m advance. Complete m with occas|onal required,
support 20 mfrom facs. wike mas
= RS
I - Fair rock Top heading and bench Systematic balts 4 m 50-100 mm Maone
RME 41-60 long, spaced 1.5-2m | In crown and

Light to madium ribs
spaced 1.5 m whera
required,

rock
RAMR < 20

V —Very poor

Multiple drifts 0.5-1.5 m

advance in top heading.

Instol support concurmently with
sxcovation, Shoterete as soon
a5 possible after blasting.

Systematic bolts 5-6
mlong, spaced 1-1.5
m in crown and walks
with wire mesh. Bolt
Inwert,

150-200 mm
[ crown, 150
mim in gicdeas,
and 50 mm
anface,

Medium to Héa-ﬂ_.r ribs

spaced 0.75 m with
stes| lagaing and
forepoling if required,
Close Invert,

* Shape: horseshoe. Width: 10 m. Vertical stress: 25 MPa. Construction method: drilling

and blasting.

Excluding BH-1 and BH-3, the borehole data were consulted in the support

system determinations. The regions limited with red, blue and green lines

represent the support catagories selected for the New Ulus Tunnel. Accordingly,

for the region represented by BH 2, application of 4-5 m long rock bolts (spaced

1-1,5 m in crown) is recommended. As for the region represented by BH-4,

application of systematic bolts which are 5-6 m long and spaced 1-1,5 m in crown

is convenient.
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With respect to the region represented by BH-6, application of systematic bolts
which are 4-6 m long and spaced 1-1,5 m in crown are recommended. Regarding
to the regions represented by BH-7 and BH-8, application of 4-5 m long rock

bolts spaced 1-1,5 m in crown is recommended.

On the basis of coal mine studies Unal (1983) proposed a correlation for the

estimation of RMR aided support pressure of the opening with flat roof.

P,= [(100- RMR)/100] .y. B Eqn.1

Py: The support pressure, MPa
y : The rock density, kN/m’
B : The tunnel width, m

Table 5.2 Support pressures for The New Ulus Tunnel

Borehole RMR Density of the | The tunnel Support
No Rating Rock (y) Width (m) | Pressure (Py)
kN/m’ MPa
BH-2 23-33 23,60 12 0,218-0,19
BH-4 18-50 23,70 12 0,23-0,142
BH-5 22-50 23,00 12 0,215-0,138
BH-6 19-36 23,40 12 0,22-0,18
BH-7 23-42 23,10 12 0,21-0,16
BH-8 21-43 23,00 12 0,218-0,157

5.2 Support system according to the Q System
Using the Q system outputs, estimation of the stand-up time and the maximum

unsupported span of the tunnel are obtained. The first step of support system

determination is defining the equivalent dimension (D).
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According to Barton’s chart ( Table 5.3), the excavation support ratio (ESR) for

the New Ulus Tunnel is 1. The result gathered from the equation is as follows;

D, = Excavation Span/ ESR Eqn. 2
De=12/1 =12

Table 5.3 Values of excavation support ratio-ESR (Barton et al., 1974)

Type of Excavation ESR
Temporary mine openings, etc. T=5 |
Vertical shafts:

(i) circular section 2.5

ii) rectanular / square section 2.0

Permanent mine openings, water tunnels for hydro power | 1.6
(excluding high pressure penstocks), pilot tunnels, drifts
and headings for large excavations, etc.

Storage rooms, water treatment plants, minor road and 1.3
railway tunnels, surge chambers, access tunnels, efc. P
Oil storage caverns, power stations, major road andf1.0 >
railway tunnels, civil defence chambers, portals,
intersections, etc.

Underground nuclear power stations, railway stations, | 0.8
sports and public facilities, factories, etc.

In consideration of support systems, the length of bolt (L) is determined

from the equation (Barton et. al.,1974) below;

L=(2+0,15B) / ESR, m Eqn3

For the andesites observed at the borehole locations the following values are used;

L=(2+0,15x12)/1=3,8m

The relation between equivalent dimension (De), tunneling quality index (Q) and
support bolt length is presented in Figure 5.1 and the support categories for each
observation location are summarized in the Table 5.4. The support systems

selected for each borehole are represented by colored points in Figure 5.1.
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Figure 5.1. Estimated support categories based on the tunnelling quality index Q
(After Grimstad and Barton, 1993, reproduced from Palmstrom and Broch, 2006).

Table 5.4. The reinforcement categories for each borehole location (according to

Q system)
Borehole No Q Index D, Reinforcement
Category
BH-2 0,09-0,38 12 8-7
BH-4 0,16-0,916 12 7-6
BH-5 0,16-1,15 12 7-6
BH-6 0,05-0,4 12 8-7
BH-7 0,18-1,18 12 7-6
BH-8 0,187-1,256 12 7-6
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The reinforcement category gives the bolt spacing information in addition
to the support type. According to the chart given in Figure 5.1, the following
support categories were defined for the individual borehole locations. At
km:0+255 and km:0+900 where BH-2 and BH-6 were drilled, 12-15 cm wide
fibre reinforced shotcrete and 3,8 m rock bolting are recommended. For
km:0+772 and km:0+840 where BH-4 and BH-5 were drilled, 9-12 ¢cm or 12-15
cm wide fibre reinforced shotcrete and bolting (3,8 m rock bolt) method is
advised. As for km:0+962 (BH-8) and km:0+970 (BH-7), application of 12-15 cm

wide fibre reinforced shotcrete and 3,8 m long rock bolting is convenient.

Determination of the maximum unsupported span is achieved as follows:

Maximum Unsupported Span = 2(ESR) Q ** | m Eqn. 4

For the andesites maximum unsupported span values are given in Table 5.5.

Table 5.5 Maximum unsupported span values for variable Q indexes of the

andesites.
Borehole No Q Index ESR | Max. Unsupported Span (m)
BH-2 0,09-0,38 1 0,76-1,35
BH-4 0,16-0,91 1 0,96-1,93
BH-5 0,16-1,15 1 0,96-2,11
BH-6 0,05-0,4 1 0,6-1,38
BH-7 0,18-1,18 1 1,0-2,13
BH-8 0,18-1,25 1 1,0-2,18
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CHAPTER 6

CONCLUSIONS

There are three main objectives of this thesis. The first objective involves
the determination of the rock mass characteristics of the andesites that will host
the New Ulus Tunnel. The second objective consists of defining the reliable
support systems for the tunnel. The last objective comprises the assessment of the
rock slope stabilities at the portals. In order to achieve these objectives, laboratory
tests, detailed site investigations, classification systems and kinematical analyses

have been utilized.

Throughout the tunnel alignment pink andesites of Mamak Formation
(Miocene) constitute the main lithology. The andesites are jointed and moderately
weathered. With respect to the petrographical analyses, biotite, hornblende and
plagioclase minerals were defined as the major minerals whereas quartz and
opaque minerals constitute the minor minerals. Futhermore, clay was observed
within the microlith matrix. In addition, iron oxidation was determined which also

confirms that andesites are weathered.

Depending on the scan-line surveys, four major discontinuity sets with
orientations of 67/203; 77/350; 37/043; 66/096 and random joints were revealed at
the study area. Since the investigated region is mostly covered with houses, site
investigation results of previous studies were also benefited. In general, the
discontinuity surfaces are moderately weathered and filled with clay. Moreover,
sand occurences were identified within some discontinuities. Close to the surface,
staining (iron oxidation) along discontinuity surfaces is noted. As for the

discontinuity conditions, the spacing of the discontinuities ranges between 45 mm
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and 1400 mm. Besides, the apartures of the discontinuities range between 1 mm-

15 mm.

Based on the the results of empirical classification systems (RMR and Q
system), the andesites exhibit very poor to fair rock qualities. This change in rock
mass quality is assumed to occur due to the variaty of discontinuity conditions and
alteration. Especially the fluctuation of the uniaxial compressive strengths within
close distances indicates that there is a differantiation of andesites internal
structure. Due to the laboratory test results, the uniaxial compressive strength of
the andesites range between 6,46 Mpa and 56,06 Mpa. The dry unit weight of
andesites has an interval of 21,47-23,43 KkN/m” .

The kinematical analyses indicate that there is no potential for any type of
failure at the entrance and exit portal rock slopes. Through the analyses, the stable
slope orientations for the entrance portal was defined as 76/128 (dip/dip
direction). Regarding to the exit portal rock slope, the stable orientation was

defined as 76/308 (dip/dip direction).

As for the tunnel support systems, application of 9-12 cm or 12-15 cm wide

fibre reinforced shotcrete and rock bolts (3,8 m long rock bolt) are recommended.
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APPENDIX A

The scan-line survey charts (I.S.R.M, 1981)
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9 CAVERNOUS S 000
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DISCONTINUITY MEASUREMENT FORM

PROJECT MAME 1 The Mew Ulus Tunnel DATE : 2008
PREPARED BY : Irem Aksular PAGE - 308
LOCATION
=
B
— w )
= w Q ] W
el | 22|82 g slelE)|a
e = =
KLOMETER | & | & o 3] 21k |k 3 o § E ] LITHOLOGY
o™ = & R I 3 ER T &
@ R = & £
(=]
0+400 3 86 200 34 4-6 3 c 4 3 2 2-3 | And Andesite
0+600 3 61 104 4 a-6 3 [ 4 3 2 3 And Andesite
3 48 107 4 -6 3 [ 4 3 2 3 And Andesite
3 66 110 4 -6 3 [ 4 3 2 3 And Andesite
3 7 104 4 -6 3 [ 4 3 2 3 And Andesite
3 B9 114 4 a-B 3 [ 4 3 2 3 And Andesite
3 59 102 4 a-B 3 [ 4 3 2 3 And Andesite
3 B0 100 4 a-B 3 [ 4 3 2 3 And Andesite
3 65 011 4 -6 3 [ 4 3 2 3 And Andesite
3 B2 105 4 -6 3 [ 4 3 2 3 And Andesite
3 48 067 4 5-B 3 [ 4 3 2 3 And Andesite
3 B4 278 4 5-B 3 [ 4 3 2 3 And Andesite
3 B8 0a3 4 5-B 3 [ 4 3 2 3 And Andesite
3 59 nas 4 5B 3 [ 4 3 2 3 And Andesite
3 a2 358 4 5B 3 [ 4 3 2 3 And Andesite
3 48 076 4 5B 3 [ 4 3 2 3 And Andesite
3 a5 ooz 4 5B 3 [ 4 3 2 3 And Andesite
3 B4 362 4 5B 3 [ 4 3 2 3 And Andesite
3 B3 083 4 5-6 3 T 4 3 2 e And Andesite
3 76 043 4 5-6 3 T 4 3 2 e And Andesite
3 74 349 4 5-6 3 T 4 3 2 e And Andesite
3 77 351 4 5-6 3 T 4 3 2 e And Andesite
3 B5 352 4 5-6 3 T 4 3 2 e And Andesite
3 85 350 4 5-6 3 T 4 3 2 e And Andesite
3 45 094 4 5-6 3 [ 4 3 2 e And Andesite
3 g1 340 4 5-6 3 [ 4 3 2 e And Andesite
3 70 040 4 5-6 3 [ 4 3 2 e And Andesite
3 75 043 4 5-6 3 [ 4 3 2 e And Andesite
3 80 0a2 4 a-6 3 [ 4 3 2 3 And Andesite
3 65 046 4 a-6 3 [ 4 3 2 3 And Andesite
3 21 164 4 a-6 3 [ 4 3 2 3 And Andesite
3 77 160 4 -6 3 [ 4 3 2 3 And Andesite
3 78 169 4 -6 3 [ 4 3 2 3 And Andesite
3 52 og4 4 -6 3 [ 4 3 2 3 And Andesite
3 96 ova 4 a-B 3 [ 4 3 2 3 And Andesite
DISCONTINUITY DESCRIFTIONS (ISRM, 1951)
TYPE ROUGNESS FILLNG TYPE Secic min
1 FAULT ZONE & STEPPED 1 QPEN 1 EXTREMELY CLOSE =20
2 FAULT B UNDULATING 2 SURFACE STAINING 2 VERY CLOSE £
3IOINT C ALANAR 3CLAY 3 CLOSE 60-200
4 MODERATE 200-600
4 CLEAVAGE 1 SLICKENSIDED ] s VHDE £00-2000
5 SCHISTOSITY 0 SHOOTH 5 MINERAL 2
& SHEAR e oG & CEMENTATION & VERY WIOE 2000-6000
7 FRACTURE 4 ROUGH 7 GHLORITE, TALG, GYPSUM T EXTREMELY WIDE 6000
& BED o VERY ROUTGH APERTURE g mn
1 VERY TIGHT 4 -

) 2TIGHT 5 0025
PERSISTENCE m  SEEPAGE WEA THERING 3 PARTLY OPEN 03505
1 VERY LOW <1 1DRY 1 FRESH -
2L0W 13 2 DAMP 2 SLIGHTLY WEARHERED 4 OFEN 8 psas
3MEDIK 310 3 WET 3 MODERATELY WENTHERED 5 MODERATELY WIDE YT
4 HIGH 10- 4 DRIPPING 4 HIGHL Y WEA THERED & WIDE g g
5 VERY HIGH 20 5 FLOWING 5 COMPLETELY WEATHERED

& DECOMPOSED 7 VERY WIDE = 10400
8 MEXTREMELY WHOE 4 100-1000
9 CAVERNOUS O =000
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DISCONTINUITY MEASUREMENT FORM

FPROJECT NAME :The Mew Ulus Tunnel DATE 2008
PREPARED BY + Irem Aksular PAGE 415
LOCATION
=
g
— w o)
= w [ D B il =
glulcl 22833 i 8 E |2
= o = = & P g = L= = uj @
KLOMETER | & | & o 14 ok B = A LITHOLOGY
= [ 5 & T ui I 5 = i = =
[ S & [ & I~} = ‘“ = 2
=i < it 4 = = B
o g [y =
(=]
0+600 3 70 340 4 -6 3 [ 4 3 2 3 And Andesite
3 21 344 4 -6 3 [ 4 3 2 3 And Andesite
3 69 354 4 -6 3 [ 4 3 2 3 And Andesite
0+840 3 80 144 4 -6 3 [ 4 3 2 2 And Andesite
3 78 142 4 -6 3 [ 4 3 2 2 And Andesite
3 B9 154 4 -5 3 [ 4 3 2 2 And Andesite
3 B4 210 24 4 3 [ 4 3 1 2 And Andesite
3 B0 212 2 4-5 3 [ 4 3 1 2 And Andesite
3 58 209 24 4-5 3 [ 4 3 1 2 And Andesite
3 54 215 2 4-5 3 [ 4 3 1 2 And Andesite
3 48 215 2 4-5 3 [ 4 3 1 2 And Andesite
3 52 230 4 7-8 3 [ 4 3 1 2 And Andesite
3 42 216 4-5 4 4 [ 4 3 1 2 And Andesite
3 54 218 4-5 4-5 4 [ 4 3 1 2 And Andesite
3 52 216 4-5 5 34 [ 4 3 1 2 And Andesite
3 50 224 [ [ 34 [ 4 3 1 2 And Andesite
3 75 0as 5 4 2 [ 4 2 1 2 And Andesite
3 78 096 5 4 2 [ 4 2 1 2 And Andesite
3 70 042 {d 4 2 C 4 2 1 2 And Andesite
3 [afe] nav {d 4 2 C 4 2 1 2 And Andesite
3 72 089 {d 4 2 C 4 2 1 2 And Andesite
3 80 095 {d 4 2 C 4 2 1 2 And Andesite
3 g4 0497 {d 4 2 C 4 2 1 2 And Andesite
3 70 094 {d 4 2 C 4 2 1 2 And Andesite
3 [af:] 215 4-5 6-7 4 © 4 3 1 2-3 | And Andesite
3 55 200 4-5 | B-7 3 © 4 3 1 3 And Andesite
3 75 230 4-5 G 4 © 4 3 1 2-3 | And Andesite
3 76 235 4-5 G 4 © 4 3 1 2-3 | And Andesite
3 72 210 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 70 204 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 67 210 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 75 212 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 78 207 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 65 200 4-5 [ 4 [ 4 3 1 2-3 | And Andesite
3 B0 192 4-5 B 4 [ 4 3 1 2-3 | And Andesite
DISCONTINUITY DESCRIPTIONS (ISRM, 1951)
TYPE ROUGNESS FILi NG TYPE SPACING min
1 FAULT ZONE & STEPPED 1 OPEN 1 EXTREMELY CLOSE =20
2 FAULT B UNDULATING 2 SURFACE STAINING 2 WERY CLOSE e
3IOINT C ALANAR 3cLay 3 CLOSE 60-200
4 MODERATE 200-601
4 CLEAVAGE =) 4 BRECCIA i o
5 SCHISTOSITY 0 SHOOTH 5 MINERAL 600-2000
&S HERR e oG & CEMENTATION B VERY WIOE 2000-6000
7 FRACTURE o 7 CHLORITE, TALG, GYPSUM T EXTREMELY WIDE 8000
8 8ED 5 VERY ROUGH APERTURE g mm
1 VERY TIGHT 4 i
_ 2TIGHT 3 01025
PERSISTENCE m  SEEPAGE VWEA THERING 3 EHRTLY OREN 02505
1 VERY LOW <1 1DRY 1 FRESH -
2L0W 13 2 DAMP 2 SLIGHTLY WEARHERED 4 OREN B gsas
3MEDIIM 310 3 WET 3 MODERATELY WEATHERED 5 MODERATELY WIDE L o5
4 HIGH 10- 4 DRIPPING 4 HIGHLY WEATHERED £ VDE I
5 VERY HIGH 20 5 FLOWING 5 C OMPLETELY WEATHERED
§ DECOMPOSED 7 VERY WIDE = 10100
8 MEXTREMELY WIDE 4 1001000
9 CAVERNOUS S =000
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DISCONTINUITY MEASUREMENT FORM

PROJECT NAME The Mew Ulus Tunnel DATE : 2008
PREPARED BY irem Aksular PAGE - 818
LOCATION
&
— Wy -
= m 4] ] & =
2lw | | 2 |2|S|8] & |&]28|k 3
KILOMETER. Lol T o 5] olE |G g o | & | ¥ |2 LITHOLOBY
2| B 3 e T Ui & 3 ES u E =
o % & o LS =} 3 ) o 2]
a S d = & £
ISt
3 60 | 037 | 3 3 1 3 4 3 1 2 | And Andesite
3 48 | 208 | 24 | & 3 3 4 3 1 2 | And Andesite
3 55 | 208 | 2-4 | & 3 3 4 3 1 2 | And Andesite
3 G4 | 200 | 2-4 | 4 3 3 4 3 1 2 | And Andesite
3 61 204 | 24 | 4 3 3 4 3 1 2 | And Andesite
3 a9 | 210 | 2.4 | 4 E] 3 4 E 1 2 | And Andesite
3 s0 | 218 | 2.4 | 4 E] 3 4 3 1 2 | And Andesite
3 47 2148 2-4 4 3 T 4 3 1 2 And Andesite
3 a3 204 2-4 4 3 T 4 3 1 2 And Andesite
0+500 3 549 017 3-4 5-6 3 [ 4 3 2 2 And Andesite
3 58 | 033 | 34 | 56| 3 3 [l 3 2 2 | And Andesite
3 78 | oa0 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 85 | o020 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 72 | 036 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 G4 | 041 | 34 | 5B | 3 3 4 3 2 2 | And Andesite
3 60 | 050 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 65 | oza | 34 | 656 | 2 3 4 E 2 2 | And Andesite
3 69 | oan | 34 | 58| 3 3 4 3 2 2 | And Andesite
3 313} 03z 34 | 56 3 T 4 3 2 2 And Andesite
3 70 0245 3-4 | 58 3 T 4 3 2 2 And Andesite
3 a0 026 3-4 | 56 3 [ 4 3 2 2 And Andesite
3 62 037 3-4 | 56 3 [ 4 3 2 2 And Andesite
3 62 | 046 | 34 | 58 | 3 3 4 3 2 2 | And Andesite
3 74 | 032 | 34 | 58| 3 3 4 3 2 2 | And Andesite
3 77 | 045 | 34 | 58| 3 3 4 3 2 2 | And Andesite
3 81 038 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 54 | 043 | 34 | 56| 3 3 4 3 2 2 | And Andesite
3 0 | 048 | 34 [ 56| 2 3 4 E 2 2 | And Andesite
3 76 | 208 | & ] 4 3 4 3 1 2-3 | And Andesite
3 63 204 5 G 4 T 4 3 1 2-3 | And Andesite
3 6T 200 5 G 4 T 4 3 1 2-3 | And Andesite
3 71 2148 4 G 4 [ 4 3 1 2-3 | And Andesite
3 80 | 207 | & § 4 3 [l 3 1 2-3 | And Andesite
3 59 | 202 | & § 4 3 4 3 1 2-3 | And Andesite
3 B0 | 197 | & 5 4 3 4 3 1 2-3 | And Andesite
DISCONTINUITY DESCRIFTIONS (ISR, 1951)
TYRE ROUGNESS FILLNG TYEE SEACIGH i
1 FAULT ZONE & STEPPED 1 OPEN 1 EXTREMELY CLOSE =20
2 FAULT B UNDULATING 2 SURFACE STAINING el Ao £L]
3JOINT C PLANAR 3CLAY 3 CLOSE 60-200
4 MODERATE 200-500
4 CLEAVAGE CHERC e 4 BRECCHA e g
5 SCHISTOSITY 2 SMOOTH 5 MINERAL -
& SHEAR 2 ey RouEH B CEMENTATION & VERY WIDE 2000-5000
T FRACTURE AL T CHLORITE, TALC, GYPSUM e e A
L)1) 5 VERY ROUGH APERTURE g mm
1 VERY TIGHT g«
2TIGHT 3 01025
PERSISTENCE m  SEERAGE WEATHERING 3 PARTLY OPEN 02505
1 VERY LOW <1 1DRY 1 FRESH -
2LoW 13 2 DAMP 2 SLIGHTLY WEARHERED 4 OPEN 9 gsos
3MEDUM 310 3 WET 3 MODERATELY WEATHERED 5 MODERATELY WIDE % 2540
4 HIGH 10- 4 DRIPPING 4 HIGHLY WEA THERED & WIDE Y
5 VERY HIGH 0 5 FLOWING 5 COMPLETELY WEATHERED
6 DECOMPOSED 7 VERY WIDE = 10400
8 AEXTREMELY WIDE & 10000
9 CAVERNOUS S 1000
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APPENDIX B

Classification of individual parameters used in Q System (Barton et. Al.,1974)

i.2. kaolinite, mica. Also chlorite, talc, gypsum
and graphitz etc., and small quantities of swelling

clays. (Discontinuous coatings, 1- 2 mm or less)

DESCRIPTION VALUE NOTES
1. ROCK QUALITY DESIGNATION RQD
A Very poor 0-25 1. Where RQ0 is reported or measured as = 10 (including @),
B. Poor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good 75-890 2, RODintervals of 5, e, 100, 95, 90 atc, are sufficienty
E. Excellant 90 - 100 accurate.
2. JOINT SET NUMBER Iy
A Massive, no or few joints 05-1.0
B. Ona joint set 2
. One joint set plus random 3
D. Twio joint sets 4
E. Two joint sets plus random [
F. Three joint sets 9 1. Forintersections usa (2.0 x "'n:'
. Three joint sets plus random 12
H. Four or more joint sets, random, 158 2. For portals use (2.0 = "In:'
heavily jointed, 'sugar cube', etc.
J. Crushed rock, earthlike 20
3. JOINT ROUGHNESS NUMBER Jp
a. Rock wall contact
b. Rock wall contact before 10 cm shear
A, Discontinuous joints 4
BE. Rough and irregular, undulating 3
. Smooth undulating 2
D. Slickensided undulating 15 1. Add 1.0if the mean spacing of tha relevant joirt set is
E. Rough or iregular, planar 15 greater than 3 m.
F. Smooth, planar 1.0
5. Slickensided, planar 05 2 "I." = 0.5 can be used for planar, slickensided joints having
c. No rock wall contact when sheared lineations, provided that the lineations are oriented for
H. Zones containing clay minerals thick 1.0 minimum strength.
enough to prevent rock wall contact (nominal)
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent rock wall contact (nominal)
4, JOINT ALTERATION NUMBER g grdegrees (approx.)
a. Rock wall contact
A Tightly healed, hard, non-scoftening, 075 1. Values of gr, the residual friction angle,
impemeable filling are intended as an approximate guide
BE. Unalterad joint walls, surface staining only 1.0 25-35 to the mineralogical properties of the
. Slightly altered joint walls, non-softening 2.0 25-30 altzration products, if present.
mineral coatings, sandy particles, clay-free
disintegrated rock, etc.
D. Silty-, or sandy-clay coatings, small clay- 3.0 20-25
fraction (non-softening)
E. Softening or low-friction clay mineral coalings, 4.0 8-16
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4, JOINT ALTERATION NUMBER Jg ¢ degrees (approx.)
b. Rock wall contact before 10 cm shear
F. Sandy particles, clay-free, disintegrating rock etc. 4.0 25-20
5. Strongly over-consolidated, non-softening 6.0 16 - 24
clay mineral fillings (continuous < 5 mm thick)
H. Medium or low over-consolidation, softening 8.0 12-16
clay mineral fillings (continuous < 5 mm thick)
J. Swelling clay fillings, i.e. montmaorillonite, 80-120 6-12
(continuous < 5 mm thick). Valuas of Ja
depend on percent of swelling day-size
parlicles, and access to water,
c. No rock wall contact when sheared
K. Zones or bands of disintegrated or crushed 6.0
L. rock and clay (see G, H and Jfor clay 8.0
M. conditionsy 8.0-120 G6-24
M. Zones or bands of silty- or sandy-clay, small 50
clay fraction, non-softening
(. Thick continuous zones or bands of day 10.0-13.0
P. & R. (se= G.H and J for clay conditions) 6.0-24.0
5. JOINT WATER REDUCTION e approx. watsr pressure | kgf.-'cmzj-
A, Dryexcavation or minor inflow i.e. < 5 lim locally 10 =1.0
B. Medium inflow or pressure, occasional 066 1.0-25
outwash of joint fillings
C. Large inflow or high pressure in competent rock 05 25-10.0 1. Factors © to F are crude estimates;
with unfilled joints increase Jﬂ, if drainage installed.
D. Large inflow or high pressure 0.33 25-10.0
E. Exceptionally high inflow or pressure at blasting, 0.2-01 =10 2. Special problems caused by ice formation
decaying with time are not considerad.
F. Excaptionally high inflow or pressure 0.1-0.05 =10
6. STRESS REDUCTION FACTOR SRF
a. Weakness zones intersecting excavation, which may
cause loosening of rock mass when tunnel is excavated
A MWultiple occurrences of weakness zones containing clay or 100 1. Reduce these values of SRF by 25 - 50% but
chemically disintegrated rock, wvery loose surrounding rock any only if the relevant shear zones influence do
depth) not intersect the excavation
B. Single weakness zones containing clay, or chemically dis- 5.0
tegrated rock (excavation depth < 50 m)
C. Single weakness zones containing clay, or chemically dis- 25
tegrated rock (excavation depth = 50 m)
D. Multiple shear zonas in competent rock (clay free), nose 75
surrounding rock {any depth)
E. Single shear zone in competent rock (clay free). (depth of 5.0
excavation < 50 m)
F. Single shear zone in competent rock (clay free). (depth of 25
excavation = 50 m)
. Loose open joints, heavily jointed or 'sugar cube', (any depth) 50
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DESCRIPTION VALUE NOTES
6. STRESS REDUCTION FACTOR SRF
b, Compatent rock, rock strass problems
Ty Ty 2. For strongly anisotropic virgin stress field
H. Low stress, near surface = 200 =13 25 {if measurad): when 5<ay/a53=10, reduce o,
J. Medium stress 200-10  13-066 10 to 0.8 and oy to 0.8a. Whan aylog > 10,
K. High stress, very tight structure 10-5 066-033 05-2 reduce o, and o to 0.6 and 0.6q, where
(usually favourable to stability, may a. = unconfined compressive strength, and
be unfavourable to wall stability) a = tensile strength (point load) and aq and
L. Mld rackburst {massive rock) 5-25 033-016 &5-10 5 are the major and minor principal stresses.
M. Heawy rockburst (massive rock) =25 =018 10-20 3. Few case records available where depth of
c. Sgueezing rock, plastic flow of incompetant rock crown below surface is less than span width,
under influence of high rock pressure Suggest SRF increase from 2.5 to 5 for such
M. Mild squeezing rock pressure 5-10 cases (see H).
2. Heavy squeszing rock pressure 10-20

d. Swelling rock, chemical swelling activity depending on presence of water
P. Mild swelling rock pressure 5-10

R. Heavy swelling rock pressure 10-15

ADDITIONAL NOTES ON THE USE OF THESE TABLES
When making estimates of the rock mass Quality (@), the following guidelines should be followed in addition to the notes listed in the
tables:

1. When borehole cora is unavailable, ROD can be estimated from the number of joints per unit volume, in which the number of joints
per matre for each joint set are added. A simple relationship can be used to conwvert this number to RQD for the case of clay free

rock masses: QD = 115 - 3.3 J, (approx.), where J,, = total number of joints per n-.3 (0= RQD < 100 for 35 = J,J,:- 4.5).

R

. The parameter “’lr.' represanting the number of joint sets will often be affected by foliation, schistosity, slaty cleavage or bedding etc. If

strongly developad, these parallel Yjoints' should obviously be counted as a complete joint set. Howewver, if there are fow ‘joints'
visible, or if only occasional breaks in the core are due to these features, then it will be more appropriate to count them as random’
joints when evaluating J.

3. The parameters J." and “’le (representing shear strength} should be relevant to the weakest significant joint set or clay filled
discontinuity in the given zong, Howeaver, if the joint set or discontinuity with the minimumn valug of *".-""'a is favourably orerted for

stability, then a second, less favourably oriented joint set or discontinuity may sometimes be more significant, and its higher value of
JI_-'J? should be used when evaluating ©. The value of JI_-'J? should in fact relate to the surface most likely to allow failure to initiate.

Y

.When a rock mass contains clay, the factor SRF appropriate to loosening loads should be evaluated. In such cases the strength of
the intact rock is of little interest. However, when jointing is minimal and clay is completely absent, the strength of the intact rock may
become the weakest link, and the stability will then depend on the ratio rock-stress/rock-strangth. A strongly anisofropic stress field
is unfavourable for stability and is roughly accounted for as in note 2 in the table for stress reduction factor evaluation.

The compressive and tensile strengths | o and o) of the intact rock should be evaluated in the saturated condition if this is

appropriate to the present and future in situ conditions. & very conservalive estimate of the strength should b2 made for those rocks
that deteriorate when exposed to meist or saturated conditions.

m
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APPENDIX C

The borehole logs

SONDAJNO , g 4 SQZ;A
Borehote No A
SONDAJ LOGU / BORING LOG
PROJE AD!/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 4 3/4ing
SONDAJ YERI/Boring Location Tunnel Entrance YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+156 MUH.BORDER /Casing Depth 12.00 MHW
‘SONDAJ DER /Boring Depth 20m BAS.-BIT.TARIMi/Start-Finish Date : 15.01.2008 =~ 17.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK &YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Caordinate(Easting)
DAVANIMLILIK/Strength AYRISMAWeathering INGE DANELI/Fine Grained iRi DANEL|/Coarse Grained
| GOK DAYANINLY strong Fresh N:0-2 GOKYUMUSAK  Very Soft N:i04  GOK GEVGEK  Very Loose
M.st B AZ AYRISMIS Slightiy W. N:34  YUMUSAK of Yy
B Caa Miwesk 1 ORTAD. AR, Mod. Weath. Nits onTAln Mn,::raltelyshfl FEA (R0 e ae—
IV ZAVIF ) V GOK AYR. Highly W. N8:30 COK KATI N:31-50 SIKI Dense
V COKZAYE Ao v TUM““E AR, Comp. W. 1530 SERT ard Ni>50  GOK SIKI Vary Densa
KAYA KALITES| TANIMI/RQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
Very Py Wide
%ﬁ::: ft?v‘l(sz“w F:?r o 1?1 ii‘?f” Mod:r‘:ﬁ my %8 PEK AZ Stightly %5 PEK AZ Slightly
% 50-75 ORTA Fair 210 SIK Close (Cl) %515 AZ Little %520 AZ Little
1020 GOK SiKI Intense ) ¥ "
SPT  STANDART PENETRASYON TEST up bRsELENMEMIsNuMuNE 4 PRESIYOMETRE DENEYL
‘Standard Peneration Test Undisturhed Sam) Pressuremeter Test
o Gummmme r e v e
st ane Shear Tesf
STANDART PENETRASYON DENEYi o =P
— Standard Penetration Test 5 5l o|le |8 HE:
o) e £l g5 |0 ) | o
P | 2 DARBE SAYISI GRAFIK i E i 25 |e & g5
g2|z 2 R of Bl rah JEOTEKNIK TANIMLAMA 3 PROFIL g % g % § 5,
£W|C g|@ . 2 RN 3
Ba|m & . - =1 3 g
a5|e s g | 6|8 Geotechnical Description E Profle | 2 é E s g
2O|S 81U || 8| %N g Z|3|%18lalkl8
5125152 5|23 1020 30 40 50 60 a % Elzls|2| 8 %
00 EEER w0 PSS
vl
HHHHNE () A alo
1 ] 1 1 @
1,0 RC HE S RE i
1 ¥ 1 1 1 1 O
B chelala] o
NN O P (
20 vl pip g .
RC AR ERERERE =)
Sliiptbiy | Slightly caolinized COLLUVIUM OOP QC ° 2
30 e s o] with andesite gravels and a few
4 Il blocks.
. ettt (jQP « . .
[AERER RN AN =
4,0 nanit o
o] e
vl &
| — 1 1 ) 1 ¥ 1
50 L C>;k(
3
RC [EERRE R RE N - 4
]| p 3o
]|
60 b G S:% Q(
1 tprre]ag N 6,20
thfe]of o] v| Pink, moderately weathered, V..V
703 re VL[ L] moderate weak, oxsidised, VoV Vl=lg|glale .
) [ [ | timonited ANDESITE with rough NAZVAY *
— el | discontinuity surfaces. VARV
80 oL Sl il viviv
) T T T | Pink, weathered, weak \/VVV ~lelglalc
RC S E[ P! |f ANDESITE(The Andesites are v Vii=E|s|8|8F 8
tlv| o] o] 1]} and easily crumbled and sandy VARV v \Y]
9,0 — Yl structure were observed.) 9,00
! ) 1 1 1 1 a \/ V V
AR ERERE <
IRRAER R EA N V.,V =12
10,0 —| Re MR AN 3o 7
! bt | 1000 [V V7V g
b VARV, ;
- THHaHY o VOV OVIELE
2 SHARHE Rl VARVARY:
AR ERE .
NN Pink, moderately weak, v,V @
RC S VoV 2 8
120 thrda i || moderately weathered-slightly VARV, & Qe
’ irjrdo] || weathered ANDESITE V' V'V =
1 1 1 1 1 ] V V
- SN VoV
al
, HHHHE viviy
AR ER RN AR
Al MMAE
14,0 vl e \AY ES B3|
g RC ER N YASVASVA I il 9
SONDGR / Drilter SONDAJ MUHENDIS / Drilling Engineer TARIH / Date IMZA / sign
Stileyman Erdem Orhan &ztekin
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B SONDAJNO . SK-1 S::FA
Borehole No 3 o

SONDAJ LOGU / BORING LOG vz

PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 4304 ing

SONDAJ YERI/Boring Location Tunnel Entrance YERALT! SUYU/Groundwater -

KILOMETRE/Chainage 0+155 MUH.BOR.DER./Casing Depth 12,00 MHW

SONDAJ DER /Boring Depth 20m BAS.-BIT.TARIHI/Start-Finish Date : 15.01.2008 =~ 17.01.2008

SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT./D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coardinate(Easting)

DAYANIMLILIK/St it i i . T =
:::N:M re:fo:g — AYRISMAWeathering INCE DANELI/Fine Grained IR DANELI/Coarse Grained
1 GOK DA) {E] Fresh
| SAYANMLY w.strong 1l AZ AYRISWIS Signy w, Ert el A 104 GOK GEvsak  Veryloose
1 ORTA H.Weak I ORTAD. AYR. Sod. Weath. ORTAKATE Moderately Stiff g CEVSSI Loose
Ll Wesk ¥ GO AYR. Highly W, 1 Very Stiif 30 ORTA SIKI Moderately Dense
V GoK 2AVIF ViWeak GOK KaTl Stiff 50 SIKI Dense
" i V TUMOYLE AYR. Camp, W, SERT. Hard N:>50  COK SIKI Very Dense
KAYA KALITESI TANIMIRQD KIRIKLAR-30 cm/Fractures ORANLARIProportions
% 0-25 COK ZAYIF Very Poor 1 SEYREK Wide (W) .
% 25-50 ZAVIF Poor 12  ORTA Moderate (M) %S FEKAZ Slightly %5 PEK AZ Slightly
% 50-75 ORTA Fair 240 SK Close (C)) %545 AZ Little 9 i
% 75480 vl Good 1020 GOK SIKI Intense (1) %1535 GOK Ve ;52:05 = Live
% 90100 GOK Il Excellent >20  PARGALI Crushed (Cr) L) -5 GOK Very
SPT 'STANDART PENETRASYON TESY
‘Standard Peneration Test w %“iF'[EmM§MI$ o P PRESIVOMETRE DENEVI
B BRSELENMIS NUMUNE ndisturbed Sample Pressuremeter Test
Ditured Samle 1 Y e e Test
STANDART PENETRASYON DENEYi o o
Standard Penetration Test £ £ g g8
= e s =le e
,_;% — o DARBE SAYISI GRAFIK JEOTEKNIK TANIM E i g g 5 8‘ 8 i
EZ|Z |3 Numb. of Blows Graph LAMA | % | PROFIL } & | 218 & z|E
=05 gl S 2| 3|2|8 ]
w g el e . . = = & 215
821z ¢ é El 5| & Geotechnical Description z s g i I
25|12 2(6_|o|8|elN = rofite |2 |88 x| ®|2
£2 2(zc| 2 zle|2 (@ o
tHERIEE I I 10 4 s|leg|l2le|g|lell
832 g|2€| o 2|8 2030 40 50 60 a ;>(‘ g Z|g|¢ §=§
TEIRERRE v v
i 1 1 1 t Iv . \/ v \/
T Seprl iy L] Pinkmoderately weak, V'V Vv
A Vvl [ | moderately weathered-stightly Vv,V
RC tfr]t] ] ]| weathered ANDESITE with VoV V 2
AHHHE rough, oxidised and limonited \/V\/V\/ B 8|k 10
16,0 VI R | discontinuity surfaces. \VARY; s
vhofo]o] o] V'V 'V
! 1 1 1 o o
i1 v| 1] 1] The andesite partly exhibits vYvVy
17,0 . o R R cooling cracks at an angle of 85 \VARY; 2 -
Vlefrfr]]] degrees. viviv]=Elg it tl
1 b 1 1 1 1 V V
18,0 — AHHH AN
1 ] 1 i 1l 1
1 i 1 1 1 1
cfefe]alo V\/V\/V g
i [N ) 1
19.0 el bt VOVoV] E g
{ RC AR R RN A - v,V 81w 12
ARHEHE ;ﬁg.Ehlghly weathered, weak V.V V
SITE 1950 [,V =
20,0 . THHRNE vivVvls|g
tlrlubo) 20,00
il o] [\ The end of Borehole
1 ] 1 1 1 1
i ] ( ¥ t 1
21,0 el b
i I ! ot 1
3 ] i 1 ]t
¥ 1 ( 1 [N
¥ 1 1 b P l
220 e [ e
) 1 1 ¥ 1 1
] 1 1 t 1 1
' 1 I 1] 1 1
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SONDAJNO , o o SSZQZA
Borehole No 174
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name : The New Ulus Tunnel DELIK GAPIHole Diameter : 434ing
SONDAJ YERI/Boring Lacation : Km: 0+265/ Serpme Street YERALTI SUYU/Groundwater HE
KILOMETRE/Chainage 1 0+265 MUH.BOR.DER /Casing Depth 12,00 MHW
SONDAJ DER./Boring Depth  : 40m BA$.-BIT.TARIHI/Start-Finish Date : 18.01.2008 -~ 24.01,2008
SONDAJ KOTU/Elevation KOORDINAT/Caordinate(Northing)
SON. MAK.&YONT/D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Ceordinate(Easting)
DAYANIMLILIK/Strength AYRISMAWeathering INCE DANELI/Fine Grained iR} DANELilCoarse Grained
St | TAZE Fresh 102 COKYUMUSAK  Very Solt : Very L
:| 325,",’,{‘,}.’.‘_‘{‘ ot M,’Su(rr‘gng It AZ AYRISMIS S’Iightlyw. -: Vs o T Q;Zﬁn gg\lf §§V$EK :ge"m
Hl ORTA MWeak 1l ORTAD. AYR. Mad. Weath. 3 o ey silx N:1130 ORTA §IKI Waderately Dense
v 2a%F es IV GOK AYR. Highly W. 4630 GOKKATI stiff N30SIl ense
V GOK ZAYIF V.Weak v TUMOYLE AVR. Comp. W. 530 SERT Hard N:>$0  GOKSIKI Very Dense
KAYA KALITES| TANIMIRQD KIRIKLAR-30 cm/Fractures ORANLARIProportions
Wi "
wsin e o o o Moderate (1) %S PEKAZ stghty %S PeKaz  Sightly
% 50-75 ORTA Fair :;1“;0 :I;K i fl:se (C::l %545 A2 Little %520 AZ Little
00 Iyl Good & e %1535 GOK 7 %205 GOK Ve
i gvox ivi Bt >0 PARGALI Crushed (cr) e d ery
SPT  STANDART PENETRASYON TESTI up BRSELENMEMIS NUMUNE P PRESIYOMEYRE DENEY|
Standard Peneration Test Undisturbed Sample Prossuremeter Test
] ORSELENMIS NUMUNE K KAROT NUMUNES| VS VEYN DENEY
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEY e ] (e
. Standard Penetration Test £ $lele H HE:
0 0 £ i s | €18 g i | =
e 2 DARBE SAYisI GRAFIK £ 519 |g é|=e
g_g 3 § NeeoTe e iy JEOTEKNIK TANIMLAMA § PROFIL g f“.‘; % & & §
SWIT 8 1.1 - 2 = gle 2o
gg u X g el 5|6 Geotechnical Description E Profle |3 % E1El sl |2
223 8(G |5 8| %N & 2|22 |8lg g|d
23 gg E|l sl g 10 20 30 40 50 60 e .E % Els|g| S E
0,0 ERAREEEREE
i 0,10
HHHHE 1 \ ASPHALT v Y2 v \Y v
t 1 1] 1 1 v V - g 8 o
vlfi ] i
1,0 5 R AR EER viv'v g
ilaf ] '
V,,V
— et vIviv
vl e bl Pink, highly weathered, very Vv,V
203 . [ ] ]| weak ANDESITE showing [ 8o )
HHHH 1| sandy structure Viviy
30 - e vVvYy
vl )
v,V
2 6 vivivi-lzl |el.
8
40-3Fe AR vVvVy :
bl i
4,30 =
I \ :
SHHHEE vVvVy
5,0 i ik Vv,V
' SHHHHE Viviv olw
1 1 1 1
RC SHHE \ IV} Vv Vv N Vi ~ 4
1 EN 1 1
6.0 ST ] eink, stightly weathered-fresh, A2V
— vhefa] 1| moderate strong, ANDESITE V.V
vl 1 V'V'Vv
b -
7,0 RC d|Eilkli i v \% v \% v g|& 5
(— HHHH 11 The discontinuity surfaces are VARY,
e 11 rough and clean. V'V 'V
8,0 anangn v,V
RC | o] 1 VvV 3|3 5
R
16 L 6 L vVvVy
9.0 - SHHHE VoV
ifi]a ] i V VoV - ol <
vl gz
re A1l el vYyVod > | 3 7
10,0 o i e Y, £
il i V VvV 3=
RC vpofa ] i V.oV 8
1.0 HEH N v y v v v
e IR viviv K .
¥ 1 1 § 1 V V
12,0 — NN VVVVV
1
AR VARV
] I
= e 1 iV v v v \V;
13,0 o] e ) ARV
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] Viviv 8ls
3 1 1 1 1 V V
1 1 )
14,0 re R : : V\/v\/v\ "
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= _ T ; SONDAJ NO . SK-2 s;:ngA
Borehole No T
SONDAJ LOGU / BORING LOG
PROJE ADY/Project Name The New Uius Tunne} DELIK GAPI/Hole Diameter 434 ing
SONDAJ YERI/Boring Location Km: 0+265/ Serpme Street YERALT] SUYU/Groundwater -
KILOMETRE/Chainage 04265 MUH.BOR.DER./Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 40m BAS.-BIT. TARIHi/Start-Finish Date : 18.01.2008 == 24.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coardinate(Northing)
SON. MAK.8YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Cooardinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIFine Grained iRi DANEL/Coarse Grained
| GOK DAYANIMLL Strong Fresh 192 GOK YUMUSAK Very Saft N:04 COKGEVSEK  Very Loose
. 1l AZ AYRISNII Stightly W. -4 YUMUSAK Soft y e
W orm tean” it ‘ORTAD M. Mod. Weath. 4 ORTAKATI Moderately stir | 12210 SEER, Woderately Bense
IV ZAYIE Weak IV GOK AVR. Highly W. g:?un stiff N:31-50 SiKi Dense.
v GOK 2AVIF V.Weak V TOMOVLE AYR, Comp. W. SERT Hard N:>50  COK SIKI Very Dense
KAYA KALITESi TANIM/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Pronortions
- Very P K Wids
5 550 ERel P Pty Woderte 1) S Shahtty %S PEKAZ  Siightly
% 50-75 ORTA Fair 248 SIK Close (Cl) %515 AZ Little %520 AZ Little
%7580 Ivl Good 10-20 COK SIKE Intense {I) %1545 GOK Very %205 GOK Very
% 80100 GOK IV Excellent 2 PARGAL! Grushed (Cr)
SPT STANDART PENETRASYON TEST| uo ORSELENMEMIS NUMUNE P PRESIVOMETRE DENEY|
‘Standard Peneration Test Undisturbed Sample Pressuremeter Test
D BRSELENMIS NUMUNE K KAROT NUMUNES] vs VEYN DENEY]
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEY B 4 2
__ Standard Penetration Test £ Slele]|8 I
i® - = N 5 £|s ) ) | @
=1 E) DARBE SAYIS GRAFIK £ 2l8|gle gl
EE—%‘ 0 2 et e Graph JEOTEKNIK TANIMLAMA i PROFIL gz % & & §
sii|G g|® T 2 EER R als
fg‘s w = é €l 5|5 Geotechnical Description 2 Profle | 2 % L I
28|23 8|L.jw|8|%(|N i £12/2(8|g| 8ly
85 g‘g 22| o|lel|g 10 20 30 40 50 60 a g g:. Z|s gl s &
3 AHHHHE \/\'/V\'/V '
3 1 !
15.0 — (I HHHHHE vivYv
f = AR ER RN VARV
E AEEEIE
E HHHHAE VVVVV
E il
16 0 — vl labads viviv
E RN ANE VARV -
E o]l
= BEIRERRRRE V'V V] > E 5o
E IREEEAERA RN A\ ES
170__:RC ittt o V'V V 11
E 1 3 1 1 1 1 \/ V
3 SHHEHEN VV-VVV
18.0 — (I HHHHH viviv
E AR RE VARV,
= 1 ] 1 1 1 1
3 il )] VVVVV
= 1 i 1 1
19.0 -3 pled il ARARY
4 t t 1 1 1 i
El e A “wWaABHEODER
3 tfofi ][] Pink, slightly weathered-fresh, V..,V. M g
20,0 — VYT | moderate strong, ANDESITE VV VVV
E AN vvvvv
. + ] ] i 1 l '
21,0 - — HaHHE The discontinuity surfaces are V'V 'V
4 rough and clean. Vv,V
E THRHHH AN
= ] 1 t 1 1
220 — et NV
3 v,V =
I re HRHHHE \/VVVV = g 8|9 13
e 1 1 i 1
23,0 — 01 i e V'V V.
E v,V
3 N ROV
3 1
240 <o  — el e VAAVARV) SR
= t ) 1 1 t H
E vV ,V
3 ANHHHE VVV \
= I 1]
25,0 — ARHHHE vVYvVy s
A re febpefe]e VARV > S Sl 14
3 ' t
E 3 R O VARARY
26,0 — AR A vVvVy
3 R
E THBHAE vVvVy
3 sl =
= il V.,V 2
270 ¢ aanE vVviYvY 2 § g | o s
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3 N Viviy -
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S
SONDAJNO . LML
- S © SK-2 Page
~ Borehole No e
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/ ing
SONDAJ YERI/Boring Location Km: 0+265/ Serpme Street YERALTI SUYU/Groundwater 5
KILOMETRE/Chainage 0+265 MUH.BOR.DER./Casing Depth 12.00 MHW
‘SONDAJ DER./Boring Depth 4am BAS.-BIT.TARIHI/Start-Finish Date : 18.01.2008 == 24.01,2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting) i
DAYANIMLILIK/Strength AYRISMA/Weathering iNCE DANELI/Fine Grained iRi DANELI/Coarse Grained
| GOK DAYANIMLI strong 1 TAZE Fresh N:02 GOKYUMUSAK  Very Salt B GOK GEVSEK . Very Loose
. 1l AZ AYRISMI Slightly W. N:34  YUMUSAK of y : L
it oRaA Miean” 1 ORTA D AVR. HMod. Weath. M Gt Moderatey st | ! e Moderately Dense
\I/vgg:(IFZAYIF v;;:ax "‘:;Tmmg AR r;f;r:v‘:’ N850 GOK KATI it : élg}( - ‘n/a;:;;
- 2 ikl Ni>30 SERT Hard : fery Dense
EAYARANTEelTANIIROD) X! R-30 cmiFractures ORANLARIProportions
Resgrall AR V- oderate (4 s ez Sy %S eecaz  Sionty
% 50-75 ORTA Fair 240 SIK Close (Cl %645 AZ Little %520 AZ Littte
1020 GOK SIKI Intense {1} g %205 " Vi
S o, SRS mmb S
SPT STANDART PENETRASYON TEST| un BRSELENMEMIS NUMUNE P PRESIYOMETRE DENEY|
Standard Peneratian Test Undisturbed Sample Pressuremeter Test
[} BRSELENMIS NUMUNE K KAROT NUMUNES] vs
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEYi L4 = .
Standard Penetration Test £ g, 2 |E18 312
— o DARBE SAYIS| GRAFIK £ i I g i Glza
2|9 2 NOEYt Bl s JEOTEKNIK TANIMLAMA g PROFIL g 21815 & 5
£8|5 8|8 T 2 AL
Sie g e 5|6 Geotechnical Description E Profle |2 |2 |8 ||| 8|2
zE|28(0, | e8| %|N B Z|2|2(8|5| 8|8
HIER] 28 ilale 1020 30 40 50 60 & HEHEBEEE
THHEAE VOOV g
29,0 3 re AHRHHE MM E g & 17
! 1 ] i ¥ 1 V V
| S 1 1 ] ) ] 1 V \/ V
]|
ARV
30,0 T viv¥y s
AN vYvVuY = | § gz
310 —3 RS ] v,V 18
' ] ' A\
ifefi] I V.oV
SHHRNE VoV
320 v | e \/v\/VV
" AEIRRER RN E!
1 ] 1 ] 1 1 V V -
330 3 re A HBRHE MM E gk ”
t 1 1 1
' STHHBBE viviv
IR ) V.V
HHHHHE Pink, slightly weathered-fresh, V' V'V
i
34,0 | 1t tfae] 1 | moderate strong, ANDESITE V. V. \
V' Vv
THHHHE vivY .
il ope] |
350 — Re Ll L| The discontinuity surfaces are VVVVV z|d 2|’ 2
! tfrfifo ||| roughand clean. vVvVv
. | 1
b VTS =
] ] ] 1 I ] 3 o
36,0 < re AT VovoM = | 8 2| 2
g — HHHHBN viviv
ifefapa]e]s VARV, -
37,0 RC MR HE i V\/VVV = § 8|5 22
i
' HHHHNE viviv
(— ihelafi]e]s V.V
280 et bl VoV
1 1 1
' ] vivivl s .
AR VARV Bl I 5|3
“° HHHAHNE MMANE ®
39,0 e VvV Vv
oo |y V'V Vv
— ffa | VARV .
400 AHHBAL V'V vi]zig
\ AR AR L IVARVARY)
o] o]
e THHHRE V.,V RE: el& o
410 R R MAMYREE
' THHAHE voviv
1 3 1 1 1
20 THHHHE vovivyl Tel [T,
’ RC ] \VAAY) = | & 3IE 25
vl rjr | v| Gray-brown, slightly weathered- VvV B
SUHETTEEN D] moderately weathered, WYV,
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. SONDAINO . g 5 e
~ Barehole No
SONDAJ LOGU / BORING LOG 4
PROJE AD¥Project Name The New Ufus Tunnei DELIK GAPIHole Diameter 4 3/4 ing
SONDAJ YERI/Boring Location Km: 0+265/ Serpme Street YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+265 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 40m BAG.-BIT.TARIHl/Start-Finish Date : 18.01.2008 -~ 24.01.2008

SONDAJ KOTU/Elevation

KOORDiNAT/Coordinate(Nunhing)

SON. MAK.&YONT /D .Rig & Met. :

Cralious D500/Rotary

KOCRDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained iRi DANELI/Coarse Grained
1 GOK DAYANIML Strang Fresh COK YUMUSAK Very Soft N304 OK GEVSEK  Very Laose
I DAYANIMLI M.strong 1 AZ AYRISNIS Slightly W. ORT: %A TI Mot derately sttt | N: 510 ?;Evgsx b Loose
il ORTA nWeak Ul ORTAD. AYR. fod. Weath. KATH Very StT N:11-30 ORTA SiKi Moderately Dense
IV 2AYIF Weak IV GOK AYR. Highly W. GOK KATI stiff 13160 SIKI
V GOK ZAYIF V-Weak v TOMOYLE AYR. Camp. W, SERT Hard N:>50  COK SIKI Very Dense
KAYA KALITES| TANIMURQD KIRIKLAR-30 cm/Fractures ORANLARIProporfions
% 0-25 COK ZAYIF Very Poor 1 SEYREK Wide {W) o . N
% 26-50 zchlF Poor 12 ORTA Moderate (M) %8  PEKAZ Slightty %5 PEKAZ Slightly
% 50-75 ORTA Fair 240 SIK Clase {Cl %545 Az Little %520 AZ Little
%7580 Iy Goad 4020 GOK SIKI Intense {1} %1535 GOK Very %205 GOK Very
% 80-100 GOK ] Excellent ORI ARG ALY Grushed {Cr}
SPT  STANDART PENEY_RASVONYESTl up ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEYI
Standard Peneration Test Undisturhed Sampte Pressuremeter Test
o BRSELENMIG NUMUNE K KAROT NUMUNES| VS VEYN DENEY]
Disturbed Sampie Core Sample Vane Shear Test
STANDART PENETRASYON DENEYi :5 e
d = = g
— Standard Penetration Test E Biwo|F|a g Z
o) b=t S &£| 6 Q 1 @
=1 2 DARBE SAYiSI GRAFIK £ s |15|g |k G|s
e2|z 2 NoroYer s Graph JEOTEKNIK TANIMLAMA § PROFIL g2 g & & ‘%
sw|g gl@ X 2 J|12i5 e 2|3
¥al i : 3 . . e = 2 o135
&2 g ,3 E 3 5 E Geotechnical Description z Profile = é & & e f &
B8z e|Zs| 8|9 4N i 212|218l 8|8
g8 g(% AR 10 20 30 40 50 60 a E g EIR IR E
E Ppaprppg v v v
— b Ll I B
43,0 E VT[T ]| moderate strong ANDESITE VV\/V\/
E lfeprfi] )| with rough and limonited V.V 2
E il 5 R
I re ififv]e] ]| discontinuity surfaces. V'V V] =|4& e
44,0 3 1 [efel | VARV g 2
3 Pl
b= 1 1 e V v V v \/
pe tprpr g
3 bl fal V' V'V
45,0 — o] v rpr e 45,00 v
E Vil | Moderately weathered, weak V VIV | °
qre v ifil | ANDESITE VVVVV =|= sipe 27
3 1 g i i .
46,0 — — e el 46,00 v
3 AHHH NN g
ELS HHHHEE vYyVy\ = | ¢ kI8 2
= i [ it 1
47,0 - — clr ] o V.,V
E il V'V Vv
3 v lili] || Gray-brown, slightly weathered- v A% v v v
480 —3 R moderately weathered, VARY:
i T ] moderate strong ANDESITE NAAVARVA g
3 PPrfe] ]y with rough and limonited V..V =g Rje
3 vl e fod 5 At vVvVYy g
49.0 — v || o] | ] discontinuity surfaces.
5 = Re vl ] V., V.,V 2
3 || V'V Vv
3 e rfe VARV
3 LU L L] |1l The end of Borehole vV V'V
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= 1 1 e
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3 i | [N
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E EEARRRREER
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3 viafofofe
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56,0 —3 e d e o
= 1 N [ I )
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= 1 1 ] 1 t )
3 [EEIEE RN AN
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B e L s,
SONDAINO . g/ S;(;A
Borehale No o
SONDAJ LOGU / BORING LOG
PROJE Ali/Project Name The New Ulus Tunnel DELIK GAPYHole Diameter 43/4 ing
SONDAJ YERI/Boring Location Km: 0+490 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+430 MUH BOR DER /Casing Depth 12,00 MHW
SONDAJ DER./Boring Depth 40m BAS.-BIT. TARIHi/Start-Finish Date : 10.01.2008 == 15.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMAWeathering INCE DANELIfFine Grained IRl DANEL/Coarse Grained
Strong | TazE Fresh N:02 GOKYUMUSAK  Very Soft N4 GEVSEK  Very Loose
[ ) i e Niss  oRmEan Woderately sttt | N: 510 gg\'l(sﬁK ¥ e
Il ORTA M.Weak 1l ORTA D. AYR. Mod. Weath, N:ﬂ slxan Vuysﬂ"y N:11-3¢ ORTA SIKI Maderately Dense
IV ZRYIF ek IV COK AYR. Highly W. N16:30 COK KATI Stiff N:31-50 SIKE Dense
V GOK ZAViF V.Weak v TUMOYVLE AYR. Comp. W. N:>30  SERT Hard N:>50  GOK SiHi Very Dense
KAYA KALITES] TANIMIIRQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
Very P Wide (W)
-/.%z:j: f&(FZAY]F A a2 2%:“ M::dgel('atl ™ RO GG ] %5  PEKAZ Slightly
%5075 ORTA Fair 240 SK Close (Cl) %515 AZ Little %520 AZ Little
% 75-30 I¥] Gaud 1020 GOK SiKI intense {I) %1535 GOK Very %205 GOK Very
% 90-400 GOK I¥I Excallent >20  PARGALI Crushed (Cr)
SPT  STANDART PENETRASYON TESTI UD  ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
Standard Peneration Test Undisturbed Sample Prassuremeter Test
D ORSELENMIS NUMUNE K KAROT NUMUNES| VS VEYN DENEY|
Disturbed Sample Care Sample Vane Shear Test
STANDART PENETRASYON DENEYi . e el
- Standard Penetration Test E 4.25' o 7 g § E
o] 9 s | €18 q 51 &
= 2 DARBE SAYIS! GRAFIK 519 @
£2|7 2 | Mo oriow s JEOTEKNIK TANIMLAMA | & | PROFIL g2 % % E
si|5 g 1 2 = Z|E 2|3
&S|y &\ gl 5§ Geotechnical Description E Profle | = % EF ol B2
282310, | 2|8|%|nN & 2|2 |Bl5 88
8812 51%e| | v s 1020 30 40 50 60 a HHEBEE £
o0 IR VOV
V.,V - |5
10-3re ANHHHE VVVV\/ %3 8| o ’
¥ 1 i L
' il sfr] 1| Pink completely weathered, V' V'V
— VP ]| weak-very weak ANDESITE vVvVv
20 R R R Sand occurance was observed. VARY, 0
IR 3| R 60 R I vivivY = |3 5| 2
i ) 1 1 1 ) v v ;
i 1 1 i 1 1 V V V
30 AR N
' THHHAE v¥yVy _ e .
Ro AHHHHE vYWYWI TR TP
' of s 1
4,0 — ' syl E : 4,00 VARV,
|
b ]| V'V vV g
tlifafi]o | > | % vl
50— Y VYWYV B LS (BB |
,0 =
' V.,V
— SHEHHE viviy :
1 I 1 1 ] i V V > g g §
6,0 rRc [ A ksiin Vv VV VV 5
1
SHHHEE viviy
il ]|y
70 SRR viviy
; V.,V g
e Pink, moderately weathered- vivivYl |3 sl
RC L) FE L I slightly weathered, moderate V.V 2 N
8,0 FIHET TR | strong ANDESITE with rough Viviy
Hlrfe|rf el | and clean discontinuity AvVvVy
st
i ||| 8| surfaces. VARV
9,0 1 VT | Three discontinuity sets were V' V'V g
observed. V,,V 3 5
re P viviv]E]é ol 7
- ] VARV
10,0 BB VoVioV
V.,V e
010 Rt MR EIEAE
11,0 —3 Re bl NASVASY: E s
! i I 1 ¥ 1 1 \/ \/
I
— AN Viviy
1 I 1 I i 1 V v
&y Hi VoYY
|
TR vivivy] g ol
1 I' ) 1 ¥ t v \/ = 4 Q@ N
130 —re AR vovovy] o lE )
A H viviv
140 - SHUHYE wWoVy
I -
SONDOR / Drifler SONDAJ MUHENDISI / Drilling Enginesr TARIH/ Date IMZA / Sign
Orhan Oztekin
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Continued

SAYFA
. SONDAINO . o1 o Page
Borehole No 2/3
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name . The New Ulus Tunnel DELIK GAPYHole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+480 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+490 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 40m BAS.-BIT.TARIH/Start-Finish Date : 10.01.2008 -~ 15.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT/D.Rig & Met. : Cratious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMAMWeathering INCE DANELJ/Fine Gralned IRl DANELI/Coarse Grained
1 GOK DAYANIMLI Strong | TAZE Sl'shll W “g}‘ 5%‘}(;&”5“ V;;a'/‘sﬂfl "f“ OK GEVSEK \LuryLnnse
- e BlGrA AR Mod. Weath. N:58  ORTAKATI Moderaayy str | U110 S Hodarately Dense
W 2AYIF y‘e;kak IV GOK AYR, Highly W. :;1’;_‘35‘] gg(‘mm - N:31.60 SIKI 5!,‘5;
V GOK ZAYIF /We: v TOMOYLE AYR. Comp. W, N:>30  SERT Hard N:>50  COK SIKI fory Dense
KAYA KALITES| TANIMVRQD KIRIKLAR-30 cm/Fractures ORANLARIPropartions
7.“@:-';: E&TFZAYIF ::::yypunr 12 ngK miﬂl ) LS Stghtly %5 PEKAZ Sligntly
% 50-75 ORTA Falr 240 ;lKK Cinse(cz %595 AZ Littte %5W  AZ Little
1020 GOK SIKI Intense ) %205 GOK Vi
%%5351:: :’;K ] ;:::m 520 PARGALL Crushed (1) %1893 gok AL & Ll
SPT  STANDART PENETRASYON TEST uo ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
Standard Peneration Test Undisturbed Sample Pressuremeter Test
] ORSELENMIS NUMUNE K KAROT NUMUNES| VS VEVN DEl
Disturhed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEYi _ . o P
_ Standard Penetration Test G 5| e '{5: S Lk
a . et s | E ) Yo
=1 B DARBE SAYISI GRAFIK £ 2l3ilgle 2]
E%J ) 2 ¥ e Cooah JEOTEKNIK TANIMLAMA B PROFIL A % £ & 5
g0 g2 - 2 . = siE|% 213
89 |u 5| g el 5| § Geotechnical Description 2 Profile E g | ¥ #lz
4 =
AR & I
E 2l @Y il |22 |R g
Eég‘% I g 1020 30 40 50 60 a HEHEHEE g
TSR RTERE
V.,V 2 | o
ro HHHHHE WAMAEIE T
15,0 . | vVvVy
]
Vv,V
AHHHHE vViviy
16,0 — e e ettt VALY, 2 "
tif e VARV, > 3 3|z
1 1
AHHNHE vvvvv
L [JERERN
17,0 ARHan Viviv
! 1 '
THHHHE Wouy
180 CLul L[] Pink, moderately weathered- VARY,
g CrfEl ] slightly weathered, moderate V' V'V
RC D] i] ] strong ANDESITE. vV = g gl 12
1 1 i 1 1 1l ;
19,0 CV] T[] Discontinuity surfaces are VVVVV
(S— VIl ]| ] rough and clean. Three V.V
il i]1]1]| discontinuity sets at the angles V Vv v
20,0 CHI T[T | of 30, 45 and 60 degrees are vVvVy
HHHHHE observed. V.V 2 .
i K
Re ol Gt R v vvvvv z |3 3|y
§ o Ll Lt
21,0 : 1 : i : 1 V'V vV
vhibafe] |
V.,V
SHHHBE vvv \%
W L (e L
220 THHHHLE vIVIVITT
v,V
230 3 re THHHEE MM E § elo M
vl et
’ o e R vioviv
I vy
il ] ]
1
24,0 SHHHHE \/V\/V\/ 2 o | o
RC ] VoV > g 2|le 15
o R HARE vvvvv
: IR
— SHERHE VOO
RC RN vy V=g ol b
26,0 — M 2600 I\ T TV
AN Pink, highly weathered, weak VARVARY
tebulel il ANDESITE VARY,
270 re IR VOYOYUdEE] |8|e] |7
S| (Sand oceurence was v v Vv v v
28,0 Lt observed) v v v v v
L R RN 28,40
SONDOR / Driller SONDAJ MUHENDIS! / Drilling Engineer TARIH / Date iMZA / sign
g
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119




Continued

— SONDAINO . o/ o SS;(;A
> Borehole No a/3
SONDAJ LOGU / BORING LOG
PROJE ALI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+490 YERALT! SUYU/Groundwater S
KILOMETRE/Chainage 0+480 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 40m BAS-BIT.TARIHI/Start-Finish Date : 10.01.2008 =- 15.01.2008

SONDAJ KOTU/Elevation

KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT./D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMAWeathering INCE DANELIfFine Grained iRl DANELi/Coarse Grained
St Fresh N:02  GOK YUMUSAK Very Soft N
:I Sf&‘aﬁfﬁﬂ" e M:l’:gng It AZ AYRISMIS Slightly W. N:3g Yumuinn Soft u;z:u 9°KG§V$EK r::v‘:-wsu
1 ORTA MWeak I ORTAD: AYR. Mad. Weath. REE ELlul Voderately SUt [ )} 1130 ORTA SiI Waderately Dense
W ZAYIF Weak W GOK AYR. Highly W, e S-S RSCATI b N:31S0 Sk Dense
N:6-30 COK KATI
V GOK ZAYIF V.Weak V TUMOYLE AYR. Comp. W. N > SERT Hard N:>50  GOK SIKI Very Dense
KAYA KALITESI TANIMIRQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
% 0-25 COK ZAYIF Very Poor 1 SEYREK Wide (W)
% 2550 EAY!F Poor 12 ORTA Moderate (V) %S PEK AZ Slightly %5 PEK AZ Stightly
%5075 ORTA Fair 210 SK Close {Cl) %545 A2 Littie %520 Az Little
% 75-80 §¥] Good 1020 GOk siid Intense {I} %1535 GOK Very %205 $OK Very
% 90400 GOK I¥l Excellont ol ARG AL Crushed (Cr}
SPY  STANDART PENETRASYON TEST UD  ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
SRSty e K gmoTImNE e
RSE s
Disturbed Sample Care Sample Vane Shear Test
STANDART PENETRASYON DENEYI = e o
. Standard Penetration Test £ kS 2| E 8 3|2
W@ = H E ] K
= o DARBE SAVISI GRAFIK El 215 |giE gl e
g2l 2 it oot JEOTEKNIK TANIMLAMA i PROFIL g |2 g g & §
&5 a (213 b
310 &5 AEAN: ' - 2 222§ 3|5
82{¥ 2|8 [ gl 6|6 Geotechnical Description 2 Profle |5 |2|8|%| .| 8|2
POIZE|E 289N & 2lelz)2|g| 2|t
35 35 2l alelsg 10 20 30 40 50 60 a % g 23 2| g z
= :
AETENERETE VoV
sefack e bbbt v,V
29,0 RS Viviv g .
v v g °
= plol e faf \/V\/VVV 12 m e
] 1 ] 1 1 1 V \/
sl
30,0 — AHHHHE V'V VvV g
i 1 ] ! 1 V \/
AHHHHE VovovaEld R|8
310 rRC | vt bobeta V,,V 19
' Sl [ ]| Pink, moderately weathered- 300 1V TV TV
vl ]| 1] slightly weathered, moderate v Vv v v v
]|
20 Hr]efrf] ] strong ANDESITE vV
. ]| VvV V'V 2
]|
Re THHHHE vIVYV R S| |R|B] |
o] e \%
33.0 HHHAHE vVvVy
1 1 b 1 1 l V V
1 1 t 1 l l
oo ) ) vV V'V
34,0 —— ST | The discontinuity surfaces are vVYyVy
v{e| ||| ]| roughand clean.Three (VARY: 2
. VL] Y| discontinuity sets were VIV VY » 3 28 y
35,0 vk el | observed. A\ 2
vl V' V'V
— pafafo] | VARV,
1 1 i i 1 1] V \/ V
o)
36,0 hf T vl V.,V
' RrC ]l o]s V'V Vizx § 8| 2
1 1 1 1 1 i \/ V
1 1 i 1 1 i
570 IHHHHY VvV
! 1 I 1 I 1l
' HHHHE MAMANEIAR
> |
RC Al NAIVARVA IR &= »
1 i) ) 1 1
38,0 i Vv,V
el ]| vV V'V 2 -
> o
ro i AV IR - B S P
39.0 vhafrfafefs v v v v v
dha ]
’ sl V V'V g
R e[| VARV > | % wl=
i{ebi|i]| 1]} The end of Borehole g 2
400 | AHHIHE vivivi®|#
\ hipe [ 40,00
lfe ]
vl
lfi |
AR RN R ER
41 'o ' i 1 1 1 ]
| rpefida
1 1 ] 1 1 1
[
42,0 il e I B
SONDOR / Dritler SONDAJ MUHENDISI / Drilling Engineer TARIH / Date IMZA / Sign
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Continued

SAYFA
_ SONDAINO . gy, Fage
Borehole No 17
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+755 YERALT!I SUYU/Groundwater -
KILOMETRE/Chainage 04755 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 100 m BAS.-BIT.TARIHI/Start-Finish Date : 10.01.2008 == 21.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strengtt AYRISMA/Weathering INCE DANELI/Fine Grained IR DANELI/Coarse Grained
1 GOK DAYANINIL! strong | TAZE Fresh ﬁﬁl}mmusm Very Soft N:04  COKGEVSEK  VeryLoose
. I AZ AYRISMIS Slightly W, af L
i SR iy It ORTAD. AYR. Wod. Weath. sl v:;’:l’i‘,:"’sm' a0l omtA i Woderately Dense
WV ZAVIF L WV GOK AYR. Highiy W. oK iaT! St 50 SIKI Dense
V GOK ZAYIF V-Woak v TOMDYLE AYR. Comp. W. SERT Hard N:>50  GOK SIKI Very Dense
KAYA KALITESI TANIMI/RQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
%0- Very P 1 SEYREK Wide (W) P }
v/.bzg-:: fﬁ:}mw P:Z " 12 ORTA Moderate (V) %5 PEK AZ 5{'5“"Y :/. 5 PEK AZ Slightly
% 50-75 ORTA Fair 240 SIK Close {CI) %545 AZ Little %520 AZ Littte
% 75-90 §¥) Good 10-20 GOK Sikl Intense () %1535 GOK Very %205 coK Very
% 90-100 GOK vl Exceflent >0 PARGAL) Crushed (Cr)
SPT STANDART PENETRASYON TESTI up ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY!
Standard Peneration Test Undisturbed Sample Pressuremeter Test
D ORSELENMIS NUMUNE K KAROT NUMUNES] VS VEYNDENEY|
Disturbed Sampte Care Sample Vane Shear Test
STANDART PENETRASYON DENEY _ - o Al s
_ Standard Penetration Test £ iloleld EIE:
B . . SHIEE ] | e
= Y 2 DARBE SAYISI GRAFIK 5 Slslgle gl e
E% g 2 st Crah JEOTEKNIK TANIMLAMA i PROFIL g ‘E \;;, & & mg
AN T 2 3 e 2| g
§9, uslg HE IR Geotechnical Description Z Profile E % 3 | el 2|2
o5i22ld_|w|8]9|N 3 slz|si6|2l 8|8
£ R ‘ & |3
58 25 2| 3¢ g 10 20 30 40 50 60 a HHEHEBEEEE
0.0 T ey
SHHBHE AN s
ol -
1,0 RC el vivVvYZE|2 @ )
tpilafa] VARV =
il e
hofa]efo]s VV\/VV
vbofalela ]
20 vii| [T Pink-brown, completely VVVVV
Vi ]| weathered-highly weathered, vivivY .o |3 o
weak-very weak ANDESITE. = 1g & 2
3,0 — RS A H R EaE 4/ vY¥yVy E
— AHHHHE PN
]|
e sl |
40 sl [ | Sand occurance was observed. \Y] v \V v vV
vl ]| Y
vl ]| vVvVy -
vl
= [ = 3
RC el . -
5,0 AL \/V\/Vv = g o
vl ]| Vov
EHHHRE vvvvv
b 1 -
8.0 1 e VA
il ]
Vv,V
o] v VoV
L. i
7.0 : ] : A' : ' \/VV AV
1 i 1 1 ti
V.,V
RHHHEE vivivil_ |z .
5 e g 2fe
802 re THHHHE NARALY £ 4
]|
v,V
AN Viviv
90 il V.V
¥ 1 i 1 1 1 \/ V V
[N— sl 0
L] Pink, moderately weathered- ' VARY]
10,0 S]] slightly weathered, moderate V VvV Vv
i|vio| ||| strong ANDESITE with cooling VVVVV
L] ] ek vy sl
11,0 RC chfob vivivY o= E &2 5
]| The discontinuity surfaces are v % V v v
)] t]e] | rough and partly
12,0 VU TR T timonited. Three discontinuity vYyVy
. v vi | sets at the angles of 30, 45 and VARV
L] V| 60 degrees are observed. Viviy
130 TR vYuVy
cfalefi] ]
v,V
“c AHRHHE V\/VVV:§ ala| |,
Juk
L IHHHHE vivivY | E
SONDOR / Driller SONDAJ MUHENDISI / Drilling Engineer TARIH / Date IMZA 1 Sign
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Continued

SONDAINO . o SAYFA
- Barehole No .Lf g

SONDAJ LOGU / BORING LOG 2
PROJE ADIProject Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+756 YERALTI SUYU/Groundwater 3
KILOMETRE/Chainage 0+755 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER /Boring Depth 100 m BAS.-BIT.TARIHI/Start-Finish Date : 10.01.2008 =~ 21.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT./D.Rig & Met. :

Cralious D500/Rotary

KOORDlNAT/Cunrdinale(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIfFine Grained iRi DANEL/Coarse Grained
Strong Fresh N:02 OK YURUSAK Very Soft
:I gmﬁm" o M.Strong Il AZ AYRISMIS sﬁg’myw. N:34 5uMU$AK ¥ ,;y o Very Loose
il ORTA M.Weak Il ORTA D, AYR. Mod. Weath. N:5-8 ORTAKATI Mndera_lzly stitf -cose
IV ZAYIF Weak W GOK AYR. Highly W. Nio-ts  KATI el b
i N :16-30 K K) ense
iEOE . oWeak v TOmivie avR, Comp. W. Niba geRron Hard Very Dense
KAYA KALITES| TANIMI/RQD KIRIKLAR 30 cm/Fractures ORANLAR/Proportions.
-‘."’fof.f f:«’:FZAVIF ::;yrm’ 112 éig\EK mﬂi (o) %8 PEK AZ Slightly %5 PEKAZ Stightly
% 5075 'O;RTA Fair :;lzln :g(K - t::-:& (cz) %545 AZ Little %520 AZ Little
% 75-30 Y] Good x nse %1535 GOK e %205 GOK Ve
% 904100 GOK i¥] Excellent >0 PARGAL Crushed (Cr) . - ¢ v
SPT  STANDART PENETRASYON TESTI upD BRSELENMEMIS NUMUNE
Standard Peneraton Test Undsturbedrsamie T e e
D ﬁl}SELENME NUMUNE K KAROT NUMUNES| vs 'VEYN DENEY]
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEY 3 L3N
- . Standard Penetration Test £ Elo|e § § ES
E 2 § ®
2 2 DARBE SAYISI GRAFIK & § I3 B | o = wi e
e2lz |2 Y e ps JEOTEKNIK TANIMLAMA 3 PROFIL | g | 2|8 s 21
Sh(T of@ g 28|26 ol a
gClu &g el ElE . pm 2 3113 |% al3
g2i8 5| El 51 6 Geotechnical Description = Profite 3 g | ® Rz
282 2|0 | o 8] 2N 3 S |2 [ 51¥ 2)x
£z (2 Blzg| 2} VY i 122 |2ial QU
33|12 3|82 o] 2lg 10 20 30 40 50 60 a S| E|lE|8¢ g z
£ Sl | o)
1 1 1 1 I 1 V v
et VoVIV
15,0 ma— v i \/VVV
1 1 1 i 1 1
1 ) 1 i ! Ll V
bl N4
bl VoVov
16,0 b ik N g
RC S Falbas et il g inl , moderately weathered- vivivy - | & gla 7
| (O O o J slightly weathered, moderate V.V =
170 wf ottt ] ] strong ANDESITE with cooling VVV \Y2
! 1 1 ! I 1
' Cafrfafi]] cracks. vYvVy
1 1 ' I | I 1 v V
18.0 —3 ro Sl E ]| Between 17,40-17,70 m weak, vivivs |2 gle o
) V[ e[} decomposed; sandy material V.,V
VI EiEE | ] was observed. v v v v Vv 2
1 ] 1 i 1 1 a
19,0 —3 Re PRt VVV\/V =g 54 9
|
e THHHE v
V.,V
|
20.0 e Vi 5 V V'V 2
’ 1 1 1 " " .
vl ]| i] 1] The discontinuity surfaces are vvvv\/ <| g Qe
il e | rough and clean.Three V.V 10
el oo™ nit v
21,0 e e 1| 1| discontinuity sets at the angles VoV
VI i E] of 30, 45 and 60 degrees are v v v v v N
o il i|s] | observed. VARV g el
3 1 i ¥ 1 1] = %
220 e e e vV V'V g LS ki
sl efid V,,V
1 H MMM
V.,V 2
vl
23,0 RC e e VoV Vv = § il B 12
1 ] 1 1 1
| R HHBN vVvVy
lpelaga |
V,,V
240 L vV e
RC IREERRERERE V.,V = | A A
i MY I
250 - THHHHE vovIvi
plale el
- IRk VARVARVA IR & S
O— L] VARV b= 14
26,0 HHHEHEN V' Vv
]
EEN vV
1 1 1 ] 1 t V v
[N RS RN Vv,V
27,0 el AN g
RC virla e fody - 3 @ | o
e VARV I 0 I O
i Vv,V
280 IHRHAE viovev
plopefrgrfa V..V
gLl VoV
SONDOR / Driler SONDAJ MUHENDIS! / Drilling Engineer TARIH / Date IMZA I Sign
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— SONDAJ NO . St
T H SK,,Q Page
- Borehole No 377
SONDAJ LOGU / BORING LOG
PROJE ADProject Name The New Ulus Tunnel DELIiK GAPYHole Diameter 434 ing
SONDAJ YERI/Boring Location Km: 0+756 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+755 MUH.BOR.DER /Casing Depth 12.00 MHEW
SONDAJ DER./Boring Depth 100 m BAS-BIT.TARIHI/Start-Finish Date : 10.01.2008 ~ 21.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INGE DANELIfFIne Grained IR DANELI/Coarse Grained
| GOK DAYANIMLI Strong ' Fresh COK YUMUSAK  Very Soft N:04  COKGEVSEK  VeryLloose
. I AZ AYRISMI Slightly W, YUMUSAK al g
) DL i 1 GRTAD M. Mod, Wealh, e — v:;’;l‘;" L ﬂ:f?-gn ggnisyl(m l\::::rate'v Dense
W 28VF ey IV GOK AYR. Highly W. COKKATI sttt NS0 Sk Dense
V GOK ZAYIF V.Weak V TOMOYLE AYR, Comp. W. SERT. N:>50  COK SIKI Very Dense
KAYA KALITES TANIMIRQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions.
% 0-; F Very P 1 SEYREK Wide (W) = N
-/.‘;g:: g:vfruv pf.'n’ﬁ o 42 ORTA Maderate (M) %S PEKAZ i'llzlhﬂv 0%5 PEK AZ S{lgh(ly
% &0-75 ORTA Fair ::;a ;ngm 'I:lv:se (Cz) %518 AZ le ; -’;ﬂzl; t\zK Little
% 75-90 il Good intense %1535 COK Vety -5 GO Very
% 90-100 GOK Ivl Excellent >20  PARGAU Crushed (Cr)
SPT STANDART TESTI uw ORSELENMEMIS NUMUNE 4 PRESIYOMETRE DENEY]
Standard Peneration Test Undlsturbed Sample Pressuremeter Test
ORSELENMIS NUMUNE K KAROT NUMUNES]| VS VEYN DENEY]
Disturbed Sample. Care Sample Vane Shear Test
STANDART PENETRASYON DENEYI e = .
- Standard Penetration Test £ g, 2B |8 812
] £ ) | o
=1 DARBE SAYIS} GRAFIK s g |5 a
E% o g R mbYet Slowrs Graph JEOTEKNIK TANIMLAMA g PROFIL g ? % % % 5
£Wic g|2 T.T =« 2 =] ilEe 2|3
§5ly |8 g| 5| § Geotechnical Description 3 Profle | 2 g g = F|z
=] = ] P! = ES - I S S e (v
5|2 2|8 | 2| 8[9N & 2122 2|gl 2|t
§5 g(h% 2| 2| el g 1020 30 40 50 60 o E 5 Ellks gl s &
o o)t t 1 1 v Vv T
R HHHBHE MAANINE: 2
V.,V = | & e|8
NN Viviy g 16
30,0 HH IR Vi v v v v 2 -
et .| oo
PlEfipe ]| Pink, moderately weathered- vV R
AEEER R EAR > y V'V'Vv 17
10 1 ooy slightly weathered, moderate V.V
S YT strong limonited ANDESITE viviy
AEERR R RAR v \% v \% v s
AR RE AR
32,0 o vk e e \/V\/v\/ e ¥e 18
3
VISP L] The discontinuity surfaces are \VARY]
vlelf ol | stained and partly limonited. V V'V
b et " y v V
33,0 — e[ [T 0| Some cooling cracks were vivYy
HHHBHH Rladss v,V E: gl x
\YARVARY] = g B8 19
340 : : : : 1 : V.V
) | ol V'V 'V N T o
L3 RN N I I A v V = <)} = 20
L t ) 1 1 v V v
e
35,0 NN Y] V\/V\/ 2
el v N gl =
il VVV A REE e|3 2
]
36,0 THHAHE vVvVy
1 i 1 1 1
vV ,V
e IR viviv
i EEREE
' L L (] VVVVV ] % G~ 22
il
o]t \/VVVV =
AR RN
38,0 — RN A AR N DN m— 38,00
YUV T Pink, highly weathered(sandy), V.V
TNHaEE Y
o[l r] ][] | weak ANDESITE Vvvvv
39,0 A vivivy 1z mfe 2
EERRRERERE VARV = |5 NS
R i
AN VoVoV
400 HH v \Y v V v
f i i
AR 030 [GV Yy
Pink, moderately weathered-
b g Bl y IVARY,
41.0 shul b b Lo slightly weathered, moderate vivYvy
! VI[P strong ANDESITE with cooling -
ifalel ] V.,V
HEfr vy eracks. VvV § 6| w 2
A h
T R N Y
42,0 HHHHAE The discontinuity surfaces are v v v v v
t|iicle]| |1} roughand clean.Three \VARVARY]
430 : v : : 1| discontinuity sets are observed. v iV \/ \V; v
SONDOR / Driller SONDAJ MUHENDIS! / Drilling Engineer TARIM / Date iMZA / Sign
Orhan Oztekin
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Continued

— — - SAYFA
i SONDAJ NO T SKat Page
Borehole No Lf‘ 417
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Uius Tunnel DELIK GAPHHole Diameter 4 3/4ing
SONDAJ YERI/Boring Location Km: 0+755 YERALTI SUYU/Groundwater 5
KILOMETRE/Chainage 0+755 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER ./Boring Depth 100 m BAS.-BIT.TARIHl/Start-Finish Date : 10.01.2008 =- 21,01.2008
SONDAJ KOTU/Elevation KOORDiNAT/Coardinate(Nor(hing)
SON. MAK.&YONT/D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIfFine Gralned IRI DANEL[/Goarse Grained
St | TAZE Fresh 2 OK YUMUSAK Ve .
:l g:&n?«ﬁflmmu M.rsolr:gng I AZ AYRISNIS srli'gsmlyw SDMU K$ se,',y . § x;gjﬂ gg\v,(;ﬁvsan \lf:;ys:.nnse
Il ORTA M. Weak il ORTAD. AYR. Mod. Weath. :ARTTIA Kaml vndzg_!'eflyﬂlﬂ N:1190 ORTASKI Maderately Dense
IV ZAYIF Weak IV GOK AYR. Highly W. ery St N
VAEOK 22VIF ML V TUMOYLE AYR, Comp. W. Niv SeRron o Nis Z’g(sml 3:;}539““
KIRIKLAR-30 cmiFraciures ORANLARIProportions
% 0.25 GOK ZAYIF Very P 1 SEVREK Wid
% 25-50 ZGAVIF P:?r o 12  ORTA M..xir‘m ) %S PEKAZ Slightly %S5 PEK AZ Slightly
% 50-75 ORTA Fair :;‘1;, :‘:x s Close (C}) %515 AZ Little %520 AZ Littte
%75-90 Iyl Good - Intense (1) 5 45.: % 20-5
% 90400 GOk Ivl Excellent >0 PARGAU Crushed (Cr} e o e i
T FENETRASYON TEST]
T e o e T e
D BRSELENMIS NUMUNE K KAROT NUMUNES| vs
Disturbed Sampte Core Sample Vane Shear Test
STANDART PENETRASYON DENEYI e o« P
Standard Penetration Test £ g o E 8 3 2
_ 2 DARBE SAYIS! GRAFIK E ] i 215 (g|e g|s
€239 s Nomb, of Slawe Gragh JEOTEKNIK TANIMLAMA 5 PROFIL g 5: g8 'é 21 E
s[5 g} 2 S125|8 8|4
¥l -3 q : : = = R o
z18¢ g g § § Geotechnical Description 2 Profle | 3 § FlFE| L] 2 g
o4a 21 w0 [3 k4
g2l e|zs| S il 2| tozmse 8 AR IR
33|Z |22 o2 g |z |E|2|=| |k
e Ty SR .
KRR K Vv,V 2
I L VOO Vd g LR |
Kot - o viviv
STHHHHE vVvVYy 2 o | o
= Y =] ~t
50 ) ol V.V g 26
. - THHHHE VvV
1 1 i 1 1 Y <] o
i) | \Y = G|w 27
46,0 il N -
el '] 1| Pink, moderately weathered- ARy, S 5|5 o8
— Vil 1| 1| slightly weathered, moderate VvV V'V
47,0 o3 I 111 strong ANDESITE with cooling V.V - | & s e
' — il i| ] cracks. v .y v V N S > ®
i | t i
il S viviy
48,0 Vhaf e 1|11 The discontinuity surfaces are V.V g
Ak Y111 rough and VovovT s g & =
e | 1| stained(limonited).Three Vv,V
ERE |5 At viv'iv
490 —— NEER - |1 | discontinuity sets are observed.
' vl vl VV\/\/\/
AHHHHE (VARY] g gl
] o vivivy e |g 8|+ 31
50,0 vt e | VARY]
— | i vVyVYy 5
vl L
v Sl = 5
510 o] A : : VVVVV = g o @ 32
: SHHEBHE 1.0 V"V 7V
= a
|| Jaal18] (AL VYOV MELE ] 1Bl s
52,0 A HE NS Vv,V
Hefrfe] ]| Pink-brown, moderately ViV V]=]|g 3|e o0
—— ank i | 1| weathered, weak-very v \ v Vv v
53,0 L | 1} weakdensely jointed V.V =g s|e
AR | | ANDESITE. V'V V]| = 35
AR v Vv,V © o
540 IHHHHE VOVOVE LB g|e o
) vl kK Vv,V
| 1| V'V v
I I 1 1 l V \/ _
550 THHHAE VOV E B IR T
)
— THHERE viviv
] v V.,V 38
56,0 i B VVV\/V =|g 8| e
K '
— ] vViviv
I 1 i ] 1 V v
IEER |
570 vV V'V
! sl bafo 5700 |V V = g Ile 39
el NAAVA LY
SONDGR / Driller SONDAJ MUHENDISI / Drilling Engineer TARIH / Date IMZA / Sign
Orhan Oztekin
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Continued

C e man
SONDAJNO . gy s:z;A
Borehole No !‘P 5/7
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 434 ing
SONDAJ YERI/Boring Location Km: 0+755 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+755 MUH.BOR DER /Casing Depth 12,00 MHW
‘SONDAJ DER./Baring Depth 100 m BAS.-BIT.TARIH/Start-Finish Date : 10.01.2008 =~ 21.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. :  Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIKIStrength AYRISMA/Weathering INCE DANELI/Fine Grained IRl DANELI/Coarse Grained
1 GOK DAYANIMLL Strang 1 TAZE Fresh COK YUMUSAK  Very Soft Ni04  COKGEVSEK  VeryLoose
BRI R | Geome ot e, ORI ety sur | Nisie Smise T Looss
. N:1130 ORTA SIKI Maderately Dense
WZAYIF Weak W COK AYR. Highly W, Pl oy s NS0 SIKI Dense
V GOK 2AYIF V.Weak v TOMOYLE AYR. Comp. W. ggm- " Hard N >50 GOK SIKI Very Dense
KAYA KALITESI TANINIRGD KiRiKLAR-30 cmiFractures ORANLAR/Proportions
% 0-25 GOK ZAYIF Very Poor 1 SEYREK Wide (W) .
%25-50 ZAYIF P 12 ORTA Moderate (V) %5 PEKAZ Stightly %5  PEKAZ  Siightly
%in-n ORTA F:i:r 240 SIK Close (C)) %545 AZ Little %520 AZ Littte
% 75-90 Ivl Good 1’;“ ?n‘fcsm L’l'..’::.‘d‘?c,, % 1535 GOK Very %205 GOK Very
% 90190 GOK Ivi Excellent
SPT STANDART PENETRASYON TEST/
Santry Pt T :" ?;?.35&52’1‘5‘!‘5“',{&”“"5 P meEDee
 SELENML KARQ
°  aedsample o Sampe o Sram et
STANDART PENETRASYON DENEYi o =] .
_ Standard Penetration Test £ 8l e|®]|8 &2
kel e < £ < o 2
=1 B DARBE SAYIS| GRAFIK < o s|s|S|g als
5_:%' g 2 e e Grah JEOTEKNIK TANIMLAMA 5 PROFIL g % g % % §
£W|C g|@ - 2 = @l g
ke 8|« . o 2 = = @
g5l s|e gl §|§ Geotechnical Description 2 Profle | 2 g g El || ¢
£2123(0 2|8 %N [ HERFHEE
£Z(3 B el Elz & E|Z
882 §|32] o| w8 10 20 30 40 50 60 =] E g E|s|g|s &
1 1 I 1 1 1 v \2 v
58,0 Vb [ L Pink, moderately weathered- \/VVVV
HEHHE ! slightly weathered, moderate VARV °
tfa] o] a| ] 1] strong ANDESITE with cooling vivivY=|g gl3 %
1 1 1] 1
59,0 1 DR[| ][] eracks. vVyVy
i)
FEELE[E] ]| The discontinuity surfaces are vYvYyY = |2 sz A
600 i ef ]| stained and rough. Three V.oV
' — tIV] i V]| discontinuity sets are observed. V V'V
s efi] V,,V
610 Vil 1] ]| Between 56006350 m V\'/VVV =2 2ls 2
' A andesites are highly stained. Viviy
S plfe o]y V,V_V
- P
0 AR I MYMAMYELEX R E1 Y A
' IHHBHE viviv
Pl VAAARYA I P 8| &
63,0 AR E VARV, 44
RER R
SRR VVVVV
1
640 ] vViviv
) IR B S A ) v \VJ
SHHHHE VVVVV 2 Sl 45
1 1 1] 1 1 1 = 4 © ~
65,0 AL voroYd 1B
[ \AY
L AHHHHE vV V'V
60 SHHHHHE R N o
’ HHHEHHE ; NAZVASVA I - §| e 4%
tliio]a ||| Pink-brown, highly weathered- VARV =
— Vi | moderately weathered, weal, VoVov
87,0 i1 cfil i1 | ANDESITE.(Crumbling parts V.,V
HTHHHEHHES observed) ) v v VVV -
S E] The discontinuity surfaces are viv'ivy B [
68,0 ||| 11| rough and stained(limonited). V.V e @ LY
sl afols V V'V
il efo]
Vv,V
690 L THHBHE Vv
f o] ) - 69,00
i ]| ||} Pink-brown, slightly weathered- \Y% \% \ \7 \
i | moderately weathered, V.V
70,0 Hf e 1] moderately weak ANDESITE. VVVVV g
= |z w0
1 1 1 4 YoVuYy T g s "
1 i
71,0 o e d el viviyv
1 1 ' 1
| IHHHRH Yy
720 PPl f el ] Pink-brown, highly weathered- | 7190 [V TV TV
\
SONDOR / Driller SONDAJ MUHENDIS! / Drilling Engineer TARIH / Date IMZA / Sign
Orhan &ztekin

125




Continued

) - SONDAINO . sé;{;“
Borehole No Lf 6/7
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 434 ing
SONDAJ YERI/Boring Location Km: 0+755 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+755 MUH.BOR.DER ./Casing Depth 12.00 MHW
SONDAJ DER /Boring Depth 100 m BAS.-BIT.TARIHi/Start-Finish Date : 10.01.2008 == 21.01.2008

SONDAJ KOTU/Elevation

KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT /D.Rig & Met. :

Cratlious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMAWeathering iNCE DANELI/Fine Grained IRl DANELI/Coarse Grained
| GOK DAYAMIMLY Strang 1 TAZE Fresh 102 GOKYUMUSAK  Very Soft 104 GOKGEVSEK  VeryLoose
M.Str il AZ AYRISMIS Slightly W, 134 Soft B L
B ORI Mwoak. It ORTAD, AYR. Mod, Weath, N:E-:S ::_:IAKATI 5:’“;‘;)!5“" ‘j,, g,?{fs‘fm N',’:::,.‘,,yoms,
IV 2AYIF Weak IV GOK AYR. Highty W. 30 GOK KATI i 50 SIKI Dense
V GOK ZAYIF V.Weak v TOMGYLE AYR. Comp. W, N:>30  SERT Hard 0 GOK SIKI Very Dense
KAYA KALITES] TANIMI/RQD KIRIKLAR-30 cmiFractures ORANLAR/Propartions
5 GOK ZAYIF Very Poor 1 SEYREK Wido (W) . X
-/.%z::n EAVIF bt 12 ORTA Maderate (V) %5 PRKAZ Stightty %5 PEKAZ Slightty
% $0-75 ORTA Fair 240 SK Close {¢1) %545 AZ Little %52 AZ Little
57580 vl Good 10-20 GOK SIKI Intense (1) %1595 GOK Very %205 GOK Very
% 80100 COK Ivt Excellent >20  PARGALI Crushed (Cr)
SPT  STANDART PENETRASYON TESTI UD  ORSELENMEMIS NUMUNE P PRESIVOMETRE DENEYI
Standard Peneration Test Undisturhed Sample Pressuremeter Test
] ORSELENMIS NUMUNE K KARQT NUMUNESH vs VEYN DENI
Disturbed Sample Care Sample Vane Shear Test
STANDART PENETRASYON DENEYI e 2|
_ Standard Penetration Test £ % 2 |E|§ 8l
@ = . B S1&E|S Y )| @
= E) DARBE SAYIS} GRAFIK £ 2i%|g|E Gle
e2|z 2 Mo BTe: Blane Py JEOTEKNIK TANIMLAMA i PROFIL g 218 & 4 ‘E
sgic g8 T T 2 R EIREE
EIERL E1 51§ Geotechnical Description E Profle |2 2|8 |%|.]%|¢
20(2 4| wi 89[N 4 Zio|gig|albld
ezl= glzgl ¢} 01T w |z |2 e €12
= & ' @ (s}
8812 §|22| o] g 10 20 30 40 50 60 e E HEHEIEIE
2,0 VPP pTT
72, tfv| )] ]| moderately weathered, weak, \/V\/V\/
VT ]| crumbling” ANDESITE. V.,V g
730 ClAEELE] B § | The discontinuity surfaces are Vv VVV § B5 29
g P[1f] ||| rough and stained( limonited). vVvVy
SRR |
IHHAHE vVvVy
74,0 — Hr IHE 7400 [V V
i i vV, ,V
3 Bl 1 l 1 2
slefef] o] VVVVV = |5 5| e 50
clad el =
75,0 ik vivYy =
1 Bl 1 1 1
] THHHRHE vIviy
' N .
6.0 t|sbrie Le) o] Pink-brown, slightly weathered- V. V
78, vl Er b L] moderately weathered, VVVVV 2 o
o] eratel NDESITE. = | g g8
B e I 16 mod: ly weak A ITE. VVV\/V g 8 51
' L 1 1 1.
77’0 vpaefelafa V'V Vv
1 1 1 1 1 i V V
I it V
ol VVVVV 2
teferef e = >
78,0 ] vivivield §|R 52
1 I ¥ 1 1 1 V \/
— e viviv
R e -
79,0 THHHHE vVvVy 2 -
vl ]| [VARY. = % s
vl fof vVv Yy
Ve
80,0 T e[
! [ AR ERRRE VV\/V\/
il e VARY)
AN HAHE viviv
81,0 cl il V.V
HHEHHE vivivy |2 Al
NS E RN IVARY: =1 & B @ 54
ilfope] | vVv Yy z
82,0 i Vv,V
8
IER
| HHHHHE | MR
830 VL] Pink-brown, highly weathered, VoV
\ Sl | weak-moderately weak, vVYvVy
]| i|i]i] 1| Vimonitizated ANDESITE with IVARY,
31181 fG 11| perpendicular cooling cracks. vV V'V 3
84,0 dHHOHE A -8 g|e -
LY Y] The discontinuity surfaces are VoV
b o] . pebd V,,V
sl ek rough and stained(limonited). VAR VRV
85,0 bl oo Vv
AR
AHHNHE vVVv'y
ERR v
HHAERN ) AR
86,0 t g el | Pink-brown, slightly weathered- V.,V Q
PR moderately weathered, VvV L E la 56
SONDOR / Driller SONDAJ MUHENDISI / Drilfing Engineer TARIH / Date iMZA / Sign
Orhan Oztekin
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SONDAINO . o 4 SQZQZA
- Borehole No 717
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel . DELIK GAPYHole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 04755 YERALTI SUYU/Groundwater =
KILOMETRE/Chainage 0+755 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Bering Depth 100 m BAS.-BIT. TARIH/Start-Finish Date : 10.01.2008 -- 21.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Goordinate(Northing)

SON. MAK.&YONT /D Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMAMeathering INCE DANELI/Fine Grained iRI DANELIi/Coarse Grained
1 GOK DAYANIMLI Strong | TAZE Fresh GOKYUMUAK  Very Soft N:04  GOKGEVSEK  VeryLlaose
M.st It AZ AYRISMIS Slightly W. YUMUSAK Sof y ' L
i WWeak Il ORTAD, AYR. Mad. Wealh. Cald oy S P et el Wodarataty Denss
N ZAYIE Weak IV GOK AYR. Highly W, 0K KATI stif N:31-50 SIKI
V GOK 2AVIF V.Weak v TUMOYLE AYR. Camp. W. ) Hard N:iNE0  GOR Si
KAYA KALITESI TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
- ZAYIF Very P SEYREK Wid
-/.%z:-:: fs«lx(ﬁ :;yr o 131 ORTA mL:mMu (o %S PEK AZ 5'_‘"""!! %5 PEK AZ Slightly
%5075 ORTA Fair 240 SK Close (Cl) %545 Az Little %520 AZ Little
%7590 IVl Goad 1620 GoK i) Intense (i %1535 GOK Very %205 GOK Very
% 90-100 GOK [vi Excellent 228 PARGAN Crushed (Cr)
SPT  STANDART PENETRASYON TESTI upo ORSELENMEMIS NUMUNE P PRESIYOMETRE BENEY]
Standard Peneratian Test Undisturbed Sample Pressuremeter Test
D BRSELENMIS NUMUNE K KAROT NUMUNES] VS VEYNDENEY|
Disturbed Sample Core Sample ‘Vane Shear Test
STANDART PENETRASYON DENEYi = Zl
Standard Penetration Test £ | =|F 8 S
] - = i g1 28|58 |
k=1 > DARBE SAYIS| GRAFIK 5 85| |e g|s
g2z |3 N A JEOTEKNIK TANIMLAMA H PROFIL gl£(8 & & §
£B|5 g|@ T .71 - 2 Z’%%b alg
ds|e =g g1 658 Geotechnical Description z Profile EN R A z
EIEE I EARIE IR & 2|21z (8ig| 8|2
88 %5’ 2Z| slwlg 10 2030 40 50 60 a g g Els g s Z
peprpepng VIRV, — -
ST0 ii{i]i]1]| moderate weak ANDESITE with VVVV\/ :
1 T Ll l 1 i il i
' o ] T T O rough discontinuity surfaces. vivVv
I HE (VARY]
T ERE
88.0 bl lafo] Vv\/v\/ .| 2 AR 57
1 1 i 1 1 1 = o
: THHHHE viviv g
1 I 1 1 1 1
88,50 AR
85,0 - THHARE vIVIvi—g
IRk v,V = |3
! i) VVVi=|g
] v v o |« -
il i1 Gray fresh, moderately strong VvV - G [
90.0 alafo) i) ) >|s
| vl | e[| ANDESITE with clean and \/VVVV =
— Vil | rough discontinuity surfaces. VARY:
tlafa]a]ef Vivivy =z |z
910 I o] e o
B Pl el N v
vl ]| | Sandy, weak ANDESITE with V.V 2| = 50
]| cooling eracks. \/VVVV - |g
P
92,0 cl ] vV V VvV
— ]| e] et 92,30
NEAERER AR B AV \/V\/
i ! 1 ¥ ¥
. V.,V
93,0 o) e e vivivY s s ol a0
AR RERRER N Vv,V
IREERERR NI V V'V
b i L) Gray fresh, moderately strong V. V. \
94,0 SRS RERERES Y, , m
4, ifi|of1]+| 1| ANDESITE with clean and VoV Vv
VL] rough discontinuity surfaces. vVyVYy
vl
95,0 vlefrl ' \AAY
' e ViVivlsls g«
i) V.V 61
el (VARVARV]
96,0 HHE RN Vv,V
' SHEHHE VARARY
- e
11BNl lallalle vovvIGTE| [E[E] e
97,0 ] N vYvVy
bt
AR R NE RN V.,V
e VoYLV
98,0 INHERE AEVAS
e VoV v R 2| @ 63
] 1 1 1 1 i = Q
Vo fa el \/v\/vv 2 =
99,0 SRR Y,
ol VvV
VLHLEL 1] 1l End of the borehole vV
][] vV V'V
100,0
SONDOR / Driller SONDAJ MUHENDISI / Drilling Engineer TARIH/ Date IMZA / Sign
Orhan Oztekin
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N SONDAJ NO AL
_ N I SK5 Page
Borehole No 117
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK CAPl/Hole Diameter 43/aing
SONDAJ YERI/Boring Location Km: 0+880 YERALTI SUYU/Groundwater 5
KILOMETRE/Chainage 0+860 MUH.BOR.DER./Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 90 m BAS.-BIT.TARIH/Start-Finish Date : 01.01.2008 -- 10.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. :  Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMAMWeathering INCE DANELIfFine Grained iRl DANELi/Coarse Grained
OK DAYANINLI Strong Fresh. N:02  COK YUMUSAK Very Soft N:04  COKGEVSEK  VeryLoose
i Gt o Ry et Nids e Noerately St 40 GEVSEK oose
Il CRTA M.Weak il ORTAD. AYR. Mod. Weath. : KAl “stiff -3¢ ORTA SIKI Maderately Dense
W ZaVIF Weak IV GOK AYR, Highty W. ::196160 COK KATS t 50 SIKE Dense
V GOK ZAYIF ViWeak v TOMUYLE AYR. Comp. W. N:>30  SERT Hard 0 COK SIKI Very Dense
KAYA KALITES| TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANL "
” Wid , §
v/;::: ;;SVTFZAYIF ::Z For 12 sofi‘!r:EK Woderte ) LG s'f’"‘“" %5 PEKAZ Slightly
o 5075 ORTA Fair 240 SIK Close {cl) %545 AZ Little %520 AZ Little
¥ Good 1020 GOK SiKE Intense {1) %1535 COK Very %205 GOK Very
% 75-80 i1 R CERieph
% 90-400 GOk Iyl Excellent 20 PARGAL (et
SPT  STANDART PENETRASYON TESTI [ ORSELENMEMIS NUMUNE P PRESIYOMETRE DENgY]
Standard Peneration Test Undisturbed Sim;iln vs Pressuremeter Test
D et S 1 Vane Shear Test
. ) I
STANDART PENETRASYON DENEY _ . ~ ?‘-z ]
_ Standard Penetration Test £ 52|88 8|2
@ - . 5| € ) A ]
g2|g |2 | Qreesavs s JEOTEKNIK TANIMLAMA | & | PROFIL g 21815 &l e
£212 4] mb. Q 2[5 & ol é
HIEHEE . o z lzlzlgl |8
&5 %,E% g 5 5, Geotechnical Description z Profile ENE § 5| = “.5 &
2elza|Zc| ©| @[ TN i} <'g~m8m%
58 25|22 5| 2|g 10.20 30 40 50 60 a HEHEBHEIEE
0,0 EBABERRRER:
010 [V
Pl \ASPHALT VoVoM = |2 ®
RC et viviy 1
ilfadfifa
| vV Vv
1.0 IR el vivVy
Rc EEEERREAE VVVVV |2 Qe 2
1] ' 1 1 i 1 -
20 HESEE S EA Pink-brown, highly VARV,
! i eyl | | weathered(turned into sand), V'V VvV ~ < -
= °
rC V]| very weak-weak ANDESITE \/\/VVV = A 3
 — 1 3 i ! ! 1
A VARY) =
30 G re THHHEE vz 2| [e[=] |
. HHARNE vVyVy
I 1 ] ] I 1
V.,V -
403 EHHHHE viviviz|sz 5|e 5
1 i t 1 l 1 \/ V
1 i t I 1] l
1 ! 1] ! L 3 V V v
50 Ve V.,V
] fe]e VV\/VV
] efe]e
RC i H = |z ° 6
AN VOVOVIE LS e
6.0 e v,V
b sfio]e VV\/V\/
— slbeja|afa — =
= g
70 RC dladadi g \ VV VIE|=s R° 7
' (— TN 7,00 IVARY;
1 1 ! 1
AHHEHE VVVVV
| ! ! 1
80 b fada s vivivilcole il .
" RC bl : . VVV ©
o]
il | Light pink-gray, moderately V\/ VV
90 | Wbl VL] )| weathered, moderate strong vivVYy
! HHHHEBE ANDESITE. V.V
3 i I 3 t 1 : V\/VVV
SV ELE] | The discontinuity surfaces are vivivY - |« -
10,0 RC VT | rough and stained. Three VoV == o 9
VIl ] discontinuity sets are observed. V'V vV
V.,V
11,0 ool NS ALY
! ! I 1 i 1 1 \/ v
RC SHHHNH V\/V\/v = |2 8|8 10
:
12,0 — co e e | IVASVARY]
o] VARV,
THHHEE YO el Ll
i N =
13,0 — RS e e vivivY = el (K 1‘
1 [
i vuVy
. et
vV, Vv
o3 RS Y .
SONDOR / Drifler SONDAJ MUHENDISI / Drilling Engineer TARIH / Date IMZA / Sign
Orhan Gztekin
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Continued

- . SAYFA
a
SONDAJ NO : SK-5 Page
- Borehale No 217
SONDAJ LOGU / BORING LOG
OJE ADI/Project Name © The New Ulus Tunnel DELIK GAPI/Hole Diameter : 43%4ing
PR )
SONDAJ YERUBoring Location : Km: 0+860 YERALTI SUYU/Groundwater g8
KILOMETRE/Chainage ;. 0+860 MUH.BOR DER/Casing Depth 12,00 MW
SONDAJ DER /Boring Depth I 80m BAS .-BIT.TARIHI/Start-Finish Date : 01.01.2008 == 10.01.2008
SONDAJ KOTU/Elevation ] KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT /D.Rig & Met. : Crafious DS00/Rotary KOORDINAT/Goordinate(Easting)
DAYANIMLILIK/Strength AYRISMAMWeathering INCE DANELIfFine Grained IR DANELi/Coarse Grained
LY strong | TAZE Fresh N:g2  COKYUMUSAK  Very Soff N:04  GOK GEVSEK  Very Loase
| Sy t.Strong I Az AvRIgHIS Slightly W. R M Somerately stir | 15410 GEVSEK Losse
It ORTA M.Weak Hl ORTAD. AVR. Mod. Weath. e ot Very SHIF N:4130 ORTASKI Moderately Dense
v 2RVF Weak VGOKAYR. Highly W. NE30 COK KATI stiff N:3150 SIKI Dense
V GOK ZAYIF V.Weak v TUMGYLE AYR. Comp. W, N:>30  SERT Hard N:>50  GOK SIKI Very Dense
KAYA KALITESI TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
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SPT  STANDART PENETRASYON TESTI un ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
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SONDOR / Driller SONDAJ MUHENDISI / Drilling Engineer TARIH / Date iMZA / Sign
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Continued

SAYFA
SONDAJNO . e
: SK-5 Page
Borehole No a7
SONDAJ LOGU / BORING LOG
JE ADI/Project Name :  The New Ulus Tunnel DELIK GAPI/Hole Diameter : 43/4in
PROJE ) ¢
SONDAJ YERI/Boring Lacation : Km: 0+860 YERALTI SUYU/Groundwater H
KILOMETRE/Chainage : 0+860 . MUH.BOR.DER /Casing Depth 42,00 MHW
SONDAJ DER/Boring Pepth  : som BAS.-BIT.TARIN/Start-Finish Date : 01.01.2008 -~ 10.01.2008
SONDAJ KOTU/Elevation ] KOORDiNAT/Courdinme(Northing)
SON. MAK.&YONT./D.Rig & Met. :  Cralious D500/Rotary KOORDINAT/Coardinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained IRi DANELliCoarse Grained
st | TAZE Fresh N:02 GOKYUMUSAK  Very Soft OK GEVSEK  Very Loose
¥ SAva M Wsirang Il AZ AVRISHIS Slightly W, iRy R erately Sttt vt Loose
i ORTA M.Weak il ORTAD. AYR. Mod. Weath. 15 KATI Very snny ORTA $IKI Moderately Dense
IV ZAVIF Weak IV GOK AYR, Highty W. 30 COK KATI Stiff Dense
V GOK ZAYIF V.Weak V TOMOYLE AYR, Comp. W, 0 gs T Hard Very Dense
KAYA KALITESI TANIMIIRQD KIRIKLAR-30 cm/Fractures.
e I
Wide {W) N -
S 5 0 s e 2 oA Modeats () w5 ez Sy 0o
% 5075 ORTA Fair 240 SK Clase {C) %15 AZ Little %s20 AZ Little
%7590 V] Good 1020 GOK SIKI Intense {1 %1595 GOK Very %205 GOK Very
% 90-100 GOK I¥l Exceltent >20  PARGAL! Crushed (Cr}
SPT  STANDART PENETRASYON TESTI up ORSELENMEMS NUMUNE P PRESIYOMEYRE DENEY|
Standard Peneration Test Undisturbed Sample - Pressuremeter Test
o ORSELENMIS NUMUNE K KAROT NUMUNES| VS VEYNDENEY|
Disturbed Sampte Care Sampie Vane Shear Test
STANDART PENETRASYON DENEYI _ - 4 %l s
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SONDAINO , o « el
- Borehale No 417
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Utus Tunnel DELIK GAP¥Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+860 YERALT! SUYU/Groundwater -
KILOMETRE/Chainage 0+860 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 20m BAS.-BIT.TARIHI/Stan!-Finish Date : 01.01.2008 -- 10.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Caordinate(Northing)

SON. MAK.&YONT./D.Rig & Mst. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIi/Fine Grained iRi DANELI/Coarse Gralned
1 GOK DAYANINLI Strong I TAZE Fresh 102 COKYUMUSAK  VerySolt N:04  GOK GEVSEK . Very Loose
.St I AZ AYRISMIS Slightty W. 34 Soft 254
I oRta Miteak il GRTAD. AYR. M, Weath, 53  ORTAKATI Noderatey sttt | N1510 CEVSEK T Loose o ense
Ls Weak IV GOKAYR. Highty W. Nioa powkam sy o N:9160 SIKL
V GOK ZAYIF V.Weak v TOMUVLE AYR. Comp. W. 1530 SERT Hard N:>50  COK SiKI Very Dense
KAYA KALITESI TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
5 ZAYIF Very Pt 1 SEYREK Wide (W) )
%%z::o E:VTF ror 12 ORTA Moderate () %S PEKAZ Sttty %5 PEKAZ Slahtly
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% 75.90 1Yl Good 1020 GOK St Intense I} %1535 GOK Very %205 gOK Very
% 90-100 GOK Ivi Excellent 2 PARGAL Crushed {Cr)
SPT STANDART PENETRASYON TEST| up GRSELENMEMIS NUMUNE P PRESIVOMETRE DENEY]
Standard Peneration Test Undisturbed Sample Pressuremeter Test
D BRSELENMIS NUMUNE K KAROT VS VEYNDENEY]
Disturbed Sample Core S Vane Shear Test
STANDART PENETRASYON DENEYi = P
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SAYFA
- SONDAINO . o o Page
- Borehole No 5/7
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPHHole Diameter 4304 ing
SONDAJ YERI/Boring Location Km: 0+860 YERALT! SUYU/Groundwater -
KILOMETRE/Chainage 0+860 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 0m BAS.-BIT.TARIHI/Start-Finish Date : 01.01.2008 =~ 10.01.2008
SONDAJ KOTU/Elevation KOORDiNAT/Coordinate(Nor(hing)
SON. MAK.&YONT/DRig & Met. : Cralious D500/Rotary KOORDiNAT/Coordinate(Easiing)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIFine Grained iRi DANELI/Coarse Grained
| GOKDAYANWLL  Strong ’ ';',-“r"‘"yw_ 53 Sooeac T Vemeor N:04  GOKGEVSEK  VeryLoose
ponawar gl | LEAE O WL L R [ .
815 KATI Very Stiff
RZRVE, weak IV GOK AvR. Highly W. N46-0 GOK KATE stiff N:350 Sk Dense
Ao V-Weak V TUMOYLE AYR. Comp. . N:>30  SERT Hard N:>50  COKSiKI Very Dense
KAYA KALITES! TANIMIRQD KIRIKLAR-30 cm/Fractures ORANLAR/Propartions
%e/;g::: E&(FZAY]F ::ZP'"" 131 gi\-{rl:w m’fim o %S PEK AZ S{ighlly %5 PEK AZ Shightty
% 50-75 ORTA Fair 2410 sIK Close {C) %545 Az Littte %520 AZ Little
% 75-60 il Good 1020 gaK sl Intense (1) %1535 COK Very %205 GOK Very
%90-100 GOK ivl Excellent 20 PARGALI Crushed {Cr}
SPT  STANDART resTl un ORSELENMEMIS NUMUNE P PRESIYOMEYRE DENEY|
Standard Peneration Test Undisturbed Sampte Pressuremeter Test
ORSELENMIS NUMUNE K KAROT NUMUNES] vs VEYN DENEY]
Disturbied Sample Core Sample Vane Shear Test
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Continued

SONDAJ NO : SK-5 S:EYgFeA
Borehole No a7
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPYHole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+860 YERALT! SUYU/Groundwater -
KILOMETRE/Chainage 0+860 MUH BOR DER./Casing Depth 12.00 MHW
SONDAJ DER /Boring Depth %0 m BAS.-BIT TARIHI/Start-Finish Date : 01.01.2008 - 10.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT /D.Rig & Met.

Cralious DS00/Rotary

KOORDiNAT/Coordinaie(Easﬁng)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained iRI DANELi/Coarse Grained
Strong st N:02 COKYUMUSAK  Very Soft N:04  GOKGEVSEK  VeryLoose
| Sy Mstrong 11 AZ AYRISNIS Shghtty W. e R R oA el o erately stir | N:5-10 Eevsak ” o0se
(Il ORTA M.Weak lil ORTA D. AYR. Mod. Weath. Nivds mat wsm,v N:4130 ORTASIKI Modesately Dense
W ZAYIF Weak IV GOK AVR. Highly W. N:16:30 GOK KATH N:31.50 SIKI D
V GOK ZAYIF V.Weak V YOMUYLE AYR. Camp, W. N:>a) SERT Hard N:>50  GOK SIKI Very Dense
KAYA KALITES| TANIMHRQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
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% 90100 COK IV} Excellent 28 PARGAL Crushed (Cr)
SPT STANDART PENETRASYON TESTI un ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
Standard Peneration Test Undisturbed Sampte Pressuremeter Test
n BRSELENMIS NUMUNE K KAROT NUMUNES| vs 'VEYN BENEYI
Disturhed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEY e Al
_ Standard Penetration Test £ g, 2|E|§ 8§12
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SR TIEEES SONDAINO . o o e
Borehole No 747
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAP¥Hole Diameter 434 ing
SONDAJ YER/Boring Lacation Km: 0+860 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+860 MUH.BOR DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 30 m BAS.-BIT TARIHl/Start-Finish Date : 01.01.2008 -~ 10.01.2008

SONDAJ KOTU/Elevation

KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT./D.Rig & M. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRIS INCE DANELi/Fine Grained iRi DANELI/Coarse Grained
OK DAYANIMLI  Strang | TAZE Fresh GOR YUMUSAK  Very Soft N:04  GOKGEVSEK  VeryLaase
It SRy Mairond et o et i3 GRumwan Noderately surr | N: 510 & N [Louss
1l ORTA MWeak I} ORTAD. AYR. Mod. Weath. s on Moderatty Nii1Se ORTAoxt Moderately Dense
W ZAYIF s V GOK AYR. Highly W. N6-90 COK KATY Sttt N:3150 SIKI Dense
V GOK ZAYIF V.Weak v TUMOYLE AYR. Comp. W. N:>30  SERT Hard N:>50  GOK SIKI Very Dense
KAYA KALITES| TANIMI/RQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
% Very P SEVYREK Wid
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SPT  STANDART PENETRASYON TEST/ un ‘ORSELENMEMIS NUMUNE P FRESIVOMETRE DENEY|
Standard Peneration Test Undisturbed Sample Pressuremeter Test
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Disturbed Sample Core Samplo Vane Shear Yest
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SONDAJ NO : SK-6 SQZQFSA
. Borehole No 174
SONDAJ LOGU / BORING LOG
PROJE ADY/Project Name The New Ulus Tunne! DELIK GAPl/Hole Diameter 4 314 ing
SONDAJ YER/Boring Location Km: 0+835 YERALTI SUYU/Groundwater
KILOMETRE/Chainage 0+895 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 50m BAS.-BIT.TARIH/Start-Finish Date : 22.01.2008 ~~ 26.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)

SON. MAK &YONT./D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained IRI DANELI/Coarse Grained
Strong 1) Fresh N:i0-2  GOKYUMUSAX  Very Soft OK GEVSEK  Very Loose
:| :9:\'1( A:IA“XGNIMLl ,,._s,,zng Il AZ AYRISMIS Slightly W, ng-g ;wg AK‘ ] .%: ég S z o) $ hothe
il ORTA M.Weak Il ORTA D. AYR. Mod. Weath, s Mian Very Sttt ORTA SIK) Moderately Dense
IV ZAYIF Weak IV GOK AYR, Highly W. N 630 COK KATI stiff SIKI Dense
V GOK 2AVIF V.Weak V TOMOYLE AYR. Comp. W, N: »30 RT Hard COK SIKI Very Dense.
KAYA KALITESI TANIMIRQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
Very P 1 SEYREK le o i "
%3(;::: e o 12 ORTA Moderate (M} % Pk Stightty %5 PEKAZ  Slightly
% 5075 GRTA Fair 210 SK Close (Cl) %515 AZ Little %50 Az Little
%75-90 M) Goud 026N GOK SHE Intense () %1535 GOK Very %205 COK Very
% 30100 GOK ¥l Excellent R Crushed (Cr)
SPT  STANDART PENETRASYON TEST! up ORSELENMENI§ NUMUNE P PRESIYOMETRE DENEYE
Standard Peneration Test Undisturhed Sample Pressuremeter Test
o GRSELENMIS NUMUNE K KAROT NUMUNES] VS VEYNDENEY]
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEYi H Sl s
_ Standard Penetration Test € e |8 8|z
o] £ ) )| o
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SAYFA
_ _ SONDAINO . o\ Page
~ Borehole No 214
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name ‘The New Ulus Tunnel DELIK GAPYHole Diameter 43i4ing
SONDAJ YERI/Boring Location Kim: 0+885 YERALT] SUYU/Groundwater -
KILOMETRE/Chainage 04835 MUH.BOR.DER./Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 50m BAS.-BIT.TARIHVStart-Finish Date : 22.01.2008 =- 26.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Narthing)
SON. MAK.&YONT/D.Rig & Met. ©  Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIKIStrength AYRISMAMWeathering INCE DANELI/Fine Grained iRl DANELi/Coarse Grained
K DAYANIMLI Strong ) TAZE Fresh N:02  COKYUMUSAK  Very Soft N:04 COKGEVSEK  VeryLoose
I SavanniL wsteong I AZ AYRISS Sighly W. Nigd VMg B ey sty | N: 50 K L
1 ORTA (s Ul ORTAD. AYR. .'é"‘:;fﬁ""‘ R Very Sttt N:1130 ORTASIKI Moderately Dense
WV ZAYIF feal NV GOK AYR. gl J N i N:3150 S}
V GOK ZAYIF V.Weak V TOMOYLE AYR, Comp. W. N;Lsf £ 32#(‘7'“‘" :::; N:>50  GOK SIKI Very Dense
KAYA KALITES| TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
. ‘;.52: ;ﬂ(pz”w V:Z Foer 1?2 ZERV&EK m’f&m [ %5 PEKAZ s‘_‘g""y %5 PEKAZ Slightly
% 25-
% 50-75 ORTA Falr 210 SK Close (CI} %5415 Az Little %520 Az Little
%75-90 Il Good 1020 GOK SIKI Intense (} %1535 GOK Very %205 GOK Very
% 90400 GOK vl Excellent RgeARs Ll Crushed (Cr)
SPT  STANDART PENETRASYON TESTI up (BRSELENMEWIS NUMUNE P PRESIYOMETRE DENEY]
Standard Peneration Test Undisturhed Sample Pressuremeter Test
1] ORSELENMIS NUMUNE X KAROT NUMUNES] VS VEYNDENEYP
Disturbed Sample Care Sample Vane Shear Test
STANDART PENETRASYON DENEYi _ . e el
Standard Penetration Test E 2125138 g §
; AYISI GRAFI i E fElslgle Ggla
£z 3 g RQEE_EO?BIDWS Grath JEOTEKNIK TANIMLAMA 3 PROFIL g|2(8 & & ugs
AR T 3 S1Ei818 185
g5y &l 8 e| §| 8 Geotechnical Description E Profile s Il I R
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SONDAINO . . e
e Borehole No S
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 4304 ing
SONDAJ YERI/Boring Location Km: 0+895 YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 0+885 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 50 m BAS.-BIT.TARIHi/Start-Finish Date : 22.01.2008 == 26.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT./D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained iRl DANELI/Coarse Grained
| GOK DAYANIMLE Strong Fresh COKYUMUSAK  Very Soft N:04  GOKGEVGEK  Veryloose
.Sty 1l AZ AYRIgI Slightly W. YUMUSAK Soft e
1 oRra Meak I ORTA D AVR. Hlod. Weath, ORTAKATI Mderstely it e ey t,',’:::m“ypme
I ZAVIE Weak Y EORAVEE Highty W. kA sit N:3t50 SiKt Dense
V GOK 2aVF ViWeak V TOMOYLE AVR. Comp. W. F) Hard N:>50 GOk sl Very Dense
KAYA KALITES| TANIMI/RQD KIRIKLAR-30 cm/Fractures ORANLAR/Propartions
%"z:ﬁ ngZAYKF \;::[r}’oor e il [ %S PEKAZ Slightly %5 PEKAZ Siightly
% 50-75 ORTA Fair 240 SIK Close {Cl} %545 AZ Liitle %520 AZ Little
s 10-20 GOK SIKI Intense (I} PRTX:
- - s
SPT ssxknudungl PENE;::i‘:‘D‘NTESﬂ up 7;“5-5%5,'&'“5’;"5 N:JMUNE P PRESIYOMEYRE DENEY]
landard Penerat Indistur e P
D ORSELENMIS NUMUNE K KAROT Nl.'!MUI:é“sp] vs vé;::ﬁ;;;;‘lﬂ oot
Disturbed Sample. Care Sample Vane Shear Test
STANDART PENETRASYON DENEYi © L2
= Standard Penetration Test B lelsld K
5 — et < £ o > o
=1 B DARBE SAYIS GRAFIK i £ i 3 15|ele @l s
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204 e ‘MAMAEHEIB S
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HHHHBEHELD discontinuity surfaces are VV\/VV
310 )LL) rough and stained. VARY, o
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RS NN v,V g 7
0 vl ]y VVVVV
T t ¥ ! 1
= | THHHREL viviy
: 32,40
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34,0 = v el | ] e | particles. IVARY:
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RC vl o] f o] timonited. VVVV\/ -3 cle 19
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36.0 al el V V'V -
vl |
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L N HE Viviy
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B oo 7 SONDAINO , oy o S@;(QZA
Borehole No 44
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+895 YERALTI SUYU/Groundwater 8
KILOMETRE/Chainage 0+895 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 50 m BAS.-BIT.TARIHI/Start-Finish Date : 22.01.2008 =~ 26.01.2008

SONDAJ KOTU/Elevation

KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT/D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained iR DANEL}Coarse Grained
1 GOK DAYANIMLI Strong Fresh anj COKYUMUSAK  Very Soft N:04  GOKGEVSEK  Veryloose
| DAYANIMLI 14.Strong I AZ AVRISMIS Slightly W. N:i34  VUMIAK L) N:54D  GEVSEK
o MWeak 1l ORTAD, AYR. Hlod. Weath. :‘:-4135 ORTAKAT :‘I":r';ﬂgiﬁ';’vsﬁ" M- 1430 OR\'?\SKKi Moderately Dense
M ZWR L2 WV GoK AYR. Highly W. N:15:30 GOK KATH st N:3150 SIKI Dense
V GOK ZAVIF e V_TUMOYLE AYR. CamEVE N:>30  SERT Hard N:>50  COK SIKE Very Dense
KAYA KALITESI TANIMURQD KIRIKLAR-30 cm/Fractures ORANLARIProporfions
K ZAYIF Very Paor 1 SEYREK ‘Wide (W) N
“/.%1:523 éﬁnr Poor 12 ORTA Moderate (M) e S %5 PEKAZ Sightly
% 50-75 ORTA Fair 240 SK Clase (C) %545 AZ Little %520 Az Little
%7590 M Good IS 20RCOICSHY Intense () %1535 GOK Very %205 GOK Very
% 80-100 GOK V] Excellent el ARG AL Crushed (Cr}
SPT  STANDART PENETRASYON TESTI Up  ORSELENWEMIS NUMUNE P PRESIVOMETRE DENEY]
Standard Peneration Tost Undisturbed Sample Pressuremeter Test
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SONDAJ NO . S
- - L SK-7 Page
Boretiole No i/3
SONDAJ LOGU / BORING LOG

PROJE AD#/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43i4ing

SONDAJ YERH/Boring Location Km: 0+965/Right tube YERALTI SUYU/Groundwater -

KILOMETRE/Chainage 0+965 MUH.BOR.DER /Casing Depth 12.00 MHW

SONDAJ DER./Boring Depth 35m BAS.-BIT.TARIHI/Stari-Finish Date : 25.01.2008 == 29.01.2008

SONDAJ KOTU/Elevation

KOORDINAT/Coordinate(Northing)

SON. MAK.&YONT./D.Rig & Met. :

Cralious D5§WRotary

KOORDINAT/Courdinale(Easting)

DAYANIMLILIi</Strength AYRISMAWeathering INCE DANELIfFine Grained iRl DANELI/Coarse Grained
| COKDAYANIMLI  Strong iTAZE Frash GOK YUMUSAK  Very Soft Ni04  GOKGEVSEK  VeryLoose
Mm.St It AZ AYRISMIS Slightly W, YUMUSAK § : i
it DAYANIMLI ek 1l ORTAD, AVR. Mot lvaath, ORTAKAT Hoderately St Iy ety Woderatsly Dense
IV ZAYIF iissE IV GOK AYR. Highly W. COK KATI N:31-50 SIKI Dense
V GOKZRVIF e Y TOMOYLE AVR. Comp. W, SERT Hard N:>60  GOK SIKI Very Dense
__KAYA KALITES] TANIMIRQD KIRIKLAR-30 cmiFractures ORANLAR/Proportlons
Very P 1 REK Wide (W) 5 )
-:12‘522 f:v\:“_zwm oo 12 oRmA Hoderate ™) %5 PEKAZ Shohty %S5 PEKAZ Slightly
% 50-75 ORTA Fair 240 SK Close (Cl} %S5 AZ Littre %5 AZ Little
%7580 vl Good 1020 COK SIKI Intense {l} %1535 GOK Very %206 GOK Very
% 90-400 COK Ivt Excellent »20  PARCALI Crushed (Cr)
SPT  STANDART PENETRASYON TESTI D BRSELENMENS NUMUNE DENEY]
Standard Peneration Test Undisturbed Sample Pressuremeter Test
D ORSELENMIS NUMUNE X KARDT NUMUNES] vs DENEY]
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEY . 4 =1E
_ Standard Penetration Test £ $leit|8 812
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10 « S]] Brown, completely weathered :‘QO e S 1
) QTN S
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o SONDAINO . . - i)
Borehole No

SONDAJ LOGU / BORING LOG 213
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPYHole Diameter 434 ing
SONDAJ YERI/Boring Location Km: 0+865/Right tube YERALTI SUYU/Groundwater -
KILOMETRE/Chainage 04365 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 35m BAS.-BIT.TARIHI/Start-Finish Date : 25.01.2008 -~ 29.01.2008
‘SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)

SON. MAK &YONTJ/D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELIfFine Grained IR DANELI/Coarse Grained
| GOK DAYANIMLI Strong 1 TAZE Fresh GOK YUMUSAK  Very Soft OK GEVSEK  Very Laose
" g:YAN[MLI M.strong il AZ AYRISMIS Slightly W, z‘l:"ﬂ‘ Alsn &:ﬁgn{el S gEVS § Lu':““
Il ORTA M.Weak Ul ORTA D. AYR. Mod. Weath, ately 30 ORTA SIKI Maderately Dense.
Wosk o Highty W. KATI Very stitt
IV ZAYIF IV GOK AYR. ighty W. COK KATI stiff 50 SIK Dense.
V GOK 2AVIF V.Weak V TOMUVLE AYR. Comp. W. ERT Hard GOK SIKI Very Dense
KAYA KALITES! TANIMI/RQD KIRIKLAR-30 cmiFractures ORANLAR/Proportions
OK ZAYIF Very P 1 SEYREK Wide (W) .
%%z::: fmr P:Z o 12 ORTA M::;mn o %S PEK AZ Sl.mhlly %5 PEK AZ Slightty
%5075 ORTA Fair f;‘:ﬂ :lg“m 'I:I:se(cz) %ES AZ Little %820 Az Little
%75-90 Ivi Good - Intense %1545 GOK Very %205 GOK Very
% 50100 COK Il Excelfent i e AL Crushed (Cr}
SPT  STANDART PENETRASYON TESTE up ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
Standard Peneration Test Undisturbed Sample Pressuremeter Test
B BRSELENMIS NUMUNE K vs
Disturbed Sample Vane Shear Test
STANDART PENETRASYON DENEYi i ?5 cé‘ B
_ Standard Penetration Test E 5l 2|[E |8 3|2
ol - =g g £ o ) 1 L
gl |2 DARBE SAYIS! GRAFIK 5 i [ B I gla
2|z |2 Faarhealy ol JEOTEKNIK TANIMLAMA i PROFIL. 'g‘ - 2| E
SR T g S8l |82
gsluele HEAR Geotechnical Description 2 Profile 12188 & 2z
EEIERIEARIEIE AR & zleis|8|lg| gt
5 E » : S o ¥ s}
8812 5122| 5|2 8 10 20 30 40 50 60 a E HEHEERE
— Lprprpegpega 4 v
— ff] ]| V' V'V
o cprfufa]ata VARV - 0 ol e
15,0 e L vivYy 2 s
el ]l v,V
] Vvl Y ] Brownish pink, moderateh VoV oV = B8 10
chol o] p y VARV
16.0 tlupa bt |t weathered, moderate weak \YARYARY)
' Vlifi|i] 1] | ANDESITE. (VARY]
vl V V'V
170 Pl L] [ ]L] The discontinuity surfaces are vVYyVYy
’ v V11| 1| stained and rough. VARV,
2 ifeln ]| vivivils|g gl "
YL Perpendicular cracks are ARV
4 i1 1 1 1
18,0 tlofr] 1] ] observed VoV oV
vl \/VVVV
]
tfefe] | vfrf 14,50-15,20 m clayey, sandy V.oV
19,0 i VIV T | very weak ANDESITE \ARVARY]
]
I AIRIE vVvVy
vl VARV,
t ] L I
20,0 HHRHHE VVVVV
L Pl vivivi=|g 5= =
AR VARV
210 T VvV
¥ 1 1 t 1 )
plofofe]i VVVVV
slofofelo VARV
 — Pl L
20 HHHAHHE VoVLY
o ! 1 1 1 ] -
2 L vivivY =28 2| .
1 b 1 1 1 .! \/ V
230 VT[T crayey, sandy, very weak \AR'ARY,
7 Y[ ET| ANDESITE observed at the vYvVYy =g 8|8 “
240 vfi|e]| o]} depthsof 2550-26,50 m VARV
- HHHEE AN P
i 1 =
e viviy
il IVARY!
e 2 b viviv 3 s
€ SHEHRE (VARY, EAR
ol Vivivi-ig
26,0 e Vv
! cfofofafefs VVVVV
| E— ! ' ] 1 1 t
HHBEH AN N
27,0 I T v,V
%) 1 1 1 1 1 1 vvvvv o - =
bl =
E et viviv == ek 16
28,0 L RAEARRER & v,V
! I BE \/U\/”V
SONDOR / Driller SONDAJ MUHENDISI / Drifling Engineer TARIH / Date IMZA / Sign
Orhan Oztekin
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Continued

SONDAJ LO! e
. NDAJ NO .
U/BORING LOG soenoete - 57 SQYFA
PROJE ADI/Project Name The N i
e New Ulus Tt -
SFNDAJ YERI/Boring Location Km: 0 i e ]
oo e o e IK GAPI/Hole Diameter 4314
g 0+ - i
SONDAJ DER./Boring Depth 35965 MU:ALTI o ; :
SONDAJ KOTU/Elevation 5 i Ex
: n o - .00 MHW
T — Koz BIT‘TARIHIIStart-FinishDate : 25.01.200
DAYANIMLILIK/Strength usDSDDIRotMaAryme 8 rbonams ry -
£ = ' QORDINAT i
(Ill Dwﬂmmmmu ;‘?‘"‘g" — : v = {Coordinate(Easting)
“" o G T e ICE DANELI/Fine Grain
(2 Weak 1l ORTAD. AYR. Mo e NE T : X
GOK 2AYIF V.Weak IV GOK AYR. i m;:l V‘\xalh- R z:‘; b > veg!sn“ . = i
i S, e Dnm:'“; ::1“5 TTIAKAn glnde;alalyﬂll Nis::u gg\‘/“éivﬁk Very Loose
o e . 46-30 COK KATI fery Stff 30 ORT,
T CIREET - [ P W
: : = 3 0}
%7599 IVl FG"r IS "'“‘“sm (L] 0 ommmmpomo“: - ==
% 90-100 GOK Ivt E::e:m: 1:1‘:“ ?’DK iy f,::::,(cg) e = N
© 3
- oxs e ot Az Little ;H PEK AZ Stightly
[ g::"“a'd*’merauonns, TesTl - = %5:“ - -
SELENI . -
nisturhzd"s“?m’::twuns xn %’,‘,i?,kﬁ,‘:,“;‘j‘;"g;;}:‘“”"i = -
KAROT NI : ;
STANDART PENETRA e Lo e v{v.fs::?eﬂffﬁfi"m
o T
e2lg % 3ARBESAYISI GRAFI
2|2 umb. of Blows . . : ‘ .
£4(C g|D Graph JEOT! | : : ; :
g3les|e | | &8 EKNIK TANIMLAMA | £ 2HHEE |3
#5|2 4|9 I d proric | & | £ (2 | < 5|1
-=O:EZc£«>'° N - il |
AR 5 : . 1 eotechnical Description % % - |4 ; a1
218 020304050 60 i Pt 12 1 i
h z 5 5
£ E 2515 A g
29,0 R R ig%ggéﬁ
g SRS EAE! : i ) N m § E
C 10 R e I RN ]
i
200 ol N y VV
| ol oy
ifofr[v|r]| Brownish pi i 5
e nish pin M ’
31,0 2 Hil westhared, mederes wee WYy
HH | e dscont o e
ik e discontinui v
Ak € inuity surfa M =
" e 1|11 stained and rough. cesare VVVVV\I ik
— t Tt : : i v g ":
o e i 5 Perpendicutar Y ’
| ! cracks M
33,0 THHHHE  — * VVVV -+
1 1
) el f Lk A
9 1 1 N ) V -
1 1
L | S en oo ey
EH(E observed at f] RO E
b e depths of 3 gl T
bl | 1,50-32,0 N
35,0 IR HHHH L gomand i T
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P ] End Of Borehole VV Vv s
] 1 .
36,0 i E il - -
I [N : :
: 1 b 1 1 1
370 AR
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'
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SONDOR / Driller
SONDAJ MU isi
JUHENDISI/ Drilling Engineer MZA
Orhan Oztekin e ! :
Sign
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Continued

SA
SONDAJNO . A
: SK-8 Page
e Borehole No 173
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPY/Hole Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+965/Left tube YERALTI SUYU/Groundwater L.
KILOMETRE/Chainage 0+985 MUH.BOR.DER /Casing Depth 12.00 MHW
SONDAJ DER./Boring Depth 40m BAS.-BIT.TARIHI/Start-Finish Date : 25.01.2008 == 29.01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT/D.Rig & Met. : Cralious DS500/Rotary KOORDiNATICaordinale(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELiiFine Grained iRl DANELi/Coarse Grained
| GOKDAVANMLI  Strong | TAZE Fresh N0z COKVUNUSAK  VerySoft N:04  GOKGEVSEK . VeryLouse
M.Str 1l AZ AVRISMI Stightly W. i ISAK N s hi
v MWeak 11 ORTAD. AVR. Mod, Weath. Niss aRtAuAT Wodersay e Haaad Lo ot P
N ZAVF Weak IV GOK AYR. Highly W. N 1690 GOK KATI sttt N:3t50 i Dense
V GOK ZAVIF ViWek V_TOMOYLE AYR. Comp. W, 1230 SERT Hard N:i>§0  COK SIKI Very Bense
KAYA KALITES| TANIMVRQD KIRIKLAR-30 cm/Fractures ORANLAR/Proportions
)-; Very Pi 1 SEYREK Wide (W)
se%z:j: ESYTFZMF P:Z o 12 ORTA Woderate {M) %S PEKAZ i %S PEKAZ slightty
% &0-75 ORTA Falr 240 SIK Close {Ch %5415 Az Littte %520 AZ Little
o 7598 ¥l Good 10-20 GOK SIKI Intense (i) %1535 GOK Very %205 GOK Very
% 90100 COK I¥l Excellent ARG Crushed {Cr)
SPT  STANDART PENETRASYON TESTI UD  ORSELENWEMIS NUMUNE P PRESIYOMETRE DENEY|
Standard Peneration Test Undisturbed Sample Pressuremeter Test
D BRSELENMIS NUMUNE K KAROT NUMUNES| vs EY]
Disturbed Sample Core Sample Vane Shear Test
STANDART PENETRASYON DENEYi _ B e HE
_ Standard Penetration Test £ ?; 2 |E|§ 3| %
T . £ ) | @
=1 2 DARBE SAYiSI GRAFIK £ 3|8 |k @
g2z g Tl Ao Graph JEOTEKNIK TANIMLAMA 5 PROFIL g % glg & E
£4|C g|2 T 2 3 g gle a3
25|y =g gl 5| 8§ Geotechnical Description 2 Profile Fi g & £z
e8|22la, |al=|e|n & sla|5|6l2| 5|8
£Z glzg| «| © i Sglg|slelagle|lz
23 ;§ 2| o|lwl|g 10 20 30 40 50 60 e E HERHIEIEIE
0,0 — TP ,
E AR A O
3 o AHHHHE PRl 2lo 1
E 1 D AV
1,0 =3 T 4 va
] L (0144
E ][] 1| Pink-brown, clayey, sandy, A0
3 il f ] blocky COLLUVIUM QS 0SS
2,0 — 0 el d Op : = 2
3 & bl O 4 C Sle
E bl ofa N4 2\
E vfrfoe]afof P O
— - [0 S S T N Q 5
3,0 E AR R R RA R > <> v
b= I ey P
E tlafeprfofr XOA Q(
3 2 vl A ale
40— I I S A I Y . Q : 3
1 E BERRRER R S . v
3 vlofr]afef y OP ‘
R il et Ol
E sl ]| 4.
50— 5fade ] e QO e
U 3 Q ool e]efn B v nl o
E & pla ]| ()ﬁ ® 4
3 b [N L I 1 y
E cfep b XOA Q(
603 HHBHE so0 [V
3 [N '
E o HHHEHBE vvivy] e o
E 5 IAEEERRRERN Vv,V =g © 5
7,03 ] 4] V' V'V H
! 3 AR ERER R IVARY:
E R AN vvvvv
3 Chr et
8,0 — CITITTV [ T| Pink, slightly weathered- V'V'V -
E o tdi| ]|} | moderately weathered, VV\/VV - |3 a e
3 © P[] || moderate strong ANDESITE Y =g s
9,0 —3 ]| T T viviv
E vl i]i||] The discontinuity surfaces are V.V
E vl )] || rough and stained( limonited). VIVIV g
10,0 —3 2 e vvvvvfg' 5316 -
E R — e v,V
E i
3 AR Viviv 2
no—3 @ D AR H BRI P
E S S MM v,V
E 1 1
3 irfdida [ V V'V
3 it
12,0 3 il vYvVy s e
3 g AHNHHN v,V = |3 2|8
3 = 8
E « vl V'V v g
13,0 - VYT T Vv\/vv
3 1 ! ' o 1
3 — \AY
E HHHHHE MMATR
[ 1 L ] o 1
O3 e anHNEE VASVARVA I -5 B 1 1P I £
SONDOR / Driller SONDAJ MUHENDIS! / Drilling Engineer TARIH / Date IMZA f Sign
Orhan Oztekin
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Continued

SONDAJNO . S
’ : SK-8 Page
Borehole No 2/3
SONDAJ LOGU / BORING LOG
PROJE ADI/Project Name The New Ulus Tunne! DELIK GAPI/Hale Diameter 43/4ing
SONDAJ YERI/Boring Location Km: 0+965/Left tube YERALT! SUYU/Groundwater -
KILOMETRE/Chainage 0+965 MUH.BOR DER /Casing Depth 12,00 MHW
SONDAJ DER./Boring Depth 40m BAS.-BIT.TARIHI/Start-Finish Date : 25.01.2008 =~ 29,01.2008
SONDAJ KOTU/Elevation KOORDINAT/Coordinate(Northing)
SON. MAK.&YONT /D.Rig & Met. : Cralious D500/Rotary KOORDINAT/Coordinate(Easting)
DAYANIMLILIK/Strength AYRISMA/Weathering INCE DANELI/Fine Grained IRI DANELI/Coarse Gralned
1 GOK DAVANINLY Strong Fresh N:02  GOKYUMUSAK - Very Soft N:04  COKGEVSEK  VeryLaose
. Il AZ AYRISMIS Slightty W. Ni34  YUMUSAK B
homam MR | n ook ot s Nise ommiAn  Meemsysur | VSR SRS bty use
W ZAYF pses IV GOK AVR, Highly W. N:16-40 COK KATI stift Ni31-50 SIKI Dense
V GOKZAYIF V.Weak V TOMOYLE AYR, Comp. W. Ni>30 SERT N:>50  GOK SIKI Very Dense
KAYA KALITES| TANIMVRQD KIRIKLAR-30 cm/Fractures ORANLARIProportions
Wid )
v.%z ;::: g::;l(Fsz ::Z' Poor , 31 gm:x Mln ;! Sm o %5 PEK AZ S{\gh"y %s PR Sl.lghtly
% 50-75 ORTA Falr 240 SIK Clase {C}) %515 AZ Little %520 AZ Littte
%75-90 Ivt Good 10-20 GOK SIKI Intense (1) %1535 GOK Very %205 GOK Very
% 90-100 GOK Ivl Excellent 220 PARGALH Grushed {Cr)
SPT STANDART PENETRASYON TEST un ORSELENMEMI§ NUMUNE P PRESIYOMETRE DENEY|
Standard Peneration Test Undisturbed Sample Pressuremeter Test
L ORSELENMIS NUMUNE K KAROT vs 'VEYN DENEY]
Disturbed Sample Core S: Vane Shear Test
STANDART PENETRASYON DENEY] i qé B
. Standard Penetration Test £ =§, 2 |E |3 3|2
@ = X g £ ) i
=1 DARBE SAYISI GRAFIK 5|a | e gl =
Eg B g N iTen el Graph JEOTEKNIK TANIMLAMA § PROFIL g ﬁ g & i 5
2810z | el ' - 2 3218 |8 2lg
3z|¢ e £ 5 § N Geotechnical Description Z Profile EN 2 sl s5l%
YA L2l wil & [ a3 =) w
£Z|2 Blzs) w1 % Y u Llgjslel8| iz
FIEHEARIEIE 1020 30 40 50 60 e HEERERE
][ ] Pink, slightly weathered- vVvVy B
15.0 - b [ moderately weathered, VARV,
' vl o[ i fof | moderate strong ANDESITE V' V'V
1 v 1 1 1 v V
1 [N 1 i 1
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» x T E] 5] rough and stained( limonited). VV vYvY © M
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! i)
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2 3201 e L vivivY - ; g|e 1
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220 bl o V'V v
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' HHHHAE \V v v v vV T
Q9 RENRRERERE - |3 w | a
® v b v vV N, \ v e (Sl 14
1
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SHHH N VoV OV
— vhafode | A AY
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] N o
= O ! I 1 1 1 ]
E 4 V V'V 3
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HHHHHE viviv £
vtefade ]| V.,V
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1 1 1 1 t i " :
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1 1 1 1 ¥ ] . .. . ; [03
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]| rough and stained( limonited). vVvVy
28,0 tfof : N 280 VTV
1 ] 1 1 t i N v v
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SONDOR / Drilter ‘SONDAJ MUHENDISI / Dritling Engineer TARIH / Date IMZA / Sign
Orhan Oztekin
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) s
SONDAJ NO . il
: SK-8 Page
Borehole No al3
SONDAJ LOGU / BORING LOG

PROJE ADI/Project Name The New Ulus Tunnel DELIK GAPI/Hole Diameter 43/4ing

‘SONDAJ YER(/Boring Location Km: 0+965/Left tube 'YERALTI SUYU/Groundwater -

KILOMETRE/Chainage 0+965 MUH.BOR.DER /Casing Depth 12.00 MHW

SONDAJ DER./Boring Depth 40m BAS.-BIT.TARIHI/Stari-Finish Date : 25.01.2008 == 29.01.2008

SONDAJ KOTU/Elevation

KOORDiNATlCourdinate(Noﬂhing)

SON. MAK.&YONT /D.Rig & Met. :

Cralious D500/Rotary

KOORDINAT/Coordinate(Easting)

DAYANIMLILIKStrength AYRISMAWeathering INCE DANELi/Fine Grained IRi DANEL/Coarse Grained
1 GOK DAYANIMLY Strong e 92 COKYUMUSAK  Very Soft N:04  GOKGEVSEK  VeryLoose
M.Str 11 AZ AYRISMIS Slightly W, 134 YUMUSAK Sof Y L
|x||| %ﬁ‘:\mm M.W:::g I ORTAD, AYR, Mod, Weath. »lfs DR:"A KAt Moderately Stiff N1 1:, 2%355,(' Moderately Dense
W ZAYIF Weak IV GOK AYR. Highly W. 4630 COK KATI stiff N:31-50 SIKE Dense
V GOK 2AVIF e v TOMOYLE AYR. Comp. W, i EoRT Hard N:>50  GOK SIKI Very Dense
KAYA KALITESI TANIMIRQD KIRIKLAR-30 cmiFractures ORANLAR(Proportions
ZAYIF Very Py 1 SEYREK Wide (W) i i
%%ﬁm_:g zc:v’:s :‘:r ° 12 ORTA Moderate () %5 PEKAZ Shightly %§ PEK AZ Slightly
% 50-75 ORTA Fair 210 siK Clase (Cl} %Ed5  AZ Little. %520 Az Little
% 76-90 Vi Goad 10-20 GOK SIKE Intense {1} %15.35 COK Very %205 GOK Very
% 90100 GOK Iv) Excellont >20  PARGALI Crushed (Cr)
SPT  STANDART PENETRASYON TESTI UD  ORSELENMEMIS NUMUNE P PRESIYOMETRE DENEY]
‘Standard Peneration Test Undisturbed Sample Pressuremeter Test
D ARSELENMIS NUMUNE K KAROT NUMUNES] VS VEYNDENEY|
Disturbed Sample Care Sample Vane Shear Test
STANDART PENETRASYON DENEY . = 4
_ ‘Standard Penetration Test £ glelgld 8|2
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SONDOR / Driller SONDAJ MUHENDIS! / Drilling Engineer TARIH / Date IMZA / Sign
Orhan Oztekin
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APPENDIX D

The core photographs

THE NEW ULUS TUNNEL
Borehole No:1
Depth:15,00-20,00 m

- THE NEW ULUS TUNNEL
Borehole No:2
Depth:29,50-37,50 m

"
I e Ll

T e S TR T S S v

M T ——
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THE NEW ULUS
TUNNEL
Borehole No:3
Depth:9,80-17,70 m

. T
THE NEW ULUS TUNNEL
Borehole No:4
Depth:77,50-88,80 m

e W ST R

0,00m 0,25m 0,50m 0,75m 1,00 m
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THE NEW ULUS TUNNEL
Borehole No:5
Depth:77,00-86,00 m

0,00 m 0,25m 0,50 m 0.75m 1,00 m

THE NEW ULUS TUNNEL
Borehole No:6
Depth:38,60-50,00 m

1.00m
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